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QbS+h�_ayK_ki�egh¼ÂPhPeg©>]Neg­^_aS+hPe2h�]N©PhPS}�\ij_kSR]a]kS�|¼¿ S+·\�~c�©^_aije2h³]kyK_ki«]{l¢ygi«]kygh2_kS2¯

TwegQbQbS+h � e2h�]Iz�yKoÚ|^�Rc+oki�okS�´�yuzPoaijQbij_ki��gSNª�©PS�h�eg©�]-yK´�´�egh�]�_koqyKij_kSRo�Á�´�y¸|^oaegij_kS2¯��4yuokSRzPok�~]{SRh2_ayK_ki�egh
cRyKok_k�R]ki�S+hPhPS¬§ÇcK¿ SR]{_�� ±�� |^ijoaS}´�S�c+eg©PzP´�S

(a, b)
_ki�ok��|^S�´Ç¿ �Rª�©�yK_ki�egh

y = ax + b
¨DhPS�zAS+okQbS+_¸|^S¶z�y2]À|PS

oaS+zPoa�R]kS+h�_kS+oÃyG�gSRcN´«y�Q76+QbSdz�ok�~c�i«]{i�eghb´jS~]Ã|^i 8A�RokSRh2_kS~],e2oki�S+h�_ay�_aije2h�]R¯�r ´>h¼¿ S~]`_�|Ò¿ ygij´�´�S+©Poq]Úz�y2]ÚzAe�]k]kij­�´jS
|^S¶oaS+z�ok�~]{SRh2_kSRoÀc+egoaokS~cÄ_kSRQbS+h2_À©Ph�S�|^oaegij_kS�z>yKoqyK´�´jOR´jS¶±�´6¿ yK·^S

y
ÉAcg¿ S~]`_uzAe2©Pouc+S+´«y�ª�©PS¶hPeg©�]Àe2z^_ke2h�]

zAe2©Po,©Ph�SdoaS+zPoa�R]kS+h2_qy�_aije2hEzAeg´«yKi�oaSg¯;PdhPSu|^oaegij_kSDS~]`_wz�yKoqyKQb��_aok�RSNz�ygoÃ|^SR©^·E�KyK´�S+©Poq]DÁ
ρ
S+_

θ
Â2c+egQbQbS

|^�~c�oaiÅ_�]k©Pow´�y���f2©PokS � �ÒÎ`ÌÄÏG¯^TwS�_k_kSÀl¢egi«]RÂg_keg©P_kSR]w´jS~]ÃegoaijSRh2_qy�_ki�egh>],]kegh�_ÃzAe�]k]ki�­P´jS~]ÃyG�gSRcD©Ph�SÀzPoa�Rc+i�]kije2h
c+egh�]{_aygh2_kS2ÂRS�_I´�yÀ|Pi�]{_aygh�c�SÃz�ygo4oqyKz�zAegok_4±d´6¿ e2oki�f2ijhPS,zASRokQbS�_-|^SÃz�´�y2c�S+o�´�yÀ|Poke2iÅ_aSÃ|�yKh�]4´6¿ S~]{z>ygc�S2¯RÐÀeg©�]
yg©Poki�egh>]-zP©�©^_aij´�i�]kS+ow|^S~],]kS+f2QbS+h2_q],yK©�´ji�S+©�|^S~],|^oaegij_aSR]RÂKQbygi�],´jSR©Pow|^��_kS~cÄ_aije2hbS~]`_ÃzP´�©�]Ãc+egQbzP´�i�ª�©P�RS,É
´�S+©PoN©�]kygfgSÀS~]`_NzP´�©^_ �g_Nok�~]{SRok�g�u±¶´«y¶okS~c�e2h�]`_aok©>cÄ_ki�egh¬ºg»�Â\i�´Ah4¿ S~]`_Nz�y2]4p`©�]{_ki ���¸zAeg©�o�´�y�|^�+_kS~cÄ_ki�egh�|^S
´�ijf2hPSR]¸|^S¶l¢©Pij_kSg¯&n-eg©�o¸|^�+_kS~cÄ_kSRo�|^SR]¸]kS+f2QESRh2_q]+ÂAhPeg©�]uzAeg©P�ge2h�]u|PyKh>]À©Ph²z�okSRQEi�S+ou_kS+Qbz�]�|^��_aSRcÄ_aS+o
|^S~]¸|^oaegij_kS~]+ÂAzP©Pi«]¸|^�+_kSRokQbi�hPS+o�ª�©PSR´�]¸]kegh�_¸´jS~]uzPij·^S+´«]¸|^SEc+SR]¸|^oaegij_kS~]uygzPz�yKok_kSRh�yKh�_¸yK©^·²c�egh�_keg©�oa]¼É
c+S�_{_aS�Q�yKhPi�zP©P´«y�_aije2h�SR]{_N©�h�zAS+©�zP´j©>]N´je2hPfg©PS¸SRh¬_aS+Qbz�]D|¼¿ S+·\�~c�©^_aije2h¼Â^Q�yKi«]�´�S¸zPoaeg­�´jORQES¸z�oke��\ijSRh2_
]k©Pok_keg©P_¶|^S�´«y³zAe2]a]kij­P´�S�zPok�~]{SRh�c�S�|^S�h�egQ¶­PoaS+©^·"]{SRfgQbS+h�_a]}z�ygoay2]{ij_kS~]+Â¼±0c+yg©�]kS�|^S~]�l¢S+©�ij´�´�SR]¶|Ò¿ ©Ph
ygok­PoaSEz�yKo}S+·\SRQbzP´jS2¯¼��y�lmyKi�­P´�Sb´�eghPf2©PS+©Po�|^S�c�S+ok_qyKi�h�]�]kS+f2QbS+h2_q]�zAS+©^_¶ygzPzAegok_kSRo}yK©�]a]ki-­AS~yK©�c+eg©Pz
|Ò¿ i�QEz�ok�~c�i«]{i�egh³]{©PoD´�S+©�oDegoai�S+h2_qy�_aije2h¼¯

�,¿ SR]kz�ygc�S�|PS�´�y�_koqyKh>]`l¢e2okQb�+S�|^S �de2©PfgM³ª2©�S�hPeg©�]DyK´�´�egh�]�©^_aij´�i«]{SRoDSR]{_DokSRzPok�~]{SRh2_k��]k©PoD´�y ��fg©�okS
� �ÒÎ�� Ï�¯~r ´\SR]{_-|^i«]ac�oa��_ki«]k�w|^S�Q�yKhPi�O+oaS�±�6�_aokSw©Ph¶_ayg­P´�SRyK©�±¸�À|^i�QbS+h�]ki�egh�]-y~�gS~c,©Ph�hPe2Q¶­PokSwi�QbzAegok_ayKh�_
|^S�¦a£%�S�ç����£ 'Ä¯�Y\©Po�´6¿ y�·^S¸|^SR]NyK­�]ac�i«]k]kSR]RÂ2hPeg©>]Ã_koaeg©P�ge2h�]Ã´�SR]�|Pi 8&�+oaS+h2_aSR]�egoai�S+h2_qy�_aije2h�]ÃzAe2]a]{i�­P´�SR]�|Ò¿ ©�hPS
|^oaegij_kS¶§myg´j´«yKh�_w|^S

0
±

2π
oay2|^i�ygh�]q¨Ä¯2Y\©Pow´Ç¿ y�·^SÀ|^SR],e2oa|PeghPhP�RSR]RÂ�´«y�|^i«]`_qyKh�c+Sd|¼¿ ©Ph�SÀ|^oaegij_kSÀ±}´Ç¿ egoai�fgi�hPS

��ygoki�SC|PS −ρmax

±
+ρmax

¯DTwS+_{_aS¾|^i«]`_qyKh�c+SCQ�y�·^i�Q¶©PQ zAS+©P_ 6�_aokS¾c+yg´�c+©P´j�RS²yKi�h�]ki�§
largeur

S+_
hauteur

�+_ayKh�_D´�SR]d|^i�QbS+h�]kije2h�]D|^S}´6¿ i�Q�yKfgS�egoai�fgi�h�yK´�SuSRh�zPij·^S+´«]a¨¸Á

ρmax =
⌈

√

largeur2 + hauteur2

⌉

sÀ©²|^�+z>yKok_RÂ�_ke2©^_kS~]À´jS~]uc+yg]kSR]À]kegh�_Ài�hPij_ki«yK´�i«]{�+S~]À±
0
§m��yg´jSR©PoÀS+h�_ki�O+oaS~¨Ä¯&s�cqM�ygª�©PS¶zAegi�h2_¸|PS¶´Ç¿ i�QbygfgS

|^S¶c+egh2_aeg©Poq]d]{SRoay�yg]a]{ePc�i��+S�©PhPS¶c+eg©Poa­AS�_koqygc+�+S�|PyKh>]dc+S�_ÀSR]kz�y2c�S,É�cqM�ygª�©PS¶c+yg]kS}oaSRc�e2©P�gS+ok_kS�z>yKod´«y
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c+eg©Poa­AS�S~]`_}ijh>c�oa�+QbS+h2_a�+S�|^S
1
¯�TwSbzPoki�h�c+ijzAS�|^Sbc+egQbz^_qyKfgSb]+¿ yKzPzASR´j´�S0Ìg¦q¦+�^Ë����jÌK�Ç¥m�K��¯4�¼SR]}|^i�QESRh �

]kije2h�]b|^S�´«y¾fgoaij´�´�S�|Ò¿ ygc+c+©PQ¶©P´«y�_aije2h°hPS0|^egi��gS+h�_bz�y2]N6+_koaS�_koaegzµzAS�_kij_aSR]0§¢Q�ygh�ª�©PS³|^S³zPok�~c�i«]{i�eghA¨ÄÂ
hPi,_aoke2z"fgoqyKh�|^S~]�§my2c+c�©�Q¶©P´�yK_ki�egh"i�h�]{©PÑ�]ayKh�_kS¬|PyKh�]�´jS~]�c+S+´�´j©�´jS~]a¨�¯¼vÃ´j´�SR]�zASR©P�gS+h�_�6�_aokS ��·\�RSR]�z�yKo
´6¿ ©P_ki�´ji«]ay�_kSR©Po�e2©�]{zA�~c�i ���+SR]NyK©^_aegQ�y�_ai�ª�©PSRQESRh2_~¯\»¸yKh�]Nc�S�|^S+oahPi�S+oNc+y2]+Â�hPe2©�]�caM�egi«]{i«]a]{e2h�]Ã|PS �P·^SRo�´jS
hPe2Q¶­PoaS�|Ò¿ egoai�S+h2_qy�_aije2h�]�zAe�]k]kij­�´jS~]N|^S~]D|^oaegij_kS~]D±�´«yE´«yKoafgSR©PoN|^S}´6¿ i�Q�yKf2S¸SRh�zPij·^S+´«]+¯

Pdhµz>e2i�h2_b|PS�´6¿ i�Q�yKfgS�|^S�c+egh2_aeg©Poq]¶SR]{_bc+egh�]ki�|P�+oa�+S�c�egQbQbS�´6¿ i�h2_aS+oq]{S~cÄ_ki�eghµ|Ò¿ ©PhPS�ijh ��hPij_k�³|^S
|^oaegij_kS~]�§ �>fg©PoaS � �ÒÎ`¦`ÏG¨Ä¯�Y^y2caM�ygh2_¶ª�©PS�cqM�ygª�©PS�|^oke2iÅ_aSEl¢e2okQbSb©�h"zAegi�h2_�|PyKh�]}´6¿ S~]{z>ygc�S�|^S �de2©PfgM4Â
©PhPS}i�h ��hPij_k�¶|^S�|^oke2iÅ_aSR]�l¢egoaQbS�©PhPS�c�e2©Pok­AS}|Ò¿ �Rª�©�y�_aije2h¾Á

ρ = x cos(θ) + y sin(θ)

(x, y)
�+_ayKh�_d´jS~]Dc�e\e2oa|PeghPhP�RSR]wSRh�zPij·^S+´«]D|^©³zAegi�h2_À±�_aoaygh�]`l¢e2okQbS+o~¯

nIeg©�ouzAe2©P�gegi�o¸|^��_aSRcÄ_aS+o¸´�SR]¸|^oaegij_kS~]ÀzPoa�R]{SRh2_aSR]u|�yKh�]u´Ç¿ i�QbygfgS2Â>i�´�lmyK©P_�|^��_aSRc�_kS+o¸´�SR]uzPoai�h�c�i�z�yK©P·
yg´ji�fghPSRQbS+h2_q]u|PS�zAegi�h2_q]+¯&�4egoq]kª�©PS�|^SR]¸zAegi�h2_a]E§mi�h2_kSRoa]kSRc�_ki�egh�]¸|Ò¿ ©PhPSEijh ��hPij_k�b|^SE|Poke2iÅ_aSR]q¨d]kegh2_�yg´ji �
f2hP�R]RÂ\i�´ÒS+·\i«]{_kS�©PhPS}|Poke2iÅ_aS�c�e2QbQ¶©PhPS�§ �>fg©PoaS � �¼Î )qÏ�¨ÃzAe2©PoN´«ygª�©PS+´�´�S¸´«yEcRyg]kS�c�egoaoaSR]{zAegh>|PyKh2_aS¸|PyKh>]
´«y�_koqyKh>]`l¢e2okQb�+S�|PS �Àeg©Pf2M¾y¬��_a�Ey2c+c+©PQ¶©P´��+S�©Ph¾h�egQ¶­PoaSE|^S�l¢egi«]¸]k©PzA�+oai�S+©Po~¯ PdhPS�l¢e2i�]u_ke2©^_kS~]u´�SR]
c+eg©Poa­ASR]�_aoay2c��RSR]�§m©PhPS³c�e2©Poa­AS¬z�ygo�zAe2ijh�_b|PS�´6¿ ijQ�yKf2S�|PS�c�e2h2_aeg©Poq]a¨¬§ ��f2©PoaS � º2¨�ÂI´jS~]Ec+y2]{S~]�yG�gSRc
´�SR]N�KyK´�S+©Poq]�´jS~]NzP´�©�]N�R´jSR�g�+S~]N]kegh2_dc+S+´�´jS~]Dª�©PS�hPeg©>]NokS+_kS+h�egh�]NzAeg©PoD´�y�_aoaygh�]`l¢e2okQb�RSui�h��gS+oq]kSb§mc+S}ª�©Pi
c+egoaokSR]kzAegh�|�yK©^·¬z�´j©�]D´�eghPf�]Nc+egh�_keg©�oa]q¨Ä¯

�4y}|P��_kS~cÄ_aije2h�|^SR],zAegi�h2_q]ÃyG�gSRcN´«y��KyK´�S+©Po,Q�y�·^i�Q¶©PQ½SR]{_w|^�+´�i�cRy�_aSg¯2s�cRyK©�]kSd|^SÀ´�y�|^i«]kc+ok�+_ki«]kyK_ki�egh
|^S�´Ç¿ SR]kz�ygc+S�|^S�´�y�_aoaygh�]`l¢e2okQb�+S�|^S �deg©�fgM¼Â¼´6¿ i�h2_aS+oq]{S~cÄ_aije2h"|Ò¿ ©Ph"_koaOR]}fgoqyKh�|¾hPe2Q¶­PokS�|^S¬c�eg©�ok­ASR]
c+ok�+SÀ©PhPS �+e2hPSu|^SuzAegi�h2_a]�|^SÀl¢egok_kSÀ��yg´jSR©PoRÂ2S�_�hPegh¬©Ph�zAe2ijh�_wi«]{e2´��g¯��¼Su]kS+©�ij´&±�z�yKok_ki�ow|^©>ª2©�S+´Ai�´�lmyg©^_
oaS�_aS+hPi�oÀ´�SR]ÀzAegi�h2_q]u|^S¶´«yb_koqyKh>]`l¢e2okQb�+S�SR]{_uS+h²c�egh>]{�~ª2©�S+h�c+S�|PiÅÑ�c�i�´�S�±b_aoke2©P�gS+o~¯�v,hCS%8AS~cÄ_k©>yKh2_¸©Ph
]kS+©Pi�´�´�ygfgS�]kijQbzP´�SgÂ4e2h�y0|^S�zP´j©�]�­AS~yK©�c+eg©Pz�|^S�z�yKoqyg]kiÅ_aSR]�zPoae��ge^ª�©P�R]�z�yKo¶|^SR]�f2oaygh�|P]b����Ì �2£9'�|^S
zAe2ijh�_a]�ª�©PiÒ]kegh2_�´6¿ ygc+c+©PQ¶©P´«y�_aije2h¬|Ò¿ ©Ph�hPegQ¶­PoaSu�+´�S+�g�¸|^S¸c+eg©Poa­ASR]¸§ ��f2©PokS � �4Î�� Ï�¨&É�ij´«]woaS+zPoa�R]kS+h�_kSRh2_
|^S~]�z>e2i�h2_a]¶yg´ji�fghP�~]}z�yKo�M�y2]kygoa|¾Q�yKi«]�h¼¿ e2h2_¶z�y2]�|^S¬]kijf2hPi �>c+yK_ki�egh¹zAe2©Po�´«y³zAS+oq]kzASRcÄ_aij�gSC§mij´«]¶]kegh�_
]keg©P�gSRh2_d|^©�]d±E´«yEzPoa�R]kS+h�c+S�|^S�]k©Po{lmy2c�SR]�l¢egok_kSRQESRh2_D_kS+·\_k©Poa�+S~]D|PyKh�]D´�yEzPM�eK_ke2fgoqyKzPM�ijS¸egoaijf2ijh�yg´jSG¨Ä¯

Pdh�_aoaygiÅ_aS+QbS+h�_¬S�Ñ�c+y2c�SCc+egh�_koaSCc�S~]�zPoaeg­�´jORQES~]�SR]{_¬´6¿ ©P_ki�´ji«]kyK_ki�egh�|Ò¿ ©Ph ��´j_koaSCz�yg]a]kS	�=M�yK©^_¬|^S
Q�yKh�ijORokS�±³QES+_{_aokS�S+h"�KyK´�S+©Po�´jS~]}zAe2ijh�_a]}z�ok�~c�i«]�S+_¶S98Òygc�SRo�yg©"Q�y�·^ijQ¶©�Q ´jS~]}h�©�ygfgS~]}|^S�zAegi�h2_q]+¯
n-eg©Po�©PhPS �ReghPS¬yG�gSRc�|^S~]¶zAegi�h2_a]¶zP´�©^_ �K_�z�ok�~c�i«]¬§ �ReghPSR]�|^S�ª�©PS+´«ª�©PSR]¶zPij·^S+´«]a¨�§ ��f2©PoaS � ��Î ÌÄÏG¨�Â4´�SR]
zAe2ijh�_a]�i�QbzAegok_ayKh�_a]¬]{e2h2_¬­Pi�S+h Qbi«]�SRh ��yK´�S+©�o²§ ��f2©PokS � ��Î`¦ Ï�¨Ä¯Ãn-ygo�c�egh�_koaSgÂÃzAeg©Po¬©Ph h\©�yKf2SC|^S
zAe2ijh�_a]�ª�©Piwh¼¿ y0z�y2]¶|^S¬oa�+S+´�´�S¬]{i�fgh�i��>cRy�_aije2h § �>fg©PoaS � ��Î �`Ï�¨�S�_Eª�©Pi�c+egQbzAegok_kS�©Ph®fgoqyKh�|"hPegQ¶­PoaS
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3 × 3]k©Pi���yKh�_}Á

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]k©P­&|^i��\i�]kije2h�oa�+f2©P´�ijORokSb§ �>fg©PoaS � �&Î`ÌÄÏG¨�¯

� 'Ä� �*)K¥ �R¥ 'Ä¥m�K� '+£�ËE¥
�

� �=�g���ç¥ �+�k£"Î �+��Ì��>�Ç¥ ��¦aÌK�Ç¥m�K� � � �K���Å¥ �+�k£ )g£
ϕ
� �+��Ì����6¥ �w¦qÌ��6¥m����¥Í�Ä� �=�g���ç¥ �+�k£ )g£

θ
Ï�ÁAc�S+_{_aS¶Qb��_aMPe^|^S¶S~]`_ui�h�]kzPijoa�+S�|^S¶´«y�zPoa�Rc+�R|^SRh2_kS�]ayK©^lÃª�©PS¶´jS~]u]{©P­&|^i��\i«]{i�egh�]Àok�Rfg©P´�ijORokS�S�_
i�okoa�+f2©P´�ijORokSD]{e2h2_Ãi�h��gS+oq]k�+SR]R¯g�4y�z�ok�~c�i«]{i�egh�|^Sd´«y}|^i�oaSRcÄ_aije2hbSR]{_wc�e2h�]`_qyKh�_kSDzASR©�ijQbzAe2o{_aSD´«y}|^i«]��
_qyKh�c+SNz>yKoÚoqyKz�zAegok_Úyg©bc�SRh2_aokSd|^Sd´Ç¿ ijQ�ygfgSgÂgyK´�egoq]-ª�©PSD´«y}]{©P­&|Pij�\i«]{i�eghbijoaok�Rfg©P´�i�O+oaS�|PS

θ
zASRokQbS�_

©Ph�SÀy2|PyKz^_qy�_aije2h�|^Sd´«y}zPok�~c�i«]{i�egh4ÂKi�Qbz>e2o{_qyKh�_kSdzAeg©PoÃ´«y�|^i«]`_qyKh�c�SÀ|PSR],zAe2ijh�_a]w|^SDl¢©Pij_aS ��hPi«]Ãyg©
c+S+h2_aokS}|^S�´6¿ i�Q�yKfgS2¯�TwSRc+iÒSR]{_D´�yEQE�+_kMPeP|^S}ª2©�S¸h�eg©�]NokS+_kS+h�egh�]R¯^�¼S�oa�R]{©�´Å_qy�_D|^S�´«y�z�okeKp`SRc�_ki�egh
|^S~]¶ygcRc�©PQ¶©P´«y�_aS+©Poq]�|^S�´6¿ M��+Qbi�]kzPMPORokS¬]k©Po�´«y0zP´�ygh"i�Q�yKf2S�SR]{_¶ij´�´�©�]`_aok�¬]k©Po�´«y ��fg©PoaS � �ÒÎ�� Ï�Â
hPe2©�]D[¬eg­�]kS+oa�gegh�]Nª�©PS}´�SR]dc�SR´j´�©P´�SR]DzPoae�p`S+_k�RSR]Ne2h2_d©PhPS¶yKi�okS�zP´�©�]D©PhPijl¢egoaQbS�ª2©�S}|�yKh�]D´jS�cRyg]
|^S}´«yb]{©P­&|Pij�\i«]{i�egh�oa�+fg©P´�i�O+oaSg¯

s4�gSRcÀ´«y¶Qb��_kM�e^|^SuoaS�_aS+h�©PS2Â�´«y�z�ok�~c�i«]{i�egh�zPoaOR]�|^©�c+S+h2_aokS¸|^S¸´Ç¿ i�QbygfgSÀS~]`_N´j�RfgO+oaS+QbSRh2_wi�h^l¢�Roki�S+©PoaS
ª�©PS�|Pygh�]}´jS¬c+yg]�|^S�´«y0]{©P­&|^i��\i«]{i�egh"ok�Rfg©P´�ijORokS2Â&Q�ygi�]�c�S�h4¿ S~]`_¶z�yg]}©Ph"e2­�]{_aygc+´jS³Á�]ki,©Ph"zAe2ijh�_¶|^S
l¢©Pij_kSbSR]{_�|^�+_kSRc�_k�E´��+fgORokSRQbS+h2_�±�c��g_k�E|^SE´�y¬oa�Ryg´jij_k�EyK©²hPi��gSRyg©²|P©²z �2´jSE|^SE´Ç¿ MP�RQEi«]kzPMPO+oaSgÂ&´�y¬zPoae��
p`SRc�_ki�eghC]k©PoÀ´Ç¿ ijQ�ygfgS}egoai�fgi�h�yK´�S�hPS¶]kS+oqyb|^�~c+yK´��+S¶ª2©�S�|PS¶ª2©�S+´«ª2©�SR]dzPiÅ·^SR´�]R¯AY\©PoÀ´�S�okS~]`_aS�|^S�´6¿ i�Q�yKf2SgÂ

QSR )TQSU
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� ���	� � � � nÚyKoqyKQb��_aoaygfgS¸|^S}´6¿ MP�RQbi�]kzPMPORokS

´�SR]¸zPoae�p`S~cÄ_aije2h�]¸|^SR]�c+S+´�´j©P´�SR]�]kegh�_¸zP´�©�]¸©PhPijl¢egoaQbSR]�ª�©PSE|�yKh�]¸´jSbcRyg]¸|^SE´«y�]k©P­&|^i���i«]kije2h²ok�Rfg©P´�ijORokS2Â
zAS+oaQbS�_k_aygh2_�|^S�QEi�hPi�Qbi�]kS+o¸´�SR]u�Rc+ygo{_q]dSRh2_koaS�´jS~]u|^i 8A�RokSRh2_q]uzAegi�h2_a]¸|^S¶l¢©Pij_kS ��hPi«]uzAe2]a]kij­P´�SR]R¯ÒTwS�_{_aS
©PhPijl¢egoaQbi«]kyK_ki�egh¹|^S�´�y�oa�+z>yKok_kij_ki�egh¾zAS+oaQbS�_�|Ò¿ e2­^_kS+h�ijo�©Ph¹�+_ayg´je2hPh�yKf2SE|^S�´«y³c+yKQb�Roay�c�e2QEzAe2o{_qyKh�_
Qbegi�h�]D|¼¿ SRokoaS+©Poq]�ijQbzAe2o{_qyKh2_aSR]R¯

ϕ
SR]{_d]k©P­&|^i��\i�]k��oa�+f2©P´ji�O+oaS+QbS+h�_�Á

ϕi =
i

N
· 2π i ∈ {0, . . . , N − 1}

|^egh�cd]ki�´�SR]Ãy2c+c�©�Q¶©P´�yK_kSR©Poa]Ã|^Sd´6¿ M��+Qbi�]kzPMPORokSde2h2_w|PSR]ÃygijoaSR]Ú�Rf2yK´�SR]RÂgyK´�egoq]-´�SR]��aÌ�� )g£9'ÀS+h�_keg©�oaygh2_
´6¿ M��+Qbi�]kzPMPORokS�e2h2_ÀyK©�]a]kiÒ|^S~]DygijoaSR]N�+f2yg´jS~]+¯

r h2_koae^|^©Pi«]kegh�]¼©Ph�S,l¢egh>cÄ_ki�egh
Ψ(θi)

ª�©Pi2h4¿ S~]`_Iz�yg]4´ji�hP�~yKi�okS,S+_Iª�©Pi�zAe2]a]{O~|^S,´�ydzPoaegzPoai���_k�Ã]k©Pi���ygh2_kSÀÁ

S(θi) = K · Ψ(θi)

yG�gSRc
K
©PhPSuc�e2h�]{_ayKh�_kS2ÂgS�_

S(θi)
´�y�]k©Po{lmy2c�Sd|PSd´«y}cRyK´�eK_k_kSÀ]{zPM��+oai�ª�©PSdzAeg©Po

θ ∈ [0, θi]
¯2ÐÀeg©�]ÃyG�gegh>]

|^����hPi-ª�©PS�´�SR]u­�yKh�|^S~]u]k©�c+c+SR]a]{i��gSR]uyK©^_aeg©Po¸|^S�´6¿ MP�RQbi�]kzPMPORokS�|Pegi��gS+h2_�yG�gegi�ou|^SR]¸yKi�oaSR]d�Rf2yg´jS~]+Â>z�yKo
c+egh�]k�Rª�©PS+h�_}´«y³]k©Po{lmy2c�S�|^S�´«y³cRyK´�eK_{_aS�]kzPMP�+oai«ª2©�SbSR]{_�zPoke2zAegok_ki�eghPh�S+´�´jSb±

Ψ(θi)
¯ITwM>ygª�©PSbi�h�|^i«c�S

ic+egoaokSR]kzAegh�|¬±�©Ph�S�­�yKh�|PSgÂ^Q�yKi«]�´«y�oaS+´«y�_aije2h¬´�i�ygh2_D´6¿ yghPfg´�S
θi

±E´�yb]{©Poklmygc+S�|^S�´�ybc+yK´�eg_{_kS}]{zPMP�Roki«ª�©PS
h¼¿ SR]{_uz>yg]À´ji�hP�RygijoaSgÂA|Ò¿ e;:C´«y�zPoa�R]kS+h>c�S�´«y�l¢egh�c�_ki�egh

Ψ(θi)
hPeghC´�ijhP�~yKi�okS2¯>��y ��f2©PoaS � ��i�´�´j©>]`_aokS�_ke2©^_

c+SRc�i6¯

)*) ß%+-,/.0.�1
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Ðdeg©>]d�ge2©P´�egh�]dQ�yKi�h2_aS+h�ygh2_¸|P��_kSRokQbi�hPS+ou´«ybl¢e2h�cÄ_aije2h
Ψ(θi)

¯AnIeg©�ouc+S+´«yPÂAc+yg´�c+©P´je2h�]d´6¿ ygijoaS¶|^S¶´«y
cRyK´�eK_{_aS}]{zPM��+oki«ª�©PSbÁ

S(θi) =

∫ θi

0

∫

2π

0

sin θ dϕdθ =

∫

2π

0

dϕ

∫ θi

0

sin θ dθ

= 2π[− cos θ]θi

0
= 2π(1 − cos θi)

= K · Ψ(θi)
Ðdeg©>]N�geg©�´je2h�]

Ψ(θi) ∈ [0, 1]
|PyKh>]N©Ph³­P©^_À|PS}]kijQbzP´�i �>c+yK_ki�egh}É^hPe2©�]NSRh³|^�R|P©Pi�]kegh>]D|^egh>cEÁ

{

Ψ(θi) = 1 − cos θi θi ∈ [0, π/2]
K = 2π

ÐÀeg©�]¸zAeg©P�ge2h�]uokSRQbygoaª�©PSRouª�©PS
K
c�e2okoaSR]kzAegh�|C±¬´«y�]{©�o{lmy2c�SE|^SE´�y�c+yK´�eK_k_kSE]kzPMP�Roki«ª�©PS�zAeg©Po¸´6¿ MP�	�

Qbi«]{zPM�O+okS�c�egQbzP´�O�_aS�§mcg¿ S~]`_#�=±��=|PijoaS¸zAeg©Po
θ = π/2

S+_dzAeg©PoD©Ph³oqy~[ge2h�|^S
1
|^S}´Ç¿ MP�+Qbi«]kzPMPO+oaS~¨�¯

Ðdeg©>]u�geg©P´�e2h�]dlmygijoaS���yKoai�S+o
θ ∈ [0, π/2]

|^S�Q�yghPijORokS�hPe2h²©PhPijl¢egoaQESb|^S�_kS+´�´�S¶lmy � e2h²ª�©PS Ψ(θ)��ygoki�S¸©PhPijl¢egoaQb�+QbS+h�_�Á

Ψ(θi) =
i

M
i ∈ {0, . . . ,M − 1}

tCyKi�h2_aS+h�ygh2_�ª�©PSEhPeg©�]�|^i�]kzAe2]kegh�]u|¼¿ ©Ph¾MP�RQbi�]kzPMPO+oaS�§
(φj ,Ψ(θi)), j ∈ [0, N ], i ∈ [0,M − 1]

¨
c+egoaokSRc�_kSRQESRh2_,]k©P­&|^i��\i�]k�+S2ÂKzPokeKp`S+_ke2h�]-´�SR],|Poke2iÅ_aSR],|^SD´6¿ i�Q�yKf2SD]k©PoÃc�S�_k_kSdMP�+Qbi«]{z�MPO+oaSg¯;PÀhbzP´«yKh�|¼¿ i�h �
_aS+oazPok�+_ayK_ki�eghbS~]`_�|^����hPi>z>yKoÃ´�Suc�S+h�_koaSde2z^_ki«ª�©PS

C
|^SÀ´«y�cRyKQb�+oqy�S�_wz�ygoÃ©PhPSu|^oaegij_kSu|^©�zP´«yKh�i�Q�yKf2Sg¯

�4S�c�S+h�_koaS�|^S�´�y²c+ygQb�+oqy³S~]`_bc�egh>]{i«|^�+oa�¬c�e2QbQES¬´6¿ egoaijf2ijhPS¬|P©®Qbegh�|PSgÂ-|^egh�c�´�S¬z�´�ygh°|Ò¿ i�h2_aS+oazPoa�	�
_qy�_ki�egh�z�y2]k]kSb_aeg©�p`e2©Poa]�z�ygo¶c+S�_�egoaijf2ijh�SgÂ4|Ò¿ e;:�´«yC|^i«]`_qyKh�c�S¬|P©�zP´«yKh�z>yKo¶oaygzPzAegok_¶±³´6¿ egoaijf2ijh�SbS~]`_
_aeg©�p`e2©Poa],h\©P´�´jS,É�´jSÀzP´«yKh¬|Ò¿ i�h2_aS+oazPoa��_ayK_ki�egh�h¼¿ SR]{_�|^egh>cDoaS+zPoa�R]kS+h2_a�dª�©PSÀz�ygow]ky}hPe2okQ�yg´jS2¯gÐÀeg©�]ÃhPeg©>]
�P·^e2h�]�©PhPS¬c�egh\�gS+h�_ki�egh Á¼´«y³c+egQbzAe2]ayKh�_kS

z
|^S�´«y�hPe2okQ�yg´jSbSR]{_}_keg©Kp`eg©Poq]�zAe2]kiÅ_ai��gSbeg©"h�©P´�´jS²§¢z�ygo

oqyKzPzAe2o{_Dyg©�okSRzAO+oaS¸fg´�eg­�yg´«¨�ÂPc�SRc+iÒS~]`_D_ke2©�p`eg©Poq]NzAe2]a]{i�­P´�Sg¯HPÀh³fgoqyKh�|�c+S+oqc�´�S¸S~]`_d´Ç¿ i�h2_kSRoa]kSRc�_ki�egh³|Ò¿ ©Ph
MP�RQEi«]kzPMPO+oaSÀS+_�|¼¿ ©Ph¬z�´�ygh¼Â2h�eg©�]�|^S+�ge2h�]w|^egh�cÀok�~]{e2©�|^oaSD´�Su]k[^]{_kO+QbSu|Ò¿ �Rª�©�yK_ki�egh�]w]k©Pi���yKh�_¸§m|�yKh�]w´jS
oaS+zPoaO+oaSuf2´je2­�yK´Í¨ÀÁ







nx · x + ny · y + nz · z = 0
x2 + y2 + z2 = r2

z ≤ 0
�4y³zPoaS+Qbi�O+oaSb�~ª2©>y�_ki�egh"S~]`_�c�SR´j´�S�|P©�zP´�ygh�|Ò¿ ijh�_kSRokzPoa��_qy�_aije2h¼Â4yG�gSRc

(nx, ny, nz)
´�y³h�egoaQbyg´jS�±

c+S¶zP´«yKh4¯&�4y¬]kSRc+egh�|^S��Rª�©�y�_aije2hCSR]{_�c�S+´�´�S�|¼¿ ©Ph�SE]kzPMPO+oaS�|^S�oqyG[gegh
r
¯Av,h ��h4Â&´«y�_koaegi«]kijORQbSgÂAª�©PiIS~]`_

©PhPSui�hP�~ª2©>y�_ki�egh4Â2zAS+oaQbS�_N|^SÀ_koaeg©P�gSRoÃ´6¿ i�h2_aS+oq]{S~cÄ_ki�egh¬yG�gSRcd©PhPSuM��+Qbi�]kzPMPORokSÀS+_�hPegh¬©PhPS¸]kzPMPO+oaSg¯2vÃh
i�h�p`SRc�_ayKh�_d´«yEzPoaS+QbijORokS��Rª�©�yK_ki�egh³|PyKh�]D´�yb|^SR©^·^ijORQES2ÂPhPeg©>]Neg­^_aS+hPe2h�]�Á

(n2

z + n2

x)x2 + (n2

z + n2

y)y2 + nxnyxy = r2n2

z

Ðdeg©>]N�geg©P´�egh>]�z�yg]a]kS+oD|^SR]dc�e\e2oa|PeghP�+S~]�c+ygo{_a�R]kijSRhPhPSR]Nyg©^·�c+e\egoq|^eghPh��+SR]�]kzPMP�Roki«ª�©PSR]R¯PÐdeg©>]N©^_ki �
´�i�]kegh>]�´�SR]D�Rª�©�yK_ki�egh�]D|^S�c�egh\�gS+oq]{i�egh�]{©Pi���ygh2_aSR]�Á







x = r sin θ cos ϕ
y = r sin θ sinϕ
z = −r cos θ

QSR )TQSU
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v,h³i�h�p`SRcÄ_qyKh�_Àc�S~]�_koaegi«]N�Rª�©�y�_aije2h�]D|PyKh�]D´�yEzPoa�Rc+�R|^SRh2_kS2Â^h�eg©�]Ne2­^_kSRhPegh>]¸Á

sin2 θ =
n2

z

n2
z + (nx cos ϕ + ny sin ϕ)2

UuoNhPe2©�]DyG�gegh�]D|^�	��h�i
nz ≥ 0

S+_d]aygcqM�ygh2_dª2©�S
θ ∈ [0, π/2]

Â�yg´je2oa]
sin θ ≥ 0

Á

sin θ =
nz

√

n2
z + (nx cosϕ + ny sin ϕ)2

�,¿ �Rª�©�y�_aije2h���h>yK´�S}|^S}´�ybc+eg©Poa­AS�]k©PoD´6¿ M��+Qbi�]kzPMPORokS�f�yK©�]a]kijSRhPhPS¸SR]{_RÂ�yG�gSRc
ϕ ∈ [0, 2π]

Á

θ = C(ϕ) = arcsin

(

nz
√

n2
z + (nx cosϕ + ny sinϕ)2

)

PdhPS�l¢egi«]Dc+S�_k_kS}�Rª�©�yK_ki�egh³|^i�]ac�oa��_ai�]k�+S2Â^hPeg©�]Deg­^_aS+hPegh>]�Á

C(ϕi) = arcsin

(

nz
√

n2
z + (nx cos ϕi + ny sin ϕi)2

)

i ∈ {0, . . . , N − 1}

r ´4lmyK©^_�ygcRc�©PQ¶©P´�S+o¸c�S+_{_kSEc�e2©Pok­AS¶]k©Pou´Ç¿ MP�+Qbi«]{z�MPO+oaS�Q�ygi�]ÀhPeg©>]ÀyG�gegh>]Di�h2_aokeP|^©PiÅ_¸©PhPS�l¢e2h�cÄ_aije2h
Ψ(θi)

zAS+oaQbS�_k_ayKh�_�|Ò¿ yG�gegi�o�©PhPS�zPok�~c�i«]{i�egh¹c+egoaokSRc�_kSES+h¾l¢e2h�cÄ_aije2h"|^Sb´«y³|^i«]`_qyKh�c+SEz>yKo}oaygzPzAegok_�yg©
c+S+h2_aokSÃ|^SÃ´6¿ i�Q�yKfgS2¯+ÐÀeg©�]4zAeg©P�ge2h�]Ò©^_aij´�i«]{SRo�c�S+_{_kS,l¢egh>cÄ_ki�egh�S�_�´�yNl¢egoaQ¶©P´�S

cos(arcsin(x)) =
√

1 − x2zAe2©Po
x ∈ [0, 1]

É�hPeg©�]Deg­^_aS+hPegh>]�Á

Ψ(C(ϕi)) = 1 − cos

(

arcsin
( nz

√

n2
z + (nx cosϕi + ny sinϕi)2

)

)

= 1 −
√

1 − n2
z

n2
z + (nx cos ϕi + ny sinϕi)2

= 1 − nx cos ϕi + ny sin ϕi
√

n2
z + (nx cos ϕi + ny sin ϕi)2

= 1 − t(nx, ny, ϕi)
√

n2
z + t(nx, ny, ϕi)2

»uygh�]�©Ph�­P©^_�|^SC]kijQbzP´�i��Ac+y�_aije2h¼Â,hPeg©>]boaS�_aeg©PoahPegh>]E´�y�|^�	��h�iÅ_aije2h |^S
θi

ÂÃcK¿ SR]{_#�=±�� |^i�okS³ª�©¼¿ ©Ph
yghPfg´�SÀ|^S

0
c�e2okoaSR]kzAegh�|b±}´6¿ �~ª�©�y�_aS+©Po~ÂgS�_w©�h¬yKhPf2´jSÀ|^S

π/2
c�egoaoaSR]kzAeKh>|Eyg©�z �g´�Sg¯��,¿ �Rª�©�yK_ki�egh ��h�yg´jS

|^S}´«ybc�eg©�ok­AS}|PyKh�]D´Ç¿ SR]kz�ygc+S�|Ò¿ ygcRc�©PQ¶©�´�yK_ki�egh�SR]{_}Á

Ψ(C(ϕi)) =
t(nx, ny, ϕi)

√

n2
z + t(nx, ny, ϕi)2

yG�gSRc
t(nx, ny, ϕi) = nx cos ϕi + ny sin ϕi

¯

)*) ß%+-,/.0.�1
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�����	� � � � xD�R]k©P´j_ay�_�|^Sd´«y¸_aoaygh�]{lÍe2okQb�RSD|^S �Àeg©Pf2M�]k©PoÃMP�+Qbi«]{zPM�O+oaSDf�yK©�]a]{i�S+h�hPSNzAe2©Po�� � �g��|Poke2iÅ_aSR]
_aoaygh�]`l¢e2okQb�+S~]¸]k©Po}©PhPS�fgoaij´�´�Sb|^S

800
c+yg]kSR]�zAeg©Po

ϕ
S�_

600
cRyg]kSR]¸zAeg©�o

θ
¯ÒnÃ´j©�]�´jS~]�zAegi�h2_a]�]{e2h2_

l¢e2h�c��R]RÂ^z�´j©�]D´�S+©Pod��yK´�S+©�oNSR]{_d�+´�S+�g�+S2¯

QSR )TQSU
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Y\©PoE´«y��>fg©PoaS � ��Â�hPe2©�]�zAeg©P�ge2h�]¶e2­�]{SRok�gSRo¶´jS�ok�~]{©P´j_ayK_E|PS�´Ç¿ ygcRc�©PQ¶©�´�yK_ki�egh¼¯-�¼S~]E|^ijQbSRh�]{i�egh>]
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N × M = 800 × 600
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n,ok�~c�i«]{e2h�]Àª�©PS¶´jS~]ÀzAegi�h2_a]u|PS�l¢©Pij_kS ��hPi«]ÀS+_uijh ��hPi«]u]kegh2_¸|^�+_kS+oaQbi�hP�R]u|^S¶´«y�Q76RQES¶lmy � e2h¼¯>n,´j©>]
zPoa�Rc+i�]k�+QbS+SRh2_~Â4| ��±0|^S~]}zPoaeg­P´�O+QbSR]�|^S�z�ok�~c�i«]{i�egh"|^S¬c+yK´«c�©�´ÇÂ¼©Ph�zAegi�h2_�|^Sbl¢©Pij_aS�ijh �>hPiÃSR]{_¶yg©�]k]ki
©Ph0zAe2ijh�_u|Ò¿ i�h2_aS+oq]{S~cÄ_aije2h0|Ò¿ ©Ph0S+h�]kS+Q¶­�´jS¶|^S¶|^oaegij_kS~]d]{©PoÀ´Ç¿ i�QbygfgS2¯��4y�|^i 8&�+oaS+h�c+S}S~]`_uª�©PS¶c�S�zAegi�h2_
|Ò¿ i�h2_kSRoa]kSRc�_ki�egh�]kSD_aoke2©P�gSD_koaOR]Ã´je2ijh¬|^©�zAegi�h2_wzPoai�h�c�i�z�yK´6Â�|^egh�cdz�yg]w]{©�oÃ´6¿ i�Q�yKf2Sg¯\Uuh�]k©PzPzAe�]{SÀª�©¼¿ ©Ph
zAe2ijh�_d|^S�l¢©Pij_kS�ijh �>hPi4c+egoaokS~]{zAegh�|�±E©PhPS}��yK´�S+©�oD|^S

θ = π
2
− ε
Â
ε
��_qyKh2_d©PhPS}zAS+_kij_kS}��yg´jSR©Po~¯
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´�SÀ|^S+©^·^i�O+QbSdzAegi�h2_�|^SDl¢©Pij_kSÀi�h ��hPi>SR]{_w|^�+_kSRc�_k�2Â2]ay}|^i�oaSRcÄ_aije2hbSR]{_ÃokSRzPoa�R]kS+h2_a�+SDS+h�­P´�S+©¼Â2S�_w´jS~],´ji�fghPS~]
yG[2yKh�_dc+egh2_aoki�­P©P��±b´«y�|^��_aSRcÄ_aije2h0|^S¶c�S+_{_kS¶|^i�oaSRcÄ_aije2h³]kegh�_dokSRzPoa�R]{SRh2_a�+SR]DS+h³­P´�S+©³l¢egh�c+�g¯>�¼SR]d´ji�fghPS~]
z�ygoay2]{ij_kS~]I]{e2h2_ÚokSRzPok�~]{SRh2_a�+SR]IS+hE­P´«yKh�cgÂGQ�yKi«]Ú|PyKh�]-´jSDcRyg]-|^SDc�S+_{_aSNi�QbygfgSgÂKyK©�c�©�hPS�h4¿ S~]`_,c�e2h�]ki�|^�Rok�RS
c+egQbQbS¸_kS+´�´�Sg¯

nIeg©�o-©PhEzAe2ijh�_,|^S�l¢©PiÅ_aS���hPiÇÂK´�SNc+okij_kORokSNª�©PSNhPeg©�]-okS+_kSRhPegh�]IzAe2©PoÚª�©¼¿ ©PhPSD|^oaegij_kSN]kegij_Úc�e2h�]ki�|^�Rok�RS
c+egQbQbS¶c�e2h2_aoki�­P©�ygh2_u±�´�y¬|^��_aSRcÄ_aije2h²|^©CzAegi�h2_¸|^S�l¢©Pij_kS�S~]`_¸]ay�|^i�]{_aygh�c�S¶z�yKoÀoqyKz�zAegok_À±�c�S¶zAegi�h2_~¯
PÀhPSb|^i«]`_qyKh�c+SE|^Sbª2©�S+´«ª2©�SR]uzPij·^S+´«]uS~]`_�©Ph¹c�oaiÅ_aO+oaS¶S+Ñ�cRygc+S¶Q�ygi�]uS~]`_}|^�RzAS+h�|Pygh2_}|^SE´«y¬ok�~]{e2´j©P_ki�egh
|^S�´6¿ i�Q�yKfgS¸egoai�fgi�h�yK´�SÀS�_d|^S�´«yEª�©�yK´�iÅ_a��|^S}|^��_aSRcÄ_ai�egh�|PSR]�´�i�fghPS~]N|^Sul¢©�iÅ_aSg¯PnIeg©�oDc�SR´�y�Â\©PhPS}|^i«]`_qyKh�c+S
oaS+´«y�_aij�gS0±"´«y¹_aygij´�´jS²|^S0´6¿ i�Q�yKf2S³zAS+©P_ 6�_koaS0©^_aij´�i�]k�+S°§¢©�hPSC��yK´�S+©�o�S+h2_aoaS

0
S+_

1
l¢e2i�]�´�y¹_aygi�´j´�SC|^S

´6¿ i�Q�yKf2S~¨Ä¯gn-eg©PoÃ©Ph�zAegi�h2_�|^SDl¢©Pij_kSÀi�h ��h�iÇÂ2´6¿ yKhPf2´jSDSRh2_aokSd´«y}|PijoaSRc�_ki�egh�|^©�zAegi�h2_�|^SDl¢©Pij_kSuS�_Ã´«y�|^oaegij_kS
S~]`_d©Ph�­Ae2h³c�oaiÅ_aO+oaSg¯>TwS}c+okij_kORokS���yg©^_dª�©PS+´«ª�©PSR]D|PS+fgoa�R]D|PyKh�]D´jS�c+yg]Nf2�+hP�Roayg´Ç¯
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PdhPS,l¢e2i�]4´6¿ ygh�yK´�[^]{SÃ|^SÃ´6¿ i�Q�yKfgSÚ_aS+oaQbijhP�RSgÂR©Ph�SRh�]kS+Q¶­P´�Sw|^S,_koaegi«]¼zAegi�h2_q]�|^S,l¢©Pij_kSgÂ �>hPi�]�eg©}i�h ��hPi«]RÂ
S~]`_�e2­^_kSRh�©}É\´jSR©Poq]wc+e\egoq|^egh�hP�+SR]w]{S¸]kiÅ_a©PS+h�_D|PyKh>]w´jS¸zP´�ygh¬ijQ�yKf2Sg¯\s8z�yKok_ki�o�|^S�c�S~]�|^eghPh��+SR]RÂ�i�´>lmyg©^_
oaS�_aoke2©P�gS+o,´jS~]Ã|PeghPhP�RSR]wºg»8|^SÀQ�yKhPi�O+oaSÀ±}zAeg©P�ge2i�oÃ|^��_aS+oaQbijhPSRoÃ´�SR]wc�e\e2oa|PeghPhP�RSR],|^SR]wª�©�yg|^oai�´�yK_kO+oaSR]
hP�~c�SR]a]ayKi�okS~]AzAeg©�o¼´jSE�I���^�I�Ä�>�=�À�¢¡P£Ú¤N¥¢¦+�6�^�k£�¯R»¸yKh>]Ò©Ph}zPoaS+Qbi�S+oÒ_kSRQEz>]+Â+´�SR]¼z�yKoqyKQbO+_koaSR]&ijh�_koaijh�]kORª�©PS~]
S+_Ú´«y¸Q�yK_koai�c+SN|PSNoaeK_qy�_aije2hE|^SD´�y}c+yKQb�Roay¸ª�©Pi�y�]kS+oa�\i^±�zPokSRh�|^oaSN´�y¸z�MPeK_aegfgoqyKz�MPijS�egoai�fgi�h�yK´�S�|Pegi��gS+h2_
6+_koaSN|^��_aS+oaQEi�hP�R]RÂ�zP©Pi«]I´�SR]Úc�e\e2oa|PeghPhP�RSR]�|PSR]-ª�©�y2|^oaij´«y�_aO+oaSR]RÂRSRh ��hE´jS~]�_kS+·\_k©PoaSR]-ª�©PiP]kS+oaegh�_IzP´«ygª�©P�RSR]
]k©PoD´�SR]Dª�©�y2|^oaij´«y�_aO+oaSR]+¯
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$� % �CÙ �¹Ø
�P�®�!���
�4y�z�okSRQEi�O+oaSE�+_ayKzAS�|PSb´�y�oaSRc+egh�]{_koa©�cÄ_aije2h¾ºg» SR]{_}´«y�|P��_kSRokQbi�h�y�_aije2h¹|^S~]�z�ygoaygQEO+_koaSR]ui�h2_aoaijh �

]kORª�©PSR]IS+_ÚS�·\_koai�h�]{O~ª2©�SR]-|^S�´«y¸cRyKQb�+oqyPÂGc+egQbQbSN|^�Rc+okij_Ú|�yKh�]I´«y¸]kSRcÄ_aije2hb�^¯à�^¯ � ¯GÐÀeg©�] �P·^egh�]I´�SDc�S+h�_koaS
e2z^_ki«ª�©PSb|^Sb´«y�c+ygQE�Roay�±�´6¿ egoaijf2ijhPSE|P©¾Qbegh>|^SgÂ¼]kegij_

(0, 0, 0)
É4cK¿ SR]`_}´«y�]kc+O+hPSbª�©PiÚS~]`_�|^�+z�´�y2c��+SES+_

hPe2h�´�ybcRyKQb�+oqyP¯^��y�l¢e^c+yg´jS�SR]{_d|Ò¿ yK­Ae2oa|�|P��_kSRokQbi�hP�+S}zAeg©PoDSRh³|^�~|^©Pi�okS�SRh�]k©PiÅ_aS}´Ç¿ egoaijSRh2_qy�_ki�egh�|PS�´«y
cRyKQb�+oqyP¯&�¼SR]u_aoke2i�]¸c+egQ¶­Pi�h�yKi«]kegh�]uzAe2]a]{i�­P´�SR]¸|^SbzAegi�h2_a]�|PS�l¢©Pij_kS ��hPi«]¸S+_�i�h ��hPi«]¸i�h2_aokeP|^©Pi«]{S+h�_}|^SR]
oqyKi«]{e2hPhPS+QbSRh2_a]}|^i 8&�+oaS+h�_a]R¯4Ðdeg_kegh>]�ª�©PS�´jS�oaS+zAO+oaS

(u, v, w)
SR]{_}´�SboaS+zAORokSb|P©¹Qbegh>|^SgÂ¼e;:

u
S+_

vc+egoaokSR]kzAegh�|^SRh2_woaSR]kzASRc�_ki��gS+QbS+h�_NyK©P·�yK·\S~]wMPegoai	�+egh�_ayK´AS�_N�gSRo{_ai�cRyK´6¯\�¼S¸okSRzAO+oaS
(x, y, z)

S~]`_Dc�SR´j©�iÒ|^S
´«ybc+ygQE�Roay�¯

� � �ÃÔ$� � Ö % � !=� �¢Ö��	� � ��
 % �\� � �,Ô � � ÖR� % � !=� �¢Ö ��� � � � �Ç���

TwS�_{_aS�]{ij_k©>y�_ki�egh¹S~]`_�okSRzPoa�R]kS+h2_a�+Sb]k©Po}´«y ��f2©PokS�� � ¯
F (fx, fy,−f)

SR]{_�´jS�zAegi�h2_¶|^Sbl¢©PiÅ_aS �>hPiÇÂ
~I1 = (I1x, I1y, 0)

S�_ ~I2 = (I2x, I2y, 0)
]{e2h2_¶´jS~]�|^i�oaSRcÄ_aije2h�]�|^S~]}zAe2ijh�_a]¶|^S�l¢©Pij_kS¬i�h ��hPi«]¶|Pygh�]�´jS

zP´«yKh²i�Q�yKf2Sg¯¼TwSR]u�gS~cÄ_kSR©Poq]ÀzASR©P�gS+h2_ 6+_koaS�hPegoaQ�yK´�i�]k�R]ÀQ�yKi«]¸c�S�h¼¿ SR]{_�z�yg]u©PhPSEe2­P´ji�f2yK_ki�eghCzAeg©Po¸´«y
]k©Pij_kSÀ|^SR]Ãc+yg´�c+©P´�]R¯;Pdh�zPoaeg­�´jORQESd]kSDzAe2]kSdc�egh>c�S+oah�yKh�_Ú´«y¸l¢e^c+yg´�S�Á2|Pygh�]ÚzP´�©�]kijSR©Poa]Ã|^e^c�©PQbSRh2_a]RÂgij´�S~]`_
|^ij_Nª�©PSu´«y}l¢e^c+yg´jSu|Pegij_E6+_koaSu]kzA�Rc�i ���RSÀQ�yKh\©PS+´�´jSRQbS+h2_Dc+yKow´6¿ i�Q�yKf2SÀh¼¿ ygzPzAegok_kSÀz�y2]wyg]a]kS �À|¼¿ i�h^l¢egoaQ�y��
_aije2h�]uzAeg©Po¸´6¿ �+_ayK´�egh�h�yKf2SgÂAc�SRc+iISR]{_�c+egh ��oaQb�¶z�ygoNMà�(O6¯Ò»¸yKh�]uh�eK_koaS�cRyg]RÂAc+S+´«y��Ky 6�_aokS�zAe�]k]kij­�´jS�z�yKo
´«y�zPoa�R]kS+h�c+S�|^SR]u�gSRc�_kSR©Poa]¸|^ijoaSRc�_kSR©Poa]u|^S~]¸|^S+©^·CzAegi�h2_a]¸|^S¶l¢©�iÅ_aS�i�h ��h�i�]R¯&�4S�cRyK´«c�©P´-|^S�´«y�Q�y�_aoki«c�S
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�����	�A� � � v,_ayK´�egh�h�yKf2S¸|^S¸´«yEc+yKQb�Roay�yG�gSRcÀ©Ph�zAegi�h2_d|^Sul¢©�iÅ_aS ��hPiÒS+_D|^SR©^·¬zAegi�h2_q]N|^S¸l¢©PiÅ_aS�i�h ��hPi«]

�����	�&�g� � »À�+_kSRokQbi�h�y�_aije2h³|^SR]D�gSRc�_kS+©�oa]Dc�e2QbzAe2]ayKh2_D´�yEQ�y�_aoki«c�S}|^S}oaeK_ayK_ki�egh�|^S}´�y�c+yKQb�+oqy

|^S}oaeK_qy�_aije2h
(~u ~v ~w)

S~]`_À|Ò¿ yK­Ae2oa|�ok�~yK´�i�]k�¸zAe2©PoDSRh³|^�~|^©Pi�okS���h�yg´jSRQbS+h2_À´�yEl¢e^c+yg´jS
f
¯��4yEQ�yK_koai�c+S

|^S�oaeK_qy�_aije2h®SR]{_b©PhPS�Q�y�_aoki«c�S³|^S�z�yg]a]ayKfgS�|^S�´6¿ S~]{z>ygc�S�|PS�´�y¹c+yKQb�RoayC�gSRoa]�´6¿ SR]kz�ygc�S�f2´�eg­�yK´6Â-]{S~]
c+eg´�eghPhPS~]N]kegh�_D´jS~]N�gSRc�_kSR©Poa]D|^S}´«yE­�yg]kS}|^S�´«ybc+ygQb�+oqy�|�yKh�]N´�S}okSRz>ORokS�fg´�eg­�yg´Ç¯

Pdh¹zPoaS+QbijSRo��gSRcÄ_aS+©Po}hPegh¾hPe2okQ�yg´ji«]{�E|^Sb´«y�Q�y�_koai«c�Sb|^Sbokeg_ay�_ai�egh²zAS+©^_ 6+_koaSb|^�R|P©PiÅ_¶|^©¹zAegi�h2_
|^S�l¢©Pij_kS���hPiÃ§Ç|PyKh�]D´jS}oaS+zAO+oaS¸fg´�e2­�yK´Í¨ÀÁ

~w′ = (w′

x, w′

y, w′

z) = −−−→
OF = (−fx,−fy, f)

T�yK´«c�©P´�egh�]dQbygijh�_kSRh�yKh�_ ~v′
¯&TwS��2SRcÄ_aS+©PoÀSR]{_Ài�h�|^i«ª�©P�¶]k©PoÀ´«y ��f2©PoaS¶�g�¼Î`ÌqÏ�ÂPi�´I]{S}_aoke2©P�gS�|Pygh�]d´jS

zP´«yKh�|^�	��hPi�z�yKoÚ´�SR]ÚzAegi�h2_q]
O
Â
P
S�_,´«y�|^i�oaSRcÄ_aije2h ~I1

¯g�¼SD�gSRc�_kSR©Po ~v′
S~]`_,S+hElmyKij_,´jSD�gSRc�_kS+©�o ~I1

yK©�ª�©PSR´

QSR )TQSU
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©PhPS�c+egQbzAe2]ayKh�_kSb]k©Pi���ygh2_}´6¿ yK·^S
~z
SR]`_¶y�p`eg©P_k�+S2Â¼|Pegh�c ~v′ = (I1x, I1y, v′

z)
¯4Ðde2©�]��ge2©P´�egh�]}ª�©PSb´�SR]

�gS~cÄ_kSR©Poq] ~v′
S+_ ~w′

yKzPz�ygo{_ai�S+hPhPSRh2_Ã±�©Phb_koai�OR|^oaSDegok_kMPe2fgegh�yK´P|PyKh>]Ú´jSd­P©^_�|^SNl¢e2okQbSRoÚ©PhPSd­�y2]{S2ÂKhPeg©>]
�ge2©P´je2h�]N|Pegh�c ~v′ · ~w′ = 0

¯ATwSR´�ybc+egh�|^©�iÅ_À|^e2h�c�±�Á

I1xw′

x + I1yw′

y + v′

zw
′

z = 0

v′

z = −
I1xw′

x + I1yw′

y

w′

z

v′

z =
I1xfx + I1yfy

f
�¼S�_aoke2i�]kijORQbS��gSRc�_kSR©PoÀ|^S}´«yb­�y2]{S2Â ~u′

Â>c+egQbQbS}ijh�|Pi�ª�©P�¶]k©Pod´�y ��f2©PoaS��g�¼Î�� Ï�ÂPSR]{_À|^�+_kS+oaQbijh��}S+h
]aygcqM�yKh�_Ãª�©PSÀhPeg©�]Ã�geg©P´�egh�],eg­^_aS+hPi�oÃ©Ph�_koai�OR|^oaSd|^i�oaSRcÄ_wS�_�ª�©PS ~u′

|Pegij_/6�_aokSÀ|�yKh�],´�SÀzP´�yghbl¢egoaQb�dz�yKo
´�SR]Dz>e2i�h2_a]

O
Â
P
S+_d´�yb|^i�oaSRcÄ_ai�egh ~I2

Á

~u′ = ~v′ ∧ ~w′ =







I1x

I1y

I1xfx + I1yfy

f






∧





−fx

−fy

f



 =











I1yf +
I1xfx + I1yfy

f
fy

−I1xfx + I1yfy

f
fx − I1xf

−I1xfy + I1yfx











~n
S~]`_D´«yEhPegoaQ�yK´�S�yK©�zP´«yKh�l¢egoaQb�¸z>yKoD´jS~]NzAegi�h2_q]

O
Â
P
S�_d´«yb|^ijoaSRc�_ki�egh ~I2

Â
~n = (I2y,−I2x, 0)

¯
ÐÀeg©�]��geg©P´�egh>] ~u′ · ~n = 0

Â^hPeg©�]�eg­^_aS+hPe2h�]�|^e2h�cKÂ^]aygcqM�yKh�_Nª2©�SuhPe2©�]w�ge2©P´�egh�]w©PhPSul¢ePc+yK´�SuzAe2]kiÅ_aij�2S�Á

f =

√

∣

∣

∣

∣

(I1xfx + I1yfy)(I2xfx + I2yfy)

I1xI2x + I1yI2y

∣

∣

∣

∣

TweghPh�ygi�]a]ayKh2_À´�y�l¢e^c+yg´jS
f
Â>hPe2©�]ÀzAeg©P�ge2h�]dQ�yKi�h2_kSRh�yKh�_ueg­^_aS+hPi�ou´jS~]À�gSRcÄ_aS+©Poq] ~u′

Â ~v′
S�_ ~w′

¯A�¼S~]
�gS~cÄ_kSR©Poq]

~u
Â
~v
S�_

~w
]kegh�_D´�SR]N�gSRoa]ki�egh�]�hPe2okQ�yK´�i«]{�RSR]N|^SR]D�gSRcÄ_aS+©Poq]NzPoa�Rc��~|^S+h�_a]�Á

~u =
~u′

‖~u′‖
~v =

~v′

‖~v′‖
~w =

~w′

‖ ~w′‖
�¼egoq]�|PS¬´Ç¿ S�·^zA�+oai�QESRh2_qy�_ki�egh4Â4hPeg©>]�hPe2©�]¶ygzAS+oqc�S+�ge2h�]�ª�©PS�´�SR]¶oa�R]k©P´Å_qy�_q]�Qbygh�ª�©PS+h�_E|^S¬zPoa�Rc�i �

]kije2h¼ÂI´jS�c+yg´�c+©P´N|^S�´«y0l¢e^cRyK´�S¬okSRh��ge2ijS¬z�yKo�S+·^S+QbzP´�S���¯ �2º®§Ç]{e2iÅ_E©PhµcqM�ygQEzµ|^S��\i«]{i�egh°|^S³�2�^¯ ��5�¨Ä¯
�4egoq],|PSÀ´Ç¿ �R|PiÅ_aije2h¬|^SR]wzAeg´�[�f��ghPS~]+ÂghPeg©>],e2­^_kSRhPegh�]w|^S~]Ãoa�R]{©�´Å_qy�_q]ÃyK­ASRokoqyKh�_a]Úz>yKoÃoqyKz�zAegok_Ã±�´Ç¿ i�QbygfgS
e2oki�fgi�h�yK´�Sg¯>Y\i4hPe2©�] �P·^egh�]d´�ybl¢e^c+yg´jS¶±��^¯à���C§m]kegij_À©PhCcqM�yKQbzC|^S��\i«]{i�egh0|^S�����52ª2©�i¼SR]{_À©PhPS¶��yK´�S+©Po
c+eg©PoqyKh2_aS~¨�ÂI´�SR]bok�~]{©�´Å_qy�_q]E]kegh�_b­PijSRhµQbSRij´�´�S+©Poq]+¯ÃTwS³zPoaeg­P´�O+QbS³|^S�z�ok�~c�i«]{i�egh°z�oke��\ijSRh2_�|^S�´6¿ yKhPf2´jS
SRh2_koaS ~I1

S�_ ~I2

Á2c�S+_wyKhPf2´jSDSR]{_,z�okS~]kª�©PSDegok_kMPe2fgegh>yK´\S+_,zAe2©Po,eg­P_kS+h�ijo
~u
Â
~v
S+_

~w
egok_kMPe2fgegh>yK©^·ÒÂG´«y¸l¢e��

cRyK´�Sw|^egij_ 6�_koaSÃQbe^|^i ���RSw|^SwQ�yKh�ijORokSwc�e2h�]k�Rª�©PS+h�_kSw|^O~]4´«ydQbe2ijh�|PokSÃ�KyKoai�yK_ki�egh}|¼¿ yghPfg´�SÃS+h�_koaS ~I1

S�_ ~I2

¯

nIeg©�o�z�yg´j´�ijSRoIc�SwzPoke2­P´�O+QbSgÂRhPe2©�] �P·^e2h�]4Q�yKh�©�S+´�´jSRQESRh2_I´�S�caM�ygQbz¶|^Sw�\i�]kije2h�§mS�_-|Pegh�c,´«yDl¢e^cRyK´�S~¨�¯
»�¿ ©�hPS�ijQ�ygfgS}±b´6¿ yK©^_aokSgÂ�´jS�cqM�ygQEz0|PS}�\i«]{i�egh0caM�yghPfgS}Qbygi�]DoaSR]{_kS�_ke2©�p`eg©Poq]dyK©^_aeg©PoÀ|Ò¿ ©PhPS���yg´jSR©Po}Á
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�����	�A�Kº � v,_ayK´�egh�h�yKf2S¸|^S¸´«yEc+yKQb�Roay�yG�gSRcu|^SR©^·¬zAegi�h2_q]N|^S¸l¢©PiÅ_aS ��hPi«]NS�_D©Ph�zAe2ijh�_D|^S¸l¢©Pij_kS�i�h ��hPi

����5P¯��Ã¿ SRokoaS+©Pod|^S}l¢e^c+yg´jS�ª2©�i¼SRh0|^�Rc+eg©P´�S}h¼¿ SR]{_dz�y2]N_koaOR]Di�QEzAe2o{_qyKh�_kS}S�_ÀSR]{_À±bzAS+i�hPS}zASRoac+S+z^_aij­�´jS,É
]ki-|^S~]uQbSR]k©PoaSR]¸|^S+�KyKi�S+h2_ 6�_koaS�oa�RyK´�i«]{�RSR]u]{©Po¸´6¿ ijQ�yKf2SgÂ&|^SR]¸S+oaoaS+©Poq]À|^SEzPoaegzAe2o{_aije2h�]dS+h�_koaS�´6¿ yG��yKh�_��
zP´«yKh¾S�_�´6¿ yKoaoki�O+oaS	�6zP´«yKh²]{SEokS~]k]kS+h�_ki�oaygijSRh2_RÂAQ�yKi«]u´6¿ ©�]kygfgS�zPoki�h�c+ijz�yg´-|^©(�I�K�^�}�Ä�>�=���Í¡�£¶¤�¥m¦+�6�^�{£bS~]`_
´«y�zPoaegQbS+h�y2|^SÀS+h�ºg»8S+h�_kSRQbz�]wok�RS+´6Â2S+_N|PyKh�]�c�S¸c+y2]Ã´jS~]w|^�+l¢egoaQbyK_ki�egh>]Ã|^S~],_aS�·\_k©�okS~]w]kegh2_N±�zAS+i�hPS
zAS+oqc�SRz^_ki�­P´�SR]R¯

sd©�hPi��gSRyK©�|^S~],cRyK´«c�©P´«]RÂKzAS+©�|^SdcqMPe�]{S~]ÚcqM�yKhPf2S+h�_R¯g��y¸l¢e^c+yg´jS
f
SR]{_Ãc�e2hPh�©�SgÂ2|^egh�c ~w′

SR]{_Ãc+eghPh\©
|^O~]u´�Sb|^�+­�©^_R¯¼�¼SE�gSRc�_kSR©Po ~v′

]kSE|P�R|^©Pij_�yK©�]a]{i�_aokO~]Àlmy2c�i�´jSRQESRh2_~¯Ò�¼SE�gSRc�_kSR©Po ~u′
SR]{_�cRyK´«c�©P´���z�ygo¸´jS

zPoae^|^©Pij_I�gS~cÄ_aegoaijSR´ ~u′ = ~v′∧ ~w′
ÂGij´�lmygiÅ_-z�ygo{_ai�Sw|¼¿ ©Ph¶_aoki�OR|PokS�|^i�okS~cÄ_-Qbygi�]IhPSN]{SÃ_aoke2©P�gSwz�yg]4l¢e2oac+�+QbS+h�_

|Pygh�]¸´�SEzP´«yKh¾l¢egoaQE�Ez�ygo
O
Â
P
S�_ ~I2

¯�TwSRc�iÚSR]{_}| �¹±�´«y��P·Py�_aije2h²Q�ygh�©PS+´�´�Sb|^Sb´�y¬l¢ePc+yK´�SES�_}hPeg©>]
yG�gegh�]dzPoai���i�´��+f2ij��´«y�z�ok�~c�i«]{i�egh0zAeg©Pou´�SR]À�gSRo{_ai�cRyK´�SR]dzP´�©^_ �g_¸ª�©PS¶zAe2©PoÀ´�SR]uMPegoai��Regh2_qyK´�SR]À|^S¶´6¿ i�Q�yKf2SgÂ
cRyKoES+´�´jS~]b]{e2h2_bS+hµfg�RhP�+oqyK´�zP´�©�]EhPe2Q¶­PokSR©�]kSR]�S�_�QEi�S+©P·°|^����hPi�SR]³§Ç|PyKh�]E´�SR]Ei�Q�yKf2SR]Ec�e2QEzAe2o{_qyKh�_
­ASRyg©�c�e2©Pz�|^S�­ ��_ai�QESRh2_a]DS+h�z�yKok_ki«c�©�´ji�S+o~Â\S�_dyg©�]k]kiÒ|Pygh�]�´�SR]Ni�QbygfgS~]�|^S¸l¢e2o�6+_Nz�ygoNS�·^S+QbzP´�S~¨�¯^v,h ��h
´�SR]N_koaegi«]��gS~cÄ_kSR©Poq]�zASR©P�gS+h�_I6�_koaS�hPe2okQ�yg´ji«]{�~]�zAeg©PoNl¢egoaQbS+oD´�yEQ�yK_koai�c+S�|^S}oaeK_qy�_ki�egh4¯

� �\� � �ÃÔ$� � ÖR� % � !=� �¢Ö��	� � �Ç� 
I� � �,Ô � � Ö % ��!=� �¢Ö ��� � � � �u�

TwS�_{_aSu]{ij_a©�y�_aije2h�SR]`_woaS+zPoa�R]kS+h�_k�+SÀ]{©�oÃ´�y���fg©PoaSu�KºP¯CPÀhPSÀQb��_aMPe^|^Su|^Suc+yK´«c�©�´�SR]{_wzPoke2zAe2]k�+Sd|PyKh>]
M � � OÚQbygi�]uhPeg©>]ÀS+h²©^_aij´�i«]{e2h�]u©PhPSEyK©P_koaS�ª2©�i-|^S+Q�yKh>|^S�QEe2ijh>]u|^SEcRyK´«c�©P´«]+Â&|^egh�c�c�e2QbzAegok_kS¶QEe2ijh>]
|^SuzASRo{_aSu|^SuzPoa�Rc+i�]ki�egh�´�egoq]Ã|PSÀ´6¿ S�·^�Rc+©^_ki�egh¼¯\»¸yKh�]�M � � O=Â�©Ph�SuQE�+_kMPeP|^SuSR]{_wz�oke2z>e�]{�RSgÂ2]ki�QEi�´«yKi�okSu±�´«y
hPeg_koaSgÂ^Q�yKi«]�l¢egoaQ¶©P´��+S}yg©^_koaS+QbS+h�_R¯

»ÀSR©^·¶zAegi�h2_q]-|^Swl¢©�iÅ_aS���hPi«]N§
F1

S�_
F2

¨�]ki�fghPi ��S+h�_Úª�©PSN|^SR©^·¶�gSRcÄ_aS+©Poq]I|PS�´«yÀQ�yK_koai�c+S�|^SNokeg_ayK_ki�egh
]k©Po�_koaegi«]}hPS¬]kegh�_�z>yg]¶|PyKh�]�´�S�zP´«yKh�ijQ�ygfgSgÂ4ij´�]+¿ yKf2iÅ_�|^S

~v1

S�_�|PS
~v2

¯ PÀh�zAegi�h2_E|^S�l¢©Pij_kS¬i�h ��hPi
]kijf2hPi ��Sdª2©�SD´�SN_aoke2i�]kijORQbSN�gSRc�_kSR©PoÃ|^Sd´�y�Q�y�_aoki«c�Sd|^Sdokeg_ayK_ki�eghESR]{_Ã|�yKh�]Ú´�SDz�´�yghbijQ�ygfgSg¯�TwSRc+i�y�zAe2©Po
c+egh�]k�Rª�©PS+h>c�S�ª�©PS�´jS¶zP´�yghC|^�	��hPi�z�ygod´�S}_koai«yKhPf2´jS

OF1F2

SR]{_Àegok_kM�egfge2h�yK´¼yK©0zP´«yKh0ijQ�ygfgS}S+_u|^egh>c

QSR )TQSU
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��h�yg´�S+QbS+h2_¶ª�©PSb´�y³|^oaegij_kS
(F1F2)

|Pegij_}z�yg]a]{SRo¸z>yKo�´�SbzAegi�h2_
P
¯�Uuo}c+SEh4¿ S~]`_�z�yg]�´jS�cRyg]RÂÒc+egQbQbS

i�h�|^i«ª�©P�C]k©Po�´�y ��f2©PoaSC�Kº�¯wTwSR´�y�]{i�fgh�i���SCª�©PS0´�S³_aoke2i�]kijORQbS³�gSRc�_kS+©�o�|PS0´«y¹Q�yK_koai�c+S0|^SCokeg_ayK_ki�egh
h¼¿ SR]{_}z�y2]}|PyKh�]�´�SbzP´«yKh¹i�Q�yKfgSbS�_�|Pegh�cbª�©¼¿ ij´,[²y�©Ph¹_koaegi«]{i�O+QbSEzAe2ijh�_�|^SEl¢©�iÅ_aS ��hPi,Q�yKi«]}ª2©�i,]kS
_aoke2©P�gS�´je2i�h�|^©®zAegi�h2_¶zPoai�h�c�i�z�yK´2É4c+S¬ª2©�iÃS�·^zP´�i«ª2©�S�zAe2©Poqª2©�egi,ij´�y0��_k��|^��_aSRcÄ_a�¬c+egQbQbS�©�h�zAegi�h2_
|^S�l¢©PiÅ_aS�i�h ��hPiw|�yKh�]}´6¿ �+_ayKzAS¬|^S�|^�+_kSRc�_ki�egh�|PSR]�_aoke2i�]}zAegi�h2_a]¶|^Sbl¢©Pij_aSg¯�ÐÀeg©�]}h�eg©�]�]kS+oa�gegh�]}|^egh>c
©PhPi«ª�©PS+QbSRh2_,|PS

F1

S+_Ú|PS
F2

zAe2©Po-´jS~]-c+yg´�c+©P´«]+ÂG©Ph�S�z>yKok_ki�S�|P©�oa�R]k©P´j_ay�_-S~]`_,c+yg´�c+©P´j�RS�z�yKoÚ|^�R|P©�cÄ_aije2h¼¯

Ðdeg©>]}©^_aij´�i«]{e2h�]}©PhPS�M\[\zAeK_kM�OR]kSbl¢egok_kS�ª�©PiÃS~]`_�ª�©PS�´�SR]}_koaegi«]}zAegi�h2_q]�|^S�l¢©Pij_kS�|^�+_kSRc�_k�~]�okSRzPok���
]kS+h�_kS+h�_N|^S~]w|PijoaSRc�_ki�egh�]Ãe2o{_aMPegf2egh�yK´�SR],|Pygh�]Ã´6¿ SR]kz�ygc+Sg¯��4SR]Ã�gS~cÄ_aS+©Poq]

~v1

S+_
~v2

]kegh2_N|^egh>cÀc+egh�]ki�|^�Rok�~]
c+egQbQbS�egok_kMPe2fgegh�yK©P·�S+_Dh�eg©�]NzAe2©P�gegh>]�S+h0|^�R|P©PijoaS�´«y�l¢e^c+yg´jS2¯�Y\egij_

{

F1(f1x, f1y,−f)
F2(f2x, f2y,−f)

ÐÀeg©�]NSRh³|^�~|^©Pi«]{e2h�]�Á
{

~v1 =
−−→
OF1 = (f1x, f1y,−f)

~v2 =
−−→
OF2 = (f2x, f2y,−f)

ÐÀeg©�]N�ge2©P´�egh�]
~v1 · ~v2 = 0

Â�|^e2h�c
f1xf2x + f1yf2y + f2 = 0

¯

f2 = −(f1xf2x + f1yf2y)

f = ±
√

−(f1xf2x + f1yf2y)

ÐÀeg©�]N�ge2©P´�egh�]Neg­^_aS+hPi�oD©PhPS�l¢e^cRyK´�S
f
zAe2]kij_ki��gS}|^egh�c¸´6¿ S�·^zPoaSR]a]{i�egh���h�yg´jS}|PS�´«y�l¢e^c+yg´jS�SR]{_�Á

f =
√

|f1xf2x + f1yf2y|
PdhPS�l¢egi«]�´�y³l¢e^cRyK´�Sb_koaeg©��g�+SgÂ4hPeg©�]�zAe2©P�gegh�]�|P��_kSRokQbi�hPS+o¶´«y0QbyK_koai�c+S�|^S�oaeK_qy�_aije2h
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100zAe2©Po
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¯ITwSR]}��yg´jSR©Poa]�zAS+oaQES+_{_aS+h2_�|Ò¿ eg­^_aS+hPi�o¶|^SR]
zAe2ijf2hP�+SR]-��i«]kij­P´�SR]Ú|Pygh�]-´«yÀl¢SRhH6�_aokSD|PSN´6¿ �~|^iÅ_aS+©PoÃ|^SNzAe2´j[\f��ghPS~]�zAeg©�o-´«y¸zP´j©Pz>yKok_,|^SR]-z�MPeK_aegfgoqyKz�MPijS~]+Â
zAS+oaQbS�_k_aygh2_�|^S�oa�R|^©�ijoaS¶´Ç¿ ©^_aij´�i«]kyK_ki�egh¾|^S�´�y�l¢egh�c�_ki�egh¾|^S �Re\egQ³¯ÒTwSR]uz�ygoaygQbO�_koaSR]dzAe2©PoaoaygijSRh2_�6+_koaS
S~]`_aijQb�R]�yK©�´�i�S+©�|Ò¿ 6+_koaS �P·^�~]w±�©Ph�Suc+egh�]{_aygh2_aSgÂ2Q�yKi«]wc+SRc�i&|^SRQbygh�|^S¸|^SR]Ã_koqyG��yK©^·�]{©�zPzP´��+QbS+h2_qyKi�oaSR]
yg©³hPij�gS~yK©0|^S�´6¿ ygh�yK´�[^]{S}|PS}´6¿ ijQ�yKf2S}egoaijf2ijh�yg´jS}|^S�Q�yKhPi�O+oaS}±�yKzPzPoae^cqMPS+odyK©0QEi�S+©P·�´jS�z�ygoayg´j´��+´��+zPi �
zAOR|PSu|PSÀ´«y}l¢egoaQbSu|^Su´�y¶]ac�ORhPSg¯PTwSR]wcRyK´«c�©P´«]Ãh¼¿ yKzPzAe2o{_aS+oqyKi�S+h2_wª�©¼¿ ©PhPSuSR]{_ki�Q�y�_aije2h�S�_�´6¿ i�h2_aS+oa�gS+h2_aije2h
|^S¸´6¿ ©^_ai�´ji«]kyK_kSR©PoN]kS+oqyKij_Ã_aeg©�p`e2©Poa]whP�~c�S~]k]ayKi�okS2Â�yK´�egoq] �P·^S+o�´�SR]���yK´�S+©Poq]Ãi�hPij_ki«yK´�SR]N±�|^SR]Nc�e2h�]`_qyKh�_kSR]wS~]`_
©Ph³f2ygijh³|^S�_kS+Qbz�]RÂ�yg©�]k]kiÒ­PijSRh³yg©�hPi��gSRyK©³|^©0|^�R�gS+´�egzPzASRQESRh2_Àª�©PS}|^S}´6¿ S+·\�~c�©^_aije2h¼¯
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PdhPS�l¢e2i�]¸´jS~]���z�ygoaygQEO+_koaSR]u|^��_aS+oaQbijhP�~]+Â&´�SR]¸c+e\egoq|^e2hPhP�+S~]À|^SR]�]kegQbQbS�_a]�|^SR]}�¬ª�©�yg|^oai�´�yK_kO+oaSR]
]kegh�_-c+yK´«c�©�´j�RSR]I|PyKh�]�´�SwoaS+zAORokSw|P©¶Qbegh>|^S�c�e2QbQES�]k©Pij_D§m]aygcqM�yKh2_-ª�©PS
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Â
Right

Â
Floor

Â
CeilingS+_

Back
]{e2h2_d|^S~]Nh�egQ¶­PoaSR]NzAe2]kiÅ_aiÅlm]q¨¸Á

−→
OA = − Left · ~u − Floor · ~v − Back · ~w−−→
OB = Right · ~u − Floor · ~v − Back · ~w−−→
OC = Right · ~u + Ceiling · ~v − Back · ~w−−→
OD = − Left · ~u + Ceiling · ~v − Back · ~w−−→
OE = − Left · ~u − Floor · ~v−−→
OF = Right · ~u − Floor · ~v−−→
OG = Right · ~u + Ceiling · ~v−−→
OH = − Left · ~u + Ceiling · ~v

��� � � � & �PÙmØ2��Ù�% �\�EÖ�� �ÒÖR� ���\�
�¼SR]}ª�©�yg|Poki�´�yK_kORokS~]ucRyK´«c�©P´��R]¸z�ok�~c��R|^SRQbQESRh2_}oaS+zPoa�R]kS+h�_kSRh2_�´«y¬_aegzAeg´�egf2ijSEygzPzPoae~·^i�Q�y�_ki��gSE|^Sb´«y

]ac�O+h�Sg¯>v,hCz�´�y2ª2©>yKh2_¸|^SR]d_kS+·\_k©PoaSR]u]{©Po¸c�S~]Àª�©�yg|Poki�´«y�_kORokS~]+ÂPhPe2©�]dzAe2©P�gegh�]de2­^_kSRhPijou©PhCQbegh�|PS¶ygz �
zPoaeG·\i�Q�y�_aiÅl&Q�yKi«],ª�©Pi�zASR©^_/6+_koaSdc+egh��KyKi�h�c+ygh2_R¯;PÀhPSD_aS�·\_k©PoaSdz�yKoÃª�©�y2|^oki�´«y�_aO+oaS�S~]`_w|^e2h�cNh��Rc�S~]k]ayKi�oaSgÂ
Q�yKi«]�|�yKh�]�©Ph ]keg©�c+i�]�|^S²c�egh>]{e2QEQ�yK_ki�eghµQb�+Qbegi�oaSgÂ,]kS+©P´�SR]�´�SR]b_kS+·�_a©PoaSR]�©^_ki�´jS~]�]kegh�_�cRyK´«c�©P´��+SR]RÂ
´�SR]0ª�©�y2|^oaij´«y�_aO+oaSR]�h¼¿ yKzPz>yKoqyKi«]k]ay�h�_�z>yg]0|PyKh>]³´Ç¿ ijQ�ygfgS¹e2oki�fgi�h�yg´jS¾h�S�]kegh2_0z>yg]³zPoai�]³S+h(c�egQbz^_aSg¯
�4SR]�_aS�·\_k©PoaSR]¶e2­^_kSRh�©PS~]¶zAeg©�o�´Ç¿ ijQ�ygfgS�|^S¬´«y���fg©�okS��K�4Î ÌÄÏ�]kegh�_�oaS+zPoa�R]kS+h�_k�+S~]¶]{©�o�´jS~]���fg©�okS~]��K�
Î��`ÏGÂ6Î`¦ Ï�Â6Î )qÏ�ÂÇÎ`£`Ï�S+_�Î 
+Ï�¯

nIeg©�o�|^�+_kSRokQbi�hPS+o�´�y¶ok�~]{e2´j©P_ki�egh�|PSR]�|^i 8A�RokSRh2_kS~]Ã_kS+·\_k©PoaSR]RÂ�|PS+©^·�z�yKoqyKQbO�_aokS~]Ã|^egi��gS+h�_E6+_koaSÀz�oki«]
SRh³c�e2QEzP_kS�Á

� ´«y¶_qyKi�´j´�S ��h�yK´�S}|^© �>cqMPi�S+oDS�·^zAe2o{_a�u�gSRoa]dÊ��A�k¤ �&Ì �~¥ �2ÌK�=�K��Á^zP´�©�]N´«y�oa�R]keg´�©^_ki�e2h�|^SR]�_aS�·\_a©PokS~]
S~]`_��+´�S+�2�+SgÂ�zP´�©�]w´«y¶ª�©�yg´jij_k� ��h�yg´jSuSR]{_�­AeghPh�SgÂ�Q�yKi«]Ãz�´j©�]�´jS �>cqMPi�S+o�S�·^zAegok_a�dS~]`_��ge2´j©PQbi�hPS+©P·&¯
s ´Ç¿ i�h��gS+oq]kSgÂ\]ki&´«y¶oa�R]keg´�©^_ki�egh�|^SR]w_aS�·\_a©PokS~]wS~]`_Nl¢ygi�­P´jS2Â\´�S �>cqMPijSRoNS�·^zAegok_k�uS~]`_NzP´�©�]NzAS�_kij_RÂPz�yKo
S+·\SRQbzP´jS¸zAeg©Po�´6¿ ©^_aij´�i«]kyK_ki�egh�]k©Po�©Ph�nÃ»ds�Â^Q�yKi«]w´«y�ª2©>yK´�iÅ_a�uSR]{_�i�h^l¢�+oaijSR©PoaSg¯^Y\SR©P´&´Ç¿ ©^_aij´�i�]ay�_aS+©Po
zASR©^_Ã]{zA�~c�i ��S+o,±�ª�©PS+´�´jSDzP´«y�_kS+l¢egoaQbS�SR]{_Ã|^SR]{_ki�hP�+SD´jS��>cqMPijSRoÚS�·^zAe2o{_a�gÂGi�´�y�|^egh>cN±�caMPe2i�]ki�oÚ|PyKh>]
Ê��A�k¤ Ë�Ì 12£+�}´«y¶ok�~]{e2´j©^_aije2h�Q�yK·\i�Q¶©PQÆ|^S~]Ã_kS+·�_a©PoaSR]R¯\�,¿ S98&S�_D|^©�caMPe2iÅ·�|PSu´«y�oa�R]keg´�©^_aije2h�S~]`_
i�´j´�©�]{_koa�}]k©PoD´�y �>fg©PoaS}���P¯

� ´«y}_aygij´�´�Su|^Su´«y�zPoaeKp`SRcÄ_aije2h�|PSR]�ª�©�yg|^oai�´�yK_kO+oaSÀ]{©Pow´6¿ ijQ�ygfgSÀegoaijf2ijh>yK´�S}Á\]ki>©�hPSueg©�zP´�©�]kijSR©Poq]w|^SR]
zPoaeKp`SRc�_ki�egh�],egh�_Ã©�hPSuyKi�okSDlmyKi�­P´�SÀ]k©PoÃ´6¿ i�Q�yKf2SDe2oki�fgi�h�yg´jS2Â�zASR©�|^Su|^e2hPhP�RSR]Ã]kegh�_,l¢eg©PoahPi�SR],zAe2©Po
cRyK´«c�©P´�S+oD´jS~]�_aS�·\_k©PoaSR]RÂ^i�´¼SR]{_d|^e2h�c¸i�h�©^_aij´�S�|Ò¿ ©^_aij´�i«]{SRoD©PhPS}oa�R]keg´�©^_ki�egh¬_aoke2z��R´jSR�g�+S2¯

Ðdeg©>]¸©^_ki�´ji«]kegh�]�|^e2h�c�©PhPSbQE�+_kMPe^|PSb]kS+Qbi�� yK©^_aegQ�y�_ai«ª2©�S�ª�©PiÚzPokSRh�|²S+h¹c+egQbz^_kSbc+SR]�|^SR©^·¾c�oki �
_aO+oaSR]¶ÁAok�~]{e2´j©P_ki�egh0Q�y�·^i�Q¶©PQ�S�_�yKi�okS�|^S�´�y�zPoaeKp`SRc�_ki�egh°§¢i�´j´�©�]{_koa��]k©Pou´«y���fg©�okSE�K�¼Î��`Ï�ª�©PiIS~]`_¸©PhPS
_aS�·\_k©PoaS}z�´j©�]ÀzAS�_kij_kS�ª�©PS}´�SR]Àyg©^_koaSR]dc+ygod´Ç¿ yKi�okS}oaSRc�e2©P�gS+ok_kS}]k©Pod´6¿ ijQ�ygfgS}egoaijf2ijh>yK´�S¸S~]`_ÀzP´�©�]DlmyKi�­P´�S~¨�¯
n-eg©Po,e2z^_ki�Qbi�]kS+o,´�y¸_qyKi�´j´�Sd|^© �AcaMPi�S+o,S+·^zAegok_k�gÂK´jS~]ÚijQ�ygfgSR]-zASR©P�gS+h�_$6+_koaSdc�egQbzPoaSR]a]{�RSR]Úy~�gS~c�©Ph�yg´jf2e��
oaiÅ_aMPQbS¸|^SR]{_koa©�c�_kijl�c�egQbQbS ��¤ ���N¯PTwS+_{_aS¸c�e2QbzPokS~]k]ki�egh�SR]{_�okSR´�yK_ki��gS+QbS+h�_wS+Ñ�cRygc+Suc+ygow´jS~],_aS�·\_a©PokS~]
cRyK´«c�©P´��+SR]Ãc�e2h2_aijSRhPhPS+h�_Ã­AS~yK©�c+eg©Pz�|^Sdf2oaygh�|^SR] �ReghPSR],©PhPijl¢egoaQbSR],hPe2ijoaSR]Ãª2©�i�oaS+zPoa�R]kS+h�_kS+h�_,´�SR] �+egh�SR]
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�����	�w�K� � L�S�·\_a©PokS~]�cRyK´«c�©P´��+S~]¶zAeg©PoE´�y¾]kc+O+hPS�|^©µc+eg©P´�egi�o�§�Î`ÌqÏ³i�QbygfgS¬e2oki�fgi�h�yg´jS¬yG�gSRc¬yKÑ�cqM�yKf2S
|^S~]N­Aegoq|^©PoaSR]N|^SR]Dª�©�y2|^oki�´«y�_aO+okS~]+ÂIÎ��`Ï�_aS�·\_k©PoaS}|^©�l¢e2h�|¹§

512 × 512
¨ÄÂ,Î`¦ Ï}_kS+·�_a©PoaS�|P©�Q¶©PoDf�yK©�cqMPS

§
1024×1024

¨�Â�Î )ÄÏd_aS�·\_k©�okSÀ|P©�Q¶©Po�|^oke2iÅ_u§
1024×1024

¨�Â�Î`£`Ïd_aS�·\_a©PokSÀ|P©�zP´«y�l¢e2h�|0§
1024×1024

¨ÄÂ
Î 
+Ï}_aS�·\_k©�okS�|^©³]keg´,§

1024 × 1024
¨{¨
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i�h�|^i«c+yK_ki�egh�|^S�´«y �+e2hPS�eg­�]kS+oa�g�+S2ÂDÎ�� Ï¬�\©PS�oaygzPzPokePcaMP�RSgÂ&_aygij´�´�S�Q�y�·^i�Q¶©PQ�|^S~]�_aS�·\_k©PoaSR]�ÁI�g�g�PÂÒ´«y
_aS�·\_k©PoaS�SR]{_ ��e2©PSgÂÚÎ`¦`Ï�_qyKi�´j´�S�Q�y�·^i�Q¶©PQ%|PSR]�_aS�·\_k©PoaSR]�Á>� � �^Â\´�ybª�©�yK´�ij_k��SR]{_d]ay�_ai�]{lmyKi«]kygh2_aSuQ�ygi�]D|^©
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�����	��ºg� � n,oaeKp`SRc�_ki�egh�|Ò¿ ©Ph}_kS�·^SR´2|^Swc�e\e2oa|^e2hPhP�+S~]
(u, v)

]k©Po4´Ç¿ i�Q�yKfgS,egoaijf2ijh>yK´�S-zAeg©Po4S+h¶|^��_kSRokQbi�hPS+o
´«ydc�e2©P´�S+©Po~¯

(x, y, z)
S~]`_�´�yÀc�e\e2oa|PeghPhP�RSR]¼|PyKh�]4´Ç¿ SR]kz�y2c�SÃ|^©}_kS+·^S+´6Â

(xe, ye)
]ayDzPoaeKp`SRcÄ_aije2h�]{©Po�´Ç¿ i�QbygfgS

i�h�c�e2hPh�©PS~]D|^S}´6¿ i�Q�yKf2S¸egoai�fgi�h�yK´�SE§ ��fg©PoaS��K�¹Î`¦ Ï�Â6Î )ÄÏGÂ6Î`£`ÏGÂ6Î 
+ÏG¨�¯

�¼S¶c+yg´«c�©P´�|Ò¿ ©PhPS�_kS+·\_k©PoaS¶]R¿ S%8AS~cÄ_k©�S¶ygijh�]kiÃÁ>´jS�ª2©>yg|^oaij´«y�_aO+oaS}c�e2okoaSR]kzAegh�|PyKh�_d|�yKh�]d´6¿ S~]{z>ygc�S¶ºg»
S~]`_u|^i«]kc+ok�+_ki«]{�}SRh³©�hPS�fgoaij´�´�S��g»�|^S�� £ �\£%� 'ÄÂ�cqM�ygc+©Ph³S~]`_ÀzPoaeKp`S�_a��]k©Pod´�S�zP´«yKh0|PS�´Ç¿ ijQ�ygfgS}egoai�fgi�h�yK´�Sg¯
�4SR]-c+e\egoq|^egh�hP�+S~]4eg­P_kS+h\©PSR]Ú]{e2h2_,|^SR]-hPe2Q¶­PokS~]Iok�RS+´«]¼ÉGzAeg©PoI_aoke2©P�gS+o-´�y�c�eg©P´�S+©�o-ok�R]k©P´j_aygh2_aS�S�·\_koqyKij_kS
|^S¸´6¿ i�Q�yKfgSuegoai�fgi�h�yK´�SgÂ2©PhPS¸ijh�_kSRokzAe2´�yK_ki�egh�­Pi�´�ijhP�~yKi�okSuSR]{_�©P_ki�´ji«]{�RSg¯^�Ã¿ i�´j´�©�]{_koqy�_aije2h¬|^S�c�S�_k_kS¸Qb��_aMPe^|^S
S~]`_À|^eghPhP�RS}]k©PoD´«y ��fg©PoaS}ºg�P¯
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PdhPS�l¢egi«]¶_ke2©�]�´�SR]¶_koqyKij_aS+QbS+h2_q]E]k©PoE´Ç¿ ijQ�ygfgS�_aS+oaQEi�hP�~]+ÂI´�SR]b|^eghPhP�RSR]E|^e2ij�gSRh2_�6+_koaS¬S+·^z>e2o{_a�+S~]
|^S�Q�yKhPi�O+oaS�±46+_koaS¬©P_ki�´ji«]ayK­P´�SR]EyG�gSRc¬©Ph°h>y~�\i�f2y�_aS+©Po~¯ÚÊ��>�a¤Æ�&Ì �~¥ �2ÌK�=�K�CSR]{_E´«y²�gS+oq]{i�egh®n�T ]keg©�]
� i�h�|^e�
d]b|^©µh�yG�\ijf�y�_kSR©Po~Â�ij´DzAS+oaQES+_�|^S�zPoae��P_aS+ob|^S�´«y²M�yg©^_kS�oa�R]keg´�©^_aije2h°|^SR]EQbe2hPiÅ_aS+©Poq]�zAe2©Po
e;8AoaijoN©PhPS�QbS+i�´j´�S+©PoaS�ª�©�yK´�ij_k��|Ò¿ i�QbygfgSg¯^�4S¸h�yG�\ijf�y�_kSR©Po�zAS+©^_dyg©�]k]ki 6�_koaS¸ijQbzP´��+QbSRh2_k��]{©�o�©�h�nÃ»ds¶Â
eC:¹´�y³ok�R]keg´�©^_aije2h¹|^egij_ 6�_koaSbi�h^l¢�+oai�S+©PoaSg¯ITwSR]�c�egh�_koqyKi�h2_aSR]}]{e2h2_}z�oki«]{S~]�S+h�c�egQbz^_aS�|�yKh�]�´�Sbl¢egoaQ�y�_
|^© �>cqMPi�S+oN±�S+·\zAe2o{_aS+o~¯\TwS �>cqMPijSRo�c+egh�_ki�S+h2_�_keg©>]Ã´�SR]woaS+h�]kS+i�fghPSRQbS+h2_q]ÃhP�Rc+SR]a]kygijoaSR]Ã±�´«y�h�yG�\ijf�y�_aije2h¼Â
´�SR]�c�e\e2oa|PeghPhP�RSR]+Â>´�SR]u_aS�·\_k©PoaSR]�c�e2QEz�okS~]k]k�+SR]RÂ>S�_qcK¯�¯+¯+¯ �¼S�l¢e2okQ�yK_�|^© �>cqMPijSRo�SR]`_�S+·\_kS+h>]{i�­P´�S�Á&i�´-S~]`_
c+egh�]{_kij_k©P��|PS¸­P´�e^c+]NyG�gSRcÀ©Ph�i�|PS+h2_ai��Ac+y�_aS+©PoD©PhPi�ª�©PS2¯P»ÀS�hPeg©��gSRyK©P·�­P´�e^c+]�zAS+©P�2S+h2_ 6�_aokS�c�oa�+�~]Ã_ke2©^_
SRh¬f2yKoq|Pygh2_w´�y�c�e2Qbz�y�_aij­Pi�´�iÅ_a�¸y~�gS~cd´�SR]�ygh�c�i�S+hPhPS~]w�gS+oq]{i�egh�]w|^©��>caM�ijSRoNc+yKo�´jS~]w­P´�e^c+]wijh>c�egh�h�©�]�]kegh�_
i�fghPe2ok�~]Ã±�´�y¶´jS~cÄ_k©�okSuS�_�oaS+QbzP´�y2c��~],z�ygow´jS~]Ã�KyK´�S+©Poq],z�ygo�|^��lmyK©P_R¯\�4SR]�]{zA�Rc+i��Ac+y�_aije2h�]w|^© �>cqMPijSRo�]kegh�_
´�SR]d]{©Pi���ygh2_kS~]�Á
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