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-*2L PN- ZJ2Lz2L,Pz+N2 HNJ2 '-0yGNF Pz-�
,+NGG+�
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N, NyN2MzGG, yN-NJ+, NJ2N %NJKN )N-M�Lyz-N-
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+KNFz+J,xKN2 >0PNGG� JF E0GLN2PN2 >0�
PNGGHGz,,N LN2z22+� *2P NJ2NFH02H-N+N2'z�
-zFN+N-,z+�n PJN,N- (J-P zG, >0PNGG/z-zFN�
+N- yN�NJxK2N+� [JN,N >0PNGGN (N-PN2 JF
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PNGGH0F/GN�J+�+ *2PD�+N PN- ^2/z,,*2L �*
+-NdN2� *F NJ2N~yN-� 0PN-"2+N-z2/z,,*2L
�* )N-FNJPN2� [JN, GNJ,+N2 B2M0-Fz+J02,H-J�
+N-JN2 (JN �� ]� Pz, ^HzJHN B2M0-Fz+J02,H-J�
+N-J*F � ^B\ �^HzJHN �pru�n KJN- (J-P PJN
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!JNGMzG+ *2P @0FyJ2JN-yz-HNJ+ PN- NGNFN2�
+z-N2 ]N,+z2P+NJGN ,xK(JN-JL *2P P*-xK ^*M�
��KG*2L zGGN- ^G+N-2z+J)F0PNGGN z*ML-*2P
PN- H0FyJ2z+0-J,xKN2 Z�/G0,J02 PN- >�L�
GJxKHNJ+N2 /-zH+J,xK 2JxK+ P*-xKM�K-yz-�

B2 PJN,NF ^-+JHNG (J-P NJ2 ^2,z+� )0-LN�
,+NGG+� PJN,NF [JGNFFz �* yNLNL2N2� CJN-�*
(N-PN2 PJN M�- PJN >0PNGGN 20+(N2PJLN2 LN�
2N-J,xKN2 '-JFJ+J)N *2P PJN ^LL-NLz+J02,�
FNxKz2J,FN2 JPN2+JX�JN-+� $0 J,+ N, F�LGJxK�
PJN H0F/GN�N2>0PNGGN 2zxK ]NPz-M �*,zF�
FN2�*yz*N2 y�(� PJN >0PNGGN ,xK-J++(NJ,N
z2�*/z,,N2 *2P ,0FJ+ �* )N-yN,,N-2� [JN,N-
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,JN-N2P z*M PNF z*, PN- B2M0-Fz+JH ,+zF�
FN2PN2 @02�N/+ PN- M0-FzGN2 D-zFFz+JH �
PJN 20+(N2PJLN2 zG+N-2z+J)N2>0PNGGHGz,,N2
z*, >0PNGGHGz,,N2/-JFJ+J)N2 �* N-,+NGGN2
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K0KN2@0F/GN�J+�+ J2 JK-N- E0-F *2P ,0FJ+
z*xK J2 PN-N2 LN0FN+-J,xKN- ]N,xK-NJy*2L�
ZJ2P-*xH,)0GGN ]NJ,/JNGN PN- F�LGJxKN2
@0F/GN�J+�+ ,J2P J2,yN,02PN-N J2 B22N2�
,+zP+yN-NJxKN2 FJ+ KJ,+0-J,xKN- ]Nyz**2L�
PJN �� ]� z*, PN- D-�2PN-�NJ+ ,+zFFN2� �*
X2PN2�[N220xK N-�d2N+ PJN $/-zxKN NJ2 LN�
2N-J,xKN, @02�N/+� *F DNy�*PNM0-FN2 �*
yN,xK-NJyN2� [JN H0F/GN�N DN,zF+,+-*H+*-
(J-P KJN-yNJ J2 H0FyJ2JN-yz-N @0F/02N2�
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FN )0-� yNJ (NGxKN2 Pz,DNy�*PN z*, )0-KN-
,/N�JX�JN-+N2 /z-zFN+-J,JN-+N2 #NJGN2 �*�
,zFFN2LN,N+�+ (J-P� [JN @0F/0,J+J02 PJN�
,N- @0F/02N2+N2 J,+ INP0xK 2JxK+ )�GGJL yN�
GJNyJL� ,02PN-2 *2+N-GJNL+ %NLNG2� [JN,N %N�
LNG2 N-LNyN2 ,JxK z*, PNF ,/N�JX,xKN2
�(NxH PN- @0F/02N2+N2� PN2 PJN,N JF DN�
,zF+H02+N�+ PN, DNy�*PN, N-M�GGN2 F�,,N2�
*2P PN2 /K�,JHzGJ,xKN2 DN,N+�N2�
$+NJ2KzLN ��ppq� N-�N*L+ >0PNGGHGz,,N2

z*, NJ2MzxKN2 @0F/02N2+N2 z*M ]z,J, PN-
)02 �$+J2� �pqw� )0-LN,+NGG+N2DN,+zG+L-zF�
Fz+JHN2 �,Kz/N L-zFFz-,� M�- PJN %NH02,�
+-*H+J02� [z, !N-MzK-N2 ,N+�+ DNy�*PNF0�
PNGGN z*, DNy�*PNN2P,+�xHN2 �#N-FJ2zGN2�
*2P �)N-yJ2PN-2 �@022NH+0-N2� �*,zFFN2�
#N-FJ2zGN *2P @022NH+0-N2 ,J2P 0dN2N
>0PNGGH�-/N-FJ+ FJ2PN,+N2, NJ2N- PNX2JN-�
+N2 ^2,xKG*,,�d2*2L �/G*L MzxN�� [z PJN
^2,xKG*,,�d2*2LN2 INP0xK J2+NL-zGN- ]N�
,+z2P+NJG PN- '-JFJ+J)N ,NJ2 *2P M�- �(NJ )N-�
yJ2Pyz-N #NJGN PJN LGNJxKN DN,+zG+ KzyN2
F�,,N2� J,+ N, 2JxK+ F�LGJxK� NJ2N LN(�2,xK�
+N [N+zJG-NH02,+-*H+J02 FJ+ NJ2N- Kz2PKzy�
yz-N2 >N2LN )02 '-JFJ+J)N2 �* N--NJxKN2�
ZJ2N !N-MNJ2N-*2L PN- N-�N*L+N2>0PNGGN J,+
,0FJ+ J2 PJN,NF ^2,z+� z*,LN,xKG0,,N2�
ZJ2N M0-FzGN D-zFFz+JH� PJN z*M PNF

@02�N/+ PN- ,N+ L-zFFz- �$+J2� �pqw� z*M�
yz*+� (J-P yNJ �>�GGN- N+ zG� w��s� )N-(N2�
PN+� [JN DN0FN+-JN J,+ KJN-yNJ J2 JF/GJ�J+N-
E0-F z2 PJN ]N,+z2P+NJGN PN- D-zFFz+JH
LNy*2PN2� DGNJxK�NJ+JL (N-PN2 ]NPJ2�
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L*2L,LGNJxK*2LN2 )N-(N2PN+� *F !0-(J,,N2
�yN- �� ]� >J2PN,+� 0PN- C�xK,+(N-+N )02
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PN2 Fz�JFzG )N-M�Lyz-N2 %z*F M�- NJ2 DN�
y�*PN *FMz,,+ �>�GGN- N+ zG� w��s�� =zxK�
+NJGJL FzxK+ ,JxK Pz, ,x0/N�@02�N/+ )0- zG�
GNF JF %NH02,+-*H+J02,)N-MzK-N2 yNFN-H�
yz-� Pz PJN ]N,+z2P+NJGN PN, ,x0/N 2JxK+ PJ�
-NH+ yN0yzxK+yz- ,J2P� (z, PJN $+N*N-*2L
PN- DN2N-JN-*2L z*M ]z,J, PN- ]N0yzxK+*2�
LN2 )N-KJ2PN-+� [JN !N-(N2P*2L PN, @02�
�N/+N, PN- ,N+ L-zFFz-, Kz+ �*PNF PN2
=zxK+NJG� Pz,, DN0FN+-JN2 *2P JK-N ]NPJ2�
L*2LN2 J2 PJN,NF E0-FzGJ,F*, 2JxK+ )0GG�
,+�2PJL *2P N�/GJ�J+ -N/-�,N2+JN-+ ,J2P� [JN,
J,+ J2,yN,02PN-N M�- PJN %NH02,+-*H+J02 )02
=zxK+NJG� Pz PJN,N )0-Kz2PN2N2 B2M0-Fz+J0�
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PN- Ez,,zPN2-NH02,+-*H+J02 PN*+GJxK �>�G�
GN- N+ zG� w��r�� ZJ2 �K2GJxKN- ^2,z+� (J-P
z*xK yNJ �%J//N-Pz 3 ]-N22N- w��r� )N-�
M0GL+� ]NJPND-*//N2 ,+�+�N2 ,JxK KJN-yNJ z*M
PJN %NH02,+-*H+J02 z*M ]z,J, )02 +N--N,+-J�
,xKN2 ]JGPN-2� [JN J2 PJN,NF ^2,z+� NJ2LN�
,N+�+N2 D-zFFz+JHN2 zP-N,,JN-N2 INP0xK JF
"2+N-,xKJNP �* PN2 J2 PJN,NF ^-+JHNG )0-LN�
,+NGG+N2 NJ2 �(NJPJFN2,J02zGN, '-0yGNF *2P
,N+�+N2 NJ2 K0KN,>z� z2$�FFN+-JN2 J2 PN2
�* -NH02,+-*JN-N2PN2 Ez,,zPN2 )0-z*,� [z,
'-0yGNF PN- Ez,,zPN2-NH02,+-*H+J02 (J-P
KJN- 2JxK+ (NJ+N- yNKz2PNG+n N, J,+ FJ+ PNF
KJN- )0-LN,+NGG+N2 !N-MzK-N2 H0FyJ2JN-yz-�
[JN,N- ^-+JHNG LGJNPN-+ ,JxK JF  NJ+N-N2

(JN M0GL+o B2 ^y,xK2J++ w (J-P PN-  NL )02
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D-zFFz+JH )0-LN,+NGG+� ,0(JN NJ2 !N-MzK-N2
�*-�*0-P2*2L �(J,xKN2>0PNGGK�/0+KN,N2
*2P [z+N2 yN,xK-JNyN2� ^y,xK2J++ v ,+NGG+
NJ2N z++-Jy*+JN-+ND-zFFz+JH �*- Z-�N*L*2L
)02 DNy�*PNF0PNGGN2 L-0yN- ^*V�,*2L
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,zFFNG2� �* z2zG�,JN-N2 *2P �* M0-FzGJ,JN�
-N2 ,J2P <2+0G0LJN2� BF %zKFN2 PN- Z-,+NG�
G*2L NJ2N- <2+0G0LJN (N-PN2 PJN �(J,xKN2
PN2 <yINH+N2 *2P PN2 <yINH+HGz,,N2 yN,+N�
KN2PN2 FN-N0G0LJ,xKN2 �]N,+z2P+NJG,-NGz�
+J02N2�� +0/0G0LJ,xKN2 �=zxKyz-,xKzM+,-N�
Gz+J02N2� *2P +z�020FJ,xKN2 ]N�JNK*2LN2
KN-z*,LNz-yNJ+N+� B2,yN,02PN-N PJNFN-N0G0�
LJ,xKN2 *2P +0/0G0LJ,xKN2]N�JNK*2LN2 N2+�
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,0FJ+ NJ2N $NFz2+JH� �� ]� DN,xK0,,� *2P J2
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+N2DN0FN+-JN ,0(JN NJ2N%N/-�,N2+z+J02 JK�
-N- xKz-zH+N-J,+J,xKN2 ZJLN2,xKzM+N2� [JN
,NFz2+J,xKN2 %NLNG2 KzyN2 KJN-yNJ �(NJ
^*MLzyN2� [JN N-,+N J,+ PJN !N-H2�/M*2L PN-
^++-Jy*+N PN- �yN- NJ2N '-0P*H+J02,-NLNGz2�
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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�

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



#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�

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



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� $0FN xGz,,N,
(N-N xKz2LNP� J2 0-PN- +0 N2P */ (J+K x02�
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EJL� �l \ ,wF/GN M-0F +KN \#@B$ 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

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



0 0.4 0.5-0.5 0

EJL� rl $NFw2+Ju PJ,+w2uN, M0- -NLJ02, J2 EJL� s� ?NM+l %N,*G+ M-0F EJL� s �uN2+N-�� ZN2+N-l %N,*G+
M-0F EJL� s �-JLK+�� %JLK+l YJMMN-N2uN 0M v0+K M0- w-Nw, 0M J2/*+ ,uwGN �uN2+N-�GNM+��

EJL� sl \ ,wF/GN M-0F +KN \#@B$ Y?> q� �GNM+�� w -N,*G+ 0M +KN KN*-J,+Ju PN)NG0/NP v� C\"=X%#
�t��ov�� w2P w -N,*G+ 0M w ,JF/GN J+N-w+J)N FN-LJ2L /-0uNP*-N �-JLK+�� [0+K -N,*G+, ,w+J,M� +KN ,/N�
uJMJuw+J02 M0- +KN \#@B$ Y?> tq��

+JFN� +KJ, 2NJLKy0*- (z, ,NGNx+NP +0 FJ2J�
FJ�N +KN x0,+ M*2x+J02n 0M x0*-,N� +KJ, P0N,
20+ GNzP +0 +KN LG0yzG 0/+JF*F�\02,JPN-J2L
x0F/zx+2N,,� y0+K /-0xNP*-N, /N-M0-FNP
,JFJGz-G�� ",J2L 0*- 0/+JFJ�z+J02 FN+K0P�
(N 02G� 0y+zJ2NP z2 JF/-0)NFN2+ y� w;
0M x0,+, M0- 202�x0F/zx+ ,Kz/N,� C0(N)N-�
(N 0y+zJ2NP w�; GN,, x0,+, M0- xGz,,
xKz2LN,� B2 EJL� v (N 0y,N-)N +Kz+ ,N)N-zG
,N++GNFN2+ z-Nz, z-N G0,+ (J+K +KN ,JF/GN J+�
N-z+J)N /-0xNP*-N� #KJ, J, P*N +0 +KN Mzx+ +Kz+

+KN zGL0-J+KFP0N, 20+ M0-N,NN x02,N.*N2xN,
0M FN-LN zx+J02, M0- M*-+KN- /-0xN,,J2L
,+N/,� #K*, J+ J, 20+ zyGN +0 ,zx-JXxN ,FzGG
z-Nz, J2 0-PN- +0 ,zMN yJLLN- 02N,�
B2 EJL� w (N J2)N,+JLz+NP +KN .*zGJ+� FNz�

,*-N M0- +KN 0-JLJ2zG z-Nz,n +KN,N z-N FJ2JFzG
Fz//J2L *2J+, J2 +KN zLL-NLz+J02 /-0yGNF�
 N xz2 P0 +KN ,zFN z2zG�,J, 02 z GN,, PN�
+zJGNP GN)NG� +Kz+ J,� M0- NzxK z-Nz 0M +KN +z-LN+
,xzGNn +KJ, J, ,K0(2 J2 EJL� u �GNM+� z2P �xN2�
+N-�� ^ x0F/z-J,02 0M y0+K -N,*G+, J, 02G�
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/0,,JyGN 02 +KN KJLKN,+ GN)NG 0M PN+zJG� z, +KN
-NLJ02, J2 y0+K ,0G*+J02, z-N PJdN-N2+� EJL� u
�-JLK+� -N)NzG, +K0,N z-Nz, (K0,N ,NFz2+Jx,
(N-N HN/+ F0-N ,JFJGz- (J+K +KN 0/+JFJ��
z+J02 z//-0zxK �-NP� z2P +K0,N +Kz+ (N-N
HN/+ F0-N ,JFJGz- (J+K +KN J+N-z+J)N z/�
/-0zxK �L-NN2�� N xGNz-G� 0y,N-)N +KN P0FJ�
2z2xN 0M -NP z-Nz,� ^G,0 (N xz2 ,NN +Kz+ -NP
z2P L-NN2 z-Nz, z-N 0M+N2 J2 )JxJ2J+�� #KJ,
x02X-F, 0*- z,,*F/+J02 +Kz+� J2 x02+-z,+
+0 +KN ,JF/GN J+N-z+J)N /-0xNP*-N� +KN 0/+J�
FJ�z+J02 z//-0zxK xz2 ,zx-JXxN *2JF/0-�
+z2+ z-Nz,� J2 0-PN- +0 ,zMN F0-N JF/0-+z2+
02N,�

q Z02uG*,J02,

#KN PNX2J+J02 0M ,NFz2+Jx ,JFJGz-J+� 0- PJ,�
+z2xN FNz,*-N, J, x02,JPN-NP z, +KN HN� +0
.*zGJ+� z,,N,,FN2+ J2 Fz/ LN2N-zGJ�z+J02�
 N Kz)N ,K0(2 +Kz+� (J+K LJ)N2 ,NFz2+Jx
PJ,+z2xN )zG*N, M0- xGz,,N,� (N xz2 0/+JFzGG�
,0G)N +KN z-Nz zLL-NLz+J02 /-0yGNF J2 Fz/
LN2N-zGJ�z+J02 M0- ,FzGG J2,+z2xN,�  J+K
,*xK +KN0-N+JxzGG� /-0)N2 0/+JFz� (N Kz)N
M0*2P +KN 77zy,0G*+N �N-011 M0- +KN PNL-NN 0M
yzP2N,,� #KJ, zGG0(, +0 FzHN 0yINx+J)N�
.*z2+J+z+J)N ,+z+NFN2+, zy0*+ +KN /N-M0-F�
z2xN 0M KN*-J,+Jx FN+K0P,� ^PPJ+J02zGG�� (N
xz2 x0F/z-N +KN /N-M0-Fz2xN 0M KN*-J,+Jx,
-NGz+J)N +0 NzxK 0+KN-� B2 y0+K xz,N, (N Kz)N
,NN2 +Kz+ ,K0-+x0FJ2L, 0M KN*-J,+Jx FN+K0P,
xz2 yN PN+Nx+NP y� )J,*zGJ�z+J02� B2 /z-+Jx*�
Gz-� (N Kz)N ,NN2 +Kz+ 0*- KN*-J,+Jx yz,NP
02 J2+N-FNPJz+N ,xzGN, -N,*G+, J2 w�; GN,,
x0,+, M0- xGz,, xKz2LN +Kz2 +KN ,JF/GN J+N-�
z+J)NFN+K0P� N 0y,N-)NP +Kz+ J+, -NGz+J)NG�
L00P /N-M0-Fz2xN J, P*N +0 J+, xz/zyJG+� 0M
,zx-JXxJ2L ,FzGGN- z-Nz,� ,*xK +Kz+ yJLLN-
02N, xz2 yN ,zMNP� E*+*-N -N,Nz-xK ,K0*GP
M0x*, 02 yN++N- ,NFz2+Jx PJ,+z2xN FNz,*-N�
20+ 02G� x02,JPN-J2L +KN xGz,, FNFyN-,KJ/,
0M 0yINx+,� $NFz2+Jx, xz2 zG,0 yN xz--JNP y�
,Kz/N, z2P /z++N-2, 0M 0yINx+,� #KJ, yN�
x0FN, -NGN)z2+ M0- 0+KN- LN2N-zGJ�z+J02 0/N�
-z+0-,� ,*xK z, +�/JXxz+J02� B2 Mzx+� /z++N-2
-Nx0L2J+J02 +NxK2J.*N, z-N 0M+N2 z//GJNP J2
Fz/ LN2N-zGJ�z+J02� C0(N)N-� FN+-Jx, z-N
FJ,,J2L +Kz+ FNz,*-N +KN ,NFz2+Jx PJ,+z2xN
yN+(NN2 /z++N-2,� ^PPJ+J02zG -N,Nz-xK J,
2NNPNP +0 +N,+ +KN NdNx+ 0M z,�FFN+-Jx xGz,,

PJ,+z2xN,� \02xN-2J2L G0xzG ,Nz-xK FN+K0P,
M0- 0/+JFJ�z+J02 ,*xK z, ,JF*Gz+NP z22NzG�
J2L (N ,NN +KN 2NNP +0 JF/-0)N +NxK2J.*N,
+0 Kz2PGN Kz-P x02,+-zJ2+,� (KJxK z-N
2NNPNP M0- G0LJxzG x02,J,+N2x� J2 Fz/ LN2N�
-zGJ�z+J02� E*+*-N -N,Nz-xK J, zG,0 2NNPNP +0
x02,JPN- zPPJ+J02zG NGNFN2+, 0M .*zGJ+�� M0-
N�zF/GN� /0,J+J02zG zxx*-zx� z2P x0F/GN+N�
2N,,� $0 Mz- (N Kz)N J2+N-/-N+NP +KN ,J�N
+K-N,K0GP, J2 +KN ,/NxJXxz+J02, z, /-0KJ�
yJ+J02 +0 HNN/ +00 ,FzGG z-Nz, J2 +KN +z-LN+
,xzGN� y*+ +KN-N FJLK+ yN ,J�N +K-N,K0GP, 0-
0+KN- x-J+N-Jz +Kz+ PNX2N (KJxK z-Nz, F*,+
yN HN/+ J2 +KN LN2N-zGJ�NP Fz/ +0 N2,*-N
x0F/GN+N2N,,� B2 Mzx+ xGz,,N, 0M z-Nz, xz2 yN
X�NP J2 0*- 0/+JFJ�z+J02 z//-0zxK
�Cz*2N-+3  0GMM w��s�� +K*, +KN FN+K0P
xz2 N2,*-N x0F/GN+N2N,,� JM (N PNX2N (KJxK
z-Nz, +0 HNN/�

%NMN-N2uN,

^P!� w��vo ^#@B$�<yINH+z-+N2Hz+zG0L� �
(((�z+HJ,�PN �zxxN,,NP =0)NFyN- p� w��r��

^KG.*J,+� <�� w��to ",J2L ,NFz2+Jx ,JFJGz-J+�
FN+-Jx, +0 *2x0)N- xz+NL0-� z2P Gz2P x0)N-
xKz2LN� � DN0$/z+JzG $NFz2+Jx,o EJ-,+ J2+N-2z�
+J02zG x02MN-N2xN� DN0$ w��t� ?Nx+*-N =0+N,
J2 \0F/*+N- $xJN2xN vrpp� $/-J2LN-� ]N-GJ2�
DN-Fz2��

]zPN-� >� 3  NJyNG� %�� �ppro [N+Nx+J2L z2P
-N,0G)J2L ,J�N z2P /-0�JFJ+� x02VJx+, J2 +KN LN�
2N-zGJ�z+J02 0M /0G�L02zG Fz/,� � �q+K B2+N-�
2z+J02zG\z-+0L-z/KJx\02MN-N2xNo �twt��tvw�

]z-P� $�� w��uo &*zGJ+� ^,,N,,FN2+ 0M \z-�
+0L-z/KJx DN2N-zGJ�z+J02� � #-z2,zx+J02, J2
DB$ q ���o sv�q��

\KN2L� #� 3 ?J� ��� w��so #0(z-P &*z2+J+z+J)N
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xzGG� K0FN0F0-/KJx +0 z P�PJFN2,J02zG yzGG
J2 %v� #KJ, FNz2, +Kz+ M0- z2� /0J2+ / z>�
+KN-N N�J,+, z 2NJLKy0*-K00P "�/�s>�
z /0J2+ . z%v� z P�PJFN2,J02zG yzGG
]�.�s%v z2P z yJINx+J02 Q"o "']� Q"�/�
f .� x02+J2*0*, J2 y0+K PJ-Nx+J02,� +Kz+
Fz/, z2� /0J2+ 0M" +0 z /0J2+ 0M ]� $/NxJzG
x02PJ+J02, z//G� +0 y0*2PNP Fz2JM0GP,�
(KJxK z-N G0xzGG� K0FN0F0-/KJx +0 z KzGM�
,/zxN� ]� +KJ, PNX2J+J02� xN-+zJ2 ,J2L*Gz-
x02XL*-z+J02, �77202�Fz2JM0GP ,J+*z+J02,11��
N� L�� 77#�,Kz/NP11 y-z2xKJ2L, 0M J2 w[�Fz2J�
M0GP,� z-N N�xG*PNP �?N6 )� �ppp��

\NGG*Gz- /z-+J+J02�  KN-Nz, +KN Fz2JM0GP J,
z x02+J2*0*, 0yINx+ x0F/-J,J2L z2 J2X2J+�
0M /0J2+, J2 ,/zxN� M0- z PJLJ+zG -N/-N,N2+z�

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



EJL� �l %N/-N,N2+w+J02 0M tY ,/w+JwG 0vINu+, w, ,N+, 0M t�uNGG, J2 w t�D�>w/ � <vINu+, +Kw+ w-N 20+
,JF/G� u022Nu+NP -N.*J-NF0-N +Kw2 02N t�uNGG M0- -N/-N,N2+w+J02 �GNM+�k %N/-N,N2+w+J02v� wFJ2JFwG
2*FvN- 0M uNGG, �-JLK+��

+J02� z PJ,x-N+N ,+-*x+*-N J, -N.*J-NP� #KJ, J,
zxKJN)NP y� +KN J2+-0P*x+J02 0M xNGG*Gz- /z-�
+J+J02, 0M x02+J2*0*, P�Fz2JM0GP,o +KN Fz2J�
M0GP> J, PNx0F/0,NP J2+0 z 2*FyN- 0M xNGG,
xH 0M PJFN2,J02 H -z2LJ2L M-0F � +0 P� +KN
PJFN2,J02 0M +KN Fz2JM0GP� ZzxK xNGG xH J,
K0FN0F0-/KJx +0 z H�PJFN2,J02zG yzGG
]Hs%H� $*xK z P�PJFN2,J02zG xNGG*Gz- /z-�
+J+J02 0M z P�PJFN2,J02zG Fz2JM0GP > J, z
xNGG*Gz- x0F/GN� x02,J,+J2L 0M z X2J+N 2*F�
yN- 0M xNGG, xH 0M /0,J+J)N PJFN2,J02 H` P�
z2P )N-JM�J2L +KN M0GG0(J2L x02PJ+J02,o

� E0- NzxK xNGG xH� J+, y0*2Pz-� oxH J, x0F�
/0,NP 0M xNGG, xH! 0M GN,,N- PJFN2,J02
H!> H�

� E0- NzxK /zJ- 0M PJdN-N2+ xNGG, 0M PJFN2�
,J02 H� xH

J� x
H
I� +KN 0/N2 J2+N-J0-, xH

J� x I P0
20+ J2+N-,Nx+�

� E0- NzxK /zJ- xH
J� x I 0M PJdN-N2+ xNGG, 0M

PJFN2,J02 H� +KN J2+N-,Nx+J02 0M +KN
y0*2Pz-JN, J, NJ+KN- )0JP 0- x02,J,+, 0M
xNGG, x G 0M PJFN2,J02 G> Ho xHv xH! f
"Gf�� � � � �Hg� �"I x

G
I��

B2 z P�PJFN2,J02zG xNGG*Gz- x0F/GN��
F*G+J/G� x022Nx+NP 0yINx+, xz220+ yN -N/-N�
,N2+NP z, ,J2LGN P�xNGG,o N� L�� z w[ -J2L� z
v[ -J2L �z 77P0*LK2*+11�� 0- J+, ,*-MzxN� z
+0-*,� #KJ, J, PJdN-N2+� N� L�� M-0F +KN ,/z+JzG
F0PNG, /-0)JPNP y� <-zxGN $/z+JzG ��D
�@z�z- N+ zG� w��q�� z2P B$<�p��r� (KJxK
zGG0(� N� L�� MzxN, z2P ,0GJP, (J+K K0GN, z,
yz,Jx NGNFN2+,� ]� *,J2L /z-+J+J02, 0M P�PJ�
FN2,J02zG Fz2JM0GP, z, PJ,x-N+N F0PNG 0M
+0/0G0L�� (N N2,*-N +Kz+ NzxK �P����xNGG J,
NJ+KN- /z-+ 0M +KN x0FF02 y0*2Pz-� xNGG 0M
z /zJ- 0M P�xNGG,� 0- J, /z-+ 0M +KN 0*+N-
y0*2Pz-� 0M +KN xNGG*Gz- x0F/GN��  N N��

xG*PN 77202�Fz2JM0GP11 x02XL*-z+J02, GJHN�
N� L�� #�,Kz/NP x02+zx+, 0M P�xNGG, �?N6 )�
�ppp�� >N,Lz-J �w���� /-0/0,N, z ,0G*+J02
M0- +KN F0PNGGJ2L 0M ,0FN 0M +KN,N ,J2L*Gz-�
J+JN,�

$/z+JzG 0yINx+, J2 z xNGG*Gz- /z-+J+J02� ^, JG�
G*,+-z+NP y� +KN zy0)N x0*2+N-�N�zF/GN,�
xN-+zJ2 ,/z+JzG 0yINx+, +Kz+ 0xx*- J2 /-zx+JxzG
z//GJxz+J02, xz220+ yN F0PNGGNP y� ,J2LGN
P�xNGG,� y*+ F*,+ yN -N/-N,N2+NP z, ,N+, 0M
P�xNGG, �xM� EJL� ��� x02,J,+J2L 0M 02N 0- F0-N
x022Nx+NP x0F/02N2+,�

[�D�>z/, z2P \NGG�#*/GN $+-*x+*-N,� \NGG*�
Gz- \0F/GN�N, xz2 yN J2+N-/-N+NP z, z LN2�
N-zGJ,z+J02 0M ,JF/GJxJzG x0F/GN�N,� y*+ +KN�
GzxH +KN LN0FN+-Jx z2P zGLNy-zJx /-0/N-+JN,
0M +KN Gz++N-� C0(N)N-� +KN P�PJFN2,J02zG
DN2N-zGJ�NP>z/ �?JN2Kz-P+ �ppu� z2P +KN
P�PJFN2,J02zG \NGG�+*/GN $+-*x+*-N �]-J,,02
�ppv� /-0)JPN +KN xNGG*Gz- /z-+J+J02 (J+K +KN
,+-*x+*-N 0M z2 zy,+-zx+ ,JF/GJxJzG x0F/GN��
E-0F z /-zx+JxzG /0J2+ 0M )JN(� +KN +(0
F0PNG, xz2 yN -NLz-PNP z, -0*LKG� N.*J)z�
GN2+ �?JN2Kz-P+ �pp���  KN-Nz, +KN P�D�
>z/ M0x*,N, 02 +KN zGLNy-zJx ,+-*x+*-N PN�
X2NP y� +KN +-z2,J+J02, yN+(NN2 +KN zy,+-zx+
Pz-+,� +KN \NGG�#*/GN $+-*x+*-N �JNGP, z
-NzGJ,z+J02 y� xNGG�+*/GN, z2P +KN ,�FFN+-Jx
77,(J+xK11 -NGz+J02,KJ/, yN+(NN2 +KNF�

s DN2N-wGJ�NP >w/, w2P ZNGG�#*/GN
$+-*u+*-N,

E0GG0(J2L ?JN2Kz-P+ ��ppu�� z P�PJFN2�
,J02zG DN2N-zGJ�NP >z/ �P�D�>z/� x02,J,+,
0M z X2J+N ,N+ 0M 0yINx+, xzGGNP Pz-+, z2P z

�oo\2P-Nw, #K0F,N2 N+ wG�� \ D�>w/ [w,NP #00G



(n0, e0, f0, s0,+)(n1, e0, f0, s0, -)

(n0,e0,f0,s1, -)

(n0, e1, f0, s0, -)

(n0,e0,f1,s0, -)

α3

α1

α2

Cells

ni – Node

ej – Edge

fk –Face

sl - Solid

Involutions

α0, α1, α2, α3

α0

EJL� tl D-w/K -N/-N,N2+w+J02 0M w2 0-JN2+NP s�D�>w/ D �Y� t�� � � � � tP� (J+K uNGG�+*/GN, w, Pw-+, w2P
tJ +-w2,J+J02,�

,N+ 0M yJINx+J02, tJ� Jf�� � � � � P GJ2HJ2L /zJ-,
0M Pz-+,� +Kz+ z-N J2)0G*+J02,� J� N�� +Kz+ )N-JM�
+KN x02PJ+J02,o

tJ�tJ����f� ���

z2P M0- zGG J� �` J> Jhw` I` P� �w�

tJ tI J, z2 J2)0G*+J02� J� N�� tJ�tI�tJ �tI������
f �� (KJxK JF/GJN, tI�tJ����f tJ�tI����� �v�

#KN D�>z/, z-N NFyNPPNP J2 w[ 0- v[
,/zxN y� z Fz//J2L +Kz+ +0 NzxK Pz-+ z,,0�
xJz+N, z *2J.*N x0FyJ2z+J02 0M z 20PN� z2
NPLN� z MzxN� z2P J2 v[ z ,0GJP�

B2 ]-J,,021, ��ppv� +N-FJ20G0L�� \NGG�
+*/GN $+-*x+*-N, x02,J,+ 0M z ,N+ 0M xNGG�+*/GN,
�20PN� NPLN� MzxN�� ,0GJP_� z++zxKNP +0 +KN
x0--N,/02PJ2L ,/z+JzG 0yINx+,� #KN xNGG�
+*/GN, z-N /zJ-(J,N GJ2HNP y� 77,(J+xKN,11 PN�
X2NP y� +KN N�xKz2LN 0M N�zx+G� 02N x0F�
/02N2+� z2P x0--N,/02PJ2L +0 ?JN2Kz-P+1,
J2)0G*+J02,o

t�o �2� N� M� ,�' �2!� N� M� ,��
t�o �2� N� M� ,�' �2� N!� M� ,��
two �2� N� M� ,�' �2� N� M !� ,��
tvo �2� N� M� ,�' �2� N� M� ,!� �u�

^ P�D�>z/ xz2 yN -N/-N,N2+NP z, z L-z/K
(J+K xNGG�+*/GN, z, 20PN,� z2P NPLN, PNX2NP
y� +KN J2)0G*+J02 0/N-z+J02, �xM� EJL� w��

<-JN2+z+J02�  N -N.*J-N zGG P�Fz2JM0GP, +0
yN 0-JN2+zyGN� z2P +KN x0--N,/02PJ2L D�
>z/, z2P \NGG�#*/GN $+-*x+*-N, +0 yN
0-JN2+NPo +KN ,N+ 0M Pz-+, � xNGG�+*/GN, xz2 yN
PJ)JPNP J2+0 +(0 /z-+, 0M N.*zG ,J�N xz--�J2L
0//0,J+N ,JL2� z2P NzxK tJ +-z2,J+J02 GJ2H, z

/zJ- 0M J+NF, 0M 0//0,J+N ,JL2�  KN-Nz,
?JN2Kz-P+1, PNX2J+J02 /N-FJ+, Pz-+, z+ +KN
y0*2Pz-� 0M z D�>z/� +Kz+ P0 20+ Kz)N z
x0*2+N-/z-+ M0- +KN tP +-z2,J+J02� ,*xK z ,J+*�
z+J02 J, N�xG*PNP J2 0*- F0PNG �'JL0+ �ppw��
#KN D�>z/, KN-N z-N M0-FzGG� x02,JPN-NP
z, *2y0*2PNP� y� J2+-0P*xJ2L z2 0*+,JPN
77*2J)N-,N11 +Kz+ J, 20+ z ,+z2Pz-P xNGG�

=z)JLz+J02 02 D�>z/,� #KN *,N 0M +KN D�
>z/ ,+-*x+*-N M0- +0/0G0LJxzG .*N-JN, z2P
0/N-z+J02,� J, ,*//0-+NP y� FN+K0P, M0- +KN
2z)JLz+J02 02 +KN D�>z/ L-z/K� z2P M0- +KN
-N+-JN)zG 0M ,0GJP,� MzxN,� NPLN, z2P 20PN,�
-N/-N,N2+NP y� )0G*FN xNGG,� ,*-MzxN
/z+xKN,� x*-)N, z2P /0J2+,�

z� ^GG 2z)JLz+J02 02 z D�>z/ -NGJN, 02 +KN
tJ +-z2,J+J02,� J� N�� +KN /z,,zLN M-0F 02N
xNGG�+*/GN +0 J+, 2NJLKy0*- y� +KN N��
xKz2LN 0M 02N xNGG 0M PJFN2,J02 J�

y� ^ ,N.*N2xN 0M xNGG�+*/GN, ,+z-+J2L (J+K
x+�� X2J,KJ2L (J+K x+= z2P GJ2HNP y� tJ
+-z2,J+J02, (J+K )z-�J2L J2PN� J PNX2N,
z /z+K 02 +KN D�>z/ L-z/K� 0- z G00/�
JM J+ J, xG0,NP�

'z+K, z2P G00/, z-N PN+N-FJ2NP y� +KN ,N�
.*N2xN 0M +-z2,J+J02, tJ

f
� � � tJ= 0- ,K0-+N- y�

+KN J2PJxN, J� � � � J=� z2P xz2 yN 20+NP
'z+KJ� � � � J=�x+�� z2P ?00/J� � � � J=�x+���

x� #KN ,*y,N+ 0M zGG xNGG�+*/GN, +Kz+ xz2 yN
-NzxKNP M-0F zLJ)N2 xNGG�+*/GN x+� y� z2�
x0FyJ2z+J02 0M +-z2,J+J02, tJ

f
� � � tJ

Z

J,
xzGGNP z2 0-yJ+ z2P J, 20+NP
<-yJ+J� � � � J=�x+��� #0 z)0JP zFyJL*J+JN,�
,0FN+JFN, +KN PJFN2,J02 0M +KN D�>z/
J, zG,0 20+NPo <-yJ+PJ� � � � J=�x+���

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



EJL� sl \ sY X*GN- 0/N-w+J02l ,/GJ++J2L w ,0GJP , J2+0 ,0GJP, ,� w2P ,� v� +KN J2,N-+J02 0M w tY MwuN
M� w2P +KN J2)N-,N FN-LN 0/N-w+J02� #KN G0uw+J02 0M +KN u02+wu+ vN+(NN2 +KN MwuN M w2P +KN v0*2Pw-�
0M +KN ,0GJP , J, PNMJ2NP v� +KN G00/ u�

\N-+zJ2 0-yJ+, PN,x-JyN G00/, 0M X�NP 0- )z-J�
zyGN GN2L+K� xN-+zJ2 G00/, z-N PNX2NP y� 0-�
yJ+,� y*+ J2 ,0FN xz,N, +KN xNGG�+*/GN, 0M z2
0-yJ+ Fz� 20+ yN z--z2LNP J2 z x02+J2**0,
G00/ �?N6 )� �ppp��

#-z2,M0-Fz+J02, 0M P�D�>z/,� #KN-N z-N
+(0 xGz,,N, 0M 0/N-z+J02,o +KN Z*GN- 0/N-�
z+J02, �>�2+�G� �pqq� +Kz+ /-N,N-)N +KN
0)N-zGG +0/0G0LJxzG /-0/N-+JN, 0M +KN xNGG*Gz-
x0F/GN� PN,x-JyNP y� +KN Z*GN- xKz-zx+N-J,�
+Jx � f 20� 0M 20PN, g 20� 0M NPLN, h 20�
0M MzxN, �g 20� 0M ,0GJP,_� z2P +KN 202�Z*GN-
0/N-z+J02,� #KN yz,Jx +0/0G0LJxzG 0/N-�
z+J02, x02,J,+ J2 +KN PJ)J,J02 0M H�PJFN2�
,J02zG xNGG, �H; �� y� +KN J2,N-+J02 0M Hg��
PJFN2,J02zG y0*2Pz-� xNGG,� +KN P*zG 0/N-�
z+J02, � P*/GJxz+J02 0M H�PJFN2,J02zG xNGG,
�H> P� y� J2,N-+J02 0M Hh��PJFN2,J02zG
x0y0*2Pz-� xNGG,� z2P +KN J2)N-,N FN-LJ2L
�-N,/� x0GGz/,J2L� 0/N-z+J02, y� +KN PNGN+J02
0M z y0*2Pz-� �x0y0*2Pz-�� xNGG �xM� EJL� v�
�#K0F,N23]-N*2JL w��r�� =0+N +Kz+ JM +KN
y0*2Pz-� 0- x0y0*2Pz-� xNGG +0 yN -NF0)NP
J, /z-+ 0M +KN 0*+N- y0*2Pz-� 0M z xNGG*Gz-
x0F/GN�� +KN PNGN+J02 0/N-z+J02 J, 20+ zG�
(z�, zPFJ,,JyGN�
]z,Jx 202�Z*GN- </N-z+J02, GJHN +KN x-N�

z+J02 0- PN,+-*x+J02 0M z2 J,0Gz+NP xNGG 0- 0M
z x022Nx+NP x0F/02N2+� 0- +KN 77,N(J2L11 0M
+(0 KJ+KN-+0 PJ,x022Nx+NP x0F/02N2+, J2+0
02N� z2P +KN J2)N-,N 0/N-z+J02� zdNx+ +KN
0)N-zGG +0/0G0LJxzG /-0/N-+JN, 0M +KN F0PNG�
]0+K +KN Z*GN- z2P 202�Z*GN- 0/N-z+J02,
z-N JF/GNFN2+NP *,J2L -NGz+J02zG Pz+zyz,N
0/N-z+J02, x0F/-J,NP J2 z +-z2,zx+J02� B2
,0FN 0M +KN,N /-0xNP*-N,� /z+K,� G00/, 0-
0-yJ+, z-N *,NP +0 JPN2+JM� z ,N.*N2xN 0M xNGG�
+*/GN, +0 yN */Pz+NP� N� L�� M0- +KN ,/GJ++J2L
0M z ,0GJP y� +KN J2+-0P*x+J02 0M z 2N( MzxN
zG02L z xG0,NP G00/ 02 +KN J2,JPN 0M +KN
y0*2Pz-� 0M +KN ,0GJP �xM� EJL� v��

r Z0F/w-J,02 (J+K <+KN-
#0/0G0LJuwG >0PNG,

<-PN-NP +0/0G0LJxzG F0PNG,� ?JN2Kz-P+
��pp�� x0F/z-N,D�>z/,(J+K PJdN-N2+ 770-�
PN-NP +0/0G0LJxzGF0PNG,11o N� L�� +KN (J2LNP�
NPLN �]z*FLz-+ �prt�� +KN -zPJzG�NPLN
� NJGN- �pqq�� +KN .*zP�NPLN �D*Jyz, 3
$+0GMJ �pqt� z2P +KN xNGG�+*/GN ,+-*x+*-N,�
CN x02xG*PN, +Kz+ 770-PN- F0PNG, z-N yz,NP
02 +KN ,zFN JPNz,� z2P � � � J+ J, /0,,JyGN +0
,K0( +Kz+ +KN,N F0PNG, z-N N.*J)zGN2+ �(J+K
-N,/Nx+ +0 PJFN2,J02 z2P 0-JN2+zyJGJ+��11�
\NGG�+*/GN ,+-*x+*-N, z-N N.*J)zGN2+ +0 D�
>z/, (J+K0*+ y0*2Pz-JN,� C0(N)N-� ,0FN
0M +KN 0+KN- F0PNG, /N-FJ+ 202�Fz2JM0GP
x02XL*-z+J02,� (KJxK F*,+ yN N�/GJxJ+G� N��
xG*PNP�

B$< �p��r z2P D>? v� &*zH 3 PN !-JN,
�w��t� x0F/z-N +KN (J2LNP�NPLN ,+-*x+*-N
+0 +KN B$< �p��r F0PNG �<'Z= DZ<�
$'^#B^? \<=$<%#B"> w��r� z2P x02�
xG*PN +Kz+ 77J+ J, /0,,JyGN +0 G0,,GN,,G� Fz/
+0 +KN B$<�p��r F0PNG z2P yzxH11� y*+ /-0�
/0,N +0 N�+N2P +KN B$<F0PNG +0 -NP*xN x0,+�
^ PN+zJGNP x0F/z-J,02 0M +KN /-0/0,NP

z//-0zxK +0 +KN F0PNGGJ2L 0M +0/0G0L� z2P
+KN B$< �p��r z2P D>? v F0PNG J, yN�02P
+KN ,x0/N 0M +KJ, z-+JxGN� +KN-NM0-N (N 02G�
FzHN ,0FN /-NGJFJ2z-� 0y,N-)z+J02,o #KN
B$< �p��r z2P D>? v F0PNG ,*//0-+
0-JN2+NP w[ z2P v[ +0/0G0LJxzG F0PNG,�
,/NxJM�J2L +0/0G0LJxzG x0F/GN�N, x02,J,+J2L
0M 20PN,� NPLN,� MzxN, z2P +0/0G0LJxzG ,0GJP,
z, /-JFJ+J)N,� z2P +KN x0--N,/02PJ2L PJ�
-Nx+NP /-JFJ+J)N, z, y*JGPJ2L NGNFN2+, M0-
�[� w[� z2P v[ +0/0G0LJxzG x0F/GN�N,� z,
(NGG z, M0- y0*2Pz-JN,� x0y0*2Pz-JN,� z2P
M0- 77+0/0G0LJxzG x0GGNx+J02,11� J� N�� +0/0G0LJ�
xzG x*-)N,� ,*-MzxN,� )0G*FN,� B2 zxx0-Pz2xN
(J+K +KN 0yINx+�0-JN2+NP z//-0zxK� -NGz+J02�

�om\2P-Nw, #K0F,N2 N+ wG�� \ D�>w/ [w,NP #00G



α1

α
3

α0

α2

Key Data

(n0,e2,f2,s0) …(n1, e0, f0, s0)

(n1,e1,f1,s1) …(n0, e0, f0, s0)

(n3,e0,f3,s3) …(n0, e1, f0, s0)

(n4,e4,f0,s4) …(n0, e0, f1, s0)

(n5,e5,f5,s0) …(n0, e0, f0, s1)

Key Data

+

-

sign

-

-

-

sign

EJL� rl \2 0-JN2+NP s�D�>w/ w, w /wJ- 0M -NGw+J02, �u�� � � � � uJ � � � � uP��e� ' �u�� � � � � uJ !� � � � uP��d��

,KJ/, yN+(NN2 +0/0G0LJxzG� LN0FN+-JxzG z2P
0+KN- N2+J+JN, z-N N2x0PNP (J+K +KN +0/0G0LJ�
xzG 0yINx+,� (KN-Nz, +KN D�>z/ z2P +KN
\NGG�#*/GN $+-*x+*-N *,N z ,N/z-z+N ,�,+NF
0M N2+J+JN, z2P �o� -NGz+J02,KJ/,� 2zFNG�
Pz-+,�xNGG�+*/GN, z2P J2)0G*+J02,�,(J+xKN, +0
-N/-N,N2+ +KN +0/0G0LJxzG ,+-*x+*-N� #K*, +KN
J2xJPN2xN� zPIzxN2x� z2P 0-PN- -NGz+J02,KJ/,
J2 B$< �p��r Kz)N +0 yN +-z2,Gz+NP J2+0 ,N+,
0M Pz-+,�xNGG�+*/GN,� J2)0G*+J02 +-z2,J+J02,
z2P 0-yJ+,�

#KN B$< �p��r F0PNG J, GN,, -N,+-Jx+J)N
+Kz2 D�>z/, z2P \NGG�#*/GN $+-*x+*-N,�
z2P J2 x02,N.*N2xN� +KN -z2LN 0M +0/0G0LJxzG
x02XL*-z+J02, +Kz+ xz2 yN -N/-N,N2+NP J, Gz-�
LN-� zPFJ++J2L� N� L�� Pz2LGJ2L NPLN,� J22N-
G00/,� x*-)N, +Kz+ FNN+ +KN J2+N-J0- 0M z MzxN
N+x� (KJxK z-N /-NxG*PNP J2 D�>z/,� <2 +KN
0+KN- Kz2P� +0/0G0LJxzG 0/N-z+J02, 02 +KN
B$< �p��rF0PNG Fz� yN F0-N x0F/GJxz+NP�
z, 2*FN-0*, ,/NxJzG xz,N, Kz)N +0 yN Kz2�
PGNP 0- N�xG*PNP� '-0)JPNP +Kz+ +KN ,+-Jx+ -N�
.*J-NFN2+, 0M +KND�>z/ z-NFN+� (N N�/Nx+
20 M*2PzFN2+zG /-0yGNF, (KN2 +-z2,Gz+J2L
+KN +0/0G0LJxzG /-JFJ+J)N, M-0F D>? v +0
+KN x0--N,/02PJ2L xNGG, J2 +KN D�>z/
F0PNG� z2P 0M +0/0G0LJxzG x0F/GN�N, J2+0
xNGG*Gz- x0F/GN�N, -N/-N,N2+NP y� D�>z/,
z2P )JxN )N-,z�

q <vINu+�-NGw+J02wG Yw+wvw,N
BF/GNFN2+w+J02

BF/GNFN2+z+J02 J2 +-z2,JN2+ ,+0-zLN� #KN J2�
FNF0-��JF/GNFN2+z+J02 0M +KN L-z/K�-N�
/-N,N2+z+J02 0M z P�D�>z/ J, ,+-zJLK+M0-�
(z-P �?N6 )� �ppp�o M0- NzxK Pz-+ 0yINx+� +KN
tI +-z2,J+J02, z-N JF/GNFN2+NP y� Ph� -NM�
N-N2xN, +0 0+KN- Pz-+,� zPPJ+J02zG -NMN-N2xN,
+0 LN0FN+-Jx 0yINx+, z2P +0 +KNFz+Jx /-0/�

N-+JN, -NzGJ,N +KN LN0FN+-Jx -N/-N,N2+z+J02�
z2P z ,N+ 0M VzL, J, *,NP +0 Fz-H Pz-+, +Kz+
Kz)N yNN2 +-z)N-,NP� +KN 2N�+ tJ +-z2,J+J02
+0 +zHN N+x� #KN tI -NMN-N2xN, Fz� yN N�+�
N2PNP J2+0 0yINx+, z, (NGG� (J+K FN+K0P, +0
xKNxH +KN ,�FFN+-� 0M +KN -NMN-N2xN� z2P
M0- /N-FJ++J2L�yz--J2L +KN *,N 0M z LJ)N2
+-z2,J+J02 �E-zPJ2 N+ zG� w��w�� B2 0-PN- +0
,*//0-+ +KN 2z)JLz+J02 02 +KN D�>z/� M0-
NzxK xNGG 0M PJFN2,J02 M-0F � +0 P z -NMN-N2xN
+0 z ,+z-+J2L Pz-+ Fz� ,N-)N z, z2 77N2+-�
/0J2+11 J2+0 z2 0-yJ+ PN,x-JyJ2L +KN +0/0G0LJ�
xzG -NGz+J02,KJ/, (J+KJ2 +KN xNGG z2P 0*+,JPN�

<yINx+�%NGz+J02zG Pz+zyz,N JF/GNFN2+z+J02�
E0- z /N-,J,+N2+ JF/GNFN2+z+J02 yz,NP 02
z2 0yINx+� -NGz+J02zG []>$� +KN xNGG�+*/GN
,+-*x+*-N J, F0-N z//-0/-Jz+N �xM� EJL� u�� B2�
,+NzP 0M -NMN-N2xN, +0 G0xz+J02,� +KN +-z2,J�
+J02, yN+(NN2 xNGG�+*/GN, z-N x02+-0GGNP y�
HN�NP zxxN,, *,J2L 02N 0M +K-NN ,Nz-xK /z+�
+N-2, �xM� EJL� t�� B2 z D�>z/ (J+K0*+
y0*2Pz-�� +KN-N J, zG(z�, N�zx+G� 02N x0-�
-N,/02PJ2L xNGG�+*/GN +0 yN -N+-JN)NP�
CN-N +KN +*/GN �20PN� NPLN� MzxN� xNGG� ,0GJP�

zx+, z, z HN�� (KJxK J, z*LFN2+NP y� +KN
,JL2� JM /0,J+J)N z2P 2NLz+J)N xNGG�+*/GN, z-N
,+0-NP J2 +KN ,zFN +zyGN� E0- N�zF/GN� +KN
M0GG0(J2L $&? .*N-�� M0- +KN xNGG�+*/GN
x+�x�� x�� xw� xv�W� � � �� -N+-JN)N, +KN xNGG�
+*/GN x+!�x�� x�� xw!� xv�gW� � � �� x0--N,�
/02PJ2L +0 x+ y� z2 tw�+-z2,J+J02� J� N�� y�
z2 N�xKz2LN 0M MzxN,o

$Z?Z\#�E%<>xNGG+*/GN, CZ%Z20PN
f x� ^=[ NPLN f x� ^=[ ,0GJP f xv
^=[ ,JL2 8f ^n

",J2L KJN-z-xKJxzG J2PN�J2L 0M +KN xNGG�+*/GN
-NGz+J02� (N N�/Nx+ +KN zxxN,, +JFN M0- z
,J2LGN +-z2,J+J02 +0 L-0( GJHN < �G0L=��
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,+z-+J2L xNGG�+*/GN ,Nz-xK /z++N-2 -N+-JN)NP xNGG�+*/GN
x+� cI�x+��

�x�� � � � � xI � � � � � xP � ,JL2� � � �� / (
��� 77x�� � � � � �� � � � � xP �g,JL211
�w� 77x�� � � � � xI � � � � � xP11
�v� 77x�� � � � � xI! � � � � � xP11 & ' �x�� � � � � xI! � � � � � xP �g,JL2� � � ��

EJL� ql $Nw-uK /w++N-2, M0- tI +-w2,J+J02,� #KN ,�Fv0G, 77 11 w2P 77�11 PN20+N 7720+11 w2P 77w2�11�

e1

α1α1

n0

e

f0 f1

α0

α2 α0

e0

α0α0

a) b) c)

n1

e

n0

(f0) (f1)

e0

e1

e2e3

n1

f

α0

α0α1

e0

e1

n0

e2
e3

EJL� pl Z02+-0GGJ2L +KN 2w)JLw+J02 02 w t�D�>w/ *,J2L 0-vJ+,� G00/, w2P ,(J+uK�,+0/ MGwL, � w� #-w�
)N-,J2L +KN v0*2Pw-� 0M MwuN M v� w2 0-vJ+t��� �� v� $N/w-w+N +-w)N-,wG 0M +KN 0*+N- v0*2Pw-JN, 0M
+KN +(0 /w-+, 0M M� ,+0//J2L w+ 20PN, 2�� 2�� u� �E%\YB= N+ wG� t��t� [� vG0uHJ2L 0- 0/N2J2L tt +-w2,J+J02,
+K-0*LK +KN NPLN N� +KN ,wFN ,+-*u+*-N J, *,NP +0 PN,u-JvN v0+K +KN u0FF02 v0*2Pw-� v� w G00/
77� � � t� t� tt t� t� � � �11 w+ 20PN, 2� w2P 2�� w2P +KN v0*2Pw-JN, 0M +KN +(0 /w-+, M� w2P M� v� +(0 <-vJ+t��� �
G00/,�

(KN-N = J, +KN +0+zG 2*FyN- 0M xNGG�+*/GN,�
",J2L Kz,K J2PN�N,� N)N2 yN++N- yNKz)J0*-
xz2 yN zxKJN)NP� #KJ, zxxN,, FN+K0P� z+ +KN
x0,+ 0M ,0FN 0)N-KNzP� FzHN, +KN +-z2,J+J02
yN+(NN2 xNGG�+*/GN, J2PN/N2PN2+ M-0F z2�
/z-+Jx*Gz- ,+0-zLN 0- 0yINx+ JPN2+JXN- PN+zJG,
z2P +K*, xz2 yN *,NP +-z2,/z-N2+G� y0+K
(J+K /N-,J,+N2+ ,+0-zLN J2 z xGJN2+�,N-)N- x02�
XL*-z+J02� z2P J2 +-z2,JN2+ ,+0-zLN z2P Nz,�
JG� x0/N (J+K */Pz+N 0/N-z+J02,�

<-yJ+, z2P G00/, ),� 0-PN-NP ,*y,N+,� B2 z xNG�
G*Gz- /z-+J+J02 0M z P�PJFN2,J02zG Fz2JM0GP�
,/z+JzG 0yINx+, z-N -N/-N,N2+NP y� x0GGNx+J02,
0M xNGG,� J� N�� ,*y,N+, 0M +KN *2PN-G�J2L ,N+,
0M H�xNGG,� Hf�� � � � � P� #KN-NM0-N� (N xz2 zG�
(z�, PNP*xN x0--N,/02PJ2L .*N-JN, 02 +KN
z,,0xJz+NP xNGG�+*/GN,� B2M0-Fz+J02 02 +KN
x022Nx+J)J+� 0M +KN -N,*G+J2L ,*y,N+, 0M xNGG�
+*/GN,� K0(N)N-� -N.*J-N, FN+K0P, +Kz+ ,�,�
+NFz+JxzGG� N�/G0-N +KN zPIzxN2x� z2P J2xJ�
PN2xN -NGz+J02,KJ/, yN+(NN2 xNGG,� -N/-N,N2+�

NP y� +KN tJ�+-z2,J+J02,� J2 /z-+Jx*Gz- 0-yJ+,
z2P G00/,�
 KN-Nz, +KN JF/GNFN2+z+J02 0M J2)0G*�

+J02, z2P 0-yJ+, J2 +-z2,JN2+ ,+0-zLN J,
,JF/GN� J+ J, F0-N J2+-Jxz+N J2 +KN x02+N�+ 0M
+KN -NGz+J02zG F0PNG� B2 z2 %[]>$� +KN -N�
+-JN)zG 0M ,*y,N+, y� x02PJ+J02, JF/0,NP 02
z++-Jy*+N )zG*N, J, (NGG ,*//0-+NP� z, z-N
yz,Jx ,0-+J2L 0/N-z+J02, 02 -N,*G+J2L ,*y�
,N+,� ",J2L z//-0/-Jz+N J2PN�J2L� zG,0 z
,FzGG X2J+N 2*FyN- 0M GJ2H, yN+(NN2 -NGz�
+J02, y� M0-NJL2 HN�, 0- y� I0J2, /0,N, 20
/z-+Jx*Gz- /-0yGNF� N)N2 JM ,0FN 0)N-KNzP
J, J2)0G)NP� <-yJ+,� /z+K,� z2P G00/,� K0(�
N)N-� Fz� J2)0G)N z2 *2PN+N-FJ2NP z2P /0�
+N2+JzGG� Gz-LN 2*FyN- 0M GJ2H, yN+(NN2 xNGG�
+*/GN,� /0,,JyG� PNX2NP y� z -Nx*-,J)N M0-�
F*Gz� ^G+K0*LK -Nx*-,J02 J, ,*//0-+NP y�
^=$B $&?� J+ J, 20+ �N+ JF/GNFN2+NP J2 zGG
(JPN,/-NzP -NGz+J02zG []>$ �'0,+L-N$&?
�0-L w��s� � 0- J, 20+ JF/GNFN2+NP J2 +KN
,zFN (z��  J+K0*+ $&? -Nx*-,J02� +KN *,N

�n�\2P-Nw, #K0F,N2 N+ wG�� \ D�>w/ [w,NP #00G
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EJL� ol '-0vGNF, N2u0*2+N-NP P*-J2L wLL-NLw+J02� �w� \ MwuN v 0M uGw,, [ J, u0F/GN+NG� ,*--0*2PNP
v� MwuN, wJ 0M w PJMMN-N2+ uGw,, \� �v� $+N/(J,N FN-LJ2L wGG uNGG, 0M uGw,, \ -N,*G+, J2 w v-JPLN
u02MJL*-w+J02 �u� w2P MJ2wGG� J2 w -J2L �P��

0M z /-0L-zFFJ2L Gz2L*zLN J, -N.*J-NP M0-
x0PJ2L +KN G00/ 0- +KN -Nx*-,J)N /-0xNP*-N�
(KJxK J2 +*-2 J,,*N, z2 $&? x0FFz2P M0-
NzxK ,+N/� Z)N2 JM (N -NP*xN +KN 0)N-KNzP
J2x*--NP *,J2L 0/+JFJ,z+J02 FN+K0P, GJHN
/-N/z-NP ,+z+NFN2+,� +KJ, -NFzJ2, z xG*F,�
(z� +0 ,0G)N z ,JF/GN +z,H� B2 0-PN- +0
Kz2PGN +KJ, /-0yGNF� (N X-,+ Kz)N +0 X2P
0*+ (KJxK +0/0G0LJxzG 0/N-z+J02, xz2 yN JF�
/GNFN2+NP *,J2L ,JF/GN �0-PN-NP� ,*y,N+ -N�
+-JN)zG,� z2P M0- (KJxK 0/N-z+J02, /z+K,�
G00/, 0- 0-yJ+, z-N N,,N2+JzG�

?00/, z2P 0-yJ+, z-N zG,0 2NxN,,z-� M0-
+KN JF/GNFN2+z+J02 0M PJ)J,J02 z2P FN-LN
0/N-z+J02, �xM� EJL� s�� B2 0-PN- +0 N2,*-N
+Kz+ +KN -N,*G+ M 0M z FN-LJ2L 0/N-z+J02 02
+(0 P�xNGG, M� z2P M� J, z P�xNGG� (N F*,+ N2�
,*-N +Kz+ +KN y0*2Pz-� Nf M�v M� J, x022Nx+�
NP � 0+KN-(J,N ,J+*z+J02, GJHN �xM� EJL� r x� P�
Fz� 0xx*-� BM N J, ,JF/G� x022Nx+NP� (N Fz�
X-,+ FN-LN J+ J2+0 z ,J2LGN NPLN N!� (KJxK +KN2
J2 +*-2 J, -NF0)NP� #KN J2)N-,N /-0xNP*-N�
2zFNG� +KN PJ)J,J02 0M z P�xNGG� zG,0 J2)0G)N,
+KN *,N 0M z2 0-yJ+�  J+KJ2 z +-z2,zx+J02�
(N /-0xNNP z, M0GG0(,o

�� >z-H +KN +(0 20PN, 2� z2P 2� (KN-N +KN
PJ)JPJ2L NPLN I0J2, +KN y0*2Pz-� 0M x�

w� B2,N-+ +KN PJ)JPJ2L NPLN N J2+0 +KN +zyGN
0M NPLN,�

v� B2,N-+ +(0 2N( MzxN, M� z2P M� J2+0 +KN MzxN
+zyGN�

u� B2,N-+ M0*- xNGG�+*/GN, �2� � N� M��g,��
�2�� N� M��h,�� �2�� N� M��g,�� �2�� N� M��h,��
#KN ,JL2 , yNJ2L xK0,N2 +0 Fz+xK +KN
,JL2, 0M +KN N�J,+J2L xNGG�+*/GN,�

t� "/Pz+N +KN N�J,+J2L xNGG�+*/GN, �2�� N�� M� ,��
�2�� N�� M�g,�� �2�� Nw� M� ,�� �2�� Nv� M�g,�
*,J2L +(0 2N( MzxN JPN2+JXN-,� -N,*G+J2L

J2 �2�� N�� M�� ,�� �2�� N�� M��g,�� �2�� Nw� M�� ,��
�2�� Nv� M��g,��

=0+N +Kz+ M-0F ,+N/ u 02(z-P *2+JG ,+N/ r
yNG0(� +KN F0PNG J, +NF/0-z-JG� J2x02,J,�
+N2+8

s� "/Pz+N zGG -NFzJ2J2L xNGG�+*/GN, 02 +KN
y0*2Pz-� 0M M� ,*xK +Kz+ M J, -N/GzxNP y� M��

r� "/Pz+N zGG -NFzJ2J2L xNGG�+*/GN, 02 +KN
y0*2Pz-� 0M M� ,*xK +Kz+ M J, -N/GzxNP y� M��

$+N/, s� z2P r� -N.*J-N +Kz+ (N PN+N-FJ2N
+KN +(0 ,JPN, 0M +KN M0-FN- y0*2Pz-� 0M MzxN
M yNM0-N +KN� z-N N�/GJxJ+G� Fz-HNP y� M� z2P
M�� #KJ, J, 20+ /0,,JyGN y� z ,*y,N+ .*N-��
y*+ J+ xz2 yN P02N *,J2L +(0 0-yJ+, ,+z-+J2L�
N� L�� z+ xNGG�+*/GN, x+��2�� N� M��g,� z2P
x+��2�� N� M��h,�� JM +KN zG/Kz�+-z2,J+J02, z-N
,+0-NP N�/GJxJ+G�� 0- y� *,J2L +(0 /z+K, ,+z-+�
J2L z+ x+� z2P x+�� z2P ,+0//J2L� z, ,002 z,
x+w�2�� N� M��h,� z2P x+v�2�� N� M��g,� z-N N2�
x0*2+N-NP�
\02,JPN-J2L +KN PJ)J,J02 0M z ,0GJP , y� z

2N(G� J2+-0P*xNP MzxN M J2 z v�D>z/ �xM�
EJL� v�� (N 20+N +Kz+ z xG0,NP G00/ J, -N.*J-NP
+0 PNX2N +KN ,NzF x (KN-N +KN PJ)JPJ2L MzxN
M FNN+, +KN y0*2Pz-� 0M ,� E0- +KN FN-LJ2L
0M +(0 2NJLKy0*-J2L ,0GJP, ,� z2P ,w� (N -N�
.*J-N +KNJ- x0FF02 y0*2Pz-� y +0 yN w�PJ�
FN2,J02zG z2P ,JF/G� x022Nx+NP�
#KN LJ)N2 N�zF/GN, ,K0( +Kz+ ,0FN .*N�

-JN, z2P 0/N-z+J02, -N.*J-N G00/, 0- 0-yJ+,�
#KN-NM0-N (N /-0/0,N +KN M0GG0(J2L w�,+N/
z//-0zxK +0 +KN JF/GNFN2+z+J02 0M +0/0G0�
LJxzG .*N-JN, 02 z %[]>$�yz,NP P�D>z/o
X-,+� -N+-JN)N z2 z//-0/-Jz+N ,*y,N+ 0M +KN
xNGG�+*/GN, y� ,+z2Pz-P %[]>$ FN+K0P,�
z2P ,Nx02P� LN2N-z+N 0-yJ+,� G00/, 0- /z+K,
J2 +-z2,JN2+ FNF0-� (KN2N)N- 2NxN,,z-��
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Geometry at scale s‘Topology at scale s‘

Topology at scale s Geometry at scale s

Geometrical representationTopological Model

EJL� nl #0/0G0LJuwG w2P LN0FN+-JuwG uKw2LN, F*,+ ,+w� u02,J,+N2+ P*-J2L LN2N-wGJ,w+J02�

p \LL-NLw+J02 >N+K0P, M0- D�>w/,
w2P ZNGG�#*/GN $+-*u+*-N,

CJN-z-xKJxzG D�>z/,�?N)� ��ppp� /-0/0,N,
+0 *,N KJN-z-xKJxzG ,+-*x+*-N, M0- +KN x02�
,+-*x+J02 0M x0F/GN� LN0G0LJxzG ,*y,*-MzxN
F0PNG,� y0+K J2 )0G*FN z2P J2 y0*2Pz-� -N�
/-N,N2+z+J02� #KN,N KJN-z-xKJxzG D�>z/, z-N
0y+zJ2NP J2 +KN M0GG0(J2L (z�o N ,+z-+ (J+K
z x0z-,N v[ D�>z/� ]� ,*yPJ)JPJ2L J+, v[
xNGG, �,0GJP,�� z ,+-*x+*-N J, 0y+zJ2NP +Kz+
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M0-Fz+J02 E*,J02 z2P DN0L-z/KJxzG B2M0-Fz�
+J02 $�,+NF, �BE3DB$1�r�� ?Nx+*-N =0+N, J2
DN0J2M0-Fz+J02 z2P \z-+0L-z/K� �?=D3\��
$/-J2LN-o wvu�wt��

#K0F,N2� ^�� ]-N*2JL� >�� ]*+(JG0(,HJ� Z� 3
]-0,xKNJ+� ]�� w��qo >0PNGGJ2L z2P>z2zLJ2L
#0/0G0L� J2 v[ DN0J2M0-Fz+J02 $�,+NF,� �
^P)z2xN, J2 v[DN0J2M0-Fz+J02 $�,+NF,� ?Nx�
+*-N =0+N, J2 DN0J2M0-Fz+J02 z2P \z-+0L-z�
/K� �?=D3\�� $/-J2LN-o wwp�wus�

 NJGN-� @�� �pqqo #KN -zPJzG NPLN ,+-*x+*-No z
+0/0G0LJxzG -N/-N,N2+z+J02 M0- 202�Fz2JM0GP
LN0FN+-Jx y0*2Pz-� F0PNGGJ2L� � B2o DN0FN+�
-Jx>0PNGJ2L M0- \^[ ^//GJxz+J02,� ZG,N)JN-o
v�vs�

^PP-N,, 0M +KN ^*+K0-,o

[J/G��>z+K� ^2P-Nz, #K0F,N2� '-0M� [-� -N-�
2z+�>z-+J2 ]-N*2JL� [J/G��DN0L-� ZPLz- ]*+�
(JG0(,HJ� "2J)N-,J+�+ <,2zy-�xH� B2,+J+*+ M�-
DN0J2M0-Fz+JH*2PEN-2N-H*2P*2L�[�up�sp<,�
2zy-�xH� #NG�o hup�tu��psp�u�su� Ez�ohup�tu��
psp�u�s�� N�FzJGo z2P+K0F, O Fy-N*2JL O Ny*+
(JG0�*0,�PN

>z2*,H-J/+ NJ2LN-NJxK+o [N�NFyN- w��r
^2LN20FFN2o >�-� w��q

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



BF/GJuJ+ $Kw/N >0PNG,� $NGM�YJwL20,J,� w2P >0PNG $NGNu+J02
M0- sY EwuwPN B2+N-/-N+w+J02

$X%DXA %X�=B@ 3 CX?>"# >\�X%� =N*vJvN-L

@N�(0-P,o EzxzPN B2+N-/-N+z+J02� BF/GJxJ+ $Kz/N >0PNG,� $NGM�PJzL20,J,� >0PNG $NGNx+J02�
'Gz2N $(NN/J2L� >z-H0) \KzJ2 >02+N \z-G0

$*FFz-�o#KJ, /z/N- zPP-N,,N, +KN z*+0Fz+Jx v[
J2+N-/-N+z+J02 0M MzxzPN, M-0F +N--N,+-JzG JFzLN
,N.*N2xN, FzHJ2L +K-NN 20)NG x02+-Jy*+J02,o
EJ-,+� (N NF/G0� BF/GJxJ+ $Kz/N >0PNG, �?NJyN
3 $xKJNGN w��u� x0KN-N2+G� M0- +KN PN+Nx+J02 z,
(NGG z, M0- +KN PNGJ2Nz+J02 0M (J2P0(,� GNz-2J2L
+KN z//Nz-z2xN 0M (J2P0(, z2P +KNJ- 0*+GJ2N M-0F
+-zJ2J2L Pz+z� $Nx02P� (J2P0( K�/0+KN,N, z-N
)zGJPz+NP y� FNz2, 0M ,NGM�PJzL20,J, yz,NP 02 +KN
z,,*F/+J02 0M z /0,,JyG� ,+-02L ,JFJGz-J+� 0M J2�
PJ)JP*zG (J2P0(,� #KJ-P� (N *,N F0PNG ,NGNx+J02
+0 xK00,N +KNF0,+ z//-0/-Jz+NF0PNG M0- +KN x02�
XL*-z+J02 0M (J2P0(, J2 +N-F, 0M -0(, 0- x0G�
*F2,� #KN,N x02+-Jy*+J02, z-N x0F/GNFN2+NP y�
/Gz2N ,(NN/J2L M0- +KN v[ PN+N-FJ2z+J02 0M +KN
(J2P0(, 0- +KN -0(, � x0G*F2, FzPN */ M-0F
+KNF� %N,*G+, ,K0( +KN /0+N2+JzG 0M +KN z//-0zxK�

�*,zFFN2Mz,,*2Lo BF/GJxJ+ $Kz/N>0PNG,� $NGy,+�
PJzL20,N *2P >0PNGGz*,(zKG M�- PJN v[ B2+N-/-N�
+z+J02 )02 Ez,,zPN2� [JN,N- ^-+JHNG �JNG+ FJ+ P-NJ
2N*N2 ]NJ+-�LN2 z*M PJN z*+0Fz+J,xKN B2+N-/-N+z�
+J02 )02 Ez,,zPN2 z*, +N--N,+-J,xKN2 ]JGP,N.*N2�
�N2o Z-,+N2, (N-PN2 BF/GJxJ+ $Kz/N>0PNG, �?NJyN
3 $xKJNGN w��u� H0K�-N2+ ,0(0KG M�- PJN [N+NH�
+J02 zG, z*xK M�- PJN ]N,+JFF*2L PN-"F-J,,N )02
EN2,+N-2 )N-(N2PN+� [z, ^*,,NKN2 PN- EN2,+N-
*2P JK-N "F-J,,N (N-PN2 z*, #-zJ2J2L,Pz+N2 LN�
GN-2+� �(NJ+N2, (N-PN2 EN2,+N-K�/0+KN,N2FJ++NG,
$NGy,+�[JzL20,N z*M D-*2PGzLN PN- ^22zKFN
NJ2N- ��#� ,+z-HN2 �K2GJxKHNJ+ J2PJ)JP*NGGN- EN2,�
+N- )zGJPJN-+� [-J++N2, (J-P >0PNGGz*,(zKG LN�
2*+�+� *F Pz, zF yN,+N2 LNNJL2N+N >0PNGG M�- PJN
@02XL*-z+J02 PN- EN2,+N- J2 E0-F )02 �NJGN2
0PN- $/zG+N2 z*,�*(�KGN2�[JN,N ]NJ+-�LN (N-PN2
P*-xK'Gz2N $(NN/J2L M�- PJN v[]N,+JFF*2L PN-
EN2,+N- 0PN- PN- z*, JK2N2 LNyJGPN+N2 �NJGN2 0PN-
$/zG+N2 N-L�2�+� [JN Z-LNy2J,,N �NJLN2 Pz, '0+N2�
+JzG PN, ^2,z+�N,�

� B2+-0P*u+J02

#KN J2xG*,J02 0M ,+-*x+*-NP MzxzPN, N�+N2P,
+KN F0PNGGJ2L 0M y*JGPJ2L, +0(z-P, KJLKG�
PN+zJGNP )J,*zGJ�z+J02, ,*J+zyGN M0- z//GJxz�
+J02, -z2LJ2L M-0F z-xKJ+Nx+*-zG /Gz22J2L +0
+KN /-0P*x+J02 0M F0)JN,� ]� J2+N-/-N+J2L
+KN /z-+, x02,+J+*+J2L MzxzPN, J2 +N-F, 0M
+KNJ- ,NFz2+Jx, J+ yNx0FN, /0,,JyGN +0 J2+N-�
zx+ (J+K +KNF� N� L�� FzHJ2L J+ MNz,JyGN +0
0/N2 (J2P0(, 0- P00-,�
#KN J2+N-/-N+z+J02 0M MzxzPN, M-0F +N--N,�

+-JzG JFzLN, z2P (JPN�yz,NGJ2N JFzLN ,N�
.*N2xN, Kz, yNN2 z M0x*, 0M -N,Nz-xK ,J2xN
+KN ,NFJ2zG (0-H 0M[JxH N+ zG� �w��u�� #KN�

J2+N-/-N+ y*JGPJ2L, J2 GJ2N (J+K +KN +-N2P J2
x0F/*+N- )J,J02 +0(z-P, ,+z+J,+JxzG LN2N-z�
+J)N F0PNG,� 'z-+Jx*Gz-G�� +KN� NF/G0� %N�
)N-,JyGN A*F/ >z-H0) \KzJ2 >02+N \z-G0
� %A>\>\ �D-NN2 �ppt� zGG0(J2L M0- +KN
zPPJ+J02 z2P PNGN+J02 0M 2N( /z-zFN+N-,
z2P +KN-NM0-N zG,0 0yINx+,� #KN -N,*G+, z-N
x02)J2xJ2L +K0*LK -N,+-Jx+NP +0 z GJFJ+NP
2*FyN- 0M 0yINx+, z, +KNF0PNG, z-N x0F/GN�
z2P LN2N-z+NP Fz2*zGG�� ^ F0-N LN0FN+-Jx
z//-0zxK J, +zHN2 y�  N-2N- 3 �J,,N-Fz2
�w��w�� #KN� FzHN *,N 0M +KN -NL*Gz- ,+-*x�
+*-N 0M y*JGPJ2L,� N,/NxJzGG� +KN N�J,+N2xN 0M
0-+K0L02zG )z2J,KJ2L /0J2+,� DN0FN+-Jx
-NL*Gz-J+JN, ,*xK z, ,�FFN+-JN, 0M P0-FN-

'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 s�t��n� $� �no��mp� �r MJL,�

�uvw�qvsu��q�w��q��qr I w�t�
8 w��q [D'E �Z� $xK(NJ�N-yz-+1,xKN !N-GzL,y*xKKz2PG*2L� [�r��rs $+*++Lz-+



(J2P0(, z-N *,NP +0 0y+zJ2 z KJLK�.*zGJ+�
+N�+*-NP F0PNG� ]NxHN- 3 CzzGz �w��r�
,K0( +Kz+ y� x0FyJ2J2L Gz,N- z2P JFzLN
Pz+z (J+K -Nx+z2L*Gz- xNGG PNx0F/0,J+J02�
-NzGJ,+Jx v[ J2+N-/-N+z+J02, 0M MzxzPN, xz2
yN LN2N-z+NP�>�GGN- N+ zG� �w��r� z2P !z2
D00G N+ zG� �w��r� /-N,N2+ JF/-N,,J)N -N,*G+,
M0- MzxzPN J2+N-/-N+z+J02 M-0F ,J2LGN JFzLN,
N�/G0J+J2L x0FF02 -N/N+J+J02, 0M (J2P0(,
z2P yzGx02JN, y� FNz2, 0M z-xKJ+Nx+*-zG
,Kz/N L-zFFz-,� #KN� /z-+Jx*Gz-G� ,K0(
K0( PN/+K Gz�N-J2L xz2 yN /N-M0-FNP z*+0�
Fz+JxzGG� JM ,*y,+z2+JzG /N-,/Nx+J)N NdNx+,
N�J,+ J2 z2 JFzLN�

<*- X-,+ x02+-Jy*+J02 0M +KJ, /z/N- GJN,
J2 NF/G0�J2L BF/GJxJ+ $Kz/N >0PNG, � B$>
�?NJyN 3 $xKJNGN w��u� x0KN-N2+G� M0- +KN
z//Nz-z2xN yz,NP PN+Nx+J02 z, (NGG z, M0-
+KN PNGJ2Nz+J02 0M (J2P0(,�  KJGN (N *,NP
J2M0-Fz+J020M x0-2N-, +0 PNGJ2Nz+N (J2P0(,
02G� 02 Pz-H MzxzPN, z2P NF/G0�NP yGzxH
-Nx+z2LGN, M0- y-JLK+ MzxzPN, J2 �>z�N- 3
%N�2JH w��s�� (N 20( PNGJ2Nz+N +KN 0*+GJ2N
0M (K0GN (J2P0(, 02 z2� HJ2P 0M MzxzPN )Jz
B$>�

<*- ,Nx02P x02+-Jy*+J02 Kz, yNN2 J2�
,/J-NP y� �CJ2� 3  JNPNFz22 w��u�� #KN
yz,Jx JPNz J, +0 )zGJPz+N (NzH K�/0+KN,N,
yz,NP 02 ,NGM�PJzL20,J, 0M +KN LN2N-z+NP K��
/0+KN,N, FzHJ2L *,N 0M +KN Mzx+ +Kz+ (J2�
P0(, 02 z MzxzPN G00H 0M+N2 )N-� ,JFJGz-�

#KN +KJ-P x02+-Jy*+J02 xz2 yN ,NN2 z, z2
J2)N-,J02 z2P z+ +KN ,zFN +JFN N�+N2,J02 0M
�^GNL-N 3 [zGGzN-+ w��u� ]-N22N- 3
%J//N-Pz w��s� z2P %J//N-Pz 3 ]-N22N-
w��r��  N J2)N-+� z, (N P0 20+ ,/GJ+ +KN Mz�
xzPN� y*+ -z+KN- PN+Nx+ z2P PNGJ2Nz+N 0yINx+,
z2P L-0*/ +KN x02,+J+*N2+, J2+0 -0(, z2P
x0G*F2,�  N N�+N2P +KN zy0)N (0-H z, (N
NF/G0� F0PNG ,NGNx+J02 yz,NP 02 ^HzJHN1,
B2M0-Fz+J02 \-J+N-J02 �^B\� +0 x0F/z-N
PJdN-N2+ L-0*/J2L,� ]z,JxzGG�� J2PJ)JP*zG
(J2P0(, zG(z�, GNzP +0 +KN yN,+ GJHNGJK00P
z, +KN� xz2 zPz/+ +0 +KN J2PJ)JP*zG ,Kz/N,
0M (J2P0(,�<2G� y� +zHJ2L J2+0 zxx0*2+ +KN
G0(N- 2*FyN- 0M /z-zFN+N-, M0- -0(,� x0G�
*F2,� N+x�� +KN� (JGG /-N)zJG� ^ /z-+Jx*Gz-
x02+-Jy*+J02 J, +0 ,K0( K0( +KN GJHNGJK00P
+N-F Kz, +0 yN J2+N-/-N+NP J2 +N-F, 0M +KN
�FJ2JF*F� ,J�N +0 yN ,zF/GNP +0 0y+zJ2
FNz2J2LM*G -N,*G+,� �[JxH N+ zG� w��u� Kz)N

zG,0 *,NP F0PNG ,NGNx+J02� y*+ +0 ,(J+xK yN�
+(NN2 PJdN-N2+ J2+N-/-N+z+J02, M0- (J2P0(,�
2zFNG� (J+K z2P (J+K0*+ z-x� N+x� B2 +KJ,
/z/N- zG,0 X-,+ -N,*G+, M0- MzxzPN, (J+K PJM�
MN-N2+ PJ,+z2xN, yN+(NN2 (J2P0(, M0- PJdN-�
N2+ /z-+, 0M +KN MzxzPN z-N /-N,N2+NP�
 N z,,*FN� +Kz+ z(JPN�yz,NGJ2N JFzLN ,N�

.*N2xN J, LJ)N2� z2P NF/G0� LJ)N2 �z//-0�J�
Fz+N� xzGJy-z+J02 J2M0-Fz+J02 )Jz +KN X)N�
/0J2+ zGL0-J+KF �=J,+N6 - w��u�� (KJxKFzHN,
+KN -Nx02,+-*x+J02 F*xK F0-N ,+zyGN� v[
%Nx02,+-*x+J02 GNzP, +0 xzFN-z /z-zFN+N-,
z2P v[ /0J2+,� E-0F +KN Gz++N- (N x0F/*+N
+KN MzxzPN /Gz2N, )Jz %z2P0F $zF/GN \02�
,N2,*, � %^=$^\ �EJ,xKGN- 3 ]0GGN,
�pq��� N 0-JN2+ +KN /Gz2N, *,J2L +KN )N-+JxzG
)z2J,KJ2L /0J2+, J2 +KN JFzLN,� zLzJ2 NF�
/G0�J2L %^=$^\� ^GG JFzLN, G00HJ2L z+ z
/z-+Jx*Gz- MzxzPN z-N /-0INx+NP 02 J+, /Gz2N
z2P x0FyJ2NP *,J2L z x02,N2,*,�yz,NP z/�
/-0zxK �>z�N- w��r� LN++J2L -JP 0M /z-+JzG
0xxG*,J02,�  N *,N z Fz2*zGG� PNX2NP
,zF/GJ2L PJ,+z2xN 0M � xF +0 20-FzGJ�N +KN
M*-+KN- /-0xN,,J2L� #K*,� M0- +KN -NFzJ2PN-
0M +KN z-+JxGN zGG MzxzPN /Gz2N JFzLN, z-N z,�
,*FNP +0 yN )N-+JxzGG� 0-JN2+NP z2P 20-�
FzGJ�NP +0 z -N,0G*+J02 0M � xF�
 N X-,+ PN,x-JyN +KN z//Nz-z2xN yz,NP PN�

+Nx+J02 z2P PNGJ2Nz+J02 0M (J2P0(, 02 +KN
MzxzPN /Gz2N JFzLN, yz,NP 02 B$> J2 $Nx�
+J02 w� $Nx+J02 v J, PN)0+NP +0 ,NGM�PJzL20,J,
M0- +KN )zGJPz+J02 0M (J2P0( K�/0+KN,N,�
(KJGN $Nx+J02 u PNzG, (J+K F0PNG ,NGNx+J02
M0- +KN PNxJ,J02 yN+(NN2 -N/-N,N2+z+J02,
yz,NP 02 J2PJ)JP*zG 0- -0(, 0- x0G*F2, 0M
(J2P0(,� 'Gz2N ,(NN/J2L GNzPJ2L +0 +KN PN�
+N-FJ2z+J02 0M +KN PN/+K� J� N�� +KN v[ ,Kz/N
0M (J2P0(,� J, PN,x-JyNP J2 $Nx+J02 t� #KN
/z/N- N2P, (J+K x02xG*,J02,�

t YN+Nu+J02 w2P YNGJ2Nw+J02 0M
�J2P0(, [w,NP 02 BF/GJuJ+ $Kw/N
>0PNG,

 N NF/G0� BF/GJxJ+ $Kz/N >0PNG, � B$>
�?NJyN 3 $xKJNGN w��u� M0- +KN PN+Nx+J02 0M
(J2P0(, z2P M0- +KN PNGJ2Nz+J02 0M +KNJ-
0*+GJ2N� E0- +-zJ2J2L (N x*+ 0*+ JFzLN
/z+xKN, x02+zJ2J2L(J2P0(,� J2 0*- xz,N �w�
(J2P0(, 0M F0PN-2 +�/N� N 20+N +Kz+ 202N
0M +KN (J2P0(, ,K0(2 J2 0*- -N,*G+, J, /z-+

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



a c d

EJL� �l #-wJ2J2L � w � BFwLN /w+uK (J+K Fw2*wGG� LJ)N2 0*+GJ2N 0M (J2P0( �-NP -Nu+w2LGN�� E�-,+2N-
/0J2+, w+ u0-2N-, 0M (J2P0( 0*+GJ2N �-NP u-0,,N,� w, (NGG w, +KNJ- )Nu+0-, +0 +KN uN2+N- 0M +KN
(J2P0( ��NGG0( GJ2N,� w2P +0 +KNJ- u0--N,/02PJ2L u0-2N- 0M +KN 0*+GJ2N �vG*N ,K0-+ GJ2N,�k v � BFwLN
/w+uKN, w-0*2P E�-,+2N- /0J2+,k u � YN+wJG 0M w� M0u*,J2L 02 +KN -NGw+J02 0M E�-,+2N- /0J2+, +0 +KN
u0-2N- 0M +KN (J2P0(k P � XGGJ/+JuwG w-Nw, w-0*2P (J2P0( u0-2N-, �(KJ+N� (KN-N E�-,+2N- /0J2+,
w-N N�+-wu+NP�

a c d

EJL� tl %N+-JN)wG � w � E�-,+2N- /0J2+,k v � #-wJ2J2L /w+uKN, (J+K +KN /w+uK I*,+ GNM+ wv0)N +KN 77v11
vNJ2L Fw+uKNP +0 +KN -NP u-0,, w+ +KN *//N- GNM+ u0-2N- 0M +KN (J2P0( /w2N J2 wk u � %NGw+J02 0M
+KN uN2+N- 0M +KN /w+uK �-NP u-0,,� +0 +KN (J2P0( 0*+GJ2N J2 +KN +-wJ2J2L Pw+w �GNM+ u-0,, M0- /0,J+J02
� GN2L+K, 0M ,JPN, M-0F +-wJ2J2L Pw+w�k P � C�/0+KN,J, M0- /w-+, 0M +KN (J2P0( 0*+GJ2N�

0M +KN +-zJ2J2L ,N+ z2P +Kz+ (N *,N +KN
/z+xKN, z, (NGG z, +KNJ- K0-J�02+zGG� FJ-�
-0-NP )N-,J02,� FzHJ2L +KN zGL0-J+KF F0-N
J2)z-Jz2+ +0 +KN )JN(J2L PJ-Nx+J02� #KN -Nx�
+z2L*Gz- 0*+GJ2N, 0M +KN (J2P0(, z-N Fz2�
*zGG� PNGJ2Nz+NP �xM� -NP -Nx+z2LGN J2 EJL� �z��
<2G� J2 NGGJ/+JxzG z-Nz, z-0*2P +KN x0-2N-,
0M +KN 0*+GJ2N (J+K -zPJJ w� z2P �� /J�NG, �
xF M0- +KN FzI0- z2P +KN FJ20- z�J, �xM�
EJL� �P� E�-,+2N- /0J2+, �E�-,+2N- 3
D�GxK �pqr� z-N N�+-zx+NP� #KN JFzLN
/z+xKN, z-0*2P +KN E�-,+2N- /0J2+, ,K0(2

J2 EJL� �y z-N +KN yz,J, M0- +KN z//Nz-z2xN
yz,NP PN+Nx+J02 0M (J2P0(, +0LN+KN- (J+K
+KNJ- z--z2LNFN2+ -NGz+J)N +0 +KN xN2+N- 0M
+KN (J2P0( x0F/*+NP M-0F +KN Fz2*zGG�
PNGJ2Nz+NP 0*+GJ2N Fz-HNP z, �NGG0( GJ2N, J2
EJL� �z�
E0- +KN -N+-JN)zG� J� N�� M0- (J2P0( PN+Nx�

+J02� E�-,+2N- /0J2+, z-N N�+-zx+NP (J+K +KN
,zFN /z-zFN+N-, z, M0- +-zJ2J2L� y*+ J2 +KN
(K0GN JFzLN �xM� EJL� wz�� 'z+xKN, z-0*2P
+KN /0J2+, (J+K z ,J�N 0M vt /J�NG, z-N Fz+xK�
NP )Jz x-0,, x0--NGz+J02 0M +KN JFzLN, +-z2,�

�nm$� %N�2JH 3 C�>w�N-� BF/GJuJ+ $Kw/N >0PNG,



EJL� sl YJ,+-Jv*+J02 M0- (J2P0( 0*+GJ2N � wM+N- wu�
u*F*Gw+J02 �GNM+� w2P wM+N- ,F00+KJ2L �-JLK+��

a b c

EJL� rl w � EwuwPNk v � YN+N-FJ2w+J02 0M +KN GJHNGJK00P J2 +KN PJ,+-Jv*+J02 M0- +KN (J2P0( 0*+GJ2N,
�-NP�k u � >J2JFwG ,J�N M0- F0PNG ,NGNu+J02 wuu0-PJ2L +0 ,wF/GJ2L +KN0-NF �uM� $Nu+J02 r��

M0-FNP +0 L-z�,xzGN +0 zGG /z+xKN, J2 +KN +-zJ�
2J2L Pz+z� BM +KN x-0,, x0--NGz+J02 x0NdJxJN2+
J, zy0)N z2 NF/J-JxzGG� M0*2P +K-N,K0GP 0M
��rt� +KN Fz+xK J, zxxN/+NP z2P +KN )Nx+0-
-NGz+J2L +KN +-zJ2J2L /z+xK +0 J+, xN2+N- J,
*,NP +0 LN2N-z+N z K�/0+KN,J, M0- +KN xN2+N-
0M +KN (J2P0( J2 z2 J2J+JzGG� NF/+� zxx*F*�
Gz+J02 JFzLN� #KN K�/0+KN,N, z-N J2+NL-z+NP
)Jz zDz*,,Jz2 0M +KN z)N-zLN ,J�N 0M +KN (J2�
P0(, *,NP M0- +-zJ2J2L z2P G0xzG Fz�JFz 0M
+KN -N,*G+J2L M*2x+J02 z-N K�/0+KN,N, M0-
(J2P0(,�#KN /z+xKN,(KJxK GNP +0 +KNFz�J�
Fz z-N NF/G0�NP +0 PNGJ2Nz+N +KN x0-2N-, 0M
+KN (J2P0( 0*+GJ2N,�

#0 /-NxJ,NG� PNGJ2Nz+N +KN (J2P0(,� (N
NF/G0� +KN -NGz+J02 yN+(NN2 +KN xN2+N-, 0M
+KN +-zJ2J2L /z+xKN, z2P +KN LJ)N2 0*+GJ2N
0M +KN (J2P0(, Fz-HNP z, yG*N GJ2N, J2
EJL� �z z2P x� Z�L�� +KN /0J2+ Fz-HNP J2 -NP
J2 +KN *//N- GNM+ x0-2N- 0M +KN Pz-H (J2P0(
/z2N J2 EJL� wz Kz, yNN2 Fz+xKNP y� x-0,,
x0--NGz+J02 +0 +KN +-zJ2J2L /z+xK Fz-HNP J2
-NP I*,+ GNM+ zy0)N +KN 77y11 0M EJL� wy� EJL� wx
,K0(, K0( +KN xN2+N- 0M +KN /z+xK Fz-HNP
y� z +KJxH -NP x-0,, J, -NGz+NP +0 +KN x0-2N-
0M +KN 0*+GJ2N 0M +KN (J2P0( Fz-HNP y� z
,FzGG �NGG0( x-0,,� E-0F +KN x0-2N- 0M +KN
0*+GJ2N +KN +(0 2NJLKy0-J2L ,JPN, 0M +KN -Nx�

+z2LGN M-0F +KN +-zJ2J2L Pz+z z-N P-z(2 �xM�
EJL� wx z2P P�� #KN -N,*G+ J, z K�/0+KN,J, M0-
/z-+, 0M +KN (J2P0( 0*+GJ2N�
#KN K�/0+KN,N, M0- (J2P0( 0*+GJ2N,� z,�

N� L�� EJL� wP� z-N zxx*F*Gz+NP0)N- zGG /0J2+,
z2P zGG +-zJ2J2L /z+xKN, +Kz+ GNP +0 +KN Fz�J�
F*F M0- +KN (J2P0(� #KN -N,*G+ J, z PJ,�
+-Jy*+J02 M0- +KN (J2P0( 0*+GJ2N z, J2 EJL� v
GNM+ (KJxK J, X2zGG� ,F00+KNP �xM� EJL� v
-JLK+� z2P 20-FzGJ�NP y� ,N++J2L +KN Gz-LN,+
)zG*N J2 +KN (J2P0( +0 ��
#KN /z-zFN+N-, 0M +KN -Nx+z2LGN, -N/-N�

,N2+J2L +KN (J2P0(, z-N N,+JFz+NP M-0F +KN
PJ,+-Jy*+J02, M0- +KN (J2P0( 0*+GJ2N, J2+N-�
/-N+NP z, GJHNGJK00P z2P /-J0-, M0- +KN (J2�
P0( ,Kz/N, y� >z-H0) \KzJ2 >02+N \z-G0
� >\>\ �=NzG �ppv� >z�JF*F ^ '0,+�
N-J0-J �>^'� N,+JFz+J02� #KN NF/G0�NP
/-J0-, /*2J,K +00 ,FzGG z2P +00 (JPN 0- +00
KJLK (J2P0(,� #KN GJHNGJK00P J, +KN ,*F
0)N- +KN PJ,+-Jy*+J02 zG02L +KN (J2P0( 0*+�
GJ2N �xM� -NP GJ2N, J2 EJL� uy��

s $NGM�YJwL20,J, M0- +KN !wGJPw+J02
0M �J2P0( C�/0+KN,N,

#KN /-0/0,NP zGL0-J+KF(0-H, 02G� (NGG M0-
KJLK .*zGJ+� JFzLN, z2P ,JF/GN MzxzPN,� BM
+KJ, J, 20+ +KN xz,N� J+ FJLK+ PN+Nx+ z2P PN�
GJ2Nz+N MzG,N K�/0+KN,N,� N� L�� P00-, 0- 0+KN-
-Nx+z2L*Gz- 0yINx+,� #KN zGL0-J+KF zG,0 P0N,
20+ PNzG (NGG (J+K /z-+JzGG� 0xxG*PNP (J2�
P0(,�
#KN ,0G*+J02 (N Kz)N PN)J,NP +0 x0/N (J+K

+KN zy0)N ,K0-+x0FJ2L, J, +0 *,N L00P K��
/0+KN,N, J2 0-PN- +0 )zGJPz+N (NzHN- K��
/0+KN,N,� #KN yz,Jx z,,*F/+J02 J, +Kz+ z+
GNz,+ ,0FN (J2P0(, 02 z MzxzPN z-N 0M +KN

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



EJL� ol!wGJPw+J020M K�/0+KN,N,� GNM+l [NM0-N )N-JMJuw+J02k -JLK+l \M+N- )N-JMJuw+J02 �M0- u0G0-, uM� EJL� p��

EJL� pl !wGJPw+J02 0M K�/0+KN,N, � GNM+l [NM0-N )N-JMJuw+J02� C�/0+KN,N, (J+K L-wPN q w, L-NN2� (J+K
L-wPN r w, �NGG0(� (J+K L-wPN s w, u�w2� w2P(J+K L-wPN t w, vG*N -Nu+w2LGN,k -JLK+l \M+N- )N-JMJuw+J02l
L-NN2 � wuuN/+NP� -NP � -NINu+NP K�/0+KN,N,�

1 corner:

2 corners:

3 corners:

4 corners:

EJL� ql #KN L-wPN ,�,+NF M0- K�/0+KN,N, � KJLK�
N- L-wPN FNw2, vN++N- N)wG*w+J02� 'GNw,N 20+N
+Kw+ M0- ,�FFN+-Ju u02MJL*-w+J02, 02G� 02N J2�
,+w2uN J, LJ)N2�

,zFN +�/N� #KN )zGJPz+J02 0M K�/0+KN,N,
(0-H, z, M0GG0(,o BFzLN /z+xKN, x02+zJ2J2L
L00P K�/0+KN,N, M0- (J2P0(, z-N x-0,,�x0-�
-NGz+NP (J+K +KN JFzLN M*2x+J02 z-0*2P
(NzH K�/0+KN,N,� PN+N-FJ2J2L +KN 0/+JFzG
G0xz+J02 z, +KN Fz�JF*F� E0- PN,x-JyJ2L
+KN .*zGJ+� 0M +KN K�/0+KN,N, (N *,N z L-zPN

,�,+NF NF/J-JxzGG� N)zG*z+J2L zGG xz,N, (J+K
�� w� v� z2P u -Nx0L2J�NP x0-2N-, �xM� EJL� t�
yz,NP 02 +KN 2*FyN- 0M x0-2N-, z, (NGG z,
+KNJ- -NGz+J02 +0 +KN 0*+GJ2N� #KN KJLKN- +KN
L-zPN 0M z K�/0+KN,J,� +KN yN++N- J+ J, N)zG*�
z+NP� ]z,NP 02 +KN L-zPN ,�,+NF (N z2zG��N
z2P )zGJPz+N zGG K�/0+KN,N,� %N,*G+, z-N
LJ)N2 J2 EJL,� s z2P r�

r >0PNG $NGNu+J02l B2PJ)JP*wG
�J2P0(,� %0(,� w2P Z0G*F2,

B2 +KN /-NxNPJ2L ,Nx+J02, (N Kz)N PN,x-JyNP
K0( +0 PN+Nx+� PNGJ2Nz+N� z2P )zGJPz+N J2PJ�
)JP*zG (J2P0(, ,*xK z, J2 EJL� qz� �N+� (J2�
P0(, z-N *,*zGG� 20+ z--z2LNP -z2P0FG��
y*+ J2 -0(,� x0G*F2,� 0- L-JP,� %0(, z2P
x0G*F2,� J2 +KJ, /z/N- PNX2NP +0 Kz)N +KN
,zFN K0-J�02+zG 0- )N-+JxzG PJ,+z2xN yN+(NN2
(J2P0(, 0M +KN ,zFN ,J�N� xz2 yN y*JG+ y�
z2zG��J2L +KN K0-J�02+zG 0- )N-+JxzG z--z2LN�
FN2+� �N+� J+ J, 0M+N2 20+ xGNz- JM 02N ,K0*GP

�m�$� %N�2JH 3 C�>w�N-� BF/GJuJ+ $Kw/N >0PNG,



a b c

EJL� nl>0PNG $NGNu+J02 � %N/-N,N2+w+J02 0M MwuwPN v� w � J2PJ)JP*wG (J2P0(,k v � -0(,k u � u0G*F2,
0M (J2P0(,� +KN Gw++N- +(0 u02,J,+J2L 0M (J2P0(, (J+K +KN ,wFN ,J�N w2P w u02,+w2+ K0-J�02+wG 0-
)N-+JuwG ,/wuJ2L�

-N/-N,N2+ z MzxzPN y� FNz2, 0M J2PJ)JP*zG
(J2P0(, 0- y� -0(, 0- x0G*F2, 0M (J2P0(,�
Z� L�� EJL� q ,K0(, z x02XL*-z+J02(KJxK xz2
yN -N/-N,N2+NP zPN.*z+NG� y� FNz2, 0M x0G�
*F2,� y*+ 20+ -0(,� ]z,JxzGG�� J2 +N-F, 0M
z2 0/+JF*F X+ PN,x-JyNP J2 +KN M0-F 0M +KN
GJHNGJK00P zG(z�, J2PJ)JP*zG (J2P0(, (JGG
yN /-NMN--NP z, +KN� xz2 0/+JFzGG� zPz/+ +0
+KN Pz+z� #K*,� 02N 2NNP, z (z� +0 -N(z-P
-NL*Gz- z--z2LNFN2+, 0M 0yINx+, z2P 02N
(z� +0 P0 +KJ, J, +0 +zHN J2+0 zxx0*2+ +Kz+
+KN� xz2 yN PN,x-JyNP y� ,FzGGN- 2*FyN-,
0M /z-zFN+N-,�

#KN zy0)N /-0yGNF J, +K*, -NLz-PNP z, z
/-0yGNF 0M F0PNG ,NGNx+J02� =*FN-0*,
FNz2, Kz)N yNN2 PN)J,NP +0 yzGz2xN +KN
x0F/GN�J+� 0M z F0PNG� N� L�� PN,x-JyNP y�
+KN 2*FyN- 0M /z-zFN+N-, 0- +KNJ- zxx*-zx��
02 02N Kz2P z2P +KN X+ +0 +KN Pz+z� J� N��
+KN GJHNGJK00P� 02 +KN 0+KN- Kz2P� #(0 (NGG
H20(2 z-N >J2JF*F [N,x-J/+J02 ?N2L+K �
>[? �%J,,z2N2 �prq� z2P ^B\ � ^HzJHN1,
J2M0-Fz+J02 x-J+N-J02 �^HzJHN �prv�� ^ )N-�
L00P z2zG�,J, 0M +KN -NGz+J02, 0M +KN,N +(0
FNz2, z, (NGG z, +KNJ- xKz-zx+N-J,+Jx,� +KNJ-
,+-N2L+K,� z2P (NzH2N,,N, xz2 yN M0*2P J2
�$xKJ2PGN- 3 $*+N- w��s�� E0- J+, ,JF/GJx�
J+� z2P z, (N M0*2P J+ +0 (0-H (NGG M0- 0*-
z//GJxz+J02� (N NF/G0� ^B\� +K0*LK -NxN2+
(0-H 02 x0F/0,J+J02 ,*xK z, �DNFz2 N+ zG�
w��w� /-NMN-, >[?� 'z-+Jx*Gz-G�� (N *,N

^B\fHgw2 G2�?� ���

(J+K H +KN 2*FyN- 0M +KN /z-zFN+N-, 0M +KN
F0PNG� 2 +KN 2*FyN- 0M 0y,N-)z+J02,� z2P
? +KN GJHNGJK00P 0M +KN 0*+GJ2N� #KN 2*FyN-

0M /z-zFN+N-, J, M0*- �(JP+K� KNJLK+ z2P xN2�
+N- x00-PJ2z+N,� M0- N)N-� J2PJ)JP*zG(J2P0(
z2P ,J� M0- z -0( 0- x0G*F2 �M0*- /z-�
zFN+N-, M0- (J2P0( ,Kz/N /G*, � K0-J�02+zG
0- )N-+JxzG � ,/zxJ2L z2P 2*FyN- 0M NG�
NFN2+,�� #KN yz,Jx JPNz J, +0 PN+N-FJ2N +KN
/0,+N-J0- yz,NP 02 +KN 20-FzGJ�NP PJ,+-Jy*�
+J02 JFzLN y�FNz2, 0M>\>\z, PN,x-JyNP
J2 $Nx+J02 w zy0)N� EJL� uy ,K0(, K0( +KN
PJ,+-Jy*+J02 J, ,zF/GNP z+ 02N /0,J+J02 (J+K
+KN 0*+GJ2N LJ)N2 J2 -NP� Z)N-� y0*2Pz-�
/0J2+ LJ)N, 02N 0y,N-)z+J02 0M +KN GJHNGJK00P
(KJxK J, F*G+J/GJNP GNzPJ2L +0 +KN F*G+J/GJ�
xz+J02 Mzx+0- M0- +KN G0L�GJHNGJK00P�
�N+� z x0*/GN 0M N�/N-JFN2+, FzPN xGNz-

+Kz+ 02N xz220+ I*,+ ,zF/GN +KN LJ)N2 PJ,�
+-Jy*+J02 M0- (J2P0(,�  N M0*2P +Kz+ 02N
Kz, +0 -NP*xN +KN PN+N-FJ2z+J02 0M +KN GJHN�
GJK00P +0 z FJ2JFzG ,N+*/� E-0F +KN ,zF/�
GJ2L +KN0-NF (N PN-J)NP +Kz+ M0- z (J2P0(
x02,J,+J2L 0M /z-zGGNG GJ2N, +KN FJ2JF*F ,J�N
J, z GN2L+K 0M I*,+ zy0)N +K-NN /J�NG,�  N zx�
x0-PJ2LG� -N,zF/GN +KN PJ,+-Jy*+J02 JFzLN +0
+KJ, FJ2JF*F ,J�N �xM� EJL� ux� M0- +KN x0F�
/*+z+J02 0M +KN GJHNGJK00P M0- ^B\� �=0+No
E0- +KN PNGJ2Nz+J02 +KN 0-JLJ2zG -N,0G*+J02
J, *,NP +0 0y+zJ2 z KJLKN- zxx*-zx���
%N,*G+, M0- +KJ, /-0xNP*-N z-N LJ)N2 J2

EJL� p� E0- zGG +K-NN MzxzPN, x02,J,+J2L 0M
(J2P0(, (J+K +KN ,zFN ,J�N z2P z x02,+z2+
K0-J�02+zG 0- )N-+JxzG ,/zxJ2L z, (NGG z,
Fz2� 0+KN- MzxzPN, (N +N,+NP 0*- /-0xNP*-N
02 (N ,NGNx+NP +KN x0--Nx+ F0PNG� BM +KN-N J,
z2 0y)J0*, ,+-*x+*-N 02 +KN MzxzPN� J+ J, -N�
VNx+NP J2 ,JL2JXxz2+G� PJdN-N2+ ^B\ )zG*N,
z, ,K0(2 J2 EJL� p�

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



a – C: 265, R: 404, W: 359 b – C: 115, R: 65, W: 94 c – C: 76, R: 83, W: 87

EJL� ml %N,*G+, M0- F0PNG ,NGNu+J02 *,J2L \BZ )wG*N, � Zl Z0G*F2,� %l %0(,� �l B2PJ)JP*wG �J2P0(,�
$NGNu+NP F0PNG J2 v0GP�

EJL� ��l %N,*G+, M0- F0PNG ,NGNu+J02 N�+N2PJ2L -w2P0FG� uK0,N2 2NJLKv0-NP /wJ-, 0M (J2P0(,�

"/ +0 +KJ, /0J2+ (N Kz)N -N,+-Jx+NP 0*-�
,NG)N, +0 x0F/GN+NG� N)N2G� ,/zxNP -0(, 0-
x0G*F2, 0M (J2P0(,� #0 PNzG (J+K x02XL*-�
z+J02, ,*xK z, J2 EJL� ��� (KN-N +KN K0-J�02�
+zG PJ,+z2xN, yN+(NN2 +KN (J2P0(, /z-+G�
)z-�� (N ,zF/GN +KN -0(, 0- x0G*F2, y� N��
+N2PJ2L -z2P0FG� xK0,N2 2NJLKy0-NP /zJ-,
y� 0+KN- 2NJLKy0-J2L (J2P0(, )Jz >\>\
*2+JG 20 M*-+KN- (J2P0( J, M0*2P z2�F0-N
(KJxK xz2 yN GJ2HNP� #KN2 +KN 2N�+ /zJ- J,
,NGNx+NP� N+x� $N)N-zG ,+z-+ x02XL*-z+J02, z-N
xK0,N2 zLzJ2 -z2P0FG� z2P X2zGG� +KN x02�
XL*-z+J02 �JNGPJ2L +KN ,FzGGN,+ ^B\ )zG*N
J, ,NGNx+NP� E0- EJL� �� J+ x02,J,+, 0M tu J2�
,+NzP 0M ��q /z-zFN+N-,�

q sY %Nu02,+-*u+J02 )Jw 'Gw2N
$(NN/J2L w2P %N,*G+,

#KN -N,*G+, M-0F +KN zy0)N /-0xNP*-N z-N
+KN 0*+GJ2N, 0M (J2P0(, 02 +KN MzxzPN JF�
zLN, /0,,JyG� -N,+-Jx+NP +0 M0-F K0-J�02+zG
-0(, 0- )N-+JxzG x0G*F2,� ^, (N *,N JFzLN
,N.*N2xN, z, yz,J,� (N xz2 PN+N-FJ2N +KN v[
N�+N2+ 0M +KN (J2P0(,� #0 P0 ,0� (N M0GG0(
�]zJGGz-P 3 �J,,N-Fz2 �ppp z2P  N-2N-
3 �J,,N-Fz2 w��w� z2P NF/G0� /Gz2N
,(NN/J2L� J2 +KJ, xz,N M0- /Gz2N, /z-zGGNG +0
+KNJ- MzxzPN /Gz2N J2 +KN PJ-Nx+J02 0M +KN Gz+�
+N-1, 20-FzG� #KN PN+N-FJ2z+J020M +KN PN/+K
M0- J2PJ)JP*zG (J2P0(, J, yz,NP 02 +KN ,*F
0M +KN GNz,+�,.*z-N, PJdN-N2xN, yN+(NN2 +KN
/-0INx+J02,0M +KN J2PJ)JP*zG JFzLN, 02+0 +KN

�ms$� %N�2JH 3 C�>w�N-� BF/GJuJ+ $Kw/N >0PNG,



EJL� ��l BFwLN, 02N� +K-NN� MJ)N� w2P ,N)N2 0M ,N.*N2uN <,+vwK2K0M���

EJL� �tl GNM+l %N,*G+ M0- ,N.*N2uN <,+vwK2K0M�� �JFwLN, uM� EJL� ��� � �J2P0( 0*+GJ2N, M0- +K-NN
MwuwPN, (J+K -0(, 0M (J2P0(, w, -NP -Nu+w2LGN,� sY (J2P0( /0,J+J02, w, L-NN2 -Nu+w2LGN,� w2P
uwFN-w /0,J+J02, w, L-NN2 /�-wFJP,k -JLK+l YN+wJGl /w-+ 0M +(0 (wGG,�

EJL� �sl %N,*G+ M0- ,N.*N2uN [0-PNw*� $.*w-N
(J+K J2PJ)JP*wG (J2P0(, u02,+-*u+NP M-0F NGN�
)N2 JFwLN, � N�/Gw2w+J02 uM� EJL� �t�

EJL �rl %N,*G+ M0- ,N.*N2uN <,+vwK2K0M�t (J+K
u0G*F2, 0M (J2P0(, u02,+-*u+NP M-0F +N2 JFw�
LN, � N�/Gw2w+J02 uM� EJL*-N �t�

/Gz2N +0 +KNJ- z)N-zLN JFzLN� #KJ, J, x0F�
/*+NP M0- z FNz2J2LM*G -z2LN 0M PN/+K
)zG*N, M0- (J2P0(, z2P +KN -N,*G+ J, +KN
PN/+K )zG*N M0- +KN FJ2JF*F 0M +KN ,*F�
E0- -0(, 0- x0G*F2, (N ,*F */ +KN x02�
+-Jy*+J02, 0M zGG JFzLN, 0M z -0( 0- x0G*F2
z+ z /z-+Jx*Gz- PN/+K�

EJL� �� ,K0(, M0*- JFzLN, 0M z ,N.*N2xN
(J+K ,N)N2 JFzLN, z2P EJL� �w +KN -N,*G+ M0-
+K-NN Fz2*zGG� x0z-,NG� Fz-HNP MzxzPN,�
'GNz,N 20+N +Kz+ +KN -0(, z2P x0G*F2, /-N,�
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M0- ,JF/GN Gz2P,xz/N 0yINx+, ,*xK z, -0zP,�
(KJxK xz2 yN PN,x-JyNP N�xG*,J)NG� y� /z-�
zGGNG GJ2N�+�/N 0yINx+,N� ^, z -N,*G+ +KN /-N�
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PJx+J02 0M ,xzGN yNKz)J0*- J, ,JF/GJXNP +0 z
�[ /-0yGNF� ,J2xN z2 z2zG�,J, 0M +KN x-0,,�
,Nx+J02 J, J2 /-J2xJ/zG ,*dJxJN2+� C0(N)N-�
M0- F0PNGGJ2L 0M z -0zP 2N+(0-H� F0-N x0F�
/GN� -0zP, �z, /-N,N2+ J2 I*2x+J02 z2P *-yz2
z-Nz,� 0- 0+KN- Gz2,Pxz/N 0yINx+, z2 z2zG�,J,
0M +KN ,xzGN yNKz)J0*- 0M w[ 0yINx+, J,
2NxN,,z-�� B2 +KN w[ xz,N� +KN ,xzGN yNKz)�
J0*- 0M +KN 0yINx+, J, F0-N x0F/GN�� 'z-+Jx*�
Gz-G� xKzGGN2LJ2L J, +KN /-NPJx+J02 0M ,xzGN
N)N2+, +Kz+ Fz� 0xx*- P*-J2L ,xzGN xKz2LN
M0- w[ 0yINx+,� #KJ, /z/N- /-N,N2+, z 2N(
zPz/+z+J02 /-0xN,, M0- JFzLN z2zG�,J,
F0PNG, x02,J,+J2L 0M z x0FyJ2z+J02 0M �[
z2P w[ 0yINx+ /z-+,�

$J2xN +KN z//Nz-z2xN 0M 0yINx+, 0M+N2 ,N�
)N-NG� xKz2LN, yN+(NN2 PJdN-N2+ JFzLN -N,�
0G*+J02,� +KN N�+-zx+J02 F0PNG M0- 0yINx+, J2
G0(N- -N,0G*+J02 J, +0 yN zG+N-NP y� +KN zP�
z/+z+J02FN+K0P� #KN xN2+-zG /-0yGNF J, +KN
/-NPJx+J02 0M +KN ,xzGN yNKz)J0*- 0M 0yINx+,
z2P 0yINx+ /z-+,� #KN ,Nx02P x0-N J,,*N J,
+KN z*+0Fz+Jx /-0xN,,J2L 0M +KN LJ)N2 z2P
zPz/+NP ,NFz2+Jx 2N+,�

 N *,N GJ2Nz- ,xzGN�,/zxN +KN0-� M0- +KN
/-NPJx+J02 0M +KN 0yINx+1, ,xzGN yNKz)J0*-�
#KN GJ2Nz- 0- Dz*,,Jz2 ,xzGN�,/zxN z, PN�
X2NP X-,+ y�  J+HJ2 ��pqv� z2P @0N2�
PN-J2H ��pqu� J, x-Nz+NP y� x02)0G*+J02 0M
z2 JFzLN ?��� �� (J+K +KN Dz*,,Jz2 L��� �n +�
0M )z-�J2L (JP+K� #KN-Ny�� z MzFJG� 0M ,JL�
2zG, J, PN-J)NP PN/N2PJ2L 02G� 02 z ,J2LGN
,xzGN /z-zFN+N- + x0--N,/02PJ2L +0 +KN
,.*z-N 0M +KN Dz*,,Jz2 ,+z2Pz-P PN)Jz+J02
W� +fWw� (KJGN �� � PN20+N +KN JFzLN x00-�
PJ2z+N,� E0- PN+zJG, x02xN-2J2L +KN xKz-zx�
+N-J,+Jx, 0M GJ2Nz- ,xzGN�,/zxN ,NN EG0-zxH
N+ zG� ��ppu�� #KN z2zG�,J, 0M JFzLN ,+-*x+*-N
J2 PJdN-N2+ ,xzGN, J, zG,0 -NMN--NP +0 z, PNN/
,+-*x+*-N �@0N2PN-J2H �pqu�� ?J2PNyN-L
��ppv z2P �ppu� /-0/0,NP z yG0y PN+Nx+J02
zGL0-J+KF M0- +KN z*+0Fz+Jx ,xzGN yNKz)J0*-
/-NPJx+J02 0M w[ 0yINx+ F0PNG,� (KJxK (N
*,N J2 0*- FN+K0P0G0L��

B2 +KN GJ+N-z+*-N ,0FN 0+KN- z//-0zxKN,
PNzGJ2L (J+K ,xzGN yNKz)J0*- z2zG�,J, 0M w[
Gz2P,xz/N 0yINx+, M-0F -NF0+N ,N2,J2L Pz+z
xz2 yN M0*2P� N� L�� ,xzGN N)N2+, M0- y*JGPJ2L,
(N-N z2zG�,NP J2 F0-/K0G0LJxzG ,xzGN�,/zxN
y� E0-yN-L 3 >z�N- �w��w�n +KN ,xzGN�
,/zxN /-JFzG ,HN+xK (z, *,NP y� Cz� N+ zG�

�w��w� M0- +KN ,xzGN yNKz)J0*- PN,x-J/+J02
0M (K0GN Gz2P,xz/N, z, x0F/GN� ,�,+NF,�
C0(N)N-� +KN /-NPJx+J02 0M +KN ,xzGN yNKz)�
J0*- 0M x0F/GN+N w[ 0yINx+F0PNG, M0- JFzLN
z2zG�,J, z2P +KNJ- zPz/+z+J02 +0 z G0(N- JF�
zLN -N,0G*+J02 J, 2N(�
#KJ, /z/N- J, 0-Lz2J,NP z, M0GG0(,o #KN

2N�+ ,Nx+J02 LJ)N, z2 0)N-)JN( 0M +KN zPz/�
+z+J02 /-0xN,, J2xG*PJ2L ,+-z+NL� z2P zPz/�
+z+J02 FN+K0P PN)NG0/NP M0- 0yINx+ F0PNG,
x02,J,+J2L 0M GJ2N�+�/N /z-zGGNG ��[� z2P
z-Nz�+�/N �w[� 0yINx+ /z-+,� ^2 N�zF/GN M0-
+KN zPz/+z+J02 0M zF0PNG M0- z I*2x+J02z-Nz
(J+K -0zP ,�Fy0G Fz-HJ2L, J, 0*+GJ2NP J2
,Nx+J02 v� #KN /z/N- X2J,KN, (J+K x02�
xG*,J02, z2P z2 0*+G00H M0- M*+*-N (0-H�

t \Pw/+w+J02 '-0uN,,

t�� \Pw/+w+J02 ,+-w+NL�

#KN ,+-z+NL� M0- +KN z*+0Fz+Jx ,xzGN�PN�
/N2PN2+ zPz/+z+J02 0M 0yINx+ F0PNG, x0F�
/-J,J2L GJ2Nz-�/z-zGGNG ��[� z2P z-Nz�+�/N
z-yJ+-z-JG� 0-JN2+NP �w[� 0yINx+, M0GG0(, z
/-0xN,, J2 +K-NN FzJ2 ,+N/, �xM� EJL� �� � PN�
x0F/0,J+J02� ,xzGN xKz2LN z2zG�,J,� z2P
M*,J02� ]z,NP 02 +KN +�/N 0M 0yINx+ /z-+, J2
+KN X2N ,xzGN z PNxJ,J02 J, FzPN (KN+KN- +KN
�[ 0- w[ ,xzGN xKz2LN z2zG�,J, FN+K0P J,
+0 yN z//GJNP� BM +KN-N z-N 02G� GJ2Nz- /z-zGGNG
0yINx+ /z-+, J2 +KN 0yINx+ F0PNG +0 yN
zPz/+NP� +KN �[ ,xzGN�PN/N2PN2+ zPz/+z+J02
xz2 yN *,NPn 0+KN-(J,N +KN F0-N ,0/KJ,+J�
xz+NP zPz/+z+J02 M0- w[ 0yINx+, J, +0 yN xz-�
-JNP 0*+�
#KN X-,+ ,+zLN 0M +KN z*+0Fz+Jx zPz/+z�

+J02 PNx0F/0,N, +KN LJ)N2 0yINx+ F0PNG M0-
+KN X2N ,xzGN J2+0 0yINx+ /z-+, +Kz+ xz2 yN
z2zG�,NP ,N/z-z+NG� -NLz-PJ2L +KNJ- ,xzGN yN�
Kz)J0*-� #KN PNx0F/0,J+J02 +zHN, J2+0 zx�
x0*2+ +KNF*+*zG J2V*N2xN 0M 2Nz-y� 0yINx+,
(KN2 ,xzGN xKz2LN, � PN20+NP z, J2+N-zx+J02�
#KN /0,,JyJGJ+� 0M J2+N-zx+J02PN/N2P, 02 +KN
,/z+JzG PJ,+z2xN, 0M +KN 0yINx+ /z-+, +0 NzxK
0+KN-� BM +KN PJ,+z2xN, MzGG yNG0( z /z-+Jx*Gz-
)zG*N� (KJxK PN/N2P, 02 +KN .*z2+J+� 0M
,xzGN xKz2LN� J2+N-zx+J020xx*-,� B2 +KJ, xz,N�
+KN -N,/Nx+J)N 0yINx+ /z-+, z-N z2zG�,NP ,J�
F*G+z2N0*,G� J2 L-0*/, J2 +KN M0GG0(J2L
,xzGN xKz2LN z2zG�,J, /Kz,N�
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EJL� �l $+-w+NL� M0- wPw/+w+J02 /-0uN,, �M0- PN+wJG, ,NN +N�+��

$xzGN xKz2LN F0PNG, /-NPJx+ +KN z//Nz-�
z2xN z2P N�+-zx+zyJGJ+� J2 +KN +z-LN+ -N,0G*�
+J02 M0- NzxK J2+N-zx+J2L L-0*/ 0- M0- ,J2LGN
202�J2+N-zx+J2L 0yINx+ /z-+, -N,*G+J2L M-0F
+KN PNx0F/0,J+J02� #KN /-NPJx+J02 *,N, z2z�
G�,J,�y��,�2+KN,J,� ,JF*Gz+J2L +KN z//Nz-�
z2xN 0M +KN 0yINx+ /z-+, J2 ,�2+KN+Jx JFzLN,
0M +KN +z-LN+ -N,0G*+J02�
B2 +KN Gz,+ ,+zLN� M*,J02� zGG /-NPJx+NP 0y�

INx+ /z-+, z-N -Nx0F/0,NP yzxH J2+0 z x0F�
/GN+N 0yINx+ F0PNG +Kz+ J, ,*J+zyGN M0- +KN
N�+-zx+J02 0M +KN 0yINx+ J2 +KN +z-LN+ -N,0G*�
+J02�

t�t \Pw/+w+J02 FN+K0P

t�t�� YNu0F/0,J+J02

B2 0-PN- +0 MzxJGJ+z+N +KN ,xzGN yNKz)J0*- /-N�
PJx+J02 0M +KN 0yINx+ J2 +KN ,xzGN xKz2LN F0�
PNG,� z ,N/z-z+N z2zG�,J, 0M +KN J2PJ)JP*zG
/z-+, 0M +KN F0PNGGNP 0yINx+ J, PN,J-zyGN�
C0(N)N-� P*-J2L ,xzGN xKz2LN zPIzxN2+ 0y�
INx+ /z-+, Fz� J2V*N2xN NzxK 0+KN-1, z//Nz-�
z2xN� #KJ, J, +KN xz,N� (KN2 +KN� GJN xG0,N
+0 NzxK 0+KN- J2 +KN +z-LN+ -N,0G*+J02� #KJ,
x02PJ+J02 J, xKNxHNP y� G00HJ2L z+ +KNJ- ,/z�
+JzG PJ,+z2xN J2 +KN 0yINx+ F0PNG� <yINx+
/z-+,� (KJxK J2V*N2xN NzxK 0+KN-� 2NNP +0
yN z2zG�,NP +0LN+KN- z2P M0-F z2 J2+N-zx+J02
L-0*/ J2 +KN ,*xxN,,J)N ,xzGN xKz2LN z2zG�,J,
,+zLN�^GG 0+KN- 0yINx+ /z-+, +Kz+ z-N 20+ ,*y�
INx+ +0 J2+N-zx+J02 xz2 yN +-Nz+NP z, ,J2LGN

0yINx+ /z-+, J2 +KN ,xzGN yNKz)J0*- z2zG�,J,�
[N/N2PJ2L 02 +KN ,J�N 0M +KN Dz*,,Jz2 HN-�
2NG z,,0xJz+NP (J+K +KN +z-LN+ ,xzGN W+ z2 J2�
+N-zx+J02 �02N J, M0-FNP z-0*2P +KN 0yINx+
/z-+,� E0- F0-N PN+zJG, x02xN-2J2L +KN J2+N-�
zx+J02 �02N ,NN CN*(0GP N+ zG� �w��r��

t�t�t $uwGN uKw2LN w2wG�,J, M0- tY

$xzGN xKz2LNF0PNG, /-NPJx+ +KN ,xzGN yNKz)�
J0*- M0- ,J2LGN 0yINx+ /z-+, z2P J2+N-zx+J02
L-0*/,� #KN /-NPJx+J02 J, xz--JNP 0*+ J2 z2
z2zG�,J,�y��,�2+KN,J, /-0xNP*-N� z2zG�,J2L
+KN 0yINx+, J2 ,�2+KN+Jx JFzLN, J2 0-JLJ2zG
,xzGN� z2P +z-LN+ -N,0G*+J02 �+KN +z-LN+ -N,0�
G*+J02 J2xG*PN, P0(2,zF/GJ2L� +KN +z-LN+
,xzGN P0N, 20+�� #KN -N,*G+ J, z PN,x-J/+J02
0M +KN z//Nz-z2xN 0M +KN 0yINx+ /z-+, J2 +KN
LJ)N2 +z-LN+ -N,0G*+J02 J2 +N-F, 0M z++-Jy*+N,
M0- +KN 20PN, z2P NPLN, 0M +KN ,NFz2+Jx 2N+�
^, ,0FN ,JF/GJXxz+J02, xz--JNP 0*+ M0- GJ2�
Nz- /z-zGGNG 0yINx+ /z-+, z-N 20+ z//GJxzyGN
+0 w[ 0yINx+ /z-+,� +KN /-N)J0*,G� PN)NG0/NP
FN+K0P M0- GJ2Nz- /z-zGGNG 0yINx+ /z-+, J, 20
G02LN- z//-0/-Jz+N M0- w[ ,xzGN xKz2LN z2z�
G�,J,� #KN-NM0-N� z 2N((0-HV0( M0- +KN z2z�
G�,J,�y��,�2+KN,J, /-0xN,, (z, PN)NG0/NP
z2P J, PN/Jx+NP J2 EJL� w�
EJ-,+� M-0F +KN ,/NxJXxz+J02, 0M +KN 0yINx+

/z-+,1 z//Nz-z2xN J2 +KN 20PN, 0M +KN LJ)N2
,NFz2+Jx 2N+ M0- +KN KJLK -N,0G*+J02 z ,�2�
+KN+Jx JFzLN J, x-Nz+NP M0- NzxK 0yINx+ /z-+
0- J2+N-zx+J02 L-0*/ +0 yN z2zG�,NP� #KJ, J2�
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Synthetic image

in initial scale 0

Synthetic image

in target scale t

Resampling

Synthetic image

in target

resolution Rt

Blobs B0 in

initial scale 0

Blobs in target

resolution Rt

Attributes:

- Object Type

- Extent

- Orientation

- Grey value

- Distance

Scale events:

- Annihilation

- Merge

- Split

- Creation

Analysis

Object parts in

initial resolution Ri

Object parts in

target resolution Rt

Gauß-

Kernel

EJL� tl \2wG�,J,�v��,�2+KN,J, /-0uN,, M0- tY wPw/+w+J02�

J+JzG JFzLN ?� ,JF*Gz+N, +KN z//Nz-z2xN 0M
+KN 0yINx+ /z-+, J2 +KN 0-JLJ2zG ,xzGN W�� B2
z ,Nx02P ,+N/� +KN J2J+JzG JFzLN J, +-z2,MN--NP
+0 +KN +z-LN+ ,xzGN W+ y� x02)0G*+J02 (J+K
+KN -N,/Nx+J)N PJ,x-N+N Dz*,,Jz2 J2+0 +KN +z-�
LN+ ,xzGN JFzLN ?+� $J2xN +KN 0yINx+1, z//Nz-�
z2xN z2P N�+-zx+zyJGJ+� xz2 )z-� yN+(NN2 +KN
+z-LN+ ,xzGN JFzLN z2P +KN JFzLN J2 +KN x0-�
-N,/02PJ2L +z-LN+ -N,0G*+J02� +KN +z-LN+ ,xzGN
JFzLN ?+ J, ,*y,N.*N2+G� P0(2�,zF/GNP +0
+KN x0--N,/02PJ2L G0(N- -N,0G*+J02%+� ]0+K
+KN z2zG�,J, 0M +KN /0,,JyG� 0xx*--J2L ,xzGN
N)N2+, z2P 0M +KN z++-Jy*+N, PN,x-JyJ2L +KN
z//Nz-z2xN 0M +KN 0yINx+ /z-+, J2 +KN G0(
-N,0G*+J02 z-N xz--JNP 0*+ J2 +KJ, JFzLN� ^G�
+K0*LK +KN -N,zF/GJ2L P0N, 20+ -N,*G+ J2
N�zx+G� +KN ,zFN JFzLN z, z -NF0+N ,N2,J2L
,N2,0- 0M z G0(N- -N,0G*+J02 /-0P*xN,� +KN
/-0xN,, /-0)NP +0 yN LN2N-zGG� ,*dJxJN2+ M0-
z ,JF*Gz+J02 0M z -NF0+N ,N2,J2L JFzLN
�CN*(0GP w��s�� B2 0-PN- +0 0y+zJ2 z2
N�zx+ ,JF*Gz+J02� 02N (0*GP Kz)N +0 F0PNG
+KN J2PJ)JP*zG ,N2,0- xKz-zx+N-J,+Jx, z2P z/�
/G� +0 +KN +z-LN+ ,xzGN JFzLN� \02,JPN-J2L
+KN zF0*2+ 0M PJdN-N2+ JFzLJ2L ,N2,0-,

�zN-JzG z2P ,z+NGGJ+N�� +KJ, z//-0zxK P0N, 20+
,NNF /-zx+JxzyGN�

$uwGN N)N2+ /-NPJu+J02

[*-J2L ,xzGN xKz2LN ,0�xzGGNP ,xzGN N)N2+,
Fz� 0xx*-� #KN-N z-N M0*- +�/N, +0 yN PJ,�
+J2L*J,KNPo ^22JKJGz+J02� >N-LJ2L� $/GJ+
z2P \-Nz+J02� B2 x02+-z,+ +0 +KN 02N�PJFN2�
,J02zG xz,N� (KN-N 02G� +KN X-,+ +(0 N)N2+,
2NNP +0 yN x02,JPN-NP� zGG M0*- PJdN-N2+ ,xzGN
N)N2+, Fz� 0xx*- J2 w[ JFzLN,� #KN /-NPJx�
+J02 0M ,xzGN N)N2+, 0M J2+N-zx+J2L 0yINx+
/z-+, J, +K*, 20+ z, ,+-zJLK+ M0-(z-P z2P -N�
.*J-N, z F0-N ,0/KJ,+Jxz+NP z//-0zxK +0
,xzGN yNKz)J0*- /-NPJx+J02 +Kz2 +KN /-N)J�
0*,G� /-N,N2+NP FN+K0P M0- GJ2Nz- /z-zGGNG
0yINx+ /z-+,�
#KN ,xzGN�,/zxN /-JFzG ,HN+xK (z, J2+-0�

P*xNP y� ?J2PNyN-L z, z2 N�/GJxJ+ -N/-N,N2�
+z+J02 0M MNz+*-N, J2 ,xzGN�,/zxN z2P +KNJ-
-NGz+J02, z+ PJdN-N2+ GN)NG, 0M ,xzGN �?J2�
PNyN-L �ppv�� #KN ,HN+xK (z, PN,JL2NP z,
z yz,J, M0- +KN N�+-zx+J02 0M ,JL2JXxz2+ JFzLN
MNz+*-N, z+ ,+zyGN ,xzGN, M0- Gz+N- /-0xN,,J2L
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+0(z-P, 0yINx+ N�+-zx+J02� ]G0y, ,N-)N z,
/-JFJ+J)N, 0M +KN ,xzGN�,/zxN /-JFzG ,HN+xK�
D-N��GN)NG yG0y, z-N ,F00+K JFzLN -NLJ02,
+Kz+ z-N y-JLK+N- 0- Pz-HN- +Kz2 +KN yzxH�
L-0*2P z2P +KN-Ny� ,+z2P 0*+ M-0F +KNJ-
,*--0*2PJ2L� ]� PNX2J+J02 z L-N��GN)NG yG0y
]�Z� J, z -NLJ02 0M z ,xzGN�,/zxN JFzLN
?��� �n +� z,,0xJz+NP (J+K z /zJ- 0M x-J+JxzG
/0J2+, �0- -NLJ02, J2 PJ,x-N+N ,xzGN�,/zxN�
x02,J,+J2L 0M 02N G0xzG N�+-NF*F Z z2P 02N
PNGJFJ+J2L ,zPPGN $� #KN L-N��GN)NG yG0y J,
z +K-NN�PJFN2,J02zG 0yINx+ (J+K N�+N2+ y0+K
J2 +KN ,/z+JzG z2P +KN L-N��GN)NG P0FzJ2� #KN
,/z+JzG N�+N2+ 0M +KN yG0y J, LJ)N2 y� J+, ,*/�
/0-+ -NLJ02 $*//�]��
^+ X-,+� M0- +KN /-NPJx+J02 0M ,xzGN N)N2+,

yG0y PN+Nx+J02 J, xz--JNP 0*+ J2 y0+K +KN J2�
J+JzG JFzLN ?� z2P +KN +z-LN+ -N,0G*+J02 JF�
zLN ?%+ *,J2L +KN ,N.*N2+JzG yG0y PN+Nx+J02
zGL0-J+KF 0M ?J2PNyN-L ��ppu�� ]G0y GJ2H�
J2L yN+(NN2 +KN J2J+JzG JFzLN z2P +KN +z-LN+
-N,0G*+J02 JFzLN J, +KN2 xz--JNP 0*+ y�
Fz+xKJ2L yG0y, (J+K J2+N-,Nx+J2L ,*//0-+ -N�
LJ02, J2 0-JLJ2zG z2P +z-LN+ -N,0G*+J02�  N
z,,*FN +Kz+ F0,+ yG0y, z-N 20+ ,*yINx+ +0
z ,xzGN N)N2+ P*-J2L +KN ,xzGN xKz2LN LJ)N2
y� +KN ,/NxJXNP +z-LN+ -N,0G*+J02� B2 +KN yG0y
GJ2HJ2L /-0xN,, (N +K*, X-,+ +-� +0 N,+zyGJ,K
z ,0�xzGGNP /GzJ2 GJ2H yN+(NN2 +KN J2J+JzG z2P
+z-LN+ -N,0G*+J02 M0- zGG yG0y,� ]z,NP 02 +KN
,N+ 0M ,*//0-+ -NLJ02, J2 J2J+JzG -N,0G*+J02
$*//� z2P +KN ,N+ 0M ,*//0-+ -NLJ02, J2 +z-LN+
-N,0G*+J02 $*//%+ z /GzJ2 GJ2H F*,+ M*GXG +KN
M0GG0(J2L x02PJ+J02 �(J+K F z2P 2 yNJ2L +KN
2*FyN- 0M yG0y, J2 J2J+JzG z2P +z-LN+ -N,0G*�
+J02�o

'GzJ2 ?J2Ho <2N /z-+Jx*Gz- yG0y J2 J2J+JzG -N�
,0G*+J02 Kz, 02N z2P 02G� 02N PJ-Nx+ x0--N,�
/02PN2xN J2 +z-LN+ -N,0G*+J02� #KN ,*//0-+
-NLJ02 0M z yG0y]J J2 J2J+JzG -N,0G*+J02 $*//�
�]J� J2+N-,Nx+, +KN ,*//0-+ -NLJ02 0M z yG0y
]. J2 +z-LN+ -N,0G*+J02 $*//%# �].�� ^GG 0+KN-
yG0y ,*//0-+ -NLJ02, J2 +z-LN+ -N,0G*+J02
F*,+ 20+ J2+N-,Nx+ $*//� �]J��

Of� .�$*//��]J�g$*//%+�].�� ���

J z ^� � � �F\� . z ^� � � � 2\ ���

BM z /GzJ2 GJ2H xz220+ yN N,+zyGJ,KNP M0- zGG
yG0y,� ,xzGN N)N2+, F*,+ Kz)N 0xx*--NP� #KN

+�/N, 0M ,xzGN N)N2+, F*,+ +KN2 yN -N,0G)NP
z*+0Fz+JxzGG��  N ,N+ */ +KN M0GG0(J2L /0,�
+*Gz+N, M0- +KN 0xx*--N2xN 0M yG0y N)N2+, P*-�
J2L ,xzGN xKz2LNo

^22JKJGz+J02o <2N /z-+Jx*Gz- yG0y J2 J2J+JzG
-N,0G*+J02 Kz, 20 x0--N,/02PN2xN J2 +z-LN+
-N,0G*+J02� #KN ,N+ 0M ,*//0-+ -NLJ02, J2 +z-�
LN+ -N,0G*+J02$*//%+ J, NF/+� z+ +KN /0,J+J02
0M z yG0y ,*//0-+ -NLJ02 J2 J2J+JzG -N,0G*+J02
$*//��]J��

O J�$*//��]J�g$*//%+f��� J z ^� � � �F\ �w�

>N-LJ2Lo #(0 �0- F0-N� J2J+JzG yG0y, Kz)N
02N z2P +KN ,zFN yG0y z, x0--N,/02PN2xN
J2 +z-LN+ -N,0G*+J02� #KN ,*//0-+ -NLJ02, 0M
z+ GNz,+ +(0 J2J+JzG yG0y, $*//��]J� z2P
$*//��]I� J2+N-,Nx+ +KN ,*//0-+ -NLJ02 0M 02N
z2P +KN ,zFN yG0y J2 +z-LN+ -N,0G*+J02
$*//%+�].��

O .��$*//��]J�g$*//%+�].�� ��
c �$*//��]I�g$*//%+�].�� ����
J� I z ^� � � �F\� . z ^� � � � 2\� J� I �v�

$/GJ+o <2N J2J+JzG yG0y Kz, +(0 �0- F0-N�
yG0y, z, x0--N,/02PN2xN J2 +z-LN+ -N,0G*�
+J02� #KN ,*//0-+ -NLJ02 0M z2 J2J+JzG yG0y
$*//��]J� J2+N-,Nx+, +KN ,*//0-+ -NLJ02,
$*//%+�].� z2P $*//%+�],� 0M z+ GNz,+ +(0
yG0y, J2 +z-LN+ -N,0G*+J02�

O . O ,��$*//��]J�g$*//%+�].�� ��
c �$*//��]J�g$*//%+�],�� ���
J z ^� � � �F\� .� , z ^� � � � 2\� .� , �u�

\-Nz+J02o <2N /z-+Jx*Gz- yG0y J2 +z-LN+ -N,0�
G*+J02 Kz, 20 x0--N,/02PN2xN J2 J2J+JzG -N,0�
G*+J02� #KN ,N+ 0M ,*//0-+ -NLJ02, J2 J2J+JzG
-N,0G*+J02 $*//� J, NF/+� z+ +KN /0,J+J02 0M
z yG0y ,*//0-+ -NLJ02 J2 +z-LN+ -N,0G*+J02
$*//%+�].��

O .�$*//�g$*//%+�].�f��� . z ^� � � � 2\ �t�

]z,NP 02 +KN,N x02PJ+J02, +KN ,xzGN N)N2+,
+Kz+ Kz)N 0xx*--NP P*-J2L ,xzGN xKz2LN z-N
J2MN--NP� #KN /-0xNP*-N J, PN,x-JyNP F0-N
PN+zJGNP J2 CN*(0GP N+ zG� �w��r��
B+ ,K0*GP yN 20+NP +Kz+ yG0y, xz2 yN x0F�

/0,NP 0M ,N)N-zG J2PJ)JP*zG 0yINx+ /z-+, +Kz+
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EJL� sl <vINu+ F0PNG M0- -0wP 2N+(0-H�

z-N zPIzxN2+ +0 NzxK 0+KN-� CN2xN� +KN
2*FyN- 0M yG0y, J2 J2J+JzG 0- +z-LN+ -N,0G*�
+J02 P0N, 20+ 2NxN,,z-JG� N.*zG +KN 2*FyN-
0M 20PN, J2 +KN ,NFz2+Jx 2N+ M0- +KN -N,/Nx�
+J)N -N,0G*+J02� C0(N)N-� z, (N H20( +KN
x0F/0,J+J02 0M yG0y, J2 J2J+JzG ,xzGN M-0F
+KN ,�2+KN,J, /-0xN,,� (N xz2 ,N/z-z+N +KN
J2PJ)JP*zG 0yINx+ /z-+, +Kz+ x0F/0,N +KN
,zFN yG0y J2 +z-LN+ -N,0G*+J02� JM 20 ,xzGN
N)N2+, Kz)N 0xx*--NP�

\++-Jv*+N /-NPJu+J02

#KN z++-Jy*+N, J2 +KN 20PN, ,/NxJM� +KN z/�
/Nz-z2xN 0M z2 0yINx+ /z-+ J2 +KN JFzLN� #KN
)zG*N, 0M +KN z++-Jy*+N, J2 +KN 20PN, 0M +KN
zPz/+NP ,NFz2+Jx 2N+ M0- +KN G0(N- -N,0G*�
+J02 z-N +KN-NM0-N z2zG�,NP J2 +KN ,�2+KN+Jx
+z-LN+ -N,0G*+J02 JFzLN ?%+� ]G0y, z-N z,�
,*FNP +0 x0--N,/02P +0 +KN J2PJ)JP*zG 0y�
INx+ /z-+,� CN2xN� +KN 2*FyN- 0M yG0y, J2
+KN +z-LN+ -N,0G*+J02 N.*zG, +KN 2*FyN- 0M
20PN, J2 +KN ,NFz2+Jx 2N+ M0- +KN +z-LN+ -N,0�
G*+J02� E0- NzxK yG0y J2 +KN +z-LN+ -N,0G*+J02
+KN M0GG0(J2L z++-Jy*+N, z-N PN-J)NPo 0yINx+
+�/N �N� L�� GJ2N 0- /z++N-2�� ,/z+JzG N�+N2+
�(JP+K z2P GN2L+K�� L-N� )zG*N� z2P 0-JN2+z�
+J02�

t�t�s E*,J02

#KN M*,J02 J, +KN Gz,+ ,+zLN 0M +KN z*+0Fz+Jx
zPz/+z+J02 /-0xN,,� ^GG 20PN, -NFzJ2J2L
zM+N- ,xzGN xKz2LN J2xG*PJ2L +KNJ- z++-Jy*+N,
-N/-N,N2+J2L +KN 0yINx+ /z-+, J2 +KN LJ)N2 +z-�
LN+ -N,0G*+J02 z-N x0F/JGNP +0 z x0F/GN+N
,NFz2+Jx 2N+�

#KN KJN-z-xKJxzG -NGz+J02, yN+(NN2 +KN
20PN, -NFzJ2 *2xKz2LNP z, G02L z, 20 ,xzGN
N)N2+ 0xx*--NP� B2 xz,N 0M ^22JKJGz+J02� +KN

-N,/Nx+J)N 20PN J, ,JF/G� 0FJ++NP� E0-
FN-LNP yG0y, 02G� z ,J2LGN /z-+�0M -NGz+J02
-NFzJ2,� E0- +KN $/GJ+ z2P \-Nz+J02 N)N2+,
2N( /z-+�0M -NGz+J02, z-N J2+-0P*xNP J2+0 +KN
-N,/Nx+J)N KJN-z-xK� GN)NG�
#KN +�/N 0M +KN ,/z+JzG -NGz+J02 �/z-zGGNG

0- /N-/N2PJx*Gz- PJ,+z2xN� ,+z�, *2zdNx+NP�
C0(N)N-� +KN PJ,+z2xN, yN+(NN2 +KN 0yINx+
/z-+, z-N +0 yN zPz/+NP� #KN zPz/+NP PJ,�
+z2xN )zG*N, z-N PN-J)NP M-0F +KN /0,J+J02
0M +KN y0-PN-, 0M +KN yG0y ,*//0-+ -NLJ02,
$*//%+ J2 +z-LN+ -N,0G*+J02�

s \Pw/+w+J02 X�wF/GN

B2 0-PN- +0 PNF02,+-z+N +KN z//GJxzyJGJ+� 0M
+KN zPz/+z+J02 FN+K0P0G0L�� +KJ, ,Nx+J02
LJ)N, z2 N�zF/GN M0- +KN z*+0Fz+Jx zPz/+z�
+J02 0M z KJLK�-N,0G*+J02 0yINx+ F0PNG +0 z
x0z-,N- JFzLN -N,0G*+J02� ^ ,NFz2+Jx 2N+ M0-
+KN N�+-zx+J02 0M z -0zP I*2x+J02 z-F (J+K
w[ ,�Fy0G, �z--0(, z2P ,+0/ GJ2N,� ,N-)N,
z, LJ)N2 F0PNG M0- KJLK JFzLN -N,0G*+J02
�v�t xF/N- /J�NG�� N xK0,N W+fq z, +z-LN+
,xzGN � x0--N,/02PJ2L +0 z2 z//-0�JFz+N
+z-LN+ -N,0G*+J02 0M %+i ��qF� #KJ, I*2x�
+J02 F0PNG xz2 yN ,NN2 z, z /z-+ 0M z2 0yINx+
F0PNG M0- z -0zP 2N+(0-H x02,J,+J2L 0M
-0zP, z2P I*2x+J02 z-F, �xM� EJL� v�� #KN
20PN M0- z2 zPIzxN2+ %0zP� M0- J2,+z2xN� xz2
yN -N/-N,N2+NP y� +KN F0PNG LJ)N2 J2 CN*�
(0GP �w��s�� (KJxK x02,J,+, 0M GJ2Nz- /z-zG�
GNG 0yINx+, z2P xz2 yN zPz/+NP (J+K +KN �[
zPz/+z+J02 ,+-z+NL��
#KN -0zP I*2x+J02 J2 0*- N�zF/GN x02,J,+,

0M z 2*FyN- 0M -0zP I*2x+J02 z-F, (J+K z
Pz,KNP xN2+-zG GJ2N� #KN,N z-F, FNN+ J2 +KN
I*2x+J02 z-Nz� #KN� x02+zJ2 Gz2N Fz-HJ2L,
z2P zPPJ+J02zG +-zdJx Fz-HJ2L, �J2 0*-
N�zF/GN PJ-Nx+J02 z--0(, z2P ,+0/ GJ2N,��
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EJL� rl <vINu+ F0PNG M0- I*2u+J02 w-F J2 w -N,0G*+J02 0M ���s����qF�/J�NG�

#KJ,FNz2, +KN -0zP I*2x+J02 z-F, -N/-N,N2+
+KN /z-+ xG0,N +0 +KN -0zP, yNM0-N +KN I*2x�
+J02 xN2+-N� (KN-N +KN -0zP, x02+zJ2 zPPJ�
+J02zG -0zP Fz-HJ2L,� #KN (JP+K 0M +KN -0zP
I*2x+J02 z-F J,F0PNGGNP +0 yN x02,+z2+� #KN
w[ /0,J+J02 0M +KN 0yINx+ /z-+, J, LJ)N2 y�
PJ,+z2xN, �J2 2*FyN- 0M /J�NG J2 +KN -N,/Nx�
+J)N -N,0G*+J02� yN+(NN2 +KNF J2 +(0 /N-/N2�
PJx*Gz- PJ-Nx+J02,� #KN F0PNG zG,0 x02+zJ2,
J2M0-Fz+J02 x02xN-2J2L +KN N�+N2+ 0M +KN 0y�
INx+ /z-+,� #KNF0PNG M0- -0zP I*2x+J02 z-F,
M0- +KN KJLK -N,0G*+J02 J, PN/Jx+NP J2 EJL� u�
^2 N,,N2+JzG /z-+ 0M z2 0yINx+ F0PNG M0-

JFzLN z2zG�,J, J, zG,0 z ,N+ 0M JFzLN z2zG�,J,
0/N-z+0-,� #KN� -N/-N,N2+ +KN /-0xNP*-zG
H20(GNPLN 2NNPNP +0 N�+-zx+ /z-+Jx*Gz- 0y�
INx+ /z-+, M-0F JFzLN,� #KN JFzLN z2zG�,J,
0/N-z+0-, ,Nz-xK M0- +KN /z-+Jx*Gz- /z-+, J2
+KN JFzLN� (KJxK z-N -N/-N,N2+NP z, 20PN,
J2 +KN 0yINx+ F0PNG� #KN-NM0-N� +KN 20PN, 0M
+KN ,NFz2+Jx 2N+ z-N x022Nx+NP +0 +KN x0-�
-N,/02PJ2L JFzLN z2zG�,J, 0/N-z+0-,� [JM�
MN-N2+ JFzLN z2zG�,J, 0/N-z+0-, z-N z,,JL2NP
+0 PJdN-N2+ +�/N, 0M 0yINx+ /z-+,� #(0 0yINx+
+�/N, (N-N PNX2NP M0- z-Nz�+�/N 0yINx+,o
DN0FN+-Jx $Kz/N �N� L��%Nx+z2LGN� M0- ,JF/GN
0yINx+ /z-+, z2P ^-yJ+-z-� 'z++N-2 M0- F0-N
x0F/GN� 02N,� #KN ,Kz/N 0M +KN Gz++N- HJ2P

0M 0yINx+ /z-+ J, PNX2NP y� +NF/Gz+N,� #KN
0/N-z+0-, M0- ^-yJ+-z-� 'z++N-2 *,N x-0,,�
x0--NGz+J02 Fz+xKJ2L (J+K /-0)JPNP +NF�
/Gz+N,� (KN-Nz, +KN GJ2N�+�/N 0yINx+, z2P +KN
%Nx+z2LGN *,N +KN -0zP Fz-HJ2L 0/N-z+0-,
yz,NP 02 PJdN-N2+JzG LN0FN+-� PN)NG0/NP J2
CN*(0GP �w��s��
^, FN2+J02NP yNM0-N� +KN ,xzGN yNKz)J0*-

/-NPJx+J02 0M +KN I*2x+J02 N�zF/GN J, xz--JNP
0*+ J2 +KN ,xzGN xKz2LN z2zG�,J, ,+zLN y� z2z�
G�,J,�y��,�2+KN,J,� [*N +0 +KN (JP+K 0M +KN
PJ,x-N+N Dz*,,Jz2 *,NP M0- +KN x-Nz+J02 0M
+KN +z-LN+ ,xzGN JFzLN ?+� zGG 0yINx+ /z-+, 0M
+KN y0++0F GN)NG N�xN/+ NPLN GJ2N GNM+ M0-F
z2 J2+N-zx+J02 L-0*/� CN2xN� +KN ,xzGN yN�
Kz)J0*- 0M +KN,N 0yINx+ /z-+, J, z2zG�,NP
I0J2+G�� EJL� tz� PN/Jx+, zGG ,JF*Gz+NP 0yINx+
/z-+, J2 z ,�2+KN+Jx JFzLN� (KJGN EJL� ty�
,K0(, +KN P0(2�,zF/GNP XG+N-NP JFzLN J2
+z-LN+ -N,0G*+J02 ?%+� #KN 2*FyN- 0M yG0y,
J2 J2J+JzG -N,0G*+J02 �t� PJdN-, M-0F +KN
2*FyN- 0M yG0y, J2 +z-LN+ -N,0G*+J02 %+ �u��
,*LLN,+J2L +KN 0xx*--N2xN 0M z ,xzGN N)N2+o
z >N-LJ2L N)N2+ J, PN+Nx+NP M0- z /z-+ 0M
+KN xN2+-zG GJ2N z2P +KN PJ-Nx+J02 z--0(�
CN-N� +KN x0--N,/02PJ2L yG0y, Kz)NFN-LNP�
#KN -N,*G+, 0M +KN yG0y PN+Nx+J02 J2 +KN ,�2�
+KN+Jx JFzLN, 0M +KN J2J+JzG z2P +z-LN+ -N,0G*�
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a) b) c) d)

EJL� ql [G0v PN+Nu+J02 -N,*G+,l J2J+JwG vG0v MNw+*-N, w2P +w-LN+ vG0v MNw+*-N, ,*/N-JF/0,NP 02 ,�2�
+KN+Ju JFwLN,k w� J2J+JwG JFwLN ?�� v� +w-LN+ -N,0G*+J02 JFwLN ?%+ �L-N��)wG*N ,+-N+uKNP w2P N2Gw-LNP��
u� N�+-NFw X� �-NP�� X%+ �L-NN2� 02 +w-LN+ -N,0G*+J02 JFwLN ?%+� P� ,*//0-+ -NLJ02, $*//� �-NP��
$*//%+ �L-NN2� 02 ?%+�

Central

line part1

Arrow

+ Line

Cont. Line

wid=2

len=6

not periodic

gv=108

Arb.Pattern

wid=4

len=7

Template

gv=95-121

Stop line

[d║=2]

[d║=2]Cont. Line

wid=2

len=24

not periodic

gv=108

Rectangle

wid=4

len=2

Rectangle

gv=123

Edge line

left

Edge line

right

Road

pavement

Cont. Line

wid=11

len=32

not periodic

gv=90

[d║=1]

Road junction arm

Part-of

Cont. Line

wid=2

len=24

not periodic

gv=108

Legend:

Object Type

Width

Length
Shape Attrib.

Grey Value

Spatial relation with

parallel [d║=] and

perpendicular

distance [d┴=]

[d║=2]

[d┴=5]

Line-type object

Area-type object

Central

line part2

Cont. Line

wid=2

len=6

not periodic

gv=108

[d┴=10]

EJL� pl \Pw/+NP N�wF/GN 0vINu+ F0PNG J2 +w-LN+ -N,0G*+J02 %+i ��nF�

+J02� JGG*,+-z+NP J2 EJL� t P�� -NVNx+ +KN /0,+�
*Gz+NP x02PJ+J02 M0- >N-LJ2L N)N2+, � +KN
,*//0-+ -NLJ02, $*//%#�].� J2 +z-LN+ -N,0G*�
+J02 %+� J2+N-,Nx+ +KN +(0 ,*//0-+ -NLJ02,
$*//��]�� z2P $*//��]w� 0M +KN FN-LNP
yG0y, M-0F J2J+JzG -N,0G*+J02�EJL� tx� PN/Jx+,
+KN /0,J+J02 0M +KN yG0y N�+-NFz J2 J2J+JzG
z2P +z-LN+ -N,0G*+J02�

^G+K0*LK +KN-N z-N 02G� M0*- yG0y, J2 +KN
+z-LN+ -N,0G*+J02 JFzLN?%+� +KN -N,*G+J2L 0y�
INx+ J2 +KN +z-LN+ -N,0G*+J02 %+ x02,J,+, 0M

,J� J2PJ)JP*zG 0yINx+ /z-+,� ]Nxz*,N +KN */�
/N- /z-+ 0M +KN Pz,KNP xN2+-zG GJ2N� +KN ,+0/
GJ2N z2P +KN NPLN GJ2N -JLK+ +0*xK NzxK 0+KN-�
+KN� M0-F02N ,J2LGN yG0y � 20+ 02G� J2 +z-LN+
-N,0G*+J02 y*+ zG-NzP� J2 J2J+JzG -N,0G*+J02�
E0- zGG -N,*G+J2L ,J� 0yINx+ /z-+, J2 +KN +z-LN+
-N,0G*+J02 +KN 20PN z++-Jy*+N, z-N PN-J)NP
M-0F +KN +z-LN+ -N,0G*+J02 JFzLN ?%+� z, JG�
G*,+-z+NP J2 EJL� tP�o +KN-N z-N M0*-\02+J2*�
0*, ?J2N, �NPLN GJ2N GNM+� NPLN GJ2N -JLK+ z2P
+(0 /z-+, 0M +KN Pz,KNP xN2+-zG GJ2N�� 02N
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%Nx+z2LGN �$+0/ ?J2N� z2P 02N ^-yJ+-z-�
'z++N-2 �^--0(h ?J2N 'z-+� M0- +KN FN-LNP
/z-+ 0M +KN xN2+-zG GJ2N z2P +KN PJ-Nx+J02 z-�
-0(n +KNJ- N�+N2+, z-N LJ)N2 y� +KN (JP+K z2P
GN2L+K 0M z X++NP -Nx+z2LGN 0M +KNJ- yG0y ,*/�
/0-+ -NLJ02, $*//%+n +KN L-N� )zG*N, z-N PN�
+N-FJ2NP M-0F +KN yG0y y-JLK+2N,, J2,JPN J+,
/-NPJx+NP N�+N2+ �FNz2 )zG*N M0- z-Nz�+�/N
0yINx+ /z-+,� Fz�JF*F )zG*N J2 x-0,,�,Nx�
+J02 M0- GJ2N�+�/N 0yINx+ /z-+,�� #KN PJ,+z2�
xN, yNJ2L z++-Jy*+N, 0M +KN ,/z+JzG -NGz+J02,
�NPLN,� z-N PN-J)NP M-0F +KN ,K0-+N,+ PJ,+�
z2xN 0M +KN yG0y ,*//0-+ -NLJ02, M0- z-Nz�
+�/N 0yINx+ /z-+,�
#KN zPz/+NP 0yINx+ F0PNG 0M +KN -0zP

I*2x+J02 z-F M0- +KN +z-LN+ -N,0G*+J02
%+i ��qF J, JGG*,+-z+NP J2 EJL� s� >0,+ GJ2N�
+�/N 0yINx+ /z-+, xKz2LNP 02G� +KNJ- z+�
+-Jy*+N, �(JP+K z2P x02+-z,+�n (KN-Nz, 02N
/z-+ 0M +KN /-N)J0*, Pz,KNP xN2+-zG GJ2N (z,
,*yINx+ +0 z ,xzGN N)N2+ z2P (z, FN-LNP (J+K
+KN zPIzxN2+ z-Nz�+�/N z--0( ,�Fy0G P*-J2L
,xzGN xKz2LN� #KN -N,*G+J2L 0yINx+ J, z20+KN-
z-yJ+-z-� /z++N-2� (KJxK J, +0 yN N�+-zx+NP
y� /z++N-2 Fz+xKJ2L� #KN 0/N-z+0- M0- +KJ,
2N( 0yINx+ /z-+ xz2 *,N z +NF/Gz+N +Kz+ J,
PN-J)NP M-0F +KN ,*//0-+ -NLJ02 $*//%+ 0M
+KN FN-LNP yG0y J2 +KN +z-LN+ -N,0G*+J02 JF�
zLN ?%+ M0- x-0,,�x0--NGz+J02 Fz+xKJ2L�

r Z02uG*,J02, w2P <*+G00H

B2 +KJ, /z/N- z 2N( FN+K0P0G0L� (z, /-N,�
N2+NP M0- z2 z*+0Fz+Jx zPz/+z+J02 0M JFzLN
z2zG�,J, 0yINx+ F0PNG,� x-Nz+NP M0- z ,/NxJXx
KJLK -N,0G*+J02� +0 z G0(N- -N,0G*+J02 JFzLN�
#KN F0PNGGNP Gz2P,xz/N 0yINx+, xz2 x02,J,+
0M y0+K z-yJ+-z-JG� 0-JN2+NP GJ2N�+�/N z2P
z-Nz�+�/N 0yINx+ /z-+,� B2 0-PN- +0 zPz/+ +KN
-N/-N,N2+z+J02 0M +KN 0yINx+,� +KN ,xzGN yN�
Kz)J0*- 0M +KN 0yINx+ /z-+, J, z2zG�,NP +zH�
J2L J2+0 zxx0*2+ w[ ,xzGN N)N2+, z2P
xKz2LN, J2 +KN 0yINx+1, z//Nz-z2xN� ",J2L
z2 0yINx+ F0PNG M0- z -0zP I*2x+J02 z-Nz�
+KN zPz/+z+J02 FN+K0P J, N�NF/Gz-JG� PN�
,x-JyNP�
^ LN2N-zG x02,+-zJ2+ 0M +KN PN,x-JyNP

FN+K0P J, +Kz+ J2+N-zx+J02(J+K 0+KN- 0yINx+,
xz2 zG(z�, J2V*N2xN +KN 0yINx+,1 z//Nz-z2xN
J2 +KN +z-LN+ -N,0G*+J02n zG,0 0+KN- 202�
F0PNGGNP 0yINx+, J2 +KN )JxJ2J+� 0M +KN

F0PNGGNP 0yINx+, xz2 J2V*N2xN +KN z//Nz-�
z2xN� #KN-NM0-N� ,+-Jx+G� ,/NzHJ2L +KN PN�
,x-JyNP FN+K0P J, 02G� )zGJP M0- z F0PNGGNP
0yINx+� JM +KN 2NJLKy0*-J2L 0yINx+ J, z K0F0�
LN2N0*, z-Nz z2P 20 0+KN- 0yINx+, J2V*N2xN
+KN zPz/+z+J02� #KJ, FNz2, +Kz+ +KN ,/z+JzG
PJ,+z2xN +0 2NJLKy0*-J2L 0yINx+ F*,+ yN Gz-�
LN- +Kz2 +KN x0F/*+NP +K-N,K0GP M0- J2+N-�
zx+J02 �(KJxK PN/N2P, 02 +KN zF0*2+ 0M
,xzGN xKz2LN�� #KJ, J, zG,0 +-*N M0- +KN xz,N
+Kz+ z F0PNGGNP 0yINx+ xz2 J2V*N2xN J+,NGM�
yNxz*,N J+ J, ,+-02LG� x*-)NP �N� L�� ,N-/N2�
+J2N -0zP, Fz� xz*,N zPz/+z+J02 /-0yGNF,��
#KJ, x02PJ+J02 M0-F, z x*--N2+ GJFJ+z+J02
(J+K -NLz-P +0 z*+0Fz+JxzGG� zPz/+zyGN 0y�
INx+ F0PNG, *,J2L 0*- FN+K0P0G0L��
<*- M*+*-N (0-H (JGG +KN-NM0-N M0x*, 02

+KN J2x0-/0-z+J02 0M -NGN)z2+ G0xzG x02+N�+
0yINx+, ,*xK z, +-NN, 0- y*JGPJ2L, J2+0 +KN
zPz/+z+J02 /-0xN,, J2 0-PN- +0 yN zyGN +0
PNzG (J+K F0-N -NzGJ,+Jx ,xN2N,� #KJ, (JGG
zGG0( *, +0 zxx0*2+ M0- 0xxG*,J02, z2P
,KzP0(, J2 +KN JFzLN,�[*N +0 +KN KJLK x0F�
/GN�J+� 0M +KN ,xzGN yNKz)J0*- ,JF*Gz+J02 M0-
G0xzG x02+N�+ 0yINx+, (J+K *2H20(2 /0,J�
+J02� K0(N)N-� (N (JGG 20+ /-0xN,, +KN -0zP
0yINx+, ,JF*G+z2N0*,G� (J+K +KN G0xzG x02�
+N�+ 0yINx+,� z, +KN 2*FyN- 0M /0,,JyG� -N�
,*G+J2L G0( -N,0G*+J02 0yINx+F0PNG, xz2 Nz,�
JG� yNx0FN )N-� KJLK� B2,+NzP� (N J2+N2P +0
x02,JPN- +KN G0xzG x02+N�+ 0yINx+ z, z ,N/�
z-z+N 0yINx+ F0PNG� M0- (KJxK z ,xzGN xKz2LN
J, PN-J)NP J2PN/N2PN2+G�� B2 xz,N, (KN-N J2
+KN G0( -N,0G*+J02 +KN -0zP N�+-zx+J02 MzJG,�
(N (JGG +KN2 +-� +0 N�/GzJ2 +KJ, MzJG*-N
+K-0*LK +KN J2+-0P*x+J02 0M z y*JGPJ2L� z
+-NN 0- +KNJ- ,KzP0(,�
#KN w[ x02xN/+ /-N,N2+NP J2 +KJ, /z/N-

J, *2+JG 20( N,,N2+JzGG� GJFJ+NP +0 +KN0-N+JxzG
(0-H� C0(N)N-� 02xN N�+N2PNP +KJ, z/�
/-0zxK +0 z*+0Fz+Jx 0yINx+ F0PNG LN2N-�
z+J02 x0*GP /-0)N *,NM*G J2 z 2*FyN- 0M z/�
/GJxz+J02,o N� L�� M0- F*G+J�,N2,0- JFzLN J2�
+N-/-N+z+J02(J+K0*+ +KN 2NNP +0 x-Nz+N F0-N
+Kz2 02N 0yINx+ F0PNG Fz2*zGG�� z, +KN F0�
PNG, M0- ,N2,0-, (J+K G0(N- -N,0G*+J02 xz2
yN z*+0Fz+JxzGG� PN-J)NPn LN2N-zGG�� +KN PN�
)NG0/NP FN+K0P M0- yG0y GJ2HJ2L xz2 zG,0
,*//0-+ Fz2��+0�Fz2� Fz+xKJ2L 0M ,/z+JzG
N2+J+JN, J2 PJdN-N2+ -N/-N,N2+z+J02,�
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\uH20(GNPLNFN2+,

#KJ, ,+*P� Kz, yNN2 M*2PNP y� +KN [N*+,xKN
E0-,xK*2L,LNFNJ2,xKzM+ *2PN- L-z2+ CZ
�qww��v� #KN /-0INx+ J, /z-+ 0M +KN y*2PGN
77^y,+-zx+J02 0M DN0J2M0-Fz+J02 J2 >*G+J�
$xzGN [z+z ^x.*J,J+J02� ^PFJ2J,+-z+J02�
^2zG�,J,� z2P !J,*zGJ,z+J0211�

%NMN-N2uN,

EG0-zxH� ?�� Czz- %0FN2�� ]�� @0N2PN-J2H�
A� 3 !JN-LN)N-� >�� �ppuo ?J2Nz- $xzGN�$/zxN�
� A0*-2zG 0M>z+KNFz+JxzG BFzLJ2L z2P !J,J02
u �u�o vwt�vt��

E0-yN-L� ^� 3 >z�N-� C�� w��wo DN2N-zGJ�z+J02
0M v[ ]*JGPJ2L [z+z ]z,NP 02 $xzGN�$/zxN,� �
#KN B2+N-2z+J02zG ^-xKJ)N, 0M +KN 'K0+0L-zF�
FN+-�� %NF0+N $N2,J2L z2P $/z+JzG B2M0-Fz�
+J02 $xJN2xN, vu �u�o wwt�wv��

Cz�� D�� [*yN6 � '�� ]0*xKz-P� ^� 3 >z-xNz*�
[�� w��wo ^ ,xzGN�,/zxN /-JFN- M0- N�/G0-J2L
z2P .*z2+JM�J2L x0F/GN� Gz2P,xz/N,� � Zx0�
G0LJxzG >0PNGGJ2L �tv ���w�o wr�up�

CN*(0GP� A�� w��so !N-JXxz+J02 0M z FN+K0P0G�
0L� M0- +KN z*+0Fz+Jx ,xzGN�PN/N2PN2+ zPz/+z�
+J02 0M 0yINx+ F0PNG,� � #KN B2+N-2z+J02zG ^-�
xKJ)N, 0M +KN 'K0+0L-zFFN+-��%NF0+N $N2,J2L
z2P $/z+JzG B2M0-Fz+J02 $xJN2xN, vs �v�o �rv�
�rq�

CN*(0GP� A�� 'zH�zP� @� 3 CNJ/HN� \�� w��ro
$xzGN ]NKz)J0*- '-NPJx+J02 0M JFzLN z2zG�,J,
F0PNG, M0- w[ Gz2P,xz/N 0yINx+,� � #KN B2+N-�
2z+J02zG ^-xKJ)N, 0M +KN 'K0+0L-zFFN+-�� %N�
F0+N $N2,J2L z2P $/z+JzG B2M0-Fz+J02 $xJN2xN,
vs �v� up^�o uv�up�

@0N2PN-J2H� A�� �pquo #KN $+-*x+*-N 0M BFzLN,�
� ]J0G0LJxzG \�yN-2N+Jx, t� �t�o vsv�vr��

?J2PNyN-L� #�� �ppvo [N+Nx+J2L $zGJN2+ ]G0y�?JHN
BFzLN $+-*x+*-N, z2P #KNJ- $xzGN, (J+K z $xzGN�
$/zxN '-JFzG $HN+xKo ^ >N+K0P M0- E0x*,�0M�
^++N2+J02� � B2+N-2z+J02zG A0*-2zG 0M \0F�
/*+N- !J,J02 �� �v�o wqv�v�p�

?J2PNyN-L�#�� �ppu� $xzGN�$/zxN#KN0-� J2\0F�
/*+N- !J,J02� � @G*(N- ^xzPNFJx '*yGJ,KN-,�
[0-P-NxK+� #KN =N+KN-Gz2P,� uwv /�

'zH�zP� @� 3 CNGGN-� A�� w��uo ^*+0Fz+Jx $xzGN
^Pz/+z+J02 0M $NFz2+Jx =N+,� � #KN B2+N-2z�
+J02zG ^-xKJ)N, 0M +KN 'K0+0L-zFFN+-�� %N�
F0+N $N2,J2L z2P $/z+JzG B2M0-Fz+J02
$xJN2xN,� vt �]v�o wv�wq�

#�2IN,� %�� D-0(N� $�� ]�xH2N-� A� 3 ?JNP+HN�
\��Z�� �pppo @20(GNPLN ]z,NP B2+N-/-N+z+J02
0M %NF0+N $N2,J2L BFzLN, ",J2L $NFz2+Jx
=N+,� � 'K0+0L-zFFN+-Jx Z2LJ2NN-J2L 3 %N�
F0+N $N2,J2L st �r�o q���qw��

 J+HJ2� ^�� �pqvo $xzGN $/zxN EJG+N-J2L� � q+K B2+�
A0J2+ \02MN-N2xN 02 ^-+JXxJzG B2+NGGJLN2xNo
���p���ww�

^PP-N,, 0M +KN ^*+K0-,o

[J/G��B2L� Az2N+ CN*(0GP� [-��B2L� @Jz2 'zH�
�zP� '-0M� [-��B2L� \K-J,+Jz2 CNJ/HN� ?NJy2J�
"2J)N-,J+�+ Cz220)N-� B2,+J+*+ M�- 'K0+0L-zF�
FN+-JN *2P DN0B2M0-Fz+J02� [�v��sr Cz220)N-�
#NG�o hup�t���rsw��pptv �CN*(0GP� vqpv �'zH�
�zP�� wuqw �CNJ/HN�� Ez�o hup�t���rsw�wuqv�
N�FzJGo KN*(0GP O /zH�zP O KNJ/HN�J/J�*2J�
Kz220)N-�PN

>z2*,H-J/+ NJ2LN-NJxK+o [N�NFyN- w��r
^2LN20FFN2o >�-� w��q
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E-0F YN+wJGNP YJLJ+wG $*-MwuN >0PNG, +0 ZJ+� >0PNG,
",J2L Z02,+-wJ2NP $JF/GJMJuw+J02

%<?\=Y �\C?� %"�X= $ZC=\[X? 3 %XB=C\%Y @?XB=� [022

@N�(0-P,o [$>� \J+� >0PNG� DN0FN+-� $JF/GJXxz+J02� ^y,+-zx+J02� !J,*zGJ�z+J02�

$*FFz-�o N /-N,N2+ z FN+K0P +0 ,JF/GJM� KJLK�
PN+zJG M*GG�MNz+*-NP PJLJ+zG ,*-MzxN F0PNG, �[$>�
0M xJ+JN, �J� N�� x02+zJ2J2L +KN KNJLK+, 0M +-NN,� xz-,�
y*JGPJ2L,� N+x�� LN0FN+-JxzGG� J2 ,*xK z (z� +Kz+
zGG -NGN)z2+ MNz+*-N, z-N /-N,N-)NP� (KN-Nz, 20J,N
z2P ,*/N-V*0*, PN+zJG, x0GGz/,N� #KN -NGN)z2xN 0M
MNz+*-N, J, z*+0Fz+JxzGG� N)zG*z+NP *,J2L z ,NF�
z2+JxzGG� F0+J)z+NP ,Kz/N PN+Nx+J02 z2P ,N-)N, z,
x02,+-zJ2+ P*-J2L +KN ,JF/GJXxz+J02� <*- -N,*G+,
,K0( +Kz+ (N z-N zyGN +0 /-N,N-)N X2N PN+zJG, 0M
x0F/GN� -00M ,+-*x+*-N, (KJGN zGG J--NGN)z2+ MNz�
+*-N, z-N NdNx+J)NG� -NF0)NP� #K*,� (N zxKJN)N
z2 N�xNGGN2+ zy,+-zx+J02 0M +KN xJ+� Pz+z (J+K0*+
z2� J2+N-zx+J02 0M +KN *,N-� (KJxK J, 20+ 02G� yN�
2NXxJzG M0- )J,*zGJ�z+J02� y*+ x0*GP zG,0 yN *,NP
M0- DB$ -NGz+NP z//GJxz+J02,�

�*,zFFN2Mz,,*2Lo !02 PJLJ+zGN2 <yN-V�xKN2F0�
PNGGN2 �* $+zP+F0PNGGN2 FJ++NG, NJ2LN,xK-�2H+N-
$JF/GJX�JN-*2L�  J- ,+NGGN2 NJ2 LN0FN+-J,xKN,
$JF/GJX�JN-*2L,)N-MzK-N2 M�- K0xK PN+zJGGJN-+N
*2LNXG+N-+N PJLJ+zGN <yN-V�xKN2F0PNGGN �[<>�
)02 $+�P+N2 �J2HG� ^y+z,+(N-+N2 )02 ]�*FN2�
^*+0,� DNy�*PN2� N+x�� )0-� (NGxKN, zGGN -NGN)z2�
+N2 >N-HFzGN N-K�G+� zyN- %z*,xKN2 *2P �yN-�
V�,,JLN [N+zJG, )N-(J-M+� [JN %NGN)z2� PN- >N-H�
FzGN (J-P z*+0Fz+J,xK FJ++NG, ,NFz2+J,xK F0+J�
)JN-+N- E0-FN-HN22*2L yN(N-+N+ *2P PJN2+ zG,
ZJ2,xK-�2H*2L PN- $JF/GJX�JN-*2L� "2,N-N %N�
,*G+z+N �NJLN2� Pz,, (J- J2 PN- ?zLN ,J2P� MNJ2N [N�
+zJG, H0F/GN�N-[zxK,+-*H+*-N2 �* N-KzG+N2� (�K�
-N2P J--NGN)z2+N>N-HFzGN NdNH+J) NGJFJ2JN-+ (N-�
PN2� ^*M PJN,N  NJ,N N--NJxKN2 (J- 0K2N INLGJxKN
]N2*+�N-J2+N-zH+J02 NJ2N z*,LN�NJxK2N+N ^y,�
+-zH+J02 PN- $+zP+Pz+N2� PJN ,JxK 2JxK+ 2*- M�-
!J,*zGJ,JN-*2L,�(NxHN NJL2N+� ,02PN-2 z*xK J2
DB$�^//GJHz+J02N2 yN2*+�+ (N-PN2 H�22+N�

� B2+-0P*u+J02

\02)N2+J02zGG�� +KN ,0GN zJF 0M LN0FN+-�
,JF/GJXxz+J02 J2 +KN x02+N�+ 0M -NzG�+JFN )J�
,*zGJ�z+J02 0M Gz2P,xz/N 0- *-yz2 N2)J-02�
FN2+, J, +0 N2zyGN ,F00+K� -NzG�+JFN 2z)J�
Lz+J02 +K-0*LK +KN ,xN2N (J+K0*+ PJ,+*-yJ2L
J2+N--*/+J02, M0- Pz+z G0zPJ2L 0- PNx0PJ2L�
#0 +KJ, N2P� +KN ,JF/GJXxz+J02 LN2N-z+N, z
,*J+zyGN ,N+ 0M LN0FN+-Jx GN)NG, 0M PN+zJG
�?<[� 0M +KN +N--zJ2 Pz+z� #0 ,*,+zJ2 z ,z�
+J,Mzx+0-� *,N- N�/N-JN2xN� +KN yGN2PJ2L J2
0M zPPJ+J02zG PN+zJG (J+K0*+ 20+zyGN VJxHN-�
J2L 0- I*F/, (KJGN +KN *,N- �00F, J2 02 0y�
INx+, ,K0*GP yN ,*//0-+NP y� +KN *2PN-G�J2L
?<[ ,+-*x+*-N� CN2xN� +KN ?<[, z-N *,*zG�
G� LN2N-z+NP (J+K -N,/Nx+ +0 z LN0FN+-Jx
N--0- FNz,*-N� N� L�� Cz*,P0-d N--0- +Kz+

L*z-z2+NN, /J�NG x0--Nx+ JFzLN, z+ LJ)N2
)JN(J2L PJ,+z2xN,� C0(N)N-� 0M+N2 zPPJ+J0�
2zG -N.*J-NFN2+, z-J,N (KN2 PNzGJ2L (J+K
xJ+��Pz+zo

� B2 +KN x02+N�+ 0M xJ+� )J,*zGJ�z+J02� z /K0�
+0-NzGJ,+Jx )J,*zGJ�z+J02 J, 20+ zG(z�, PN�
,J-NP� N� L�� 02 z ,FzGG '[^ 0- xNGG /K02N
PJ,/Gz�� +KN 0)N-(KNGFJ2L zF0*2+ 0M PN�
+zJG J, PJdJx*G+ +0 L-z,/ M0- +KN *,N- z2P
z2 zy,+-zx+NP )JN( J, *,*zGG� /-NMN--NP�
#KN zy,+-zx+J02 K0(N)N- ,K0*GP yN ,NF�
z2+JxzGG� F0+J)z+NP z2P xz220+ yN yz,NP
02 LN0FN+-Jx N--0- zG02N�

� ^ G0+ 0M N�J,+J2L DB$ -NGz+NP ,0M+(z-N�
N� L�� M0- xJ+��/Gz22J2L� 0/N-z+N 02 zy�
,+-zx+NP Pz+z J2 +KN M0-F 0M \J+�D>? 0-
,JFJGz- M0-Fz+,� #0 +KJ, Pz� 20 z*+0Fz+Jx
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x02)N-,J02 0M KNJLK+�XNGP Pz+z J2+0 +KJ, -N�
/-N,N2+z+J02 J, z)zJGzyGN�

� E0- xJ+� )J,*zGJ�z+J02 J2 z xGJN2+�,N-)N- ,N+�
+J2L 0)N- +KN J2+N-2N+� z, J+ J, z)zJGzyGN J2
z /-JFJ+J)N M0-F J2 D00LGN Zz-+K +0Pz��
J+ J, *,*zGG� 20+ /0,,JyGN +0 +-z2,FJ+ zGG
+KN 2NxN,,z-� PN+zJG 0M LN0FN+-� z2P +N��
+*-N J2 +KN ,K0-+ +JFN z)zJGzyGN (KJGN +KN
*,N- 2z)JLz+N, +K-0*LK +KN ,xN2N yNxz*,N
0M GJFJ+NP yz2P(JP+K� #KN-NM0-N J+ J, *2�
z)0JPzyGN +Kz+ +KN *,N- (JGG M-N.*N2+G� ,NN
x0z-,N- ?<[, M-0F z PJ,+z2xN (KN-N +KN
,JF/GJXxz+J02, +KN-NJ2 yNx0FN xGNz-G� )J�
,JyGN �J� N�� Gz-LN- +Kz2 z x0*/GN 0M /J�NG,��
\*--N2+ ,JF/GJXxz+J02 FN+K0P, M0- KJLK
-N,0G*+J02 KNJLK+�XNGP Pz+z K0(N)N- z-N
02G� yz,NP 02 LN0FN+-Jx N--0- x02,JPN-z�
+J02,� ,0 +Kz+ 0M+N2 Mzx� zPN, 0M K0*,N, z-N
z,HN( 0- -00M, Kz)N *22z+*-zG G00HJ2L
,Kz/N,� (KJxK -N,*G+, J2 )JN(, +Kz+ z-N J-�
-J+z+J2L +0 +KN *,N-�

^GG 0M +KN,N -N.*J-NFN2+, z-N 20+ )J+zG z,
G02L z, (N PNzG (J+K xJ+� F0PNG, PN-J)NP
M-0F xzPz,+-zG Pz+z 0- ,NFJ�z*+0Fz+Jx -N�
x02,+-*x+J02� LJ)N2 +Kz+ +KN,NF0PNG, z-N LN�
2N-zGG� -Nz,02zyG� zy,+-zx+� C0(N)N-� x02�
,JPN-J2L +KN 02L0J2L zP)z2xN, J2 xzFN-z
z2P -Nx02,+-*x+J02 +NxK2J.*N, z2P +KN x02�
,N.*N2+G� J2x-Nz,J2L PN+zJG z2P N�+N2+ 0M
M*GG�MNz+*-NP PJLJ+zG ,*-MzxN F0PNG, �[$>��
z*+0Fz+Jx zy,+-zx+J02 FN+K0P, xz/zyGN 0M
Kz2PGJ2L 0*+�0M�x0-N Pz+z z-N 2NxN,,z-��

B2 0-PN- +0 zPP-N,, +KJ, ,J+*z+J02� J2 +KJ,
(0-H� (N /-0/0,N z 20)NG M0-F 0M x02,+-zJ2�
NP ,JF/GJXxz+J02 +Kz+ J2x0-/0-z+N, zPPJ+J0�
2zG ,Kz/N J2M0-Fz+J02 +0LN+KN- (J+K LN0�
FN+-Jx N--0- x02,JPN-z+J02, +0 LN2N-z+N
?<[, M-0F KJLKG� PN+zJGNP [$>, +Kz+ -N�
,/Nx+ y0+K LN0FN+-Jx z, (NGG z, ,NFz2+JxzGG�
F0+J)z+NP x-J+N-Jz� #KN J2x0-/0-z+NP ,Kz/N
J2M0-Fz+J02 J, G0(�GN)NG z2P )N-� LN2N-zG�
B+ J, *,NP +0 X2P NPLN, z2P x0-2N-, J2 +KN
LN0FN+-� +Kz+ FzHN */ +KN JF/0-+z2+ MNz�
+*-N, 0M y*JGPJ2L LN0FN+-� (J+K0*+ -N,0-+J2L
+0 F0-N J2)0G)NP z2P ,/NxJzGJ�NP y*JGPJ2L
F0PNG,� #KN ,JF/GJXxz+J02 J, x02,+-zJ2NP +0
/-N,N-)N +KN,N MNz+*-N, N)N2 J2 x0z-,N ?<[�
[*N +0 +KN x02+J2*0*, 2z+*-N 0M +KN ?<[
z2P +KN x02,JPN-z+J02 0M LN0FN+-Jx N--0-�
+KJ, -N/-N,N2+z+J02 J, ,+JGG ,*J+zyGN M0- -NzG�

+JFN /J�NG x0--Nx+ /K0+0-NzGJ,+Jx +N--zJ2 z2P
xJ+� -N2PN-N-,� >0-N0)N-� P*N +0 +KN /-N,N-�
)z+J02 0M JF/0-+z2+ NPLN, z2P x0-2N-,� J+ J,
z//GJxzyGN J2 xGJN2+�,N-)N- ,N++J2L, 02 +KN J2�
+N-2N+ 0- )J,*zGJ�z+J02 02 F0yJGN PN)JxN, z,
(NGG � zGG M-0F +KN ,zFN Pz+z -N/-N,N2+z+J02
z2P LN2N-z+NP M*GG� z*+0Fz+JxzGG��

t '-N)J0*, �0-H

B2 \0F/*+N- D-z/KJx,� ?<[ -N/-N,N2+z�
+J02, 0M 0yINx+, z2P ,xN2N, Kz)N yNN2 N�+N2�
,J)NG� -N,Nz-xKNP P*-J2L +KN Gz,+ �t �Nz-,�
B2 x0FyJ2z+J02 (J+K FN+K0P, M0- NdJxJN2+
0xxG*,J02 xzGx*Gz+J02,� JFzLN yz,NP -N2PN�
-J2L z, (NGG z, /-NPJx+J02 z2P xzxKJ2L FN�
xKz2J,F, +KN� z-N NF/G0�NP M0- NdJxJN2+ )J�
,*zGJ�z+J02 0M Gz-LN ,xN2N,�

t�� #0/0G0L��'-N,N-)J2L
$JF/GJMJuw+J02

Z)N2 M0- +-Jz2L*Gz+NP KNJLK+ XNGP, J+ J, xKzG�
GN2LJ2L +0 X2P z2 0/+JFzG z//-0�JFz+J2L
FN,K (J+K z LJ)N2 ,FzGG 2*FyN- 0M MzxN, J2
+KN ,N2,N 0M +KN ?��20-F� B2PNNP^Lz-(zG
3 $*-J ��ppu� Kz)N /-0)N2 +KJ, /-0yGNF +0
yN ='�x0F/GN+N� #KN-NM0-N� J+N-z+J)N L-NNP�
zGL0-J+KF, Kz)N /-N)zJGNP (KJxK J2 NzxK
,JF/GJXxz+J02 ,+N/ NJ+KN- NGJFJ2z+N z )N-+N�
�)N-+N� x02+-zx+J02� 0- z2 NPLN �NPLN x0GGz/�
,N� M-0F +KN +-Jz2L*Gz+J02 �$xK-0NPN- N+ zG�
�ppw z2P C0//N N+ zG� �ppv�� $N)N-zG PJdN-�
N2+ N--0- FNz,*-N, Kz)N yNN2 /-0/0,NP z2P
N)zG*z+NP J2 +KN GJ+N-z+*-N� \0F/z-NP +0
0+KN- PJ,+z2xNFNz,*-N,� +KNCz*,P0-dFN+�
-Jx Kz, +KN zP)z2+zLN +Kz+ +KN /-0INx+J02 0M
+KN v[ z//-0�JFz+J02 +0GN-z2xN 02+0 ,x-NN2
,/zxN xz2 yN *,NP +0 ,NGNx+ z x0--N,/02PJ2L
?<[ z*+0Fz+JxzGG� M0- /J�NG x0--Nx+ -N2PN-�
J2L �@GNJ2 N+ zG� �pps�� #KN .*zP-Jx N--0-
FN+-Jx J2+-0P*xNP Gz+N- y� Dz-Gz2P 3
CNxHyN-+ ��ppr� Kz, +KN zP)z2+zLN 0M z
,JF/GN- z2P F0-N NdJxJN2+ x0F/*+z+J02�
#KN-NM0-N� J+ Kz, yNx0FN )N-� (JPN,/-NzP�
zG+K0*LK J+ P0N, 20+ L*z-z2+NN z2� y0*2P,
02 +KN ,x-NN2 ,/zxN N--0-� $J2xN +KN2� +KN-N
(N-N zG,0 JF/-0)NFN2+, J2 x0F/*+J2L Mz,+
Cz*,P0-dPJ,+z2xN z//-0�JFz+J02, �\JL20�
2J N+ zG� �ppq z2P D*+KN N+ zG� w��t��
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t�t #0/0G0L��ZKw2LJ2L $JF/GJMJuw+J02

#KN MzFJG� 0M )N-+N� xG*,+N-J2L FN+K0P, Kz,
yNN2 J2+-0P*xNP y� �%0,,JL2zx 3 ]0--NG
�ppv� z2P Kz, yNN2 -NX2NP J2 2*FN-0*,
F0-N -NxN2+ (0-H, �@0H�?JF 3 #J0( $N2L
�ppr�� #KN zGL0-J+KF, 0M +KJ, MzFJG� N,,N2�
+JzGG� z//G� z v[ L-JP +0 +KN 0yINx+ z2P M0-
NzxK xNGG x02+-zx+ zGG +KN )N-+JxN, J2,JPN +KN
xNGG� #KJ, (z� K0GN, J2 0yINx+, z-N xG0,NP 0-
0yINx+, J2 xG0,N /-0�JFJ+� z-N FN-LNP� ^G+�
K0*LK +KN PNLN2N-z+N MzxN, z-N ,*y,N.*N2+G�
-NF0)NP� J+ J, PJdJx*G+ +0 J2V*N2xN +KN XPN�
GJ+� 0M +KN -N,*G+ P*N +0 GzxH 0M x02+-0G 0)N-
+KN J2P*xNP +0/0G0LJxzG xKz2LN,� #KN zG-Nz�
P� FN2+J02NP )N-+N� x02+-zx+J02 0/N-z+0-
�Dz-Gz2P 3 CNxHyN-+ �ppr z2P '0/0)Jx
3C0//N �ppr� 0dN-, F0-N x02+-0G 0)N- +KN
+0/0G0LJxzG F0PJXxz+J02,� C0(N)N-� (J+K�
0*+ M*-+KN- /-0xN,,J2L J+ /0,,JyG� LN2N-z+N,
202�Fz2JM0GP FN,KN,�

t�s <*+�0M�Z0-N $JF/GJMJuw+J02

#0 ,JF/GJM� F0PNG, 0M N)N- J2x-Nz,J2L ,J�N�
z 2*FyN- 0M 0*+�0M�x0-N ,JF/GJXxz+J02 zGL0�
-J+KF, Kz)N yNN2 PN)NG0/NP�ZG�$z2z 3�J�
AN2 �w���� ,0-+ zGG NPLN, zxx0-PJ2L +0 +KNJ-
GN2L+K, z2P *,N +KJ, 0-PN-J2L z, PNxJFz+J02
,N.*N2xN� ?J2P,+-0F �w���� *,N, )N-+N�
xG*,+N-J2L +0 -NP*xN +KN 2*FyN- 0M )N-+JxN,�
^, +KN -N/-N,N2+J2L /0,J+J02 0M NzxK )N-+N�
xG*,+N- J, x0F/*+NP M-0F z2 zxx*F*Gz+NP
.*zP-Jx N--0- FN+-Jx� +KN FNF0-� -N.*J-N�
FN2+ 0M +KN zGL0-J+KF J, /-0/0-+J02zG +0 +KN
,J�N 0M +KN 0*+/*+ F0PNG� E0- xz,N, (KN-N
2NJ+KN- J2/*+ 20- 0*+/*+ F0PNG X+ J2+0 FzJ2
FNF0-�� z2 0*+�0M�x0-N )N-+N� xG*,+N-J2L
�?J2P,+-0F 3 $JG)z w���� (z, PN)NG0/NP�
#KN F*G+J/Kz,N zGL0-J+KF �Dz-Gz2P 3
$KzMMN- w��v� *,N, )N-+N� xG*,+N-J2L +0 -N�
P*xN +KN x0F/GN�J+� 0M +KN J2/*+ F0PNG M0G�
G0(NP y� z L-NNP� ,JF/GJXxz+J02 z//-0zxK
z2P zxKJN)N, KJLK .*zGJ+� -N,*G+,� ^20+KN-
(z� M0- 0*+�0M�x0-N ,JF/GJXxz+J02 J, +0 ,/GJ+
+KN F0PNG J2+0 ,FzGGN- yG0xH,� ,JF/GJM� +KN,N
yG0xH, z2P ,+J+xK +KNF +0LN+KN- M0- M*-+KN-
,JF/GJXxz+J02� B2 �C0//N �ppq� +KJ, z/�
/-0zxK J, z//GJNP +0 +N--zJ2 z2P J2 �\JL202J
N+ zG� w��v� +0 z-yJ+-z-� FN,KN,� #KN z/�
/-0zxK Kz, +KN /-0yGNF +Kz+ ,/NxJzG xz-N Kz,

+0 yN +zHN2 z+ /z+xK y0*2Pz-JN,� %NxN2+G��
,+-NzF PNxJFz+J02 zGL0-J+KF, � * 3 @0y�
yNG+ w��vn B,N2y*-L N+ zG� w��v� M0- 0*+�0M�
x0-N ,JF/GJXxz+J02 Kz)N yNN2 PN)NG0/NP� y*+
+KN -N,*G+J2L F0PNG J, 20+ 0/+JFzG (J+K -N�
,/Nx+ +0 FN,K ,J�N z2P Cz*,P0-d PJ,+z2xN
0M +KN ,JF/GJXNP F0PNG +0 +KN 0-JLJ2zG�

t�r %NFN,KJ2L

^20+KN- z-Nz -NGz+NP +0 0*- z//-0zxK J, -N�
FN,KJ2L 0M +-Jz2L*Gz+NP LN0FN+-�� %NFN,�
KJ2L zGL0-J+KF, +zHN z +-Jz2LGN FN,K z2P -N�
,zF/GN J+ ,*xK +Kz+ ,0FN .*zGJ+� -N.*J-N�
FN2+, z-N ,z+J,XNP y*+ +KN 0-JLJ2zG LN0FN+�
-Jx ,Kz/N J, -N+zJ2NP� B2 +KJ, ,N2,N� FN,K
,JF/GJXxz+J02 xz2 yN ,NN2 z, z ,/NxJzG xz,N
0M -NFN,KJ2L� <+KN- -NFN,KJ2L +NxK2J.*N,
J2xG*PN ,*-MzxN MzJ-J2L �#z*yJ2 �ppt z2P
[N,y-*2 N+ zG� �ppp�� (KN-N x022Nx+J)J+� J,
/-N,N-)NP y*+ )N-+N� /0,J+J02, z-N 0/+JFJ�NP
J2 0-PN- +0 -NF0)N 20J,N 0- +0 N)N2G� PJ,�
+-Jy*+N )N-+N� /0,J+J02,� CJGPNy-z2P+ 3
'0G+KJN- �w��u� /-N,N2+NP z yJGz+N-zG FN,K
,F00+KJ2L zGL0-J+KF +Kz+ J, zyGN +0 /-N,N-)N
NPLN, z2P x0-2N-, J2 +KN LN0FN+-�� ^ ,JFJGz-
z//-0zxK J, LJ)N2 y� !0-,z+� N+ zG� �w����
(K0 PN,x-JyN z -NFN,KJ2L zGL0-J+KF +Kz+ J,
MNz+*-N ,N2,J+J)N� ]0+K z//-0zxKN, K0(N)N-
z-N 20+ x0FyJ2NP (J+K ,JF/GJXxz+J02 z2P
z-N 20+ -0y*,+ +0 0*+GJN-,�

s <)N-)JN(

DJ)N2 z KJLK�-N,0G*+J02 KNJLK+�XNGP F0PNG�
J+ J, x02)N-+NP J2+0 z v[ /0J2+�xG0*P z2P
PNx0F/0,NP y� 0*- -NxN2+G� /-0/0,NP NdJ�
xJN2+ %^=$^\ ,Kz/N PN+Nx+J02 �$xK2zyNG
N+ zG� w��r� J2+0 z-Nz, +Kz+ x0--N,/02P +0
/-JFJ+J)N ,Kz/N, ,*xK z, /Gz2N,� ,/KN-N,� x��
GJ2PN-, N+x� z2P z ,N+ 0M -NFzJ2J2L /0J2+,�
#KN /0J2+, 0M +KN 0-JLJ2zG[$>z-N +KN2 +zL�
LNP (J+K +KN J2PJxN, 0M ,Kz/N, PN+Nx+NP J2
+KNJ- /-0�JFJ+�� #KN,N J2PN� ,N+, +KN2 JF/GJ�
xJ+G� PNX2N +KN ,Kz/N� NPLN 0- x0-2N- /-0�
/N-+� 0M +KN /0J2+,� (KJxK J, ,*y,N.*N2+G�
*,NP +0 x02,+-zJ2 +KN LN0FN+-Jx ,JF/GJXxz�
+J02� <2G� +K0,N ,JF/GJXxz+J02 0/N-z+J02,
z-N zGG0(NP +Kz+ -N,/Nx+ +KN PN+Nx+NP /-JFJ�
+J)N, 02 +KN x0--N,/02PJ2L ?<[� #KJ, (z�
J+ J, z,,N-+NP +Kz+ x0z-,N y*JGPJ2L F0PNG, z-N

t�m%��wKG� %� $uK2wvNG 3 %�@GNJ2� YJLJ+wG $*-MwuN >0PNG,



LN2N-z+NP (KJxK 0yN� +KN zy,+-zx+ ,+-*x+*-N
PNX2NP y� +KN ,NLFN2+z+J02 J2+0 /-JFJ+J)N,�
[N/N2PJ2L 02 +KN xK0,N2 ,J�N z2P z//-0�J�
Fz+J02 XPNGJ+� 0M +KN PN+Nx+NP /-JFJ+J)N,�
+KN -N,*G+J2L x0z-,N /0G�L02zG F0PNG, zP�
KN-N +0 PJdN-N2+ ,NFz2+JxzGG� F0+J)z+NP
GN)NG, 0M PN+zJG� B2 z-Nz, (KN-N 20 /-JFJ+J)N,
x0*GP yN PN+Nx+NP �N� L�� z-Nz, 0M 2z+*-zG
x0)N- ,*xK z, J2 /z-H,�� +KN ,JF/GJXxz+J02
J, L*JPNP y� LN0FN+-Jx N--0- zG02N� (KJxK
Kz, yNN2 /-0)N2 +0 LJ)N L00P -N,*G+, M0- +N-�
-zJ2 J2 LN2N-zG�

r DN0FN+-Ju $JF/GJMJuw+J02

 N y*JGP 0*- ,JF/GJXxz+J02 M-zFN(0-H
z-0*2P +KN NPLN�x0GGz/,N 0/N-z+J02 (J+K
+JLK+ *//N- y0*2P, 02 +KN Cz*,P0-d PJ,+z2�
xN zLzJ2,+ +KN 0-JLJ2zG FN,K� ZzxK NPLN 0M
+KN 0-JLJ2zG FN,K LN2N-z+N, +K-NN x0GGz/,N
xz2PJPz+N,� (KJxK z-N NJ+KN- 0M +KN +(0 x0-�
-N,/02PJ2L KzGMNPLN�x0GGz/,N, 0- z2 NPLN�
x0GGz/,N (J+K )N-+N� /GzxNFN2+� ^, 0/+JFJ�
�J2L +KN 2N( )N-+N� /0,J+J02 (J+K -NLz-P +0
+KN Cz*,P0-d PJ,+z2xN� (KJxK J2xG*PN, N)z�
G*z+J2L +KN Fz�JF*F� P0N, 20+ FzHN ,N2,N�
(N *,N +KN .*zP-Jx N--0- FN+-Jx �Dz-Gz2P
3 CNxHyN-+ �ppr� M0- xz2PJPz+N LN2N-z�
+J02� #KJ,FN+-Jx J, Mz,+ z2P Nz,� +0 x0F/*+N�
z2P PJ-Nx+G� �JNGP, +KN 0/+JFzG )N-+N� M0- +KN
NPLN x0GGz/,N 0/N-z+J02 J2 LN2N-zG xz,N,� E0-
PNLN2N-z+N xz,N, +KN PJ,+z2xN +0 +KN 0-JLJ2zG
NPLN J, *,NP z, z2 zPPJ+J02zG x-J+N-J02� ZzxK
x0GGz/,N xz2PJPz+N J, +KN2 xKNxHNP M0- )zGJ�
PJ+�� +Kz+ J, (KN+KN- J+ J2+-0P*xN, VJ//J2L
0M 0-JN2+z+J02, 0- PNLN2N-z+J02 0M 2NJLKy0-�
J2L +-Jz2LGN,� z2P ,xKNP*GNP J2 z /-J0-J+�
.*N*N HN�NP +0 J+, z//-0�JFz+J02 N--0-� E0-
+KN ,zHN 0M ,/NNP (N zLzJ2 *,N +KN .*zP-Jx
N--0- FN+-Jx M0- x0F/*+J2L /-J0-J+JN,�

^M+N- +KN,N /-N/z-z+J02zG ,+N/,� J+N-z+J)NG�
+KN yN,+ x0GGz/,N xz2PJPz+N J, N)zG*z+NP� +KJ,
+JFN *,J2L +KN zx+*zG PJ,+z2xN FN+-Jx z2P JM
J+ P0N, 20+ ,*-/z,, +KN x*--N2+ N--0- +K-N,�
K0GP� J+ (JGG yN z//GJNP +0 +KN FN,K� ^, J+
xKz2LN, +KN z//Nz-z2xN 0M J+, ��-J2L� zGG
x02VJx+J2L xz2PJPz+N, z-N -N,xKNP*GNP 0- PN�
GN+NP M-0F +KN /-J0-J+� .*N*N� #KJ, /-0xN,,
x0FN, +0 z2 N2P (KN2 NzxK -NFzJ2J2L )zGJP
x0GGz/,N 0/N-z+J02 ,*-/z,,N, +KN +K-N,K0GP
z2P +KN-NM0-N +KN y0++0F�*/ ,JF/GJXxz+J02

,xKNFN J, J2 z G0xzG 0/+JF*F� ^G+K0*LK +KJ,
z//-0zxK J, L-NNP�� J+ J, zyGN +0 x0GGz/,N z
FN,K x0F/GN+NG�� JM +KN PJ,+z2xN +K-N,K0GP
zGG0(, J+ �J� N�� J+ P0N, 20+ LN+ ,+*xH J2 z G0xzG
FJ2JF*F��

r�� YJ,+w2uN >N+-Ju

E0- /J�NG�+-*N -N2PN-J2L� +KN Cz*,P0-d PJ,�
+z2xN J, zGF0,+ +KN /N-MNx+ xK0JxN� ,J2xN J+
L*z-z2+NN, +(0 x-*xJzG /-0/N-+JN,� PJ-Nx+G�
GJ2HNP +0 J+, PNX2J+J02o
EJ-,+G�� M0- N)N-� MNz+*-N 0M +KN 0-JLJ2zG

FN,K� +KN-N N�J,+, z /z-+ 0M +KN /-0�� FN,K
(KJxK -N/-N,N2+, +Kz+ MNz+*-N (J+KJ2 z PJ,�
+z2xN 0M z+ F0,+ +KN /-NPNX2NP +K-N,K0GP�
^2P ,Nx02PG�� z, zG,0 +KN J2)N-,N Cz*,P0-d
KNFJFN+-Jx J, zxx0*2+NP M0-� +KN -N,*G+J2L
z//-0�JFz+J02 P0N, 20+ J2+-0P*xN z-+JMzx+,
(KJxK Kz)N 20 I*,+JXxz+J02 M-0F +KN 0-JLJ2zG
FN,K�
#KN z-L*FN2+, zLzJ2,+ *,J2L Cz*,P0-d

PJ,+z2xN z-N +Kz+ J+ J, )N-� PJdJx*G+ +0 x0F�
/*+N z2P +Kz+ J2 Fz2� xz,N,� ,JF/GN- z//-0�
�JFz+J02, (NGG ,N-)N +KNJ- /*-/0,N�
Z,/NxJzGG�� J2 +KN P0FzJ2 0M +N--zJ2 -N2�

PN-J2L� FNz,*-J2L 02G� zG02L +KN ��z�J, J, z
/0/*Gz- zG+N-2z+J)N� B+, FzJ2 zP)z2+zLN J,
+Kz+ 0//0,NP +0 ,+-Jx+ Cz*,P0-d PJ,+z2xN�
+KN x0*2+N-/z-+ 02 +KN 0+KN- FN,K J, JF/GJ�
xJ+G� LJ)N2 z2P +KN-NM0-N� (N LN+ +(0 /JNxN�
(J,N GJ2Nz- PJ,+z2xN M*2x+J02, /z-zFN+N-J�NP
0)N- +KN /Gz2N� B+ Kz, yNN2 0y,N-)NP +Kz+
N)zG*z+J2L +KJ, FN+-Jx 02G� z+ +KN )N-+JxN, 0M
+KN +(0 x0--N,/02PJ2LFN,KN, P0N, 20+ �JNGP
+JLK+ y0*2P, 02 +KN Cz*,P0-d PJ,+z2xN� y*+
zG,0 +KN NPLN, 2NNP +0 yN x02,JPN-NP� z,
0+KN-(J,N +KN N--0- xz2 yNx0FN z-yJ+-z-�
Gz-LN� B+ xz2 yN ,K0(2 +Kz+ M0- ,FzGG Fz�J�
F*F ,+NN/2N,, z2LGN, { +KN 0)N-N,+JFz+J02
0M +KN PJ,+z2xN J, y0*2PNP y� x0,g�{� $0
+KJ, P0N, 20+ GNzP ,JL2JXxz2+ 0)N-KNzP, M0-
x0z-,NG� ,zF/GNP +N--zJ2 Pz+z,N+,�
C0(N)N-� J2 +KN /-N,N2xN 0M KJLK�M-N.*N2�

x� ,JL2zG� (KJxK J, )N-� x0FF02 J2 KJLK�-N�
,0G*+J02 PJLJ+zG ,*-MzxN F0PNG,� +KJ, z//-0�
�JFz+J02 J, 20 G02LN- NdNx+J)N� #KN-NM0-N�
(N 02G� *,N +KN JF/GJxJ+ x0--N,/02PN2xN yN�
+(NN2 +KN FN,KN, z, LJ)N2 y� +KN ��/-0INx�
+J02 z2P N)zG*z+N +KN Cz*,P0-d PJ,+z2xN G0�
xzGG� yN+(NN2 +KN x0--N,/02PJ2L /z-+,� #Kz+

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



(z�� +KN PJ,+z2xN x0F/*+z+J02, -NFzJ2 G0xzG
�J� N�� J2 +KN ��-J2L 0M +KN NPLN J2 .*N,+J02�
z2P ,+JGG (N LN+ +JLK+N- y0*2P, z2P NdNx+J)N
,JF/GJXxz+J02 0M ,+NN/ LN0FN+-��

q $NFw2+Ju Z02,+-wJ2+,

^, FN2+J02NP J2 +KN J2+-0P*x+J02� ?<[ LN�
2N-z+J02 yz,NP 02 /*-NG� LN0FN+-Jx ,JF/GJ�
Xxz+J02 0M+N2 GNzP, +0 *2(z2+NP -N,*G+,� ,J2�
xN J+ P0N, 20+ x02,JPN- +KN 0)N-zGG ,Kz/N� y*+
02G� G0xzG LN0FN+-Jx MNz+*-N,� E0- +N--zJ2
Pz+z,N+,� +KN -N,*G+J2L z//-0�JFz+J02 J, LN�
2N-zGG� L00P N20*LK� y*+ N,/NxJzGG� M0-Fz2�
FzPN 0yINx+, z, y*JGPJ2L,� (KN-N +KN ,Kz/N
J, 0M+N2 P0FJ2z+NP y� -Nx*--J2L /z++N-2,�
LN0FN+-Jx ,JF/GJXxz+J02 MzJG, +0 FzJ2+zJ2
,�FFN+-JN, z2P ,+-*x+*-N, z2P J, +KN-NM0-N
20+ (NGG ,*J+NP z, z2 zy,+-zx+J02 FN+K0P�
=N)N-+KNGN,,� J+ Kz, +KN yJL zP)z2+zLN +Kz+
J+ zG(z�, �JNGP, z x0F/GN+N -N/-N,N2+z+J02
0M +KN *2PN-G�J2L ,xN2N z*+0Fz+JxzGG�� J--N,�
/Nx+J)N 0M (KN+KN- J+ xz2 J2+N-/-N+ +KN ,xN2N
0- 20+� #KN-NM0-N� J+ J, PN,J-zyGN +0 x0FyJ2N
J+, ,+-N2L+K, (J+K LG0yzG ,NFz2+Jx z2zG�,J,
(KJxK J, zyGN +0 JPN2+JM� JF/0-+z2+ MNz+*-N
NPLN, z2P x0-2N-, J2 0-PN- +0 LN+ +KN yN,+
0M y0+K (0-GP,�
<2N(z� +0 Kz)N ,JF/GJXxz+J02 -N,/Nx+ +KN

0)N-zGG ,Kz/N J, )Jz zxx0-PJ2LG� PN,JL2NP
x02,+-zJ2+,� E0- +KJ, z//-0zxK xz-N F*,+ yN
+zHN2 +Kz+ +KN x02,+-zJ2+, zxKJN)N +KN PN�
,J-NP MNz+*-N /-N,N-)z+J02 z2P +Kz+ +KN� P0
20+ GJFJ+ +KN NdNx+J)N2N,, 0M +KN ,JF/GJXxz�
+J02�
B2 +KN M0GG0(J2L (N (JGG X-,+ PJ,x*,, z )N-�

LN2N-zG FN+K0P +0 z*+0Fz+JxzGG� zPP ,NF�
z2+JxzGG� F0+J)z+NP FN+zJ2M0-Fz+J02 +0 +KN
J2/*+ Pz+z� #KN2� (N PNzG (J+K K0( +KN,N
Pz+z z-N *,NP z, x02,+-zJ2+, P*-J2L ,JF/GJ�
Xxz+J02�

q�� XPLN, 3 Z0-2N-,

B2 +KJ, (0-H� (N /-0/0,N +0 *,N /-JFJ+J)N
,Kz/N, +0 PN+Nx+ JF/0-+z2+ NPLN, J2 +KN
KNJLK+ Pz+z� #KN -Nz,02 z ,Kz/N�yz,NP PN�
+Nx+J02 J, /-NMN--NP 0)N- F0-N +-zPJ+J02zG
FN+K0P, ,*xK z, ?z/GzxN NPLN PN+Nx+J02 J,
+Kz+ +KN ,Kz/N PN+Nx+J02 xz2 Kz2PGN 0*+GJN-,
z2P 20J,N J2 z -0y*,+ Mz,KJ02 z2P Kz, zF0-N

LG0yzG 20+J02 0M ,+-*x+*-N �J� N�� yz,NP 02
x022Nx+NP x0F/02N2+, 0M /z-+, (J+K N.*zG
x*-)z+*-N�� (KJxK N2zyGN, J+ +0 PN+Nx+ NPLN,
-NGJzyG� x0F/-J,J2L z (JPN z2LGN yN+(NN2
+(0 /-JFJ+J)N,� N� L�� 02 +0/ 0M z ,KzGG0(
-00M�
^, z X-,+ ,+N/� (N NF/G0� +KN ,Kz/N PN�

+Nx+J02 PN,x-JyNP J2 �$xK2zyNG N+ zG� w��r��
^, J+ 0/N-z+N, 02 v[ /0J2+�xG0*P,� +KN J2/*+
KNJLK+�XNGP J, X-,+ x02)N-+NP +0 v[ y� J2,N-�
+J02 0M zPPJ+J02zG /0J2+, z+ PJ,x02+J2*J+JN,
J2 +KN w�t[ Pz+z �N� L�� M0- MzxzPN,��  N *,N
+KN ,zFN ,zF/GJ2L PN2,J+� M0- +KJ, )N-+JxzG
*/,zF/GJ2L z, J2 +KN /Gz2z- P0FzJ2� J2 0-�
PN- +0 FzJ2+zJ2 z xG0,N -NGz+J02 yN+(NN2 +KN
2*FyN- 0M ,zF/GN, z2P ,*-MzxN z-Nz� #KN
-N,*G+J2L /0J2+�xG0*P 'f ^/�� � � � � /=\ J,
/z-+J+J02NP J2+0 ,*y,N+, $J z,,0xJz+NP +0 ,Kz�
/N /-JFJ+J)N, ;J �J� N�� /Gz2N,� ,/KN-N,� x�GJ2�
PN-,� x02N, z2P +0-J� z, (NGG z, z ,J2LGN ,*y,N+
% x02+zJ2J2L z2� -NFzJ2J2L /0J2+, +Kz+
x0*GP 20+ yN z,,JL2NP +0 z ,Kz/N M0- +KN
LJ)N2 /z-zFN+N-,� B2 0-PN- +0 N2,*-N KN*-J,�
+JxzGG� +Kz+ 02G� /z-zFN+N-J�zyGN /z+xKN, z-N
x-Nz+NP� z /0J2+ J, x02,JPN-NP x0F/z+JyGN JM
J+, Z*xGJPNz2 PJ,+z2xN +0 +KN ,Kz/N J, (J+KJ2
z LJ)N2 PJ,+z2xN +K-N,K0GP z2P J+, 20-FzG
P0N, 20+ PN)Jz+N M-0F +KN -N,/Nx+J)N ,Kz/N
20-FzG y� F0-N +Kz2 z LJ)N2 z2LGN +K-N,K�
0GP� ^M+N- -NF0)J2L +KN x0F/z+JyGN /0J2+,�
+KN zGL0-J+KF J, -N,+z-+NP 02 +KN -NFzJ2J2L
/0J2+, *2+JG 20 F0-N ,Kz/N, xz2 yN M0*2P
M0- +KN LJ)N2 ,N+ 0M /z-zFN+N-,�
E0- PN+zJG, 02 +KN NdJxJN2+ /-0yzyJGJ,+Jx

%^=$^\�yz,NP zGL0-J+KF (N -NMN- +0 +KN
0-JLJ2zG (0-H� (N 02G� (z2+ +0 NF/Kz,J�N
KN-N +Kz+ +KN-N z-N /z-zFN+N-, (KJxK zGG0(
*, +0 ,NGNx+ (Kz+ HJ2P 0M ,Kz/N, z-N x02,J�
PN-NP )zGJP z2P +KN-NM0-N PNX2N z G0(�GN)NG
J2+N-MzxN +0 +KN J2+N-/-N+z+J02 0M +KN Pz+z
�N� L�� ,*-MzxN z-Nz�� BM (z2+NP zG,0 F0-N
x0F/GN� /z-zFN+N-, �N� L�� 2NJLKy0-J2L ,Kz�
/N,� ,Kz/N 0-JN2+z+J02� xz2 yN *,NP +0 PNxJPN
(KN+KN- +KN ,Kz/N J, JF/0-+z2+ 0- 20+ �xM�
$xK2zyNG N+ zG� w��q� 0- +KN -N,*G+, xz2 yN
x-0,,�)zGJPz+NP zLzJ2,+ xzPz,+-zG Pz+z� ]*+
z, (N zJF z+ z KJLK GN)NG 0M z*+0Fz+J,F z2P
LN2N-zGJ+�(N (JGG (0-H(J+K +KN J2KN-N2+ Pz�
+z z2P MN( /z-zFN+N-, JM /0,,JyGN�
B2 0*- ,N++J2L� (N PNX2N )N-+JxN, 0M +KN

[$> +0 yN NPLN /0J2+, JM +KN� z-N xG0,N +0

t��%��wKG� %� $uK2wvNG 3 %�@GNJ2� YJLJ+wG $*-MwuN >0PNG,



EJL� �l $Kw/N PN+Nu+J02 -N,*G+, (J+K rFt �GNM+� 0- �pFt �-JLK+� ,J�N +K-N,K0GP,� B2+N2,J+JN, w-N -w2P0F�
vGwuH FNw2, 20 ,Kw/N PN+Nu+NP� #KN FJPPGN u0G*F2 ,K0(, uG0,N�*/, 0M w ,FwGG /w-+ 0M +KN -00M�
w Gw-LN P0-FN- w2P w +-*uH� (KJuK w-N 20 G02LN- /-N,N2+ J2 +KN �pFt PN+Nu+J02 -N,*G+�

+(0 PJdN-N2+ ,Kz/N /-JFJ+J)N,� '0J2+, +Kz+
z-N xG0,N +0 N)N2 F0-N /-JFJ+J)N, z-N xGz,�
,JXNP z, x0-2N- /0J2+,� E0- xG0,N2N,, zLzJ2
(N *,N z PJ,+z2xN +K-N,K0GP �� y*+ +KJ, +JFN
(N P0 20+ FNz,*-N +0 +KN JPNzG ,Kz/N y*+
J+, /0J2+,� #Kz+ J,� z /0J2+ J, xG0,N +0 $Kz/N
I JM J+ J, (J+KJ2 � PJ,+z2xN 0M z2� 0M +KN /0J2+,
M-0F $I� B2 0-PN- +0 JPN2+JM� zGG NPLN z2P
x0-2N- /0J2+, NdJxJN2+G�� +KN /0J2+�xG0*P '
J, ,0-+NP J2+0 z2 z�J, zGJL2NP v[ L-JP� #KN2
M0- zGG L-JP xNGG, +Kz+ x02+zJ2 /0J2+, yNG02L�
J2L +0 PJdN-N2+ ,Kz/N,� +KN x02+zJ2NP /0J2+,1
PJ,+z2xN, z-N x0F/z-NP +0 � z2P z x0*2+N-
J, J2x-Nz,NP M0- NzxK /0+N2+JzGG� PJdN-N2+ z,�
,JL2FN2+� B2 0-PN- +0 z)0JP PJ,x-N+J�z+J02
PN/N2PN2xJN, P*N +0 +KN G0xz+J02 0M +KN L-JP
xNGG,� (N *,N NJLK+ +-z2,Gz+NP )N-,J02, 0M +KN
L-JP� x0--N,/02PJ2L +0 +KN NJLK+ x0-2N-, 0M
z x*yN� DJ)N2 +KN PJ,+z2xN +K-N,K0GP �� +KN
(JP+K 0M +KN xNGG, J, ,N+ +0 � z2P ,KJM+NP )N-�
,J02, 0M +KN L-JP z-N x-Nz+NP (J+K z2 0d,N+
0M ��w zG02L +KN -N,/Nx+J)N z�N,� \NGG, z-N
,+0-NP J2 z Kz,K +zyGN� ,0 +Kz+ FNF0-� J,
02G� zGG0xz+NP M0- 0xx*/JNP xNGG,� C0(N)N-�
J2 0-PN- +0 LN+ F0,+ 0*+ 0M +KN ,NFz2+Jx
x02,+-zJ2+, J+ J, )zG*zyGN 20+ 02G� +0 xGz,,JM�
NPLN, z2P x0-2N-,� y*+ +0 HNN/ +KN (K0GN
J2M0-Fz+J02 +0 (KJxK ,Kz/N NzxK /0J2+ x0-�
-N,/02P,� #KJ, zPPJ+J02zG J2M0-Fz+J02 (JGG
yN *,NP +0 20+ -N,+-Jx+ ,JF/GJXxz+J02 J2 +KN
/-N,N2xN 0M MNz+*-N, yGJ2PG�� y*+ +0 L*JPN
(KJxK 0M +KN /0,,JyGN x0FyJ2z+J02, 0M MNz�
+*-N, z-N zGG0(NP� #KJ, J2M0-Fz+J02 J, ,+0-NP

J2 z2 zPPJ+J02zG -z,+N- 0M ,Kz/N�B[,� (KJxK
J, -NzP zG02L (J+K +KN KNJLK+ XNGP P*-J2L
,JF/GJXxz+J02�

q�t Z02,+-wJ2NP $JF/GJMJuw+J02

B2 0-PN- +0 -N,/Nx+ z2P FzJ2+zJ2 +KN ,Kz/N
J2M0-Fz+J02 0M +KN )N-+JxN,� (N /0,N z2 zP�
PJ+J02zG x02,+-zJ2+ +0 NzxK x0GGz/,N xz2PJPz�
+N P*-J2L )zGJPJ+� xKNxH �,NN ,Nx� u�o #KN )N-�
+N� (KJxK J, zy0*+ +0 x0GGz/,N F*,+ N2,*-N
+Kz+ J+, ,N+ 0M ,Kz/N�B[, J, z ,*y,N+ 0M +KN
,Kz/N�B[, 0M J+, x0GGz/,N /z-+2N-�
#Kz+ +KJ, ,JF/GN -*GNFzJ2+zJ2, +KN )N-+N�1

,Kz/N�B[, J, 0y)J0*,� y*+ K0( P0N, J+ KNG/
J2FzJ2+zJ2J2L MNz+*-N,` #KN /-J2xJ/GN J, +Kz+
z )N-+N�� 02xN J+ x0GGz/,NP +0 z x0-2N- 0-
NPLN� xz220+ F0)N z(z� M-0F +KN-N� z, J+
xz2 02G� F0)N zG02L +KN MNz+*-N� $0� z, +KN
B[, z-N LG0yzGG� *2J.*N z2P NzxK +(0 /Gz2N,
,Kz-N 02G� 02N GJ2N �xM� $Nx+J02 s M0- PJ,x*,�
,J02 0M 202�/Gz2z- ,Kz/N /-JFJ+J)N,�� +KJ,
z//-0zxK L*z-z2+NN, +Kz+ N)N-� x0-2N- z2P
N)N-� NPLN z, PNX2NP y� +KN ,Kz/N�Fz/ J,
FzJ2+zJ2NP�
]*+ (KN2N)N- z MNz+*-N NPLN J, 20+ PN+Nx+�

NP zG02L J+, (K0GN N�+N2+� 0- J, 20+ N2xG0,NP
y� +(0 x0-2N- MNz+*-N,� J+ FJLK+ x0GGz/,N +0
z ,J2LGN /0J2+� (KJxK J, 0M x0*-,N 20+ +KN
PN,J-NP -N/-N,N2+z+J02�#KJ, xz,N 0xx*-, )N-�
0M+N2 P*N +0 +KN /-N,N2xN 0M 20J,N z2P 0xx�
G*,J02, z2P yNxz*,N 0M +KN J2x0F/GN+N ,Kz/N
,NLFN2+z+J02� B2 PJLJ+zG ,*-MzxN F0PNG,� +KJ,

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



EJL� tl $JF/GJMJuw+J02 -N,*G+,� ?NM+ u0G*F2l *2u02,+-wJ2NP� rF +K-N,K0GP� >JPPGN u0G*F2l u02,+-wJ2�
NP� rF +K-N,K0GP� %JLK+ u0G*F2l u02,+-wJ2NP� stF +K-N,K0GP� #KN *//N- -0( ,K0(, +KN ,KwPNP
#B= (KN-Nw, +KN G0(N- -0( ,K0(, w -N2PN-J2L +N�+*-NP (J+K M*GG �t�q uF -N,0G*+J02�

J, /-0yzyG� +KN PNMz*G+ xz,N� B2 0-PN- +0 x0/N
(J+K +Kz+ ,J+*z+J02� (N ,*LLN,+ +KN *,N 0M
zPPJ+J02zG +0/0G0LJxzG x02,+-zJ2+,�  N PNX�
2N y0-PN- )N-+JxN, 0M z ,Kz/N z, +K0,N )N-�
+JxN, (KJxK Kz)N 02N J2xJPN2+ NPLN /0J2+J2L
+0 z )N-+N� +Kz+ J, 20+ J2 +KN ,zFN ,Kz/N�
$*xK )N-+JxN, z-N 20+ zGG0(NP +0 F0)N J2,JPN
+KN ,Kz/N� y*+ Fz� 02G� x0GGz/,N +0 2NJLK�
y0-J2L y0-PN- )N-+JxN,� #KJ, x02,+-zJ2+ xz2
yN xKNxHNP y� G00HJ2L z+ +KN ,Kz/N�B[, 0M
+KN +(0 +J/ )N-+JxN, 0M +KN J2xJPN2+ +-Jz2LGN,�
<2N 0M +KN,N F*,+ yN 0*+,JPN 0M +KN ,Kz/N
JM +KN x0GGz/,N +zHN, /GzxN z+ +KN y0-PN-� ^,
0//0,NP +0 GzyNGNP NPLN )N-+JxN,� +KJ, x-J+N�
-J02 P0N, 20+ zGG0( X2PJ2L z G0(�N--0- z/�
/-0�JFz+J02 (J+KJ2 z PNX2NP ,FzGG -z2LN J2
+KN /-0�JFJ+� 0M +KN K�/0+KN+JxzG J2+N-,Nx�
+J02� y*+ +KN /*-/0,N 0M FzJ2+zJ2J2L +KN
y0-PN- J, ,N-)NP z2P ,+JGG NdNx+J)N x0F/GN�
�J+� -NP*x+J02 zG02L +KN y0-PN- J, /0,,JyGN�
=0( +KN-N -NFzJ2, 02N ,J+*z+J02 J2 (KJxK

PN+Nx+NP MNz+*-N, ,+JGG FJLK+ PNLN2N-z+N� 2z�
FNG� JM +(0 NPLN, 0M +KN ,zFN ,Kz/N P0 20+
FNN+ J2 z x0FF02 x0-2N- y*+ z-N x022Nx+NP
)Jz z ,N-JN, 0M y0-PN- )N-+JxN,� ^, +KN x0G�
Gz/,N, zG02L NzxK 0M +KN +(0 NPLN, z-N GNLJ�
+JFz+N� +KN� Fz� zLzJ2 x0GGz/,N +0 +KNJ- 2N�+
x0-2N-, -N,/Nx+J)NG� J2+-0P*xJ2L z2 *2(z2+�
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0yINx+� EJL� v ,K0(, xzPz,+-zG N�zF/GN, M0-
+KN M-zFN, y0*2Pz-��/z-+�J2�+N�+ z2P y0*2�
Pz-��/z-+�J2�Fz/� ]N,JPN, J2M0-Fz+J02 +Kz+
J, JPN2+JxzG M0- y0+K M-zFN, �2NJLKy0-�� 0+KN-
z++-Jy*+N, ,*xK z, +KN GN2L+K 0M z y0*2Pz-�
J2xG*PN PJdN-N2+ ,NFz2+Jx, M0- NzxK ,0*-xN
0M J2M0-Fz+J02� #KN +N�+ -NMN-, +0 +KN GN2L+K
)zG*N 0M y0*2Pz-� /z-+, (KJxK xz2 yN FNz,�
*-NP J2 z XNGP ,*-)N�� B2 +KN xz,N 0M +KN Fz/�
+KJ, GN2L+K )zG*N J, J2xG*PNP J2 (-J++N2

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



EJL� sl [0*2Pw-��/w-+�J2�+N�+ w2P v0*2Pw-��
/w-+�J2�Fw/ 0M +KN ,NFw2+Ju 2N+(0-H�

2*FyN-, xG0,N +0 +KN P-z(2 GJ2N� ^PPJ+J02�
zGG�� +KJ, P-z(2 GJ2N Kz, J+, 0(2 GN2L+K -N�
,*G+J2L M-0F +KN ,xzGN 0M +KN Fz/ z2P M-0F
+KN /-NxJ,J02 J2 P-z(J2L�

s�t @20(GNPLN %N/-N,N2+w+J02 M0- w2
\//GJuw+J02 0M +KN [-w�JGJw2
<(2N-,KJ/ ZwPw,+-N

]z,J, M0- z +-z2,M0-Fz+J02 M-0F +N�+, J2+0
Fz/, J, +KN H20(GNPLN K0( +N�+*zG /K-z,N,
zy0*+ LN0FN+-JxzG J2M0-Fz+J02 Kz)N +0 yN
J2+N-/-N+NP J2 +N-F, 0M PJ,x-N+N )zG*N, J2 +KN
x02+N�+ 0M +KN ]-z�JGJz2 0(2N-,KJ/ xzPz,+-N�
 KJGN N� L�� PJ-Nx+J02zG J2M0-Fz+J02 GJHN z2
z�JF*+K 0M vwq�w� xz2 yN PJ-Nx+G� *,NP M0-
Fz/ P-z(J2L� /K-z,N, GJHN +*-2 ,GJLK+G� GNM+
(JGG LJ)N z2 J2+N-)zG 0M /0,,JyGN PNL-NN
)zG*N,� #KN 02+0G0L� +Kz+ PN,x-JyN, K0(
LN0FN+-JxzG J2M0-Fz+J02 J, -N/-N,N2+NP J2
+N�+, 0M +KN ]-z�JGJz2 xzPz,+-N 2z+*-zGG� x02�
+zJ2, +KN yz,Jx LN0FN+-JxzG NGNFN2+, �/0J2+,�
GJ2N, (J+K PJ-Nx+J02 z2P GN2L+K� z2P +KNJ-
+�/JxzG -NGz+J02, ,*xK z, z GJ2N x02,J,+, 0M +(0
N2P /0J2+,� C0(N)N- J2 0-PN- +0 xz/+*-N zG,0
+KN *2xN-+zJ2+� +Kz+ J, x022Nx+NP (J+K +KN
+N�+,� J2PJxz+0-, 0M *2xN-+zJ2+� � N� L�� +KN
*,N 0M .*z2+JXN-, ,*xK z, ,GJLK+G� � 2NNPNP
+0 yN JPN2+JXNP J2 +KN +N�+ x0-/*, z2P J2+N�
L-z+NP �J2xG*PJ2L z .*z2+JXxz+J02 0M +KN
.*zGJ+z+J)N N�/-N,,J02� z+ +KN z,,0xJz+NP
GN)NG 0M zy,+-zx+J02 0M +KN zdNx+NP LN0FN+-J�
xzG z++-Jy*+N�

s�s @20(GNPLN %N/-N,N2+w+J02 M0-
Z0FF*2Juw+J02 $�,+NF, 0M +KN
YJ,w,+N- >w2wLNFN2+

E0- +KN ,/NxJXx -N/-N,N2+z+J02 0M H20(GNPLN
N�J,+J2L Pz+z F0PNG, 0dN- z L00P ,+z-+J2L

/0J2+ M0- PN)NG0/J2L 02+0G0LJN,� $*xK ,+z2P�
z-PJ�z+J02, M0- +KN PJ,z,+N- Fz2zLNFN2+
P0FzJ2 z-N LJ)N2 y� +KN ZFN-LN2x� [z+z
Z�xKz2LN ?z2L*zLN �Z[�?� z2P +KN \0F�
F02 ^GN-+J2L '-0+0x0G �\^'�� "2M0-+*�
2z+NG�� +KN,N Pz+z F0PNG, z-N /-JFz-JG�
0-JN2+NP 02 +KN Fz2zLNFN2+ 0M PJ,z,+N- -N�
,0*-xN,� ^ PN+zJGNP x0F/z-J,02 0M +KN PJ�
)N-,N Pz+zF0PNG, z-N LJ)N2 y� N-PN- N+ zG�
�w��s�� B+ +*-2NP 0*+ +Kz+ +KN =^#< ,+z2P�
z-P M0- FJGJ+z-� J2+N-0/N-zyJGJ+�� +KN \0F�
Fz2P z2P \02+-0G B2M0-Fz+J02 Z�xKz2LN
[z+z>0PNG �\wBZ[>�� ,z+J,XN, J2 F0,+ J2�
,+z2xN, +KN -N.*J-NFN2+, 0M PJ,z,+N- Fz2z�
LNFN2+ z2P /-0)JPN, z L00P yz,J, M0- +KN
PN)NG0/FN2+ 0M +KN [J,z,+N- >z2zLNFN2+
[z+z >0PNG �[>w�� ]Nxz*,N 0M M0x*,J2L 02
J2M0-Fz+J02 ,+0-zLN� -N+-JN)zG z2P /-0xN,,�
J2L� +KN-N z-N z x0*/GN 0M PJdN-N2xN, yN+(NN2
[>w z2P \wBZ[>� #KN-NM0-N� 02N 0M +KN
F0,+ 0y)J0*, xKz2LN, J, +KN /KJG0,0/K� 0M
0yINx+ -N/-N,N2+z+J02� #KN M0x*, 0M +KN P0�
FzJ2 ,/NxJXx 02+0G0L� J, 02 F0PNGJ2L +KN
,/z+JzG z,/Nx+, 0M 0yINx+,� B2 +KJ, Fz22N- +KN
x0FF02 ,/z+JzG z++-Jy*+N, 0M 0yINx+, z-N +KN
G0xz+J02 z, (NGG z, LN0FN+-Jx z++-Jy*+N, 0M
M0-F� ,J�N z2P MNz+*-N zGJL2FN2+� #KN,N NGN�
FN2+z-� z++-Jy*+N,� +-zPJ+J02zGG� ,*//0-+NP
y� ,/z+JzG 02+0G0LJN, z2P LN0L-z/KJxzG J2�
M0-Fz+J02 ,�,+NF, �DB$�� PN,x-JyN PJ,x-N+N
0yINx+, *2zFyJL*0*,G� y� +KNJ- PJFN2,J02
z2P G0xz+J02 J2 ,/zxN� B2 0-PN- +0 ,*//0-+
z ,/z+JzG -Nz,02J2L /-0xN,, M0- PJ,z,+N-
N)N2+, yz,NP 02 +N�+*zG PN,x-J/+J02,� z F0-N
x0F/-NKN2,J)N GN)NG 0M ,/z+JzG J2M0-Fz+J02
J, 2NxN,,z-�� #KN FN+K0P 0M 0yINx+ F0PNGJ2L
(J+KJ2 +KN 02+0G0L� Kz, +0 yN ,JFJGz- +0 +KN
FN2+zG F0PNG 0M +KN -N/0-+J2L /N-,02
�E-z2H �ppq�� #KJ, FN2+zG F0PNG x02+zJ2,�
yN,JPN, PJ,x-N+N 0yINx+,� ,/z+JzG ,xN2N, (J+K
J2+N-zx+J02, 0M +(0 0- F0-N ,/z+JzG 0yINx+,
J2 +KNFNz2J2L 0M 2NJLKy0-K00P, 0- /z-+�0M�
-NGz+J02, GJHN J2xG*PN� 0)N-Gz/, 0- +z2LN2+�
$*xK PN+zJGNP J2M0-Fz+J02 GN)NG J, N,,N2+JzG
M0- z2zG��J2L N� L�� x0KN-N2xN, 0M xJ+JN,� PJ,�
+-Jx+,� PzFzLN ,J+N, z2P 0/N-z+J02 z-Nz,�
E*-+KN-F0-N� +JFN J, F0PNGNP N�/GJxJ+G� J2
+KN [>w z, (NGG z, +KN F*+zyGN z++-Jy*+N,
0M +KN 0yINx+,� >*+zyGN z++-Jy*+N, J2 +N-F,
0M 0yINx+ F0PNGJ2L z-N ,+z+N z2P G0xz+J02�
$*xK P�2zFJx z,/Nx+, z-N F0PNGNP y� z,,0�

tt�Z� ?*uw� >�>*NGGN- 3 C��'�[�K-� B2+NL-w+J02 0M ?w2L*wLN J2 DB$



EJL� rl \,,0uJw+J02, 0M <vINu+� ?0uw+J02 w2P Yw+N#JFN �GNM+� w, (NGG w, +KN w,,0uJw+J02, 0M \u+J02�
Yw+N#JFN w2P <vINu+ �-JLK+� � J2 BYXE�� 20+w+J02�

EJL� ql \*+0Fw+JuwGG� LN2N-w+NP Fw/ M-0F w /-NuJ,N +N�+ �GNM+� w2P +KN uwPw,+-wG Fw/ �-JLK+��

xJz+J02, 0M +KN -NGN)z2+ xGz,,N, �xM� EJL� u��
B2 +KN [>w +KJ, (z, P02N y� x-Nz+J2L +*/GN
0M 0yINx+�,+z+N�+JFN z2P 0yINx+�G0xz+J02�
+JFN� #KN x02xN/+ z, ,K0(2 J2 EJL� u J, N��
/GzJ2NP J2F0-N PN+zJG J2 �?*xz, N+ zG� w��r��

r %N,*G+,

r�� %N,*G+, 0M +KN \//GJuw+J02 0M +KN
[-w�JGJw2 <(2N-,KJ/ ZwPw,+-N

DN2N-z+J2L >z/, M-0F #N�+,o ^,,*FJ2L z
/-NxJ,N +N�+ +Kz+ x02+zJ2, �z� z ,+z-+J2L /0J2+
(J+K /-NxJ,N x00-PJ2z+N, z2P �y� y0*2Pz-JN,
z, ,+-zJLK+ GJ2N, (J+K /-NxJ,N PJ-Nx+J02 z2P
GN2L+K� z +-z2,M0-Fz+J02 +0 z Fz/ -N/-N,N2�
+z+J02 J, ,JF/GN� =NxN,,z-� zPPJ+J02zG PNX�
2J+J02, M0- ,*xK z +-z2,M0-Fz+J02 z-N +KN PN�
,J-NP ,xzGN 0M +KN Fz/� 0-JN2+z+J02 0M +KN Fz/
z2P G0xzG Fz/ x00-PJ2z+N, 0M +KN ,+z-+J2L
/0J2+�

\02)N-,J02 0M x00-PJ2z+N, z2P GN2L+K J2�
M0-Fz+J02 0M +KN +N�+ J2+0 Fz/ x00-PJ2z+N,

xz2 yN P02N y� *,J2L ,+-zJLK+M0-(z-P Fz+K�
NFz+JxzG x0F/*+z+J02,� $z)J2L +KN LN2N-�
z+NP Fz/ J2M0-Fz+J02 J2 (JPNG� *,NP ,+z2P�
z-P, ,*xK z, �>? �Z�+N2,JyGN>z-H*/ ?z2�
L*zLN� zGG0(, J+, L-z/KJxzG )J,*zGJ�z+J02
(J+K PJdN-N2+ +00G, �N� L�� ^-xDB$ M-0F
Z$%B�� EJL� t ,K0(, z2 N�zF/GN 0M z2 z*�
+0Fz+JxzGG� LN2N-z+NP Fz/ z2P J+, x0--N�
,/02PJ2L 0-JLJ2zG Fz/� ^G+K0*LK +KN LN2�
N-zG 0*+GJ2N 0M +KN y0*2Pz-JN, J, JPN2+JxzG�
+KN LN2N-z+J02 0M +KN 2N( Fz/ -N)NzG, +Kz+
+KN 20-+K z--0( 0M +KJ, 0+KN-(J,N )N-� /-N�
xJ,N 0-JLJ2zG Fz/ PN)Jz+N, zy0*+ �t PNL-NN,
M-0F +KN +-*N 20-+K(z-P PJ-Nx+J02� $*xK
)z-Jz+J02, 0M +KN 20-+K z--0( (J+KJ2 Fz/,
0M +KN ]-z�JGJz2 Gz2P -NLJ,+N- z-N 20+ *2*,*zG
yNxz*,N 0M J2zxx*-zxJN, 0M 0y,N-)z+J02�
BM +KN +N�+ J, )zL*N� (J+K *2H20(2 -NMN-�

N2xN, z2P FJ,,J2L N,,N2+JzG y0*2Pz-� J2M0-�
Fz+J02� +KN LN2N-z+J02 0M Fz/, *,*zGG� -N�
.*J-N, zPPJ+J02zG ,0*-xN, 0M J2M0-Fz+J02
�Fz/, 0M 2NJLKy0-J2L -NzG N,+z+N,� +0/0�
L-z/KJxzGFz/,� 0- -NF0+N ,N2,J2L Pz+z ,*xK

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



N CN-N +KN J2+N-)zG zGLNy-z 0M �^GGN2 3 EN-L*�
,02 �ppu� J, *,NP�

z, zN-JzG JFzLN,�� C0(N)N-� )zL*N ,HN+xK
Fz/, z-N 0M+N2 *,NM*G +0 LJ)N z X-,+ 0)N-)JN(
0M +KN zx+*zG J2M0-Fz+J02 /-0)JPNP J2 +N�+,
z2P N)N2 )zL*N +N�+, J2xG*PN x02,+-zJ2+,�
,*xK z,

� GN2L+K 0M NzxK y0*2Pz-� /z-+ 0-
� N2P /0J2+ 0M +KN PN,x-J/+J02 f ,+z-+J2L
/0J2+ 0M +KN PN,x-J/+J02�

^PPJ+J02zG +0 ,*xK x02,+-zJ2+,� z -Nz,02�
zyGN .*z2+JXxz+J02 0M .*zGJ+z+J)N N�/-N,�
,J02, �N� L�� GNM+ � -JLK+� z2P M*-+KN- KN*-J,+Jx,
�,*xK z, +�/JxzG N--0-, J2 PN,x-J/+J02,� xz2
yN *,NP +0 LN2N-z+N Fz/, N)N2 M-0F +N�+,
(J+K J2x0F/GN+N J2M0-Fz+J02 �>*NGGN-
w��q��

DN2N-z+J2L #N�+, M-0F >z/,o ]N,JPN, LN0�
FN+-JxzG J2M0-Fz+J02 LJ)N2 z, P-z(2 GJ2N,�
y0*2Pz-� /z-+, J2 Fz/, 0M -NzG N,+z+N, J2�
xG*PN M*-+KN- z++-Jy*+N,� $*xK z++-Jy*+N, z-N
+KN +�/N 0M +KN y0*2Pz-� /z-+ PJ,/Gz�NP y�
+KN ,/NxJzG +�/N 0M GJ2N P-z(J2L z, (NGG z,
PJ-Nx+G� LJ)N2 J2M0-Fz+J02 GJHN GN2L+K z2P
PJ-Nx+J02 0M +KN -NzG y0*2Pz-� /z-+ z, (-J+�
+N2 +N�+ J2 +KN Fz/�
DJ)N2 z /-NxJ,N Fz/ (J+K PN+zJGNP z++-J�

y*+N )zG*N,� +KN LN2N-z+J02 0M z +N�+ 02G�
-N.*J-N, +KN PNX2J+J02 0M �z� z ,+z-+J2L /0J2+
z2P �y� +KN PJ-Nx+J02 0M PN,x-J/+J02 �xG0xH�
(J,N� x0*2+N-xG0xH(J,N�� #0/0G0LJxzG J2M0-�
Fz+J02 ,*xK z, x022Nx+J)J+� yN+(NN2 y0*2�
Pz-� /z-+, xz2 yN F0PNGNP J2 +KN ,NFz2+Jx
2N+(0-H� #KJ, J2M0-Fz+J02 xz2 yN PJ-Nx+G�
*,NP +0 PNP*xN +KN ,*xxN,,J02 0M y0*2Pz-�
/z-+, J2 +KN PN,x-J/+J02�
B2 xz,N z Fz/ J, 02G� z ,HN+xK 0M +KN -NzG

,J+*z+J02� ,*xK z )zL*NFz/ xz2 2N)N-+KNGN,,
yN +-z2,MN--NP +0 z )zL*N +N�+ (KN-N -NGz+J)N
-NGz+J02, yN+(NN2 y0*2Pz-� /z-+, z-N N��
/-N,,NP y� -NGz+J)N +N�+*zG J2M0-Fz+J02� B2
0-PN- +0 LN2N-z+N z +N�+ M-0F z )zL*N Fz/�
z ,+z-+J2L /0J2+ Kz, +0 yN xK0,N2 z2P +0 yN
PN,x-JyNP z, FNN+J2L /0J2+ yN+(NN2 2NJLK�
y0-J2L -NzG N,+z+N,� $JFJGz- +0 +KN LN2N-z+J02
0M z /-NxJ,N Fz/� +KN PJ-Nx+J02 0M +KN PN,�
x-J/+J02 �xG0xH(J,N � x0*2+N-xG0xH(J,N� Kz,
+0 yN PNxJPNP�

r�t %N,*G+, 0M +KN \//GJuw+J02 0M +KN
YJ,w,+N- >w2wLNFN2+ Y0FwJ2

E0-/-0xN,,J2L� z x0F/*+z+J02zG -N/-N,N2+z�
+J02 0M +KN -N/0-+NP J2M0-Fz+J02 J, 2NNPNP�
^ ,+z2Pz-P M0-FzGJ,F 0M x0F/*+z+J02zG GJ2�
L*J,+Jx, M0- -N/-N,N2+J2L N�+-zx+NP J2M0-Fz�
+J02 J, +KN +�/NP MNz+*-N ,+-*x+*-N� #KN,N
+�/NP MNz+*-N ,+-*x+*-N J, z2 �>?�-N/-N,N2�
+z+J02 �Z�+N2,JyGN>z-H*/ ?z2L*zLN� 0M +KN
-NGN)z2+ J2M0-Fz+J02� CN-N� +KN N�+-zx+J02
(z, P02N y� z20/N-z+0-� (K0 Kz, +0 -NLJ,+N-
+KN -NGN)z2+ J2M0-Fz+J02 J2+0 +KN L-z/KJxzG
*,N- J2+N-MzxN �D"B� z2 J2/*+ Fz,H M0- +KN
P0FzJ2 -N.*J-NFN2+,� z2P +KN z//GJxz+J02
LN2N-z+N, +KN �>?�
%N/0-+, 0M +KN PJ,z,+N- Fz2zLNFN2+ P0�

FzJ2 J2 LN2N-zG J2xG*PN +NF/0-zG *2xN-+zJ2�
+JN, z, (NGG z, ,NFz2+Jx z2P ,/z+JzG zFyJL*J�
+JN,� ]� N�/GJxJ+ F0PNGJ2L 0M +NF/0-zG z,�
/Nx+, J2 +KN [>w �xM� $Nx+J02 v�v�� z yz,J,
M0- y0+K� KJ,+0-J0L-z/K� z2P +NF/0-zG -Nz�
,02J2L z-N LJ)N2� #NF/0-zG -Nz,02J2L /-0�
)JPN, z /0,,JyJGJ+� M0- ,0G)J2L zFyJL*J+JN, y�
*,J2L J2+N-)zG zGLNy-zN z2P zGG0(, y*JGPJ2L
*/ z +NF/0-zG x02+N�+� #KJ, +NF/0-zG x02�
+N�+ J, M0x*,NP 02 ,Nz-xKJ2L M0- N)N2+, (KJxK
+zHN /GzxN J2 +KN ,zFN M-zFN J2 +JFN� [N�
+zJGNP x02,JPN-z+J02, 0M P0FzJ2 ,/NxJXx
+NF/0-zG G0LJx z-N LJ)N2 y�  N-PN- N+ zG�
�w��r�� $NFz2+Jx zFyJL*J+JN, z-N zF02L,+
0+KN-, z -N,*G+ 0M zG+N-2z+J)N �E*�yzGG/Gz+�
),� ]0G�/Gz+��� F*G+J/GN �]zK2K0M,+-z�N�
N�J,+, v +JFN,� z2P zy,+-zx+ �xK*-xK (J+K0*+
,/NxJXx 2zFN� 0yINx+ PN20+z+J02, z2P xz2
yN GJFJ+NP 0- ,0G)NP y� z�/-J0-J H20(GNPLN�
LJ)N2 y� +KN [>w� B2 x02,N.*N2xN 0M +KN
PJ)N-,J+� 0M +KJ, +z,H� x0GGNx+J2L z, (NGG z,
F0PNGJ2L 0M ,*xK yzxHL-0*2P H20(GNPLN J,
)N-� x0F/-NKN2,J)N z2P x0F/GN�� $/z+JzG
zFyJL*J+JN, z-N z2 NdNx+ 0M *,J2L zP)N-yJzG
/K-z,N, z2P ,/z+JzG JPN2+JXN-,� $*xK +N-F,
GJHN yNKJ2P 0- 20-+K 0M z-N zG-NzP� LJ)N2 y�
PN,x-J/+J02, 0M ,/z+JzG ,xN2N, (J+KJ2 +KN -N�
/0-+,� ]Nxz*,N 0M +KN PJ)N-,N +�/N, 0M zF�
yJL*J+JN, PJdN-N2+ z//-0zxKN, M0- -NP*xJ2L
z2P ,0G)J2L z-N 2NxN,,z-��
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M ^xx0-PJ2L +0 PNX2J+J02� z2 N)N2+ -NGz+N, +0 I*,+
02N 0yINx+�

<2N FN+K0P M0- ,0G)J2L J, *,J2L x02+N�+
H20(GNPLN yz,NP 02 +KN -N/0-+,� B2J+JzG ,J+*�
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+N-2z+J02zGN v[�E0-*F ?J2Pz*77 ,+z++�
$xK2NGG N2+(JxHNG+N ,JxK PJN,N !N-z2,+zG+*2L�
,NJ+ PN- '-NFJN-N JF ENy-*z- w��w� �* NJ2NF
>*,, M�- PJN @N22N- *2P @�22N- PN- P-NJ�
PJFN2,J02zGN2 �v[� $+zP+� *2P ?z2P�
,xKzM+,F0PNGGN� ^*xK J2 PJN,NF AzK- J,+ N,
(JNPN- LNLG�xH+� Pz, EzxK/*yGJH*F z*,
 J-+,xKzM+�  J,,N2,xKzM+ *2P !N-(zG+*2L
FJ+ zH+*NGGN2 #KNFN2 *2P J2+N-N,,z2+N2%N�
MN-N2+N2 �* yNLNJ,+N-2�
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"2+N- PN- yN(�K-+N2 ?NJ+*2L )02 [J/G��
B2L� \Gz*, ]JKG �!N-FN,,*2L� $+zP+ ?J2�
Pz*� *2P [-��B2L� ^xKJF CNGGFNJN- �%N�
zG�B#� $xK(�yJ,xK DF�2P� LNGz2L N, N-2N*+�
NJ2 '-0L-zFF �*,zFFN2�*,+NGGN2� Pz, FJ+
PN2 $xK(N-/*2H+N2 ��!J-+*NGGN DG0yN2 *2P
?*M+yJGP�$xK-�Lz*M2zKFN277� ��[z, #KNFz
v[ JF #JNM� *2P  z,,N-yz*77 *2P ��!J-+*NGGN
$+zP+F0PNGGN M�- $+zP+� *2P $+z2P0-+Fz-HN�
+J2L77 LN2z* PJN #KNFN2 �*,zFFN2Mz,,+�
(NGxKN PJN EzxK(NG+ �*- �NJ+ yN(NLN2�
$+zP+yz*PJ-NH+0- DN0-L $/N+K N-�d2N+N

FJ+ NJ2N- KN-�GJxKN2 ]NL-��*2L,-NPN PN2
N-,+N2 #zL� Z- H022+N NJ2N2 2N*N2 #NJG2NK�
FN--NH0-P )02 N-,+FzG, H2z// �yN- ���
D�,+N2 z*, ,NxK, =z+J02N2 )N-FNGPN2� �yN-
PN2 ,JxK z*xK PJN>J+)N-z2,+zG+N-� PJN $+zP+�
(N-HN ?J2Pz* DFyC 3 \0� @D *2P PN-
[!  �[N*+,xKN- !N-NJ2 M�- !N-FN,,*2L,�
(N,N2� ,NK- M-N*+N2�
]N)0- [-� A0,NM @z*N- �>Jx-0,0M+

[N*+,xKGz2PDFyC�>�2xKN2� NJ2 $xK(N-�
/*2H++KNFz z*ML-Jd *2P �yN- 2N*N ^2,�+�N
yNJ )J-+*NGGN2 DG0yN2� J2 PJN,NF EzGG Pz,
'-0P*H+ ��!J-+*zG Zz-+K77 -NMN-JN-+N� GJN,
'-0M� [-� ^-FJ2 D-�2 �Z#C ��-JxK� +JNM
*2P J2+N2,J) J2 PJN +KN0-N+J,xKN2 D-*2PGz�
LN2 *2P PJN �* yN(�G+JLN2PN2 '-0yGNFz+J�
HN2 PN, v[�>z//J2L, z*, K0xKz*V�,N2PN2
$z+NGGJ+N2Pz+N2 yGJxHN2� $NK- J2+N-N,,z2+�
)0- zGGNF M�- PJN z2(N,N2PN2 EzxKGN*+N z*,
PN- ?J2Pz*N- $+zP+)N-(zG+*2L� (z- PN- !0-�
+-zL )02 [J/G��B2L� @z-G�CNJ2� $xK-zFF
�yN- ��$NxK, AzK-N $+zP+F0PNGG ]zFyN-L �
!02 PN- ]Nyz**2L,/Gz2*2L yJ, �*F $+z2P0-+�
Fz-HN+J2L77� >J+ z2,+NxHN2PN- ]NLNJ,+N-*2L
yN-JxK+N+N N- �yN- NJ2N !JNG�zKG �yN-�N*LN2�
PN-� J2 ]zFyN-L /-zH+J�JN-+N- ZJ2,z+�F�L�
GJxKHNJ+N2 )J-+*NGGN- $+zP+F0PNGGN� =NyN2
]-z2P�� C0xK(z,,N-� *2P $xKzGGz*,y-NJ�
+*2L,,JF*Gz+J02 yJN+N+ NJ2 v[�$+zP+F0PNGG
z*xK *2)N-LGNJxKGJxKN >�LGJxKHNJ+N2 J2 PN-
$+zP+/Gz2*2L� !0F ^-xKJ+NH+*-(N++yN(N-y
yJ, �*- '-�,N2+z+J02 yNJF ]�-LN- ,J2P PJN
v[�>0PNGGN J2 PN2 Z2+,xKNJP*2L,/-0�N,,N2
PN- $+zP+ ]zFyN-L 2JxK+ FNK- (NL�*PN2�
HN2�
=zxK PN- >J++zL,/z*,N J2M0-FJN-+N A�-�

LN2 <K2NyN-L �B#�?NJ+N-� $+zP+(N-HN ?J2�
Pz*� �yN- PN2 zH+*NGGN2 $+z2P *2P PJN )N-�
,xKJNPN2N2 >�LGJxKHNJ+N2 PN, J2 Pz, B2+N-�

2N+/0-+zG PN- $+zP+ ?J2Pz* �(((�GJ2Pz*�PN�
NJ2LNy*2PN2N2 $+z2P0-+J2M0-Fz+J02,,�,�
+NF, !J,J+\J+�� ^*M PN- LN0L-zX,xKN2
D-*2PGzLN NJ2N, J2+N-zH+J)N2 $+zP+/Gz2,
Hz22 ,JxK PN- ]N,*xKN- z*M NJ2 y-NJ+N, B2M0-�
Fz+J02,z2LNy0+� )0F zH+*NGGN2 ?*M+yJGP
�yN- PJN ^2�NJLN LN(�2,xK+N- ^2yJN+N-
�C0+NG,� ^/0+KNHN2� Dz,+,+�++N2� @J2PN-�
L�-+N2� ]�xHN-NJN2� *,(�� yJ, �* +0*-J,+J�
,xKN2CJLKGJLK+, 0PN- PNF $+zP+y*,2N+� FJ+
,NJ2N2 CzG+N,+NGGN2 ,zF+ ^yMzK-+,�NJ+N2
M-N*N2�  NJ+N- z*MLN(N-+N+ (N-PN2 (J-P PJN�
,N, $�,+NF J2 2�xK,+N- �NJ+ P*-xK PJN ZJ2�
yJ2P*2L )02 v[�>0PNGGN2 ?J2Pz*N- $N�
KN2,(�-PJLHNJ+N2 0PN- Lz- NJ2N, H0F/GN++N2
v[�$+zP+F0PNGG,�
!02 PN- LNGNy+N2 '-z�J, J2 ]zFyN-L *2P

?J2Pz* �*-�xH J2 PJN )0-z*,yGJxHN2PN  J,�
,N2,xKzM+ M�K-+N z2,xKGJN�N2P '-0M�[-� A�-�
LN2 [�GG2N- )0F Cz,,0�'Gz++2N-�B2,+J+*+
z2 PN- "2J)N-,J+�+ '0+,PzFFJ+ PNF zH+*NG�
GN2 $+z2P PN- z*+0Fz+J,JN-+N2 CN-,+NGG*2L
H0F/GN�N- v[�$+zP+F0PNGGN� Dz2� 2N*N
>�LGJxKHNJ+N2� )02 )JNGN2 ]N,*xKN-2 FJ+
$/z22*2L N-(z-+N+� yNGN*xK+N+N \z-,+N2
)02 %�F02�?J/J2,HJ �]G0F [N*+,xKGz2P
DFyC� FJ+ ,NJ2NF !0-+-zL ��'Jx+0FN+-� �
ZJ2N J220)z+J)N ?�,*2L M�- v[�$+zP+F0PNG�
GN77� CJN-yNJ (N-PN2 2NyN2 PN2 HGz,,J,xKN2
%NJKN2�$N2H-NxK+z*M2zKFN2 yN(*,,+�
P*-xK ,/N�JNGGN @zFN-zz20-P2*2L� PJN ]N�
+-zxK+*2L ,NK- yN-NJxKN-2PN� LN0P�+J,xK
y-z*xKyz-N $xK-�LyJGPN- LNGJNMN-+�
^yLN-*2PN+ (*-PN Pz, !0-+-zL,/-0�

L-zFF zF =zxKFJ++zL P*-xK �(NJ ]N-JxK+N
/-zH+J,xKN- ^2(N2P*2LN2 )02 v[�>0PNG�
GN2 JF #JNMyz*� �*N-,+ ,+NGG+N [J/G��B2L�
]N-2P �JFFN-Fz22 )0F B2LN2JN*-y�-0
�JFFN-Fz22 3 >NJ�2N- J2 ^F+�NGG ,NJ2N
^-yNJ+ FJ+ v[�DNG�2PNF0PNGGN2 zG, 20+�
(N2PJLN D-*2PGzLN M�- %NLN2-�xHKzG+N�
Fz�2zKFN2 )0-� ^F y-z2PzH+*NGGN2 ]NJ�
,/JNG PN- C0xK(z,,N-LNM�K-P*2L ?J2Pz*,�
)0- zGGNF P*-xK PJN <yN--NJ+2z*N- ^xK� N-�
HG�-+N N- PJN !N-(N2P*2L,F�LGJxKHNJ+N2 PN-
P*-xK NJLN2N +zxK�FN+-J,xKN^*M2zKFN2 N-�
L�2�+N2 ?J2Pz*N- ?z,N-yNVJNL*2L,Pz+N2
)02 w���� [JN v[�DNG�2PNF0PNGGN� z*M PN-
NJ2N2 $NJ+N PN- �-+GJxKN� *-,/-�2LGJxKN ]N�
,+z2P� z*M PN- z2PN-N2 $NJ+N PJN LN/Gz2+N2�
*2P �*F #NJG J2�(J,xKN2 z*xK MN-+JL LN,+NGG�
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+N2 %NLN2-�xHKzG+NyNxHN2 *2P LN�2PN-+N2
^xK*MN-� HzFN2 J2 PN- ]N-NxK2*2L PN- ]N�
xHN2)0G*FN2� PN- LN/Gz2+N2� +KN0-N+J,xKN2
C0xK(z,,N-GJ2JN2 *2P PN- Z-FJ++G*2L )02
�* yN(NLN2PN2 Z-PFz,,N2 �*F ZJ2,z+��
�*F $xKG*,, N-HG�-+N [J/G��B2L�  N-2N-
%JNLN-� )0F ?z2P-z+,zF+ =NxHz-�<PN2�
(zGPH-NJ,� (JN N- N-M0GL-NJxK )J-+*NGGN >0�
PNGGN zG, Z2+,xKNJP*2L,KJGMN M�- $+-z�N2yz*�
/-0INH+N �*- ^2(N2P*2L y-zxK+N� =zxK
IzK-�NK2+NGz2LN- 'Gz2*2L )N-,xKJNPN2N-
#-z,,N2)z-Jz2+N2 *2P PN-N2 ^2yJ2P*2L,�
F�LGJxKHNJ+N2 z2, yN,+NKN2PN $+-z�N22N+�
H022+N2 PJN Z2+,xKNJP*2L,+-�LN-� (JN z*xK
PJN �*�N-,+ H-J+J,xKN2 !N-+-N+N- )N-,xKJNPN�
2N- ]�-LN-J2J+Jz+J)N2 N-,+ FJ+ PNF ZJ2,z+�
PN- v[�>0PNGGN )02 PN- %JxK+JLHNJ+ *2P
z*xK !N-+-�LGJxKHNJ+ PN- )02 PN2 'Gz2N-2
)0-LN,xKGzLN2N2 !z-Jz2+N �yN-�N*L+ (N-�
PN2�

[JN &*zGJ+�+ *2P PN- K0KN $+NGGN2(N-+ PN,
?J2Pz*N- v[�E0-*F, GJNLN2 2JxK+ zGGNJ2 J2
PN2 MNJ2 z*,LN(�KG+N2 !0-+-�LN2 *2P PN-
@0F/N+N2� JK-N- %NMN-N2+N2� ,02PN-2 z*xK
J2 PN- -NLN2 [J,H*,,J02 PN- NJ2�NG2N2 ]NJ�
+-�LN z*M K0KNF MzxKGJxKN2 =J)Nz*� ^*xK
PN- +-zPJ+J02NGGN ^*,HGz2L PN, N-,+N2 #zLN,
J2 NJ2N- L*+y�-LN-GJxKN2 B2,NG(J-+,xKzM+� yNJ
PNF ,JxK �* PNM+JLN- ]-0+�NJ+ *2P )JNGGNJxK+
PNF NJ2N2 0PN- z2PN-N2 $+z-HyJN- PJN !0-�
+-zLN2PN2 *2P D�,+N 20xK NJ2FzG Lz2� N2+�
,/z22+ z*,+z*,xKN2 H�22N2� +-�L+ �*F L*�
+N2 %*M PN- !N-z2,+zG+*2L yNJ�

^2LN2NKF �yN--z,xK+ �NJL+N2 ,JxK PJN
!N-z2,+zG+N- �yN- PJN K0KN #NJG2NKFN-�zKG
zF �(NJ+N2 !N-z2,+zG+*2L,+zL� '-0M� [-��
B2L� !0GHN- \00-, �C0xK,xK*GN M�- #NxK�
2JH� $+*++Lz-+� EzxKyN-NJxK DN0J2M0-Fz�
+J02� GNJ+N+N P*-xK PN2 N-,+N2 #NJG PN,  0-H�
,K0/, *2P ,+NGG+N PJN #KNFN2 ��B2+NL-z+J02
)02 v[�$+zP+F0PNGGN2 J2 NJ2N DB$�"FLN�

y*2L77 *2P ��E0-+M�K-*2L )02 v[�$+zPF0PNG�
GN277 )0-� '-0M� [-��B2L� D�2+N- '0Fz,Hz
�EzxKyN-NJxK ^-xKJ+NH+*- *2P ]z*J2LN�
2JN*-(N,N2� EzxKK0xK,xK*GN ]JNGNMNGP�� ,NJ+
AzK-N2 [-NK� *2P ^2LNG/*2H+ PN,  0-H�
,K0/,� M�K-+N z2,xKGJN�N2P ,NK- /-z�J,yN�0�
LN2 P*-xK PJN ]N-NJxKN ��v[�]z*(N-H,F0�
PNGGJN-*2L77� ��ZJ2M�K-*2L J2 @>?77 *2P
��>0yJGN D'$�=z)JLz+J0277�

=NyN2 PN2 ,+NJLN2PN2 ]N,*xKN-�zKGN2�
,0(0KG PN, !0-+-zL,/-0L-zFF, zG, z*xK PN,
 0-H,K0/,� (�xK,+ z*xK PJN HGNJ2N EzxK�
FN,,N JFE0�N- PN- B2,NGKzGGN� ^xK+^*,,+NG�
GN- z*, PN2 ]N-NJxKN2 $0M+(z-N� [JN2,+GNJ,�
+*2L *2P ^*,-�,+*2L 2*+�+N2 PJN,N, AzK-
PJN,N L*+N DNGNLN2KNJ+ *2P yN-NJxKN-+N2 PJN
!N-z2,+zG+*2L 2JxK+ 2*- FJ+ JK-N2 zH+*NGGN2
'-0P*H+N2� ,02PN-2 z*xK FJ+ M-N*2PGJxKNF�
PJ,H*,,J02,yN-NJ+NF 'N-,02zG� [N- ^*M�
(�-+,+-N2P yN,+�+JL+ PJN ?J2JN PN- !N-z2,+zG�
+N- *2P ,0 M-N*+ ,JxK PJN EzxK(NG+ z*M NJ2
 JNPN-,NKN2 J2 ?J2Pz* w��p�

^2P-Nz, ?J2PN2F�GGN-� ?J2Pz*
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\-vNJ+,wvGw*M JF =0+MwGGHw-+JN-*2L,H02+N�+

>J++NJG*2LN2

[N$Nx*-N J,+ NJ2 !N-y*2P/-0INH+ FJ+ PNF
�JNG PN- !N-yN,,N-*2L PN- ,z+NGGJ+N2LN,+�+��
+N- @-J,N2J2M0-Fz+J02 J2 [N*+,xKGz2P� [z,
'-0INH+ (J-P �yN- Pz, [?% %z*FMzK-+Fz�
2zLNFN2+ LNM�-PN-+� [JN @00-PJ2z+J02 )02
[N$Nx*-N 0yGJNL+ PN- ^y+NJG*2L "F(NG+ 3
$JxKN-KNJ+ JF [N*+,xKN2 EN-2N-H*2P*2L,�
Pz+N2�N2+-*F PN, [?%�

$xK2NGGN-N @-J,N2GzLNJ2M0-Fz+J02N2 FJ+
CJGMN )02 $z+NGGJ+N2Pz+N2

>J+ PN- (NG+(NJ+N2 �*2zKFN )02 =z+*-Hz�
+z,+-0/KN2� K*Fz2J+�-N2 =0+,J+*z+J02N2
*2P �J)JGN2 DNMzK-N2GzLN2 ,+NJL+ z*xK PN-
]NPz-M z2 �NJ+2zKN-� /-��J,N- *2P V�xKN2�
PNxHN2PN- ?zLNJ2M0-Fz+J02� [JN,N zH+*NG�
GN2 *2P *FMz,,N2PN2 B2M0-Fz+J02N2 H�2�
2N2 J2�(J,xKN2 �* NJ2NF L-0�N2 #NJG P*-xK
^2zG�,N )02 ,z+NGGJ+N2LN,+�+�+N2 EN-2N-H*2�
P*2L,Pz+N2 yN-NJ+ LN,+NGG+ (N-PN2� !0-z*,�
,N+�*2L KJN-M�- J,+ PJN $N2,0-� *2P $�,+NF�
N2+(JxHG*2L� B22N-KzGy PN- GN+�+N2 �� AzK-N
KzyN2 $z+NGGJ+N2yJGPN- NJ2N &*zGJ+�+ JF ]N�
�*L z*M !N-M�Lyz-HNJ+ *2P DN2z*JLHNJ+ N-�
-NJxK+� PJN N, N-F�LGJxK+� ,JN -0*+J2NF��JL
M�- PJN DN(J22*2L )02 �NJ+2zKN- @-J,N2J2�
M0-Fz+J02 NJ2�*,N+�N2� EN-2N- ,J2P $+-*H+*�
-N2 *2P @z/z�J+�+N2 20+(N2PJL� PJN NJ2N
,xK2NGGN ^*M2zKFN *2P ^*MyN-NJ+*2L PN-
$z+NGGJ+N2Pz+N2 N-F�LGJxKN2�

~yN-LN0-P2N+N �JNGN 3 !N-y*2P/z-+2N-

[JN ]N-NJ+,+NGG*2L )02 @-J,N2GzLNJ2M0-Fz�
+J02 FJ+ CJGMN )02 $z+NGGJ+N2Pz+N2 J,+ NJ2N
K0xK�H0F/GN�N ^*MLzyN� yNJ PN- )0- zGGNF
$xK2NGGJLHNJ+ ,0(JN LN0FN+-J,xKN *2P +KN�
Fz+J,xKN DN2z*JLHNJ+ PN- LN(022N2N2 B2�
M0-Fz+J02 )02 �yN-LN0-P2N+N- ]NPN*+*2L
,J2P� [JN DN(J22*2L )02 ,z+NGGJ+N2LN,+�+��
+N- @-J,N2J2M0-Fz+J02 N-M0GL+ KN*+N 20xK �*
NJ2NF �yN-(JNLN2PN2 #NJG P*-xK )J,*NGGN B2�
+N-/-N+z+J02 PN- *2+N-,xKJNPGJxKN2 ]JGPPz�

+N2� Pz Pz, ,NFz2+J,xKN *2P ,�20/+J,xKN
]JGP)N-,+�2P2J, )02 LN,xK*G+N2 ]JGPJ2+N-�
/-N+N2 yJ, KN*+N Hz*F 0PN- 2*- ,NK- ,xK(N-
J2 ,+z2Pz-PJ,JN-+N2 *2P z*+0Fz+J,JN-+N2 ^G�
L0-J+KFN2� zGGLNFNJ2L�G+JL *2P M�- PJN )N-�
,xKJNPN2,+N2 ]JGP.*NGGN2 LGNJxK,zF LNG+N2P�
LNMz,,+ (N-PN2 Hz22� E0GLGJxK LJy+ N, KJN-
NJ2 yNPN*+N2PN, Z2+(JxHG*2L,/0+N2+JzG *2P
)N-,xKJNPN2N E0-,xK*2L,M-zLN2 M�- PJN </�
+JFJN-*2L PN- =0+MzGGHz-+JN-*2LN2� EN-2N-
LJy+ N, z*xK JF ]N-NJxK PN, [z+N2NF/Mz2L,
*2P PN- !0-)N-z-yNJ+*2L PN- $z+NGGJ+N2yJGP�
Pz+N2 '0+N2+JzG �*- !N-yN,,N-*2L� )0- zGGNF
J2 ]N�*L z*M DN,xK(J2PJLHNJ+ *2PDN2z*JL�
HNJ+� [zKN- J,+ Pz, �yN-LN0-P2N+N �JNG PN,
!N-y*2P/-0INH+N, PJN !N-yN,,N-*2L PN- 0/N�
-z+J)N2 ]N-NJ+,+NGG*2L )02 @-J,N2GzLNJ2M0-�
Fz+J02N2� *� z� *F PJN ^-yNJ+N2 zF �N2+�
-*F M�- ,z+NGGJ+N2LN,+�+�+N @-J,N2J2M0-Fz�
+J02 ���@B7� $N-)JxN PN,[E[� �* *2+N-,+�+��
+N2�
CJN-M�- (J-P PN- LN,zF+N '-0P*H+J02,�

��HG*, )02 ,z+NGGJ+N2LN,+�+�+N- @-J,N2J2M0-�
Fz+J02 �$z+NGGJ+N2Pz+N2NF/Mz2L� '-0�N,,JN�
-*2L� B2M0-Fz+J02,N�+-zH+J02� @z-+N2N-�
,+NGG*2L *2P �yN-NJ+,+NGG*2L� yJ, Z2PN w���
z2zG�,JN-+ *2P )N-yN,,N-+�
B2,yN,02PN-N ,0GG P*-xK Pz, '-0INH+ [N�

$Nx*-N NJ2N $+�-H*2L PN- J2 [N*+,xKGz2P
)N-M�Lyz-N2 FN+K0PJ,xK�+NxK2J,xKN2 =0+�
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