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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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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�
$![1DQPoI¤iOJQ^�[�iZDQh;D��G�o�B�pNtJ¦h+V][RVWJoT:h� Z[�iZDp[;H1J�h;NZiZDGF�DQh!PUF�DpwMVWdeDjT?F\PUT:lBJoL�JMF�VWDGTk[�PQ[RV]JMT� ,PUT:l3P
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
JU^'[RiZD�h+L PUYWY]DGF�h+NZi,DGFRDe�

�1iZD<wMDGT,DGF�PQYe[RFRDjT:l�JU^,[RiZD<NZY]JM[�Vqh:[RJ�FRVfh+D<h;i:PUF�NZYW�pPQ[���� ��}�B QN:DQPU�kVWT,w�PU[@PUN,NZFRJQ£kVWL�PQ[RDGY]���� �� �k �lBDQh�I�DGT:lkVWTZw�[RJW*GDGF�J�PQ[����/��}�k���1iZD�[+H�J�VqlBDQPQY�h+NZiZDjFRDQh�VWTk[RDjF�h+DuI�[�VWT�P�IKVWF�IKYWD
I�DGTk[RDjFRDQlOPQFRJo`ZT:l¥[�iZD��B�;PQ£BVfh� :PUT)l¥H!iZJ¦h+D�I�VWF\I�`ZL?^�DjFRDGT:IKD!Vqh!Pg^�`ZT:I�[�VWJMT�JQ^��;-

� A�� C�� ������A�� C�� ����� A²��}��C���� A A�� � � A���s�$C � � � �
�!� C"�

�1iZDpl,PMh+i,DQl?YWV]TZD!VWT ,�VWwo`ZFRD%�B� � H!iZVfI¤i�N:PMh�h+DQh<[RiZF�JM`Zwoi�[RiZD%I�YWJo`:l�JU^@N:JMV]TB[\h�Vqh<[RiZD%I�V]F�I�`ZL��
^�DGF�DGT:I�D<^�`ZT:I�[�VWJMT�L PUwMT,V¯®:DQlgmk�=�Q�k ZlBDGLXJMT:h;[RF�PQ[RV]TZw�[Ri)PU[�[�iZD!TB`,L?m:DGF@JU^ I�JMTk[�PoI�[�h�[�DGT:lZh�[�J
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�
VW[;��I�JoT:h+[\PUTk[!Vqh �u�B ZVWT)lBVqIGPQ[RV]TZwp[Ri:PQ[![RiZD�N,VWDQI�DjH!Vqh+D�YWV]TZDQPQF!I�`ZF�deDEH!i,VqI�iOVqh<[RiZD�V]TB[�DGF�h;DQI�[�VWJMT
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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
N:DQPU�_���1i,D.^²PoI�[�[Ri)PU[<h;J	L PUTk�v^�DjH1DGF�b0/ [RDQh;[�h�PQFRD!F�DQ� `,VWFRDul	mk�?a%b!b!h�lkDGLOJMT)h+[RF\PU[�DQh�[Ri,DGVWF
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,�VWwo`ZFRD%�B� �gh;iZJQH�h�[Ri,D�TB`,L?m:DGF@JU^�^²PoI�DQh�[RDQh;[RDQl_�<�1iZDQh+D�NZY]JM[�h<i:PGdeD�PE^�JoFRL deDGFR��h+VWLXVWYqPQF
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,�V]wM`ZF�D��B�s� - �E`ZL�m:DGF�JU^%b0/vhv[�DQh+[�DQl�Poh�h+NZiZDjFRDOLOJQdeDQhK�O�1iZVfhglBVfh+[�VWTZwo`ZVqh;iZDQh�a%b!b^�FRJML
$�$�b!b!h!PQT:lªh+NZiZDjFRDQhK nh;iZJQH!VWTZw�[Ri)PU[ga%b!b!h!FRDQ�e`ZVWF�DgL�PQTB��^�DGH1DGF�JQdeDGFRYfPUN3[RDQh;[�hE[�i:PUTc[�iZD
JM[�iZDGF\h� :DQh+N:DQI�VfPUY]YW��H!iZDGFRDp[�iZDgLOJklkDGYqh�®:F\h+[�L�PU�eD%I�JoTB[\PMI�[j�!�1iZVqh!LODQPQT:h1[Ri)PU[pa�b!b!h1i)PudeD
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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
deJMY]`ZLOD�iZVWDjF�PUF\I¤i,VWDQhK BPQT:l¥[�iZDGF�D�^�JMF�D	[�DQh+[1^�DjH1DGF�NZFRV]LOVW[�VWdeDQhK�

[RJ�[�iZDGVWF%b0/#IKJM`ZTk[RDGF�N:PUF�[�hK �PQYW[�iZJM`Zwoi¢H�D�h;DGD�POmtDj[R[RDjFplBD�®:T,DQl�wePQN¢m:DG[;H1DjDGT�[�iZD<$�$�b!b
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[ � � ��s�B �PUT:l��R`:h;[

Pu^�[�DGF�IKJMTk[�PMIK[�PU[ � � ��}�k�c°�T�[Ri,DOF�PQTZwMD�H!iZDGF�DO[Ri,DGFRDOVfhgI�JoTB[\PMI�[j �[RiZDXF�PU[�VWJ¦hRlBDQIKYWVWT,D?[�J
m:DG[;H1DGDjT�PQNZNZF�JU£kVWL PU[RDjYW���¢PQT:l ~B �PUT)l [Ri,DGFRD3Vqh�P deDGF���wMDjTB[�YWD�m:JUH�H!V][Ri PcYWJQH�N:JoVWTk[
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
Vqhp[Ri:PQ[Oa%b!b!hvN,FR`ZTZD�[�iZD�b0/p�!� m:DG[�[RDGF�[Ri:PQT $ $�b!b!h�PUT)l h;NZiZDGF�DQhg[Ri,FRJM`,wMiZJo`Z[�F�PQTZwMD
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,�V]wM`ZF�D��B���+- �EPQ[RVWJXJU^%$ $�b!b5[�DQh+[\h�PUT)lch+NZiZDjFRD�[RDuh+[�h�JUdeDjF	a%b!b¬[�DQh+[\h��p�1iZVfh�h+iZJQH�h�iZJQH
L�`:I¤i�wMF�DQPU[�DGF�NZF�`ZTZVWT,w!NtJQH�DGF�a%b!b!hti:PGdeD�JQdeDGF $�$�b!b!h:PUT:l�h+NZi,DGFRDQhK�@°�[@h;iZJQH�hn[Ri:PQ[�a%b!b!h
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�M��[RV]LODQh1^�DGH1DGFp[�i:PUT $�$�b!b!hK��¡ i,DGFRD�[RiZDjFRD�VqhpI�JoTB[\PMI�[j �a%b!b!h�PQNZN:DQPUF�[RJ�i)PudeD���[RJ ~
[RV]LODQh�[RiZD�NZF�`ZTZVWT,w	N:JQH1DjF�JQ^�[�iZDEJo[RiZDjF�[;H�JZ elBDjNtDjT:lBVWT,w	JoTOH!iZDGF�D![RiZD%h+N,iZDGFRD�LOJklBDjYqh@PUFRD¦�
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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_�
°±^_H1D�[RiZV]TZ�gJQ^�DGdeDGF���I�JoTB[\PMI�[@^�JM`ZT:lXPMh1P�`ZT,VW[�JQ^@JM`Z[�NZ`Z[G e[�iZDGT�[RiZD%I�JMTk[�PoI�[<I�J¦h+[<DG£kNZFRDuhRh+Duh
D D_JMF�[<NtDjF1`ZTZV][�JM`,[RNZ`Z[j BH!iZVfI¤i�Vfh<P	LODQPoh+`ZF�D1JQ^@D���IKVWDGT:IK�e�) <JMTk[�PoI�[�I�Jeh;[<Vqh�`:h+DK^�`ZY:mtDuIGPU`:h;D
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X Position of Smaller Sphere
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 EVfh+[�PQT:I�D�PUT:l3h+N:PQTc�e`ZDGFRV]DQh!PUF�DgdeDGF��Oh;VWLOV]YqPQF1VWT3h;[RFR`)I�[R`ZF�Dp[RJ�[RiZD�I�JMY]YWVqh;VWJoT�� `,DGFR�e���1iZDQh;D
PUF�DOh;iZJQH!T�h;VqlBDK��mk� ��h+VflBD�`:h;VWTZw3[RiZD�V][RDGF\PU[RV]deD	^�JoFRL>VWT ,�V]wM`ZF�D��e�}�k�� <JMYWY]Vqh;VWJMT��e`ZDGFRV]DQh�PMlZl
[RJXPgYWVfh+[!JQ^<I�JoTB[\PMI�[\h1VWT3P�FRDQh;`ZYW[Sh+[RF�`:I�[�`ZFRDe�1|¦VWLONZY]D�lkVqh+[\PUT:IKDgPQT:l�h+N:PQTc�e`ZDGF�VWDQh1F�DGdBVfh+DpPQT
DQh;[RVWL PU[RD¦ BH!iZVfI¤i3Vqh1iZDGYfl¥V]T�[Ri,DgFRDuh+`ZY][�h+[RF�`:I�[�`ZFRDe�!¡ iZDjTcPUY]Y�[�DQh+[\h.i)PudeDpm:DGDGT3DG£ki:PU`:h;[RDQl_ 
[Ri,D	Duh+[RV]L�PU[�DEVfh1�BT,JUH!T3[RJ�m:DgDj£ZPoI�[RY]�OI�JoFRF�DQI�[G�
,ZJMF�VWLON,YWDGL�DGTk[�PU[�VWJoT N,`ZFRN:Jeh;DQh� pVW[XVqh�h+JoLODG[RV]LODQhgi:P6*QPUF\lBJM`)h�[RJ6L�PUV]TB[\PUV]T�L�`ZYW[�VWNZY]D
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,�V]wM`ZF�D �¦�}~.-0 <JMLOLOJoTONZF�JkI�DQlB`ZF�D�^�JMF%PUYWY�� `,DGFRV]DQh��

TZDQPQFRY]�?VflBDGTk[RVqIjPUY:NZFRJkIKDQlB`ZF�DQh��<��JklBV®_IGPQ[RVWJoT:h1VWT PUYWwoJMF�VW[Ri,L�h�JMF�lZPQ[�P�h+[RF�`:I�[�`ZFRDQh<H1Jo`ZYql?JQ^q�
[RDjTOFRDQ�e`ZV]FRD�N:PUF\PUYWY]DGYnF�DGdkVqh+V]JMT:hK kPUT:lOVWTX[RiZDpDGdeDGTk[�[�i:PU[!JoTZDpFRDGdkVqh;VWJMT�H!Poh1LOVqh�h+DQl_  V][1LOV]wMik[
TZJo[!mtDpJomBdkVWJo`:h1lB`,FRVWT,w�lBDGmZ`ZwowMV]TZw�[Ri:PQ[![RiZDpm:PolONZFRJkI�DulB`ZFRD%Vqh1JM`,[!JU^�h+�kT:I�H!VW[�iO[Ri,D�JM[�iB�
DGF\h�� ,)JoF�[RiZVfhgFRDQPoh+JoT�H1D3I�F�DQPU[�D3P¢h;VWTZwoYWD�NZFRJkIKDQlB`ZF�D¥H!i,VqI�i V]T:I�JoFRN:JMF\PU[RDuh�[�iZD3I�JMLOLXJMT
h+[�FR`:IK[R`ZF�De eiZVqlBV]TZw�[�iZD�lkVED_DGFRDjT:I�DQh�m:DGi,VWT:lg^�`ZT:I�[�VWJoT:h� kPMh�h+iZJQH!TOV]T ,�VWwo`ZFRD(�e�s~B�  EDjNtDjT:lBVWT,w
JMT H!i,DG[RiZDjF ,�y � Vqh�I�JMTB®)wM`ZF�DQl�[RJªN:DGF+^�JoFRL I�JMY]YWVfh+VWJoT� �lBVqh;[�PUT)I�De 1JoFOh;N:PUT �e`ZDGF�VWDQhK �[�iZD
^�`ZT:IK[RVWJoT:h � � ��� � 	 � � 	
���e  ��� � �����
���k kPUT:l ��� � � � � � � ����NtDjF+^�JMF�L [�iZD�PQNZNZFRJoNZFRVfPU[�D�JMN:DGF�PG�
[RV]JMT:hK��°�Tª[RiZVfh�H!PG�¢H�D?i)PudeD�h;DGN:PQF�PU[�DQl�[RiZDXlBDG[\PUV]Yqh�JU^�H!i:PQ[��e`ZDGF��cVqh�m:DGVWTZw3N:DGF+^�JoFRLODQl
^�FRJoL�[Ri,DglkDG[�PQVWYqh1JQ^�i,JUH [RiZDp[RDuh+[![RF�DGDpVqh1m:DGV]TZw�[RF\PudeDjF�h+Duln�
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�1iZD%lBDQh�I�DGTk[�N:JoYWVqIK�e kPMh1lkDQhRI�F�VWm:DQl�VWT  <i:PUN,[RDGFS�B eVqh<DGL?m:JklBV]DQlgVWT�[Ri,D.^�`ZT)I�[RV]JMT � � � � ��� � �n�
 EDGN:DGT)lBVWTZw%JMT�iZJQH ,�y � Vqh@I�JMTk®:wM`ZF�DQln e[Ri,Vqhn^�`ZT:I�[�VWJMT�L�PG�pI�JoLON:PUF�D1[�iZD!lBVfPULODj[RDGF\htJU^_[�iZD
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,�V]wM`ZF�D �e�]�G� - $deDGF�h;VWJoT¥JQ^ � � � � � � � ��H!iZVqI�i�lBDQh�I�DGT:l,h1[RiZDpYqPQFRwoDQh+[%lBVqPQLODG[�DGF�b0/��

,�V]wM`ZF�D �e�]�M�	-�¡ªD�`:h;DpPgYWJeJoNO^�JMF1doPQFRVqPQmZYWD%mZF�PQT:I¤i,VWTZwp^²PMI�[�JMF�hK ZmZ`Z[�`ZTZFRJoYWY_[RiZDGL#^�JMF�mZVWT)PUFR�
[RF�DGDQhK�

PUF�wM`ZLXDGTB[�b0/phK MJMF<VW[�L�PG�gIKJMLON:PQFRD![�iZDGVWF�h+`,F+^²PMIKD�PQFRDQPoh� eJMF<[Ri,DGVWF�deJoYW`ZLXDQh� QJMF<h;JMLOD!Jo[RiZDjF
�e`:PUTk[RV][+�¦��°±^�JoTZDpH!Vqh;iZDQh1[RJ�DG£kN:DGFRV]LODGTk[�H!VW[�i�JM[�iZDGF�I�F�VW[�DGFRVfPB e[RiZDuh+DpL�PG�?m:DpVWT)I�JMF�NtJoF�PQ[RDQl
VWTk[RJX[RiZD � � � � ��� � �
����^�`ZT:I�[�VWJoT���°�[pL?`:h;[�PQYWHSPu�,h�I�JoT:h+VflBDGFp[Ri,D�YWDQPG^�h+[\PU[�`:h�JU^ � PUT)l �� 
iZJQH1DjdeDGFG oPMh � � � � ��� � � � ��L?`:h;[�T,DGdeDGF�h+`ZwowMDQh;[!lBDQh�I�DGT:lkVWTZw�[�Jp[RiZD%I¤i,VWYqlkFRDGT�JU^@P�Y]DQPu^_TZJklBD¦�
�1iZD�h+JQ^�[;H!PUF�De ZV¯^@V][!Vqh!I�JoTB®:wo`ZFRDQl�[RJ�F�`ZT�LOJeh;[!D���IKVWDGTk[RY]�e MH!VWY]Y:TZJM[�VWT:IKYW`:lBDvhRPu^�Dj[+� I¤iZDuI¤�,h
^�JMF%PMIjI�DQhRh;VWTZw�[�iZDpVWTkdoPUYWVflOI�iZVWYfl?N:JMVWTk[RDjF�h1JU^�PgYWDQPG^�TZJklkDe�

� ������� � ( ��8 � 4ª&:$1-�����(R-�� � $ �nA,��&

�1iZD3I�JklBD�NZF�DQh+DjTB[�DQl¢[Rik`:h	^²PQF�PMhRh;`ZLODQh�P�m,VWT:PQFR��[�FRDGDe �m,`Z[�[RiZDuh+D3lZPU[\P¢h;[RF�`:I�[R`,FRDQh�PUT:l
PUY]wMJoFRVW[�iZL�h�PQYqh;J�PUN,NZYW��[�Jg[RF�DGDQh�H!iZJ¦h+D�TZJklBDQh<i:PGdeD�P�doPUF�VqPUm,YWD�TB`ZL�m:DGF�JQ^@I�iZVWYflBFRDGT��)"%h+VWT,w
Pc[RFRDjD¥H!V][Ri dMPQFRVfPUmZY]D�lkDGwMF�DGD�TZJklBDQh?F�DQ�e`ZVWF�DQh	`:h�[RJ�`:h+D3PcYWJeJMN V]T6[RiZD lBDQhRIKDGTB[�h+DQIK[RVWJoT
JU^%[Ri,D�IKJklBDe �PMh�h+i,JUH!T VWT',@VWwM`,FRD �e�]�M�M�6�1i,D�h;JU^�[;H!PQFRD�Vqh�lBDQh;VWwMT,DQl�[RJc`:h;D�IKJMT:lBV][RV]JMT:PQY
I�JoLONZVWYfPU[�VWJMT�PMIGIKJMF�lkVWTZw�[RJ�I�JMLXNZVWY]D���[�VWL�D�h+H!VW[\I¤i,DQh� kh+J�[Ri:PQ[<[RiZD%PUNZN,FRJMN,FRVqPQ[RDpIKJklBDEVfh�`:h+DQl_�
a!^�I�JM`,F�h+D¦ BH1DvI�JM`ZYfl?`:h;D�[RiZD � � � YWJeJoN:h.DjdeDGT?JoT�mZVWT:PQFR��[RF�DGDQh� emZ`,[!VW[<Vqh1LOJoFRD!D�� I�V]DGTB[<[�J
`ZTZF�JMY]YZ[RiZDjLc���1iZD1^�`ZT)I�[RV]JMT:h ��� � �
� � ��PUT:l�� ���  �
� � ��PUFRD�h;�BT,JMTk�BLOJo`:h�H!VW[Ri �� �
��� � ����� �
PUT)l �� ��� � � �	��
	�e oFRDQh;NtDuI�[RV]deDGYW�e�
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A�P�C A�m C
,�VWwo`ZFRD=�¦�W�G�.- ��� ��� � ��N:DGF;^�JMF�L�h�`ZN_lZPQ[RDQh�NZFRV]JMF![RJ�m:Jo`ZT:lBV]TZwOdeJMY]`ZLOD�[RDQh;[RV]TZwZ�
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 E`ZF�VWTZwvI�JMT:h;[RF�`:I�[RV]JMT�JU^�P�b0/pC� U[�iZD�b0/ph@PUFRD�h;N:DQI�V¯®)DQlgH!VW[�i�FRDQh;NtDuI�[�[�Jp[RiZD!LOJklkDGY�rshnYWJkIGPQY
I�JeJoF�lBV]T:PU[�D�h+�,h+[�DGLc eH!iZVfI¤iOVfh!I�JMT)h+VqlkDGFRDQl�[RiZD�b0/�rsh�T:PQ[RVWdeDvI�JeJMF\lBVWT:PQ[RD�h+�,h+[RDjLc�� E`ZFRV]TZwXP
I�JoYWYWVfh+V]JMTX� `ZDjFR�e e[Ri,D�LOJklBDGYfh�reYWJkIjPU[RV]JMT:h!PQFRDph;N:DQI�V¯®)DQl�H!V][RiOF�DQh+N:DQIK[1[RJ�PpH1JoFRYqlXI�JeJMF\lBVWT:PQ[RD
h+�,h+[�DGLc� $�h!H1Dg[�F�PGdeDGF\h+Dp[RiZD�[;H1J�[RFRDjDQh� :N:PUV]F�h!JU^�b0/vh.L�`:h+[!m:D�mZFRJo`ZwMik[�VWTk[RJXP�I�JMLOLXJMT
I�JeJoF�lBV]T:PU[�D�h+�,h+[RDjL VWT�JMF\lBDGF�[�J�N:DGF+^�JoFRL [�iZD1m:Jo`ZT:lBV]TZwpdeJMYW`,LOD�JQdeDGFRYfPUN� olBVfh+[�PQT:I�De oJMF<h;N:PUT
I�JoLONZ`Z[\PU[RV]JMT��

"EN_lZPU[�DQh!VWT0,�y � PUFRDpN:DGF;^�JMFRLXDQl?VWTX[RiZD ��� � �����
����FRJM`,[RVWT,De Zh;DGDGT�`:h+Dul V]TW,�VWwo`ZFRD �¦�}~k�
�1iZVfh1FRJM`,[RVWT,DpPMIGIKDGNZ[�h�PgN:PUV]F1JQ^<b0/ph�PUT:l�IGPQYWYfh�[Ri,D�JQdeDGFRYfPUN� klBVfh+[�PQT:I�De kJMF�h;N:PUT�NZF�JkI�DQlB`ZF�D
Pu^�[�DGF!mZF�VWTZwoVWTZw�[RiZDjL�V]TB[�J�[RiZD�hRPQLODpI�JeJoF�lBV]T:PU[�D�h;�Zh;[RDGLc�

°±^ ,�y � Vqh�IKJMTB®:wo`ZFRDul�[RJ�`:h+D 3�¡¢JoFRYql¢|¦N:PMI�D "EN_lZPU[�DQh�5�[RiZDGTcm:Jo[Riªb0/ph�PUF�Dg`ZN_lZPQ[RDQl
[RJ�H1JoFRYfl�h+N)PMI�D�NZFRV]JMF�[RJ�[RDQh;[RVWT,wZ�!°±^ ,�y � Vqh!I�JoTB®:wM`,FRDQl�[�J?`:h;D:3\��JklBDGY�|eN:PoI�D="�Nnl,PU[RDuh�5
[Ri,DGTOJMT,D�JU^@[�iZD�b0/vh'Vfh�`ZN_lZPQ[RDQl�[RJ�[Ri,DEJo[RiZDGFSb0/ph�LOJklBDGY_h;N:PMI�D%NZFRV]JMF<[RJ�[RDQh;[RVWT,wZ�<�1iZDQh;D
PUY][RDGF�T:PU[�VWdeDQh�PUF�D�h+iZJQH!T VWT',�V]wM`ZF�D:�e�]�G�k 1H!iZDGF�D0,�y � i:Pohgm:DGDGT I�JMTk®:wM`ZF�DQl�[RJcN:DGF;^�JMFRL
I�JoYWYWVfh+V]JMT I¤i,DQI¤�kVWT,wZ��°�T6N:PQFR[=A�P$C\ 1[Ri,D¥m:Jo`ZT:lBV]TZw�deJMY]`ZLOD � ^�F�JML [Ri,D�h;DQI�JoT:l LOJklkDGY1Vfh
[RF\PUT:h�^�JMF�LODQl�VWTk[RJ�[�iZD?LXJklBDGYqh%h+N:PoI�D?JQ^ � ���1iZVqh�[�F�PUT)h�^�JMF�L�PU[�VWJoT¢Vfh	lkDG[RDGF�LOVWT,DQl¥mk��[�iZD
FRJo[�PQ[RVWJoT 
 � � PQT:l [�F�PUT)h+YqPQ[RV]JMT � � �  <H!iZVfI¤i PUF�D�F�DG[RF�VWDGdeDQlc^�FRJML [RiZD�FRDuh+`ZY][Oh;[RFR`)I�[R`ZF�D �:�
°�T N:PUF�[�A±m C\ Em:JM[�i¬m:JM`,T:lBVWT,w deJoYW`ZLXDQh?PQFRDc[�F�PUT)h�^�JMF�LODQl ^�F�JML [�iZDGV]FOFRDQh;N:DQI�[RV]deD�LOJklBDGY
I�JeJoF�lBV]T:PU[�D�h;�Zh;[RDGL�h�VWTk[RJ�[RiZDcH�JMFRYfl¬h;N:PMIKDe� �1i,D¢F�JM[�PQ[RV]JMT 
�� �3PUT:l [RF\PUT:h;YqPQ[RVWJoT � � �
[RF\PUT:h�^�JMF�L [RJXH1JMF�YqlO^�FRJML/[RiZD � LOJklkDGY@h+N:PoI�De nH!i,VWYWD 
�� � PUT)l � � � [RF�PQT:h�^�JoFRL/[RJOH�JMFRYfl
^�FRJoL�[�iZD ��LOJklBDGY�h;N:PMI�D¦�¢�1i,DQh+D�[RF\PUT:h�^�JMF�L�PU[�VWJMT)hgPULXJMTZwcLOJklkDGY�I�JeJMF\lBVWT:PQ[RD3h+�,h+[�DGL�h
PUF�D�I�JMLON,`Z[RDQl�JMT:I�D�PQT:l¥NZYfPMI�Dul V]T�[RiZDpFRDuh+`ZY][�h+[RF�`:I�[�`ZFRD � lB`ZFRV]TZwX� `ZDjFR��VWTZV][RVqPQYWV+*QPU[�VWJMT��
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� ������� �B "�9;8' 8'-<A,(R-�� � " ��$�A,8 ��$	� �.(\- �

,�y � V]LONZYWDjL?DGTk[�hn`,Nnl,PU[RDvIGPMI�iZVWT,w	mk�g[�iZD%h+VWLXNZYWDQh;[�N:J¦hRh+V]mZYWD%LODQPUT)h��@�1iZD�TZJklkD�h;[RFR`)I�[R`ZF�D
iZJoYqlZh<[+H�J � � � ��� ��� � ��h+[�FR`:IK[R`ZF�DQh'^�JoF1VW[\h�mtJo`ZT:lBV]TZw�deJMY]`ZLODe QJMT,DpIGPUY]YWDQl��
�g^�JMF1V][�h�T:PQ[RVWdeD
LOJklBDjYeh+N)PMI�D�NZYqPoI�DGLODGTk[G KPQT:l	[�iZD<JM[Ri,DGF@IGPUY]YWDQl 	 �.^�JoF�V][�h�IGPoI¤i,DQl�`ZN_lZPU[�DQl	NZYfPMI�DjLODGTk[G�_�1iZD
b0/ NZFRJQ£kVWLOV][;��� `ZDjFR�3PUY]H!PG�Zh!`:h;DQh.[�iZD 	 ��LODGL�m:DGF\h�JU^'[RiZD�TZJklBDQhK �PUT:l�[�iZD � � ��� �� ��� � �
Vqh!h;�BV]NZN:DQl?^�JMF!TZJklkDQh.H!i,Jeh+D�`ZN_lZPU[�DQl¥LXDGL�m:DGF�Vqh!IK`ZFRF�DGTB[j���1iZD�I�JklkD	^�JMF ��� ��� � �
���EH!VW[�i
IGPoI¤iZV]TZw�DGT:PUm,YWDQl�Vqh�h+iZJQH!TcVWT ,�VWwo`ZFRD<�e�]�G«B�%�1iZVqh!Vqh1^�JMF%H1JMF�Yql3h+N:PoI�Dg`ZN_lZPQ[RDQh 
n^�JMF�LOJklBDGY
h+N)PMI�Dp`ZN_lZPQ[RDQhE[�iZD�I�JklBDpVqh!h;VWLOV]YqPQFG emZ`Z[�lBDuh+VWwoTZDQlO[RJ�`ZN_lZPQ[RDgJoTZYW�XJMTZDpLOJklBDjY����deDGFR� �e`ZDGFR�6Vfh�woVWdeDGT P¢`ZTZVf� `ZD3Vql6TB`ZL�m:DGFG �h+[\PUF�[RVWT,w�H!VW[�i *GDGFRJ�PUT)l�VWT:I�F�DGLODGTk[RDul
H!iZDGT,DGdeDGF�PUTk��LOJklBDjY�LXJUdeDuh �ª[RiZDX`:h+DGF�Vfh	F�DQh+N:JMT)h+VWm,YWD?^�JoF�VWTB^�JoFRLOV]TZwW,�y � H!iZDGT�[RiZVfh
i:PQNZN:DGT:h����1iZVqhgVfl¢Vqh�h+[�JMFRDul�V]T�[Ri,DOFRDQh;`ZYW[�h+[�FR`:I�[�`ZFRD �p <PQT:l�DGdeDGF��cTZJklBD�VfhgPQYqh+JcwoVWdeDGT
h+[�JMF\PUwMD�V][G���1iZDO[�DQh+[ � � � � � � ����� ����IKJMLON:PQFRDQh�[�iZD��e`ZDGFR�cVfl H!V][Ri�[�iZD�Vql�h;[RJMF�DQl¢V]T¢[�iZD
TZJklBD 
EV¯^%[Ri,DG��L�PQ[�I�i� �[RiZDjT�[Ri,D¥T,JklBDcVqh�lBDjDGLODQl¢`,Nnl,PU[RDul�PUT)l�[RiZD�[RDuh+[�FRDG[�`ZFRT:h�[RF�`ZDe 
h+�kVWN,NZVWTZw�[RiZD%`ZN_lZPU[�De�1°±^�[RiZD�Tk`ZL�m:DGF�h<lBJ�TZJo[1L�PQ[�I�i� e[RiZDjTOH1D�N:DGF;^�JMF�L�[�iZD�`ZN_lZPQ[RDe ,PUT:l
[Ri,DGT3IGPUY]Y���� � � � ��� �� � � �k MH!iZVqI�iOLODjFRDGY]��PMhRh;VWwoT:h.[�iZDpVqlOVWT � [RJ�[RiZDpVqlOV]TO[RiZDpTZJklkDe�

�1iZDgN,FRJkI�DQlk`ZFRDQh � � � � ��� ��� � ���%PUT:l���� � � � ��� ��� � ����PQFRDgdeDjFR�Xh+VWLXNZYWDe kPQT:l¥JoTZDgLOV]wMik[
[Ri,VWTZ��[�i:PU[S� DQh;[�b0/ H�JM`ZYfl?m:Dph+V]LONZYWDjF�PQT:l�^²PMh;[RDGF�V¯^_VW[<i:PQT:lBY]DQl?[Ri,DEVfl�®:DjYqlZh<lBV]FRDQI�[�YW�e��¡ªD
^�DGY][�[�i:PU[!V^�H�D�H!Vqh;iZDQl?[�J�DG£BN:DGF�VWLODjTB[@H!VW[�iOJM[�iZDGF1`,Nnl,PU[RD�h;[�PU[�`:h!h+[�JMF\PUwMDpLODj[RiZJklZhK e[RiZDQh;D
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