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\^]#_a`cbd]feZgihkjmlk]fnporqZeZsft-q�]!uvqwbx_�yrsvykz�{|]fb}t-q~`clks3����svb}g�t-]fjvq[nx_3h�`cl�qZndgin��kzkq�`ds�gi`dn
zkh3�
y�]fbd]f{�{iqZ{iqZ�!�kq~�5g�okgi{�g�`�_�]fhk�Wgi`dn�]fo�g�{�g�`�_R`clkq�jfqZhkqwbc]�`dqpg�t-]fjvqwnIsf�/lkgijvlW��z�]f{igi`�_!]fhk�WbxqG]f{ig�ndt��
� gitpzk{|]2`cg�sfh�sf��q~�<qwew`dnRndzke�l�]fn�bxqw��qwew`cgisvh�]fhk��bxqw��bd]few`dg�svh�l�]Guvq�o�qwqZh?`dlkqWl�]f{i{�t-]fbd��n�sf�
bc]G_!`cbc]�eZg�h�j�nxg�hkewq�gi`dn�g�h�`cbxs5�kz�ew`cgisvh�� �2¡*�
¢�gi`dl�`clkq[]f��ufqZh�`}sf�£nx`cs3e�l�]fnA`cgie�bc]G_�`cbd]feZgihkja� ¤2¡+¥
`cl�q�bc]fh�jvq�sf�^qw��qZe~`cn�q8��yk]fhk�kqw�¦`ds�g�hkew{�zk��q�t-s�`cg�sfh�ok{izkbZ¥>nxsf�§`�nxl�]f�ks#¨CnZ¥©�kqwy�`cl�sf�«ª�qw{��)¥
]fhk��o�sf`dl�ok{izkbdbA_-bxqw��qwew`dg�svhkn']fhk��`dbc]fhknx{�zkewqZhke~_v�/¬h�sf`�]fo�{�qIsft-gindndgisvh���bdsvt®`cl�qIbdqwy�qwbx`dsvg�bxq
sf�Ibc]G_�`cbd]feZgihkjk¥©lks#¨¯q~uvqwbZ¥«g�n���gi��zkndq�bdq~��qZe~`cg�sfh�sf�°g�h��kg�bxqZew`�{ig�jvl�`Z�¦±«l�svzkjvl¦ndq~uvqZbd]f{^hkqw¨
]f{ijvsvbdg�`clkt[nIlk]#ufq-orqZqwh�gih�`dbds3�kzkewqZ��¨Clkg�e�l²ndg�t
zk{|]�`dqptpzk{�`cgiyk{�qp��gi��zkndq�bdq~��qZe~`cgisvhkn�sf�'{ig�jvl�`
g�h!y�sf{i_3jvsvh�]�{�qZh�u3g�bdsfhkt-qwh�`cn��´³f¥rµf¡*¥�bd]#_`dbc]fewg�hkj-eZsvh�`cgih�zkqZn^`cs�h�qZjv{iqZew`°`clkqwndqpl�g�jvlkqwb°sfbd�kqwb
qw��qZe~`cnw¥�]�hk�!ewsvhknxqZ��zkqZh�`d{i_R�¶]f{i{�n'nxlksvbx`^sf�1]p`cbxzk{i_Rjf{�svo�]�{<t[s5�kqw{)sf�·g�{i{�zkt[g�h�]2`cg�sfh)�

±«lkqZnxq!h�sf`cqwn��kqZnxeZbdgio�q�]�nxg�t[yk{�q-q~�3`cqwhkndgisvh¦`dsWbc]G_�`dbc]fewg�hkj�¨Cl�g�e�l¸`�]f��qZn[]�ª�bdnA`�nx`dqZy
`cs#¨¯]fbd�[]f{i{�q~u5g�]�`cgihkjC`clkgin:�kqwª�ewg�qwhkew_f�:±«lkq«ykbdsfok{�qwt¹]f�k��bdqZnxndqw�-gin1`cl�]2`/sf�rndg�t
zk{|]�`dg�hkj°�kgi��zknxq
bdq~��qZe~`cgisvh¸sf�^ndyrqZewzk{|]fbx{i_abdq~��qZe~`cqw��]fh��»º�svbpbxqw��bd]few`dqZ��{�gijvl�`
svbxg�jvgih�]�`dg�hkj��bdsvt¼yrsvg�h�`�{ig�jvl�`
ndsfzkbdewqZnZ�m±«lkq-`dqZe�lkhkgi��zkqRg�h�uvsf{iuvqwn
svh�q�svb½t-svbxq-yk]fndnxqZnpsf�Cok]fe���¨']fbx�¸bc]G_�`cbd]feZgihkj¸¾§��bdsvt
`cl�q}{ig�jvl�`�¿¯]fhk�`clkq�ewsvhknx`dbdzke~`cgisvhsf�1gi{�{izkt-gih�]�`dg�svh[t�]�yknC]fn^]�ykbdq8��ykbxs5ewqZndnxg�hkj[nx`dqZy)�
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Æ�h�`cbc]��kgi`dg�svh�]�{·bd]#_m`cbc]�eZg�h�jk¥�bc]G_3n
]�bdq�eG]�nx`���bdsvtÇ`clkq�q~_vq[g�h�`csR`cl�q[qwh�u5gibdsvh�t-qwh�`}gihasfbd�kqwb
`cs[yrqZbx��sfbdtÃu3g�nxg�ok{iq�ndz�bx�¶]fewq½eZ]f{�ewzk{|]�`dg�svh�nZ�:¬I���kgi`dg�svh�]�{)bc]G_3nI]�bdq�ndy�]G¨Chkqw�W]�`«`dlkq½yrsvgih�`dn«sf�
g�h�`dqZbdnxqZe~`cg�sfh���svb�`clkq-ykzkbdyrsvnxq�sf�Cnxl�]f�kgihkjk�±«lkg�n½hksvbxt�]f{i{i_mbdqZ��zkgibdqwn�]�`½{�qG]�nx`½svhkq�bd]G_a`ds
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orq�eG]fnA`«��bdsvt®`dlkq�y�sfg�h�`'sf�Ûgih�`dqZbxndqZe~`cgisvh�`cs#¨¯]fbd�RqZ]fe�l{�g�jfl�`£ndsfzkbdewq�`dsp�kq~`cqZbxt-gihkqI¨Clkgie�lRsf�
`cl�qZt¹ewsvh�`cbdgiokz�`dqC`ds�`clkq«gi{�{�z�t-gih�]�`cgisvh�sf�r`clkqCndz�bx�¶]fewq°]2`:`cl�]�`/yrsvgih�`Z�1ÆÓ�r`clkqCbd]#_pqZhkewsvzkh�`cqwbdn
]fh�g�h�`dqZbxufqZhkgihkjsvo � qwew`�`clkq�yrsvgih�`�g�n�qZg�`clkqwb��kqweZ{|]�bdqZ�W`ds�orq�g�hWnxl�]f�ks#¨�¥¯¾�¨Cg�`clWbdqwndyrqZe~`}`ds
`clk]�`}{�g�jfl�`�nxsvzkbxeZq#¿�svbZ¥Ûgi�©`cl�q-svo�nx`cbxzkew`dg�svhag�n�`dbc]fhknx{�zkewqZh�`G¥Û`clkq[eZsfh�`dbdgiokz�`cgisvhasf�¯`dlkq-{ig�jvl�`
ndsfzkbdewq½ginC]�`d`dqZh�z�]�`dqZ�`cs�ndgitpzk{|]2`cq�]fo�ndsvbxy�`cgisvh)�

¬ ykbxsvok{iqZt ]fbxg�ndqwn^¨Cl�qZhm¨£qp]�`x`cqwt-y�`^`cs[`�]f��q
bxqw��qwew`cgisvh�]�hk�mbxqw��bc]�ew`cgisvhmgih�`cs-]feZewsvzkh�`
]fn'bd]G_5nC]�bdq°`dbc]fewqZ�R��bdsft `dlkq�yrsvg�h�`£sf�Ûg�h�`cqwbdndqwew`dg�svhRo�]�e��[`dsp`clkq�{ig�jvl�`£ndsvz�bdeZqv¾¶nc¿~�:¢�qwbdq�¨£q
`cs½bdq~��qZe~`'bc]G_3n/��bdsvt®svb©bdq~��bc]fe~`¯bd]G_5n/`cl�bdsvzkjfl�svoknA`cbxzkew`dg�hkj½svo � qZe~`cn¯]fn©¨Cg�`cl-bc]G_3n¯eG]�nx`©��bdsvt
`cl�qpqw_fqf¥<¨£q
¨£svzk{��!ª�hk��`clk]�`Iu3g�bA`cz�]�{�{i_�hksvhkqps��:`clkqwt nA`�]G_msfh�eZsvz�bdndq½`csR]�{ig�jvl�`^ndsfzkbdewqZn
]fhk�p`dlkqZbxqw��svbxq«bdq~uvqG]�{khksf`dlkg�hkj�]�o�svz5`>`clkq']ft-sfzkh�`:sf�»{�gijvl�`>bxqG]fe�lkgihkj�`cl�q«y�svgih�`>g�h
�3z�qZnx`dg�svh<�

±«lkqpykbxsvok{iqZt g�n^][�kg��[eZz�{i`°svhkq}ndg�h�eZq
{ig�jvl�`^�kq~��qZe~`cqZ�Wo�_�bdq~��qZe~`cgisvhmsvb^bdq~��bc]fe~`cgisvhmeZ]fh
eZsft-q©��bdsvt t-]fh�_}zkhkykbxqZ�kgiew`�]�ok{�q£�kg�bxqZew`dg�svh�n'¾§ª�jvzkbxqI³ð¿8�·±«lkq¯y�svnxgi`dg�svhknÛsf�k`dlkq¯{ig�jvl�`ÛndsfzkbdewqZn
sf��qZb�hks�`�`clkqp�¶]fgih�`cqZnA`�eZ{izkqp¨ClkqZbxq�`cs{�s3sv��q~�5eZqwy�`}g�hW`clkq�eZ]fndq�sf�£�kgibdqZe~`[¾¶z�hksvoknA`cbdz�ew`cqw�»¿
g�{i{�zkt[g�hk]�`cgisvh)����hkq�y�sfndndgiok{�q�]fykykbxs�]fe�l`cs�{�s3eG]�`dg�hkj
ndsvzkbxeZqwn°sf�·g�h��kg�bxqZew`'{�g�jfl�`¯¨¯svz�{��o�q�`ds
eG]�bdqw��z�{�{i_-nc]�t-yk{iqI`cl�q�qZh�`cgibdq�qZh�u3g�bxsvhkt[qZh�`C��bdsvt qG]�e�l!yrsvg�h�`«orqZgihkj�ndl�]��kqZ��g�h]fh�]�`x`cqwt-y�`
`cs��kgindewsðufqZbC`clksfndq�y�]�`dlkn«¨Clkg�e�l��kgiufqZbA`°{ig�jvl�`«ok]fe���`cs#¨¯]fbd�!]�{�gijvl�`«ndsvz�bdeZq��£±«l�g�n'¨£svzk{���orq
qZh�svbdt[svzknx{i_�q8�5y�qwhkndg�uvqp]�hk��]fhm]�{i`cqwbdh�]2`cgiufq�g�n«ew{�qG]�bd{i_-hkqweZqZnxnc]fbA_v�
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`cl�q�ndl�]f��g�hkj�eG]�{�eZz�{|]�`dg�svh»¿8¥�]�h�sfo�u3gisvzkn«yk{�]fhRsf�1]�`d`c]fe���gin'`cs�bdq~uvqZbxndq�`clkq�y�bds3eZqZnxn^]fhk�eG]fnA`
bc]G_3n���bxsvt `clkqm{�g�jfl�`[nxsvzkbdewq�g�h�`ds²`cl�qmqZh�u3g�bxsvhkt[qZh�`G��ÆÓ`�gin-`dlkg�n[ykbds3eZqwndn�s���bc]G_�`cbc]�eZg�h�j
��bdsftÃ`clkq}{�gijvl�`«ndsfzkbdewq}¨Clkgie�l!¨£q½bxqw��qwb^`ds�]fn �����������
	�� bc]G_�`cbd]feZgihkj[ndg�h�eZq�gi`Cgin^ewsvzkh�`cqwb^`ds
`cl�q[�¶]ft[g�{ig|]fb^ndewqZh�]�bdg�s�g�h�¨Clkgie�l�]f{i{>bc]G_3n
orqZjvgiha]�`�`clkq[qw_fqf�R±«lkgin}gin�`clkq[eZsvh�eZqZy5`p]�`}`cl�q
lkqZ]fbx`�s��:`clkq�]f{ijvsvbxgi`cl�t ykbdqwndqwh�`dqZ�alkqZbxqf�}±«lkqpbxsv{�q½sf�©o�]fe���¨']�bd��bc]G_m`dbc]fewg�hkj-g�n�ewsvh�ª�h�qZ�
`cs}ndlk]f�kg�h�j}eZ]f{�ewzk{|]2`cg�sfhknZ¥vl�sð¨£qwufqZbw¥�]fhk��`cbd]f�kgi`dg�svhk]f{��� 	����
	�� bd]G_p`cbd]feZgihkj�g�n/nx`dg�{�{�qZt[yk{�s#_vqw�
`cs!�kqw`dqZbxt-gihkq-u3g�nxg�ok{iq�ndzkbA�¶]feZqwnZ¥:ndgitpzk{�]�`cq�t[g�bdbxsvb�bdq~��qZe~`cg�sfhknZ¥>q~`ce��mÆ�h�ykbxg�hkewg�yk{iq�`clkq-ykbdq8�
ykbxs5ewqZndnxg�hkj�nx`dqZy²�kqZnxeZbdgio�qw�²gihW`clkq�hkq8�5`½ndqwew`dg�svh�eZsfzk{��aeZsvt[yk{iqw`cqw{i_!svo�u3g|]�`dq�`dlkq�hkqZqw�a��sfb
ndlk]f�kg�h�j�bc]G_3n�¨Clkgie�l?nc]�t-yk{iq�`dlkqm{ig�jvl�`[ndsfzkbdewq¸¾���sfb-ykz�bdqZ{�_¦�kgi��zkndq!bdq~��qZe~`csvbxn�¿~¥Cokz5`�`cl�q
]f{ijvsvbdg�`clkt®`ds-��]2`cq�l�]fnCorqZqwhmzknxqZ��svhk{i_�]fn^][nxzkykyk{iqZt[qZh�`C`cs[]�nx`c]fhk��]fbx�!nxl�]f�kqwbZ�
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±«lkq½g��kqZ][orqZlkgihk�!`dlkq½]f{�jvsfbdgi`dlktÃginC�3z�gi`cq}ndgit-y�{�qf�£¬In°]-ykbxq~�Óykbds3eZqwndndgihkj�nA`cqwy)¥�nxlks#¨¯qwbI`cl�q
qZh�u3g�bxsvhkt[qZh�`�¨Cgi`dl¸bc]G_3n[qwt�]�h�]�`cgihkj���bdsft `cl�q�{ig�jvl�`
ndsvzkbxeZqv¾¶n�¿8¥']fh���]fnxndgijvh¸`csWqG]�e�l�bc]G_
ndsft-q[]ft[svzkh�`}sf�%$AqZhkqwbdjf_�&k��¬°n½qZ]fe�l�bd]#_�bdqZewzkbdnxgiufqZ{i_�¨£qZhk��n
gi`dn�¨']G_�`clkbxsvzkjvlatpzk{�`cgiyk{�q
bdq~��qZe~`cgisvhkn^]fhk�bdq~��bc]fe~`cgisvhknZ¥k]
��bc]fe~`cg�sfhRsf�1g�`cn'qwhkqZbxjf_Rgin«�kqZyrsvndg�`cqw�!]2`CqG]fe�l�ndzkbA�¶]feZq�¨Cl�g�e�l
yrsvndnxqZndnxqZn�]�eZsft-yrsvhkqwh�`�sf�}�kgi��zknxqmbdq~��qZe~`cgisvh)� ¾�¢²q�eZ]fh�hkqZjf{�qZe~`�ª�bxnx`x�ÓjvqZh�qZbc]2`cg�sfh?bc]G_3n
¨Clkgie�l�lkgi`©ykz�bdqZ{�_��kgi��zknxqIndz�bx�¶]fewqZnZ�Ñ¿G�1g�hk]f{�{�_v¥�bdqwhk�kqwb£`cl�q°nxeZqZh�q�zkndgihkj½��sfbx¨¯]fbd�-bc]G_�`cbc]�eZg�h�j
]fhk�!]�ndl�]��kqZb«¨Clkgie�l�`c]f�fqwn^`dlkq�{�s3eG]f{)qwhkqZbxjf_R�kqwhkndg�`�_g�h�`cs[]feweZsvz�h�`^o�_]f���kg�hkj�g�`Cg�h�`cs�`cl�q
�kg��<zknxq�ewsvt-yrsvhkqwh�`G��'�qZh�qZbc]�{�{i_�nxy�qZ]f��g�hkj�¥:]fbdqZ]fn
gih²¨Clkgie�l¸t�]�h�_agi{�{�z�t-gih�]�`cgisvhmbd]G_5n½�¶]f{�{
]fbxq�g�{i{�zkt[g�h�]2`cqZ��t[svbdq-okbdgijvl�`c{�_²o�_²g�hk��g�bdqwew`
{�g�jfl�`}`clk]fh�]fbdqZ]fnpgih�¨Clkg�e�l���q~¨ �¶]�{�{+�)(!svbxq
ykbxqZeZgindqw{i_v¥�`cl�q°gih�`dqZhknxgi`�_[sf��`clkq°g�hk�kgibdqwew`©g�{i{�zkt[g�h�]2`cg�sfhp]�`£]fh�_[y�sfg�h�`©g�n/`clkq^qZhkqwbdjf_[yrqZb£zkhkgi`
]fbxqG]�¥3]fhk�[gi`/gin:`clkgin>¨Clkg�e�l[¨¯q^ndqwqZ��`cs}]fyky�bdsG�5g�t-]�`cq«o�_�eZsfhkndgi�kqZbxg�hkj�`clkqCqwhkqZbxjf_�g�h-]�ndt-]f{�{
hkqwg�jvl�orsvbdlks3s3�Rndzkbxbdsvzkh��kg�hkj[qG]�e�l!yrsvg�h�`CorqZgihkj�ndl�]f��qZ�)�

±«lkq«]f{ijvsvbxgi`cl�t`clkqwbdq~��svbdq'bxqZ��zkgibdqZn·tpzk{�`cg�y�{�q/y�]fnxndqZn:s���bc]G_}`cbc]�eZg�h�j+*fsvh�q¯y�]fnxn1��bdsft qZ]fe�l
{�gijvl�`Cndsvz�bdeZq½]fhk�!]�ª�h�]f{%y�]fnxn^��bxsvtÃ`dlkq½q~_vq}y�sfg�h�`G�©±«lkq}t-gindndgihkj�g�hkjfbdqZ��g�qZh�`Cgih�¨Cl�]2`Il�]�n
orqZqZh-�kg�nxeZzknxndqw��`cl�zkn/�¶]fb/g�n/lks#¨?`cs}eZsft-tpz�hkg�eZ]�`cq«`cl�q°bxqZndz�{i`cgihkj��kg�nA`cbxg�okz�`dg�svh�sf�<�kqZyrsvnxgi`cqw�
qZh�qZbdj�_�eZsvt[ykz�`dqZ���kzkbxg�hkj�`dlkq«g�{i{�zkt[g�hk]�`cgisvh[¾¶o�]�e���¨¯]fbx�»¿>ykl�]fnxqC`ds�`clkq«nxl�]f�kqwb/zkndqw�-�kz�bdg�h�j
`cl�q}bxqZhk��qZbdgihkjm¾���svbA¨']fbx�»¿¯ykl�]�ndq
*»g*�÷q��:lks#¨`cl�q���sfbx¨¯]fbd�!]fhk��o�]fe���¨¯]fbd�!bc]G_3n,$At-qwqw`^g�hR`cl�q
t[g��k�k{iqf�-&
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±«lkq'��qw_}`cs°bdqZewsvbd��g�hkjI]fhk�pbxqw`cbxg�q~u5gihkjC`clkq£g�h���svbxt�]2`cg�sfh}jfqZhkqwbc]�`dqZ�p�kz�bdg�h�j°`cl�q¯g�{i{�zkt[g�hk]�`cgisvh
ykl�]�ndq�{ig�qZn}g�h²`clkq-eZsvhknA`cbxzkew`dg�svh¸sf�^]�h2143436587914: �
; 1<��:=7 �?> ��svb½qG]fe�l¸nxzkbx�¶]fewq�g�h²`clkq-ndeZqwhkq
¨Clkgie�lagin�g�{i{�zkt[g�hk]�`cqw�!o�_Wnxy�qweZzk{�]fbd{�_mbxqw��qwew`cqw��]fh��»º�svb�bxqw��bd]few`dqZ��{�gijvl�`G��¬Ih�g�{i{�zkt[g�hk]�`cgisvh
t-]fy!gin«uvqZbA_�ndg�t[g�{�]fb£`ds�]�`cq8�3`czkbxq
t-]fy!q8�5eZqZy5`I`clk]�`^gi`^eG]fbxbdgiqZn@$xokbxg�jvl�`ch�qZndn�&�gih���svbdt-]�`dg�svh
g�h�nx`cqZ]f��sf�1��g�ndy�{|]fewqZt[qZh�`Csvb«hksvbxt�]�{<uvqwew`csfb^yrqZbA`czkbxo�]�`dg�svhg�h5��svbdt-]�`cgisvh)�
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¬Ih!g�{�{izkt[g�h�]�`dg�svh[t-]fy!ewsvhknxg�nx`dn°s��:]�bdqZe~`�]fh�jvzk{|]�bC]fbdbd]#_s��1��]2`�]�y�svgih�`cn½¾¶nxeG]f{�]fb«uf]�{�zkqwn
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Data values recording
accumulated energy.

Partually Diffuse Surface

Ray generated during
illumination phase

Energy dissipated via
diffuse reflection.
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