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^J]\P�­£�c�fPqmO� KML ai]rmOh;�pPUmgPRl_`q]\ai�;P4Z L P�vxafP&� afX[Z_Pq]rz;bJ�f^)Z\afbJX-l\Z_PqzO� �°a$L)P�b)Z L Pq],Q1b[]_z L afXgj�Z_Pq` L Xnaf´x�gPRl&h
afZ,�nl_Pql L PR�n]_afl_Z\ai`&lEZ_b�`�bJQ��gaiXgP4l L ^Jz;P�aiX[Z\Pq]rz£b)�i^kZ\afbJX�^)X;m�Z_P�®gZ_�n]_P��g�fPqXnmnafXgj£�

S *��!%����
�,	UT ���WV��
  P�l L bJ]_Z\�f±�]\Pqv[afP&� ]\Pq�f^)Z\Pqm«�¥b[]
LxlU�¢bJ]1Pq^J` L b)��Z L P�Z L ]_P&P-l\Z_Pqznl�b)��bJ�;]1^)�cjJbJ]_acZ L QX8?Q�^kZr` L aiXgj;h
Zr]\ai^)XnjJ�g�i^kZ_acb[XnlE^)Xnm�]\PRXnmgPR]\aiXgjYA¥^JXnm�mnaflr`&�nlrlMZ L P&ai]E�caiX"LxlM�MafZ L bJ�;]MQ�PqZ L bgmO�
Z;[]\ ^`_)a"b�c�dfe�g
u�^kZ_` L afXgj�ailMbJXnP4bk�
Z L PUQ�^ktYbJ]M]_Pql_Pq^)]r` L ^J]\PR^UaiX-Z L P�`�bJQ�zn�nZ\Pq],v[ail_acb[X�`&bJQ�QU�nXnacZ¤±J�µV¤Z_l!^)znzg�fai`&^wd
Z_acb[XnlE]_^JXgj)P,�¦]\b[Q bJ�xtYPR`�Z¥]_Pq`&b)j[XgacZ_acb[X�Z\b�SkÁ z£Pq]r`�PRzgZ\afbJXOhg^JXnm�aiX�^J]\PR^)lµ]r^)Xnj)aiXgj4�¦]_bJQ ]_bJ�£b)Z\ai`&l¥Z\b
vxaimgP&b1aiXnmgP�®gaiXgj;� KML P��;]\b[^)m�`q^kZ\Pqj)b[]\afPql¥bk�
^k�fj)bJ]_afZ L Q�lE^)]_P!aimgPqX[Z_a¯­;PRm-�nz;b[X�Q�^)Z_` L aiXgj�zn]\aiQ1acZ_acvJPql

h)hjiWk0lnm?ofp
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8Hl_z;^)]rl\P!z;]\aiQ1acZ_acvJPql¥�ca-LkP�afX[Z\PR]\PRl\Zpz;bJafX[Zrl¥^JXnm�PRmgj)PRl(A b[]¥mnPqXnl_P,8H^k�f��zna¯®gP&�ilnA#^)X;m�Z L P�^)lrlr�nQ�zgZ\afbJX�b)�
^�]_acjJafm�lr`�PqXnP�b[]Ebk�
XgbJX-]_acjJafm�l_`&PqXgPJ�

� l\aiXgj�l_zn^J]_l_P�b[]°mgPRXnl_Ppzn]_aiQ�afZ\afv)PRl��¢b[]=vxafP&�«l_±gX[Z L PRl\ail=ail
mgail_`q�gZ\PRmU�[± : ÃEu��YG0>H� V¤Z afl
z£bJlrl\ai�g�fPµZ\b
]_Pq`&bwv)PR]°^�`�b[Q�zg�cPqZ\P,lr�n]\�¦^)`�PEb)� ^)X1b[�xtYPq`&Z
�;l\aiXgj�^�l_z;^)]rl\PEl\PqZ#bk�OQ�^kZ_` L Pqm1^)Xnm1Z L PqX�]\PR`�b[Xnl\Zr]_�;`�Z\PRm
z£b)aiX[Z_lq� � XnmgPR]�Z L P-^Jl_lr�nQ�zgZ_acb[X«Z L ^kZ�Z L PCQ�^kZ_` L PqmAz;bJafX[Z_l��fafPql�b[X�zg�i^)XnPqlqhµafZ�afl�lr�x��`�afPqX[Z�Z\b
`&bJQ�zn�gZ_P!^��kÁªÁ�P&�i^)�nX;^�±�Zr]\ai^)Xgj[�g�i^kZ\afbJX1aiX�bJXnP!bk�OZ L P�]_P��¢PR]\PRXn`�P,vxafP&�,lµ�MacZ L Q�^kZ_` L Pqlµ^Jl�vJPq]_Z\ai`�Pql
^JXnm1bJ�gZr^kaiX�^�lr�n]\�¦^)`&P,�J±1�n^)`nLJd¤zn]_bktYPq`&Z\afbJXO�
¿¥bJX[vxafXn`&afXnj�]_Pqlr�g�fZ_l�^J]\PEb[�gZ_^)afXgPRm��nXg�fPqlrl�^�l\aiXgj)�fP,�n^Jm
Q�^)Z_` L bg`&`q�n]_lq¶µaiXClr�n` L ^�`q^)l_P4Z L P�� L b)�fP�Z\P&®gZ_�n]_P�bk�µXnP&afj L �;b[]\aiXgj�Zr]\ai^)XgjJ�cPRlMail,�Maf�fmg�f±-l\Zr]\PqZ_` L PRm
� L PqX�Z L PUvxafP&�pPq],jJbxPql!^��E^�±��¦]_bJQ Z L P�]_P��¢PR]\PRXn`�P�vxafP&� z£b)aiX[Z&�!� �n]_Z L PR]!afZ�mgbxPRl�XgbJZ�Q1bgmgP&� L ^)�¯�·d
bg`q`��i�nmgPqm�^J]\PR^)lM� L af` L ^J]\P4aiQ�z;b[]\Zr^)X[Z,�¢b[],�i^)]_j)P�mgailrzg�f^J`�PRQ�PRX[Z_l,b)��Z L P1`&^JQ�PR]_^;� < bw�pP&v)PR]&h l\b[Q1P
Q�^JX[�;^k�f�c±��n�nZ#�¥Pq�c�;l_P&�fPq`&Z\PRm��¢PR^kZ_�;]\PMQ�^kZr` L Pql
�fa$L)PEPqmgjJPql#^)]_PEl_�x��`&acPRXJZ#Z_b�bJ�gZr^kaiX�mn]r^)Q�^)Z\ai`¥aiQ�^kjJP
Q1PqZ_^)Q1b[]_z L bJl_afl�: Ã ���[�?>Oa¯� �¥P�`�b[QU�gaiXgP�j)PqXnPq]r^k�fac²qPqm�aiQ�^kj)P��p^J]_znafXgj�^)Xnm�`&]_bJlrlYd¤mgail_l_b)�fv)P,�£P&Z¤�pP&PRX
aiQ�^kjJPqlpP&�fPqQ1PqX[Zrl,:   b)�i�KN�>H�

KML �nl��¢bJ]�^J�gZ\b[Q1^)Z\ai`�Q1PqZ L bgmnlqh�Q1bJl_Z�z£P&b[zg�cP�`�b[Q�zn�gZ\P�mgPRXnl\P�mgailrzg�f^J`�PRQ�PRX[Z�Q�^)znznafXgj[l&�U�;bJ]
l_Z\PR]\Pqb�afQ�^kjJPql9: Á  JJ��>eh): @4b[l_�JS?>=� L b[l\P�Pqznafz£b)�i^)]EjJP&bJQ1PqZ_]_±�afl4LxXgbw�,X �3 �n�����n� h Z L P�l_Pq^J]_` L lrzn^)`&P
`q^)X¨�£P�]\PRmn�n`&Pqm¨Z\bC^¨~qÁ ^)�cb[Xgj�Pqzgaiz£b)�i^)]��fafXgPRl&� KML P�Q�^)afX�zn]_bJ�n�cPRQ1lU^)]_P�]\PRz;PqZ\afZ\afv)P�zn^)Z\Z\PR]_X;l&h
Z_P�®gZ_�;]\P&dH�fPqlrlE^)]_Pq^)lqhgmgPqznZ L mgail_`&bJX[Z\aiXx�gafZ¤±�^)Xnm L ^)�¯�·debg`&`��i�nmgPRm�]_P&jJacb[Xnlq�

 Xgb)Z L Pq]p^)znz;]\b[^)` L afl¥bJznZ\ai`&^k���;bw� Pql_Z\aiQ�^kZ\afbJX): ÃE�
ÃM��E�>ehJ� L af` L�L ^)Xnmg�fPqlpXgb[Xxde]_afj)aim1lr`�PRXgPql¥�n�gZ
^Jl_lr�nQ1aiXgj-afXnl_Z_^JXgP&b[�nl�lrQ�^k�f�¥mgail_zn�f^J`�PqQ1PRXJZrl&� < afPq]r^)]r` L ai`&^k��Q1PqZ L bgmnl�l\PqPqQ�l4Z\bC�£P�XgPR`�PRl_lr^)]_±CZ\b
Zr]\PR^kZM�i^)]_j)P�mgailrzg�f^J`�PRQ�PRX[Z,]_^JXgj)PJ� < bw�¥Pqv)Pq]qhn`�b[^)]rl\P�Z_b�­£XgPUl_Z_]r^kZ_P&jJacPRlMQ�afj L Z!Q1ail_l�l\b[Q1P4Z\P�®gZr�n]\P
mnP&Z_^)ac�il#^)X;mU�¦^)ac�£^kZ#mgPqznZ L mgail_`&bJX[Z\aiXx�gafZ\afPqlq�
	¥lrz£Pq`�ai^k�f�f±�afX1Z L P,XgbJX�]_acjJafm1`&^Jl\PJhkZ L P,mgPqXnl_PMQ�^kZ_` L afXgj
ail4af�c�cd¤z;b[l\PRm$m;�gP�Z\b�Z L P�^)z£Pq]_Z_�n]_P�zn]_bJ�g�fPqQ�¶4Z L P��fbx`q^k��mgailrzg�f^J`�PRQ�PRX[Z�`&^)X$b[Xg�c±��;P�]_Pq`&bwv)PR]\PRmCaiX
Z L P�mgaf]_Pq`&Z\afbJX�b)�=Z L P�aiX[Z\PqX;l\afZ¤±�jJ]r^)mgafPqX[Z&� KML �nlp^)mnmgafZ\afbJX;^k��l_Q1bxb)Z L XgPqlrlp^)lrl_�nQ�zgZ_acb[Xnlp^)]_P�XgPqPqmgPRm
�;l_�n^)�c�f±�Z\b�bJ�gZr^kaiXUmgailrzg�f^J`�PRQ�PRX[Z_lq� C Xg�f±4^,�¢Pq�«^k�fj)b[]\afZ L Q�l°^)]_P¥^)�n�cPpZ\b�Pql_Z_^)�n�cail L `�b[]_]_Pqlrz;b[XnmgPRXn`�PRl
^J`&]_bJlrl�aiQ1^)j)PRl�bk��Z¤�¥b«mna¯��Pq]_PqX[Z-l_`&PqXgPRl 8¦PJ� j£� Z_b«b[�gZ_^)afX¬Q1b[]_z L afXgj[l��£P&Z¤�pP&PRX¬mgac� PR]\PRX[Z��¦^)`&Pql
: ���gPR�HGQ>eh): ³Y@��KJ�>�A �

KML P�]_Pq´x�gai]\PRQ1PqX[Z_l�bJXA^�l_Z\PR]\Pqb�^)�cjJbJ]_acZ L Q0�¢bJ]1vxacPq� l_±xX[Z L Pql_afl�^J]\P-mgail_`q�nl_l_Pqm��[± : ³x` L �)})^�>H�
 �cZ L bJ�nj L �nXna¯�¢b[]_Q+^)]_Pq^Jl!^J]\PUmna¯��`&�n�cZ�Z\b�Q�^kZ_` L h Z L P&±��nlr�n^)�c�f±�mgb�XgbJZ�`q]\PR^kZ\P�vxaflr�n^k�
^)]_Z\ac�¦^)`&Z,ac�
Z L P&ai]µ�£bJ�;Xnmn^)]_afPqlµ^J]\P,Q�^)Z_` L PRm�`�bJ]r]_Pq`�Z_�c±J�°V¤Zµaflpl_�g��`&acPRX[Z�Z\b�aiX[Z\PR]_z£b)�i^kZ_P,Z L P�Q�^kZ_` L afXgj£�°� �n]_Z L PR]&h
: ³[Á��1=?>eh5: ³[Á��)}�>xl L bw�$Z L ^)Z=Z L P¥]_Pqlr�g�fZ\aiXgj!]_PqXnmgPR]\aiXgjMail=`&bJ]r]\PR`�Z��nXnmnPq]�Z L P¥^JmnmgafZ\afbJXn^)�J^Jl_lr�nQ�zgZ\afbJX�b)�
Q1b[Xgb)Z_bJXgai`�afZ¤±�^k�fbJXgj1`�bJXwt\�gjJ^)Z\Pqm�Pqzgaiz;bJ�f^J]µ�faiXgPqlq� �!P&®xZp�pP L ^�vJP!Z_b�mgPR^k���MacZ L z;^)]_Z\ai^k� bx`q`��i�nl_acb[Xnl&¶
KML P,�;PRl\Z L Pq�n]_afl_Z\ai`EZ\b�^Jl_l_afjJX1mgaflrzg�i^)`&PqQ1PqX[Z_l
Z_b�l_�;` L ]_P&jJacb[Xnl#l_P&PqQ�l#Z_b�^)lrl_�;Q�PM^4`&bJXnl_Z_^JXJZ#mgPRzgZ L
�¢b[]EZ L P��;^)`nL[jJ]_bJ�nX;m : ³g` L �)}J^�>H�

Ve�
�¥P�^J]\P4XgbJZEafX[Z\PR]\PRl\Z_Pqm-�[±�Q�^kZr` L afXnj��;XJZ_P�®gZ_�;]\PRm�^J]\PR^)lqhx� L ±�Xgb)ZM�nl_P�^)X�^k�fj)b[]\afZ L Q � L ai` L
Q�^)Z_` L bJXg�f±�]_P&�fai^)�g�fP 8¦aH� P�Z_P�®gZ_�;]\PRm�A�^)]_Pq^JlO�n�gZ��MafZ L bJ�gZ�l_Z_]_PqXgjJZ L `�b[Xnl_Z_]r^kaiXJZrl��ca-LkP#PRzgaiz;bJ�f^J]�`�b[Xnl\Zr]_^)afX[Z
^JXnm�mnaflrzg�i^)`�PRQ1PqX[Z��£bJ�;Xnm
� C XgP�`q^)XCaiX[Z\PR]_z£b)�i^kZ_P�Z L P�bJZ L PR]�bJXgPRl!�MafZ L ^�Zr]\ai^)Xgj[�g�i^kZ\afbJXCafX�Z L P
aiQ�^kjJPqlq� y P&j)afbJX�jJ]_bw�MaiXgj�Q�^kZr` L aiXgjJlM^J]\P4]_Pq^)l_bJX;^)�g�f±�P���Pq`�Z_acvJP4P&vJPqX��MacZ L bJ�gZ,lr�n` L `�b[Xnl\Zr]_^)afX[Zrl&�

y Pqj)afbJX�jJ]_bw�MafXnj�ail�^-`��i^)lrl\ai`�^)znz;]\b[^)` L �¢b[]�l\PqjJQ1PqX[Zr^kZ\afbJX : < ³YJ1=�>Hh5: uCbJX"JYG0>e��VYX�afZ_lUl\aiQ�zg�cPRl\Z
l_PqX;l\PJh£]_P&j)afbJX-j[]\bw�MaiXgj�ail!Z L P�zn]_bg`�PRl_l!bk��Q1Pq]_j)aiXgj�XgPqacj L �£bJ]_aiXgj�zgac®xPq�fl,8¦b[]!`�bJ�c�fPq`&Z\afbJXnl!bk�µzgac®gP&�il(A
aiX[Z\b$�f^J]\jJPq]�]\Pqj)afbJXnl��n^)l_Pqm«bJX L bJQ1b)jJPqXgPqacZ¤±¨zn]_bJz£Pq]_Z\afPql 8?`��Y� : < ³YJ1=�>BA � y P&jJacb[X�jJ]_bw�MaiXgj�mgPRXnl\P
Q�^)Z_` L aiXgjJl�^)]_P�j[]\PqPqmg±�^k�fj)b[]\afZ L Q1l�^)Xnm�Z L PR]\P&�¢bJ]_P�Z L P&±C^)]_P�l_aiQ1zn�cP�^)XnmCP���`�afPqX[Z&¶�^kZ�Pq^)` L l\Z_PqzOh
^�XgPq� Q1^)Z_` L afl!zgaf`nL)Pqm��¦]_bJQ Z L PUl_P&ZMbk�#`&�;]_]_PqX[ZMQ�^kZ_` L Pql,^JXnm�afl,�;l\PRm�Z_b�mgP&Z_Pq`&ZMb)Z L Pq],Q�^kZr` L Pql

���.h����
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aiX�afZ_l�XgP&afj L �£bJ] L bxbgm : C ¿;JJ��>HhO: � L �n�1J�>H� KML PUj[]\bw�MZ L bk��Z L P�Q�^kZr` L Pqm�^)]_Pq^�l_Z\b[znl,� L PRXCafZ_l��;b[]Yd
mnPq]rlp^J]\P�l\Z_bJznz£Pqm��[±�afQ�^)j)P��;b[]_mgPR]_lqhxbg`&`��i�nmgPRm�]_P&jJacb[XnlpbJ]p�nX[Z\P�®gZr�n]\PRm�^J]\PR^)lq�  zn^)Z_` L Z\b�zn^kZr` L
]_P&jJacb[X�jJ]_bw�MaiXgjUQ�^kZr` L afXnj�ailEmgPql_acj[XgPqm��[± : C ¿;JJ��>OZ\b�Q�^kZ_` L Z¤�¥b�³ s C K l_^)Z\P&�f�facZ_P�aiQ�^kj)PRl&�
VYX[Z\PR]Yd
PRl\Z_afXnj�]\PRl_�g�fZ_lµ^)]_PMbJ�gZr^kaiXgPqm�Pqv)PqX��¢b[]#�f^J]\jJPMmgaflrzg�i^)`&PqQ1PqX[Z_lqh)�fafZ\Z\�fP!�MaiXnmgbw�,lµ^)Xnm��MafZ L b[�gZ�PRzgafz£b)�i^)]
`&bJXnl_Z_]r^kaiX[Z_l��¢bJ]�b[�gZ_mnb[b[]�l_`&PqXgPRl : � L �;�KJ�>e� C mnmg�f±)h ]\Pqj)afbJXCj[]\bw�MaiXgj-Q�^kZ_` L afXgj[l�l\PqPqQ�l�XgbJZ�Z_bC�;P
`&bJQ�Q1bJXg�f±��nl_Pqm��
Z;[!Z ����df_We4g����]_.a"d���e�	
 �cZ L bJ�nj L j[]_^Jz L ai` L ^)]rmg�E^)]_P�XgP&PRmnl=�nlr�n^)�c�f±�Z_]_af^JXgjJ�g�i^kZ_acb[XnlOZ_b!zn]_bxm;�n`�Pµ�¦^)l_Z=]\PRXnmgPR]\aiXgjJlqh�l\b[Q�Pp^)�xd
Z L bJ]rl�mgailrzg�f^�±�Z L Pqaf]¥mgPqX;l\P!mnaflrzg�i^)`�PRQ1PqX[Z�Q�^)znzgaiXgj[lµ�nl_afXnj�zga¯®gPq�£�[±1zna¯®gP&� ]\PRXnmgPR]\aiXgj�8¦PJ� j£� : ³[Á��)}�>Hh
: ³x` L �J})^?>eh*: ÃEu��HG?>BA � KML P!Q�^kaiX�^)mgvw^)X[Zr^kj)PEb)��Z L ail¥]_PqXnmnPq]_afXgj�ail�Z L ^kZµ^JX[±��¦^k�il_P!Q�^kZ_` L �Maf�f�£�£P,�cb[l\Z
aiXCZ L P�`&]_bw�,mC^)Xnm��;PR`�bJQ1P��nXnXgbJZ\ai`�PR^)�g�fP : ÃEu��HG?>H� KML P�^)mgvw^JXJZr^kjJPql,Z_b�]_Pqz;]\PRl\PRXJZ�Z L P�mgail_zn�f^J`�P�d
Q1PRXJZ°Q1^JznzgaiXgj,�MafZ L Zr]\ai^)Xgj[�g�i^kZ\afbJX�^J]\PJ¶�^M]\PRmn�n`�PRm4`�b[Q1zn�cP&®xafZ¤±�^JXnm4Q1PqQ1bJ]_±)hRP�®nzg�fai`�afZ=Z\b[z;bJ�cbJj)ai`&^)�
]_P&�i^kZ_acb[XnlE^)Xnm�PR^)l_±�afX[Z\PR]_z£b)�i^kZ_acb[X��¢b[]M�nXnQ�^kZr` L Pqm�j[^)znlq�

VYX$`�b[Q1z;�gZ\PR]�vxail\afbJX�hOZ_]_af^JXgjJ�g�i^kZ_acb[Xnl�^)]_PUbk�¢Z_PqX$^)lrl\bg`&af^)Z\PqmC�MacZ L Z L P�zn]\b[�g�fPqQ+bk�pl_�n]\�¦^)`&P1]_P�d
`&bJXnl_Z_]r�n`&Z\afbJXO���£bJ]°l_�n` L ^,`&^Jl\PJhqZ L P¥l_b)�i�gZ\afbJX;l�bJ�nZ_^kaiXgPRm�`�b[�g�fm4z;]\bwvxaimgPµ^,l_b)�i�gZ\afbJX�Z_b,bJ�;]=zn]_bJ�g�fPqQ�¶
]_PqX;mgPq]_afXnjkdebJ]_acPRXJZ_Pqm�l_Z_]r�n`�Zr�n]\P�`&^JX��;P�mgPRmn�n`�PRm��¦]_bJQ ^U]_Pq`&bJXnl_Z_]r�n`&Z\Pqm�l_�n]\�¦^)`&P!l_afQ�zg�f±��[±�z;]\b)tYPq` d
Z_afXnj�Z L P1l_�;]Y�¦^J`�P4Z_]_ai^)Xgj[�g�f^)Z\afbJX�aiXJZ_b�Z L PUvxacPq�,l&� < bw�¥Pqv)Pq]qhnafZ�mgbxPRl,Xgb)Z L ^)X;mg�cP�XgbJX�]_acjJafm�lr`�PRXgPql
�¢b[]1� L af` L Xgb�SkÁ�aiXx�¢b[]_Q�^kZ_acb[X«`q^)XA�;P-bJ�nZ_^kaiXgPRmOhpXnbJ]�`�b[Q1zn�cP&®«l_`&PqXgPRl 8¦Z_]_P&PRl��MacZ L �fPq^�vJPqlU�¢bJ]
aiXnl_Z_^JXn`�P�A�� L Pq]_P�Z L P�SkÁ ]\PR`�bJX;l\Zr]_�n`&Z\afbJX�`&^)X�XgPqv)Pq]M�£P�^)` L acPqv)Pqm��C XgP�`��i^)lrl�bk�,lr�n]\�¦^)`�P�^k�fj)bJ]_afZ L Q�j)PqXnPq]r^kZ\PRl4Z_]_ai^)Xgj[�g�f^)Z\afbJXnl4�¦]\b[Q�mgPRXnl_P�]_^JXgj)P�aiQ�^kjJPqlq���;bJ]
aiXnl_Z_^JXn`�PJh : À4³[ÃM�HG?>Oz;]\PRl\PRXJZE^U�¦^)l_Zp^Jmn^)zgZr^kZ_acvJP!Z_]_ai^)Xgj[�g�f^)Z\afbJXO�  X�aiXJZ_Pq]rQ1Pqmgai^kZ_P�^Jmn^)zgZr^kZ_acvJP�´x�n^wd
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Joint View Triangulation Part in Image 1 Joint View Triangulation Part in Image 2
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L[±�^JXnm L ^k�c�Ebx`q`��i�nmgPRm�^)]_Pq^)l��£P L aiXnm¨Z L P�Z_]r�nX"L �
³xbJQ1P L Pq�n]_afl_Z\ai`&l1`&]_afZ\Pq]_ai^CZ\b¨mgail\Z_afXnjJ�gail L Z L PRQ�`�b[�g�fm��;P�PqX[vxail_^)j)Pqm�Z\b$afQ�zn]_bwv)P�Z L P 
)Â K �n�gZ
Xnb)Z L afXgj�l_�;` L �E^)l!mnbJXgP L Pq]_P)��V¤Z�mgbxPql�Xgb)Z�^w��Pq`&Z�Z L P�
JÂ K `&b L PR]\PRXn`�P 8¦aH� PJ��bJXgP�Z\b�bJXgP1`�bJ]r]_Pql\d
z£bJX;mgPqXn`&PqlM�£P&Z¤�pP&PRX�vJPq]_Z\ai`�PRlp^JXnm-�;PqZ¤�¥PqPqX�`�b[XJZ_bJ�n]EPRmgj)PRl(A �

a � ¹ ��Y?�ZY ½\[ � KML P�jJ�cb[�n^k��zn]_Pq`&afl_afbJX$bk�EbJ�n]U]\PRXnmgPq]_aiXgj�l\Zr]_�n`&Z_�n]_P�ail�­n®gPqm��[±�Z L P�z;^kZ_` L l_ac²qP)¶
]_bJ�nj L �f± J�zga¯®gPq�flq� s ^)Z_` L �caiQ1acZr^kZ_acb[Xnl 8Hl\af²&P$^)Xnmª]\PqjJ�g�i^)]��fbg`&^)Z\afbJX aiX©Z L P$�fP��¢Z�aiQ�^kjJP�A�b)��bJ�n]
aiQ�zg�fPqQ1PqX[Z_^)Z\afbJX�^JXnm-afQ�zn]_Pq`&afl_PUl_Z\b[znl,b)�#z;]\b[zn^kj[^kZ\afbJX-^)Z,bg`&`��i�nl_acb[X�`�b[XJZ_bJ�n]rlM^)]_P�Z L P�`q^)�nl_PqlMb)�
aiQ�zn]_Pq`�ail_P�^)z;zn]\b�®gaiQ�^kZ\afbJX�^JXnm�mnaflrzg�i^�±�bk�µZ L P�Zr]_�;X"L��;b[]_mnPq]rl&� KML P�Q1bJ]rz L aiXgj�]_Pqlr�g�fZ�lr�x��Pq]rl�b)�
Z L P��f^J`nL-bk�¥z;]\PR`�ail\afbJX��;PR`&^)�;l\P1Z L P�Q�^kZr` L aiXgj�b[]_mnPq]_afXgj-`�b[Xnl_Z_]r^kaiXJZ�afl�vxafb)�i^kZ_PqmO��Ve�Ezn^kZr` L l_af²&P1afl
Z_bxb��i^)]_j)PJh[Z L P4^)znz;]\b�®gaiQ1^)Z\afbJX�ailEZ\bxb�`�b[^)]rl\PJ� C X�Z L P4bJZ L PR] L ^)Xnm�hgZ L P4zn^)Z_` L ­;Z\Z_afXgj�ailM�nXnl_Z_^J�g�cP
ac�
acZMailEZ\b�lrQ�^k�f�?�  Q1bJ]_P4mgP&Zr^kaf�cPRm�mnaflr`&�nlrl_acb[X�^J�;b[�gZMzn^kZr` L l_ac²qP4aflEjJacvJPqX�afX-lr�n�nl_Pq`&Z\afbJX Gx� =g�

X �q�g� Y � Y¢� º � K bCaf�c�i�nl_Z_]r^kZ_P�Z L P�l\Zr^)�gaf�cafZ¤±$bk�MbJ�n]�Q1P&Z L bxm�h �pP�zn]_bJz£bJl_P�^�l_Pq`�b[Xnm¨P�®nz£Pq]_afQ1PRXJZ
8Hl\PqPU�
afjJ�n]_PRGKAMbJX�Z L P�lr^)Q1P�afQ�^kjJPUzn^)af]q�   P�Q�^)Xx�n^)�c�f±-l\PqZ,�¢bJ�;]�l_P&PRmCz;bJafX[Z�Q1^)Z_` L PRl!�MafZ L ~�dY�
zna¯®gP&��^J`&`q�n]_^J`�±

~)�EafX-^��n�nl L ^kZMZ L P4�cP&�¢ZMbk� Z L P4aiQ�^kj)PRl&�

�g�EafX�Z L P��;bw�pPq]E^kZMZ L P�]\afj L ZEbk� Z L P4aiQ�^kjJPql

Sn�MXgPq^J]EZ L P�`&PqX[Z\PR]Ebk�
Z L P4Zr]_�;X"L
E;�M^kZ,^ L b[�nl\P��MaiXnmgbw�7XgPq^J]EZ L P�`&PqX[Z\PR]Ebk�°Z L P4aiQ1^)j)PRl

^JXnm¬�nl_PCZ L PqQ ^Jl�l_P&PqmªQ1^)Z_` L PRl��¢b[]�^�z;]\b[zn^kj[^kZ\afbJX�� 	¥^)` L b[XgPCail�lr�x��`�afPqX[Z�Z\b�z;]\bwvJb1LkP�^JX
^�vw^)�f^JXn` L P,b)�°`�b[]_]_Pq`&ZµQ�^kZ_` L Pql¥afX�Pq^J` L bk��Z L P��¢bJ�n]¥afl_b)�i^kZ_Pqm�^JXnm�Z_P�®gZ_�;]\PRm�]_P&j)afbJX�� KML P�]_Pqlr�g�cZ_afXnj

JÂ K ail�XgPq^J]\�f±�Z L P�l_^JQ1P-^Jl�afXAZ L P�­£]rl\Z�P&®gz£Pq]_aiQ�PRX[Z�^)XnmA�pP L ^�v)P-Xgb)Z�b[�nl_Pq]_v)Pqm�Xgb)Z_af`&Pq^J�g�cP
�n�f�nX;mgPq]rlp�¢bJ]EZ L P�Q1bJ]rz L aiXgj;�

��[!Z � a"c�� � 	 � 
D_ 
�
�� � 	

KML P��¢b)�f�cbw�MaiXgj�P�®n^JQ1zn�cPRlM^)]_P4bJ�gZr^kaiXgPqm�aiX-Z L PUlr^)Q1P4`�b[XnmgafZ\afbJXnlq¶µzgac®gP&�°Z\b�zgac®gP&�°]_P&jJacb[X�j[]\bw�MaiXgj£h
lr^)Q1P4zn^J]_^JQ�PqZ\PR]_lE^)X;m�Xgb�PRzgafz£b)�i^)]M`&bJXnl_Z_]r^kaiX[Z&�

KML P L bJ�;l\P�aiQ�^kjJP�zn^kai]�ail�l L bw�,X$aiX��
acj[�n]\P Jn� KML P�Q�^)Z_` L aiXgjCail�mna¯��`&�n�cZ�afX�Z L P�­£XnP�^)X;m
]_Pqz£P&Z_acZ_acvJP�Z_P�®gZ_�n]_P�b)�!Z L P�j[]_^Jl_l��£P&�fbw� Z L P L b[�nl_P)h#aiX��fbw��Z_P�®gZ_�;]\PRm«^)]_Pq^Jl4aiX�Z L P��¢bJj)j)±¨�n^J`nL)d
j[]\b[�nXnm�^JXnm�aiX�Z L P-�n�nl L Pql�^)Z1Z L P�afQ�^kjJP��£b)Z_Z\b[Q�mn�gP-Z\b$Z\P&®xZr�n]_P�lr^)Q�zg�fafXnj$^JXnm�Z L P-�f^J`nL�b)�
l_P&PRm�Q�^)Z_` L PRl&� 	¥lrz;PR`�ai^k�f�c±CaiX�Z L P�j[]_^Jl_l�^)Xnm$�n�nl L PRl4`&^)l_PqlqhOZ L P�Q�^)afX�j)b[^k�il�b)�¥Z L P 
)Â K ail�Z L P
]_PYtYPR`�Z_acb[X�7w^J`&`�PRzgZ_^JXn`�P�b)�EQ�^kZr` L aiXgjC^)Xnm¨Z L P�aiX[Z\Pq]rz£b)�i^kZ\afbJX$b)�pPRXn`��fbJl_Pqm¨^)X;m��nXnQ�^kZr` L Pqm�^J]\PR^)lq�
KML P�Q�b[]_z L afXnj�l_Z\PRz�ailMPR^)l_acPR]EZ L ^JX�Z L P�zn]_P&vxafbJ�nlElr`�PqXnP4Z L ^JX"LxlEZ\b�Z L ^kZMZ L P4bJ]rmgPq]_afXnj1`&bJXnl_Z_]r^kaiX[Z
b)��Z L P1Q�^kZ_` L Pql�afl�zn]_Pql_Pq]_v)Pqm�� KML Pql_P&Gk}KJ � =g~���aiQ1^)j)PRl!^)]_PUQ�^kZr` L PqmCafX��KJ)l,8?})l,�¢bJ]�l\PqPqmnlqhO�)�kl
�¢b[],zn]_bJzn^)jJ^)Z\afbJX�A¥^)X;m-Z L P 
JÂ K ail!`�b[Xnl_Z_]r�n`�Z_Pqm�afX¨~?J)lq� s ]\b[zn^kj[^kZ_acb[X�`&^JX-�;PUmnbJXgP�aiX¨~QE[lM�nl_afXgj
lrQ�^k�f� S ��SU�MaiXnmgbw�,lqhg�n�gZpZ L P��¢bJj)j)±��n^J`nL[jJ]_bJ�nXnm�^JXnm�^1zn^)]_Zpbk�=Z L P�j[]_^Jl_l¥`&^JX�XgbJZp�£P�`&bJ]r]\PR`�Z_�c±
Q�^)Z_` L PRmO�

���.h����
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(a)

(b)

(c)
�
afjJ�n]_P&Gg¶!�
�fbw�¥PR],jJ^J]_mnPqX�aiQ�^kj)P1zn^kai]�^)XnmC�¢bJ�n]�Q�^)Xx�n^)�
l_P&PRmCQ�^kZr` L PqlR8?^YA hOZ L P1]_Pqlr�g�fZ\aiXgj 8?Xgb[X
]_afj)aim�A¥]\Pqj)afbJX�j[]\bw�MaiXgj�mgPqX;l\P4Q�^kZr` L afXnj 8H��AE^JXnm�tYbJafX[ZMvxafP&�ªZr]\ai^)XnjJ�g�i^kZ_acb[X 8H`?A �

h)hjiWk0lnm?ofp



~R} � ���K�5�����������5#5# �����

KML P�l_Z_]_P&PqZEafQ�^kjJP4zn^kai]pafl,l L bw�,X�afX��
acj[�n]_P��;� KML Pql_P Gw}1J � =g~���aiQ�^kj)PRlM^)]_P�Q�^)Z_` L PRm�aiX���EJl
8H})lE�¢b[],l_P&Pqm;l&h°~0J)lp�¢b[]!zn]_bJz;^kjJ^)Z\afbJX�A¥^JXnm�Z L P 
JÂ K ail,`�b[Xnl_Z_]r�n`�Z_Pqm-aiX¨~?=klq���°a$L)P4afX-Z L PUzn]_P&vxafbJ�nl
j[]_^Jl_lU`&^)l_P)h
b[Xg�c±�^Clrzn^J]_l_P�l_P&ZUb)�!l_Q�^)�c�pQ1^)Z_` L PRm�^)]_Pq^Jl�^)]_P�]_P&Zr^kaiXgPqm��[±¨Z L P 
JÂ K aiX�Z L P�­£XgP
Z_P�®gZ_�;]\P,b)��Z L P�]\b[^)mO� KML P 
JÂ K ­£�c�ilµZ L P!j[^)znlµ^kZµZ L P�Q1b[]_z L afXgj�l\Z_PqzO� < bw�pP&vJPq]#�n^Jm�Q�^kZr` L Pql¥^)]_P
^J`&`&PqzgZ_Pqm-�[± 
JÂ K XgPq^J]MZ L P�]_afj L Z,^)Xnm�Z_bJz-`�b[]_XgPR]Ebk�#Z L P4�cP&�¢Z,afQ�^)j)P)¶µZ L P4­ ]_l_ZMafX�Z L PU]_Pqz£P&Z\afZ\afv)P
Z_P�®gZ_�;]\P-bk��Z L PC]\bxbk�YhpZ L PCl\PR`�bJX;m�^)Z�Z L PC`&bJ]rXgPq]1bk��Z L P L bJ�nl_P-�MafX;mgbw�4� KML PC`�b[]_XnPq]1�MafX;mgbw�
Q�^)Z_` L j)PqXnPq]r^kZ\PRlµZ L P�Q�^kaiX��n�f�nX;mgPq]E� L af�fP�Q1b[]_z L afXgj�Pnl_�;` L ^JX�^J]\Z_a¯�¦^J`�ZpaflEPR^)l_ac�f±�]_PqQ1bwv)PRm��nl_afXgj
Z L P4Pqznafz£b)�i^)]M`&bJXnl_Z_]r^kaiX[ZpaiX�Z L P�zn]\b[zn^kj[^kZ_acb[X�l_Z\Pqz-^k�¢Z\Pq]EafZ_l�]\PR`�bwvJPq]_±1aiX�Z L P�l\PqPqm�z;bJafX[Z!Q�^kZr` L Pql
l_Z\PRzO� KML P4Q1bJ]rz L aiXgj�]\PRl_�n�cZMailMl L bw�,X�aiX�� afjJ�;]\P4�1�MacZ L bJ�nZMZ L P��nl_P�bk�
Pqzgaiz£b)�i^)]M`�b[Xnl_Z_]r^kaiXJZq�

� � �1�-�,%&�-�
�����

 XgPq� Q1P&Z L bgmCail�z;]\b[z;b[l\PRm-�¢bJ]�Z L P�^J�gZ\b[Q�^kZ\ai`�aiQ�^kjJP�aiX[Z\Pq]rz£b)�i^kZ\afbJXCbk�µZ¤�pb�vxafP&�,lqh�� L af` L `&^JX
mnPq^k�il1�MacZ L XnbJX«]_afj)aim�lr`�PRXgP�^JXnm��i^)]_j)P-`&^JQ1Pq]r^�Q1b)Z_acb[Xnl&�«� ai]rl\Zqhµ�pP�zn]_Pql_PqX[Z�^$jJ]_P&Pqmn±¨]_P&jJacb[X
j[]\bw�MaiXgj$�n^)l_Pqm�mgPqXnl_P�Q�^kZ_` L afXgj¨^k�fj)b[]\afZ L Q Z\b$bJ�gZr^kaiX«Z L P�mgaflrzg�i^)`&PqQ1PqX[Z�Q�^)znzgaiXgj$afXAPRXgbJ�gj L
Z_P�®gZ_�;]\PRmª^)]_Pq^Jl�b)��Z L P¨aiQ1^)j)PRl&� ³[Pq`&bJXnm�h!Z L afl-mgail_zn�f^J`�PqQ1PRXJZ�afl-`&bJX[v)PR]\Z_Pqm aiXJZ_bA^�]\PRXnmgPR]\aiXgjkd
b[]\afPqX[Z_Pqm�]_Pqz;]\PRl\PRXJZr^kZ_acb[X�� L ai` L �pP4`&^k�f� 
)bJafX[ZEÂ!afP&� K ]_ai^)Xgj[�g�f^)Z\afbJXO� KML ailM`�b[XJvJPq]rl\afbJX�` L Pq`nLxlpZ L P
Q�^)Z_` L aiXgj�`�b L Pq]_PqXn`&P��nl_aiXgj��cbg`&^)�Oj)PqbJQ1P&Zr]\ai`�`&bJXnl_Z_]r^kaiX[Z_lq�  
JÂ K Q1bxmnP&�ilEv[ail_af�gaf�facZ¤±�aiXx�¢b[]_Q�^kZ_acb[X
�[±�l_Pqzn^J]_^)Z\aiXgj�Q1^)Z_` L PRm�^JXnm��;XnQ�^kZ_` L Pqm�^)]_Pq^)lqhg^)Xnm��[±�Q�^kZ_` L afXgj�zn]_aiQ�afZ\afv)PRlpbk� `&bJQ�Q1bJX�^)]_Pq^Jl
�£P&Z¤�pP&PRX�Z L P4Z¤�pb1aiQ�^kjJPqlq� �
aiXn^k�f�f±)hnb[�n]El\Zr]_�n`&Z_�n]_P4ailM�nl\PRm�afX�Z L P�Q1b[]_z L afXgj�l_Z\PRzO�

KML ail�^Jznzn]_bJ^)` L afQ�zn]_bwv)PRl°P&®gafl_Z\aiXgj�bJXgPRl
afX�mgac��Pq]_PqX[Z
�p^�±glq¶�acZ�mnb[PRl#Xgb)Z�^Jl_lr�nQ1PE]\afj)aimgafZ¤±�bk��Z L P
b[�nl_Pq]_v)PqmUl_`&PqXgPRl&hwPqv)PqXUa¯��]\afj)aimgafZ¤±�`�b[Xnl\Zr]_^)afX[Z
`&^JX�aiQ1z;]\bwvJPµZ L PE]_Pqlr�g�fZ#´[�;^k�facZ¤±J�=V¤Z#zn]_bwv[aimgPRl ^JXUXgPq�
aiQ�^kjJP�Q1Pql L l\Zr]_�;`�Z_�;]\P�� L af` L�L ^)Xnmg�fPql�Z L P�Q�^kZr` L Pqm�^JXnm��nX;Q1^)Z_` L PRm�]_P&j)afbJX�� KML ailUl_Z_]r�n`�Zr�n]\P
^)�c�fbw�,l�l_afQ�zg�fP�l_Z_^)X;mn^)]rm�mnaflrzg�i^�±�^k�fj)b[]\afZ L Q1l�Z_b«]r�nXAafX©]_Pq^)�cZ_afQ1P-�¢bJ]�^)XgaiQ�^kZ\afbJX zn�;]_z£bJl_P��ca-LkP
`q^)Q1Pq]r^1Q�bJZ\afbJX�l\aiQU�n�f^)Z\afbJXO�

KML PR]\P�l\Z_ac�f�=P&®xail_Z_l!^�Xx�nQ��;PR],b)�
�E^�±glEZ\b�aiQ�zn]_bwv)P4bJ�;],Q1P&Z L bxm��p�
ai]_l_Z&h Z L P 
)Â K ^)`&`q�n]r^)`�±�afl
�faiQ�afZ\PRm-�J±�Z L P�­n®gPqm�zn^)Z_` L l\af²&P4^)X;m��fbg`&^kZ_acb[Xnlpbk� bJ�n]EaiQ�zg�cPRQ1PqX[Z_^)Z\afbJXO�   P L ^�v)P�l\PqPqX�Z L ^)ZMZ L P
Q1b[]_z L afXgj�´x�n^k�fafZ¤±�l_�x��Pq]rlpbk�=Z L ailE�f^J`nL�b)� ^J`&`&�;]_^J`�±�^kZpZ L P4Q�^kZr` L Pqm�^)]_Pq^Jl¥�£bJ�nX;mn^)]_acPRlp� L PqX�Z L P
Q�^)Z_` L aiXgj,b[]_mgPR]\aiXgj,`&bJXnl_Z_]r^kaiX[ZOafl°vxacbJ�f^)Z\Pqm&8?P)� j;�°Z L P¥Z_]r�nX"L"A � VYX4Z L afl°`&^)l_P)hw^,�£bJ�;Xnmn^)]_±�]\P&­£XgPqQ1PRXJZ
ail�XgPq`&Pqlrl_^J]\±J��Â�^J]\ai^)�g�fP�l_af²&P�zn^kZr` L Pql��¥b[�g�imC�;P�^�j)bxbgm��p^�±�Z\b-]_Pqzn]_Pql_PqX[Z�Q�^)Z_` L PRmC]\Pqj)afbJXnl!�ca-LkP
Z L aiX�bJ�xtYPR`�Zrl,8?P)� j;�!Pq�cPR`�Zr]\ai` d¤z;b[l\ZnAEb[],�i^)]_j)P�^)X;mC�nX[Z\P&®xZr�n]_PqmC]_P&jJacb[Xnl 8?P)� j;��Q�^JX[�g�¦^)`�Zr�n]_Pqm-bJ�gtYPq`�Z
z;^)]_Z_lnA��MafZ L Q1bJ]_P4zn]_Pq`�ail_P��£bJ]rmgPR]_lq�

³[PR`�b[Xnmg�f±)hxl\b[Q�P,�;XnQ�^kZ_` L Pqm�jJ^Jznl
bk�OZ L P!mgPRXnl\P�Q1^)Z_` L aiXgj�^J]\PE­;�f�fPqm��nl_afXnj

)Â K �[±�afX[Z\PR]_z£b)�i^wd
Z_acb[XO� KML Pql_PMjJ^Jznl#^)]_PMmn�gPMZ\b4Z L P,�nX[Z\P&®gZ_�n]_Pqm�^)]_Pq^Jl
^)Xnm�Q�^kZr` L afXnj�PR]_]_bJ]rlqhk^)Xnm1Z L P,zn]\b[�g�fPqQ ail#Z\b
mnafl_Z\aiXgjJ�nafl L Z L PRQ �¦]_bJQ L ^k�c�
bg`q`��i�nmgPqm-^J]\PR^)lq�   P�`&bJ�g�im-mgP&Z_Pq`�Z!Z L PRQ �nl_aiXgj L Pq�n]_ail\Z_af`4`q]\afZ\PR]\afbJXnl
�;^)l_PqmCb[X�l_af²&P)h�mnafl_Z\b[]\Z_acb[X��£P&Z¤�pP&PRXCaiQ1^)j)PRl&hOZ_bJz£b)�fb)j)ai`&^)�#`�bJX;l\Zr]_^)afX[Z_l�^)X;m�Z_P�®gZ_�n]_P�afXg�¢bJ]rQ1^)Z\afbJXO�
< bw�¥Pqv)PR]�`&^J]\P&�¦�g�JP&®nz;PR]\aiQ1PqX[Z_^)Z\afbJX L ^Jl=Z_b��£Ppz£Pq]\�¢bJ]rQ1Pqm4aiX4bJ]rmgPR]�Z\b�l\PqPµ� L ^)Z°]_Pq^)�)aiQ1z;]\bwvJPqQ1PqX[Z_l
Z L Pql_P�Q1PqZ L bgmnl�^)]_P��n]_afXgjJafXnj�afX��!�
afX;^k�f�c± 
)Â K l L bJ�g�imC^k�il_b��;P��nl_Pqm��¢bJ]�l_�;]Y�¦^J`�PU]_Pq`&bJXnl_Z_]r�n`�Z_acb[X
^JXnm1Z L ail��pbJ] L4l L bJ�g�im�j)PRXgPq]r^k�faf²&PqmU�¢bJ]#^JX�^)]r�gacZr]_^J]\±�X[�;QU�£Pq]#b)� vxafP&�,lq�   P!^)]_PMzg�i^)XnXgaiXgj4Z_b4�¥b[]
L
b[X�Z L Pql_P�zn]_bJ�g�fPqQ�lEaiX�^�XnPq^)]¥�¦�gZr�n]_P)�

���.h����
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aiX[Z\PR]_l_Pq`&Z_lM^)X�Pqmnj)P�bk�
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acj[�n]\P�~?Jn� EYA ¶

row n-1

row n :

row n-1 :

row n :

1) We have : 2) We want :

row n-1 :

row n :

row n-1

row n :

row n :

row n-1 :

pass 1 pass 2

4) So we use a two pass algorithm to make the row n :

3) But the two following and intermediate steps are forbidden
because of the topologic limitation :
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�
�
�
�������� ��
 ���

ISSN 0249-6399


