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" !$!+�X��;G�9�'��� Ur�X�'�3�i)*!+��@ �+� x$# �4�
% ��;G��7�@e����;&B'&]����!4�)(sE3�'�X� z z
" !+@f@e!+� % 13��!+%GE����+*��'%GE���� z z
" �+���eNZU����5�-,/.103254 y N � � N
" �+���eNZU����5�-,/.103276 y N � � N
" �+���eNZU����5�-,/.103298 y N � � N
" �+���OxOU����5�-,/.103: 4 N�� N P � N
" �+���OxOU����5�-,/.103:;6 N�� N P � N
" �+���OxOU����5�-,/.103: 8 N�� N P � N
" �+���O�OU����5�-,/.103254'<=:>4 N�x N ? � N
" �+���O�OU����5�-,/.1032 4 <=:;6 N�x N ? � N
" �+���O�OU����5�-,/.1032 4 <=:@8 N�x N ? � N
" �+���O�OU����5�-,/.1032 6 <=:>4 N�x N ? � N
" �+���O�OU����5�-,/.1032 6 <=: 6 N�x N ? � N
" �+���O�OU����5�-,/.1032 6 <=: 8 N�x N ? � N
" �+���O�OU����5�-,/.103298)<=: 4 N�x N ? � N
" �+���O�OU����5�-,/.1032 8 <=: 6 N�x N ? � N
" �+���O�OU����5�-,/.103298)<=:@8 N�x N ? � N
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`ZTZV][�hK�	¡ªD�I¤i,Jeh+D�h;NZiZDGF�DQhEm:DQIGPQ`:h+D�[�iZDG�3i:PGdeD�POdeDGFR� h+VWLXNZYWD�h+i)PUN:De �VWTk[RDGT)lBVWTZwX[RJOV]TB[�FRJU�
lB`:IKD�Poh'^�DGH I�JoLONZY]VqIGPQ[RVWT,w.^²PoI�[RJoF�h!PMh<N:JehRh;VWmZY]De�<�1iZD%h+L�PQYWY]DGF<h+N,iZDGFRD�m:DGwMV]T:h1PQ[1[�iZD�JMF�VWwoVWT� 
PUT)l�[�F�PGdeDGYqh@PUY]JMTZw%[RiZD��B��PU£kVqh�V]T�VWT:I�F�DGLODGTk[�h:JU^ �B�}�o�M��`ZTZV][�h�`,TB[�VWYkVW[�h�I�DGTk[RDGF�F�DQPMI�iZDQh��	� �k�
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I�JoYWYWVfh+V]JMT��e`ZDGFR��Vqh�N:DGF+^�JoFRLODulgH!iZVqI�ig®:T:lZh�PUY]YZ[RiZD%I�JoTB[\PMI�[<N:PQVWF�h�m:DG[;H1DjDGT�[RiZDjL A�P 4 ���B©²¨24�©
/ ¨ 9 1 Vqh�P?N:PQVWF�JQ^<[RJo`:I�iZVWTZwX[RFRVfPUTZwoYWDQh C���,ZJMF�DuPMI�ic�e`ZDGFR�¦ ZH1DgF�DQI�JoF�lBDQl�[RiZD�TB`,L?m:DGF!JQ^!b0/
[RDuh+[�h@FRDQ�e`ZVWF�DQln QTB`,L?m:DGF_JU^_[RF�VqPUT,wMYWD![�DQh+[\h� ePQT:lgTk`ZL?m:DGF�JQ^�I�JMTk[�PoI�[�N:PQVWF�hK��°�T=,@VWwM`,FRD!�k� � H�D
h+i,JUH [RiZD!N,YWJM[�JU^_[RiZD!Tk`ZL�m:DGF�JU^�[RFRVfPUTZwoYWD�I�JoTB[\PMI�[�N:PUV]F�h�Poh�P!^�`ZT:I�[�VWJMT�JQ^�[�iZD
�B��I�JeJMF\lBVWT:PQ[RD
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m:DEN,FRJMN:JoFR[RV]JMT:PQYn[�Jg[Ri,DEY]DGTZwM[�i�JU^@[�iZD!VWTk[RDGF\h+DQIK[RVWJoT�I�`ZF�deDe�@°�T�[Ri,Vqh<IGPMh;De e[RiZD�NZF�JMN:JMF�[RVWJoT:PUY­�
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,�V]wM`ZF�Dg�k� � -��E`ZL�mtDjF�JQ^�I�JoTB[\PMI�[\h�^�JM`ZT:l�PohEh;NZiZDGF�D	LXJUdeDuh��@�1iZVqh!h;iZJQH�h.[�i:PU[�[Ri,D	Tk`ZL�m:DGF
JU^�I�JoTB[\PMI�[\h�Vfh�N,FRJMN:JoFR[RV]JMT:PQY�[RJ�[RiZD3YWDGTZwo[Ri JU^�[RiZD3VWTk[RDGF\h+DQIK[RVWJoT6I�`ZF�deDe 1NZY]`:h�P F\PUT:lBJoL
I�JoLON:JMTZDGTk[1V]T:lB`:IKDQlOmB�O[�iZDpF�PQT:lBJML{JMFRV]DGTk[�PU[�VWJoT:h.JQ^�[�iZD�h+NZi,DGFRDpLOJklBDjYqh��

JU^'[RiZD�LOJklBDGYfh!I�JMTk[�PQVWT:h��Q�Oh;DGwMLXDGTB[\h�N:DGF�`ZTZV][EJQ^<YWDGT,wM[Ri��E�1i,D	Tk`ZL�m:DGF!JU^�IKJMTk[�PMIK[EN:PQVWF\h
i:Poh�P?wMF�DQPU[%lBDQPQY�JQ^�F�PUT)lBJML/dMPQFRVfPU[RV]JMT IGPU`:h;DQl�mk�¥[�iZDgF\PUT:lkJML/h+DGY]DQI�[�VWJMT3JU^<JoFRV]DGTB[\PU[�VWJMT)h
PU[�DQPoI¤i�h;[RDGN��

¡¢D�FRDGN:DQPQ[RDQl�[�iZVqh!DG£kN:DGFRV]LODGTk[1`:h;VWTZwODuPMI�i�m:JM`ZT)lBVWTZw�deJoYW`ZLOD%[+�kN:D+-Ea%b!b!h�  $�$�b!b!hK 
PUT)l h;NZiZDGF�DQh��ª�1iZDXTB`ZL�m:DGFpJU^vI�JMTk[�PoI�[�h�^�JMF�DQPoI¤i�b0/�[;�kNtD PUFRD�VflBDGTk[RVqIjPUY� �mZ`,[�[RiZD�lkVqh��
[RF�VWmZ`,[RVWJoT:h!JU^�[RiZD�TB`,L?m:DGF!JQ^<m:JM`ZT:lkVWTZw�deJMY]`ZLOD�[�DQh+[\hEPQFRD��e`:PUY]VW[\PU[RV]deDGYW��lkVED_DGFRDjTB[j tH!iZVfI¤i
PUF�D�h;iZJQH!T�VWT ,�VWwo`ZFRD��k�}�B��|eNZiZDGF�DQh�PUT:l $�$�b!b!h�i)PudeD�P?deDjFR�Xh+VWLXVWYqPQF1F�Vqh+D�PohE[RiZDpLOJklkDGYqh
PUN,NZFRJ¦PMI�i�PUT:lO[�JM`:I�i� kPUT:l�mtJo[Ri�i:PGdeD�Pgh;i:PUF�N�NtDuPU�XPU[!PQNZNZF�JU£kVWL PU[RDjYW�p[RiZD%hRPQLOD�NtJoVWTk[!PQ[
£	� �B�}�o�B ,Pu^�[RDjF�H!i,VqI�i�[RiZDGF�D!Vqh<Pph+`:l,lBDGTXlBFRJoN��<�1iZVqh<h;YWJMN:D�woF�PolB`:PUY]YW��m:DGwoVWT:h�[RJpY]DGdeDGYkJM`Z[j 
`ZTk[RV]Yt[�iZDpN:PUF�[RV]TZw��BVfhRh�PU[!£ � �o�}�k�  <Y]Jeh+D%DG£ZPQLOVWT)PU[RV]JMT�JU^�[RiZD%NZYWJo[�h+iZJQH�h1[Ri)PU[![Ri,DQh+D�[;H�J
lBVfh+[RF�VWmZ`,[RVWJoT:h�JQdeDGFRYfPUN�PpYWV][R[RY]De QmZ`Z[<[RiZD!N:JoVWTk[�h�^�JMF�h+N,iZDGFRDuh�PQFRD�wMDGT,DGF�PQYWYW��PQmtJQdeD�[RiZD�N:JMV]TB[\h
^�JMF $�$�b!b!hK MVWLON,YW�kVWTZw�[�i:PU[ $�$�b!b!h<PUF�Dph+Y]VWwoiB[�YW�gLXJMFRD�D�� I�VWDjTB[�[�i:PUT h+NZiZDjFRDQh�PU[!NZF�`ZTZVWT,w
[Ri,D?m:JM`,T:lBVWT,w�deJMY]`ZLOD�[RDQh;[g[RF�DGDe���1iZD�a%b!b NZY]JM[�PUYfh+J�F�Vqh;DQhph+i:PQFRNZY]�cH!iZDGFRD�[Ri,D?LOJklkDGYqh
®:F\h+[1LXDGDG[G omZ`Z[1[�iZD�FRVqh;DEm:DGwoVWT:h1YfPU[�DGFG kPUT)l?YWDGdeDjYqh�J6DcdeDGF����e`ZVqI��BY]�e MTZDjdeDGF�^�JMF�LOVWT,wgP�h+i:PQFRN
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~M«



0

20000

40000

60000

80000

100000

120000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

B
ou

nd
in

g 
V

ol
um

e 
T

es
ts

Position of Small Sphere Model

Number of Bounding Volume Tests for Each BV Type

Spheres
AABBs
OBBs
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,�V]wM`ZF�D��B� � - �E`ZL�m:DGF�JU^%NZF�VWLOV][RVWdoDQh![RDQh;[RDQl�Poh�h+NZi,DGFRDOLXJUdeDuh���b1DQIGPQ`:h+D�JU^%[Ri,D�h+`ZN:DGF�VWJoF
NZF�`ZTZVWT,w�N:JUH�DGF�JU^�a%b!b!h� 1H�D�lkDQhRI�DjT:l Y]DQhRh?JQ^�[RDGT [RJ�[�iZD�Y]DQPu^vTZJklBDQh?JQ^�[RiZD3mtJo`ZT:lBV]TZw
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PUT)l�h+NZi,DGFRD�lBVfh+[�FRVWm,`Z[RV]JMT:hK�S,ZJoFgPQYWY�b0/#[;�BN:DQhK �[RiZD�Tk`ZL�mtDjF�JU^S[RFRVfPUTZwoYWD�[�DQh+[\hvVfhO*GDGFRJO^�JoF
deDGF��Oh;L�PUY]YtdoPQYW`ZDQh1JQ^ �����1iZDp[�FRVqPQTZwMY]Dp[RDQh;[�h1m:DQI�JoLOD�TZJoT *GDGF�J�PU[�lBV DnDjFRDGTk[!doPUYW`,DQh1JU^ � ^�JoF
lBV DnDjFRDGTk[�b0/ [;�BN:DQh -S®)F�h+[�^�JMFph;NZiZDGF�DQhEPQ[pPUN,NZFRJQ£kVWL�PQ[RDGY]� � � ��
W�o n[Ri,DGT8$�$�b!b!h!h;iZJMF�[RYW�
[Ri,DGFRDQPG^�[RDGFj ZPQT:l¥®:T:PQYWYW��^�JMFpa%b!b!h!PU[��R`:h+[�m:DGYWJQH ��� ��
}�B�S�1iZVqh!h;iZJQH�h.[�i:PU[�[RiZD�h+`ZN:DGF�VWJoF
NZF�`ZTZVWT,wON:JUH�DGF�JQ^�a%b!b!hEPQYqh;JOLODQPQT:h.[�DQh+[�VWTZw�^�DGH1DGF�NZF�VWLOV][RVWdeDuh�H!iZDGTc`)h+VWT,w�a%b!b!h.[�i:PUT
H!iZDGT�`:h;VWTZwXh+N,iZDGFRDuh1JMF $�$�b!b!h��
,ZDGH1DGFvb0/#[RDQh;[�hpPUF�DOFRDQ�e`ZV]FRDQl�mB��a%b!b!hE[�i:PUT�mk� $ $�b!b!h�PUT)l�h+NZi,DGFRDQhK� ,�VWwo`ZFRDX�B���

h+i,JUH�h![Ri,D	F\PU[�VWJ�JU^�[RiZD�^�JMF�LODGF�H!VW[Ri�DQPoI¤i�JQ^�[�iZDpYqPU[�[RDGF![;H�JZ�
a%b!b!h�i:PGdeDc[�iZD�woFRDQPQ[RDQh;[�PolBdoPUTk[�PQwMD��R`:h+[ON,FRVWJoFO[RJ�I�JMTk[�PoI�[�PU[ � � ��
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TZDQPQF � � ��
s«M�B���1iZVfh�h+`ZwowMDQh;[�h�[Ri)PU[pb0/pC!��m:Poh+DQl3� `,DGFRV]DQhEPQFRD�JMN:DGF�PQ[RV]TZw�VWTc�e`:PQYWVW[\PU[�VWdeDGY]�
lBV DnDjFRDGTk[�F�DGwMV]LODQh�H!iZDGT�[�iZDGFRD�Vqh�IKJMTk[�PMIK[�[Ri:PQT?H!i,DGT�[RiZDjFRD!Vqh@TZJM[j���1iZD�JQdeDGF�PQYWYkI�JoT:I�YW`)h+VWJoT
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,�V]wM`ZF�D��k�}� - �#���k©�¨24�© 4 � �K© PMh!P�^�`ZT:I�[�VWJMTXJU^@N:Jeh;VW[RV]JMTOJQ^<h;L�PUY]YWDGF'h+NZiZDjFRDe���1iZDpI�JoTB[\PMI�[SI�Jeh;[
Vqh<[RiZDpTk`ZL�mtDjF�JQ^<b0/ [RDuh+[�h!lkVWdkVqlBDQl�mB��[RiZD%TB`ZL�m:DGF<JU^'I�JMTk[�PoI�[�h�^�JM`ZT)ln�1�1i,Vqh1TZJoFRL�PQYWV.*jDQh
^�JMF�[Ri,Dgh;V.*GD%JU^�[RiZD��e`ZDGFR�_r}h1Jo`Z[RN,`Z[G ZLODuPMh+`,FRVWT,wg[Ri,D	D ��I�V]DGT:I���JQ^<[Ri,Dg�e`ZDGF��e�

¡¢D�IjPUT�PUYfh+JpYWJeJo��PU[�[�iZD 4 ���B©²¨24�©@4 � �K© ^�JMF�DQPoI¤i�JQ^_[RiZD�b0/ [+�kN:DQh����1iZD�I�JoTB[\PMI�[<IKJeh+[�^�JoF
P��e`ZDGF��	Vfh�lBD�®)TZDQl�PMh@[RiZD!Tk`ZL�mtDjF�JU^�b0/�[�DQh+[\h�lBVWdkVqlkDQl	mk�p[RiZD!Tk`ZL�mtDjF�JU^�I�JMTk[�PoI�[�h�^�JM`ZT:l_�
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X Position of Smaller Sphere
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