
���������	��
�����������������������	� �"! �#��$%�	&�#$'�(��&*)'�,+.-/���	�
0 ���	�	1'&2�3
%�4�	5768��� ��5����9
%�����

:�;=<?>A@CBD>FEFG4;IH?JKG�EIL4MI:�;INOBDG4>PH QSRPHUTV>FWK>XL4MI>(;.N	Y�G4BUZ.>(B3N,[ JK\FRPW]W_^
`badc3ePf9gPh4ikjlhnm�epoFfqcDrtsFuDvwcDxpu3cnypzX{�u3op|}f�~�h�i���|�c3uDf�rqv�u9{�|��kxp�4vwxPc3cDrqv�xp�Fy
� cDrq�p{�r?�F���bcDrqu3{�fqh4r����txpv���cDrq��v}f�~�adoPv����poPrq�Fypat�����4�n�n��adoPvw���PoPrq�Fy

�����F�������P�=�D X�n¡��=¢�£4¤n¥(¦=§4¨(©�ª�«��P©4§4¬�«P©���¥n«(�®kª�¬(¯
°,±�xp�²f9gFi_h4r´³topm�{4xF���V{4u?�pv�xpcdjlhnm�m�oPxpv�u9{�fqvwh4x.yPµ�c3u?�pxPv�u9{4|.�Cxpv���cUrq��v�f�~�h4i¶�boPxpv�uU�Iy

aC��·n�n¸4¹4���bopxpv�u?�.y F©�®=��¡�¡n£�¯=©�ª�¨n«� lª�¬=¯

º�»½¼3¾3¿�ÀXÁ4¾nÂ ±�xCfq�pv��IeX{4eOcUr�{%Ãrqv}fqcDr���v�xX�PcDeOc3xX�Fc3x=f.h4xP��|�v�xpck�X{�xX�FÃrqv}fqv�xp�rqc3uDhn�4�
xPv�fqv�h4x��²~P�²fqcDmÄvw�Å�PcD��uDrqv��Oc9��u3h4m�eX{�rqv�xP�Vfq�pc�cDÆÇc3uUfqvw�nc3xpc3���#h�i2��c3��cDr?{�|lu3h4xPÈp�
�Fc3xpu3c�m�c9{���oPrqc3�3g�ÉCoFr�rqc3uDhn�nxPv}fqvwh4xÅ�²~F�²fqc3mÊi_h�r½��v�xp�4|wc � cDrqm�{4xdÃlh4r?�F��v����X{���c9�
h4xb³Cvw�P�Pc3x��V{�rqËnh����bh(�Fc3|��#ÌÍ³ �A�b�?Î¶oP��vwxP�S{Å�Pv�uDfqv�hnxp{�r�~=g=Ï	ctu3hnm�ep{�rqc´fq�pc
r?{�fqvwh�h4ikrqc�Ð�c3uDfqc9�VÃlh4r?�P�tfqh�m�vw�²rqcDu3hn�4xpv�Ñ3c9�AÃ%h�r?�P�CoP��v�xp��i_h4oPr �Fv}ÆÇcDrqc3x=fCuDhnxP�
ÈX�Pc3xPu3cÅm�c3{4��oPrqcD�3ÒIÉCxpc��PcDeOc3xX�F�th4xÓfq�Pc�i]r?{4m�cD��xPh4rqm�{4|�v�Ñ3c9�A|�v�Ë�c3|�v��ph=h(�ÇyOfq�pc
��c3uDhnxX�ÅhnxS{t��{�rq�p{4�4c´m�h(�Fc3|Íy�fq�pclfq�Pv�r?��hnx�{2f�Ãlh4���Oc3�²f�|�vw�²f¶{�xX��fq�Pcli_h4oPr�fq�Sh4x
{�x�opxpuDhnxp�²f�r?{�v�xpc9��u?�X{�r?{4uDfqcUr¶rqc3uDhn�nxPv}fqvwh4x.g(µ%�Pcr?{�fqv�xp� h�iOrqc3u3hn�4xpv}fqv�hnx�rqc3��oP|�fq�
v��CxPc3u3c3���q{�r�~biKh4r {�xAopxP��opeOcDrq�(v���c9��rqcDf�r?{�v�xpv�xp��h�rd{4�p{4eFf?{�fqv�hnxÓh�i½rqc3u3hn�4xpv}fqv�hnx
�²~F�²fqc3m��¶{4�lÃlc3|�|O{4�¶i_h4r%{ op��cDr¶iKrqv�c3xX�F|}~S�(opm�{�xP��u3hnm�ePoPfqcDrkv�x=fqcDr?{�uDfqv�hnx�{9��hnvw�F�
v�xp��cDÔFu3c3����v���c u9{�|w|.�X{�uUË(�3g

Õ Öp×´ØOÙÇÚ ÛÅÜ�Ý�ØÇÞqÚ´×

:#ßOàDRFTA>=àDJKá�BUGná�RF\P;ÇJ]àUJKRF;AH?âOH?àUG4TVH2ã�RFBtßÇ;Iá�RP;IH?àUB3>(JK;ÇG4NbRF;Çä�WKJ];IG#ZI>(;.NOå BUJ]à?àDG�;ÓåCRFB3NÇHæ�G�ä
á�RFTVG�TVRFBDG�>F;INÓTVRFBDG�J]TVç�RFBUàD>(;pànMpGnH?ç�G4á�JK>FW]WKâAå J]àUZ�BUGnH?ç�G4á�àtàDR�àDZÇGSßIH?G�R(ãlç.G4;èæ.>FHUG4N
á�RFTVçÇßÇàUG�B3H#RPB�G4W]Gná9àUBDRF;IJKá�>PNÇNOBDG4HDH#æ�RXRFEOH�é�ê´ë#:�M�á�RFTVçI>FBUG�>FWKHURíì îÇMkï4ðÍñ�ò.ó�;íàUZÇJ_H�ôIG�W_N
R(ã´BDG4HUG4>FBDá3ZkM.õ�ö�ö	ä²æI>PH?GnN�àUGná3ZÇ;ÇJ_÷pßÇG4HbéÍã�RPBS>èNOG�à3>(JKW]GnN�JK;pàUBDRXNÇßIá9àDJ]RP;íH?G4Gèì ø=ð�ñ9M�å ZÇJ_á3Z
>(BDG�åCG�WKW#EX;ÇR=å ;ùJ];úHUç.G4G4á3ZûBDG4á�RP\F;ÇJ]àUJKRF;�MZI>�üFG�æ.G4G�;úGnHqà3>(æÇWKJKHUZÇGnN/æ�G4á4>(ßIHUG	R(ã�àUZÇG4J]B
H?G4\FTVG�;pàD>(àUJKRF;Oä�ã�BDG�GÓBDG4á�RF\F;IJwàDJ]RP;Ê>(çÇçÇBDRP>Pá3Zý>(;INÊàUZÇG4J]BV>(ßOàDRFTA>=àDJKáÓàUB3>(JK;ÇJK;Ç\þá4>(çI>FæÇJ]WKJ]ä
àUJKG4H4ò

:#W]àUZÇRPßÇ\FZÿàUZÇG	ç�G�BUã�RFBDTV>F;Iá�G�R(ãÅBUGná�RF\P;ÇJ]àUJKRF;ÿHUâOHqàDG�TAHbJ];Iá�BUGn>FHUG4H4M�àDZÇG	G�BDBURPB�B3>=àDG
R(ã#å BDJwàDG�B�JK;INOG4ç.G4;INOG�;pàVBUGná�RP\F;ÇJ���G4BDHSJ_H�H?àUJKW]Wd÷pßÇJ]àUG,ZIJ]\PZkòl@Câ á�RPTbçIßOàUJK;Ç\íá�RF;Oô.NÇG�;Iá�G
TbGn>FHUßÇBDG4H%ã�RPB2BUGná�RP\F;ÇJ]àUJKRF;kMP>SBUG4W]J_>(æÇJKWKJwàqâb>FHDH?GnHUHUTVG�;pà2R(ã�àUZIG#BUGnH?ßIWwà3H2æ�G4á�RPTVG4H%ã�Gn>FHUJ]æÇWKGFò� Zpß.H�M�ßIHUJ];I\ÓàUZIG4HUG�TVG4>PH?ßIBUGnH�J]à�JKHÅç.RpHUHUJKæÇW]G�àUR	NOGná�J_NOG�å ZIG�àUZIG�B�àUZÇGbBDG4á�RP\F;ÇJ]àUJKRF;íBUG�ä
H?ßÇW]à�JKH�ßÇ;.á�G�BUàD>FJ];þRFB�;ÇR(ànò � ZÇGb\FRP>FW¶J_H�àUR�BDGq<qG4á�à�TVRpHqàSR(ãtàUZÇGbTVJKHUBUGná�RP\F;ÇJ���GnN�åtRPBDNIH
>(;IN/>FH�ã�G�å >PH�ç�RPHDHUJ]æÇWKG�R(ã#àDZÇG�á�RFBDBUGná9àbBUGnH?ßÇW]àDH4ò � ZÇJKHbçÇBDRFæIW]G4T"H?G4G�TAH�àDRþæ�G	G4>PH?âPM
BUG4\P>(B3NOJK;Ç\�àDZÇG	BUGná�RF\P;ÇJ]àUJKRF;ÊRFãÅH?JK;Ç\PW]G	á3ZI>(B3>Fá�àUG4BDHèé�RFBbçÇBDG�ä�H?G4\FTVG�;pàDG4NýåCRFB3NÇH3ñ�ßIHUJ];I\
GFò \IòF;IG�ßÇB3>(WÇ;IG�àqåCRFBDEXH%RPBtNOJ_H?àD>(;.á�G TVG4>PH?ßÇBDG4H�é�GFò \IòpQ����#ä²á�WK>PHUHUJwô.G�B9ñ¶àUR�çÇBDR(àDR(àqâXç�G4H4ò(ó�;
\FG�;IG�B3>(W½àDZÇG4HUG�àDG4á3ZÇ;ÇJ_÷pßÇG4H�>(ßÇàURFTA>(àUJ_á�>(WKWKâ�á�RFTVçÇßOàDG�>ÓEXJK;IN�R(ã2ç�RPH?àUG4BUJKRFB�çÇBURPæI>(æIJ]WKJwàqâ
å ZÇJKá3Z	á�>F;èæ�GSßIHUG4N�>FH >Vá�RP;Oô.NOG4;Iá�G�TVG4>FHUßÇBDGFòXó�;�á�RP;PàDBD>PHqàtàURbàUZIJKHdàDZÇG�õ�ö�ö�ä�æI>PH?GnN
àUG4á3ZI;ÇJK÷pßÇG�âpJKG�W_NÇHÅ>AW]JKEFG4W]JKZÇRXRON½MIå ZIJKá3Z�Z.>FHdàDR,æ�G�àUB3>(;IH?ã�RFBDTVG4N	BDG4HUçkòÇ;ÇRPBUTA>FW]J���GnN½M.>PH
Jwà�J_H�NOGnHUá�BUJKæ�G4N JK;��OG4á9àDJ]RP;	�Çò�õ�G�BDGFMO<qß.Hqà�àDZI>=à�åtRPBDN R(ã >�NOJ_á9àDJ]RP;I>(BDâFMkå ZIJKá3Z J_H�àUZIG

gue
Textfeld
From: DAGM 02, Springer "Lecture Notes in Computer Science"



TbRpHqà#çIBURPæI>(æÇWKGFMOJ_H#HUG�WKG4á�àUG4NkòI:#;IN�àDZÇJ_H çÇBDRFæI>FæÇJ]WKJ]àqâ,á�>F;Ç;ÇR(à#æ�G�BDG�\P>FBDNÇG4NèR�
�ZI>(;INèã�RPB
á�RF;Çô.NOG�;.á�GFò

:úBD>(àUJK;Ç\�R(ãká�RFBDBUGná9àU;IG4HDHR(ãk>�BDG4HUßÇW]à2JKHtZÇG�WKçOã�ßÇW�JK;ÓH?G4üFG�B3>(WÇ>FçÇçÇWKJKá4>=àDJ]RP;IHã�RPB´H?ç�G�Gná3Z
>(;IN ZI>(;INÇå BUJ]àUJK;Ç\ÿBDG4á�RF\P;ÇJwàDJ]RP; H?âOH?àUG4TVH4ò � ZÇGùé�BUG�ä�ñAàUB3>(JK;ÇJK;Ç\ÿRFã�>ÿHUâOHqàDG�T á�>F; æ�G
NORF;ÇG�JK;è>(;,ßÇ;IHUßÇç.G4BUüXJ_H?GnNÓTVRONOG�ßIH?JK;Ç\b>(ßOàDRFTA>=àDJKá4>(WKW]âV\FG4;ÇG�B3>=àDG4NAW_>(æ�G�W_Htå JwàDZ�>�ZÇJ]\PZ
á�RF;Çô.NOG�;.á�GVHUá�RFBDGFò��XR,àDZÇGVWK>FBU\PG�>FTbRPßÇ;pà�RFã2àUB3>(JK;ÇJK;Ç\	NÇ>=à3>èNORXGnHÅ;IR(àS;ÇG�GnN�àDRèæ�GVWK>(ä
æ.G4W]GnNýTA>(;XßI>(WKWKâFò � ZIG,HU>FTVG,>(çÇçIW]JKG4H�àURí>F;ÊßÇ;IHUßÇç�G�BDüpJ_HUG4Ný>FNI>(çOà3>=àUJKRF; àDRþ>�á�G�BUàD>(JK;
å BUJ]àUG4BCRPBCHUç�G4>(EPG�BSé�á�RFTVçI>(BDGVì�(M����ð�ñ9òÇ:#;IR(àUZIG�B >(çÇçIW]J_á�>(àUJKRF;ÓJ_HCàUZÇGSNOG�àUG4á�àUJKRF;�R(ã�RPßOà?ä
R(ãÍä²üFROá�>FæÇßÇW_>(BDâ/é�������ñ�åCRFB3NÇHèé�H?G4Gþì��9ð�ñ�RFBV>�TVRFBDG,ß.H?G4B�ã�BDJ]G4;INOWKâÊNOJ_>(WKRF\íæ�G�àqåCG�G4;
ZpßITV>F;IHS>(;INþ>(ßOàDRFTA>=àDJKá�BDG4á�RP\F;ÇJ]àUJKRF;þH?âOH?àUG�TAHbé�GPò \.òká�>(WKW%æI>Fá3EOHÅJ];þJ];Çã�RFBDTV>(àUJKRF; H?âOH?ä
àUG�TAH3ñ9ò

ó�; àUZÇGAã�RPW]WKR=å JK;Ç\�H?Gná9àDJ]RP;IH�RFßIB�æI>PH?G4W]JK;ÇGABDG4á�RP\F;ÇJ]àUJKRF;ýHUâOHqàDG�T é��XG4áFò��Pñ9M�àUZÇGAàDZÇG�ä
RFBDâÊé��XGná(ò��Pñ�>F;INþHURFTVGbBUGnH?ßIWwà3Hbé��XG4áFò��pñÅå ZÇJ_á3Zþ>FBUGbRFæÇàD>(JK;ÇGnNíæXâ�ã�RPßÇBSJ];XüFGnHqàDJ]\p>=àDG4N
á�RF;Çô.NOG�;.á�GSTVG4>FHUßÇBDG4H >FBUGSNOG4HDá�BDJKæ.GnN½ò

� ���! PØ#"%$ &ûÙ.Ý('�ÞqØ#"�Ý�ØÇÜ#Ù)"�ÅßÇBdZI>(;INÇå BUJ]àUJK;Ç\bBUGná�RF\P;ÇJ]àUJKRF;èHUâOHqàDG�T é�á�RFTVçI>FBUGS>(W_HUR�ì�9ð�ñtá�RF;IHUJ_Hqà3HtRFãl>Fæ.RPßOà�*��bNOJwãÍä
ã�G�BDG�;pàtWKJ];IG4>(BCõ�ö�öíH�MXRF;IG#ã�RFBtG4>Pá3Z,á3ZI>(B3>Fá�àUG4B�é�ßÇçIç.G4B?ä>(;INÓW]R=åCG�BUä²á4>FHUGdW]G�à?àUG4BDH4Mp;pßIT�ä
æ.G4BDHl>(;IN�çÇßÇ;Iá�àUßI>(àUJKRF;�TV>FBUEOH3ñ9ònó�;�\PG�;ÇG4BD>FW(àUZIGCá�RF;pàUJK;XßÇRFßIH¶NOG�;.H?J]àqâ�õ�ö�öíHlá�RF;IHUJ_HqàlR(ã��bHqà3>=àDG4H�é�å J]àUZ	ßÇç�àDR+�,bYS>(ßIHDH?J_>(;�TVJ�-XàDßÇBUGnHdç.G4B�H?àD>=àDG�NOG�ç�G�;INÇJ];Ç\ARP;�àUZÇG�>(TVRPßÇ;pà
R(ãSàUB3>(JK;ÇJK;Ç\ýNÇ>=à3> ç.G4Bèõ�öíöíñbã�RFBèá3ZI>(B3>Fá�àUG�B3HA>(;.N/;XßÇT�æ.G4BDH,>(;IN/ã�G�åCG�BèHqà3>=àUGnHAã�RPB
H?RPTbGÅH?ç�G4á�JK>FW.á3ZI>FBD>Pá9àUG4BDHNÇG�ç�G�;INOJK;Ç\�RF;VàUZIG�JKB´å J_NXàUZkò � ZÇGÅçÇBUGnH?G4;pàUG4NVBDG4HUßÇW]àDHBDG�ã�G4B2àDR
>èHUJ];I\FWKG�åCRFB3N�BUGná�RP\F;ÇJ]àUJKRF;�B3>=àDG�ßIHUJ];I\�>èNOJKá�àUJKRF;I>FBUâ	RFãt>(æ�RFßOà.�������,Y�G4BUTA>F;�åtRPBDNIH
é�;ÇRARPßOà R(ã%üFROá�>FæÇßÇW_>(BDâOñ�ò/ RFB�RFßIBÅG0-Xç�G�BDJKTbG4;pàDHÅåtG�ßIH?GV>ÓW_>(BD\FG�RF;Oä²W]JK;ÇG�ZI>(;INÇå BUJ]àUJK;Ç\	NÇ>=à3>(æI>PH?G�RFãtHUG�üFG4BD>FW
å BUJ]àUG4BDH�é�á�RFTVçI>FBUG / JK\Iò�nñ9MOå ZIJKá3Z	J_H#NOG4HDá�BDJKæ.GnN,JK;�àUZÇGSã�RPW]WKR=å J];I\Iò � ZÇG�NÇ>(àD>FæI>FHUG�á�RF;Çä
H?J_Hqà3H%R(ã.á�ßÇB3H?JKüFGdHUá�BUJKçOà2HD>(TVçÇWKG4HlR(ã14îFîÅNOJ�
�G4BUG4;Pàå BDJwàDG�B3H�M=>FW]WOå BDJwàDJ];I\�HUG�üPG�B3>(WpåtRPBDNÇHlRPB
H?G4;PàDG�;Iá�G4HtRF;�>�NOJK\FJ]àUJ���JK;Ç\bH?ßÇBUã�>Fá�GFò � ZÇGÅàUB3>(JK;ÇJK;Ç\�RFãkàUZÇG�å BDJwàDG�BCJ];INÇG�ç�G�;INOG4;pà HUâOHqàDG�T
JKHtç.G4B?ã�RPBUTVGnNVßIH?JK;Ç\�>Fæ.RPßOà2�����3����åtRPBDNIH2R(ã45�3,Så BDJwàDG�B3H�ò � GnHqàDJ];Ç\�JKHtá�>FBUBDJ]GnNVRFßOàtå JwàDZ���pï#ÅåCRFB3NÇHCR(ã6�#SNOJ�
�G4BUG4;pà#å BUJ]àUG4BDH�é�>(æ�RFßOà�5�7�båtRPBDNÇHCç�G�B å BDJwàDG�B9ñ9ò

869�: Â<;XÂ s(hnm�cdcUÔp{�m�ep|�c3�h�i½fq�pcd�p{4xX�(Ãrqv}f�fqc3xV�P{�f?{4�p{4��c�Ì����Fv�ÆÇcUrqc3x=fÃrqv�fqcUrq�?Î
: ãÍàUG4B�àDZÇG�BDG4HD>(TVçÇWKJK;Ç\ÓR(ãàDZÇGbç.G4;�àUB3>=<qGná9àURPBUâèJ];þRFB3NOG�B#àURèá�RFTVç�G�;IHD>=àDG�NOJ�
�G4BUG4;pà

å BUJ]àUJK;Ç\�HUç.G4G4NÇH�àUZÇG�HUá�BUJKçOà�HD>(TVçÇWKG4H�>FBUGA;ÇRPBUTA>FW]J���GnN½ò%�#RPBUTA>FW]J��4>(àUJKRF; R(ãdàUZÇGèJ];IçÇßOà?ä



NÇ>=à3>SJ]TVçÇWKJ]GnHàDZÇG�á�RPBUBDG4á�àUJKRF;bR(ã½H?W_>(;pà´>F;INbZÇG�JK\FZpà4ò=�XW_>(;pà2;ÇRFBDTA>(WKJ��n>=àDJ]RP;�J_Hç�G�BUã�RFBDTbGnN
æpâèH?ZÇGn>(BDJ];I\�àDZÇGSç.G4;	àUB3>=<qGná9àURPBUâÓ>Pá�á�RFB3NOJ];I\�àURÓ>F;èG4;pàUBDRFçXâpä²á�BUJ]àUG4BUJKRF;íé�H?G4G�>(W_H?R	ì ��ð�ñ9ò� ZÇG�;VàDZÇG�ã�RPW]WKR=å JK;Ç\Sã�G4>(àUßÇBDG4Ht>(BDG�NOG�BDJKüFG4Nbã�BDRFT àUZIG#àUB3>=<qGná9àDRFBDâ�R(ã½àDZÇG�ç�G�;,J];ÇçIßOà5>? àUZÇG�>F;Ç\FWKGSR(ã¶àUZÇG�HUçI>=àDJK>FW]WKâÓBDG4HD>(TVçÇWKG4N�HqàDBURPEFGnH�é�H?JK;�@tMIá�RpH)@lñ? àUZÇG�NÇJ�
�G�BDG�;Iá�G�>(;Ç\PW]GnHSé�HUJ];�AB@tM.á�RpH(AB@lñ? àUZÇG�ç�G�;	çÇBDG4HDHUßÇBUGAé�æÇJ];.>(BDâOñ? >AH?ßIæOä²HD>(TVçÇWKG4N	æIJwàDTV>Fç�H?WKJ_N�>FW]RP;Ç\VàUZIG�ç.G4;	àUB3>=<qGná9àURPBUâþéC*=ä�NOJKTVG�;IHUJ]RP;I>(W�üFG4á�àURPB3ñ�M

á�RP;Pà3>(JK;ÇJK;Ç\bàUZÇG�á�ßÇBUBDG�;pàdJ]TA>F\FGSJ];Çã�RFBDTV>(àUJKRF;�J];�>D���DEF����å JK;INOR=å� ZÇGÅæ.>FHUG�WKJ];ÇGSHUâXH?àUG4T >(;INÓàUZÇG�ã�Gn>=àUßIBUG�GG-XàUB3>Fá�àUJKRF;ÓTVG�àUZÇRONèJKHdNOGnHUá�BUJKæ.GnNÓJK; ì�9ðkJK;
\FBDG4>=àDG�B#NOG�àD>FJ]W�ò � RAàUB3>(JK;	àUZIG�õ�ö�öíH�åCG�ßIHUG�àUZÇGb@d>(ßÇTbäIHþG4WKá3Z�>(WK\FRPBUJ]àUZIT�MIå ZÇG�BDG4>PH
ã�RFB#BDG4á�RF\F;IJwàDJ]RP;,àDZÇG.��J]àUG4BUæIJ¶>(WK\FRPBUJ]àUZIT JKH�ßIHUG4N	>(WKåC>�âOHdçÇBDG4HUG�;pàDJ];Ç\VàDZÇG4HUGJ0�Fä²NÇJ]TVG�;Çä
H?JKRF;I>FW�ã�G4>(àUßÇBDGSüFG4á�àURPBDH�K JK;�RP;ÇG�H?JK;Ç\PW]G�H?àUBDG4>(T	ò� ZÇG´BDG4á�RF\F;IJwàDJ]RP;�çIBURPæÇW]G4T�ßIH?JK;Ç\�õÅö�ö�Hlá�>F;�æ.GCNOG4HDá�BDJKæ.GnN�æXâÅàDZÇG2ã�RPW]WKR=å JK;Ç\�L´÷�ò7
ßIH?JK;Ç\	@d>�âFG4H5MIBDßÇWKG�é�å JwàDZON JKHÅàUZIGVHUG4÷pßÇG4;Iá�G�R(ã2ã�Gn>=àDßÇBUGbüFGná9àDRFB3H�>(;.NOP BDG�çÇBDG4HUG�;pà3H
àUZÇG�á�WK>PHUHdBDG4HUçkòOåCRFB3NIñQ>

R é�PTS Nþñ6U R éVNWS P ñ1X R é�P ñR éCNþñ éY�ñ
õ#G�BDG R é�PTS Nþñ�JKH�àUZIGèç�RPH?àUG4BUJKRFB�çÇBURPæI>(æIJ]WKJwàqâPM R éCNZS P ñ�BUG4çÇBDG4HUG�;pàDH�àUZÇG,ã�G4>=àDßÇBDG

TbRONOG4Wté�àUZÇG�WKJKEFG�WKJKZÇRXRXNkMIå ZÇJ_á3Z	JKHÅá�RFTVçÇßÇàUG4N	æXâ,àUZÇG�õÅö�öíñ�M R é�P ñ NOG4HDá�BDJKæ.GnHdàUZÇG�>
çÇBUJKRFBDJlçÇBURPæI>(æIJ]WKJwàqâ�R(ã´àUZÇGbåtRPBDNOP é�GFò \Iò�\PBD>FTbTA>FB�RFBÅWK>F;Ç\Fß.>(\FG�TVRXNÇG�WÍñ�>F;IN R éVN ñ
BUG4çÇBUGnH?G4;pàDH�àUZIG,>	çÇBDJ]RPBUJçÇBDRFæ.>(æÇJKW]J]àqâ�RFãCàDZÇGAã�Gn>=àUßIBUGAüPG4á9àDRFB3H�ò � ZIGABUGná�RF\P;ÇJ]àUJKRF; R(ã >
H?JK;Ç\FWKG�åCRFB3N+P\[=M�å ZÇJ_á3Z�JKHÅNOG�ôI;IG4N�JK;í>ÓNOJ_á9àDJ]RP;I>(BDâþé�àUZÇGbHU>FTVG�>AçÇBDJ]RPBUJ�çÇBURPæI>(æIJ]WKJwàqâ
ã�RFB G4>Pá3ZèG4;pàUBDâOñÅMÇWKG4>PNÇHCàURbàDZÇJKH#G4÷pßI>=àDJ]RP;P [�] >(BD\FTA><-^ R éCNZS P ñ1X R é�P ñ ] >(BD\FTA><-^ R éCNZS P ñ é��Pñ

æ.Gná�>(ß.H?G R éCNþñk>F;IN R é�P ñk>FBUGàDZÇGdHU>FTbG´ã�RFB%>(WKWPá�WK>PHUHUG4H1P é R éCNþñ½J_H�JK;INOG4ç.G4;INOG4;Pà
R(ã_P >F;IN R é�P ñ JKH�;ÇRF;ÇBDG�WKG�ü=>F;Pà ç�G�B�NOG�ôI;IJwàDJ]RP;.ñ9ò�ë�J_H?BDG�\p>(B3NOJK;Ç\bàUZÇGnH?G�çIBURPæI>(æÇJKWKJwàDJ]GnH
àUZÇGÅBUG4WK>(àUJKüFG RFB3NOG4B´R(ã�àDZÇG�æ�G4H?àtBDG4á�RF\F;IJwàDJ]RP;ABUGnH?ßÇW]àDH´å J]WKWI;IR(àCá3Z.>(;Ç\PGFò � ZXßIH2ã�RFBtBUGná�RF\Fä
;ÇJwàDJ]RP;ýRF;ÇWKâFM�àUZÇJ_H�HUJKTbçIW]J]ô.á�>(àUJKRF;ýJ_H�ç�G�BDTVJwàUàUG4Nkòlõ�R=åtG4üFG�BnM�àUZIGÓçÇBDRFæI>FæÇJ]WKJ]àqâ R éVN ñSJKH
J]TVç�RFBUàD>(;pà�àDRíá�RPTbçIßOàUGVàDZÇGÓçÇBDRFæI>FæÇJKW]J]àqâíRFãdá�RFBDBUGná9àU;IG4HDHa`�àUZÇG,á�RF;Oô�NOG�;Iá�GB`íR(ãdàUZIG
BUGná�RF\P;ÇJ]àUJKRF;,BDG4HUßÇW]à�é�HUG�G.�XGná(ò(�pñ9ò
b cþÚt×!d�Û�"�×�Ýe"\fg"�h4 pÜ�Ù)"% 
� ZÇGíWKJ]EPG�WKJ]ZIRpRON R éCNZS P ñ�Mtå ZIJKá3Z J_HÓß.H?GnNûã�RFBèBUGná�RF\P;ÇJ]àUJKRF; >Fá4á�RPBDNOJK;Ç\ àDRiL´÷�ò!� JKH
;ÇR(à,>F;û>FæIHURFWKßOàUG	TVG4>PH?ßÇBDG	R(ãSçÇBDRFæI>FæÇJ]WKJ]àqâFMæÇßOàÓB3>=àDZÇG�BÓ> BDG�W_>=àDJ]üPGèTVGn>FHUßÇBUGPò � ZXßIH�M
åtG�<qßIH?àVEX;ÇR=å å ZÇJKá3ZùåCRFB3NýR(ãS>í\PJ]üPG�;/á�W]RpH?GnNÿNOJ_á9àDJ]RP;I>(BDâ JKHbàDZÇG	TVRPH?àbWKJ]EPG�WKâFM%æÇßOà
åtG NORù;ÇR(à�EX;ÇR=å àUZIG á�G�BUàD>FJ];pàqâúR(ãbá�RFBDBDG4á9àD;ÇG4HDHèR(ã�àDZÇJKH	BDG4á�RF\P;ÇJwàDJ]RP; BDG4HUßÇWwànò � ZÇJKH
á�G�BUàD>FJ];pàqâ	J_HÅNOGnHUá�BUJKæ�G4N�æXâ�á�RP;Oô.NOG4;Iá�G�TVG4>FHUßÇBDG4H4ò.ó²ã´àUZÇGVá�RP;Oô.NOG4;Iá�G�TbGn>FHUßÇBDGBjlknm%o
R(ã#>	BUGná�RP\F;ÇJ]àUJKRF; BUGnH?ßIWwà�J_H�æ�G�WKR=å >�àUZÇBDG4HUZÇRFW_Nqp½MkàDZÇJKH�NÇ>=à3>	J]TA>F\FGABDG4HUçkò½àUGnHqàUä�åCRFB3N
JKHVBDGq<qGná9àUGnN½ò � ZÇG	á�RP;IH?Gn÷pßÇG�;Iá�GèRFã�àDZI>=àAJ_HA>íTA>(;XßI>FWdWK>Fæ.G4W]JK;Ç\ RFBA> á�>(WKWdæI>Fá3EýJK;û>
ZpßITV>F;Oä²TV>Pá3ZÇJK;ÇGSJ];pàUG4B?ã�>Pá�GPMXã�RFB GG-Ç>FTbçIW]GPò



/ RFBCRFßIBCZ.>(;INOå BDJ]àUJK;Ç\�BDG4á�RF\F;IJwàDJ]RP;ÓçÇBDRFæÇWKG�TÄRFã¶H?JK;Ç\PW]GÅåtRPBDNÇH�é�;IRJ������ñ´åtGSá�RPTbä
çI>(BDG�ã�RFßÇB#NOJ�
�G�BDG�;pà�á�RP;Oô.NOG4;Iá�GSTVG4>PH?ßÇBDG4H5>FòCàUZÇGSã�B3>(TVGS;ÇRPBUTA>(WKJ���G4NèWKJ]EPG�WKJ]ZÇRXRON R éVNZS P ñ�é�>FH�>�BDG�ã�G4BUG4;Iá�G�ñ�OòCàUZÇG�ç�RPH?àUG�BDJKRFB´çIBURPæI>(æÇJKWKJwàqâ R é�PTS Nþñ2æpâA>FçÇçÇBDRn-XJKTA>=àDJ];Ç\ R éVNþñ2ßIH?JK;Ç\V>�\p>(BDæI>(\PG�ä

TVRXNÇG�WrPtsGuQvxw�ÇòCàUZÇG�ç�RPH?àUG�BDJKRFBCçÇBURPæI>(æIJ]WKJwàqâ R é�PTS Nþñ´æXâV>FçÇçÇBDRn-OJ]TA>=àDJ];I\ R éVNþñ´ßIHUJ];I\�>�àqåtRFä�æ�G4H?à
BUGná�RP\F;ÇJ]àUJKRF;�IòCàUZÇGbWKJ]EPG�WKJ]ZÇRXRON R éCNZS P ñ9M�å ZÇJ_á3ZíJ_H�;ÇRPBUTA>FW]J���GnN�æXâ	àUZÇGbW]JKEFG4W]JKZÇRXRON R éCNZS j�ñ�RFæÇä
àD>FJ];ÇGnN�æpâè>bá3Z.>(B3>Fá9àDG�B NOGná�RONOJK;Ç\Vå JwàDZÇRFßOà�NÇJKá�àUJKRF;I>FBUâ
:�H¶ôIB3HqàlJ];XüFGnHqàDJ]\p>=àDG4N�TVG4>PH?ßIBUGPM�àDZÇGdW]JKEFG4W]JKZÇRXRON R éVNZS P ñ9M�å ZÇJ_á3Z�J_Hl;ÇRFBDTA>(WKJ��4G4N�æXâ

àUZÇGÅ;pßIT�æ�G�BCR(ã�ã�BD>FTVG4H�é�BDG4HUçkòPá�RFBDBUGnH?ç�RF;INÇJ];Ç\Sã�Gn>=àDßÇBUG�üFG4á�àURPBDH3ñ%J_H2ßIHUG4NÓ>PH´á�RF;Oô.NÇG�;Iá�G
TbGn>FHUßÇBDGèé�HUG�GbGFò \Iòì ��ð�ñ9òkõ#G4BUG�àUZIGbá�RFTVçÇßOà3>=àUJKRF;.>(W%á�RPH?àDHS>FBUG�üFG�BDâ	W]R=å�M�æ�G4á�>FßIHUG�àDZÇJKH
TbGn>FHUßÇBDG GG-OJKH?àDH2J];,>F;Xâ�á�>PH?GPòF@CG4á4>(ßIHUG R(ã�àUZIG�NOâX;I>(TVJ_á R(ã�àDZÇG�õ�öíö	ä�æ.>FHUG4NVNOG4á�RONOJ];I\
çÇBUROá�G4NOßÇBDGFM�JK;�\PG�;ÇG4BD>FWPàDZÇG4HUGCTbGn>FHUßÇBDG4Hl>(BDGCá�RFTVçÇßOàDG4Nb>FH¶W]RP\ÅWKJ]EPG�WKJ]ZIRpRONÇH4ò � ZÇGdZÇJK\FZÇG4B
àUZÇG�;ÇRPBUTA>FW]J���GnN,WKJ]EPG�WKJ]ZIRpRON½MXàDZÇG�ZÇJK\FZÇG4BdàUZÇG�BDG�WKJ_>(æÇJKW]J]àqâFò� ZÇG,ã�RPW]WKR=å JK;Ç\þá�RF;Oô.NÇG�;Iá�GèTVG4>PH?ßIBUGnH�à3>(EPGyL´÷�ò2�J];pàUR >Fá4á�RPßÇ;pà4ò � ZÇG�ç.RpHqàDG�BDJ]RPB
çÇBURPæI>(æIJ]WKJwàqâ R é�PTS Nþñ2å J]WKW.æ�GS>(;ÓRPçOàUJKTA>(W.á�RF;Oô�NOG�;Iá�G�TVG4>PH?ßIBUGPMFJ]ã�JwàCåC>PH2ç�RPHDH?JKæÇWKG#àDR
G4H?àUJKTV>(àUG R éCNþñQ>

jlknm%ot>zU R éVNWS P ñR éCNþñ jlknm%o|{�} p�~��<�Q�7�n�Q� éC� v ñ� p�~��G���=�n�5�Yo�� é����r�i����ñ éC�pñ
� Zpß.H�M�àDZÇG,HUG4á�RP;IN á�RF;Çô.NOG�;.á�GATVG4>PH?ßÇBDGFM½åCGbàUGnHqàDG4N½M¶JKH�æ.>FHUG4NþRF;ý>	\P>FBUæI>F\FG�äCRPB

ôIW]WKG�BUä²TbRONOG4W�é�á�RFTVçI>FBUGýì *ÇM6�FðÍñ�ò � ZÇG�\p>(BDæI>(\PG�ä²TbRONOG4W2P sGuQv�w J_HVàUB3>(JK;ÇGnN/RP;ú>(WKWdã�G4>=ä
àUßÇBDG4HdRFã¶àDZÇGSàUB3>(JK;ÇJK;Ç\(ä�H?G�àSé�J];.NOG�ç�G�;INÇG�;pà�R(ã¶àUZÇG�á3Z.>(B3>Fá9àDG�BUä�W_>(æ�G�WÍñ9Mpå ZÇJ_á3Z	W]Gn>FNÇHCàDRV>F;
ßÇ;IHUç.Gná�J]ô.á�>�üPG�B3>(\PG�TVRONOG4W�ò%��ãÍàUG4;kM½H?ß.á3Zí>Ó\p>(BDæI>(\PG�ä²TbRONOG4WkJ_H�ßIHUG4N�ã�RFB.���!� NOG�àDG4á9ä
àUJKRF;�JK;�H?ç�G�Gná3Z�BUGná�RF\P;ÇJ]àUJKRF;kò � ZÇG�á�RF;Çô.NOG�;.á�G�TVG4>PH?ßÇBDG�á�>F;�æ.G�á�>(W_á�ßIWK>(àUG4N�ßIHUJK;Ç\AàUZIG
\P>(BDæI>F\FG�ä²TVRONOG�W�>FH >F;�>FçÇçÇBDRn-XJKTA>=àDJ]RP;,R(ã R éVN ñQ>R éVN ñ ] R éVNWS P sGuQvxw ñ éV�Xñ

ó²ãàUZÇJ_H�BD>(àUJKRÓR(ã´åCRFB3N�>(;.N�\P>FBUæI>F\FG�NOG4ç.G4;INOG4;Pà�WKJ]EPG�WKJ]ZIRpRON�J_HÅWK>FBU\PGFMÇàDZÇGVá�RFBDBDG4á9àUä
;ÇG4HDHCJKHdTVRFBDG�WKJKEFG�WKâFò � RVNOG�àDG�BDTbJK;ÇG R éVNZS PtsQuGvxw3ñ´àUZÇGSNOGná�RONOJK;Ç\VçÇBUROá�G4NOßÇBDG�Z.>FHtàURVæ�G
GG-OçI>(;.NOG4N½MÇ>PHdJwà#J_H#HUZÇR=å ;�J]; / J]\.ò(�Oò� ZÇGbàUZÇJKBDNþG�ü=>FW]ßI>(àUGnNþá�RF;Oô.NÇG�;Iá�GbTVGn>FHUßÇBUGVNOG4ç.G4;INÇHSRF; >èàqåtRFä�æ�G4H?àSBUGná�RF\P;ÇJ]àUJKRF;
>Fá�á�RFB3NOJK;Ç\�àDRJL´÷�ò(,	é�HUG�G�>(W_HUR	ì �OM)�(ðÍñG>
R éVNþñ ]����Q� L R éVNZS P � ñ4X R é�P � ñ � R éVNþñ ] R éVNZS P L��I� ñ%� R éVNWS P ^��7� ñ é�,Pñ
� ZÇJKH#TbGn>FHUßÇBDGSá�RF;pàD>FJ];.HCàUZÇG�NÇJ�
�G�BDG�;Iá�G�R(ã%àUZIG�W]RP\AW]JKEFG4W]JKZÇRXRONÇH æ�G�àqåCG�G�;�àDZÇG�æ�G4H?à

>(;IN àDZÇG,HUG4á�RP;IN æ�G4H?à�ZXâXç.RFàUZÇGnH?J_HSã�RFB�àUZÇGèHU>FTbGèH?Gn÷PßIG�;Iá�GAR(ã ã�G4>(àUßÇBDGAüFGná9àDRFB3H�ò � ZIG
>(çÇçÇBDRn-OJ]TA>(àUJKRF;�JK; L´÷�ò�,�J_Hü=>(WKJKNVßI;INOG�B2àUZÇG#>PHUHUßÇTVçOàUJKRF;�M=àUZI>(ààUZÇG�W]JKEFG4W]JKZÇRXRONÇH%R(ã�àUZIG
æ.GnHqà>(;IN�H?Gná�RP;IN�æ�G4H?à%á�WK>PHUH¶>(BDG´T�ß.á3Z�ZÇJK\FZÇG4B�àDZI>(;�àUZÇRpH?GtR(ãÇàDZÇGtRFàUZÇG4BCé��¢¡£�Fñká�W_>FHDH?GnH
R(ã´àDZÇGANOJ_á9àUJKRF;.>(BDâFò � B3>(;.Hqã�RPBUTVJK;Ç\,àDZÇJ_HSG4÷pßI>=àDJ]RP;íæ�G4á4>(ßIHUGVR(ã2àDZÇGÓNOâX;I>(TVJ_á�B3>(;I\FGbR(ã



àUZÇGþü�>FW]ßIG4H4MàUZÇGþ;ÇG�å8á�RF;Oô.NÇG�;Iá�G�TVG4>FHUßÇBDGtjlknm%o�[�U ¤r¥ ��¦LQ§ ¤1¥ ��¦ á�>F;úæ.GþNOG�ôI;IG4N >PHã�RFWKW]R=å#H5> jlknm%oFU R éVNZS P L��I� ñR éVNZS P L��I� ñ%� R éVNZS P ^���� ñ � jlknm%o [ U R éCNZS P L��I� ñR éCNZS P ^x��� ñ é�îpñ

:#\P>FJ];�M½ã�RFB�BDGq<qGná9àUJKRF; àDZÇGÓBDßÇW]GARFã�L´÷�ò��	JKH�>(çÇçIW]JKG4Nûé�RP;ÇWKâ�àUZIG,NORFTA>FJ]; R(ã2pýZI>PH
æ.G4G�;�á3ZI>(;I\FG4N.ñ9ò� ZÇGÓã�RPßÇB?àDZÊTVG�àDZÇRON àURþRFæOà3>(JK;ÿá�RP;Oô.NOG4;Iá�GèTbGn>FHUßÇBDG4H�J_H�æ.>FHUG4NýRP;Ê>íá3ZI>FBD>Pá9àUG4B
NOG4á�RXNÇJ];Ç\bå J]àUZÇRPßOà#NOJKá�àUJKRF;I>FBUâ�é�á�RPTbç.>(BDGÅGPò \.ò�ì��FM(,nðÍñ�MI>FHCJ]à JKHdHUZÇR=å ;,JK; / JK\Iò(�Çò � ZIG
á3ZI>(B3>Fá�àUG�BUä²æI>FHUG4NAWKJKEFG�WKJKZÇRXRXN R éVNWS j�ñCJ_HdßIHUG4Nèã�RFB ;ÇRPBUTA>FW]J��4>(àUJKRF;�>

R éVNWS j�ñ6U R éVNZS � Ln¨5©�©�© � � ñ6U«ª R éVN ¦Y¬ S �G²ñ � jlknm%ot>zU R éVNWS P ñR éCNZS j�ñ é�ïFñ

:ÊBDG4á�RP\F;ÇJ]àUJKRF;Så J]àUZÇRPßOà¶üPROá�>(æIßÇWK>FBUâ�W]Gn>FNÇHkàURÅ>F;�>(BDæÇJ]àUB3>(BDâÅHUG4÷pßÇG�;.á�G2RFãOá3Z.>(B3>Fá9àDG�B3H�G4>)l®W�_®Z¯ éC¯8J_H%àUZIG�;XßÇT�æ�G�BtR(ã½NOJ�
�G4BUG4;Pàdá3ZI>(B3>Fá�àUG4B%õÅö�ö�H3ñå ZÇJ_á3ZAJ_HàUZIG#TVRPH?à
W]JKEFG4W]âSå J]àUZÇRPßOà¶BDG4HUç.Gná9à¶àUR#àDZÇGCW]G0-XJ_á�RP;kò�ó�;�\FG4;ÇG�B3>(W R éCNZS j�ñ½å JKW]WXæ�G´\FBDG4>(àUG4Bté�RPB�Gn÷Pß.>(WÍñ
àUZI>F; R éCNZS P ñ9ò

:�NÇNOJ]àUJKRF;.>(WKW]â�àDR�àUZÇJ_H�á3ZI>(B3>Fá�àUG4B?ä²æI>FHUG4N	WKJKEFG�WKJKZÇRXRXNkMk>(W_H?RèàUZÇGAá3ZI>FBD>Pá9àDG�BUä²HUG4÷pßÇG4;Iá�G
Jwà3H?G4Wwã á�>F;íæ�GABUG4\P>(B3NOGnN�æXâíá�>FWKá�ßÇWK>(àUJK;Ç\èàUZÇGJ°kG4üFG4;IH?ZpàDG�JK;Oä²NÇJKH?àD>F;Iá�Gbæ.G�àqåtG4G�;�P�>F;INjbò � ZÇG�°�G�üPG�;IHUZpàUG�JK;Oä�NOJ_Hqà3>(;Iá�G´NOG4HDá�BDJKæ.GnH¶ZIR=åýTV>F;Xâ�á3ZI>(;Ç\PG4Hl>(BDG´;ÇGná�GnHUHD>(BDâ�àDR�àDBD>F;IH?ä
ã�RFBDT RF;ÇG�H?àUBDJK;Ç\�JK;pàURVàDZÇG�R(àDZÇG�Bnò

Garbage

1W

W

W2

N

Confidence

2

1C

C

C K

869�: Â5±IÂ adc3u3h(�FvwxP��u3hnxFÈX�noFr?{�fqv�hnxVfqh�h4�Pf?{�vwxAuDhnxPÈX�Pc3xPu3c m�c9{���oPrqc3�3ÒXiKh4r´rqc3u3h4�nxpv}fqv�hnxÓoP��vwxP��{
�Fv�uDfqv�hnxX{�r�~#Ã2v�fq�Åfq�pcluD|]{�����c3�1²*{´iKoPr�fq�pcUrkeX{�fq�#fqhdu3h4m�epoFfqc¶fq�pc¶u3hnxFÈO�Fc3xpu3cCÌÍ��{�rq�p{4�4cm�h(�Pc3|
h�r2rqc3u3hn�4xpv}fqv�hnxAh�ikuU�p{�r?{4uUfqcDrq�6³9Î%u9{4xb�Oc {n�P�Pc9�

� ZÇG4HUG,á�RP;Oô.NOG4;Iá�G,TbGn>FHUßÇBDG4H�NÇJ�
�G�BbH?JK\F;ÇJ]ô.á4>(;pàUWKâþBDG�\p>(B3NOJK;Ç\	àUZÇG�á�RPTbçIßOàD>(àUJKRF;I>FW
á�RPH?àDH4M=àDZÇG�G0
�Gná9àUJKüFG4;ÇG4HDH2>F;INbàUZÇG�>(çÇçIW]J_á�>(àUJKRF;kò(ó�;VàDZÇG�WKJ]àUG�B3>=àDßÇBDGFM=àDZÇG�BDG�>(BDG#NOGnHUá�BUJKæ.GnN



T�ßIá3ZúTVRFBDG�á�RP;Oô.NOG4;Iá�G�TVGn>FHUßÇBUGnHAG4HUç�G4á�J_>(WKWKâÊã�RFB�á�RP;PàDJ];XßÇRPßIHÓHUç.G4G4á3ZûBDG4á�RP\F;ÇJ]àUJKRF;�ò
@tßÇà´R(ãÍàDG�;kM=àDZÇG�â�àD>FEFGCàUZIG#\FB3>(TVTA>(B R é�P ñR(ã½>�HUG�;pàDG�;Iá�G J];pàUR�>Pá�á�RFßÇ;pà4MFå ZÇJKá3ZVJ_H;ÇRFà
ç.RpHUHUJ]æIW]G�ã�RFB#HUJK;Ç\FWKGSåtRPBDNèBUGná�RP\F;ÇJ]àUJKRF; é�HUßIá3Z�>FHdJK;èRPßÇB GG-Oç�G�BDJ]TVG�;pà3HDñ�ò
´ µ·¶!¸�"kÙIÞ�$¹"¶×´Ø#h4º�»W"r pÜaº�Ø) 
ó�; àUZÇGÓçIBUGnH?G4;PàDG4N G0-Xç�G�BDJKTbG4;pàDH�åCGÓGG-Ç>FTbJK;ÇGVàDZÇGÓJK;#¼IßÇG4;Iá�GÓRFãdã�RFßÇBbNOJ�
�G�BDG�;pà�á�RF;OôIä
NOG�;Iá�G�TVG4>FHUßÇBDG4Htã�RFB RP;Oä²W]JK;ÇGSZI>(;.NOå BUJ]àUJK;Ç\VBDG4á�RP\F;ÇJ]àUJKRF;èR(ãH?JK;Ç\PW]GSåCRFB3NÇHSé�;ÇRy������ñ�ò� ZÇG�BUGná�RP\F;ÇJ]àUJKRF;èBUGnH?ßÇW]àDH4MÇå ZÇJ_á3Z�>(BDG�H?ZÇR=å ;	JK; / JK\Iò½�ÇMI>FBUG�NOG�àUG�BDTVJ];IG4N	ßIHUJ];I\V>F;
J];Iá�BUGn>FHUJ];I\SàUZÇBDG4HUZÇRFW_NJp�é�å ZÇJKá3ZèNOJ�
�G�B3HtßIH?JK;Ç\�NÇJ�
�G�BDG�;pàCá�RF;Oô�NOG�;Iá�G#TVG4>PH?ßÇBDG4H3ñ9ò3¾�HUJ];I\
àUZÇG æI>PH?G4W]JK;ÇG HUâXH?àUG4T å J]àUZÇRPßOà2BDGq<qG4á�àUJKRF;	éC� v U¿�ÇM<�lU¿�=Àbñ%>ÅåCRFB3N�BUGná�RF\P;ÇJ]àUJKRF;�B3>=àDGdR(ã
øpïXò �3À éC� � U�nø��(�åCRFB3NÇH#>FBUG�BDG4á�RF\P;ÇJ��4G4N	á�RPBUBDG4á�àUWKâÇñdJKHÅ>Fá3ZÇJKG�üPG4NèàUGnHqàDJ];I\ÓàUZIG�G�;pàUJKBDG
àUG4H?à?ä�HUG�à R(ãr�Bu�UÁ���Xï=ÅåtRPBDNÇH4ò / RFBCàDG4H?àUJK;Ç\VR(ãlá�RF;Oô�NOG�;Iá�GÅTVGn>FHUßÇBUGnHt>FW]åd>�âOH2àDZÇGSBD>(àUJKR
R(ã.G4BUBDRFB¶BD>(àUG2�#>(;.N�BDGq<qG4á�àUJKRF;�BD>(àUG���J_Hlá4>(W_á�ßÇW_>=àDG4N�ßIH?JK;Ç\�àUZIGtã�RPW]WKR=å JK;Ç\ÅNOG�ôI;ÇJ]àUJKRF;	éC��v
JKHÅàUZIGb;XßÇT�æ.G4B�R(ã´BDGq<qGná9àDG4NþGG-Ç>(TVçÇWKG4H4M�� � J_H�àUZÇGV;XßÇT�æ.G4B�RFãtG4BUBDRFB3H#å J]àUZÇJK;þàUZÇGV;ÇRFà
BUG?<qG4á9àDG4NþH?G�à3ñ9ò � ZIG�àDG�BDTÂoýNOG�;IR(àUGnHÅàUZÇGV÷pßÇR(à3>,RFã2ã�>(W_H?GVá�W_>FHDHUJwôIGnN�GG-Ç>FTbçIW]GnH�M�å ZÇJ_á3Z
>(BDG�;IR(à BUG?<qG4á�àUG4Nkò

�.U � v�Bu ¨ �aU ����Bu ¨ o·U �����ua¡Ã�£v å J]àUZ�> �£v_�i� � �i� � UÄ��u é�øpñ

:�H%á�>F;�æ�GCHUG�G4;�JK; / JK\Iò<� àDZÇGCã�BD>FTbG�ä�æ.>FHUG4N�WKJ]EPG�WKJ]ZIRpRONÓé�nñ¶J_H�àDZÇGCåtRPBDH?àlá�RF;Oô.NÇG�;Iá�G
TbGn>FHUßÇBDGFòeL2üFG4;�J]ã2,��Çò�<À R(ã2àDZÇG�àDG4H?à�åCRFB3NÇH�>(BDG�BDGq<qGná9àUGnN½M�àUZÇGbG�BDBDRFB�B3>=àDGbNÇG4á�BDG4>PH?GnH
RF;ÇWKâSã�BURPTT5�Iò �=ÀúàDR¿�Iò �=À é � >(ækò=�ñ9ò � ZI>=à%JKTbçIW]JKG4H´ïOò �=Àúã�>FWKHUGdá�W_>FHDH?J]ôIG4N�åtRPBDNIHté�BUG�ã�G�BUä
BUJK;Ç\VàURÓàUZÇG�;pßIT�æ�G�B#RFã%åCRFB3NÇH4MÇå ZÇJ_á3Z�>(BDG�;ÇR(àÅBUG?<qG4á9àDG4NIñ�ò � ZIG�á�RP;Oô.NOG4;Iá�G�TVG4>PH?ßIBUGnH
æI>FHUG4N	RP;�àUZÇG�\P>FBUæI>F\FG�TVRONOG�Wdé��Pñ RPB#àUZIG�á3ZI>FBD>Pá9àUG4B�NOGná�RONOJK;Ç\íéV�Xñ#>FBUG�RP;ÇWKâ	HUWKJ]\PZPàDW]â
TbRPBUG�GG
�G4á�àUJKüFGPò � ZÇGèæ�G4H?àATVG�àUZIRXN/BDG�WKJ]GnH�RP;ÿàDZÇG�àqåtRFä�æ�G4H?àVW]J_Hqà�éC�pñ9ò / RFBVGG-Ç>(TVçÇWKGFM
BUG?<qG4á9àDJ];I\J���Iò ø3À RFã¶àDZÇG�NÇ>(àD>ÇMÇàUZÇG�G4BUBDRFBdJ_H BUGnNOßIá�G4N�æXâ,>(æ�RFßOà�*7�3À BDG�W_>=àDJ]üPG�>(;INèàUZIG
÷PßIR(àD>bRFã¶ã�>FWKHUG�á�W_>FHDH?J]ôIG4NèåCRFB3NÇHdNOG4á�BUGn>FHUG4HtàURFFò�ï�À8é � >(ækò�7>OWK>PHqà BDR=å�ñ9ò

:�NÇNOJ]àUJKRF;.>(WKW]âPMÇJ]; / JK\Iò(�bàqåCRAH?JK\F;ÇJ]ô.á4>(;pà#ç.RPJ];pà3H�é�,ÇM îpñd>(BDG�TA>FBUEPG4N�NOG�ç�G�;INÇJ];Ç\ARP;
àUZÇGt°�G�üPG�;IHUZpàUG�JK;Oä�NOJ_Hqà3>(;Iá�GFò / RFBAàDZÇJKHè>ýá3ZI>(B3>Fá�àUG4BABUGná�RF\P;ÇJ]àUJKRF;ùå JwàDZÇRFßOà�NOJKá�àUJKRF;I>FBUâ
JKHdJKTVçÇW]G4TVG�;pàUGnN é�á�RPTbç.>(BDG�á�RF;Oô.NÇG�;Iá�GÅTVG4>PH?ßIBUGVéV�Xñ?ñd>(;.NÓàDZÇG�°kG�üPG�;IHUZpàUG4J];Oä�NOJ_Hqà3>(;Iá�G
æ.G�àqåtG4G�;ÓàDZÇG�NOJ_á9àUJKRF;.>(BDâPä²æI>PH?GnNVåtRPBDNABDG4á�RF\P;ÇJwàDJ]RP;,>(;.NAàUZIG�BDG4á�RF\P;ÇJ��4G4NAá3ZI>FBD>Pá9àDG�BdH?G�ä
÷PßIG�;Iá�GÅJ_Hdá�RFTVçÇßÇàUG4NkòOó�;èá�RP;pàUB3>FH?à´àUR�éC�pñt>(;INþé�,Fñ�MOJ]; é�îpñ2àDZÇJ_HCá3Z.>(B3>Fá9àDG�BtBUGná�RF\P;ÇJ]àUJKRF;
JKHCç�G�BUã�RFBDTbGnNAßIHUJ];I\b>�Hqà3>=àUJ_H?àUJ_á�>(W�W_>(;Ç\PßI>(\PG#TVRXNÇG�Wé�æI>Pá3EFR�
F�(ä�\PBD>FTAñ%àURbG�;ÇZI>F;Iá�GÅàUZIG
BUGná�RF\P;ÇJ]àUJKRF;Vç.G4B?ã�RPBUTA>F;Iá�GPòÇé�,Fñ´>(;IN	é�îPñNOG4;ÇR(àDG àUZIG#BD>(àUJKR�R(ã½BDGq<qG4á�àUGnNA>(;INVG4BUBDRFBå ZÇG4;
àUZÇGCNOJKá�àUJKRF;I>FBUâpä²æI>FHUG4NSBDG4á�RF\P;ÇJwàDJ]RP;�>(;INSàDZÇGdá3ZI>(B3>Fá�àUG�BUä²æI>FHUG4NÅBUGná�RP\F;ÇJ]àUJKRF;SWKG4>FNIHkàDR#àUZIG
HU>FTbG�åCRFB3NXä²á�WK>PHUHÅéC°�G�üFG4;IHUZPàDG�JK;Oä�NOJKH?àD>F;Iá�G<U¿�Pñ�òp[ G4\P>FBDNOJK;Ç\�é�îPñ2àUZIG�åCRFB3NÓG4BUBDRFBtBD>(àUG�JKH
;ÇR(àAH?TA>FW]WKG�B�àUZI>F;ÿßIHUJ];I\íàDZÇG,ã�B3>(TVG�ä�;ÇRPBUTA>FW]J���GnN W]JKEFG4W]JKZÇRXRON½M¶æIßOàbZIG�BDG,TVRPH?àbRFã#àUZIG
G�BDBURPBDHC>(BDG�á�>(ß.H?GnN,æXâ,>VHUßÇæIH?àUJ]àUßOàDJ]RP;�R(ãl>VHUJ];I\FWKGSá3Z.>(B3>Fá9àDG�BdRF;IW]âíéYÅ åCR(M3`+Å HþR½M]M�Å NOG4B5M`FÅ}NÇ>FB5M}ñCNOG�ç�G�;INÇJ];Ç\ARP;�àUZÇG�WKGG-OJ_á�RF;�ò� ZÇGdBUGná�RF\P;ÇJ]àUJKRF;�B3>=àDGtJ_HZÇJK\FZIW]â�NÇG�ç�G�;INOG4;pà2RF;�àUZÇGdßÇ;INÇG�BDW]âXJK;Ç\SüFROá�>FæÇßÇW_>(BDâFò�õ#G�BDGFM
;ÇR(àRF;IW]â�àDZÇG H?J���GdRFãIàUZIG#NOJKá�àUJKRF;I>FBUâ�æIßOà´>(W_H?RÅàUZIG#H?JKTVJ]W_>(BDJwàqâ�æ�G�àqåCG�G4;bNÇJKH?àUJK;Iá9à2G4;pàUBDJ]GnH
JKH�GnHUHUG�;pàDJK>FW�ò � ZÇJ_H�ã�>Fá�à�JKH�á�RF;.H?J_NOG�BDG4NþæXâ�àUZIGVàqåtRFä�æ�G4H?à�á�RF;Çô.NOG�;.á�GATVG4>PH?ßÇBDGFò�ó²ãdàUZIG
æ.GnHqàÅ>F;IN�HUG4á�RP;INXä²æ.GnHqà#ZXâXç�R(àUZIG4HUJKH#>FBUG�÷pßÇJ]àUG�H?JKTVJ]W_>(B�é�H?TA>FW]W1°kG�üPG�;IHUZpàUG4J];Oä�NOJ_Hqà3>(;Iá�Gnñ�M
æ.Gná�>(ß.H?G�àUZÇG4â	NÇJ�
�G�B�RF;ÇWKâ	J];íRF;ÇG�á3Z.>(B3>Fá9àDG�BnMÇàDZÇG�á�RFBDBUGnH?ç�RF;INÇJ];Ç\AWKJKEFG�WKJKZÇRXRXNIH#å JKW]W%æ�G



0

2

4

6

8

10

12

14

0 10 20 30 40 50 60 70 80 90 100

E
rr

or
  e

 [
%

]

Reject  r [%]

Confidence Measures

1) Likelihood (per frame)
2) Garbage-model

3) 2-best list
4) Likelihood (character recognition)

5) Levenshtein=0 (char. recog.)
6) Levenshtein=0 (char. recog. 3-gram)
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