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}�m�ydvbr��nc|��m��8odgw]��N�pgw{|�*sd{|g�_bm�_badm�ydvbrw£¤m��¥_icfrt] rw�;g	��m�}5yCrtcf]h_=e��:¦-cf]�gt{k{fqtodcf]��;gwvi_
§ o�qhrts }$ck{f{¨cfl�yd{kmpl�m�]n_�g�e~cfl�yd{km�l0gw_i{|gw© ydvirhjtv=gwlª_ir0cf]�eim�vi_«gw]Ne~q�]n_iadm�_ic|�
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p
c|e¨vbm�y�vim�e~mp]h_bmp�
s�eicf]dj«_badvimpmZ]�sdl�©Empvbe

(x, y, w)
otgt]���g�{kcf]dm

l
cfe-vimpydvbmpeim�]n_im��s�eick]�j�_badvbm�m�]�sdl�©Cm�v=e

(a, b, c)
��m*�E]dck]�jxg	eim*_$rt�VyCrtcf]n_be���rtv$}$a�cf�=a

ax + by + cw = 0

�h�$\^] ¦Vcfjtsdvbm0�todeiÀtm�_b�=aK_iadm�{fck]�m�vimpydvim�e~mp]n_imp�¢©�q¢ck_be$adrhl�rtjtmp]dm�rhs�e/�*r�rtv=��cf]�g�_bmpe
l1 = (0, 1, 1)T

�¬�¬{fmpgteim
{fgt©Emp{¨ck_}$c�_ba
l1
�

�d��½�Àtm�_b�=aK_iadm�{fck]�m
l2 = (4, 0, 1)T

gw]��K{fgt©Emp{¨ck_
l2
�

���«íî°d¹8·V°dïðïðñ��*rhl	y�s�_im�_iadm�ck]n_bm�v=e~m��¥_icfrt]
p1

rt�;_iadm�_¤}�r¢{fck]dm�e�sEe~cf]djx_badm���virneie~�òydvir���sE�¥_poCgw]���{fgt©Emp{Vck_
p1

�
ó$m*�l	mpl�©Cm�v�o�yCrtcf]n_be�gt]��N{fck]dm�e�gtvim���sEgw{-gt]�� _ia�m�q�e~aEgwvbm
_iadm�ebgwl�m�a�rtl�rtjhm�]dmprts�e/vbm�ydvbmpeim�]n_=g�_icfrt]6���/adm«£¤rtcf]�rw�_¤}:r�{fck]dm�e«c|e«g�yCrtcf]h_�oEgt]�� _iadm«£¤rtcf] rt�"_iadm�_¤}�r0yCrtcf]h_=e$c|e«g0{fck]dmh��¦�rtv$m�¡�gtl�yd{kmhod��rhv«yErhck]n_=e
p = (x1, y1, w1)

Tgw]��
q = (x1, y2, w2)

T
}�m�a�gG�hm
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l3 = (2, 0, 1)T

gt]��¢{|gw©Cm�{6c�_
l3
�

¾d���:rtl�yds�_bm�_badm�cf]h_bm�v=e~m��¥_bckrh]
p2

rw�
l2
����virhl��
�t��gt]��

l3
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� ���­adm�vbm
cfe�_ba�g�_«yCrtcf]n_��N\^]���c|��gw_im�}$admpvim
ck_«cfe/rh]Kqhrtsdv«eiÀtm�_b�=a¨�
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	¬rts¢�pgw]xgw{|eir���]���_badm�{kcf]dm�©Cm*_¤}�m�mp]xyCrtcf]h_=eZcf]0_badm�ebgwl�m«}/gGq�©�q0��rhck]dj��*vbrhebe¬ydvbr���s��¥_:©Em�_¤}:mpm�]xyCrtcf]n_bepþ-�E]��_iadm/£¤rhck]

l4
rw�VyErhck]n_

p3 = (0, 0, 1)T
}$c�_baK_badm�yCrtcf]h_

p1

��virhl����d�¬½�Àhm*_b�=aK_ia�cfe${fcf]dm�gte/}�m�{f{ odgt]�� {fgt©Emp{8c�_
l4
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ã ��å �»TVU�æ¨ç$Y¬SV[¥è�ç4é ç$U�Þêç�S6T-ì
\^]0�t�­y�virt£¤mp�¥_bck�hm/jtm�rhl�m*_ivbqtot}:m$vbm�ydvbmpeim�]n_¬�t�IyErhck]n_beZgw]���
"ïð°d¹V¯�²/}$c�_ba § ]ns�l�©Cm�v=e��V\^]�rw_ia�m�v;}�rtv=�de�otck]0�t��yd{|gw]dm�egw]E�¢yCrtcf]n_be«gtvim
��s�gt{ od]�rw_${kcf]dm�e«gw]��KyCrtcf]h_=e��;\^] �ðgh�¥_po�{kcf]dmpe$gtvim
]drt_«e~r�mpghe~qx_ir0��mpeb�*vbcf©Em
cf]N�h���
�h���:rtl�yds�_bm�_badm�£¤rtcf]zrt�¬_iadvbm�m	yCrtcf]h_=e

(1, 0, 0, 1)T
o
(0, 1, 0, 1)T

o6gt]��
(0, 0, 1, 1)T

gw]��ze~Àhm*_b�=azc�_
rt]�¦Vckjhsdvbm	����/adm�£¤rtcf]urt�$_iadvbm�mxyCrtcf]n_be���m*��]�mKg�yd{|gw]�mt��ÿ�r�}�o-_badm�vbmK�drnm�e�]drt_�m*¡�c|e¤_�g��t� �*vbrhebe~��ydvbr���s��*_po6©�s�_�}�m¢��gt]jtm�]�m�v=gw{fc��pm�m��ns�gw_icfrt]��¤�G�Z©�qxmpl�yd{kr�q�cf]dj
3× 3

�dm*_impvil�cf]�gw]n_$l�ck]�rtv=e:cf]�e~_im�gt�Krw�
2× 2

l�ck]�rtv=e��"\^] y�gwvi_ic|�*sd{|gwv�o��rtv�yErhck]n_be
p = (x1, y1, z1, w1)

T
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q = (x2, y2, z2, w2)

T
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r = (x3, y3, z3, w3)

T
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T

�d�«ÿ«r�}�jhck�hm�]�_iadvbm�m/yd{|gw]�mpe
(a1,b1, c1, d1)

T
o
(a2, b2, c2, d2)

T
ongw]��

(a3, b3, c3, d3)
T
ohgt]��	e~sdy�yErne~m/_badm�q�ck]n_impvbeimp�*_ck]Ng�yErhck]n_�o�}$a�g�_�gtvim�_iadm���r�rtv=��ck]Eg�_im�e�rw�V_ia�gw_«yErhck]n_��
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�h�$�¬{km�gteim¬��r�}$]d{frhgh�«_badm;ckl0gtjtm"Á�Ã�ÃhÄ/Å Æ�ÆwÈnÈ�È8×EÇ Ã Î Ã ÉtÌ"ËbÌ�Ì-Ë^ÍdÎ ÃdÏ Ì Á Ë ÏnÐwÑ Æ�ÌhÙhÎdÇ�Ç Ï ÇtÆ������ ÓhÓ�� ÆdÌnÇGÔ�Ô�Õ�Ö��tØ�Î�Ù�ÙhÆ Á�Ã ù@ÙnÆÃ úhÊ� dúZË"! Ä Í �8\^]0_ia�cfe�cfl�gtjtmhoh}$admpvim�rt©�£¤m��¥_=eZgwvbm«�ðgtvZ��vbrtl ��gtl�m�v=gdon}:m��*rts�{f�0sEe~m�g� 0]dm��pgwl�m�v=g�l�r���m�{C}$adc|�=ackjh]drtvbmpe���mpy�_ia`��gtvic|g�_bckrh]¨�Kÿ�rw_ic|�*m�_ba�g�_�_iadmpvimxc|e�g���rt{frtv���sd©Em¢ck]�_badmxl�cf����{km¢rw�/_iadm¢ckl0gwjhmt�N½�sdydyCrheim0_ia�mrtvbckjhck]Nrw�"_badm�}�rtvb{f�N�*r�rhvb��cf]�gw_im�{fckm�e�cf]N_iadm�©Ert_~_brtl �*rtvb]dmpv«rw�"_ia�m��*s�©Em�gt]�� _ia�m�¡8o�qhoCgt]��#��g�¡�m�e«�*rhck]���cf�dm}$c�_ba¢_badm�ó�o%$	o�gt]��'&­{kcf]dm�e$ck]E��cf�pg�_bmp�Kck] _ia�m�ckl0gwjhmt�)(«]�gw �]�m
�pgwl�m�v=g�l	r���mp{¨ydvbrw£¤m��¥_be/g��t�î}:rhvi{|�xyCrtcf]n__ir0gw] ckl0gtjtm
yErhck]n_«©�q@þ
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cfe�_ia�mN�h� }:rhvi{|�`adrhl	rhjtmp]dm�rhs�e���rnrhvb�dck]�gw_imho
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w
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c|e�_badm ckl0gwjhm ��r�rtv=��ck]Eg�_imho¬gw]��
M =





a b c d

e f g h

0 0 0 1





cfe-_badm$g� 0]dm/��gwl�mpvbg�l�gw_ivbc�¡8o�y�gtvbgtl�m*_impvic*��m��
©�q,+�]�sdl�©Empvbe
a...h

�V\ò��}:m�]drhvil0gw{fc*��m¬_badm/adrw�
l	rhjtmp]dm�rhs�e@�*r�rtv=��cf]�g�_bm«�

w = 1, t = 1
�*opjhck�hm�]���rtsdv-�*rtvb]dmpv8yErhck]n_be¨rw�n_iadmZ��sd©Cmto�_ia�gw_¨cfe

(0, 0, 0, 1)T
o
(1, 0, 0, 1)T

o
(0, 1, 0, 1)T

o6gt]��
(0, 0, 1, 1)T

gt]���_badm�cfv��*rhvivbmpeiyErh]���cf]djxcfl0gwjtm	ydck¡�m�{;�*r�rtv=��cf]�g�_bmpe
(u, v)

o¨}�m	��rtsd{|��jhm*_�_iadmg� 0]dm��pgwl�m�v=g�l0g�_bvick¡0©�qxe~rh{k��cf]dj-+�{fcf]dmpgtv:m��hsEg�_icfrt]Ee��"�¬{fmpghe~m�rt©�_=gwcf]0_iadm�cfl�gtjtm�ydc�¡�mp{@��r�rtv=��ck]Eg�_im�e;��v=e~_po�{kc|e~_qtrts�v�m��ns�g�_bckrh]�e$gw]�� eiadr�}I_badm���gtl	mpvbg�l0g�_bvick¡x_iaEg�_$qtrhs eirt{f�tm��x��rhvp�
�d�$�¬virt£¤mp�*_/�h�»yErhck]n_be

p1(1, 1, 1, 1)T
o
p2(1, 0, 1, 1)T

odgt]��
p3(0, 1, 1, 1)T

l0gt]nsEgw{f{kq�_br��E]��x_badm�cfv/ckl0gtjtm
�*r�rtv=��ck�]�g�_bmpep�.	¬rhsN]dm�m��x_br0l�sd{k_icfyd{fqx_ia�m�yCrtcf]n_�/ e«�*r�rhvb��cf]�gw_im�©nqx_iadm�l0g�_bvick¡¢qhrts�£¤s�e¤_���rtl�yds�_bmp�8�0(�vim�_badm�qKck] _ia�mvicfjtan_/yd{fgh�*m1��½�adr�}�_iadmpl�rt]K_ia�m�ckl0gwjhm
©nq¢ck]��dcf�pg�_icf]dj�_badm�yErne~ck_icfrt] cf]Ng�eiÀtm�_b�=a rt] qtrts�v�yEgwyCm�v��

2 Q@R'36ç/T-S-[*R'465	ì0R�S.7 ç�S-[*Y98;:0æ¨ç$Y¬S<3
	¬rtsNgw{fvbmpgt�dq	rh©�_bgtck]�mp�0_badm=($ 0]dm���gtl�m�v=g�l0g�_bvick¡xck]K�;gwvi_/��o�]dr�}Iqtrhs¢�*rhsd{|�¢ydvbrw£¤m��¥_/gw]�qx�t�»}�rtvb{f�xrt©�£¤m��¥_be�rh]h_br_ia�m�ckl0gwjhmt�>� m�m�]���rtsdv=gwjhm�qhrtsx_br0s�eim@?�g�_i{|gw© ydvbrtjhvbgtl	l�cf]dj	ck] _ia�cfe/y�gtv~_��
�h�$}:m	��m*��]�m�g¢y�qnv=gwl�c|��}$ck_iaz��rtsdv��t�ªyCrtcf]n_be�rt]�_badm�©�gteim

(0, 0, 1, 1)T
o
(1, 0, 1, 1)T

o
(1, 1, 1, 1)T

o
(0, 1, 1, 1)Tgw]���rt]dm��t� yCrtcf]n_

(0.5, 0.5, 2, 1)T
ghe�_badmxgwyCm*¡8�=	¬rhs eiadrhsd{f�zcf]�e~mpv~_
ck_
rh]n_irK_iadm�cfl�gtjtmho8}$adcf�=a c|e�sEe~m���cf]�"gtv~_=�d�<($�Â_impv:jhm*_i_icf]dj�_ia�m�cfl�gtjtm«y�c�¡�m�{C�*r�rtv=��cf]�g�_bmpe;rt�@_iadm����tm«�hm�vi_ic|�*m�e�ohqtrtsx��rtsd{|��s�eimA?�gw_i{|gw©�_ir	��v=gG}¿{fck]�m©Em�_¤}:mpm�]K_iadm��hm�vi_ic|�*mpe:_brxe~Àhm*_b�=aK_ia�m�ynq�v=gwl�c|�8�<B�yd{frhgt� qhrtsdv$eiqn]n_badm*_bcf��cfl�gtjtm�_ir¢½�}$ckÀ�c��

�d�A$�r��*v=gC�pq�_ir
��m*��]�m�qhrtsdvVr�}$]�vbmp��rtjt]�c���gw©d{fm¬rt©d£¤mp�¥_$�ðgD&�sd]d]�qd�6gt]���cf]�eim�vi_Vck_;ck]n_br�gt]�cfl�gtjtm:}$adcf�=a�qtrhs��=adr�rheimqtrts�vbeim�{k�¤�«ÿ«rt_ic|�*mto@qhrtsE/ �N©Em�_~_bm�v��=adr�rheim�gw]�cfl0gwjhm�e~s�c�_=gw©d{fm���rhv�gt]�g� 0]dm��pgwl�m�v=g0l�r���m�{�oC}$adcf�=a�l	m�gw]�e�_ia�m��m�y�_ba0��gwvbcfgw_icfrt]���gw]�©Cm«cfjt]drhvim��8�>F�_badm�vb}$cfeim$g�l�rtvbm$�*rtl�yd{fc|��g�_bmp����gtl�m�v=g��pgw{fck©�vbgw_icfrt]	cfeZ]dm�m���mp�8�>(«]E�0gw{|e~rEoc�_�cfe�mpgteicfm�v$_br¢jtm�_«_ia�m�g� 0]dm	��gtl	mpvbg�l0gw_ivbc�¡Nc��;_badm�vbm�/ e�g¢�*sd©Cm�cf]�_ia�m�cfl�gtjtmh�GB«yd{frhgh�N_irK½�}$ckÀ�c-_iadm�ckl0gwjhmqtrts �=adr�rheim�gw]��¢_iadm�rh]dm�g��Â_bm�v«eiqn]n_badmpeic��pck]�j��
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