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SAT (x, y)
zG]

SAT (x, y) =
∑

x′≤x, y′≤y

I(x′, y′) . 021 qV.43

��]MNEzGN~FUJ�;�=@?TA*ikW-PBV-AD;M=@AD;65�}~A h ]MSECE?BW-;@AG;
s(x, y) = s(x, y − 1) + I(x, y) 071 q8593

SAT (x, y) = SAT (x − 1, y) + s(x, y) , 071 q;:<3
Q`W�c�AG?

s(x, y)
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s(x,−1) = 0 021 q 1 3
SAT (−1, y) = 0 021 q _ 3
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• r2
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A + B

• r3

AD;\NECEL@Se?TYZX\N
A + C

• r4

AD;\NECEL@Se?TYZX\N
A + B + C + D
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pixsum(D) = r4 + r1 − (r2 + r3) . 071 q���3
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RSAT (x, y) =
∑

x′≤x, y′≤y−|x−x′|

I(x′, y′) 021 q���3
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RSAT (x, y) = RSAT (x − 1, y − 1) + RSAT (x + 1, y − 1) − 071 q �<3
RSAT (x, y − 2) + I(x, y) + I(x, y − 1)
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RSAT (−1, y) = RSAT (x,−1) = RSAT (x,−2) = 0 071 q���3
RSAT (−1,−1) = RSAT (−1,−2) = 0 021 q .��<3
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(x, y, w, h, 45◦)
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pixsum(rect) = RSAT (x − h + w, y + w + h − 1) + 021 q . .43
+RSAT (x, y − 1) − RSAT (x − h, y + h − 1)

−RSAT (x + w, y + w − 1) .
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3. Center−surround features
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4. Corner feature

m!cMc@?TPB=@]@;@V 1 q @ � ^�SeW�NOW�N<�"LdAD; =@ADSE. @IC�ADSeQ5AD;M=@AGNEAD;�_'ArJbNE]@SEAGC � CeYZXfQ`J�SezDA>_�Pg��YZX@AG;)X'J�cdAD;;@AGV\JbNO? C-AGCDx@Q5AD? *�A�_�Pg��YZX@AG;�L�W-Ce?BNE?#C-AGC � W-SEzGAD?TYZXMAD;
�������
	�����
������ ����������
������  !�"��#%$%���&��
'�����

24× 24 48 × 48 64× 64 24 × 24 48× 48 64 × 64(�)+*",�-.*0/1-3254 6�78):9<;�; =�>?>�) 7�><= 9�)+(
9?@8) @�9?; 6�7A) 9?;?; =�>�>�) 7�>�= 98)B(&9<@A) @�9<;
(?)C*�D
-�*�E1-%254 F F F (?(�) G�><9 9<;�9�) @�G?9 =�G�G�)H>�(
9
98)+*",�-�*"DI-3254 9�>�) =?;�; 6�6�9�)+(&><= (?) 7?@�>�)H>�=�; 9�>�) =�;?; 6?6�9�)+(&>�= (�) 7�@�>�):><=?;
98)+*�4
-�*�J�-3254 F F F >�) ;�9?K (
9?@8) 6�K?; 6�9?78)+(
G<;
9�)C*0/�-�*�E1-3254 F F F (I@A) K�;?; 7�9<6A):G�>�= (�) ;�78(�) =�K?;
98)+*0L�-�*�M1-%254 F F F 6A)H>�K�; @�98) K?6�; 7?;�>�) ;<6�;

7A)+*",�- F F F K8) 6�=?6 (.61(?) 7�>�= 6�G8(?):G<K<6
78)C*0/�- F F F (?) @?7�9 7?@A) 6�K?; (I7�9�) ;?@?;
6A) 9?;8)H>�7�= 7�78(?)H>?><= (?) ;<6�K8):G�><= F F F

��	3NONP�1Q R�S�T�U+V�V�S T�UXW1Y1Z�UC[1[�Z [�U�R�Z1V�U+\�V1S TAV�[�UCV�W1S V�U+\�R�\�U+S]W1S R�T�UB^�Y8^3U�R�\�[

��J�c�AGPTPBA 1 q .��y|`AG?TCeL@?TAGPtikv@S*=@?BA�bKS �+*-A�=MADS+F��-V-PT?BYZX@AD;�_aADJbNO]MSEADLdW"W-PTC~ikv@S :�|`?TPB=@ADS�]@;\NOADS��
CEYZXM?TAD=MPT?TYZXMADS bKS �+*-Abq�:<;�=@AGSUPB?T; h AD;���L'JbPBNOA�?BCeN�=@?BA�|5ADzDAG?TYZX@;f]@;MV =@ADCU_'ArJbNE]@SEA�N<�"L@C^Jb]@C
m!cMc@?TPB=@]@;@V 1 q @>J�]�ikV-AGNESOJ�V-AG;yx :<;�=MAD; ��L'J�PpNOAG; 5^c@?TC�@^?BCeN+=M?TAum�;@zrJbX@P =@AGSK_aADJbNO]MSEADC*ikvMS='J�C�:<� 2!= 7 >7�A; 6\xM?B;�=@AD;�SEAGYZXfNEAD;�=@SEAG?{��L'J�PpNOAG;�=@?TA+m�;@zrJ�XMPy=@ADSRcdADSeADYZX@AG;"c@J�SEAG;�_'ArJbNE]@SEAGC
ikv@Sl='JbC�� � ;�33K�7M=<6L>7�A; 6�Jb]MikV-AGNESOJ�V�AD;yq



1 q;:Mq�H T m*�@��:�_t:�H+m����+}����~���#�!}~_ 1 :

SEA�N<��LdAD;�SEAGCE]@PpNO?TAGSeN~J�]MYZX�AG?T;�=@AD]�NOPT?BYZX�V-S)�+*�ADSEAGS~|`ADSeADYZX@;f]@;@V�COJ�]Mi Q`J�;@= q
��ADPBc@CeN�;@J�YZX3AD?B;@ADSn��?B;fNEAD?BPT]@;@Vo?T; z�Q`AG?R_aADJbNO]MSEA�����AGNECn?TCjN�=@?BA bKS �+*-AU=@ADS�-eA�Q`AG?TPT?BV-AD;�SEA��
CE]@PpNO?BADSEAG;@=@AG;�_'ADJbNO]@SeADLdW�W�PTC7AG;@W-SEF�qM:<;���J�cdADPTPBA 1 q .+QR?TSe=�J�]MikV-AGPT?TCjNOA�NrxfQ`AGPTYZX@AKm!;MzrJ�X@P Jb;_'ArJbNE]@SEAGC7J�]@C`=@ADS�� ADSeQ5AD;M=@]@;@Vn=@AGSl_'ArJbNE]@SEAGV-SE]ML@L�AG;^ikv@S5zGQ5AD?�C�ADSeCEYZX@?BAD=@AG;@AK|`?TPB=@V-S �+*-AD;
AD;\NOCjNOAGX@AD;)QRv@SE=MAD;yq ��?TADCeAn_'ArJbNE]@SEAGL�W"W-PBC!AD;\NEX'J�PBNEAD;�AG?T;@AGSECeAD?BNEC+��;MFUAG;@V-AD;�SeAD=@]M;@='J�;\NOAGS
:<;MikW-SeF^JbNE?TW-; x@J�;@=MADSEAGSECeAD?BNEC!c@?BPT=@AG;�CE?TA+NEADYZX@;@?BCEYZX�;f]@S~CEAGX@S~CEYZX\Q`AGS!cdAGQ`��PBNE?TV-c@J�SEAK�*J�NOAD;"�
FUAG;@V-AG;yqM��ADCEX@J�PTc>?BCeNwADC5ADF�LMikADXMPTAD;MCeQ5ADSeNDxM=@?BA1-eA�Q`AG?TPB?TV-AG; ^�SEWbNOW�N<�"LdAD;>cdAD?dAD?B;@ADSQC-W-Se=@A76��
;@?TAGSeNEAD;�|`?BPT=@V�S)�+*-A+;f]@S!J�;ocdADCjNO?BFUFuNEAD; ^�W-Ce?BNO?BW-;@AG;�]@;M=�?T;�ikADCeNEV-ADCeAGNEzGNOAG; � h J�PT?BADSE]M;@V-AD;
zD] c�AGSEADYZXM;@AD;yq{�*Jb=@]@SEYZX h Jb;@;)=@ADS2ADSjikW-SE=@AGSEPB?TYZX@AG;��"L�AG?TYZX@AGSOJ�]Mi Q`J�;@= ]@;@=0=@ADS2W-X@;MADX@?B;
;@?TYZX\N~zD]�]@;\NOAGSECeYZX'�bNOzGAD;@=MAn}~AGYZX@AD;@J�]Mi Q`J�;@=o?B; bKSeAD;@zGAD;oV�ADX'J�PpNOAG;�Q5ADSe=@AD; q

8���� ���
	��
��������	��
���������a� �!�#"

bKSe]@;@=@PTJ�V-A =@AGCtV-AGCOJ�FuNEAD;uHKPTJ�CECe?�6 h JbNE?TW-;MCECEYZXMADFUJ�C c@?TPB=@AGN =@AGSIC%$ C�&(' 
 
 . � m!PTV�W-SE?pNOX@F�]MCDq
��?T;@A7=MAGNZJb?TPTPB?TAGSeNOA5|`AGCEYZX@SeAD?TcM]@;@VK=@ADSRC�ADSjQ`AG;@=@AGNEAD; � ADSECe?TW-;�QR?BSE=n?B;�=@AD;�;'�bYZX@CeNEAD;�c�AG?T=@AG;
m!c@CeYZX@;@?pNENOAG;oV-AGV-ADcdAD; q

��� � �*) & ��� � & �,+.- � �0/ � �  21 � � � �43�� 
%/
�!ADS�C�$ C�&(' 
 
 . ��m!PBV-W-SE?pNOX@Fu]@C QR]@SE=MAiC-W�;Q�65 2J4�7 0 5�' ]@;M=98 5�';:(�IR AD;\N<QR?TY h ADPBN�< ��_ �H@>=
< ��_ ���.= q �!?BADCeADF m�PTV-W�SE?BNEX@F�]@C2PT?BADV�N�=@?BA^:<=@AGA�zG]@V-Se]@;@=@Abx AD?B;@A b+SE]@L@LdAIC�W-;3CEYZX\Q`J�YZX@AD;
H+PgJ�CeCE?�6 h J�NOW-SeAD;yx{CEW�V�AD;'J�;M;fNEAD; � &*)>? � + ) ./. � @ & ( . x�=@?BA^;f]@S�]M;fQ5ADCeAD;\NOPB?TYZX�cdADCECeADSeA�� ;\Nj�
CEYZX@AG?T=@]M;@V-AD;�NOSEAM� AG;uJbPTC3
 ]Mi J�PBPTCeAD;\NOCeYZX@AD?B=@]@;@V-AG;yx zD]2AD?B;@ADF�AG?T;@zGADPB;@AD;2CeNOJ�S h AD;�H+PTJ�CECe?�6 h J��
NOW-SwzD] h W-F�cM?T;@?BADSEAG;yxf=@ADCeCEAG; ^�ADSjikW-SEFUJ�;@YGA�Q5ADCeAD;\NOPB?TYZX>cdADCeCEADS`?TCeN`J�PBCw=M?TAI-eAD=@AGC7AD?B;@zDAGPT;@AG;
J�]@CR=@?BADCEAGS bKSe]@L@LdA�q
:<;�m!cMc@?TPB=@]@;@V 1 q ��?BCeN�=@ADS~AGN<Q`J�C*F�W�=M?�6'zG?TADSjNOA+m!�RmR��|`W"W-CjN!m�PTV-W-Se?BNEX@F�]@ClzG]�CEAGX@AD;yxd=@AGS=@]@SeYZXU=@?BAlm!Sec�AG?BNRC�W-; " 0 ��� 4 ]@;@= % ���I'*) <+�-,BA�.
='J�;@V-AGSEADVbN�QR?TSE=�]@;M=�XM?TADS�� AGSeQ5AD;@=M]@;@V
6';@=@A�Nrq"�!AGS5m�PTV-W-Se?BNEX@F�]@C vMc�AGSE;@?BFUFuN CEW Q`W�X@Pa=@?TARm!]MCeQ`J�X@PdAD?T;MADSRC-W�SEV-AGV-ADcdAD;@AG;>m!;MzrJ�X@P
T
Ce?TV-;@?�6 h J�;\NOAGSR_aADJbNO]MSEADCGxaJ�PTCRJb]@YZX�=@J�CR��SEJ�?T;@?B;@VnAD?B;@ADC~H+PgJbCECE?�6 h JbNOW�SECDq

m!]@CeV-ADXMAD;@= C�W-;�AD?T;MADF �{SOJ�?B;@?T;MV-CE='J�NOAD;MCOJbNEz�J�;���]@LMPTADC
(xi, yi)

x Q5ADPBYZX@A -eA�J�]@C�AD?B;@ADF
|`?TPB=�]@;@=o=MADF T J�cdADP =@AGS!_aJ�X@SezDAG]@V h JbNOAGV-W-Se?TA+cdADCeNEADX@AG;yxaQR?TSE=�ikv@S -eAD=MADC!AG?T;@zGADPB;@AK��]@LdADP
AD?B;@AGC-W�;�=@ADS*m�;@zrJbX@Pt=@AGS*LdW-CE?pNO?#C�AD;�]M;@=�;@ADV-JbNO? C-AD;)|5AD?TCeL@?TAGPTAG;�J�c@X@��;@V-?BV-Aum�;Mi J�;@V-CeV-A��
QR?TYZX\NO]M;@V

w1,i

c�AGSEAGYZX@;@AGNDqy_tvMS�AG?T;@AG;oCeNOJ�S h AD;�H+PTJ�CECe?�6 h JbNEW-SDxMQ5ADPBYZX@ADS!J�]@C
T
CEYZX\Q`J�YZX@AD;

H+PgJ�CeCE?�6 h J�NOW-SeAD;^cdADCjNOAGXfN 0 T A�C�ADPp� T HKPTJ�CECe?�6 h JbNEW-S/3 x-QR?TSe=UikW-PBV-AD;@=MA+��YZX@PBAD?pikA
T
FUJ�Pa=@]@SEYZX"�

PgJ�]�ikAD;yq



1 q;:Mq�H-T m*�@��:�_t:�H+m����+}~� �~���#�!}~_ 1�1

u

u

u

u

����� �����
	����
����������� �������������
�
�������! ��������#"!�$�
�������&%'�$()�����
*�����	
i +
�-,
()���

l .
���

m
������/��&0��
��	1�
�2*),
�
� �
� 3'���

.
���2���4%'�5�
� 3'���267�����
*�����	 �8�9���:�

yi = 1
�����#*),'�$� ��� 3'�

.
���

yi = 0
�;���#�&��%
�5��� 3'�<67�8���
*�����	��

=>,'��?@�
	����
� �8�:�A�������B�4�������
�
�

�$,&���DCE�8�����BFG�
�����
���&�8����	�������HD��� ���:3'���:�
����	
.
�&%

wt

�8�
���:�
���
�

���4%
��()���JILK��8�
0<"!�$�
��������%'�$(���	��&�8�
(x1, y1), . . . , (xn, yn) +

�M,'()���

�����#�
.
�-�����N�����&0���	������#O����5�

.
����3'���:�-���������N���
�:�

.
���2()�����������&�<�&�8�2O�����	 �8�

O!���P :�8�&���>O��8�8�
.
�:�

j
�
�$�
�������������8�������N�$���
�#�
���&���2QA	��
�
�$� R)H5�5�
,
�

hj +

���S67�40
.
%T�

.
�
wt

wt,i ←
wt,i

n
∑

j=1

wt,j

εj =
∑

i

(wi · |hj(xi)− yi|)

K&��	���H
��� �8�:�A�����2�$���
�#�
���&���2QA	��
�
�$� R)H5�5�
,
�
hj

?@� �#����?U%
���$���&%'���$�8�2O�����	����
εj

6M�������������A�������B�4�������
�
�<�&�8�#"!�$�D�������&%'�
()�����
*�����	����&�
.

ht = hj εt = εj

wt+1,i = wt,i · β
1−ei

t

?T� �
βt =

εt

1− εt

O!���-�8�������2Q�	��
�$�
� RLH8�5�
,'�-()�����
���&�����N�
.
�
T
�
���
�#�
�������2Q�	��
�$�
� R)H5�8�
,'�����1I

.
���

ei =







0
�-�����

ht

67�8���
*�����	
i
HD,'�$����H
��HV	��
�$�
� R�0������:�

1
�-�����

ht

67�8���
*�����	
i
�������'��H5,'�$����H
��HV	��
�$�
� R�0������:�

w1,i =











1
2l

���
	�	��
yi = 1

1
2m

���
	�	��
yi = 0

�����
t = 1 . . . T

W����-%
���
�
?<�
�A�����D�$HD��Q�	��
�$�
� RLH8�5�
,'�M����%'��(V���
�����N���
?@� �-0
.

h(x) =



















1
���
	�	�� T

∑

t=1

αt · ht(x) ≥ pthr

T
∑

t=1

αt

?@� �
αt =

	�,
% 1

βt

0
��,'�����

p(x = 1) =































































0.5 ·













(

1− 2pthr +

(

∑

T

t=1
αt·ht(x)

∑

T

t=1
αt

))

1− pthr













wenn h(x) = 1

0.5 ·













(

∑

T

t=1
αt·ht(x)

∑

T

t=1
αt

)

pthr













wenn h(x) = 0

m!cMc@?TPB=@]@;@V 1 q ���8	�W�=M?�6'zG?TADSjNOAGSym*�lm~�<|`W"W-CeN m�PTV-W-Se?BNEX@F�]@Cdikv@SyAD?B;@AD;KCjNZJ�S h AD;�H+PgJ�CeCE?�6 h JbNOW-ScdADCeNEADX@AG;@=�Jb]@C
T
CEYZX\Q`J�YZX@AD;�HKPTJ�CECe?�6 h JbNEW-SEAG; 0 T A�C�ADPp� T H+PgJbCECE?�6 h JbNOW�S/3�q



1 q;:Mq�H T m*�@��:�_t:�H+m����+}����~���#�!}~_ 1 @

|`ADV�?T;@;@AG;@=�FU?pN`AG?T;@AGS ��W�SEFUJ�PT?BCE?TAGSE]@;MV�=@AGS b+AGQR?TYZX\NEA+zD]�AD?B;@ADS ��J�X@SeCEYZX@AG?T;@PB?TYZX h AD?pNOC�C�ADS��
NOAG?TPT]M;@V�QR?TSE=)ikv@S -eAD=MADC2AD?T;MzDADPB;@A�_'ArJbNE]@SEA�AD?B;)CEYZX\Q7JbYZX@ADS�H+PgJbCECE?�6 h JbNOW�S!NOSEJ�?T;@?BADSjN 0 Ce?TADXMAm!c@CeYZX@;@?pNEN 1 q;:Mq 5�3 ]@;@=n=@AGCECEAG;�_aAGX@PTAGStJb]Mia=@AD;u��SEJ�?T;@?B;@V-Ce='JbNOAG;@COJ�NOz`ATCbJ�PT]@?BADSjNrq��*J�cdAD?fQR?TSe=AD?B;@Au_'AGX@P h PgJbCECE?�6 h JbNO?BW-;�=@]@SeYZX�=@?TA_C�ADSECeYZX@?TAG=@AD;MA�bKA�QR?TYZX\NO]@;MV>=@ADS~AD?B;@zDAGPT;@AG;o�{SOJ�?B;@?T;MV-Cj�
c�AG?TCeL@?TAGPTAu]M;fNEADSeCEYZX@?BAD=@PB?TYZX�cdAGQ5ADSeNEAGNDq{��YZX@PT?BAL*-PB?TYZX�QR?TSE= -eAD;@AGS+CEYZX\Q7JbYZX@A^H+PTJ�CECe?�6 h JbNEW-S

hjJ�]@Cl=@AGS7V-AGCOJ�FuNEAD;Q	�AG;@V-A+X@AGSOJ�]@CeV-ADV�SE?���AD; xM=@AGSl=@AD;�V-AGSE?T;MV-CeNEAD;�_'ADX@PBADS
εj

J�]Mi Q5AD?BCeNl]M;@=
AD?B;@A���FjC-ADSjNOAG?TPT]M;@V =@AGS bKA�QR?TYZX\NOA)Jb;@X'J�;@=�=MADS>Se?TYZX\NO?BV-AD; W"=@AGS^i J�PTCeYZX@AD; H+PTJ�CECe?�6 h JbNE?p�
W-;�=@]@SeYZX)=@?TAGCEADC+AG?T;@AE	�W�=M]@P C�W-SEV-AG;@W-F�FUAG;yq��*J�=@]@SeYZX0QR?BSE=�AGSESeAD?TYZX\NDxy='J�CeC+FU?pN�-eAG=@ADF
�!]@SeYZX@PgJ�]�i .������ & ( & |`AD?BCEL@?BADPTAKCjNZ��S h ADS�V-AGQR?BYZX\NOAGN�Q`AGSE=@AG;�]@;@=o?TF ;'�bYZX@CeNEAD;)��YZXMSE?BNeN*Jb]Mi
=@?TA (#� ��� � ��� & H+PgJ�CeCE?�6 h J�NO?TW�;>V-AD;@J�]�=M?TADCeADSR�{]@L�AGPTClF�ADX@S#� ADSjNRV-ADPBADV�NlQR?BSE=yq
�!J�YZX0�!]MSEYZX@PTJ�]MikAD;0=@AGS2��YZX@PTAG?BikA�AGSEV-?BcMN*Ce?TYZX)=@AGS-T ATC-AGPp�

T
H+PgJ�CeCE?�6 h JbNOW-S

h(x)
=@]MSEYZX0AD?p�

;@AKCEAGSE?TAGPTPBA*m!;@AG?T;'Jb;@=@ADSeSEAG?TXf]@;@V�=@ADSRAG?T;@zGADPT;MAD;�CEYZX\Q7JbYZX@AD;)H+PgJbCECE?�6 h JbNOW�SEAD; x�Q5W-c�AG??-eAD=@AGC
=@?TAGCEAGSD	�W"=@]@PBAuAD?B;@A�ikAGX@PTAGSOJ�cMX'��;@V-?BV-AKPTW-V-J�SE?pNOX@F�?TCeYZX@A bKA�QR?TYZX\NO]@;MV>ADSeX'��PBNDqd�*J�cdAD? h Jb;@;
AD?B; ��J�X@SeCEYZX@AG?T;@PB?TYZX h AD?pNOCEFUJN*�=@AM6';@?TAGSeN+Q5ADSe=@AD;yx{=@?BA�J�;@V-?BcMNrx�FU?pN*Q`AGPTYZX@AGS � J�XMSECEYZXMAD?T;"�
PT?BYZX h AG?BN

p(x)
AG?T;>|5AD?TCeL@?TAGP'AD?B;@A�LdW-Ce?BNO? C-A~H+PgJ�CeCE?�6 h JbNO?BW-;

x = 1
ADSeX'��PpNrqf��?T;@A ��J�X@SECeYZX@AD?B;��

PT?BYZX h AG?BNrx =@?BA^V-S �+*-AGS�J�PBC�W"=@ADS�V-PTAG?TYZX AD?T;MADSjC�W-SEV�ADV-AGc�AG;@AD; ��J�X@SECeYZX@AD?B;@PT?BYZX h AG?BN
pthr

?TCjNrx
ikv@X@SjN!Jb]MNOW-FUJbNE?TCEYZX�zG]�AG?T;@AGS~HKPTJ�CECe?�6 h JbNE?TW-;

h(x) = 1
q

��� � � $ & �"� ��
 � ' ��� � � �!��� /�� 3	� �
� 3!�
���  ��0/ /���
�' ��� � � �
�
�*JuAG?T;�CEYZX\Q7JbYZX@ADS~H+PgJ�CeCE?�6 h JbNOW-S�cdAD?*� ADSjQ`AG;@=@]@;MV�=@ADC`?T;�m!c@c@?BPT=@]M;@V 1 q��2c�AGCEYZX@Se?TADcdAD;MAD;|`W"W-CeNE?T;@V-CR;f]@SRAD?B;�AG?T;@zGADPB;@ADC�_'ArJbNE]@SEA_C-AGSeQ5AD;@=MAD;�='J�Sji�x'X'J�;@=MADPBN~AGC�Ce?TYZX�]@F AD?B;@AKAD?T;M=@?p�
FUAG;@CE?BW-;'J�PBA ^�SEW-cMPTADF�CeNEADPBPT]@;@VMq �#��X@SeAD;@= AD?B;@AnV\J�;@zGA�}~AG?TX@ANC-W�; m�PTV-W-Se?BNEX@FUAG;�zD]MSWT �b�
CE]@;MVjC-AGSeQ5AD;@=MAGN`Q5ADSe=@AD; h �-;M;@AD;yxfQ5ADSE=MAD;^XM?TADS�=M?TAlikW-PTV�AD;@=@AG; 5Km�;@CO�bNEzDAgC-W-SeV-ADCeYZX@PgJbV-AD;yx
=@?TA2zD]MF �{SOJb?T;@?B;@V�]@;@=�zG]@S��*LMNE?TF�?TADSe]@;@V�AD?B;@ADC � &*)>? � + ) ./. � @ & ( . cdAD? AG?T;@AGS�V-AGV-ADcdAD;MAD;
	�AD;MV-AMC�W-;

N
��]@LMPTADC3C�ADSeQ5AD;M=@AGN�Q`AGSE=@AG; h �-;M;@AD;��

��� ���Q= �$6<;>= �������-�~;fNEADS�� ADSeQ5AD;M=@]@;@Vn=@AGC�� &*) . � &�� &*) � &%���,$ ) ( & H+Se?BNOAGSE?B]@FUC�QR?BSE=^=MADSj�
-eAD;@?BV-AR��YZX\Q5ADPBPBQ5ADSeN

θmin

V-AGCE]@YZX\NDx\c�AG?@=@ADF =@ADS��f]'Jb=@SOJbNE?TCeYZX@AR_'ADX@PBADS z�QR?TCEYZXMAD;�=@AD; � ADSj�
NOAG;�=MADSR_'ArJbNE]@SEAGC

f
?T;�=@AG;�AD?T;MzDAGPT;@AG;��{SOJb?T;@?B;@V-CEcM?TPT=MADSE;

i
]@;@=�=@AGSlV-ADzGW-V-AD;MAD; bKSeAD;@zGA

θFU?B;@?TFUJ�Pa?TCjNrq

θmin = min
θ

N∑

i=1

‖fi − θ‖2 021 q .45�3

�*J�=@]MSEYZX QR?TSe=�;@?BYZX\N�]@;fcdAD=@?B;@V�N�=@ADS h PBAD?B;@CeNEA^F��-V-PT?BYZX@A�_'ADX@PBADS�J�]Mil=MADF ��SEJ�?T;M?T;@V-Ce='J��
NOAG;@COJbNEz�ADSEzG?TAGPBNrx L@SE?B;@zD?BL@?TAGPTP{?TCeN+J�c�AGS+zD]0ADSjQ7J�SjNOAG;yx ='J�CeC�='Jb=@]@SEYZX _'ArJbNE]@SEAGCKJ�]@CeV-AGQ`��X@PpN
Q`AGSE=@AG;yx =@?BAUAG?T;@AGSECeAD?BNEC�=M?TC h Se?TF�?T;'J�;\N2CE?B;@=�]M;@= =@AGSEAD; � ADSjNOAUV-PTAG?TYZX@zGAD?BNE?TV h W�FUL'J h NEADSeA



1 q;:Mq�H-T m*�@��:�_t:�H+m����+}~� �~���#�!}~_ 1 �

m!cMc@?TPB=@]@;@V 1 q�� �a|`AD?BCEL@?BADP ikv@SR=@?BA���YZX\Q5ADPBPBQ5ADSeNECEA�NOzD]M;@V�=@ADS~cdAD?T=MAD;�H+Se?BNOAGSE?BAD;yqa�!?BAKSEW�NEAD;]@;@=�c@PgJb]@AD;�H+SEAG?TCEA2CeNEADPBPTAD;�LdW-CE?pNO? C-AK]@;@=�;@ADV-JbNO? C-A�|`AD?BCEL@?BADPTA+=@J�S � Q`��X@SeAD;@=�='J�C � ��� & ( &
( 
 ( �<H+SE?BNEADSe?T]@F =@AD; V-ADSe?T;@V�CeNOAG;�_'AGX@PTAGS�Jb]Mi7=@?BA���SEJ�?T;@?B;@V-Ce='JbNOAG;)F^J�YZX\NDx{F�?T;M?TF�?TADSjN!=@J�C
� � � ��H+Se?BNOAGSE?B]@F =MAD;�m!c@CjNZJ�;@=�zGQR?BCEYZX@AG;�=@AGS_b+SEAG;@zDAK]@;M=/-eAG=@ADF AG?T;@zGADPB;@AD;�|`AD?BCEL@?BADP q

	�AG;@V-AD;�c@?TPB=@AD; x@J�PBCEW�?TF m!PTPBV-ADF�AD?B;@AD;UQ`AG;@?TV-AGS��"NOSeAD]@]@;MVUcdAD?B;@X'J�PpNOAD; q
� � 33� � ��� � =O= 2*= �G= �$6<;>= � ����� [~?TAGS2QR?BSE=�=MADSuW�LMNO?BF^J�PBA���YZX\Q`AGPTPpQ`AGSeN

θmin

V�ADCE]MYZXfNDx
='J�F�?BN7=@?TA ? ��� � ? )9+-& C��

�
) � + J�;��{SOJ�?B;@?T;MV-CEcdAD?BCEL@?BADPTAG;>i J�PTCeYZX h PTJ�CECe?�6'zG?TAGSeNlQR?TSe=yq

hθ(fi) =

{

1 wenn fi ≥ θ

0 sonst
021 qV. :�3

θmin = min
θ

N∑

i=1

|hθ(fi) − yi| 021 qV. 1 3

_aJ�PTPBC�AGCnAD?B;@AD;3W-L�NO?TFUJ�PBAD;3�"YZXfQ5ADPBPBQ5ADSjN�V-?TcMNDxtJb;3=@ADF h AD?B;3AD?B;@zD?BV-ADC��{SOJb?T;@?B;@V-CEcdAD?BCEL@?BADP



1 q 1 q�����m T ��:�� }t�R�#���R}7��H+�R�!}~� � 
y�!}
	o� T��l: � � T m*�@��H-T m+�@�":�_t:�H+m��l:*��� 1 �

i J�PTCeYZX h PTJ�CECe?�6'zG?TADSjNlQR?TSe=yx'='J�;@;�QR?TSe=�=M?TADCeADSRcdAD?C� ADSjQ`AG;@=@]@;MV>=@?TAGCEAGC!H+SE?pNOAGSE?T]MFUC7V�AGik]@;��
=@AD; q �!?TA ^{ADSeikW�SEFUJ�;@YDAnX@��;@V�N2J�PBPTAGSE=@?B;@V-C!CjNZJ�S h C�W-; =MADSK}RADL@SE��CEAG;fNOJbNO?BW-;@Cji ��X@?TV h AD?pN+=@AGS
��SEJ�?T;M?T;@V-Ce='JbNEAD;3J�c q�:<CjNn=@ADSu��SEJ�?T;@?B;@V-Ce='JbNOAG;@COJ�NOz�Q`AG;@?TV�SeADL@SE��CEAG;fNOJbNO? CdxtCEW h Jb;@;3]@;\NOAGS
��F�CeNO��;@=@AG;�AG?T;�W-L�NO?TFUJ�PBADS`��YZX\Q`AGPTPBQ5ADSjN~PTAD?BYZX\NlV-AGik]M;@=@AD;�Q5ADSe=@AD;yx'=M?TA ^{ADSeikW�SEFUJ�;@YDAKJb]Mi
AD?B;@ADF �{ADCjNO='J�NOAD;MCOJbNEz�F�]MCEC~=@ADCeX'J�PTc�J�cdADSR;@?BYZX\N�]M;"cdAD=M?T;@V�NRV�]MN~CEAD?B;yq
:<;�m�c@c@?BPT=@]@;MV 1 q���QR?BSE=�=@?BA+]@;\NOADSeCEYZX@?BAD=@PB?TYZX@AD� AGSEX'J�PpNOAG;@CeQ5AD?BCEAK=@ADSlcdAD?B=@AD;�m�;@CO�bNEzDA2=@A��FUW�;@CeNESE?TAGSeNDq

8��<8 � � 	��
����� �#�
� � ����� � � �!����� � �!�
� � � �
����� �
	��
� � � 	�� ��� ����	��
� � �

:<;>m!cMCEYZX@;@?pNEN 1 q;:2QR]@Se=@A!=@?BA � W�SEV\J�;MV-CeQ5AD?BCEA!zG]@F |7J�]UAD?T;MADCwc@?T;'�bSEAD;^H+PgJ�CeCE?�6 h J�NOW-SeCwcdA��
CEL@SeW�YZXMAD;yq �*J�AGCnFUAGX@SnJ�PBC�zGQ5AD?RH+PTJ�CECeAD; C-W�;�_aJ�XMSEzDAG]@V-AG;�zG]3]@;\NOAGSECEYZXMAD?T=MAD; V�?TPBNDx ?TCeN
AD?B;@ARH�W-Fuc@?T;'J�NO?TW�;�AD?B;@zDAGPT;@AGS�	�W�=@]MPTAl;@W�N<Q5AD;M=@?TV@x�]@F/=@?BAlV-ADCjNOADPBPBNEAlm!]MikV\Jbc�AlAGSeikv@PBPTAD;nzG]
h �-;M;@AD;yqM�!]@SeYZX�=@?TA~W-cdAD;>cdADCeYZX@SE?BADcdAD;@A-	�AGNOXMW�=@A~Q`AGSE=@AG;�AD?B;@zDAGPT;@A�c@?T;'�bSEA�HKPTJ�CECe?�6 h JbNEWb�
SEAG;)NESOJ�?B;@?TAGSeN�]@;@=)=@?BADCEA�Jb;@CEYZX@PB?TA7*-AD;@=�?B;�zGQ5AD? C�ADSeCEYZX@?BAD=@AG;@AD;��fNOSE] h NE]@SEAG;0J�;@V-AGW-SE=@;MAGNrx
Q`AGPTYZX@A2?T;�=@AGS~_aW�PTV-A h ]@SezKc�AGCEYZX@Se?TADcdAD;�Q`AGSE=@AG;yq

���2���*) & �"�	��

��� +<� � ��
�' � 
 �
:<; m!c@c@?BPT=@]M;@V 1 q � ?TCjN�=@?TA ' ) $ ? �j�fNOSE] h NE]@S�J�]MC�AD?T;MzDADPB;@AD; H+PTJ�CECe?�6 h JbNEW-SEAG; zD] CEAGX@AD; q[�?BADS QR?TSe=�zG]@ADSeCeN AG?T;@A V-S �+*-AG;'J�c@X'�b;@V-?TV�A HKPTJ�CECe?�6 h JbNE?TW-;+=M]@SEYZX@V�AGikv@X@SjN ]@;M=u?TF m!;@CeYZX@PT]@CeC
='J�SEJ�;�AG?T;@AK��?B;@W-SE=M;"]M;@VU?B;�=@?TA -eA�Q`AG?TPT?BV-A+_aJ�X@SezDAG]@V h JbNOAGV-W-Se?TA�q
�!?TA~AD?B;@zDAGPT;@AG;>H+PgJbCECE?�6 h JbNOW�SEAD;�Q5ADSE=MAD;;-eA�Q`AG?TPTCwF�?BN LdW-CE?pNO?#C�AD;U]@;@=^;MADV\JbNE?#C�AD;>|5AD?TCeL@?TAGPTAG;
ikv@SK=@?TA�zG]0NESEA7��AD;M=@A>��;\NOCeYZX@AD?B=@]@;@VoNESOJ�?B;@?TAGSeNDqy�!?BA -eA�Q`AG?TPB?TV-Anm�;@zrJ�XMP J�;�_'ADJbNO]@SeADC 0 T A��C-AGP

M
x
N
]@;@=

O
3*=@ADS2AD?B;@zDAGPT;@AG;�H+PTJ�CECe?�6 h JbNEW-SEAG;0cdADCeYZX@SEAG?TcMNu;f]@S�=M?TA���;'Jbc@X'��;@V�?TV h AD?BN

=@ADS+AG?T;@zGADPB;@AD; 	�W"=@]@PBAGC-W�;@AD?B;'J�;@=@AGSDxyCe?TA h J�;@;)JbPTCEW^]@;'J�c@X@��;@V-?BV C-W-;@AG?T;'Jb;@=@ADS+V�AGQ`��X@PBN
Q`AGSE=@AG;yq

���2��� $ & �"����������������� +�� � � 
 ' � 
 �
m!c@cM?TPT=M]@;@V 1 q �0zGAD?TVbN�=@?TA�J�;@=MADSEA�m�;@W-SE=M;"]M;@V�c@?B;'��SeADS�H+PgJ�CeCE?�6 h JbNOW-SeAD;yq 1 ]@;@J�c@X'��;MV-?p�V-AG	�W"=@]@PBA>c�AGSEAGYZX@;@AD;�L'J�SEJ�PTPBADP =@?TA ��J�X@SeCEYZX@AG?T;@PB?TYZX h AD?pNrxt=@J�CEC�AD?B;3:<;@L@]MNEc@?TPB=3zD]�AD?B;@ADS
V-AGQR?BCECeAD;�_aJ�X@SezDAD]MV h JbNOAGV-W-SE?BA�V�ADX��-SjNrq��!?TA�F^J `M?BF^JbPTA 
 ]@V-AGX��-Se?TV h AD?BNECeQ`J�X@SeCEYZX@AG?T;@PB?TYZX h AD?BN
ADSeV-?TcMNRCeYZX@PT?BAL*-PB?TYZX�=@?BA;
 ]@W-Se=@;f]@;@V�=@ADC~|`?BPT=@AGClzD]�AD?T;MADS~H+PgJ�CeCEA�q



1 q 1 q�����m T ��:�� }t�R�#���R}`�!H+�R�!}~��� 
y��}
	o� T��l: � � T m*�@��H-T m+�M��:�_t:�H+m��l:*� � 1 �

m!cMc@?TPB=@]@;@V 1 q ��� ' ) $ ? �j�"NESE] h NO]MS~zG]@S 	�]@PpNO? � �`PgJbCEClH+PgJbCECE?�6 h JbNO?BW-;yq

m!cMc@?TPB=@]@;@V 1 q ����� & �,. & C + + ���"NOSe] h NO]@SlzG]@S 	�]@PpNO?p� �`PgJ�CeClH+PgJ�CeCE?�6 h JbNO?BW-;yq



1 q 1 q�����m T ��:�� }t�R�#���R}7��H+�R�!}~� � 
y�!}
	o� T��l: � � T m*�@��H-T m+�@�":�_t:�H+m��l:*��� 1 �


 ]@F ��SEJ�?T;@?B;@V^=MADS+AD?B;@zDAGPT;@AG;)H+PgJ�CeCE?�6 h J�NOW-SeAD;oQ5ADSe=@AD; -eAGQ5AD?BPTC b+SE]ML@L�AG;�L�W�CE?BNE?#C�ADS+|`AG?p�
CEL@?BADPBA�x5J�PTCeW�=@AGS;-eAGQ5AD?BPT?TV�AD; H+PTJ�CECeA�zD]@V�ADX��-Se?TV-AGS^_aJ�XMSEzDAG]@V-Abx`]@;@= b+SE]ML@L�AG;�;@ADV-JbNO? C-ADS
|`AD?BCEL@?BADPBA�xyAGc�AG;�;@?BYZXfN2zG]�=@AGS�H+PTJ�CECeA�V�ADX��-Se?TV-AGSK_aJ�X@SEzGAD]@V�A�x`C-AGSeQ5AD;@=@A�Nrq�m!]@YZX X@?TAGS+?TCeN
=@?TA�m!;@zDJ�X@P�=@ADS+_'ADJbNO]@SeADC 0 T A�C-AGP M

x
N
x
O
]@;M=

P
3likSEAG?{Q`��X@PBc'J�S!]M;@=�]@;'J�cMX'��;@V-?BV.C�W-;��

AD?B;'J�;@=@AGSDq

���2����� � � � + 
��!��� � � 3 � �
�" "� �!��� �
� ��� �� � �
� � � ��
�' � 
 ���
�
�#��X@SeAD;@=#=@?TA 
 ]@W-SE=M;"]M;@V�AD?T;MADC�:<;@L@]�NOc@?BPT=@AGC�zD] AD?B;@ADS�_aJ�X@SezDAG]@V h JbNOAGV-W-Se?TAo=M]@SEYZX#=@?TA
' ) $ ? ���"NOSe] h NO]@S AG?T;@AG;�SeADYZX@;@AGSE?BCEYZX@AG;W� W-SjNOAD?BP-V-AGV-AD;fv@cdADS =@AGS{z�Q`AG?BNEAD;2A�CbJ�PT]M?TADSjNOAG;2�"NOSe] h �
NO]@SRX'J�Nrx@X'J�NR=@?TA+CeADSE?BADPBPTA*m�;@W-SE=M;"]M;@VU=MADS~H+PgJ�CeCE?�6 h J�NOW-SeAD;�AD?B;@AD;�AG;fNECEYZX@AG?T=@AG;@=@AG; �!J�YZX"�
NOAG?TP q-_tv@S�=@?BA�HKJbNEADV-W�SE?TCe?TAGSE]@;@V+AG?T;@AGC5:<;ML@]MNOcM?TPT=MADC F�v@CeCEAD;U;f]@S 52H+PgJbCECE?�6 h JbNO?BW-;@AG;n=@]@SEYZX"�
V-AGikvMX@SeN�Q`AGSE=@AG;yx�Q`J�C�;f]@So=@AG; X'JbPTcdAD;�}RADYZXMAD;'J�]�i Q7J�;M=�?TF � AGSEV-PBAD?TYZX#zD]MS � & �,. & C + + �
�"NOSe] h NO]@Su='J�SECjNOAGPTPBNDq{�*J�AD?B;@A>��?T;MW-SE=@;f]@;MV�?T; AD?T;MA>_aJ�X@SezDAD]MV h JbNOAGV-W-SE?BA>J�cdADS�;f]@S�=@]@SeYZX
zGQ5AD?*CeADSe?TADPBPTA�c@?B;'��SEA�� )�� � & ���a�<��;fNECEYZX@AG?T=@]M;@V-AD;�V�AGNOSeWN��AD; QR?BSE=yx ?TCjN>AG?T;@Ao_aAGX@PTAG;\NOCEYZXMAD?p�
=@]@;@V�?T; =@AGS�ADSECjNOAG;��"NE]MikA)=@ADS�H+PgJbCECE?�6 h JbNOW�SEAD;MV-SE]@LML�A�;@?BYZX\N�F�ADXMS h W-SeSE?TV�?TADSec'J�S>]M;@=
ikv@X@SjN�]M;fQ5AD?BV-ADSePT?BYZX�zG]�AG?T;@AGS~_aAGX@P h PTJ�CECe?�6 h JbNE?TW-;yq
�!?TA � & �,. & C + + �j�"NESE] h NO]MS!cdAD;���NE?TV�N�ikv@S*=@?BA/
 ]@W�SE=@;f]@;@V�AG?T;@AGC+:<;@L@]MNEc@?TPB=@ADC!zD]�AD?B;@ADS*_dJbX@Sj�
zDAG]@V h JbNOAGV-W-Se?TA 1 H+PTJ�CECe?�6 h JbNE?TW-;@AG;�]M;@=)='J�F�?BN~=@AD;)=@W�L@L�AGPBNEAD;�}RADYZX@AG;'J�]Mi Q`J�;@=)QR?TA�=@?TA' ) $ ? ���"NOSe] h NO]@SGq �!?TAnL@J�SOJ�PBPTAGPTA2m!;@W-Se=@;f]@;@V�=@ADS 	�W�=@]MPTA�FUJ�YZX\N2J�PTPBADSe=@?T;@V�C!AD?B;@A�Q`J�X@Sj�
CEYZX@AG?T;@PB?TYZX h AD?pNOCEc@J�CE?BADSeNEAn��;\NOCEYZXMAD?T=M]@;@V-C 6';@=@]@;MVoF��-V-PT?BYZXyq'm!]MC+=@?TAGCEADF b+SE]@;@= h Jb;@;�=@?TA
��?T;@W-Se=@;f]@;@V AG?T;@AGC�:<;@L@]�NOc@?BPT=@AGCo?T; AD?T;MA H+PgJ�CeCEA�J�;@X'J�;M=�=@ADSoF^J `�?BF^J�PBAD; 
 ]@V-AGX��-SE?BVb�
h AG?BNOCjQ7JbX@SECeYZX@AD?B;@PT?BYZX h AG?BNRAD?B;@AD;�=MAD]MNEPT?TYZX^L�W-Ce?BNE?#C-AG;���?T;
	']MCEClJ�]�i�=M?TA ^{ADSjikW-SEFUJ�;@YGA*=@?TAGCEAGS
�"NOSe] h NO]@SRX'Jbc�AG;yq



1 q 1 q�����m T ��:�� }t�R�#���R}`�!H+�R�!}~��� 
y��}
	o� T��l: � � T m*�@��H-T m+�M��:�_t:�H+m��l:*� � @ A



���������
	�� 


������������� ������� ���� ! �#"$��%&�(')�*�

+ �-, 9 � �/. �10 � � �����

:<;�=@?BADCeADF m!cMCEYZX@;@?pNEN�Q`AGSE=@AG; =@?TA�?B;�HKJ�L@?pNOAGP 1 J�]MCeikv@X@SePT?BYZX cdADCeYZX@SE?BADcdAD;@AG;1� ADSji J�X@SEAG;
]@;@=o�"NOSe] h NO]@SeAD;�?T;�|`ADzG]@VUJ�]MibC-ADSeCEYZX@?BAD=@AG;@AnH+SE?pNOAGSE?TAG;�A�CbJ�PB]@?TAGSeNrq

 ]�|`ADV-?B;@; QR?TSe=3=@?TAG	�AD;@V-A�=MADS�_aJ�X@SezDAD]MV-c@?TPB=@ADSuc�AGCEYZX@Se?TADcdAD; x Q`AGPTYZX@A�zD]MF �{SOJ�?B;@?T;@V
]@;@=3zG]@F �{ADCjN�=@ADSum!PTV�W-SE?pNOX@F�AD;LC-AGSeQ5AD;@=@A�N�QR?TSE= x�]@;M=�|`AD?BCEL@?BADPTAUJ�]@Cu=@AD;,-eA�Q`AG?TPT?BV-AD;
_aJ�X@SEzGAD]@V h J�NOADV�W-SE?BAD;�V-ADzGAD?BV�Nrq
:<; m�c@CEYZXM;@?BNeN @�q;: Q`AGSE=@AG; C�ADSECeYZX@?TAG=@AD;MA3� `MLdADSe?TF�AD;\NOA)=@]MSEYZX@V-A�ikv@X@SjNrq~��C�QR?BSE=#]@;\NOAGS
J�;@=@AGSEAGF
AD?T;�� ADSeV-PTAG?TYZX�=@AGS � ArJ h �`PgJ�CeCE?�6@ADSECw=@]@SeYZX@V-A�ikv@X@SeN5]@;@=�=@?BA~m�c@X'��;MV-?TV h AD?pN zGQR?p�
CEYZX@AG;�=@ADFIHKPTJ�CECe?�6 h JbNEW-Sj� T A�C-AGP�]M;@=�=@ADS ^�AGSeikW-SeF^J�;MYDA*]@;\NEADSECe]@YZX\Nrq'm�]�*-ADSe=@ADF QR?TSe=>=@?TA
^�AGSeikW-SeF^J�;MYDAK?T;�m!cMX'��;@V-?BV h AG?BNR=@AGSlm!;@zDJ�X@P{J�;��{SOJ�?B;@?T;@V�CE='JbNEAD;�]@;\NOAGSECe]@YZX\Nrq
�!?TAu]@;@?#C�ADSeCEADPBPTAn��?B;@COJbNEzDF��-V-PB?TYZX h AD?BN!=@ADS!m!PTV�W-SE?pNOX@F�AD;�QR?TSE=�?B;�=@AD;)m�c@CEYZX@;M?BNENEAD;A@�q 1 q .]@;@=A@�q 1 q 5^J�]Miw=@AG;UC-W-;)=@AG;0cdAD?B=@AD;)Jb;@=@ADSeAD;)HKJ�F�ADSEJ�L�W�CE?BNE?TW-;MAD;�Jb]@C+J�]MikV�AD;@W-F�F�AD;@AG;�*JbNEAD;�=@ADF�W-;@CjNOSE?BADSjNrq
�!AD;o��YZX@PB]@CECR?B;�m!c@CeYZX@;@?BNeN�@�q @ucM?TPT=MAGNlAG?T;@A;
 ]@CEJ�F�FUAG;Mi J�CECe]@;@Vn=@AGS~� SeV-ADcM;@?TCeCEAK]@;@=�=@AGS
='J�SEJ�]@CRSEAGCE]@PpNO?TAGSEAG;@=@AD;���S h AD;@;\NO;M?TCECeA�q

+ �E� 2 ���4365!��� �/7�� �8. ��� � � � ��� ������� �
���
9 ��	�� ���
��. � � � ��� 9 �����{� 	��
���

: 7�6<;�3I7 �<; 3�7 K��1; � 
 ]@S�m!]Mik;'JbX@FUA�=@AGS^_aJ�X@SezDAG]@V-c@?BPT=@AGS�QR]@SE=@AG;�=@SEAG?3C-ADSeCEYZX@?BAD=@AG;@A
HKJ�FUAGSOJ�LdW-Ce?BNO?BW-;@AG;�]M;@=�='J�F�?BNR=MSEAD?{V-SeW-c;C�ADSECeYZX@?TAG=@AD;MA�|`PT?BY h QR?B; h AGP{J�]Mi�=@?BAu_aJ�XMSEc'J�XM;

@�.



@�q 5�q�|7�w���7[!}~��:�|7���_b �!�w} �*� }��#�����*���R� �
�R}Rm!: �~: � b2�f�5����� �R�w���R�lm��R��� @�5

m!cMc@?TPB=@]@;@V @�q .��d�!SEAG?�]@;\NEADSECeYZX@?TAG=@PT?BYZX@An�fNZJ�;@=MW-SeNEAu=@AGS*HKJ�F�ADSOJnikv@S~=@?TA2m!]�ik;'J�X@F�AMC�W-;
�*JbNEAD;yqM� W�;�=@AD;�ADSeCeNOAG;�cdAD?B=@AD; ^{W-CE?pNO?TW�;@AD;�J�]MC7QR?TSE=�=MADS � ADS h ADXMSEC 	@]@CEChC-W-;�C-W�SE;@Abx'c�AG?
=@AGS~=MSE?BNeNOAG; ^{W-CE?pNO?BW-; C-W-;�X@?T;\NEAD;�J�]MikV-AG;@W-F�FUAG;yq

J�]@CeV-AGQ`��X@PpNrqM�!?TA*AGSECjNOAD;�cdAD?B=@AD; ^{W-CE?pNO?BW-;@AD;^c�A�i J�;@=@AG;�Ce?TYZXD-eA�Q`AG?TPTC5SEAGYZXfNECR]@;@=�PT?B; h C`=@AGS
_aJ�X@Sec'J�X@;�]@;@=UADSEF��-V-PB?TYZX\NOAG;�=@?TAlm�]Mik;'J�X@F�AR=@ADC�� ADS h ADXMSEC 	@]@CECeADCVC-W�;.C-W�SE;@Abq���?TAR=@SE?pNENEA
^�W�CE?BNE?TW-;0QR]@SE=MA>CEW�V�AGQ`��X@PBNDx�=@J�CEC�=MADS � AGS h AGX@SEC 	']@CeCUJb]MiR=@ADS bKAGV-AD;�i J�X@SEc@J�X@;3V-AM6'PTFuN
QR]@Se=@A�x@=M?TA*_aJ�XMSEzDAG]@V-A+JbPTCEWMC-W-;�X@?B;\NOAD;�Jb]MikV-AD;MW-FUF�AD;�QR]@SE=MAD;yq@:<;�m�c@c@?BPT=@]@;MV/@�q .*CE?B;@=
=@?BA�C-ADSeCEYZX@?BAD=@AG;@AD;)HKJ�F�ADSEJ�LdW-CE?pNO?TW�;@AD;>V�ADV-AG;"vMc�AGS~=MADS~_aJ�X@SEc@J�X@;�zD]�CEAGX@AD;yq
m!]MCEV-AGX@AD;@=.C-W-;U=@AD; :2HKJ�F�ADSOJbL�W-Ce?BNE?TW-;@AG;�QR]@SE=MAD;�J�;�F�ADX@SeADSEAG;^��J�V-AG;^cdAD?aV-PTAG?TYZX�c@PBAD?p�
cdAD;@=@AGF |`PT?BY h QR?T; h ADP@zG]@Sw_dJbX@SEc'JbX@;�]@;@=�C-ADSE��;@=@AGSEPB?TYZX@AGF ��W-;@;MAD;@CjNZJ�;@=UAD?B;@?TV-Al�"NO]@;M=@AD;
�*?B=@ADW�F^JbNEADSe?gJ�P'Jb]MikV-ADzGAD?BYZX@;@AGN`]@;@=�_aJ�XMSEzDAG]@V-c@?BPT=@AGS ='J�SOJb]@C`A `�NESOJ�XM?TADSjNrq"_tv@S5HKJ�F�ADSOJbL�Wb�
CE?pNO?BW-;Q.~QR]@SE=MAD;^ikv@S5AD?B;@AD;Uc�AGCEW-;@=MADSEAG;���AGCeN`]@;\NOADS5AD?B;@ADF PTAG?TYZX\NPC-ADSE��;@=@AGSeNEAD;�|`PB?TY h QR?T;��
h AGP 0 YrJ�q @ ◦ 35Q5AD?BNEADSeA��!JbNOAG;oJ�]�ikV-AD;@W�FUF�AD;yq

�Q7�6<; �42*= � 5 � ;>= �I3 ��� �!J�YZXU=@ADS5� `�NESOJ h NE?TW-;U=@ADS5_aJ�X@SEzGAD]@V�c@?TPB=@ADS QR]@Se=@AiC�W-;>[�J�;@=�AD?B;@A

 ]@W-Se=@;f]@;@V6C�W-; T J�cdADPTC�zD] =MAD;�|`?BPT=@AGSE;�V�ADFU�N*o=@AGSnJ�c@V�ADc@?BPT=@A�NOAD;�_aJ�X@SEzGAD]@V h J�NOADV�W-SE?BA
C-W�SEV-AG;@W-F�FUAG;yq7�!?BA�m!cMc@?TPB=@]@;@V-AG; @�q 5)�"@�q @�zDAG?TV-AG; |`AD?BCEL@?BADPTAoJ�]@C�=@AG; V-ADCEJ�FUF�ADPpNOAG;
�*JbNEAD;2ikv@S�=M?TA -eAGQ5AD?BPT?TV�A5HKJbNEADV-W�SE?TA�]M;@=�=@?BAwAGSECjNOA7HKJ�F�ADSEJ�LdW-CE?pNO?TW�;yqD:<;��tJ�cdADPBPTA @�q .`?BCeN{=@?BA
V-AGCOJ�FuNEA�m�;@zrJbX@P�=MADS5J�]MikV-AG;@W-F�FUAG;@AD;^|`?TPB=@ADS ikv@Sw=@?BA�AG?T;@zGADPT;MAD; ^{W-CE?pNO?BW-;@AD;^J�]MikV-AGPT?BCeNOA�Nrq
�!]@SeYZXu=@?BAw� ?B;@CEYZXMSO��; h ]@;MV*J�]Mi 1 zD]2]@;\NOADSeCEYZX@AG?T=@AG;@=@Al_aJ�XMSEzDAG]@V h JbNEADV-W-Se?TAG;2V�ADCeNOJ�PBNEAGN Ce?TYZX



@�q85"q�|`�5� �7[!}~� :�|`��� b
�*� } �*�w}��#���!�!� �R���
�R}Rm!: �~: � b2�f�`���!�s�R�w���R�lm��R��� @ :

Beispiele aus der Menge der PKW Bilder

m!c@cM?TPT=M]@;@V"@�q 5 �'|`AG?TCELM?TADPBA*ikv@SR_aJ�X@SezDAD]MV-A2J�]@CR=@ADS ^ H�� HKJbNEADV-W-Se?TA

Beispiele aus der Menge der BIKE Bilder

m�c@c@?TPB=@]@;@V"@�q;:��'|5AD?TCeL@?TAGPTA*ikv@SR_aJ�XMSEzDAG]@V-A2J�]@CR=@AGS~|`:�HK� HKJbNOAGV-W-SE?BA



@�q 5�q�|7�w���7[!}~��:�|7���_b �!�w} �*� }��#�����*���R� �
�R}Rm!: �~: � b2�f�5����� �R�w���R�lm��R��� @ 1

Beispiele aus der Menge der LKW Bilder
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