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=Ë3ÙLÇ1Ì�Ã&Ñ1Ã9Ù>Ã>ÆtÑ1ÃLÇ£ÐNÎ Ô ËCÖ�Ã>Æ'×ØÙ� ê Ö!Ç1ÂzÃ �!ì 9�ÞÃLÌ Ô ÃLÊÈÊgËCÌ�Ê�ÃLÌåÅ�ÃLÇ1ÜIÂzÃxÆzÇ1Â	Ù>ÃLÉÏÉ�Ã>ÆrÓwÙLÎIÑ1ÃLÇ£Ð�Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>Æ�Ñ£Î,ç Õ ÂzÃLÌIÊzÆ.Ñ£ÇÒÆÈß�ÆzÊzà Ô Ã!ì � ÎÏÂzÙ>Å3Ì�ÆzÙLÂÈÎÏÂzÃxÉ�Ã>Æ Õ Ù�
�Ã>Ù>Æ
-?Ç1Ì�ÃXÇ1Ì1Î�Í�Ç�ÃkÙLÉ�Ë3ÆzÆgÃtÑ1ÃlÙ>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊtË5/7Å3Ç1ÊÈÎÏÊ -9É�Ë�Ä1ÂzÅ�Ñ£Ç�ÙLÊÈÎ�Å3Ì}Ñ�´ Ç1Ì�Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã5�!½4¿7ÁØþv¾6µ3·6�XÇ1Ì1Î�ÍIÇ�ÃÑ1Å3Ì�Ê�ÎÏÉXÃ>ÆÈÊ Õ ÜIÎ�Ñ1ÃLÌIÊ�ÍIÇÛ´ ÎÏÉlË5/�Å3Ç1ÊÈÎÏÂgË -éÑ1Ã>ÆåÂ Õ ÆzÇ1ÉÏÊgËCÊzÆåÌ�Å3Ì ÆgËCÊÈÎ�Æ ��ËCÎ�ÆgËCÌ�ÊzÆpÚ	Ä1Ç1Î�ÆzÍIÇ�ÃPÑ1ÃLÇ£ÐøÄ=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>ÆÑ£Î,ç Õ ÂzÃLÌIÊzÆ�ËCÇ Ô Å3ÎÏÌ�Æ(ÆzÅ3Ì�Ê&Ì Õ Ù>Ã>ÆzÆgËCÎÏÂzÃ>ÆHì � ÃLÊÈÊzÃÒÎ�Ñ Õ ÃåÆzÃåÊÈÂzÅ3Ç1Ü�Ã}Ñ�´æËCÎÏÉÏÉ�ÃLÇ1ÂzÆ 0rÇ�ÆÈÊÈÎ � Õ ÃMÄ=ËCÂ'É�Ã>Æ'Î Ô ËCÖ�Ã>Æ&Ñ1ÃÒÉ�Ë
ê Ö!Ç1ÂzÃ �!ì �!Ú Ô Å3ÌIÊÈÂgËCÌ�Ê(É�Ã>Æ9Â Õ ÆzÇ1ÉÏÊgËCÊzÆ'Å!/1ÊzÃLÌIÇ�Æ'ÆÈÇ1Â�É�Ã>Æ9Î Ô ËCÖ�Ã>Æ(ËNÃLÊ'ÙMÑ1ÃMÉ�Ë ê Ö!Ç1ÂzÃ �!ì/.£Ú$ÃLÌ�ËCÄ1Ä1ÉÏÎ�ÍIÇ=ËCÌ�Ê&É�ÃÄ=ËCÂgË Ô6Õ ÊÈÂgËCÖ�ÃåÅ3Ä1ÊÈÎ Ô ËCÉÛÊÈÂzÅ3Ç1Ü Õ Ä7Å3Ç1Â?É�´æËCÇ1ÊÈÂzÃMÎ Ô ËCÖ�Ã!ì

798;:=<?>6@BADCFE�8�EHGJI$ELKNMOA�KNM
8QPDPRC/SUT2AD8QM2E5@BARVWC9X S/Y�8QZQK
8[C\K�PD8�V�8QY]>^EBV�8QZJK5GQPRELSF_
Y�8QC0`RK=CaX S/Y�8QZJKcb

7aId:e<?>N@BARCFE�8�EcGJI$ELKNMOAfK6M
8QPRPDC/S\TOAD8QM2EW@BA$V�CaX S/Y�8�ZJK
b�C\KfP-8�V�8QY]>6EBV�8�ZJKgGJPRELSF_
Y�8QCh`RK&C9X S/Y�8QZQKH8

i�jlk�m �!ì �Wn 1�Ì�Ã(ÎÏÉÏÉÏÇ�ÆÈÊÈÂgËCÊÈÎ�Å3Ì�Ñ1Ã(É�´UÃ�Ð�Î�ÆzÊzÃLÌ�Ù>ÃMÑ1ÃMÑ£Î,ç Õ ÂzÃLÌ�ÊzÆ9Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>Æ&Å3Ä1ÊÈÎ Ô ËCÇ£Ð
� Ã>ÆkÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆ Ô Å3ÌIÊÈÂzÃLÌ�Ê(ËCÎÏÌ�ÆÈÎ�Í�Ç�Ã(É�Ë�ÆzÅ3ÉÏÇ1ÊÈÎ�Å3Ì;Î�Ñ Õ ËCÉ�Ã�Ù>Å3Ì�ÆzÎ�ÆÈÊzÃ -�Ä1ÂzÅIÑ£Ç1ÎÏÂzÃ(Ä1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆ�ÃLÌ�ÆzÃ Ô /1É�Ã>ÆÑ1Ã�Ä=ËCÂgË Ô àLÊÈÂzÃ>Æ�Å3Ä1ÊÈÎ Ô ËCÇ£Ð�Ú�Ä�Å3Ç1Â�Ù�
=Ë3ÙLÇ1Ì�ÃNÑ1Ã>Æ�ÙLÉ�Ë3ÆzÆzÃ>Æ � Å3Â Ô6Õ Ã>Æ(ÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê -�É�ËÒÿ>½3À4¾Pº}Ñ1Ã>Æ(ÃLÂÈÂzÃLÇ1ÂzÆÙ>Å3Ì�ÆÈÊgËCÊ Õ Ã>Æpì
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³	ËåÌ Õ Ù>Ã>ÆzÆÈÎÏÊ Õ Ñ1Ã�Ñ£Î,ç Õ ÂzÃLÌ�ÙLÎ�ÃLÂlÄ1ÉÏÇ�ÆzÎ�ÃLÇ1ÂzÆlÙLÉ�Ë3ÆgÆzÃ>ÆXÑ1Ã'Â Õ ÆÈÇ1ÉÏÊgËCÊzÆkÆp´ ÎÏÉÏÉÏÇ�ÆÈÊÈÂzÃ&Ñ1Ã9Ì�Å3Ç1Ü�ÃpËCÇ¨ÆÈÎ$É�Ã'Æzß�ÆÈÊzà Ô ÃÃLÌIÊÈÎ�ÃLÂÒÑ1ÃNÑ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì Ñ1Ã6ÜIÎ�ÆgËCÖ�Ã>Æ(Ä1ÂzÅ3Ä�Å!Æ Õ Ñ�ËCÌ�Æ�� â �Xë����tÃ>ÆÈÊ Ô Î�ÆMÃLÌ Å�ÃLÇ1Ü�ÂzÃ!ì�� É�ËFÆÈÇ1ÎÏÊzÃ6Ñ£Ç ê ÉÏÊÈÂzÃ	�(â�³Ñ Õ 0�- Õ Ü�ÅIÍIÇ Õ ÚtÉ�Ã>ÆÝÙ>Å Ô Ä�Å!ÆgËCÌ�ÊzÃ>ÆFÙ>Å3Ì1Ì�Ã�Ð1Ã>ÆÝÑ1Ã�É�´ Î Ô ËCÖ�Ã�ÆzÅ3Ì�ÊFÃ�Ð£ÊÈÂgËCÎÏÊzÃ>Æ�ÃLÊ ê ÉÏÊÈÂ Õ Ã>ÆFÆzÃLÉ�Å3Ì�Ñ1Ã>ÆÝÙLÂÈÎÏÊzàLÂzÃ>ÆÖ Õ Å Ô6Õ ÊÈÂÈÎ�ÍIÇ�Ã>Æpìl³	Ë Ñ Õ ÊzÃLÂ Ô ÎÏÌ=ËCÊÈÎ�Å3Ì
Ñ1Ã>Æ�ÃLÉÏÉÏÎÏÄ�ÆzÃ>ÆÝÃLÌ1Ö!É�Å!/=ËCÌ�ÊzÃ>Æ¨Ñ1ÃéÙ>Ã>Æ�Ù>Å Ô Ä7Å!Æ4ËCÌ�ÊzÃ>ÆÝÄ7ÃLÂ Ô ÃLÊÝÃLÌ ê Ì�Ñ1ÃÑ Õ ÉÏÎ Ô ÎÏÊzÃLÂtÉ�Ã>Æ.Ü�Î�ÆgËCÖ�Ã>ÆpÚCÆgË3Ù 
=ËCÌ�ÊtÍIÇ�ÃtÉ�Ã>Æ�
pÅ3Ì�Ã>Æ^Ä1ÂzÅ3Ä�Å!Æ Õ Ã>ÆKÆzÅ3ÌIÊ^Ç1Ì�ÃXÌ�Å3Ç1Ü�ÃLÉÏÉ�Ã	� Å3Î�Æ ê ÉÏÊÈÂ Õ Ã>ÆxÆzÃLÉ�Å3Ì�É�ÃLÇ1ÂKÊgËCÇ£ÐÑ1Ã'ÂzÃ>Ù>Å3Ç1Ü�ÂzÃ Ô ÃLÌ�Ê9Ë>Ü�Ã>Ù&É�Ã>ÆlÙ>Å Ô Ä7Å!ÆgËCÌIÊzÃ>Æ?ËCÇ£Ð£ÍIÇ�ÃLÉÏÉ�Ã>ÆXÃLÉÏÉ�Ã>ÆkÆzÅ3ÌIÊlË3ÆzÆgÅIÙLÎ Õ Ã>Æpì(1�Ì�Ã�Ç1Ì1Î�Í�Ç�Ã Ô Å�Ñ£Î ê ÙpËCÊÈÎ�Å3Ì¨Ë
Õ Ê Õ ËCÄ1Ä7Å3ÂÈÊ Õ Ã�ËCÇ6Æzß�ÆÈÊzà Ô Ã9Ë ê Ì6Ñ�´æË Ô6Õ ÉÏÎ�Å3ÂzÃLÂXÉ�Ã ê ÉÏÊÈÂgËCÖ�Ã ê Ì=ËCÉ=Ñ1Ã>Æ�
pÅ3Ì�Ã>Æ 33Ä7Å3Ç1Â ��Ë3ÙLÎÏÉÏÎÏÊzÃLÂxÉ�Ã?Ù�
�Å3Î,ÐNÑ£ÇPÆzÃLÇ1ÎÏÉÇ1ÊÈÎÏÉÏÎ�Æ Õ × Õ ÊgË5/1ÉÏÎ=ÃLÌ�ÊÈÂzÃ �(ÃLÊ �!Ú -&É�Ë(Ñ£Î,ç Õ ÂzÃLÌ�Ù>Ã?Ñ1Ã?É�Ë Ô6Õ Ê 
�Å�Ñ1ÃkÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã9ÍIÇ1Î1Ì�ÃkÄ7ÃLÂ Ô ÃLÊÈÊgËCÎÏÊtÄ=Ë3ÆxÑ1Ã?Æp´æË3ÆzÆÈÇ1ÂzÃLÂÑ1Ã>Æ /�Å3ÂÈÌ�Ã>ÆkÑ1Ã'Ù>Ã&Ñ1ÃLÂÈÌ1Î�ÃLÂ4Þ�ì£³ÛÃ(ÙLÂÈÎÏÊzàLÂzÃ'Ñ1Ã(Æ Õ É�Ã>ÙLÊÈÎ�Å3Ì Ô ËCÌ1ÎÏÄ1Ç1É Õ Ã>ÆÈÊlËCÎÏÌ�ÆzÎ Ô Å�Ñ£Î ê=Õ ÆzÃLÉ�Å3Ì�É�´ Õ ÍIÇ=ËCÊÈÎ�Å3Ì �!ì � 3

1.
A(C ∩ E)

A(E)
> TH

2.
A(C ∩ E)

A(C)
> TH

× �!ì �HÞ

Å3è � ÃLÊ� Ñ Õ ÆÈÎÏÖ!Ì�ÃLÌIÊ?ÂzÃ>ÆÈÄ�Ã>ÙLÊÈÎÏÜ�Ã Ô ÃLÌ�Ê?É�Ã>ÆlÙ>Å Ô Ä7Å!ÆgËCÌIÊzÃ>Æ?ÃLÊlÃLÉÏÉÏÎÏÄ�ÆgÃ>Æ9Ë3ÆzÆzÅ�ÙLÎ Õ Ã>ÆXÃLÊ� É�´æËCÎÏÂzÃ&Ñ1Ã&Ù>Ã>Æ�
pÅ3Ì�Ã>Æpì
³	Ã�ÆÈß£ÆÈÊzà Ô ÃÝÃ>ÆÈÊ�ËCÄ1Ä1ÉÏÎ�ÍIÇ Õ ÆÈÇ1Â ��� �éÎ Ô ËCÖ�Ã>Æ�Î�ÆzÆÈÇ�Ã>Æ�Ñ�´ Ç1Ì�0ÈÅ3Ç1ÂÈÌ=ËCÉlÊ Õ É Õ ÜIÎ�Æ Õ Ä7Å3Ç1Â}Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆNÆzÃLÇ1ÎÏÉ�Æ����Òì³	ÃÒÆzÃLÇ1ÎÏÉ�Ñ1Ã �£ì �ÝÃ>ÆÈÊ'ËCÉ�Å3ÂzÆ'ÂzÃLÊzÃLÌ�Ç�ÃLÌéÜ�Ç�ÃMÑ1ÃMÉÏÎ Ô ÎÏÊzÃLÂ&É�´ Õ ÉÏÎ Ô ÎÏÌ=ËCÊÈÎ�Å3Ì�Ñ1Ã�
pÅ3Ì�Ã>Æ&Ñ1ÃMÜ�Î�ÆgËCÖ�Ã>Æ�Ù>Å3ÂÈÂzÃ>ÙLÊzÃ Ô ÃLÌIÊÑ Õ ÊzÃ>ÙLÊ Õ Ã>ÆHì�³	Ã>Æ ê Ö!Ç1ÂzÃ>Æ �!ì��£Ú �!ì�� Ô Å3ÌIÊÈÂzÃLÌ�Ê?ÂzÃ>ÆÈÄ�Ã>ÙLÊÈÎÏÜ�Ã Ô ÃLÌ�Ê?É�ËMÂzÃLÄ1Â Õ ÆzÃLÌ�ÊgËCÊÈÎ�Å3Ì 
1Î Õ ÂgËCÂzÙ 
1Î�Í�Ç�Ã(Ñ£Ç Ô ÅIÑ£Ç1É�ÃÑ1ÃåÑ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì�Ñ1Ã(Ü�Î�ÆgËCÖ�Ã(Ç1ÊÈÎÏÉÏÎ�Æ Õ ËCÎÏÌ�ÆÈÎ.Í�ÇÛ´ Ç1Ì;Ã�Ð1Ã Ô Ä1É�ÃMÑ1Ã�Â Õ ÆÈÇ1ÉÏÊgËCÊpì

i�j(k�m �!ì��fn�³ÛÃ>Æ'Ñ£Î,ç Õ ÂzÃLÌIÊzÆ Ô Å�Ñ£Ç1É�Ã>Æ�Ñ£Ç;ÆÈß£ÆÈÊzà Ô Ã�Ñ1ÃMÑ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌéÑ1ÃMÜIÎ�ÆgËCÖ�Ã>Æ9Ç1ÊÈÎÏÉÏÎ�Æ Õ

798J:��lY�8QZQK��?VLS/ZJS/M-8�C/K 7aId:��hKN@ `RS�� >6VLKNM2ELKN@ bNGQY]PdGQ_
@L8QM2ELKN@ bNGJMRMDK��$KN@ K��OEBV�8QSFELKN@
8QP$V! N@eC/K�"-CFEBVLK�#�$%�

7ab�:&�0KN@�K6C\C/S/PD@BK6@ K6MDZJC/GQI-8QM2ELKN@�`RKN@
bNGQY]PdGJ@L8�MOELK6@&VLK6ELKNMOADK6@=8QP$V! N@=C/K
"DC/EBV�8�ZJKcZJ>6GJY]>6EBVLS\T2ADK

i�j(k�m �!ì��fn�ã Õ ÆzÇ1ÉÏÊgËCÊzÆ9Ñ1Ã>Æ�Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ>Æ Õ ÊgËCÄ7Ã>Æ9Ñ£Ç�Ñ Õ ÊzÃ>ÙLÊzÃLÇ1Â'Ñ1Ã(Ü�Î�ÆgËCÖ�Ã
1�Ì�ÃÝÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ�Ñ1Ã>Æ}Ü�Î�ÆgËCÖ�Ã>ÆNÃ>ÆÈÊNÙ>Å3Ì�ÆÈÊÈÎÏÊÈÇ Õ Ã¨ÆgÅ3Ç�Æ}É�Ë �ØÅ3Â Ô ÃFÑ�´UÃLÉÏÉÏÎÏÄ�ÆzÃ>Æ6ÃLÌ1Ö!É�Å!/=ËCÌIÊzÃ>ÆPÑ1Ã¨Ù>Ã>ÆÑ1ÃLÂÈÌ1Î�ÃLÂzÆHì�³	Ë Ô Ã>ÆÈÇ1ÂzÃkÑ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì6Ç1ÊÈÎÏÉÏÎ�Æ Õ ÃkÂzÃLÄ�Å!ÆzÃ?ËCÉ�Å3ÂzÆxÆÈÇ1Â^É�Ã>Æ^ÊgËCÇ£Ð}Ñ1ÃlÂzÃ>Ù>Å3Ç1Ü�ÂzÃ Ô ÃLÌ�ÊlÃLÌ�ÊÈÂzÃkÉ�Ã>Æ�
pÅ3Ì�Ã>ÆÑ Õ ÊzÃ>ÙLÊ Õ Ã>Æ�ÃLÊ	É�Ã>Æ'
pÅ3Ì�Ã>Æ.Ñ1ÃKÉ�Ë?Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÒÙ>Å ÔNÔ ÃXÑ Õ ÊgËCÎÏÉÏÉ Õ Ñ�ËCÌ�Æ	É�Ë	�ØÅ3Â Ô Ç1É�Ã �!ì �!ìa³ÛÃ>ÆÛÎ Ô ËCÖ�Ã>Æ.Ñ1Ã>Æ ê Ö!Ç1ÂzÃ>Æ

. �
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�!ì ��Ú �!ì/.£Ú �!ì��£Ú �!ì ��Ú �!ì 9;ÃLÊ �!ìæëFÎÏÉÏÉÏÇ�ÆÈÊÈÂzÃLÌ�Ê�É�Ã>ÆMÂ Õ ÆzÇ1ÉÏÊgËCÊzÆåÅ!/1ÊzÃLÌ�Ç�Æ�Ä�Å3Ç1ÂMÇ1Ì ÆzÃLÇ1ÎÏÉXÑ1Ã �£ì/.����!ìÛ³t´UÃ�Ð�Î�ÆÈÊzÃLÌ�Ù>Ã
Ñ1Ã}Ñ£Î,ç Õ ÂzÃLÌIÊzÆMÙ>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊzÆMÄ=ËCÂ Ô ÎKÉ�Ã>Æ(Â Õ ÆÈÇ1É�ËCÊzÆ ��ÎÏÌ�Ù>Å3ÂÈÂzÃ>ÙLÊzÆR�NÃ>ÆÈÊ&Î�ÙLÎxÑ ÕLÔ Å3Ì�ÊÈÂ Õ ÃNÜ�Î�ÆÈÇ�ÃLÉÏÉ�Ã Ô ÃLÌ�Êpì�ä'ÌÑ£Î�ÆÈÊÈÎÏÌ1Ö!Ç�ÃLÂgËåËCÎÏÌ�ÆzÎ=Ä=ËCÂ Ô Î=É�Ã>ÆXÙ>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊzÆpÚIÉ�Ã>ÆtÅ3Ç /1ÉÏÎ�ÆpÚ�É�Ã>ÆxÜ�Î�ÆgËCÖ�Ã>ÆKÄ�Å3Ç1ÂtÉ�Ã>ÆzÍIÇ�ÃLÉÏÉ�Ã>ÆxÉ�Ë 
pÅ3Ì�Ã�Ä1ÂzÅIÑ£Ç1ÎÏÊzÃÄ=ËCÂ?É�ÃMÆÈß£ÆÈÊzà Ô Ã�Ã>ÆÈÊ?ÊÈÂzÅ3Ä 
=ËCÇ1ÊzÃåÅ3Ç¨ÊÈÂzÅ3Ä;Ä7ÃLÊÈÎÏÊzÃ!Ú=ÃLÊzÙ!ì

798;:��&>6VLSFEL>&ELK^VBV�8QS/M 7aId:4< >N@BADCFE�8�E 7ab�:��&>^VLS/EL>=ELK^VBV�8QS/M 79`D:4<?>6@BADCFE�8�E

7aK�:��&>6VLSFEL>=ELK6VBV�8�S\M 7���:�<?>6@BADCFE�8�E

i�j(k�m �!ì �[n�á(Ã>Æ9Ã�Ð1Ã Ô Ä1É�Ã>Æ�Ñ1Ã(Â Õ ÆÈÇ1ÉÏÊgËCÊzÆ'Ù>Å3ÂÈÂzÃ>ÙLÊzÆ�Ñ1Ã�Ñ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì

798;:��&>6VLSFEL>&ELK^VBV�8QS/M 7aId:4< >N@BADCFE�8�E 7ab�:��&>^VLS/EL>=ELK^VBV�8QS/M 79`D:4<?>6@BADCFE�8�E

i�j(k�m �!ì/.gnÝ³ÛÃ�ÙpË3Æ'Ñ1Ã>Æ9Å3Ç /1ÉÏÎ�Æ
� É�´ Î�ÆgÆÈÇ�ÃkÑ1Ã?Ù>Ã>ÆKÃ�Ð�Ä Õ ÂÈÎ Ô ÃLÌ�ÊgËCÊÈÎ�Å3Ì�ÆpÚ�É�´UÃ�Ð�Î�ÆzÊzÃLÌ�Ù>Ã?Ñ1Ã?Ñ£Î,ç Õ ÂzÃLÌIÊzÆxÙ>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊzÆtÃ>ÆÈÊxÑ1Å3Ì�ÙkÄ1ÂzÅ3Ç1Ü Õ ÃÃLÊxÑ1Å3ÎÏÊ �LÊÈÂzÃkÄ1ÂÈÎ�ÆzÃ?ÃLÌ6Ù>Å Ô Ä1ÊzÃ?É�Å3ÂzÆxÑ1ÃkÉ�´æË3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3ÌÛìI³	Ë(ÍIÇ�Ã>ÆÈÊÈÎ�Å3Ì6Ñ1ÃkÉ�´UÅ!/1ÊzÃLÌ�ÊÈÎ�Å3ÌÝÑ1Ã>ÆxÑ£Î,ç Õ ÂzÃLÌIÊzÃ>ÆtÙLÉ�Ë3ÆzÆgÃ>ÆÑ1Ã}Ù>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊzÆMÃ>ÆÈÊMËCÉ�Å3ÂzÆ�ÆzÅ3Ç1É�ÃLÜ Õ Ã!ì�³	Ë Ô6Õ Ê 
�Å�Ñ1Ã}É�ËPÄ1ÉÏÇ�Æ&Î ÔNÔ6Õ Ñ£Î�ËCÊzÃ Ô ÃLÊ�ÃLÌ 0ÈÃLÇ�É�ËÝÆÈÇ /�0ÈÃ>ÙLÊÈÎÏÜ�ÎÏÊ ÕÑ£Ç Ù>Å3Ì�Ù>ÃLÄ1ÊzÃLÇ1ÂåÉ�Å3ÂzÆgÍ�Ç�Ã6Ù>ÃPÑ1ÃLÂÈÌ1Î�ÃLÂåÄ1ÂzÃLÌ�ÑøÉ�Ã6Ä=ËCÂÈÊÈÎtÑ1Ã6Ñ Õ ÊzÃLÂ Ô ÎÏÌ�ÃLÂ¨µ}¿$À�þ ½3À4þ&Ç1ÌøÉÏÎ�ÃLÌ ÃLÌIÊÈÂzÃ6É�ËFÌ=ËCÊÈÇ1ÂzÃÑ1Ã>Æ}Å!/�0rÃLÊzÆ -�Ã�Ð£ÊÈÂgËCÎÏÂzÃÝÃLÊ}É�Ã>Æ�Â Õ ÆÈÇ1ÉÏÊgËCÊzÆNÑ£Ç ÆÈß£ÆÈÊzà Ô Ã!ì^³ÛÃ>ÆNÙLÉ�Ë3ÆzÆzÃ>Æ}ÆzÅ3ÌIÊ6ËCÉ�Å3ÂzÆNÙ>Å3Ì�ÆÈÊÈÎÏÊÈÇ Õ Ã>Æ6Ñ1Ã>Æ}Å!/�0rÃLÊzÆ

	�
 $$KNARC\@ C/KN@�OS/@L8QZQKN@&@BA$V&C/KN@LT2ARKNC/@?C/KcVL>N@BADCFE�8�E&`RA Y]GO`RADC/KH`RKc`$>6ELKNb6ELS/GQM5KN@ E=>��Q8QC/AR> @BGJM2E=`$>NC/S/Y]S/EL>6@&`R8QMD@ C/KN@&S/Y�8�ZJKN@?`RK
C\8��;>^VLS/EL>?ELK6VBV�8QS/M
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798;:��&>^VLS/EL>?ELK6VBV�8QS/M 7aId:4< >N@BARC/E�8�E 7ab�:��?>6VLSFEL>=ELK6VBV�8QS/M 79`-:4< >N@BADCFE�8�E
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et

A(Gj ∩ Di)

A(Gj)

× �!ì���Þ

Å3è
Di

ÃLÊ
Gj

Ñ Õ ÆzÎÏÖ!Ì�ÃLÌ�Ê�ÂzÃ>ÆÈÄ�Ã>ÙLÊÈÎÏÜ�Ã Ô ÃLÌ�Ê�Ç1Ì�Ã�
pÅ3Ì�Ã}Ñ Õ ÊzÃ>ÙLÊ Õ Ã}ÃLÊ'Ç1Ì�Ã�
pÅ3Ì�Ã}Ñ1Ã�É�Ë6Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÛì A(Z)Ù>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�Ñ -(É�´æËCÎÏÂzÃ�Ñ1Ã�É�Ë 
pÅ3Ì�Ã���ì0 KÌÝËCÄ1Ä1ÉÏÎ�ÍIÇ=ËCÌ�ÊkÃLÌ�ÆÈÇ1ÎÏÊzÃ�Ç1ÌPÆzÃLÇ1ÎÏÉ2-MÙ>Ã>ÆXÑ1ÃLÇ£Ð6ÙLÂÈÎÏÊzàLÂzÃ>ÆpÚ�ÎÏÉ$Ã>ÆÈÊxÄ�Å!ÆzÆÈÎ /1É�Ã
Ñ1Ã�Ñ Õ ÊzÃLÂ Ô ÎÏÌ�ÃLÂ}É�Ã>Æ ��ËCÇ�ÆzÆzÃ>ÆÒËCÉ�ËCÂ Ô Ã>ÆF× Õ É ÕLÔ ÃLÌ�ÊzÆNÑ Õ ÊzÃ>ÙLÊ Õ ÆÒÄ=ËCÂåÉ�Ã�ÆÈß£ÆÈÊzà Ô ÃPË3ÆzÆzÅ�ÙLÎ Õ Æ -�ËCÇ�ÙLÇ1Ì Å!/�0ÈÃLÊÒÑ1ÃÉ�ËÝÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ$Þ(ÃLÊ�É�Ã>ÆMÅ3Ç /1ÉÏÎ�ÆP× Õ É ÕLÔ ÃLÌIÊzÆåÑ1Ã}É�ËÝÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ Ë3ÆgÆzÅIÙLÎ Õ Æ -¨ËCÇ�ÙLÇ1ÌøÅ!/�0ÈÃLÊMÑ Õ ÊzÃ>ÙLÊ Õ Ä=ËCÂÉ�ÃPÆÈß�ÆzÊzà Ô ÃHÞ�ì7³	Ã>Æ Ô Ã>ÆÈÇ1ÂzÃ>ÆMÑ1Ã}Ä1Â Õ ÙLÎ�ÆzÎ�Å3ÌÛÚ�ÂgËCÄ1Ä7ÃLÉxÃLÊMÑ1Ã Ô ÅHß�ÃLÌ1Ì�Ã 
=ËCÂ Ô Å3Ì1Î�ÍIÇ�Ã!ÚÛÎ�ÆzÆzÇ�Ã>Æ�Ñ1Ã}ÊÈÂgË>Ü!ËCÇ£Ð�ÃLÌÂzÃ>Ù 
�ÃLÂzÙ�
�Ã�Ñ1Ã�É�´ ÎÏÌ � Å3Â Ô ËCÊÈÎ�Å3Ì � Ü£ã �3ë%�l×ØÙ� �!ì���ÞkÆzÅ3Ì�Ê�ËCÉ�Å3ÂzÆ�Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã>Æpì

Précision =
Nombre d′objets correctement détectés

Nombre total d′objets détectés

Rappel =
Nombre d′objets correctement détectés

Nombre d′objets à détecter

MH =
2 × Précision × Rappel

Précision + Rappel

× �!ì���Þ

�wÉ?Ã�Ð£Î�ÆÈÊzÃFÄ1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆNÜ!ËCÂÈÎ�ËCÌ�ÊzÃ>Æ -�Ù>ÃFÄ1ÂzÅ3ÊzÅIÙ>Å3É�Ã!ìt³x´ Ç1Ì�Ã;Ñ�´UÃLÌ�ÊÈÂzÃéÃLÉÏÉ�Ã>ÆpÚ^Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã¨Ñ�ËCÌ�Æ � 6.6�?ã � ���wÚÂzÃLÄ�Å!ÆzÃMÆzÇ1Â?É�Ë Ô Ã>ÆÈÇ1ÂzÃMÆÈÇ1ÎÏÜ!ËCÌ�ÊzÃ 3
A(Gi ∩ Dj)

2

A(Gi)A(Dj)

³.Ë�Ù>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3ÌPÑ1Ã>Æ /�Å ��ÊzÃ>ÆKÃLÌ1Ö!É�Å!/=ËCÌ�ÊzÃ>ÆlÑ Õ ÊzÃ>ÙLÊ Õ Ã>ÆKÄ=ËCÂxÉ�ÃkÆÈß£ÆÈÊzà Ô Ã9ËpÜ�Ã>Ù9Ù>ÃLÉÏÉ�Ã>ÆxÑ1ÃkÉ�Ë&Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌPÃ>ÆÈÊÉ�Ë�� Ë��>Å3Ì�É�Ë}Ä1ÉÏÇ�Æ&Ù>Å3Ç1ÂgËCÌ�ÊzÃ�Ñ�´ Õ ÊgË5/1ÉÏÎÏÂ'Ç1Ì�Ã Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ñ1Ã>Æ9Â Õ ÆÈÇ1ÉÏÊgËCÊzÆ&Ñ1ÃMÉ�ËNÑ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌÛÚ7ÍIÇ�ÃåÙ>ÃMÆzÅ3ÎÏÊ'Ä7Å3Ç1ÂÉ�Ã>ÆlÊzÃ�Ð£ÊzÃ>Æ � � ä�6 � �=ÚI³�� ��� �wÚ�É�Ã>ÆXÜ�Å3ÎÏÊÈÇ1ÂzÃ>Æ � �&6 � ë � �7Å3ÇFÃLÌ�Ù>Å3ÂzÃ'É�Ã>ÆXÅ!/�0ÈÃLÊzÆXÃLÌÝÖ Õ Ì Õ ÂgËCÉ������ � + ��� �wì���Å3Ç1ÂËCÇ1ÊgËCÌIÊpÚ�É�ËÝÑ Õ�ê Ì1ÎÏÊÈÎ�Å3Ì Ñ�´ Ç1ÌøÆzÃLÇ1ÎÏÉKÙ>Å3Ì�Ù>ÃLÂÈÌ=ËCÌ�ÊåÉ�Ã>Æ(ÊgËCÇ£Ð�Ñ1Ã}ÂzÃ>Ù>Å3Ç1Ü�ÂzÃ Ô ÃLÌ�Ê Ô ÎÏÌ1Î Ô ËCÇ£Ð -�Ä=ËCÂÈÊÈÎÏÂMÑ£Ç�Í�Ç�ÃLÉÇ1Ì�Å!/�0ÈÃLÊ&Ã>ÆzÊ'Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Ù>Å ÔNÔ Ã}Ù>Å3ÂÈÂzÃ>ÙLÊzÃ Ô ÃLÌ�ÊMÑ Õ ÊzÃ>ÙLÊ Õ Ã>ÆÈÊ(ÆzÅ3Ç1Ü�ÃLÌ�Ê�ÆÈÇ /�0ÈÃ>ÙLÊÈÎÏÜ�Ã�ÃLÊ'ÎÏÉ^Ã>ÆÈÊ'Ù>Å3Ç1ÂgËCÌIÊMÍ�Ç�ÃÉ�Ë6Í�Ç�Ã>ÆÈÊÈÎ�Å3Ì;Ñ1ÃåÆzÅ3Ì;Ù�
�Å3Î,Ð¨Ì�ÃMÆzÅ3ÎÏÊ?Ä=Ë3Æ'Ë5/7Å3ÂzÑ Õ Ã!ìá�ËCÌ�Æ	É�ÃKÙpË3ÆÛÑ1Ã>ÆÛÜ�Î�ÆgËCÖ�Ã>ÆpÚLÉ�ËlÄ�Å!ÆÈÎÏÊÈÎ�Å3ÌåÑ1Ã>Æ /�Å ��ÊzÃ>ÆÛÃLÌ1Ö!É�Å!/=ËCÌIÊzÃ>Æ	Ä�ÃLÇ1Ê �LÊÈÂzÃxÑ Õ ÊzÃLÂ Ô ÎÏÌ Õ Ã -lÄ=ËCÂÈÊÈÎÏÂ	Ñ1ÃxÙ>ÃLÉÏÉ�ÃxÑ1Ã>Æß�ÃLÇ£Ð�Ä=ËCÂ�Ñ1Ã>Æ�Ù>Å3Ì�ÊÈÂgËCÎÏÌ�ÊzÃ>ÆÒËCÌ�Ê 
1ÂzÅ3Ä�Å Ô6Õ ÊÈÂÈÎ�Í�Ç�Ã>Æpì � ÃLÂÈÊgËCÎÏÌ�ÆMÆÈß£ÆÈÊzà Ô Ã>Æ&ÂzÃ>Ù�
�ÃLÂzÙ�
�ÃLÌIÊåÑ1Å3Ì�ÙNÃ�Ð£Ä1ÉÏÎ�ÙLÎÏÊzÃ Ô ÃLÌ�ÊÙ>ÃLÊÈÊzÃ�Ä=ËCÂÈÊÈÎ�Ã�Ñ£Ç�Ü�Î�ÆgËCÖ�ÃÒÄ7Å3Ç1Â&Î�Ñ1ÃLÌ�ÊÈÎ ê ÃLÂ�Ç1Ì�Ã 
pÅ3Ì�Ã�Ñ1ÃåÉ�´ Î Ô ËCÖ�Ã}Ù>Å ÔNÔ Ã Õ ÊgËCÌ�Ê(Ç1Ì�ÜIÎ�ÆgËCÖ�Ã!ì 1�Ì�Å!/�0ÈÃLÊ&Ã>ÆÈÊËCÉ�Å3ÂzÆkÂzÃLÄ Õ Â Õ ÆÈÄ=ËCÊÈÎ�ËCÉ�Ã Ô ÃLÌ�Ê?Ä=ËCÂ?Ñ1ÃLÇ£Ð 
pÅ3Ì�Ã>ÆlÑ£Î�ÆzÊÈÎÏÌ�ÙLÊzÃ>Æpì�� �xã���� � � �7Ä1ÂzÅ3Ä�Å!ÆzÃ&Ç1Ì�Ã Ô Ã>ÆzÇ1ÂzÃ&Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3ÌÑ�ËCÌ�ÆNÙ>Ã¨ÙpË3Æ}Ñ1Ã ê Ö!Ç1ÂzÃ!ìK³	Ë »3þD¹�Á�µ!¶$¼gº¨ÃLÌIÊÈÂzÃFÉ�Ë�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ ÃLÊ�É�Ã>Æ}Â Õ ÆzÇ1ÉÏÊgËCÊzÆNÑ£Ç Æzß�ÆÈÊzà Ô ÃFÃ>ÆÈÊ6ËCÉ�Å3ÂzÆ
Õ Ü!ËCÉÏÇ Õ Ã�Ä=ËCÂÒÇ1Ì ÃLÌ�ÆzÃ Ô /1É�ÃFÑ1ÃPÍIÇ=ËCÊÈÂzÃ�Ü3ËCÉ�ÃLÇ1ÂzÆF× �;ÂgËCÄ1Ä�Å3ÂÈÊzÆ�Ñ1ÃPÑ£Î�ÆÈÊgËCÌ�Ù>ÃÝÃLÊÒÇ1Ì ËCÌ1Ö!É�ÃHÞ�ì � 
=Ë3ÙLÇ1Ì�ÃFÑ1Ã>ÆÙ>Ã>ÆPÙ>Å Ô Ä7Å!ÆgËCÌIÊzÃ>ÆPÃ>ÆÈÊ Õ Ü!ËCÉÏÇ Õ Ã¨Æ Õ Ä=ËCÂ ÕLÔ ÃLÌ�ÊÝÃLÊ ê Ì=ËCÉ�Ã Ô ÃLÌ�Ê6É�Ã>Æ � Ô Ã>ÆÈÇ1ÂzÃ>ÆNÅ!/1ÊzÃLÌ�Ç�Ã>Æ�ÆzÅ3Ì�Ê��ØÇ�ÆÈÎ�Å3Ì1Ì Õ Ã>ÆÄ=ËCÂ}Ç1Ì�ÃÝÙ>Å Ô /1ÎÏÌ=ËCÎ�ÆzÅ3Ì ÉÏÎÏÌ Õ ËCÎÏÂzÃFÑ1Å3ÌIÊNÉ�Ã>ÆÒÙ>Å�ÃJ�PÙLÎ�ÃLÌ�ÊzÆ6Ù>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�Ñ1ÃLÌIÊPËCÇ£Ð Ä7Å3Î�Ñ1Æ}ËCÊÈÊÈÂÈÎ /1Ç Õ Æ -�Ù�
=Ë3ÙLÇ1ÌÑ1Ã>ÆÒÙLÂÈÎÏÊzàLÂzÃ>Æpì	³.Ë Ô Ã>ÆÈÇ1ÂzÃPÑ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã6Ä�Å3Ç1ÂåÙ�
=Ë3ÍIÇ�ÃPÙ>Å Ô Ä�Å!ÆgËCÌ�ÊzÃ�Ã>ÆÈÊåÑ1ÃNÉ�Ë �ØÅ3Â Ô Ã Ψ(x,Θ)

Ú
Å3è

Θ
Ñ Õ ÆzÎÏÖ!Ì�ÃåÇ1Ì�ÃLÌ�ÆzÃ Ô /1É�Ã}Ñ1ÃåÊÈÂzÅ3Î�Æ'Ä=ËCÂgË Ô àLÊÈÂzÃ>Æ�Ñ Õ�ê Ì1Î�ÆgÆgËCÌ�Ê&É�Ë6ÂÈÎÏÖ!Ç�ÃLÇ1Â�Ñ1ÃåÉ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌÛì�³	Ë Ô Ã>ÆÈÇ1ÂzÃÖ!É�Å!/=ËCÉ�ÃåÅ!/1ÊzÃLÌ�Ç�Ã�Ã>ÆÈÊ ê Ì=ËCÉ�Ã Ô ÃLÌ�Ê'ÆzÃLÇ1ÎÏÉÏÉ Õ Ã(Ä7Å3Ç1Â?Ñ Õ ÊzÃLÂ Ô ÎÏÌ�ÃLÂ9É�Ã>ÆkÜ�Î�ÆgËCÖ�Ã>ÆkÙ>Å3ÂÈÂzÃ>ÙLÊzÃ Ô ÃLÌ�Ê&Ñ Õ ÊzÃ>ÙLÊ Õ Æpì  KÌ ê ÌÛÚÎÏÉ�Ù>Å3ÌIÜIÎ�ÃLÌIÊtÑ1ÃlÌ�Å3ÊzÃLÂxÍ�Ç�ÃlÉ�Ë&ÂÈÎÏÖ!Ç�ÃLÇ1ÂxÑ1ÃlÉ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3ÌPÃ>ÆÈÊ �ØÅ3Ì�ÙLÊÈÎ�Å3Ì6Ñ1Ã>ÆKÅ!/�0ÈÃ>ÙLÊÈÎ � ÆKÑ£Ç}Æzß�ÆÈÊzà Ô Ã*33Ñ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌÅ3ÇéÉ�ÅIÙpËCÉÏÎ�ÆgËCÊÈÎ�Å3Ì���É�ËNÆzÃ>Ù>Å3Ì�Ñ1ÃMÅ3Ä Õ ÂgËCÊÈÎ�Å3Ì Õ ÊgËCÌ�Ê'Ä1ÉÏÇ�Æ?Ä1Â Õ ÙLÎ�ÆzÃMÍIÇ�Ã(É�Ë�Ä1ÂzÃ Ô Î�àLÂzÃ!ì

.��



� ��� � � µ�ýLù�º4¹LÁØþØ½3¶ø»�ºå·Ïµ�¾6º�¹4ù�ÀÈº�»	û ��aµ3·Où1µ!ÁØþØ½!¶��^¼z½3¶1¹�þØ»��LÀrµ!ÁØþ ½3¶1¹ '���¶ ��ÀÈµ3·�º4¹}ºLÁ �LÁ�µ!Ál»�ºå·Èû µ3ÀLÁ

³x´ Õ ÊÈÇ�Ñ1Ã�Ä1ÂzÅ3Ä7Å!Æ Õ ÃÒÑ�ËCÌ�Æ � �xã���� � ����Ä1Â Õ�ê Ö!Ç1ÂzÃ�É�Ã>Æ(ÙpË3Æ&Ñ�´�µC¹g¹>½p¼Lþ µ!ÁØþØ½!¶1¹Ò¾}ù�·OÁØþ ¿$·�º4¹¨×d¾}ù�·OÁØþ ¿$·�ºJ,w¾6µ!Á�¼ ��þD¶�'£ÞÊÈÂgËCÎÏÊ Õ Æ¨Ñ�ËCÌ�ÆFÄ1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆFÊÈÂgË>Ü!ËCÇ£Ð ��� � � � ��Ë£Ú � � � + ���1Ú �øÅ3É �����wìl³.Ë Ô Ã>ÆzÇ1ÂzÃ�Ñ Õ ÙLÂÈÎÏÊzÃ�Ñ�ËCÌ�Æ � �øÅ3É �����
Æp´æËCÄ1Ä1Ç1Î�Ã;ÆÈÇ1ÂNÉ�Ë�Ä1ÂzÅ3Ä�Å!ÆÈÎÏÊÈÎ�Å3Ì�Ã�Ð£Ä�Å!Æ Õ Ã¨Ñ�ËCÌ�Æ �U³ ���(ë � �wìKá(ÃLÇ£Ð Ô ËCÊÈÂÈÎ�Ù>Ã>ÆpÚ σ et τ

ÚKÆzÅ3ÌIÊPÑ Õ�ê Ì1Î�Ã>Æ6Ñ1Ã¨É�Ë
� Ë��>Å3Ì;ÆzÇ1ÎÏÜ3ËCÌIÊzÃ 3

σij =
A(Gi ∪ Dj)

A(Gi)
et τij =

A(Gi ∪ Dj)

A(Dj)³ÛÃ>Æ Ô Ã>ÆÈÇ1ÂzÃ>ÆKÑ1ÃlÄ1Â Õ ÙLÎ�ÆÈÎ�Å3Ì6ÃLÊKÑ1ÃlÂgËCÄ1Ä7ÃLÉ1ÆzÅ3ÌIÊKËCÉ�Å3ÂzÆKÙpËCÉ�ÙLÇ1É Õ Ã>Æ&-'Ä=ËCÂÈÊÈÎÏÂxÑ1ÃkÙ>Ã>Æ Ô ËCÊÈÂÈÎ�Ù>Ã>ÆxÃLÌNË3ÆzÆÈÎÏÖ!Ì=ËCÌ�ÊxÑ1Ã>ÆÙ>Å � ÊzÆxÃLÌ�� Å3Ì�ÙLÊÈÎ�Å3ÌPÑ£Ç6ÙpË3ÆxÅ!/�ÆzÃLÂÈÜ Õ 33Ç1Ì�Ãå×vÄ1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆ4Þ 
pÅ3Ì�Ã�×ØÆ�Þ^Ñ1ÃkÉ�Ë(Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌPÃ>ÆzÊH×ØÆzÅ3Ì�Ê4ÞKË3ÆgÆzÅIÙLÎ Õ ×ØÃ>Æ�Þ
-9Ç1Ì�Ã�×vÄ1ÉÏÇ�ÆzÎ�ÃLÇ1ÂzÆ4Þ 
pÅ3Ì�Ã�×ØÆ4Þ	Ñ Õ ÊzÃ>ÙLÊ Õ ×ØÃ>Æ4Þ.Ä=ËCÂ^É�ÃXÆÈß£ÆÈÊzà Ô Ã!ìCá�ËCÌ�Æ ��� � � + ��� �wÚaÆgÃLÄ1Ê Ô Ã>ÆzÇ1ÂzÃ>Æ�Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ>Æ'× ËCÇÌ1ÎÏÜ�ÃpËCÇ;Ñ1Ã>ÆkÄ1Î,Ð£ÃLÉ�Æ?Å3Ç¨Ñ1Ã>Æ�ËCÎÏÂzÃ>Æ?Ñ1Ã>Æ
pÅ3Ì�Ã>Æ?ÃLÌ1Ö!É�Å!/=ËCÌIÊzÃ>Æ4Þ�Ú�ÊzÅ3Ç1ÊzÃ>Æ./=Ë3Æ Õ Ã>Æ9ÆÈÇ1ÂkÉ�Ã>Æ?ÙLÂÈÎÏÊzàLÂzÃ>Æ9Ñ1Ã&É�´ Õ Í�Ç=ËCÊÈÎ�Å3Ì
�!ì��£Ú^ÆzÅ3Ì�ÊNÄ1ÂzÅ3Ä�Å!Æ Õ Ã>ÆpìK³ÛÃ>ÆNÙpË3ÆNÑ1Ã �ØÂgËCÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3Ì�ÆzÅ3Ì�Ê}Ä1ÂÈÎ�Æ6ÃLÌ Ù>Å Ô Ä1ÊzÃ;ÃLÊ}Ç1Ì ÎÏÌ�Ñ£Î�Ù>Ã¨ÆÈÄ Õ ÙLÎ ê ÍIÇ�ÃÝÃ>ÆzÊÑ Õ�ê Ì1Î 3

Frag(G
(t)
i ) =







indéfini si N
D(t)∩G

(t)
i

= 0
1

1+log10(N
D(t)

∩G
(t)
i

)

³ÛÃ>Æ Ô Ã>ÆzÇ1ÂzÃ>ÆtÄ1ÂzÅ3Ä�Å!Æ Õ Ã>ÆXËCÇ�Ì1ÎÏÜ�ÃpËCÇ�Ñ1Ã>ÆXÎ Ô ËCÖ�Ã>ÆtÄ�ÃLÇ1Ü�ÃLÌ�ÊpÚ�Ä=ËCÂlËCÎÏÉÏÉ�ÃLÇ1ÂzÆpÚ��LÊÈÂzÃ Õ ÊzÃLÌ�Ñ£Ç�Ã>Æ -(É�´UÃLÌ�ÆzÃ Ô /1É�Ã'Ñ1Ã>ÆÎ Ô ËCÖ�Ã>Æ9Ñ£Ç 8 Ç£Ð¨ÆÈÇ1Â9É�Ã>ÍIÇ�ÃLÉ�É�ÃMÆÈß£ÆÈÊzà Ô Ã�Ã>ÆÈÊ�ËCÄ1Ä1ÉÏÎ�ÍIÇ Õ ìá�ËCÌ�Æ ��� � � � ��Ë��lÃLÌ ê ÌÛÚ�É�Ë Ô Ã>ÆzÇ1ÂzÃ�Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì Ã>ÆÈÊåÊÈÂzà>Æ}Ù>Å Ô Ä1É�Ã�Ð1ÃÝÃLÊ�Ì Õ Ù>Ã>ÆzÆÈÎÏÊzÃÝÑ1ÃPÙ>Å3Ì�ÆzÊÈÂÈÇ1ÎÏÂzÃÝÑ1Ã>ÆÜ Õ ÂÈÎÏÊ Õ ÆÝÊzÃLÂÈÂgËCÎÏÌ
Ù>Å Ô Ä�Å3ÂÈÊgËCÌ�Ê;Ñ1Ã�Ì�Å Ô /1ÂzÃLÇ�ÆgÃ>ÆFÎÏÌ �ØÅ3Â Ô ËCÊÈÎ�Å3Ì�Æø×ØÑ1Ã>ÆÝÎÏÌ�Ñ£Î�Ù>Ã>Æ¨Ñ1Ã�ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgË5/1ÎÏÉÏÎÏÊ Õ ÆzÅ3Ì�ÊÄ=ËCÂ9Ã�Ð£Ã Ô Ä1É�ÃMÌ Õ Ù>Ã>ÆzÆgËCÎÏÂzÃ>ÆpÚ£É�Ë�É�Å3Ì1Ö!Ç�ÃLÇ1Â�Ñ£ÇéÊzÃ�Ð�ÊzÃMËCÎÏÌ�ÆÈÎÛÍIÇ�Ã(É�Ë�Ü!ËCÂÈÎ�ËCÊÈÎ�Å3ÌéÑ1Ã(É�Ë 
=ËCÇ1ÊzÃLÇ1Â�Ñ1Ã>Æ9ÙpËCÂgË3ÙLÊzàLÂzÃ>ÆÑ1Å3ÎÏÜ�ÃLÌ�ÊtËCÇ�ÆzÆzÎ �LÊÈÂzÃ?ÙpËCÉ�ÙLÇ1É Õ Æ�Þ�ìd KÌ6Ù>ÃkÍ�Ç1Î1Ù>Å3Ì�Ù>ÃLÂÈÌ�Ã?É�´æË3ÆÈÄ�Ã>ÙLÊk¾}ùI·,ÁØþæ¿7·ÏºJ,{¾6µ!Á�¼#��þv¶('!Ú!ÆzÃLÇ1É�ÃlÉ�Ë �ØÂgËCÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3ÌÃ>ÆÈÊ?Ä1ÂÈÎ�ÆzÃ�Ù>Å Ô Ä1ÊzÃåÄ=ËCÂ?É�ÃMÙpËCÉ�ÙLÇ1É	Ñ�´ Ç1Ì;ÎÏÌ�Ñ£Î�Ù>ÃMÑ1ÃåÍ�Ç=ËCÉÏÎÏÊ Õ Ñ1Ã�É�Ë �ØÂgËCÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3ÌÛì
�=õ���õ���õ�� � S ' % # '£ñHðvò$ï M # Køò M #&% C1M%C "$#.ð S ð
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�$õ���õ���õ�� � S ' %l#?'£ñHðvò$ï M # Køò M #?% CNM�T�� K � %Øðvò G '£ñHðvò$ï
³ÛÃ>Æ9Â Õ ÆzÇ1ÉÏÊgËCÊzÆ�Ñ1Ã�É�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì�Ñ1Å3ÎÏÜ�ÃLÌ�Ê �LÊÈÂzÃ Õ Ü!ËCÉÏÇ Õ Æ�ÃLÌ;ÊzÃLÂ Ô Ã>Æ'Ñ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì�Ñ1Ã>Æ?Â Õ ÆÈÇ1ÉÏÊgËCÊzÆÑ1Ã'É�ËåÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>Ã!ì�1�Ì�Ã Ô6Õ Ê 
�Å�Ñ1Ã'Ñ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì;Ñ1Ã'É�ËåÍIÇ=ËCÉÏÎÏÊ Õ Ñ1Ã>ÆtÎ Ô ËCÖ�Ã>ÆkÑ�´UÃ Ô Ä1ÂzÃLÎÏÌ�ÊzÃ>Æ�Ã>ÆÈÊtÄ1ÂzÅCÓÄ�Å!Æ Õ Ã&Ñ�ËCÌ�Æ ��� �! �ë�9 �wì�³x´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì¨ÂzÃLÄ�Å!ÆzÃ(ËCÉ�Å3ÂzÆkÆÈÇ1ÂtÉ�ËÒÙ>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3Ì¨ÃLÌ�ÊÈÂzÃ&É�Ã>ÆlÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆkÑ£ÇÝÆzß�ÆÈÊzà Ô Ã
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� ��� � � µ�ýLù�º4¹LÁØþØ½3¶ø»�ºå·Ïµ�¾6º�¹4ù�ÀÈº�»	û ��aµ3·Où1µ!ÁØþØ½!¶��^¼z½3¶1¹�þØ»��LÀrµ!ÁØþ ½3¶1¹ '���¶ ��ÀÈµ3·�º4¹}ºLÁ �LÁ�µ!Ál»�ºå·Èû µ3ÀLÁ

ÆgËCÌ�ÆKÃLÊxË>Ü�Ã>ÙkÉ�Ë&Ä 
=Ë3ÆzÃkÑ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3ÌÛìIá&ÃLÇ£Ð�Ê��3Ù�
�Ã>ÆXÆzÅ3Ì�Ê Õ Ü!ËCÉÏÇ Õ Ã>Æ 3CÉ�´UÃ�Ð�ÊÈÂgË3ÙLÊÈÎ�Å3ÌPÑ1Ã>Æk¾}þv¶�ù£ÁØþ º4¹M×d¾}þD¶=ù0,ÁØþØµIºaÞlÍIÇ1ÎÛÙ>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ1ÃLÌ�Ê -}Ñ1Ã>Æ?Ä7Å3ÎÏÌIÊzÆ�ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æ&ÆÈÇ1Â?É�Ã>Æ9Ã Ô Ä1ÂzÃLÎÏÌ�ÊzÃ>ÆHÚ7ËCÎÏÌ�ÆÈÎÛÍIÇ�Ã�É�Ë�Ü Õ ÂÈÎ ê ÙpËCÊÈÎ�Å3ÌÑ�´UÃ Ô Ä1ÂzÃLÎÏÌ�ÊzÃ!ì�á�ËCÌ�Æ�É�ÃNÄ1ÂzÃ Ô Î�ÃLÂÒÙpË3ÆHÚ�É�Ë Ô Ã>ÆÈÇ1ÂzÃ6Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì Ä1ÂzÃLÌ�Ñ ÃLÌ Ù>Å Ô Ä1ÊzÃ6Ç1ÌøÎÏÌ�Ñ£Î�Ù>ÃPÄ1Â Õ ÙLÎ�ÆgËCÌ�ÊÉ�Ã¨Ñ1ÃLÖ!Â Õ Ñ1Ã¨Ñ£Î �PÙLÇ1ÉÏÊ Õ Ñ1Ã¨É�Ë�Ê��3Ù�
�Ã!ÚtÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê -�É�Ë�Í�Ç=ËCÉÏÎÏÊ Õ Ñ1ÃFÉ�´ Î Ô ËCÖ�Ã;ÆzÇ1ÂNÉ�Ë3Í�Ç�ÃLÉÏÉ�Ã¨Ù>ÃLÉÏÉ�Ã�ÓwÙLÎ�Ã>ÆzÊËCÄ1Ä1ÉÏÎ�Í�Ç Õ Ã!ì1á�ËCÌ�ÆlÉ�Ã�ÙpË3ÆkÑ1Ã&É�ËåÜ Õ ÂÈÎ ê ÙpËCÊÈÎ�Å3ÌÛÚ�É�Ë Ô Ã>ÆzÇ1ÂzÃ�Ñ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì¨ÂzÃLÄ�Å!ÆzÃ(ÆÈÇ1ÂkÉ�Ë Ô Ã>ÆÈÇ1ÂzÃ(Ñ1Ã>Æ	� ËCÇ�ÆzÆgÃ>ÆËCÉ�ËCÂ Ô Ã>Æ�ÃLÊ9Ñ1Ã>Æ?Ü Õ ÂÈÎ ê ÙpËCÊÈÎ�Å3Ì�Æ'Â Õ Ç�ÆzÆÈÎ�Ã>ÆHì
1�Ì�Ã Õ ÊÈÇ�Ñ1Ã9Ñ1ÃkÉ�´ ÎÏÌ�ÙLÎ�Ñ1ÃLÌ�Ù>Ã�Ñ1ÃkÉ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì�Ñ1ÃkÉ�Ë(ÍIÇ=ËCÉÏÎÏÊ Õ Ñ1Ã>ÆKÎ Ô ËCÖ�Ã>ÆxÃ>ÆÈÊ^Ä1ÂzÅ3Ä�Å!Æ Õ Ã?Ñ1ÃkÉ�Ë Ô � Ô Ã ��Ë��>Å3ÌÑ�ËCÌ�Æ � âIÇ Ô � � �^Å3è�É�Ã>Æ'Â Õ ÆÈÇ1ÉÏÊgËCÊzÆ�Ñ1ÃÒÑ£Î,ç Õ ÂzÃLÌ�ÊzÆåä � ã ���}ÆzÅ3Ì�Ê(Ù>Å Ô Ä=ËCÂ Õ Æ�ÃLÌ �ØÅ3Ì�ÙLÊÈÎ�Å3Ì�Ñ1ÃÒÉ�ËPÍIÇ=ËCÉÏÎÏÊ Õ Ñ1Ã>ÆÊzÃ�Ð�ÊzÃ>Æ�Í�Ç1Î�É�ÃLÇ1Â�ÆgÅ3Ì�Ê�Ñ1Å3Ì1Ì Õ Æ'ÃLÌ;ÃLÌ�ÊÈÂ Õ Ã�×�/1ÂÈÇ1ÎÏÊpÚ�Â Õ ÆzÅ3ÉÏÇ1ÊÈÎ�Å3ÌÛÚ . . . Þ�ì

�=õ���õ���õ�� � S ' % # '£ñHðvò$ï M # Køò M #&% C1M%C�� C P�ò$ï�ï '�ðl"O"$'�ï P C
³	ËÒÌ=ËCÊÈÇ1ÂzÃ�Ñ1Ã>ÆkÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆ9Ñ1Ã&É�ËÒÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃåÃ>ÆÈÊ	�ØÅ3Ì�ÙLÊÈÎ�Å3Ì;Ñ1Ã&É�ËÒÌ=ËCÊÈÇ1ÂzÃ�Ñ1Ã&É�´UÅ!/�0rÃLÊ9Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ ìá�ËCÌ�Æ?É�Ã�ÙpË3Æ9Ñ£Ç¨ÊzÃ�Ð£ÊzÃ!Ú£É�Ë�ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃMÄ1ÂzÅ�Ñ£Ç1ÎÏÊ?Ç1Ì�ÃMÙ 
=Ë���Ì�ÃMÑ1Ã�ÙpËCÂgË3ÙLÊzàLÂzÃ>Æ�ÃLÊ?É�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ù>Å3Ì�ÆÈÎ�ÆzÊzÃËCÉ�Å3ÂzÆ -�Ù>Å Ô Ä=ËCÂzÃLÂlÙ>ÃLÉÏÉ�Ã�ÓwÙLÎ7ËpÜ�Ã>Ù9É�Ë�Ù 
=Ë���Ì�Ã'Ù>Å3Ì�ÆzÃLÂÈÜ Õ Ã'Ñ�ËCÌ�ÆxÉ�Ë(Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÛì�á�ËCÌ�ÆxÉ�Ã�ÙpË3ÆtÑ�´UÅ!/�0ÈÃLÊzÆtÑ1Å3Ì�ÊÉ�´ Î�Ñ1ÃLÌ�ÊÈÎ ê ÙpËCÊÈÎ�Å3ÌøÊzÃ�Ð£ÊÈÇ�ÃLÉÏÉ�Ã}ÂzÃLÉ�àLÜ�Ã}Ñ�´ Ç1Ì�Ã�ÎÏÌ�ÊzÃLÂÈÄ1Â Õ ÊgËCÊÈÎ�Å3Ì Ñ1ÃÒÊÈÂzà>Æ 
=ËCÇ1Ê(Ì1ÎÏÜ�ÃpËCÇ�×vÜIÎ�Æ4ËCÖ�Ã>ÆpÚ=Ü�Å3ÎÏÊÈÇ1ÂzÃ>ÆHÚ7ÃLÊzÙHÞ�ÚÉ�Ë;Ä 
=Ë3ÆgÃ�Ñ1ÃÝÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃFÆp´æËCÄ1Ä1Ç1Î�ÃFÆÈÇ1Â�É�Ë�Ù>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3Ì ÃLÌ�ÊÈÂzÃÝÉ�Ë 
pÅ3Ì�Ã�Ñ Õ ÊzÃ>ÙLÊ Õ Ã¨ÃLÊ�Ç1Ì�Ã /=Ë3ÆzÃÝÑ1ÃÑ1Å3Ì1Ì Õ Ã>Æ(Ù>Å3Ì�ÊzÃLÌ=ËCÌ�Ê(Ç1Ì�ÃLÌ�ÆzÃ Ô /1É�Ã�Ñ�´UÅ!/�0ÈÃLÊzÆ'Ä1Â Õ Ó�Î�Ñ1ÃLÌIÊÈÎ ê=Õ ÆpÚ7É�´UÅ!/�0rÃLÊ(Ñ Õ ÊzÃ>ÙLÊ Õ�Õ ÊgËCÌ�Ê�Ë3ÆzÆzÅ�ÙLÎ Õ -NÉ�´UÅ!/�0ÈÃLÊ(Ñ1ÃÉ�Ë /=Ë3ÆzÃ&Ë>Ü�Ã>Ù'É�Ã>Í�Ç�ÃLÉ$É�ËMÑ£Î�ÆÈÊgËCÌ�Ù>Ã&Å!/1ÊzÃLÌ�Ç�Ã(Ã>ÆÈÊ Ô ÎÏÌ1Î Ô ËCÉ�Ã!ì��&Å3Ç�ÆXÄ1ÂzÅ3Ä7Å!ÆzÅ3Ì�ÆXÎ�ÙLÎ$Ñ1Ã�ÂzÃLÜ�ÃLÌ1ÎÏÂlÆzÇ1ÂtÉ�Ë�Ä1ÂzÅ!/1É Õ Ó

Ô ËCÊÈÎ�Í�Ç�ÃNÑ1Ã}É�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì Ñ£Ç Ô Å�Ñ£Ç1É�ÃNÑ1Ã}ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃNÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌIÊ -FÑ1ÃLÇ£Ð�Å!/�0ÈÃLÊzÆ�Ä�Å3Ç1Â(É�Ã>ÆzÍ�Ç�ÃLÉ�ÆÙ>ÃLÊÈÊzÃ�Ê��3Ù�
�Ã�Æp´æËpÜ�àLÂzÃåÑ�´ Î Ô Ä�Å3ÂÈÊgËCÌ�Ù>ÃMÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�ÊMËCÇéÙpË3Ñ£ÂzÃ�ËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ �tÑ1Ã�É�´æËCÎ�Ñ1Ã -NÉ�Ë6Ñ1Å�ÙLÇ Ô ÃLÌ�ÊgËCÊÈÎ�Å3Ì 3É�Ã>Æ?Ü�Î�ÆgËCÖ�Ã>Æ9ÃLÊ?É�Ã>Æ?ÊzÃ�Ð£ÊzÃ>Æpì
³ÛÃXÄ1ÂzÅ3ÊzÅIÙ>Å3É�ÃkÑ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì	�= xã  �� �Uã � � ���1Ú � ��ã'ã � �%�1Ñ£Î�ÆÈÊÈÎÏÌ1Ö!Ç�ÃlÉ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌNÑ1Ã>Æ^ÆÈß£ÆÈÊzà Ô Ã>Æ.Ñ�´ Î�Ñ1ÃLÌ£ÓÊÈÎ ê ÙpËCÊÈÎ�Å3Ì�×vÇ1ÌøÜ�Î�ÆgËCÖ�ÃNÎÏÌ�Ù>Å3Ì1ÌIÇ Ã>ÆÈÊ�Ä1Â Õ ÆgÃLÌ�Ê Õ -¨Ç1Ì ËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã�ÍIÇ1ÎxÑ1Å3ÎÏÊMÉ�ÃNÂzÃ>Ù>Å3Ì1Ì=Ë���ÊÈÂzÃHÞåÑ1Ã6Ù>ÃLÉÏÉ�Ã6Ñ1Ã>ÆÆÈß£ÆÈÊzà Ô Ã>ÆXÑ1Ã'Ü Õ ÂÈÎ ê ÙpËCÊÈÎ�Å3Ìø×vÇ1ÌFÜIÎ�ÆgËCÖ�Ã'Ã>ÆÈÊlÄ1Â Õ ÆzÃLÌ�Ê Õ -åÇ1ÌFËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã�Ë>Ü�Ã>Ù&Ç1Ì�Ã'Î�Ñ1ÃLÌ�ÊÈÎÏÊ Õ ÃLÊkÙ>ÃLÉÏÇ1Î,ÓwÙLÎ7Ñ1Å3ÎÏÊÑ Õ ÊzÃLÂ Ô ÎÏÌ�ÃLÂåÆÈÎKÙ>ÃLÊÈÊzÃ}Î�Ñ1ÃLÌ�ÊÈÎÏÊ Õ Ã>ÆÈÊ 0dÇ�ÆÈÊzÃHÞ�ì�³ÛÃ}Ä1ÂzÅ3ÊzÅ�Ù>Å3É�ÃNÑ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì Ô ÃLÊ�É�´æË3Ù>Ù>ÃLÌ�ÊåÆzÇ1Â&É�ËÝÌ=ËCÊÈÇ1ÂzÃNÑ1Ã>ÆÑ1Å3Ì1Ì Õ Ã>ÆxÆÈÇ1ÂKÉ�Ã>ÆzÍIÇ�ÃLÉÏÉ�Ã>ÆKÉ�Ã>ÆxÆzß�ÆÈÊzà Ô Ã>ÆKÆgÅ3Ì�ÊXËCÄ1Ä1ÉÏÎ�ÍIÇ Õ Æ 3!Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ>ÆtÙ>Å Ô /1ÎÏÌ=ËCÎ�ÆzÅ3Ì�ÆlÙ>Å3Ì�Ù>ÃLÂÈÌ=ËCÌ�ÊtÉ�Ë&Ì=ËCÊÈÇ1ÂzÃÑ1Ã>ÆxÄ1ÂÈÎ�ÆzÃ>ÆtÑ1Ã9Ü�Ç�Ã9ÆzÅ3Ì�ÊtÄ1ÂÈÎ�ÆzÃ>ÆtÃLÌÝÙ>Å Ô Ä1ÊzÃ'ËCÎÏÌ�ÆÈÎ=ÍIÇ�Ã9Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ>ÆlÙ>Å3Ì�ÆÈÊÈÂÈÇ�ÙLÊÈÎ�Å3Ì�ÆlÑ1Ã>ÆtÃLÌ�ÆzÃ Ô /1É�Ã>ÆXÙ>Å3Ì�ÆÈÎ�Ñ Õ ÓÂ Õ ÆpÚ:-åÆgË>Ü�Å3ÎÏÂlÉ�´UÃLÌ�ÆzÃ Ô /1É�Ã&ÙLÎ /1É�Ã&ÃLÊtÉ�´UÃLÌ�ÆzÃ Ô /1É�Ã'Ñ1Ã�ÂzÃ>Í�Ç �LÊzÃ!ì�á�ËCÌ�ÆtÉ�Ã'ÙpË3ÆtÑ1Ã9É�´ Î�Ñ1ÃLÌIÊÈÎ ê ÙpËCÊÈÎ�Å3Ì ×vÄ1ÉÏÇ�ÆtÄ1ÂzÅ�Ù�
�ÃÑ1Ã�Ì�Å!Æ�Ù>Å3Ì�ÆzÎ�Ñ Õ ÂgËCÊÈÎ�Å3Ì�Æ4Þ�Ú=É�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�ÂzÃLÄ7Å!ÆzÃåÆÈÇ1Â9Ç1Ì�Ã Ô Ã>ÆzÇ1ÂzÃMÊÈÂzà>Æ�ÆzÎ Ô Ä1É�Ã /=Ë3Æ Õ ÃåÆzÇ1Â9É�Ë6Ù>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3ÌÑ1Ã>Æ(ÆzÙ>Å3ÂzÃ>Æ(Ñ�´ Î�Ñ1ÃLÌ�ÊÈÎ ê ÙpËCÊÈÎ�Å3Ì Å!/1ÊzÃLÌIÇ�Æ�Ä=ËCÂ'É�Ã}ÆÈß£ÆÈÊzà Ô Ã�ÃLÌ�Ù>Å Ô Ä=ËCÂgËCÌIÊMÉ�´ Î Ô ËCÖ�Ã�ÂzÃ>Í�Ç �LÊzÃNËpÜ�Ã>Ù}ÊzÅ3Ç1ÊzÃ>Æ'É�Ã>ÆÎ Ô ËCÖ�Ã>Æ?Ä1ÂzÅ3Ä�Å!Æ Õ Ã>Æ�Ñ�ËCÌ�Æ?É�´UÃLÌ�ÆgÃ Ô /1É�ÃåÙLÎ /1É�Ã!ì³x´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3ÌFÑ1Ã�É�Ë�ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆ4ËCÌ�Ù>Ã&Ã>ÆzÊlË5/�Å3ÂzÑ Õ Ã'ÆzÃLÉ�Å3Ì�É�Ã Ô � Ô Ã(ËaÐ1Ã�Ñ�ËCÌ�Æ �U³ 6
� �d.�� 3(-MÄ=ËCÂÈÊÈÎÏÂlÑ1Ã&Ñ1ÃLÇ£ÐÃLÌ�ÆzÃ Ô /1É�Ã>Æ}× '�µ3·v·�º�À4¸�¹>º>Á?ÃLÊk¿$ÀÈ½�úzºÒ¹pºLÁzÞlÉ�Ã>Æ�ÆÈß�Êzà Ô Ã>Æ�Ñ1ÃMÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>Ã�Ñ�´ ÎÏÂÈÎ�Æ�ÆzÅ3ÌIÊ Õ Ü!ËCÉÏÇ Õ Æ�ÆÈÇ�Ù>Ù>Ã>ÆzÆzÎÏÜ�Ã�Ó
Ô ÃLÌ�ÊMÄ�Å3Ç1Â Õ ÊgË5/1ÉÏÎÏÂ�É�´ ÎÏÌ 8 Ç�ÃLÌ�Ù>ÃPÑ1Ã}É�ËÝÌ=ËCÊÈÇ1ÂzÃPÑ1ÃNÙ>Ã>Æ�ÃLÌ�ÆzÃ Ô /1É�Ã>Æpì	³	Ë¨ÍIÇ=ËCÉÏÎÏÊ Õ Ñ1Ã>Æ�Î Ô ËCÖ�Ã>Æ�Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã>ÆMÃ>ÆzÊËCÇ�ÆzÆÈÎKÄ1ÂÈÎ�ÆzÃPÃLÌ Ù>Å Ô Ä1ÊzÃ!ì	³	Ë Ô Ã>ÆÈÇ1ÂzÃ6Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì ÆzÃNÉÏÎ Ô ÎÏÊzÃ�ËCÇ£Ð�ÊgËCÇ£ÐøÑ1ÃNÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆgÆgËCÌ�Ù>Ã�ËCÇøÂgËCÌ1Ö �
×vÄ7Å3Ç1Â?Ç1Ì�ÃMÂzÃ>Í�Ç �LÊzÃ�Î Ô ËCÖ�Ã!Ú�É�Ã�ÂgËCÌ1Ö ��Ù>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�ÑéËCÇ¨ÊgËCÇ£Ð;Ñ�´ Î�Ñ1ÃLÌ�ÊÈÎ ê ÙpËCÊÈÎ�Å3Ì�É�Ã�Ä1ÉÏÇ�Æ Õ É�ÃLÜ Õ Þ�ì
 KÌFÙ>Ã�ÍIÇ1Î7Ù>Å3Ì�Ù>ÃLÂÈÌ�Ã'É�Ã Ô Å�Ñ£Ç1É�Ã&Ñ1Ã9ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>Ã(Ñ�´ Ç1ÌFÆÈß£ÆÈÊzà Ô Ã�áMâ�ã9ä Ñ Õ Ñ£Î Õ ËCÇÝÊzÃ�Ð�ÊzÃ!ÚIÉ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌÂzÃLÄ7Å!ÆgÃ�ÆÈÇ1Â9É�ËNÙ>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3Ì�Ñ1Ã�É�ËNÙ 
=Ë���Ì�Ã sres

Ä1ÂzÅ�Ñ£Ç1ÎÏÊzÃMÄ=ËCÂ9É�ÃåÆÈß�ÆzÊzà Ô ÃMË>Ü�Ã>ÙåÙ>ÃLÉÏÉ�ÃåÙ>Å3Ì�ÆzÃLÂÈÜ Õ ÃåÑ�ËCÌ�Æ�É�ËÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÛÚ svt
ì£á�ËCÌ�ÆkÙ>Ã&ÙpË3ÆHÚ�É�Ë Ô Ã>ÆÈÇ1ÂzÃ(Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì¨É�ËMÄ1ÉÏÇ�Æ?Ù>Å3Ç1ÂgË ÔNÔ ÃLÌIÊ9Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã(Ã>ÆÈÊlÉ�Ë Ô Ã>ÆÈÇ1ÂzÃÑ1Ã�³	ÃLÜ�ÃLÌ�ÆÈÊzÃLÎÏÌ ×ØÅ3Ç Ñ£Î�ÆzÊgËCÌ�Ù>Ã�Ñ�´ Õ Ñ£ÎÏÊÈÎ�Å3Ì$Þ � ��� � ���wì.³ÛÃÝÄ1ÂÈÎÏÌ�ÙLÎÏÄ�ÃFÙ>Å3Ì�ÆÈÎ�ÆÈÊzÃ -éÙpËCÉ�ÙLÇ1É�ÃLÂ}É�ÃÝÙ>Å � Ê Ô ÎÏÌ1Î Ô ËCÉ×

δ(svt, sres)
Þ9ÃLÌéÊzÃLÂ Ô Ã>Æ&Ñ1Ã�ÊÈÂgËCÌ�Æ � Å3Â Ô ËCÊÈÎ�Å3Ì�Æ&Ì Õ Ù>Ã>ÆzÆgËCÎÏÂzÃ>Æ9Ä�Å3Ç1Â'Ù>Å3ÌIÜ�ÃLÂÈÊÈÎÏÂ'É�ËPÙ�
=Ë���Ì�Ã sres

ÃLÌ�É�Ë6Ù�
=Ë���Ì�Ã
Ñ1Ã(É�Ë�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ svt

ì1³ÛÃ>Æ?ÊÈÂgËCÌ�Æ � Å3Â Ô ËCÊÈÎ�Å3Ì�Æ9Ä1ÂÈÎ�ÆgÃ>Æ?ÃLÌéÙ>Å Ô Ä1ÊzÃMÆzÅ3ÌIÊ?É�Ë}ÆÈÇ /�ÆÈÊÈÎÏÊÈÇ1ÊÈÎ�Å3ÌÛÚ1É�´ ÎÏÌ�ÆzÃLÂÈÊÈÎ�Å3Ì�ÃLÊ
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É�Ë6ÆÈÇ1Ä1Ä1ÂzÃ>ÆzÆÈÎ�Å3ÌéÑ�´ Ç1Ì;ÙpËCÂgË3ÙLÊzàLÂzÃ!Ú7ËCÇ£Ð£ÍIÇ�ÃLÉÏÉ�Ã>Æ�ÆgÅ3Ì�Ê'Ë3ÆzÆgÅIÙLÎ Õ ÆkÉ�Ã>Æ9Ù>Å � ÊzÆ'ÆÈÇ1ÎÏÜ!ËCÌ�ÊzÆ 3

Substitution (a → b) : coût γ(a, b)

Insertion (λ → b) : coût γ(λ, b)

Suppression (a → λ) : coût γ(a, λ)

avec δ(a, b) = γ(a, b)

³.ËåÑ Õ ÊzÃLÂ Ô ÎÏÌ=ËCÊÈÎ�Å3Ì¨Ñ1Ã>ÆlÙ>Å � ÊzÆlÃ>ÆzÊlËCÉ�Å3ÂzÆ.-�É�´æËCÄ1Ä1Â Õ ÙLÎ�ËCÊÈÎ�Å3Ì;Ñ1Ã9É�´ Ç1ÊÈÎÏÉÏÎ�Æ4ËCÊzÃLÇ1Âpì ��Å3Ç1ÂkÙ>Å Ô Ä=ËCÂzÃLÂlÉ�Ã>ÆtÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆÃLÌIÊÈÂzÃtÑ1Ã>Æ.Ù�
=Ë���Ì�Ã>Æ�Ñ1ÃKÉ�Å3Ì1Ö!Ç�ÃLÇ1ÂzÆ.Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ>ÆHÚ δ(svt, sres)
Ñ1Å3ÎÏÊ �LÊÈÂzÃKÌ�Å3Â Ô ËCÉÏÎ�Æ Õ ÃLÌ � Å3Ì�ÙLÊÈÎ�Å3ÌåÑ£ÇMÌ�Å Ô /1ÂzÃXÑ1ÃÙpËCÂgË3ÙLÊzàLÂzÃ>ÆtÙ>Å3Ì�ÊzÃLÌ�Ç�ÆtÑ�ËCÌ�Æ

svt
ìD�{É�Ã>ÆÈÊ -'ÂzÃ Ô ËCÂzÍ�Ç�ÃLÂKÍIÇ�ÃkÑ1Ã>Æ Ô Ã>ÆzÇ1ÂzÃ>ÆKÑ1ÃtÄ1Â Õ ÙLÎ�ÆÈÎ�Å3Ì6ÃLÊ^Ñ1ÃlÂgËCÄ1Ä7ÃLÉ£Ä�ÃLÇ1Ü�ÃLÌ�ÊÃLÌ�ÆzÇ1ÎÏÊzÃ �LÊÈÂzÃlÑ Õ�ê Ì1Î�Ã>ÆKÃLÌ � Å3Ì�ÙLÊÈÎ�Å3Ì6Ñ£Ç}Ì�Å Ô /1ÂzÃ?Ñ1ÃkÙpËCÂgË3ÙLÊzàLÂzÃ>ÆxÙ>Å3ÂÈÂzÃ>ÙLÊzÃ Ô ÃLÌ�ÊtÂzÃ>Ù>Å3Ì1Ì�Ç�Æ �U³�� ���1Ú � ��ã'ë!ë �

ÃLÊ�Í�ÇÛ´ ÎÏÉ�Ã>ÆzÊ6Ä7Å!ÆgÆÈÎ /1É�Ã¨Ñ1Ã;Ñ£Î�ÆÈÊÈÎÏÌ1Ö!Ç�ÃLÂ�É�Ã¨ÊgËCÇ£Ð Ñ1Ã;ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃéÑ1Ã>Æ Ô Å3ÊzÆPÑ1Ã;Ù>ÃLÉÏÇ1Î'Ñ1Ã>ÆPÙpËCÂgË3ÙLÊzàLÂzÃ>Æ
� � ��ã'ë!ë �wì

� ��� � �������N
��� � 	�� �&�� �3� � � � 	<���=����������
��� � ��	����f
��@� �
� 
=Ë3Í�Ç�Ã Ô Å�Ñ£Ç1É�Ã}Ñ�´ Ç1Ì�ÆÈß£ÆÈÊzà Ô Ã}áMâ�ã9ä ÆzÃÒÜ�Å3ÎÏÊMË3ÆzÆzÅ�ÙLÎ Õ Ç1Ì�Ã Ô Ã>ÆÈÇ1ÂzÃ�Ä1ÂzÅ3Ä1ÂzÃ�-�ÆzÅ3Ì �ØÅ3Ì�ÙLÊÈÎ�Å3Ì1Ì�Ã�Ó

Ô ÃLÌIÊpì � 
=Ë3ÙLÇ1Ì�Ã9Ñ1Ã?Ù>Ã>Æ Ô Ã>ÆzÇ1ÂzÃ>ÆtË&Ä7Å3Ç1ÂxÅ!/�0ÈÃ>ÙLÊÈÎ ��Ñ�´ Õ ÊgË5/1ÉÏÎÏÂxÇ1ÌNÎÏÌ�Ñ£Î�Ù>Ã9Ñ1ÃkÂ Õ Ç�ÆzÆÈÎÏÊzÃkÑ£Ç Ô Å�Ñ£Ç1É�Ã?Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ
-6Ã�ç�Ã>ÙLÊÈÇ�ÃLÂ'É�Ë}Ê��3Ù�
�Ã -}É�Ë3Í�Ç�ÃLÉÏÉ�ÃåÎÏÉ	Ã>ÆÈÊ'Ë3ÆgÆÈÎÏÖ!Ì Õ Ú�ÆÈÇ1Â9Ç1Ì�Å!/�0rÃLÊ9Ä=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�ÃLÂpì7³x´UÃLÌ�ÆzÃ Ô /1É�ÃÒÑ1Ã>Æ�Ñ1Å3Ì1Ì Õ Ã>Æ�Î�ÆrÓÆzÇ�Ã>ÆtÑ1Ã?É�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3ÌPÄ�Å3ÂÈÊzÃ9Ñ1Å3Ì�Ù9ÆÈÇ1ÂtÉ�ÃkÌ1ÎÏÜ�ÃpËCÇ �!½�úvüpºLÁ2�3ì �.Å3Ç�ÆxÉ�Ã>ÆxÅ!/�0ÈÃLÊzÆtÑ1Ã9É�Ë(Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ�ÆgÃkÜ�Å3Î�ÃLÌ�ÊËCÎÏÌ�ÆzÎ�Ñ1Å3Ê Õ Æ(Ñ�´ Ç1Ì�Ü�Ã>ÙLÊzÃLÇ1Â(Ñ1Ã Ô Ã>ÆÈÇ1ÂzÃ>Æ&Ñ1Å3Ì�Ê(É�Ã>Æ&Ù>Å Ô Ä7Å!ÆgËCÌIÊzÃ>Æ�ÆzÃLÂzÅ3Ì�Ê(Ñ Õ�ê Ì1Î�Ã>Æ�ÙLÎ,ÓwÑ1Ã>ÆzÆzÅ3Ç�Æ&ÃLÌ �ØÅ3Ì�ÙLÊÈÎ�Å3Ì
Ñ£Ç Ô ÅIÑ£Ç1É�ÃMÙ>Å3Ì�ÆzÎ�Ñ Õ Â Õ ì
*,+��!+�* 	 � 0 �m2�� 
D= 9!��
g9���%8

³x´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ä7ÃLÇ1Ê �LÊÈÂzÃ Õ ÊgË5/1ÉÏÎ�Ã -ÝÑ£Î,ç Õ ÂzÃLÌIÊzÃ>Æ�Ö!ÂgËCÌ�Ç1É�ËCÂÈÎÏÊ Õ Æ 3$Ñ£Ç�Ì1ÎÏÜ�ÃpËCÇ�Ñ1Ã>Æ(Ä1Î,Ð1ÃLÉ�Æ -PÙ>ÃLÉÏÇ1ÎxÑ1Ã>ÆÅ!/�0ÈÃLÊzÆpì�³ÛÃÝÙ�
�Å3Î,Ð Ñ1Ã�É�Ë¨Ö!ÂgËCÌIÇ1É�ËCÂÈÎÏÊ Õ Ñ Õ Ä7ÃLÌ�Ñ Ñ1Ã>ÆÒÑ1Å3Ì1Ì Õ Ã>Æ}Ñ£Î�ÆÈÄ�Å3Ì1Î /1É�Ã>Æ}ÃLÌ ÆzÅ3ÂÈÊÈÎ�ÃÝÑ£Ç Ô ÅIÑ£Ç1É�ÃÝÑ1ÃPÑ Õ ÓÊzÃ>ÙLÊÈÎ�Å3ÌÛì��'Ç�ÃLÉtÍIÇ�ÃNÆzÅ3ÎÏÊ�É�Ã}Ì1ÎÏÜ�ÃpËCÇ Ù�
�Å3Î�ÆzÎ�ÚÛÉ�Ë Ô Ã>ÆÈÇ1ÂzÃ6Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì ÆzÃNÑ1Å3ÎÏÊÒÑ1Ã}Ä7ÃLÂ Ô ÃLÊÈÊÈÂzÃ�Ñ�´ Î�Ñ1ÃLÌ�ÊÈÎ ê ÃLÂÉ�Ã>Æ	��ËCÇ£ÐPÄ�Å!ÆÈÎÏÊÈÎ � Æ(×vÉ�Ã>Æ ��ËCÇ�ÆzÆzÃ>ÆrÓ{ËCÉ�ËCÂ Ô Ã>Æ�Þ�ÚIÉ�Ã>Æ ��ËCÇ£ÐPÌ Õ Ö�ËCÊÈÎ � ÆM×vÉ�Ã>ÆlÅ3Ç /1ÉÏÎ�Æ�ÞlÃLÊXÉ�Ã>ÆkÜ�ÂgËCÎ�ÆlÄ7Å!ÆÈÎÏÊÈÎ � Æ(×vÉ�Ã>Æ?Å!/�0rÃLÊzÆÙ>Å3ÂÈÂzÃ>ÙLÊzÃ Ô ÃLÌIÊ?Ñ Õ ÊzÃ>ÙLÊ Õ Æ4Þ�ìI³.Ë�Ñ Õ ÊzÃLÂ Ô ÎÏÌ=ËCÊÈÎ�Å3Ì¨Ñ1Ã9Ù>Ã>ÆtÑ£Î,ç Õ ÂzÃLÌ�ÊzÃ>ÆkÙLÉ�Ë3ÆzÆzÃ>ÆtÑ1Ã9Â Õ ÆÈÇ1ÉÏÊgËCÊzÆXÎ Ô Ä7Å!ÆgÃ?É�´ Ç�ÆgËCÖ�Ã�Ñ1ÃÆgÃLÇ1ÎÏÉ�ÆlÑ1Å3ÌIÊkÉ�ËåÑ Õ ÊzÃLÂ Ô ÎÏÌ=ËCÊÈÎ�Å3Ì;Ã>ÆÈÊlÊÈÂzà>ÆkÑ£Î �PÙLÎÏÉ�Ã(ÃLÊlÆzÅ3Ç1Ü�ÃLÌIÊ?ÆÈÇ!0rÃLÊÈÊzÃ*-ÒÆÈÇ /�0rÃ>ÙLÊÈÎÏÜ�ÎÏÊ Õ ì£³	ËÒÆzÅ3ÉÏÇ1ÊÈÎ�Å3ÌFÉ�ËMÄ1ÉÏÇ�ÆÆzÎ Ô Ä1É�ÃåÙ>Å3Ì�ÆÈÎ�ÆÈÊzÃÒËCÉ�Å3ÂzÆ -6ËCÄ1Ä1ÉÏÎ�ÍIÇ�ÃLÂ�Ä1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆ'ÆzÃLÇ1ÎÏÉÏÉ�ËCÖ�Ã>Æ�Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆHÚ Õ Ù�
�Å!Æ&Ñ1Ã�É�Ë}ÂÈÎÏÖ!Ç�ÃLÇ1Â(Ë>Ü�Ã>ÙåÉ�Ë3Í�Ç�ÃLÉÏÉ�ÃÉ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ã>ÆzÊ?Ä1ÂgËCÊÈÎ�Í�Ç Õ Ã!ì
� É�Å!/=ËCÉ�Ã Ô ÃLÌ�ÊpÚ$É�Ë Ô Ã>ÆÈÇ1ÂzÃ�Ì Õ Ù>Ã>ÆzÆÈÎÏÊzÃ43

�!ì9Ñ�´æË3ÆzÆzÅ�ÙLÎ�ÃLÂÒÃLÌIÊÈÂzÃ�ÃLÇ£Ð�ÚÛÉ�Ã>Æ�Å!/�0ÈÃLÊzÆÒÑ1ÃPÉ�Ë¨Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ ÃLÊ�Ù>ÃLÇ£Ð Ñ Õ ÊzÃ>ÙLÊ Õ ÆåÄ=ËCÂ�É�ÃPÆzß�ÆÈÊzà Ô Ã!Ú	É�´UÃ�ÐIÓÊÈÂgË3ÙLÊÈÎ�Å3Ì Ñ1Ã>Æ � ËCÇ£Ð�Ä7Å!ÆzÎÏÊÈÎ �ØÆMÃLÊÒÑ1Ã>Æ ��ËCÇ£Ð�Ì Õ Ö�ËCÊÈÎ � Æ Õ ÊgËCÌIÊÒÃ�ç�Ã>ÙLÊÈÇ Õ Ã6Ñ�ËCÌ�ÆMÉ�Ã Ô � Ô ÃPÊzÃ Ô Ä�ÆMÄ=ËCÂMÉ�ÃÆzÃLÇ1ÎÏÉÏÉ�ËCÖ�Ã�Ä1Â Õ ÙLÎÏÊ Õ Ú
�£ì9Ñ1Ã(Ä1ÂzÅ3Ä�Å!ÆzÃLÂ?Ç1Ì¨Ü�Ã>ÙLÊzÃLÇ1Â�Ñ1Ã Ô Ã>ÆÈÇ1ÂzÃ>Æ?Ñ1Ã(Ä�ÃLÂ �ØÅ3Â Ô ËCÌ�Ù>Ã>Æ�Ä7Å3Ç1Â9Ù 
=Ë3Í�Ç�Ã�Å!/�0ÈÃLÊ9Ñ1Ã(É�Ë�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÍIÇ1ÎIÌÛ´æË�Ä=Ë3Æ Õ Ê Õ �!½!ù1ú�·Oþ �h�XÄ=ËCÂ^É�ÃXÆzß�ÆÈÊzà Ô Ã!ÚaÜ�Ã>ÙLÊzÃLÇ1ÂKÑ1ÃLÜ3ËCÌIÊxÑ1Å3Ì1Ì�ÃLÂ Ô Ã>ÆÈÇ1ÂzÃXÑ1Ã>ÆKÙpË3Æ^Ñ�´æË3ÆzÆgÅIÙLÎ�ËCÊÈÎ�Å3Ì�Æ
Ô Ç1ÉÏÊÈÎÏÄ1É�Ã>Æ'Ñ Õ 0$- Õ Ü�ÅIÍIÇ Õ Æå×ØÙ� ê Ö!Ç1ÂzÃ �!ì � ��Þ�ì

³.Ë Ô6Õ Ê 
�Å�Ñ1ÃkÑ�´æË3ÆzÆzÅ�ÙLÎ�ËCÊÈÎ�Å3ÌÒÉ�Ë9Ä1ÉÏÇ�Æ�ÆzÎ Ô Ä1É�ÃxÂzÃLÄ�Å!ÆzÃXÆzÇ1Â	É�Ã>Æ Õ É ÕLÔ ÃLÌ�ÊzÆKÑ1ÃXÉ�´ Õ Í�Ç=ËCÊÈÎ�Å3Ì �!ì��£ìa³	Ã>Æ ��ËCÇ£ÐMÄ�Å!ÆÈÎÏÊÈÎ �ØÆ
ÃLÊ�Ì Õ Ö�ËCÊÈÎ �ØÆ9ÆgÅ3Ì�Ê9Î�ÆzÅ3É Õ Æ�ÃLÌ �ØÅ3Ì�ÙLÊÈÎ�Å3Ì�Ñ£ÇéÆzÃLÇ1ÎÏÉ�Ç1ÊÈÎÏÉÏÎ�Æ Õ ì³.ËåÙ>Å3Ì�ÆÈÊÈÂÈÇ�ÙLÊÈÎ�Å3Ì¨Ñ1Ã>ÆXÜ�Ã>ÙLÊzÃLÇ1ÂzÆkÑ1Ã9Ä�ÃLÂ �ØÅ3Â Ô ËCÌ�Ù>Ã&ÂzÃLÄ�Å!ÆzÃ�ÃLÌ�ÆÈÇ1ÎÏÊzÃ&ÆÈÇ1ÂXÉ�Ã>ÆXÙpËCÉ�ÙLÇ1É�ÆkÆÈÇ1ÎÏÜ!ËCÌ�ÊzÆpì0 KÊgËCÌ�Ê?Ñ1Å3Ì1Ì ÕÇ1Ì�ÃMÎ Ô ËCÖ�Ã��4¾�Ñ£Ç 8 Ç£Ð�Ú�Å3Ì;Ì�Å3ÊzÃLÂgË}Ä=ËCÂ�É�ËNÆÈÇ1ÎÏÊzÃ {V Ti}i

É�´UÃLÌ�ÆzÃ Ô /1É�ÃÒÑ1Ã>Æ 
pÅ3Ì�Ã>Æ9Ñ1ÃMÉ�Ë}Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ�ÃLÊ
{Resk}k

É�´UÃLÌ�ÆzÃ Ô /1É�Ã(Ñ1Ã>Æ�
pÅ3Ì�Ã>ÆkÑ Õ ÊzÃ>ÙLÊ Õ Ã>ÆlÄ=ËCÂlÉ�Ã'ÆÈß£ÆÈÊzà Ô Ã'Ñ�ËCÌ�ÆlÙ>ÃLÊÈÊzÃ'Î Ô ËCÖ�Ã!ì£³	Ë Ô Ã>ÆÈÇ1ÂzÃ'Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3ÌÑ1Ã�É�ËÝÑ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌøÑ1Ã}Ù�
=Ë3ÍIÇ�Ã 
pÅ3Ì�Ã V Ti
Ù>Å Ô Ä�Å3ÂÈÊzÃ6ËCÉ�Å3ÂzÆ(Í�Ç=ËCÊÈÂzÃ�ÎÏÌ�Ñ£Î�Ù>Ã>ÆMÑ£Î,ç Õ ÂzÃLÌ�ÊzÆ�3�Ñ1ÃLÇ£Ð�Ñ�´UÃLÌIÊÈÂzÃNÃLÇ£ÐÙ>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�Ñ1ÃLÌIÊkËCÇ£Ð}ÊgËCÇ£Ð}Ñ1Ã9ÂzÃ>Ù>Å3Ç1ÜIÂzÃ Ô ÃLÌIÊ Ô Ç1ÊÈÇ�ÃLÉ�ÆlÑ1ÃkÉ�´ Õ ÍIÇ=ËCÊÈÎ�Å3Ì �!ì��£Ú3Ç1Ì�ËCÇ1ÊÈÂzÃ9Ã>ÆzÊKÉÏÎ Õ ËCÇ£Ð�Ä�Å!ÆÈÎÏÊÈÎ�Å3Ì�Æ

� �
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798;: # M[b�8Q@ `RK � AD@BS/GJM<^�`RKNA%���6GJMDK6@�`$K C\8 �;>^_
VLSFEL>�ELK6VBV�8�S\Mf@BGJM2EH8Q@B@BG2b6S\>6KN@�Y ADMDK�Y) NY]K��6GJMDK
`R>^ELKNb6EL>NK=PD8�V C/K @&%$@ E! NY]K

7aId: # M�b�8�@e`RK @BKNZJY]KNM2E�8�ELS\GQM�^OPRC/AD@BS/KNARVL@��6GJMDK6@
`R>^ELKNb6EL>NKN@4@BGJM2E�8�@B@BG2bNS/>NKN@ 8QA Y) NY]KeGJI � K6E�`RK CU8
�;>6VLSFEL>&ELK^VBV�8QS/M

i�j(k�m �!ì � �gnÝá(ÃLÇ£ÐFÙpË3Æ�Ñ�´æË3ÆzÆzÅ�ÙLÎ�ËCÊÈÎ�Å3ÌéÑ£Î,ç Õ ÂzÃLÌIÊzÆ 31É�Ë �ØÇ�ÆÈÎ�Å3Ì;ÃLÊ9É�Ë}ÆgÃLÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3Ì

ÂzÃ>ÆÈÄ�Ã>ÙLÊÈÎÏÜ�Ã>Æ�Ñ1Ã>Æ 
pÅ3Ì�Ã>Æ¨Ë3ÆzÆzÅ�ÙLÎ Õ Ã>ÆPÃLÊPÇ1Ì
Ñ1ÃLÂÈÌ1Î�ÃLÂÝÎÏÌ�Ñ£Î�Ù>Ã�Ã>ÆÈÊ�ÉÏÎ Õ - É�Ë �ØÇ�ÆÈÎ�Å3ÌÛì � 
=Ë3ÍIÇ�Ã 
pÅ3Ì�Ã
V Ti

Ã>ÆzÊ
Ë3ÆzÆzÅ�ÙLÎ Õ Ã -NÇ1Ì�ÃLÌ�ÆzÃ Ô /1É�Ã}Ñ1Ã 
pÅ3Ì�Ã>Æ'Ñ Õ ÊzÃ>ÙLÊ Õ Ã>Æ ERes

i

ÃLÊ&Ù�
=Ë3ÍIÇ�Ã 
pÅ3Ì�ÃÒÑ Õ ÊzÃ>ÙLÊ Õ Ã Resk

Ã>ÆzÊ'Ë3ÆzÆzÅ�ÙLÎ Õ Ã -6Ç1ÌÃLÌ�ÆzÃ Ô /1É�ÃÒÑ1Ã�
pÅ3Ì�Ã>Æ&Ñ1Ã�É�ËNÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ EV T
k

ì=³	Ã>Æ�ÙpË3Æ�Ñ�´æË3ÆgÆzÅIÙLÎ�ËCÊÈÎ�Å3Ì�Æ Ô Ç1ÉÏÊÈÎÏÄ1É�Ã>Æ&ÎÏÌIÊzÃLÂÈÜIÎ�ÃLÌ1Ì�ÃLÌIÊ�ËCÉ�Å3ÂzÆÑ�ËCÌ�Æ?É�Ã>Æ9ÆÈÎÏÊÈÇ=ËCÊÈÎ�Å3Ì�Æ'ÆÈÇ1ÎÏÜ!ËCÌ�ÊzÃ>Æ 3
•
âIÎ

#(ERes
i ) > 1

Ú�ÎÏÉ�ßFËÝ¹pº '3¾Pº�¶=Á�µ�ÁØþØ½3¶
•
âIÎ

#(EV T
k ) > 1

Ú1ÎÏÉ�ß¨Ë&ÿ�ù�¹�þØ½3¶$ì
�'Ç�ÃLÉÏÉ�Ã}Í�Ç�Ã�ÆzÅ3ÎÏÊ&É�ËPÆzÎÏÊÈÇ=ËCÊÈÎ�Å3Ì�ÂzÃLÌ�Ù>Å3Ì�ÊÈÂ Õ Ã!Ú�É�Ã>Æ&ÊÈÂzÅ3Î�Æ&Ä1ÂzÃ Ô Î�ÃLÂzÆ(ÎÏÌ�Ñ£Î�Ù>Ã>Æ�ÆzÅ3Ì�Ê(ÎÏÌ�Ü!ËCÂÈÎ�Ë5/1É�Ã Ô ÃLÌ�ÊÒÙpËCÉ,ÓÙLÇ1É Õ Æ9ÆzÃLÉ�Å3Ì;É�Ã Ô Å�Ñ1ÃMÆÈÇ1ÎÏÜ!ËCÌ�Ê 3

1. I1
recouv(V Ti) = MOYResj∈ERes

i
(I1

recouv(V Ti, Resj))

où I1
recouv(V Ti, Resj) =

A(V Ti ∩ Resj)

A(V Ti)

2. I2
recouv(V Ti) = MOYResj∈ERes

i
(I2

recouv(V Ti, Resj))

où I2
recouv(V Ti, Resj) =

A(V Ti ∩ Resj)

A(Resj)

3. Ipos(V Ti) = MOYResj∈ERes
i

(Ipos(V Ti, Resj))

où Ipos(V Ti, Resj) = ‖
−−−−→
G(V Ti) −

−−−−−→
G(Resj)‖L2

et G(V T ) désigne le centre de gravité d′une zone.

ä'Ì;ÂzÃ Ô ËCÂzÍIÇ�ÃLÂgË}Î�ÙLÎ	ÍIÇ�Ã I2
recouv(V Ti) = 1

ÆzÎ
∀j, Resj ⊂ V Ti

ì
ã�Ã>ÆÈÊzÃ&-9ÆgË>Ü�Å3ÎÏÂ	Ù>Å ÔNÔ ÃLÌIÊ�ÍIÇ=ËCÌ�ÊÈÎ ê ÃLÂ.É�Ã>Æ Õ Ü�àLÌ�Ã Ô ÃLÌIÊzÆ.Ñ1ÃxÆgÃLÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3Ì}ÃLÊ	Ñ1Ã �ØÇ�ÆÈÎ�Å3ÌÛìO KÌåÙ>ÃtÍ�Ç1Î�Ù>Å3Ì�Ù>ÃLÂÈÌ�ÃÉ�ËNÆzÃLÖ Ô ÃLÌIÊgËCÊÈÎ�Å3ÌÛÚ$ÆgË�Ä1ÂÈÎ�ÆgÃMÃLÌéÙ>Å Ô Ä1ÊzÃMÎÏÌIÊzÃLÂÈÜIÎ�ÃLÌIÊ&Ñ�ËCÌ�Æ I1

recouv

3£Ä1ÉÏÇ�Æ9É�Ã�Ì�Å Ô /1ÂzÃÒÑ�´ Õ É ÕLÔ ÃLÌIÊzÆ'Ñ Õ ÊzÃ>ÙLÊ Õ ÆÃLÌ�ÊÈÂgËCÌIÊ'ÃLÌéÙ>Å Ô Ä1ÊzÃMÃ>ÆzÊ?Î Ô Ä7Å3ÂÈÊgËCÌIÊpÚ�Ä1ÉÏÇ�Æ9Ù>ÃLÊ9ÎÏÌ�Ñ£Î�Ù>ÃåÑ£Î Ô ÎÏÌ�Ç�ÃåÙ>Å ÔNÔ ÃåÎÏÉÏÉÏÇ�ÆÈÊÈÂ Õ Ñ�ËCÌ�Æ?É�Ë ê Ö!Ç1ÂzÃ �!ì � ��ì
� Å3Ì�Ù>ÃLÂÈÌ=ËCÌ�ÊFÉ�Ë �ØÇ�ÆÈÎ�Å3ÌÛÚtÇ1Ì Ì�Å3Ç1Ü�ÃLÉ'ÎÏÌ�Ñ£Î�Ù>Ã

Ifusion

ÉÏÇ1Î'Ã>ÆzÊPÙ>Å3Ì�ÆgË3ÙLÂ Õ ì � ÃLÊ�ÎÏÌ�Ñ£Î�Ù>Ã�Ã>ÆzÊ6ÊzÅ3Ç!0rÅ3Ç1ÂzÆË3ÆzÆzÅ�ÙLÎ Õ -6Ç1Ì Õ É ÕLÔ ÃLÌIÊ(Ñ1ÃåÉ�Ë6Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ V TI
ì=á�ËCÌ�Æ'É�ÃÒÙpË3Æ&Ñ1ÃÒÉ�Ë �ØÇ�ÆÈÎ�Å3ÌÛÚ�Ç1Ì�Ã 
pÅ3Ì�ÃÒÑ Õ ÊzÃ>ÙLÊ Õ Ã ReskÍ�Ç1Î$ÉÏÇ1Î7Ã>ÆzÊlË3ÆzÆzÅ�ÙLÎ Õ Ã&Ã>ÆÈÊlËCÇ�ÆzÆzÎ7Ë3ÆzÆzÅ�ÙLÎ Õ Ã'ËpÜ�Ã>Ù&Ç1ÌÝÃLÌ�ÆzÃ Ô /1É�Ã(Ñ�´æËCÇ1ÊÈÂzÃ>Æ�
pÅ3Ì�Ã>ÆkÑ1Ã'É�Ë�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÛì Ifusion

� �
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798;:
I1

recouv �
� 7aId:

I1
recouv = 1

4

7ab�:
I1

recouv = 1
16

i�jlk�m �!ì � �5nÒ³x´UÅ!/�0rÃLÊ -�Ñ Õ ÊzÃ>ÙLÊzÃLÂ'×vÉ�Ã?Ä1ÉÏÇ�ÆtÖ!ÂgËCÌ�ÑNÂzÃ>ÙLÊgËCÌ1Ö!É�ÃHÞKÃ>ÆÈÊKÄ=ËCÂ ��ËCÎÏÊzÃ Ô ÃLÌ�ÊlÂzÃ>Ù>Å3Ç1Ü�ÃLÂÈÊxÄ=ËCÂxÉ�´UÃLÌ�ÆgÃ Ô /1É�ÃÑ1Ã>ÆkÂzÃ>ÙLÊgËCÌ1Ö!É�Ã>ÆkÄ1ÂzÅ�Ñ£Ç1ÎÏÊzÆkÄ=ËCÂkÉ�Ã'Æzß�ÆÈÊzà Ô Ã!ì ��Å3Ç1Â�ËCÇ1ÊgËCÌ�ÊpÚ£É�´ ÎÏÌ�Ñ£Î�Ù>Ã I1
recouv

Ä1ÂzÃLÌ�Ñ¨ÃLÌFÙ>Å Ô Ä1ÊzÃ(É�Ã'Ñ1ÃLÖ!Â Õ Ñ1ÃÆgÃLÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3Ì ÃLÊ�Ñ Õ ÙLÂzÅ3ÎÏÊåÃLÌ � Å3Ì�ÙLÊÈÎ�Å3ÌøÑ£Ç�Ì�Å Ô /1ÂzÃ6Ñ1Ã}ÂzÃ>ÙLÊgËCÌ1Ö!É�ÃNÑ Õ ÊzÃ>ÙLÊ Õ ÆåÃLÌ�ÊÈÂgËCÌ�Ê�ÃLÌ 0rÃLÇøÑ�ËCÌ�Æ�Ù>ÃLÊÈÊzÃÆgÃLÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3ÌÛì

Ã>ÆzÊ'ËCÉ�Å3ÂzÆ9ÙpËCÉ�ÙLÇ1É Õ Ñ1Ã�É�Ë}ÆgÅ3ÂÈÊzÃ 3

Ifusion(V TI) =

∑

i6=I A(Resk ∩ V Ti)

A(Resk\(Resk ∩ V TI))
� Ã?ÙpË3Æ^Ñ1Ã ê Ö!Ç1ÂzÃkÙ>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ6ËCÇNÙpË3Æ^Î�Ñ Õ ËCÉ�Ä�Å3Ç1Â^É�Ã>Í�Ç�ÃLÉ�Ú3É�Ã>Æ 
pÅ3Ì�Ã>ÆxÑ1ÃlÉ�Ë'Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌNÌ�ÃkÆp´ ÎÏÌ�ÊzÃLÂzÆgÃ>ÙLÊzÃLÌ�ÊÄ=Ë3ÆHì�á�ËCÌ�Æ?É�Ã�ÙpË3Æ�Ù>Å3ÌIÊÈÂgËCÎÏÂzÃ!Ú�É�´ ÎÏÌ�Ñ£Î�Ù>Ã�Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã>ÆÈÊ?Ä1ÉÏÇ�Æ9ÂzÃ>ÆÈÊÈÂÈÎ�ÙLÊÈÎ �KÃLÊ�Ñ1ÃLÜ�Î�ÃLÌ�Ê 3

Ifusion(V TI) =

∑

i6=I A(Resk ∩ (V Ti\V TI))

A(Resk\(Resk ∩ V TI)
)

� Ã>Æ'Ñ£Î,ç Õ ÂzÃLÌIÊzÆ�ÙpË3Æ9ÆgÅ3Ì�Ê9ÎÏÉÏÉÏÇ�ÆÈÊÈÂ Õ Æ'Ñ�ËCÌ�Æ?É�Ë ê Ö!Ç1ÂzÃ �!ì �O.

798;:'� 8 �NGQMDKH`R>^ELKNb6EL>NKc< KN@?MhX S\M$_
ELK6VL@BKNb6ELK�8�ADbNARMDK�8�AREBVLK �NGQMDK�`$K
C\8 �;>6VLSFEL> ELK6VBV�8�S/M T2ADK

V T1

¡
Ifusion(V T1) = 0

7aId: # M bN8Q@ @BS/Y]PDC/K ^
V T1 ∪

V T2 = ∅
¡
Ifusion(V T1)

P$VLKNM-`
KNM*bNGJY]P$ELKWCaX 8�SFVLK�`RA VLK6b6E�8QMRZJC/K
� 8�b � ARVL>

7ab�: # M b�8�@ PDC/AD@ bNGQY]PDC/K��$K ^
V T1 ∪ V T2 6= ∅

¡ CaX 8QSFVLK�`RA�VLKNb6_
E�8QMRZJC/K�KNM2EBV�8QM2E�KNM � KNA `D8�MD@�C/K
b�8�C\b6ADC�`$K

Ifusion(V T2)
b6GQVBVLKN@ _

PdGJMD` Y
A(Res ∩ (V T1\V T2)

i�jlk�m �!ì �O.�nÝ³ÛÃ>Æ9Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆ'ÙpË3Æ�Ñ1Ã ê Ö!Ç1ÂzÃMÑ1Ã�É�Ë �ØÇ�ÆÈÎ�Å3Ì
á�ËCÌ�ÆXÉ�Ã&ÙpË3ÆlÉ�Ã&Ä1ÉÏÇ�ÆXÖ Õ Ì Õ ÂgËCÉ�Ú�ÎÏÉ�Ã�Ð£Î�ÆÈÊzÃ�Ä�Å3Ç1ÂlÇ1Ì�Ã 
pÅ3Ì�Ã&Ñ1Ã&É�ËMÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ V TI

Ä1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆ
pÅ3Ì�Ã>Æ
Resk

ÆzÅ3Ç1ÂzÙ>Ã>ÆMÑ1Ã �ØÇ�ÆÈÎ�Å3ÌÛì�³x´ ÎÏÌ�Ñ£Î�Ù>Ã�Ñ1Ã �vÇ�ÆÈÎ�Å3ÌøÙ>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�ÑøËCÉ�Å3ÂzÆ -ÝÉ�Ë Ô ÅHß�ÃLÌ1Ì�ÃPÑ1Ã>Æ(ÎÏÌ�Ñ£Î�Ù>Ã>ÆÒÑ1Ã �vÇ�ÆÈÎ�Å3Ì
���



� ��� ��� �l+x¶�þØÁØþØ½!¶�»�º4¹M¾Pº4¹�ùIÀzº4¹Ò»	û ��aµ!·Bù1µ!ÁØþ ½3¶ µ�»�½4¿�Á �zº4¹

Å!/1ÊzÃLÌ�Ç�ÆåÄ7Å3Ç1Â�É�Ã>ÆMÑ£Î,ç Õ ÂzÃLÌ�ÊzÃ>Æ 
pÅ3Ì�Ã>Æ Resk

ì�³	Ë Ô Ã>ÆÈÇ1ÂzÃ6Ñ1ÃNÑ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì Ë3Ñ1Å3Ä1Ê Õ Ã6Ñ�´ Ç1Ì Å!/�0ÈÃLÊ V Ti
Ñ1Ã}É�Ë

Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌéÃ>ÆÈÊ9Ñ1Å3Ì�Ù ê Ì=ËCÉ�Ã Ô ÃLÌ�Ê&É�Ã(Ü�Ã>ÙLÊzÃLÇ1Â�-}ÍIÇ=ËCÊÈÂzÃMÙ>Å Ô Ä7Å!Æ4ËCÌ�ÊzÃ>Æ�ÆzÇ1ÎÏÜ3ËCÌIÊ 3

Mdetection(V Ti) = MoyResj∈ERes
i







I1
recouv(V Ti, Resj)

I2
recouv(V Ti, Resj)
Ipos(V Ti, Resj)

Ifusion(V Ti, Resj)







× �!ì �IÞ

³	Ë Ô6Õ ÊÈÂÈÎ�ÍIÇ�Ã�Ë3Ñ1Å3Ä1Ê Õ ÃéÎ�ÙLÎ9ÆÈÇ1Ä1Ä�Å!ÆzÃ;ÍIÇ�Ã¨Ù�
=Ë3ÍIÇ�ÃéÅ!/�0ÈÃLÊPÑ1Ã¨É�Ë�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ�Ã>ÆÈÊPÑ Õ ÉÏÎ Ô ÎÏÊ Õ Ä=ËCÂÇ1Ì�ÃåÇ1Ì1Î�ÍIÇ�Ã 
pÅ3Ì�ÃÒÃLÌ1Ö!É�Å!/=ËCÌIÊzÃ!ìÛ³	Ë�Í�Ç�Ã>ÆÈÊÈÎ�Å3Ì�Ñ1ÃÒÉ�´UÃ�Ð�ÊzÃLÌ�ÆÈÎ�Å3Ì�Ñ1Ã�Ù>ÃLÊÈÊzÃ Ô6Õ ÊÈÂÈÎ�ÍIÇ�Ã}ËCÇ�ÙpË3Æ&Ä1Â Õ ÆzÃLÌIÊ Õ Ñ�ËCÌ�Æ
� �xã���� � � �=Ã>ÆÈÊtËCÉ�Å3ÂzÆtÆzÅ3Ç1É�ÃLÜ Õ Ã!ì�³ÛÃ?Ä1ÉÏÇ�ÆtÆzÎ Ô Ä1É�Ã9Ã>ÆÈÊxÑ1Ã9Ù>Å3Ì�ÆzÃLÂÈÜ�ÃLÂXÙ>ÃLÊÈÊzÃ Ô � Ô Ã Ô Ã>ÆÈÇ1ÂzÃ!Ú�ËCÉ�Å3ÂzÆ Ô Åpß�ÃLÌ1Ì Õ ÃÆÈÇ1Â�É�´UÃLÌ�ÆzÃ Ô /1É�ÃFÑ1Ã>Æ�
pÅ3Ì�Ã>Æ�ÎÏÌ�ÙLÉÏÇ�ÆzÃ>ÆNÑ�ËCÌ�Æ�É�ËéÑ Õ ÉÏÎ Ô ÎÏÊgËCÊÈÎ�Å3Ì Ñ1Ã>Æ}Å!/�0ÈÃLÊzÆF×vÊ{ßIÄ1Î�ÍIÇ�Ã Ô ÃLÌ�ÊNÉ�Ã>Æ}Ñ1ÃLÇ£Ð 
pÅ3Ì�Ã>Æ
Ù>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ�ËCÌ�ÊMËCÇ£Ð;ß�ÃLÇ£ÐéÑ�ËCÌ�Æ&É�ÃåÙpË3Æ Õ Ü�ÅIÍIÇ Õ Ñ�ËCÌ�Æ � �xã���� � ���vÞ�ì �^ËCÂMËCÎÏÉÏÉ�ÃLÇ1ÂzÆ'ÎÏÉ�Ã>ÆÈÊ&ËCÉ�Å3ÂzÆ'Ì Õ Ù>Ã>ÆzÆgËCÎÏÂzÃÑ�´æË 0rÅ3Ç1ÊzÃLÂ�Ç1Ì ËCÇ1ÊÈÂzÃ}ÎÏÌ�Ñ£Î�Ù>Ã -PÌ�Å3ÊÈÂzÃ}Ü�Ã>ÙLÊzÃLÇ1ÂÒÑ1Ã}Ä7ÃLÂ � Å3Â Ô ËCÌ�Ù>Ã!Ú�ÂzÃLÉ�ËCÊÈÎ �?ËCÇ Ô ËCÎÏÌIÊÈÎ�ÃLÌ Ñ1Ã�É�´UÅ3ÂÈÖ�ËCÌ1Î�ÆgËCÊÈÎ�Å3ÌÑ1Ã>Æ?Ñ£Î,ç Õ ÂzÃLÌIÊzÃ>Æ�
pÅ3Ì�Ã>Æ?Ñ Õ ÉÏÎ Ô ÎÏÊgËCÌ�Ê�É�´UÅ!/�0rÃLÊpì � ÃLÊ?ÎÏÌ�Ñ£Î�Ù>Ã�Ñ1Å3ÎÏÊkÂzÃLÌ�Ñ£ÂzÃ�Ù>Å Ô Ä1ÊzÃMÑ1Ã&É�Ë�Ñ£Î�ÆÈÊzÅ3ÂÈÊÈÎ�Å3Ì;Ñ1Ã(É�´UÅ!/�0ÈÃLÊ×vÂzÃLÄ1Â Õ ÆzÃLÌ�Ê Õ Ä=ËCÂ&É�Ã>Æ(Ñ£Î,ç Õ ÂzÃLÌIÊzÃ>Æ 
pÅ3Ì�Ã>Æ�Ñ1ÃåÉ�ËPÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ$Þ'Ä1ÂzÅIÑ£Ç1ÎÏÊzÃ�Ä=ËCÂ&É�ÃÒÆzß�ÆÈÊzà Ô Ã!ì7³ÛÃ>Æ�Ñ£Î�ÆÈÊgËCÌ�Ù>Ã>ÆÑ1ÃLÇ£Ð -}Ñ1ÃLÇ£ÐFÃLÌ�ÊÈÂzÃ�É�Ã>Æ?Ù>ÃLÌIÊÈÂzÃ>Æ�Ñ1Ã&Ö!ÂgË>Ü�ÎÏÊ Õ Ñ1Ã>Æ?Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ>Æ 
pÅ3Ì�Ã>Æ?Ñ1Ã(É�´UÅ!/�0ÈÃLÊ?Ä�ÃLÇ1Ü�ÃLÌ�Ê'ËCÉ�Å3ÂzÆ �LÊÈÂzÃ(Ä1ÂÈÎ�ÆzÃ>ÆÃLÌ�Ù>Å Ô Ä1ÊzÃ!Ú7ÊzÅ3Ç1Ê�Ù>Å ÔNÔ Ã�É�Ã>Æ(Ñ£Î,ç Õ ÂzÃLÌ�Ù>Ã>Æ�ËCÌ1Ö!Ç1É�ËCÎÏÂzÃ>Æ�ÃLÌ�ÊÈÂzÃNÙ 
=Ë3Í�Ç�Ã}ÆzÃLÖ Ô ÃLÌIÊpì � Ã>ÙLÎ^Ù>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�Ñ -PÇ1Ì�ÃÖ Õ Ì Õ ÂgËCÉÏÎ�ÆgËCÊÈÎ�Å3Ì�Ñ1ÃMÉ�Ë�Ä1ÂzÅ3Ä7Å!ÆÈÎÏÊÈÎ�Å3Ì�Ñ Õ Ü�ÃLÉ�Å3Ä1Ä Õ ÃåÑ�ËCÌ�Æ � �xã���� � ���wÚ£ÎÏÉÏÉÏÇ�ÆÈÊÈÂ Õ ÃåÑ�ËCÌ�Æ9É�Ë ê Ö!Ç1ÂzÃ �!ì � �NÑ�ËCÌ�Æ�É�ÃÙpË3Æ9Å3è¨É�Ë}Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ�Ã>ÆÈÊ9Ù>Å3Ì�ÆÈÊÈÎÏÊÈÇ Õ ÃåÑ1Ã(ÊÈÂzÅ3Î�Æ Õ É ÕLÔ ÃLÌ�ÊzÆ 3

i�j(k�m �!ì � � nN³ÛÃ>Æ Ô Ã>ÆzÇ1ÂzÃ>ÆtÑ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3ÌÝÑ�ËCÌ�ÆXÉ�Ã�ÙpË3ÆXÑ�´ Ç1Ì�Ã�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÝÙ>Å3Ì�ÆÈÊÈÎÏÊÈÇ Õ Ã'Ñ1Ã9ÊÈÂzÅ3Î�Æ Õ É ÕLÔ ÃLÌ�ÊzÆÑ£Î�ÆÈÊÈÎÏÌ�ÙLÊzÆ 3�ÙpËCÉ�ÙLÇ1É.Ñ1Ã>Æ�ËCÌ1Ö!É�Ã>Æ
θi
ÃLÊ9Ñ1Ã>Æ9ÂgËCÄ1Ä7Å3ÂÈÊzÆ G

V TiGV Tj

G
RESiGRESj

ì

*�+��!+J- 	 � 0 � 2w� 6 0 1�K
âIÇ1ÎÏÜ�ÂzÃ;Ç1Ì�Å!/�0ÈÃLÊ�Ù>Å3Ì�ÆÈÎ�ÆzÊzÃ -�ÂzÃLÖ!ÂzÅ3Ç1Ä�ÃLÂPÊzÅ3Ç1ÊzÃ>ÆÝÆzÃ>Æ6ÎÏÌ�ÆzÊgËCÌ�Ù>Ã>ÆPÄ�Å3Ç1Â�� Å3Â Ô ÃLÂPÇ1Ì Å!/�0ÈÃLÊPÆÈÄ=ËCÊÈÎ�ÅCÓÊzÃ Ô Ä7Å3ÂzÃLÉ�ì=á(ËCÌ�ÆkÉ�Ë�Ä1ÉÏÇ1Ä=ËCÂÈÊ'Ñ1Ã>Æ?ÊÈÂgË>Ü!ËCÇ£Ð;Ñ1Ã(É�´ Õ ÊgËCÊ9Ñ1Ã(É�´æËCÂÈÊpÚ�Ñ1Ã>Æ Ô Ã>ÆÈÇ1ÂzÃ>Æg�C¾}þ �!Áwº4¹h�(Ä�Å3Ç1Â?É�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌÑ£Ç�ÆÈÇ1ÎÏÜ�Î=ÆzÅ3ÌIÊXÄ1ÂzÅ3Ä�Å!Æ Õ Ã>ÆpÚ�Ä1ÂzÃLÌ=ËCÌ�ÊkÃLÌÝÙ>Å Ô Ä1ÊzÃ&Ñ�ËCÌ�ÆXÉ�Ã Ô � Ô Ã9ÊzÃ Ô Ä�ÆlÉ�ËåÍ�Ç=ËCÉÏÎÏÊ Õ ÆÈÄ=ËCÊÈÎ�ËCÉ�Ã'ÃLÊXÊzÃ Ô Ä7Å3ÂzÃLÉÏÉ�ÃÑ1Ã>Æ9Ñ Õ ÉÏÎ Ô ÎÏÊgËCÊÈÎ�Å3Ì�Æ&Ä1ÂzÅ3Ä7Å!Æ Õ Ã>Æ�Ñ1Ã>Æ9Å!/�0ÈÃLÊzÆpì ��Å3Ç1Â�Î�ÆzÅ3É�ÃLÂ'Ñ1Ã>Æ�Ñ£Î�Æ � Å3Ì�ÙLÊÈÎ�Å3Ì1Ì�Ã Ô ÃLÌ�ÊzÆ&Ä1ÂzÅ3Ä1ÂzÃ>Æ*-�Ç1Ì Ô ÅIÑ£Ç1É�ÃÄ=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�ÃLÂé×vÎ�ÙLÎkÉ�ÃÝÆzÇ1ÎÏÜIÎDÞ�Ú�ÎÏÉkÃ>ÆÈÊ}Ä1Â Õ � Õ ÂgË5/1É�Ã¨Ñ1Ã /=Ë3ÆzÃLÂ}ÆzÅ3Ì Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì ÆzÇ1Â�Ñ1Ã>ÆNÙLÂÈÎÏÊzàLÂzÃ>Æ}ÉÏÇ1Î Õ ÊgËCÌ�ÊNÉ�Ã>ÆÄ1ÉÏÇ�Æ�ÆÈÄ Õ ÙLÎ ê Í�Ç�Ã>Æ�Ä�Å!ÆzÆÈÎ /1É�Ã>ÆHì �'ÎÏÌ�ÆÈÎ�Ú7Ä�Å3Ç1Â�Ì�Ã}Ä=Ë3Æ � ËCÎÏÂzÃ}Ñ�´æË Ô ËCÉÏÖ�Ë Ô ÃÝË>Ü�Ã>ÙNÉ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì Ñ£Ç Ô Å�Ñ£Ç1É�ÃNÑ1Ã

���
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Ñ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌÛÚ$ÆzÃLÇ1É�Æ9Ñ1Ã>Æ9ÙLÂÈÎÏÊzàLÂzÃ>Æ�ÊzÃ Ô Ä7Å3ÂzÃLÉ�Æ'ÆzÃLÂzÅ3Ì�Ê�Ä1ÂÈÎ�Æ�ÃLÌ;Ù>Å Ô Ä1ÊzÃMÄ�Å3Ç1Â Õ Ü!ËCÉÏÇ�ÃLÂ9É�Ã Ô ÅIÑ£Ç1É�ÃåÑ1ÃMÆÈÇ1ÎÏÜ�Î�ì
ä'Ì Ì�Å3ÊzÃLÂgË�Ä=ËCÂ�É�Ë�ÆÈÇ1ÎÏÊzÃ

I(V Ti) = {V T 1
i . . . V T

NV Ti

i }
Ú�É�´UÃLÌ�ÆzÃ Ô /1É�Ã¨Ñ1Ã>Æ NV Ti

ÎÏÌ�ÆÈÊgËCÌ�Ù>Ã>Æ;×ØÅ3Ç
¹��ÈýLù�º�¶$¼gºCÞ�Ñ�´ Ç1ÌøÅ!/�0ÈÃLÊ(ÎKÑ1ÃÒÉ�Ë�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÛÚ�ÃLÊ IRes

k (V Ti)
É�´UÃLÌ�ÆzÃ Ô /1É�Ã ��Ñ1Ã>Æ(ÎÏÌ�ÆÈÊgËCÌ�Ù>Ã>Æ�Ñ1Ã�É�´UÅ!/�0rÃLÊ�ÎÄ1ÂzÅ�Ñ£Ç1ÎÏÊ9Ä=ËCÂ9É�ÃåÆÈß�ÆzÊzà Ô Ã!ì1³ÛÃ>Æ9ÃLÂÈÂzÃLÇ1ÂzÆ -�Ä1ÂzÃLÌ�Ñ£ÂzÃÒÃLÌ;Ù>Å Ô Ä1ÊzÃåÆzÅ3ÌIÊ'ËCÉ�Å3ÂzÆ 3
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n % T ò4# H=%Øð 3kÇ1Ì�Ã�ÎÏÌ�ÆÈÊgËCÌ�Ù>Ã�Ñ1Ã�É�´UÅ!/�0ÈÃLÊ¨Î(ÌÛ´UÃ>ÆÈÊéË3ÆzÆzÅ�ÙLÎ Õ Ã - ËCÇ�ÙLÇ1Ì�ÃøÆ Õ ÍIÇ�ÃLÌ�Ù>Ã�Ä1ÂzÅIÑ£Ç1ÎÏÊzÃ�Ä=ËCÂ¨É�ÃÆÈß£ÆÈÊzà Ô Ã!ì³.Ë Ô Ã>ÆÈÇ1ÂzÃ�Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ù>Å3Ì�ÆÈÎ�ÆzÊzÃ�ËCÉ�Å3ÂzÆ*-6Ù>Å Ô Ä1ÊgË5/1ÎÏÉÏÎ�ÆzÃLÂ�Ù>Ã>Æ&Ñ£Î,ç Õ ÂzÃLÌIÊzÆ(ÙpË3Æpì=³ÛÃ /1Ç1Ê'Ã>ÆzÊ'Ñ1ÃMÄ Õ Ì=ËCÉÏÎ�ÆzÃLÂÉ�Ã Ô ÅIÑ£Ç1É�Ã�Ñ1ÃPÆÈÇ1ÎÏÜ�ÎXÃLÌ �ØÅ3Ì�ÙLÊÈÎ�Å3Ì Ñ£Ç Ì�Å Ô /1ÂzÃ�ÃLÊ�Ñ1Ã6É�Ë �LÍIÇ=ËCÉÏÎÏÊ Õ �PÑ1Ã>ÆÒÃLÂÈÂzÃLÇ1ÂzÆNËCÇ£Ð£ÍIÇ�ÃLÉÏÉ�Ã>ÆMÎÏÉkË5/7Å3Ç1ÊÈÎÏÊpì³	Ã6Ù>Å Ô Ä1ÊgËCÖ�ÃPÑ1Ã>ÆÒÑ£Î,ç Õ ÂzÃLÌIÊzÃ>ÆåÃLÂÈÂzÃLÇ1ÂzÆMÂzÃLÄ�Å!ÆzÃNÆÈÇ1ÂåÉ�Ã>ÆMÑ1Å3Ì1Ì Õ Ã>ÆåÙ>Å3Ì�ÆzÃLÂÈÜ Õ Ã>ÆÒÑ�ËCÌ�ÆMÉ�ËÝÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÛìe�wÉÃ>ÆzÊåÎ Ô Ä�Å3ÂÈÊgËCÌ�Ê}Ñ1Ã6ÂgËCÄ1Ä�ÃLÉ�ÃLÂåÎ�ÙLÎXÍIÇ�Ã6Ù>ÃLÊÈÊzÃPÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ Ã>ÆÈÊåÙ>Å3Ì�ÆÈÊÈÎÏÊÈÇ Õ Ã�ÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê6ËCÇ£Ð�Â Õ ÆÈÇ1ÉÏÊgËCÊzÆÑ£Ç Ô Å�Ñ£Ç1É�Ã'Ñ1Ã(Ñ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì;ËCÄ1Âzà>Æ?ÆzÅ3Ì¨Ë3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3ÌÛÚ�Ä1Ç1Î�ÆzÍ�Ç�Ã&É�Ë Ô6Õ Ê 
�ÅIÑ1Å3É�Å3Ö!Î�Ã�Ñ�´æË3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3ÌéË3Ñ1Å3Ä1Ê Õ Ã(Ã>ÆÈÊÆ Õ Í�Ç�ÃLÌIÊÈÎ�ÃLÉÏÉ�Ã!ì � ÃLÊÈÊzÃ?ÂzÃ Ô ËCÂzÍIÇ�Ã�ÆH´æËCÄ1Ä1ÉÏÎ�Í�Ç�Ã9Ñ�´æËCÎÏÉÏÉ�ÃLÇ1ÂzÆkËCÇ�ÆzÆÈÎ7-�É�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌÝÑ1Ã>Æ Ô Å�Ñ£Ç1É�Ã>ÆxÑ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3ÌÃLÊ'Ñ1Ã(ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>Ã!ì
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k }k=1...Nseq

ì ��Å3Ç1Â�Ù�
=Ë3ÙLÇ1Ì�ÃÒÑ1Ã�Ù>Ã>Æ9Æ Õ ÍIÇ�ÃLÌ�Ù>Ã>ÆpÚ£É�Ã>ÆkÎÏÌ�Ñ£Î�Ù>Ã>ÆÆzÇ1ÎÏÜ3ËCÌIÊzÆ�ÆzÅ3ÌIÊ�ÃLÌ�ÆÈÇ1ÎÏÊzÃMÙpËCÉ�ÙLÇ1É Õ Æ 3
�!ì

Ioubli = 1 − Noubli

NV Ti�£ì
Isegm = 1

Nseq

�£ì
Ifusion = MOYk∈{k=1...Nseq}
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(Nk−Nk

diff
)

Nk ×
Nk

V Ti

Nk

)

�'Ç�ÃLÉ�ÍIÇ�Ã>Æ}Ä1Â Õ ÙLÎ�ÆÈÎ�Å3Ì�Æ}ÍIÇ=ËCÌ�Ê6ËCÇ£ÐøÌ�Å3ÊgËCÊÈÎ�Å3Ì�Æ�3 Noubli

Ù>Å3ÂÈÂzÃ>ÆÈÄ7Å3Ì�Ñ ËCÇ Ì�Å Ô /1ÂzÃ¨Ñ�´ ÎÏÌ�ÆÈÊgËCÌ�Ù>Ã>Æ}Ñ1Ã�É�´UÅ!/�0rÃLÊ
V Ti

Ë5/�ÆgÃLÌ�ÊzÃ>Æ9Ñ1Ã�Ù 
=Ë3ÙLÇ1Ì�ÃMÑ1Ã>Æ9Æ Õ ÍIÇ�ÃLÌ�Ù>Ã>Æ IRes
k

�
Nk

diff

Ñ Õ ÆÈÎÏÖ!Ì�Ã�É�Ã&Ì�Å Ô /1ÂzÃÒÑ�´UÅ!/�0rÃLÊzÆ9Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆ�Ù>Å3Ì�ÊzÃ�Ó
ÌIÇ�Æ}Ñ�ËCÌ�ÆåÉ�Ë�Æ Õ ÍIÇ�ÃLÌ�Ù>Ã IRes
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Ú	Ñ1Å3ÌIÊ�É�Ã�ÙpËCÂzÑ£ÎÏÌ=ËCÉlÃ>ÆzÊåÌ�Å3Ê Õ Nk ÃLÊ�ÃLÌ ê Ì Nk
V Ti

Ù>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ ËCÇ Ì�Å Ô /1ÂzÃÑ�´ ÎÏÌ�ÆzÊgËCÌ�Ù>Ã>ÆxÑ1ÃlÉ�´UÅ!/�0rÃLÊ
V Ti

Ù>Å3Ì�ÊzÃLÌIÇ�ÆtÑ�ËCÌ�ÆKÙ>ÃLÊÈÊzÃ Ô � Ô Ã?Æ Õ ÍIÇ�ÃLÌ�Ù>Ã!ì3³ÛÃ>ÆxÑ1ÃLÇ£ÐÒÄ1ÂzÃ Ô Î�ÃLÂzÆxÎÏÌ�Ñ£Î�Ù>Ã>Æ^ÂzÃLÌ�Ñ1ÃLÌ�ÊÙ>Å Ô Ä1ÊzÃ(Ñ1Ã&É�ËÒÍ�Ç=ËCÉÏÎÏÊ Õ ÃLÌ�ÊzÃLÂ Ô Ã>Æ?Ñ�´UÅ3Ç /1ÉÏÎ�Æ?ÃLÊkÑ1Ã&ÆzÃLÖ Ô ÃLÌ�ÊgËCÊÈÎ�Å3ÌÛì Ifusion

Í�Ç=ËCÌIÊÈÎ ê Ã(Í�Ç=ËCÌIÊ -åÉÏÇ1Î7É�Ã'Ñ1ÃLÖ!Â ÕÑ1Ã �vÇ�ÆÈÎ�Å3Ì;Å!/�ÆgÃLÂÈÜ Õ ì�³ÛÃ>Æ�ÙpË3Æ Ô Î,Ð�ÊzÃ>Æ9ÆgÅ3Ì�Ê9Ä=ËCÂ'ËCÎÏÉÏÉ�ÃLÇ1ÂzÆ&ËCÇ�ÆzÆÈÎ�Ä1ÂÈÎ�Æ9ÃLÌ;Ù>Å Ô Ä1ÊzÃÒÑ�ËCÌ�Æ9Ù>ÃMÑ1ÃLÂÈÌ1Î�ÃLÂ9ÎÏÌ�Ñ£Î�Ù>Ã!ì³	Ë Ô Ã>ÆÈÇ1ÂzÃåË3Ñ1Å3Ä1Ê Õ ÃåÄ7Å3Ç1Â?É�ÃåÆÈÇ1ÎÏÜIÎÛÙ>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�ÑéËCÉ�Å3ÂzÆ'ËCÇ;Ü�Ã>ÙLÊzÃLÇ1Â � Å3Â Ô6Õ Ä=ËCÂ9Ù>Ã>Æ9ÊÈÂzÅ3Î�Æ?ÎÏÌ�Ñ£Î�Ù>Ã>Æ 3

Msuivi(V ti) =





Ioubli

Isegm

Ifusion




× �!ì/.�Þ

³	Ë ê Ö!Ç1ÂzÃ �!ì � �åÑ1Å3Ì1Ì�Ã'ÍIÇ�ÃLÉ�ÍIÇ�Ã>ÆXÃ�Ð1Ã Ô Ä1É�Ã>ÆlÄ7ÃLÂ Ô ÃLÊÈÊgËCÌIÊkÑ�´ ÎÏÉÏÉÏÇ�ÆzÊÈÂzÃLÂXÉ�Ã>ÆkÑ£Î,ç Õ ÂzÃLÌ�ÊzÃ>ÆkÆÈÎÏÊÈÇ=ËCÊÈÎ�Å3Ì�ÆkÍ�Ç1ÎÜ�Î�ÃLÌ1Ì�ÃLÌ�Ê&Ñ�´ �LÊÈÂzÃ Õ Ü�Å�Í�Ç Õ Ã>Æ 3
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³x´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ñ£Ç Ô ÅIÑ£Ç1É�ÃÒÑ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì�Ù>Å3Ì�ÆzÎ�ÆÈÊzÃ - Õ Ü3ËCÉÏÇ�ÃLÂ'É�´ ÎÏÌ 8 Ç�ÃLÌ�Ù>Ã�Ñ1ÃÒÙ>ÃLÉÏÇ1Î,ÓwÙLÎ.ÆÈÇ1Â'É�Ã>Æ9Â Õ ÓÆzÇ1ÉÏÊgËCÊzÆlÑ£Ç Ô Å�Ñ£Ç1É�Ã&Ñ1Ã�ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>Ã!ì=â£Ë Ô Ã>ÆÈÇ1ÂzÃ&Ñ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì¨Ã>ÆÈÊkÑ1Å3Ì�Ù�ÉÏÎ Õ Ã*-ÒÙ>ÃLÉÏÉ�Ã�Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã&Ä�Å3Ç1ÂXÉ�Ã
� �
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798J: �0K b�8Q@ S\`R>N8QC�^dELGJA$ELKN@=C/KN@ S/MD@ E�8�MDbNKN@c`$K�CaX GJI � K6Ec@BGQM2E bNGQVBVLK6b6ELKNY]KNM2E 8�@B@BG2bNS/>NKN@HKNM
ARMDK=ARMDS\T2ADK=@B>�T2ARKNMDbNK

7aId: # M b�8�@&`$K=@BADS �OS08 �JKNb=GJARIDC/S/@>^
Ioubli = 0.7

¡
Isegm = 1

K6E
Ifusion = 1

7ab�: # M b�8�@ `RK=@BKNZQY]KNM2E�8�ELS/GJM 8 �;KNb=GQADIDC/S/@@^
Ioubli = 0.9

¡
Isegm = 0.5

K6E
Ifusion = 1

79`D: �0K�bN8Q@ C/K�PDC/AR@ bNGJY]PRC\K �RK,^�GJARIDC/S/@j¡J@BKNZQY]KNM2E�8�ELS/GJMHK6E � AD@BS/GJMB^
Ioubli = 0.9

¡
Isegm =

0.66
K6E

Ifusion = Moy(0.25, 0.36) = 0.30

i�jlk�m �!ì � �gn  KÐ£Ã Ô Ä1É�Ã>Æ'Ñ�´æËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì�Ñ1Ã(É�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ñ£Ç Ô Å�Ñ£Ç1É�ÃMÑ1Ã�ÆÈÇ1ÎÏÜ�Î

Ô ÅIÑ£Ç1É�ÃåÑ1Ã(ÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>Ã!ìâ�Å3ÎÏÊ
seqi

Ç1Ì�ÃPÆ Õ Í�Ç�ÃLÌ�Ù>Ã�Ñ�´UÅ!/�0rÃLÊzÆåÄ1Â Õ ÆzÃLÌ�Ê Õ ÃÝÃLÌ ÃLÌIÊÈÂ Õ ÃPÑ£Ç Ô Å�Ñ£Ç1É�ÃPÑ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3ÌÛì^³	ËéÆzÅ3ÂÈÊÈÎ�Ã6Ñ1Ã�Ù>ÃÑ1ÃLÂÈÌ1Î�ÃLÂ(Ä7ÃLÇ1Ê�ËCÉ�Å3ÂzÆ(Ä1ÂzÃLÌ�Ñ£ÂzÃ}Ñ1ÃLÇ£Ð �ØÅ3Â Ô Ã>Æ(ÃLÊ(É�Ã�ÙpËCÉ�ÙLÇ1É^Ñ1ÃÒÉ�Ë Ô Ã>ÆÈÇ1ÂzÃ�Ñ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì Mamelioration Ñ Õ ÓÄ7ÃLÌ�Ñ ËCÉ�Å3ÂzÆÒÑ1ÃPÉ�Ë � Å3Â Ô Ã�Ë3Ñ1Å3Ä1Ê Õ Ã!ì^á�ËCÌ�ÆÒÉ�ÃPÙpË3Æ�Å3è Ù>ÃLÊÈÊzÃÝÆzÅ3ÂÈÊÈÎ�ÃPÙ>Å3Ì�ÆÈÎ�ÆzÊzÃPÃLÌ Ç1Ì�Ã6Ì�Å3Ç1Ü�ÃLÉÏÉ�ÃFÆ Õ ÍIÇ�ÃLÌ�Ù>ÃÑ�´UÅ!/�0rÃLÊzÆ
seqam

i

Ú�Ñ�ËCÌ�ÆåÉ�Ë3Í�Ç�ÃLÉÏÉ�Ã�Ù�
=Ë3ÍIÇ�Ã6Å!/�0ÈÃLÊåÙ>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ -FÇ1Ì�ÃPË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì Ñ�´ Ç1Ì Å!/�0ÈÃLÊåÑ1ÃNÉ�Ë¨Æ Õ ÓÍ�Ç�ÃLÌ�Ù>Ã�ÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã¨×Èµ3¾ ��·OþØ½!Àrµ!ÁØþ ½3¶ ¹4þv¾�¿7·ÏºCÞ�Ú=É�Ë Ô Ã>ÆÈÇ1ÂzÃ}Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�ÂzÃLÄ7Å!ÆgÃ�ÆzÇ1Â'É�ËÝÙ>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3ÌøÑ1ÃLÇ£Ð -Ñ1ÃLÇ£ÐÝÃLÌIÊÈÂzÃ(É�Ã>ÆkÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆ9Ñ1Ã&É�ËÒÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃMÆÈÇ1ÂkÉ�Ã>Æ?Å!/�0ÈÃLÊzÆ?Ñ1Ã&É�Ë}Æ Õ Í�Ç�ÃLÌ�Ù>Ã&ÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã�ÃLÊ?É�Ã>ÆkÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆÑ1Ã�É�ËÒÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆ4ËCÌ�Ù>Ã�ÆÈÇ1ÂXÉ�Ã>Æ Ô � Ô Ã>Æ?Å!/�0ÈÃLÊzÆ5�>Ë Ô6Õ ÉÏÎ�Å3Â Õ Æ$�3ì �KÉÏÇ�ÆkÄ1Â Õ ÙLÎ�Æ ÕLÔ ÃLÌIÊpÚ1É�Ë Ô Ã>ÆÈÇ1ÂzÃ�Ñ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌÙ>Å3Ì�ÆÈÎ�ÆÈÊzÃÒÃLÌ�Ç1Ì�Ã Ô Åpß�ÃLÌ1Ì�Ã}Ñ1ÃÒÉ�Ë6Ñ£Î,ç Õ ÂzÃLÌ�Ù>Ã�ÃLÌIÊÈÂzÃÒÙ>Ã>Æ(Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ>Æ Ô Ã>ÆÈÇ1ÂzÃ>Æ(Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ñ1ÃÒÉ�ËNÂzÃ>Ù>Å3Ì£ÓÌ=ËCÎ�ÆzÆgËCÌ�Ù>Ã!ì
á�ËCÌ�Æ�É�ÃNÙpË3ÆåÅ3è�É�Ë¨ÆgÅ3ÂÈÊÈÎ�ÃNÑ£Ç Ô ÅIÑ£Ç1É�ÃPÑ�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì Ù>Å3Ì�ÆÈÎ�ÆzÊzÃNÃLÌøÇ1Ì�Ç1Ì1Î�Í�Ç�ÃPÅ!/�0rÃLÊ objam Ú�Ù>Å3Ì �LÇ -Ä=ËCÂÈÊÈÎÏÂNÑ1ÃPÊzÅ3Ç1ÊzÃ>Æ�É�Ã>Æ�ÎÏÌ�ÆÈÊgËCÌ�Ù>Ã>ÆNÑ�´UÅ!/�0ÈÃLÊzÆ�Ñ1Ã�É�Ë�Æ Õ Í�Ç�ÃLÌ�Ù>ÃÝÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã seqi

×Èµ!¾ �L·Bþ ½3ÀÈµ!ÁØþØ½!¶�¼z½3¾'¿£½C¹��zºaÞ�ÚxÉ�Ë
Ô Ã>ÆÈÇ1ÂzÃ&Ñ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌÝÂzÃLÄ7Å!ÆgÃ'ÆÈÇ1ÂXÉ�ËMÙ>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3Ì¨ÃLÌIÊÈÂzÃ'É�Ë Ô Ã>ÆÈÇ1ÂzÃ&Ñ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì¨Ñ1Ã9É�ËåÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃÅ!/1ÊzÃLÌ�Ç�Ã}ÆÈÇ1Â&Ù>ÃMÌ�Å3Ç1Ü�ÃLÉKÅ!/�0rÃLÊ&ÃLÊ'É�´UÃLÌ�ÆgÃ Ô /1É�Ã�Ñ1Ã>Æ Ô Ã>ÆzÇ1ÂzÃ>Æ'Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�ÙpËCÉ�ÙLÇ1É Õ Ã>Æ&ÆzÇ1Â�É�´UÃLÌ�ÆzÃ Ô /1É�Ã�Ñ1Ã>ÆÎÏÌ�ÆÈÊgËCÌ�Ù>Ã>Æ9Ù>Å3Ì�ÆÈÊÈÎÏÊÈÇ=ËCÌIÊ'É�Ë}Æ Õ Í�Ç�ÃLÌ�Ù>Ã�ÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã!ì �.Å3Ç1Â'Ã�ç�Ã>ÙLÊÈÇ�ÃLÂ&Ù>ÃLÊÈÊzÃMÙ>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3ÌÛÚ�É�Ë Ô Ã>ÆzÇ1ÂzÃMÑ�´ Õ Ü3ËCÉÏÇ=ËaÓÊÈÎ�Å3Ì�Ñ£Ç Ô ÃLÎÏÉÏÉ�ÃLÇ1ÂXÂ Õ ÆzÇ1ÉÏÊgËCÊlÑ1Ã�É�ËMÂzÃ>Ù>Å3Ì1Ì=ËCÎ�ÆzÆ4ËCÌ�Ù>Ã�Ä1ÂzÅ�Ñ£Ç1ÎÏÊlÆzÇ1ÂtÉ�Ã>ÆXÎÏÌ�ÆÈÊgËCÌ�Ù>Ã>ÆkÑ1Ã9É�ËMÆ Õ Í�Ç�ÃLÌ�Ù>Ã'ÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã'Ã>ÆzÊÙ�
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Mam(seqi) = moyk

(
|Mreco(objk)−Mreco(objam

k
)|

max(Mreco(objk),Mreco(objam
k

))

)
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Mam(seqi) = |Mreco(objam)−maxk(Mreco(objk))|
max(Mreco(objk),maxk(Mreco(objk)))Å3è

Mreco(objk)
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�ÅIÑ1Ã(Ñ1Ã(ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1ÖNÃLÊkÑ1Ã�É�Ë Ô6Õ Ê 
�ÅIÑ1Ã(Ñ�´UÃ�Ð£ÊÈÂgË3ÙLÊÈÎ�Å3Ì¨Ñ1Ã>ÆlÙ>Å Ô ÓÄ7Å3ÂÈÊzÃ Ô ÃLÌIÊzÆåÎÏÌ�ÆzÇ��PÆgËCÌ�ÊzÆÒÆzÃLÂzÅ3Ì�ÊÒË5/�Å3ÂzÑ Õ Ã>ÆåÑ�ËCÌ�ÆÒÙ>Ã6Ù�
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�Å3Î,ÐPÑ£Ç�ÆzÃLÇ1ÎÏÉ$Ç1ÊÈÎÏÉÏÎ�Æ Õ Ä�Å3Ç1ÂXÃ�Ð£ÊÈÂgËCÎÏÂzÃ9É�Ã>Æ � ËCÇ�ÆzÆgÃ>ÆËCÉ�ËCÂ Ô Ã>ÆMÃLÊMÉ�Ã>ÆMÅ3Ç /1ÉÏÎ�ÆåÆzÃNÑ1Å3ÎÏÊåÑ1Å3Ì�ÙNÑ�´ �LÊÈÂzÃ*0rÇ�Ñ£Î�ÙLÎ�ÃLÇ£Ð�Ä7Å3Ç1Â Õ Ü�ÎÏÊzÃLÂåÍIÇ�Ã}É�Ã>Æ�Ü�Ã>ÙLÊzÃLÇ1ÂzÆåÑ1Ã}Ä�ÃLÂ �ØÅ3Â Ô ËCÌ�Ù>ÃÂzÃ>ÆÈÊgËCÌ�Ê�Ì�Ã�ÂzÃLÄ1Â Õ ÆzÃLÌIÊzÃLÌ�ÊÒÇ1Ì1Î�Í�Ç�Ã Ô ÃLÌIÊMÑ1Ã>Æ�Ù>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊzÆ �g¿£µ3Àvÿ>µ3þvÁv¹h�3Ú�Ä�Å3Ç1Â(É�Ã>ÆzÍ�Ç�ÃLÉ�Æ(É�´ ÎÏÌ�ÙLÎ�Ñ1ÃLÌ�Ù>ÃPÑ1ÃÉ�´æË3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3Ì�ÆzÃLÂgËCÎÏÊ'Ä=ËCÂ'ÊÈÂzÅ3Ä�Ì Õ Ö!ÉÏÎÏÖ�ÃpË5/1É�Ã!ì � ÃÒÙ�
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�CþD¶�¹4ù�� ¹Lµ3¶=Áv¹h�3ÚCÙ>ÃLÉÏÇ1Î1Ñ1Ã>Æ ��ËCÇ�ÆzÆzÃ>Æ^ËCÉ�ËCÂ Ô Ã>Æ Ô ÃLÊKÃLÌ�0rÃLÇ}Ñ1Ã>Æ�ÂzÅ3Ç=ËCÖ�Ã>ÆKÑ£Î,ç Õ ÂzÃLÌIÊzÆKÑ£Ç ��ËCÎÏÊ^Ñ1ÃlÆ4Ë�ÆÈÎÏÌ1Ö!Ç1É�ËCÂÈÎÏÊ Õ ì
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Ñ Õ ÉÏÎ Ô ÎÏÊgËCÊÈÎ�Å3Ì Ñ1Ã>ÆMÅ!/�0ÈÃLÊzÆMÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌIÊ�-ÝÉ�ËFÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌÛÚÛÑ�ËCÌ�ÆMÉ�ÃPÙpË3ÆMÑ1Ã>Æ ��ËCÇ�ÆzÆzÃ>ÆåËCÉ�ËCÂ Ô Ã>ÆåÉ�´UÃLÌ!0rÃLÇÃ>ÆzÊ�Ñ1Ã Ô Å�Ñ£Î ê ÃLÂ9É�ÃMÆÈß£ÆÈÊzà Ô Ã�Ñ1ÃMÆzÅ3ÂÈÊzÃåÍ�ÇÛ´ ÎÏÉÛÌ�ÃåÑ Õ ÊzÃ>ÙLÊzÃMÄ1ÉÏÇ�Æ9Ù>Å ÔNÔ Ã Õ ÊgËCÌ�Ê'Ñ1Ã>Æ�Å!/�0rÃLÊzÆ'Ù>ÃLÂÈÊgËCÎÏÌ�Ã>Æ 
pÅ3Ì�Ã>ÆÍIÇ�ÃLÉ�Ù>Å3Ì�ÍIÇ�Ã>Æ�Ñ1ÃtÉ�´ Î Ô ËCÖ�Ã!ì �?Ñ Ô ÃLÊÈÊzÅ3Ì�Æ^Î�ÙLÎ�Í�Ç�ÃtÉ�Ë Ô � Ô Ã Ô6Õ Ê 
�ÅIÑ1Å3É�Å3Ö!Î�ÃkÑ�´æË3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3ÌNÆzÅ3ÎÏÊ^ËCÄ1Ä1ÉÏÎ�Í�Ç Õ ÃkËCÇ£Ð
��ËCÇ�ÆzÆzÃ>Æ�ËCÉ�ËCÂ Ô Ã>Æ�3 -6É�´ Î�ÆgÆÈÇ�Ã}Ñ1ÃåÉ�ÃLÇ1Â(ÂzÃLÄ1Â Õ ÆzÃLÌIÊgËCÊÈÎ�Å3Ì ÆzÃLÉ�Å3Ì�É�Ã>Æ&ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆzÊÈÎ�Í�Ç�Ã>Æ�Ü�Î�ÆÈÇ�ÃLÉÏÉ�Ã>ÆN× Ô Åpß�ÃLÌ1Ì=ËCÌIÊÇ1Ì�Ã Õ ÊgËCÄ�Ã(Ñ1Ã�ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö6ÆzÃLÉ�Å3Ì¨Ù>Ã>Æ?Ñ1ÃLÂÈÌ1Î�àLÂzÃ>Æ?Ä�Å3Ç1Â?ÉÏÎ Ô ÎÏÊzÃLÂ?É�´ 
 Õ Ê Õ ÂzÅ3Ö Õ Ì Õ ÎÏÊ Õ Ñ1Ã>Æ Õ É ÕLÔ ÃLÌ�ÊzÆ'Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Æ4Þ�ÚÉ�Ã Ô Å�Ñ£Ç1É�ÃåÀzº4¹�¿1½3¶1¹LµIú�·ÏºMÑ1Ã9É�´UÃLÂÈÂzÃLÇ1Â?Ù>Å3Ì�ÆÈÊgËCÊ Õ Ã>ÆÈÊtÎ�Ñ1ÃLÌIÊÈÎ ê=Õ ì ��ËCÂkÉ�ËMÆzÇ1ÎÏÊzÃ!Ú�É�Ã>ÆXÄ=ËCÂgË Ô àLÊÈÂzÃ>ÆkÑ1Ã'Ù>Ã Ô ÅIÑ£Ç1É�ÃÆgÅ3Ì�Ê Ô Å�Ñ£Î ê=Õ ÆxÑ1ÃkÆzÅ3ÂÈÊzÃkÍ�Ç�ÃkÙ>Ã>Æ ��ËCÇ�ÆzÆzÃ>ÆxËCÉ�ËCÂ Ô Ã>ÆKÌ�ÃkÆzÅ3Î�ÃLÌIÊKÄ1ÉÏÇ�ÆKÑ Õ ÊzÃ>ÙLÊ Õ Ã>ÆKÄ=ËCÂKÉ�Ã Ô ÅIÑ£Ç1É�Ã?Ñ1ÃkÑ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌÛìâ�ÃLÉ�Å3Ì É�Ã�Ì�Å Ô /1ÂzÃ Ñ1Ã�ÙLÉ�Ë3ÆzÆzÃ>Æ;Ñ1Ã ��ËCÇ�ÆzÆzÃ>Æ;ËCÉ�ËCÂ Ô Ã>Æ�Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Ã>ÆpÚ9Å3Ì Å!/1ÊÈÎ�ÃLÌIÊ�Ñ1Å3Ì�Ù�Ç1Ì ÃLÌ�ÆgÃ Ô /1É�Ã Ñ1ÃÄ=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>Æ�Ä7ÃLÂ Ô ÃLÊÈÊgËCÌIÊ�Ñ1Ã�Æp´æË3ÆzÆzÇ1ÂzÃLÂkÍIÇÛ´æËCÇ�ÙLÇ1Ì;Ñ1Ã>Æ Õ É ÕLÔ ÃLÌ�ÊzÆ'Ñ1Ã�Ù>Ã>Æ?ÙLÉ�Ë3ÆzÆzÃ>ÆlÌ�Ã�ÆzÃLÂgËÒÄ1ÉÏÇ�Æ9Ñ Õ ÊzÃ>ÙLÊ Õ ì
� ´UÃ>ÆzÊNÉ�Å3ÂzÆNÑ1ÃFÉ�Ë Ô Î�ÆgÃ¨ÃLÌ�ËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì�Ñ1ÃFÙ>Ã>Æ}Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>ÆPÍIÇ�Ã¨Ù>ÃLÊÈÊzÃ Ô6Õ Ê 
�ÅIÑ1Å3É�Å3Ö!Î�Ã¨Ä1Â Õ ÆgÃLÌ�ÊzÃ¨ÆzÃ>ÆÉÏÎ Ô ÎÏÊgËCÊÈÎ�Å3Ì�ÆHì4 xÌ�Ã�ç�ÃLÊpÚ�É�ÃåÆgÙ Õ Ì=ËCÂÈÎ�Å�Ñ1ÃåÉ�´ Ç�ÆgËCÖ�ÃåÑ1Ã>Æ'Â Õ ÆÈÇ1ÉÏÊgËCÊzÆ&Ñ1ÃMÉ�´æË3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3Ì�Ù>Å3Ì�ÆÈÎ�ÆÈÊzÃ - �ØÇ�ÆÈÎ�Å3Ì1Ì�ÃLÂ�É�Ã>ÆÂ Õ ÆzÇ1ÉÏÊgËCÊzÆÒÅ!/1ÊzÃLÌIÇ�ÆÒÆÈÇ1ÂÒÉ�Ã6Ñ1Å�ÙLÇ Ô ÃLÌ�Ê}ÆzÃLÉ�Å3ÌøÉ�Ã>ÆåÑ£Î,ç Õ ÂzÃLÌ�ÊzÆÒÄ=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>ÆpÚ.Ä7Å3Ç1Â�Å!/1ÊzÃLÌ1ÎÏÂåÇ1Ì ÃLÌ�ÆgÃ Ô /1É�ÃÑ1ÃPÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆ Ropti ìÛ³x´ Ç1ÊÈÎÏÉÏÎ�ÆgËCÊÈÎ�Å3Ì Ñ1Ã>ÆMÄ=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>Æ�Ä1ÂzÅ3Ä1ÂzÃ>Æ�-FÉ�Ë;ÆzÇ1Ä1Ä1ÂzÃ>ÆzÆÈÎ�Å3Ì Ñ1Ã>Æ � ËCÇ�ÆgÆzÃ>ÆåËCÉ�ËCÂ Ô Ã>ÆÑ1ÃLÜ�Î�ÃLÌ�ÊFËCÉ�Å3ÂzÆNÄ1ÂzÅ!/1É ÕLÔ ËCÊÈÎ�ÍIÇ�Ã!ìH KÌ�Ã�ç�ÃLÊpÚ^É�Ë Ô6Õ Ê 
�Å�Ñ1Ã¨É�Ë�Ä1ÉÏÇ�ÆNÎ ÔNÔ6Õ Ñ£Î�ËCÊzÃéÙ>Å3Ì�ÆzÎ�ÆÈÊzÃ -�ÆÈÇ1Ä1Ä1ÂÈÎ Ô ÃLÂ�Ñ1ÃÉ�´UÃLÌ�ÆgÃ Ô /1É�Ã Ropti É�Ã>Æ 
pÅ3Ì�Ã>ÆMÍIÇ1ÎKÌ�ÃNÆzÃ}ÂzÃLÊÈÂzÅ3Ç1Ü�ÃLÌ�ÊÒÄ=Ë3ÆåÑ�ËCÌ�Æ�É�´UÃLÌ�ÆzÃ Ô /1É�Ã RFA Ñ1Ã>Æ�Â Õ ÆÈÇ1ÉÏÊgËCÊzÆÒÅ!/1ÊzÃLÌ�Ç�ÆÆgÃLÉ�Å3Ì;É�Ã>Æ?Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>Æ'ÂzÃLÉ�ËCÊÈÎ �ØÆ&ËCÇ£ÐFÙLÉ�Ë3ÆzÆgÃ>Æ9Ñ1Ã>Æ ��ËCÇ�ÆzÆzÃ>Æ�ËCÉ�ËCÂ Ô Ã>Æpì �.Å3Ç1Â(ËCÇ1ÊgËCÌ�ÊpÚ�ÎÏÉÛÆgÃ(Ä7ÃLÇ1Ê'ËCÇ�ÆgÆÈÎÛÍ�Ç�ÃÙ>ÃLÂÈÊgËCÎÏÌ�ÆXÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆlÙ>Å3ÂÈÂzÃ>ÙLÊzÆXÑ1Ã Ropti Ì�Ã�ÆzÅ3Î�ÃLÌIÊtÄ=Ë3ÆXÙ>Å3Ì�ÊzÃLÌ�Ç�ÆkÑ�ËCÌ�Æ RFA Ä1Ç1Î�ÆgÍ�ÇÛ´æËCÇ�ÙLÇ1Ì�Ã&Ù>Å3Ì1Ì=ËCÎ�ÆzÆgËCÌ�Ù>ÃÌÛ´UÃ>ÆzÊ}Ñ£Î�ÆzÄ7Å3Ì1Î /1É�ÃFÆÈÇ1Â�É�ËéÍIÇ=ËCÉÏÎÏÊ Õ Ñ1Ã>Æ�Â Õ ÆÈÇ1ÉÏÊgËCÊzÆNÑ1Ã�Ù>ÃFÑ1ÃLÂÈÌ1Î�ÃLÂNÃLÌ�ÆzÃ Ô /1É�Ã 3.Å3Ì ÆgËCÎÏÊ}Ç1Ì1Î�Í�Ç�Ã Ô ÃLÌIÊ6Í�ÇÛ´ ÎÏÉÌ�ÃÒÙ>Å3Ì�ÊÈÎ�ÃLÌIÊ&Ä=Ë3Æ&Ñ1Ã ��ËCÇ�ÆzÆzÃ>Æ'ËCÉ�ËCÂ Ô Ã>Æpì$á�ËCÌ�Æ'Ù>ÃåÙpË3ÆpÚ=É�Ë Ô6Õ Ê 
�Å�Ñ1ÃMÄ1Â Õ ÙLÎÏÊ Õ Ë5/7Å3Ç1ÊÈÎÏÊ*-NÉ�Ë6ÆzÇ1Ä1Ä1ÂzÃ>ÆzÆÈÎ�Å3Ì�Ñ1Ã
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�Å3Î,Ð�Ñ1Ã�É�ËÒÑ£ÎÏÂzÃ>ÙLÊÈÎ�Å3ÌÛì ��ËCÂ?ËCÎÏÉÏÉ�ÃLÇ1ÂzÆpÚ -MÙ 
=Ë3Í�Ç�Ã � Å3Ç1Â Ô Î7Ã>ÆzÊlË3ÆzÆzÅ�ÙLÎ Õ Ã'Ç1Ì�ÃÙpËCÄ=Ë3ÙLÎÏÊ Õ Ú=ÂzÃLÄ1Â Õ ÆgÃLÌ�ÊgËCÌ�Ê�É�ÃÒÌ�Å Ô /1ÂzÃ�Ñ�´ Õ É ÕLÔ ÃLÌ�ÊzÆ�ÍIÇÛ´UÃLÉÏÉ�ÃÒÄ7ÃLÇ1Ê&ÊÈÂgËCÌ�ÆÈÄ�Å3ÂÈÊzÃLÂpì � É�ËPÑ£Î,ç Õ ÂzÃLÌ�Ù>Ã�Ñ1Ã �U³ �^ë � �wÚÙ�
=Ë3ÍIÇ�Ã¨ÙpË3ÆzÃ¨Ñ1ÃFÉ�Ë�Ö!ÂÈÎÏÉÏÉ�ÃFÄ�ÃLÇ1ÊPË3Ù>ÙLÇ�ÃLÎÏÉÏÉÏÎÏÂ6Ç1Ì ��ÊgË3Æ$�FÑ1ÃFÄ1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆ Õ É ÕLÔ ÃLÌIÊzÆpìx³	Ë�Ù>Å 
 Õ ÂzÃLÌ�Ù>Ã�Ñ�´ Ç1Ì ÊzÃLÉÊgË3ÆåÃ>ÆÈÊ Õ Ü3ËCÉÏÇ Õ ÃPÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê�-¨Ñ£Î,ç Õ ÂzÃLÌIÊzÃ>Æ Ô Ã>ÆÈÇ1ÂzÃ>ÆåÙ>Å3Ì�Ù>ÃLÂÈÌ=ËCÌIÊ�É�Ë;Ñ£Î�ÆÈÊgËCÌ�Ù>ÃPÃLÌIÊÈÂzÃ6É�Ã>Æ Õ É ÕLÔ ÃLÌIÊzÆ}Ñ1ÃÙ>ÃLÉÏÇ1Î,ÓwÙLÎ�ì	³ÛÃ>ÆåÄ1ÂzÅ!/=Ë5/1ÎÏÉÏÎÏÊ Õ Æ}Ñ�´ Ç1Ì�Ã�� Å3Ç1Â Ô Î -FÂgË Ô Ë3ÆzÆzÃLÂ�Ñ1Ã>Æ Õ É ÕLÔ ÃLÌIÊzÆÒÆÈÇ1ÂåÉ�ËFÖ!ÂÈÎÏÉÏÉ�ÃPÅ3Ç -¨É�Ã>ÆMß�Ñ Õ Ä7Å!ÆgÃLÂÆzÅ3Ì�ÊPËCÉ�Å3ÂzÆPÑ Õ�ê Ì1Î�Ã>Æ6ÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê -�ÆzÃ>Æ Ô Ã>ÆÈÇ1ÂzÃ>Æ6ÃLÊ4-�É�Ë�ÙpËCÄ=Ë3ÙLÎÏÊ Õ Ñ1Ã¨Ù>ÃLÉÏÉ�Ã�ÓwÙLÎ�ìx³	Ë�Ñ Õ�ê Ì1ÎÏÊÈÎ�Å3Ì�Ñ�´ Ç1Ì�ÃÑ1Å3Ì1Ì Õ Ã9ÂzÃLÉ�ËCÊÈÎÏÜ�Ã*-�É�Ë(¿£µ!ÁØþ�º�¶$¼gº(Ñ1Ã>Æ � Å3Ç1Â Ô Î�ÆtÉ�Ã>ÆXÅ!/1ÉÏÎÏÖ�ÃLÌ�Ê -MÑ Õ Ä�Å!ÆzÃLÂtÉ�Ã>Æ Õ É ÕLÔ ÃLÌ�ÊzÆkÍIÇÛ´UÃLÉÏÉ�Ã>ÆtÊÈÂgËCÌ�ÆÈÄ�Å3ÂÈÊzÃLÌ�ÊËCÇ;Ñ1ÃLÉ -NÑ�´ Ç1ÌéÙ>ÃLÂÈÊgËCÎÏÌ�Ì�Å Ô /1ÂzÃåÑ1Ã�Ñ Õ Ä1É�Ë3Ù>Ã Ô ÃLÌIÊzÆpì4 KÌ ê ÌÛÚ�É�Ã>Æ � Å3Ç1Â Ô Î�Æ9ÆzÅ3ÌIÊ�Ñ1Å3Ê Õ Ã>Æ�Ñ�´ Ç1Ì�Ã Ô6ÕLÔ Å3ÎÏÂzÃåÍIÇ1ÎÉ�ÃLÇ1Â?Ä7ÃLÂ Ô ÃLÊ'Ñ1Ã Ô6ÕLÔ Å3ÂÈÎ�ÆzÃLÂ9É�Ë}Ì=ËCÊÈÇ1ÂzÃMÑ1Ã>Æ9ÊgË3Æ?Ä1Â Õ Ù Õ Ù ÕLÔNÔ ÃLÌ�Ê'ÜIÎ�ÆÈÎÏÊ Õ Æ9Ä7Å3Ç1Â?É�´æËCÎ�Ñ1ÃLÂ -}Ù 
�Å3Î�ÆÈÎÏÂ�ÆgË}Ñ£ÎÏÂzÃ>Ù�ÓÊÈÎ�Å3Ì�ÃLÌ�Ü�Ç�ÃÒÑ1Ã}Ñ Õ Ä�Å!ÆzÃLÂ&É�Ã>Æ Õ É ÕLÔ ÃLÌIÊzÆMÍIÇÛ´UÃLÉÏÉ�Ã>Æ'ÊÈÂgËCÌ�ÆzÄ7Å3ÂÈÊzÃLÌIÊpì�³x´æËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô ÃNÖ!É�Å!/=ËCÉxËCÉÏÊzÃLÂÈÌ�Ã}É�ÃåÊÈÂgËpÜ3ËCÎÏÉÑ1Ã>Æ �ØÅ3Ç1Â Ô Î�ÆxËpÜ�Ã>ÙkÉ�´æËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3ÌPÑ�´ Ç1Ì6ËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã9Ñ1Ã>Æ( &Ó Ô ÃpËCÌ�ÆKÃLÌ}ÜIÇ�ÃkÑ�´æËR�6Ì�ÃLÂKÉ�Ë'Ä=ËCÂÈÊÈÎÏÊÈÎ�Å3ÌNÄ1ÂzÅIÑ£Ç1ÎÏÊzÃ!ì

�=õ���õ���õ�� � #	ñ GuC " K � ñ��	ò MOC "
�^ËCÂ Ô Î�É�Ã>Æ Ô6Õ Ê 
�Å�Ñ1Ã>Æ�Ì�Ã ��ËCÎ�ÆgËCÌ�Ê^Ä=Ë3Æ^ËCÄ1Ä7ÃLÉ�ËCÇ �ØÅ3Â Ô ËCÉÏÎ�Æ Ô Ã Õ Ü�Å3ÉÏÇ1ÊÈÎ�Å3Ì1Ì1Î�ÆÈÊzÃ!Ú!Å3Ì�Ì�Å3ÊzÃLÂgË&ÃLÌÒÄ1ÂzÃ Ô Î�ÃLÂÉÏÎ�ÃLÇ É�´ Ç1ÊÈÎÏÉÏÎ�ÆgËCÊÈÎ�Å3Ì Ñ1Ã Ô6Õ Ê 
�Å�Ñ1Ã>ÆPÑ1Ã¨ÙLÉÏÇ�ÆzÊzÃLÂÈÎÏÌ1Ö 
1Î Õ ÂgËCÂzÙ�
1Î�ÍIÇ�Ã>Æ�ÍIÇ1Î?Ì�ÃFÌ Õ Ù>Ã>ÆzÆÈÎÏÊzÃLÌIÊ6Ä=Ë3ÆNÉ�Ã;Ù 
�Å3Î,Ð Ñ�´ Ç1ÌÌ�Å Ô /1ÂzÃ¨Ñ1ÃFÙLÉ�Ë3ÆzÆzÃ>Æ;µÝ¿$À4þ ½3À�þvì&�{ÉkÃ>ÆzÊ}ËCÇ�ÆzÆzÎlÄ�Å!ÆzÆÈÎ /1É�ÃFÑ�´ ÎÏÊ Õ ÂzÃLÂ}Ç1Ì�Ã Ô6Õ Ê 
�Å�Ñ1ÃÝÑ1Ã¨ÙLÉÏÇ�ÆzÊzÃLÂÈÎÏÌ1Ö�ÃLÌ ��ËCÎ�ÆgËCÌIÊ

Ü3ËCÂÈÎ�ÃLÂXÉ�Ã�Ì�Å Ô /1ÂzÃ'Ñ1Ã&ÙLÉ�Ë3ÆzÆzÃ>ÆlÑ Õ ÆÈÎÏÂ Õ Ú�Ä1Ç1Î�Æ.-åÑ Õ ÊzÃLÂ Ô ÎÏÌ�ÃLÂkÉ�Ã9Ì�Å Ô /1ÂzÃ(Ñ1Ã&ÙLÉ�Ë3ÆzÆzÃ>ÆXÅ3Ä1ÊÈÎ Ô ËCÉ�ËCÇ�ÂzÃLÖ�ËCÂzÑ�Ñ�´ Ç1ÌÎÏÌ�Ñ£Î�Ù>ÃMÑ1Ã�Ù>Å 
 Õ ÂzÃLÌ�Ù>ÃåÑ£Ç�ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö6Ä1ÂzÅ�Ñ£Ç1ÎÏÊÒ×vÎÏÌ�Ñ£Î�Ù>ÃMÑ1ÃMá�Ë>Ü�Î�Ã>ÆrÓ,6kÅ3Ç1É�Ñ£ÎÏÌéÄ=ËCÂ9Ã�Ð1Ã Ô Ä1É�ÃHÞ�ì
1�Ì�Ã�Ñ1ÃLÂÈÌ1Î�àLÂzÃ Ô6Õ Ê 
�ÅIÑ1ÃøÙ>Å3Ì�ÆzÎ�ÆÈÊzÃ - ÆÈÇ1ÂzÃ>ÆÈÊÈÎ Ô ÃLÂéÉ�Ã�Ì�Å Ô /1ÂzÃ Ñ1Ã�ÙLÉ�Ë3ÆgÆzÃ>Æ¨Ä1Ç1Î�Æ�-��ØÇ�ÆÈÎ�Å3Ì1Ì�ÃLÂ;Ù>ÃLÂÈÊgËCÎÏÌ�Ã>Æ
Ñ1Ã>ÆFÙLÉ�Ë3ÆzÆzÃ>ÆÝÅ!/1ÊzÃLÌ�Ç�Ã>Æ � �� Më�� �wìlá�ËCÌ�ÆÝÙ>ÃLÊÈÊzÃ Õ ÊÈÇ�Ñ1Ã!ÚlÇ1Ì�Ã�Ü�ÃLÂzÆÈÎ�Å3Ì Ñ1Ã>Æ � ��ù�%�%L¸ �$,w¾PºÈµ!¶1¹h��ÂzÅ!/1Ç�ÆÈÊzÃ�ËCÇ
/1ÂÈÇ1ÎÏÊ�ÃLÊ'ËCÇ£Ð ½3ù£ÁØ·Bþ�º�À4¹Ý×vÜ!ËCÉ�ÃLÇ1ÂzÆ�Ã�Ð£ÊÈÂ�� Ô Ã>Æ�Æp´ Õ ÙpËCÂÈÊgËCÌIÊ'Ñ1Ã�É�ËNÑ£Î�ÆzÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì$Þ9Ã>ÆÈÊ9Ñ�´æË5/�Å3ÂzÑ;Ä1ÂzÅ3Ä�Å!Æ Õ Ã!Ú�Ñ�ËCÌ�ÆÉ�Ë3Í�Ç�ÃLÉÏÉ�Ã�Ñ1ÃLÇ£ÐøÃLÌ�ÆzÃ Ô /1É�Ã>Æ}Ñ1Ã6Ä�Å3Î�Ñ1Æ�× ËCÇ ÉÏÎ�ÃLÇ Ñ�´ Ç1Ì Ñ�ËCÌ�ÆåÉ�Ë Ô6Õ Ê 
�Å�Ñ1Ã�¼L·,µ3¹g¹4þ ýLù�ºÝÑ1Ã>Æ ��ù�%�%L¸ �R,w¾PºÈµ3¶1¹aÞÆzÅ3Ì�Ê9Ë3ÆzÆgÅIÙLÎ Õ Æ9ËCÇ£Ð Õ É ÕLÔ ÃLÌ�ÊzÆ -�ÙLÉ�Ë3ÆzÆgÃLÂpì�³	Ã(Ä1ÂzÃ Ô Î�ÃLÂpÚ1Ù>Å3Ì�ÊÈÂgËCÎÏÌ�ÊpÚ=ÂzÃLÄ1Â Õ ÆzÃLÌ�ÊzÃMÄ7Å3Ç1ÂkÇ1Ì Õ É ÕLÔ ÃLÌ�ÊpÚ�É�Ã&Ñ1ÃLÖ!Â ÕÑ�´æËCÄ1Ä=ËCÂÈÊzÃLÌ=ËCÌ�Ù>Ã -9Ù�
=Ë3ÙLÇ1Ì�ÃkÑ1Ã>Æ�ÙLÉ�Ë3ÆzÆzÃ>Æpìa³ÛÃlÆzÃ>Ù>Å3Ì�ÑåÃ>ÆÈÊ.Ì�Å3Ì£ÓwÙ>Å3Ì�ÊÈÂgËCÎÏÌIÊtÃLÊ.Ñ Õ ÙLÂÈÎÏÊ�É�Ë?Ê{ßIÄ1Î�ÙpËCÉÏÎÏÊ Õ Ñ1ÃtÙ 
=Ë3Í�Ç�Ã
Õ É ÕLÔ ÃLÌ�Ê�ÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌIÊ -PÙ 
=Ë3Í�Ç�Ã}ÙLÉ�Ë3ÆzÆgÃ!ì7³	Å3ÂzÆzÍ�Ç�ÃÒÉ�Ã�Ì�Å Ô /1ÂzÃNÑ1Ã�ÙLÉ�Ë3ÆzÆzÃ>Æ(Ã>ÆÈÊ&ÎÏÌ�Ù>Å3Ì1Ì�ÇÛÚ�É�ÃÒÄ1ÂÈÎÏÌ�ÙLÎÏÄ�Ã�Ã>ÆzÊËCÉ�Å3ÂzÆ	Ñ1ÃXÆÈÇ1ÂÈÄ=ËCÂÈÊÈÎÏÊÈÎ�Å3Ì1Ì�ÃLÂ^É�Ã>Æ	Ñ1Å3Ì1Ì Õ Ã>ÆpÚ5-?É�Ë?ÆÈÇ1ÎÏÊzÃXÑ1ÃtÍIÇ�Å3Î�Ù>ÃLÂÈÊgËCÎÏÌ�Æ�ÙLÉÏÇ�ÆÈÊzÃLÂzÆ.ÆgÅ3Ì�Ê �ØÇ�ÆÈÎ�Å3Ì1Ì Õ Æk×vÉ�ÃxÙLÂÈÎÏÊzàLÂzÃlÑ1ÃÙ>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3ÌéÇ1ÊÈÎÏÉÏÎ�Æ Õ ÂzÃLÄ7Å!ÆgÃMÆÈÇ1Â9É�´æËCÌ=ËCÉÏß£ÆzÃMÑ1Ã>Æ9Ñ1ÃLÖ!Â Õ Æ&Ñ1Ã�Ê{ßIÄ1Î�ÙpËCÉÏÎÏÊ Õ ÃLÊ�Ñ�´æËCÄ1Ä=ËCÂÈÊzÃLÌ=ËCÌ�Ù>ÃÒÑ1Ã>Æ Õ É ÕLÔ ÃLÌ�ÊzÆÑ1Ã�Ù�
=Ë3ÙLÇ1Ì�Ñ1Ã>Æ9Ñ1ÃLÇ£Ð;ÙLÉÏÇ�ÆÈÊzÃLÂzÆ4Þ�ì

�=õ���õ���õ � A ' K � ñ��	ò MOC P �	ò7ðl"Hð C
³ÛÃ>Æ Ô6Õ Ê 
�ÅIÑ1Ã>Æ Õ Ü�Å3ÉÏÇ1ÊÈÎ�Å3Ì1Ì1Î�ÆÈÊzÃ>ÆlÄ=ËCÂgËCÎ�ÆzÆgÃLÌ�Ê?ÆzÅ3Ç�ÆxÇ1ÌÝÄ1ÂzÃ Ô Î�ÃLÂ�0rÅ3Ç1ÂXÄ=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�àLÂzÃ Ô ÃLÌ�Ê'ËCÊÈÊÈÂgË3ÙLÊÈÎÏÜ�Ã>Æpì³ÛÃ>ÆåËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã>ÆåÖ Õ Ì Õ ÊÈÎ�Í�Ç�Ã>ÆMÃLÌ É�´UÅIÙ>ÙLÇ1ÂzÃLÌ�Ù>ÃNÂzÃLÄ�Å!ÆzÃLÌIÊMÆÈÇ1Â�Ç1Ì�ÃNÆzÅ3ÉÏÎ�Ñ1Ã�/=Ë3ÆzÃ}Ê 
 Õ Å3ÂÈÎ�ÍIÇ�ÃNÃ�Ð£Ä7Å!Æ Õ ÃNÑ�ËCÌ�Æ

� � 
1Î�ë ���wì �.Å3Ç1Â�ËCÇ1ÊgËCÌ�ÊpÚ /1Î�ÃLÌéÍIÇ�Ã�É�ÃLÇ1Â�Î Ô Ä1É ÕLÔ ÃLÌIÊgËCÊÈÎ�Å3Ì�Ì�ÃMÄ7Å!ÆzÃMÄ=Ë3Æ�Ñ1Ã�Ä1ÂzÅ!/1É�à Ô Ã>Æ'Ä=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�ÃLÂzÆpÚ$É�ÃLÇ1Â
���



���������
	�����£µ4¿$þØÁØÀÈº��

Ô Î�ÆgÃMÃLÌéËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì�Æp´æËpÜ�àLÂzÃ�Ä=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�àLÂzÃ Ô ÃLÌ�Ê�Ñ£Î �PÙLÎÏÉ�Ã!Ú Õ ÊgËCÌIÊ'Ñ1Å3Ì1Ì Õ É�Ã(Ì�Å Ô /1ÂzÃåÑ1Ã(Ä=ËCÂgË Ô àLÊÈÂzÃ>Æ&Í�ÇÛ´ ÎÏÉÙ>Å3ÌIÜIÎ�ÃLÌIÊ&Ñ1Ã ê Ð1ÃLÂpÚ1Â Õ ÆÈÇ Ô6Õ Æ�ÙLÎ,ÓwÑ1Ã>ÆzÆzÅ3Ç�Æ 3
�!ì �.ËCÎÏÉÏÉ�ÃåÑ1Ã�É�Ë�Ä7Å3Ä1Ç1É�ËCÊÈÎ�Å3Ì�ÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã
�£ì ��Ã>ÆÈÇ1ÂzÃ�Ñ1Ã ê ÊÈÌ�Ã>ÆzÆ
�£ì �KÂzÅ!/=Ë5/1ÎÏÉÏÎÏÊ Õ Ñ1ÃMÙLÂzÅ3Î�ÆzÃ Ô ÃLÌ�Ê Pc
��ì �KÂzÅ!/=Ë5/1ÎÏÉÏÎÏÊ Õ Ñ1Ã Ô Ç1ÊgËCÊÈÎ�Å3Ì Pm.£ì � ÂÈÎÏÊzàLÂzÃMÑ1Ã ê Ì

�wÉ1Æp´æËpÜ�àLÂzÃ?ÃLÌ6Å3Ç1ÊÈÂzÃ?Í�Ç�Ã?Ù>ÃLÂÈÊgËCÎÏÌ�ÆtÑ1Ã?Ù>Ã>Æ^Ä=ËCÂgË Ô àLÊÈÂzÃ>ÆtÆzÅ3ÌIÊxÙ>Å3ÂÈÂ Õ É Õ ÆpÚ!Ù>Å ÔNÔ Ã?É�Ã Ô Å3Ì�ÊÈÂzÃ9É�´ Õ Í�Ç=ËCÊÈÎ�Å3Ì
�!ì���Ä1ÂzÅ3Ä7Å!Æ Õ Ã9Ä=ËCÂ �'Å3ÉÏÉ�ËCÌ�Ñ ���'Å3É��-. �wÚ Õ ÊgË5/1ÉÏÎ�ÆgÆgËCÌ�ÊxÉ�´ Õ Ü�Å3ÉÏÇ1ÊÈÎ�Å3ÌÝÑ1Ã?É�Ë(Ä�Å3Ä1Ç1É�ËCÊÈÎ�Å3ÌPÑ1Ã>ÆtÆgÅ3ÉÏÇ1ÊÈÎ�Å3Ì�ÆxÙ>Å Ô Ä1ÂÈÎ�ÆzÃ>ÆÑ�ËCÌ�Æ�Ç1Ì 
�ß�Ä7ÃLÂÈÄ1É�ËCÌ�Ä=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�ÃLÂ'Ñ1Ã(É�´UÃ>ÆÈÄ=Ë3Ù>ÃåÑ1Ã�ÂzÃ>Ù�
�ÃLÂzÙ 
�Ã!Ú$ÃLÌIÊÈÂzÃMÑ1ÃLÇ£Ð¨Ö Õ Ì Õ ÂgËCÊÈÎ�Å3Ì�ÆÒ×vÊ�ÃLÊ?Ê�� �HÞ*3

P (H, t + 1) > P (H, t)
f(H, t)

f

[

1 − Pc
∆(H)

L − 1
(1 − P (H, t)

f(H, t)

f

]

(1 − Pm)o(H) × �!ì���Þ

Å3è ��× ��Ú Ê4ÞPÑ Õ ÆÈÎÏÖ!Ì�ÃéÉ�ÃéÌ�Å Ô /1ÂzÃ�Ñ�´ Õ É ÕLÔ ÃLÌ�ÊzÆ¨Ñ1Ã�É�Ë�Ä�Å3Ä1Ç1É�ËCÊÈÎ�Å3Ì ËCÄ1Ä=ËCÂÈÊzÃLÌ=ËCÌ�Ê - É�´ 
�ß�Ä7ÃLÂÈÄ1É�ËCÌ �
É�Å3ÂzÆåÑ1Ã}É�ËPÖ Õ Ì Õ ÂgËCÊÈÎ�Å3Ì ÊpÚ �È× ��Ú Ê4Þ'Ù>Å3ÂÈÂzÃ>ÆÈÄ7Å3Ì�Ñ -ÝÉ�Ë Ô Ã>ÆzÇ1ÂzÃNÑ1Ã ê ÊÈÌ�Ã>ÆgÆMÑ1Ã}Ù>ÃLÊ 
�ß�Ä7ÃLÂÈÄ1É�ËCÌÛÚ f

Ñ Õ ÆÈÎÏÖ!Ì�Ã}É�Ë
Ô Ã>ÆzÇ1ÂzÃ9Ñ1Ã ê ÊÈÌ�Ã>ÆzÆzÃ Ô ÅHß�ÃLÌ1Ì�Ã�Ñ1Ã>Æ Õ É ÕLÔ ÃLÌIÊzÆtÑ1Ã?É�Ë&Ä�Å3Ä1Ç1É�ËCÊÈÎ�Å3Ì6ÊzÅ3ÊgËCÉ�Ã!Ú ∆(H)

ÂzÃLÄ1Â Õ ÆzÃLÌ�ÊzÃ�É�Ë&É�Å3Ì1Ö!Ç�ÃLÇ1ÂXÑ1ÃÑ Õ�ê Ì1ÎÏÊÈÎ�Å3Ì�Ñ1Ã&É�´ 
�ß�Ä7ÃLÂÈÄ1É�ËCÌ � ×vÉ�Ë}Ñ£Î�ÆÈÊgËCÌ�Ù>ÃMÃLÌIÊÈÂzÃ(É�Ã>Æ9Ñ1ÃLÇ£Ð /1ÎÏÊzÆ ê Ð Õ ÆkÉ�Ã>Æ?Ä1ÉÏÇ�Æ Õ É�Å3ÎÏÖ!Ì Õ Æ'Ñ1Ã'É�´ 
IßIÄ�ÃLÂÈÄ1É�ËCÌÛÚÍIÇ1Î�Í�Ç=ËCÌIÊÈÎ ê Ã'É�ËåÄ1ÂzÅ!/=Ë5/1ÎÏÉÏÎÏÊ Õ ÍIÇ�Ã'Ñ1Ã&Ñ1ÃLÂÈÌ1Î�ÃLÂlÆgÅ3ÎÏÊkËaç�Ã>ÙLÊ Õ Ä=ËCÂXÉ�ËåÂzÃ>Ù>Å Ô /1ÎÏÌ=ËCÎ�ÆzÅ3Ì;Ñ£Ç�¼LÀÈ½C¹g¹>½ �Cº�ÀF× ∆(∗1 ∗
∗011∗10∗∗) = 8

Þ	ÃLÊ�³�É�Ë9É�Å3Ì1Ö!Ç�ÃLÇ1ÂKÑ�´ Ç1Ì}Ù�
1ÂzÅ Ô Å!ÆzÅ Ô ÃM×vÉ�Ë�É�Å3Ì1Ö!Ç�ÃLÇ1ÂKÑ�´UÃLÌ�Ù>ÅIÑ�ËCÖ�ÃlÑ£Ç�Ä1ÂzÅ!/1É�à Ô ÃHÞ�ìd KÌ ê ÌÛÚÅ�× ��ÞlÂzÃLÄ1Â Õ ÆzÃLÌIÊzÃMÉ�´UÅ3ÂzÑ£ÂzÃÒÑ1Ã�É�´ 
�ß�Ä7ÃLÂÈÄ1É�ËCÌÛÚ=Ù!´UÃ>ÆÈÊ -NÑ£ÎÏÂzÃMÑ�ËCÌ�Æ9Ç1Ì�Ã �ØÅ3Â Ô ËCÉÏÎ�Æ4ËCÊÈÎ�Å3Ì�/1ÎÏÌ=ËCÎÏÂzÃ!Ú�É�Ã(Ì�Å Ô /1ÂzÃÒÑ1Ã
/1ÎÏÊzÆ ê Ð Õ Æ -�� Å3Ç ��Ñ�ËCÌ�Æ¨ÆgËøÂzÃLÄ1Â Õ ÆzÃLÌ�ÊgËCÊÈÎ�Å3Ì ×ØÅ�× ����� � �����CÞ�� ��Þ�ì � ÃLÊÈÊzÃ �ØÅ3Â Ô Ç1É�Ã Ô Å3Ì�ÊÈÂzÃ�ÍIÇÛ´ ÎÏÉ&Ã>ÆÈÊÎ Ô Ä Õ ÂgËCÊÈÎ ��Ñ�´ Õ ÊÈÇ�Ñ£Î�ÃLÂéËCÊÈÊzÃLÌIÊÈÎÏÜ�Ã Ô ÃLÌ�Ê;É�Ë ÍIÇ�Ã>ÆÈÊÈÎ�Å3Ì
Ñ£Ç�Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�ÃøË ê Ì Ñ1Ã�Ö�ËCÂgËCÌ�ÊÈÎÏÂ¨Ç1Ì�Ã Õ Ü�Å3ÉÏÇ1ÊÈÎ�Å3ÌÙ>Å3ÂÈÂzÃ>ÙLÊzÃÒÑ1Ã>Æ 
�ß�Ä�ÃLÂÈÄ1É�ËCÌ�Æ�Ù>Å3Ì�ÊzÃLÌ=ËCÌIÊ'É�Ã>Æ�ÆzÅ3ÉÏÇ1ÊÈÎ�Å3Ì�Æ�Ã�ç�Ã>ÙLÊÈÎÏÜ�Ã>Æ'ËCÇ¨Ä1ÂzÅ!/1É�à Ô Ã�Ë5/7Å3ÂzÑ Õ ì
� ÃLÊÈÊzÃPÎ Ô Ä7Å3ÂÈÊgËCÌ�Ù>Ã�Ñ£ÇøÄ=ËCÂgË Ô6Õ ÊÈÂgËCÖ�ÃFË¨Ñ�´æËCÎÏÉÏÉ�ÃLÇ1ÂzÆ Õ Ê Õ Ã�Ð�Ä Õ ÂÈÎ Ô ÃLÌ�Ê Õ Ã!Ú.Ä1Ç1Î�ÆzÍIÇ�Ã6Ñ1ÃLÇ£ÐøÑ1Ã>ÆåËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã>ÆÑ1Ã�ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö�Ö Õ Ì Õ ÊÈÎ�Í�Ç�Ã>Æ�Ä1Â Õ ÆzÃLÌIÊ Õ ÆÒÑ�ËCÌ�Æ�Ù>ÃLÊÈÊzÃPÄ=ËCÂÈÊÈÎ�Ã�Å3Ì�Ê Õ Ê Õ Â Õ Î Ô Ä1É ÕLÔ ÃLÌIÊ Õ ÆNÑ£Ç1ÂgËCÌ�Ê}Ì�Å3ÊÈÂzÃ Õ ÊÈÇ�Ñ1Ã× � 6 � ���1Ú � ÂzÃ���� �vÞåÃLÊÒÉ�ÃÝÆÈß£ÆÈÊzà Ô Ã � 6 � ��� �9ËéÑ1Ã�Ä1ÉÏÇ�Æ Õ Ê Õ ÊzÃ>ÆzÊ Õ ÆÈÇ1Â}Ñ1Ã>Æ}ÃLÌ�ÆzÃ Ô /1É�Ã>ÆNÑ Õ 0�-�É�Ë5/ Õ ÉÏÎ�Æ Õ Æ�Ñ1ÃÑ1Å3Ì1Ì Õ Ã>Æ � � ��6 ��ë�9%�wìI³	Ã>ÆXÂ Õ ÆzÇ1ÉÏÊgËCÊzÆlÅ!/1ÊzÃLÌIÇ�ÆlÂ Õ Ü�àLÉ�ÃLÌ�Ê�ËCÉ�Å3ÂzÆXÇ1Ì�Ã'ÆzÃLÌ�ÆzÎ /1ÎÏÉÏÎÏÊ Õ Ù>ÃLÂÈÊgËCÎÏÌ�Ã -åÉ�Ë�Ü!ËCÂÈÎ�ËCÊÈÎ�Å3ÌFÑ1ÃÙ>ÃLÂÈÊgËCÎÏÌ�Æ(Ä=ËCÂgË Ô àLÊÈÂzÃ>ÆHÚ$ÎÏÉÏÉÏÇ�ÆzÊÈÂ Õ Ã�Ñ�ËCÌ�Æ&É�Ë ê Ö!Ç1ÂzÃ �!ì�� ��Ñ�ËCÌ�Æ&É�Ã�ÙpË3Ñ£ÂzÃ}Ñ£Ç�Ù 
�Å3Î,Ð�Ñ£Ç�Ì�Å Ô /1ÂzÃ}Ñ�´ ÎÏÊ Õ ÂgËCÊÈÎ�Å3Ì�Æ
Ô ËaÐ£Î Ô ËCÉl×ØÙLÂÈÎÏÊzàLÂzÃåÑ1Ã ê Ì$Þ�ì

1�Ì�Ã Õ ÊÈÇ�Ñ1ÃMÄ1ÉÏÇ�Æ9Ä�Å3Ç�ÆzÆ Õ ÃåÑ1ÃMÉ�ËNÑ Õ Ä�ÃLÌ�Ñ�ËCÌ�Ù>ÃÒÑ1Ã>Æ&ËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã>Æ&Ö Õ Ì Õ ÊÈÎ�Í�Ç�Ã>Æ'ÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê -NÉ�ÃLÇ1ÂzÆÄ=ËCÂgË Ô àLÊÈÂzÃ>Æ}Ã>ÆÈÊåÄ=ËCÂÒËCÎÏÉÏÉ�ÃLÇ1ÂzÆåÄ1ÂzÅ3Ä�Å!Æ Õ Ã6Ñ�ËCÌ�Æ �Uá � ��� �wì � ÃLÊÈÊzÃ6Ñ Õ Ä7ÃLÌ�Ñ�ËCÌ�Ù>ÃÝÑ1Å3Ì1Ì�Ã6ÉÏÎ�ÃLÇ -FÇ1Ì�Ã6ÉÏÎÏÊÈÊ Õ ÂgËaÓÊÈÇ1ÂzÃ��ØÃLÂÈÊÈÎÏÉ�Ã!Ú�Ñ1Å3ÌIÊ�É�´æË5/7Å3Ç1ÊÈÎ�ÆzÆgÃ Ô ÃLÌ�ÊåÙ>Å3Ì�ÆÈÎ�ÆzÊzÃ -ÝÄ1ÂzÃLÌ�Ñ£ÂzÃ6ÃLÌ�Ù>Å Ô Ä1ÊzÃ6Ñ1Ã>Æ(Ä=ËCÂgË Ô àLÊÈÂzÃ>ÆÒËCÇ1ÊzÅCÓ{Ë3Ñ�ËCÄ1ÊgËCÊÈÎ � Æ
� � Å Ô � ���wì
 xÌ ÆÈÇ�ÆNÑ1Ã¨Ù>Ã>ÆNÙ>Å3Ì�ÆÈÎ�Ñ Õ ÂgËCÊÈÎ�Å3Ì�ÆpÚKÎÏÉ9Ù>Å3ÌIÜIÎ�ÃLÌIÊPÑ1ÃFÂzÃ Ô ËCÂzÍIÇ�ÃLÂPÍ�Ç�ÃÝÉ�Ë�ÊgËCÎÏÉÏÉ�Ã¨Ñ1ÃFÉ�Ë�Ä�Å3Ä1Ç1É�ËCÊÈÎ�Å3Ì 0rÅ3Ç�ÃFÇ1ÌÂ�13É�Ã�Ä=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�àLÂzÃ Ô ÃLÌ�Ê?Ñ Õ ÊzÃLÂ Ô ÎÏÌ=ËCÌ�Ê?Ñ�ËCÌ�ÆtÉ�Ë(Ä7ÃLÂzÆzÄ7Ã>ÙLÊÈÎÏÜ�Ã'Ñ�´ Ç1Ì�Ã'ËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3ÌFÃ�ç�Ã>ÙLÊÈÎÏÜ�Ã9Ñ1Ã>ÆlËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã>ÆÖ Õ Ì Õ ÊÈÎ�ÍIÇ�Ã>Æpì7³ÛÃ>Æ9ÊÈÂgËpÜ3ËCÇ£Ð � Å3Ì�Ñ�ËCÊzÃLÇ1ÂzÆ&Ñ�´��'Å3ÉÏÉ�ËCÌ�Ñ ���'Å3É��-. �^Å3Ì�Ê Ô Å3Ì�ÊÈÂ Õ Í�Ç�Ã�É�ÃåÄ=ËCÂzÙ>Å3Ç1ÂzÆ'Ñ1ÃMÉ�´UÃ>ÆÈÄ=Ë3Ù>ÃÒÑ1ÃÂzÃ>Ù 
�ÃLÂzÙ�
�Ã Õ ÊgËCÎÏÊ}Ä1ÂzÅ3Ä�Å3ÂÈÊÈÎ�Å3Ì1Ì�ÃLÉ�ËCÇ ÙLÇ /�ÃÝÑ1ÃPÉ�Ë�ÊgËCÎÏÉÏÉ�ÃFÑ1ÃPÉ�ËéÄ�Å3Ä1Ç1É�ËCÊÈÎ�Å3ÌÛìK³	Ë;ÊgËCÎÏÉÏÉ�ÃFÑ1Ã�É�Ë�Ä7Å3Ä1Ç1É�ËCÊÈÎ�Å3ÌÌ Õ Ù>Ã>ÆgÆgËCÎÏÂzÃ -}É�Ë}Ñ Õ ÊzÃLÂ Ô ÎÏÌ=ËCÊÈÎ�Å3Ì�Ñ£Ç;Ì�Å Ô /1ÂzÃÒÑ1ÃMÙLÉ�Ë3ÆzÆzÃ>Æ?Å3Ä1ÊÈÎ Ô ËCÉ�ÆzÃ(Â Õ Ü�àLÉ�ÃåËCÉ�Å3ÂzÆ /1Î�ÃLÌ;ÊÈÂzÅ3Ä;Î Ô Ä�Å3ÂÈÊgËCÌ�ÊzÃÃLÌFÊzÃLÂ Ô Ã>ÆkÑ1Ã'ÊzÃ Ô Ä�ÆlÑ1Ã(ÙpËCÉ�ÙLÇ1É�ÃLÊlÙ>Å3Ì�ÆzÊÈÎÏÊÈÇ�Ã'Ç1ÌÝÌ�Å3Ç1Ü�ÃpËCÇ �ØÂzÃLÎÏÌ -åÉ�´ Ç�ÆgËCÖ�Ã&Ñ1Ã>ÆkËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã>ÆkÖ Õ Ì Õ ÊÈÎ�ÍIÇ�Ã>Æpì
 xÌ ê ÌÛÚ=É�Ã>Æ�ËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã>Æ -�/=Ë3ÆgÃMÑ1ÃMÙ>Å3É�Å3Ì1Î�Ã>Æ&Ñ1Ã �ØÅ3Ç1Â Ô Î�Æ'ÆzÅ3Ç£ç�ÂzÃLÌ�Ê'Ñ1Ã>Æ Ô � Ô Ã>Æ�ÎÏÌ�Ù>Å3ÌIÜ Õ Ì1Î�ÃLÌ�ÊzÆ(ÂzÃLÉ�ËCÊÈÎÏÜ�Ã�Ó
Ô ÃLÌIÊ -ÒÉ�ÃLÇ1Â?Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�ÃMÍIÇ1Î�ÅNÆp´æË>Ü�àLÂzÃ(ÉÏÇ1ÎÛËCÇ�ÆzÆÈÎ�Ù>Å Ô Ä1É�Ã�Ð1Ã!ì � Ã>Æ Ô6Õ Ê 
�Å�Ñ1Ã>ÆkÌÛ´UÅ3Ì�Ê�Ñ1Å3Ì�Ù(Ä=Ë3ÆkÌ�Å3Ì¨Ä1ÉÏÇ�Æ
Õ Ê Õ ÂzÃLÊzÃLÌ�Ç�Ã>Æ'Ä7Å3Ç1Â �LÊÈÂzÃåËCÄ1Ä1ÉÏÎ�ÍIÇ Õ Ã>Æ'ËCÇ;ÙLÉÏÇ�ÆzÊzÃLÂÈÎÏÌ1Ö�Ñ1Ã>Æ?Ü�Ã>ÙLÊzÃLÇ1ÂzÆ'Ñ1Ã�Ä7ÃLÂ � Å3Â Ô ËCÌ�Ù>Ã>Æpì

³	Ë Ô6Õ Ê 
�Å�Ñ1ÃåÑ1ÃMÙLÉÏÇ�ÆzÊzÃLÂÈÎÏÌ1ÖPÙ�
�Å3Î�ÆÈÎ�ÃÒÆzÃMÑ1Å3ÎÏÊ�Ñ1ÃMÉÏÎ Ô ÎÏÊzÃLÂ�É�´ ÎÏÌ�ÊzÃLÂÈÜ�ÃLÌIÊÈÎ�Å3Ì�Ñ1Ã�É�´ Ç1ÊÈÎÏÉÏÎ�ÆgËCÊzÃLÇ1Â'ÃLÌ�Ù>ÃMÍ�Ç1ÎÙ>Å3Ì�Ù>ÃLÂÈÌ�ÃÒÆzÅ3Ì¨Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã!ì7á(ËCÌ�Æ9É�´ Î�Ñ Õ ËCÉ�Ú1É�Ë Ô6Õ Ê 
�Å�Ñ1ÃMÑ1ÃLÜIÂgË �LÊÈÂzÃMÎÏÌ�Ñ Õ Ä7ÃLÌ�Ñ�ËCÌIÊzÃ 3
� �
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i�j(k�m �!ì�� � n á Õ Ä�ÃLÌ�Ñ�ËCÌ�Ù>ÃFÑ£Ç Ì�Å Ô /1ÂzÃ¨Ñ1Ã�ÙLÉ�Ë3ÆgÆzÃ>Æ}Å3Ä1ÊÈÎ Ô ËCÉkÃLÌ � Å3Ì�ÙLÊÈÎ�Å3Ì Ñ£Ç Ì�Å Ô /1ÂzÃÝÑ1ÃÝÖ Õ Ì Õ ÂgËCÊÈÎ�Å3Ì�Æ
Ô ËaÐ�Î Ô ËCÉ�ËCÇ1ÊzÅ3ÂÈÎ�Æ Õ

n
ËCÇ£Ð Ô Ã>ÆÈÇ1ÂzÃ>Æ9Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3Ì�Ù 
�Å3Î�ÆÈÎ�Ã>ÆpÚ
n
ËCÇ;Ù>Å3ÂÈÄ1Ç�Æ'Ñ�´æË3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3ÌÛÚ
n -�É�Ë}Ñ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�Ñ1Ã>Æ?Ü�Ã>ÙLÊzÃLÇ1ÂzÆ�Ñ1ÃMÄ7ÃLÂ � Å3Â Ô ËCÌ�Ù>Ã>ÆpÚ
n�ÃLÊzÙ!ì

�.Å3Ç1Â�Ù>Ã>ÆMÑ£Î,ç Õ ÂzÃLÌ�ÊzÃ>ÆÒÂgËCÎ�ÆzÅ3Ì�ÆpÚ�É�Ë Ô6Õ Ê 
�Å�Ñ1Ã6Ù 
�Å3Î�ÆÈÎ�Ã6Ä1ÂzÅ3Ä�Å!ÆzÃNÄ�Å3Ç1ÂåÙ>Ã ��ËCÎÏÂzÃNÇ1Ì�Ã Ô Ë���ÊÈÂÈÎ�ÆzÃPÃ�ç�Ã>ÙLÊÈÎÏÜ�Ã�Ñ1ÃÆzÃ>ÆxÄ=ËCÂgË Ô àLÊÈÂzÃ>ÆHÚIÆzÃ /=Ë3ÆgËCÌ�ÊkÆÈÇ1ÂtÑ1Ã>ÆkËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã>ÆkÑ1Ã�ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö Õ Ä1ÂzÅ3Ç1Ü Õ Æ�×ØÑ1Å3Ì�ÊlÉ�´ ÎÏÌ�Ê Õ Â��LÊkÌ�Ã�ÆgÃ9Ñ ÕLÔ ÃLÌ�ÊÄ=Ë3ÆpÚlÙ>Å ÔNÔ Ã�É�Ã Ô Å3Ì�ÊÈÂzÃ�É�Ë ê Ö!Ç1ÂzÃ �!ì�����Þ 3tÉ�Ã>Æ �IÓ Ô ÃpËCÌ�Æ¨ÃLÊ�Ç1Ì ËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã ¼L·ÏµC¹g¹�þØýLù�º Ñ1Ã�ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö

1Î Õ ÂgËCÂzÙ�
1Î�ÍIÇ�ÃåÑ£ÎÏÊ�Ñ1Ã �C·Oþv¶��Cµ+'�º0� �Uá ��â � � �wì

³ÛÃ�Ä1ÂÈÎÏÌ�ÙLÎÏÄ�Ã�Ñ1ÃÒÉ�Ë Ô6Õ Ê 
�ÅIÑ1Ã}Ã>ÆÈÊ�ËCÉ�Å3ÂzÆ(ÊÈÂzà>Æ(ÆÈÎ Ô Ä1É�Ã 3$Ù 
�Å3Î�ÆÈÎÏÂ(É�Ã Ô ÃLÎÏÉÏÉ�ÃLÇ1Â&Â Õ ÆzÇ1ÉÏÊgËCÊ(Ñ1Ã}ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö×ØÆzÃLÉ�Å3Ì�Ç1Ì�Ù>ÃLÂÈÊgËCÎÏÌ�ÎÏÌ�Ñ£Î�Ù>Ã�Ñ1Ã}Ù>Å 
 Õ ÂzÃLÌ�Ù>ÃHÞ'Ä=ËCÂ Ô ÎKÇ1Ì�ÃLÌ�ÆzÃ Ô /1É�ÃNÑ1ÃÒÂ Õ ÆzÇ1ÉÏÊgËCÊzÆ(Ä1ÂzÅIÑ£Ç1ÎÏÊzÆ�ÆzÃLÉ�Å3Ì�Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆÄ=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>Æ}Ñ1Ã>ÆÒÑ1ÃLÇ£Ð Ô6Õ Ê 
�Å�Ñ1Ã>ÆåÄ1Â Õ ÙLÎÏÊ Õ Ã>Æ¨×vÄ=ËCÂ}Ù>Å Ô Ä Õ ÊÈÎÏÊÈÎ�Å3Ì$Þ�ì�á�ËCÌ�ÆåÇ1Ì Ä1ÂzÃ Ô Î�ÃLÂÒÊzÃ Ô Ä�ÆHÚ	Ç1Ì ÃLÌ£ÓÆzÃ Ô /1É�ÃPÑ1ÃNÂzÃLÄ1Â Õ ÆzÃLÌ�ÊgËCÊÈÎ�Å3Ì�Æ 
1Î Õ ÂgËCÂzÙ 
1Î�Í�Ç�Ã>Æ�Ñ1Ã>ÆMÑ1Å3Ì1Ì Õ Ã>ÆF×ØÑ1Ã>ÆåËCÂ$/1ÂzÃ>Æ4Þ(ÆzÅ3ÌIÊMÄ1ÂzÅ�Ñ£Ç1ÎÏÊzÃ>ÆÒÃLÌ ËCÄ1Ä1ÉÏÎ�ÍIÇ=ËCÌ�ÊÉ�´æËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã?Ñ1Ã�·Oþv¶��Cµ+'�º9ÆzÃLÉ�Å3Ì}Ñ£Î,ç Õ ÂzÃLÌIÊzÆ^Ä=ËCÂgË Ô6Õ ÊÈÂgËCÖ�Ã>Æpì!³	Ë Ô ÃLÎÏÉÏÉ�ÃLÇ1ÂzÃkÂzÃLÄ1Â Õ ÆzÃLÌ�ÊgËCÊÈÎ�Å3Ì6Ã>ÆÈÊKËCÉ�Å3ÂzÆ^Ù�
�Å3Î�ÆÈÎ�ÃÆzÃLÉ�Å3ÌFÉ�Ë Ô Ã>ÆÈÇ1ÂzÃ�Ñ1Ã � Å3Ä 
�ÃLÌ�ÃLÊå×ØÅ3Ç Ô Ã>ÆÈÇ1ÂzÃ�Ñ1Ã(Ù>Å3ÂÈÂ Õ É�ËCÊÈÎ�Å3ÌéÑ1Ã ��ÃpËCÂzÆzÅ3Ì$ÞkÑ Õ ÙLÂÈÎÏÊzÃ�Ñ�ËCÌ�ÆkÉ�´ Õ ÍIÇ=ËCÊÈÎ�Å3Ì �!ì � 3

c =

∑

i<j(Yij − y)(Zij − z)
√∑

i<j(Yij − y)2
∑

i<j(Zij − z)2

× �!ì �!Þ

Å3è
Yij

Ù>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�Ñ�-?É�Ë'Ñ£Î�ÆÈÊgËCÌ�Ù>ÃkÃLÌ�ÊÈÂzÃXÉ�Ã>Æ^Ñ1Å3Ì1Ì Õ Ã>Æ�Î�ÃLÊ 0LÚHÊzÃLÉÏÉ�ÃXÍIÇ�ÃlÙpËCÉ�ÙLÇ1É Õ ÃXÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã Ô ÃLÌIÊtË>Ü!ËCÌ�ÊKÑ1ÃXÉ�ËCÌ£ÓÙ>ÃLÂkÉ�Ã'ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö�
1Î Õ ÂgËCÂzÙ 
1Î�Í�Ç�Ã�ÃLÊ Zij
Ñ Õ ÆzÎÏÖ!Ì�Ã'É�Ë�Ñ£Î�ÆÈÊgËCÌ�Ù>Ã(ÃLÌIÊÈÂzÃ(É�Ã>ÆlÙLÉÏÇ�ÆzÊzÃLÂzÆ9ËCÇ£Ð£ÍIÇ�ÃLÉ�Æ?ËCÄ1Ä=ËCÂÈÊÈÎ�ÃLÌ1Ì�ÃLÌ�ÊÙ>Ã>Æ Ô � Ô Ã>Æ�Ñ1Å3Ì1Ì Õ Ã>ÆHì  KÌ ê ÌÛÚ1ßFÃLÊ�
åÙ>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ1ÃLÌ�Ê(ËCÇ£Ð Ô ÅHß�ÃLÌ1Ì�Ã>Æ'Ñ1Ã Yij

ÃLÊ
Zij

ÂzÃ>ÆÈÄ7Ã>ÙLÊÈÎÏÜ�Ã Ô ÃLÌIÊpìá�ËCÌ�ÆXÉ�Ã Ô � Ô Ã'ÊzÃ Ô Ä�ÆpÚ�É�Ã�Ì�Å Ô /1ÂzÃ�Ñ1Ã'ÙLÉ�Ë3ÆzÆgÃ>ÆXÅ3Ä1ÊÈÎ Ô ËCÉ�Ã>ÆÈÊkÑ Õ ÊzÃLÂ Ô ÎÏÌ Õ ÃLÌÝÆH´æËCÄ1Ä1Ç1ß�ËCÌ�Ê9ÆÈÇ1ÂXÇ1Ì�Ã(ËCÄ1Ä1ÉÏÎ�ÙpËaÓÊÈÎ�Å3Ì¨ÎÏÊ Õ ÂgËCÊÈÎÏÜ�ÃMÑ1Ã(É�´æËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô ÃMÑ1Ã>Æ �IÓ Ô ÃpËCÌ�Æpì 1'Ì¨Â Õ ÆÈÇ1ÉÏÊgËCÊ9Å3Ä1ÊÈÎ Ô ËCÉ	Ñ1Ã�ÙLÉÏÇ�ÆÈÊzÃLÂÈÎÏÌ1Ö�Ã>ÆÈÊ?ÃLÌ�ÆÈÇ1ÎÏÊzÃ(Ä1ÂzÅIÑ£Ç1ÎÏÊÃLÌ ��ËCÎ�ÆgËCÌIÊ&Ü!ËCÂÈÎ�ÃLÂ(É�Ë�Ä7Å!ÆÈÎÏÊÈÎ�Å3Ì�ÎÏÌ1ÎÏÊÈÎ�ËCÉ�Ã}Ñ1Ã>Æ�Ù>ÃLÌ�ÊÈÂzÅ3Î�Ñ1ÆåÑ1Ã>Æ&ÙLÉ�Ë3ÆgÆzÃ>Æpì4 KÌ ê ÌÛÚ�É�Ë Ô ÃLÎÏÉÏÉ�ÃLÇ1ÂzÃ}ÂzÃLÄ1Â Õ ÆzÃLÌ�ÊgËCÊÈÎ�Å3Ì

1Î Õ ÂgËCÂzÙ�
1Î�ÍIÇ�ÃåÃ>ÆÈÊ?Ù>Å3Ç1Ä Õ ÃMÑ1Ã�ÆzÅ3ÂÈÊzÃ�Ñ�´UÅ!/1ÊzÃLÌ1ÎÏÂ&Ù>Ã Ô � Ô Ã�Ì�Å Ô /1ÂzÃMÑ1ÃåÙLÉ�Ë3ÆzÆzÃ>Æ?ÃLÊ?Ç1Ì¨ÎÏÌ�Ñ£Î�Ù>ÃMÑ1ÃMÙ>Å 
 Õ ÂzÃLÌ�Ù>Ã

�-.
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�ÅIÑ1ÃÑ1Ã>Æ���Ó Ô ÃpËCÌ�Æ
Ä�ÃLÂ Ô ÃLÊ ê Ì=ËCÉ�Ã Ô ÃLÌ�Ê6Ñ1ÃPÙ 
�Å3Î�ÆÈÎÏÂpÚ�ÃLÌ�ÊÈÂzÃÝÉ�Ã6Â Õ ÆÈÇ1ÉÏÊgËCÊ�Ä1ÂzÅ�Ñ£Ç1ÎÏÊÒÄ=ËCÂÒÉ�Ã>Æ��IÓ Ô ÃpËCÌ�Æ}ÃLÊÒÙ>ÃLÉÏÇ1ÎlÄ1ÂzÅIÑ£Ç1ÎÏÊ�Ä=ËCÂÒÉ�Ë
Ô6Õ Ê 
�Å�Ñ1Ã 
1Î Õ ÂgËCÂzÙ 
1Î�Í�Ç�Ã!ì³	Ã>Æ(Ä=ËCÂgË Ô àLÊÈÂzÃ>ÆMÄ1ÂÈÎ�Æ(ÃLÌøÙ>Å Ô Ä1ÊzÃ�ÂzÃLÉ�àLÜ�ÃLÌ�ÊåÑ1Ã�É�´æËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Ã�
1Î Õ ÂgËCÂzÙ 
1Î�Í�Ç�ÃNÉÏÇ1Î,Ó Ô � Ô Ã Ô ËCÎ�ÆMËCÇ�ÆgÆÈÎKÑ1ÃÒÉ�Ë¿7À �w¿1µ3Àrµ�ÁØþØ½3¶øÑ1Ã>Æ�Ñ1Å3Ì1Ì Õ Ã>Æ 3

�!ì ��ÅIÑ1Ã�Ñ1Ã(Ì�Å3Â Ô ËCÉÏÎ�ÆgËCÊÈÎ�Å3Ì�Ñ1Ã>Æ�Ñ1Å3Ì1Ì Õ Ã>ÆpÚ
�£ì ��Î�ÆzÃ�ÃLÌ;ÅIÃLÇ1Ü�ÂzÃ6×ØÅ3Ç;Ì�Å3Ì$ÞkÑ�´ Ç1Ì�ÃMÂ Õ Ñ£Ç�ÙLÊÈÎ�Å3ÌéÄ=ËCÂ � � � Ñ1Ã>Æ9Ñ1Å3Ì1Ì Õ Ã>ÆpÚ
�£ì �^ËCÂgË Ô àLÊÈÂzÃ>Æ'Ñ1Ã>Æ Ô6Õ Ê 
�Å�Ñ1Ã>Æ 
1Î Õ ÂgËCÂzÙ 
1Î�Í�Ç�Ã>Æ 3

× Ë�ÞFá&Î�ÆÈÊgËCÌ�Ù>Ã�Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã(Ä�Å3Ç1Â Ô Ã>ÆÈÇ1ÂzÃLÂ�É�´ Õ ÙpËCÂÈÊ�ÃLÌ�ÊÈÂzÃåÉ�Ã>Æ9Ñ1Å3Ì1Ì Õ Ã>ÆpÚ
×�/$ÞFá&Î�ÆÈÊgËCÌ�Ù>ÃMÑ�´æËCÄ1Ä=ËCÂÈÊzÃLÌ=ËCÌ�Ù>Ã -}Ç1Ì;ÙLÉÏÇ�ÆÈÊzÃLÂÒ×���· ��¾Pº�¶=Á ,r¼L·Où�¹LÁwº�ÀPÅ3Ç ¼L·Où�¹LÁwº�ÀJ,d¼L·Où�¹LÁwº�À�Þ�Ú
×ØÙHÞ � ÂÈÎÏÊzàLÂzÃMÑ1Ã�Ü!ËCÉÏÎ�Ñ�ËCÊÈÎ�Å3ÌéÑ1Ã>Æ9ÙLÉÏÇ�ÆzÊzÃLÂzÆ�Å!/1ÊzÃLÌ�Ç�ÆHì
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�!ì�� ò G K ' %vðl"O'£ñHðvò7ï " 3aÌ�Å3Â Ô ËCÉÏÎ�ÆgËCÊÈÎ�Å3Ì σ−µ
×ØÅ3Ç

µ−σ
Þx×vÉ�Ë&Ñ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì6Ñ1Ã>ÆKÑ1Å3Ì1Ì Õ Ã>ÆKÃ>ÆÈÊ Ô ÅIÑ Õ ÉÏÎ�Æ Õ ÃÄ=ËCÂtÇ1Ì�Ã'Ö�ËCÇ�ÆzÆÈÎ�ÃLÌ1Ì�ÃHÞtÅ3ÇPÌ�Å3Â Ô ËCÉÏÎ�Æ4ËCÊÈÎ�Å3Ì Ô ÎÏÌ£Ó Ô ËaÐPÍIÇ1Î$Ù>Å3Ì�ÆzÎ�ÆÈÊzÃ'ÆzÎ Ô Ä1É�Ã Ô ÃLÌ�Ê -MÂgË Ô ÃLÌ�ÃLÂlÉ�Ë�Ä1É�ËCÖ�ÃÑ1ÃÝÙ�
=Ë3ÍIÇ�ÃÝÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆzÊÈÎ�Í�Ç�Ã¨ÃLÌIÊÈÂzÃ ��ÃLÊ �ÝÑ1ÃLÄ1Ç1Î�Æ}ÆgËéÄ1É�ËCÖ�ÃFÑ1ÃPÜ!ËCÂÈÎ�ËCÊÈÎ�Å3Ì ÎÏÌ1ÎÏÊÈÎ�ËCÉ�ÃFÃLÌ�ÊÈÂzÃ�¾}þD¶ ÃLÊ

¾6µ+�!ì
�£ì9í ðl">ñO'�ï%P C " 3

L1
Ú
L2
Ú
L3

ÃLÊ
L∞

�£ì9í ðl">ñO'�ï%P C " C ï7ñ GyC Ph% #?">ñ CUG " 3
dmin(C1, C2) = min(ci∈C1,cj∈C2

)(‖ci − cj‖L2)
Ú
dmax(C1, C2) =

max(ci∈C1,cj∈C2)(‖ci − cj‖L2)
ÃLÊ

dmoy(C1, C2) = ‖C1 − C2‖L2��ì���G ð�ñRI GuC1M%C S ' %Øð M '£ñHðvò7ï ì�³t´UÅ!/�0rÃ>ÙLÊÈÎ �KÑ�´ Ç1Ì�ËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô ÃMÑ1ÃMÙLÉÏÇ�ÆzÊzÃLÂÈÎÏÌ1Ö Õ ÊgËCÌ�ÊpÚ�Ù>Å3Ì!0ÈÅ3ÎÏÌ�ÊzÃ Ô ÃLÌIÊpÚ$Ñ1Ã
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�Å3Î�ÆÈÎ^Ñ�ËCÌ�Æ'Ù>ÃLÊÈÊzÃ
Õ ÊÈÇ�Ñ1ÃMÃ>ÆÈÊ9Ù>ÃLÉÏÇ1Î�Ú.¼L·,µ3¹g¹4þ ýLù�ºLÚ=Ñ1Ã�á�ËpÜIÎ�Ã>ÆrÓ,6kÅ3Ç1É�Ñ£ÎÏÌ �Uá�6 �3ë � 3

DB(U) =
1

c

c∑

i=1

maxi6=j

{
∆(Xi) + ∆(Xj)

δ(Xi, Xj)

}

���
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Å3èôÉ�Ã>Æ
Xi

Ñ Õ ÆÈÎÏÖ!Ì�ÃLÌIÊ�É�Ã>Æ�Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆøÙLÉ�Ë3ÆgÆzÃ>Æ�Å!/1ÊzÃLÌIÇ�Ã>Æe� ∆(Xi)
É�Ë Ñ£Î�ÆÈÄ�ÃLÂzÆÈÎ�Å3Ì ÎÏÌ�ÊÈÂgË3ÙLÉ�Ë3ÆzÆgÃ ÃLÊ

δ(Xi, Xj)
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1Ì�Å3É�Å3Ö!Î�Ã>ÆxÄ�Å3ÊzÃLÌ�ÊÈÎ�ÃLÉÏÉ�Ã Ô ÃLÌIÊtÄ1ÉÏÇ�ÆKÃJ�PÙpË3Ù>Ã>ÆxÆgÃLÂgËËCÎÏÌ�ÆÈÎÛÑ Õ ÊgËCÎÏÉÏÉ Õ ÃåÑ�ËCÌ�Æ9É�ËNÙ>Å3Ì�ÙLÉÏÇ�ÆÈÎ�Å3ÌéÑ1ÃMÙ>Ã�Ñ1Å�ÙLÇ Ô ÃLÌ�Êpì
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�Å�Ñ1Å3É�Å3Ö!Î�ÃPËÝÄ�Å3Ç1ÂMÅ!/�0rÃ>ÙLÊÈÎ �9Ñ1ÃNÑ Õ ÊzÃLÂ Ô ÎÏÌ�ÃLÂÒÄ7Å3Ç1ÂMÙ 
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=Ë���Ì�Ã¨Ñ1Ã Ô Å3Ì�ÊgËCÖ�ÃéÃ>ÆÈÊÒÉ�Ë�Ä1ÉÏÇ�Æ}Ä=ËCÂÈÉ�ËCÌIÊzÃ¨Ä�Å3Ç1Â
Õ ÙLÉ�ËCÎÏÂzÙLÎÏÂåÌ�Å!Æ�Å!/�0rÃ>ÙLÊÈÎ � Æpì'�?Ñ Ô ÃLÊÈÊzÅ3Ì�Æ}ÍIÇ�Ã6Ù>ÃLÊÈÊzÃPÙ 
=Ë���Ì�Ã�ÆgÅ3ÎÏÊÒÙ>Å3Ì�ÆÈÊÈÎÏÊÈÇ Õ Ã�Ñ1Ã6Ä1ÉÏÇ�ÆÈÎ�ÃLÇ1ÂzÆ Ô Ë3Ù�
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=Ë���Ì�ÃÑ1Å3ÎÏÊ9ÉÏÎ Ô ÎÏÊzÃLÂ&É�Ã�Ä1ÉÏÇ�Æ9Ä�Å!ÆzÆÈÎ /1É�ÃMÑ1ÃåÊzÃLÉÏÉ�Ã>Æ�ÃLÂÈÂzÃLÇ1ÂzÆpì �.Å3Ç1Â(ÆÈÇ1Ä1Ä1ÂÈÎ Ô ÃLÂ&Ù�
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1ÎÏÌ�Ã>Æ�Í�Ç1ÎxÙ>Å Ô Ä�Å!ÆzÃ}É�ËFÙ 
=Ë���Ì�Ã�3�É�´æËCÌ=ËCÉÏß£ÆzÃNÑ1ÃNÉ�Ë � Å3Â Ô ÃÑ1Ã>ÆMÑ Õ ��ËCÇ1ÊzÆMÙ>Å3Ì�ÆÈÊgËCÊ Õ ÆMÆÈÇ1Â�É�Ã>ÆMÄ1Î�à>Ù>Ã>Æ�ÉÏÇ1ÎxÄ�ÃLÂ Ô ÃLÊMÑ1Ã}ÂzÃ>Ù>Å3Ì1Ì=Ë���ÊÈÂzÃ6É�Ë Ô Ë3Ù�
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gìÛ³x´ Î�Ñ Õ Ã6Ñ1ÃNÙ>Ã>Æ(ÊÈÂgËpÜ3ËCÇ£ÐøÃ>ÆÈÊMËCÉ�Å3ÂzÆMÑ1ÃNÑ Õ ÊzÃ>ÙLÊzÃLÂåÉ�Ã>Æ Õ Ü�àLÌ�Ã Ô ÃLÌ�ÊzÆÆgËCÎÏÉÏÉ�ËCÌ�ÊzÆ�Ñ�ËCÌ�Æ(Ç1Ì�Ã�Î Ô ËCÖ�Ã¨×vÉÏÎ Ô ÎÏÊ Õ Æ -�Ç1Ì�ÃLÌ�ÆzÃ Ô /1É�ÃNÑ1Ã � Å3Â Ô Ã>Æ'Ö Õ Å Ô6Õ ÊÈÂÈÎ�ÍIÇ�Ã>ÆMÆÈÎ Ô Ä1É�Ã>Æ�Þ�ÃLÌ�ÆÈÇ1Ä1Ä�Å!ÆgËCÌ�ÊÍ�ÇÛ´ Ç1Ì Õ Ü�àLÌ�Ã Ô ÃLÌIÊMÆgËCÎÏÉÏÉ�ËCÌ�ÊMÆzÃ�ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆzÃ}Ä=ËCÂ(Ç1Ì�Ã � ËCÎ /1É�Ã�Ä1ÂzÅ!/=Ë5/1ÎÏÉÏÎÏÊ Õ Ñ�´UÅ!/�ÆzÃLÂÈÜ!ËCÊÈÎ�Å3ÌÛÚ�ÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê -Ç1Ì�Ã�Ñ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�Ñ1Ã>Æ9Ä1Î,Ð£ÃLÉ�Æ9Ñ�ËCÌ�Æ�É�´ Î Ô ËCÖ�ÃMÑ1Ã�É�Ë � Å3Â Ô ÃMÑ�´ Ç1Ì /1ÂÈÇ1ÎÏÊ9Ç1Ì1Î � Å3Â Ô Ã!ì

� ÃLÊÈÊzÃ�ËCÄ1Ä1ÂzÅIÙ 
�Ã�Ä7ÃLÇ1Ê¨ËCÉ�Å3ÂzÆ �LÊÈÂzÃéÊÈÂgËCÌ�ÆÈÄ�Å!Æ Õ Ã -øÌ�Å3ÊÈÂzÃ�Ä1ÂzÅ!/1É ÕLÔ ËCÊÈÎ�ÍIÇ�Ã�ÃLÌ
ÆH´æËCÄ1Ä1Ç1ß�ËCÌ�Ê¨ÆÈÇ1ÂÝÉ�Ë
Ñ Õ�ê Ì1ÎÏÊÈÎ�Å3ÌéÆÈÇ1ÎÏÜ!ËCÌ�ÊzÃÒÑ1Ã(É�ËNÆzÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ 3
í�� îKï.ðDñHðvò$ï � ��õ}ö ¶�¾N½H»3ùI·�º(º4¹�Á.»3þvÁ����������������µ!ù!� �aµ3À�þØµ�ÁØþØ½3¶�¹?»	û ù�¶7º9¼zµ!Àrµ�¼pÁ ��À4þD¹�ÁØþ ýLù�º

f
¹4þ7¹>º�¹lÀ��4¹4ù�·,Á�µ!Áv¹

�aµ3À�þ ºL¶=ÁÒ¹4þ '3¶�þ +X¼zµ!ÁØþ �Cº�¾Pº�¶=Á6º�¶�ÿ>½3¶$¼pÁØþØ½3¶ »Iº4¹ �aµ3·�º�ù�Àg¹P¿$À�þ�¹pº4¹N¿£µ3À
f
� � º4¹ �aµ3À�þØµ!ÁØþ ½3¶1¹�¼z½3¶1¹LÁ�µ!Á �zº4¹�¹L½3¶$Á

¼z½3¶1¹�þØ»���À �gº4¹?¼g½3¾}¾6ºl¹4þ '3¶�þ +X¼zµ!ÁØþ �Cº4¹X¹4þ7º�·v·�º4¹x¹L½!¶=Á$¹�Á�µ!ÁØþD¹�ÁØþ ýLù�º�¾Pº�¶=Á �ÈýLù�þ��Cµ3·ÏºL¶=Áwº4¹ �{½3ùå¹4ùH¿ ��À�þ ºLùIÀzº4¹,"å÷�¼gºL·D·�º4¹
½�úLÁwº�¶=ù1º4¹k¿1µ3ÀMù�¶�¾6½p»!ùI·�ºM¹�Á�½p¼#�£µC¹�ÁØþ ýLù�ºN»�ºM¾��L¾6ºå¶$µ�ÁØùIÀzº��

³ÛÃ�Ä1ÂzÅ!/1É�à Ô ÃFÙLÉ Õ Ã>ÆÈÊNËCÉ�Å3ÂzÆ�Ñ1Ã�Ñ Õ�ê Ì1ÎÏÂNÙLÉ�ËCÎÏÂzÃ Ô ÃLÌ�ÊpÚ^Ä�Å3Ç1Â}Ù�
=Ë3ÍIÇ�Ã Ô Å�Ñ£Ç1É�ÃFÑ1ÃPÌ1ÎÏÜ�ÃpËCÇ ÎÏÌ � Õ ÂÈÎ�ÃLÇ1ÂÙ>Å Ô Ä7Å!Æ4ËCÌ�ÊxÉ�Ë�Æ Õ Í�Ç�ÃLÌ�Ù>Ã?Ñ£Ç Ô Å�Ñ£Ç1É�Ã9Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Ú�Ç1ÌPÅ3Ä Õ ÂgËCÊzÃLÇ1ÂXÆÈÊzÅIÙ 
=Ë3ÆÈÊÈÎ�ÍIÇ�Ã Õ Í�Ç1ÎÏÜ!ËCÉ�ÃLÌ�Êpì:1�Ì�Ã?Ä1ÂzÃ Ô Î�àLÂzÃ
Ô6Õ Ê 
�ÅIÑ1Å3É�Å3Ö!Î�Ã(Ù>Å3Ì�ÆÈÎ�ÆzÊzÃ*-�ËCÄ1Ä1ÉÏÎ�ÍIÇ�ÃLÂkÆzÊÈÂÈÎ�ÙLÊzÃ Ô ÃLÌ�Ê?É�Ã'Ä1ÂÈÎÏÌ�ÙLÎÏÄ7Ã(Ã�Ð£Ä7Å!Æ Õ Ñ�ËCÌ�Æ �Uá ��� � � �wìIá�ËCÌ�ÆkÙ>Ã(ÙpË3ÆpÚIÉ�Ë
Ñ Õ�ê Ì1ÎÏÊÈÎ�Å3Ì;Ñ1Ã>Æ Ô ÅIÑ£Ç1É�Ã>Æ?ÆzÊzÅIÙ 
=Ë3ÆÈÊÈÎ�Í�Ç�Ã>Æ9Ì�Ã'Ä1ÂzÃLÌ�ÑFÄ=Ë3Æ?ÃLÌ¨Ù>Å Ô Ä1ÊzÃ(É�ËÒÌ=ËCÊÈÇ1ÂzÃ�Ñ1Ã>Æ Ô Å�Ñ£Î ê ÙpËCÊÈÎ�Å3Ì�Æ'ËCÄ1Ä�Å3ÂrÓÊ Õ Ã>Æ�Ä=ËCÂ&É�Ã Ô Å�Ñ£Ç1É�Ã�Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ ×ØÑ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì�Ñ�´ Ç1Ì�Ù>Å3Ì�ÊzÅ3Ç1ÂpÚ�ËCÇ1Ö Ô ÃLÌ�ÊgËCÊÈÎ�Å3ÌøÑ£Ç�Ù>Å3Ì�ÊÈÂgË3ÆzÊzÃ!Ú . . . Þ�ì�â�ÃLÇ1É�ÃåÉ�ËÌ=ËCÊÈÇ1ÂzÃNÑ1Ã>ÆMÑ1Å3Ì1Ì Õ Ã>Æ Ô ËCÌ1ÎÏÄ1Ç1É Õ Ã>ÆåÄ=ËCÂMÙ>ÃLÉÏÇ1Î,ÓwÙLÎtÃ>ÆÈÊ�Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Ã6ÃLÊ�É�Ã Ô Å�Ñ£Ç1É�ÃNÆÈÊzÅ�Ù�
=Ë3ÆÈÊÈÎ�ÍIÇ�Ã Õ Í�Ç1ÎÏÜ!ËCÉ�ÃLÌ�Ê

9 �



���������
	�����£µ4¿$þØÁØÀÈº �

Ã>ÆzÊ(ËCÉ�Å3ÂzÆ(Ñ Õ�ê Ì1ÎKÆzÃLÉ�Å3Ì�Ç1Ì�ÃÒÆÈÎ Ô Ä1É�Ã�Ñ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�Ç1Ì1Î � Å3Â Ô Ã!ì �.Å3Ç�Æ(É�Ã>Æ'Å3Ä Õ ÂgËCÊzÃLÇ1ÂzÆ(ÊÈÂgË>Ü!ËCÎÏÉÏÉ�ËCÌ�ÊMÑ�ËCÌ�Æ(Ñ1Ã>ÆÃ>ÆzÄ=Ë3Ù>Ã>Æ?Î�Ñ1ÃLÌ�ÊÈÎ�ÍIÇ�Ã>ÆÒ×vÌ1ÎÏÜ�ÃpËCÇ£Ð¨Ñ1Ã(Ö!ÂÈÎ�ÆkÄ=ËCÂ9Ã�Ð£Ã Ô Ä1É�ÃHÞlÆgÃ'Ü�Å3Î�ÃLÌIÊ'ËCÎÏÌ�ÆÈÎ	Ë3ÆzÆgÅIÙLÎ�ÃLÂ?Ñ1Ã>Æ?Å3Ä Õ ÂgËCÊzÃLÇ1ÂzÆ�ÆÈÊzÅ�Ù�
=Ë3ÆrÓÊÈÎ�ÍIÇ�Ã>Æ9Î�Ñ1ÃLÌIÊÈÎ�Í�Ç�Ã>ÆHì
�KÂzÃLÌ�Å3Ì�ÆÒÉ�Ã6ÙpË3ÆåÑ�´ Ç1Ì Ñ Õ ÊzÃ>ÙLÊzÃLÇ1Â}Ñ1Ã6Ù>Å3ÌIÊzÅ3Ç1ÂzÆÒÊÈÂgËpÜ3ËCÎÏÉÏÉ�ËCÌIÊ�ÆzÇ1ÂåÑ1Ã>ÆMÎ Ô ËCÖ�Ã>ÆÒÃLÌ Ì1ÎÏÜ�ÃpËCÇ£ÐøÑ1Ã6Ö!ÂÈÎ�ÆpÚÉ�´UÅ3Ä Õ ÂgËCÊzÃLÇ1Â�ÆÈÊzÅ�Ù�
=Ë3ÆzÊÈÎ�Í�Ç�Ã Õ ÍIÇ1ÎÏÜ!ËCÉ�ÃLÌ�Ê9Ù>Å3Ì�ÆÈÎ�ÆÈÊzÃMËCÉ�Å3ÂzÆ -NË3ÆzÆÈÎÏÖ!Ì�ÃLÂ -�Ù�
=Ë3ÍIÇ�Ã�Ä1Î,Ð1ÃLÉ�Ç1Ì�Ã(Ü3ËCÉ�ÃLÇ1Â9ÃLÌ¨Ì1ÎÏÜ�ÃpËCÇÑ1ÃMÖ!ÂÈÎ�ÆpÚ1ÆgË3Ù�
=ËCÌIÊ�ÍIÇ�Ã�Ù�
=Ë3ÍIÇ�Ã�Ü3ËCÉ�ÃLÇ1Â'Ã>ÆÈÊ Õ Í�Ç1ÎÏÄ1ÂzÅ!/=Ë5/1É�Ã!ì$³ÛÅ3ÂzÆzÍIÇ�Ã�É�Ã Ô ÅIÑ£Ç1É�Ã�Ù>Å3Ì�ÆzÎ�Ñ Õ Â Õ ÙLÂ Õ ÃMÑ1Ã>Æ�
pÅ3Ì�Ã>ÆÃLÌ1Ö!É�Å!/=ËCÌIÊzÃ>ÆpÚIÉ�´UÅ3Ä Õ ÂgËCÊzÃLÇ1ÂlÆÈÊzÅIÙ 
=Ë3ÆÈÊÈÎ�ÍIÇ�Ã�Ë3ÆzÆzÅ�ÙLÎ Õ Ä1ÂzÅ3Ä�Å!ÆzÃ9ÃLÌPÆzÅ3ÂÈÊÈÎ�Ã9Ç1ÌPÃLÌ�ÆzÃ Ô /1É�Ã'Ñ1Ã�
pÅ3Ì�Ã>ÆtÃLÌ1Ö!É�Å!/=ËCÌIÊzÃ>ÆÑ1Å3ÌIÊ9É�Ë�Ä�Å!ÆÈÎÏÊÈÎ�Å3ÌéËCÎÏÌ�ÆÈÎÛÍIÇ�Ã'É�Ë�ÊgËCÎÏÉÏÉ�ÃåÆzÅ3Ì�Ê9Ù 
�Å3Î�ÆÈÎ�Ã>Æ9Ñ1Ã Ô ËCÌ1Î�àLÂzÃåËCÉ Õ ËCÊzÅ3ÎÏÂzÃMÑ�ËCÌ�Æ9É�Ã>ÆkÄ1É�ËCÖ�Ã>Æ9Ñ Õ ÊzÃLÂ Ô ÎÏÌ Õ Ã>ÆÄ=ËCÂ�É�Ã>Æ9Ñ£Î Ô ÃLÌ�ÆÈÎ�Å3Ì�Æ�Ñ1ÃMÉ�´ Î Ô ËCÖ�Ã!ì

��õ �=õ���õ�� � ðl" C1C ï � E%E %ØðJP '£ñHðvò$ï
� Å3Ì�ÆÈÎ�Ñ Õ ÂzÅ3Ì�Æ Ô ËCÎÏÌIÊzÃLÌ=ËCÌ�ÊlÇ1Ì Ô ÅIÑ£Ç1É�Ã?Ù>Å Ô Ä�Å!Æ Õ Ñ1ÃkÊÈÂzÅ3Î�Æ Ô Å�Ñ£Ç1É�Ã>ÆxÑ1ÃkÌ1ÎÏÜ�ÃpËCÇ6ÎÏÌ � Õ ÂÈÎ�ÃLÇ1ÂxÑ£Î�ÆÈÊÈÎÏÌ�ÙLÊzÆpÚÑ1Å3ÌIÊMÉ�ËFÆzÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ -PÇ1Ì�ÃPÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�Í�Ç�Ã Cvisu

k

Ñ1Å3ÎÏÊ �LÊÈÂzÃ Õ ÊÈÇ�Ñ£Î Õ Ãé× m = m0
sys � m1

sys � m2
sys

Ú�Å3è
É�´ ÎÏÌ�Ñ£Î�Ù>Ã ¹4¸C¹�ÆzÎÏÖ!Ì1Î ê Ã�Í�Ç�Ã�É�Ã Ô ÅIÑ£Ç1É�Ã�Ù>Å3Ì�ÆzÎ�Ñ Õ Â Õ Ù>Å3ÂÈÂzÃ>ÆÈÄ7Å3Ì�Ñ - ÆgË Ü�ÃLÂzÆÈÎ�Å3Ì Å3ÂÈÎÏÖ!ÎÏÌ�ÃLÉÏÉ�Ã ÃLÊÝÌ�Å3Ì - ÆzÅ3Ì
Õ ÍIÇ1ÎÏÜ!ËCÉ�ÃLÌ�Ê?ÆÈÊzÅ�Ù�
=Ë3ÆÈÊÈÎ�ÍIÇ�Ã mstoch

Þ�ìI³	Ã'Ù>Å Ô Ä�Å3ÂÈÊzÃ Ô ÃLÌ�Ê9Ñ1Ã�ÊzÅ3Ç1Ê Ô Å�Ñ£Ç1É�Ã'Ã>ÆzÊ Õ Ü!ËCÉÏÇ Õ Ñ�ËCÌ�ÆXÉ�Ã&Ù>Å3Ì�ÊzÃ�Ð£ÊzÃ&Ñ1ÃÉ�ËFÆ Õ Í�Ç�ÃLÌ�Ù>Ã�-�É�Ë3Í�Ç�ÃLÉÏÉ�Ã}ÎÏÉtËCÄ1Ä=ËCÂÈÊÈÎ�ÃLÌIÊpì � ´UÃ>ÆÈÊ -FÑ£ÎÏÂzÃ}Í�Ç�Ã�É�Ã>Æ Ô Å�Ñ£Î ê ÙpËCÊÈÎ�Å3Ì�ÆÒËCÄ1Ä�Å3ÂÈÊ Õ Ã>Æ(Ä=ËCÂ�É�Ã Ô ÅIÑ£Ç1É�ÃÉ�ÃMÄ1Â Õ Ù Õ Ñ�ËCÌ�Ê'Ñ1Å3ÎÏÜ�ÃLÌIÊ �LÊÈÂzÃ�Ä1ÂÈÎ�ÆgÃ>Æ9ÃLÌ;Ù>Å Ô Ä1ÊzÃ!ì  KÌéÙ>Å3Ì�Æ Õ Í�Ç�ÃLÌ�Ù>Ã!Ú�ÆzÎ�É�´UÅ3Ì�Ë3Ñ Ô ÃLÊ�ÍIÇÛ´ Ç1Ì�Ã /=Ë3ÆzÃ�Ñ�´ Î Ô ËCÖ�Ã>Æ
DBCvisu

k

Ñ Õ Ñ£Î Õ Ã -�É�ËMÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã9Ü�Î�ÆÈÇ�ÃLÉÏÉ�Ã �6Ë Õ Ê Õ Ù>Å3Ì�ÆÈÊÈÂÈÇ1ÎÏÊzÃ!Ú�É�´ Õ ÊÈÇ�Ñ1Ã&Ñ1Ã?É�ËåÆzÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ Ñ£Ç Ô ÅIÑ£Ç1É�Ã
m1

sys

Î Ô Ä7Å!ÆgÃ(É�Ë Ô Î�ÆzÃ�ÃLÌ�ËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì�Ñ1Ã>Æ Õ ÊgËCÄ7Ã>Æ�ÆÈÇ1ÎÏÜ3ËCÌIÊzÃ>Æ 3
�!ì �'Ä1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì�Ñ1Ã?É�´UÃLÌ�ÆzÃ Ô /1É�Ã'Ñ1Ã9É�Ë�Æ Õ ÍIÇ�ÃLÌ�Ù>Ãg� m0

sys � m1
sys

� -�Ù 
=Ë3ÙLÇ1Ì�Ã�Ñ1Ã>ÆxÎ Ô ËCÖ�Ã>ÆlÑ1Ã DBCvisu
k

Ú
�£ì �'Ä1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì Ñ1Ã�É�Ë Æ Õ ÍIÇ�ÃLÌ�Ù>ÃøÆÈÊzÅ�Ù�
=Ë3ÆzÊÈÎ�Í�Ç�Ã �

m0
sys � m1

stoch

�øËCÇ1ÊgËCÌ�Ê�Ñ1Ã �ØÅ3Î�ÆéÍ�Ç�Ã
DBCvisu

kÙ>Å3Ì�ÊÈÎ�ÃLÌIÊ'Ñ�´ Î Ô ËCÖ�Ã>ÆpÚ
�£ì � ËCÉ�ÙLÇ1É	Ñ1Ã(É�Ë}Ü!ËCÂÈÎ�ËCÌ�Ù>ÃMÑ1Ã>Æ?Â Õ ÆzÇ1ÉÏÊgËCÊzÆ�Å!/1ÊzÃLÌ�Ç�Æ'Ñ�ËCÌ�Æ9É�Ã>Æ9Ñ1ÃLÇ£Ð¨ÙpË3ÆåÚ
��ì � Å Ô Ä=ËCÂgËCÎ�ÆzÅ3Ì�Ñ1Ã>Æ?Ü3ËCÂÈÎ�ËCÌ�Ù>Ã>Æ'Å!/1ÊzÃLÌ�Ç�Ã>Æ'ÆzÃLÉ�Å3Ì;Ç1Ì¨ÊzÃ>ÆÈÊ�Ñ�´ 
IßIÄ�Å3Ê 
�à>ÆzÃ /1ÎÏÉ�ËCÊ Õ ÂgËCÉ�ì
1�Ì Ñ1Ã>ÆNÄ7Å3ÎÏÌIÊzÆ -�Ä1Â Õ ÙLÎ�ÆzÃLÂ�Ù>Å3Ì�Ù>ÃLÂÈÌ�ÃéÉ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì
Ñ1Ã¨É�Ë�Ü!ËCÂÈÎ�ËCÌ�Ù>ÃéÑ1Ã>ÆPÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆPÅ!/1ÊzÃLÌIÇ�ÆPÄ=ËCÂÉ�´ Ç1Ì�Ã(Å3ÇFÉ�´æËCÇ1ÊÈÂzÃ(Ñ1Ã>Æ?Ñ1ÃLÇ£Ð�Æ Õ ÍIÇ�ÃLÌ�Ù>Ã>Æ?Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Ã>Æpì£³ÛÃ(ÙpËCÉ�ÙLÇ1É�Ñ1Ã(Ù>ÃLÊÈÊzÃ'Ü!ËCÂÈÎ�ËCÌ�Ù>Ã&Î Ô Ä7Å!ÆgÃ�É�´ Ç�ÆgËCÖ�Ã(Ñ�´ Ç1Ì�ÃÑ£Î�ÆzÊgËCÌ�Ù>Ã!Ú /1Î�ÃLÌ ÃLÌ�ÊzÃLÌ�Ñ£Ç �ØÅ3Ì�ÙLÊÈÎ�Å3Ì Ñ1ÃFÉ�´UÃ>ÆÈÄ=Ë3Ù>ÃéÑ1Ã>ÆNÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆ Ô ËCÌ1ÎÏÄ1Ç1É Õ Æ 3.Î Ô ËCÖ�Ã>Æ�Ù>Å3Ç1É�ÃLÇ1ÂzÆpÚ^Î Ô ËCÖ�Ã>ÆÃLÌ�Ì1ÎÏÜ�ÃpËCÇ£ÐéÑ1Ã�Ö!ÂÈÎ�ÆpÚ1Î Ô ËCÖ�Ã>Æ'Ì�Å3ÎÏÂ'ÃLÊ /1É�ËCÌ�Ù!Ú=ÃLÌ�ÆzÃ Ô /1É�ÃåÑ1Ã�
pÅ3Ì�Ã>Æ'ÃLÌ1Ö!É�Å!/=ËCÌ�ÊzÃ>ÆpÚ . . . ³	ËPÑ£Î�ÆÈÊgËCÌ�Ù>ÃåÙ 
�Å3Î�ÆÈÎ�ÃÂzÃLÄ�Å!ÆzÃ&ÆÈÇ1ÂlÉ�ËMÌ�Å3Â Ô Ã(Ñ1Ã �1ÂzÅ!/7ÃLÌ1ÎÏÇ�ÆHÚ Õ ÍIÇ1ÎÏÜ!ËCÉ�ÃLÌ�Ê Ô ËCÊÈÂÈÎ�ÙLÎ�ÃLÉ -MÉ�ËåÌ�Å3Â Ô Ã(ÃLÇ�ÙLÉÏÎ�Ñ£Î�ÃLÌ1Ì�Ã'Ä�Å3Ç1ÂlÉ�Ã>ÆXÜ�Ã>ÙLÊzÃLÇ1ÂzÆ 3

||A ||F =

√
√
√
√

m∑

i=1

n∑

j=1

‖aij‖
2

á�ËCÌ�Æ'É�ÃåÙpË3Æ&Ñ1Ã>Æ9Î Ô ËCÖ�Ã>Æ(ÃLÌ;Ì1ÎÏÜ�ÃpËCÇ£Ð�Ñ1ÃåÖ!ÂÈÎ�Æ'Å3Ç�ÃLÌéÌ�Å3ÎÏÂ&ÃLÊ /1É�ËCÌ�Ù!Ú�É�Ë6Ì�Å3Â Ô ÃÒÑ1Ã �1ÂzÅ!/�ÃLÌ1ÎÏÇ�Æ�Ä�ÃLÇ1Ê �LÊÈÂzÃÇ1ÊÈÎÏÉÏÎ�Æ Õ Ã�Ñ£ÎÏÂzÃ>ÙLÊzÃ Ô ÃLÌIÊpì�á�ËCÌ�Æ�É�Ã�ÙpË3Æ'Ñ1Ã>Æ'Î Ô ËCÖ�Ã>Æ(ÃLÌ�Ù>Å3Ç1É�ÃLÇ1ÂzÆHÚ=É�Ë�Ñ£Î�ÆÈÊgËCÌ�Ù>ÃÒÇ1ÊÈÎÏÉÏÎ�Æ Õ ÃÒÑ Õ ÂÈÎÏÜ�Ã}Ñ1ÃåÉ�Ë6Ì�Å3Â Ô ÃÑ1Ã �1ÂzÅ!/�ÃLÌ1ÎÏÇ�Æ�Ä7Å3Ç1ÂÒÊzÃLÌ1ÎÏÂÒÙ>Å Ô Ä1ÊzÃFÑ1Ã6É�´UÃ�Ð£Î�ÆÈÊzÃLÌ�Ù>ÃÝÑ1Ã>ÆåÑ£Î,ç Õ ÂzÃLÌ�ÊzÆNÙpËCÌ=ËCÇ£Ð Ñ1ÃPÙ>Å3Ç1É�ÃLÇ1ÂzÆ¨×ØÅ3Ì Ñ1Å3Ì1Ì�ÃPÎ�ÙLÎÉ�´UÃ�Ð1Ã Ô Ä1É�ÃåÃLÌ;ã � 69Þ�3
||A ||R,G,B

F =
||A ||RF + ||A ||GF + ||A ||BF

3³	Ë�Ñ£Î�ÆÈÊgËCÌ�Ù>Ã¨Ë3ÆzÆzÅ�ÙLÎ Õ Ã -éÉ�Ë�Ì�Å3Â Ô ÃFÑ1Ã �1ÂzÅ!/�ÃLÌ1ÎÏÇ�Æ6Ã>ÆÈÊ�Ä=ËCÂ}Ñ Õ�ê Ì1ÎÏÊÈÎ�Å3Ì Ç1Ì�Ã �HÀrµ3þ�º¨Ñ£Î�ÆzÊgËCÌ�Ù>Ã!ì ��ËCÂ
Ù>Å3Ì�ÆzÊÈÂÈÇ�ÙLÊÈÎ�Å3ÌÛÚ�ÎÏÉxÃ>ÆÈÊ(ÊÈÂzà>Æ � Ë3ÙLÎÏÉ�Ã}Ñ1Ã Ô Å3ÌIÊÈÂzÃLÂåÍ�Ç�Ã�É�Ë�Ì�Å3Â Ô ÃNÙ>Å3Ì�ÆÈÊÈÂÈÇ1ÎÏÊzÃPËCÇ1ÊzÅ3Ç1ÂMÑ1Ã>Æ�Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆåÙpËCÌ=ËCÇ£ÐÃ>ÆzÊ?ËCÇ�ÆgÆÈÎ�Ç1Ì�Ã �HÀrµ3þ�ºåÑ£Î�ÆÈÊgËCÌ�Ù>Ã!ì � Â��3Ù>Ã -�Ù>ÃLÊÈÊzÃ(Ñ£Î�ÆÈÊgËCÌ�Ù>Ã!Ú£É�Ã(ÙpËCÉ�ÙLÇ1ÉÛÑ1Ã>ÆkÜ3ËCÂÈÎ�ËCÌ�Ù>Ã>Æ?Ñ1Ã>ÆkÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆ�Å!/1ÊzÃLÌ�Ç�ÆÑ1ÃLÜ�Î�ÃLÌ�Ê'Î ÔNÔ6Õ Ñ£Î�ËCÊpì
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� ��� � ö ¶7º�¾ �LÁ��£½p»�½3·Ï½�'3þ�º6úÈµC¹��zºå¹4ù�ÀM·zû µ!¶$µ3·O¸a¹pºå»IºM·Ïµ6¹>º�¶1¹�þ úLþD·OþvÁ �

³ÛÅ3ÂzÆzÍIÇ�Ã;É�Ã>Æ�Â Õ ÆÈÇ1ÉÏÊgËCÊzÆÝÙ>Å3ÂÈÂzÃ>ÆÈÄ7Å3Ì�Ñ1ÃLÌIÊ -øÑ1Ã>ÆÝÃLÌ�ÆzÃ Ô /1É�Ã>ÆFÑ1Ã 
pÅ3Ì�Ã>ÆÝÃLÌ1Ö!É�Å!/=ËCÌ�ÊzÃ>ÆHÚXÉ�ÃéÄ1ÂÈÎÏÌ�ÙLÎÏÄ7Ã�Ã>ÆÈÊÝÑ1ÃÙ>Å3Ì�ÆÈÊÈÂÈÇ1ÎÏÂzÃ�Ç1Ì�Ã6Î Ô ËCÖ�Ã Ô Åpß�ÃLÌ1Ì�ÃFÑ1Ã�Ù>Ã>ÆÒÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆpÚ.ÃLÌ Ë3ÆgÆÈÎÏÖ!Ì=ËCÌ�Ê�-;Ù 
=Ë3Í�Ç�Ã�Ä1Î,Ð£ÃLÉXÇ1Ì Ì1ÎÏÜ�ÃpËCÇ Ñ1Ã6Ö!ÂÈÎ�ÆÄ1ÂzÅ3Ä7Å3ÂÈÊÈÎ�Å3Ì1Ì�ÃLÉÛËCÇÝÌ�Å Ô /1ÂzÃ�Ñ1Ã �ØÅ3Î�ÆlÅ3èÝÎÏÉ�ËCÄ1Ä=ËCÂÈÊÈÎ�ÃLÌIÊ -MÇ1Ì�Ã 
pÅ3Ì�Ã(ÃLÌ1Ö!É�Å!/=ËCÌ�ÊzÃ!ì ��ÎÏÌ=ËCÉ�Ã Ô ÃLÌ�ÊpÚ£É�Ã&ÙpËCÉ�ÙLÇ1É�Ñ1ÃÉ�Ë�Ü3ËCÂÈÎ�ËCÌ�Ù>ÃMÂzÃLÄ7Å!ÆzÃ�ÆzÇ1Â9É�Ë}Ñ£Î�ÆÈÊgËCÌ�Ù>ÃMÑ1Ã ��ÂzÅ!/7ÃLÌ1ÎÏÇ�Æ'ÃLÌ�ÊÈÂzÃ�É�Ã>Æ?Î Ô ËCÖ�Ã>Æ�Ä1ÂzÅIÑ£Ç1ÎÏÊzÃ>ÆHì
 KÌ;Ù>Ã�ÍIÇ1Î�Ù>Å3Ì�Ù>ÃLÂÈÌ�Ã�É�Ã&ÊzÃ>ÆÈÊ /1ÎÏÉ�ËCÊ Õ ÂgËCÉ	Ñ1Ã�Ù>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3Ì;ÃLÌIÊÈÂzÃ�É�Ã>Æ9Ñ1ÃLÇ£Ð�Ü!ËCÂÈÎ�ËCÌ�Ù>Ã>Æ9ÙpËCÉ�ÙLÇ1É Õ Ã>ÆpÚ�Ç1Ì�ÃÊgË5/1É�Ã�Ñ1Ã ��Î�Æ 
�ÃLÂrÓdâIÌ Õ Ñ Õ Ù>Å3Â9Ä�ÃLÂ Ô ÃLÊ�Ñ1Ã(ÂzÃ 0rÃLÊÈÊzÃLÂ9Å3Ç;Ñ�´æË3Ù>Ù>ÃLÄ1ÊzÃLÂ�É�´ 
�ß�Ä7Å3Ê 
�à>ÆzÃ H0

ÆgÃLÉ�Å3Ì¨É�Ë3Í�Ç�ÃLÉÏÉ�Ã�Ù>ÃLÉÏÉ�Ã>ÆrÓwÙLÎ
ÆzÅ3Ì�Ê'Ù>Å Ô Ä=ËCÂgË5/1É�Ã>ÆÒ×ØÅ3ÌéÆÈÇ1Ä1Ä�Å!ÆzÃ(Î�ÙLÎÛÉ�Ã>Æ�Ñ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�Æ Ô Î�ÆzÃ>Æ�ÃLÌ�0rÃLÇ¨Ì�Å3Â Ô ËCÉ�Ã>Æ�Þ�ì

� ÃLÊÈÊzÃ Ô6Õ Ê 
�ÅIÑ1Å3É�Å3Ö!Î�Ã�Ã>ÆÈÊFÃ�Ð£Ä Õ ÂÈÎ Ô ÃLÌIÊ Õ Ã�ÆzÇ1Â�É�Ã>ÆÝÊÈÂzÅ3Î�Æ Ô ÅIÑ£Ç1É�Ã>ÆFÆÈÇ1ÎÏÜ!ËCÌ�ÊzÆ 3XÉ�Ã>ÆFÑ Õ ÊzÃ>ÙLÊzÃLÇ1ÂzÆ¨Ñ1ÃÙ>Å3Ì�ÊzÅ3Ç1ÂzÆ'Ñ1Ãåâ�Å!/7ÃLÉÛÃLÊ�Ñ1Ã � ËCÌ1ÌIß¨ÃLÊ?É�´UÅ3Ä Õ ÂgËCÊzÃLÇ1Â�Ñ1Ã(Â Õ 
=ËCÇ�ÆgÆzÃ Ô ÃLÌ�Ê&Ñ1Ã�Ù>Å3Ì�ÊzÅ3Ç1ÂzÆpì$³	Ë}ÆzÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ Ñ1Ã�Ù>Ã>ÆÅ3Ä Õ ÂgËCÊzÃLÇ1ÂzÆKÃ>ÆzÊ Õ ÊÈÇ�Ñ£Î Õ ÃkÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌIÊXËCÇ£ÐÒÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>ÆxÆÈÇ1ÎÏÜ!ËCÌ�ÊzÃ>Æ 35/1ÂÈÇ1ÎÏÊpÚCÉÏÇ Ô ÎÏÌ�Å!ÆÈÎÏÊ Õ ÃLÊ^Ù>Å3Ì�ÊÈÂgË3ÆÈÊzÃ!ìá(ÃLÇ£ÐÒÎ Ô ËCÖ�Ã>Æ�¼L·ÏµC¹4¹4þ ýLù1º�¹�Ú�Ù>ÃLÉÏÉ�Ã?Ñ1Ã?³ÛÃLÌ=ËMÃLÊ^Ù>ÃLÉÏÉ�Ã�Ñ£Ç}ÙpË Ô ÃLÂgË Ô ËCÌÛÚIÆzÅ3Ì�ÊKÇ1ÊÈÎÏÉÏÎ�Æ Õ Ã>Æpì��ÛÂzÅ3Î�Æ /=Ë3ÆgÃ>ÆxÆzÅ3Ì�ÊtËCÉ�Å3ÂzÆÙ>Å3Ì�ÆÈÊÈÂÈÇ1ÎÏÊzÃ>ÆMÃLÌ ��ËCÎ�ÆgËCÌ�ÊåÜ3ËCÂÈÎ�ÃLÂMÆÈÇ1ÂMÙ 
=Ë3ÙLÇ1Ì�Ã6Ñ1ÃNÙ>Ã>Æ�Î Ô ËCÖ�Ã>Æ�Ç1Ì�Ã}Ç1Ì1Î�ÍIÇ�Ã6ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ãé×ØÑ�ËCÌ�Æ�É�ÃNÙpË3ÆÑ£Ç /1ÂÈÇ1ÎÏÊpÚÛÉ�Ë¨Ü3ËCÂÈÎ�ËCÊÈÎ�Å3Ì Ä7Å3ÂÈÊzÃ�ÆÈÇ1ÂMÉ�ËFÜ!ËCÉ�ÃLÇ1ÂåÑ1Ã6É�´ Õ ÙpËCÂÈÊÒÊwß�Ä7ÃPÑ£Ç ê ÉÏÊÈÂzÃ6Ö�ËCÇ�ÆzÆzÎ�ÃLÌ ËCÄ1Ä1ÉÏÎ�Í�Ç Õ Þ�ì�³	ËFÄ1É�ËCÖ�ÃÑ1Ã�Ü3ËCÂÈÎ�ËCÊÈÎ�Å3Ì�Ñ1Ã}Ù�
=Ë3ÍIÇ�ÃNÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�ÃNÃ>ÆÈÊ&Ù 
�Å3Î�ÆÈÎ�ÃNÃ�Ð£Ä Õ ÂÈÎ Ô ÃLÌIÊgËCÉ�Ã Ô ÃLÌ�Ê 3$É�Ë /=Ë3ÆzÃ�ÂzÃLÉ�ËCÊÈÎÏÜ�ÃNËCÇ /1ÂÈÇ1ÎÏÊÙ>Å3Ì�ÊÈÎ�ÃLÌIÊf. ��Î Ô ËCÖ�Ã>ÆpÚ�Ù>ÃLÉÏÉ�Ã}Ù>Å3Ì�Ù>ÃLÂÈÌ=ËCÌ�ÊåÉ�Ë�ÉÏÇ Ô ÎÏÌ�Å!ÆÈÎÏÊ Õ � � � �ÝÎ Ô ËCÖ�Ã>Æ�ÃLÊ�ÃLÌ ê ÌÛÚ�Ù>ÃLÉÏÉ�ÃNÙ>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ�ËCÌ�Ê�ËCÇÙ>Å3Ì�ÊÈÂgË3ÆÈÊzÃ(ë!ë���Î Ô ËCÖ�Ã>ÆHìI³ÛÃ>ÆXÎ Ô ËCÖ�Ã>ÆkÑ1Ã9É�Ë ê Ö!Ç1ÂzÃ �£ì �'Ñ1Å3Ì1Ì�ÃLÌ�ÊkÇ1Ì�Ã�Ð1Ã Ô Ä1É�Ã'Ñ1Ã>ÆtÎ Ô ËCÖ�Ã>ÆkÙ>Å3Ì�ÊzÃLÌ�Ç�Ã>Æ?Ñ�ËCÌ�ÆÙ�
=Ë3ÙLÇ1Ì�ÃÒÑ1Ã�Ù>Ã>Æ /=Ë3ÆzÃ>Æå×vÄ�Å3Ç1Â9É�´ Î Ô ËCÖ�ÃMÑ1Ã � º�¶$µ£Þ�ì
³ÛÃ>Æ?ÊÈÂzÅ3Î�Æ�Å3Ä Õ ÂgËCÊzÃLÇ1ÂzÆ'Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Æ9ÆzÅ3ÌIÊ'ËCÉ�Å3ÂzÆ�ËCÄ1Ä1ÉÏÎ�ÍIÇ Õ Æ9ÆÈÇ1Â9Ù�
=Ë3ÙLÇ1Ì�ÃÒÑ1Ã�Ù>Ã>Æ /=Ë3ÆzÃ>ÆpÚ£ÊzÅ3Ç1Ê9Ù>Å ÔNÔ ÃÉ�ÃLÇ1Â Õ ÍIÇ1ÎÏÜ3ËCÉ�ÃLÌIÊ'ÆÈÊzÅ�Ù�
=Ë3ÆÈÊÈÎ�ÍIÇ�Ã!Ú�Ñ Õ�ê Ì1Î�ÆzÃLÉ�Å3Ì¨É�Ã>Æ9Ä1ÂÈÎÏÌ�ÙLÎÏÄ�Ã>Æ9Ä1Â Õ Ù Õ Ñ1Ã ÔNÔ ÃLÌIÊ Õ Ì�Å3Ì�Ù Õ ÆHì�³ÛÃ>Æ9Ü!ËCÂÈÎ�ËCÌ�Ù>Ã>Æ�Ñ1Ã>ÆÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆMÄ1ÂzÅ�Ñ£Ç1ÎÏÊzÆ�ÆÈÇ1ÂåÉ�Ã>ÆÒÑ£Î,ç Õ ÂzÃLÌIÊzÃ>Æ /=Ë3ÆgÃ>ÆåÆzÅ3ÌIÊÒÙpËCÉ�ÙLÇ1É Õ Ã>ÆÒÄ=ËCÂåÉ�Ë;Ñ£Î�ÆzÊgËCÌ�Ù>ÃPÑ1Ã ��ÂzÅ!/7ÃLÌ1ÎÏÇ�Æpì.³ÛÃ>ÆÒÊgËaÓ

/1É�ÃpËCÇ£Ð �£ì �ÒÃLÊ �£ì�� Ô Å3ÌIÊÈÂzÃLÌ�ÊåËCÉ�Å3ÂzÆ'É�Ã>Æ�Â Õ ÆzÇ1ÉÏÊgËCÊzÆ&Ñ1ÃÒÙ>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3Ì�Ñ1Ã>Æ�Ü!ËCÂÈÎ�ËCÌ�Ù>Ã>ÆpÚ7ÆzÅ3Ç�Æ9É�Ë � Å3Â Ô ÃåÑ1ÃÒÉ�ËÍ�Ç=ËCÌIÊÈÎÏÊ Õ -NÙ>Å3Ì�ÆÈÎ�Ñ Õ ÂzÃLÂ�É�Å3ÂzÆ9Ñ1Ã�É�´æËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì�Ñ£ÇéÊzÃ>ÆÈÊ9Ñ1Ã ��Î�Æ 
�ÃLÂrÓdâIÌ�Ã>Ñ1Ã>Ù>Å3Âpì
� ËCÌ1ÌIß â�Å!/7ÃLÉ ã'Ã 
=ËCÇ�ÆzÆzÃ Ô ÃLÌ�Ê

6lÂÈÇ1ÎÏÊ � �£ì��d. ���£ì � � ����9£ì � �
³�Ç Ô ÎÏÌ�Å!ÆÈÎÏÊ Õ ��ìæë�9 ��ì�� � �ÛõÏó �
� Å3Ì�ÊÈÂgË3ÆÈÊzÃ �£ì���� �£ì�� � ��ì �h.

�����?m��£ì � n �tËCÉ�ÃLÇ1ÂzÆ¨Ñ1ÃéÉ�Ë ÍIÇ=ËCÌ�ÊÈÎÏÊ Õ - Ù>Å3Ì�ÆÈÎ�Ñ Õ ÂzÃLÂFÄ7Å3Ç1ÂÝÉ�ÃéÊzÃ>ÆzÊÝÑ1ÃøâIÌ�Ã>Ñ1Ã>Ù>Å3Â¨Ñ1Ã�Ù>Å Ô Ä=ËCÂgËCÎ�ÆgÅ3Ì Ñ1Ã
Ü3ËCÂÈÎ�ËCÌ�Ù>Ã>Æ�× � º�¶$µ£Þ�ÚtÉ�Ë Ü3ËCÉ�ÃLÇ1ÂFÃLÌ�Ö!ÂgË3ÆÝÙ>Å3ÂÈÂzÃ>ÆzÄ7Å3Ì�Ñ�ËCÌIÊ�-øÇ1Ì�Ã�Ü3ËCÉ�ÃLÇ1ÂFÙ>Å3Ì�ÊzÃLÌIÇ�Ã�Ñ�ËCÌ�ÆÝÉ�´ ÎÏÌ�ÊzÃLÂÈÜ!ËCÉÏÉ�Ã�Ñ1Ã
Ù>Å3Ì ê ËCÌ�Ù>Ã - .�� Ñ Õ�ê Ì1Î�ÃÒÆzÃLÉ�Å3Ì¨É�Ë}ÊgË5/1É�ÃMÆÈÊgËCÊÈÎ�ÆzÊÈÎ�Í�Ç�Ã�Ñ1Ã ��Î�Æ 
�ÃLÂrÓdâIÌ Õ Ñ Õ Ù>Å3Âpì

� ËCÌ1ÌIß â�Å!/7ÃLÉ ã'Ã 
=ËCÇ�ÆzÆzÃ Ô ÃLÌ�Ê
6lÂÈÇ1ÎÏÊ �O.£ì ��� �+9£ì ��� ��ë£ì ���
³�Ç Ô ÎÏÌ�Å!ÆÈÎÏÊ Õ �£ì/. � .£ì�� � �Ûõ�� �
� Å3Ì�ÊÈÂgË3ÆÈÊzÃ .£ì���� ��ì���� ��ì � �

�����?m��£ì�� n �tËCÉ�ÃLÇ1ÂzÆ¨Ñ1ÃéÉ�Ë ÍIÇ=ËCÌ�ÊÈÎÏÊ Õ - Ù>Å3Ì�ÆÈÎ�Ñ Õ ÂzÃLÂFÄ7Å3Ç1ÂÝÉ�ÃéÊzÃ>ÆzÊÝÑ1ÃøâIÌ�Ã>Ñ1Ã>Ù>Å3Â¨Ñ1Ã�Ù>Å Ô Ä=ËCÂgËCÎ�ÆgÅ3Ì Ñ1Ã
Ü3ËCÂÈÎ�ËCÌ�Ù>Ã>ÆÒ×È¼zµ3¾Pº�ÀÈµ3¾6µ3¶�Þ�ì

³ÛÃ>Æ&Ü!ËCÉ�ÃLÇ1ÂzÆ �£ìæë�ÃLÊ �£ì����£Ú$Å!/1ÊzÃLÌIÇ�Ã>Æ(Ä=ËCÂ'É�´UÅ3Ä Õ ÂgËCÊzÃLÇ1Â�Ñ1ÃåÂ Õ 
=ËCÇ�ÆzÆgÃ Ô ÃLÌ�Ê(ÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê -6É�Ë6ÉÏÇ Ô Î,ÓÌ�Å!ÆÈÎÏÊ Õ ËCÄ1Ä=ËCÂÈÊÈÎ�ÃLÌ1Ì�ÃLÌIÊ.-(É�Ë�Ä1É�ËCÖ�Ã9Ñ�´æË3Ù>Ù>ÃLÄ1ÊgËCÊÈÎ�Å3ÌÝÑ£ÇPÊzÃ>ÆÈÊxÑ1Ã ��Î�Æ 
�ÃLÂrÓdâIÌ Õ Ñ Õ Ù>Å3Â -�ëd.��Ýì�ä'ÌPÙ>Å3Ì�ÙLÉÏÇ1ÊtÑ1Å3Ì�Ù
-�É�Ë}ÆzÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ Ñ1ÃåÙ>ÃLÊ�Å3Ä Õ ÂgËCÊzÃLÇ1Â�-}Ù>ÃLÊÈÊzÃMÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã!ì
�.Å3Ç1ÂlËCÇ1ÊgËCÌ�ÊpÚ�É�´æËCÌ=ËCÉÏß£ÆzÃ?Ü�Î�ÆÈÇ�ÃLÉÏÉ�Ã?Ñ1Ã>ÆtÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆxÑ1Ã>ÆxÅ3Ä Õ ÂgËCÊzÃLÇ1ÂzÆtÑ1Ã9Ñ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌÝÑ1Ã?Ù>Å3Ì�ÊzÅ3Ç1ÂzÆlÆÈÇ1ÂxÙ>Ã>Æ /=Ë3ÆzÃ>Æ
Ô ÃLÊ6ÃLÌ Õ ÜIÎ�Ñ1ÃLÌ�Ù>ÃFÉ�ÃLÇ1Â6ÆgÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ ËCÇ Ù>Å3Ì�ÊÈÂgË3ÆÈÊzÃéÙ>Å ÔNÔ Ã¨ÎÏÉÏÉÏÇ�ÆÈÊÈÂ Õ Ñ�ËCÌ�ÆNÉ�Ã>Æ}Î Ô ËCÖ�Ã>Æ6Ñ1ÃFÉ�Ë ê Ö!Ç1ÂzÃ �£ì��£ì
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	�����£µ4¿$þØÁØÀÈº �

� Ã}ÂzÃLÉ�ËCÊÈÎ � Õ Ù�
�Ã>ÙNÌ�Å3Ç�Æ(ÎÏÌ�ÙLÎÏÊzÃNÑ1Å3Ì�Ù -ÝÃLÌIÜIÎ�ÆgËCÖ�ÃLÂ�Ç1Ì�Ã6ËCÇ1ÊÈÂzÃNÆgÅ3ÉÏÇ1ÊÈÎ�Å3Ì�Ä7Å3Ç1Â Õ ÊgË5/1ÉÏÎÏÂ�É�ËÝÆzÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ Ñ�´ Ç1Ì
Ô Å�Ñ£Ç1É�Ã!Ú�ÆzÅ3ÉÏÇ1ÊÈÎ�Å3ÌéÄ1ÂzÅ3Ä7Å!Æ Õ ÃåÑ�ËCÌ�Æ9É�Ë}ÆÈÇ1ÎÏÊzÃMÑ1Ã�Ù>ÃLÊÈÊzÃMÄ=ËCÂÈÊÈÎ�Ã!ì
��õ �=õ���õ�� � %Dñ CUG ï '£ñHð S�C

³x´æËCÉÏÊzÃLÂÈÌ=ËCÊÈÎÏÜ�Ã�ÃLÌ�Ü�Î�ÆgËCÖ Õ Ã;ÂzÃLÄ�Å!ÆzÃ�ÆÈÇ1ÂPÇ1Ì�ÃéÂzÃLÄ1Â Õ ÆzÃLÌ�ÊgËCÊÈÎ�Å3Ì
Ä1ÉÏÇ�Æ6Ä1Â Õ ÙLÎ�ÆgÃ�Ñ£Ç�Ù>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊFÑ1ÃÙ 
=Ë3Í�Ç�Ã Ô Å�Ñ£Ç1É�Ã msys
Ö!Â��3Ù>Ã -}Ç1Ì�ÃÒÃ>ÆÈÊÈÎ Ô ËCÊÈÎ�Å3Ì�Ñ1ÃåÉ�ËNÑ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�Ñ1ÃMÉ�´UÅ3Ä Õ ÂgËCÊzÃLÇ1Â&ÆzÊzÅIÙ 
=Ë3ÆÈÊÈÎ�Í�Ç�Ã Õ Í�Ç1Î,ÓÜ!ËCÉ�ÃLÌ�Ê9Å!/1ÊzÃLÌIÇ�Ã!Ú�ÃLÌ¨ÆzÃ&Â Õ � Õ ÂgËCÌIÊ -ÒÉ�ËåÌ=ËCÊÈÇ1ÂzÃ�Ñ1Ã&É�Ë Ô Å�Ñ£Î ê ÙpËCÊÈÎ�Å3ÌéÃ�ç�Ã>ÙLÊÈÇ Õ Ã(Ä=ËCÂ msys

ì£³	Ë Ô Å�Ñ Õ ÉÏÎ�ÆgËCÊÈÎ�Å3ÌÑ1Ã?Ù>ÃLÊÈÊzÃkÑ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�ÆzÃ /=Ë3ÆgÃlÑ Õ ÆgÅ3Â Ô ËCÎ�ÆxÆÈÇ1Â^É�Ë&Ñ Õ ÊzÃLÂ Ô ÎÏÌ=ËCÊÈÎ�Å3ÌPÑ1Ã P (X+ = x|X− = y)
ÚaÂzÃLÄ1Â Õ ÆgÃLÌ�ÊgËCÌ�ÊÉ�ËPÄ1ÂzÅ!/=Ë5/1ÎÏÉÏÎÏÊ Õ Ñ�´UÅ!/1ÊzÃLÌ1ÎÏÂMËCÇéÄ1Î,Ð1ÃLÉ �}Ú$ËCÄ1Âzà>Æ�ËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì�Ñ£Ç Ô Å�Ñ£Ç1É�ÃÒÙ>Å3Ì�ÆzÎ�Ñ Õ Â Õ Ú$É�Ë6Ü3ËCÉ�ÃLÇ1Â'Ð�Ú=ÆgË3Ù 
=ËCÌ�ÊÍIÇ�ÃMÙ>Ã(Ä1Î,Ð1ÃLÉ.Ë>Ü!ËCÎÏÊpÚ=ËpÜ3ËCÌIÊ'ËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3ÌÛÚ=É�Ë�Ü!ËCÉ�ÃLÇ1Â9ß�ì

�xÂzÃLÌ�Å3Ì�Æ'Ä�Å3Ç1Â�Ã�Ð1Ã Ô Ä1É�ÃMÇ1Ì�Å3Ä Õ ÂgËCÊzÃLÇ1Â&Ñ�´æË3Ù>ÙLÇ Ô Ç1É�ËCÊÈÎ�Å3ÌøÃLÌ;Ì1ÎÏÜ�ÃpËCÇ£ÐéÑ1ÃåÖ!ÂÈÎ�Æ�ÆÈÇ1Â'Ç1Ì�Ã � ÃLÌ �LÊÈÂzÃMÑ1ÃMÊgËCÎÏÉÏÉ�Ã
� ì�á�ËCÌ�ÆMÙ>ÃNÙpË3ÆpÚ�É�´UÅ!/1ÊzÃLÌIÊÈÎ�Å3Ì Ñ1ÃNÉ�ËÝÄ1ÂzÅ!/=Ë5/1ÎÏÉÏÎÏÊ Õ Ä1Â Õ ÙLÎÏÊ Õ ÃPÂzÃLÄ7Å!ÆgÃ�ÆzÇ1Â�Ç1Ì ÙpËCÉ�ÙLÇ1ÉxÑ1Ã6Ñ Õ Ì�Å Ô /1ÂzÃ Ô ÃLÌIÊ 3ÊÈÂzÅ3Ç1Ü�ÃLÂ?É�´UÃLÌ�ÆgÃ Ô /1É�ÃMÑ1Ã>ÆkÙ>Å Ô /1ÎÏÌ=ËCÎ�ÆgÅ3Ì�Æ�Ñ1Ã���Ó � Õ É ÕLÔ ÃLÌ�ÊzÆ'Ñ1Å3Ì�ÊkÉ�Ë�ÆzÅ ÔNÔ Ã�Ã>ÆÈÊ Õ Ö�ËCÉ�Ã -�Ð�Ó�ß�ì�ä'Ì¨Å!/1ÊÈÎ�ÃLÌ�ÊËCÉ�Å3ÂzÆ 3

P (X+ = x|X− = y) = C
|x−y|
|x−y|+W−2á(Å3Ì1Ì�Å3Ì�Æ'Í�Ç�ÃLÉ�ÍIÇ�Ã>Æ Õ É ÕLÔ ÃLÌ�ÊzÆ&Ñ1ÃMÑ ÕLÔ Å3Ì�ÆÈÊÈÂgËCÊÈÎ�Å3Ì 3â�Å3ÎÏÊåâ�×vÌÛÚ Ô Þ'É�ÃÒÌ�Å Ô /1ÂzÃNÑ1ÃÒÌ£Ó�Ç1Ä1É�ÃLÊzÆ (x1, . . . , xn)

Ñ�´UÃLÌ�ÊÈÎ�ÃLÂzÆ�Ì=ËCÊÈÇ1ÂzÃLÉ�Æ�Ù>Å Ô Ä1ÂÈÎ�Æ�ÃLÌIÊÈÂzÃ���ÃLÊ Ô ÊzÃLÉ�Æ(Í�Ç�Ã
x1 + . . . + xn = m

��Å3Ç1Â'Ù>ÃLÊÈÊzÃMÑ ÕLÔ Å3Ì�ÆzÊÈÂgËCÊÈÎ�Å3ÌÛÚ�É�Ã�É�Ã ÔNÔ ÃMÆzÇ1ÎÏÜ3ËCÌIÊ�Ã>ÆÈÊ?Ç1ÊÈÎÏÉÏÎ�Æ Õ 3
A>C K K C �$õ

m∑

k=0

Cn−1
n−1+k =

m∑

k=1

{Cn
n+k − Cn

n−1+k} + Cn−1
n−1 = Cn

n+m − Cn
n + Cn−1

n−1 = Cn
n+m

�KÂzÅ�Ù Õ Ñ1Å3Ì�Æ9Ä=ËCÂ9Â Õ ÙLÇ1ÂÈÂzÃLÌ�Ù>Ã 3
n ï�� � �{ÉÛÃ>ÆÈÊ Õ ÜIÎ�Ñ1ÃLÌIÊ�ÍIÇ�ÃÒâ�× �!Ú Ô Þ � �
n ï���� ³ÛÃ¨Ä1ÂzÃ Ô Î�ÃLÂ Õ É ÕLÔ ÃLÌ�Ê x1

Ü!ËCÂÈÎ�Ã¨ÃLÌ�ÊÈÂzÃ ��ÃLÊ Ô ÃLÊ6É�ÃéÆzÃ>Ù>Å3Ì�Ñ�Ú
x2
ÚtË ËCÉ�Å3ÂzÆ6Ä�Å3Ç1ÂNÜ3ËCÉ�ÃLÇ1Â

m − x1
ì=ä'Ì�Å!/1ÊÈÎ�ÃLÌ�Ê�Ñ1Å3Ì�ÙÒâ�× �£Ú Ô Þ � Ô � �

n ï�� � �{ÉÛÃ>ÆÈÊ � Ë3ÙLÎÏÉ�Ã�Ñ1Ã Ô Å3Ì�ÊÈÂzÃLÂ'ÍIÇ�Ã S(3,m) =
∑m

x1=0 S(2,m − x1) = C2
m+2n ï�� � á(Ã(É�Ë Ô � Ô Ã ��Ë��>Å3ÌÛÚ1ÃLÌ;Ç1ÊÈÎÏÉÏÎ�ÆgËCÌIÊ�É�Ã(É�Ã ÔNÔ Ã!Ú�Å3ÌéÅ!/1ÊÈÎ�ÃLÌIÊ S(4,m) = C3

m+3ä'Ì�ÆÈÇ1Ä1Ä�Å!ÆzÃÒÃLÌ�ÆÈÇ1ÎÏÊzÃÒÍIÇ�Ã
S(n,m) = Cm

m+n−1

ÃLÊ&Å3Ì�É�ÃÒÑ ÕLÔ Å3ÌIÊÈÂzÃ�Ä=ËCÂ'Â Õ ÙLÇ1ÂÈÂzÃLÌ�Ù>Ã}ÃLÌ�Ç1ÊÈÎÏÉÏÎ�ÆgËCÌ�ÊÉ�ÃMÉ�Ã ÔNÔ Ã!ì
� ÃLÊÈÊzÃ'Ù>Å3Ç1ÂÈÊzÃ(Ñ ÕLÔ Å3Ì�ÆÈÊÈÂgËCÊÈÎ�Å3ÌéËåÄ�Å3Ç1ÂlÆzÃLÇ1É�Å!/�0ÈÃ>ÙLÊÈÎ �.Ñ1Ã Ô Å3ÌIÊÈÂzÃLÂkÊzÅ3Ç1ÊzÃ'É�ËÒÑ£Î �PÙLÇ1ÉÏÊ Õ - Õ ÊgË5/1ÉÏÎÏÂ?Ñ1Ã>ÆÑ£Î�ÆzÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�Æ�ÃLÌ Ë3Ñ Õ ÍIÇ=ËCÊÈÎ�Å3Ì ËpÜ�Ã>ÙPÉ�Ã>Æ Ô ÅIÑ£Î ê ÙpËCÊÈÎ�Å3Ì�ÆNÃ�ç�Ã>ÙLÊÈÇ Õ Ã>ÆåÄ=ËCÂÒÉ�Ã Ô Å�Ñ£Ç1É�Ã;¹�¸C¹�Á�)�¾PºÝÙ>Å3Ì�ÆÈÎ�Ñ Õ Â Õ ìá Õ 0�-�Ñ�ËCÌ�ÆNÉ�Ã;ÙpË3ÆPÑ�´ Ç1Ì�Å3Ä Õ ÂgËCÊzÃLÇ1ÂÝËCÇ�ÆzÆÈÎ9ÆÈÎ Ô Ä1É�Ã;ÍIÇ�Ã;Ù>ÃLÉÏÇ1Î�Ñ1ÃFÉ�´æË3Ù>ÙLÇ Ô Ç1É�ËCÊÈÎ�Å3ÌÛÚkÙ>ÃLÂÈÊgËCÎÏÌ�ÆPÙpËCÉ�ÙLÇ1É�ÆPÑ1ÃÑ Õ Ì�Å Ô /1ÂzÃ Ô ÃLÌ�Ê�ÆgÅ3Ì�ÊlÌ Õ Ù>Ã>ÆzÆgËCÎÏÂzÃ>ÆpìIá(ËCÌ�ÆXÉ�Ã&ÙpË3ÆXÑ�´UÅ3Ä Õ ÂgËCÊzÃLÇ1ÂzÆkÑ1Å3Ì�ÊlÉ�´æËCÉÏÖ�Å3ÂÈÎÏÊ 
 Ô Î�ÃMË3ÆzÆzÅ�ÙLÎ Õ Ã�Æp´æËpÜ�àLÂzÃ�Ä1ÉÏÇ�Æ

�LÙ>Å Ô Ä1É�Ã�Ð1Ã �3Ú�Ñ£ÇPÄ7Å3ÎÏÌIÊtÑ1ÃkÜIÇ�Ã�Ñ£ÇNÜ�Å3Î�ÆÈÎÏÌ=ËCÖ�Ã?Ç1ÊÈÎÏÉÏÎ�Æ Õ ÃLÊH×ØÅ3Ç$ÞKÑ1Ã?É�Ë �ØÅ3Ì�ÙLÊÈÎ�Å3Ì1Ì�ÃLÉÏÉ�Ã&Ë3ÆzÆzÅ�ÙLÎ Õ Ã -(Ù>Ã?Ü�Å3Î�ÆÈÎÏÌ=ËCÖ�Ã×vÄ=ËCÂ?Ã�Ð1Ã Ô Ä1É�Ã(Ç1Ì�Ö!ÂgË3Ñ£Î�ÃLÌIÊ�Ñ1Ã&ÆzÅ!/7ÃLÉ�ÆÈÇ1ÂkÇ1ÌÝÜ�Å3Î�ÆÈÎÏÌ=ËCÖ�Ã 3× 3
Þ�Ú�É�Ã&ÙpËCÉ�ÙLÇ1ÉÛÑ1Ã'Ñ Õ Ì�Å Ô /1ÂzÃ Ô ÃLÌ�Ê�Ì Õ Ù>Ã>ÆgÆgËCÎÏÂzÃÑ1ÃLÜ�Î�ÃLÌ�Ê /7ÃpËCÇ�Ù>Å3Ç1ÄéÄ1ÉÏÇ�Æ?Ä1ÂzÅ!/1É ÕLÔ ËCÊÈÎ�Í�Ç�Ã!ì

�^ËCÂlËCÎÏÉÏÉ�ÃLÇ1ÂzÆHÚ�ÎÏÉ=Ã>ÆÈÊ -(ÂzÃ Ô ËCÂzÍ�Ç�ÃLÂlÍ�Ç�Ã?Ù>Ã>ÆXÙpËCÉ�ÙLÇ1É�ÆXÆzÇ1Ä1Ä7Å!ÆzÃLÌIÊxÊzÅ3Ç!0ÈÅ3Ç1ÂzÆtÍIÇ�Ã?É�Ë(Ü!ËCÉ�ÃLÇ1ÂxÄ1ÂÈÎ�ÆzÃ?Ä=ËCÂxÇ1Ì�Ä1Î,Ð£ÃLÉÑ Õ Ä�ÃLÌ�Ñ�Ñ�´ Ç1Ì�ÃÒÑ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì�Ç1Ì1Î � Å3Â Ô ÃÝ×ØÙ 
=Ë3Í�Ç�ÃÒÜ3ËCÉ�ÃLÇ1Â(Ã>ÆÈÊ Õ Í�Ç1ÎÏÄ1ÂzÅ!/=Ë5/1É�ÃHÞ�ì4�wÉ�Ù>Å3Ì�Ü�Î�ÃLÌ�Ñ£ÂgËCÎÏÊMËCÎÏÌ�ÆÈÎ�Ú�Ì�Å3ÌÆgÃLÇ1É�Ã Ô ÃLÌ�ÊPÑ1ÃFÄ1ÂzÃLÌ�Ñ£ÂzÃ¨ÃLÌ Ù>Å Ô Ä1ÊzÃ¨É�Ë�Ì=ËCÊÈÇ1ÂzÃ¨Ñ1Ã>Æ Ô Å�Ñ£Î ê ÙpËCÊÈÎ�Å3Ì�ÆPÅ3Ä Õ Â Õ Ã>Æ}Ä=ËCÂNÉ�Ã Ô Å�Ñ£Ç1É�Ã¨Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ
Ô ËCÎ�ÆÒËCÇ�ÆzÆÈÎ^Ù>ÃLÉÏÉ�ÃNÑ1ÃÒÉ�Ë�ÂzÃLÉ�ËCÊÈÎ�Å3Ì ÆzÄ=ËCÊÈÎ�ËCÉ�Ã�ÃLÌIÊÈÂzÃ}É�Ã>Æ(Ä1Î,Ð£ÃLÉ�ÆHì21'Ì�Ã}ÆzÅ3ÉÏÇ1ÊÈÎ�Å3ÌøÙ>Å3Ì�ÆÈÎ�ÆÈÊzÃNËCÉ�Å3ÂzÆ -�Ç1ÊÈÎÏÉÏÎ�ÆzÃLÂ�É�Ã>ÆÙ 
=Ë Ô Ä�ÆNÑ1Ã ��ËCÂ ��ÅpÜ ËCÉ Õ ËCÊzÅ3ÎÏÂzÃ>ÆNÍ�Ç1Î Ô ÅIÑ Õ ÉÏÎ�ÆgÃLÌ�ÊNÑ1Ã ��Ë��>Å3Ì Ä1ÂzÅ!/=Ë5/1ÎÏÉÏÎ�ÆÈÊzÃÝÉ�ËéÑ Õ Ä�ÃLÌ�Ñ�ËCÌ�Ù>ÃFÑ1ÃPÉ�Ë;Ü3ËCÉ�ÃLÇ1ÂÑ�´ Ç1Ì Ä1Î,Ð1ÃLÉxÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê6ËCÇ£ÐøÜ!ËCÉ�ÃLÇ1ÂzÆåÑ1Ã>ÆÒÄ1Î,Ð£ÃLÉ�ÆÒÑ�´ Ç1Ì Ü�Å3Î�ÆÈÎÏÌ=ËCÖ�ÃPÄ1Â Õ Ñ Õ�ê Ì1Î�ì ��ËCÉ 
�ÃLÇ1ÂzÃLÇ�ÆzÃ Ô ÃLÌ�ÊpÚ�Ç1Ì�ÃÊzÃLÉÏÉ�ÃÝËCÄ1Ä1ÂzÅIÙ 
�Ã6Ì Õ Ù>Ã>ÆzÆzÎÏÊzÃ6Ñ1Ã6Ñ Õ ÊzÃLÂ Ô ÎÏÌ�ÃLÂNËCÇ1Ä=ËCÂgË>Ü!ËCÌ�Ê�Ç1Ì Ô ÅIÑ1àLÉ�Ã6Ä=ËCÂgË Ô6Õ ÊÈÂ Õ Ñ1ÃNÉ�Ë;Ñ£Î�ÆÈÊÈÂÈÎ /1Ç1ÊÈÎ�Å3Ì Ñ1Ã>ÆÜ!ËCÉ�ÃLÇ1ÂzÆpÚKÃ>ÆÈÊÈÎ Ô6Õ ÃLÌ�ÆzÇ1ÎÏÊzÃ;ÃLÌ��ØÅ3Ì�ÙLÊÈÎ�Å3Ì�Ñ1Ã>ÆNÅ!/�ÆgÃLÂÈÜ3ËCÊÈÎ�Å3Ì�Æpì � Ã Ô ÅIÑ1àLÉ�Ã¨Ã>ÆÈÊNÆzÅ3Ç1Ü�ÃLÌIÊPÆÈÇ1Ä1Ä�Å!Æ Õ Ö�ËCÇ�ÆzÆÈÎ�ÃLÌÆ4ËCÌ�Æ9Í�ÇÛ´æËCÇ�ÙLÇ1Ì�ÃåÂ Õ ÃLÉÏÉ�Ã.0rÇ�ÆÈÊÈÎ ê ÙpËCÊÈÎ�Å3ÌéÑ1ÃMÙ>ÃLÊåµM¿$À�þØ½!À4þxÌ�ÃåÆzÅ3ÎÏÊ9Ñ1Å3Ì1Ì Õ Ã!ì
9 �
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798J:
σ = 0.5

7aId:
σ = 1.75

7ab�:
σ = 2.95

79`-: �a8�b6ELKNA$V
�
_��(Z ����� 7aK�: �a8Qb^ELKNARV

�
� 7���:��a8Qb^ELKNARV

�
�(Z �����

7aZ2: �a8�b6ELKNA$V
�

�RZ ��� 7 � : � 8Qb6ELK6ARV
�
�RZ � � � 7aSU:�� 8Qb6ELK6ARV

�
�uZ �����

i�j(k�m��£ì �gn � Ô ËCÖ�Ã>Æ(Ã�Ð�ÊÈÂgËCÎÏÊzÃ>Æ(Ñ1Ã>Æ&ÊÈÂzÅ3Î�Æ�/=Ë3ÆzÃ>Æ'Ù>Å3Ì�Ù>ÃLÂÈÌ=ËCÌIÊ � º�¶7µ 3=É�ËPÄ1ÂzÃ Ô Î�àLÂzÃ�ÉÏÎÏÖ!Ì�Ã}Ù>Å3ÂÈÂzÃ>ÆÈÄ7Å3Ì�Ñ -PÉ�Ë
/=Ë3ÆzÃåÑ Õ Ñ£Î Õ Ã�ËCÇ�/1ÂÈÇ1ÎÏÊpÚ$É�Ë6ÆzÃ>Ù>Å3Ì�Ñ1ÃÒÙ>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ -6É�Ë�/=Ë3ÆzÃÒÑ Õ Ñ£Î Õ Ã -}É�Ë6ÉÏÇ Ô ÎÏÌ�Å!ÆÈÎÏÊ Õ ÃLÊ�É�ËNÊÈÂzÅ3Î�ÆzÎ�à Ô Ã -6É�Ë
/=Ë3ÆzÃ(ÉÏÎ Õ ÃåËCÇ;Ù>Å3ÌIÊÈÂgË3ÆÈÊzÃ!ì σ Ù>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ�-�É�Ë�Ü!ËCÂÈÎ�ËCÌ�Ù>ÃMÑ£Ç /1ÂÈÇ1ÎÏÊ9Ö�ËCÇ�ÆgÆÈÎ�ÃLÌ�ËCÄ1Ä1ÉÏÎ�ÍIÇ Õ ì

9d.



���������
	�����£µ4¿$þØÁØÀÈº �

798;: 7aI-: 7ab�:

79`D: 7aK�: 7���:

i�jlk�m �£ì��3n�³x´UÅ3Ä Õ ÂgËCÊzÃLÇ1ÂÒÑ1Ã�â�Å!/�ÃLÉ�×vÉÏÎÏÖ!Ì�Ã �HÞ(ÃLÊ�É�´UÅ3Ä Õ ÂgËCÊzÃLÇ1ÂÒÑ1Ã � ËCÌ1Ì�ß�×vÉÏÎÏÖ!Ì�Ã	��Þ(ÆgÅ3Ì�ÊÒËCÄ1Ä1ÉÏÎ�ÍIÇ Õ ÆåÆÈÇ1ÂÑ1Ã>ÆXÎ Ô ËCÖ�Ã>ÆXÎ�ÆzÆÈÇ�Ã>ÆxÑ1Ã>Æ /=Ë3ÆzÃ>ÆxÂzÃLÉ�ËCÊÈÎÏÜ�Ã>ÆkËCÇ�Ù>Å3ÌIÊÈÂgË3ÆÈÊzÃ!ì�³x´æËCÌ=ËCÉÏß�ÆgÃ9Ü�Î�ÆÈÇ�ÃLÉÏÉ�Ã�Ñ1Ã>ÆtÂ Õ ÆÈÇ1ÉÏÊgËCÊzÆ Ô Å3ÌIÊÈÂzÃ'ÍIÇ�Ã9Ù>Ã>ÆÅ3Ä Õ ÂgËCÊzÃLÇ1ÂzÆ�ÆgÅ3Ì�Ê�ÆzÃLÌ�ÆzÎ /1É�Ã>Æ�ËCÇéÙ>Å3Ì�ÊÈÂgË3ÆzÊzÃ!ì

9��
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-!+�*�+ � � �%8 
 2 0 63�� 8
³ÛÃ>ÆkÌ�Å Ô /1ÂzÃLÇ�ÆzÃ>Æ�Ñ£Î �PÙLÇ1ÉÏÊ Õ Æ�ÂzÃLÌ�Ù>Å3Ì�ÊÈÂ Õ Ã>Æ9É�Å3ÂzÆ?Ñ1Ã(É�Ë Ô Î�ÆzÃ�ÃLÌ;ËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3ÌéÑ£Ç¨Ä1ÂÈÎÏÌ�ÙLÎÏÄ�Ã�Ñ1Ã �&ÃLÉ Ô Ó


�Å3ÉÏÊ 
éÌ�Å3Ç�ÆÝÅ3Ì�ÊFË Ô ÃLÌ Õ - Ë5/=ËCÌ�Ñ1Å3Ì1Ì�ÃLÂÝÙ>ÃLÊÈÊzÃ�Ä1ÂzÃ Ô Î�àLÂzÃ�ËCÄ1Ä1ÂzÅ�Ù�
�Ã�Ñ£Ç Ñ£Î�ËCÖ!Ì�Å!ÆzÊÈÎ�ÙéÑ1Ã;ÂzÃ>ÆzÄ7Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ
/=Ë3Æ Õ ÃFÆÈÇ1ÂNÉ�Ë�ÆzÃLÌ�ÆÈÎ /1ÎÏÉÏÎÏÊ Õ ìx³.Ë�ÆzÃ>Ù>Å3Ì�Ñ1Ã Ô6Õ Ê 
�ÅIÑ1Ã!Ú^Ä1Â Õ ÆgÃLÌ�Ê Õ Ã;Ñ�ËCÌ�ÆNÉ�Ë�Ä=ËCÂÈÊÈÎ�Ã;ÆzÇ1ÎÏÜ3ËCÌIÊzÃ!Ú^Ä1ÂzÅ3Ä7Å!ÆzÃ;ËCÉ�Å3ÂzÆÇ1Ì�Ã�ËCÉÏÊzÃLÂÈÌ=ËCÊÈÎÏÜ�Ã�Ä1ÉÏÇ�Æ¨ÆÈÎ Ô Ä1É�Ã�ËCÇ�Ä1ÂzÅ!/1É�à Ô Ã�Ñ£Ç
Ñ£Î�ËCÖ!Ì�Å!ÆÈÊÈÎ�Ù�Ñ1Ã�ÂzÃ>ÆÈÄ�Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ Ú /=Ë3Æ Õ Ã�ÆÈÇ1ÂFÉ�´æËCÌ=ËCÉÏß�ÆgÃÑ1Ã>Æ(Ù>Å3Ç1Â$/7Ã>Æ(Ñ�´ Õ Ü�Å3ÉÏÇ1ÊÈÎ�Å3ÌøÑ1Ã>Æ&Â Õ ÆÈÇ1ÉÏÊgËCÊzÆ�Ñ1Ã>Æ Ô ÅIÑ£Ç1É�Ã>Æ�ÃLÌ � Å3Ì�ÙLÊÈÎ�Å3Ì�Ñ1Ã�É�´UÃLÌ�ÆzÃ Ô /1É�Ã}Ñ1Ã�ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆzÊÈÎ�Í�Ç�Ã>ÆÜIÎ�ÆzÇ�ÃLÉÏÉ�Ã>Æ?Ç1ÊÈÎÏÉÏÎ�Æ Õ ì

�W��� � � ����&
�����	�������"����������	��
�������������

-!+.-!+5* 	 ���8 
1�7?� � 9 �r� 8 
g9���%8>8x�$� ��8 9
á�ËCÌ�ÆtÇ1ÌÝÄ1ÂzÃ Ô Î�ÃLÂlÊzÃ Ô Ä�ÆpÚ�É�Ã>ÆkÙLÉ�Ë3ÆzÆgÃ>ÆtÑ1Ã&Ù>Å Ô Ä7Å3ÂÈÊzÃ Ô ÃLÌIÊzÆ?ÆzÅ3Ì�ÊlÂzÃLÄ1Â Õ ÆzÃLÌ�Ê Õ Ã>ÆkÄ=ËCÂlÉ�´UÃLÌ�ÆzÃ Ô /1É�Ã&Ñ1Ã>ÆÄ1É�ËCÖ�Ã>Æ9Ñ1Ã�Ü!ËCÂÈÎ�ËCÊÈÎ�Å3ÌéÑ1Ã>Æ9ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æ9Ü�Î�ÆÈÇ�ÃLÉÏÉ�Ã>Æpì � 
=Ë3ÍIÇ�Ã Ô Å�Ñ£Ç1É�ÃMÑ1Ã(Ì1ÎÏÜ�ÃpËCÇ;ÎÏÌ � Õ ÂÈÎ�ÃLÇ1Â�Ã>ÆÈÊ9ÃLÌ�ÆÈÇ1ÎÏÊzÃËCÄ1Ä1ÉÏÎ�Í�Ç Õ ×ØÆzÃLÉ�Å3Ì É�Ã Ô Å�Ñ1ÃFÑ Õ 0$-�Ä1Â Õ ÆzÃLÌIÊ Õ Ñ�ËCÌ�Æ}É�ËéÄ=ËCÂÈÊÈÎ�Ã �£ì �!ì��£ì���Þ�ÆzÇ1Â}Ù 
=Ë3ÙLÇ1Ì Ñ1Ã>ÆNÅ!/�0rÃLÊzÆ}Ñ1Ã>Æ�/=Ë3ÆzÃ>ÆÙ>Å3Ì�ÆÈÊÈÂÈÇ1ÎÏÊzÃ>ÆlÂzÃLÉ�ËCÊÈÎÏÜ�Ã Ô ÃLÌ�Ê -ÒÙ>Ã>Æ Ô � Ô Ã>ÆkÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æpì � ÃLÊÈÊzÃ �ØÅ3Î�ÆÈÓwÙLÎ�Ú�É�´UÃLÌ!0ÈÃLÇ�ÌÛ´UÃ>ÆÈÊlÄ=Ë3ÆkÑ�´ Õ ÊÈÇ�Ñ£Î�ÃLÂkÉ�ËÜ3ËCÂÈÎ�ËCÊÈÎ�Å3Ì�Ñ1Ã>Æ9Â Õ ÆÈÇ1ÉÏÊgËCÊzÆ'Å!/1ÊzÃLÌ�Ç�Æ'Ä=ËCÂ'Ù 
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=Ë3Í�Ç�Ã Ô Å�Ñ£Ç1É�Ã'Ñ1Ã'Ì1ÎÏÜ�ÃpËCÇFÎÏÌ � Õ ÂÈÎ�ÃLÇ1ÂkÙ>Å3Ì�ÆÈÎ�Ñ Õ Â Õ ÆzÅ3Î�ÃLÌ�ÊkÑ£Ç Ô � Ô Ã'Ê{ßIÄ�Ã�ÍIÇ�Ã'É�ËÆzÅ3ÂÈÊÈÎ�Ã ê Ì=ËCÉ�Ã!ì � ÃLÊÈÊzÃ�Ù>Å3Ì�ÊÈÂgËCÎÏÌIÊzÃMÄ�ÃLÂ Ô ÃLÊkÎ�ÙLÎÛÑ1Ã ��Ë3ÙLÎÏÉÏÎÏÊzÃLÂ?É�Ë}Ù>Å Ô Ä=ËCÂgËCÎ�ÆzÅ3ÌéÑ1Ã(Ù>Ã>Æ?ÆzÅ3ÂÈÊÈÎ�Ã>Æ9ÎÏÌ�ÊzÃLÂ Ô6Õ Ñ£Î�ËCÎÏÂzÃ>ÆË>Ü�Ã>Ù}É�ËÝÆzÅ3ÂÈÊÈÎ�Ã ê Ì=ËCÉ�Ã6ËCÊÈÊzÃLÌ�Ñ£Ç�Ã;×vÉ�Ë�Ü Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ$Þ�ì�á�ËCÌ�Æ(É�Ã�ÙpË3Æ�Ñ1Ã�É�ËÝÑ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì�Ä=ËCÂMÃ�Ð1Ã Ô Ä1É�Ã!Ú7Ù>ÃLÊÈÊzÃÜ Õ ÂÈÎÏÊ Õ ÊzÃLÂÈÂgËCÎÏÌ�Ã>ÆÈÊ�Ç1Ì�ÃåÎ Ô ËCÖ�Ã /1ÎÏÌ=ËCÎÏÂzÃÒÑ�ËCÌ�Æ�É�Ë3ÍIÇ�ÃLÉÏÉ�ÃÒÉ�´UÅ!/�0rÃLÊ&Ã>ÆÈÊ'Ñ Õ ÉÏÎ Ô ÎÏÊ Õ Ä=ËCÂ�Ç1Ì�Ã 
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É�´ Õ ÊgË5/1ÉÏÎ�ÆgÆzÃ Ô ÃLÌ�Ê(Ñ£Ç;Ñ£Î�ËCÖ!Ì�Å!ÆÈÊÈÎ�ÙåÑ1Ã(ÂzÃ>ÆzÄ7Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ ì³.Ë ê Ö!Ç1ÂzÃ �£ì �¨×�� Ë3ÙLÊÈÎ�Ù>Ã&Ä�Å3Ç1ÂXÄ1ÉÏÇ�ÆkÑ1Ã&ÙLÉ�ËCÂÈÊ Õ ÞtÎÏÉÏÉÏÇ�ÆÈÊÈÂzÃ&É�Ã>ÆXÙ>Å3Ç1Â$/�Ã>ÆkÍ�ÇÛ´ ÎÏÉ�Ã>ÆÈÊXÄ7Å!ÆzÆzÎ /1É�Ã'Ñ�´UÅ!/1ÊzÃLÌ1ÎÏÂ?ÂzÃLÉ�ËCÊÈÎÏÜ�Ã�Ó
Ô ÃLÌIÊ -9Ç1Ì�ÃkÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã Ci
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Ñ�ËCÌ�Æ6É�Ã�Ù>Å3Ì�ÊzÃ�Ð£ÊzÃéÑ1Ã;É�Ë
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=Ë3ÍIÇ�Ã}ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�Í�Ç�Ã6Î�ÆzÅ3É ÕLÔ ÃLÌ�ÊP×vÄ�Å3Ç1Â�Ù�
=Ë3ÍIÇ�Ã�ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆzÊÈÎ�Í�Ç�Ã!Ú�É�Ã
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�ØÇ�ÆÈÎ�Å3Ì1Ì Õ Æ'Ä7Å3Ç1Â&Ñ Õ ÆÈÎÏÖ!Ì�ÃLÂ�É�Ã Ô ÅIÑ£Ç1É�ÃåÂzÃ>ÆÈÄ�Å3Ì�ÆgË5/1É�Ã!ì=³ÛÃ�ÆzÙ 
 ÕLÔ Ë	�£ì/.NÂ Õ ÆzÇ Ô ÃåÉ�Ë Ô6Õ Ê 
�Å�Ñ1Ã�Ñ1ÃåÑ£Î�ËCÖ!Ì�Å!ÆÈÊÈÎ�ÙÇ1ÊÈÎÏÉÏÎ�Æ Õ Ã!ì
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�!ì?É�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3ÌNÑ1ÃxÉ�Ë�Í�Ç=ËCÉÏÎÏÊ Õ Ñ1Ã>Æ	Â Õ ÆzÇ1ÉÏÊgËCÊzÆ.Ù>Å3Ì�ÆÈÊgËCÊ Õ ÃlÃ>ÆÈÊ ��º���¼gºw¿7ÁØþ ½3¶�¶�º�·D·�º�¾Pº�¶=Á2� ��ËCÎ /1É�ÃXËCÇåÂzÃLÖ�ËCÂzÑÑ1Ã(É�´æË Ô6Õ ÉÏÎ�Å3ÂgËCÊÈÎ�Å3Ì�Ù>Å3Ì�ÆÈÊgËCÊ Õ ÃMÆÈÇ1Â?É�ËNÄ1É�ËCÖ�ÃMÃLÌ�ÊÈÎ�àLÂzÃÒÑ1Ã(Ü3ËCÉ�ÃLÇ1ÂzÆ'Ñ1Ã(É�ËNÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã!Ú
�£ì9Ñ£Î Ô ÎÏÌIÇ1ÊÈÎ�Å3ÌéÉ�Å�ÙpËCÉ�Ã*��º$��¼gº{¿7ÁØþØ½!¶�¶7º�·v·Ïº0�ÒÑ1Ã(É�ËNÍ�Ç=ËCÉÏÎÏÊ Õ Ñ1Ã>Æ?Â Õ ÆÈÇ1ÉÏÊgËCÊzÆpì

�{É^Ã>ÆzÊ�Î Ô Ä7Å3ÂÈÊgËCÌIÊåÑ1ÃNÆzÅ3Ç1ÉÏÎÏÖ!Ì�ÃLÂMÎ�ÙLÎKÉ�´æË3ÆÈÄ�Ã>ÙLÊ�É�Å�ÙpËCÉxÑ1ÃNÙ>ÃLÊ�ÎÏÌ�Ñ£Î�Ù>Ã 3�É�ËFÑ Õ Ö!ÂgË3Ñ�ËCÊÈÎ�Å3Ì Ù>Å3Ì�ÆÈÊgËCÊ Õ ÃNÆgÃÑ1Å3ÎÏÊ&Ñ1ÃÒÂzÃ 8=Õ ÊzÃLÂ&Ç1Ì�Ù>Å Ô Ä�Å3ÂÈÊzÃ Ô ÃLÌ�Ê�É�Å�ÙpËCÉ�Ã�Ð1Ù>ÃLÄ1ÊÈÎ�Å3Ì1Ì�ÃLÉKÑ£Ç Ô Å�Ñ£Ç1É�Ã�Ñ1ÃåÌ1ÎÏÜ�ÃpËCÇ�ÎÏÌ � Õ ÂÈÎ�ÃLÇ1Â'Ä=ËCÂ&ÂgËCÄ1Ä7Å3ÂÈÊËCÇ�Ù>Å Ô Ä�Å3ÂÈÊzÃ Ô ÃLÌ�Ê?Å!/�ÆzÃLÂÈÜ Õ ÆÈÇ1ÂtÉ�´UÃLÌ�ÆgÃ Ô /1É�Ã(Ñ1Ã>ÆtÜ!ËCÉ�ÃLÇ1ÂzÆlÑ1Ã9É�ËÒÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�Í�Ç�Ã!ì�³ÛÃ>ÆlÑ1ÃLÇ£Ð�ÙpË3ÆXÄ7Å!ÆzÆzÎ /1É�Ã>ÆÑ1Ã�Ñ Õ Ö!ÂgË3Ñ�ËCÊÈÎ�Å3Ì�ÆzÅ3ÌIÊ9ÎÏÉÏÉÏÇ�ÆÈÊÈÂ Õ Æ'Ñ�ËCÌ�Æ?É�Ë ê Ö!Ç1ÂzÃ �£ì��£ì³	Ë Ô Ã>ÆzÇ1ÂzÃ6Ñ1Ã}É�Ë¨Ñ Õ Ö!ÂgË3Ñ�ËCÊÈÎ�Å3Ì ÂzÃLÄ�Å!ÆzÃ6ËCÉ�Å3ÂzÆÒÆÈÇ1Â�É�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3Ì Ñ1Ã>ÆMÑ£Î,ç Õ ÂzÃLÌ�Ù>Ã>ÆåÃLÌ�ÊÈÂzÃPÉ�Ë¨Ù>Å3Ç1Â$/�ÃÑ£Ç Ô Å�Ñ£Ç1É�Ã}Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ ÃLÊ(Ù>ÃLÉÏÉ�Ã�Ñ£Ç Ô Å�Ñ£Ç1É�ÃåÄ1Â Õ Ù Õ Ñ1ÃLÌIÊ�ÆÈÇ1Â'É�Ë6Ä1É�ËCÖ�ÃÒÑ1ÃÒÉ�Ë�ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�Í�Ç�Ã}Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Ã!ì
� ÃLÊÈÊzÃ Ô Ã>ÆÈÇ1ÂzÃ6Ã>ÆÈÊ�Ì�Å3Â Ô ËCÉÏÎ�Æ Õ ÃNÄ=ËCÂMÉ�ËFÑ£Î,ç Õ ÂzÃLÌ�Ù>Ã Ô ËaÐ�Î Ô ËCÉ�ÃPÙ>Å3Ì�ÆÈÊgËCÊ Õ Ã6ÆÈÇ1Â�É�´UÃLÌ�ÆzÃ Ô /1É�Ã6Ñ1Ã>Æ�Ä1É�ËCÖ�Ã>ÆÒÑ1Ã
Ô � Ô Ã?É�ËCÂÈÖ�ÃLÇ1Âpì��xÉÏÇ�ÆKÄ1Â Õ ÙLÎ�Æ ÕLÔ ÃLÌ�ÊpÚ�ÆÈÎ�Å3Ì6Ì�Å3ÊzÃ Ci

É�Ë�ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆzÊÈÎ�Í�Ç�Ã!Ú�É�´ ÎÏÌ�Ñ£Î�Ù>Ã�Ñ1ÃkÂzÃ>ÆÈÄ�Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ I(Mj)ËCÊÈÊÈÂÈÎ /1Ç Õ ËCÇ Ô Å�Ñ£Ç1É�Ã Mj
Ã>ÆÈÊ?É�Ã�ÆÈÇ1ÎÏÜ!ËCÌ�Ê 3

I(Mj) = argmin(x,y)

(∫ Cmax

Cmin
(Mj − Mj−1) dCi

∫ y

x
(Mj − Mj−1) dCi

)

avec y − x = Cmax − Cmin, ∀j ≥ 1
× �£ì �HÞ

9!ë



���������
	�����£µ4¿$þØÁØÀÈº �

798;: � 8e`R>NZ�V�8J`R8�ELS/GJMHbNGQVBVLK6@BPdGJM-` S/bNSRY�ADMRK 8QY]>NC/S/GQV�8�ELS\GQM
S/MD@BA���@L8QM2ELK

7aI-:��08W`R>6ZQV�8J`R8�ELS/GJM b6GQVBVLKN@BPdGQM-`�S/bNS�Y5`RS/Y]S/MOARELS/GJMf`RK
C\8]T2A-8�C\SFEL> `$KN@�VL>N@BADCFE�8�EL@

i�jlk�m �£ì��gnÝ³ÛÃ>Æ9Ñ1ÃLÇ£Ð¨ÙpË3Æ�Ñ1Ã�Ñ Õ Ö!ÂgË3Ñ�ËCÊÈÎ�Å3Ì�Ù>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Æ

Å3è
Cmin

ÃLÊ
Cmax

Ñ Õ ÉÏÎ Ô ÎÏÊzÃLÌIÊ�É�Ë}Ä1É�ËCÖ�ÃMÑ1Ã(Ü!ËCÂÈÎ�ËCÊÈÎ�Å3Ì�Ñ1Ã Ci
ÆÈÇ1Â9É�Ã�Ù>Å Ô Ä�Å3ÂÈÊzÃ Ô ÃLÌ�Êpì

��Å3Ç1Â�É�ÃÒÄ1ÂzÃ Ô Î�ÃLÂ Ô Å�Ñ£Ç1É�Ã M0
Ú$É�Ë �ØÅ3Â Ô Ç1É�Ã�Ã>ÆzÊ(Ë 0rÇ�ÆÈÊ Õ Ã�ÃLÌ�ÍIÇ=ËCÌ�ÊÈÎ ê ËCÌIÊ�Ç1Ì1Î�Í�Ç�Ã Ô ÃLÌIÊ�É�ËPÆÈÎÏÌ1Ö!Ç1É�ËCÂÈÎÏÊ Õ Ñ£ÇÙ>Å Ô Ä�Å3ÂÈÊzÃ Ô ÃLÌ�Ê(Å!/�ÆzÃLÂÈÜ Õ ÆzÇ1Â?É�Ë}Ä1É�ËCÖ�Ã [Cmin, Cmax]

Ú�ÆgÃLÉ�Å3Ì¨É�´ Õ Í�Ç=ËCÊÈÎ�Å3Ì�ÆÈÇ1ÎÏÜ3ËCÌIÊzÃ 3

I(M0) = argminx,y

(∫ Cmax

Cmin
M0 dCi

∫ y

x
M0 dCi

)

avec y − x = Cmax − Cmin
× �£ì���Þ

³x´ ÎÏÌ�Ñ£Î�Ù>ÃFÑ1ÃPÂzÃ>ÆzÄ7Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ Ü!ËCÂÈÎ�Ã�ÆzÇ1ÂÒÉ�´ ÎÏÌIÊzÃLÂÈÜ3ËCÉÏÉ�Ã ] − ∞, 1]
ì �.Å3Ç1ÂNÙ 
=Ë3Í�Ç�ÃFÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã!Ú^É�Ã

Ô Å�Ñ£Ç1É�Ã&Å!/1ÊzÃLÌ=ËCÌ�ÊkÉ�´ ÎÏÌ�Ñ£Î�Ù>Ã'Ñ1Ã�ÂzÃ>ÆÈÄ�Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ�Ô ÎÏÌ1Î Ô ËCÉ�Ã>ÆÈÊlÙ>Å3Ì�ÆÈÎ�Ñ Õ Â Õ Ù>Å ÔNÔ ÃÒÀzº4¹�¿£½!¶1¹Lµ�úL·ÏºLì�ä'ÌÝÅ!/1ÊÈÎ�ÃLÌ�ÊÑ1Å3Ì�ÙéÑ�ËCÌ�ÆNÇ1Ì Ä1ÂzÃ Ô Î�ÃLÂ6ÊzÃ Ô Ä�ÆNÄ�Å3Ç1Â6Ù�
=Ë3ÍIÇ�Ã;Ù>Å Ô Ä�Å3ÂÈÊzÃ Ô ÃLÌ�ÊpÚXÇ1Ì Ô ÅIÑ£Ç1É�ÃéÑ1ÃFÌ1ÎÏÜ�ÃpËCÇ ÎÏÌ � Õ ÂÈÎ�ÃLÇ1ÂéÀÈº4¹J,¿1½3¶1¹LµIú�·Ïº6Ä=ËCÂ(ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�Í�Ç�Ã!ì � Å3Ì�Ù>ÃLÂÈÌ=ËCÌIÊMÉ�Ë �vÇ�ÆÈÎ�Å3Ì�Ñ1Ã�Ù>Ã>Æ(Ñ£Î�ËCÖ!Ì�Å!ÆÈÊÈÎ�Ù>ÆpÚ�Ç1Ì�Ü�Å3ÊzÃ�-PÉ�Ë Ô Ë 0rÅ3ÂÈÎÏÊ Õ Ã>ÆÈÊÃ�ç�Ã>ÙLÊÈÇ Õ 3�É�Ã Ô Å�Ñ£Ç1É�ÃFÑ Õ ÆÈÎÏÖ!Ì Õ Ù>Å ÔNÔ ÃFÂzÃ>ÆzÄ7Å3Ì�ÆgË5/1É�ÃÝÑ�ËCÌ�Æ�Ç1Ì Ô ËaÐ�Î Ô Ç Ô Ñ1Ã�ÙpË3Æ}Ã>ÆÈÊ}Ù�
�Å3Î�ÆÈÎ�ì^³ÛÅ3ÂzÆgÍ�Ç�Ã
Ù>ÃåÜ�Å3ÊzÃÒË5/�Å3Ç1ÊÈÎÏÊ�-6Ç1Ì�ÃåË Ô /1ÎÏÖ!Ç�� Ê Õ Ú�Ù!´UÃ>ÆÈÊ'É�´UÅ3ÂzÑ£ÂzÃåÑ1Ã Ô Å!/1ÎÏÉÏÎ�Æ4ËCÊÈÎ�Å3Ì�Ñ1Ã>Æ Ô ÅIÑ£Ç1É�Ã>Æ}×ØÑ1Ã�Ì1ÎÏÜ�ÃpËCÇ�ÎÏÌ � Õ ÂÈÎ�ÃLÇ1Â4ÞÂzÃ>ÆzÄ7Å3Ì�ÆgË5/1É�Ã>Æ�Í�Ç1Î�Ñ Õ ÊzÃLÂ Ô ÎÏÌ�Ã(É�Ã�Ñ£Î�ËCÖ!Ì�Å!ÆÈÊÈÎ�Ù ê Ì=ËCÉ&3�É�Ã&Ä1ÂzÃ Ô Î�ÃLÂ Ô Å�Ñ£Ç1É�Ã - �LÊÈÂzÃ�ËCÄ1Ä1ÉÏÎ�ÍIÇ Õ Ã>ÆÈÊ?Ù�
�Å3Î�ÆÈÎ�ì ��ËCÂËCÎÏÉÏÉ�ÃLÇ1ÂzÆHÚ1É�´ ÎÏÌ�Ñ£Î�Ù>ÃåÑ1Ã(ÂzÃ>ÆÈÄ�Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ Ã>ÆÈÊ ê Ð Õ - �åÑ�ËCÌ�Æ9Ñ1ÃLÇ£ÐFÆzÎÏÊÈÇ=ËCÊÈÎ�Å3Ì�Æ 3

�!ì?É�Å3ÂzÆzÍIÇ�ÃkÉ�Ë(Ä1É�ËCÖ�Ã��
Cmin

Ú
Cmax

�=Ù>Å3ÂÈÂzÃ>ÆÈÄ�Å3Ì�Ñ -&É�Ë(Ä1É�ËCÖ�Ã9ÆzÇ1ÂxÉ�Ë3Í�Ç�ÃLÉÏÉ�Ã9É�Ã>ÆKÄ7ÃLÂ � Å3Â Ô ËCÌ�Ù>Ã>ÆtÑ£Ç Ô ÅIÑ£Ç1É�ÃÆzÅ3ÌIÊ Ô ËaÐ�Î Ô ËCÉ�Ã>Æ&ËCÇ¨ÂzÃLÖ�ËCÂzÑ;Ñ1Ã�É�Ë�Ä1É�ËCÖ�Ã�ÊzÅ3ÊgËCÉ�ÃÒÑ1Ã(É�ËNÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã!Ú
�£ì?É�Å3ÂzÆzÍIÇ�Ã�É�Ã>Æ9Â Õ ÆzÇ1ÉÏÊgËCÊzÆ'Ñ£Ç Ô ÅIÑ£Ç1É�Ã Mj

ÆzÅ3Ì�Ê Õ Ö�ËCÇ£Ð -NÙ>ÃLÇ£ÐéÑ£Ç Ô Å�Ñ£Ç1É�ÃMÄ1Â Õ Ù Õ Ñ1ÃLÌIÊ Mj−1
Ú$ËCÇ�Í�Ç�ÃLÉ

ÙpË3ÆpÚIÉ�Ë �ØÅ3Â Ô Ã'ÎÏÌ�Ñ Õ ÊzÃLÂ Ô ÎÏÌ Õ ÃMÅ!/1ÊzÃLÌ�Ç�Ã 0
0

Ã>ÆÈÊ ê Ð Õ Ã - �!ì£ä'Ì¨Ù>Å3Ì�ÆÈÎ�Ñ1àLÂzÃ(Ñ�ËCÌ�Æ?Ù>Ã&ÙpË3Æ?Í�Ç�Ã'É�Ã Ô ÅIÑ£Ç1É�Ã
Mj

Ì�Ã�Ä7ÃLÇ1Ê	�LÊÈÂzÃ�ÂzÃ>ÆÈÄ�Å3Ì�ÆgË5/1É�Ã'Ñ�ËCÌ�ÆtÉ�Ë Ô Ã>ÆÈÇ1ÂzÃ'Å3è�ÎÏÉ=Ì�Ã�Ä1ÂzÅIÑ£Ç1ÎÏÊ?ËCÇ�ÙLÇ1Ì�Ã'Ñ Õ Ö!ÂgË3Ñ�ËCÊÈÎ�Å3ÌFÉ�Å�ÙpËCÉ�Ã�Ñ1Ã>ÆÄ�ÃLÂ �ØÅ3Â Ô ËCÌ�Ù>Ã>Æpì
á�ËCÌ�Æ	É�ÃxÙpË3Æ	Å3èMÉ�´ ÎÏÌ�Ñ£Î�Ù>ÃXÑ1ÃKÂzÃ>ÆÈÄ�Å3Ì�ÆgË5/1ÎÏÉÏÎÏÊ Õ Ã>ÆzÊ Õ Ö�ËCÉ�- �KÄ�Å3Ç1ÂÛÉ�´UÃLÌ�ÆzÃ Ô /1É�ÃtÑ1Ã>Æ Ô ÅIÑ£Ç1É�Ã>ÆpÚaËCÇ�ÙLÇ1ÌÒÑ£Î�ËCÖ!Ì�Å!ÆÈÊÈÎ�ÙÌÛ´UÃ>ÆzÊ^Ã�ç�Ã>ÙLÊÈÇ Õ Ä�Å3Ç1Â^Ù>ÃLÊÈÊzÃkÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã!ì � ÃLÉÏÉ�Ã�ÓwÙLÎ1ÌÛ´UÃ>ÆÈÊKÑ1Å3Ì�ÙkÄ=Ë3Æ�Ä1ÂÈÎ�ÆzÃkÃLÌNÙ>Å Ô Ä1ÊzÃ?Ñ�ËCÌ�Æ^É�ÃXÜ�Å3ÊzÃ ê Ì=ËCÉ�ì

-@+.-!+�� /10 �3254 0 �36é� ? �=� 7�2���6
�.Å3Ç1Â&ÎÏÉÏÉÏÇ�ÆÈÊÈÂzÃLÂ(Ù>ÃLÊÈÊzÃ�ËCÄ1Ä1ÂzÅ�Ù�
�Ã!Ú7Ì�Å3Ç�Æ&Ù�
�Å3Î�ÆÈÎ�ÆgÆzÅ3Ì�Æ&É�Ã Ô Å�Ñ£Ç1É�ÃÒÑ1Ã�Ñ Õ ÊzÃ>ÙLÊÈÎ�Å3Ì�Ñ1ÃÒÜ�Î�ÆgËCÖ�ÃåÑ Õ 0�-NÄ1Â Õ ÓÆgÃLÌ�Ê Õ ì=³	Ã>Æ9ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æ9Ü�Î�ÆÈÇ�ÃLÉÏÉ�Ã>Æ�Æ Õ É�Ã>ÙLÊÈÎ�Å3Ì1Ì Õ Ã>Æ�Î�ÙLÎÛÆzÅ3Ì�Ê&ËCÉ�Å3ÂzÆ9É�Ã>Æ9ÆÈÇ1ÎÏÜ!ËCÌ�ÊzÃ>Æ 3

ë �
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�!ì9ÍIÇ=ËCÌ�ÊÈÎÏÊ Õ Ñ1Ã*/1ÂÈÇ1ÎÏÊpÚ
�£ì?ÂzÅ3ÊgËCÊÈÎ�Å3ÌéÑ£ÇéÜIÎ�ÆgËCÖ�Ã6× ËCÇ1ÊzÅ3Ç1Â'É�´æËaÐ£Ã�Ñ1ÃMÉ�Ë}ÙpË Ô6Õ ÂgË�Þ�Ú
�£ì?ÂzÅ3ÊgËCÊÈÎ�Å3ÌéÑ£ÇéÜIÎ�ÆgËCÖ�Ã6× ËCÇ1ÊzÅ3Ç1Â&Ñ1Ã(É�´æËaÐ£Ã ��Ü�ÃLÂÈÊÈÎ�ÙpËCÉ	Ñ1Ã�É�´ Î Ô ËCÖ�Ã �pÞ�Ú
��ì9Ñ1ÃLÖ!Â Õ Ñ�´UÅ�Ù>ÙLÉÏÇ�ÆÈÎ�Å3ÌéÑ£ÇéÜIÎ�ÆgËCÖ�Ã!Ú
.£ì?ÊzÃLÎÏÌIÊzÃåÑ1Ã(É�Ë}Ä�ÃpËCÇ ×��(ù�ºaÞ�Ú
�£ì9ÆgËCÊÈÇ1ÂgËCÊÈÎ�Å3Ì�Ñ1Ã�É�Ë�Ä7ÃpËCÇÛÚ
��ì9Ù>Å3ÌIÊÈÂgË3ÆÈÊzÃ!Ú
9£ì?ÉÏÇ Ô ÎÏÌ�Å!ÆÈÎÏÊ Õ Ú
ë£ì?Â Õ ÆzÅ3ÉÏÇ1ÊÈÎ�Å3ÌÛì
³	Ë Ô6Õ Ê 
�Å�Ñ1Å3É�Å3Ö!Î�ÃøÑ1Ã�Æ Õ É�Ã>ÙLÊÈÎ�Å3Ì Ñ1Ã>Æ¨ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æ¨Ü�Î�ÆÈÇ�ÃLÉÏÉ�Ã>Æ;ÆzÃLÂgË Ã�Ð£Ä7Å!Æ Õ Ã�Ñ�ËCÌ�Æ;É�Ë Ä=ËCÂÈÊÈÎ�ÃÆÈÇ1ÎÏÜ!ËCÌ�ÊzÃ!ì&�wÉXßøÆzÃLÂgË Ô Å3ÌIÊÈÂ Õ Í�Ç�Ã�Ù>ÃLÂÈÊgËCÎÏÌ�Ã>ÆNÑ1Ã>ÆÒÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æ}Ç1ÊÈÎÏÉÏÎ�Æ Õ Ã>Æ�Î�ÙLÎtÌ�Ã�Ä�ÃLÇ1Ü�ÃLÌ�Ê}É�´ �LÊÈÂzÃPÉ�Å3ÂzÆÑ�´ Ç1Ì�ÃéËCÄ1Ä1ÉÏÎ�ÙpËCÊÈÎ�Å3Ì ��ÎÏÌ�Ê Õ Ö!ÂgËCÉ�Ã ��Ñ1Ã¨É�Ë Ô6Õ Ê 
�Å�Ñ1Å3É�Å3Ö!Î�Ã ×ØÙ!´UÃ>ÆÈÊ -øÑ£ÎÏÂzÃ;ÃLÌ Ä 
=Ë3ÆzÃéËpÜ�Ã>Ù;Ç1Ì�ÃéËCÌ=ËCÉÏß£ÆzÃ;Ñ1Ã>ÆÙLÉ�Ë3ÆzÆzÃ>Æ'Ñ1ÃåÙ>Å Ô Ä�Å3ÂÈÊzÃ Ô ÃLÌ�Ê4Þ'Ä�Å3Ç1Â'Ñ1Ã>Æ'ÂgËCÎ�ÆzÅ3Ì�Æ�Ä1ÂgËCÊÈÎ�ÍIÇ�Ã>Æ'ÂzÃLÉ�ËCÊÈÎÏÜ�Ã>Æ*-6É�Ë6ÙpËCÄ=Ë3ÙLÎÏÊ Õ Ñ1Ã>Æ'ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆzÊÈÎ�Í�Ç�Ã>Æ

- �LÊÈÂzÃ Ô Ã>ÆÈÇ1Â Õ Ã>ÆMÆÈÇ1Â�Ñ1Ã>Æ�Î Ô ËCÖ�Ã>Æ�Â Õ ÃLÉÏÉ�Ã>Æ�×ØÙLÎÏÊzÅ3Ì�Æ(Î�ÙLÎKÉ�ÃNÙpË3Æ(Ä1ÂzÅ!/1É ÕLÔ ËCÊÈÎ�Í�Ç�Ã6Ñ£ÇøÑ1ÃLÖ!Â Õ Ñ1Ã}ÂzÅ3ÊgËCÊÈÎ�Å3Ì Ñ£ÇÜIÎ�Æ4ËCÖ�Ã�Å3Ç;ÃLÌ�Ù>Å3ÂzÃåÑ1Ã(É�ËNÍIÇ=ËCÌ�ÊÈÎÏÊ Õ Ñ1Ã /1ÂÈÇ1ÎÏÊ4Þ�ì �.Å3Ç1Â(ËCÇ1ÊgËCÌ�ÊpÚ$Ù>Ã>Æ9ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æ'ÆzÃLÂzÅ3ÌIÊ�Ù>Å3Ì�ÆzÃLÂÈÜ Õ Ã>Æ�Î�ÙLÎ
-�ÊÈÎÏÊÈÂzÃMÃ�Ð£Ä1ÉÏÎ�ÙpËCÊÈÎ �rì
³ÛÃ Ô Å�Ñ£Ç1É�Ã9Ñ1Ã9Ñ Õ ÊzÃ>ÙLÊÈÎ�Å3ÌÝÑ1Ã?ÜIÎ�Æ4ËCÖ�Ã?Ç1ÊÈÎÏÉÏÎ�Æ Õ ÆzÃ?Ù>Å Ô Ä�Å!ÆzÃ9Ñ1Ã � Ô ÅIÑ£Ç1É�Ã>ÆXÑ1Ã?Ì1ÎÏÜ�ÃpËCÇ6ÎÏÌ � Õ ÂÈÎ�ÃLÇ1Â&×ØÙ��Ù�
=ËCÄ1ÎÏÊÈÂzÃ
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�Ã>Æ?Ñ�´ Õ Ü3ËCÉÏÇ=ËCÊÈÎ�Å3ÌFÖ!ÂgËCÌ�Ñ1Ã Õ Ù�
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ë �



���������
	�����£µ4¿$þØÁØÀÈº �

ë�9



���������	��
� � �����������

� � � � 	  #� � ����� ������� � �� ����� � �

ë!ë





�

� � � ����� ����� � ��� $�	 	�$�� ��� ����� ����	 ���  �� �
	!��� ����	

�� ���0� "	� ��� 
���������
�� 	� $������ ������$ 	 ��

��� ����	�� � ��� ��� � ����� �� ��� � $ ������������ ����� � � ���

� "	� ���

���	�
��������
����� °' !<> �GH�4AC<>��#4�4�D/10$23#�#�AC:é �"£�4�D/10$23#&5$0���2a§1��2 �&�'�(�&�'�&�'�&�&�'�&�'�&�&� �!�I�

RHSORHSOR ��YlcdYzj3c{Y?|3`,s!fg_��z_ay(y&Y?_a«���YzcK]�iHhwcd`O�gW�ZO`BY4h SkS?S?SlS?SkS?SkS?S?SkS?SkS?SlSÒR4�a�
RHSORHSUT ��YlcdYzj3c{Y?|3`,s!fg_(YzcxZ,i'c{hripb�\d�zhd`O]!c{`O_Hb}s!YkZOi(«Iipb�s!Y?\{_Hb�_ah{Y S?S?SkS?SkS?SlSÒR4�a�
RHSORHS � ��YlcdYzj3c{Y?|3`,s!fg_(YzcxZvu ip`,s!Y?ipW}h{Y4y(]�ZB`,\d\{iHeHYks!Y4\^b�_Hc{`,�zY�\PS?SkS?S?SkS?SkS?SlSÒR4�a�

���,+ °' !<> �GH�4AC<>��#4�4�D/10$23#X�?& *�#���/10723#X5723#x�42C§1��2C#X����57A3�I#X2C�X��"7#4�4 �"7GH�D !�4�D�I"Ý5$28D P:;AC� &$��57��8���JI�D2 �'�&�'�&�&�'�&�'�&�&�'�&�'�&�&�'�(�&�'�&�'�&�&�'�&�'�&�&� �!�I*
RHSUT!SOR VXW�Y4ZO[CW�Y�\^]�iph{c{`,�zW�Z,iphd`Bc{f4\�]�¡3~!\{`O[CW�Y�\Ks!W�c{Yzj3cdY S?SlS?SkS?SkS?S?SkS?SkS?SlSÒR4�a¥
RHSUT!SUT � b�\wcdiHb��z`,i>cd`B_abPS?S?SkS?SkS?SlS?S?SkS?SkS?SkS?SkS?S?SlS?SkS?SkS?S?SkS?SkS?SlSÒRHRLT
RHSUT!S � ��Y?�r¡�_a` j�s!Y4\x�4iphriH�zc{fghd`,\�cd`O[CW�Y�\	YgcxZBY�\�ª�ipW�\d\wY�\KipZ,iphdy(Y4\ SkS?S?SkS?SkS?SlSÒRHR�¤

���O� °'��"$Ga8�07#4�D�I"¯�'�&�&�'�&�'�&�&�'�&�'�&�&�'�&�'�&�&�'�(�&�'�&�'�&�&�'�&�'�&�&� ���3*
âIÎ�É�Ë Ô6Õ Ê 
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pÅ3Ì�Ã¨Ä=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�àLÂzÃ�Ñ1Ã;É�´ Î Ô ËCÖ�Ã!ì � Ã>Æ6Ñ1ÃLÂÈÌ1Î�àLÂzÃ>ÆÂ Õ#8 Ã�Ð�Î�Å3Ì�Æ9Ì�Å3Ç�Æ�Ë Ô àLÌ�ÃLÂzÅ3Ì�Ê(ËCÎÏÌ�ÆÈÎ -}Ã�Ð�Ä�Å!ÆzÃLÂkÉ�Ã>Æ9Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆ'Ù�
�Å3Î,Ð¨Ã�ç�Ã>ÙLÊÈÇ Õ Æ?Ä�Å3Ç1Â?É�´ ÎÏÌ�ÆÈÊgËCÌ�ÙLÎ�ËCÊÈÎ�Å3Ì�Ñ1Ã(É�Ë
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�ÅIÑ1Å3É�Å3Ö!Î�Ã�Ñ�´æË3Ñ�ËCÄ1ÊgËCÊÈÎ�Å3Ì -¨Ù>ÃLÊMÅ!/�0ÈÃLÊpìÛ³ÛÃ>ÆÒÍ�Ç�Ã>ÆzÊÈÎ�Å3Ì�ÆMÑ1ÃNÉ�ËFÙ>Å3Ì�ÆÈÊÈÎÏÊÈÇ1ÊÈÎ�Å3Ì Ñ1Ã>Æ�Ü Õ ÂÈÎÏÊ Õ ÆMÊzÃLÂÈÂgËCÎÏÌÛÚ.Ñ£ÇÙ�
�Å3Î,Ð Ñ1Ã>Æ Ô Ã>ÆÈÇ1ÂzÃ>Æ}Ñ�´ Õ Ü!ËCÉÏÇ=ËCÊÈÎ�Å3ÌÛÚ�Ñ1Ã>Æ�ÙpËCÂgË3ÙLÊ Õ ÂÈÎ�ÆÈÊÈÎ�ÍIÇ�Ã>Æ}ÜIÎ�ÆzÇ�ÃLÉÏÉ�Ã>ÆÒÅ3Ç ÃLÌ�Ù>Å3ÂzÃ�Ñ1Ã�É�Ë;Ù>Å3Ì�ÆzÊÈÂÈÇ�ÙLÊÈÎ�Å3Ì Ñ1Ã>Æ
/=Ë3ÆzÃ>Æ?É�ÃLÇ1Â Õ ÊgËCÌIÊ'Ë3ÆzÆzÅ�ÙLÎ Õ Ã>ÆpÚ1ÆzÃLÂzÅ3ÌIÊ'ËCÎÏÌ�ÆÈÎ.Ë5/�Å3ÂzÑ Õ Ã>Æpì

� Å3Ì�Ù>ÃLÂÈÌ=ËCÌ�Ê}É�´æËCÌ=ËCÉÏß£ÆzÃé¹���¾6µ3¶=ÁØþ ýLù�ºÝÑ1Ã>ÆåÊzÃ�Ð£ÊzÃ>ÆpÚ	É�´æËCÊÈÊzÃLÌ�ÊÈÎ�Å3Ì ÆzÃLÂgË;Ä7Å3ÂÈÊ Õ Ã -;Ñ£Î,ç Õ ÂzÃLÌ�ÊzÆ�Ì1ÎÏÜ�ÃpËCÇ£Ð�ÚË5/7Å3ÂzÑ�ËCÌIÊÒËCÎÏÌ�ÆÈÎ^É�Ã}ÊzÃ�Ð£ÊzÃ�ÆzÇ�Ù>Ù>Ã>ÆzÆÈÎÏÜ�Ã Ô ÃLÌ�ÊÒÙ>Å ÔNÔ ÃNÇ1ÌøÅ!/�0rÃLÊ(Ä=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�ÃLÂpÚ.ÃLÌ�Ù>Å Ô Ä=ËCÂgËCÎ�ÆgÅ3Ì ËCÇ£Ð�ËCÇ1ÊÈÂzÃ>ÆÅ!/�0rÃLÊzÆ&Ã�Ð£ÊÈÂgË3ÙLÊÈÎ /1É�Ã>ÆpÚ�Ù>Å ÔNÔ ÃÒÇ1Ì�Ã�ÆzÅ3Ç1ÂzÙ>ÃÒÊzÃ�Ð�ÊÈÇ�ÃLÉÏÉ�Ã�Ñ£Î,ç Õ ÂzÃLÌ�ÊzÃ}Ñ1ÃÒÙ>ÃLÉÏÉ�ÃÒÉ�ËPÊÈÂgËCÌ�ÆzÙLÂÈÎÏÄ1ÊÈÎ�Å3Ì ËCÇ1ÊzÅ Ô ËCÊÈÎ�Í�Ç�Ã
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ÃLÊXÃLÌ ê Ì�Ù>Å ÔNÔ Ã?Ç1Ì�Ã9ÆgÅ3Ç1ÂzÙ>Ã9Ñ�´ ÎÏÌ �ØÅ3Â Ô ËCÊÈÎ�Å3Ì�ÆXÄ=ËCÂÈÊÈÎ�ÙLÇ1ÉÏÎ�àLÂzÃ&Ñ�ËCÌ�ÆxÉ�´UÅ3Ä1ÊÈÎ�ÍIÇ�Ã9Ñ1Ã?É�´æËCÎ�Ñ1Ã'ËCÇNÂzÃ Ô Ä1ÉÏÎ�ÆgÆgËCÖ�Ã�Ñ1Ã>ÆÌ�Å3ÊÈÎ�Ù>Ã>Æ'Ñ1Ã>ÆzÙLÂÈÎÏÄ1ÊÈÎÏÜ�Ã>ÆpÚ$Æp´æËCÄ1Ä1Ç1ß�ËCÌ�Ê(ËCÉ�Å3ÂzÆ?Ì�Å3ÊgË ÔNÔ ÃLÌ�Ê(ÆÈÇ1Â?É�Ë Ô Ã>ÆÈÇ1ÂzÃMÙLÉ�Ë3ÆgÆÈÎ�Í�Ç�Ã�Ñ£Ç!� ��� � � ��� ì
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CTH =
mSobelH

maxSobelH

et CTV =
mSobelV

maxSobelV
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O(p) = atan(
Gy(p)

Gx(p)
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%1+J:�+.'R�>+.%<� / ¡R��+.%R�<)�*+I)`�28('*$¯�g�4��8C8g�4���58ÝÂ��4�58g�3%<��8M8('*)?�*+28>�<6³�4�>+28S��� '*%1+/�3'18�8��=6³�3'R�Q�4�58�+J?b'°�3$¯�¯�`��-*Æ / '*)�3'R�g�3%A��®@$H�K)`�28 / $<'R��� / %2�*+28l� / 0.'*6B+.%<��8��A�W�R� / 8l�3'R��6B+.%<��+?���3%18n$5+Z6GÉ.6B+{��+.6E:18�?b'1+\$5+28l�3)���+6Âº��0���8l�,'18 ±
$H�B0 / 6E:*)�+28�8�� / %¿�£�<6/�<%b'1+.%<��®W:h+.)(6B+����g�3%A�=�4�<%18�� ± �*+28\8`��8��`�.6B+28U0 / 6E6B+.)�0��H�3'£�¿��� / ¡R��+.%R�<)=�*+28U)`�28('*$¯�g�4��8
8 / 6E6B+=� / 'R��+C0 / )()�+20���8U8�'*)l�*+28l�<6³�4�>+28k�58�8('1+28k��� '*%I¤1'£� �3'��£� / �A�58�'1+.$
-:�E�I?b'1+28���� / %Õ�*+G$5+.'*)j���Q�3$<'°�4��� / %���3%18Z'*%Õ��+.$F0 / %<��+6�£��+«�����3:*:*$¯�50��4��� / %m8�+?�() / 'R�>+«�3$ / )�8�8 / '*$5+�� �2+�-
Q�z!O � }��8�JRS�IRZX�R\[\]`�
$ � �"�	� � ��
� )�� ' % )�� ��
�À� �������<� )�� � )���� � ��� 
	�

��+28�� �.)��¯�`�28Ü��+.)()g�4�<%18Ü�*+28���+6�£��+28��:�W�R� / 8n8 / %<�70 / %18��()('R�¯��+28�8�+.$ / %E$H�G6GÉ.6B+\6G����� / � / $ / ���5+�?@'1+U02+.$<$5+��� / ?b'��2+³���3%18I$5+B0`�°�3:R�¯�()�+ q �*+E$H�_:°�3)����5+ / ¦ $H� �R�W�.)g�3)�0`�R�5+D6 / ��®�$¯�¯��%1+28[®Ã¡*$ / 028i+28��%�4�<%18`�70 / %18�+.)�� �2+[¬#-ØM+.'£�Õ�<%£Â / )(6³�4��� / %18Z8('*:*:*$W�.6B+.%A�g�4�<)�+28�8 / %A�{�50���:*)��58�+28Z+.% 0 / 6E:R��+GÔ
•
'*%½��+6�£��+I:h+.'R��3:*:°�3)g��.W�()�+J:*$<'18��5+.'*)�8>Â / �58=���3%18M'*%m6GÉ.6B+ � / 0.'*6B+.%A�K8g�3%18Z: / '*)�3'R�g�3%<�SÉ��()�+
+.6E:*$ / � �/���3%18G$5+I6GÉ.6B+J8A+.%18�- × �°��?b'1+ � / 0.'*6B+.%A�M+28`�?�4�<%18����R�20 / '*:Å�J+.%N8�+���6B+.%A��8G8g�.6³�3%<���C¾
?@'1+.6B+.%A��� / 6 / � �.%1+28n+��40`�°��?b'1+k��+6�:��+H8�+l� / �¯�À�3$ / )�8À�4���()��¯¡*'��H$�� �W�*+.%<���CÄ8�3%A���,'E8�+���6B+.%A�Ü�3'1?@'1+.$�<$E�3:*:°�3)����5+.%<��-

•
8�+.$ / %_$5+C6GÉ.6B+i:*)��<%10��<:h+i?@'1+���3%18Z$5+K0`�°�3:R�¯�()�+ q �*+C$H�E:°�3)����5+ / ®*$5+K8A0 / )�+ ,��9kdØ��^�*+28{��+6�£��+28�A�W�R� / 82�3:*:°�3)g�4�58�8g�3%<�S8��<6i'*$¯�g�3%��.6B+.%A�2���3%18E$H�^% / ���502+¥�*+28�0.)��<:R���¯�>+Õ�,'Þ� / 0.'*6B+.%<�I�3'1?@'1+.$j�<$58�3:*:°�3)����5+.%*%1+.%<�M+28��Z0��3$50.'*$W� (�� Ô

TFIDF = qtft
(K + 1) ∗ tft,d

K ∗ (1 − b + b ∗ Ld) + tft,d
︸ ︷︷ ︸

TF

log(
N

Nt
︸ ︷︷ ︸

IDF

)
¦��I- q ¬

//.
qtft

¦1ÄR�£� ± q ¬d+28��d$5+ % / 6«¡*)�+w��� / 020.'*)�+.%102+á�,' ��+.)(6B+¿�I���3%18d$H� )�+2?@'�É���+�®
tft,d

+28��d$5+
% / 6«¡*)�+I��� / 020.'*)�+.%102+28 �,'��+.)(6B+G�«���3%18I$5+G� / 0.'*6B+.%<� ��®

Nt
+28��K$5+d% / 6«¡*)�+I�*+³� / 0.'*6B+.%<��8���3%18i$H� 0 / $<$5+20���� / % 0 / %18��W�R�.)`�2+S0 / %A��+.%°�3%<�&$5+G��+.)(6B+³�,�3' 6 / �<%18I'*%1+GÂ / �58[® � +28��K$5+d% / 6«¡*)�+� / �g�3$��*+,� / 0.'*6B+.%<��8«���3%18�$H�D0 / $<$5+20���� / %f+��

Ld

+28��G$H�B$ / %R��'1+.'*)�,'Á� / 0.'*6B+.%<��w�£�¯�A�58g�2+i:°�3)
$H�D$ / %R��'1+.'*)i6 / �>+.%*%1+³�*+28� / 0.'*6B+.%<��8%�*+&$H�a0 / $<$5+20���� / %�-���+28C:°�3)g�36G���()�+28«¡ +��
� 8 / %A�?ÄR�£�28
+.6E:R�<)��5?@'1+.6B+.%A� ± �£® ��r +�� q ®��,-

$ � �"��� � �Å� � 'Ü��) � ��

Û�%_0 / %18��W�R�.)�+S�50���?b'1+?� / 'R�\8��,8��`�.6B+«Û × Ú :�+.'R�{É��()�+«�3:*:*)`���1+.%��R�K0 / 6E6B+C$H�&8`�2?b'1+.%102+�*+?�() / �58

6 / �,'*$5+28¿Ô9$H�á�R����+20���� / %Ã®�$H�m$ / 0��3$¯�58(�4��� / %~¦ //. +28��B8��¯�('��a:*)`�20��58g�.6B+.%<�d$5+ ��+6�£��+¥���3%18E$�� �<6³�4�>+Fe4¬&+��B$H�
)�+20 / %*%°�4�58A8g�3%102+ (�� -°�À�L+.%Q¢(+.'½�*+I$H�E:*)�+.6/�W�.)�+I:R�°��8�+,�*+K$��p�����3$<'°�4��� / %m+28��?�3$ / )�8=�*+,�R����+.)(6/�<%1+.)G$H�d0��3'18�+�*+28�+.)()�+.'*)�8{�,' 8��,8��`�.6B+�-

��+28G��+6�£��+28S:°�3)ÝÂº�4�¯��+.6B+.%A�S)�+20 / %*%b'18D+��d$5+28 / 'R¡*$¯�58w¦�+.)()�+.'*)�8I�*+¿�R����+20���� / %8¬B8 / %A�³� / 'R�I�����4¡ / )`��58 / $W�28�-°Æ / '*)�$5+28=��+6�£��+28\)�+28��g�3%A��® $�� / )��¯���<%1+,�*+K$��L+.)()�+.'*)M+28��=�4���()��¯¡*'��2+ ± $H�B:R�°��8�+«�*+i$ / 0��3$¯�58g�4��� / % / '½�*+
/��! B 38I1; U�7V9�5#" L=3�O ?FL�$�SA3�L CE5�C%$�S�3 BE?'& Q�L=CD;=Q ;=3�LKLM?:CD9)(�*�+-,�.0/�13254�(W38I1;76ABH;KL=Q8398�IK38SABDI-BD38I ;=3�><;=38I�?F@A@A?FLM?:CDIKI=?F9<; 587:9�:'7VCD9�;=3!;OP389�; UA?:9�I-BE?N9A7F;=CE5�3!U�S U�7�58SAOP3�9<; IK7V9�;�L=3�;=389<SAI8[/=<�>�CZBD3 I=?�I1;A@�OP3 S�;=CDBECDIKQ @ 7VS�L BE3�I 3�>�@ Q�L=CDOP389�;M?F;=CD7V9�I @�L=7<U�S�CD;CBACD389 U�3�S�>PIK7FLK;=CE3�I-U�CED Q�L=389�;=38I L=38BE?F;=C�& 38OP389�;C" BE?WBD7�5+?:BDCDI=?F;;=CE7:9T3�;G"!B ?WL=38587:9A9Z?FCDIKI=?:9A5�3IHZBD3�OP7<U�SABD3�U�36U�Q�;=3�5�;=CD7V9 9�3�@�L=7<U�SACH;-@A?:IG$�SZ?F9<;7"!BDSAC4U�3 IK7:LK;=CD3WU�CDI1;=CD9A5�;=3 3�;�9A3 L=3!&KJ�;�U�7V9A5@Z?:I U�3'LAM�,IN 2O1PMQ25R�SUT�L�V�,F132XW!.Y(W587:OPOP3 BD38I U�38S�> @�L=Q858Q8U�389�;=I-OP7<U�S�BD38I8[�Z�BE?PU�CED Q�L=389�583WU�38I�I=?�I1;A@8OP38I-O ?F9ACD@AS�BDQ8I�UA?F9AI�BD38I?:S�;KL=3�I @A?FLK;=CD38I U�3�5�36O ?:9<SAIK5�L=CH;�H�BE?N587:OP@ 7VIKCH;=CD7V9T389 OP7<U�SABD38I-5�7V9AIKCEU�Q�L=Q83WCD58C43�I1; U�7V9�5�@AS�L=38OP389�;[6Z5�;=C\&V3V[
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)�+20 / %*%°�4�58�8g�3%102+�- ×�/ %18��W�R�.)g�3%<��?@'1+U$5+28�Âº�3'18�8A+28Ü�3$H�3)(6B+28n%1+\8 / %<�n:°��8�'*% / ¡18��g��0.$5+ ± $�� / ¡£¢(+20����CÂÃ��� �<%��*+6�R�T¾��� / %à¦�+.$<$5+28H:h+.'R�>+.%A�{É��()�+>Âº��0��<$5+.6B+.%A�kÄ1$¯�()`�2+28U:°�3)H'*% �£�50���� / %*%°�4�<)�+K:°�3)H+6�*+.6E:*$5+[¬6®*02+.$<$5+28Ý¾g0��l%1+M8 / %A��:°��8
:*)��58�+28�+.%D0 / 6E:R��+�- -�%³��+6�£��+=�R�28��¯��%1+.)g�i:°�3)�$H�i8('R�¯��+G8 / �¯�7'*%S6 / ��®�'*%1+�$¯�¯��%1+ / 'D'*%2¡*$ / 0�-<�Ü�p���Q�3$<'°�4��� / %
8��L+6Öl+20��('1+.)g�G�3'c%R�¯�>+��3'½�*+28\8A+���6B+.%<��8Z8g�.6³�3%<���5?b'1+28Z0 / 6E: / 8g�3%<��$5+S� / 0.'*6B+.%A��0 / %18��W�R�.)`��-
�����	���	��
 ���������	�������������������� �!"�#�������!$!	%&�

-�% 6GÉ.6B+/��+6�£��+B:�+.'R�%�3:*:°�3)g��.W�()�+B:*$<'18��5+.'*)�8«Â / �58���3%18K'*% 6GÉ.6B+B8�+���6B+.%<�&8`�.6³�3%A���5?@'1+�-EØ?�3%18
02+M0���8�®b02+.$<'R�C¾g0���8A+.)g�I0 / %18`�W�R�.)`�C0 / 6E6B+�)�+20 / %*%b' 8����3'a6 / �<%18H'*%1+S�*+G8A+28 / 020.'*)�+.%102+28j���3%18H$5+M8�+���6B+.%<�
$��L+28��«¦Ó�£�58��g�3%102+�*+«��+��>+.%18���+��<% %b'*$<$5+«�U�>+20K$H� �()g�3%18�0.)��<:R��� / %½�*+M$H�/� �.)��¯�`�S��+.)()g�4�<%8¬#-
�����	���	��� ���������	�������%('*),+,-��

-�%½��+6�£��+&+28��G0 / %18`�W�R�.)`�E0 / 6E6B+ / 'R¡*$¯�W�E8`���3'10.'*%N6B+.6«¡*)�+/�*+&8g�GÂ��36/�<$<$5+¥¦ 6 / ��®W$¯�¯��%1+ / 'á¡*$ / 0[¬
%Ã�L+28���0 / )()�+20���+.6B+.%A�l�R����+20��`��-A��+Z0.)��¯�`�.)�+=�*+\0 / 6E:°�3)g�4�58 / %S+28`�À¡°��8`�\8('*)�$5+28�¡°�3)���02+.%A�()�+28k�*+28np / %1+28ÇÔ>'*%1+
p / %1+K+28��Ç��8�8 / 0��W�2+ ± '*%1+«�3'R�()�+i8���8 / %Õ¡°�3)��,02+.%<�()�+i+28`�j�<%10.$<'18Ç���3%18U$����3'R�()�+ip / %1+C+��{�<%<�>+.)�8�+.6B+.%A��-
�����	���	��. ���������	����0/�!(��!1���2����������� �!"�#�������!$!	%&��/

�À�L+.)()�+.'*)Z+28`�l�<6E:*'R�`�2+ ± $H�J:R�°��8A+S�*+M)�+20 / %*%°�4�58�8g�3%102+C8�� �<$l%Ã�L+6�£�58���+S�3'10.'*%1+C$ / 0��3$¯�58g�4��� / %c:h+.)(6B+��Ý¾�g�3%<����� / ¡R��+.%R�<)='*%I6B+��<$<$5+.'*);)`�28�'*$¯�g�4�E�*+n)�+20 / %*%°�4�58A8g�3%102+�-Q��+�0 / 6E: / )���+.6B+.%<���,'I8`��8��`�.6B+Ü���g�3%<�98('*:*: / 8g�� / 6 / � �.%1+I8�'*)Ç� / 'R��+28G$5+28 / 020.'*)�+.%102+28?��� '*%^6GÉ.6B+%��+6�£��+�®1% / '18G+6��:*$ / ) / %18G$5+� / �58`�<%°�4�>+,��� '*%1+I'*%R�5?b'1+
p / %1+{Ô2$H��p / %1+>¦

OCR+
¬h$H�H:*$<'18l:*) / 0`�1+��*+4$H�k� �.)��¯�`����+.)()g�4�<% �3'i8�+.%18Ã�*+n$H�j�£�58��g�3%102+

drecouv(GT,OCR)
Ô

drecouv(GT,OCR) =
A((GT ∪ OCR) \ (GT ∩ OCR))

A(GT ∩ OCR)���S:R�°��8�+,�*+J)�+20 / %*%°�4�58�8g�3%102+&+28��S�3:*:*$¯�5?@'��2+E8('*)G:*$<'18��5+.'*)�8Gp / %1+28S�,'w� / �58��<%°�4�>+ �*+
OCR+

-W`4%
0 / 6E:°�3)g�3%<��$5+28\)`�28('*$¯�g�4��8=�*+M$H�&)�+20 / %*%°�4�58�8g�3%102+ / ¡R��+.%@'18G8('*)\02+.$<$5+28Ý¾g0��E���>+20i02+.$<'R��:*) / �,'R�¯�Z8('*)

OCR+
®

$��L+.)()�+.'*)Z+28��kÄ1%°�3$5+.6B+.%A�=�<6E:*'R�`�2+«�3' 6 / �,'*$5+�*+M)�+20 / %*%°�4�58A8g�3%102+ / ' ± 02+.$<'R�E�*+M$H�&$ / 0��3$¯�58(�4��� / %�-
�����	���	�43 �65�+�! 	*+,��87")9��'(:;) 	<5=-�>?:;),%(:@�A+,��!

�À� �<%��£�502+=��$ / ¡°�3$8���p�����3$<'°�4��� / %à¦�06Âl�J-�� ¬9:*)�+.%��S+.%S0 / 6E:R��+�$5+28À�<%£Â / )(6³�4��� / %18 / ¡R��+.%@'1+28�:°�3)�$5+U:*)`�6¾
0U�U�*+.%<�j�£�H�4��% / 8����50G¦

IA
OCR

//. ��Â��4�¯��)`�6ÂÓ�.)�+.%102+ ± $�����8(:�+20�� � $¯� / )��¯���*6/�5?b'1+[¬k�4�<%18��l?@'1+�$5+28l�<%£Â / )(6³�4��� / %18
)�+.$H�4���¯�>+28 ± $�� 'R���<$¯�¯�`�%�*+28U)`�28('*$¯�g�4��8{���3%18Z$5+C0��Q�,)�+�*+C$�� �<%��*+6���4��� / %�¦

Isemantic
OCR

®"BÅ�.6³�3%A���5?@'1+[¬#-
IOCR = sTFIDF × ISOCR + (1 − sTFIDF) × IAOCR

IA
OCR =

N − (wRINRI + wLINLI + wF NF )

N

IS
OCR =

2 × Précision × Rappel

Précision + Rappel

¦��J-�� ¬

�U�>+20
Précision =

N
high
R

NR
et Rappel =

N
high
R

N
high
W+F + N

high
R

¦��J- / ¬
IOCR = 1

8��
NR = N

+��
IOCR = 0

8��
NF = N

-
NR, NO, NRI et NLI

�R�28��¯��%1+.%<��)�+28(:�+20����¯�>+.6B+.%<��$5+
% / 6«¡*)�+�*+>��+6�£��+28U)�+20 / %*%@'18[® / 'R¡*$¯�W�28 / 'c: / '*)�$5+28A?@'1+.$58H$��L+.)()�+.'*)=� ���`�S�4���()��¯¡*'��2+ ± $H�J:R�°��8A+>�*+M)�+20 / %£¾
%°�4�58�8g�3%102+ / 'Õ�*+M$ / 0��3$¯�58g�4��� / %�-���+28U0 / +6Èd0��5+.%<��8

wRI
®
wLI

+��
wO

¦
wRI + wLI + wF = 1

¬�8 / %<��0`� / �58��58
q�r0/
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	Ã©�´`ÊQË Ë³¼6Ð�´�¸Ó¶�»/�
8A+.$ / %^$����3:*:*$¯�50��4��� / %wÄ1%°�3$5+�-

N
high
R

¦
N

high
W+O

¬H)�+.:*)`�28�+.%A��+.%<�C$5+K% / 6%¡*)�+ �*+��+6�£��+28Z)�+20 / %*%b'18G¦ / 'R¡*$¯�W�28 / '²#% / %D0 / )()�+20���+.6B+.%<��)�+20 / %*%@'18[²�¬Ü� / %<�7$5+U8�0 / )�+ ,��9kfØ �f+28`�À�.$5+�� ��-
sTFIDF

®@?@'R�1)�+.:*)`�28A+.%<��+\$��p�20��3)���� ��:h+
% / )(6³�3$¯�58g�{�*+2848�0 / )�+286,��9kdØ��k®3:h+.)(6B+��À�*+�: / %��R�.)�+.)n$�� �<%£¤1'1+.%102+j�*+

IS
OCR

-�Û�%E)�+.6³�3)�?b'1+.)g�M:°�3)À�4�<$<$5+.'*)�8
?b'1+

IS
OCR

)�+.:*)`�28�+.%<��+C$H�J6 / �>+.%*%1+S�°�3)(6 / %R�5?b'1+� / %<�{�<$��,�R�f¢ ± ���`�C?@'1+28`��� / %¥���3%18U$5+C0`�°�3:R�¯�()�+ q �*+M$H�
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