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contrainte image

à échelle fine
contrainte image

à échelle grossière
distribution relative
autour du label-1

distribution relative
autour du label-3 épaisseur du label-1= + + + +

contraintes de type:
 image à échelle variable

contraintes de type:
distribution relative

contraintes a priori

contrainte de type:
épaisseur
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∆El(p) =

∫

(

(I0 − I) ∗ h −
(

V (l) − V (l0)
)

.Π ∗ f ∗ h ∗ δp

)2

− ‖(I0 − I) ∗ h‖2

=

∫

(

(I0 − I) ∗ h
)2

+
(

V (l) − V (l0)
)2

∫

(Π ∗ f ∗ h ∗ δp)
2

− 2
(

V (l) − V (l0)
)

∫

(I0 − I) ∗ h.(Π ∗ f ∗ h ∗ δp) − ‖(I0 − I) ∗ h‖2

=
(

V (l) − V (l0)
)2‖Π ∗ f ∗ h‖2

− 2
(

V (l) − V (l0)
)

∫

x

[(I0 − I) ∗ h](x).[Π ∗ f ∗ h](x − p)dx

z��9fg"��?.(�;0A"��
[Π ∗ f ∗ h]
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∆El(p) =

(

V (l) − V (l0)
)2 ‖Π ∗ f ∗ h‖2 − 2

(

V (l) − V (l0)
) [

(I0 − I) ∗ Π ∗ f ∗ h ∗ h
]

(p)
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p ∈ Ω
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f(x) = ax + b
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L���MOQZR;:�Q6EDMOR;C
f
Q6e8Qg¥sHJMOQ6C�2`MJ9;: �^2`E;C�:�E;769\76Q_:¡:�E�RTMJFG2`R;MJe8QyV69;CK]�MJED:¡L6:¡HJ2tL6:KQ6E;MARTC¡]Ke8Ql½De8MOQZR;:¡L6:KE.MJQSRT:KQ6E;MARTCKE

L_:�EfL6:K7?nBMJFG2W58:KE�>X1'2G]�eWQ6Q^2WMOE;ET2`Q6]�:yL6:*HJ2Y{|e8Q6])RTMOe8QBL_:yRT9;2WQ6E�{|:�9DR
f
Q_e876EtVX:�9DFG:)Rf2`HJe89DE�Lc��:KNP:�])RT76:K9

7_Q6:%Q6e89;FG2WHOMJET2lRTMJeWQULc��MJQSRT:KQ6E;MARTC%Q6e8Qg¥sHJMOQ6C�2`MJ9;:�VPeW769�H�2dL6C)RT:K]KRTMOe8QIL6:%]ha^2WQ658:KFG:KQSRTE���>
�;ÆgÇyá Î)ÏlÛ}Í¨É�Î)Ï,Ð�ÑfÍ�×�Ç)ÏlÊ|á ÑD×�Í�Ñ;Ê|Í�Ç)ËlÊ¨Ê¨É�Ñ�Ò¡Õ�Ì�Î��)ÞDÑ�ÕWÎ)Ël×�Ð�Þ}Í�Ñ�×�Ò¡É�Ï�ÑD×�Ð�ÑDÊ�Ï�É�ÈKÑDÇ)Ë�ÝGÐSÔ É�Ï�Í�Ñ�ÏlÊ¨É�Í�Þ%Ð�Ç/Ï`Ê¡Ì�ÇdÕlÇ)×�Í�É�Ñ�� �sÜ
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histogramme
erroné

intensité sur des échantillons 
discrets, independants

intensité interpolée, 
continue

histogramme
vrai

1

2

1 2

1

2

1 2

#%$'&)(?<?>�� * ���?«)±F6�3J«
� � � .g«58;²J3 8)³�3�.�0 ³g¬ >g®J¶)}´ ?W°D²W±"±U« �73 0 ²W®�.g« .�0 ® ¬^s«)° 6^´3A²W¨®�´l¬�D � ®L3J«h¶5;<8<>_²W¬^¨®'3'3J´l¬_¶
°T« 6X°H;h¶�«)¬^}«)¬^�³?¬�«f® ±Y²�?g«=8h´l¬^�® ¬^³�« � � >_²W¬^¬�´l¬  �@ 3J«=8;²J3 8)³�3 .g«93 0 >g®J¶)s´ ?W°D²W±"±U« �96_²W°/¨® °/.�0 ;<8<>_²W¬^�®'3'3J´l¬_¶
.W®J¶�8)°T«) ¶76^«)³g7.g´l¬^¬�«)° .g«h¶,°H;h¶)³�3 Ó²W ¶£«)°/°T´l¬ ;h¶4D 	�«)*«�Bf«)*«h¶) 6_²W°/¨® 8)³�3 ®�¯)°T«)±U«)¬^f±Y²W°Dµ�³�;G¶)®5.g«h¶ �/°<;��
µ�³^«)¬ 8h«h¶N;C3J«��J;h«h¶f¶�´l¬^L6X°H;h¶�«)¬^}«h¶=.S²W¬_¶53 0 ® ±Y²�?g«4D

� �C��� � � ����� ����� � 
�������� � ����� 	��N�������4��� �������
1\��:KEDRTMOFU2lRTMJeWQ,Lc��7_Q=a6MOEDRTeW589T2WFYFY:ie87BL���76QBa6MJE�RTe85W9T2WFYFG:i]Ke8Ql½De8MOQSR�EK��:)N�:K]KR;76:*a^2`�6MOR;76:�HOHJ:�FY:�QSR�¤

H¨��2WMOL6:*L_:*RT:K]ha6Q6M k 76:KE%V^2W9T2`FGC)RT9;M k 76:�E�e87�Q6e8Q�V^2`9T2WFYCKR;9;M k 76:KEfLc��:�E�RTMJFG2`R;MJe8QBL6:dL6:KQ6E;MARTC�EiL_:dV69;eW�^2l¥�6MOHJMARTC ( u J )¨>P��:�E�R;:�]ha6Q_M k 76:�E�]�e8Q_E;MJL_§�9;:KQSRfL6:KE�EDC�9;MO:�E�Lc��CK]ha^2WQSRTMOHJHOe8Q6E�MJQ_L6C�VX:�Q6L62WQSRTEt:)Rt9D: k 76MO§�9;:KQSRt76Q589;2WQ6L Q6e8Fd�69D:BL���CK]ha^2WQSRTMOHJHJeWQ6E�VPe87_9Ge8�?RT:�Q_MJ9�76Q6:B:�EDR;MJFG2`RTMOe8Q�2W]K]�:�V?Rh2W�6HO:=Lc��76Q6:BL6:�Q_E;MOR;CBL_:BV69De`¥
�^2`�6MJHOMORTC`>¡1\��:�EDR;MJFG2`RTMOe8Q L6:zL6:KQ6E;MARTCKEBL6:zV69De8�^2W�_MJHJMARTCBFd76HOR;MJL6MOFG:KQ6E;MOe8Q6Q6:KHJHO:�EBp�]Ke8FGFY:£HO:�EoL6:�Q_E;MOR;C�E
]Ke8Ql½De8MOQZR;:�ETwiQ_C�]�:KE;EDMORT:Y76QzQ6e8F*�69;:�V^2W9�RTMO]�76HOMJ§�9D:�FY:�QSRfCKHJ:)b8CYLc��CK]ha^2WQSRTMOHJHOe8Q6E�> %f2WQ6E�HJ:"]�2WEiE;VXC�]KMO3 k 76:L6:KEta6MOEDR;e8589T2`FGFY:�E¡L���MOFU2W5W:�E�[^H¨��:KEDR;MJFG2`RTMOe8QÁ:�E�Rfa^2`�6MOR;76:�HOHJ:�FY:�QSR¡{�2`MORT:%:KQ=]�eWQ6E;MOL6C�9;2WQSRt]ha^2 k 7_:*V6M n_:KHp|e87IbWe�n_:KH'L^2WQ6E�HJ:i]�2WE�~ %iw�L6:%H���MJFG2W58:�:�QIRh2WQSR k 7c��C�]ha^2WQSR;MJHJHOe8QoMJQ6L_C�VX:�Q6L^2`QZR�>�1�:�Q_e8Fd�69D:�L���CK]ha^2WQ?¥R;MJHJHOe8Q6E�L6MJEDVPeWQ6MJ�6HO:�E�:�E�RY2WHJe89DE*HOMJFYMORTC":)R"VX:�7_R"EK��2�bWC�9;:K9�MJQ6ED7_�YET2WQSR�> &i9K[�L^2`Q6EdHJ:G]�2WE"L���76Q_:ÁMJFG2W58:`[
HO:�E�C�]ha^2`QZR;MJHOHJe8Q6E

Isrc(k), k ∈ Z3 V69;MOE�E;769�76Q_:�5W9;MJHOHJ:�L6MJED]�9;§)RT:%L6:%VXe8MJQSRTE�]Ke89;9D:�EDVPe8Q_L6:�QSRt¤�7_QIEDMJ58Q62WH]Ke8QSRTMJQZ7GL67^2WH
Isrc(p), p ∈ R3 p|R;a6C�e89D§�FY:�L_:�H¨��CK]ha^2WQSRTMOHJHJeWQ6Q^2W58:�L6: !ga^2WQ6Q6eWQ�w)>g¿�eW76E�L_MJE;VXe8EDe8Q6E L6e8Q6]Lc��76QzQ6e8F*�69;:G® ¬	G�¬^®�Lc��CK]ha^2WQSRTMOHJHOe8Q6EtVXe8769t:�EDR;MJFY:�9�H�2UL6:KQ6E;MARTCdL_:dV69;eW�^2W�6MOHJMOR;CW[�]�: k 7_M.Q6e876EtVP:K9;FY:KRLc��:�QYe8�_R;:�Q6MO9.76Q6:�:KEDR;MJFG2`RTMOe8QdV69DC�]�MOE;:�:)R�ET2WQ6E\�_9;76MAR�> *�Q6:�L6:�7gn_MO§�FY:�]�e8Q_E;C k 76:KQ6]�:�L6:�]�:)R;R;:�MJQSRT:K9;V69DC)¥RT2`RTMOe8QÁ:�E�R k 76:iHJ:KE�RT:K]ha6Q6M k 7_:�E�Lc��:�E�RTMJFG2`R;MJe8QG]�e8QSb8:KQSRTMJeWQ6Q6:�HOHJ:KE�Lc��a_MJEDR;e8589;2WFGFY:�E�¤dV^2W9�RTMO9�L6:KE�V6MAn?:KHJE]Ke8Q6E;MOL6C�9DC�EG]�e8FYFG:oMOQ6L6C�VX:�Q_L^2WQSRTEÁV_9;egL676MJED:�QSRGL6:�EG9;C�ED76HORT2`RTEY:�9D9;e8Q_C�:�EK[�ED769DR;e87_RUL^2WQ6EYHJ:KEG9DC�58MOe8Q6E

]Ke8QSRT:�Q62WQSR"L6:�E*a^2W7_R;:�E*{|9DC k 76:�Q_]�:�EIp b8e8MO9�3658769;:,<?>v�Ww)>
*�Q6:UV69;:KFGMO§�9;:YE;eWHJ7_R;MJe8Q4E;:K9T2WMARdLc��7_RTMOHJMOE;:�9%HO:�ER;:�]ha6Q6M k 76:�E�¤Á�^2WED:dL6:"V6M n?:�HJE�MJQ6L_C�VX:�Q6L^2`QZR;EiFU2`MJEtED769fL6:KEiMJFG2W58:KE�{|e89�RT:�FY:�QSRiED769�¥ÓC�]ha^2`QZR;MJHOHJe8Q6Q_C�:�EK>
�=2`HJa6:K769;:K76E;:KFG:KQZR�[�:�QIV69T2`R;M k 76:`[6]�:KH�2"L6:KbgMO:�QSR�]�2WHO]�76HJ2`RTe8MO9;:KFG:KQZR�9;CKL6a6MJ�_MORTeWMJ9;:`>=*�Q6:�2W7_RT9D:iE;e8HO7_RTMOe8Q]Ke8Q6E;MOEDR;:*¤�]�2WHO]�76HO:�9�2WQ62WHO¾ZRTM k 76:�FY:�QSR�H���a6MJE�RTe85W9T2WFYFG:�L6:�H���MJFG2W58:f]Ke8QSRTMJQZ76:�xX:KHJHO:iE���2�bW§�9D:*MJFYVXe8E;EDMJ�6HO:VXe8769�76Q"MJQSRT:K9;VXe8H�2lRT:�7_9$MOL6C�2`Hcp

sinc
w)[`FU2`MJE'V^2WE.VXe8769�76QdMOQZR;:�9DVPe8HJ2`RT:K769$HJMJQ_C�2WMO9;:�FGeWQ6e`¥sL_MJFY:�Q6EDMJe8Q6Q_:�H�>

%f2`Q6E�]�:o]�2WEK[
Isrc

:KR
Iref

E;e8QSRYHJeg]�2`HJ:�FY:�QSR*HJMJQ_C�2WMO9;:�EyV^2W9"9;2WV6VXe89DR�¤�HJ2£L6MJ9D:�]KR;MJe8Q ]�e8Q6EDMJL6CK9;CK:
x
m

Isrc(x) = ax+ b
[
Iref(x) = cx+ d

>�&fQÁ2yL6e8Q6]�HJeg]�2WHO:�FY:�QSR
Iref = c

a
Isrc + d− b

a

>?1'2y]�eWQZR;9;MO�67_RTMOe8Q
HOe?]�2WHJ:i¤"H¨��a6MOEDR;e8589T2`FGFY:t]Ke8Ql½De8MOQZR

J(u, v)
:KEDR�2WHJeW9;E�76QIE;:K58FG:KQSR�L_:�L_9;e8MART:W>6��:KFU2W9 k 76e8Q6E k 76:%L^2WQ6EH¨��2WV_V69;eg]ha6:*]Ke8QSb8:KQZR;MJe8Q_Q6:�HOHJ:W[X76Q�V6M n?:�H'{|e8769;Q_MJE;E;2WMOR�76Q�ED:�76H�VPeWMJQSRf¤YH���a6MJE�RTe85W9T2WFYFG:i]Ke8Ql½De8MOQSR�[P2WHJe89DE

Û}ÎKÏlÊ¨ÇKÛ}×�Þ�Ñ.Ø�Ì�Ç¡Ê¨Ñ�ß)Ò¡ÑDÏKÍÓÇhÍ�É�ÎKÏZÙ
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# $'&)(\<?> J *��t®J¶)}´ ?W°D²W±"±U«h¶o´J1�s«)¬^³Z¶ � 6_²W°/¨® ° .�0 ³?¬�«/6^´l°/�®�´l¬ �W´3 ³g±"®�µ�³^«;�}²� .g«�8h«)°��W«;²W³�D �K1H ��t®J¶��
s´ ?W°D²W±"±U«�8;²J3 8)³I3 ; � 6_²W°)�® ° .�0 ;<8<>_²W¬^�®'3'3J´l¬_¶G® ¬�.�; 6^«)¬�.S²W¬^|¶4D � 8# ��t®J¶)}´ ?W°D²W±"±U«�8;²J3 8)³�3 ;B«)¬�³g¨®'3 ®J¶�²W¬^
3A²z}«<8<>g¬^®�µ�³^«:6X°<;h¶�«)¬^ ;h« .S²W¬_¶ 3J«U}«-�8s«4D 	�« .g«)³ �8®�¯)±U«2>g®J¶)}´ ?W°D²W±"±U«I«h¶)i¬�«)¨s«)±U«)¬^f±U´l® ¬_¶ 1�°/³?®  ;4D
��´ls«��Bµ�³^« 3J«h¶Us«<8<>g¬^®�µ�³^«h¶ .�0 «h¶)�® ±Y²W�®�´l¬�6_²W°U¬�´��W²W³ �"@+>_²O1�® �³�«C3'3J«)±U«)¬^�³?�®'3 ®J¶�;h«h¶<@ 6^«)°/±U«)¨s«)¬^%²W³S¶h¶)®
.�0 ´J1�s«)¬^® ° .g«h¶ >g®J¶)s´ ?W°D²W±"±U«h¶+3 ®J¶h¶�«h¶<@'±Y²W®J¶�²W³96X°/®$� .�0 ³?¬ ;)Ó²J3J«)±U«)¬^C� 3 ®J¶h¶�²�?g«# i® ±F6^´l°/�²W¬^�@'® ±F6�3 ®�µ�³_²W¬^
6_²W°N8h´l¬_¶�;;µ�³^«)¬^%.�0 ³?¬�« 6^«)°/s«7.g« 6X°H;<8)®J¶)®�´l¬�D

k 7c��MJ]KM�[cMOH�EK��2W5WMOR%Lc��76Q4E;:�5WFG:KQZR�L6:�L69De8MOR;:W>�1���:�Q_E;:�F*�6HJ:�L6:�H���a6MOEDRTeW589T2WFYFY:yED:�9T2I2WHOe89;Ef]Ke87_bW:�9DR*2�b8:K]FYe8MOQ6E�Lc��CK]ha^2WQSRTMOHJHOe8Q6E�>Z1\��MJQSRT:K9;VXe8H�2lRTMJeWQ"HJMJQ_C�2WMO9;:�FYe8Q6e`¥ÓL6MJFY:�Q6EDMJe8Q_Q6:�HOHJ:�:KEDR¡2WV6V6HOM k 76C�:�L^2`Q6E�HO:�E\RT9De8MJEL_MJ9;:K]KR;MJe8Q6E�:KR\HO:�E.9DC�E;7_HORh2lRTE\E;eWQZR.FGe�¾8:KQ6Q6CKE�>Z1�:�E\a6MOEDR;e8589T2`FGFY:�E�e8�_RT:KQZ76E\V^2W9\HJ2�RT:K]ha6Q6M k 76:�V_9;C�ED:�QSRTCK:MO]�McEDe8QSRt:KQ=2`]�]�eW9;LB2�bW:�]�]�:K7?nIe8�_R;:�QZ76E�:�QIE;769}¥sC�]ha62WQSRTMJHOHJe8Q_Q^2WQSR�:KR�E���2�b8§K9;:�QSRtL6: k 762WHJMARTCiE;7_VPCK9;MJ:K769;:¤"]K:�7?nIe8�?RT:�QZ76E�V^2W9�L_:�E�2WV6V69De?]ha6:KE�]Ke8QSb8:KQZR;MJe8Q_Q6:�HOHJ:�Eyp b8e8MO9¡3^58769D:�E�<?> J [�<?>�<8w)>
� 	O��� 
� ����� ��������������� � ��� �J������� ������
������ � � 
�� � � ��� ����� �4��� 	���� ��
������	��
 �6�M������

¿�e876E�]ha6:�9D]ha6e8Q6E"¤o:�E�RTMOFG:K9i76Q6:�{|e8Q6]KR;MJe8QzL6:�RT9;2WQ6E�{|:�9DR�Lc��MJQSR;:�Q6EDMORTC
f
['2`V6V6HJM k 76C�:Y¤,76Q6:YMJFG2W58:EDe8769D]�:

Isrc
k 76M�FYMJQ_MJFYMJE;:�H���C�]�2W9DR�:KQSRT9;:%H¨��MOFU2W5W:t]�eW9;9;MO58C�: Icor = f(Isrc)

:KR�76Q6:%MOFU2W5W:tL6:%9;C){|C�9D:�Q6]K:
Iref

>�¿�e876E�]ha6:K9;]ha6e8Q_EtL6e8Q_]�HJ2*{|e8Q6])RTMJeWQ
f k 76Mcb`2"FYMJQ6MOFGMOE;:�9

Eimage =

∫

R3

C
(

f(Isrc(p)), Iref(p)
)

dp
p�<g>�~Sw
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#%$'&)(^<g>v<F* �f®J¶)s´ ?W°D²W±"±U«h¶/8h´l¬��´l® ¬^|¶�¶)³?°9.g«)³ ��® ±Y²�?g«h¶9.W³�8h«)°��W«;²W³�.�0 ³?¬I±��)±U« 6_²W¨®�«)¬^�� �=?S²W³�8<>^«<@
3 0 >g®J¶)s´ ?W°D²W±"±U« 8h´l¬��´l® ¬^:8;²J3 8)³I3 ; � 6_²W°/�® °�.�0 ;<8<>_²W¬^¨®'3'3J´l¬_¶G® ¬�.�; 6^«)¬�.S²W¬^ ¶�� � .W°T´l® }«<@F3 0 >g®J¶)}´ ?W°D²W±"±U«
8h´l¬��´l® ¬^A8;²J3 8)³I3 ;i«)¬,³g�®'3 ®J¶�²W¬^ 3A²*s«<8<>g¬^®�µ�³�«A6X°H;h¶�«)¬^ ;h«F.S²W¬_¶ 3J«�}«-�8s«4D�	�«F.g«)³ �8®�¯)±U«)>g®J¶)s´ ?W°D²W±"±U«f«h¶)
¬�«)�}«)±U«)¬^ ±U´l® ¬_¶=1�°/³g® K;4D
e�


C
:KEDR�76Q6:%{|e8Q6])RTMJeWQ,L6:%]�e��_R*p|L^2WQ6E�HJ:i]�2WE k 7^2WL69;2`RTM k 7_: C(a, b) = (a − b)2 w/>1�:d]�2WHO]�76H�:KNP:�])RTMO{�L6:d]K:KRDRT:�FGMOQ6MJFYMJE;2`RTMOe8Q,9;: k 76MJ:K9DR%L6:"EDe8FGFY:�9�E;769iH¨��:KQ6E;:KFd�6HO:dL67zE;76V_VPe89�RiL6:H¨��MOFU2W5W:f¤"]ha^2 k 76:�MOR;C�9T2lRTMJeWQ,L6:%H�2dFYMJQ6MOFGMOET2`R;MJe8Qc>g��:KH�2"MJFYV6HOM k 76:t7_QIR;:�FYV6E�L6:%]�2WHO]�76H�:/n?]�:�EDE;MA{}>�©�2W9]Ke8Q6E;C k 76:�QSR�[`Q6e876E�2WHOHJe8Q6E�]ha^2WQ658:K9�HO:\L6e8FG2WMJQ_:\Lc��MOQSRTC�5W9T2`R;MJe8Qc[K:�QyHJ:\L6CK]�e876V62WQSR�:KQ*V^2W9�RTMO:�E'Lc��MJQSRT:KQ6E;MARTC]Ke8Q6EDRT2WQSRT:�VPeW769�]ha^2 k 76:�MJFG2W58:`>6¿�eW76E�e8�_RT:KQ6e8Q6E�2WHOe89;Efm

Eimage =

∫ ∞

v0=−∞

∫ ∞

v1=−∞
J(v0, v1)C

(

f(v0), v1

)

dv1dv0

p�<?>��Zw
��:K]�M�V_9;e87_bW: k 76:UR;e87_RT:GH���MJQ_{|eW9;FG2`RTMOe8Q�Lc��MJQSRT:KQ6E;MARTCU:KEDR"]Ke8QSRT:KQg7_:ÁL^2WQ6E*H���a6MJE�RTe8589;2WFYFG:d]Ke8Ql½De8MOQSR JL6:KE�L_:�7?noMOFU2`58:�EK>61'2d{|e8Q6]KR;MJe8Q

f
FYMJQ_MJFYMJET2`QZR�]�:)R;R;:�:K9;9D:�769�VXe8E;:%L6:K7?noL6MA�G]K76HOR;C�Eim^:KHJHJ:t:�EDR��69D76MOR;C�:

VXe8769�HJ:KE�MJQSRT:KQ6E;MARTCKE�VX:�7IV69DC�E;:KQSRT:�E�:KR�:�HOHJ:fVXe8EDE;§�L_:y76QI�6MJ2WMJE¡E�¾gEDRTCKFU2lRTM k 76:`>
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σr = 7
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2�bWe8Q6E�L6e8Q6]`[6589;ÂW]�:%¤"]�:KE�E;MJF*76H�2`R;MJe8Q_E�[Sb`2WHJMOL6CtHO:f{�2WMOR k 7_:�H¨��C)Rh2WVX:fL6:i9D:�]�2WH�2W5W:fL6CK{|eW9;FG2W�6HJ:tQc��2lN�:K]KRT:V62WE�HJ:�E�C)b8e8HO7_RTMOe8Q6E k 76:%Q6e876E�]Ke8Q6E;MOL6C�9De8Q6EK>

� �� � ¼f# �K»o#%!'&)(y ��¹ /��¡��&�0 �� "!$# �K�
� 3 � 3-8 9;:=GEB�G � G�� @ @�� � < :=F�� @?ACB�D��

1\��CKb`2WHJ762`RTMOe8Q�:)n?VPCK9;MOFG:KQZRT2WHJ:�V69De8VXe8E;CK:�MO]�M^CKb`2WHO76:�H�22.�;)s«<8)¨®�´l¬ .�0 ;��W´3 ³g¨®�´l¬ .g« 3 ;h¶)®�´l¬_¶ymSQ6e87_E�Q6:
]ha_:�9;]ha_e8Q6E�V^2WE�¤ k 7^2WQSRTMA3^:�9.HO: �W´3 ³g±U«�L6:�E.C)b8e8HO7_RTMOe8Q6E�L6:�E.HOC�EDMJe8Q6E�L6CKR;:�])RTC�:KE�p|bWe8MJ9�2W76E;EDMPr.¢_>v�Ww)>`©�e8769H¨��:/n?VP:K9DR�[�HJ2YL6C)3^Q6MARTMJeWQB:/n62`]KRT:yL6:�]�: k 7c��:�E�Rf76Q_:yC)b8e8HO7_RTMOe8QBL_:*HJCKE;MOe8QB:KEDR�E;76�Z½D:�]KR;MObW:W>c�\HOHJ:%E;:%{|e8Q6L6:ED769tED:�Ef]Ke8Q6Q^2`MJE;E;2WQ6]K:�E�²76X°/®�´l°)®�L6:�E�]�e8Q_3658769T2lRTMJeWQ6E�L_:dHJCKE;MJeWQ6E�>X©�eW769tQ6e`RT9;:�ED¾gE�RT§�FY:dL6:yL6CKR;:�])RTMJeWQ
2`7_RTe8FG2`R;M k 76:W[?76Q6: �tCKbWe8HJ7_R;MJe8Q,L_:yHOC�E;MOe8Q �,:�E�R�76QB5W9;e876VX:�FY:�QSR�9;CKE;76HARh2WQSR�L6:%H¨��C)Rh2WVX:iL6:%L6CKR;:�])RTMJeWQE�Rh2`R;MJE�RTM k 76:iL_:�]ha62WQ658:KFG:KQZR;Edpsrt<?>v�g>O@�w/>¿�e876Ei2�b8eWQ6Ef]ha6e8MOE;M$L6:d]Ke8Q6E;MOL6C�9D:�9�L6:�Ef5W9;e876VX:�FY:�QSR;EfL6CKR;:�])RTC�EtV6HJ7_R �WR k 76:yL6:�E�b8e�n?:�HJEiL_CKRT:K]KR;C�E�[VXe8769�L6:�7gnÁ9;2WMJEDe8Q6E�>?©\9;:KFGMO§�9;:KFG:KQSR�[gH���:)n?VP:K9DR�MJQSRT:K9;V69D§KRT:tHJ:�E�9;CKE;76HARh2`R;E�:�QUMJQ6L6M k 7^2WQSR¡EDMP76Q_:N3 ;h¶)®�´l¬=2C)b8e8HO76C�e87%Q6e8Qc>�ÄsHWQ6:�]�e8Q6EDMJL6§K9;:�V^2WE'HO:�Ecb8e�n?:�HOE�MOQ6L6MAb?MOL676:KHJHJ:KFG:KQSR�>)ÄsH8E;:K9T2WMAR$2WHJe89DEcL6MA�G]KMJHO:.L6:�]�e8FYV^2W9D:�9
H¨��C)b`2WHJ7^2lRTMJeWQ,L6:*H¨��:/n_VX:�9�Rf2�bW:�]*]K:�HOHJ:%L67£E�¾?E�RT§KFG:*2W7_RTeWFU2`R;M k 76:%E;M']K:�HJ7_MA¥s]KMc{|e8769DQ6MJEDET2WMAR�L_:�E�9;C�ED76HORT2`RTE:KQ�R;:�9DFG:KEIL_:zbWe�n_:KHJEIL6CKR;:�])RTC�EK> %�:�7?n?MJ§KFG:KFG:KQSR�[�VXe8769oH���:)n?VX:�9DR�[�H�2 L6C)RT:K]KRTMOe8Q�L6:z]ha^2WQ658:KFG:KQSRTE�[
bWe�n_:KH6V^2W9�b8e�n?:�H�[`MJFYV6HJM k 76:�9;2WMOR k 7c��MJHg]�e8Q_E;MJL_§�9;:78<>_²Sµ�³^«�b8e�n?:�H6MOQ6L6MObgMOL676:�HOHJ:KFG:KQZR�>l��:¡E;:K9T2WMAR.76Q_:¡RhÂW]ha6::/ngRT9;jKFG:KFG:KQSR�VPCKQ6MJ�6HO:�:)R\:�Q�V69;2`RTM k 7_:�MJ9D9;C�2WHJMOET2W�6HO:W>�ÄsH62fC)RTC¡L_C�FYe8QSRT9;C k 7_:�H�2tL6CKHJMOFGMARh2`R;MJe8Q%FG2WQZ76:�HOHJ:e 
 E;:KFGM ¥}2W7_R;e8FG2`RTM k 7_:,L6:£HJCKE;MOe8Q6EYQc��:KEDR,V62WEG3�2`�6HJ: p�76Q6:I{|e89DR;:Bb`2W9DM�2W�6MOHJMARTCÁMOQZR;:�9}¥se8VXC�9;2`RT:K769GL_:£H�2]ha62W9;58:"HOC�EDMJe8Q6Q_:�HJHO:�R;eWRh2`HJ:d2ÁC)RTC`[cV^2W9i:/n_:KFGV_HJ:W[Pe8�6ED:�9DbWC�:�L^2WQ_E ( <`�+) w/>�ÄsH\2WV_V^2W9T2 �JRi2`HJe89DEt]�HJ2WMJ9D:�FY:�QSR
k 76:�H�2dL_C�HJMOFGMARh2`R;MJe8QYFG2WQZ76:�HOHJ: .�0 ;��W´3 ³g¨®�´l¬_¶�L_:�HOC�EDMJe8Q6E�:KEDR�:�Q_]�e89D:yFYe8MJQ_E�3�2W�6HO:W>1�:�V69;eWR;e?]Ke8HJ:�Lc��CKb`2WHO7^2`R;MJe8Q k 76:�Q6e876E�2�b8e8Q6E�:�FYV6HJe�¾WC�ED:�L6CK]�e8FYVXe8E;:�:�QYRT9;eWMJE�CKRT2WVP:KE�:)R�9D: k 76MO:�9DRH¨��MOQSRT:�9�b8:KQZR;MJe8QoL6:%L6:K7?nI:)n?VX:�9�RTE�m
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H¨��:/n?VP:K9DRD¥T@o2�CKRTCo2`E;E;MOEDR;C,V^2W9"76Q�9;:K]�2WHJ2W58:Á9DMJ58MOL6:Á:)R�76Q6:,Q6e89DFU2`HJMJE;2`RTMOe8Q4Lc��MOQSRT:�Q_E;MOR;C,HJMOQ6C�2WMO9;:`>�ÄsH�2
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V_aZ¾gEDM k 76:�FY:�QSRyV69;CKE;:KQZR;:W[�FG2WMJEtQc��C)Rh2WQSR%V^2`Ei76Q6:�CKbWe8HJ7_R;MJe8Q=L6:�3 ;h¶)®�´l¬�p�:/n?:�FYV6HJ:,mP:)n?V^2WQ6EDMJe8Q
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1'2t3^58769D:�¢_>O@�V_9;C�ED:�QSRT:�H���MJQSR;:�9D{�2`]�:¡589;2WV6a6M k 76:¡7_R;MJHJMOE;CK:¡VPeW769.H���CKb`2WHO7^2`R;MJe8Qc>�¦�7?¥sL6:KE;ED76E�L_:�E�2WQ6MOFU2�¥R;MJe8Q6E�:KQZR;9;:�MJFG2W58:KE�¤�]Ke8FYV^2W9;:K9\E;e8QSR E;7_VP:K9;VXe8E;CK:�E�HO:�E�L6C)RT:�])RTMOe8Q6E L6:�H���:)n?VP:K9DR�¥h@�:KR ]�:KHJHO:�L67GE�¾gEDRT§KFG:

2W7?RTe8FG2`RTM k 76:W>$1\��:/n?VP:K9DRD¥}u=VP:K7_RdQ62�bgMO5876:�9*:K�Y]�2W]K:�FY:�QSR":KQZR;9;:,HO:�E*L_MONPC�9;:KQSRT:�E*L6CKR;:�]KR;MJe8Q_EdVPeW769*HO:�Eb`2WHOMJL6:K9¡e87IHJ:�E�9D:}½D:)RT:�9K>
1�:,E;:�7_MJH

λ
L_7ÀE�¾gEDRT§KFG:I2W7?RTe8FG2`RTM k 76:ÁVX:�7_R�j)RT9;:I2�½D7_EDRTCoVX:�9DFG:)R;Rh2`QZR�7_QÀ]Ke8FYV69;e8FYMJEy:�QSRT9D:oH�2

ED:�Q6EDMJ�6MOHJMOR;C.L6:�H�2¡L_CKRT:K]KR;MJe8Q�:KR'HJ2¡V69;e8�62W�6MJHOMOR;C�Lc��:�9D9;:�7_9;E�>`��: ]�e8FYV69De8FGMOE�:KEDR�2�½D76E�RTC�VPeW769']ha^2 k 76:�V^2WMO9;:
(a, b)

Lc��MOFU2`58:�Et¤Á]�e8FYV^2W9D:�9�>�1'2ÁV69;e8�62W�6MJHOMOR;CyL6:"L_CKRT:K]KR;MJe8Q
pdet(λ, (a, b))

:�E�R%L6CK3^Q_MJ:dVXe8769f]ha62 k 76:V^2`MJ9;:�Lc��MJFG2W58:KE%]�e8FYFG:"HO:G9;2WV6VXe89DR�:KQZR;9;:YHJ:�Q6e8F*�69;:YL6:YL6CKR;:�]KR;MJe8Q_E�b`2WHOMJL6:KE�VXe8769%HO:YED:�76MOH
λ
:KRyHJ:

Q6eWFd�69;: RTeWRT2WHZL6:�L_CKRT:K]KR;MJe8Q6E�bW2`HJMJL_:�E�p|¾�]�eWFGV69DMJE$]�:KHJHJ:KE�L6:�H���:)n?VX:�9DR�¥h@�w/> !?e8MOR
nerr(λ, (a, b))

HO:�Q6eWFd�69;:
L6:�{�2W76EDE;:KEd2WHJ2W9;FY:�EfVXe8769%HO:YED:�76MOH

λ
>'1'2o]�e87_9;�X:GL6CK]�9DMOR�H�2,9;:KH�2`R;MJe8Q�:KQSRT9;:

nerr

:KR
pdet(nerr, (a, b)):KEDRÁ]Ke8FYV^2W9T2`�6HJ:o¤z76Q6:B]�e8769D�P:=�0&i� :KRG:�EDRG]�2`9T2W])RTC�9DMJE�RTM k 76:IL6:KEGVX:�9�{|e89;FG2WQ6]K:�EYLc��7_Q L6C)RT:�])RT:K769�>

1'2"V69;eW�^2W�6MOHJMOR;CtL6:%L6C)RT:K]KRTMOe8QIFGe�¾8:KQ6Q6:
pdet(nerr)

ED769�RTe87_R;:�E�HJ:KE�V^2WMO9;:�E�L���MOFU2W5W:�E�:�E�R�MJHJHO76EDR;9;CK:i¤"H�2
3^5W769;:�¢?>vu?>`1�:�9DC�E;7_HORh2lR�3^Q^2`H_L67dE�¾gEDRT§KFG:�L_:¡L6CKR;:�])RTMJeWQd:�E�R\76Q6:¡HOMJE�RT:�RT9;MOC�:�L6:�E.5W9;e876VX:�FY:�QSR;E.L6CKR;:�])RTC�E
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� ËlÛ�Ë�Ï*Û�×¨É�Í¨ÖD×¨Ñ�Ê�ÑDÒ���ÌvÇ��lÌ�Ñ�Ï�Ñ¡Õ`ÑD×¨Ò¡Ñ}Í\Ð�Ñ�Í¨×�É�ÑD×.Ì�Ñ;Ê�Ð�Þ}Í¨Ñ;ÛsÍ�É�ÎKÏlÊ.Ð�Ñ�ÌJÔ Ñ}Ý�Õ`ÑD×�Í
	��KÙ�� Ì^Ñ;Ê|Í\Ð�ÎKÏlÛ�É�Ò¡Õ`Î�Ê¨Ê¨É�lÌ�Ñ¡Ð�Ñ�Í¨×ÓÇ)Û�Ñ�×$ËlÏ�ÑÛ}Î)Ël×
�WÑ�Ð�Ñ$Í ��ÕWÑ������oÕ`ÎKË�×cÌOÔ Ñ}Ý�ÕWÑ�×¨Í�	��)Ù�Æ�Ô Þ�ÈhÇ/Ì�ËlÇ/Í¨É�Î)Ï�Õ�×�ÞDÛ�É�Ê¨Ñ.Ð�Ë�Ï�ÎKÒ���×�Ñ.Ð�Ñ$áAÇ)ËlÊ�Ê�Ñ;ÊPÐ�Þ�Í¨Ñ;ÛsÍ¨É�Î)Ï`ÊPÕWÎ)Ël×�ÌJÔ Ñ}Ý�Õ`ÑD×�Í
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pdet = .42
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� ÆZÑDÊ_Õ�×�Î��lÌ�ÖDÒ�Ñ;Ê_Ñ}Í^É�Ò¡Õ�×�ÞDÛ�É�Ê¨É�Î)ÏlÊ_Ì�É�ÞDÑDÊ^Ø.Û}Ñ�Í�Í¨ÑcÎKÕ`ÞD×�Ç/Í¨É�Î)Ï�Ê¨Î)Ï�Í^Ð�ÞDÛ�×¨É�Í�Ê^Ç)Ë�Õ`Ç/×ÓÇ/ß)×ÓÇ/Õ���Ñ�����ËlÇ/Ï�Í¨É�`ÛDÇhÍ¨É�Î)Ï�Ð�Ë�È)Î)Ì�Ë�Ò¡ÑÐ�ÑDÊ�ÞDÈ)ÎKÌ�Ë�Í�É�ÎKÏlÊ��! �"lÙ #�Ü�ÕZÙ$�&%('�Ñ}Í'Ê�ÎKÏ�Í�Ç)ËlÊ�Ê�ÉSÞDÈ)Î)��Ë�ÞDÊ� �"�Ù %lÙ��)Ü�ÕZÙ*�,+-#�Ù
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� Ú6Î)Ë�×�Ì�Ñ;Ê�Ì�Ç)Ï�ßKÇ)ß)ÑDÊXÏ�Î)ÏtÛ}ÎKÒ�ÕlÉ�Ì�ÞDÊDÜ�Ð�ÑDÊ�È)ÞD×¨É�`ÛDÇhÍ¨É�Î)Ï`ÊPÐ�Ñ�Í ��Õ`Ñ.Ê¨Î)Ï�Í�ÕWÎKÊ�Ê¨É��Ì�ÑDÊ�Ø�ÌOÔ Ñ}Ý�ÞDÛ�Ë�Í¨É�Î)ÏgÜ�Ñ�Í�Ì�ÑDÊ�×�Ñ�Ò�Ç/×���Ë�ÑDÊ���Ë�ÉÊ�ËlÉ�ÈKÑ�Ï�Í�Ï�Ñ�Ê�Ô Ç/ÕlÕ�Ì�É ��Ë�Ñ�Ï�Í�ÕlÇKÊ�ÙÅ��TÆgÇ�È)ÞD×¨É�`ÛDÇhÍ¨É�Î)ÏtÐ�Ñ.Í ��Õ`Ñ.ÕWÑ�Ë�Í �}Í¨×�Ñ�Í¨×�ÖDÊ�Û�Î���Í�Ñ�ËlÊ¨Ñ\Ø�ÌvÇ�á Î)ÉvÊ�Ñ�ÏtÒ¡Þ�Ò¡Î)É�×�Ñ�Ñ�Í'Ñ�ÏtÍ¨ÑDÒ¡ÕlÊ'Ð�Ñ\Û�Ç)Ì�Û�Ë�ÌJÙÅ¨Å�ÆgÇ�ßKÞ�Ï�ÞD×¨ÉvÛ}É�Í¨Þ Õ`ÑDË�Í�ÕWÎ)×¨Í¨ÑD×�Ê¨Ë�×�Ð�ÑDÊ$Í ��ÕWÑDÊDÜWÒ¡Ç)É�Ê�Ç/Ë`Ê¨Ê¨É?Ê¨Ë�×�Ð�ÑDÊ�ÈTÇ)Ì�ÑDË�×ÓÊ$Û}ÎKÏlÊ�Í�Ç/Ï�Í�ÑDÊDÙlÚ^Ç/×�Ñ}Ý�Ñ�Ò¡Õ�Ì�Ñ)Ü8Ê�É_Î)Ï%Ð�Þ �lÏ�É�ÍË�ÏfÈ)Ñ;ÛsÍ¨ÑDË�×'Ð�Ñ�Ð�É�Ò¡Ñ�ÏlÊ¨É�Î)Ï ��Ý�Ñ)Ü�ÌvÇ�ÈTÇ)Ì�ÑDË�×'Û}ÎKÏlÊ�Í�Ç/Ï�Í�Ñ�Ð�Ñ�Û�Ñ}Í¨Í¨Ñ�Ð�É�Ò¡Ñ�ÏlÊ¨É�ÎKÏ�ÕWÑ�Ë�Í �}Í�×¨Ñ.Ë�ÏiÇ/×�ß)ËlÒ�ÑDÏ�ÍPÍ�Ñ�Ò¡Õ�ÌvÇhÍ¨ÑKÙÅ �;ÆgÇcßKÞ�Ï�ÞD×¨ÉvÛ}É�Í¨Þ6Ï�ÑXÐ�Î)É�ÍZÕlÇ)Ê ��Í¨×�Ñ�Û}ÎKÏ�á Î)ÏlÐ�Ë�Ñ�ÇTÈ)Ñ;Û?Ì�Ñ^ÕWÎ)Ì ��Ò¡ÎK×¨Õ �lÉ�Ê¨Ò¡Ñ)Ù�à�Ç/ÏlÊZÌ�Ç�Û�Î)ÏlÛ�Ñ�Õ�Í�É�ÎKÏ�Î-� 
|Ñ}Í;Ü}Ì�Ñ�Õ`ÎKÌ ��Ò¡Î)×�Õ ��ÉvÊ¨Ò�ÑÕ`ÑD×¨Ò¡Ñ�Í$Ñ��8ÑDÛ}Í¨É�È)Ñ�Ò¡ÑDÏKÍ$Ð�Ñ�Ò�Ç/Ï�É�Õ�Ë�Ì�Ñ�×$Ð�Ñ\Ò¡Ç)Ï�É�Ö�×�Ñ ��Î)Ò¡Î)ßKÖ�Ï�Ñ\Ð�Ñ;Ê�Î�� 
|Ñ}Í�Ê$ÐSÔ ËlÏ�Ñ Û}ÌvÇ)Ê�Ê¨Ñ.Ð�Þ�×�É�ÈhÇ/Ï�Í$ÐSÔ Ë�ÏiÒ ��Ò¡Ñ�Õ`Ç/×�Ñ�Ï�ÍDÙÆgÇ*ß)ÞDÏ�Þ�×�ÉvÛ}É�Í¨ÞtÕ`ÑD×¨Ò¡Ñ}Í;Ü�Ñ�Ì�Ì�Ñ)Ü�Ð�ÑfÒ�Ç/Ï�É�Õ�Ë�Ì�Ñ�×�Ð�ÑDÊ¡Î�� 
|Ñ}Í�Ê�Ð�Ñ�áAÇ)Ò¡É�Ì�Ì�Ñ;Ê�Í¨Î)Í�Ç/Ì�Ñ�Ò¡ÑDÏKÍ�Ð�ÉvÊ�Í¨É�ÏlÛsÍ�ÑDÊDÜXÊ¨Ç)ÏlÊ¡ÇTÈ)ÎKÉ�×¡ØyáAÇ/É�×¨ÑiÐ�ÑÍ¨×ÓÇ/ÏlÊ�Í ��ÕlÇ/ßKÑ ( Ë�Õ 	�ÛDÇ)Ê�ÍDÜ�Ð�Î,G�Ï)	 Û�Ç)Ê�Í*)}Ü)Ñ�Í�Ê�Ç/ÏlÊPÇTÈ)Î)É�×�Ø Û�×¨ÞDÑ�×�Ð�ÑDÊ ��É�ÞD×�Ç)×�Û��lÉ�Ñ;Ê�Ç/×¨Í¨É�`Û}É�Ñ�Ì�Ì�ÑDÊ-(OÛsá|Ù�Û}ÎKÏ�Í¨Ñ�ÏlÑ�Ë�×ÓÊ^Ñ�Ï��KÇTÈhÇ')}ÙKÆgÑDÊÐ�Ñ�Ë�ÝtÛ}ÎKÏlÛ}ÑDÕ�Í�Ê�Ê¨Î)Ï�Í'Ð�ÉvÊ|Í�É�Ï`ÛsÍ�Ê'Ò¡Ç)É�Ê�Û�Î)Ò¡Õ�Ì�Þ�Ò¡Ñ�Ï�ÍÓÇ/É�×¨Ñ;Ê�Ù
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Å K;ÆgÇ�C�Í�Ç/Ï`Ð�Ç/×ÓÐ 4?Ñ�Ò¡Õ�ÌvÇhÍ¨Ñ.ÆZÉ���×ÓÇ/× ��(���  3)}ÜKÑ;Ê|ÍcË�Ï�Ñ�Ì�É��×ÓÇ/É�×�É�Ñ�Ð�Ñ�Û�Î)Ï�Í¨ÑDÏ�Ñ�Ël×�ÊPß)ÞDÏ�Þ�×�É���Ë�Ñ;ÊXÉ�Ï�É�Í¨ÉvÇ/Ì�Ñ�Ò¡Ñ�Ï�ÍcÕ�×�Î)ÕWÎKÊ¨Þ�Ñ'ÕlÇ)×
� Ù�C�Í¨Ñ�Õ`Ç/Ï�ÎhÈ�Ñ�Ï �6>'>'<�Ñ}Í��KËlÉlÇ\Þ}Í�Þ'É�ÏlÛ}ÎK×¨ÕWÎ)×�Þ�Ñ�Ç/Ë�Ê�Í�Ç)ÏlÐ�Ç/×ÓÐ � 8�C��� � C��IÐ�Þ&�lÏ�ÉvÊ¨Ê�Ç/Ï�Í�Ì�Ñ������,ÑDÏ �6>'>�%lÙ��^ÎKÉ�× H� '-#�Ü���>)J�ÙÅ P�� Í¨É�Í¨×�Ñ Ç/Ï�Ñ;Û�Ð�Î)Í¨É ��Ë�Ñ)Ü�ÎKÏfÕ`ÑDË�Í�Ð�ÞDÒ�ÎKÏ�Í¨×�Ñ�×���Ë�Ñ�ÌJÔ Ñ�Ý�ÞDÛ}Ë�Í¨É�Î)ÏfÕlÇ/×�Ì�Ñ Û�Î)Ò¡Õ�É�Ì�Ç/Í¨Ñ�Ël×$Ð�Ñ\ÌJÔ É�ÏlÊ�Í�Ç/Ï`Û}ÉvÇhÍ¨É�Î)Ïf×�ÞDÛ�Ë�×�Ê¨É�È)Ñ\Ð�ÑÍ¨Ñ�Ò¡Õ�ÌvÇhÍ�ÑDÊ�ÑDÊ�Í.Þ,��Ë�É�ÈTÇ)Ì�ÑDÏ�Í¨Ñ¡Ø�Ë�ÏlÑ�Ò�Ç)Û��lÉ�Ï�Ñ¡Ð�Ñ 4gËl×¨É�Ï�ßlÙ � Ì^ÑDÊ�Í\Ç/Ì�Î)×ÓÊ�Í
�lÞ�Î)×�É �KËlÑ�Ò¡Ñ�Ï�Í.Õ`Î�Ê¨Ê¨É�lÌ�Ñ�Ð�Ñ áAÇ)É�×�Ñ�Ñ}Ý�ÞDÛ�Ë�Í¨ÑD×�ÕlÇ)×Ì�Ñ¡Û}ÎKÒ�ÕlÉ�ÌvÇhÍ�Ñ�Ë�×�Ë�Ï�Õl×¨ÎKß)×ÓÇ/Ò¡Ò¡Ñ Ç/×���É�Í¨×ÓÇ/É�×¨ÑKÙ �PÑDÛ�É6Ò�ÎKÏ�Í¨×�Ñ Ì�ÑDÊ�Õ`Î)Í¨ÑDÏKÍ�É�ÑDÌ�Ê�Ò�Ç/ÉvÊ�Ç/ËlÊ�Ê�É6Ì�ÑDÊ�Ð�Ç/Ïlß)Ñ�×ÓÊ�Ð�Ñ�ÌJÔ Ë�Í¨É�Ì�ÉvÊ�ÇhÍ¨É�Î)Ï*Ð�ÑÍ¨Ñ�Ò¡Õ�ÌvÇhÍ�ÑDÊDÙ�� Ì_ÕWÑ�Ë�Í\Ð�Ñ�ÈKÑ�Ï�É�×'Í�Ñ�Ï�Í�Ç)Ï�ÍDÜ`ÐlÇ/ÏlÊ�Û}ÑD×�ÍÓÇ/É�Ï�ÑDÊ'Ê¨É�Í¨ËlÇ/Í¨É�Î)ÏlÊDÜWÐZÔ Ë�Í�É�Ì�ÉvÊ�ÑD×�Ì�ÑDÊ'Í¨Ñ�Ò¡Õ�ÌvÇhÍ�ÑDÊ�Ð�Ç/Ï`Ê$Ð�Ñ;Ê�Û�Î)Ï�Í¨Ñ�Ý�Í�ÑDÊ$Õ`ÎKË�×Ì�Ñ;Ê
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Dialogue
visualiseur

Description XML processeur d’image
nom, arguments, type des argument, 
paramètres template, documentation

Ligne de commande

-dialogue généré
 automatiquement
-requête d’argument
-vérification
 d’argument

-analyse d’argument
-vérification d’argument
-lecture/écriture des arguments

Appel par nom
-argument génériques avec
 vérification de typage
-spécialisation pour tous les
 templates demandés

$ imlib3d Addition s1.im3D s2.im3D r.im3D

<ImageProcessor name="Addition" 
                templateGroup="Image3DLinear">
<ShortDescription>Adds 2 images</ShortDescrip.>
<Arguments>
  <Argument name="Source image 1" type=.../>
     ...

appel par 
nom

génération de code

fournit description complète

appel par n
om

ap
pe

l e
ffe

ct
if

Processeur d’image
natif ImLib3D

Processeur d’image
défini par utilisateur

légendeflux d’information

appel d’un processeur

de
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n

CallByName("Addition",arguments);
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