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N° 4483

June 2002
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� ������$��°67�����0�����

� x�s@�L��wy|^ª�«�m�n#�®{�sL{�n#x��^m#�³wv|�z�ma�y�y{�s��³�Z����z j x����ym*�@nmas@uyx�uy{}|@sl��u�wyx^z��^{�s����l|^w�z�«�x����y{îÂ�z�x�uy{}|@sl��z*x^s
ª�m¸z*x^�vu�{�s4u j m�=wyx^nm�µ¼|@w��D|�¼|^��uv{�n{�¯�x�uv{�|^sLu j m�|^wy���lm�´ �³´#x���u j m¸n{�s�{�n�{}¯ax�uv{�|^s�|�&�v|@n�mmas�m�wy���
n�max�����wvm^´ i"j mWm�s�mawv�^��{���|�Äuym�s �y|^n�mWz*|^nª�{�s³x�uv{�|^s |��wym*��{�|^s²|@w�ª�|^��s³��x�wy�4=��s�z�uy{}|@s�x�«���´ i"j m
n�{�s�{�n{�¯�x�uv{�|^sÁ{��B������x�«�«}�Ás�|�u¸u�wv{�±�{�x�«�x�s³�Án#x^s^�Án�m*u j |��³� j x_±�m7ª�m*mas ��m*±^m*«�|^��m��Áuv| wym�x^z j x^s
|@��uv{�n��³n µ j {�z j n#x_�°ª�m�|^s�«}�B«�|�z*x�«<´

¨ m�x^����wym���� j mawvm�u j m®��wy|^ª�«�m�n |��u j m�|^��uy{�n�{�¯�x�uv{�|^s¸|��wvm���{�|^s#|@wFª�|^��s��³x�wy�=�³s�z�uy{}|@s�x�«��Fµ"{�u j
u j m�n�m�u j |�� |��x^z�uy{}±^mLz�|@s^uy|^��w���´ ��z�uy{}±^m�z�|@s@uv|^�³wy� j x_±�m7ª�m*m�s {�s@uywy|�����z*m�� ª@���)x����*� ¨ {�u��@{�s
x^s�� i m�wy¯*|@�³|@��«�|^��� ���
	Fx�s��Lµ¼mawvm�|^wy{���{�s�x�«�«}�,ª�|^��s³��x�wy�7n�m*u j |��³�*´���s�x��m���� ����	���ª�x�«�«�|@|@s���� �a�
	/|^w
�^m*|���ma�v{�z"x�z*uv{�±�m�z*|^s@uv|@��wy��� �	]x^wvm+��wy{�±�m�s#uy|Jµ�x^wy�³��u j m�m����^m��F|��x�s#{�n#x���m�u j wy|^��� j u j m�n�{�s�{�n�{}¯axJ~
uy{}|@s²|�+x7ª�|^��s³��x�wy��{�s@uvm��^w�x�«/|��=�³s�z�uy{}|@s���|�&Äm�x�u���wym�����m���m�s���{�s���|^s²m�����m���´ ��z*uv{�±�m°z*|^s@uv|@��wy�
�³wv{�±�mas�ª@�#wvm���{�|^s=��s�z*uv{�|^s�x�«��F{�s¸x^����{�uv{�|^s#uy|�ª³|@��s���x^wv�=��s�z*uv{�|^s�x�«�� j x_±�m+x^����m�x�wym���«�x�uym�w�´�qts@uywy|�~
�³��z�ma�Dª@��� ����	�x�s���� o@��	���u j m*� j x_±�m�ª³m�m�sW=��wyu j maw+��m�±�m*«�|^��m��W{�s�� � : � : �@�³��o^����o^o��³o����³o : ��� : �³����	
x^s���� � : �@�@��	�´�qts�m��Smaz�u*�@u j m����ym"|��x�z*uv{�±�m+z�|@s@uv|^�³wy��Ä|@w�u j m�|^��uy{�n�{�¯�x�uy{}|@s�|�lx�z*wy{}uym�wy{}|@s{�s�z*«�����{�s��
ª�|�u j wvm���{�|^s°x^s���ª³|@��s���x^wv�#=�³s�z�uy{}|@s�x�«��+x��³�³max�w��¼uy|Bª³m)wym�x�«}«��B��|Jµ¼mawt=��«T´

qts���mas�m�w�x�«T�]Äm�x�uy��wym���|��u j m#{�n#x���m#wym*��{�|^s7uv|,ª³m¸�ym*�@nmas@uvm�����uyw�x�z���m��l�]m*u�z�´�´*´yx^wvmm�nª³ma����m��
{�s wvm���{�|^sÞ=��s�z*uv{�|^s�x�«��Bµ j {}«�m,u j mLª³|@��s���x^wv�É=��s�z*uv{�|^s�x�«�x�«�«�|Jµ+�¸�yn�|�|�u j s�m����¸x�s³�Áwym*�@��«�x�wy{}uÃ� |�
u j mLwym*�^{}|@sÁª�|^�³s���x�wy��´ i"j mLª³x��y{�z,��wy{�s�z�{���«�m7{��°uv|Éz*|^s��yuyw���z*uBx ��x�w�x�ª�|�«�{�zD�³x�wyuv{�x�«���{��]m�wym�s@uv{�x�«
ma»���x�uy{}|@s�� ����¾�� =wy|^n u j m#m�s�mawv�^�,z*wy{}uym�wy{}|@sl�lm�´ �³´�ª@�7z*|^n#����uy{�s��,�y|^n�m�y|^wyu�|� ¾ ��«}mawt~�«�x��^w�x�s���m
ma»���x�uy{}|@s����@u j {�� ����¾ z j x�s��^m��/u j m®� j x^�³m�|��u j m®z*��w�wvmas@u¼z*�³wv±^m�x�z�z�|@wy��{�s���uy|��y|^n�m�±^m*«�|�z�{�uÃ�Â�m*«��
µ j {�z j z*x^s�ª�mBu j |^��� j u�|�"x���x,��{�wvmaz�uy{}|@s�|�&��m���z�m�s@u®|�&u j mBm�s�mawv�^�Lz*wy{�uvm�wy{�|^sl´WÆ�{�±�mas4x,z*«}|@�vma�
z���wy±�m�m�s�z*«}|@�v{�s��#x�sW{�s�{�uv{�x�«�wvm���{�|^sB|@s�m®u j mas�z�|^n#����uvm��&u j m)�y|�«���uv{�|^sW|��u j {�� ����¾ Ä|^w&u j {��"{�s�{�uv{�x�«
z*|^s���{}uy{}|@sl´ i"j m)z�|@wywym����³|@s���{�s��)=x^n�{}«��B|�0z*��wy±�ma�&��m�z�wvmax��ym���u j m®mas�m�wy���Bz�wv{�uvmawv{�|^sDx�s��Dz�|@s@±�m�wy��ma�
uy|Jµ�x^wy�Áx �<«}|�z*x�« � n{�s�{�n���n
|��u j m�z�wv{�uvmawv{�|^s j |@�³m*=��«}«�� z�|^w�wym����³|@s���{�s��²uv| u j m7|^ª��tm�z�u��Buy|Éª³m
�ym*�@n�m�s@uvma�l´ i |¸z�|@n#����uvm)����z j x ����¾ �³�ym*±^m�w�x�«]nm�u j |���� j x_±�m�ª�m*m�s���wy|^��|^�ym���´
�@|@n�m�x^��u j |@wy����|Ds�|�u®z�|@n��³��uvm�u j m�u j m*|^wym*uy{�z�x�«�m�È���wym����v{�|^s7|�/u j m�±^m*«�|�z�{�uÃ�WÂ�m*«����<ª³x��y{�z�x�«�«}�

u j m��^w�x���{�m�s@uZ|�³u j m¼mas�m�wy����z*wy{�uvm�wy{�|^s � ª���u�z j |�|^�ym¼x���m�Ä|@wyn#x�uy{}|@s)|��u j m"z*�³wv±^mFu j x�u�µ"{}«�«�n�x!��m�u j m
z�wv{�uvmawv{�|^s���maz*wym�x��ym"� : �(�#	$�=u j m*�¸z�|@n#����uvm+x���{�wym�z*uv{�|^s�|����ma�yz*m�s@u � ´���u j m�w¼x���u j |^w��%� � : �@o�o��@o : �^����	
z*|^n#����uym¼u j m&u j m�|^wym*uy{�z�x�«�m�È���wym����v{�|^s)|�³u j m&±�m*«�|�z�{�uÃ��±�maz�uv|@w�=wy|^nÅu j m ¾ ��«�m�wv~�¿�x��@wyx^s���m�ma»���x�uy{}|@s��*´
i"j m¼z�|@n#����uyx�uv{�|^s®{�����m�wvÄ|^w�n�m��®{�s�u j wvm�m¼n#x�{�s)�yuvm��³�*´'&�{�w��vu��_wym*�^{}|@s®{�s@uym*�^w�x�«���wym���wym��ym�s@uy{�s��+wym*�^{}|@s
=�³s�z�uy{}|@s�x�«��0x�wym¼u�wyx^s��tÄ|@wyn�ma��{�s@uy|®ª�|^�³s���x�wy��{�s^uym*�@wyx�«������y{�s���u j m+Æ�wym*mas�~ � {}man#x�s�s�u j m�|^wym�nD´(�@maz ~
|@s��l�@u j m®z�|@wywym�����|^s���{�s�� ¾ ��«}mawt~�¿�x��^w�x�s��^m¼ma»���x�uy{}|@s��Fx^wvm���m�wy{}±^m��l��x�s��°���vma�¸uv|��m�Â�s�m�x)����s³x�n�{�z
��z j manm�uv|�m*±^|�«�±�m�u j m�{�s�{�uv{�x�«�wym*�^{}|@sl´ ��s�|^u j maw�x�«}uym�w�s�x�uy{}±^m+{��¼uy|)��m*ma�Bu j m�wym*�^{}|@s#Ä|^w�n���«�x�uy{}|@s¸uv|
z*|^n#����uym�u j m��@wyx^��{�m�s@uF|��u j m�m�s�mawv�^�¸z*wy{}uym�wy{}|@s#µ"{}u j wym����³maz�u¼uv|�u j m®wvm���{�|^sBª�|^��s³��x�wy�#{�s��yuvmax��¸|�
wym��³��z�{�s��)wym*��{�|^s�{�s@uvm*�@wyx�«��0uy|�ª�|^��s��³x�wy��{�s^uym*�@wyx�«���´Zqts*� � : 	��@u j m�x^��u j |^w��/��wy|^��|^�ym"uv|�z*|^n#����uym+u j m
��m�wy{}±Jx�uy{}±^m)|�¼u j m#z*wy{}uym�wy{}|@s�µ j {�«}m�uyx!�^{�s��B{�s@uv|�x�z�z�|^�³s^u�u j m#��{��yz*|^s@uv{�s���{}uy{}ma��x^z*wy|^���"u j m�z*|^s@uv|@��w*´
qts�� � : �]�@��	�u j mz*|^n#����u�x�uv{�|^s�|��u j mm*±�|^«���uv{�|^sDm�»���x�uv{�|^s�{���x�z j {}m�±�m��Du j wv|@��� j � j x^�³m���m�wy{}±Jx�uy{}|@s
�³wv{�s�z�{���«�m���´

i"j {��Lz*|^n#����u�x�uy{}|@s ª�m�z*|^n�m��Ln|@wvm {�s@±�|^«}±^m��Nµ j m�sÅ�^«}|@ª�x�«�{�s�Ä|^w�n#x�uy{}|@s x^ª³|@��u7wym*��{�|^s³��{��
�³wvma�vmas^u¼{�s°u j m�m�s�m�wy���#z*wy{}uym�wy{}|@sl�^u j m®�v|�~�z�x�«�«}ma�Bwvm���{�|^s�~Ã��ma�³mas���m�s@uFz�x��ym�´0qÃu j x�����m�s³�/Ä|@wFm*È�x^n#��«}m
µ j m�s#�vu�x�uy{��yuv{�z*x�«�Äm�x�uy��wym���|�]x�wym*�^{}|@s����z j x�����Ä|@w�m�È�x^n���«}m^��u j m+nmax�s#|@w0u j m+±Jx^wv{�x�s�z*m&|�]u j m+{�s�~
uym�s��y{�uÃ����x�wym"{�s@±�|^«}±^m���{�s#u j m�n{�s�{�n�{}¯ax�uv{�|^s�´ i"j {���z*x��ym j x^�Fª�m*m�s¸�yuy�³��{}ma�¸{�s*� 2³���@�!�*���+� : ��� : ���^�+	T´
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qts�� � : �@�^��	³u j m+x���u j |@wy��� j |JµÉu j x�u�u j m+n�{�s�{�n�{�¯�x�uy{}|@s�|�S=��s�z�uy{}|@s�x�«���{�s@±�|�«�±�{�s���wym*�^{}|@s�~���m���m�s���mas@u
Ämax�u���wvma��{�s��³��z�ma��x�����{�uv{�|^s³x�«�uvmawyn#�0{�s�u j m&m*±�|^«���uv{�|^s)ma»���x�uy{}|@s)|�Su j m"x^z�uv{�±�m&z�|@s@uv|^�³w�u j x�u�x^wvm�{�n~
��|^wyuyx^s@uF{�sW��w�x�z*uv{�z�m^´ i"j ma�vm®x��³��{}uy{}|@s�x�«]uym�w�n���x�wym�max��y{}«��Bz�|@n#����uvma�Bu j x�s ����uv|#� j x���m���m�wy{}±Jx�uy{}|@s
uy|�|�«��*´

qts�u j {���x�wyuv{�z�«�m�µ�m)z�«�x�wy{îÄ�Wu j m�wvm�«�x�uv{�|^s�� j {����"ª³m�uÃµ¼m�m�s�u j mª�|^��s³��x�wy�Wx^s���wvm���{�|^sW=��s�z*uv{�|^s�x�«��
u j x�u�x�wy{��ym�s�x�uy��w�x�«�«���{�sB�ym*±^m�w�x�«�{�n#x���m���wy|�z*m����v{�s��)u�x�� ���*´ ¨ m�� j |Jµ {�sB�ym�z*uv{�|^sBo�u j x�uF|@s�m�z�x�s¸�^|
=wy|^n¶|^s�m�uv|�u j m+|�u j m�w¼ª^���v|^«}±�{�s�� � |�{����v|@sl¹ ��ma»@�³x�uv{�|^s�µ"{�u j�� {�wv{�z j «�m*uFz*|^s���{�uv{�|^s³��|^w�º�m*«�n j |�«�uv¯^¹ �
ma»���x�uy{}|@s°µ"{�u j � ma��n#x�s�s�z*|^s���{�uv{�|^s³�*´

¨ mBu j m�s²z�|@s�z�mas^u�wyx�uvm�|^s4u j mB��wv|@ª�«�m�n·|�FÂ�s³��{�s��,«}|�z*x�«Fn�{�s�{�n#x�|�"xD«�x^wv�^m¸z�«�x�����|�&wym*�^{}|@s
=�³s�z�uy{}|@s�x�«��*´¬qtsN�vmaz�uy{}|@s �Éµ�m�Â�wy�yuDuyw�x�s��vÄ|^w�n!u j man {�s@uv| ª�|^��s��³x�wy�Þ=�³s�z�uy{}|@s�x�«���x�s��Nx�����«��
n�m�u j |����&=wy|^n u j mz*x�«�z*��«����+|�0±_x^wv{�x�uy{}|@s��&uv|Bz*|^n#����uym�u j mz�|^w�wym����³|@s���{�s��¸Æ#Çx�uvmax���È���m�wy{}±Jx�uv{�±�m��
x^s�� z�|@s��yuyw���z�uBx ±^m*«�|�z�{�uÃ�ÉÂ³m�«�� |@s u j m�wvm���{�|^s ª³|@��s���x^wv�^´ i"j {��°Â³m�«�� ��m*Â�s�ma�°x ����¾ µ j |^�ym
�y|�«���uy{}|@sl�lÄ|^w�xD�^{}±^m�s�{�s�{�uv{�x�«¼ª³|@��s���x^wv�Lz*|^s���{}uy{}|@sl�Z��m*Â�s�m���xW|@s�m�~Ã��x^wyx^nm�uvmaw+=x^n{�«��L|�&wvm���{�|^s��
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mas�z�«�|^�y{�s��®u j m��®«�m*±^m*«�|�Su j m+«�m*±^m*«³�ym*u0=��s³z�uv{�|^s*� �^�����@� 	T´ ¨ m�x�«��v|����ym+n���«�uv{�wym��y|�«���uv{�|^s�uvmaz j s�{�»���m��
ª@� n#x�@{�s�� u j m4x�z*uv{�±�mLz*|^s@uv|@��w¸m*±^|�«�±�m�Â�w��yu°{�s x «�|Jµ-wym��y|�«���uv{�|^s {�n#x��^m�´ i"j mLÂ�s�x�«�z�|@s^uy|^��w
|@ª�uyx�{�s�m��ÉÄ|^w#u j {��Wwvma����z�ma�É{�n#x��^mD{��¸u j m�s ���ym�� x��¸x^sÉ{�s�{�uv{�x�«�z���wy±�mDÄ|^w#u j m7wvmax�«+�y{}¯�m,{�n#x���m�´
��s�|�u j m�w"��|^���y{�ª�{�«�{}uÃ�¸Ä|@w"{�s�z*wym�x^�v{�s���m Bz�{�m�s�z*�Bµ�|^��«��Wª�m�u j m)���vm�|�/��� �W��z j m�n�m�� � �^o#	

� 'V& ��� � :=3 >�� :[/.B 28D�3;:[E -0D�B6E
¾ È��³mawv{�n�m�s@uyx�«�wvma�y��«�uy� j x_±�m�ª³m�m�s�|@ª�uyx�{�s�ma�°|@sDu j m��ym�»���mas�z�m � ¾ wy{ � ��=wv|@n u j m ¾ ��wy|^��m�x^s°�@wv|@���
1"� � i � � �^´ i"j m®wym*�^{}|@s°|��{�s@uvm�wym��yu&{��+u j m®=x^z�m�´ ¨ m)x����y�³nm®u j x�u"{�u j x��"ª�m*mas��vm��^n�m�s@uvma�°{�sDu j m
ÂSwy�yu�{�n#x���mBx���� j |Jµ+s4{�s�&0{}��´��^´ x³´ i"j m#Â�w��yu)uÃµ¼|7wym�Ämawvmas�z�m j {��yuv|��@wyx^n#��x�wymBz�|^n#����uvm���´ i"j ma�vm
uÃµ�| j {��vuy|��^w�x�n#�&x�wym�wvma��wym��ym�s@uvma�°{�s &�{��³´ ��´ ª����y{�s��B��{ �]m�wym�s@u+z�|^«}|@wy�¼Ä|@w"m�x^z j |��u j m�uÃµ¼|¸wym*�^{}|@s��*´
i"j m#wym�Ämawvmas�z�m j {��yuv|��@wyx^n-Ä|^w®u j m#=x�z*m�� ����{��)� j |Jµ+sL{�s²wym���µ j {}«�m¸u j mBwvm*Äm�wym�s�z*m j {��yuv|��@wyx^n-Ä|^w
u j m)ª�x^z��^�@wv|@��s��l� ������{��+� j |Jµ+sB{�sW�@wvm�m�sl´(&�|^w"x���{�±�masWwym*�^{}|@sNG���x^s��WÄ|^w"x#�³|^{�s@u � � � �4� � � � 	��F�
u j m=��s�z�uy{}|@s Ç� �����cG � wym��³wvma�vmas^u��+u j m��³wv|@ª�x�ª�{�«�{}uÃ��uv|D|^ª�uyx�{�s � � � �!� �4��x�s³� 1 � � �!� � � Ä|^w �
ª�m*«�|^s���{�s��#uv|#u j m)wym*�^{}|@s G�´

i"j masl�"���y{�s��²u j m7uÃµ�|²wym�Ämawvmas�z�m j {��vuy|��@wyx^n��#|��u j m7��wym*±�{}|@����=w�x�n�m���µ¼m7n#x!��m�u j m7x^z�uy{}±^m
z*|^s@uv|@��w�m*±^|�«�±�m��³�v{�s��#m�»���x�uv{�|^s��T� : � {�sDu j m�z���wywym�s@u�=w�x�n�m�´ i"j m®{�s�{}uy{�x�«�z*��wy±�m®{��"z j |^�ym�s°uv|¸ª�m®x
z*{�w�z�«�m�´ i"j m)m*±^|�«���uv{�|^s�|�/u j m�x�z*uv{�±�m�z*|^s@uv|@��w+{�s,u j mz*�³wywym�s@u"=w�x�n�m){���� j |Jµ+s�{�s�&0{}��´ ��´ ¨ m�z*x^s
s�|�uv{�z�m�u j x�u�u j m)Â�s�x�«�z*|^s@uv|@��w"{�s�&0{}��´ ��´ ª,s�{�z*m*«�����m���z*wy{�ª�m���u j m�wvm���{�|^sD|�/{�s@uvm�wym��yu*�]x�s³��u j m�=x�z�m
{��"x�z�z*��w�x�uym*«��B�vm��^n�m�s@uym����

� � �����+(*��	0����

qts®u j {��Zx�wyuv{�z�«�m/µ�m j x_±�m/z*«�x^wv{}Â³ma��u j m¼wym*«�x�uy{}|@s�� j {��³��ª³m�uÃµ¼m�m�s®u j mFª�|^��s��³x�wy��x�s³��wvm���{�|^s�=��s�z*uv{�|^s�x�«��
u j x�u&x�wy{��vm�s³x�uy�³wyx�«}«��#{�sW�vm�±�m�w�x�«�{�n#x���m��³wv|�z�ma�y�y{�s��)uyx^������´ ¨ m j x_±�m�� j |Jµ+sBu j x�u¼|@s�m�z�x�s¸�^|)=wy|^n
|@s�m7uy|Éu j mL|�u j m�wWª@� �y|�«�±�{�s�� � |�{��y�y|^s�¹ �#ma»@�³x�uv{�|^s µ"{�u j � {�wy{�z j «�m*uDz�|@s���{�uv{�|^s��°|^wBº�m*«�n j |�«�uv¯^¹ �
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Hue

Luminance

(0,0)

x�´ � m�Ämawvmas�z�m��ym*�^n�mas^u�x�uy{}|@s ªl´ � m�Ämawvmas�z�m j {��vuy|��@wyx^n��
&0{��^��wym � �+i"j m#wvm*Äm�wym�s�z*m��vm��^n�m�s@u�x�uv{�|^s7|�/u j m���wym*±�{�|^����=w�x�n�m �Tx � x�s��,u j m�uÃµ¼|Dwvm*Äm�wym�s�z*m j {��t~
uy|��@wyx^n���� ����{�sWwym��WÄ|^w&u j m®=x�z*m���x^s�� ���&{�sD�@wvm�m�s°Ä|^w&u j m)ª�x�z��@�^wy|^�³s����<ª � ´

¨ m j x_±^m¸u j mas z�|^s³z�m�s@u�wyx�uvm���|^s²u j m°��wy|^ª�«}man·|�&Â�s³��{�s��,«}|�z*x�«Fn�{�s�{�n#x,|�"x�«�x�wy��m¸z*«�x^�y��|�
wym*�^{}|@s�=��s�z�uy{}|@s�x�«���´8�&��Â�wy�yuZu�wyx^s��vÄ|^w�n{�s��"u j m�n {�s^uy|�ª�|^��s³��x�wy��=�³s�z�uy{}|@s�x�«���x^s���x��³��«}��{�s���n�m�u j ~
|�����=wy|^nÅu j m+z*x�«�z���«�����|��±Jx^wv{�x�uy{}|@s���µ¼m j x_±^m�z*|^n#����uym��u j m"z�|@wywym�����|^s���{�s��)Æ#Çx�uym�x���È���m�wy{}±Jx�uv{�±�m��
x^s�� z�|@s��yuyw���z�uym��²x,±�m�«}|�z*{}uÃ�LÂ³m*«��²|^s²u j m°wym*��{�|^s²ª�|^��s³��x�wy��´ i"j {���Â³m�«�� ��m�Â�s�ma��x ����¾ µ j |^�ym
�y|�«���uy{}|@sl�@Ä|^w&x)�^{}±^m�sB{�s�{�uv{�x�«lª�|^��s��³x�wy������mas�m�w�x�uym���x�|@s�m�~Ã��x�w�x�n�m�uvm�w/=x�n�{�«}�¸|��wvm���{�|^s��¼µ j {�z j ��{�s
�³wyx^z�uv{�z�m^�@z*|^s@±�mawv�^m��0uy|Jµ�x^wy�#x)«�|�z*x�«�n�{�s�{�n��nÀ|��u j m+=��s³z�uv{�|^s³x�«T´ i"j m���wy|^ª�«�m�n |��u j m�m�È�{��yuvmas�z�m
x^s��D��s�{�»@��m�s�ma�y�"|��x#�y|�«���uv{�|^sWuv|¸u j {�� ����¾ j x��"s�|^u&ª�m*mas,x����³wvma�y�ym��l´
1 j x^s���{�s��,|@��w���|�{�s@u)|�"±�{}m�µ��0µ¼m j x_±^m¸u j mas wym�~Ã��m�wy{}±^m���u j mD�yx^n�m¸m�»���x�uy{}|@s���{�s x,�y{�n#��«�m�w

x^s�� n�|^wymBs�x�u���w�x�«/µ&x_����{<´ m�´,µ"{�u j |^��u)�^|�{�s��,u j wv|@��� j u j m°uywy|^�³ª�«}m°|�"uy��w�s�{�s��Lwym*�^{}|@sL{�s@uvm*�@wyx�«��
{�s@uv|¸ª�|^��s��³x�wy�B{�s@uym*�^w�x�«����@u j {��"{��"x^z j {�m*±�ma�Wª@�°x^����«���{�s��¸n�m*u j |����"|�0� j x���m���m�wy{�±_x�uv{�|^s�� �������
2
	T´

¨ m j x_±^m¸u j mas²uy��w�s�m��²|@��w)x�uvuvmas@uv{�|^s4uv|Lx,s�m*µ¬z�«�x�����|�"wym*��{�|^s�~�ª�x^�vma�7=�³s�z�uy{}|@s�x�«��)ª@�4z*|^s�~
�y{���m�wy{�s�� j {��yuv|^�^w�x�n#��|�0{�n#x��^m®Äm�x�uy��wym���´ i"j m)� j x���m)��m�wy{�±_x�uv{�|^sDuv|�|^«�� j x_±^m�x�«�«}|Jµ�m��D���"uy|¸m�x��y{�«}�
��m�wy{}±^m�u j m�±�m�«}|�z�{�uÃ�¸Â³m�«��Du j x�u+��m*Â�s�ma�"u j m®m�±�|�«���uy{}|@s°|��u j m)wvm���{�|^sWª³|@��s���x^wv�^´

i"j m®ÂSs�x�«Z�³x�wyu�|��u j m)��x^�³maw j x��+ª�m*mas���m*±^|�uvma�°uy|Bx�sDx�����«}{�z*x�uv{�|^sW|�0u j m)��wym*±�{�|^���"n�m�u j |����
uy|)u j m���wy|^ª�«�m�n�|��wym*�^{}|@s��ym*�@n�m�s@uyx�uv{�|^s�µ"{}u j x��^{}±^m�s#z�|^«}|@w j {��vuy|��^w�x�n¶{�s°x)�vma»���m�s�z*m+|�l{�n#x���ma�*´
���³w&m�È��³mawv{�n�m�s@uyx�«�wvma�y��«}u��"� j |Jµ u j x�u"u j m�uym�z j s�{�»���m j x^�&{�s���m*m����y|^n�m®{�s@uym�wym��yuv{�s��¸�³|^uvm�s@uy{�x�«���´
 W¦ 6 � Ð�Ï �ÄÌ�Ñ/"�Ì �²Ì � £�¢
¨ m®u j x^s � � x�z j {�� � m�wy{�z j m�Ä|@w j {�� j m*«���=��«�z�|^n#n�m�s@u��¼|@sWx^s°max�wy«}�W��wyx�Äu&|��u j {��+��|�z*��n�mas^u�´ ¨ m
x�«��y|Lu j x�s � Æ�mawyx^wy��|Lº�mawyn�|@�v{�«}«�|,Ä|@w��³wv|J±�{���{�s��L����µ"{}u jÞj {����v|�ÄuÃµ�x^wvmD��x�z��_x���m¸Ä|@w�u j m,wv|@ª����yu
ma�vuy{�n#x�uv{�|^sW|�0{�n#x��^m j {��yuv|^�^w�x�n#��´

�1��.��+$������"�+	

� ��	�Æ´ ���³ª³mawvu�x�s�� � ´'��|^w�s���wy|^ª��yu*´ ÿ7Ô�ÙÄò�Ö�Ó¸Ô�Ù<Ú=àçÔ�ê/ü�åyÛ ��ê}Ö�Óæ°ÚâØ Ò Ó¸Ô*Õ@Ö#ü&åyÛ�àçÖ�æçæçÚâØ�Õ(�Wü"ÔJå�Ù<Ú=Ô�ê
�)Ú ��Ö*åyÖ*Ø�Ù<Ú=Ô�ê�÷+ù�ä³Ô�Ù=Ú=Û�Ø�æWÔJØ]ìLÙ=ò�ÖLã/Ô�êîà*ä�êïä�æWÛvð ñ�ÔJå Ú=Ô�Ù=Ú=Û�Ø�æ �0±�|^«���n�m �����°|� ß�ó^óSêïÚ=ÖçìLÿLÔ�Ù=ò�Ö*è
Ó¸Ô�Ù<Ú=àçÔ�ê�×]à*Ú=Ö�Ø]à�Ö�æ ´�����wy{�s���m�wv~ ��m�wy«�x��³� � maz�´������^��´
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x³´Éqts�{�uv{�x�«Zz*|^s@uv|@��w

ªl´ &0{�s�x�«/1¼|@s@uv|^�³w
&0{��^��wym�� ��¾ ±^|�«���uv{�|^sB|��u j m)x�z*uv{�±�m®z�|@s^uy|^��w�|@s°u j m)z*��w�wym�s@uF=w�x�n�m�s���n�ª�m�w&���y{�s��#u j m�uÃµ�|�wym�Ämawt~
mas�z�m j {��yuv|��@wyx^n#�¼|��u j m)��wym*±�{�|^���¼=w�x�n�m
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� ��	®º´ �"wvm�¯*{��*´ ß�Ø]Ô�êïí_æ*Ö¼ð�ÛJØSà�Ù<Ú=ÛJØ³Ø]Ö*êâê}Ö:� �lò �Ö�Û�å Ú=Ö¸Ö*Ù�Ôçó^óSêïÚ=àçÔ�Ù<Ú=ÛJØ³æ ´ � x^�y�y|^s��!�
���^o�´
� o#	 �´/1�x��ym*«�«�m���� &�´<1�x�uvuym�� i ´81¼|�«�«T�Zx�s���&&´ � {�ª�|^��´ � ��m�|^n�m*u�wv{�zn�|���m�«0Ä|^w®x�z*uv{�±�m#z�|^s@uy|^��w��*´

���ä�Ó#Ö*å Ú�æ*à ò�Ö�ÿ7Ô�ÙÄò�Ö�Ó¸Ô�Ù<Ú�� �+2 2 � ����o@���!��� �^o�´
� �	 �´#1�x��ym*«�«�m���� � ´���{�n#n�m*«T��x^s��#Æ´!��x���{�wv|�´³Æ�m*|���m��y{�z�x^z�uy{}±^m�z*|^s@uv|@��wy��´ Ò ØSÙTÖ*å ØSÔ�Ù=Ú=Û�ØSÔ�ê ��Û�ä�å ØSÔ�ê

Ûvð¸ã/ÛJÓ�ó�ä�Ù�Ö�å,ñ�Ú�æ Ú=ÛJØ �]��� � � � � 2@���³�0���+���(�@��´
� : 	 ��´ 1 j x��w�x�ª�|^wyuÃ���0¿F´��@u�x�{�ªl�Fx^s��Þ�³´ � ��s�z�x�sl´ � m�Ä|@wyn#x^ª�«}m�ª�|^��s��³x�wy��ÂSs���{�s���{�sÉn�ma��{�z�x�«

{�n#x��^m��&ª@�B{�s@uym*�^w�x�uy{�s����^w�x���{}mas^u&x�s³�°wym*��{�|^s°{�s�Ä|^w�n�x�uv{�|^sl´ Òy÷F÷/÷ ��å�ÔJØ�æ*Ô^à*Ù<Ú=ÛJØ³æ)Û�Ø,ÿLÖçìJÚ=àçÔ�ê
Ò�Ó#Ô�Õ�ÚâØ�Õ �<� : � � : �����@����� �
� � 2³´

� 2#	 i ´@1 j x^s°x^s��B¿¼´ ��ma�vm^´<��sWx�z*uv{�±�m®z�|^s@uy|^��w¼n|���m�«]µ"{}u j |^��u�m�����m���´�qts ×]àçÔ�êîÖ*è�×�ó�Ô�àçÖ �lò�ÖçÛJå Ú=Ö�æ
ÚâØÞã/ÛJÓ�ó�ä�Ù�Ö�å,ñ�Ú�æçÚ=Û�Ø � 1¼|^wv=��Æ�wym*maz�m�� �
� �(��´

� �
	 i ´ 1 j x�s x^s��²¿F´ ��m��ym�´ ��z*uv{�±�m°z*|^s@uv|@��wy�®µ"{�u j |^��u)ma����ma�*´ Òy÷F÷/÷ ��åyÔ�Ø�æ*Ô�à�Ù=Ú=Û�Ø�æWÛ�Ø4Ò Ó¸Ô*Õ@Ö
ü&åyÛ�àçÖ�æçæçÚâØ�Õ �<��� �T� � � � 2 2	���^�^���^�����@��´

� �#	®º´ 1 j m�sÁx�s³� i ´�¿Z{��l´ i w����yut~Ãwvm���{�|^s n�m*u j |�����Ä|^w#wym�x�«}~�uv{�nmDuyw�x�z��@{�s��³´ qts Ò ØSÙTÖ*å ØSÔ�Ù=Ú=Û�ØSÔ�ê
ã/Û�Ø�ð�Ö*åyÖ�Ø]àçÖ�Û�ØÉã/ÛJÓ�ó�ä�Ù�Ö*å,ñZÚ�æ Ú=ÛJØ �³±�|^«��³nm�������x��^m��+���J�
���������!�/x�s³z�|^��±�m�w��+1�x�s³x���x³�������@��´

� �#	 1�´+1 j m���s�x������ � ´ � �m�=w��m*�^{}maw*�@x�s�� ��´ �&|@��«}m�u*´ �@uyx�uv{��vuy{�z�x�«�wym*�^{}|@sB�ys³x��m*~�ª³x��ym��B�ym*�@nmas@uyx�uy{}|@s
x^��x���uvm��uv|���{��]m�wym�s@u/� j ���v{�z*x�«�s�|�{��vm"n�|���m*«��*´ Òy÷/÷/÷ ��åyÔ�Ø�æ*Ô�à�Ù<Ú=ÛJØ�æ�Û�Ø�ü"Ô�Ù<Ù�Ö�å Ø¸ß�ØSÔ�êïí_æ Ú�æ+Ô�ØSì
ÿLÔ^à ò@ÚâØSÖ�Ò ØSÙTÖ�êâêïÚîÕ@Ö�Ø]àçÖ ��� � � � ��� : � � � : 2��^s�|J±]´ ��� �(��´

� ���#	�¿¼´ 1¼| j m�s�´���s x�z*uv{�±�m°z*|^s@uv|@��w)n�|���m*«��x^s�� ª�x�«}«�|�|^s���´ ã/ÛJÓ�ó�ä�Ù�Ö�å ñ�Ú�æ Ú=ÛJØ�Ü¸ö&åyÔ ó³ò^Ú=à�æ�Ô�ØSì
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Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
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Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
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