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...Â rRr HJjX]ReRSRf�¤ñ£ è Y�F0[7S^hqMC[�b�W�NQPR[7H¢b7b"HXSC1�Á d NQPRFTS²Q+j d b7F d eRWy3`e^SR] 1�W�b�F0HJjJF0Sw5`cd jJF0[7S43?A@gD _aF0U"HXNQP�b7FCºg]^HJFVUVFTH¢bÌ�CMgSÎ]RFT[ÌÂ�eRW�f dCr FTW7NQP^HJNQP b¼FTS b7hqF0[7S b¼W7HXSR]»º�UGF0[7]RF0S�]^FTe^b7jJHJNQP(j d SRf�mW d I¹F0[ d ] d L^b7HJF0[�b d jXW(_aF0U"HXNQP b�FCº�]RHXF�Spcd PRFT[ d S ]RF0[�Â�eRW7f dsr F0W7NQPRHXNQP�b(W7HXSR] ? _�[�eRSR]HXW�b"]RF0[ r FTfC[7FTS^i0b�F��+HJS^ÁRe � ]RFT[�ÞOb7FTHJfCeRSRf�]RFT["Â � b7HX�OHJF0[7eRS^fgW�hqeRS � b7HJMgS D �@C÷



0
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�

�
0

�

Minimum des
Gesamtfehlers an

der dunkelsten Stelle

......

Â rRr HXjJ]ReRS^f�¤ @^è ÿ�W7iTHXjJjXHJFT[�FTSæHXS 1 FTSRfgF0S 5`cd jJFT[�S43?¥Ê D ¾3HJNQP b�HXI¹I�FT[VUGF0[7]RF0SoYpFT[7S d e^hqf dCr FTS\FT[�h%ceRjJj¢b�ºRI d SRNQPRI d j � MgS �gFT[�fgHJF0[�b�E d N � LR[7MCL d mf d b�HJMCSüSRHJNQP b�Mn]^FT[ d eRNQP�S�eR[Îh%ceR[ r F0W�b�HXI¹I�b�F�ÞOb d [�b7L:MCW7HXb7HJMgS^FTS ? _aF0U"HXNQP b�W7HXSRHXb7H d jXH¢mW�HJFT[�eRSRfgF0S D �ÑEGF0HpeRS b�F0[7W7NQP^HJFT]^jJHJNQP^FTSoÞ�b d [�b�L9MgW7H¢b�HJMCSRFTS ��d SRS�] d WÝ½¼F0[�h d PR[�FTS d eRNQP�HJS�CFT[7W�NQPRHJF0]RFTS^FTS k\HXSRHJI d(� MCS��CFT[�fgHJF0[7FTS ? W�HJFTP^F`Â rRr HXjJ]ReRS^f�¤ Ê�D �

0
0

Gesamtfehler

...

...

�

Startpunkt 1 Startpunkt 2

Â r^r HJjX]ReRSRf¹¤ ÊRè �aMgS �gF0[7fgF0SRi�HJS��gFT[�W7NQPRHXFT]RF0SRFTSZk\HJS^HJI d`r FTH:eRS b�FT[�W7NQPRHXFT]RjXHJNQPRF0[´
 d PRjÜ]^FT[ÞOb d [�b7LReRS � b�F ? _aF0U"HXNQP b�W7HXSRHXb7H d jXHJW�HJFT[�eRSRf D @Cù



��HJF0W7FÎÂ�eRW7W d fgFTS fgFTj¢b�F0S d eRNQP h ce^[45"�a¾�¾<I¹H¢b85�FTI�L:MC[ d j+E d N � LR[7MgL d f d b7HJMgS è EVFTHJW�LRHJF0jJW.mUVFTHJW�FVU"HX[7]`HJSÁâ°
 d S ùg@ d ã FTHXSRF¼W�b d [ � FVÂ r P cd SRfgHXf � F0HXb�]RFT[H�aMgS �gF0[7fgF0SRiTfgF0W7NQP U"HJS^]RHJf � FTH¢b+eRSR]]RF0W�5�[ d HXSRHJS^fgW7F0[7fgF r SRHJW�W7F0W"�CMgS�]RFT[3YpFT[�SR[ d b7FahqFTW�b7fgFTW�b�F0jJjXbT�çÜeR[�YÑcMgW�eRSRf3]RHJF0W7FT[bQ+[7M r jJF0I¹F+fgH r bpF0W�F0HJSRFûM"FTHXPRFw�gMgS�YÑcMgW7e^SRfgW d SRW�cd b7iTF0S»�¼ç:UVFTH ] d �gMCS»ºCeR[.mW7L^[CceRSRfCjJHJNQP d jJWÄ
 F0HXb7FT[7F0S bàU"HJN � jJeRS^fgFTS�] d WÏY�F0[7S d jJfgMg[�HXb7PRI�eRWÑE d N � LR[�MgL d f d b�HXMgS�h%ceR[ÏklYRQ�gMC[7fgF0W�b�F0jJj¢b�ºgUVFT[7]^FTS�HXI hqMgjXfgFTS^]RFTS�S�cd P^FT[ r F0W7NQPR[�HJF r F0S»�¼� d W7HJFÝP^HJFT[+i0eR[Ñ�+[�UVFTHXb7FT[�eRSRf`]RFTWYpFT[�S d jJfCMg[7H¢b�PRI�e^W�5�FTI�L9Mg[ d j�E d N � L^[7MgL d f d b�HXMgS\h ce^[�5"�a¾�¾�FTHXSRfgF0W7F0b7i0b�UVFT[�]RFTSÜº»W7HXSR]lW�HJFI�HXb±]RFTI çÜeRW d b�i 1 5�FTI�L9Mg[ d j
3V�gF0[7W�FTPRF0S è 5�FTI�L:Mg[ d j��ae^HJN � LR[7MCL�eRSR]d5�FTI�L:MC[ d j�M3F0W7HXjJHJF0S bQ+[7MgL d f d b7HJMgS»�
cfeác2e�� 	 ï ^�
�X[Z ³ U
�Ò_bG�E���
bZ�X�
5�FTI�L:Mg[ d j���eRHXN � LR[7MgL d f d b7HJMgS ? Mn]^FT[ � eR[�i��ae^HJN � LR[7MCL D U"eR[7]^F`I�HXbV]RF0I çÜHJF0jÜF0HJSRF0[Ï]RFTenb�mjJHXNQP �CFT[ � ceR[�i0b7FTS�5±[ d HJSRHXSRfgW�] d eRF0[(FTS bàU"HXN � FTj¢b�� � d W`½¼FT[�h d PR[7F0S r-d W�HJF0[�b d e^h"]RFT[�½¼Mg[7W�b�FTj´mjJe^SRfRºg] ds� W7HXNQPÎ]RHJFÝ�-F0PRjJF0[�hqeRS � b7HJMgS�HXS�]RF0[+¾ cd P^FÝFTHJS^FTW¼k\HXSRHJI(eRI¹W ? ]Ü��P»�CjJM ��d j D ]^eR[7NQP�FTHXSRFS d NQP(M r F0S�fgF cM
èÜS^F0b�F´Q d [ dCr FTj r F0W7NQPR[�FTH r FTSÎj cdC� bT�Ìk�HXbÌ��HJj¢hqF¼]RFTWb
 F0[�b�F0Ww]RF0[w�-FTPRjXFT[�hqeRS � b�H´mMgS r i0U��^]^FT[GÂ r jJF0HXb7eRSRf(]^FT[Ï�-F0PRjJF0[�hqeRS � b7HJMgS¹HJS�]^FT[ ds� b7eRFTjXjJF0S r i0U��O]RF0[G�gMg[ d eRW�fgFTPRF0SR]RF0S�+L:MONQPRF�U"HX[7] ]RFT[�ÞnNQPRFTH¢b�F0jJLReRS � b�]RFT[OQ d [ dCr F0j�º±]»��PÜ�±]RHXF�F0[�U d [�b7F0b�FÃQ±MgW�HXb�HXMgS ]RFTW�k�HJSRH´mI�eRI�WÏ]RF0[Ý�-FTPRjXFT[�hqeRS � b�HXMgS r F0W�b7HJI�I(b�ºOeRIá] d SRS�HJS�FTHJS^FTI ÞONQPR[7H¢b7bÝ]RMC[�b�P^HJSæi0e�W�LR[7HXSRfgF0S»���HJF�fgFTIlcdC� ]RF0I Â�jJfgMg[�HXb7PRI�eRWû5±F0I¹L9Mg[ d j»E d N � L^[7MgL d f d b�HXMgS ? W�HJF0PRFaÂ�jXfgMg[7H¢b�PRI(eRW @ � ôgD HJSFTHXSRFT[(�+L:MONQPRF Ô ds�O� eRI(eRjJHXFT[�b7F�Þne^I¹I�F¹]^FT[�_aF0U"HXNQP�b7W cd S^]RFT[�eRSRfgF0Suh ce^[(FTHXS r FTW�b7HJI�I(b�F0W_aF0U"HJNQP b"U"HJ[�]�SOe^S\hqMgjXfgFTSR]^FT[7I dC� F0S dCr fgF � ceR[7iyb è

� z � } ? twv · z|{|}~J� � ?$��D�DwÄ�Å Æ§ ë� vQí ¯ twv · z|{|}~J� � ?$��D >?�Í £ D��FT[v
 FT[�b�]RHXFTW�FT[�_�[�cM � FaFTS b7W7LR[�HJNQP b�]RF0I SRFTf d b�H¢�gFTSC
 F0[�b�]RFT[3L d [�b�HXFTjJjXFTS�Â r jJF0HXb�e^SRf�]RFTW_aFTW d I(b7hqF0PRjJF0[7W É S d NQPl]^FTI _�FyU"HJNQP b · z|{|}~J� � ?$��D HJS�]RF0[��+L9MnNQPRF Ô ? W7HXFTPRF(_�jXFTHXNQPOe^SRfgFTSZ£ ÷eRSR] @CB D � � d P^FT[ ��d SRSü]^HJF�_aF0U"HXNQP b�W�cd SR]RFT[�eRSRf h%ceR[�F0HJSRF��¼L9MONQPRF�t � · z¦{�}~J� � ?$��D U"HXF�hqMgjJfsbr FTW�b7HJI�I(bÏUVFT[�]RFTS ? W7HXFTPRF�Â rRr HJjX]ReRSRf�¤ ÍCDyèt�� · z|{|}~J� � ?���Dt � ­-¯ · z|{|}~J� � ?���D § � z � } ? twv · z¦{�}~J� � ?$��D7D Ç � z � �:¯A} ? t+v · z|{|}~J� � ?���D7D
� z � ­-¯A} ? twv · z¦{�}~J� � ?$��D7D Ç � z � } ? t+v · z|{|}~J� � ?���D7D >?�Ís@ Dk\H¢b"]RFT["Â�S^S d PRI�F � z � �:¯A} ? twv · z¦{�}~J� � ?$��D7D § B�? ÞnNQPRFTH¢b�F0jJLReRS � b3]RF0[�Q d [ dCr F0j D fgHXjXb d jJW7Mt � · z|{|}~J� � ?���D § � z � } ? twv · z|{�}~J� � ?���D7D

� z � ­-¯A} ? twv · z¦{�}~J� � ?���D7D Ç � z � } ? t+v · z|{|}~J� � ?���D7D Ë t � ­-¯ · z¦{�}~X� � ?$��D >?�Í�Ê�D
EGF0HÏ]RFT[(Â�S UGF0SR]ReRS^f ]RHXFTW7F0[ÎEGF0[7FTNQP^SOe^SRfgW��CMg[7W�NQPR[7H¢hÐb�hQceR[(FTHJS�_aF0U"HXNQP b · z|{|}~J� � ?$��D � cMCSRSRFTS]RHXF�hqMgjJfgF0SR]RF0S��OHXFT[�ÞnHXb7e d b7HJMgSRF0S�FTS b�W�b�F0PRFTS è ÊgB



0

Parabel

Gesamt-
fehler

0

Minimum

� z � ­-¯A} ? twv · z¦{�}~X� � ?$��D7D� z � } ? twv · z¦{�}~X� � ?$��D7D
� z � �:¯A} ? twv · z¦{�}~X� � ?$��D7D · z|{|}~J� � ?$��D· z|{|}~J� � ?$��D

É

� z � }

Ô ¶ ¤ Ô Ô Ç ¤

t � · z¦{�}~X� � ?$��D t � ­-¯ · z¦{�}~J� � ?���DÂ r^r HJjX]ReRSRfZ¤ Ínè EVFTW�b7HJI�I�eRSRf¹]RFTW`ÞONQPRFTH¢b�FTjXLReRS � b7Wa]RFT[a]RHXF��-FTP^jJFT[�hqeRS � b�HXMgS d L^LR[7M � HJI�HJF%m[7F0SR]RF0SoQ d [ dCr FTjpHXIKYpFT[�S d jJfCMg[7H¢b�PRI�e^W���eRHJN � LR[�MgL? ¤ D ��F0[Î
 FT[�b �gMgS � z � } ? t+v · z|{|}~J� � ?���D7D HXW�b r F0b7[ d fCW7IlcdC� HJf � jJF0HJSRF0[ d jXW ]RF0[ä
 FT[�b �gMgS
� z � ­-¯A} ? t+v · z|{|}~J� � ?$��D�D º9P d b dCr F0[�] d W�fgjXFTHXNQPRF`½¼MC[7iTF0HJNQPRF0S è � d SRS\FT[�hqMCjJfCb�]RFT[�S�cd NQPRW�b�FÞnNQP^[7HXb�b"HJS�]RHXFafgjJF0HJNQPRF�M"HJNQP b�e^SRf�U"HXFa]RFT[Ý�CMg[7PRF0[7fgF0PRFTS^]RFC�? £ D ��HXFû
 FT[�b�FÏ�gMCS � z � } ? twv · z|{�}~J� � ?���D7D e^SR] � z � ­-¯A} ? twv · z¦{�}~X� � ?$��D7D P dCr FTSÎ�gF0[7W�NQPRHJF0]RFTSRFÝ½¼Mg[.mi0FTHJNQP^FTS è � d SRS�U"eR[7]^F�F0HJSlk\HJSRHXI�eRI ce r FT[7W�LR[7e^SRfgFTSleRSR]l]^FT["S�cd NQPRW�b�F�ÞnNQPR[7H¢b7b"F0[�mfgH r bÝF0HJSRFSQ±MCW7HXb7HJMgS�iyU"HJW�NQPRFTSZ]^FTS r F0HJ]RF0S��CMg[ d e^W7fgF0PRFTSR]^FTS»�?A@gD � z � } ? t+v · z|{|}~J� � ?$��D�D P d b�fgF0S d e	]RF0S fgjXFTHXNQPRFTS!
 FT[�b�U"HXF � z � ­-¯A} ? twv · z¦{�}~J� � ?���D7D%è ��HJFTW�FÞnH¢b�e d b�HJMCS HJW�boLR[7M r jJF0I d b7HJW�NQP»º(] d ] d W ½¼F0[�h d P^[7FTS UVFTfgF0S F0HJSRF0[o��HX�OHJW�HJMgS ]ReR[7NQP¾3eRjJj"I�HXb¹FTHJS^FTI �-FTPRjXFT[ dCrRr [�FTNQPRF0S	U ce^[7]RFs� Â�eRNQP ]^FT[�� d jXj � z � } ? twv · z|{�}~J� � ?���D7D��
� z � ­-¯A} ? t+v · z|{|}~J� � ?$��D�D HJW�b�SRHJNQP b�eRS � [�HXb7HJW7NQPÜº»UGF0SRS ] d W�½¼FT[�h d PR[7F0S FTHJS^FTS W7F0PR[afg[7M � FTSÞnNQP^[7HXb�b"I d NQP�bT�?¥Ê D ��F0[ 
 F0[�bü�gMCS � z � } ? twv · z|{|}~J� � ?$��D�D HJW�b r Fyb�[ d fgW7I cdC� HXf fg[ cM � FT[ d jXW�]RF0[�
 FT[�bu�gMgS
� z � ­-¯A} ? t+v · z|{|}~J� � ?$��D�D e^SR]�P d b d e^NQP�] d W�fgjJF0HJNQPRF�½¼Mg[�iTF0HJNQPRF0S è ��HJF0W7FlÞnHXb7e d b7HJMgSuHJW�bF r F0S^h d jJjXW�L^[7M r jXFTI d b�HXW7NQP»º
UVFTHJj�] d W�½¼FT[�h d PR[7F0So] d SRSZS d NQPo]RFTIÈÞnNQPRF0HXb7FTjJL^eRS � baFTH´mSRF0["S d NQP�eRS b�FTS\M
è:FTSRF0S²Q d [ dCr FTjpW�eRNQP b��Ê ¤



çÜeR[ÌY cMCW7eRSRf�]RF0WwHJS ?A@ D r FTW�NQPR[7HXF r FTSRF0SÒQ¼[�M r jXFTI�WÌU"HJ[�]�FTHXS���Û��gØ���ÛCÕJÓyÖ���ÛLåQÔ ×+.�ç��(×! 0Û�,�.N/�Ö
" F0HJSRfgFyh ceRPR[�b�º�]RFT[`]RHJF¹çÜenm r iyU��±Â r S d P^I¹F�]RF0[�_aF0U"HXNQP�b7W cd S^]RFT[�eRSRfZHXS d enhqFTHJS d SR]RF0[�hqMgj´mfgF0SR]RFTSl�+L:MONQPRFTS r FTfg[�FTSRiyb è²²² t � · z|{|}~J� � ?$��D ²²² § " Ë ²²² t � ­-¯ · z|{�}~J� � ?���D ²²² >?�ÍCÍgD� dCr FTHÜU"HX[7]uce r jXHJNQPRF0[�UVFTHXW7F " ��â®¤ > ôgÍ �%£ > £ Í�ã fgF0U�cd P^jXb¶â çÜFTj ùsÊ�ã �EGF0HJI Þ�b d [�b"]RFTWÝ½¼FT[�h d PR[�FTSRW"MO]RFT[ÏUVFTSRS�]RHXF`_�FyU"HJNQP b�W�cd SR]RF0[7eRSRf�HJS�]RF0[Ï�gMg[ d eRW�fgFTfgF0SR]RF0S�+L:MONQPRFofgjXFTHXNQP ¾�eRjXj�HXW�b�º ��d SRS F0HJSRFo_�FyU"HJNQP b�W�cd SR]RF0[7eRSRf d e^h`]RF0[�E d W�HJWæ]RF0W dC� b�eRF0jJjXFTS
 FT[�b7FTW3]RFTW�_a[ d ]^HJFTS b7FTS�FT[�hqMCjJfgF0S»�ßàI�hqMgjJfgF0SR]RF0SlU"HJ[�]o]RHJF�HJS�â çÜFTj ùCÊ?ã r F0W7NQPR[�HJF r F0SRF��
MC[7I �gMgS#��eRHXN � LR[7MgLZ�CMg[7fCFTW�b7FTjXjXb�º r F0H]RF0[�]RHXF�_aF0U"HXNQP�b7W�cd S^]RFT[�eRSRf�I�HXb���HXjXhqF�FTHXSRFTW%$ÏÖ7Û'&CØ�ÓyÚr.àÓyÚr.àÓyÖ(�(×�eRSR]ZF0HJSRF0W�)ÏÛCÖ�Û'*yÓyÕ ..ÓyÖ+�(×r FTW�b7HJI�I(b�U"HX[7]»����F0[`_�[ d ]RHJF0S b�FTS b7FT[7IÈFTS b�P�cd jXb�FTHXSRFTS iTe^W�cd b7iTjJHXNQPRFTS 5�FT[7I�º�]RFT[�]RHXF�_�F%mU"HJNQP b7F d e^h r F0b7[ d fgW�IZcds� HJf � jXFTHJS^FTSV
 F0[�b7FTSlP d jXb7FTS�W7MgjXj ?-,/.1032'465879.;:+<>=@? �TVU�WYX[Z�G\I]FH^`_badcfeBA�iLjlk
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Gewicht

Gesamtfehler

0
0

Minimum

Schritt 3
Schritt 4
Schritt 5
Schritt 6
Schritt 7
Schritt 8

Schritt 2

usw. (wie Schritt 3)

Fall A
Fall B
Fall C
Fall A
Fall B
Fall C

Fall A
Schritt 1 Fall A

Startpunkt
bei Schritt 1Â r^r HJjX]ReRSRf�¤ é^è EGF0HJW�LRHJF0j»h%ceR["]RHJF¶ÿ�W7i0HJjJj d b�HXMgS r FTHbM�QÄMvÿ4Q�I¹H¢b r F0W�b7HJI�I(b�F0S Q d [ d I¹Fyb�FT[.m� MCSRW�b7FTjJj d b�HXMgSRF0S

Q+eRS � b ? ¤ D HJW�bG�CMgS d jJjXfgFTI�FTHXSRFT[ÑEGF0]RFTe^b7eRSRf Ù HJS��OHJF0jJF0S�LR[ dC� b7HJW7NQP^FTS�Â�enhqf dCr FTSRW�b�FTjXjJeRS^fgFTS��d SRS87�FT]RMONQP d eRNQP r FTH-]^FT[+½¼FT[�UGF0SR]ReRSRf��gMgS¹E d N � LR[�MgL d f d b�HJMCS�HXI¹I�FT[ÌFTHJS^Fª��MCS��CFT[�fgFTSRir FTM r-d NQP�b7F0b3UGF0[7]RF0S»���HJF�HXS Q+eRS � b ? £ D d SRfgFTW�LR[7MONQPRF0SRFZW7NQP^SRFTjXjJFT[�Fo�aMgS �gF0[7fgF0SRiZHXW�b r F0HJW7L^HJFTjXW�UVFTHXW7F\U"HXNQP b�HJf^ºUVFTSRS FTHXS ¾�FTe^[7MgS d jJFTW�¾�F0b7iÎMgSRjXHJSRF ? ]»� P»�ÜU�cd P^[7FTS^] W�FTHXSRFT[aÂ�S�UVFTS^]ReRSRf D hQceR[�FTHJS^FÎW7L9FTiTH´m¡-W�NQPRF�Â�enhqf dCr FTSRW�b�FTjXjJeRS^f¹b�[ d HJS^HJFT[�bÝUGF0[7]RF0S I�e � �ÝÂ�eRNQPZUGF0SRS ? U"HJF(is�|E�� r FTH�]RF0[aÞOb7[7e � mb�e^[7MgL^b7HJI�HJF0[7eRSRf�]RF0WÏ¾3F0b�i0FTWVMn]RF0[V]^FT[ÝÞOFTjJF � b�HJMCS¹]RF0[GfgF0FTHXfgSRF0b7W�b7FTS�k�FT[ � I d jJF D W�FTPR[Ñ�OHJFTjXF5�[ d HXSRHJSRfCW7]ReR[�NQPRf
cd S^fgF�]ReR[�NQPRfgFyh%ceRPR[�baUVFT[�]RFTS I ceRW7W�FTS»º»HXW�ba]^HJFTW�FÎ�+HJfgF0SRW7NQP d hÐb�FT[�hq[7FTe^jJHJNQPÜº7�FT]^MnNQP�SRHJNQP b3i0U"HXSRfgF0SR]\S^MCbàUGF0SR]RHXfR�Q+eRS � b ?A@gD HJW�b d jJWVW7F0PR[ÝU"HJNQP b�HXf�FTHXSRiTeRW�NQP�cd b7iTFTSÜº9] d FTWÝ] d W3çÜHXFTj
�OHJFTjXFT[ÏÂ�S UGF0SR]ReRSRfCFTSlHXW�bTº½¼FT[�h d PR[�FTSüiTeüF0S bàU"HJN � F0jJS»ºÑ]RHXF�[7M r eRW�b�HJS�]RF0I ÞOHJSRSRF�W7HJS^]»ºw] dC� ]^HJF¾
 d PRj r FTW�b7HJI�I(b�F0[Q d [ d I�F0b7FT[ ? ] d [�eRS b�F0[ d eRNQP�]^HJF\Y�F0[7SRL d [ d I�F0b7FT[ D F0HJSRF0S�eRS b�F0[7fgF0Mg[7]RS^F0b�F0S	�+HJS^Á-e �üd e^h] d W�5±[ d HJS^HJSRfgW�FT[�fgF r S^HJW"P d bT�"��FT[3ßàSRHXb7H d jXeRL:] d b�FyUGF0[�b �`���­�   P d b r FTH�Â�enhqf dCr FTSRW�b�FTjXjJeRS^fgFTSI�HXbÝPRMCPRFT[3�+L:MONQPRF0SRi d P^j ��d e^I �+HJS^Á-e �¹d e^hÌ] d W3�¼[�fgF r SRHJW0�EGF0W7MgSR]^FT[7W(HJS b�F0[7FTW�W d S b�h ce^[(]RF0Sü�+HJSRW d b�i��gMgSÛ5"�a¾�¾áHXW�b�S d b ceR[7jXHJNQP Q+eRS � b ?¥Ê�D �\��HXF�HJSâºM3HXF ùg@]ã hqFTW�b7fgFTW�b�F0jJjXb7Fa�gFT[ r F0W7W�FT[�b7F�_�F0SRFT[ d jJHXW7HXFT[7e^SRfgW�h�cd PRHJf � FTH¢b r F0H25"�a¾�¾ ? ]RMC[�b"U"HJ[�]\F0HJSEGF0SRNQPRI d [ � mNQ+[�M r jJF0I d eRWG]^FTIáEGFT[�FTHXNQP�]RFT[ÏÞnLR[ d NQPRFT[ � FTS^SOe^SRf�eRS b�FT[�W7eRNQP b D � MgSRS b�F�iC��E��h%ceR[3]RHJF�
 FT[ � i0FTeRfgi0eRW�b d SR]RWsce r FT[�U d NQP�eRSRflHJS\��[7FTP^I d W�NQPRHJS^FTS r FTW�bñcd b7HJfCb3UVFT[7]^FTS�â ÞnHJN BgB�ã ��+HJSRFæ�¼[ � jàcd [�eRSRflhQceR[(]RHJF0W7FTW�½¼F0[7P d jXb�F0S �gMCS M�QÄMvÿ4Q�U"HX[7] d e^NQPüHJS#âºM3HXF ùg@]ã�? Â�e^b7Mg[�HJW�b]RF0[Ï�+S bàU"HJN � jJF0[G]RHXFTW7F0WÝYpFT[�S d jJfCMg[7H¢b�PRI�e^W D SRHXNQP�bGfgFTfCF r FTS»�¼�+HJS¹IZcMCfgjJHXNQPRFT[V_a[7eRSR] � cMgSRS b�F7�FT]^MnNQPüW�FTHJSÜºw] dC�Zr FTHÏM�QûM6ÿ�Q�]RHXFæ_aF0U"HXNQP�b7FæS d P^F d S�]RF0[��+HJS^f dCr FTW7NQP^HJNQP b ? is�|E��Ìi0U"H´mW7NQP^FTSä�+HJSRf dsr F%m�eRS^] FT[7W�b�F0[��gF0[7]RF0N � b7FT[\ÞnNQPRHXNQP b D W�NQPRSRFTjXjJF0[ d ] d L^b�HXFT[�b¹UGF0[7]RF0S d jJW r F0HÊgé



E d N � LR[�MgL d f d b�HXMgS»ºR] d ]RHXFa� cMCPRF�]RFT[3_aF0U"HXNQP�b7W cd S^]RFT[�eRSRf�S�eR[Ý�CMgI ½¼Mg[�iTFTHXNQPRFTS�]RF0W�_a[ d m]RHXFTS b�F0S dCr P cd SRfCbT�¼_�F0[ d ]^F�]RHXFTW�F�_aF0U"HXNQP�b7F r FTW�NQPR[7F0H r FTSæ]RF0S�I�FTPR[ÑMO]RFT[+UVFTSRHXfgFT[Ñfg[7M � FTS�+HJS^ÁRe � iTF0HXb�jXHJNQP d enhqFTHJS d SR]RF0[�hqMgjXfgFTSR]^FT[+�+HJS^f d SRfgW�I�eRW�b�FT[0º W7HXFÏW7HXSR] d jJW�M�h%ceR[w]RHXFÝ�+[�h d W�W7eRSRfiTF0HXb7jJHJNQP^FT["�+S bàU"HJN � jJeRS^fgFTS r F0W7MgSR]^FT[7W"U"HJNQP b7HJfR�
cfeác2eác T

�
^ ï Z��2_ � W ï��·¶

_ x ï G\I ï Z ïo� ¸ ï Z � ³ U$W[X[Z�G�IPFH^ ï�� ¹�º_bZ�	�»«¼¬¼EGHXW7PRF0[ÑU"eR[�]RFTS�HJS�Â r W�NQPRSRHXb�b @ ]R[7F0HÜYpF0[7S d jXfgMg[�HXb�P^I¹F0S�hQce^[û5"�a¾�¾ d eRW�hQceRP^[7jJHXNQP r FTW�NQPR[7HXFymr FTS è 5�FTI�L:MC[ d jÜE d N � LR[7MCL d f d b7HJMgSÜº�5�FTI�L:MC[ d j��ae^HJN � LR[7MCL�eRSR]w5±F0I¹L9Mg[ d jyM�QÄMvÿ4Q ? W7HJF%mPRF�Â rRr HXjJ]Re^SRfl¤ ôCD ��� d SRF r FTSlfgH r b�FTW�FTHXSRF�½�HJFTjXi d P^j�UVFTH¢b�F0[7FT[�Â�jXfgMg[7H¢b�PRI�FTSÜº
�CMgSZ]RF0SRFTSFTHXSRHJfCF�HJS�]RHXFTW7F0IKÂ r W7NQPRSRH¢b7b � eR[7i d SRfCFTW7L^[7MONQPRFTS�UGF0[7]RF0SZW7MgjXjJF0S»�Q+[7HXSRiTHXLRHJF0jJjOjàcdC� bwW7HJNQP�h%ceR[+h d W�by7�FT]RF0S¾5�[ d HXSRHJS^fgW d jXfgMg[�HXb�P^I�eRW�h%ceR[VklYRQ FTHXSlcd PRSRjJHXNQPRFT[+Â�jJfgM�m[7H¢b�PRI(eRWVhQceR[´5"�a¾�¾ � MgSRW�b7[7eRHXFT[�FTS»ºRUVM r FTHÜi0eRW�cd b�iTjXHJNQP¶7�F0]RMnNQP�]RHXF��CFT[7igcMgfgF0[�b�F4
 FTH¢b�FT[�f dCr F]RF0[�Â � b�HX�OHXFT[7e^SRfgFTSui0e r FT[sceRN � W7HJNQP b7HJfgF0S HXW�b�� Â�jJW �a[�HXb�F0[7HXeRI h%ceR[Î]RHJF�EVF0UVFT[�b7eRSRf FTHJS^FTWYpFT[�S d jJfCMg[7H¢b�PRI�e^W � cMgSRSRF0S\�gF0[�UVFTSR]^F0b�UVFT[�]RFTS è
s ]RHXF`_�F0SRFT[ d jJHXW7HXFT[7e^SRfgW�h�cd PRHJf � FTH¢bÏ]RF0[3I�HXbÏ]RHJF0W7FTI Â�jJfCMg[7H¢b�PRI�e^WGb�[ d HJSRHXFT[�b�FTS�¾3F0b7iTFCº
s ]RHXF�Â r P�cd SRfCHJf � FTHXbV]RF0W65±[ d HJS^HJSRfgW�FT[�fgF r S^HJW7W�FTWG�CMgS � MCS � [7F0b7FTSV
 FT[�b7FTSæ�CMgS�YpFT[7S^L d m[ d I¹Fyb�F0[7S»º
s ]RHXF��aMgS �gFT[�fgFTS^iTfgF0W7NQP U"HJSR]^HJf � FTHXbTº
s ]RHXFaS�eRI¹F0[7HXW7NQPRF(ÞOb dsr HJjXHXbñcd b�º
s ]RF0[3EGFT[�FTNQPRS�eRSRfCW d e^hÐU d SR]Zh ce^[Ý]RHJF`_aF0U"HXNQP�b7W cd S^]RFT[�eRSRfgF0S»º
s ]RF0[�ÞnL:F0HJNQPRF0[��CFT[ r [ d eRNQPleRSR]
s ]RF0["ßàI¹LRjXFTI�FTS b�HXFT[�eRSRfgW d e^hÐU d SR]»��+HJS�½¼FT[�h d PR[7F0S�i0eRI I�eRW�b7FT[�UGF0HJW7F0SÃ5�[ d HXSRHJF0[7FTS�]RF0[Ï_aF0U"HXNQP�b7F�U"HX[7]�HJS²â Y��aY ù £ d º�Y��aY ù Í ºY�Y�� ùg@ d ã �gMg[�fgFTW�b�FTjXjXbT�¼��Mg[�bÝU"HX[7]\_�jXFTHXNQPOe^SRf Ê�Í hqMg[�b7fgFTW�F0b�iyb3]ReR[7NQPÃ z|{|}� ?��^D½� ���«�¬ {��:¯ Ä z|{��:¯A} ­-¯�� í��

Ã z|{��:¯A}� ?��RDÌË �:� z|{��:¯A}� ?��`¶���D�9� z¦{�}� ?A�RD?�Ísé D
§ >�>T>§ ���«�¬ {��:¯ Ä z|{��:¯A} ­-¯�� í��

Ã z|{��:¯A}� ?��RDÌËT· z|{��:¯A}��� � ?$��DÌË�ýÜþ7ÿ � z¦{�}� ?A�RD�� �?�ÍCôgD Ê ô



(Temporal) Quickprop

0 ¾

Gesamtfehler

(Temporal) Rprop

0 ¾

Gesamtfehler

...

...

(Temporal) Backpropagation

0 ¾

Gesamtfehler

...

Â r^r HJjX]ReRSRf ¤ ônè EVFTHJW�LRHJF0jÌh%ceR[�]RHXFÎÂ�[ r FTH¢b�W�UGF0HJW7FÎ�CMgS E d N � LR[7MgL d f d b7HJMgS»ºb��eRHXN � L^[7MgL eRSR]M�QûM6ÿ�Q r F0HpfgjJF0HJNQPRF0I ÞOb d [�b7LReRS � b�eRSR]�fgjJF0HJNQPRF0[3ÞOb d [�b�W�NQPR[7H¢b7bàUVFTHXb7F
Êg÷



]»� P»�^I�HXb Ã z¦{��:¯A}� ?A�RD d S^W�b�F0jJjXF��gMCS Ã z|{��:¯A}� ?��3¶ä��D �¼��HXFTWVhQce^PR[�bÝHXI Â�jJfCMg[7H¢b�PRI�e^W @ � ô i0e�FTHJS^FT[F0bàU d W d SR]RF0[7F0SZEGF0[7FTNQP^SOe^SRfgW��CMg[7W�NQPR[7H¢hÐb�h ceR["] d W��-F0PRjJF0[7W7HXfgS d j Ã z|{�}� ?A�RD º-S cd I¹jXHJNQPæi0eÃ z|{|}� ?��^D Ä.Å Æ§ ÊËÌ ËÍ ý þ ÿ � z¦{�}� ?A�RD � Ë ÿ ú � ?��RD Ç ø z|{�}� ?A�RD � hQce^[�â § ãý þ ÿ � z¦{�}� ?A�RD � Ë ©��«�¬ {��:¯
Ã z¦{��:¯A}� ?��RDÌË x�z¦{��:¯A}��� � hQce^[�âb� �s£�� >�>T> � ã Ç ¤
	?�Ís÷ D

I�HXbw]^FTI<Þ �sd j d [ Ã z|{��:¯A}� ?��RD d SRW�b7FTjXjJFÏ]RF0W+½¼F � b�Mg[�W % z¦{��:¯A}� ?A�RD �H
	HJFÏI d SÎjJF0HJNQP b+W�HJFTP bTº�UVFT[�]RFTSPRHXFT[�Â�eRW�U"HX[ � eRSRfCFTS ]RFT[ dC� b�eRF0jJjJF0SoÂ � b�H¢�OHJFT[�eRSRfgW�iTeRW�bñcd S^]RF d e^h¼]RF0S �
F0PRjJF0[�i0eZ�gFT[�W7NQPRHXFym]RF0SRFTS�çÜFTH¢b�LReRS � b7FTS�SRHJNQP b d e^W7[7F0HJNQPRF0SR] r FT[sceRN � W7HXNQP�b7HJfCbT�u¾ d bCceR[7jXHJNQPüHXW�bÎ]RHXF�ßàI¹L^jJFTI�FTSOmb�HXFT[�eRSRflF0HJS^h d NQPRFT[0ºw] d F0HJSRFæÞnL:F0HJNQPRF0[7eRS^fZ�gMgSü�-F0PRjJF0[7W7HXfgS d jXFTS FTS b7h�cd jJjXbT��� d W�½¼F0[�h d PR[�FTSFTS b7W7LR[�HJNQP b�]RFT[�Â�S UVFTSR]Re^SRf �CMgSuÞOb d SR] d [7]nmàE d N � LR[7MCL d f d b7HJMgS d e^hv5"�a¾�¾ eRSR]�HXW�b d eRWhqMgjXfgFTSR]^FTI _�[�eRSR] d jXW�L^[7M r jXFTI d b�HXW7NQPZF0HJSRi0eRW7NQP cd b�i0FTS è EGFTH±fg[7M � FTSoYpFT[�SR[ d b�FTS ��d S^So] d WI�eRW�b�F0[�UVFTHJW�F�Â�] d L^b�HXFT[7F0Su]RFT[�_aF0U"HXNQP b�F�iTeüßàS^W�b dsr HJjXHXb cd b�h ceRP^[7FTS Ù S�eR[ r FTHÏW�FTPR[ � jXFTHJS^FTSYpFT[�SR[ d b7FTS cd S^]RFT[�SoW7HJNQPo]^HJFÎ_aF0U"HXNQP b�F�HXSZFTHXSRFTIÈçÜFTH¢b�[ d eRI\º
]RF0[�]RF0[aY cd SRfgF�]RFTWa[�FTiTF0L^b�H´m�gF0So�-FTSRW�b�F0[7W�]^FTW�5"�a¾�¾ìF0S b�W7L^[7HJNQP bTº:W�M¹UVFTSRHXfRº
] dC� ]^FT["b d b7W�cd NQPRjXHJNQPRF(_a[ d ]RHXFTS b d eRW�[7FTH´mNQPRF0SR] d SRfCFTS�cd P^FT[�b3U"HJ[�]»�GÞnMgI�HXb"P�cd S^fCb3FTW3W�b d [ � �gMCSl]RF0[�Â�e^hqf dCr FTSRW�b�F0jJjJe^SRf dCr º
M r I¹H¢bÞOb d SR] d [�]nm.E d N � LR[7MgL d f d b7HJMgS�cd PRSRjXHJNQP fCe^b�F��¼[�fgF r SRHJW�W7F�U"HXF�I�HXbS5±F0I¹L9Mg[ d jÑE d N � LR[7MCL d mf d b7HJMgS�h%ceR[�5"�a¾�¾ FT[�iTHXFTjXb3UVFT[7]^FTS � cMgSRSRF0S»���+HJSRF`½ d [7H d S b�F��CMgS E d N � LR[�MgL d f d b�HXMgSli0eRII�eRW�b�F0[�UVFTHJW�FTSw5�[ d HXSRHJF0[7FTSæ�CMgSV5"�a¾�¾`º r FTH:]RFT[Ý]RHXF��-FTP^jJFT[ d eRW�U"HJ[ � eRS^fgFTS r FT[sceRN � W7HJNQP b7HJfCbUVFT[7]^FTS»º
W�b7FTjXjXb r FTHJW�LRHJF0jJW�UGF0HJW7FÒâ �a� ùg@]ã �gMg[0�� d W45�[ d HXSRHJS^f�]RFTW`iTF0HXb�jXHJNQPoF0S�b�h d jXb7F0b7FTS ¾�F0b7iTF0W�I�HXb`Þ�b d SR] d [7]nmàE d N � LR[�MgL d f d b�HJMCS U"e^[7]RFr FT[7F0HXb7W�HXS Â r W7NQPRSRH¢b7b @ �¦£�FT[�U�cd PRS b����+HJS F � L:F0[7HXI¹F0S�b7FTjXjJFT[a½¼F0[7fgjXFTHJNQP ]RHJF0W7F0W�½¼FT[�h d PR[�FTSRWI�HXbb5±F0I¹L9Mg[ d jOE d N � LR[7MCL d f d b7HJMgS`U"HJ[�]�HJSÃâ°
 d S ùg@ d ã ]ReR[7NQP^fgF0hQceRP^[�b��ÌÂ�jJW±fg[�cM � b�F0[Ì¾ d NQP b�FTHXjW�b7FTjXjXbæW�HJNQP	]RHXFZPRMgPRF ¾3FTeR[�MgSRF0Snm�eRSR] _aF0U"HJNQP b7W7i d PRjaPRFT[ d eRW0� � d PRF0[æU"HJ[�] HJS âëêÝ_ ùgé]ãFTHXS ½¼F0[�h d P^[7FTS iTeRI 5�[ d HXSRHJS^f�F0HJSRF0WÁ.àÓyØÐÕÀ¿GÓyØJ×�ÓWÁ�ÓyØ\.¥Õ®Ø&åQÔüÓyÚr.P 0ÛCÕ .àÓ+..ÓyÚÃÂ`Ó+.ÄÁ�ÓQ× r FTW7NQP^[7HJF r F0S»�Â�e^NQP�]RHJF0W7F0W�¾�Fyb�i r FTW�HXb7i0b¹SRMnNQP�fgFTI�FTHXSRW d I �CFT[�UGF0SR]RF0b7F _�FyU"HJNQP b�F ? W7HXFTPRF\Â r W�NQPRSRH¢b7b£n�|£ D ºnUGMO]ReR[�NQPl] d W3YpM ��d jXHXbñcd b�W7L^[7HJS^iTHJL¹�gFT[�jJFyb�i0b3HXW�b���+HJSRFÁM3F0HJPRF r F ��d SRS b�F0[(ßà]RF0FTSüi0eR[�½¼F0[ r FTW7W�FT[�eRSRfo�gMgS�E d N � LR[7MCL d f d b7HJMgS h%ceR[(klYRQ±º�U"HJFr FTHJW�LRHJF0jJW�UGF0HJW7F�E d N � LR[�MgL d f d b�HJMCS�I¹H¢bÎk�MgI¹F0S b�eRI�ºÌ½¼FT[�h d PR[�FTS�S d NQP�ÞnHJj¢� d eRSR]üÂ�jJI�FTH¢m] d ºg��FTjXb d m.E d [�mà��FTjXb d ºsÞneRL9FT[�ÞnÂ�EüeRSR]��OHXFTjJFGI¹F0PR[ ? W�HJF0PRFÏiC��E��[âºM"M�7 ùgé ºgçÜFTj ùCÊ?ã D � cMgSRSRF0S�HJScd PRS^jJHJNQP^FT[±�
MC[7I�iTeR[Ì�+[�UVFTHXb7FT[�eRSRf��gMCSd5±F0I¹L9Mg[ d jnE d N � LR[7MgL d f d b7HJMgS`h%ceR[|5"�a¾�¾ PRF0[ d SRfCFymiTMCfgFTS�UGF0[7]RF0S ? d e^NQP`��eRHJN � LR[�MgL�e^SR]ÃM�QÄMvÿ4Q�W7HJS^]�]RHXFTW7F0[V_�[�eRLRL9F3�CMgS¾
 FTH¢b�FT[�FTS bàU"HJN � mjJe^SRfgFTS��CMgSuE d N � LR[�MgL d f d b�HXMgSüiTeRi0eRMg[�]RSRFTS D � ��FT[ÎYpFT[�S d jXfgMg[7H¢b�PRI(eRWD�4M�QÄMvÿ4Q ? W7HJF0PRFâºM3M�7 ùCé�ã D � MgI r HJSRHXFT[�b�]RHJF�ßà]^FTFTS �gMCS���eRHXN � LR[7MgL eRS^]ÎM�QÄMvÿ4Q è ßàW�b�] d W�½¼MC[7iTF0HJNQPRF0S ]RFTW_a[ d ]RHXFTS b�F0S ? r i0U���] d W�½¼Mg[7i0FTHXNQPRFTS�]^FT[ dC��� e^I�eRjJHXFT[�b�FTS�_�FyU"HJNQP b�W�cd SR]RF0[7eRS^fgFTS D HJS i0UVFTHd e^hqF0HJS d SR]RFT[�hqMgjJfCFTSR]RF0Sæ�+L9MnNQPRF0S�fgjJF0HJNQP»ºOW7M�U"HJ[7]¹]RHJF�ÞOb�[ d b�F0fgHJF"�gMCSVM�QÄMvÿ4Q��gF0[�UVFTSR]^F0b��ßàI d SR]RFT[�FTS � d jJjAº9UVFTSRS d jXW7M�FTHXS ? jXM ��d jJF0W D k�HJSRHXI�eRI ce r F0[7W�LR[7eRS^fgFTS U"eR[7]^FCº�W7M�FT[�hqMgjJfsbFTHXS\ÞnNQPR[7H¢b7b3fgF0I cdC� ]^FT[�ÞOb�[ d b�F0fgHJF��CMgS¬�ae^HJN � LR[7MCL»�� d SRF r F0S fgH r b�FTW�F0HJSRF M"FTHXPRFl�CMgS#1 � j d W�W7HJW�NQPRFTS83 ½¼FT[�h d PR[�FTS	]RFT[�SRHJNQP b�jXHJSRF d [7F0S ÿ�L^b�H´mI�HJFT[�eRSRf ? W�L:F0iTHXFTjJjÌP d SR]RF0jXb�F0W�W�HJNQP PRHJF0[aeRI FTHXSRFÎI�eRj¢b�HX� d [�H d b7FÎk\HXSRHJI�HJF0[7eRS^fæMgPRSRF�¾3FymÊgù



r FTS r F0]RHJS^fgeRSRfgF0S D º�]RHJF d e^NQPäi0eRI 5�[ d HXSRHJS^f��gMgS klYRQ FTHXSRfgF0W7F0b7i0b�UVFT[�]RFTS»� çÜeR[�EVFymW�b7HJI�I�eRSRf�]RF0[ZY d e^hq[�HJNQP b�eRS^f�HJSä]RF0[Z�-FTPRjXFT[�Á cd NQPRF UGF0[7]RF0S r F0HJW7L^HJFTjXW�UVFTHXW7F ? W7HXFTPRF e»� d �â EGHJW ù Í º[M"HJF ùCÊ d º[M3M�7 ùCé º9ÞnPRF ù ô�ã D
s ��e d W�H¢mà¾�F0UÝb7MgSnm�½¼FT[�h d PR[7F0S ? EG�±_`Þ è EG[7MPKO]RF0Snm.�ÌjXF0b7NQPRFT[.m�_aMgjJ]^h d [ r m.ÞnP d SRS^MRº��a�lQ è� d �OHJ]RMCSnm.�ÌjXF0b7NQPRFT[.mNQ±M�UVFTjXj D MO]RFT[
s �aMgS�7�e^fgHJF0[�b�F%m�_a[ d ]^HJFTS b7FTSnm�½¼FT[�h d PR[7F0S ? �3FTW�b�FTS^FTW�m.ÞOb�HXF0hqF0j�ºûQ±Mgj dC� mNM"H r HXFT[�FCºw�±jJF0b7NQPRFT[.mM"FTFy�gFTW D�gF0[�UVFTSR]^F0b��¹çÜeRW cd b�i0jJHXNQPZU"HJ[7]oF0HJSofgF0FTHXfgSRF0b7FTWa½¼FT[�h d PR[�FTS iTeR[`k�HJSRHXI¹HXFT[7e^SRf�HXS Y d e^hq[7HXNQPnmb�e^SRf r F0S cMCb7HJfCb ? iC��E��Ü½¼F0[�h d P^[7FTSoS d NQP ��FTSRSRHXW�m.ÞnNQPRS dCr FTjÌMn]RF0[�S d NQP EV[7FTS b D ����HJFTW�F(½¼FT[.mh d PR[�FTS r-d W�HJFT[�FTS d e^hR]^FT[�ßà]RFTFsºC] dC� iTe^[Ì¾(cd PRFT[�eRSRf3FTHXSRFT[ r FTjJHXF r HXfgFTS`�-eRS � b7HJMgS`HJS�]RF0[Ì¾(cd PRFFTHXSRFTW�k\HXSRHJI(eRI¹W�FTHJS^FÒé�e d ]R[ d b7HJW�NQPRF��
e^S � b�HJMCS �CFT[�UGF0SR]RF0b(UGF0[7]RF0S ��d SRS ? W�MgfR�°Å»Ó-å-/�Ú6&
æ

�ÏÖÆ&OÓyÖÈæ�Ç9ÓyÖ! 0Û�ÔOÖ�ÓyÚ D �+�+HXSRHJfgF�ÞnFTN0MgSR]nmNÿ�[7]RF0[�m�½¼F0[�h d P^[7FTS r FTS�cMsb�HJfCFTS�FTHXSRF���F0W7W�Fym�k d b�[�H � ]^FT[i0UVFTH¢b�F0S�L d [�b7HJFTjXjJF0S Â r jJFTH¢b�eRS^fgFTS�]^FT[��-FTPRjXFT[�hqeRS � b�HXMgS�MO]RFT[�F0HJSRFæ¾�cd PRF0[7eRS^fo]RHJF0W7FT[�k d mb�[�H � ���+HJSRFok\F0b7PRMn]^FoiTeR[�F �Rds� b7FTS EGFT[�FTNQPRS�eRS^f ]RF0[���F0W7W�Fym�k d b�[�H � hQce^[Ã5"�a¾�¾Èe^S�b7FT[EGF0[CceRN � W7HXNQP b�HJfCeRSRfæ]RF0[��CFT[7igcMgfgF0[�b�F0SZÂ � b7HX�OHJF0[7eRSRfCFTSlU"eR[�]RF(F0[7W�b � ceR[�iTjJHXNQPlHXSÛâëêÝç ùg÷�ã �gMC[�mfgF0W�b�F0jJj¢b��Â�jXW±F0HJS�W7HJfCSRHX¡ ��d S b7FTWHM3F0W7eRj¢b d b±eRI�h d W7W�FTSR]RF0[+EGF0SRNQPRI d [ � b�F0W�b7WwI¹H¢bÌklYRQ HXSVâ ÞnPRF ù ô�ã W�b7FTjJj¢bW7HXNQPÎ7�FT]RMONQP	PRFT[ d eRW0º�] ds� 1�jJM ��d jXFok\HXSRHJI d FTHJS S^MnNQP��OHJF0j�fg[�cM � F0[7FTWæ��HJS^]RFT[�SRHJW�hQce^[ r F%mW�b7HJI�I(b�F\ÞnF0NTMgS^]nm�ÿ�[7]^FT[�m�½¼FT[�h d PR[7F0SÉÈuW�L:F0iTHJF0jJj���e d W�H¢m.¾3F0UÝb7MgSnm�½¼F0[�h d P^[7FTS â´�¢�X� ã eRSR] ? HJSFTHXSRFTI FybàU d W�fgF0[7HJS^fgFT[�FTSlÂ�eRW7I dC� D �aMgS�7�e^fgHJF0[�b�F%m�_a[ d ]^HJFTS b7FTSnm�½¼FT[�h d PR[7F0S â®�X�¢� ã È�W�HJSR]»º d jXWh%ceR[�k�F0b�P^Mn]RF0S»ºÑ]RHJF�]RF0I � MgS �gFTS b7HJMgSRF0jJjXFTS�E d N � LR[�MgL d f d b�HJMCS��gFT[�U d SR]^b¹W7HJS^]»�¥3���HXFTW�FTW�+[7fgF r SRHXW ��d S^S\]Re^[7NQP�FTHJfCFTSRF�µ�S b7FT[7W�eRNQP�eRSRfgF0S r F0W�b�cd b�HXfCbÝUGF0[7]RF0SÛâ k d K ùgù?ã �
 FTHXb7FT[�FC5�[ d HJSRHXSRfgW d jJfgMg[�HXb7PRI¹F0S W�L:F0iTHJF0jJjGhQce^[d5"�a¾�¾KUGF0[7]RF0S r FTHJW�LRHJF0jJW�UGF0HJW7F�HXS â E´5 ùCé ºEÏ
äYL5 ùCÊ º�Ê�E ù ô�ã r FTW�NQPR[7HXF r FTS»�çÜeRjXF0b�iybGW�MgjJj¢b�F"SRHXNQP�bGeRSRF0[�U�cd PRS b r jJFTH r F0S»º�] dC� F0HJSRF3f d S^iTF8M"FTHXPRF"UGF0HXb�F0[7F0[Ý� dC� b�Mg[�FTSæ�+HXSnmÁ-e �ld e^hÝ]^HJFÒ�aMgS �gFT[�fgFTS^iæeRSR]�]^HJF¹_�F0SRFT[ d jJHXW7HXFT[7e^SRfgW7jXFTHXW�b�e^SRf�P d b ? W7HXFTPRF�iC��E��´âëM"M�7 ùgé]ãÐD%è] d W��
F0PRjJF0[7I dC� º
FTHXSRF(½¼Mg[��gF0[ d [ r F0HXb�e^SRfæ]RF0[85±[ d HJS^HJSRfgW�] d b7FTSRI�FTSRfCF ? is�|E��»��F � Mg[7[�FTj d b�HXMgS]RF0[��+HXSRf d SRfCW7] d b7FTS D º-]RHJF�½¼MC[7fgF0PRFTSRW�UGF0HJW�F r FTHp]RF0[�_�FyU"HJNQP b�W�HJSRH¢b�H d jJHJW�HJF0[7eRSRf�eRW�U��
Ë Ì�Í/ÎTÏÑÐ%Í/ÏÑÎ/Ò®Ó¬Í/Ô�Õ Ô>Ö×ÎTÏÑØ�Ù ÚbÛÏÑÎ½ÜÝÖ×ÏÑÎ/Ò®Ø�ÞDß>Ö ÜÝÖZÍXà�Ö¾�F r F0S�]RF0[±Â�] d L^b7HJMgS`]RFT[Ì_aF0U"HJNQP b7FCºCF0HJSRF0[ � MgS b�HXSOe^HJFT[�jJHXNQPRFTSOÿ�L^b�HXI¹HXFT[7e^SRfgW d e^hqf dCr FCº�W�HJSR]r FTH+FTHXSRFT[aÂ�S UGF0SR]ReRSRflFTHJS^FTW�5"�a¾�¾ d e^NQP SRMONQP �CFT[�W7NQPRHXFT]RF0SRF�]RHXW � [7Fyb�F¾ÿ�L^b�HXI¹HXFT[�eRSRfgW.md e^hqf dCr F0S�iTe�jàcMgW�FTS è

s ]RHXF8
 d PRjpFTHXSRFT[ÝfgF0FTHXfgSRF0b7FTSlç d PRjÜ�CFT[�]RFTN � b�F0[�ÞnNQPRHXNQP b�FTSÜºÍsB



s ]RHXFüEGF0W�b�HXI¹I(eRSRf�F0HJSRF0[oMgL^b�HXI d jJFTS Â�SRi d PRj(�CMgSì¾�F0eR[7MgS^FTSìHJS ]RF0S��CFT[�]RFTN � b�F0SÞnNQP^HJNQP b�F0S»º
s ]RHXF��-FTW�b7jJF0fgeRSRf�FTHXSRFT[Ý½¼F0[ r HXSR]ReRSRfCW7W�b7[7e � b7eR[�e^SR]
s ]RHXFæÞOeRNQPRF�S d NQP�]RF0S r F0W�b7FTSä
 FT[�b�FTS h%ceR[�]^HJF�Â�SRi d PRj¼�gMgSüçÜFTHXb7W7NQPR[�HXb�b�FTSÜº±eRI ]RHXF]RHXFaÂ � b�H¢�OHJFT[�eRSRfgW�iTeRW�bñcd S^]RF�HXS\ÞnL:F0HJNQPRF0[7F0jJFTI�FTS b7FTSli0e��CFT[�i cMgfgF0[7S\W7HJS^]»���HJF�fgF0S d SRS b�F0Su�-[ d fgF0W�b7FTjJjXeRSRfgF0S r F0b7[7F¥è:FTSü]^HJFæ¾3F0b7i0b�MCL:MgjXMgfgHXF ? ¾�Fyb�iTW�b�[�e � b�eR[ D eRSR]�W�HJFW7HXSR]��gMgS�FTW7W�FTS b�HXFTjXjJFT[�EGF0]RFTenb�eRSRf3h%ceR[�]RHJFVk\MO]RF0jJj r HJjJ]^eRSRf ? W7HJF0PRF r F0HJW7L^HJFTjXW�UVFTHXW7F¼Â r W�NQPRSRH¢b�mb�FÏ£n�|£3eRSR] @ �X¤ D �Ì��HXFÏÞ�b�[7e � b7eR[7MCL^b�HXI¹HXFT[7e^SRf�P^HJSRW�HJNQP b�jXHJNQP r FTW�b�HXI¹I(b7FT[0ºs�gMC[7fgF0fgF r FTSRF0[��a[7H´mb�F0[7HXFTS ? iC��E���]RFT[G_aFTSRF0[ d jXHJW7HXFT[�eRSRfgW�jJFTHXW�b7eRSRf�Mn]^FT[Ñ]RFT[Ï�aMgS �gFT[�fgFTS^iTfgF0W7NQP U"HJSR]^HJf � FTHXb"HXS¹]^FT[YpFT[�SRLRP d W�F D HXW�bÏS d NQPÎâë��� ù ôPã W7MCf d [´1�i0eR["çÜF0HXbÏF0HJSRF0WÏ]RF0[ÏiTF0S�b7[ d jXFTS��-Mg[7W�NQP�eRSRfgW�LR[7M r jJFTI�FHJI EGFT[�FTHXNQP\]RF0[3¾�FTe^[7MgS d jJFTS\¾�Fyb�i0Fl3g�
 d [7eRI HJW�b»]RHJFÑÞOb7[7e � b7eR[7MgLnb�HJI�HJF0[7eRS^fÝFTHJS�SRHXNQP b�m�b7[7H¢�nH d jJF0W2Q+[7M r jJFTI%á�Â�S bàUVMg[�b7FTS d e^hn]RHJF0W7F�-[ d fCFajJHJFyhqFT[�S r F0HJW7L^HJFTjXW�UVFTHXW7F¾â Eû
 ùg@ r º9k d S ùCÊ ºrMH5 ù Í ºoÊ d M ùg@?ãAè
s ßàW�b(]RF0[(YÑcMgW�eRSRfgW�[ d e^I S^HJNQP b r FTW�NQPR[�cd S � b�ºwW�M ��d SRS FTW�LR[7HXSRiTHXLRHJF0jJjÌe^SRFTSR]^jJHJNQP �OHJFTjXFIlcMgfgjXHJNQPRF�Þ�b�[7e � b7eR[7F0SlfgF r F0S»�
s �+W�P d SR]RF0jXb�W7HXNQP(eRI F0HJSRFÑ]RHXW � [7Fyb�F´ÿaLnb�HJI�HJF0[7eRS^fgW d enhqf dCr FCº r F0H ]RFT[�]RHXFGçÜHXFTj¢hqeRS � b�HXMgS? EGF0UVFT[�b�eRSRfCW�hqeRS � b7HJMgSÎh%ceR[±]RHJF´Q±FT[�hqMg[7I d SRiGFTHJS^FT[+Þ�b�[7e � b7eR[ D ºg]RHXFGiC��E��s]RHJFÏ_�F0SRFT[ d jJH´mW�HJFT[�eRSRfgW�jJF0HJW�b7eRSRf�]RFTWG¾�F0b7iTF0WÏMn]^FT[Ñ]RHJF3Â�SRi d PRj
�gMgS¹½¼FT[ r HJSR]Re^SRfgFTS r F0[ ceRN � W7HXNQP b�HJfsb�ºSRHXNQP b�]^Háè:FT[7F0SRiTHXFT[ r-d [ÝHJW�b��
s cÂ�PRSRjJHXNQPRFVÞOb�[�e � b�eR[�FTS � cMgS^SRFTS�W�FTPR[±eRS b�F0[7W7NQP^HJFT]^jJHJNQP^F6Q±F0[�hqMg[�I d SRiVi0FTHXfgFTS»ºñU�cd PR[�FTSR]W�FTPR[G�CFT[�W7NQPRHXFT]RF0SRF�Þ�b�[7e � b7eR[7F0S�I d S^NQPRI d j:W�FTPR[�cd PRSRjJHXNQPæiTe r F0UVFT[�b�F0S�W�HJSR] ? HJSæ]^FT[F0SRfgjJHXW7NQPRW�LR[ d NQPRHJfgF0S Y�H¢b�F0[ d b7eR[�W7HXSR] ]RHJF0W7F��+HJfCFTSRW�NQP d hÐb�F0S d jJW 79.>:;.ãâ°5ä0¦å�. eRSR]aæ`çlèêé5�0 æ`ë 7o< è r FTi0FTHXNQPRSRF0b D �
s ��HXF�EVF0UVFT[�b7eRSRfÎF0HJSRF0[G¾3F0b�i0W�b7[7e � b�e^[ �sd SRS�i0eæW7F0PR[ÏeRSRfCFTS d e^FTS ? �gFT[�[ d e^W7NQP b�F0S D �+[�mfgF r SRHXW7W7F0S�h%ceRPR[�FTS»ºgis�|E��s] d ] d W|5�[ d HJSRHXSRf�]^FT[+¾3F0b�i0FGI�HXb±FTHXSRFT[�iTe^h�cd jJjJHXfgFTS(_aF0U"HJNQP b7W�mHXSRHXb7H d jXHJW7HXFT[�eRSRf r F0fgHJS^S�b ? r FTHJI I�eRW�b�F0[�UVFTHJW�FTS YpFT[7S^FTS HJW�b r F0HJW7L^HJFTjXW�UVFTHXW7F d e^NQP ]RHXFk\e^W�b�F0[7[�FTHJP^FTS^hqMgjXfgF��CMgS�EGFT]RF0e^b�e^SRfRº r FTHJIáHJS � [�FTI�FTS b�F0jJjXFTS�YpFT[�SRFTS�]RHXF4M3F0HJPRF0S^hqMgj´mfgF�]RF0[�k\eRW�b7FT[�W7F�é�eRF0SRiTF0S D ���HJF�h%ceR[`]RHJFæÞOb�[�e � b�eR[�MgL^b7HJI�HJFT[�eRSRf r F ��d SRS b�F0S�½¼FT[�h d PR[7F0S ? HXI d jJjXfgFTI�FTHXSRFTS d SRfCF0U d SR]^bh%ceR[(k\FTP^[7j d fgHJfgF Q�FT[�iTFTLnb�[7F0S D j d W7W�FTS W�HJNQP�HXS ]^[7FTHû�aj d W7W7F0S F0HJS b�F0HJjJF0S è ]RFTW�b�[7e � b7HX�CFCº � MgSnmW�b7[7e � b7HX�gF`eRSR]�P}K r [7HX]RFa½¼FT[�h d PR[7F0S»���FTW�b�[�e � b�HX�CF�½¼FT[�h d PR[7F0S ?3â�ì çlí 0 í 2 Ù W7HXFTPRF r FTHXW7LRHXFTjXW�UVFTHJW�F â EVHJW ùgÍ ºÄM"FTF ùC@ º¼çÜFTj ùCÊ]ãÐD fgF0PRFTS�gMCS W7FTP^[Zfg[7M � FTS ¾3F0b7iTW�b7e � b�eR[�FTS d eRWZe^SR] �gF0[7W7e^NQPRFTS»º(W7e � iTF0W7W�HX�gFu�gF0[7W�NQPRHJF0]RFTSRF��+jJF%mI�FTS b�F ? ¾3FTeR[�MgSRFTSÜºÏ½¼FT[ r HJSR]Re^SRfgFTS�eRW�U�� D iTe�j�cMgW7NQPRF0S�MO]RFT[�_aF0U"HJNQP b7F d Su½¼FT[ r HJSR]^eRSnmfgF0S W7F0PR[ � jXFTHJS iTe P d jXb7FTS ? U d WlF0HJSRF0I YVcMCW7NQPRF0S S d PRF � MgI�I(b D � çÜeR[�FT[�W�b�F0S�_a[7eRLRL9FÍ ¤



]RF0W�b�[�e � b�H¢�gFT[�½¼FT[�h d PR[7F0S�fgF0P cMg[7F0S r FTHXW7LRHXFTjJW�UGF0HJW�F\Â�jJfgMg[�HXb7PRI¹F0S»º¼]RHJF�]RHXF�½¼F0[ r HXSR]ReRS^fgFTSI�HXb+]RF0S r F0b7[ d fgW�I cds� HJf � jJF0HJSRW�b�F0Sæ_aF0U"HXNQP�b7FTS¹j cMgW�NQPRFTS ? iC��E��'æ <�2 í 0¦5 ç 7�.Zî~<gï(.>7Fâ�ì çlí 0 í 2�D ºÂ�jXfgMg[�HXb�P^I¹F0S»ºG]RHXFZ]RHXF\½¼FT[ r HJS^]ReRSRfgF0S I¹H¢b�I¹HXSRHJI d jJF0I �+HJSnÁ-e �ud e^h�]^FTS Â�e^W7f dCr F0hqF0PnmjJF0[a]RFTW�¾�Fyb�i0FTW`jàcMgW�NQPRFTS ? is�|E��ñð�ò�ó�ôbë â°5ä0 æ < è îgì­<g0 í ï ç ìÆ2�. ë�í�õ�ð�ò�ö^ô÷ë â°5�0 æ < è î�ì1<g0 í 7�< é
æ <�2�.�D ºÏÞ � FTjXF0b�b�HJF0[7eRS^fgW�m�Â�jJfCMg[7H¢b�PRI�FTS ? h%ceR[�¾�F0eR[7MgS^FTS D eRW�U�� EGF0HÝ]RFT[�i0UVFTH¢b�F0S _a[7eRLRL9F�gMCS ]RF0W�b7[7e � b�H¢�gF0S ½¼FT[�h d PR[�FTS	U"HJ[7] ce r jJHXNQPRFT[�UGF0HJW7F F0HJS	iTeRW�cd b�i0jJHXNQPRFT[w5�FT[7I iTeR[��-FTP^jJFT[.mhqeRS � b7HJMgS d ]^]RHJF0[�b ?3â/. í < è 53=ø5v.­ì æ D Ù iTe�]RHJF0W7F0[ _�[�eRLRL9Füi cd PRjXFTS r FTHXW7LRHXFTjJW�UGF0HJW�F ,T.­0B2'465
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W7MgjXjXb�F0S�]RHJF�ÞOb�[�FTeRe^SRfgFTS�]RFT[G�¼[�fgF r SRHJW�W7F�fCFT[7HXSRf`W7FTHXS ? PRMgPRFF�3Óã�9Ö�/;&
çlÁTØ�ÓyÖ>*QÛCÖ-, ÓyØ\. D �¾�e^[G] d S^S ��d SRSæI d S�I�HXbVPRMgP^FT[Ï
 d PR[�W7NQPRF0HJSRjXHJNQP � FTH¢bÏ] d �gMCS d eRW7fCFTPRF0S»º^] ds� FTHXS r FTjJHXF r HXfd eRW�fgF0U�cd PRjXb7FTW�¾�F0b7i d eRW`FTHJS^FTI ]RF0[�5±[ d HJSRHXSRfgW�]ReR[7NQP^f
cd SRfgF d e^NQP HXS F0HJSRF0[aW7L�cd b7FT[�FTS Â�SnmUVFTSR]Re^SRfRºp]»� P»�:h ce^[�UGF0HXb7FT[7FÎe^S r F ��d S^S�b7F�k\eRW�b�FT[0ºpfgFTS d eRFÎ�+[7fCF r SRHXW7W�FÎjJHJFyhqFT[�b���ßàI d jJjXfgFymI�FTHJS^FTS�U cd [7F3FTW¼h d jJW�NQP»º d eRWÑFTHXSRFT[Vk\F0SRfgF"�gMgS¾5±[ d HJSRHXSRfgW�]ReR[7NQP^f cd SRfgF0S�F0HJSRF0WV¾3FTeR[�MgS d jXFTS¾�Fyb�i0FTW3] d W r F0i ceRfCjJHJNQP�eRS r F ��d SRS b7FT[�5±F0W�b�] d b�F0S r FTW�b7F(¾3F0b7i d eRW7i0e�U cd PRjJF0S»�
µ�I F0HJS SRFTeR[�MgS d jXFTW(k\MO]RFTjXj+iTe r F0UVFT[�b�FTSÜºwHJW�b�F0W d jXW7M�SRMCbàUVFTSR]^HJfRº±I¹F0PR[7F0[7FÒ5±[ d HJSRHXSRfgW.m]ReR[�NQPRf
cd S^fgF¹]^eR[7NQPRi0e^h%ceRPR[�FTS»���+HJSRF�W7HXSRS �gMgjXjJFÎÂ�SRi d P^jw�gMgS`
	HJF0]RFT[�PRMgjJe^SRfgFTS P�cd S^fCb��gMgS]RF0[\�(cMgPRFo]RF0[\ÞOb�[�FTeReRS^fgFTSä]RFT[��+[�fgF r S^HJW7W�F dsr �<EGF0H�FTHXSRFT[ cµ r F0[ d SRL d W7W�eRSRf�W�HJSR]	]RHXFÞOb7[7FTe^eRSRfgF0S�hQceR[d5�FTW�b�] d b�FTS MChÐbÎ]RF0e^b�jXHJNQPufg[�cM � FT[ d jJW�]RHXF�ÞOb�[�FTeRe^SRfgFTSuh%ceR[d5�[ d HXSRHJS^fgW7] d mb�F0S»�¼¾�F r F0S�]RFTS���e^[7NQPRW�NQPRSRHXb�b�W�UGF0[�b�F0S\]^FT[Ý�+[7fCF r SRHXW7W�F d jJjXFT[Ä5�[ d HXSRHJSRfCW7]ReR[�NQPRf cd S^fgF�W�MgjJj´mb�F0S d eRNQP FTI�LRHX[7HJW�NQPRFÎÞ�b d SR] d [7] dsr UVFTHXNQP�eRSRfgF0S»ºb��MCS^¡-]RF0SRiTHXS�b7FT[�� d jJjJF�MR� cd �9h ce^[�]RHJF�eRS b�F0[�mW7e^NQP�b7FTSäEGFyUGF0[�b�e^SRfgW � [�HXb�F0[7HXFTS ? is�|E��GÞnNQP�cd b�i0hqF0PRjJF0[æMO]RFT[Á��j d W7W�HX¡ ��d b7HJMgS^W7[ d b�FTS D d S^fgFTfgF%mr FTS�UGF0[7]RF0S»�G�+HXSRF`k\FTS^fgFa�gMgS�I¹H¢bÝFTHXSRFT[ÝHX]RFTS b7HJW7NQP^FTS\¾�F0b7i d [�NQPRHXb7F � b�e^[3]^eR[7NQPRfCF0h%ceRPR[�b�F0S5�[ d HXSRHJSRfCW7]ReR[�NQPRf
cd S^fgFTS�U"HX[7]¹HJI hqMgjXfgFTS^]RFTS d jJW©Ç9ÓyÖ�×+ç[åQÔ r F0iTF0HJNQPRSRFyb�ºnFTHJS¹FTHXSRiTF0jJSRF0[´5�[ d H´mSRHXSRfgW7]^eR[7NQPRf d SRf d jJW��9ÓQ×+. ? MO]RF0[¬Ç9ÓyÖ�×+çråQÔ ×(¿+Ø�ÓR&OÓyÖ�Ôr/�Õ çnÚOÙ D ��+[7W�b d e^h�]RF0[ZE d W7HJW\I¹F0PR[7F0[7F0[o5±F0W�b7WZHJW�bZFTHXS W7HXSRS �gMgjXjJF0[�½¼F0[7fgjXFTHJNQP i0UVFTHXFT[o¾3F0b�i d [7NQP^H¢mb�F � b�eR[�FTS ? ½¼F0[7W�eRNQPRF D I cMgfgjXHJNQP»���+HJS^F r jXM � F¹EGF0b7[ d NQP b�e^SRf r F0HJW�LRHJF0jJW�UVFTHXW7F¹]RFT[Î��H èÜF0[7F0SRii0UVFTHXFT[�fCFTI�HXb7b7FTj¢b�FT[��+[7fgF r SRHXW7W7F�fCFTS ceRfsb d jJjXFT[�]RHJSRfCW�SRHXNQP b�� ÞOb d b7b7]RFTW�W7FTSuI�e � FTHXSRFæÂ�e^W�mW d fgF�] d [sce r F0[�fgFyb�[7M?èÜF0S�UGF0[7]RF0S»ºGHXS�U"HXF0UVFTH¢b�FTHXS r F0W�b7HJI�I(b�F0W r F0M r-d NQP b7F0b�F0WÒQ¼Ppcd SRMgI�FTSHJI W�b d b7HJW�b7HJW�NQPRFTS�ÞnHXSRSRFæW�HJfgS^HX¡ ��d S b�HJW�b(Mn]^FT[�SRHXNQP b��o�+HJS W�b d b�HJW�b�HXW7NQPRF0[Ñ5±F0W�b�F0[7IlcMgfgjJHXNQP br FTHJW�LRHJF0jJW�UGF0HJW7F d e^NQP¹F0HJSRF"Â�e^W7W d fgF�] d [sce r FT[0º�I¹H¢bwUGF0jJNQPRF0[û
 d PR[�W7NQPRF0HJSRjXHJNQP � FTH¢b r FTHXI ½¼F0[�mfgjXFTHJNQPoiyUGF0HJF0[`½¼F0[7W7e^NQPRW7F0[7fgF r SRHJW�W7FsºwiC��E�� d S^P d SR] ]RFT[�I�HXb�b�jJF0[7F0S ÞnNQP�cd b7i0hqF0PRjJF0[ d eRW�I¹F0Pnm[7F0[7F0S 5�FTW�b�WTºaF0HJSRF ? ¾�eRjXj¢m D ��KOL9MCb�P^FTW7F ? iC��E��61�iyUGF0H�¾3F0b7i d [�NQPRHXb7F � b�eR[�FTS W7HJS^]äfCjJFTHXNQP UGF0[�mb�HXfv3 D h�cd jJW�NQPRjJHXNQPRFT[�UGF0HJW7F dCr fgF0jJFTP^S�b�U"HJ[�] ? 1 h d jXW7NQPRF0[�Â�j d [7I 3gº»Ò±ÓQÔOÕJÓyÖ$#&%÷��Ö+. D MO]RF0[ d eRNQPÍ�Ê



h cd jXW7NQPRjXHJNQPRF0[�UVFTHJW�F ds� i0FTL^b7HJF0[�b�U"HX[7] ? 1 �CFT[7W cd eRI(b7FÎ_aFTjXFTfgF0SRPRFTH¢b23gº»Ò�ÓQÔOÕJÓyÖ(')%���ÖÈ. D â Þ d N ù ô�ã ���HJFGÂ�eRW�W d fgF0S¹W�HJSR]�eRI W7M�W7HXfgSRHX¡ �sd S�b7FT[0º+7�FÝP cMgPRF0[¼]RHJF"ç d PRj d SÎ½¼FT[�W7eRNQP^W�U"HJF0]RFT[�PRMgjXeRSRfgF0SHJW�b��¼��HXFTW7F`ç d PRj»I�e � ] dsr F0HpSRHJNQP b"SRMCbàUVFTS^]RHJfgF0[�UVFTHXW7F(HXS�i0UVFTHp½¼FT[�W7eRNQP^FTS»º9]RHJF��CFT[�fgjJHXNQPRFTSUVFT[7]^FTS»º
HJ]^FTS b�HXW7NQP�W7FTHXS»�
µ�I FTHJS�SRF0eR[7MCS d jJF0W�k\Mn]^FTjJjÜiTe�MgL^b�HXI¹HXFT[�FTS»º r HJFyb�FTS�W7HXNQP��CFT[�W7NQPRHXFT]RF0SRF(Â�SRW d b7iTLRe^S � b�F è

s ]RHXFaÂ�eRW�U d PRj�FTHJS^FT["fgFTF0HJfgS^F0b�F0SZk�FTSRfgFa�CMgSl�+HXSRf d SRfCW7fg[�cM � FTS ? k\FT[ � I d jXFTS D º
s ]RHXF�ÿ�L^b�HXI¹HXFT[7e^SRf ]RFT[ ¾3F0b�i0W�b7[7e � b�e^[ ? is�|E��`ç d PRj(�CMgS ¾3FTeR[�MgSRFTSìHJS �CFT[7]^FTN � b�F0[ÞnNQP^HJNQP b�F0SlMO]RFT["I d�� HJI d jJF"½¼FT[�i cMgfgF0[7eRS^fgFTS\HJS�]RFTS�½¼FT[ r HJS^]ReRSRfgF0S D eRSR]
s F0HJSRF�MgL^b�HXI d jJF"�+HJSRW�b�F0jJjJe^SRf(]RF0[ÏYpFT[�SRL d [ d I�F0b�F0[ ? iC��E��nI d�� HJI d jXFT[Tµ�L9] d b7F0UVFT[�b r F0H5�FTI�L:MC[ d j2M�QÄMvÿ4Q D �_aFT[7HXSRfChQceRfCHJfgF`k\MO]RH¢¡ ��d b�HXMgSRFTS�FTHXSRFTW�Q d [ d I�F0b�F0[�UVFT[�b�FTW0º»]RF0[�]RHXF�F0HJSRF0I SRFTeR[�MgS d jXFTS k�Msm]RF0jJj^i0e�FTHJS^FTI r FTjXHJF r HJfgF0S�çÜFTH¢b�LRe^S � b¼iTeR[¼EGF0[7F0NQPRS�eRSRf(]^FT[+Â�e^W7f dCr F0UVFT[�b�F"iTe^[w½¼FT[�hQce^fgeRSRfW�b7FTPRF0SR]RFVßàS^hqMg[7I d b7HJMgS r FTW�b�HXI¹I(b ? iC��E���k\F0[ � I d jJF+MO]RFT[�I d�� HJI d jJF�½¼FT[�i cMgfgF0[7eRS^fgFTS D ºCW�MgjJj´mb�F0SÁ7�F0UVFTHJjXW�fgjXFTHJNQP d [�b7HJfgF cÂ�SR]^FT[7e^SRfgFTS ? ½¼F0[ r FTW�W7FT[�eRSRfgF0S MO]RFT[�½¼FT[7W�NQPRjJF0NQP b�FT[�eRSRfgF0S D ]^FT[�+[7fgF r SRHXW7W7F�h%ceR[`YpFT[7S^] d b�F0S r iyU��±eRS r F ��d SRS b7FÁ5�FTW�b7] d b7FTS r F0U"HX[ � F0S»��ßàSRW r F0W7MgSR]^FT[7F�W7MgjXj]RHXFÏ
 d PRj^F0HJSRF0W r F0i ceRfCjJHJNQP(]RFT[+�+[�fgF r S^HJW7W�FÏh ceR[+YpFT[�SR] d b7FTS 1 fge^b7FTS83�k\MO]RF0jJjJW d eRNQPÎh ceR[±eRSnmr F ��d SRS b�Fd5�FTW�b�] d b�FTS fgF0S d eRF��+[�fgF r S^HJW7W�FÎjJHXF0hqFT[�S»��
 ceR[�]RFÎI d SZSRF0eR[7MgS d jJF�k�Mn]RF0jJjXF(S�eR[PRHXSRW7HXNQP�b7jJHXNQP ]RF0[ÁM"FTW�eRjXb d b�F�h ceR[ 5�FTW�b7] d b7FTS�MgLnb�HJI�HJF0[7F0S»ºVW�M U ceR[�]RFl]^HJFw5±F0W�b7] d b�F0SRI�FTSnmfgF¹F¥è:F � b�H¢� d jJWO5�[ d HJSRHXSRfgW7] d b�F0SRI¹F0SRfgF��gF0[�UVFTSR]RFyb��oßàS�]^HJFTW�FTI � d jJj+I ce � b7F�FTHXSRF�]^[7HXb�b�FsºeRS dsr P�cd SRfCHJfgF�� d b7FTSRI�FTS^fgF�h%ceR["FTHXSRFTS dCr W�NQPRjJHXF � F0SR]RF0S²5�FTW�b r FT[�FTHXb7fgFTW�b�F0jJjXbÝUVFT[�]RFTSÜ���ceR[ d jJjXF d SR]^FT[7F0S Â�SRW d b�iTL^eRS � b�F ? is�|E��vQ d [ d I�F0b�F0[æ�gMgSäYpFT[�S d jXfgMg[7H¢b�PRI�FTS D U"HJ[�] PRHJF0[fgFyhqMg[7]RF0[�bTº ] dC� F0HJS 1 fge^b7FTWy33SRF0eR[7MCS d jJF0W¼k\MO]RFTjXj^F0HJSRFÏI cMgfgjXHJNQPRW�bÌfCFT[7HXSRfgFÝ�+I�L^¡-SR]^jJHJNQP � FTH¢bfgF0fgFTS ce r F0[ � jJF0HJSRF0[7FTS�½ d [�H d b7HJMgSRF0S��gMgS Q d [ d I¹Fyb�FT[�UGF0[�b7FTS r FTW�HXb�i0FTS\W7MgjXjXb�F ? ��/l*�ç ×+.ÐÔ-ÓyØ\. D ���HJF�fgFyhqMg[7]^FT[�b7FOM"M r e^W�b�P^FTHXb�W7MCjJj�FTHXSRF�jXFTHXNQP�b7F(� d SR]RP dCrRr-d [ � F0HXb�]RFTW�SRFTeR[�MgS d jXFTSZk\Mn]^FTjJjXWFT[�IZcMCfgjJHXNQPRFTS»�EGF0W7MgSR]^FT[7F��+[�U�cd P^SOe^SRf��CFT[�]RHJF0S�b d S�]RHXFTW7F0[3ÞOb�F0jJjXF�SRMONQP\]RF0[3Y�F0[7SRL d [ d I�F0b7FT[ 1 �+L9MnNQPRF0Snmi d PRj{3g�ZßàS Â r W�NQPRSRHXb�b @ �¢¤�U"HJ[�] r F0W7NQPR[�HJF r F0S»º+U"HJF�W�HJNQPü]RF0[�M r FTS�F0[�U�cd P^S�b7F��lèÜF � b�]^FT[cµ r FT[ d SRL d W7W7e^SRf��CFT[7I�FTHX]RFTS�jàcds� b�ºCUVFTS^S�] d WÄ5�[ d HXSRHJS^f�S d NQP¹FTHJS^FT[+[7F0j d b7HX��SRHJF0]R[7HXfgFTS��+L9MsmNQPRF0SRi d P^j dCr fgF r [7MONQPRFTSoU"HX[7]»�`��FT[�_�[�eRSR]oPRHXFT[�h ceR[�HJW�b�º:] dC� ¾�Fyb�i0FCº r FTHw]RF0SRFTS I�HXb3hqMg[�b�mW7NQP^[7FTH¢b�F0SR]RFT[¾5±[ d HJS^HJSRfgW�] d eRF0[ d jJjXI cd P^jJHJNQP FTHXSRF cµ r FT[ d SRL d W�W7eRSRf d e^hÐb�[�HXb�b�º r F0H � ce^[7iTF0[7F0S�+L:MONQPRF0SRi d P^jJFTS\P�cd e^¡Rf¹iyU d ["W�NQPRjJF0NQP�b7FT[�F��+[7fgF r SRHXW7W7F�h%ceR[ª5�[ d HXSRHJSRfCW7] d b7FTS»º dCr F0[ r F0W7W�FT[7F�+[7fgF r SRHXW7W7FÏhQce^[weRS r F ��d SRS b�Fª5�FTW�b7] d b7FTS�iTFTHXfgFTSÜ�w�+[�hqMgjXfCbw]^HJFÝ�-FTW�b�jXFTfgeRS^faFTHJS^FT[wfgF0FTHXfgSRF0b7FTS�+L:MONQPRF0SRi d P^j{7�F0]RMONQP¹I�HXb¼EVjJHJN ��d e^h:]RHXFªM3F0W7eRj¢b d b7F"hQce^[+]RHJF0W7F"eRS r F ��d SRS b�F0SÁ5�FTW�b7] d b7FTS»ºOW7MHJW�b"]RHJF0W7F0W3½¼F0[�h d PR[�FTS d jJWÝW�FTPR[3LR[�M r jJF0I d b�HJW�NQP d SRiTe^W7FTP^FTS»�GEGFTW�W7FT[�W7HXSR]\k\Mn]^FTjJjXFCº r FTHp]^FymSRF0S�S d NQP�FTHJS^FT[wfgFyU"HJW�W7FTSÒ1�k\HXSR]RFTW�b�F0L:MONQPRFTS^i d PRj
33F0HJSRF"�-Mg[�b�W�F0b�i0eRSRfa]RF0WÄ5±[ d HJSRHXSRfgW±SRHJNQP biTe�F0HJSRF0[Ï½¼FT[7W�NQPRjJF0NQP b�FT[�eRSRf¹]RFT["�+[7fCF r SRHXW7W�F�hQce^[ÏeRS r F ��d SRS b�FS5±F0W�b7] d b�F0S�hQce^PR[�bT�¼����P»�¢ºR]RHXF5�[ d HXSRHJSRfCW7] d e^FT[�W�MgjJj¢b�F�HXSRW7fCFTW d I(bÎFTHXSRFTSüF0PRFT[ÎfCFT[7HXSRfgF0Su�¼HXS^Á-e � P dCr F0S»���+HXSRFæW7NQP^SRFTjXjJFÍCÍ



�aMgS �gF0[7fgF0SRi ? eRSR]�] d I�HXb � e^[7iTF�5�[ d HXSRHJS^fgW7i0FTHXb D HJW�bÝ] dCr FTH»h ce^[ÝÂ�S UGF0SR]ReRS^fgFTS»º r FTH»]RF0SRFTS]RHXF�¾�FTe^[7MgS d jJFTS\¾�Fyb�i0F��CMg["HJPR[�FTI �+HXSRW d b7i�b�[ d HJSRHXFT[�bÏUGF0[7]RF0S»º9i0UVFTHXb7[ d S^fgHJfR�
	HJF0W7M�U"eR[7]RF0S ]RHXFTW�F d jXjJfgF0I¹F0HJSRF0S»º»W7NQP^FTHJS r-d [(W7M\W7F0j r W�b7�gF0[7W�bñcd SR]^jJHJNQP^FTS�Â�S^hqMg[7]^FT[7e^SRfgFTSd S\SRFTeR[�MgS d jXF�k\Mn]^FTjJjXF�PRHJF0[3W�M d e^W�h%ceRPR[�jJHXNQP\F0[�cMg[�b�FT[�b+á YpFTHJ]^FT[3HJW�b3]RHXF`EGF0UVFT[�b�eRSRf�SRFTeR[�MsmS d jXFT[�k\MO]RFTjXjJF d S^P d SR]\]RFT[ d SRfgF0fgF r FTS^FTS �a[7H¢b�F0[7HJF0S�HJS�]RFT[�Q+[ d�� HJW"SRHXNQP b�HXI¹I�FT[(ce r jJHJNQP èßàSäFTHJS^FT[�HJS â �ÌjJF ùgé�ã r FTW�NQPR[7HXF r FTSRF0S�ÞOb�e^]RHJFoU"eR[�]RFTS é ¤ LR[ d�� HXW7Mg[�HJFTS b7HJFT[�b�F Â�[�b�H � FTja]^FT[h ceRPR[�FTSR]^FTS�çÜFTH¢b�W�NQPR[7H¢hÐb�FTS$* . ç ì1< è)* .�5\, ë ì,+úï eRSR]$* . ç ì1< è.-ñë�æ â ç 5¦<�5ä0 ë�í d eRW7fgFyUGF0[�b7F0b��¼� d mr FTHwU"eR[�]RF�hqF0W�b7fgFTW�b�FTjXjXbTº�] dC� S�eR[�HXS ô £0/ ]RF0[`½¼F0[ cM
è:FTS b�jXHJNQP�eRSRfCFTS F � LRjJHXiTH¢b�]RHJF�½¼F0[�UVFTSnm]ReRS^fleRS b�F0[7W�NQPRHJF0]RjJHXNQPRFT[¶5±[ d HJSRHXSRfgW.m3eRSR] 5�FTW�b�] d b7FTSRI�FTS^fgFTS d SRfgFTfCF r FTS U d [0��ßàS jJF0]RHJf�mjJHXNQP Ígô / ]RF0[G½¼FT[�cM
è:FTS b�jXHJNQP�eRSRfgF0SæU"eR[7]^Fa]RHJF�M3F0LR[7MO]ReRi0HJFT[ r-d [ � FTH¢bÏI�HXbG��HXjXhqF3I¹F0PR[�h d NQP^FT[5�[ d HXSRHJSRfCW7]ReR[�NQPRf
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ßx�r¨�«�ª�Ýk��«��Lªx�r��©ãßh�[¨´a$¨¯¬=Ýkäk«��Lßx�r�Þåx�[©h���[¨2�2« Û ªx�r�=× Î�h¨�ß�� ªáj(� Û ���[¨��·�[¨2�[��©hªh�[¬Þäk«@¨2ß�Ý(â �
Ü³���r���2«�?xâ «@� ¨2�[ª�æ Ê �r��� «�Ü��rª�ªEç`�rª Í	«�� ¨kog�r�hè�¬2Ü³���r���2� ªE�hª�¬}�[¨2�2��©�� «�ß�� ª�é

êìëí´î á³ï�ð9ñxò�ó·ô�áÞõlá³öuäVá³ï³÷ Ag� ��¨ Ú ªx�����gAg�[¬2â �$ä�� ¨�ßh� ª´¬2¨}�r«@ªh«��[¨�¬=Ý³ßx����ø5� ¨�©x�r��¬}� ªt� «�ª�� �
�rª�ßh� ¨�� ªEj(� Û ���[¨2�kªx�r��©hâ[�x�r©hçX� ª�æ

êpù á³ï�ã[ô ëñhï�ú�á	û�ü äØá³ï�û�á	û�ü�á�õlá³öuäØá	ï³÷ Ag�[�h¨ Ú ªx�r���(jk� Û �@� ¨�ä�� ¨2ß�� ª�ªx����©�ßh� çýs�¨�«�ªhâ[«�è
ßh�[�(þUÿ��������	��
 ÿ��Þÿ���
����Nÿ������������Y¬}¨2�r«�ª�«�� ¨¯¬=æ

êpù�� ï�ó9á³ï�ã ñhö�á	û�ü�á õ á	öuäØá³ï	÷ jk� Û ��� ¨��f�[¨�ä�� ªhßh�[ª �[«�ªh�[ª�Ag� ��¨ Ú ªx����� ª��5çµ�h����¬ Ú ¨$ß�� ¨
jk� Û �[���¯¬}¨2�[��Ür�U�hª�ß´� «�ª�� �!è�¬}«@ç`«@� ¨��hª Û �½×¿�hªhÜ�¬}« Ú ª�Ý��hç;â �hÜ"!�hª±×'¬}« Û �¦Ù �[¨�¬2�$ßh�[��j(� Û � �$#
��« Û ªx�����%� Ú ¨2©h�[¨2â[�h�}� Û � ª�æ

ê'& á)ä î ã[ô�ñxû)(±ñ
ã�ã�á	û±ü9áCõlá³ö¨äØá³ï³÷ Ag�[�h¨ Ú ªx�r���Fjk� Û �@� ¨ Ý ßh�[¨2�[ªD×¿¨2� «@�µs��r¨}��ç`�{¬}� ¨g� Ú ��ß*#
�rè)¬}«��[¨�¬�ä�� ¨�ßh� ª�Ý ßx��½X�[«�ªh� Û � Û � ��� ª��FD Ú �¯¬}�[ª�×¿�hªhÜ�¬}« Ú ª�ç`«@ªh«�çX«��[¨�¬ äk«�¨2ß�æ

Neuronale Regler

Überwacht Selbstanpassend Verstärkend Vorhersagend

Optimal Referenzmodell Inverses Modell

Ausgabematchend Eingabematchend

Indirekt Direkt Indirekt Direkt

a$���h«��@ßh�hª Û,+.- é5DU���r�2��«@?xâ[«�� ¨��hª Û A(� �h¨ Ú ªx�r�@� ¨(j(� Û ���[¨/!«��,� Ú �����¯¬ !�rª�ßh« Û ��DU�����2�2«�?xâ «@� ¨��hª Û �r�h� ß a$ªhß�0 - à «���¬`«�ª�a$�h��«���ß��hª Û1+2- ßx�r¨ Û � �¯¬}�[���@¬ æ'34ç× Ú � Û � ªhß�� ª´ä��[¨2ßh�[ªL�r��� ¨�ª³�h¨kßh«@�U� ��� ª Û � ªx�rª�ª³¬2� ª ° og�r�hè�¬4#¯²�DU���r�2��� ª�ª !�r©h�[¨(�[¨2� !�r��¬}�[¨�¬ æ
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À�Á76 89;: Ð®Ñ�< Æ�Ø·Ù�Ë�Ð¼ÕÓÐ®×�Ä¯Ð®ÑãÌkÎUÐ±ÑÓÃÅÄ.Ì�Í!Ð

��«�ªtAg� ��¨ Ú ªx����� ��Ag�{¬}âgäk«@¨2ß`ç`«�¬�ß�� çý�·�[Ü��rªhª�¬}�[ªÞj(� Û � �=�f� ¨�©x�r��¬}� ª`� «@ªh� ���rªhßh�[¨2� ªÞjk� Û ��� ¨��
¬}¨2�r«�ª�«�� ¨¯¬=æ>/!«��[�2�5a$¨¯¬Nß�� ��Ag� ��¨ Ú ªx����� ªµj(� Û ���[¨2�®Ü��rªhª Ú ªh��«@ªh� Ú ß�� ¨ Ú@? «�ªh�5¬}¨2�r«�ª�«�� ¨¯¬�ä�� ¨2ß�� ª�æ
A��[«)�[¨2��¬2� ¨�� çºø5�[¨�×8�r©�¨2� ªB�f� ¨¯ä��[ªhßh�{¬�ç`�rªFç`�[«���¬�ßh�[ª9«�ªFa$�h�h«@��ßh��ª ÛC+ 0(ßx�r¨ Û � �¯¬}� �@�@¬2� ª9ag��×D#
�x�r��æEA�� « ßh�[¨��r��×�ßh� ª´jk� Û ��� ¨�� «@ª Û �rª Û ¨ !����Ü Û � Ü Ú èhè·�[�@¬2� ª´a$��� Û �r���$ß�� ¨�jk� Û � ���¯¬}¨�� ��Ür�$ç9�h½
� �$�2«���©�ªh«���©�¬U�hç��[«�ªY�[��� Ü�¬2¨ Ú ªh«@�2��©h�[�GF)« Û ªx�r�®©x�rª�ßh� �@ª�æH/!«@� �$«@��¬g�·�[«���èh«��[����ä�� «@�2�Fßh� ¨Uå �r�@� Ý
ä�� ªhªL�[�!�2«@��©Y�·�[«�ß�� çI�Uª���«�ª���#.jk� Û ��� ¨���ç �[«�ªh�[ª c �[ªh�2��©h�[ªC©h�rªhßh�[�@¬=Ý�ßh�[�2�2�[ªYø5� ¨�©x�r�@¬2� ª
ªx�r��© Û � �h«@��ßh�{¬�ä�� ¨2ß�� ªÞ� Ú �@� æ5���tßh� çJ� Ú ¨�©x�rªhßh�[ªh� ªEjk� Û �[��Ü³¨2�[«���äk«@¨2ß´ßh�[¨�Ag�[�h¨ Ú ªx�r���!j(� Û #
���[¨9èx�r¨2�r���@� � Û � ����©x�r��¬}�[¬ Ý ä Ú ��� «��[¨n�r���K��«@ª Û �r���´ßh«��ta$�h� Û �r����ß�� ¨njk� Û �[����¬2¨2�[��Ür��� ¨2© !�r�@¬ æ/U�r¨2�r�h�µ��� ¨�� ��©hª��[¬��[¨µ� «@ªh��jk� Û ��� ¨2�r�h� Û �rª Û � Û ¨ !Ú ½f�ræL/!«��[�2�`äk«@¨2ßCç`«�¬Fß�� çM�5¨ Û � ��ªh«��Fßh� ��!ªh��«@ªh��#4j(� Û ���[¨2�N�f�[¨ Û �@«���©h�[ª�Ý���ªhß�ßh«@�H/!«@q·� ¨�� ªhâ(â[äk«@�2��©h�[ªÞ�·�[«�ßh�[ª Ù �[¨�¬2� ª´«��¯¬�ßh�r��åx� ©���� ¨O#
�2« Û ªx�r� Ý�çX«@¬�ä�� �@��©h� ç ß�«��%�U�[äk«���©�¬2�Fßh�[�(Ag� ��¨ Ú ªx����� ªEAg�{¬}â[� �g�rª Û �[èx�r½r¬�ä�� ¨�ßh� ª�æ

Neuronaler
Regler (Klon)

RegelstreckeOnline-
Regler

Fehlersignal

elektronisch / nicht elektronisch

-

+

a$�h��«���ß��hª Û,+ 0�éP�!ªh�@«�ªh�!�[¨2â[� � Û ¬2� ¨gDU� Ú ª
c �rª���©hçt����«��¯¬��[���r��� ¨���«�ªhªQ� Ú ��� Ý Ú@? «�ªh��â �9¬2¨}�r«@ªh«��[¨2� ª�Ýrßx�$ßh�r��Ag�[�h¨ Ú ªx�r����Ag�[¬2â�� Ú ����©hªh�[�=#
���[¨F�@� ¨�ªh� ªàÜ��rª�ª °8�2«@� ©h�`a$�h��«���ß��hª ÛSR e ²{æL/U�râ � Û �[äk«@ªhª�¬9ç`�rªà�r���9� «@ªh� ç\��� ��¬2� ©h�[ªhßh�[ª
jk� Û �[��Ü³¨2�[«��´­
� ¨�ª*#n�hª�ßUT±� �¯¬}ßx��¬}� ª�Ý$ßh«@�L�r�h�,��«�ª Û �rª Û �O#��hª�ß ag�h� Û �rª Û �¯ä��[¨�¬}�[ªáß�� �Þ�·��#
Ú �x����©³¬2�[¬2� ªbjk� Û ��� ¨������ ��¬2� ©h�[ª�æJ/!«��[�2�V/U��¬2� ªÓ�h«@��ßh�[ªÓßh«���W¿�[��¬}�¾­
� ¨�ªx�r��W Û �r�·��WX!��¨´ßh� ª
Ag�[�h¨ Ú ªx�r���[ª�jk� Û ��� ¨[æ/U�µ«@ª´�·�[«�ßh�[ªÞå !�r���@� ª��[«�ªh��°8çX� ©h¨ Ú ßh�[¨�ä��[ªh« Û � ¨�²��"���rÜ�¬}�iD Ú èh«@�!ßh� ���!¨�« Û «@ªx�r��¨�� Û �@� ¨�� �[ª�¬Y#
��¬2� ©�¬=Ý��·�[â � «@��©hªh�{¬kçt�rªt� «�ª´«@ª�ßh«@� �2�[¨%ZC� «����$¬}¨2�r«�ª�«�� ¨¯¬}�[��A(�[¬}âi���h��©Þ�r����DU� Ú ª�æ�A$�r��©´ßh�[çT±¨}�r«@ªh«�ª Û �[¨2���[¬}â{¬$�[«�ª�DU� Ú ª´ß�� ªL� Ú ¨2©h�rªhßh�[ªh� ª�j(� Û ���[¨ æ/!«��[��¨2â[� � Û �hª Û �[«�ªh�[�µDU� Ú ªh�i«���¬%ª !�)¬}â �@«���©�Ý)W8�r�@���Ußh�[¨Fâ[� � ¨��2�{¬}â �[ªhßh�Þjk� Û �@� ¨i� «@ª c � ªh����©
«��¯¬=Ý��hâ{äiæ�ä��[ªhªpßh� ¨njk� Û �[���r� ÛfÚ ¨�«@¬}©�ç9�h�%�2� ©�¨�¨2� ��©�� ªh«@ª³¬2� ªh��«��m«@��¬ Ý����·�[¨9� «@ªh�\� Ú ª��[«�ªh�[ç
Ag�[�h¨ Ú ªx�r���[ª¾Ag�[¬2â�� ¨���� ¨�ª³�x�r¨2�]��«@ª*#4^�ag�h� Û �r�·� �r�h�h«@��ßh��ª Û ��� �2«�¬}â{¬=æµ��«�� ��Ü !Ú ªhª�¬}�n��� «���èh«��[���O#
ä�� «����Þ«�ªàßh«@� ��� ç å �r�@����� «�ª�Ý �[«�ªh�[ª�Ag�[�h¨ Ú ªh�r���[ª�jk� Û ��� ¨µç`«�¬9Ü !�h¨2â[� ¨�� ¨Xj(� �rÜ�¬}« Ú ªh�2â[� «�¬�â �
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Regel-
strecke

Regler

Lern- und

Testdaten
Neuronaler Regler 

(Klon)
Feste 

Lernaufgabe

a$�h��«���ß��hª Û_R e éP� ? «�ªh�U�[¨2â[� � Û ¬2� ¨gDU� Ú ª

?xªhß�� ª�Ý�ßh� ¨i��� ��¬2«�çXçµ¬}�[ª`����©�¬}â[� «�¬}��� ßh«@ª Û �hª Û � ª Û � ª !� Û ¬=ætag�h��©Cä�� ª�ªàßh«��njk� Û � ���¯¬}¨�� ��Ür�
ßh�h¨���©E�[«�ªh�[ªEâ[��W !�r�@��« Û «�ªh«�¬}«��r��«@�2«��[¨�¬2� ª`Ag� ��¨ Ú ªx����� ª�jk� Û �@� ¨���� ����© !�rßh« Û ¬�ä�� ¨2ß�� ª�Ü !Ú ª�ª³¬2�rÝ «��¯¬
DU� Ú ª�� ªÞ� çXè�W¿� ©���� ª���ä�� ¨�¬ æ

À�Ába c¾Ð±ÑxÇ³Ë 8Æ�ÑxÊ Ð±Í!ÎÏÄ¯Ð®Ñ Í!Ð±Í!ÎUÐÅÕÓÐ±×�Ä.Ð±Ñ

34ªC�	«��[���[ªµa$ª�ä�� ªhß��hª Û �[ª Û «���¬�� ��Ür� «@ªh� ªB� Ú ¨�©x�rªhßh�[ªh� ªXjk� Û �@� ¨[Ý�ßh�[¨NÜ Ú èh«��[¨�¬�ä��[¨2ßh�[ª�Ü !Ú ªhª*#
¬}��Ýfß�æ ©�æ�Ür� «@ªh�%W¿�[��¬}��­®�[¨2ªx����W Û �r���ræ�a$�h��ß�«�� ��� ç¼�i¨��hªhßh�P�f�[¨�ä�� ªhßh�{¬ çt�rªµAg�[�h¨ Ú ªh�r����j(� Û #
���[¨ Ý±ßh«��XçX«@¬%� «@ªh� ç\a$� ÛfÚ ¨�«@¬}©�ç9�h�HW�!�h¨Xwry{z}|�dQe¤rz}¢�y{v��	y�|Kf®y{z"v�y{v °g�{ÿ��������	��
 ÿ��Þÿ���
ih8ÿ��j���������
²
¬}¨2�r«�ª�«�� ¨¯¬�ä�� ¨2ß�� ª�æk/U�râ ��ç9�h½nç`�rªÞªh«���©�¬(ßh«@�UÜ Ú ¨�¨2� Ü�¬2�Fag�h� Û ���·�iâ �E� «@ªh� çl��«@ª Û �r��� ç9�m#
��¬2� ¨9Ü�� ªhª�� ª�Ý � Ú ª�ßh� ¨�ªpç`�rªàçµ�h½Yßh«@�ta$��� Û �r���´�hâ{äiæ�ßh«��`ßh�h¨���©p��«��`«�ªàßh�[¨�>gç Û �[�h�hª Û
ßh�[��Ag�{¬}â[ä�� ¨�Ür�[�(©�� ¨Y� Ú ¨ Û � ¨2�*W¿� ªh�!ø5�[¨ !�rªhß�� ¨2��ª Û �r�@� Û �)¬ Ú ßh� ¨��2��©h�@� ��©�¬����[ä�� ¨�¬2� ªÞÜ !Ú ªhªh�[ª�æ
ø5� ¨���¬ !�r¨2Ü�� ªhßh�[�k­
� ¨2ª�� ª´Ü��rªhª´����� Ú �r����­
� ¨�ªh� ª´çX«@¬�og«@��W¿�k� «@ªh� ��DU¨2«@¬2«�Ü�� ¨2� ��¬}��¬2¬�� «@ªh� ��­®�[©*#
¨2�[¨2�!��� â[� «@��©hªh�[¬Uä�� ¨�ßh� ª�æG�5«@ªL­
� ©h¨�� ¨!�2� Û ¬U��� «@ªh� çIF)��© !�h�@� ¨[Ý·äk«��µ� ¨$�{¬4ä����Uçt�r��©�� ªL� Ú ��� æ/U� Û � Û � ªF¬}� «@�@¬�� «@ª�DU¨2«@¬2«�Ü�� ¨±ª	��¨�ç`«�¬=Ý Ú �9ç`�rªµ�{¬4ä���� Û ��¬ Ú ßh�[¨��2��©h�@� ��©�¬ Û �[çt�r��©�¬N©x��¬=æ�a$��W
� «@ªh� ªXA(� �h¨ Ú ªx�r�@� ªXj(� Û ���[¨��rª Û �[ä��rªhß�¬ Ý)��«�� ©�¬5ßh�[¨�a$��W¿�h�r�Xäk«@��«�ª�ag�h�h«��@ßh�hª Û�Rm+ �r�h� æE/!�[¨
DU¨2«�¬}«�Ü�� ¨(«��¯¬!«�ªEßh� ª�jk� Û � ��Ü³¨�� «��gßh� ¨2�r¨�¬$� «@ª Û � ����©x�r��¬}�[¬ Ý�ßx��½�� ¨!ß�«��B�5«@ª Û �r��� ª�ßh� �UA(� �h¨ Ú #
ªx�r�@� ª�j(� Û ���[¨2�µ°8ßh«@�9jk� Û �[��ßh«�q��[¨2� ª�â�²��hªhßYßh�[�2��� ª�a$�h� Û �r��� ª�°¿ßh«��Fjk� Û �@� ¨}���h� Û ��ª Û � Û ¨ !Ú ½f�=²
��� Ú �x����©³¬2� ª9Ü��rª�ª�æ�lr�5ªx�r��©9�i¨ !Ú ½f�5ßh�[¨Njk� Û �[��ßh«�q��[¨2�[ªhârÝ�ßh«��5��«���©9���h�nF Ú ���$# �hªhßB34��¬4ä�� ¨¯¬��·��#
¨2�[��©hªh�{¬=Ýh��� �h¨¯¬}�[«��@¬�ßh�[¨�DU¨2«�¬}«�Ü�� ¨ ßh«��o��ª�¬}�2��©�� «�ß��hª Û ßh� ��Ag� ��¨ Ú ªx����� ª�Ag�[¬2â �[���r��� Û ��¬ Ú ß�� ¨
�2��©���� ��©�¬U��ªhßY¬}�[«��@¬(ßh«@� �gßh� ç Ag�[�h¨ Ú ªx�r���[ªLjk� Û �@� ¨(ç`«�¬$o(«��=W¿�%ß�� �!jk� «@ª�W Ú ¨�� � çX� ª�¬4#4F)« Û ªx�r�@�
çX«@¬=æ
Z �rªhª¾� «�ª��Xag�h� Û �r�·�`�r�@� Û ��¬ Ú ß�� ¨i�2��©h�@� ��©�¬9���[ä�� ¨¯¬}�{¬µäk«�¨�ß�Ý®© !�rª Û ¬�� Ú ª ß�� ¨%p��[ä�� «@��« Û � ª
>gç Û �[�h�hª Û ��â[äiæ�ag��W Û �r���tßh�[��Ag�{¬}â[� �n�r��æ�A�� â !� Û ��«@��©à� «@ªh� ¨9j(� Û � �@�hª Û �2�r��W Û �r���t«@��¬F� �
âræqA$æ !���h��«@��©�Ý�� «@ªh��a$��� Û �r���Þ�r�@� Û ��¬9â ��Ü³���r���2«@?hâ «��[¨2�[ª�Ý�ä��[ªhªpßh«��´jk� Û � ����ª Û ª Ú ��©�ªh«���©�¬�f�[¨2�2� Û ¬g©x��¬=Ý��hªhßE�rªhßh�[¨2� ª*W8�r���@�k�r��������©h���[��©³¬gâ �����[ä�� ¨�¬2� ª�æ
A$����©³¬2� «@��« Û �·�[«�ßh«@� ��� ¨9�h«@ª !�r¨�� ªrA��{ä��[¨�¬2�hª Û � «@ªh� ¨9ag�h� Û �r�·�t«���¬ Ý�ßx�r½��2«��tßh� ç¹Ag�{¬}â´ª³�h¨
�2�[©h¨kä��[ªh« Û 34ª�W Ú ¨2ç`��¬2« Ú ªh�[ªÞâ �h¨kø5� ¨ !�rªhßh�[¨2�hª Û �2� «@ªh� ¨$�U�[äk«���©�¬2�F�@«��sW¿�[¨�¬ æ�ag�h½f� ¨�ßh� ç äk«@¨2ß
ç !ÚfÛ ��«@��©h� ¨¯ä��[«����Uªh«���©�¬(ßx�r� Û �[�}�rçµ¬2�H� Ú ¨�©x�rªhß�� ªh��Zã«��2��� ª Û � ª³��¬2â[¬ æ
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Neuronaler
Regler

Regelstrecke

Kritiker

Reinforcement
Signal

a$�h��«���ß��hª Û_R*+ é5­
� ¨�ªh� ª�çX«@¬��[«�ªh�[ç DU¨2«@¬2«�Ü�� ¨

/!«��nø5� ¨ !�rªhßh�[¨2�hª Û ß�� ¨9A(�[¬2â[ä�� ¨2Ü³�¯¬}¨2��Ü³¬2�h¨näk«�¨2ß � Ú � Ú ¨ Û �[ª Ú çXç`�[ª�Ý�ßx�r½�ßh«��`�{�)� «�¬���¬ Ú ¨2«$#
�2��©�� ªX�U�[äk«���©�¬2�rÝfßh«@�N�f� ¨���¬ !�r¨2Ü�� ªhßX�r��Whßh«����rÜ�¬}�h�[���@� ag�h� Û �r�·� äk«�¨�Ür� ª�Ý@u���� ��¬2¨}�jW'¬wv�ä�� ¨2ß�� ª�Ý
ä�� ªhªEßh«��!ag�h� Û �r�·�içX«@¬ u �2��©h�@� ��©�¬"vµ���[ä�� ¨¯¬}�{¬gäk«@¨2ß�Ý)�hâ[äiæ u ��� � Ú ©hª�¬"vUä��[¨2ßh�[ª�Ýxä��[ªhª�ß�� ¨
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� ¨�ªh� ªz��«�ª�^�a$�h�sv�W¿� �¯¬}��� Û � ª�æk��¨�© !�r�@¬�ßh«��[�2�[¨²��«�ª Û ��ª Û � «@ªh���«�ªh�[Ýhäk«�¨�ß�ßh�r�iT�¨2�r«�ªh«@ª Û�Û �[��¬���¨�¬}�{¬=Ýx��� «
�[«�ªh�[¨kAg�h�@��äk«��[ßh� ¨ Û �[��¬ Ú èhè�¬=æ
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34ç�ø5� ¨2�r¨2��� «�¬}�hª Û �2â[�h��¬}�rªhßtª�«�çXçµ¬�ßx�r��Ag�{¬}â[!�h��� ¨5ßh� ªy��«�ª Û ��ª Û u ��«@ª Û �r���jv(ßh«@�o��«@ª Û �r���
«�ª�ßx���nAg�[¬2âÞ�h� Ú ��Ü�ä��[«��2�Þ�[ª³¬ Û � Û � ª�æ�/!«���­k!��ª Û �Þ� «@ªh� �]A�� Ú ��Ü�� �nç9�h½�ßx���·�[« Û ���[«���©m�2�[«�ª
çX«@¬gßh� ¨!agªhâ=��©h�Nßh�[¨UAg�[�h¨ Ú ªh� ª�«�ª�ßh� ¨ ��«@ª Û �r��� ����©h«���©�¬=æG/!«@� ���K��«�ª Û ���·�%äk«�¨2ßY�rªh�2��©���«���#
½f�[ªhß�ßh�h¨���©´ßx�r��Ag�[¬2â!â ��¨�a$��� Û �r��� ����©h«���©�¬kèh¨ Ú èx� Û «�� ¨¯¬=Ý³�hªhßÞ�����kA�� Ú ��Ü�ßh� ¨�­ !�rª Û � Û ���[«���©
ßh�[¨�a$ªhâ �r©h�
ßh�[¨kAg� ��¨ Ú ªh�[ªE«@ª´ßh� ¨�ag�h� Û �r�·�[�2��©h«@��©�¬ !�h��� ¨kßh�[ªÞa$�h� Û �rª Û u a$��� Û �r���jvF�r���4#
Û � Û � ��� ª�æCsN��Ür�[¬2«�ª�W Ú ¨2ç`��¬}« Ú ªh� ª �h���[«���� ªàßx���·�[«�� ¨�©x�r�@¬2� ª�æ !>(�·�[¨9ßh� ª�â{ä��[«@¬}�[ª�a$�h� Û �rª Ûu åx� ©h�@� ¨sv9ä��[¨2ßh�[ªàÜr�[«�ªh�KZC� ¨�¬2�X�r�h� Û � Û �[�·�[ª�æna$ªÂ�5«@ª Û !�rª Û � ª�«��¯¬i«�ªLßh«@� ��� ç c Ú ßh�h�iª³�h¨
ª Ú ��©Eß�� ¨���«�ª Û ��ª Û u ­®�[¨2ªh�[ª³��«@ª�^�a$���óv%ª !Ú ¬}« Û Ý�ß�� ¨kßx�rªhªE�r��WNAg�������¯¬}� ©�� ª�çµ�h½hæ
34çlT±¨}�r«@ªh«�ª Û �2â ����¬���ªhßE«@��¬kâ[�h�.!��¬2â �@«���©�ß�� ¨���«�ª Û ��ª Û u F Ú �����r�h� Û �r�·�jvU� ¨4W Ú ¨2ßh�[¨2�@«���©�æ a$ª�ßh«���#
�2�[çä��«�ª Û �rª Û � ¨¯ä��r¨¯¬}�{¬Fßh�r�%Ag�[¬2â[A�� !Ú ��Ü���ßh� ¨%­ !�rª Û � Û ���[«���©�ßh� ¨iagªhâ=�r©���ßh� ¨%A(� �h¨ Ú ªh� ª
«�ª�ßh�[¨na$�h� Û �r��� �2��©�«���©�¬=Ý�ß�«��´� �`�r�@�[F Ú �����r�h� Û �r��� ªmâ �pßh�[ª�T±¨}�r«@ªh«�ª Û �2ç9����¬}�[¨2ªp�rç ��«@ª*#
Û �rª Û u	��«@ª Û �r���jvG�f�[¨�ä�� ªhß��[¬=æiA�� «�ç¾F	¬���¨�¬(ßh� ��F)« Û ªx�r� Û ¨}�rè�©h� ª´«@ªz3¯�²�UAgA�� �%Tbäk«�¨�ßE�[«�ª
� « Û � ª���¬ !��ªhßh« Û � ¨�T�©�¨2�=��ßLâ �hç©T�¨2�r«�ª�«�� ¨�� ª Û � ��¬}�r¨�¬2�[¬ Ý�ßh� ç ßh«@�CT±¨}�r«@ªh«�ª Û �2ç9�h�¯¬}�[¨$çX«@¬gßh� ªF Ú �@���r��� Û �r��� ª Û � è���q��[¨�¬ !�h��� ¨ Û � ��� ª�ä�� ¨�ßh� ª�æPZã«@�$«�ç¸ø5�[¨}�r¨��·�[«@¬}��ª Û �2â[�h��¬}�rªhß´äk«�¨�ß´�r�h��©
©h«@� ¨nßh«���A(�[¬}â �r�h� Û �r��� !�h��� ¨Xßh�[ª�a$��� Û �rª Û u�a$��� Û �r���jvY�r�h� Û � Û �[�·�[ª�æã���h� !��¬}â[��«@��©päk«@¨2ß
©h«@� ¨�ªx����©Îp��[ßh� ¨i��è Ú ��©��%ß�� ¨i��è Ú ��©h�[ª�W¿� ©h�@� ¨[Ýhª Ú ¨�ç`«@� ¨�¬��r��W + efe c �h��¬2� ¨ Ý !���·�[¨�ßh� ªÞa$���4#
Û �rª Û u åx� ©���� ¨svµ���h� Û � Û � ��� ª�æi/!«�� ��� �gA Ú ¨�ç`«@� ¨�� ª�� ¨2ç !ÚfÛ �@«���©�¬k� «@ªh� ª�ø5� ¨ Û ���[«���©�ßh� �$å �[©h���[¨
�r�h��©ã��� «!��ª³¬2� ¨��2��©h«@� ßh�@«���©h�[ª ��è Ú ��©h�[ªh� !��ª Û � ª¼°�A�� ¨2�[��©hª³�hª Û ßh� �z��è Ú ��©h�[ª�W¿� ©���� ¨��Þ�2«��[©h�
a$���2��©hªh«�¬2¬ Ï æ + æ + Ýx�r��¬ Ú ç`��¬}«@�2��©h�[¨�a$�h�h¨��h��© ²"æ
ZC�h¨2ßh�i�[«�ª,/U��¬2� «�ªh�rç`�g«�ç sN�r¨2�rçX�[¬}�[¨2ßh«��r� ÚrÛ °8��«�� ©��Ua$�h�h«@��ßh��ª Û[R Ï ²�â[�hç F)è�� «@��©h� ¨�ªÞßh� �
Ag�{¬}â[� ���rª Û � Û � ��� ªY°�/U��¬2� «��[ªhßh�hª Û u æ ªhª�äGv�²"Ý	äk«@¨2ßnßh� ¨k��è Ú ��©h�[ª�W¿� ©h�@� ¨5â ��� !��¬2â ��«@��©`«@ªn� «�ª�� ¨/U��¬2� «xçX«@¬}è�¨ Ú ¬ Ú Ü Ú �@��«@� ¨�¬ Ýrßh«@�kßh� ªh��� �@�·�[ª´A$�rçX� ªn¬}¨ !� Û ¬ Ý	«@ç��2�[����� ªXø5� ¨2â[� «@��©hªh«�����«@� Û ¬ Ý��r��� ¨
�r��W u æd�r���@v��[ªhßh�[¬ æ�A$�r��©Lp��[ßh� çM��è Ú ��©h�[ª�W¿� ©h�@� ¨CW Ú � Û ¬%� «@ª u Ý=vfÝ�ßh�[ç¹ßh«@�\��è Ú ��©h�[ªh� !��ª Û �
«�ª`DU���rçXçX� ¨2ªKW Ú � Û ¬=æn34��¬ !�h��� ¨�ß�«��k� ª�¬}��èh¨2�[��©h� ª�ßh�F��©h� ��Ü³� Ú �yu�a$�)¬ Ú ç`��¬}«@�2��©h�[¨�ag�h�h¨��h��©wv
�rÜ�¬}«=�	«�� ¨¯¬=ÝwW Ú � Û ¬!«@ª�ßh� ¨��2� �@�·�[ªà���[«��@�9ªx�r��©¾� «@ªh� ç T��r�h������¬ Ú ¨!ßh�[¨GZC� ¨¯¬ißh� ��T±¨2� ª�ßh� Ý±�hªhß
ªx�r��©��[«�ªh�[ç ä�� «�¬}� ¨�� ªVT��r�h�h����¬}�h¨$ßh«��K/!«�q��[¨2�[ªhâ9â ��çIT±¨2� ª�ßV� Ú ¨ ªre ZC� ¨¯¬}�[ª�°¿�2«@� ©h�9ag�*#
�2��©�ªh«@¬�¬ Ï æ + æ + ²{æo/!�h¨2��©�ßx�r��T±¨2�[ªhªh�[ªLßh� ¨�ZC� ¨¯¬}�Fßh�h¨2��©�D Ú çXç`��¬����hªhßST��r�h������¬ Ú ¨2�[ª�«��¯¬
� «@ªµ�[«�ª�W8�r��©�� ¨>34ç`è Ú ¨�¬�ßh�[¨~/U��¬2� «	�r�@�nT±�{�	¬2?h����«@ª c «�� ¨ Ú � Ú W'¬��N�)� �[��ç³!ÚfÛ ��«@��©�Ý��hçBßh«@��åx� ©���� ¨O#�f�[¨2� !�r��W¿� Û ¨2�rèh©h«@�2��©´ßx�r¨���¬2� ���@� ª´â[��Ü !Ú ª�ªh� ª�ækA���� Ú ¨k�r�@���[¨2ßh«@ª Û � ç`«�¬�ßh�[ç F)��©h¨�� «���� ªÞßh«@� ��� ¨
Ú ��� ª¾�·�[�2��©h¨�«��[�·�[ªh� ªà��� «��@� ªL��� ÛfÚ ªhªh� ª�äk«�¨�ß�Ý"W Ú � Û ¬!� «@ª�� «�ª�çt�r�@« Û �[¨H��«�ª�¬2¨}� Û â �ÂA�� Û «�ªhª�æ/ Ú ¨¯¬g��«�ªhßL34ª�W Ú ¨�çt��¬2« Ú ª�� ª !�h��� ¨(ßh«��FAg�{¬}â �¯¬}¨��hÜ�¬}�h¨[Ý�ßh�[ª³�f�[¨�ä�� ªhßh�{¬}�[ªC­
�[¨2ªx�r� ÛfÚ ¨�«@¬}©�ç9�h� Ý
� Ú äk«@�F�������!sN�r¨2�rç`�{¬}�[¨k�r���@� ¨�­
� ¨�ªx�r� ÛfÚ ¨2«�¬}©hçX� ª´â[��?hªhßh� ª °8��«��[©h�ia$�h�h«@��ßh��ª Û_R@- ²{æ�!è�¬}« Ú ªx�r�ã�¯¬}� ©�¬���� «@ç T±¨}��«�ªh«@ª Û �Y� Ú ¨ Û �rª Û ���·�[¨ �r�h��© ª Ú ��© ßh«@� c !ÚrÛ ��«@��©hÜr�[«@¬ â[�h¨
ø5� ¨4W�!� Û �hª Û ÝEäB!�r©�¨2� ª�ß ßh� ��T�¨2�r«�ª�«�ª Û �mß�«�� �i�[ªh� ¨2�r��«@�2«��[¨2�hª Û �YWY!�r©�« Û Ü�� «@¬àßh� ��Ag�[¬2â �[� â �!�h��� ¨�èh¨j!��W¿�[ª�æ5���h�2�rçXç`�[ªµçX«@¬±ßh� ç c Ú ßh�h�xÈ>É�Å{* Á%Á °¿�2«@� ©h��ag�h�2��©�ªh«@¬�¬ Ï æ t ²�äk«�¨2ßµßh� çºAg�{¬}â
ßx�rª�ª�ªh�r��©Cp�� ßh�[¨i�5è Ú ��©h�U� «@ª�â{ä��[«@¬2� ¨�F���¬2âU�rª c �h�¯¬}�[¨2ª��hªhßLF Ú �@���r�h� Û �r��� ª�è�¨ !�r��� ª�¬}«@� ¨�¬ æA��[«�ßh«��[�2�[ç â[ä�� «�¬}�[ª�F���¬}â9� Ú ����¬}�9�[�U�2«���©��hç c �h�¯¬}� ¨U©h�rªhßh�[��ª�Ý
ßh«@�9ªh«@��©³¬iâ[�hçIT±¨}��«�ªh«@ª Û�f�[¨�ä�� ªhß��[¬Xäk�h¨2ßh�[ª�ær/!«@� �2�[¨ c Ú ßh�h��«@��¬n�rÜ�¬2«���Ý�ä��[ªhª�«@ç ��« Û � ªh����©x�jW'¬2� ª*#7/!«��r� ÚfÛ °¿�2«��[©h�
a$���h«��@ßh�hª ÛÞR Ï ²Fßh«��´��©h� ��Ü³� Ú ��u=ag��ä��[��©h�2�[��ªhßh�[�´­
� ¨�ªh� ªçvE�rÜ�¬2«��	«��[¨�¬9äk�h¨�ßh�ræ�/!«��Ý��è Ú #
��©h�[ªh� !�rª Û � ªpßh� ¨���� «@ßh� ª c ����¬}�[¨2� !��¬}â[��ä�� ¨�ßh� ª�ßx�rªhª�«�çSsN�r¨2�rçX�[¬}�[¨2ßh«��r� ÚrÛ ßh�[� c Ú ßh�����È)ÉDÅ{* Á%Á � «�ª Û � �¯¬}� �@�@¬ æÝ/U�r� c Ú ß��h� 6�À²Á%Á � ¨�Ür�[ªhª�¬�ßx�rªhªà�rªh©x�rª�ß ßh�[��>gçX�2��©x���@¬}�[ªh�%ßh� �
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� ¨�ªhç Ú ßh�h��ßh�h¨���©�ßx�r� c Ú ßh����È)ÉDÅ6u Á%Á ßh«��[�2�{��è Ú ��©�� ªh� !�rª Û �[ª�æ !v(�·�[¨Nßh�[ª�a$�h� Û �rª Û u�åx�[©*#
���[¨sv ä��[¨2ßh�[ªop��[¬2â[¬N�r��ä��[��©h�2�[��ªhß�ßh«@��åx�[©h���[¨)W !��¨�ßh«@�5�·�[Ü���ªhª�¬}� ªµ�hâ[äiæ��hª³�·�[Ü��rªhª�¬}�[ª c �h��¬2� ¨
�r�h� Û � Û � ��� ª�æ
a$�@��� !�h��¨2« Û � ª\��«@ª Û !�rª Û �(ß�� � c Ú ß��h���Aw À²ÁkÁ ��«�ªhß Ú è�¬2« Ú ªh�r� æ)Zã«�¨�ßt�rª_u��U�[äk«���©�¬2�!­®�rßh�[ªwv
�hâ{äiæNu��i�{äk«���©�¬}�LF)è�� «@��©h� ¨�ªwvÞ� «�ª��,�5«@ªh� Û � ����©h«���Ü�¬ Ý�� !��ß�¬��hâ{äiæ��2è�� «���©�� ¨�¬Xßx���yxg�[¬2âÞ�2� «$#
ªh�%�rÜ�¬}��� ���@� ª��U�[äk«@��©³¬2�i«�ªÞßh� ¨�«@ç s��r¨}�rçX�[¬2� ¨�ßh«��r� ÚfÛ °¿�2«��[©h�Ua$���h«��@ßh�hª Û[R Ï ²kW¿� ��¬ Û � �@� Û ¬2� ª/U��¬2� « æ�ZC�h¨�ßh�Eß Ú ¨�¬XÜr�[«�ªzx$�rçX���rª Û � Û � ��� ª�Ý�� ¨��2��©h�[«�ª�¬`� «�ª�/U��¬2� «�ç`�rªx� Û � ¨[ær/!«��Þ�r���4#
Û �{ä !�r©h�@¬2�Î/U��¬2� «®äk«�¨�ßL�rªh����©h��«@� ½f�[ªhßL�r��¬ Ú ç`��¬}«@�2��©Y«@ª�ßh�[ªV/!«��r� ÚfÛ !�h�·�[¨2ª Ú ç`çX� ª�æ���¨2© !�r��¬
ßh�[¨K��«�ª Û ��ª Û u jk� �2�{¬óvÞ�[«�ªh�Ý��«@ªh� Ý�ä�� ¨�ßh� ªp�r�@���t�i�{äk«���©�¬}�´â[��W !�r���@« Û ç`«�¬µÜ³�@� «�ª�� ª`ZC� ¨¯¬}� ª
â[äk«@�2��©h�[ª 8 + ��ªhß + «@ªh«@¬2«��r�@«��2«@� ¨¯¬=æ
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/U�r� c Ú ßh�h�oÄ�Å�{@Å2Æ.Ç`°8��«�� ©��ta$���h«��@ßh�hª Û�R 0�²!äk«�� ß�� ¨2© Ú �@¬F� «@ª � «@ªhç`�r��� «@ª Û � �@� ��� ªh�[��sN�rÜ��[¬
°�F	�hè·�[¨2�h� Ú ��Ü)²���� ��«@� �h« Û Ý)�r��� Ú ���h��©E��ªh� ªhß���«���© Ú W'¬ æ

ag�h�h«��@ßh�hª Û_R 0)éE/U�r� c Ú ßh�h�EÄ�Å
{�ÅóÆ	Ç
Ð�Ñ��"Ñ�Ò Ó ñhï�ñ}ÔÓá�ô�á³ï�ü�ámÕ_Ö � ü>×>Ø�Õnõláö(Aá³ñ�ô
a$���h«��@ßh�hª Û tfe â[� « Û ¬´ßh«@��sN�r¨2�rç`�{¬}�[¨�ßh� � c Ú ßh�h�@�SÄ�Å
{�ÅóÆ	Ç"æÜ���´Ü��rªhªãßh«@�Ya$ª�â=�r©h�Uß�� ¨Zã«��[ßh� ¨�© Ú �@�hª Û �[ª��[«�ªh�[�(sN�rÜ��[¬}�g� «@ª Û � �¯¬}�[���@¬�ä��[¨2ßh�[ª�æ

a$���h«��@ßh�hª Û tfe é5s��r¨}��ç`�{¬}� ¨�ß�� � c Ú ß��h���GÄxÅ�{�ÅóÆ	Ç
Ð�Ñ��"Ñ��  â û"!�×±û�ü$#Ý×>Õ ö ëñxû®ö�á�ü9ámÕ[Ö � ün×>Ø�Õ�õláö(Aá³ñ�ô
/!«��H�5«@ª*# �hªhß�a$��� Û !�rª Û �ißh� � c Ú ßh�h���GÄxÅ�{@Å2Æ.Ç��2«@ªhß�«�ªÝT��r�·�[���@� Ï ����W Û �sW !��©h¨�¬ æ
Ð�Ñ��"Ñ�9 : ×±û®ú�ô�â � û>Õ[ð$á±â�Õ�á�ü9ámÕ[Ö � ün×>Ø�Õnõláö(Aá³ñ�ô
/U�r� c Ú ßh�h�GÄxÅ�{@Å2Æ.Çµ�@«�� �¯¬�ªx�r��©pßh�[ç F	¬���¨�¬nâ ��ª !�r��©h�¯¬ !�h��� ¨n��� «�ª�� ª��5«@ª Û �rª ÛLÛ � ªx�����[«�ª
sN��Ür�[¬�� «@ª�æ¾/U�rªh�r��© ªh«@ç`çF¬Þ� ��Ür� «@ªh��ä��[«@¬}�[¨2�[ª¡��«�ª Û ���·�[ªáçX� ©h¨Þ�[ª³¬ Û � Û � ªb�hª�ß Û «@��¬
ßh«@� �2�[�UsN��Ür�[¬!� Ú�Ú W'¬$�r��W5��� «@ªh� ç�� ¨���¬2� ª�a$�h� Û �rª Û äk«�� ß�� ¨!���h� Ý�äk«��%«�ç sN�r¨2�rçX�[¬}�[¨2ßh«��r� ÚrÛ
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vxu y{ 	z2¤rv/��y{v��r 	vmì	y{v�ª>F³¬}��¬�¬ Û �r¨¯¬F° o Û æ/�U¨ !Ú è���«�ª�Ý�A$æ�²�� + 0@0 Ï �}F�æ + ª « t +ð Zà�rª�0 t � ñ Z �rª�Ý��kæ·aµæ�é&¿5u'vxu d4y���é$§� )��|�yGíky�|4§}ê�v�|�y��Fy{ 	z�¤r�µ�%y�d¹�%ê�z}¢�|���u d��°��§�§�� u ¡2¤@d u'¥ê�v�|Xu'vb�®u étyÈ®�y{z"u y�|�~�z}y2�ru ¡�d u�ê�vµ�N/!«����2�[¨�¬���¬}« Ú ª"��F³¬��rª�W Ú ¨2ßÒvgªh«=�f� ¨��2«�¬4�fÝ�/!��#
èx�r¨¯¬}çX� ª�¬ Ú W~����� �{¬}¨�«��=���"��ª Û «�ª�� � ¨�«�ª Û Ý + 0�0 t
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ð Zà�rª�0 t � ñ Z �rª�Ý���æxaµæ�éV�Âê �	y{� u'vmìy��ê�vx� u'v�y2¤rz&����v�¤@é�u ¡�|���u d��°�Fy{ 	z�¤r�j�Fy�d��%ê�z}¢�|��&�T¬f¥
¤@é$§���y�|$u'vp�®u éty±®�y{z"u y�|$~�z}y2�ru ¡�d u�ê�vµ��«@ª�é�~�z�ê�¡�y�y2�ru'vmì�|�êg��d��xy�è@d��àÂ�ê�z}¢�|��}ê�§ê�v¾�Fy{ 	z�¤r�X�%y�d��%ê�z�¢�|��Ð�!¡2¤��	y�é�u ¡����"v��r ³|�d8z"u8¤r� �/�½��®����/�9y��=y{v�|�y è ÂÏ�±� ¦ ¨�Ñ
�e¿q�¥�ô¦ ¨�Ñsë�ª>F��rª�åx¨}�rªh�[«���� Ú � + 0@0 t �}F�æ t R Ï « t�t Rð Zà�rª�0 t � ñ Z �rª�Ý���æhaFæ@é9�®u éty&®�y{z"u y�|$~�z}y2�ru ¡�d u�ê�ve¢��C¦�|{u'vmìt¤»�kê�vxv�y�¡�d u�ê�vxu�|�d��%y�d��%ê�z�¢
��u d��Ï�{v}d4y{z{v�¤r�j�µy{��¤G�]f�u'v�y�|
� «@ª�é��®u éty�®�y{z{u y�|U~�z}y2�ru ¡�d8u�ê�vF�¥¿nê�z}y�¡2¤�|�d8u'vmì_d��xy
¿� *d8 )z}y�¤rv��p¦®v��	y{z}|�d+¤rv��ru'vmì\d��xyF~�¤�|�dµ° o Û æxZC� « Û � ª�ß�Ý�aFæwF·æ��®�U� ¨��2©h�[ª�W¿� �@ß�Ý
xFæ�aFæ,²6�KF�ån3ÝF	¬2�hßh«��[�Þ«�ªÓ¬}©h�`F)�[«�� ª�� � � Ú W�� Ú ç`è����{�)«�¬4�I�%a$ß�ßh«�� Ú ª*#bZC� �����{�
s��h�h�@«��2©�«�ª Û Ý�j(� �rßh«@ª Û Ý + 0@0 t �}F�æ + 0 ª « R*+ Ïð Zà�rª�0 - ñ Z �rª�Ýk�kæ�aFæ@éà�kê�v}d8z�ê��3®���|�d.y�éµ|��à����¤�|�|{u ¡2¤r� ª��Fy{ 	z�¤r� ª9¤rv��B¿� GÅ�Å����²�!¨2� ÛfÚ ª
�U¨}�rßh�h��¬}� 34ªh�¯¬}«�¬}��¬2�rÝ + 0�0 -ð ZUA{0 5jñ Z �rª�Ý���æxaµæ���A��=����W8�=�)�[Ý�å�æ@é3�iu8¤.ìrz�¤@éKéX¤@d8u ¡��9y{z"u'w�¤@d8u�ê�vÂêg� Ã�z�¤��ru y{v}dq�$� ìmê�¥
z"u d��méµ|V�2ê�z��Fy{ 	z�¤r�T�Fy�d��%ê�z}¢�|
�±«�ª�é��%y{ 	z2¤r�½�kê�é$§� md ¤@d u�ê�vµ� + 0�0 5 �>A�ß�æ - ° + ²6�F·æ +2-QR « R e +ð ZUA{0 - ñ Z �rª�Ým��æ�aµæ���A�� �r��W8�=�	� Ý)å�æ�éA�iu8¤.ìrz�¤@éKéX¤@d8u ¡¸�Cy�d��}ê ��|«�2ê�z½�µy{z{u'w�u'vmìµ¤rv��Cíky{¥
��¤@d8u'vmìY��y�é$§}ê�z�¤r���Fy{ 	z�¤r���%y�d��%ê�z�¢��$� ìmê�z"u d��méµ|
�	«�ª�éT�g��¤{§xd8u'wryk~�zXê�¡�y�|�|{u'vmì_êg�
®�ycØ  xy{v�¡�y�|X¤rv����F¤@d ¤Ô®�d8z"  ¡�d8 )z}y�|L° o Û æ®�U«����[� Ý±�$æ®­�æ���� Ú ¨2« Ý c æ�²���xg¨ æ + t - Ï
«�ª�­®�[�[¬2�h¨2��x Ú ¬}�[��«�ª�� Ú çXèh��¬2� ¨iF)�[«��[ªh� ���xF)èh¨2«@ª Û �[¨�ø5� ¨���� Û Ý*A��[¨2��«@ª�Ýho(� «@ßh� �$#
��� ¨ Û ÝVxg�{äýÇ Ú ¨�Ü�Ý + 0�0 - ��F�æ 5@t «r0 - �F° s�¨ Ú �[� � ß�«�ª Û � Ú Wg¬}©h�z34ª�¬}� ¨�ªx��¬2« Ú ªx���F)�hçXçX� ¨iF)��© Ú)Ú � Ú ª�x(� �h¨2�r�«xg�{¬4ä Ú ¨�Ü³� Ý ø!«��{¬}¨�«��2�h� c �r¨2��ÝxF��r���[¨2ª Ú Ý + 0�0 Ï ²ð Z �[«D0 - ñ ZC� «���� ÝNå�æ@é ®�d z" �¢�d  	z��5v��r )vmì�� e 	zy�%y{ 	zXê�v�¤r��y¾�®u éty{¥£�9y{��¤G��¥£�%y�dÆÅ�y[é�u d¸³!u'� �=y
wry{z�d.y{u'� d4y{z]ì	y{v�y�d8u�|�¡��xy{z´�$� ìmê�z"u d��méty{v��k/!«�è�� Ú ç`�r¨2��� «�¬��tv(ªh«��r� ¨��2«@¬ !��¬ns��r�2�2�r��Ý
­
� ©h¨���¬2�h©h�wW !�h¨(jk� ��©hªh�[¨2�¯¬}¨2��Ü³¬2�h¨2�[ª�Ý + 0�0 -ð ZÓ�G0 |@ñ ZC��Ý�/9æ��x� Ú äkß��fÝhl�æ�xFæ�éµ�� )v�¤
¢ ��y`�®u éty±�µy{��¤G���Fy{ 	z�¤r�F�%y�d¹�%ê�z}¢�|q�2ê�z¸��|.ê���¤r¥d4y2�^Â�ê�z��\í(y�¡Xê�ìrvxu d8u�ê�vµ�±«@ª�éF~�z�ê�¡�y�y2�ru'vmì�|_êg�Îd��xyÐ¶
¨
¨�ée�{v}d4y{z"v�¤@d u�ê�v�¤r�µ®��jé�¥
§}ê�|{u' méMê�vW®f§xy�y�¡��
ª3��éX¤.ì	yµ~�z�ê�¡�y�|�|{u'vmì
ª$¤rv����%y{ 	z2¤r�T�%y�d��%ê�z�¢�| è ��®/®���~X�¥�
¦ ¨�é@ë�ª±o Ú ª Û � Ú ª Û � + 0�0 | ��A�ß�æ + �xF·æ + e�ª « + e -ð Z o$o&û - 0 ñ Z �r«���� � Ýxaµæ���og�rªx�râ ��ä���ÝxTUæ���og«@ª³¬ Ú ª�Ý·��æ��çF)©h«@Ü���ª Ú ÝF��æ��·­®�rª Û ÝF��æ·l�æ@ég~X�}ê�¥
v�y�éty�í(y�¡Xê�ìrvxu d8u�ê�v�¦
|{u'vmìL�®u éty{¥£�9y{��¤G���%y{ )z�¤r�I�%y�d¹�%ê�z}¢�|���«�ª�éX���X�X�¸�hz�¤rvx¥
| ¤	¡�d8u�ê�v�|Bê�vÁ�!¡Xê� �|�d u ¡�|�ªq®f§xy�y�¡��
ª ¤rv��´® u=ìrv�¤r��~�z�ê�¡�y�|�|{u'vmìI� + 0 - 0���A�ß�æ t�Ï ° t ²6�F·æ t R@- « t�t 0ð ZßF	ø±Ç 0 Ï�ñ Z �r«���� � Ý·aFæ��nF)�h©�çEÝ"Agæ��
ø Ú Ý c æwTUæ��"Ç��rª Û Ý®l�æ�é��� )� d8u éyê ��¤r�b�"v}d.y{z��[¤	¡�y�|V�2ê�z
�� )� d8u éty2�ru8¤��{v��2ê�z�éX¤@d8u�ê�vÈ�Pì	y{v}d¿|��³«�ª�é�~�zXê�¡�y�y2�ru'vmì�|oêg�id��xy¥¶
¨
¨�·¸�{v}d4y{z"v�¤@d u�ê�¥
v�¤r�½�kê�v��=y{z}y{v�¡�y\ê�vÒ�!¡Xê� �|�d8u ¡�|�ª�®f§xy�y�¡��
ª!¤rv��»® u=ìrv�¤r�N~�zXê�¡�y�|�|{u'vmì è �
�«��®/®h~
¦ ¨�·Yë�ª c !��ªh��©h� ªj� + 0@0 Ï ��A�ß�æ + �xF·æ + 5QÏ « + Ïreð Ç�� Ú 0 tjñ Ç�� Ú Ý¥ë9æ�éó��w@ê��  md u�ê�v�¤rz6�W�$z�d u ��¡{u8¤r�½�Fy{ 	z�¤r�&�Fy�d��%ê�z}¢�|
�µ«@ª�éz�{v}d4y{z"v�¤@d u�ê�v�¤r�
¤}ê� )z"v�¤r�nêg���%y{ 	z2¤r�"®���|�d4y�éµ|
� + 0�0 t �}A�ß�æ | ° t ²���F�æ R e�t « R�R�R
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ð ÇGA{0 Ï	ñ Ç ��Ý
o%æ #¹Ç�æ��>A��rª Û Ý"F·æ #¹Ç�æ�é��$ve��é$§�z�ê�wry2�m�®u éty�®�y{z"u y�|µ~�z}y2�ru ¡�d u�ê�v¾¢�� ��§�§�¥
�ø��u'vmì]d��xyHf�¤G�³y{z"¥[¢���¥�f�¤G�³y{zof®y2¤rz"vxu'vmì��Cy�d��}ê �[d7ê´¿���íÍ�%y{ )z�¤r�F�%y�d��%ê�z�¢�|��h«�ª�é
�%y{ )z�¤r�j�%y�d¹�%ê�z}¢�|
� + 0�0 Ï ��A�ß�æ + e °�0f²��xF·æ + Ï + Ï « + Ï R 0ð Ç��G0 - ñ Ç��râ[ßh«�â �rßh� ©�Ý�aµæ��"�U© Ú ¨}�r�2�rªh« ÝI��æ@é&��ê�vx� u'v�y2¤rz�®���|�d4y�éä�[�	y{v}d u ��¡2¤@d8u�ê�v ¦
|{u'vmì
�ké ¢{y2���	y2������v�¤@é�u ¡È�Fy{ 	z�¤r�X�%y�d��%ê�z�¢�|���«�ª�éX~�z�ê�¡�y�y2�ru'vmì�|Ýêg�_d��xyÁ¶
¨
¨�Ü��{vx¥d4y{z{v�¤@d8u�ê�v�¤r��¤}ê�u'v}di�kê�v��=y{z�y{v�¡�y�ê�vÐ�Fy{ 	z�¤r���Fy�d��%ê�z}¢�| è �6¤I���±�ã¦ ¨�Üsë�ª�a$ª���© Ú #
¨}� Û �G� + 0�0 - ��F�æ tQÏ - « t - tð ��� �D0 |@ñ ��� �@� ÝUaFæ@éî® u é� 	��¤@d u�ê�vâ�%y{ )z�ê�v�¤r��y{zk�Fy�dÀÅ�y��`a$ßhß�«�� Ú ª*#bZC� �����[� s��h�h�@«��2©�«�ª Û ÝA Ú ª�ª�ÝxsN��¨2«��[Ý j(� �rßh«@ª Û Ý + 0@0 |
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