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�s HFw L-0�N, "2+N-,*xK*2L,LNyJN+ N2+Gz2L
PN, $+JxKHz2zG, J2 <,2zy-�xH z*,LN(�KG+�
=NyN2 NJ2NF L-��N-N2@z,N-2N2z-NzG +-N+N2
 0K2LNyJN+N� DN(N-yN�� ]-zxK� *2P ^y�
yz*V�xKN2� Gz2P� *2P M0-,+(J-+,xKzM+GJxKN
EG�xKN2 ,0(JN E-NJ�NJ+z2GzLN2 z*M� E�- Pz,
H0F/GN++N "2+N-,*xK*2L,LNyJN+ GJNLN2 ?*M+�
yJGPN- )02 �pvt yJ, w��t )0- �,JNKN #zy� w��
[zyNJ Kz2PNG+ N, ,JxK yJ, NJ2,xKGJN�GJxK �pqu
*F $xK(z-�� NJ��^*M2zKFN2 *2P z2�
,xKGJN�N2P *F ZxK+Mz-yN2�^*M2zKFN2� [JN
]JGPPz+N2 )02 w��t KzyN2 FJ+ �t xF /-0 'J�
�NG PJN yN,+N ^*V�,*2L� DGNJxK�NJ+JL �*-
?*M+yJGPyNVJNL*2L )02 w��t (*-PN2 FJ++NG,
?z,N-,xz22N-�]NVJNL*2L NJ2 [JLJ+zGN, DN�
G�2PNF0PNGG �[D>� *2P NJ2 [JLJ+zGN,
<yN-V�xKN2F0PNGG �[<>� FJ+ NJ2N- ^*V��

rrs\P-Jw2 @GJ2H N+ wG�� $NFJw*+0Fw+J,uKN ?*M+vJGPw*,(N-+*2L



#wv� tl !0-Kw2PN2N [JGPPw+N2�

]NVJNL*2L,IzK- ^*V�,*2L�]JGPFz�,+zy ^-+ PN- ^*M2zKFN

�pvt� �pts� �psv� �prw� �pqu uw xF 'J�NGz*V�,*2L $ �^*M2zKFN

�pqs� �pqp� �pp�� �ppr v� xF 'J�NGz*V�,*2L ZxK+Mz-yN2

w��w u� xF '�NGz*V�,*2L ZxK+Mz-yN2

w��t �t xF 'J�NGz*V�,*2L� M�- PJN @Gz,,JXHz+J02
z*M v� xF -NP*�JN-+ ZxK+Mz-yN2

w D-N� ?N)NG \0�<xx*--N2xN >z+-J�� N2+K�G+
C�*XLHNJ+N2 PN, ^*MNJ2z2PN-+-NdN2, yN,+JFF+N-
D-z*,+*MN2 IN(NJG, �(NJN- yN2zxKyz-+N- 'J�NG
v =0-FzGJ,JN-+N, [JLJ+zGN, <yN-V�xKN2F0PNG

,*2L )02 �F N-�N*L+� �*,�+�GJxK �* PN2
]JGPPz+N2 ,+NKN2 PJN ^*+0Fz+J,JN-+N ?JNLN2�
,xKzM+,Hz-+N *2P KJ,+0-J,xKN @z-+N2 �*- !N-�
M�L*2L�

E�- PJN Z2+(JxHG*2L PN- z*+0Fz+J,xKN2
^*,(N-+*2L (*-PN2 PJN ]JGPPz+N2 )02 w��t
)N-(N2PN+�"FPJN~yN-+-zLyz-HNJ+ PN,!N-�
MzK-N2, �* +N,+N2� (*-PN2 PJN z2PN-N2 ]JGP�
Pz+N2 KN-z2LN�0LN2� (0yNJ PN- $xK(N-�
/*2H+ PN- ^2zG�,N z*M PN2 ZxK+Mz-yN2yJG�
PN-2 GzL� �*,�+�GJxK (*-PN PJN ~yN-+-zLyz-�
HNJ+ PN, !N-MzK-N2, z*M NJ2 (NJ+N-N, �� HFw

L-0�N, DNyJN+ JF $+zP+�N2+-*F )02 <,2z�
y-�xH �yN-/-�M+�

s�t >N+K0PJ,uKN "F,N+�*2L

[z, �JNG PN- ]JGPz*,(N-+*2L J,+ N,� PJN <y�
INH+HGz,,N2 *2P PzFJ+ ,/�+N- z*xK PJN =*+�
�*2LN2 F�LGJxK,+ N�zH+ zy�*L-N2�N2� [z�*
(J-P M�- PJN z*+0Fz+J,xKN"F,N+�*2L J2 N-,�
+N- ?J2JN NJ2N �(NJ,+*XLN� 0yINH+yz,JN-+N
@Gz,,JXHz+J02 FJ+ [NX2JN2, [N)NG0/N- r
�NKNFzG, N\0L2J+J02� )N-(N2PN+� PJN FJ+
E*2H+J02N2 z*, >!#Nx CzGx02 r��� BF/GN�
FN2+JN-*2LN2 J2 \hh *2P '-0�N,,N2 J2
Z$%B ^-xB2M0 N-L�2�+ (J-P �,JNKN ^yy� ���

[JN @Gz,,JXHz+J02 FJ+ [NX2JN2, [N)NG�
0/N- r N-M0GL+ P*-xK PJN @0FyJ2z+J02 )02
,/NH+-zGN2 B2M0-Fz+J02N2� #N�+*-� E0-F/z�
-zFN+N-2 *2P C�KN2J2M0-Fz+J02N2� [zyNJ
(J-P JF ,/NH+-zGN2 ]N-NJxK Pz, BC$�Ez-y�
F0PNGG )N-(N2PN+� ^*ML-*2P PN, ENKGN2,
PN, 2zKN2 B2M-z-0+Hz2zG, J,+ PJN #-N22*2L
)02 !NLN+z+J02 *2P =JxK+�!NLN+z+J02 ,NK-
,xK(JN-JL� "F NJ2N #-N22*2L �* N-F�LGJ�
xKN2� (*-PN P*-xK PJN ]JGP*2L )02 LN(JxK�
+N+N2 Ez-yPJdN-N2�N2 ��(J,xKN2 NJ2N-,NJ+,
L-�2NF �* -0+NF ,0(JN z2PN-N-,NJ+, L-�2NF

�* yGz*NF @z2zG� M0GLN2PN E0-FNG N2+(J�
xHNG+o

!BvD w] �%f
v Y D-�2gw Y ]Gz*g%0+

v Y D-�2hw Y ]Gz*h%0+
���

"F PJN ~yN-+-zLyz-HNJ+ z*M z2PN-N ]JGP�
Pz+N2 �* )N-yN,,N-2� (*-PN )N-,+�-H+ NJ2N
@Gz,,JXHz+J02 FJ+ D?\>w�#N�+*-FN-HFz�
GN2 �Cz-zGJxH N+ zG� �prv� z2LN,+-Ny+� ZJ2�
�NG2N @Gz,,N2 (JN �� ]� PJN yNGz*y+N2 ]z*F�
H-02N2 ,J2P P*-xK PJN @0FyJ2z+J02N2 )N-�
,xKJNPN2N- #N�+*-FN-HFzGN L*+ zy�*L-N2�
�N2� $+-z�N2 *2P  NLN H�22N2 P*-xK LN�
-JxK+N+N #N�+*-FN-HFzGN �#0F0(,HJ N+ zG�
w��s� N-Mz,,+ (N-PN2� >J++NG, E0-F� *2P
=zxKyz-,xKzM+,yN�JNK*2LN2 (N-PN2 �*F
NJ2N2 '@  *2P ?@ � PJN N2+,/-NxKN2P J2
JK-N2 "FLNy*2L,HGz,,N2 �z,/KzG+JN-+N EG��
xKN 0PN- $+-z�N� z*MLNG�,+ (N-PN2 H�22N2�
,0(JN HGNJ2N -NxK+NxHJLN EGzxKPzxKLNy�*PN
zyLNL-N2�+�
ZJ2N z*,,xKGJN�GJxKN Z-Mz,,*2L PN- DN�

y�*PNFJ++NG, PN- $0M+(z-N[NX2JN2, [N)NG�
0/N- Hz22 2*- FJ+ CJGMN )02 C�KN2Pz+N2
N-M0GLN2� [z�* )N-(N2PN+ Fz2 Pz, 2[<>v�
Pz, PJN [JdN-N2� z*, [JLJ+zGNF <yN-V��
xKN2F0PNGG *2P [JLJ+zGNF DNG�2PNF0PNGG
J,+� >J+ PNF �JNG� NJ2N ~yN-+-zLyz-HNJ+ z*M
z2PN-N ]JGPPz+N2 *2P PzFJ+ z2PN-N �NJ+�
,xK2J++N �* N-KzG+N2� J,+ PJN, INP0xK /-0yGN�
Fz+J,xK �* yN+-zxK+N2� Pz PJN C�KN2Pz+N2
2*- M�- w��t )0-GJNLN2� (N,KzGy )0- PJN
@Gz,,JXHz+J02 FJ+ [NX2JN2, [N)NG0/N- NJ2N

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



Glättung der flächendeckenden Klassifikation mit

Hilfe des ALK

Walmdacherkennung

Luftbildaufnahme (Echtfarben) nDOM = (DOM-DGM)

Vorsegmentierung mit Walmdach

Segmentierung

Klassifizierung Gebäude

Glättung der Gebäudeklassifikation mit Hilfe von

ALK Gebäudedaten

ALK

Glättung der Gebäudeklassifikation mit MBR-

Ansatz (z. Z. nur rechteckige Grundrisse)

Vorsegmentierung mit Gebäuden

Segmentierung

Flächendeckende Klassifizierung

\vv� �l $uKNFw PN, @Gw,,JMJHw+J02,)N-MwK-N2,�

DNy�*PNN-HN22*2L LN,xKzG+N+ (J-P� [JN,N
yN�JNK+ ,JxK F0FN2+z2 2*- z*M PJN Z-HN2�
2*2L )02  zGFP�xKN-2 �,JNKN ^y,xK2J++
v�v��
[JN LN-J2LN-N ^*V�,*2L PN, 2[<> LN�

LN2�yN- PN2 ]JGPPz+N2 ,0(JN ~yN-Gz//*2�
LN2 FJ+ ]z*FH-02N2 *2P z2PN-N $+�-NJ2�
V�,,N� (JN �� ]� $xKz++N2� M�K-N2 �* "2LN�
2z*JLHNJ+N2 yNJ PN- $NLFN2+JN-*2L *2P
@Gz,,JX�JN-*2L PN- DNy�*PN� $NGy,+ (N22
NJ2 DNy�*PN H0--NH+ N-Hz22+ (*-PN� N2+�
,/-NxKN2 PJN LNM*2PN2N2� 0M+ ,NK- *2,z*yN�
-N2 DNy�*PN*F-J,,N FNJ,+ 2JxK+ PN2 +z+�
,�xKGJxKN2"F-J,,N2�[JN,FzxK+ NJ2NDN2N�

-zGJ,JN-*2L PN- HGz,,JX�JN-+N2 DNy�*PN 20+�
(N2PJL� *F PJN @Gz,,JXHz+J02,L�+N �* )N-�
yN,,N-2 *2P PJN Fz2*NGGN =zxKyNz-yNJ+*2L
�* -NP*�JN-N2� ZJ2N PN- LN(�KG+N2 >�LGJxK�
HNJ+N2 J,+ NJ2 ^yLGNJxK PN, DNy�*PN�?z�N-,
FJ+ PN2 )0-Kz2PN2N2 ^?@�DNy�*PNPz+N2
J2^-xB2M0�[z PJN^?@ 2JxK+ JFFN- zH+*NGG
J,+� F*,, zGGN-PJ2L, NJ2 (NJ+N-N, !N-MzK-N2�
PJN DNy�*PNLG�++*2L FJ++NG, NJ2N, >]%�
^2,z+�N, 2zxK [*++N- �w��rn ,JNKN ^y�
,xK2J++ v�u�� z2LN(z2P+ (N-PN2�
^2,xKGJN�N2P (N-PN2 PJN )N-yN,,N-+N2

DNy�*PN*F-J,,N J2[NX2JN2,[N)NG0/N- JF�
/0-+JN-+ *2P M�- PN2 $NLFN2+JN-*2L,/-0�N,,

rrq\P-Jw2 @GJ2H N+ wG�� $NFJw*+0Fw+J,uKN ?*M+vJGPw*,(N-+*2L



Sonne Kantenbild

\vv� tl '-J2�J/ PN- �wGFPwuKN-HN22*2L�

PN- �(NJ+N2 @Gz,,JXHz+J02 KN-z2LN�0LN2� B2
PJN,NF [*-xKLz2L (N-PN2 zGGN J2 #zy� � LN�
2z22+N2 <yINH+HGz,,N2 z2Kz2P JK-N- ,/NH+�
-zGN2 *2P +N�+*-NGGN2 ZJLN2,xKzM+N2 N-Mz,,+�
~yN- =zxKyz-,xKzM+,yN�JNK*2LN2 (N-PN2
N-,+N ]N-NJ2JL*2LN2 )02 ENKGHGz,,JXHz+J0�
2N2 P*-xKLNM�K-+� [JN Z-LNy2J,,N (N-PN2
N�/0-+JN-+ *2P P*-xKGz*MN2 20xKFzG, NJ2N
^-xB2M0�%0*+J2N� yNJ PN- PJN <yINH+HGz,,N2
DNy�*PN� $+-z�N� ^,/KzG+ *2P 'Vz,+N- FJ+
CJGMN PN- ^?@ LNLG�++N+ (N-PN2�

s�s �wGFPwuKN-HN22*2L wG,
[w*,+NJ2 �*- DNv�*PNN-HN22*2L

[z, '-J2�J/ PN-  zGFPzxKN-HN22*2L yz�
,JN-+ z*M PN- NJ2MzxKN2 DNLNyN2KNJ+� Pz,, J2
*2,N-N2 ]-NJ+N2L-zPN2 z*ML-*2P PN, $02�
2N2,+z2PN, PJN )JN- $NJ+N2 NJ2N, zGFPzxKN,
*2+N-,xKJNPGJxK yNGN*xK+N+ (N-PN2� [zyNJ
N-,xKNJ2N2 PJN yNJPN2 ,022N2�*LN(z2P+N2
$NJ+N2 FNJ,+ PN*+GJxK KNGGN- zG, PJN yNJPN2
,022N2zyLN(z2P+N2 �,JNKN ^yy� w y�(�
^yy� v�� [JN,N- CNGGJLHNJ+,*2+N-,xKJNP G�,,+
,JxK J2 NJ2NF @z2+N2yJGP zG, NJ2 xKz-zH+N�
-J,+J,xKN- ��M�-FJLN- ?J2JN2�*L N-HN22N2
�,JNKN ^yy� w�� ]z,JN-N2P z*M PJN,NF ^2,z+�
(N-PN2 J2 PN2 M0GLN2PN2 $xK-J++N2 PJN
^*�N2L-N2�N2 PN, zGFPzxK, LN2N-JN-+� BF
EzGGN NJ2N, /z-zGGNGN2 0PN- ,N2H-NxK+N2
?JxK+NJ2MzGG, z*M PJN EJ-,+GJ2JN J,+ PJN,N- ^2�
,z+� F�LGJxKN-(NJ,N 2JxK+ z2(N2Pyz-� Pz
,JxK Pz22 z2PN-N xKz-zH+N-J,+J,xKN ?J2JN2�
��LN N-LNyN2 H�22+N2� [JN, H022+N INP0xK
(NLN2 MNKGN2PN- ]NJ,/JNGN JF #N,+LNyJN+
2JxK+ �yN-/-�M+ (N-PN2�

�� $xK-J++o '0G�L02N N-�N*LN2o
�*2�xK,+ (N-PN2 J2 PN- ]JGPz2zG�,N�]JyGJ0�
+KNH >!#Nx CzGx02 r�� FJ+ )N-,xKJNPN2N2
</N-z+0-N2 �>!#Nx w��r� '0G�L02N LN2N�
-JN-+o �*N-,+ (J-P FJ+ PNF ,0 LN2z22+N2 %0�
yJ2,02�</N-z+0- NJ2 @z2+N2yJGP N-�N*L+

�,JNKN ^yy� u�� ^2,xKGJN�N2P (J-P Pz, @z2�
+N2yJGP FJ+ NJ2NF $xK(NGG(N-+�</N-z+0-
yJ2z-J,JN-+� [z, %N,*G+z+ N2+K�G+ )JNGN $+��
-*2LN2 *2P 0M+FzG, ,J2P PJN LN,*xK+N2 ?J�
2JN2 FNK-N-N 'J�NG y-NJ+� �*- ]N-NJ2JL*2L
(J-P Pz, yJ2z-J,JN-+N @z2+N2yJGP �*2�xK,+
,HNGN++JN-+� ,0 Pz,, 2*- ?J2JN2 FJ+ NJ2N- ]-NJ�
+N )02 NJ2NF 'J�NG �y-JL yGNJyN2� ^2,xKGJN�
�N2P(N-PN2 P*-xK PJN ��'-*2J2L77�E*2H+J02
H*-�N �yN-,+NKN2PN �,+N� (NGxKN NJ2N )0-LN�
LNyN2N >J2PN,+G�2LN *2+N-,xK-NJ+N2� z*,
PNF ��$HNGN++77 N2+MN-2+ �,JNKN ^yy� t�� >J+
CJGMN PN, %zFN-�^GL0-J+KF*, N-�N*L+ Fz2
Pz-z*, LNLG�++N+N '0G�L02N� "F %NxKN2�NJ+
*2P $/NJxKN-/Gz+� M�- PJN z2,xKGJN�N2PN
^2zG�,N �* ,/z-N2� (N-PN2 2*- PJNIN2JLN2
'0G�L02N (NJ+N-)N-(N2PN+� PN-N2 IN(NJGJLN-
%zPJ*, PN, *F,xKGJN�N2PN2@-NJ,N, NJ2N PN�
X2JN-+N >J2PN,+L-��N z*M(NJ,+� ZJ2N EJG+N�
-*2L �yN- PJN EG�xKN �@GNJ2,+/0G�L02N�
y�(� PN2"FMz2L (*-PN2 NyN2MzGG, LN+N,+N+�
zyN- z*ML-*2P PN- ,xKGNxK+N2 Z-LNy2J,,N
2JxK+ (NJ+N- )N-M0GL+� [z, Z-LNy2J, (J-P
GN+�+GJxK zG, ^-xLN2�[z+NJ LN,/NJxKN-+�

w� $xK-J++o $*xKN2 2zxK xKz-zH+N-J,+J,xKN2
?J2JN2��LN2 M�-  zGFP�xKN-o

ZJ2 JF %zKFN2 PN, '-0INH+N, N2+(JxHNG+N,
\hh�'-0L-zFF PJN2+ �*F ?zPN2 *2P
 NJ+N-)N-z-yNJ+N2 PN- JF N-,+N2 $xK-J++ N-�
�N*L+N2 '0G�L02N� �*- !N--J2LN-*2L )02
$+�-NJ2V�,,N2 (N-PN2 )0- PN- $*xKN H*-�N�
z*MNJ2z2PN-M0GLN2PN?J2JN2,+�xHNFJ+ �K2GJ�
xKN- ^*,-JxK+*2L �* NJ2N- ?J2JN �*,zFFN2�
LNMz,,+� =*2 (N-PN2 PJN $+�+�/*2H+N NJ2N,
INPN2 '0G�L02, ��HGJ,xK P*-xKGz*MN2 *2P IN
P-NJ z*M NJ2z2PN- M0GLN2PN ?J2JN2,+�xHN z*M
Z-M�GG*2L PN-@-J+N-JN2 M�- PJN xKz-zH+N-J,+J�
,xKN zGF�E0-F LN/-�M+ �,JNKN ^yy� r�o [JN
yNJPN2 ,JxK N-LNyN2PN2 J2HNG �(J,xKN2PN2
P-NJ ?J2JN2,+�xHN2 F�,,N2 *2+N- ]N-�xH�
,JxK+JL*2L NJ2N- #0GN-z2� N2+LNLN2LN,N+�+
�*NJ2z2PN- ,NJ2 *2P Pz-�yN- KJ2z*, LN2N-NGG
J22N-KzGy )0-LNLNyN2N-  N-+N GJNLN2� ZyN2�
,0 N-M0GL+ NJ2N 'Gz*,JyJGJ+�+,�yN-/-�M*2L PN-
?J2JN2,+�xHN z*ML-*2P JK-N- ?�2LN2 *2P JK�
-N- !N-K�G+2J,,N �*NJ2z2PN-� [zFJ+ ,0GG z*,�
LN,xKG0,,N2 (N-PN2� Pz,, �yN- NJ2N 20-FzGN
!N-HJ//*2L KJ2z*, zy(NJxKN2PN  zGF�
GJ2JN2 0PN- z2PN-N �*M�GGJLN ��M�-FJLN @02�
,+NGGz+J02N2 LNM*2PN2 (N-PN2�
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\vv� sl <-JLJ2wG FJ+ �wGFP�uKN-2� \vv� rl @w2+N2vJGP�

\vv� ql $HNGN++ 2wuK ��'-*2J2L77� \vv� pl DNM*2PN2N DNv�*PN�

\vv� ol '0G�L02N 2wuK uKw-wH+N-J,+J,uKN- E0-F P*-uK,*uKN2�

v� $xK-J++o ]N-NxK2N2 NJ2N, %NxK+NxH, M�- PJN
DNy�*PNH02+*-o

 N22 NJ2 xKz-zH+N-J,+J,xKN- ?J2JN2�*L LN�
M*2PN2 (*-PN� (J-P z2LN20FFN2� Pz,, N,
,JxK *F NJ2  zGFPzxK Kz2PNG+� ^*, PNF
)0-KN-LNKN2PN2 $xK-J++ ,J2P �*2�xK,+ 2*-
)JN- @00-PJ2z+N2 PN-  zGF �,JNKN ^yy� q�
-0+N @-NJ,N�� INP0xK 2JxK+ PJN PN- DNy�*�
PNNxHN2� yNHz22+�[JN yNJPN2 �*�N-N2$+�+��
/*2H+N H�22N2 KJN-yNJ zG, DNy�*PNNxHN2
z2LN20FFN2 (N-PN2� =*2 LJG+ N, z*, PN2

)JN- LNLNyN2N2 @00-PJ2z+N2 PJN )N-yGNJyN2�
PN2 �(NJ DNy�*PNNxHN2 �* yN-NxK2N2� ^G,
<-JN2+JN-*2L LJG+ �*2�xK,+ PJN >J++NGGJ2JN�
(NGxKN P*-xK PJN yNJPN2 FJ++GN-N2 @00-PJ�
2z+N2 PN-  zGF LNHN22�NJxK2N+ J,+� [N- LN�
,*xK+N DNy�*PN*F-J,, F*,, /z-zGGNG �* PJN�
,N- >J++NGGJ2JN z*,LN-JxK+N+ ,NJ2� =*2 (J-P
M�- INPN2 PN- yNJPN2 �*�N-N2 $+�+�/*2H+N
JF -NxK+N2  J2HNG PN- ^y,+z2P �*- >J++NG�
GJ2JN N--NxK2N+� [JN $*FFN PN- yNJPN2 N-�
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F�LGJxKN- ^2,z+� �*- DN2N-zGJ,JN-*2L
,+zFF+ )02[*++N- �w��r�� Z, Kz2PNG+ ,JxK
*F NJ2 FNK-,+*XLN, !N-MzK-N2 �,JNKN
^yy� p�� yNJ PNF �*2�xK,+ Pz, HGNJ2,+N *F�
,xKGJN�N2PN %NxK+NxH �>]% f >J2JF*F
]0*2PJ2L %Nx+z2LGN� M�- NJ2 DNy�*PN/0G��
L02 *2P PzFJ+ PJN LN2N-NGGN DNy�*PNz*,�
-JxK+*2L yN,+JFF+ (J-P� ]NJ DNy�*PNH0F�
/GN�N2 J2 PJxK+ yN,JNPNG+N2 ]zGG*2L,-�*FN2
��� ]� $+zP+HN-2N� FJ+ �� #� 2JxK+ -NxK+(J2H�
GJLN2 $+-*H+*-N2 J,+ PJN,N- ^2,z+� INP0xK
2JxK+ z2(N2Pyz-� Pz P0-+ NJ2N �(J2LN2P
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�[*++N- w��r�� ?N+�+N-N, J,+ J2 PN- '-z�J,
HNJ2N,(NL, ,JxKN-LN,+NGG+� (NJG *2+N- z2PN�
-NF �*- [z+N2-NP*H+J02 NJ2N DG�++*2L PN-
'0G�L02N P*-xKLNM�K-+ (J-P�
"F PJN,N, '-0yGNF �* *FLNKN2� (*-PN2

^G+N-2z+J)N2 �*- $+z2Pz-Pzy(NJxK*2L LN�
+N,+N+� $0 )N-,/-JxK+ NJ2N ]N-NxK2*2L PN-
[JdN-N2�V�xKN2 �,JNKN ^yy� ��� ,xK-zdJN-+N
EG�xKN� �(J,xKN2 +z+,�xKGJxKNF $+�+�/*2H+�
)N-Gz*M J22N-KzGy NJ2N, DNy�*PNzy,xK2J++,
�,JNKN ^yy� ��� ,xK(z-�N- ?J2JN2)N-Gz*M�
*2P LN2N-zGJ,JN-+N- DNy�*PNGJ2JN �,JNKN
^yy� ��� Mz-yJLN ?J2JN2� NJ2N K�KN-N %0�

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



\vv� ��l YJMMN-N2�MG�uKN2 wG, X-,w+� M�- $+w2Pw-Pwv(NJuK*2L�

y*,+KNJ+ LNLN2�yN- *2LGNJxK )N-+NJGN2 $+�+��
/*2H+zy,+�2PN2�
[z Pz, '-0yGNF PN- ?�xKN- J2 DNy�*PN�

/0G�L02N2 ��� ]� B22N2K�MN� JF #N,+LNyJN+
2*- NJ2N2 ,NK- LN-J2LN2 ]-*xK+NJG PN- DN�
y�*PN yN+-Jd+� (*-PN PJN, yJ,KN- JF !N-MzK�
-N2 2JxK+ yN-�xH,JxK+JL+�[JN ?�xKN- H�22N2
zyN- zG, ,N/z-z+N '0G�L02N NyN2MzGG, 2zxK
PJN,NF !N-MzK-N2 yNz-yNJ+N+ *2P JF �(NJ+N2
$xK-J++ FJ+ PN2 Pz�*LNK�-JLN2 DNy�*PN2
)N-,xK2J++N2 (N-PN2� [JN [*-xKM�K-*2L
*2P ~yN-/-�M*2L PJN,N, ^2,z+�N, ,+NK+
20xK z*,� ]NJF LNLN2(�-+JLN2 $+z2P GJNMN-+
PN- N-,+N DN2N-zGJ,JN-*2L,,xK-J++ *2+N- !N-�
(N2P*2L )02 [JdN-N2�V�xKN2 zG, &*zGJ�
+�+,FN-HFzG yN-NJ+, y-z*xKyz-N Z-LNy2J,,N�
zGGN-PJ2L, ,J2P PJN yNJPN2 Pz-z*M M0GLN2PN2
DN2N-zGJ,JN-*2L,,xK-J++N 20xK 2JxK+ )0GG�
,+�2PJL JF/GNFN2+JN-+� $0FJ+ Gz,,N2 ,JxK
,xK02 )JNGN M-NJ,+NKN2PN DNy�*PN� *� z� ZJ2�
MzFJGJN2K�*,N- *2P @z,N-2N2LNy�*PN� zyN-
�� #� z*xK B2P*,+-JNLNy�*PN FJ+ EGzxKP��
xKN-2 LN2N-zGJ,JN-N2� E�- PJN �y-JLN2 DN�
y�*PN (J-P PJN H0F/GN�N '0G�L02M0-F yNJ�
yNKzG+N2 *2P F*,, LLM� Fz2*NGG 2zxKyNz-�
yNJ+N+ (N-PN2�

r X-,+N X-LNv2J,,N

B2,yN,02PN-N yNJ PN- DNy�*PNHGz,,JXHz+J02
Hz22 PJN DN2z*JLHNJ+ LNLN2�yN- NJ2N- NJ2Mz�
xKN2 0yINH+yz,JN-+N2 @Gz,,JXHz+J02 �J2 [N�
X2JN2, [N)NG0/N-� P*-xK PJN !N-H2�/M*2L
FNK-N-N- *2+N-,xKJNPGJxKN- !N-MzK-N2 �,JNKN
^yy� �� )N-yN,,N-+ (N-PN2� [JN  zGFPzxK�
N-HN22*2L z*, ^y,xK2J++ v�v J,+ PzyNJ z*xK
z*M $xK(z-�� NJ��]JGPN- �yN-+-zLyz-�
ZyN2,0 M*2H+J02JN-N2 PJN )NH+0-yz,JN-+N2
!N-MzK-N2 FJ+ ^?@�[z+N2 *2P PN- ^2,z+�

)02[*++N- �w��r� *2zyK�2LJL )02 PN2 �*�
L-*2PN GJNLN2PN2 ?*M+yJGPz*M2zKFN2�
[JN, LJG+ INP0xK 2JxK+ M�- PJN 0yINH+yz,JN-�

+N @Gz,,JX�JN-*2L J2 [NX2JN2, [N)NG0/N-�
PN22 NJ2N ~yN-+-zLyz-HNJ+ N-M0-PN-+ Mz-yz2�
LN/z,,+N �HzGJy-JN-+N� ZxK+Mz-yz*M2zKFN2�
ZyN2MzGG, yNNJ2V*,,+ NJ2N *2+N-,xKJNPGJxKN
^*V�,*2LPN- ]JGPPz+N2PJN #N�+*-FN-HFz�
GN *2P J2 LN-J2LN-NF >z�N z*xK PJN $/NH+�
-zGJ2M0-Fz+J02N2 *2P E0-FFN-HFzGN�
[JN #-N22*2L )02 !NLN+z+J02 *2P )NLN�

+z+J02,G0,N2 EG�xKN2 z2Kz2P PN- J2 ^y�
,xK2J++ v�w LN2z22+N2 E0-FNG ��� *2+N-GJNL+
NJ2JLN2 ,�,+NFz+J,xKN2 ENKGN-2� $0 ,J2P
]G*+y*xKN2FJ+ PN- 0�z� E0-FNG 2JxK+ zG, !N�
LN+z+J02 L-NJMyz-� BFDNLN2�*L H�22N2 L-��
2N DNy�*PNP�xKN- M�G,xKGJxKN-(NJ,N zG, !N�
LN+z+J02 z2LN20FFN2 (N-PN2� [JN @Gz,,J�
XHz+J02,LN2z*JLHNJ+ K�2L+ ,0FJ+ ,+z-H )0F
!0-Kz2PN2,NJ2 PN-z-+JLN- @Gz,,N2 JF "2�
+N-,*xK*2L,LNyJN+ zy�
DNy�*PN H�22N2 0K2N 2[<> (NLN2

,/NH+-zGN- *2P +N�+*-yz,JN-+N- !z-JzyJGJ+�+N2
20xK 2JxK+ KJ2-NJxKN2P LN2z* )02 y0PN22z�
KN2 !N-,JNLNG*2L,V�xKN2 LN+-N22+ (N-PN2�
 NJ+N-KJ2 LN,+zG+N+ ,JxK Pz, EJ2PN2 LNNJL2N�
+N- >N-HFzG,H0FyJ2z+J02N2 yNJ NJ2JLN2
@Gz,,N2 ��� ]� @JN,� *2P  z,,N-V�xKN2� �*�
�N-,+ ,xK(JN-JL� ,0 Pz,, yJ,KN- HNJ2N zH�N/�
+zyGN ?�,*2L M�- N2+,/-NxKN2PN @Gz,,N2PN�
X2J+J02N2 LNM*2PN2 (*-PN� �*PNF N-M0-�
PN-2 z2PN-N ]Nz-yNJ+*2L,LNyJN+N 0PN- ]JGP�
z*M2zKFN2 �* z2PN-N AzK-N,�NJ+N2 0M+ 2N*
NJ2LN,+NGG+N  N-+NyN-NJxKN M�- PJN @Gz,,N2�
FN-HFzGN� CJN- (J-P FJ+ PN- z*+0Fz+J,xKN2
>N-HFzG,yN,+JFF*2L z*, #-zJ2J2L,LNyJN�
+N2 NJ2 (NJ+N-N- ^*MLzyN2yN-NJxK PN- �*�
H�2M+JLN2 E0-,xK*2L N-HN22yz-�
DNLN2(�-+JL J,+ HNJ2N ?�,*2L M�- PJN DN�

2N-zGJ,JN-*2L �*,zFFN2K�2LN2PN- DNy�*�

rrm\P-Jw2 @GJ2H N+ wG�� $NFJw*+0Fw+J,uKN ?*M+vJGPw*,(N-+*2L



PNH0F/GN�N J2 $+zP+HN-2N2 )0-Kz2PN2� Pz
P0-+ PJN ]N-NxK2*2L PN, >]% �,JNKN ^y�
,xK2J++ v�u� HNJ2N )N-(N-+yz-N2 Z-LNy2J,,N
GJNMN-+� !N-,*xKN� PJN NJ2�NG2N2 DNy�*PN yN�
-NJ+, J2 [NX2JN2, [N)NG0/N- �* +-N22N2� GJN�
MN-+N2 yJ,Gz2L HNJ2N y-z*xKyz-N2 Z-LNy2J,�
,N� [JN DNy�*PNH0F/GN�N )N-Gz*MN2 0M+ N2+�
Gz2L LNy0LN2N- 0PN- J2 ,/J+�N2 J2HNG2 z*M�
NJ2z2PN- +-NdN2PN- $+-z�N2� PJN ,JxK z*, PN-
]NL-N2�*2L P*-xK M-�KN-N $+zP+Fz*N-2 �*-
$+zP+)N-+NJPJL*2L N-LzyN2� ZJ2N %NxK+�
(J2HGJLHNJ+ J,+ PzP*-xK FNJ,+ 2JxK+ LNLNyN2�
ZJ2N #-N22*2L z2Kz2P ,/NH+-zGN- "2+N-�
,xKJNPN PN- NJ2�NG2N2 DNy�*PNP�xKN- J,+
P*-xK $xKz++N2(�-MN *2P +NJG(NJ,N H0F/GN�
�N [zxKM0-FN2 ,NK- ,xK(JN-JL�

q \*,vGJuH

>J+ PNF F0FN2+z2N2 $+z2P PN, '-0INH+N,
H�22N2 PJN $+-*H+*-N2 JF �*�N-N2 $+zP+LN�
yJN+ JF DNLN2,z+� �*- B22N2,+zP+ L*+ N-Mz,,+
(N-PN2� ^GGN-PJ2L, yNPz-M N, z*xK KJN- 20xK
NJ2JLN-Fz2*NGGN2=zxKz-yNJ+N2� =zxK NJ2N-
N-,+N2 )J,*NGGN2 ]N*-+NJG*2L J,+ KJN- '0+N2�
�JzG M�- NJ2N %NP*�JN-*2L PN- ^-yNJ+,�NJ+ JF
!N-LGNJxK �* NJ2N- )0GG,+�2PJLN2 [JLJ+zGJ,JN�
-*2L LNLNyN2� ZJ2N .*z2+J+z+J)N ~yN-/-��
M*2L PJN,N- ZJ2,xK�+�*2L ,+NK+ 20xK z*,�
�*F LNLN2(�-+JLN2 '-0INH+,+z2P ,J2P 20xK
2JxK+ zGGN >�LGJxKHNJ+N2 PN- z*+0Fz+J,xKN2
^*,(N-+*2L z*,LN,xK�/M+o ~yN- PJN  zGF�
PzxKN-HN22*2L KJ2z*, J,+ PJN [N+NH+J02 z2�
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JPN2+JX�JN-+ (N-PN2� PJN 20xK *2yNyz*+ y�(�
2*- LN-J2LM�LJL yNyz*+ ,J2P� CJN- J,+ zGGN-�

PJ2L, �* yNzxK+N2� Pz,, FJ+ >N+K0PN2 PN-
EN-2N-H*2P*2L )N-,JNLNG+N EG�xKN2 *2+N-�
KzGy NJ2N- ]z*FH-02N M�G,xKGJxKN-(NJ,N zG,
!NLN+z+J02 JPN2+JX�JN-+ (N-PN2� ,0 Pz,, z*M�
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� BZZZ #-z2,zx+J02, 02 $�,+NF,� >z2 z2P \��
yN-2N+Jx, v �s�o s���sw��

>!#Nx� w��ro CzGx02 r�� [0H*FN2+z+J02 �
(((�KzGx02�PN�P0(2G0zP�P0x*FN2+z+J02�-N�
MN-N2xN�r���x� �wq� �u� w��q�

%z+ M�- =zxKKzG+JLN Z2+(JxHG*2L� w��uo >NK-
 N-+ M�- PJN EG�xKNo [z, ���JNG�v��Kz77 M�- PJN
=zxKKzG+JLHNJ+ J2 $+zP+ *2P ?z2P� � ZF/MNK�
G*2LN2 PN, %z+N, M�- =zxKKzG+JLN Z2+(JxHG*2L
z2 PJN ]*2PN,-NLJN-*2L ���

%NJ��$xKFJP+� $�� w��so B22N2N2+(JxHG*2L *2P
EG�xKN2Fz2zLNFN2+ J2>�2xKN2� �]z�-J,xKN,
$+zz+,FJ2J,+N-J*F M�- ?z2PN,N2+(JxHG*2L *2P
"F(NG+M-zLN2o @0FF*2zGN, EG�xKN2-N,,0*-�
xN2>z2zLNFN2+ � ]NJ,/JNGN z*, PN- ,+�P+Nyz*�
GJxKN2 '-z�J,� >�2xKN2� r��qu�

$+z+J,+J,xKN, ]*2PN,zF+� w��qo (((�LN2N,J,�PN�
,+z+J,�PN�LN2N,J,�02GJ2N ��r� �u� w��q��

#0F0(,HJ� [�� ZKGN-,� >�� >JxKNG� "�� ]0K�
Fz22� D� 3 B2,+J+*+ M�- DN0J2M0-Fz+JH *2P
EN-2N-H*2P*2L �BDE�� w��so <yINH+0-JN2+JN-+N
@Gz,,JXHz+J02 )02 $JNPG*2L,V�xKN2P*-xKF*G�
+J,N2,0-zGN EN-2N-H*2P*2L,Pz+N2� � LJ�%N�
/0-+,�JLM v� <,2zy-�xH��

^2,xK-JM+N2 PN- ^*+0-N2o

[J/G��B2L� �EC� ^P-Jz2 @GJ2H� [J/G��DN0L-zX2
\Gz*PJz ?�xHN� [J/G��?z2P,xKzM+,�H0G0LN ^2�
P-Nz, !�GHN-� ZE#^$ EN-2N-H*2P*2L #NxK20�
G0LJN+-z2,MN- DFyC� <,+,+-� w��q� [�uq�ut
>�2,+N-� #NG� hup�wt���vv�r�� Ez�o hup�wt��
�vv�rvv� N�FzJGo \Gz*PJz�?*NxHN O ^P-Jz2�@GJ2H
O ^2P-Nz,�!0NGHN-�NM+z,�x0F

[-� $JGHN C�HN� [J/G��B2L� �EC� >z-H*, %0GM�
EC <,2zy-�xH� ^F @-�F/NG vv� [�up��p <,�
2zy-�xH� #NG� hup�tu��psp�tw�w� Ez�o hup�tu��
psp�t�r�� N�FzJGo ,�K0NHN O F�-0GM�MK�0,2z
y-*NxH�PN

>z2*,H-J/+ NJ2LN-NJxK+o >zJ w��q
^2LN20FFN2o A*2J w��q

rq�\P-Jw2 @GJ2H N+ wG�� $NFJw*+0Fw+J,uKN ?*M+vJGPw*,(N-+*2L
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