
N B2 0*- F0PNG Gz2P,xz/N 0yINx+, 0- 0yINx+, z-N
PNx0F/0,NP J2+0 0yINx+ /z-+,� (KJxK z-N +KN ,FzG�
GN,+ N2+J+JN, J2 0*- F0PNG� B2 Fz2� xz,N,� +KN N��
+-zx+J02 0M z2 0yINx+ J, xz--JNP 0*+ +K-0*LK +KN
N�+-zx+J02 0M J+, 0yINx+ /z-+,� =0+N� K0(N)N-� +Kz+
(N N�+-zx+ +KN x0F/GN+N 0yINx+, J2 xz,N, (KN-N 20
PNx0F/0,J+J02 J, M0-N,NN2 J2 +KN F0PNG� B2 +KN
N�zF/GN PN,x-JyNP Gz+N- +KN 0yINx+ J, 77%0zP I*2x�
+J02 z-F11 z2P +KN 0yINx+ /z-+, z-N +KN -0zP Fz-H�
J2L, �N� L�� 77^--0(11��

f %N)J,NP z2P N�+N2PNP )N-,J02 0M �CN*(0GP N+
zG� w��r� /-N,N2+NP z+ +KN B$'%$ x02MN-N2xN 77'K0�
+0L-zFFN+-Jx BFzLN ^2zG�,J,11� >*2JxK� DN-Fz�
2�� $N/+NFyN- �p�w�� w��r�

\*+0Fw+Ju \Pw/+w+J02 0M BFwLN \2wG�,J, >0PNG, M0- tY
?w2P,uw/N <vINu+, +0 w Z0w-,N- BFwLN %N,0G*+J02 �

A\=X# CX"�<?Y� @B\= '\@�\Y 3 ZC%B$#B\= CXB'@X� Cw220)N-

@N�(0-P,o >*G+J-N,0G*+J02� $xzGN $/zxN� >0PNGGJ2L� BFzLN ^2zG�,J,� B2+N-/-N+z+J02

$*FFz-�o #KJ, /z/N- /-N,N2+, z 2N( FN+K0P0�
G0L� M0- +KN z*+0Fz+Jx zPz/+z+J02 0M JFzLN z2z�
G�,J, 0yINx+ F0PNG, M0- +KN N�+-zx+J02 0M w[ Gz2P�
,xz/N 0yINx+, +0 z G0(N- JFzLN -N,0G*+J02� #KN
0yINx+ F0PNG, z-N -N/-N,N2+NP J2 M0-F 0M ,NFz2+Jx
2N+,� #KN PN)NG0/NP zPz/+z+J02 FN+K0P J2xG*PN,
z /-NPJx+J02 0M +KN 0yINx+1, yNKz)J0*- J2 GJ2Nz-
,xzGN�,/zxN *,J2L z2zG�,J,�y��,�2+KN,J,� #KN ,xzGN
yNKz)J0*- /-NPJx+J02 +zHN, J2+0 zxx0*2+ zGG ,xzGN
N)N2+, /0,,JyG� 0xx*--J2L P*-J2L w[ ,xzGN xKz2LN
0M z-Nz�+�/N 0yINx+ /z-+, (J+K z-yJ+-z-� 0-JN2+z�
+J02� ^2 N�zF/GN M0- +KN zPz/+z+J02 0M z2 0yINx+
F0PNG PN,x-JyJ2L z -0zP I*2x+J02 z-F (J+K -0zP
Fz-HJ2L, PNF02,+-z+N, +KN z//GJxzyJGJ+� 0M +KN
FN+K0P0G0L�� EJ2zGG�� x02xG*,J02, /0J2+ 0*+ /0�
+N2+JzG N2Kz2xNFN2+, 0M +KN FN+K0P�

�*,zFFN2Mz,,*2Lo ^*+0Fz+J,xKN ^2/z,,*2L )02
]JGPz2zG�,NF0PNGGN2 M�- w[�?z2P,xKzM+,0yINH+N
z2 NJ2N 2JNP-JLN-N ]JGPz*V�,*2L� [JN,N- ]NJ+-zL
yN,xK-NJy+ NJ2N 2N*N >N+K0PN M�- PJN z*+0Fz+J�
,xKN^2/z,,*2L )02]JGPz2zG�,N�<yINH+F0PNGGN2
�*- Z�+-zH+J02 )02 w[�?z2P,xKzM+,0yINH+N2 z2
NJ2N 2JNP-JLN-N ]JGPz*V�,*2L� [JN <yINH+F0PNGGN
,J2P zG, ,NFz2+J,xKN =N+�N -N/-�,N2+JN-+� [JN N2+�
(JxHNG+N >N+K0PN �*- z*+0Fz+J,xKN2 ^2/z,,*2L
2*+�+ ^2zG�,N�P*-xK�$�2+KN,N �*- '-�PJH+J02 PN,
!N-KzG+N2, PN, <yINH+N, JF GJ2Nz-N2 $HzGN2-z*F�
[JN '-�PJH+J02 PN, $HzGN2)N-KzG+N2, yN-�xH,JxK�
+JL+ ,�F+GJxKN $HzGN2N-NJL2J,,N� PJN yNJ PN- w[�
$HzGN2�2PN-*2L )02 V�xKN2KzM+N2 <yINH++NJGN2
FJ+ yNGJNyJLN-<-JN2+JN-*2L z*M+-N+N2 H�22N2�[JN
>N+K0PN (J-P z2 NJ2NF ]NJ,/JNG M�- PJN ^2/z,�
,*2L NJ2N, <yINH+F0PNGG, NJ2N, $+-z�N2z-FN, JF
@-N*�*2L,yN-NJxK PNF02,+-JN-+� [N- ]NJ+-zL
,xKGJN�+ FJ+ $xKG*,,M0GLN-*2LN2 M�- /0+N2�JNGGN
!N-yN,,N-*2LN2 PN- >N+K0PN�

� B2+-0P*u+J02
#KN z//Nz-z2xN 0M Gz2P,xz/N 0yINx+, )z-JN,
J2 zN-JzG 0- ,z+NGGJ+N JFzLN, 0M PJdN-N2+ -N,�
0G*+J02� CN2xN� M0- H20(GNPLN�yz,NP 0yINx+
N�+-zx+J02 J2 JFzLN, 0M PJdN-N2+ -N,0G*+J02�
PJdN-N2+ F0PNG, PN,x-JyJ2L +KN 0yINx+, z-N
*,*zGG� -N.*J-NP� #KN 0yINx+J)N 0M +KJ, /z/N-
J, +0 J2+-0P*xN z 2N( FN+K0P0G0L� M0- +KN
z*+0Fz+Jx zPz/+z+J02 0M JFzLN z2zG�,J, F0�
PNG, M0- 0yINx+ N�+-zx+J02 +0 z G0(N- JFzLN
-N,0G*+J02� #KN F0PNG, M0- 0yINx+ N�+-zx+J02
z-N -N/-N,N2+NP z, ,NFz2+Jx 2N+, �#�2IN, N+

zG� �ppp�� #KN /-N)J0*,G� PN)NG0/NP FN+K0P
M0- +KN z*+0Fz+Jx zPz/+z+J02 0M 0yINx+ F0�
PNG, x02,J,+J2L 0M GJ2Nz- /z-zGGNG 0yINx+ /z-+,
�'zH�zP 3 CNGGN- w��u� J, 02G� ,*J+zyGN
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�

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

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



+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
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0/N-z+0-, M0- ^-yJ+-z-� 'z++N-2 *,N x-0,,�
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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*�
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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
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