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Simulation réaliste en temps-réel ?

calculs "off-line"

Modèles précis

chirurgie cranio-faciale

Modèles "temps-réel"

25Hz -> 500Hz
systèmes pour l’entraînement

Modélisation de tissus mous
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Matrice de rigidité élémentaire (Ke)

Matrice de rigidité globale (K)
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i i�@ 4 * I�R#H�R�e>H�T�E�R~K"N�RX[�H2CDAL[�T�KNRe[�JL@QT�H�P,JLKR�K�J&P,[FA�8dR�A�)�@,Rs=)	 P,R�K %]T"N�R�@Q@,R CcR�ED�SR�H�H�R I�RBI�JLK�KNR�EyT�KNR�P"�\C�E�RX[�[�P,JLK\I�R I�W�HFA5PQ@NA JdRXM CcR�TkI�R�KNJ]R�TNI�[ INA5KN[@,RS�UA5PQ@Q@OA�8dR)MDMXR�H�H�R~H�RXMB:�K�P&%.TNRpK"N�RX[�H#MXJLK�JsA5PQK %.TDA5K]H�R�%.TNRn[�T�EB@,R1�SJ&Iol�@,R.��@ON�W %]T�PQ@QP$)�E�Rs=�abJLE�[#I N T�KNRtI�W1,o�JLED�UA5H�P,JLK"MsJLKS[�R E�R�KNI>EFA EFA5C�P,I�R��SR�K]H�MXJ �\C�H�R3I>TkH�E�JLCko�A5P$)�@,RBKNJ � )�E�R#I�R#[�J �.�SR�H�[
INA5KN[
@,Rm�UA5PQ@Q@OA�8dRs=
�yA5E�MXJLK]H�E�R)ML@,RBKNJ �6)�E�R3I�R#[FJ �.�SR�H�[
INA5KN[
@OA~H�E�POA5Ko8sT�@OA5H�P,JLK4A~T�K\P"�\CDALM�H2I>PQE�RXM�H2[�T�E
@OA I>P"�SR�KN[�P,JLKUI�RX[
�UA5H�E�P,MXRX[pR�H�JdRXM�H�R�T�E�[pI>T [ 4&[�H3l��SR1@QPQKNW�A5PQE�Rgqasut���8 �8D�MXR�@OA`I�R-J&P,R�K.HpI�JLKNM�EFA5C�P,I�R��SR�K.H1T�Kjo�ALM�H�R�T�E@QP"�\PQHFA5H�P o C�JLT�EeI�RX[eA5C�C�@QP,M�A5H�P,JLKN[eH�R��\CN[-,0E�WXR�@0=

/nR1KNJ � )�E�R�T"e A5T�H�R�T�E�[ M�H�EFA JsA5PQ@Q@OA5K.H�[�T�En@OA�E�W�A5@QP,[FA5H�P,JLKlI�RQ�UA5PQ@Q@,R�T�E�[tC�JLT�EtI�RX[S�SW�H1:NJ&I�RX[pI N�W�@,W1,
�SR�K.H�[ 2NK�P,[ MyJLK.HkW�H�TNI>P,WU@,R�C�E�J*)�@Il��SR�I�R�@ONuAh�SW�@QP,JLEFA5H�P,JLKYI�RU@OA %.TDA5@QPQH�W4I�RX[b�UA5PQ@Q@OA�8dRX[_vKJdJLPQE`vNM P,R�K ,
N]P,RPO#P,MPQ/M BKJ��7�sx1JLT�v�/~T JsA5@OM BKJ+J76dx�CcJLT�EkT�KNR )�P$)�@QP,JL8sEFA5Co:�P,RV[�T�E\MXRX[�H�EFA JsA5T"eNx = abR�T�EUA5C�C�E�J&M3:NRVRX[�HMXR�CcR�KNINA5K]HeI>P ��W�E�R�K]H�R�I�R KNJLH�E�RtC�E�J*)�@Il��SRCR�KNJLTN[eM3:NR�E�M3:NJLKN[ ��E�WXI>T�PQE�Rn@,RnKNJ �6)�E�R�I�Rt[�J �.�SR�H�[3INA5KN[@,Rb�UA5PQ@Q@OA�8dR�A5@,JLE�[	%.TNR�@,RX[F�SW�H1:NJ&I�RX[nC�E�JLCcJs[�WXRX[�J&P,[�R�K]HtC�@QT�H��LH���I�W�C�@OALMXR�Et@,RX[t[FJ �.�SR�H�[tCcJLT�EpAh�SW1,@QP,JLE�R�E @OA %]TDA5@QPQH�WtI>T �UA5PQ@Q@OA�8dRSvKJdJLPQEBMB:DA5C�PQH�E�RB�1CcJLT�EB@OA�I�W12NK�PQH�P,JLK_I�R %.TNR�@&%]TNRX[BM�E�PQH3l�E�RX[3I�R %.TDA5@QPQH�W*x =
/ R3C�@QTN[ Md@OA 8dWXJ �SW�H�E�P,R~CDA5E�H�P,M�T�@QPIl�E�RnI�RX[-�UA5PQ@Q@OA�8dRX[�E�R�KNMXJLK.H�E�WX[BR�K'�SWXM�A5K�P&%]TNReI�RX[�[�H�E�TNM�H�T�E�RX[ RX[�H�H�E3lX[I>P ��W�E�R�K]H�RSI�RkMXR�@Q@,R\I N T�KNR\[�H�E�TNM�H�T�E�RSA5KDA5H�J �\P&%.TNR\R�KgEFA5P,[�JLKlI�R�@OA�8dWXJ �SW�H�E�P,RkH�E3lX[nPQE�E�WZ8sT�@QPIl�E�RSI�R�@OAC�@QT�CDA5E�HeI�RX[eJLE18.A5KNRX[�=

$~JLTN[`KNRgKNJLTN[_PQK.H�W�E�RX[�[�R�E�JLKN[ M3INA5KN[VMXR�H�H�Rl[�RXM�H�P,JLK"M3%]T"NuA5T�C�E�J*)�@Il��SRlI�Rg@OA 8dW�KNW�EFA5H�P,JLK I N T�KNRH�E�POA5Ko8sT�@OA5H�P,JLK I�Rj@OA�[�T�E!o0ALMXR I>T�[�JL@QP,I�R � �SJ]I�W�@QP,[�R�E�=#a}RgCDAL[�[FA�8dR I�R MXR�H�H�RgH�E�POA5Ko8sT�@OA5H�P,JLK � T�KNRI�WXMXJ �\CcJs[�PQH�P,JLKVI>T JdJL@QT��SR~R�K4T�K`R�KN[�R��6)�@,RnI�R~H�W�H�EFALlXI>E�RX[ [FR�EFApE�W�A5@QP,[�W~CDA5E T�K�@,JL8sP,M�P,R�@ MXJ �.�SR�E�M�POA5@0=
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� 2NKYI N�R�e>H�EFA5PQE�R�@OAj[�T�E!o0ALMXR4R�e&H�R�E�KNR ,n@OA_o�E�JLK.H�PIl�E�R ,tI N T�KYJLE18.A5KNR �_CDA5E�H�PQE\I N T�KNR`P"�UA�8dR JdJL@QT ,
�\P��]TNR)M
KNJLTN[\C�JLT JdJLKN[UA JdJLPQEUE�RXMXJLT�E�[ �gI�R�T"e�H�RXM3:�K�P��]TNRX[4I>P ��W�E�R�K]H�RX[ R
@OAgC�E�R��\PIl�E�R_RX[�H )DAL[�WXR_[�T�E@ONuA5@98dJLE�PQH1:��SR I�RX[ DQ<	� ?-,�@ 4 * ? N�
 A C v�abJLE�R�KN[�R�K$R�H`f�@QPQKNR)M8BKJ+L��sx M @OAg[FRXMXJLKNI�RVMXJLKN[�P,[�H�R �/T�H�PQ@QP,[�R�E\T�K
�SJ&Iol�@,RpI�W o�JLED�UA�)�@,RpI�RtH 4]C�R C
4 <	�LApv�
pAL[�[eR�H~A5@0= M BKJ+L+Ldxm�UA5P,[eR�KVH�E�JLP,[~I>P"�SR�KN[�P,JLKN[�=

�
JLT�EtR�e>H�EFA5PQE�R�T�KNR1[�H�E�TNM�H�T�E�R �SCDA5E�H�PQE I N T�KNR1P"�UA�8dR JdJL@QT��\P��.TNRkI NuA5C�E3lX[~@ONuA5@98dJLE�PQH1:��SR�I�RX[mDQ<	� ^
?-,�@ 4 * ? N�
 A C M5JLKkMXJLKN[�P,Iol�E�R�@,RX[ JdJ{e�R�@,[yMXJ �.�SR�@,RX[ [�J �.�SR�H�[yI N T�KNR 8sE�PQ@Q@,R�H�E�P,I>P"�SR�KN[�P,JLK�KNR�@Q@,R)MsMXJ �\C�Js[�WXRI�ReMXR�@Q@QT�@,RX[�CDA5EFA5@Q@,W�@QPQC�WXI>P��.TNRX[*= f :DA	�]TNRLJdJ{e�R�@DRX[�H A5@,JLE�[�W�H�P��]TNR�H�WeMXJ �.�SReW�HFA5K]H�[�T�C�W�E�P,R�T�E v � < �>x JLTPQK>o�W�E�P,R�T�E\v ��� �>xI�UT�KjMXR�E�HFA5PQKg[�R�T�PQ@ � MDJL���gE�R�C�E�WX[�R�K]H�R�@ON PQK.H�R�KN[�PQH�WkI>T JdJ{e�R�@yR�H��4T�KNR�P,[�J��OJsA5@,R�T�E�=
� PQKN[�POM @ON P,[FJ���[�T�E!o�ALMXR�� JLTZ[�T�E!o0ALMXRSI N P,[�J��0PQK]H�R�KN[�PQH�W��~RX[�Hp@ON PQK]H�R�E!o�ALMXR4R�K.H�E�RU@,RX[pE�WZ8sP,JLKN[�I�R\@ON P"�UA�8dR`� R
� < �Zv;@ON PQK]H�W�E�P,R�T�E xtR�H ��� �Zv;@ON�R�e>H�W�E�P,R�T�E x =]/tA5KN[tM3:DA	�]TNRSMXR�@Q@QT�@,R)M�@,RX[t[�J �.�SR�H�[pI�RX[nP,[FJ��0CcJL@$4 8 �LKNRX[[FJLK.H2J	��H�R�K.TN[2CDA5E
PQK.H�R�E�C�JL@OA5H�P,JLKUH�E�P��0@QPQKNW�A5PQE�R)MdR�K]H�EFA6G,KDA5K.H�T�KNR C�E�WXM�P,[�P,JLK�[�T����OJdJ{e�R�@}v$L :�PQE�P,JLKUR�HF@nJLT�E��I�JLK"M�BKJ+J?hdx =�a N PQKNMXJLK�JdW�K�P,R�K]HnI N T�KNRpH�R�@Q@,RnC�E�WXM�P,[�P,JLK RX[�H#@,RnH�E3lX[28sEFA5KNI_KNJ ����E�R�I�RnC�JL@�� 8dJLKNRX[28dW�KNW�E�WX[v�M o�=��F8sT�E�R.T>= hdx3C�JLT�EnE�R�C�E�WX[�R�K.H�R�E�@OA�[�T�E!o�ALMXRs=� nR�C�@QTN[ Mc[�Py@OA4I>P,[�HFA5KNMXRkR�K]H�E�Rk@,RX[tMXJLT�CcRX[nI�R�@ON P"�UA�8dR
JdJL@QT��\P��]TNRtRX[�HBH�E�JLC_W�@,R-JdWXR)MNJLKVJ	��H�P,R�K.H~I�RX[#MXR�@Q@QT�@,RX[Bo�JLE�H�R��SR�K]H~A5K�P,[�JLH�E�JLC�RX[ M>R�H M>CDA5E3MXJLKN[�W!�]TNR�K.H M>@OA[�T�E!o�ALMXR 8dW�KNW�E�WXR�C�E�WX[�R�K.H�RpI�RX[~R���R�H�[eI�RS&[�UA5E�M3:NRX[ I N�RX[�M�A5@QP,R�E)(Uv�M o!="�F8sT�E�R�T>=#�dx =
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B~JLTN[BA5@Q@,JLKN[C��E�PIl-JdR��SR�K]HBPQK.H�E�J&I>T�PQE�R~INA5KN[ MXR�H�H�R~[FRXM�H�P,JLKU@,ReMXJLKNMXR�C�HBI�R�DQ<L@HGHGw< * A C @HDSi�G9A ( A�R�H�[�JLKP"�\C�JLE�HFA5KNMXR1A5TVK�P JdR�A5T/I�Rt@OAkM�E�W�A5H�P,JLK/I�RX[n�SJ&Iol�@,RX[ 8dWXJ �SW�H�E�P��]TNRX[eI�RX[eJLE18.A5KNRX[�=
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�yA5ED�\P}@ON�R�KN[�R�����@,RpI�RX[��SJ]Iol�@,RX[BT�H�PQ@QP,[�WX[3CcJLT�EB@OA�E�R�C�E�WX[�R�K]HFA5H�P,JLK/I�Rn[�T�E!o0ALMXRX[ M>@,RX[BH�E�POA5Ko8sT�@OA5H�P,JLKN[R�H
@,RX[68sE�PQ@Q@,RX[ E�WZ8sT�@QPIl�E�RX[
[�JLK]Hy@,RX[yC�@QTN[ MXJLT�EFA5K.H�RX[*=sabRX[ [�T�E!o�ALMXRX[yH�E�POA5Ko8sT�@,WXRX[ C�R�T JdR�K.H-$�H�E�R I�R H�JLCcJL@,JL8sP,RMXJ �\C�@,R�e>RnR�H M>I�R C�@QTN[ M $�H�E�R EFAseSKNWXRX[#JLTVI�WXM�P"�SWXRX[B@,J&M�A5@,R��SR�K.H�= GgA5P,[�PQ@ RX[�HBI>P eUM�PQ@,RtI�Reo�JLED�UA5@QP,[�R�EB@OAI�W o�JLED�UA5H�P,JLK`JLTUMXR�E�HFA5PQKN[ C�E�J]MXRX[F[�TN[2I�R3E�WZ8sT�@OA5E�P,[ A5H�P,JLK4I�RX[�H�E�POA5Ko8sT�@OA5H�P,JLKN[#R�KSEFA5P,[�JLK�I�Re@OAtMXJLK�KNRXM�H�P��
J]PQH�W JLA5E�POA���@,R I�RX[�[FJ �.�SR�H�[�=.abRX[ 8sE�PQ@Q@,RX[ E�WZ8sT�@QPIl�E�RX[ M&I�R3@,R�T�E�M��LH�W)M]C�R�T JdR�K.Hd$�H�E�ReE�R�C�E�WX[�R�K]H�WXRX[ CDA5E I�RX[
	C��[�C�@QPQKNRX[eR�H#@,R�T�E�[eI�W o�JLED�UA5H�P,JLKN[eo�ALM�PQ@,R��SR�K]H~M�A5@,M�T�@,WXRX[�=if R�CcR�KNINA5K]H MN@,R�T�EeMXJLK�KNRXM�H�P J&PQH�WpKNRtC�R�T�H3CDAL[
$�H�E�Rn@,J]M�A5@,R��SR�K]HK�SJ&I>P��DWXRtI�Rf�%$��SR �.T"N�R�@Q@,RX[3KNRnCcR�ED�SR�H�H�R�K]HeCDAL[#I�RtE�R�C�E�WX[�R�K]H�R�EeMXR�E�HFA5PQKNRX[e[�T�E!o�ALMXRX[I�JLK.H3@OAkH�JLC�JL@,JL8sP,RpR�K]H�EFA6G,KNRp@OAkC�E�WX[�R�KNMXR�I�RnC��L@,RX[3[�T�E3@,RF�UA5PQ@Q@OA�8dRs=abRX[��UA5PQ@Q@OA�8dRX[
[�P"�\C�@,R�e�RX[ M5PQK.H�E�J&I>T�PQH�[
CDA5E  R�@QPQKo8dR�H�H�Rpv� nR�@QPQKo8dR�H�H�R)M B������ � x MLE�R�C�E�WX[�R�K]H�R�K.H2T�KkKNJLT��
JdR�A5T �SJ �dR�K`I�ReE�R�C�E�WX[�R�K.H�R�EB@OA1[�T�E!o0ALMXReI N�J	�"n�R�H�[�H�E�P,I>P"�SR�KN[�P,JLK�KNR�@,[�=>abRX[�C�E�PQKNM�PQCDA5@,RX[BC�E�JLC�E�P,W�H�WX[BI N T�K
�UA5PQ@Q@OA�8dR1[�P"�\C�@,R�e�R1E�WX[�P,I�R�K.HnINA5KN[e@OAUMXJLKN[�HFA5K.H�RkMXJLK�KNRXM�H�P J&PQH�W1R�K]H�E�R�@,RX[e[�J �.�SR�H�[ � MB:DA	�.TNR�[�J �.�SR�H
 H�E�JLP,[ JdJLP,[�PQKN[ �pR�H\@OA/I>TDA5@QPQH�W_A JdRXMVT�KNR4H�E�POA5Ko8sT�@OA5H�P,JLKb=�abRX[ �UA5PQ@Q@OA�8dRX[�[�P"�\C�@,R�e�RX[\[�JLK.H\H�E3lX[A��P,R�KALINA5C�H�WX[  @OAk[�RZ87�SR�K]HFA5H�P,JLKjI N�J	�"n�R�H�[  CDA5E�H�PQE I�RpI�JLK�KNWXRX[LJdJL@QT��\P��]TNRX[ ��K.TDA�8dRX[eI�RpCcJLPQK]H�[ M�P"�UA�8dRX[
�SWXI>P,M�A5@,RX[ M2R�H�Ms= �~K �UA5PQ@Q@OA�8dR [�P"�\C�@,R�e�RVRX[�H\T�K �SJ&Iol�@,RVI�W o�JLED�UA���@,R)M�W!�.T�P JsA5@,R�K.H  T�KNRVR�e>H�R�KN[�P,JLKH�E�P,I>P"�SR�KN[�P,JLK�KNR�@Q@,R_I N T�K C"! <	�LA�= � PQKN[�POM}PQ@BC�R�T�H.$�H�E�R4I�W o�JLED�SWV[�JLTN[�@ONuALM�H�P,JLK^I�R�o�JLE�MXRX[kI�R4E�WZ8sT�@OA5E�P��[FA5H�P,JLK R�H I�R1o�JLE�MXRX[ R�e>H�R�E�KNRX[�=cabRX[F�UA5PQ@Q@OA�8dRX[t[�P"�\C�@,R�e�RX[n[�JLK.HtWZ8.A5@,R��SR�K.HpI�RX[F�UA5PQ@Q@OA�8dRX[pALINA5C�HFA5H�P o�[ MCcR�ED�SR�H�HFA5K]H M�CDA5E4R�e>R��\C�@,R)M I NuA JdJLPQE4T�KNR I�R�KN[�PQH�W I�Rj[�J �.�SR�H�[UC�@QTN[UP"�\CcJLE�HFA5K]H�R A5T"e$R�KNI>E�JLPQH�[�I�Ro�JLE�H�RkMXJLT�E ��T�E�Rs=b?�@,[nCcR�T JdR�K]HpWZ8.A5@,R��SR�K.H�$�H�E�R\I�WXM�P"�SWX[�JLTjEFAseSKNWX[ M R�Kgo�JLKNM�H�P,JLKlI�R�@OA`I>P,[�HFA5KNMXR\I�RX[[�J �.�SR�H�[~A5T"eVI�JLK�KNWXRX[�=

#eRZ8.A5E�I�JLKN[F�UA5PQK]H�R�KDA5K.H��]TNR�@Q@,RX[ C�E�JLC�E�P,W�H�WX[tI�RX[S�UA5PQ@Q@OA�8dRX[t[�P"�\C�@,R�e>RX[n[�R�E�JLK]H T�H�PQ@,RX[nC�JLT�E @OAUI�W �
�NK�PQH�P,JLKfI N T�KNR�H�E�POA5Ko8sT�@OA5H�P,JLK E�WZ8sT�@QPIl�E�R)MyC�R�TZI�R�KN[�R)MyI�RS@OAVo;E�JLK]H�PIl�E�R�I N T�KNR�[�H�E�TNM�H�T�E�R4A5KDA5H�J �\P��]TNRs=
 nA5KN[3KNJLH�E�RtM�AL[ M>PQ@bRX[�H#H�E3lX[#PQK]H�W�E�RX[�[FA5K.H~I�RtMXJLKN[�P,I�W�E�R�E3@,RX[n�UA5PQ@Q@OA�8dRX[~[�P"�\C�@,R�e>RX[eI>TVCcJLPQK]H3I�R�J]TNRtI�R@,R�T�E�I>TDA5@QPQH�WVA JdRXM�@,RX[�H�E�POA5Ko8sT�@OA5H�P,JLKN[�=.f R�H�H�R4C�E�JLC�E�P,W�H�W4I�R4I>TDA5@QPQH�W4WXM3:DA5Ko8dR`@,RX[1H�E�POA5Ko8s@,RX[\R�K [�J �A�
�SR�H�[ Md@,RX[#A5E $�H�RX[ R�K`A5E $�H�RX[ R�H�@,RX[ [�J �.�SR�H�[BR�KUC�JL@��!8dJLKNRX[tv�M o�= �F8sT�E�RFT>=#Tdx =]?�@ RX[�H�P"�\C�JLE�HFA5K.HBI�ReKNJLH�R�E
�.TNR)MU�%$��SRU[�P2@,RX[f�UA5PQ@Q@OA�8dRX[�[�P"�\C�@,R�e�RX[�R�Hp@,RX[tH�E�POA5Ko8sT�@OA5H�P,JLKN[k[�JLK]HpH�JLC�JL@,JL8sP��.TNR��SR�K]H�I>TDA5T"e M PQ@2KNR@,R [�JLK]HSCDAL[4A5T$K�P JdR�A5Tu8dWXJ �SW�H�E�P��]TNRs=$� A5E�MXJLKN[FW!�.TNR�K]H M�JLK^KNR CcR�T�HUCDAL[�I�W �NK�PQE4I N P,[�J �SJLE�Co:�P,[D�SRH�EFA5KN[!o�JLED�UA5K]HeT�K+�UA5PQ@Q@OA�8dR1[�P"�\C�@,R�e>R�R�KVT�KNRtH�E�POA5Ko8sT�@OA5H�P,JLKb=
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�iRXb4e�T�Y T��Qh4Tgb�V7T�YvPLE*RXW7Y \�
^RXV7Y�(URXVzh�b4d(\jW e"J>\j`cklh�b4T �A@��LY_W�� klZ ��\;d>YzWck:
s\jZoTgV7e�T)TgVzh�b4T	Zq\��ORXb4e�T	\XY�Y4R_egkod�T
\jWxfcdg`cZq\Xe�T*(UTgVzh f�� WcV�V76	W7f�Tgh Zq\ �ORXb4e�T.F1\j`c`cZlk]Y_W7Tgb `�RXWcb&`cb4R_fQWcklb4T)Zq\ (GF*(UT[fcd��iRXb)(p\jh�koRXV�P

y?� T��cT*(1`cZoT;Y�Wck:
s\jVzh*klZlZlW7Y�h�b4T e�Tgh�h4T(b4TgZq\jh�koRXV�P�M	\jV7Y&Zq\��ONsWcb4T �ONQP:k @��X�7Zq\pfcd��iRXb)(p\jh�koRXV fQW egW �rT[T�Y�h
klV7fQWcklh4T `>\jbS\j`c`cZlkoev\jh�koRXVEf�� WcVJeKJ>\1(1`�fcT �iRXb4e�T�YSY�Wcb$Zq\)Y4Wcb0�O\Xe�TsP U RXklh G H �7')KML KQPSR$ZoT fcdg`cZq\Xe�T*(UTgV_h
f�� WcV V76	W7f Y4RXW'(1koYTFUWcV7T��ORXb4e�T;T��Qh4Tgb�V7T = H P!y/\ �ONsWcb4T �ONQP:kvN�� b4Tg`cb4d�Y4TgV_h4TU\jZoRXb4Y&Zq\Jfcd��iRXb)(p\jh�koRXVafQW
(GF*(UT(egW ��T��QR��ch4TgV_W7T[e�Tgh�h4T �ORXkoY7h�egk�TgV k+(1`�RsYn\jVzh&\jW9�EV76	W7fcYDU ZoT)fcdg`cZq\Xe�T*(UTgVzh G H P U RXklh =WVH Zq\ �iRXb4e�T
\XY4Y4R�egkod�T(\jWxfcdg`cZq\Xe�T*(UTgVzh*k+(1`�RsY4d G H P

y/\�e�R-(1`>\jb�\jkoY�RXVCfcT�Y[eKJ>\1(1`7Y[fcTJfcdg`cZq\Xe�T*(UTgVzh4Y koY4Y�W7Y(fcT�Y[fcTgW9�aT��cT*(1`cZoT�Y(`cb4d�e�d�fcTgV_h4Y (URXVzh�b4T
WcV7T(fQk 0rdgb4TgV7e�T(h�b0/�Y �O\jk��cZoT��7`cb4R��>\#�cZoT*(UTgVzh	fQW7TXFtfcT�Y `cb4R��cZ�/*(UT�Y*fcT	`cb4d�egkoY4koRXV�VzW'(Udgb�k]Y_W7TsPYM	T	`cZlW7Y��
Zq\ �ORXb4e�T = VH T�Y�h kofcTgVzh�k]Y_W7TSFpZq\ �iRXb4e�T;klVcklh�kq\jZoT = H P 3 Z T�Y�h	fcRXV7e[`rRsY4Y�k��cZoT fcT e�RXVzh�b"IXZoTgb	Zq\pfcd��ORXb)(p\jh�koRXV
Y4TgWcZoT*(UTgVzhU`>\jbUfcT�Ype�RXV7fQklh�koRXV7Yp\jW9�uZlk+(1klh4T�YpTghUf�� TgVMfcd�fQWcklb4T ZoT e"J>\1(1` fcT��ORXb4e�T�Y1`rTgb)(UTgh�h�\jVzhpfcT
`cb4R_fQWcklb4T	e�Tgh�h4T (GF*(UT fcd��ORXb)(p\jh�koRXV�P �STgZq\;Y4Tgb�\(Wch�klZoT `rRXWcb ZoT�Y (p\jVckl`cWcZq\jh�koRXV7YZF[Z	�]\jkofcT f�� WcVEY���Y�h0/*(UT
F b4Tgh4RXWcb*f�� T#0mRXb�h4YvP
[ < 9 3 4:7Y4K:DC 5\7 7 5 9 �;:=<?>@5=AB4":DC 7 3 5D] 38^ ] 9&7 7 7 C_A 7 >a`,7Lb�< 9&7 ]

E*RXW7Y(\�
^RXV7Y(T#0mT�egh�W7dtWcV7T1Y4dgb�koTtfcTth4T�Y�h4Y	`�Tgb)(UTgh�h�\jV_h[fcTc
^dgb�k"�>TgbKY_W7T;Zq\�fcd��ORXb)(p\jh�koRXV���ev\jZoegWcZod�T
TgV h4T*(1`7Y7h b4d�TgZ	��`>\jb V7RXh�b4T1\jZcN^RXb�klh*J'(UT���T�Y4h*kofcTgV_h�k]YzW7TdFpZq\Ufcd��ORXb)(p\jh�koRXV�ev\jZoegWcZod�T[`>\jb	WcV7T (Udgh*J7R_fcT
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��� ���/NQP:k @ � �  !8H4�9:0:0�4K�S 2>B 6#B	#7 , 0 $ ) )#B�9:0U9 ##%& �������	��

�����  .+,"L2�) " <>%,8�) ���	��
������������ '=4�%!4*'�'G0U9A674>"@9A<>-2 $ B�- 6 / 4�8?'W2� " <>%&67 .+�+7B�%Q054 " 4�67 H2>%*<>9:"( N2�B 6.B	#7 C�������� �!�"�$# 0� �6 / 4>8;' 2E N2E)F'G0�4�67 #8H #-�"T+N<�##"F #-�B C

��� ���rNQP:kvNc� �  N8H4�9:0:0�4K�S !2>B 6.B	#7 , 0 $ ) ).B�9:0U9 ##%& ���%���	��

�����  ,+,"?2�) " <>%,8�) ���	�&
������������ '=4�%DB�-  .-�+. #8 #.0� 2E 67<>-�2�9:"T9A<�-=+c4�B � 0U9:8�9:"F .+c2�)#"( .%,8�9:-�)7 .+ , '=4�%,"T9:% 2>B 6 / 4�8?' 2E 2�)('�0�4E6* #8� .-/"A+c2E c0 $  �S #8;'�0� N'G%&)767)*2E .-/" C'�
����� �!�"�(# 0� �6 / 4>8;' 2E N2E)F'G0�4�67 #8H #-�"T+N<�##"F #-�B C
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egZq\XY4Y�k]Y_W7T f�� dgZod*(UTgV_h4Y �7VckoYvP��ST�Y#h4T�Y�h4Y#e�RXV7Y�koY�h4TgV_h$Y�k+(1`cZoT*(UTgVzh�F<�O\jklb4TSZq\ fQk 0mdgb4TgV7e�T��jTgV1eKJ>\�YzW7TwV76	W7f��
TgVzh�b4T1ZoT1fcdg`cZq\Xe�T*(UTgV_h;R��ch4TgVzW `>\jb)WcV����  egZq\XY4Y�k]Y_W7TtTgh)ZoT1fcdg`cZq\Xe�T*(UTgVzh;R��ch4TgV_W�`>\jb)V7RXh�b4Tp\jZcN^RSh
b�klh*J'(UTsP��&W7egWcV7TpfQk 0rdgb4TgV7e�TJY�kcNsVck"�>ev\jh�k:
^T1V��]\ dgh4dUR��7Y�Tgb,
^d�TsP���TgWcZoY(fcT�Y[d�ev\jb�h4Y��mfcT1Z	� RXb4fQb4TUfcT �G�:k � �
RXVzh)dgh4d (UT�Y�Wcb4d�Y `�RXWcb)fcT�Y	fcd��iRXb)(p\jh�koRXV7Y)fcdg`>\XY�Y�\jVzh)ZoT ev\XfQb4TtfcT�Y .�`rTgh�klh4Y	fcdg`cZq\Xe�T*(UTgVzh4Y 2�P M	\jV7Y	e�T
ev\XY��QZoT�Y fQk 0mdgb4TgV7e�T�Y&Y�� T	�Q`cZlk]YzW7TgV_h&`cb4R��>\#�cZoT*(UTgV_h*`>\jb fcT�Y&`cb4R��cZ�
*(UT�Y&fcT	`cb4d�egkoY�koRXV VzW'(Udgb�k]Y_W7TsP
��
 ^;5 7 3 :DC
AY<�5Z4"C
A 7 `S5=< ^ C 7 �;:D< 387 5,7 <?5=`,` 7 ]

y/\ �ONsWcb4T �ONQP:k�� �*klZlZlW7Y�h�b4T Z	� T	�mTgh(fcT�Y)e�RXV7fQklh�koRXV7Y[\jW�� Zlk��1klh4T�Y!Y_W7T V7RXW7Y(\>
^RXV7Y)klV_h�b4R_fQWcklh4T�Y(`�RXWcb
�UR_fcdgZlkoY4Tgb Z	� T	�mTgh;fcT�Y;ZlkcNz\��UTgVzh4Y YzW7TpZ	� RXVCh�b4RXW�
^T�Y4RXW�
^TgV_ht\jh�h�\XeKJ7d�Yt\jW�� RXb*Nz\jV7T�Y�P�� \j`c`�TgZoRXV7YcYzW7T
V7RXW7Y[ZoT�Yt\>
^RXV7Y b4Tg`cb4d�Y4TgV_h4d�Yt`>\jb[WcV7T �iRXb4e�TJfcTpb4T�Y4Y�RXb�h[ZlklV7dv\jb�koY4d�TsP�� RXWcb1fcT�YP
X\jZoTgWcb4Y dgZoT�
^d�T�YtfcTUZq\
b�\jkofcTgWcbwfQW�b4T�Y4Y4RXb�h��_Zq\;fcd��iRXb��p\jh�koRXV R��ch4TgVzW7T	T�Y�hwY�k��1klZq\jklb4T F;fcT�Y e�RXV7fQklh�koRXV7Y fcT M klb�koe"JcZoTgh��p\jkoYw\>
^T�e
WcV7T �iRXb��;WcZq\jh�koRXVU`cZlW7Y�� \jk��cZoTwV7T�Nz\jb�\jVzh�koY�Y�\jVzh `>\XY?YzW7TwZoT�Y�fcdg`cZq\Xe�T��UTgVzh4Y k��1`�RsY4d�Y \jW�� V76	W7fcY Y4Tgb4RXVzh
b4T�Y�`�T�egh4d�Y�P�� RXWcbwfcT�Y?
s\jZoTgWcb4Y �O\jk��cZoT�Y fcT Zq\)b�\jkofcTgWcb��zZq\(fcd��ORXb��p\jh�koRXVJR��ch4TgVzW7T T�Y�h$klV_h4Tgb��Ud�fQkq\jklb4T	TgVzh�b4T
WcV7T)h�b�\jV7Y�Zq\jh�koRXVxTgh WcV7T[fcd��iRXb��p\jh�koRXV�P

            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

� � ���7NQP:k��P� � ���	��

��� # 6*<�-�2�9:"T9A<�-=+D4>B �!0U9:8N9:"( .+Q) )#B�9 & 4�0� .-/"F .+ , B�- %& .+*+#<�%,"O2� V%&4>9A2E .B�%V)#0� & )7 C������
��� � � #

0�4 %&4�9A2� #B�%K ,+," 'G0UB�+ " 4�9 #.05 ) '�4>%K67<�-=+#) ).B� #-�"?054 2�) " <>%,8�4>"@9A<>-  ,+,"?8�<>9:-�+�9:8;'�<>%,"(4>-�"( K #"?+ $ 4E6*67<�8?'�4K��-� c2 $ B�-G "T%&4�-=+,0�4�"T9A<�- C
G V � \jklh���e�T�Y e�RXV7fQklh�koRXV7Y*\jW��JZlk��1klh4T�Y Y4RXV_h��cf�� WcV7T	e�Tgb�h�\jklV7T;�O\XF�RXV��Qd>Y_Wck:
X\jZoTgV_h4T�YZF fcT�Y e�RXV7fQklh�koRXV7Y

fcTXM klb�koe"JcZoTgh b4d�Y4RXZlW7T�Y&`>\jb WcV7T��Udgh*J7R�fcT[fcT	`rdgV>\jZlklh4d�Y �ie���Pce"J>\j`cklh�b4T @�� P

2���2�� � ! `.A�4K>@4#"Y5=AB4":DC

�%$ 5\^;3 AB4":ZC 5\7 ]K5 2 ^ 5DC
AB4 A&$ 5(' 4"C$�;:D<?>@5�A�4":DC)"

�&VM\XY�`rT�egh klVzh4dgb4T�Y4Y�\jV_hpfcT�Zq\*�Udgh*J7R�fcT Y_W7TpV7RXW7Y 
^TgV7RXV7Y1fcT�`cb4d�Y4TgV_h4TgbUb4d�Y�kofcTEf7\jV7Y Zq\x`rRsY4Y�k`h
�cklZlklh4d1fcTtb4d�fQWcklb4T1fcT+�p\jVck�
gb4T1e�RXV7Y4d>YzW7TgV_h4T1Zq\ YzW>\jV_h�klh4dUf�� klV!�ORXb��p\jh�koRXV�V7d�e�T�Y4Y�\jklb4TU\jW�ev\jZoegWcZ$f�� WcV7T
fcd��iRXb��p\jh�koRXV�PBE*RXW7YQ
^Tgb�b4RXV7Y��YFtZq\tY4T�egh�koRXV �ONQP]NQP 
 �X� YzW7T	Z	� Wch�klZlkoYn\jh�koRXV fcT)`cb4dXh�ev\jZoegWcZoY*`�Tgb��UTgh*fcd 5*F WcV
Nz\jklVxk��1`rRXb�h�\jVzh*TgV e�T!Y_Wck/e�RXV7e�Tgb�V7T[Zq\1h�\jklZlZoT��Ud��URXklb4TsP+3 Z/T�Y�h*TgV7e�RXb4T(`rRsY4Y�k��cZoT(f�� RX`ch�k��1koY4Tgb	e�T Nz\jklV
fcT,�Ud��URXklb4TpTgh d Nz\jZoT��UTgVzhtfcT1b4d�fQWcklb4TUZoT�Y[h4T��1`7Y[fcTUev\jZoegWcZoY TgV�V7TdNz\jb4f7\jV_hcY_W7T1ZoT�Y)klV!�ORXb��p\jh�koRXV7Y
Y�kcNsVck"�>ev\jh�k:
^T�Y `rRXWcb ZoT)ev\jZoegWcZ/f�� WcV7T;fcd��iRXb��p\jh�koRXVxfcRXVcV7d�TsP

y�RXb4Y.Y_W7T	ZoT�YwklVzh4Tgb�\Xegh�koRXV7Y \>
^T�e)ZoT-�UR�f.
gZoT)e�RXV7Y�koY�h4TgVzh*TgVEfcT�Y&fcd��iRXb��p\jh�koRXV7Y Yn\jV7Y fcd�e�RXWc`�T�Y��cRXV�\
Y4TgWcZoT��UTgVzh �rT�Y4RXklVafcTtb4Tg`cb4d�Y4TgV_h4Tgb(Zq\�Y�Wcb0�O\Xe�TtfQW/�UR�f.
gZoTsP0��\jb(e�RXV7Y�d>YzW7TgV_h��mklZ#V�� T�Y�h)`>\XY	V7d�e�T�Y4Y�\jklb4T
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fcT e�RXVcV>\��oh�b4T	ZoT fcdg`cZq\Xe�T��UTgVzh&fcT�YSV76	W7fcY Y�klh�W7d�Ywf7\jV7YSZoT�
^RXZlW.�UT�� �p\jkoYwY4TgWcZoT��UTgV_hZF(Zq\��ib4RXVzh�k�
gb4T	fQW
fcR �p\jklV7TsP.��� T�Y�hSZq\ �	���UT*kofcd�TNY_W7T&e�TgZlZoT&Wch�klZlkoY4d�T*`�RXWcb Zq\ �Udgh*J7R�fcT*fcT e�RXV7fcTgV7Y�\jh�koRXVEfcT �p\jh�b�koe�TsP�y�T
`rRXklVzh k��1`�RXb�h�\jV_h T�Y�h Y_W7T Z	� dgh�\j`�TSfcT `cb4dXh�ev\jZoegWcZoY#e�RXVzh�klV_W7T=F `cb4TgV7fQb4TSTgV[e�R �1`ch4T�Zq\ V>\jh�Wcb4T?
^RXZlW.�1k]Y_W7T
fQWuY4RXZlkofcTsP �#\jbte�RXVzh�b4T���ZoT�Y �p\jh�b�koe�T�YtN �7N�ev\jZoegWcZod�T�YtTgh;Y�h4R�e�
^d�T�Y;ZoRXb4Y fcT�Y(`cb4dXh�ev\jZoegWcZoY V7TJfcd�egb�k:
^TgV_h
Y_W7T	Z	� klV
�7W7TgV7e�T[fQW fcdg`cZq\Xe�T��UTgVzh	fcT	V76	W7fcY&fcT	Zq\1Y�Wcb0� \Xe�T)Y�Wcb f��]\jWch�b4T�Y&V76	W7fcY&fcT)Zq\tY�Wcb0� \Xe�TsP

y?� klVzh�b4R�fQW7egh�koRXV fcT[e�Tgh�h4T(e�RXV7fQklh�koRXV f7\jV7Y Z	�]\jZcN^RXb�klh*J.�UT;fcT)`cb4dXh�ev\jZoegWcZoY*V7T	`�RsY4T	`>\XY&fcT(fQk �pegWcZlh4d
`>\jb�h�koegWcZlk�
gb4TsP

y�T	Y4T�e�RXV7f�`�RXklV_hS`rTgb��UTgh�h�\jVzh fcT*b4d�fQWcklb4T	Zq\PYzW>\jV_h�klh4d)f�� klV!�iRXb��p\jh�koRXV V7d�e�T�Y4Yn\jklb4T	\jW ev\jZoegWcZmf�� WcV7T
fcd��ORXb��p\jh�koRXVMT�Y�h Zlkod FxZq\xh4RX`rRXZoR NskoT fQW �p\jklZlZq\ N^TETghU\jW��ue�RXV7fQklh�koRXV7YU\jW��uZlk��1klh4T�YvP �SRXV7Y�kofcdgb4RXV7YtZoT
�p\jklZlZq\ N^TE`cb4d�Y�TgVzh4d f7\jV7Y Zq\��ONsWcb4T��ONQP:k���� P y/T�YtV76	W7fcY1Y�klh�W7d�YdFxZq\��>\XY4TEfQW��UR_f.
gZoTEY4RXV_h �.�Qd�YvP �_k
RXVa\j`c`cZlk]Y_W7T[WcV fcdg`cZq\Xe�T��UTgVzh(dgZod��UTgVzh�\jklb4T1Y4Wcb&ZoT;V76	W7fxb4Tg`cb4d�Y4TgV_h4d `>\jb*WcV��l�>RXV `�TgWch �O\XegklZoT��UTgV_h
k��p\ NsklV7TgbVY_W7T*ZoT*fcdg`cZq\Xe�T��UTgV_h klV7fQWcklh \jW�V76	W7f�b4Tg`cb4d�Y4TgV_h4d	`>\jbwWcV��ET�Y�h fQk �rdgb4TgV_h Y4TgZoRXVEZq\(`rRsY�klh�koRXV
fcT e�T V76	W7f1`>\jb b�\j`c`�RXb�hS\jWUV76	W7f���P �&klV7Y4k	�sZoT fcdg`cZq\Xe�T��UTgVzhSf�� WcVUV76	W7f1`cb4R�e"J7T fcT Zq\ �>\XY�T T�Y�h `cZlW7Y
� \jk��cZoT!Y_W7T)e�TgZlWck/f�� WcV�V76	W7f�Y4klh�W7d(\jWxY4R �,�UTgh&fcT	Zq\t`ck�
�e�T��>TgV b�\jkoY4RXVxfcT�Y e�RXV7fQklh�koRXV7Y	\jW���Zlk��1klh4T�Y�P
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 ����� <>B 4>B +#<�8N8� ." ��� ����� �!�"����C �  .+L-  B�2�+D2� D0�4\#*4>+# Q+#<>-/" � �S).+ C

G VJb4T�Y4h�\jVzhwf7\jV7Y ZoT ev\XfQb4T fcT Z	� dgZq\XY�h�koegklh4d ZlklV7dv\jklb4T��Qe�� T�Y�h7h FEh�fQklb4T*`�RXWcbwfcT `rTgh�klh4T�Ywfcd��iRXb��p\jh�koRXV7Y��_ZoT
fcdg`cZq\Xe�T��UTgV_h$f�� WcV;V76	W7fP
s\ TgVzh�b�\��oV7Tgb WcVtfcdg`cZq\Xe�T��UTgVzh#h�b#
�Y�� \jk��cZoT���
^RXklb4T VzWcZ	�jfcT e�Tgb�h�\jklV7Y�V76	W7fcY#fQW
�p\jklZlZq\ N^TsP!3 Z!T�Y�hwfcRXV7e*`�RsY4Y4k��cZoT*fcT �.�QTgbSWcV�Y�TgWcklZ�TgVEfcT�Y4Y4RXW7YSfQW YzW7TgZrRXVEe�RXV7Y�kofcdgb4Tgb�\;ZoT*fcdg`cZq\Xe�T��UTgV_h
e�R �,�UT�V7RXV�Y�kcNsVck"�>ev\jh�k ��P �STJY4TgWcklZw`rTgWch��gh�b4T�ev\jZoegWcZod fcT�fQk �rdgb4TgV_h4T�Y:�O\XF�RXV7YvP��$RXkoegkwe�TgZlZoT YzW7TJV7RXW7Y
\�
^RXV7Y Wch�klZlkoY4d�T�i

��� �"! G > !
! G �� ! # 0%$'&)( � � &)*�+-, �.&/$10 *32�*34657+'894 
 8:+ ;;* � 5<4=('4 � � �'4 � > 0�$15 � ? �

y/\ 
s\jZoTgWcb(fQW�Y4TgWcklZ$fcTt`cb4d�egkoY�koRXV 0JT�Y�h(e"J7RXkoY�koTpfcT:�O\XF�RXV F \�
^RXklb(ZoT+�UTgklZlZoTgWcb[e�R �1`cb4R �1koY[TgV_h�b4T
`cb4d�egkoY4koRXVxfcT�Y fcd��iRXb��p\jh�koRXV7Y��7T�Y�`>\Xe�T��Ud��URXklb4T)V7d�e�T�Y4Yn\jklb4T(\jW�Y�h4R_e@
X\ N^T)fcT�Y `cb4dXh�ev\jZoegWcZoY Tgh h4T��1`7Y fcT
ev\jZoegWcZoY&ZoRXb4Y fcT(fcd��ORXb��p\jh�koRXV7Y klV_h4Tgb�\Xegh�k:
^T�YvP

y�Ttfcdg`cZq\Xe�T��UTgVzh G > fQW V76	W7f�;udgh�\jV_h)b4TgZlkoddF G9�� `>\jb�A Cc^> �-B �>klZ Y4Tgb�\jklh)d Nz\jZoT��UTgVzh)`rRsY4Y�k��cZoT fcT



� ��� ����� ��� � � 
���� 
���� �sN

� � ���/NQP:k�� �
	�$ 4*'G%��,+�0� P6 / 4>8;' 2E K2E)F'G0�4�67 #8H #-�"Q<�##"F #-�B ) 9:0O47'�'�4>%&4��:"V6.0�4�9:%& #8H #-�"�).B� !0� P2E)F'G0�4�67 #8H #-�"Q2>B-  B�2 � 2� V0 $  �S #8;'�0� � 
EC
� ' , �E4�B�6 /  �  .+7"O8H<�9:-=+�+,9 ��-/9 � 674>"@9 " )#B� V0� N2�)('�0�4E67 .8� .-/"?2>B -  B�2 � 2E Q0 $  �� .8;'�0� 
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fcd��7Vcklb WcVxegb�klh#
gb4T �>\XY4d[Y�Wcb ZoT�YQ
s\jZoTgWcb4Y `cb4RX`cb4T�Y&fcT)Zq\)�p\jh�b�koe�T ADCP^> � B P
y/\ �ONsWcb4T �ONQP:k��'�X� �URXVzh�b4T Zq\wfQk �rdgb4TgV7e�T TgVzh�b4T�ZoT$e"J>\��1` fcT$fcdg`cZq\Xe�T��UTgVzh#ev\jZoegWcZod$`>\jb�WcV7T �Udgh*J7R_fcT

egZq\XY4Y�k]Y_W7TpTgh ZoTJeKJ>\��1` fcT�fcdg`cZq\Xe�T��UTgVzhUR��ch4TgV_W `>\jb[Zq\ �Udgh*J7R_fcTE\Xe�e�dgZodgb4d�TsP y�T�Y fQk �rdgb4TgV7e�T�YtfQW7T�Y
\jW��;Tgb�b4TgWcb4Y#f��]\jb�b4RXV7fQkcZoRXb4Y�fcT�Y#e�R �$�cklV>\jkoY4RXV7Y#ZlklV7dv\jklb4T�Y TgVzh�b4TSZoT�Y#fQk �rdgb4TgV_h4Y#h4TgV7Y4TgWcb4Y#fcT fcd��ORXb��p\jh�koRXV
Y4RXVzh	V7d NsZlkcN^Tv\#�cZoT�YvPmy�T�Y)fQk �mdgb4TgV7e�T�Y�
�koY�k��cZoT�Y	Y4RXVzh)fcRXV7ete�TgZlZoT�Y	koY4Y�W7T�Y	fcT Zq\�Y�Wc`c`cb4T�Y4Y�koRXVafcTte�Tgb�h�\jklV7Y
h4TgV7Y4TgWcb4YUZoRXb4YUfcT�YU`cb4dXh�ev\jZoegWcZoYvP�M)\jV7YUe�T fcTgb�VckoTgb�ev\XY��#`cZlW7Y1Zq\afcd��ORXb��p\jh�koRXV \jW N��UTgVzh4T�� `cZlW7YURXV \
h4TgV7f7\jV7e�T,FtY�� d�ev\jb�h4Tgb&fcT(Zq\c
X\jZoTgWcb b4d�TgZlZoT[fQWxfcdg`cZq\Xe�T��UTgVzhvP

M)\jV7Y	Z	� T	�QT��1`cZoT1Y�Wck:
s\jVzh �ONQP:k����X�rZq\�h�\jklZlZoT1fQW �p\jklZlZq\ N^TUT�Y4h h4TgZlZoT Y_W�� klZ V�� dgh�\jklh)`>\XY)TgV�
�koY�\ N^Tv\#�cZoT
fcT�Y�h4R�e�
^Tgbph4RXW7YUZoT�Ypfcdg`cZq\Xe�T��UTgVzh4Y�P0M	T `cZlW7Y��$klZ&T�Y�hpd�
�kofcTgVzh YzW7TE`rRXWcbpfcT `rTgh�klh4T�Ypfcd��ORXb��p\jh�koRXV7Y��
fcT;V7R �$�cb4TgW�� V7R�TgW7fcY	fcT Zq\JY4Wcb0�O\Xe�T RXWafQW 
^RXZlW.�UTc
^RXV_h[\>
^RXklb)WcV fcdg`cZq\Xe�T��UTgVzh(h�b#
�Y � \jk��cZoTsP?E*RXW7Y
\>
^RXV7Y�fcRXV7e�e�R ���cklV7d��Xf7\jV7Y e�T�ev\XY���ZoT�Y fcTgW��(`�RsY�Y�k��cklZlklh4d�Y/dgV7RXV7e�d�`cb4d�e�d�fcT��,�UTgVzh�isev\jZoegWcZ_fcT�Y/h4TgV7Y4TgWcb4Y
\XY4Y4R�egkod�Y WcVck]Y_W7T��UTgVzhS\jW��[V76	W7fcY fcTSZq\*Y4Wcb0�O\Xe�TwTgh Y4TgWcklZcf�� k��1`�RXb�h�\jV7e�T 0 �.�Qd=Fck	��� fQWtfcdg`cZq\Xe�T��UTgV_h
dgZod��UTgVzh�\jklb4TsP

y/\!Y_W>\jVzh�klh4d*f�� klV!�iRXb��p\jh�koRXVJV7d�e�T�Y4Y�\jklb4T \jWpev\jZoegWcZ!fcT Zq\(fcd��iRXb��p\jh�koRXVE\(\jklV7Y�k>dgh4d&b4d�fQWcklh4T&fcT��'����P
�&V7T Nsb�\jV7fcT�`>\jb�h�koTJfcT�e�Tgh�h4TEY�k��1`cZlk"�>ev\jh�koRXV�T�Y�h fQW7T FxZq\xY�Wc`c`cb4T�Y�Y�koRXVufcT�Y h4TgV7Y4TgWcb4Y1\XY4Y�R_egkod�Yt\jW��
V76	W7fcYJfQW 
^RXZlW.�UTsP � RXWcb�ZoT b4T�Y�h4T���klZ&T�Y�hpegZq\jklb YzW7T�ZoT�e"J>\��1`�fcTxfcd��ORXb��p\jh�koRXV ev\jZoegWcZod f7\jV7YJe�T�Y
e�RXV7fQklh�koRXV7Y Y�Tgb�\xfQk �mdgb4TgVzhtfQWueKJ>\��1`ufcT�fcd��ORXb��p\jh�koRXVCb4d�TgZ PI� \jZcNsb4dJh4RXWch�� ZoT�Y;Tgb�b4TgWcb4Y;b4T�Y�h4TgVzhth�b#
�Y
�O\jk��cZoT�YvP �*klV7Y�k	��V7RXW7YU\>
^RXV7Y 
^RXZoRXV_h�\jklb4T��UTgVzhET	�c\ N^dgb4d�ZoT�Y1fcdg`cZq\Xe�T��UTgVzh4Ypk��1`�RsY�d�Y1Y�Wcb;Zq\ `>\jb�h�koT fQW
�p\jklZlZq\ N^T;e�RXb�b4T�Y�`rRXV7f7\jVzh)\jW�V7T��Kh fcT(Z	� RXb4fQb4T;fcT(fcTgW�� �iRXkoY&Zq\ 
s\jZoTgWcb*fQWxfcdg`cZq\Xe�T��UTgV_h	dgZod��UTgV_h�\jklb4TsP
y/\ fQk �rdgb4TgV7e�T �p\ �Qk��p\jZoT ev\jZoegWcZod�T TgVzh�b4TwfcTgW�� fcdg`cZq\Xe�T��UTgV_h4Y�T�Y�h fcTSZ	� RXb4fQb4TwfcTHk	��� �ie�TgZq\	e�RXb�b4T�Y4`�RXV7f
FaZq\ 
s\jZoTgWcbJfcT 0 � P �SR �,�UT e�T�YpV76	W7fcYJb4Tg`cb4d�Y4TgV_h4TgVzh Y4TgWcZoT��UTgVzh k	��� fcT�Zq\ah4RXh�\jZlklh4d fcT�YUV76	W7fcY
h1Y4Wcb0�O\Xegk]Y_W7T�YETgh�klV_h4Tgb�V7T�Y h1fQW �p\jklZlZq\ N^T�� e�TgZq\ Y4kcNsVck"�>T Y_W7T Z	� Tgb�b4TgWcb �UR �^TgVcV7T�Y�Wcb�ZoT e"J>\��1` fcT
fcdg`cZq\Xe�T��UTgVzhtT�Y�h(fcT k � �me�T Y_Wck$T�Y�h)h�b#
�Y;\Xe�e�Tg`ch�\#�cZoTJTgVab4T Nz\jb4f fQW Nz\jklV f�� T�Y4`>\Xe�T,�Ud��URXklb4TpTgh(fcT
h4T��1`7Y&fcT)ev\jZoegWcZ P
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[ <&$�b 3 :DC 5 4 AB4K:DC,C 7 > 7 C
A

�SR �,�UT�V7RXW7YpZ	�]\>
^RXV7Y 
_W \jW eKJ>\j`cklh�b4Tx`cb4d�e�d�fcTgV_h���ZoT�`cb4dXh�e�RXV7fQklh�koRXVcV7T��UTgVzh 
_koY�T F b4d�fQWcklb4T ZoT
e�RXV7fQklh�koRXVcV7T��UTgVzh	fcT	Zq\)�p\jh�b�koe�T(fcT	b�kcNskofQklh4d(Tgh `>\jb e�RXV7Y4d>Y_W7TgVzh
FtfQk��1klV_W7Tgb&ZoT	V7R �$�cb4T(f�� klh4dgb�\jh�koRXV7Y
V7d�e�T�Y4Y�\jklb4T�Y�`�RXWcb \#�rRXWch�klb F Zq\ b4d�Y4RXZlWch�koRXV9fQW�Y���Y�h#
��UTxZlklV7dv\jklb4T�\XY4Y4R�egkod��$ZoRXb4Y.Y_W7T Z	� RXV�Wch�klZlkoY�TxWcV
Y4RXZ:
^TgWcb klh4dgb�\jh�k � h4TgZ�YzW7T(ZoTTNsb�\XfQkoTgVzh*e�RXV�5 W NsW7dsP

y�T�YUe�RXV_h�b�\jklVzh4T�Y�fcTEh4T��1`7Y1b4d�TgZZF b4T�Y�`rT�egh4TgbUY4RXVzh1h4TgZlZoT�Y Y_W7TEZoT Y4TgWcZ `cb4dXh�e�RXV7fQklh�koRXVcV7T��UTgV_hJV7T
`�TgWch	Y�WL�Ub4TSFJ\Xe�e�dgZodgb4Tgb	ZoT�Y ev\jZoegWcZoY)TgV `cb4RX`rRXb�h�koRXV Y4WL�pY�\jVzh4TsP �#\jb	e�RXV_h�b4T���ZoT�Y*h4T��1`7Y ����� `rRXWcb&ZoT
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Simulated results on a cylinder
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Force (N)

�����
	 �+4 ���X� �V�%� 9:�*�����:�%� �-�$=<�0&������#�$3*�/
 M �%� � � !A3 M 3���
�3*�/
��*� �5�*� /$! 
��<&:3*
��-��� � !A3 8 ���-9:� ���2��� �C&'=5!A3 9:��6 ���#�
�03 �*
�3�![���*�;�,6��������-&:�%� � �-�%�/=E�:9���
 M �%6����#�J�����)!A3 ���:9%�/
��*� �:�?=#&���
��%���-���*� 9 
 ! 
��<�*�0� ��� �����(! ��� � 0 �#�`�)��
����#&%�������
! � 9:�%�-9�!A� J 6)
 / F 3����'����� ��� 9 
 !�
��<���-�?> �V�%� 9:�*�����:�%� � � =#&%��
�6����#�$3*!A�%� ����9:�%!�! ��� 
��0���#�%� �C� !A3 ��
�6(��! 3*�/
��*� ���*�;�
=#3*� 8 3�
��'��6��%�;� ���?=#�%�/=#�`��&:�%�%>



�������%� ��������� � � ��� � �

W <>A[E (-,)* A ,/( &)1$,),/(�A ; = ; ,/( < W)W A 1 � * � < 5	*21$,X& ; 891 � W 1 A 50( � (-,�5 A :9( = 4 (�= ,/1 ; .I(9.	5I.0( ;)= ( � (-,�5�W 1L.0.	* a)= (
&)(�891 � W <>A ( A ,/1L. A :9. ;)= 5 < 50. <KE (98 = (9. A :9. ;)= 5 < 50. ( � WZ: A * � (-,�5 <>;�� 4 ��; *2. A ; = * = .I.01$,�5 *2&)(-,�5	*GA ; (9.�?+1$, WZ( ; 5
.	* � W = ( � (-,�5�(-,D891$,/8 =B;)A ( A ; (?,/1$5 A ( � :-5 � 1 &)( WZ( A�� (-5P&)(?W A (-,/& A ( (-,D891 � W)50( ; ,/( EL<>A * < 5	*21$,D,/1$,
= *B,/: < * A (�&)(I89( A 5 < *B,/.�W <>A7<�� 
 5 A (9.�&)( =@< &): � 1 A�� < 5	*21$, (-5�?L& < ,/. = (�8 < .�1,/ =@< � :91 � :-5 A *2(�(9.	5�8 J = *B,/& A *GA ; (@?
&)1$,),/( &)(9. A :9. ;)= 5 < 50. 891 A	A (98-50. 4 � , � :-,/: A7<>= *2. < ,�5I89(9. A :9. ;)= 5 < 50. � ; ,/( � :91 � :-5 A *2('A ; ( = 891$,lA ; (@?�1$, WZ( ; 5
.	* � W = ( � (-,�5 . ; W)W 1L.0( A A ; ( =@< &): � 1 A�� < 5	*21$,C1 a 50(-, ; (P(9.05 A : <>= *2.	50(L4�%�1 ; .�,g= <KE 1$,/.�? &)( 501 ; 50(9. � <$# 1$,/.�?
W < .�&)( � 1 J (-,C&)( E : A * c ( A 89(9. A :9. ;)= 5 < 50.�8 <>A ,/1 ; . .71 �,� (9.�891$, �QA 1$,�50: <>;�� �	��� (9.�W A 1 a)=�
�� (9.rA ; = (-,a *21 � :98 < ,)*GA ; ( �'891 �,� (-,�5 ��<>A7< ,�5	* A A ; = ; ,/( � :-5 � 1�&)(@? E : A * c :9( ( � W : A * � (-,�5 <>= ( � (-,�5 . ;)A�; , :98 � < , H
5	* =B= 1$, � 4�^ � 5Qo ( ?Z&)1$,),/( &)(9. A :9. ;)= 5 < 50.YW A :98-*2. = 1 A .�A ; ( = = 1$, 891$,/.	*2& 
-A ( ; , 1 A���< ,/( (-,�5	*2( A ? � 4�^ � ^ (�� � ,
A7<D+ 1 ; 5 < ,�5 =@< 891$,�5 A7< *B,�50( &)(?50( � W/. H A :9( = *B, � : A (-,�50( � =@< .	* � ;)=@< 5	*21$,g? * =�< W)W <>A7<#I 5P8 =@< * A ( � (-,�5 A ; = ; ,
891 � W A 1 � *2.�(9.	5',/:989(9.0. < * A (�(-,�5 A ( A : <>= *2. � (�(-5�W ( A�� 1 A�� < ,/89(9.�&)(I8 <>= 8 ;)= 4 * (9. A :9. ;)= 5 < 50.�A ; ( ,/1 ; . <KE 1$,/.
1 a 50(-, ; . <�E (98M89(-5	50( � :-5 � 1 &)( .01$,�5�*B,�50: A (9.0. < ,�50.�(-,X89( .0(-,/.�?+891 �,� ( = ( � 1$,�5 A ( = ( 5 <ba)= ( <>; O��+4 � TV4 * (
� 1�& 
-= ( ; 5	* = *2.0:MWZ1 ;)A 89( 50(9.	5�891 � W 1 A 50(M(-, E * A 1$, S �5`@` , � ; &).�(-5 ���@`@` 50:-5 A7< 
 & A (9. 4 * (9. A :9. ;)= 5 < 50.�1$,�5
:-50:M1 a 50(-, ; .�. ;)A�; ,/(M.	5 < 5	*21$, &)( 5 A7<�E$< * =���*�0	� & nV_�$�
=5 $15 � ('4
����� � _�� 4

2�,�5/_�(�+�* ,3&),�2	*�465 �<> 4 � �
� 0�&/$ �@� � ��8 * � 2	, 5/_�(�+-*�
���*����
: =@< .	5	*28-*B50: = *B,/: < * A ( �
� � � � � . � � .
: =@< .	5	*28-*B50:�A ; < .	* ,/1$, H = *B,/: < * A ( � � � � � � � . � � .

��� � 	 �+4 �.� � ��6J=#3*�-3�
����*� �C���B�$��6J=<� � �J9:3�!A9%��!�� ���#�/�-� �<�*�/�-� 6�&%� F �?� �,30= =5�-�?9 F &0�.� � �C& 8 ����6 3���
����E�J&%!A3*����
����#���
�<�*� /$!�
��<&:3�
��-������� ���5�26�&%� F �?� �)9�!A3`�:��
��%�#�?>

	�
"! # ��� �'!%$'&X��� �

� < ,/.M89( 8 � < W)*B5 A (�,/1 ; . <�E 1$,/. 501 ; 5M&>= <ba 1 A & W A :9.0(-,�50: ; , (-,/.7( ��a)= (?&)( � :-5 � 1 &)(9.M&>= 1$W)5	* � *2. <#H
5	*21$, W 1 ;)A =@<�A :9.01 =B; 5	*21$, &>= ; , W A 1 a)=�
�� ( &>= : =@< .	5	*28-*B50: = *B,/: < * A (L4 %Y1 ; . <KE 1$,/. < *B,/.	* :-5 ; &+*2:@? W ; *2. � *2.I(-,� ;FE�A (@?$89( A 5 < *B,/(9. � :-5 � 1 &)(9.',/1 ; .�.0( ��a)=@< ,�5�*B,�50: A (9.7. < ,�50(9.�W 1 ;)A'= (I8 <>= 8 ;)= &)( &): � 1 A�� < 5	*21$,/.�(-, 50( � W/.
A :9( = 4 * (9. A :9. ;)= 5 < 50.P1 a 50(-, ; . 1$,�5 � 1$,�5 A : A ; ( = (9. <>=&� 1 A *B5 �.� (9. ; 5	* = *2.0:9.P(-,D8 <>= 8 ;)= , ;.� : A *GA ; (@?'.01$,�5
&):-WZ(-,/& < ,�50.�&)( ,/1 �ha)A ( ;�� W <>A7<�� 
 5 A (9.��+891$,/&+*B5	*21$,),/( � (-,�5 &)( =@< � < 5 A *289( &)( A * � *2&+*B50:@?+&+* � (-,/.	*21$, &)(
89(-5	50( � < 5 A *289(@?N(-508L4 � (IW =B; .�? =@< ,/1$5	*21$, &)(I50( � W/. H A :9( = ?N& < ,/. ; ,/(�.	* � ;)=@< 5	*21$,?*B,�50: �LA7< ,�5 ; ,?. J .	5 
�� (��A (-501 ;)A &>= ( � 1 A 5�?N* � W = *GA ; (�&)(9. �QA :KA ; (-,/89(9.�&)(�8 <>= 8 ;)= &)( = = 1 A & A (�&)( �@`@`mV � 4 * (9. � :-5 � 1 &)(9.�8 =@< .0.0*GA ; (9.�?
. ;)A�; ,/( <>A 8 � *B50(98-5 ;)A ( � 1$,/1 H W A 1 89(9.0.0( ;)A ? ,/(?W ( A�� (-5	50(-,�5 W < . &>= 1 a 50(-,)* A &)( 50( =B= (9. �FA :KA ; (-,/89(9.�? . ;)A
H
501 ; 5YW 1 ;)A &)(9. � < * =B=@<�� (9. < .7.0( � 891 � W = ( � (9.�?Z,/:989(9.0. < * A (9.YW 1 ;)A�A (-W A :9.7(-,�50( A =@< � 1 A�� ( &)(9. .	5 A	; 8-5 ;)A (9.
< , < 501 � *GA ; (9. 4

%�1 ; . <KE 1$,/. <>= 1 A .�W A 1$WZ1L.7: ; ,/( � :-5 � 1�&)( O � �Y( * * T a < .0:9(?. ;)A = (�W A : H 8 <>= 8 ;)= .�&)(�&): � 1 A�� < 5	*21$,/.
: = : � (-,�5 < * A (9. 4 * = <>=&� 1 A *B5 �.� (9A ; ( ,/1 ; . <�E 1$,/.�&): E ( = 1$W)WZ:IW ( A�� (-5 = ( 8 <>= 8 ;)= &)( =@< &): � 1 A�� < 5	*21$, H (-5�&)(9.
� 1 A 89(9. < .0.01 8-*2:9(9. H &>= ; , � 1 & 
-= ( E 1 =B;.� *GA ; ( 891 � W = ( � (�(-, 50( � W/. H A :9( = 4 * < &): � 1 A�� < 5	*21$, (9.	5Y*B,/& ; *B50(
W <>A�; , (-,/.7( ��a)= ( &)( 891$,/&+*B5	*21$,/. <>;���= * � *B50(9.I(-5�,/1$, &)( � 1 A 89(9. ( � 50( A ,/(9.�? <#c , &)(�W A (-,/& A (Y(-, 891 � W)50(
&)(9.�*B,�50( A7< 8-5	*21$,/. � = = < *2&)( &>= ; , . J .	5 
�� ( � A (-501 ;)A &>= ( � 1 A 5 4&%Y1$501$,/. (-, c ,�A ; ( = (9.�8 <>= 8 ;)= .�&)(9. � 1 A 89(9.
(-5 & ; 8 � <�� WC&)(M&): � 1 A�� < 5	*21$, W ( ;FE (-,�5 � 5 A (�&):9891 ; W = :9.�? 8@= (9.	5 H � H &+* A (hA ; = ��W <>A 5	* A &>= ; , (-,/.0( �ha)= (�&)(
891$,/&+*B5	*21$,/. <>;�� = * � *B50(9.I&)1$,),/:@? 1$, W ( ; 5 8 <>= 8 ;)= ( A .0( ;)= ( � (-,�5 = (9. � 1 A 89(9. &)( A : < 8-5	*21$, 1 ; .0( ;)= ( � (-,�5 =@<
&): � 1 A�� < 5	*21$,C*B,/& ; *B50(L4 � (98-* .0( A7< 5 A#
 . ; 5	* = (MW 1 ;)A�=@<�A : <>= *2. < 5	*21$,C& ; W A 1$501$5 J W (P&)(�.	* � ;)=@< 50( ;)A &):98 A *B5<>; 8 � < W)*B5 A (XO � TV4�%Y1 ; . <KE 1$,/. (-,/. ; *B50( <�� : = *21 A : 89(-5	50( � :-5 � 1 &)( &)( � <$# 1$, � A :9& ; * A ( =@< A ; < ,�5	*B50: &)(



S `@` � ���L��� � � � � ��� � � ��� � ��� � ��� � � � � � � �4�

�����
	 �+4 ����� 	)3*�#�29:�����$�
��& ���#�%�590��� 6 
�6�3�78���(�C&09���
 M 3*�#� !A3 � & 8 �*��6�3*�/
��*� �%� �$��6J=<� /$�0&0��!V� 6 ���D&09 F 3��#�/
�!�!A�*� � �
�/
��:��� � �*� =#�%��� M �*
�� ���#�"!A3 ���03 � �:9%�$�*
��0�)�C���2�10B�#�*�2� 6 �%���^=5!��1�4! 
��<&:3*
��-�?>



�������%� ��������� � � ��� S ` S

&)1$,),/:9(9. *2.0. ; (9.Y&)(9.�W A : H 8 <>= 8 ;)= .�? (-, ,/(P891$,/.0( A[EL< ,�5-A ; ( = (9. &):-W =@< 89( � (-,�50.�&)(�, � ; &). &)( =@< . ;)A�� < 89(
(-53U>1 ;�= (9.�&):-W =@< 89( � (-,�50. = (9.'W =B; . A (-W A :9.0(-,�5 < 5	* � .�&>= ; ,/(�&): � 1 A�� < 5	*21$, : = : � (-,�5 < * A ( &)1$,),/:9(L4 * (9.'50( � W/.
&)( 8 <>= 8 ;)= . 1 a 50(-, ; .�W A :9.0(-,�50(-,�5 = = <KEL< ,�5 <�� (X&>= � 5 A ( 5 A#
 . � < * a)= (9.�(-5?&)( E$<>A *2( A .01 ; . H = *B,/: < * A ( � (-,�5 (-,
� 1$,/8-5	*21$, & ; ,/1 ��a)A (�&)( , � ; &).�& ; � < * =B=@<�� (L4
* < � :-5 � 1 &)( W A :9.0(-,�50( 89(-W (-,/& < ,�5 A ; ( = A ; (9.�WZ1$*B,�50. � < * a)= (9. 4Dt 1 ; 5 &>= <ba 1 A &>? ,/1 ; . .01 �,� (9.

891$,�5 A7< *B,�50. &>= <KE 1$* A A (9891 ;)A . � =@< 5 � :91 A *2(�&)( = = : =@< .	5	*28-*B50: = *B,/: < * A ( W 1 ;)AY; 5	* = *2.7( A = (9.�W A : H 8 <>= 8 ;)= . 4 �9c ,
&)( W A (-,/& A ( (-,�891 � W)50( &)(9. = 1$*2.�&)( 891 � WZ1 A 50( � (-,�5?W =B; . 891 � W = ( � (9.�? ,/1 ; . <�E 1$,/. *B,�5 A 1 & ; *B5?&)( ;��
<�� : = *21 A7< 5	*21$,/.�� =@< = 1$*�&)( &): � 1 A�� < 5	*21$, *B,)*B5	* <>= (@?�: =@< .	5	*GA ; ( = *B,/: < * A ( � 1 � 1 ��
 ,/(L4 � , W A (-, < ,�5 < *B,/.	*
(-, 891 � W)50( &)(9. W A 1$W A *2:-50:9. a *21 � :98 < ,)*GA ; (9.Y& < ,/. = (MW A 1 89(9.0. ; . &)(�&): � 1 A�� < 5	*21$,g?/,/1 ; .�WZ(-,/.01$,/.7A ; = * =
(9.	5 W 1L.0.	* a)= (P&>= <�� : = *21 A ( A � =@< � 1$*2. = (�891 � W 1 A 50( � (-,�5M&): � 1 A�� <ba)= ( (-5 =@< WZ( A 5	*B,/(-,/89( & ; � 1�& 
-= (L4 - ,<>; 5 A (?W 1$*B,�5 � < * a)= (@? &): + � A ( � <>A A ; : & < ,/. OQf A 1 H % *2( = .7(-,g? S ����� Te? (9.	5 = *2: � = = * � WZ1L.7.	* a * = *B50: &)( � 1�&+* Hc ( A�=@< 501$W 1 = 1 � *2( & ; � < * =B=@<�� ( . < ,/. <KE 1$* A A (9891 ;)A . � &)(P,/1 ;FE ( <>;�� W A : H 8 <>= 8 ;)= . H 1 ; � ; ,/( ,/1 ;FE ( =B= (
*B, E ( A .	*21$,�&)( =@<*� < 5 A *289( &)( A * � *2&+*B50: & < ,/. OQf A 1 H %�*2( = .0(-,g? S ����� T	TV4$� A =@< WZ1L.7.	* a * = *B50: &)( A : <>= *2.0( A�; ,
(-,/.0( ��a)= ( &>= 1$WZ: A7< 5	*21$,/. : = : � (-,�5 < * A (9.�? 50( =B= (9.hA ; ( &)(9. *B,/8-*2.	*21$,/.P1 ; &)(9. . ; 5 ;)A (9.�? (9.	5�&>= ; ,/( * � WZ1 A
H
5 < ,/89( W A * � 1 A &+* <>= ( & < ,/. ; , . J .	5 
�� (�&>= (-,�5 A7<#I ,/( � (-,�5 <>; � (9.	50(Y1$WZ: A7< 501$* A (L4 * = * � W < 8-5�? <>; ,)* E ( <>; &)(
=@<,� 1 &): = *2. < 5	*21$,g? (9.05 <>= 1 A .Y891$,/.	*2&): A7<ba)= (�W ; *2. A ; = * = &)( E *2(-,�5�,/:989(9.0. < * A ( &)( � 1�&+* c ( A�=@< 501$W 1 = 1 � *2( & ;
� < * =B=@<�� ( H WZ1 ;)AYA (-W A :9.0(-,�50( A W �LJ .0*GA ; ( � (-,�5 (-5 �LA7< W � *GA ; ( � (-,�5 ; ,/( *B,/8-*2.	*21$,g? W <>A ( � ( � W = ( H (-5�&)(
8 <>= 8 ;)= ( A = (9.�&): � 1 A�� < 5	*21$,/.�W A (-, < ,�5�(-, 891 � W)50(M89(9. � 1�&+* c 8 < 5	*21$,/. 4

� , c ,g?+,/1 ; . <KE 1$,/. � 1 A���;)= : = = �LJ W 1$5 � 
 .0( &>= ; ,/( = 1$* &>= : E 1 =B; 5	*21$, A ; < .0* H .	5 < 5	*GA ; (L4 � (-5	50( 891$,/&+*B5	*21$,
,g= (9.	5'W < . 5 A 1$W A (9.	5 A *28-5	* E (I.	* = = 1$,�.0( 891$,�50(-,�50( &)( .	* � ;)= ( A�= ( 891$,�5 < 8-5�(-,�5 A ( ; ,P*B,/.	5 A	;.� (-,�5�8 � * A	;)A�� *28 <>=
(-5 ; , 1 A���< ,/(@?>891 �,� (�8@= (9.05 = (�8 < . = 1 A .�A ; ( =@< .0* ��;)=@< 5	*21$, E *2.0( ; ,)*GA ; ( � (-,�5 =@< 891�1 A &+*B, < 5	*21$, � * = H � < *B,U4



S `�� � ���L��� � � � � ��� � � ��� � ��� � ��� � � � � � � �4�



��

� �������	��

��
�� � ��� � ��� �
����� ��� � � � ���	� ���

���! #"%$&�(')�('+*-,/.102"435�6�578"%$&�%.1359)7)�;:1"<�)36 =:>�
"<�?'+*#:#0A@! B�DCE,F3HG!�)IJ�):1"� #"40KCL0M7)98�N$&,F:O7PCE�6'),&$=35�

$&��CM,Q7H0KIR SCE,!"A0ETF:VU2$FW#:-,FID0A@! B�?X1YZC[�)7\IRT#$&];C[�)7^$&�
"KW=._��IJ,S7`7;�57bac3)�57H7)T?3d"A7e,S7`7;T#'`0E957gfh =:>�%C[T?0i$kj 9?lFT?C2 cm

"40[T?:�:1�?nZ"<TF:#0[�;:#:>�So5peT! =7qIRT?:1"A3)�)3)TF:O71CE�57r,Bl5,F:1"2,FG!�57
$&��')�F"b"<�sIRT#$&9;CK0K7;,!"A0ETF:JIJ,F0M7s9`G&,SCE�)IR�;:1"r7)�)7tCL0KID0A"<,=m
"40[T?:-7h$&,F:O7NC[�u'),S7h$&�\IRT#$&])CE�57h'5T?Ig.1C[�`v-�)78w�l?TFCA cm
ID04@! B�57DT!xu$&�)7�yE359d@! B�;:z')�)7J$&�N'),FCA'/ SC{"435])7|9;C[9?lF98�)7
7)T?:1"_3)�?@& =0K7)�)7do



S `�� � ���3� � �����	� ��
 � � ��� 
�
 � � ��
�� � � � ��� � � � ��� � ���,�

� 
�� �_� �X+ � �'$ �r�������

(�� ������ �! (�� ��"$#%��&��('ba�! (���? � (*) J,+ (�� J �-)  �� (�� � ( +.'�& )	*0/�1 ! (�� � 1 ���,�� �! (�� �(' �2�0(�U & (��3� ��& )4�0(�� � ,5)a ( ' 16/ � 1 +7��" E ( !0��+�+8" � � ( + 1)*0� ! (�� ' ,), " (�� �@`:9<; ,,) &3�,� 1)*=)3� ' 1 ��"�+.'�& ) �6' ,6� ! ( ��� �(' *B,/( � (�� * �('�� (��� (>� J ,,) �6 �0(�(�) � ( ! = ' ,)* �(' )	* � , +.'�&���&3� *B, ' )0(�1 & ? * ! ��� � ,5) � ( + 1)*0� + (�1?1�)	* ! *0� " � �6' ,6� ! ( ��� �(' *B,/( � (!@' �	* � 1 !@' )	* � ,?/ � * & 1 &�� *0/ '�! ( 9BA (�� ������ �! (�� & ( +�&3" �0(-,,)0(-,5)M(-,C($C (�)D1), ����J (-, & ( !@' )	* E ( � (-,5)��0* �>+�! (�(�)
*B,,)-1)*=)	* #8� ( ��"ec ,)* &E� (�� �Wa:F (�)3�', � , & * � * � (�� ��� ,,) ! (G/ � �>+H��& )0( � (-,,) �\J , '�� *GA51/(�(��-) ' �3�7(�I &3"<'�! *0�3)0( 9KJ (��
� J �-)  �� (�� � ( +.'�& )	*0/�1 ! (�� ��" / & *=)3� �6' ,6�ML � (9( E (���?gS ���KN\s � (9( E (���?_S ���KOQPR� ,5) " ) "�&2'�+ * � ( � (-,,) & (�/ � ,),,16�
/ � �,� (S1), ����J (-,T) &3 � (ed(/ ' /9( � ( & ( +�&3" �0(-,,)0( &U� (�� +��6" , � �� ,/(�� �\J , '�� *GA,1/(���)0( ! �$A51/( ! ( # (�14V�?! = ( ' 1g? ! (���($W +�!0� �	* � ,6��?L(�)3/ 9 L � 1 � (��X�-) & 16/�)-1 & (��Y/ � �>+�! ($W)(��E)0( !=! (�� A51/( ! = � ( &[a (@? ! (�� '�&[a�& (���? ! (���,,1 '�� (�� P$9AN�.' A,1/( +.'�& )	*0/�1 ! (@? �6' ,6� ! ( ������ �! ( � ( � (9( E (���? +H� �2�  �� ( ! (�� ' )-) & * a 1�)3���31)* E�' ,,)3��� +H� �	*=)	* � ,g? E *=)0(��3�0(@?
/ � 1 ! (�1 & ? � 1 &3" ( � ( E *2(@?HZ � (@? #���&�� (@?[) ' * !=! (@?H) &2' ,6� +.'�& (-,6/9( 9\A ( & ) ' *B,/(�� � (]/9(�� +�&3��+�& *=) " ) " �*� � ,5)^1�)	* ! (��+8� 1 &]! ( & (-, � 1 �K&2'�+�� *GA,1/( s * ! (��-) ' *B,6�0* +8� �3�	* a�! ( � = * � (-,,)	* c ( & 1),/( +.'�& )	*0/�1 ! ( �_1), + *`W)( !X� ( ! = * �('�� (c , '�! ( 9�AN�.' A,1/( +.'�& )	*0/�1 ! ( +H� �3�  �� ( � (�� +�&3��+�& * " ) " � � (�) &2' ,6� +.'�& (-,6/9( � (()0( !=! ((� ��& )0(�A51/( !@' / � 1 ! (�1 &� = 1), + *`W)( ! (��-) ����� * c." ( (-, #�� ,6/�)	* � , � 1 , � ��a�& ( � ( +.'�& )	*0/�1 ! (��9A,1)*H�7( +�&3��F (�)-)0(-,5) ' 1 ��a�� ( (-, �:&3� *=)� ( ! = " / &2' ,bL�/ #c9uc
� 1 & ( �69 S P$9

� ���
	��69 S � �@�/
�!�
���3*�/
��*� �6d �����-e`�:�%f�6 �)� � =E3�����
�9���!A�%� =E�����
�:
�6)��!A���2���<�(�hg%=<! �`��
��*�5>

� ' ,6�X/9( ���,�� �! (@?,/ �.' A,1/( +.'�& )	*0/�1 ! ( " EQ��! 1/( � ( #i'�j�� , & ( !@' )	* E ( � (-,5) *B, ��"�+ (-, �6' ,,)0( � (�� ' 1�) & (�� 9,A (
�(' ,lA,1/( � (D/ ���6" �	* � , ,/( + ( &�� (�) +.' � � (^�	* � 1 ! ( &k� (��G� ��! * � (�� ��"$#���&��('ba�! (�� 9�l ,/( +�& ( � *  �& ( ($W:)0(-,6�	* � ,� ( !@'M��"ec ,)*=)	* � , ']��� ,6/ " ) "^+�&3��+8� � " ( +.'�&nm I ( ! *0�-o * �6' ,6��L m I ( ! *0�-o�* (�) t � ,),/(��0(-,g? S ��� S P ?)(-, '�Fc� 1�) ' ,,)' 1:W +.'�&2'��� ) & (��'*B,)*=)	* ' 1:WM1), E (�/�)0(�1 & 1),)*=) ' * & ( ��"ec ,)*0�3� ' ,,)�1),/( ��& *2(-,5) ' )	* � , ($W:) "�& *2(�1 & U *B,5) "�& *2(�1 &E+8� 1 &
/ �.' A51/( +.'�& )	*0/�1 ! ( 9#� , & ( ! * ' ,5) (-,,) & ( ( !=! (��X/ �.' A,1/( +.'�& )	*0/�1 ! ( (�)�(-, ! (�1 &Y��� ,), ' ,5)k1),/( ��& *2(-,5) ' )	* � ,g? � (��
�31 &c#%' /9(�� + (�1 E (-,,) a ) & (D/ &3"�" (�� (�) ��"$#���&���" (�� � 1 (-,6/ ��& ( " )	* &3" (�� +.'�&Y! = '�F-� 1�) � ( +.'�& )	*0/�1 ! (�� 9�J\��& ��A,1/( !@'&3"�+.'�& )	*=)	* � , � (�� �(' �3�0(�� +8� ,6/�)-1/( !=! (�� �6' ,6� ! = (�� +.' /9(�(��-) ' �3�0(�I &3" � 1 ! *  �& (@?N* ! (��-) +H� �2�	* a�! ( � ( ��"ec ,)* & 1),/(
� +��6 �& ( ' 1�) � 1 &7� (U/ �.' A,1/( +.'�& )	*0/�1 ! ( 9�Jp' �31 &c#%' /9( � ( ! = �Wa:F (�) (��-) '�!0��& � & ( +�&3" �0(-,,) " ( +.'�&7!@'�&3" 1),)* � ,� (?/9(��q� +��6 �& (�� 94;h! (��-) " �5'�! ( � (-,5) +H� �2�	* a�! ( � ( ��"ec ,)* & 1),r/ �.'��>+s� ( ��"�+�!@' /9( � (-,5) � +.'�& )	* &q� (!@'t+H� �0*=)	* � , � (��(� +��6 �& (�� + 1)*0� � ( ! = '�+�+�! *GA,1/( & �t1),/(q�-1 &c#i' /9( +8��!RJ �Q� , '�! ( ��"ec ,)*0�3� ' ,,) !@'?#u&3� ,,)	*  �& (� ( ! = �Wa:F (�) 9GJ\� ��a.'�&3��� L J\� �ha.'�&3��� ?-S ���KvQPw'x" �5'�! ( � (-,5)_) &2'KEK' * !=!0" �-1 &�� (�� ���,�� �! (�� ��"$#%��&��('ba�! (��
������"�! *0� " � +.'�& 1), (-,6�0( ��a�! ( � ( +.'�& )	*0/�1 ! (�� ��& *2(-,5) " (�� 9yl ,/( ' 1�) & ( '�+�+�&3� / � ( *B,,) "�& (��3� ' ,,)0( (��3)7/9( !=! (+�&3��+8� � " ( +.'�&�Bb9 � (�� a�& 1),zL2�Y(�� a�& 1), (�)]{ ' �2/�1/( ! ?TS ���KOQP (�) Bb9 H}|y9 { ' �3/�1/( ! L2� (�� a�& 1), (�)�{ ' �3/�1/( ! ?
~@�2�  .0��/021+F4=." !�" G�%()91+'*37:�,*"70 "7021 :�1+'-,*'*09; G 5�:/) 09'-=N:�,*"4) ,M%DG/)+5�G�%2� %(1+'*5� �!5� :/ .= :/) !/"�# "4: !/%� /0 ,*"?��,-=��E1I%L)B� )+"c�k�%�K�



�:���Q����� � ��� 
 �<� ��� ��� S `KO

S ���KvQP$9�J ( #���&��('�! *0� � (@?:1�)	* ! *0� "*+H� 1 &G! (�/ '�! /�1 !\� (�� #%��& /9(���?+(��-) a.' � " �-1 & /9( ! 1)* � (�� 
��
	�	��/_�
������Wo���������

�-!��Wo�	��'!������ �!�#"$9�$ / �.' A51/( +.'�& )	*0/�1 ! (�(��3) ' �2� � /-* " ?$(-, +.'�& )	*0/�1 ! *2( & ?K1),>/ �.'��>+U� ( +8� )0(-,5)	*2( !i95Jp'rE�'�! (�1 &
(�) !@'7��"�& * EQ" ( � 1w/ �.'��>+�� ( +8� )0(-,5)	*2( ! (-,U) � 1�) +8� *B,5) � ( ! = (�� +.' /9(^� � ,5) '�!0��& � ��"ec ,)*2(�� +.'�& 1), +�&3�,� 1)*=)� (�/ � , EQ��! 1�)	* � , 'KE (�/(1),/( #%� ,6/�)	* � , ��"ec ,)*0�3� ' ,,)]1), "#�
	�	��/_%�&�;a('�
eo#�)
#�`9 ��, 'S��� ,6/�1),/(?($W +�& (��3�	* � ,
/ � ,5)	*B,51/( � 1 / �.'��>+ +��5J �	*GA51/( H (�) +.'�& / � ,6� " A,1/(-,5) � (�� #%��& /9(�� � = *B,,)0( &2' /�)	* � ,?/ '�! /�1 !0" (���� +.'�& )	* &D� 1
�K&2'�� *2(-,5) � (M/9(7/ �.'��>+\9BJ = ' 1�) & ( ' � + (�/�) � ( ! = '�+�+�&3� / � ( � ( { ' �2/�1/( ! (�)6� (�� a�& 1), / � ,6/9( & ,/( ! (7/ '�! /�1 !� ( ��"$#%��&��(' )	* � ,6� � EQ��! 1 � ( / � ,6�-) ' ,5) (�) !@'�& ( +�&3" �0(-,,) ' )	* � , � ( !@' �-1 &c#%' /9( � 1 � J �-)  �� ( +.'�& )	*0/�1 !@' * & ( 9A ( !=! ( H /-*Y(��-) ������"�! *0� " ( +.'�& 1),/( �31 &c#%' /9( * �>+�! *0/-*=)0(@?k/@= (��3) H � H}� * & ( �6' ,6�w/9( / ' ��?E1),/( �-1 &c#i' /9( � = *0� �bH+H� )0(-,,)	*2( !i9XB '�!&�K&3" ) � 1�)�?y1),�*B,6/ � , EQ" ,)*2(-,5) � (��>� J �3)  �� (�� � ( +.'�& )	*0/�1 ! (���? +8� 1 & 1),/( '�+�+�! *0/ ' )	* � , (-,
�	* � 1 !@' )	* � ,g? & (��-)0( � (��R)0( �>+ � � (]/ '�! /�1 ! �n� � 1 E (-,,)�* �>+H��& ) ' ,,)3� 9A = (��-) +8� 1 & A,1 � * !@' � ��! 1�)	* � , !@'�+�! 16�Y1�)	* ! *0� " (�(��-)X/9( !=! (rA51)*H/ � ,6�	*0�-)0( � & ( ! *2( &X! (�� +.'�& )	*0/�1 ! (�� +.'�&k� (��
*B,5)0( &2' /�)	* � ,6� � (E) J,+ ( & (��3� ��& )3�3U '�����& )	*0�3�0(�1 & � '#c , � (X/ &3" ( &�� (��+*h� ��! * � (�� +.'�& )	*0/�1 !@' * & (��-, 9�A (�)-)0(k� ��! 1�)	* � ,
� ! = 'KEK' ,5) '�� ( � ( &3"�� 1)* & ( � ( #i'�j�� ,X($W +�! *0/-*=)0( ! (M, � ��a�& ( � ( +.'�& )	*0/�1 ! (�� +H� 1 EK' ,5) a ) & ( *B,/.61/(-,6/ " (�� +.'�&
1),/( +.'�& )	*0/�1 ! ( ��� ,), " ( 9 � ( +�! 16��? �S/ � , � *=)	* � , � (�/ � ,6�	* �� �& ( & 1),/( ������"�! *0� ' )	* � , +�&3� / � ( � 1�,)* E ( ' 1
� *0/ &3� �3/ ��+ *GA51/(@? � , �7( &2'�+�+�&3� / � ( � ( !@'w&3"<'�! *=) " +��LJ �0*GA51/(_L��/( J , �(' ,g?�S �����QP$9>B * !=! ( & L B * !=! ( & ?XS �����QP' ,)* � ( ' *B,6�	* � ( #i'�j�� , ) &3 � &3"<'�! *0�-)0( � (����0( &-+ (-,5)3� ��" / & *=)3� +.'�& 1), (-,6�0( ��a�! ( � ( �(' �3�0(�� +8� ,6/�)-1/( !=! (��& ( ! * " (�� (-,,) & (C( !=! (�� +.'�&U� (�� & (��3� ��& )3� 9kAN�.' A,1/(q�0( ��� (-,,) � 10*h�0( &-+ (-,,)-, (��-) ���,��"�! *0� "q+.'�& 1), /�1 a (��� ,5) ! (��D� � �,� (�)3�^� � ,5) � (�� �(' �3�0(���(�) ! (�� '�&3a )0(�� � (�� & (��2� ��& )3� 9 � (�� & (��2� ��& )3�n�-1 +�+�!0"�� (-,,) ' * & (��*� � ,5)+�!@' / " � ! ( !0� , �?� (�� � * '��Q� , '�! (�� � (w/ �.' A,1/( #i' /9( � 1�/�1 a ( 9�J = (-,6�7( ��a�! ( � (U/9(�� & (��3� ��& )3�M/ � ,5) & 	 ! ( !@'&3"<' /�)	* � ,�� ! = " )	* & ( � (-,,) ' *B,6�	*mA51/( ! ( ���,� 1 ! ( � ( /-*0� ' * !=! ( � (-,,) 9RJ = *B,5) " �K&2' )	* � , (��-) &3"<'�! *0� " ( +.'�&�!@'
��" ) �6�,� ( � = � 1 ! ( &<9.Jp'(�\J , '�� *GA,1/( � 1 ��� 1 E ( � (-,,) � 11*h�0( &-+ (-,5)-,M(��-) &3"<'�! *0�-)0(7/ '�& ( !=! (�)	*2(-,,)D/ � �>+ )0(� (]/ � ,5) &2' *B,,)0(�� &3" ( !=! (��D)0( !=! (��'A,1/( ! ( ��"�+��.' � '�� ( �6' ,6� ! ( ��� 1 E ( � (-,5) � , � 1 !@' ) � * & ( � 12*h�0( &-+ (-,5)-, 9HJp'+ ( ' 1 � (��>�0( &-+ (-,5)3� ' *B,6�	* ���,��"�! *0� " ��(��-)�/ � �>+H� � " ( � ( ����& /9( ' 1:W L3* +.' )3/ � (��-, P � (_�-1 &c#i' /9(���� +�! *B,/(����� ,5) ! (�� +H� *B,,)3� � (�/ � ,5) & 	 ! (7� � ,5) � (�� �(' �3�0(�� 9

� ( + 1)*0�7/9(�� +�& ( � *2( & �M) &2'KEK' 1:W ? ! (�� ������ �! (�� �(' �3�0(��3U & (��3� ��& )3� � ,,) " ) " ) &3 �7� � 1 E (-,,)71�)	* ! *0� " � (-,' ,)* �(' )	* � , +.'�&n��&3� *B, ' )0(�1 & �(' *0� " �5'�! ( � (-,5) +H� 1 &4!@' �0* � 1 !@' )	* � , 9
4 & , '�!0� * 
��5���RP L 4 & , '�!0� * (�)D�D1 ��� ,,)�? S ����6QP�������"�! *0�0(-,,) � (��E� ��! * � (�� ��"$#%��&��('ba�! (�� +.'�&X� (�� �(' �3�0(��& ( ! * " (�� +.'�& 1), &3" �0( ' 1S/�1 a *GA51/(*) & * � * � (-,6�0* � ,),/( !�� ( & (��3� ��& )3� 9 � ' ,6� ! (��G) &2'�E�' 1:W � (mt ( & I ��+8� 1 !0� �n�-1 &!@' �	* � 1 !@' )	* � , � ( �(' ) "�& * ' 1:W E *0�3/ �bH}"�!@' �-)	*GA,1/(��7LQt ( & I ��+H� 1 !0� � (�) '�!i9 ? S ����7us t ( & I ��+H� 1 !0� � (�)�� ! (-*0� � ( & ?

S �����QP ?E1), �Wa:F (�) (��-) & ( +�&3" �7(-,5) " / � �,� (q1), &3" �0( ' 1 &3" � 1 ! *2( &�� ( �(' �3�7(��?(�) � ( ! * ' *0� � ,6� 9XA (���) &2'#HE�' 1:W��0( ! * � *=)0(-,,)k/9( + (-, �6' ,5)�� � (�� �Wa:F (�)3� a * � * � (-,6�	* � ,),/( ! L EQa )0( � (-,5)3��? # (�1)* !=! (�� � ( +.'�+ *2( & ?�(�)3/ 9 P$9 � (
, � ��a�& (�1:W ' 1�) & (���) &2'�E�' 1:W L |E&3��EQ� )�?,S ���KO\s f '�&2' C�(�)98 *=)-o *B,g?�S ����6\s f '�&2' C (�) '�!i9 ?�S ���KO\s;:5� 1�o �.'#H�6'�& ?XS ���KOQPn� ,,)�1�)	* ! *0� " 1),/( ���,��"�! *0� ' )	* � , �	* � * !@' * & (@? 'KE (�/�(-, �Q" , "�&2'�! ? ! = 1�)	* ! *0� ' )	* � , � = 1),/( ��" ) �6�,� (
($W +�! *0/-*=)0( +8� 1 &>!@' &3" � ��! 1�)	* � , � 1T� J �-)  �� ( � = " A,1 ' )	* � ,6� � *`C "�& (-,5)	*2( !=! (�� � 1T�0(�/ � , �z��&3�:& ( ' �2� � /-* " �
/9(�� ���,�� �! (�� 9 �n" /9( �,� (-,,)�?pf & (9(-, 
��<���GP6� ,,) +�&3��+8� � "�! = 1�)	* ! *0� ' )	* � , � (�� J �-)  �� (�� � ( +.'�& )	*0/�1 ! (�� +H� 1 && ( +�&3" �0(-,5)0( &*! ( �:&2'�+8"M� (�)	*0�3�-16�D)0($W:)	* ! (��MLQf & (9(-, (�) '�!i9 ?TS �����,P$9 � ' ,6�^/9(7/ ' ��?[�0(�1 !p! (7/ � �>+H��& )0( � (-,,)
�-) ' )	*GA51/( (��-) " )-1 � * "K9 � ' ,6��L�% ��& ) � , (�) '�!i9 ?kS ��� S P ? ! (�� ' 1�)0(�1 & � +�&3��+H� �7(-,5) � = 1�)	* ! *0�0( & 1), ���,�� �! ( � (
�(' �3�0(��'(�) � ( & (��2� ��& )3� +H� 1 & �	* � 1 ! ( &�! (k/ � �>+8��& )0( � (-,5) ! * � *=)0( A51/( & ( +�&3" �0(-,5)0( !@'R#�&2' /�)-1 & ( � = 1), �Wa:F (�) 9

� ,b/9($A51)*k/ � ,6/9( & ,/( !@' ������"�! *0� ' )	* � , � (�)	*0�3�-16� ��&��5' ,)*GA51/(���? ! (�� ������ �! (�� �(' �2�0(��3U & (��3� ��& )3� � ,5)" �5'�! ( � (-,5) " ) " 1�)	* ! *0� " � 9 8 ' )0( & ��? �6' ,6�nL&8 ' )0( & ��?FS ����6QP ? '^��"ec ,)*61), &3" �0( ' 1 � ( & (��2� ��& )3���-1 &E� (�� �K& * !=! (��&3" � 1 ! *  �& (�� '#c , � ( ������"�! *0�0( &E! (��E)	*0�3�-16� #i' /-* ' 1:W 9QJ (��Y/ '�&2' /�) "�& *0�-)	*GA,1/(�� "�!@' �-)	*GA,1/(�� � (�� & (��3� ��& )3� a * +��.'#H
�	*GA51/(��y1�)	* ! *0� " � �6' ,6��/9(G/ ' � � � ,5) ��"�& * EQ" (�� � (G/ � 1 &[a (��'*0�3�-1/(�� � = " )-1 � (�� a * � ��" / ' ,)*GA51/(��DLQN (-,/( � *+(�) '�!i9 ?



S `Kv � ����� � �����	� ��
 � � ��� 
�
�� � ��
�� ��� � ��� � � � � �������,�

S ��7�OQP$9 � ( #%'�j�� , �	* � * !@' * & (@?/, � 16� 'KE * � ,6�41�)	* ! *0� " 1), N#H �(' * !=!@'�� (M�	* �>+�! ($W+(UL2�Y( ! *B, � (�)-)0(@?TS �����@a[PG+8� 1 && ( +�&3" �7(-,5)0( &>! ((/ � �>+8��& )0( � (-,5) "�!@' �3)	*GA51/( � ( � 16�3/ ! (�� #i' /-* ' 1:W �6' ,6� ! (U/ '��:& ( � = 1),/(��	* � 1 !@' )	* � , � (
/ � * & 1 &�� *2(�/ &2' ,)* �bH%#%' /-* '�! (>L2� ( ! *B, � (�)-)0( (�) '�!i9 ?pS �����,P$9 N (9( E ( 
�� ���GP LQN (9( E ( �49 ?OS ���KvQPY� ,,) +�&3��+H� � " 1),/('�+�+�&3� / � (D�	* � * !@' * & ( +8� 1 & / '�&2' /�) "�& *0�0( &X! (��E)	*0�3�316� ��� 16� �6' ,6�Y1),/(4�	* � 1 !@' )	* � , +�! 16� &3" /9(-,,)0( � (4/ � * & 1 &
H
� *2(7/ &2' ,)* �bH%#%' /-* '�! ( 9 � ( +�! 16� ! (�� ' 1�)0(�1 & � '�Fc� 1�)0(-,,)D1),/(7/ � ,5) &2' *B,,)0(M�31 +�+�!0"�� (-,5) ' * & ( � (�/ � ,6�0( &[EK' )	* � ,� ( EQ��! 1 � ( '#c , � ( & ( +�&3" �0(-,,)0( &n! = *B,6/ � �>+�& (��3�	* a * ! *=) "M� (��R)	*0�3�316� ��&��5' ,)*GA51/(��	� 9l ,/( � (�� +�& ( � *  �& (�� '�+�+�! *0/ ' )	* � ,6� � (�� ������ �! (�� �(' �2�0(��3U & (��3� ��& )3� � !@' �0* � 1 !@' )	* � ,_/ � * & 1 &�� *0/ '�! ( (��-)� 1/(�� Ak��E ( & 
 �;���GPK�6' ,6�RL Ak��E ( & (�) '�!i9 ?\S ���KNQP$9KJ (�1 & � ) &2'KEK' 1:WM/ � ,6/9( & ,/(-,,) !@' ���,��"�! *0� ' )	* � , � (�� ��"$#%��&
H
�(' )	* � ,6� � ( !@'hEQ" �	*0/�1 ! ( a * ! * ' * & ( �6' ,6� ! (*/ '��:& ( � = 1),/( ��+8"�&2' )	* � ,X(-, ��� �3/ ��+ *GA,1/( 9 ��, + (�1�) ' 16�3�	*B/-*=)0( &! (��]) &2'KEK' 1:W � ( m:' ) '�E�' L m:' ) 'KEK' ? S ����6\s m:' ) 'KEK' ?,S ���KNQP*+8� 1 & �0* � 1 ! ( &7� (�� ��+H"�&2' )	* � ,6�M/ � * & 1 &�� *0/ '�! (��
/ � , E (-,5)	* � ,),/( !=! (�� 9�A (���) &2'�E�' 1:W +�&3" �0(-,,)0(-,5) ! = *B,5) "�&3a ) � = a ) & ((� ' ,6� ��� 1�)0( ! (�� +�& ( � *2( & ��� 'KEQ� * & *B,,) "eH
�K&3" � (�� +8"�& * +��6"�& *GA51/(�� � ( &3"<'�! *=) "DE * & )-1/( !=! ( �6' ,6��1),?�	* � 1 !@' )0(�1 & / � * & 1 &�� *0/ '�!i9�A ( + (-, �6' ,5)�? ! ( #i' * a�! (&3"<'�! *0� � ( � ( !@' �	* � 1 !@' )	* � , +.'�&*&2'�+�+8��& ) ' 1:W ����J (-,6��1�)	* ! *0� " � '(&2'�+ * � ( � (-,5) � *0�^1), )0( &�� (��U/9(�)-)0('�+�+�&3� / � ( 9HJ (��n) &2'KEK' 1:W � ((L B (��7(�1 & (�(�) AN�.' * !=!0� 1g?TS ����7KPG& ( +8� �0(-,5)^�-1 & 1),/( ������"�! *0� ' )	* � , �	* � * !@' * & (
�(' *0� +�& (-, ' ,5)�(-,�/ � �>+ )0(G1),�/ � �>+8��& )0( � (-,5) EQ��! 1 � *GA51/( � 1 ������ �! ( 9 N*1 � , 
��5���RP L AN�\9 N*1 � ,g?lS ���KvQP� ,,) ��" E ( !0��+�+8" 1), ������ �! (��-1 &c#i' /-*GA51/( � ( !@'ZEQ" �0*0/�1 ! ( a * ! * ' * & ( a.' � ">" �5'�! ( � (-,,)M�-1 &�� (�� ! * ' *0� � ,6� � (
) J,+ ( & (��3� ��& )3� 9J ( +�& *B,6/-* +.'�!6'�E�' ,,) '�� ( � (�� ������ �! (�� �(' �2�0(��3U & (��3� ��& )3� &3" �	* � ( �6' ,6� ! (�1 &�#i' /-* ! *=) "X� ( � *0�0( (-, � (�1 E�& (+ 1)*0� A51g= * ! ��,/( & (KA,1)*  �& (-,5) +.' � � ( +.'�&2'���" ) & *0� ' )	* � ,U/ � ,,)	*B,51/( 9�;}! � � ,,) " ) " 1�)	* ! *0� "G+8� 1 &E� (��E�	* � 1 !@' )	* � ,6�
�3) ' )	*GA51/(�� � 1 �\J , '�� *GA,1/(�� 9 l , ' 1�) & ( 'KEK' ,5) '�� ( &3" �0* � ( �6' ,6� !@' . ($W+* a * ! *=) "_� ( ! (�1 & & ( +�&3" �0(-,,) ' )	* � ,+ ( &�� (�)-) ' ,5) (-, +.'�& )	*0/�1 ! *2( & � ( ������"�! *0�0( &]� (�� #u&2' /�)-1 & (���L � 1 ��" / � 1 + (�� P (�) � = ' 1�) & (�� ����� * c / ' )	* � ,6�
) ��+8��!0��� *GA,1/(����	* �>+�! ( � (-,5) (-, '�F-� 1�) ' ,5) � 1��31 +�+�& * �(' ,5) � (��>/ � ,),/($W+* � ,6�?(-,5) & ( ! (�� �(' �3�0(�� 9EA (�)-)0(� ( & ,)*  �& ( +.'�& )	*0/�1 !@'�& *=) " ' ��� )	* EQ" , � ) & ( *B,5) "�&3a ) +8� 1 &_! (�� ������ �! (�� �(' �3�0(��3U & (��2� ��& )3� 94A ( + (-, �6' ,,)�?
/9( & ) ' *B,6� +�&3�Wa�!0 �� (��]�-1 a �	*0�-)0(-,,)�? ' 16�2�	* a *2(-, (-, /9(DA51)*�/ � ,6/9( & ,/( ! ( &3"<'�! *0� � ( � (�� ��"$#���&��(' )	* � ,6��A51/(! (�� +�&3�Wa�!0 �� (�� � ( ������"�! *0� ' )	* � , �Q"�� ��" ) & *GA,1/(�(�) � (*)0( �>+ � � (�/ '�! /�1 ! � 9

� ' ,6� ! (�� +.'�&2'��K&2'�+�� (��>�-1)* EK' ,5)3��? , � 16� +�&3" �0(-,5)0( &3� ,6� ) � 1�) � = 'ba8��&3� !@' ��" ) �6�,� ( �Q" , "�&2'�! ( + 1)*0�! (�� +�&3�Wa�!0 �� (��7A51)* & (��-)0(-,,)�� &3" � � 1 �:& ( 9^� , c ,g?), � 16� +�&3" �0(-,,)0( &3� ,6��, � ) & (�� ��! 1�)	* � ,X(�) ��� ,,) & ( &3� ,6� (-,
A,1 � *U( !=! (M(��-) '�E�' ,,) '�� (�16�0( 9


���
 ������������������� �!�"��#%$

J ( +�& *B,6/-* + ( � ( !'& ' ,)* �(' )	* � , �(& 1), �Wa:F (�) ��"$#%��&��('ba�! ( � (G) J�+ ( �(' �3�0(��3U & (��3� ��& )3� & ( +H� �0(R�31 &y!'& "*) 1 '#H
)	* � , #%� , �6'�� (-,5) '�! ( � ( !@'w�\J , '�� * ) 1/(SL �69 S Pn! * ' ,,) !@' � � �,� ( � (�� #���& /9(�� '�+�+�! * ) 1 " (����-1 & 1),/( �(' �3�0(+8� ,6/�)-1/( !=! ( �>� � , ' /�/ "�!0"�&2' )	* � , 9

+ ,.- .0/21  
/ � 1 L �6943�P

� , �Q" , "�&2'�! *0� ' ,5)�/9(w/ � ,6/9( + ) �S1),�� ��! * � ( ��"ec ,)*k/ � �,� (w1), (-,6�0( �ha�! ( � ( �(' �3�0(�� +8� ,6/�)-1/( !=! (��& ( ! * " (�� (-,,) & ( ( !=! (�� +.'�& � (�� #���& /9(�� � ( ! * ' *0� � ,65 * ! (��3) +8� �3�	* a�! ( � (w�0* � 1 ! ( & ! (U/ � �>+8��& )0( � (-,5) � (w/9(
7E�2�Q,�# %�:/1�37"7G "4 �!�%( 81
 �5�1+"K) O8:�" ,-"�3�%L)I%�341+FK)+" '* �345@=.G/)+"40909'98/,*" !�"70�1+'*0909:�0 5�)i� %( �'-O8:�"70  ,� "7021�G�%(0 1+5�:�: 5@:/)+02; ;4)+'C��;�!�%� /0

,M%�)+;�%�,*'C1+;@�



�:����� � � � ��� � � ����� � � ��� � 3�`�7

� ��! * � ( 5 (-, +.'�& )	*0/�1 ! *2( & �0(�� ��"$#%��&��(' )	* � ,6��� � 16� !'& ' /�)	* � , � ( #%��& /9(�� ($W:) "�& *2(�1 & (�� 9 � ' ,6��/9(�)-)0( #%��&�� 1 !@' )	* � ,65
1),/( �(' �3�7( , & '�� *=) ��� ,6/ ) 1/(U�-1 & 1),/( �(' �3�0( ) 1)* ! 1)*�(��-) � * & (�/�)0( � (-,,) & ( ! * " ( 9EA�& (��-)P(-, +.'�& )	*0/�1 ! *2( &
/9( ) 1)* � *`C "�& (-,6/-*2(7/9( ���,�� �! ( � (��n���:�-)  �� (�� � ( +.'�& )	*0/�1 ! (�� �6' ,6� ! (�� ) 1/( ! �n1),/( +.'�& )	*0/�1 ! ( '�� *=)^�-1 &4! (��+.'�& )	*0/�1 ! (����0(M) &3� 1�� ' ,,) �6' ,6��� � , &2' � � , �(& ' /�)	* � , 9\J�'U��"ec ,)*=)	* � , � 1�� � *0�0*B, '�� (�(��-) ��� ,6/>/ � ,6�3) ' ,5)0(' 1q/ � 1 & � � 1S)0( �>+ ��(-, !'& 'ba �0(-,6/9( � ( ����� * c / ' )	* � ,S) ��+8��!0��� * ) 1/( � 1 �(' * !=!@'�� ( 9

�������	�! 
	$���k! ( , � � � ( * ���,�� �! ( �(' �3�0(���
 & (��3� ��& )3�-, � 1�(-,6/ ��& ( * &3" �7( ' 1 �(' �3�0(���
 & (��3� ��& )3�-, (��-)
(-, �Q" , "�&2'�!4'ba 16�	*��N( � (-,,)?( �>+�!0� � "�+8� 1 &M��" �	* � ,/( &>� (�� ������ �! (�� � (U)�� + (
* �(' �2�0(���
 ! * ' *0� � ,6�-, ����! (��! * ' *0� � ,6��(-,,) & ( �(' �3�0(���,/(]� � ,,) +.' ��, " /9(��3� ' * & ( � (-,,) � (�� #%��& /9(�� � ( &2'�+�+ ( ! � ( & (��3� ��& ) �(' *0� + (�1��N(-,5)' � � * &D� (�� !0� *0� � (�/ � �>+8��& )0( � (-,5) +�! 16�n/ � �>+�! ($W+(�� 9

m�� *=)���������� !@'M+8� �	*=)	* � , � 1 ,��*1 ��� � !'& *B,6�3) ' ,5) � (�) . � ' �(' �3�0(>L � ,S�-1 +�+8� �0( &2' 1),/( �(' �3�0(Y* � (-,! 
)	* ) 1/( +8� 1 & ) � 16� ! (��',��*1 � � P$9QJ�' � � �,� ( � (�� #%��& /9(��#"$�%�&�'� '�+�+�! * ) 1 " (���(-, � (��-) & ( ! * " (�� !'& ' /�/ "�!0"�&2' )	* � ,
( �%�&��� � ( !@')�(' �3�0( �E+.'�& �

"$�)�&�'� - . / 1 �����&�'�
/ � 1

- . ( ���&�'� L �69 6QP
Jp'>#%��& /9(*"$�)�&�'� + (�1�)^�7( � *�� *0�0( & (-, #%��& /9(��Y($W:)0( & ,/(�� (�) #%��& /9(��Y*B,5)0( & ,/(�� 98J (�� #%��& /9(��Y*B,5)0( & ,/(���� � ,,) ! (&3" �-1 ! ) ' ) � (���)0(-,6�0* � ,6� � (�� & (��2� ��& )3� ! * ' ,5) ! (�,��*1 � ���)�&�'���_�0(�� ,��*1 � �+� � *0�	*B,6� 9�m�� *=)+, !'& (-,6�7( ��a�! (� (��4/ � 1 +�! (��.- �����0/ )0( ! � ) 1/( ! ( ,��*1 � � � � *=) & ( ! * "�� * & (�/�)0( � (-,,)��1�2�%�&�'� +.'�& 1), & (��3� ��& ) 9

Jp'M#%��& /9( � ( &2'�+�+ ( !p� 1 & (��3� ��& ) (��3)��

"43� �&�'� -65 +
798;: <�=?>A@

B ��C798;: <�= -?D�- ��/ 5 DFE /HG �JID�- �K/ML L �69 NQP

��� D&-;N / (��-) !@'M!0� , � 1/(�1 &n� 1 & (��3� ��& )�� !'& *B,6�-) ' ,5)�N (�)�DFE*� '7!0� , � 1/(�1 &D' 1 & ( +8� �PO�Q C7R8;: <�= (��3) !@' / � ,6�3) ' ,5)0(� ( &2' * � (�1 &n� 1 & (��3� ��& ) ��"�S ,)* (-,5) & (+�2�%�&�'� (�)T�$I�������O G �JI - �����������#I��&��� 9
;}! (��-) " �5'�! ( � (-,,) +8� �3�	*�U ! ( � (�/ � ,6�	* ��"�& ( & ) 1/( ! ( & (��3� ��& )�(��-) '�����& )	*'56/ & (��3)& �' � * & ( ) 1/( !'& � , ' 1),/(#���& /9( *B,,)0( & ,/(��-1 +�+�!0"�� (-,,) ' * & (V"XW� �&�'� " �5'�! ( ��Y

" W� ����� - +
7R8;: <�=Z>'@

B Q![7R8;:<�= - / D�-;N // N
/ G �JID&-;N / L L �69 �,P

��� Q [7R8\: <�= (��3) !@' / � ,6�-) ' ,,)0( �(& '�����& )	*0�3�0( � (-,,) 9:A (�)-)0( #���& /9( '*+H� 1 & ($C (�) � (n�	* � 1 ! ( & 1),(/ � �>+H��& )0( � (-,,)
��*0�3/ �  "�!@' �3)	* ) 1/( (�)M(��-) & ( ! * " ( � � (�� ���,�� �! (��*1�)	* ! *0� " � (-, +.'�& )	*0/�1 ! *2( & (-,]U)* � ��" / ' ,)* ) 1/( 9\Jp'U& ( !@' )	* � ,
L �69 OQP / ��&-& (�� +8� , � �M1), ���,�� �! ( � (_^ ( ! � *B,! a` � * � ) ��" / & *=)�(-, S
� 1 & (�L �69 6QP$96;}! ($W+*0�-)0( � (�� ������ �! (�� +�! 16�
/ � �>+�! ($W+(�� 5 (-, +.'�& )	*0/�1 ! *2( &�! (�� ������ �! (�� � (Vb ' W!c ( !=! ^ ( ! ��*B,]` � * � ) (�) � (.d ��! )-I �(' ,),TL � 1�b ' W!c ( !=!
� N>"�!0"�� (-,5)3� P$9[|�� 1 &D� (�� ��" ) ' * ! �4�-1 & /9(�� ���,�� �! (���5!� � * &4!'& ' ,),/($W+( A^9

Jp'M#%��& /9( *B,5)0( & ,/(]) � ) '�! ( '�+�+�! * ) 1 " (�� !@'+�(' �3�0( � (��-) ��� ,6/eY
" �2��f� �&�'� - " 3� �&�'�Hgh" W� �&��� - +

798;: <�=Z>'@
B 5 Q C798;: <�= -?D�-;N / 5 DFE /iG �JID�-;N / gjQ [798;: <�= - / D/ N

/kG �JID�-;N /ML L �69 OQP

|y'�&�� * ! (�� #%��& /9(�� ($W:)0( & ,/(�� ! (�� +�! 16�X� � 1��N(-,,)G1�)	* ! *0� " (�� 5 � , + (�1�) , � )0( &X!@' �K&2' � *=) " (�) � (�� #%��& /9(�� � (#u&3� )-)0( � (-,,) 9



3���� � ����� � �����	� ��
 � � ��� 
�
�� � ��
�� ��� � ��� � � � � ���������

KdKs

���������69 6�� �
	���
�����������������
�����	�
 ��!�"#	��%$&!'
�!)(+*,�6d (-�/.0�&$#$1	�.&!2�1!��.d (-�/3�45	�.&!)
6$#$1��(-.7�1�98%3�.03���� f1�:��;2<=��8+�1(-!3�
��%$&
>45	?��*�� 
6$��1.@(-�A"#	�4B8+	�.&!C��45�1�+!D��
6$1"#	?*1�:3E$&!)
���(+����3��%$2(-�F45	���f1�:�����G! eH8+�@453E$#$1��$ �I.0��$H$1	�.&!�$1;

Jp'M#%��& /9( � (5J &2' � *=) " (��-)
Y
"�K� �&��� -�LNM L �69 vQP

Jp'M#%��& /9(�/ ��&-& (�� +H� , �6' ,,)�OM1), #�&3� )-)0( � (-,5)T��*0� ) 1/(�1:W (��-)
Y
"9P� �&�'� -65RQ5S�T �)�&��� L �69 7KP

��� T ������� (��-) !@' ��*=)0(��3�7( � ( !@')�(' �3�0( �29Jp'M#%��& /9( ($W�)0( & ,/(�) � ) '�! (]� & ($W+( &3j<' ,,)D�-1 &R!@',�(' �3�0( � (��-) '�!0��& � Y
"AU�V f� ����� - "�K� �&�'�Hgh"FP� �&��� L �69 �QP

W ) !@'7#%��& /9(�) � ) '�! (+"#���&�'�D� & ($W +�& * � (eY
"#�%�&�'� - "AUEV f� �����kgj" �YX�f� �&��� L �69 �QP

d *2(-, (-,5)0(-, � 165 �(& ' 1�) & (��()�� + (�� � ( #���& /9(�� ($W�)0( & ,/(��U� � ,5) (-,M��*0� ' JN( ' U ! (�� 5E�0( !0� , ! (��(/ � ,5) &2' *B,5)0(��) 1/( !'& � , * �>+H� �0( ' 1 ������ �! ( 9HJ (�� "*) 1 ' )	* � ,6� +�&3" / "�� (-,,)0(�� � ,5)��0* �>+�! ( � (-,5) +8� 1 & U�1�) � ( ��" / & * & ( ! (+�& *B,6/-* + (5J " , "�&2'�!p� (]/ '�! /�1 !p� (�� #%��& /9(�� �(& *B,5)0( &2' /�)	* � , 9
b ' *B,,)0(-, ' ,5) ) 1/( ! (�� #%��& /9(�� '�+�+�! * ) 1 " (��X�-1 & /�Z ' ) 1/( �(' �3�0( + (�1��N(-,,) a ) & ( " � '�! 1 " (�� 5L* ! (��-) +8� �3�	*�U ! (� (U/ '�! /�1 ! ( &7!'& ' /�/ "�!0"�&2' )	* � , � ((/1Z ' ) 1/( �(' �3�0( (�) ��� ,6/(� '�+H� �0*=)	* � ,[O !'& *B,6�3) ' ,5)VNkg]\*N 9\J & "*) 1 ' )	* � ,� 1 ��� 1��N( � (-,,) + (�1�) ' *B,6�	* a ) & ( *B,5) " J &3" (M($W +�! *0/-*=)0( � (-,5)D�-1 &R! (^)0( �>+ � 9�J & 1�)	* ! *0� ' )	* � , � ( !@')��" )&Z ��� (�(&^W 1 ! ( &D��� ,),/( ' *B,6�	* ! (]�3/�Z "��(' �31)*�� ' ,,)
Y

_``a ``b
( ���&�'� -dce "$�%�&���T �%�&�2fhg]�'� -]T ���&�'�Hgi\*N ( ���&�'�
���%�&�2fhg]�'� - ���)�&�'�Hgi\*N T �%�&���

L �6943��QP

��� \*N & ( +�&3" �7(-,5)0( 1),?/9( & ) ' *B, +.' � � (7)0( �>+ � 9kj^� 16�T�N( &-&3� ,6� +�! 16� !0� *B, ) 1/( !=! (��^� � ,5) ! (��*/ � ,5) &2' *B,5)0(��
�31 & \*N ' *B,6�0* ) 1/( ! (�� � *`C "�& (-,,)0(�� ��" )&Z ��� (�� �(& *B,5) " J &2' )	* � , 9Jp' U � 16/ ! ( � ((/ '�! /�1 !k��" / & *�� ' ,,) !'& ' ,)* �(' )	* � ,�(��-) '�!0��& �7�	* � * !@' * & (AO_/9( !=! ( ��" / & *=)0( �6' ,6� !@'�S JK1 & (�69 N:9



�:���,���t� 
 � ����� � � � ��� 
	� � ���
���
��� � �
� 3����

Calcul de l’accélération = Somme des forces
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Calcul de l’accélération = Somme des forces

nullnull
tenseur

intégration

de la scène
mise à jour

t∆

tenseur

Calcul de la vitesse

Calcul de la nouvelle position

d’un tétraèdre
suppression

?

mise a jour des tenseurs

suppression d’une masse suppression d’une liaison

> délai maxi
temps de calcul

nombre
d’itérations

> seuil

intégration
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$�!#"%$�H�3�! D &�;L¢%/.$K+-/C*�+-,.$-/C¢ 0 /ª"�¢%/�X]&#¬.!#¢­¢:& 0 "�+-/C5L57/z3�/E+-,C*:&�+ 0 ;L+=57/E*�+-!#[�57N D /z$�"�+n3�/.$n&�+-8-9�; 0 /.8 0 "�+-/.$
D "�5 0 ;kH]*�+-!18./.$�$-/C"�+-$�M�wY/C*G/C¢%3%&�¢ 0 2�57/ 0 /C+ D /A3�/63�,.8.! D *G!�$�; 0 ;7!#¢�3�/A3�! D &�;L¢%/Q&V3�/.$�$�;Lm�¢�;kj:8�& 0 ;7!#¢%$�57,Cm)NIH
+-/ D /C¢ 0 3�;kd^,C+-/C¢ 0 /.$�$-/C57!#¢�57/A*�+-!#[�57N D /'*�+-,.8C;7$B&�"%OP"%/C54!#¢a$�\ ;L¢ 0 ,C+-/.$-$�/�®

¯±° ¢n8�&�578C"�5G*:&�+�&�5L57NC57/�2�8./C5J&Q8.!#+�+-/.$�*G!#¢%3K$-!#"�()/C¢ 0 &�" D !�_)/C¢�3�/B3�;7$ 0 +�;L[�"%/C+Z"�¢n/C¢%$-/ D [�57/A3�/A3�!#¢�H
¢%,./.$i;7$-$�"%/.$f3^\ "�¢ D !F3�NC57/Y¢P" D ,C+�;7O1"%/�$�"�+i57/.$i3�;kd^,C+-/C¢ 0 $f*�+-!F8./.$-$-/C"�+-$i3^\ "�¢%/ D &#8-9�;L¢%/�` D , D !#;L+-/
*:&�+ 0 &�m),./�M1²6&�¢%$�8./�8.!#¢ 0 / h�0 /�2)5J&63�,.8.! D *G!�$�; 0 ;7!#¢K3�/�3�! D &�;L¢%/�X]&�; 0 "�¢�;7O1"%/ D /C¢ 0 +-,IX�,C+-/C¢%8./B`63�/.$
0 /.8-9�¢�;7O1"%/.$�3�/A³p3�,.8.! D *l!�$�; 0 ;7!#¢´3�/'$ 0 +�"%8 0 "�+-/.$�3�/'3�!#¢�¢%,./.$�µ'/ 0 *G/C" 0�vC0 +-/6;L¢%3�,C*G/C¢%3%&�¢ 0 /V3�/65J&
D , 0 9%!13�/K3�/u+-,.$-!#5L" 0 ;7!#¢±¢P" D ,C+�;7O1"%/�Mi¶�¢%/ 0 /C5L57/ 0 /.8�9�¢�;7OP"%/=*G!#"�+�+�&�; 0 &�;L¢%$�; vC0 +-/r" 0 ;L5L;7$-,./u*G!#"�+
&#8.8.,C57,C+-/C+'5]\c, 0 &�*G/b3�/S*�+-,IH�8�&�578C"�57$S3�" D !13�NC57/=R�TSU-W£W�M ° ¢�&�d^/.8 0 &�¢ 0 `=8-9:&#O1"%/b*�+-!F8./.$-$-/C"�+A"�¢
/C¢%$-/ D [�57/=3�/b¢ � "%3�$V3�/b5J&n$�"�+�X]&#8./t3�" D &�;L5L5J&�m)/�24;L5�$-/C+�&�; 0 *l!�$�$�;L[�57/t3�/t3�;L(F;7$-/C+'57/.$ 0 / D *%$Q3�/
*�+-,IH�8�&�578C"�5
*:&�+�57/A¢%! D [�+-/Q3�/6*�+-!F8./.$-$-/C"�+-$�; D *�5L;7OP"%,.$�M

¯±° ¢r&�¢:&�5L_�$-/�&#$�_ D * 0 ! 0 ;7OP"%/�2#5J&B¢%! 0 ;7!#¢r3�/�3�,.8.! D *l!�$�; 0 ;7!#¢r3�/�3�! D &�;L¢%/�8.!#+�+-/.$�*G!#¢%3u`B5J&A$-,C*:&�+�&�H
0 ;7!#¢q*�9P_�$�;7OP"%/Y3�"q3�! D &�;L¢%/�/C¢S+-,Cm�;7!#¢%$�O1"�;P*G/C"�()/C¢ 0�vC0 +-/ D !13�,C5L;7$�,./.$£*:&�+�3�;kd^,C+-/C¢ 0 /.$�,.O1":& 0 ;7!#¢%$
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processeur 1

������� � ML§"!$#&%('*),+-' .0/213/"46571389+9:�;<.�:�=('*>?'@:�)�13/A1B:�;75�'*) /DC�EF/"13:�;75�'*) /2/-)0>�'@/G%9HI/(=(>I%J/K.,%L8(=-/-)0>K8M.�5�%<4ON PQ)R'@:�)S1B/
.,4TPU=('@/-PQ%9=V;75�'*4*465DWB/G=-CYX-+-'ZHI46/A13:�;[5�'*),/�\]/G=(>I4ON PQ)0'@:�)�13/G=&^_=G:�PU=(`O13:�;75�'*) /(=a\cbdHY\fe�Hg\fhi/->F\&jkC EF5[%J8G=G:�4TPQ>�'@:�)
1YN PQ)l.,%L:3m-46nG;7/S1B:�)R),8o=(PQ%p\q/G=9>25�46:�%9=r:3m->K/G)RP0/2.�5�%	PQ) /o%J8(=-:�4TPQ>?'@:�)l.�5�%(>?'@/-4*46/_=9PQ%_+9s�53t-P0/o=-:�PU=(`O1B:�;75�'*),/GH
=9'*;pPQ4T>K5�) 8G;7/G)R>u=(PQ%a^[. %J:D+9/G=9=G/-PQ%9=21YN PQ) /A;753+9sU'*) /a.05�%L5�4*46n-46/vC

H�8.!#"�*�5J&�m)/[w%"�;73�/ g�$ 0 +�"%8 0 "�+-/'*:&�+�/ h / D *�57/�M�²6&�¢%$�8./A8.!#¢ 0 / h�0 /�2�5J&q3�,.8.! D *G!�$�; 0 ;7!#¢�3�/A3�! D &�;L¢%/
X]&�; 0 *�5L" 0Gx#0 +-,IX?,C+-/C¢%8./'&�"n8-9%!#; h 3�/.$�,.OP":& 0 ;7!#¢%$�&�" h 3�,C+�;L(),./.$�*:&�+ 0 ;7/C5L57/.$�`S+-,.$-!#"%3�+-/6$�"�+�8�9:&#OP"%/
$-!#"%$�H�3�! D &�;L¢%/�M

¯zy !#"�+=57/.$ D , 0 9%!F3�/.$=3�/a*�+-,IH�8.!#¢%3�; 0 ;7!#¢�¢%/ D /C¢ 0 2�5J&�3�,.8.! D *G!�$�; 0 ;7!#¢ 3�/�3�! D &�;L¢%/E; D *�5L;7O1"%/�5J&
$�"�[G3�;L(1;7$-;7!#¢±3�"x*�+-!F8./.$-$�"%$b3�/=+-,.$-!#5L" 0 ;7!#¢�3^\ "�¢±$-_F$ 0 N D /=5L;L¢%,�&�;L+-/KX]&�;7$�&�¢ 0 ;L¢ 0 /C+�()/C¢�;L+t"�¢ 0 +-N.$
m�+�&�¢%3±¢%! D [�+-/�3^\c,.OP":& 0 ;7!#¢%$t/C¢±"�¢x/C¢%$-/ D [�57/�3�/=*�+-!#[�57N D /.$b*�5L"%$q*l/ 0 ; 0 $b3�!#¢ 0 57/.$b$-!#5L" 0 ;7!#¢%$
*G/C"�()/C¢ 0tvC0 +-/=" 0 ;L5L;7$-,./.$q*G!#"�+S*�+-!F3�"�;L+-/="�¢¤*�+-,IH�8.!#¢%3�; 0 ;7!#¢�¢%/C"�+u*l!#"�+q57/K$�_�$ 0 N D /r3^\c,.O1":& 0 ;7!#¢%$
+-,.$�"�5 0 &�¢ 0 3�/65J&t3�;7$-8C+-, 0 ;7$�& 0 ;7!#¢a3�/.$�,.OP":& 0 ;7!#¢%$B&�" h 3�,C+�;L(),./.$�*:&�+ 0 ;7/C5L57/.$B$�"�+�57/'3�! D &�;L¢%/S/C¢ 0 ;7/C+�M
²6&�¢%$�8./'8.!#¢ 0 / hF0 /�2�5J&b3�,.8.! D *G!�$�; 0 ;7!#¢a3�/Q3�! D &�;L¢%/'*G!#+ 0 /'/.$-$-/C¢ 0 ;7/C5L57/ D /C¢ 0 $�"�+�5J& D , 0 9%!F3�/'3�/
+-,.$-!#5L" 0 ;7!#¢E3�"�$�_F$ 0 N D /'&�5Lm),C[�+�;7OP"%/Q;7$-$�"n3�/65J&q3�;7$-8C+-, 0 ;7$�& 0 ;7!#¢4M
²6&�¢%$�8./B8�&#$�2P57/.$ D , 0 9%!F3�/.$Z3�/�3�,.8.! D *G!�$�; 0 ;7!#¢n3�/�3�! D &�;L¢%/A$-!#¢ 0 3�/.$ 0 /.8-9�¢�;7O1"%/.$�m),C¢%,C+�&�57/.$Z3�/
+-,.$-!#5L" 0 ;7!#¢n3^\c,.O1":& 0 ;7!#¢%$�&�" h 3�,C+�;L(),./.$Z*:&�+ 0 ;7/C5L57/.$�OP"�;l" 0 ;L5L;7$-/C¢ 0 8./C+ 0 &�;L¢%/.$Z*�+-!#*�+�;7, 0 ,.$Z;L¢�9%,C+-/C¢ 0 /.$
&�" h ° Mc²qM y M
*G!#"�+S!#[ 0 /C¢�;L+V3�/.$Q+-,.$-!#5L" 0 ;7!#¢%$S+�&�*�;73�/.$�M y !#"�+q3�/.$Q*�+-!#[�57N D /.$S5L;L¢%,�&�;L+-/.$�2i8./.$ D ,IH
0 9%!F3�/.$£*G/C"�()/C¢ 0�vC0 +-/Y(F"%/.$i8.! DbD /Z3�/.$£*�+-,IH�8.!#¢%3�; 0 ;7!#¢�¢%/C"�+-$�*G!#"�+i3�/.$ 0 /.8�9�¢�;7OP"%/.$�3�/�+-,.$-!#5L" 0 ;7!#¢
; 0 ,C+�& 0 ;L()/.$ 0 /C5L57/.$�O1"%/B57/�m�+�&#3�;7/C¢ 0 8.!#¢U{ "�m�"%,�M y &�+ D ;457/.$Y¢%! D [�+-/C"%$�/.$ D , 0 9%!13�/.$�3�/B3�,.8.! D *G!�$�;kH
0 ;7!#¢ª3�/q3�! D &�;L¢%/�2^3�/C" h / h / D *�57/.$�³p8C5J&#$-$�;7O1"%/.$�µV$�!#¢ 0 5J& D , 0 9%!13�/b3�/r|F8-9R}Y&�+(~)24X?&�;7$�&�¢ 0 &�*�*l/C5
`K3�/.$6+-/.8.!#"�(F+-/ D /C¢ 0 $S3�/b$-!#"%$�H�3�! D &�;L¢%/.$�24!#"z5J& D , 0 9%!F3�/t3�"ª8.! D *�57, D /C¢ 0 3�/S|F8-91"�+�2
!U�z57/.$
3�;kd^,C+-/C¢ 0 $B$-!#"%$�H�3�! D &�;L¢%/.$�¢%/6$�/A+-/.8.!#"�(1+-/C¢ 0 *:&#$�M

° ¢¤*�+�& 0 ;7OP"%/�2i5J&a3�,.8.! D *l!�$�; 0 ;7!#¢x3�/=3�! D &�;L¢%/K/.$ 0 3�;Z�u8C;L57/n` D / 0�0 +-/K/C¢ � "�(F+-/�2£/C¢¤*:&�+ 0 ;78C"�5L;7/C+
57!#+-$-OP"%/�57/�3�! D &�;L¢%/�;L¢�; 0 ;J&�5F/.$ 0 "�¢ D &�;L5L5J&�m)/�¢%!#¢�H�$ 0 +�"%8 0 "�+-,�M#wY/.8C;�$�\c/ h *�5L;7OP"%/�*:&�+
57/�X]&�; 0 O1"%/�2.*G!#"�+ vC0 +-/
/v�u8�&#8./.$�2^57/.$ D , 0 9%!F3�/.$Q3�/b3�,.8.! D *G!�$�; 0 ;7!#¢ 3�/b3�! D &�;L¢%/r$-!#¢ 0 3�,C*l/C¢%3%&�¢ 0 /.$Q3�"�8.!#"�*�5J&�m)/t/C¢ 0 +-/t57/.$
3�;kdG,C+-/C¢ 0 $�$-!#"%$�H�3�! D &�;L¢%/.$ M)¶�¢t&�" 0 +-/�*G!#;L¢ 0 `B¢%! 0 /C+�/.$ 0 OP"%/�2�3%&�¢%$ 0 !#" 0 / D , 0 9%!13�/�3�/�3�,.8.! D *G!�$�; 0 ;7!#¢
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e4/�*:&�+ 0 ; 0 ;7!#¢�¢%/ D /C¢ 0 3�/ D &�;L5L5J&�m)/�/.$ 0 5J&BX?!#+ D /�5J&B*�5L"%$�$�; D *�57/�3�/�5J&63�,.8.! D *G!�$�; 0 ;7!#¢=3�/�3�! D &�;L¢%/�M
� 0 ; 0 +-/Y3^\c/ h / D *�57/�2�8.!#¢%$-;73�NC+-!#¢%$f5J&�+-,.$-!#5L" 0 ;7!#¢q3^\ "�¢V*�+-!#[�57N D /Z5L;L¢%,�&�;L+-/�*:&�+i"�¢%/ D , 0 9%!F3�/Z3�/�m�+�&#3�;7/C¢ 0
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�����V/.$ 0 57/Q*l!#;L¢ 0 57/Q*�5L"%$�8.!�� 0 /C" h 3�/
5J& D , 0 9%!F3�/�MlwY/A*�+-!F3�"�; 0�D & 0 +�;78./IH]()/.8 0 /C"�+B*l/C" 0 $ \c,.8C+�;L+-/�®
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+-/C*�+-,.$-/C¢ 0 /q57/V¢%! D [�+-/ 0 ! 0 &�5f3^\c,C57, D /C¢ 0 $'3%&�¢%$A57/ D &�;L5L5J&�m)/�2 ���( )" /.$ 0 5J& D & 0 +�;78./b3�/S+�;Lm�;73�; 0 ,

,C57, D /C¢ 0 &�;L+-/'&#$-$-!F8C;7,./�`Q"�¢=,C57, D /C¢ 0 / 0 $ � /.$ 0 "�¢K!#*l,C+�& 0 /C"�+�3�/�³�57!18�&�5L;7$h& 0 ;7!#¢�µB3�/�5]\c,C57, D /C¢ 0�* 2F8�\c/.$ 0 H
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$�! DbD / 0 $�3�/ * M

. &�;L¢ 0 /C¢:&�¢ 0 2�$�;6!#¢­*:&�+ 0 ; 0 ;7!#¢�¢%/z"�¢ D &�;L5L5J&�m)/z3^\c,C57, D /C¢ 0 $nj%¢�;7$n/C¢�&0/n$-!#"%$�H D &�;L5L5J&�m)/.$ª<�8IX�M�j�H
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!U� ����14" /.$ 0 5J& D & 0 +�;78./n3�/K+�;Lm�;73�; 0 ,n3�"x$-!#"%$�H�3�! D &�;L¢%/�&#$-$�!18C;7,K`E5J&E$-!#"%$�H�$ 0 +�"%8 0 "�+-/651M $ / /.$ 0 "�¢
!#*G,C+�& 0 /C"�+Z$�; D ;L5J&�;L+-/B` $ � D &�;7$ZOP"�;l/,+ 0 +�&�; 0�0 !#"%$�57/.$Y3�/Cm�+-,.$�3�/�5L;L[G/C+ 0 ,�&#$-$-!F8C;7,.$�&�"-+t¢ � "%3�$Y*�+-,.$-/C¢ 0 $
3%&�¢%$�57/ D &�;L5L5J&�m)/751M

��;7/C¢E/C¢ 0 /C¢%3�"42�57/.$�[G/.$-!#;L¢%$�/C¢a8.! DbD "�¢�;78�& 0 ;7!#¢z3�/Q5]\y&�5Lm)!#+�; 0 9 D /S*:&�+�&�5L57NC57/S*G/C+ D / 0�0 &�¢ 0 57/Q8�&�578C"�5
3�/8��� � $-!#¢ 0 3�,C*G/C¢%3%&�¢ 0 $n3�" ¢%! D [�+-/´3�/E¢ � "%3�$=*:&�+ 0 &�m),.$K*:&�+r57/.$K3�;kd^,C+-/C¢ 0 /.$n$-!#"%$�H�$ 0 +�"%8 0 "�+-/.$�M
e£& 3�, 0 /C+ D ;L¢:& 0 ;7!#¢ &�" 0 ! D & 0 ;7O1"%/z3^\ "�¢­*:&�+ 0 ; 0 ;7!#¢�¢%/ D /C¢ 0 *l/C+ D / 0�0 &�¢ 0 3�/ D ;L¢�; D ;7$-/C+n57/.$K8.!�� 0 $K3�/
8.! DbD "�¢�;78�& 0 ;7!#¢a;L¢ 0 /C+�H]*�+-!18./.$�$-/C"�+-$�/.$ 0 "�¢�*l!#;L¢ 0 ; D *G!#+ 0 &�¢ 0 3�/'8./ 0 _1*G/'3�/ D , 0 9%!F3�/�M

��! 0 +-/�&�5Lm)!#+�; 0 9 D /�¢4\c, 0 &�¢ 0 *:&#$�&#8 0 "%/C5L57/ D /C¢ 0 *:&�+�&�5L57,C5L;7$�&�[�57/�¢%!#"%$�¢4\y&�5L57!#¢%$Y&�[l!#+-3�/C+�2)*:&�+�5J&A$�"�; 0 /�2
O1"%/�5]\y&#$�*G/.8 0
9 |-~#�u|C�%:h�3;=<%Ui3�/�5J&�3�,.8.! D *G!�$�; 0 ;7!#¢V3�/�3�! D &�;L¢%/�M �B!#"%$4+-/ 0 +-!#"�()/C+-!#¢%$f8./C*G/C¢%3%&�¢ 0 8./C+ 0 &�;L¢%$
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° ¢s8./nO1"�;�8.!#¢%8./C+�¢%/n5J&´+-,.$-!#5L" 0 ;7!#¢�3�/.$t,.OP":& 0 ;7!#¢%$ 2�5]\y&�*�*�+-!18�9%/�O1"%/K¢%!#"%$t" 0 ;L5L;7$-!#¢%$u/.$ 0 *�5L" 0Gx#0
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3^\c,.OP"�;L5L;L[�+-/�2�$�&�¢%$�$ 0 !#*�*G/C+�()!#57!#¢ 0 &�;L+-/ D /C¢ 0 57/A*�+-!F8./.$-$�"%$�; 0 ,C+�& 0 ;kX�M

��! 0 +-/=&�*�*�+-!18�9%/u*�+-,.$�/C¢ 0 /u3�/.$Q*l!#;L¢ 0 $S8.! DbD "�¢%$b&.()/.8u8./C5L57/u" 0 ;L5L;7$-,./u/C¢¤$�; D "�5J& 0 ;7!#¢¤¢P" D ,C+�;7O1"%/
3�" 8.!#"�*�5J&�m)/ w%"�;73�/ g�$ 0 +�"%8 0 "�+-/�M�²6&�¢%$K8./E8�&#$�2Y&�" 5L;7/C" 3^\ vC0 +-/E"�¢�*�+-!#[�57N D /´3�/E8.!#"�*�5J&�m)/z3�/ D !�H
3�NC57/.$hg D , 0 9%!13�/.$r¢P" D ,C+�;7O1"%/.$uH'57/.$ D !F3�NC57/.$nR�TVU-W
W / 0tD &#$-$-/.$Ig 0 /C¢%$-/C"�+-$bH�2f;L5�$ \y&�m�; 0 *�5L" 0Gx#0 3^\ "�¢
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3�/.$�*�+-!#[�57N D /.$A3�/Q8.!#¢%$�/C+�(#& 0 ;7!#¢´3^\c,C¢%/C+�m�;7/Q;L¢ 0 /C+�(1;7/C¢�¢%/C¢ 0 3%&�¢%$�57/ 0 +�&�¢%$�X�/C+ 0 3�/'5]\ ;L¢�X?!#+ D & 0 ;7!#¢´/C¢ 0 +-/
57/.$�3�/C"-+ D !F3�NC57/.$�Hi/C¢=5]\c!18.8C"�+-/C¢%8./ 0 +�&�¢%$�X?/C+ 0 3^\c/Id^!#+ 0 $�&#,C+-!13�_F¢:& D ;7O1"%/.$Y3�"�w%"�;73�/�()/C+-$�5J&S$ 0 +�"%8 0 "�+-/
/ 0�0 +�&�¢%$�X?/C+ 0 3�/�3�,C*�5J&#8./ D /C¢ 0 $�3�/�5J&'$ 0 +�"%8 0 "�+-/�()/C+-$�57/�w%"�;73�/�/ 0 $-!#¢ D &�;L5L5J&�m)/�3�"r3�! D &�;L¢%/�3�/�8�&�578C"�5]M
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5J&A$�"�+�X?&#8./�M�e£&�X�!#+-8./�&#$-$-!F8C;7,./�&�"b3�,C*�5J&#8./ D /C¢ 0 3^\ "�¢b¢ � "%3b/.$ 0 ,CmP&�57/ D /C¢ 0 8�&�578C"�57,./�M ° ¢�j%¢42�57/Z3�/C+�¢�;7/C+
*l!#;L¢ 0�0 +-N.$�; D *l!#+ 0 &�¢ 0 8.!#¢%8./C+�¢%/S5J&b(F; 0 /.$-$-/'3�/'8�&�578C"�5f3�/65J&u3�,IX�!#+ D & 0 ;7!#¢E/ 0 3�/.$�X?!#+-8./.$�M���!#"%$B&.()!#¢%$
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57/ D !F3�NC57/ D &#$-$�/.$hg 0 /C¢%$-/C"�+-$�*G/C" 0 $-/63�,IX?!#+ D /C+�$-!#"%$Z5]\y&#8 0 ;7!#¢a3^\ "�¢�8�9:& D *a3�/BX?!#+-8./.$�/,+ 0 /C+�¢%/.$�2 D &�;7$
*�+-,.$�/C¢ 0 /q5]\ ;L¢%8.!#¢P(),C¢�;7/C¢ 0 3�/V¢4\y&�" 0 !#+�;7$-/C+'3�/.$BX�+-,.OP"%/C¢%8./.$A3�/q8�&�578C"�5�,C57/C(),./.$6O1"%/S*G!#"�+63�/.$ D &�;L5L5J&�m)/.$
&�_P&�¢ 0 "�¢nX?&�;L[�57/A¢%! D [�+-/Q3�/6¢ � "%3�$ M

|1;F!#¢S*:&�+ 0 ; 0 ;7!#¢�¢%/Z57/�3�! D &�;L¢%/ 0 ! 0 &�5F/C¢q3�/C"-+Q$-!#"%$�H�3�! D &�;L¢%/.$�<�8IX�M�j%m�"�+-/ � MNM)@I2�3�!#¢ 0 5]\ "�¢V8.! D *G!#+ 0 /
"�¢K¢%! D [�+-/�+-,.3�"�; 0 3^\c,C57, D /C¢ 0 $�2%&�57!#+-$�2F/C¢�&�dG/.8 0 &�¢ 0 5J& D , 0 9%!F3�/B¢P" D ,C+�;7O1"%/ D &#$-$-/.$hg 0 /C¢%$-/C"�+-$Z$�"�+Z8./
$�!#"%$�H�3�! D &�;L¢%/�2P/ 0 5J& D , 0 9%!13�/AR�TSU-W£Wn$�"�+�5]\y&�" 0 +-/�$-!#"%$�H�3�! D &�;L¢%/�2P;L5%(�& vC0 +-/�*l!�$�$�;L[�57/�3�/�8.!#¢ 0 + x 57/C+�5J&
X�+-,.O1"%/C¢%8./S3�/S8�&�578C"�5]M ° ¢´/Id^/ 0 2:57/ 0 / D *%$B3�/S8�&�578C"�5£¢%,.8./.$�$�&�;L+-/V`u5J&t3�,IX?!#+ D & 0 ;7!#¢z3�" D &�;L5L5J&�m)/ 0 ! 0 &�5
/.$ 0 /.$-$-/C¢ 0 ;7/C5L57/ D /C¢ 0 3�, 0 /C+ D ;L¢%,Q*:&�+�57/ 0 / D *%$�3�/68�&�578C"�5£3�" D !13�NC57/ D &#$-$-/.$hg 0 /C¢%$-/C"�+-$ 2�$-!#; 0 ®
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!U� ����� � /.$ 0 57/ 0 / D *%$�3�/A8�&�578C"�5G3^\ "�¢%/A; 0 ,C+�& 0 ;7!#¢n3�" D !F3�NC57/ D &#$�$-/.$hg 0 /C¢%$-/C"�+-$�/ 0 ��� /.$ 0 57/ 0 / D *%$�3�/
8�&�578C"�5£3^\ "�¢%/'3�,IX�!#+ D & 0 ;7!#¢´`V5]\y&�;73�/'3�" D !F3�NC57/6*�+-,IH�8�&�578C"�57,�M:�B!#"%$�5]\y&�()!#¢%$�¢%! 0 , � � 8�&�+ � ����� � ��� � M
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 2�;L5B/.$ 0 3�!#¢%8a¢%,.8./.$-$�&�;L+-/a3�/�+-,.3�"�;L+-/ � ��� � M y !#"�+K8./C5J&�2�5J&�$-!#5L" 0 ;7!#¢­OP"%/
¢%!#"%$K&.()!#¢%$K8�9%!#;7$�;B3^\y&#3�!#* 0 /C+n8.!#¢%$�;7$ 0 /a`z+-,.3�"�;L+-/a5J& 0 &�;L5L57/E3�"­$-!#"%$�H�3�! D &�;L¢%/´&#$-$-!F8C;7,a&�" D !F3�NC57/
D &#$�$-/.$hg 0 /C¢%$-/C"�+-$�M�e
&x3�,Ij%¢�; 0 ;7!#¢ $�/ D ;kHp&�" 0 ! D & 0 ;7OP"%/¤3�/.$�3�/C"-+ $-!#"%$�H�3�! D &�;L¢%/.$�2B&�;L¢%$�;QO1"%/z5]\y&�5Lm)!�H
+�; 0 9 D /a*�+�;L¢%8C;L*:&�5BX?&�;7$h&�¢ 0 ;L¢ 0 /C+�()/C¢�;L+n57/.$r8.!#¢%3�; 0 ;7!#¢%$n&�"-+ 5L; D ; 0 /.$n&�+ 0 ;kj:8C;7/C5L57/.$�2Y$-!#¢ 0 /,+�*l!�$-,.$r3%&�¢%$
57/.$�3�/C"-+n$�/.8 0 ;7!#¢%$�$�"�;L(�&�¢ 0 /.$�M
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¶�¢t*:&�+ 0 ; 0 ;7!#¢�¢%/C"�+�&�" 0 ! D & 0 ;7O1"%/�/.$ 0 "�¢u!#" 0 ;L5:;L¢%3�;7$�*G/C¢%$�&�[�57/�*l!#"�+�*G!#"�()!#;L+�" 0 ;L5L;7$-/C+�57/.$ D , 0 9%!F3�/.$
3�/a3�,.8.! D *l!�$-; 0 ;7!#¢ 3�/a3�! D &�;L¢%/.$�M�²B;kd^,C+-/C¢ 0 $K&�5Lm)!#+�; 0 9 D /.$K3�/�3�,.8.!#"�*:&�m)/´/,+F;7$ 0 /C¢ 0 2�&�;L¢%$-;�O1"%/�3�/.$
57!#m�;78C;7/C57$Z8.! DbD /C+-8C;J&�"-+E<�57!#m�;78C;7/C5���� y g�²�� . ² ° wB2F¶�¢�;L()/C+-$�; 0 ,�3�/��Z!#"�573�/C+h@IM�wY! DbD /�¢%!#"%$Y$-! DbD /.$
D &�5Lm�+-, 0 !#" 0V0 +-N.$S57!#;L¢¤3�/.$V*�+-!#[�57N D /.$S+-/C¢%8.!#¢ 0 +-,.$b/C¢¤$-; D "�5J& 0 ;7!#¢±¢P" D ,C+�;7O1"%/�2i¢%! 0 +-/=&�*�*�+-!F8-9%/K/.$ 0
[G/�&�"%8.!#"�*�*�5L"%$�$�; D *�57/�M

e�\ ;73�,./Zm),C¢%,C+�&�57/�/.$ 0 OP"%/�57/ D &�;L5L5J&�m)/�`�*:&�+ 0 ; 0 ;7!#¢�¢%/C+�/.$ 0 2�3%&�¢%$f¢%! 0 +-/�8�&#$�2 ;7$�$�"b3�/�5J&B$-/Cm D /C¢ 0 & 0 ;7!#¢
3^\ "�¢%/K; D &�m)/�()!#5L" D ;7OP"%/�M�²A/C"-+x$-!#5L" 0 ;7!#¢%$b$-!#¢ 0 &�57!#+-$q*l!�$-$-;L[�57/.$4®�<?&)@S57/.$b3�/C"-+±$-!#"%$�H�$ 0 +�"%8 0 "�+-/.$t$-/
3�;7$ 0 ;L¢�m�"%/C¢ 0 ,CmP&�57/ D /C¢ 0 3%&�¢%$q5]\ ; D &�m)/K()!#5L" D ;7OP"%/! t*:&�+b3�/.$q¢�;L()/�&�"-+±3^\ ;L¢ 0 /C¢%$�; 0 ,�3�;kd^,C+-/C¢ 0 $�2�<�[�@Q;L5
/.$ 0 *G!�$-$�;L[�57/A3�/68C+-,./C+�"�¢%/A; D &�m)/A()!#5L" D ;7O1"%/B³ &�+ 0 ;kj:8C;7/C5L57/Iµ63�,.8C+�;L(#&�¢ 0 57/.$�3�;kdG,C+-/C¢ 0 /.$�$-!#"%$�H�$ 0 +�"%8 0 "�+-/.$
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0 ;7$�$�"%$�8�&�¢%8.,C+-/C"-+^M%o�5^*:&�+�&�; 0 &�57!#+-$�¢:& 0 "�+-/C5
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¯ 57/.$ 0 ;7$-$�"%$�$�&�;L¢%$�" D !F3�NC57/',C57, D /C¢ 0 $�j%¢�;7$�*�+-,IH�8�&�578C"�57,
e
&b$-/.8.!#¢%3�/6*G!�$-$�;L[�;L5L; 0 ,6$�/C+�&b3�, 0 &�;L5L57,./Q&�"�8�9:&�*�; 0 +-/r< � @IM
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CDL = déplacements
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Unité de contrôle du système

de la surface du maillage

de retour de forces
Station graphiqueavec
carte accélératrice 3D

Fréquence de transmission minimale requise : 25Hz

UDPUDP

Fréquence de transmission minimale requise : 25Hz / 300Hz

UDP UDPconditions aux limites + forces

positions de toutes les masses 
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��~Gu �!� u��^~Gu � x �!y � z1y>u��A�c�c�.��~Gua~cy#� � � � |�u�� � z1w>u���x � � y#w#~G��y#�.x ����z ����z � u�u � y��Bx �G{c|�u # z % � ~cw=~c�Gu�zb�<z �!�e� u
zb��y#�cw>x vQx � x ���.��~Gu&w#�!�*x ~cw>u�~ � u��l�Pv<zbw#y#�!wg{cu � �8u�� � ~cwAzby#�.x � � zb�^y#�cw>x v9x � x ���.�^~Gu � � � z �>� �.�^~Gu � u/�Eu���y#~G|�u �
zb~R�c�!�*u$zb~n{e~ � ��~Gu � u�y#y>u1��w�"b�c�.xb��z ����z �4#�� w>x ���_zb�Pu�yd� � �$zb�F�E������� %��cu�yW{cu1{cx �c�G|�u � ��|�vc�<z � x �8|�y#w#�.�^~Gu �
wAz {e�.x � x ���.��~Gu �$#�! z �>� x ~c�c���m������� %��ftYu����mvQu�w#�8u�yZ{ � zbvcw>|��Gu��G{cu�wH��u�w#yAzb�!� � �$zbwAz ��y>��w>u � �8x w#vc�Gx � x ���.�^~Gu �
v<zbw#y#�.��~ � �.u�w � �Z�>�<z �^~Gu��$z � �*u�y=~c�J��u�w#yAzb�!�_�Gx �H}cw>u�{ � � � vQx y#�G� � u �Y� ~cw � za�px w#�8uW{e~���w�"b�Gu�u�y={e~J�^� � zb�*u
v9u�~c�*u��^y_��y#w>uRvcw>x vQx � |�u � # } % � ~cw � z���x �c�<zb� �>� zb�G��un{cu � |�v<zb� �>� u�~cw � �8x � u��c�Gu � {cuny#� �>� ~ � �8x ~ � �mzb~
�c�!�*u$zb~ { � ~c� ��u�w#yAzb�!�
�Gx �(}cw>uR{cu&vQx �!��y � zb��y#�cw>x vQx � x ���.�^~Gu � �m�^~c� � x ��y]vc~c} � �.| � {Gzb� �]� z � �!y#y>|�wAzby#~cw>u
#�� �c�!�Guju�y&t¤zb�]vc}Qu �!� �a�����'j B /�~ �.� u�}cw>x^x�� u�y&� � �$zb�F��������� %��YvQx ~cwJ{e�!�*u�w � u � vQx vc~ � zby#�.x � � u�y&{e�!�*u�w �
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|�yAzby � v9x �G{c|�wAzb~e� # �_zb�!��w>u��c�Gx w#�_z � �hx }9� � uA%��  ��e�G�F� # �A%¤u �!� u1u � yd�Bx �G{c|�u � ~cw ��� u��6vQ|�w#�.u��G��uZ� � �!�c�.�^~GuZu�y
wAz {e�.x � x ���.�^~Gu��cv<zbwWu��cu��]v � u1vQx ~cw � z(vQx � �!y#�.x �n{cu �d� u�~e�E� � zH�px w#�8u1{e~R�Gu�£*� � zgyAzb� �!� u1{cu � x w>u�� �!� u � �cu�y>���

�fz�w>u � zby#�.x �`u��^y#w>u � u �\� y#w#~G��y#~cw>u � x �A� u�~ � u � u�y � u � y#� �>� ~ � �8x ~ � zd��zb�!y ��� x } E7u�yl{cu=�Gx �H}cw>u�~e�gy#wAz$� zb~e�
{cu�w>u��>�Gu�w>�A�Gu��", u � �.�*u�w$�e���!y>|av<zbw # � � �$zb�&u�y � u � �8u�w$�9����� � %��czZ�8u � ~cw>| ��� |�v<zb� �>� u�~cwd{cu � v<zbw#y#�.u � �8x �!� u �
� ~cwY{cu � �$z {Gz��6w>u � � � � � �����!y>|a{Gzb� � # � � �$zb�&u�y � u � �8u�w$�9����� � %��ezb�!� � �9�^~Gu � x �!� �_zb�Ru�y ��^G�>� �!� # � � �$zb�Ju�y
� u � �8u�w$������� � %��EvQx ~cw � ~c�!�6�!w>u���y � u`�8���8u`y � vQu]{ � zbvcvcw>x^�A�Gu�� � x �!� �_zb��u�y/��^G�>� �!� x ��yZ{c|���w#�!y(�^~<zby#w>u
�$zby>|��*x w#�.u � u��H�px �G��y#�.x �g{e~ � yAzby#~cylv9x �G{c|�wAz � �bu�ylx ��y���x �]v<zbw>| � u�~cw � w>| � ~ � yAzby � z$�*u��¤��u�~e�H{cu � � � �M�Fu�~cw �
y#wAz$� zb~e� � x �^y � u � �px �G{cu��8u���y � {cu � y#wAz���zb~e�R~ � y>|�w#�.u�~cw � �G�Fu � �8u � ~cw>u � ��zb�!y>u �W� ~cw � u1�$z {Gz$�^w>u � x ~ �Qw>u���y
{cuY}Qu$zb~G��x ~cv8{cud��w#�!y#�.��~Gu ��#�! ~"�Q�c��� � � % 9 � u � vQx �!��y � zb��y#�cw>x vQx � x ���.�^~Gu � �Gu � x �^y?v<z � y>x ~8E#x ~cw ��� x6�$z � � � | �
z$�*u��¤u��cz ��y#�!y#~G{cu�B � u � �8x^{e�L�<�$zby#�.x � � �$z {Gz$�*|�w#�.��~Gu � � �Gx yAzb�]�8u���y � za{cu � � � {ewAzbyAzby#�.x �F� � z�w#�!���.{e�!y>|�� ��� u/�Eu�y
{cu � z�vQu � zb��y>u�~cw$�Q�8x6{e�L�<u���y � u � |�v<zb� �>� u�~cw � �8u � ~cw>|�u � z � x w � �^~Gu � z���x w#w>| � zby#�.x �Kz��*u�� � u � |�v<zb� �A� u�~cw �
�8u � ~cw>|�u �R� ~cw � u-�6�!� zb�^y�� � u � yJv<z � ��x �c��~Gu�B � z {c|���x �]vQx � �!y#�.x � E7x ~Gu zb~ �>� ��~c� w�� � u�|��^�.{cu��^y�vQx ~cw
��z��*x w#� � u�w � u � u�w#w>u�~cw � � C`� zb~cy#w>udzbvcw#y$� ��� |�v<zb� �>� u�~cw�{cu � v<zbw#y#�.u � �8x �!� u � ��zbw#�.u¤z$�*u�� � u � ��w>x ~cv9u � u�y#�c�c�.�^~Gu �
# ���#�eyAzb} � u$zb~e� ��� � u�yZ��� � %��
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�fz�w>u���x � � y#w#~G��y#�.x �`�pz ����z � udzbvcv<zbwAz+O.ym��x �]�8uY~c�]x ~cy#� � { � �!�]v9x w#yAzb�G��ud��w>x � �>� zb��y>udu��]zb��y#�cw>x vQx � x ���.u
u�y(v<zby#�Gx � x ���.u � |���z � u��\��x � � y#�!y#~<zb��yg~c��vcw>x ��w>� � v9x ~cw(~c�Gu8�.{cu���y#�L�<�$zby#�.x ��vQx � �!y#�!�*u]v<zbwHwAzbvcv9x w#y`zb~e�
y>u��A�c�c�.��~Gu � ��x �]v<zbwAzby#�!�*u � � � z �>� �.�^~Gu � �^�Fu � y>u��A�c�c�.��~Gu � �!�e�px w#�_zby#�.��~Gu � x ��y¤|�y>| � ~cw#y>x ~cy=~cy#� � � � |�u � {Gzb� �
� uU{cx �_zb�!�GuU{cu � }<z � u � {cua{cx �c�G|�u � zM�G�&{cu � y>x6�.�*u�wdu�yYw>u � y#�!y#~Gu�wW{cu � �!�_zb�*u � {cua}<zb�G��~Gu � {cuU{cx �c�G|�u �
��z ����z � u � �GtYu�w#yAzb�!� �¤� x ���.���.u �.� v � ~ �d� vQ|�����z � � � | � vcw>x v9x � u���yW{cu��8x^{e�L�<u�wWx ~R{ � z=E#x ~cy>u�w � zHvc� � x � �!y>|Ux ~R{cu �
� �!���Gu � v<zbw#y#�.��~ � �.u�w �(� ~cw ��� �!�_zb�*u]{ � ~c� �6� � zb�*u]{cx �c�G|�� � u � x � � u`vcw#�!�G���!v9u`~cy#� � � � |`v9x ~cw � z&��w>|$zby#�.x � {cu
vQx w#y#wAzb�!y � w>x }9x y � �etYu �=� x ���.���.u �.� �Gu�y#wAzb�!y>u���y¤{cx �G�Wv<z � {e~_vcw>x } � ���8uU{cuWw>u���x � � y#w#~G��y#�.x �R�1v<zbw#y#�!w¤{ � ~c�
��w�"b�Gu(u�yW�Gu1��x �G��u�w#�Gu���yU��~Gu � uUy#wAzb�!y>u��8u��^ya{ � �!�_zb�*u � }c�.{e�!�8u�� � �.x �c�Gu �!� u � �

�fz¤w>u���x � � y#w#~G��y#�.x �(�pz ����z � u � C v<zbwfx w>{e�!�<zby>u�~cw\vcw>| � u���y>umy#w>x � � z���zb��yAzb�*u � �_z=E#u�~cw � � , w>u��]�.��w>u��8u���y$�
� zWvcw>x^��|�{e~cw>uY{cumw>u���x � � y#w#~G��y#�.x �`u��gu �!� u�¡��8���8u � u�y#w>x ~c�*u � �!�]v � �L�<|�u��M�ax ~ � �GumvQx ~c�*x � � v<z � ��x �G��u��*x �!w
z ��y#~Gu �!� u��8u��^y�{cunw>u��G{ew>uP��u�y#y>uRvcw>x6��|�{e~cw>uny>x yAz � u��8u��^y&zb~cy>x �_zby#�.�^~Gu�B=��u�vQu��G{Gzb��y$�;� � u � y8� � zb�!w���~Gu
� u � y>u��>�c�c�.�^~Gu � { � �!�_zb�*u�w#�.u � C v9u�~c�*u��^ya��x � � �.{c|�wAzb} � u��8u��^y1w>|�{e~c�!w>u � u(y>u��]v � v<z �A� |1v<zbw � u(�8|�{cu����!�
� |���� � y>umvQx ~cwfvcw>x vQx � u�wf~c�H�8x^{c� � u��=;��Hzb~cy#w>u;}Q|��G|��<��umw>| � �.{cu;{Gzb� �f� zWv9x �>� �!}c� � �!y>|={cu�vQx ~c�*x �!w\vcw>x6{e~c�!w>u
v � ~ � �.u�~cw � �8x6{c� � u � �8v<zbw#y#�!w1{ � ~c���8���8ug��w�"b�Gugu��-�px �G��y#�.x ��{cug{e���E|�w>u���y � v<zbwAzb�8��y#w>u � # � � vQx y#�G� � u �
� ~cw � z`�8x w#vc�Gx � x ���.u�� ��� "b�*uZx ~ � u � u��eu1{cu � z]v9u�w � x �c�GuA%��
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C u`�Gx �H}cw>u�~ � u � �8|�y#�Gx6{cu � {cu`w>u���x � � y#w#~G��y#�.x � ��z ����z � u]x ��yZ|�y>|]{c|��*u � x vcvQ|�u � {cu�vc~c� �1� u �U� �a���8u
� �.��� � u��<{Gzby>ug{cu � vcw>u��]�.u�w � y#wAz���zb~e�-{Gzb� � ��u({cx �_zb�!�Gu��F��~ � u �!� u � ��x �G��u�w#�Gu���yU~c�GuHw>u�vcw>| � u���yAzby#�.x ��}c�L¡
{e�!�8u�� � �.x �c�Gu �!� u8x ~ y#w#�.{e�!�8u�� � �.x �c�Gu �!� u��F�^~ � u �!� u � zb�.u���y1w>u���x ~cw � � ��� ~cy#� � � � zby#�.x ��{cu ��� �!�e�Bx w#�_zby#�.�^~Gu]x ~
�Gx �F� � z`v � ~cv<zbw#y�{cuZ��u � �8|�y#�Gx^{cu � u � yWvcw>| � u��^y>|�u({Gzb� ��� u � x ~c�^wAzb�*u � { � zb��y#�cw>x vQx � x ���.u � |���z � u #�� w>x � ¡
�_zb� u�yZ� � �$zb�F��������� B ! y>u�#¤zbw#y$�=����i�� %Uzb�!� � �m�^~Gu]{Gzb� � ~c�Gu`w>|���u���y>uJ|�y#~G{cu`w>|$z � � � |�u]v<zbwQ/�~ �.� u�}cw>x6x��
# /�~ �.� u�}cw>x6x���u�y�� � �$zb�F�E������� %��
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�Fu � y>u��A�c�c�.��~Gu � {cu�w>u���x � � y#w#~G��y#�.x � x �^yP{ � zb}9x w>{�|�y>| {c|��*u � x vcvQ|�u � v<zbw � u � zb�<zby>x �]� � y>u � z �!� u�¡
�_zb�G{ � � � z_�G� {e~ �U� �U���8u � �.��� � u8zM�G��{ � �.{cu��^y#�L�<u�w(��u�w#yAzb�!� � vQu�w � x �c�<zb�*u � �c� � y>x w#�.�^~Gu � � ,�� ~ � yAzbw>{E�
��� zb��y#�cw>x vQx � x ��� � y>u(w#~ �A� u3�Uu�wAz � �!�8x[�Pz]{c|��*u � x vcvQ|Z~c�GuZ�8|�y#�Gx6{cuZy#w#�.{e�!�8u�� � �.x �c�Gu �!� ug�`}<z � uZ{cuZ�8x ~e¡
� zb�*u � u��-zbw#��� � uHu�y ��� z`~cy#� � � � |�uH{Gzb� �d� u(�$z {ew>uZ{cu � z`�8|�{cu����!�Gu � |���z � u # �Uu�wAz � �!�8x$�Q�f����i6��B �Uu�wAz � �!�8x[�
u�y`z � �!�¤������� %��mtYu�y#y>u��8|�y#�Gx^{cu&��x � � � � y>u&�Pv9x � �!y#�.x �c�Gu�w$�lu��
{cu � v9x �!�^y � �$zbwAz ��y>|�w#� � y#�.��~Gu � {e~
��w�"b�Gu��
~c�nu�� � u��(} � u1{cuU�_zbw>�^~Gu�~cw �'# vQu�y#�!y>u � y#�!�*u � �8|�yAz �!� �.��~Gu � %Y{cx ��y � zg�<zb~cy>u�~cwW��x w#w>u � vQx �G{n� ��� |�v<zb� �>� u�~cw
�8x � u��c�Gu({e~Ry#� �A� ~��pz ����z � u��n��u�yWu��G{ew>x �!y # ���7�6�G��~cw>u8��� � %��c� � |�v<zb� �>� u�~cwW�8x � u��c�Gu(u��R~c�RvQx �!��y�{cx �c�G|
{e~`��w�"b�Gudu � yl{c|���w#�!y>ud{Gzb� � {cu � yAzb} � u � y>u �!� u � ��~Gu¤��u �!� u � vcw>| � u��^y>|�u � �G��~cw>u ��# ��� � %?u�y # ��� � %��� �� � ~c�!y>u�� ~c�
u�� � u��(} � uH{cu1vc�.����u � { � zbw#��� � uHu � y�zbvcv � �.��~G| � ~cw � uZ��w�"b�Gu(z$�*u�� � z`��x �^y#wAzb�!��y>u`��~Gu ��� |�v<zb� �A� u�~cw�{ � zbw#��� � u
u � y1|���z � u`� � zJ�<zb~cy>u�~cwZ{cu � �_zbw>��~Gu�~cw � �Qvc~c� � u��6y#wAzbvQx � |�u]�_v<zbw#y#�!wZ{cu`��u�~e�6¡¢����{Gzb� �U� u � £$x �Gu � x���� �
� � � z`v<z � {cuU�_zbw>��~Gu�~cw$�
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zb~&�c�!�*u$zb~R�8x �G{e��z �F# �1zby � �����Q����� � %�� , x ~cw#yAzb�^y$� ��� |���z � ~<zby#�.x �n{cu � z(�hzb}c� � �!y>|1{cu � zH�8|�y#�Gx^{cua~cy#� � � � zb�^y
��� zbw#��� � u�u � ymwAzbw>u��8u��^y;wAzbvcvQx w#y>|�u����fz1vcw>u��]�.��w>uWy>u���yAzby#�!�*ua{cudy>u � y � ���.u���y#�L�<�^~Gu�z1|�y>|�w>|$z � � � |dv<zbw ! �Gx #
#�! �Gx #�u�y¤z � �!�Q����i�j %��6��x ~ � vQx ~c�*x � � |���z � u��8u��^yW���!y>u�w1/�~ �.� u�}cw>x6x��_zb�G{ �=zb� � u�� � }c~cw#� # /�~ �.� }Qu�w>x6x��
u�y �=zb� � u�� � }c~cw#�G�e������� %�� ;�}9u � z��*u�w # ;�}9u � z��*u�w$�c������� %�� � w>x ���_zb� #�� w>x ���_zb�F�G��� � � %�����u$z$�*u # ��u$z$�*u��
������� %��;u�y���~<zby#w>u��Gx �]�8u # ��~<zby#w>u��Gx �]�8uju�y�z � �!������� � %��=�fuRy#wAz���zb� ��� uRv � ~ � |�y>u��G{e~ u � y_��u � ~c��{cu
� u � �8u�w #�� u � �8u�w(u�yHz � �!�m������� B � u � �8u�w(u�ygz � �!�m����� � %U�^~c�m��x �G{e~c�!yg�R{cu � u �A� zb� � u���{cx ~c} � u�¡Nz$�*u�~c� � u
{Gzb� �J� u � �^~Gu �.� {cu�~e� u��Gzb�]�!�<zby>u�~cw � �!�G{c|�v9u��G{Gzb�^y � x ��y�w>u���x � � y#w#~c�!y�{e���E|�w>u���y � �_z � �^~Gu � ��z ����zb~e� �
v<zbw#y#�!wd{cu � �8x ~ � zb�*u � {cuU{cx ~c£$uU��w�"b�Gu � �e�Fu � w>| � ~ � yAzby � �B~cw>u���ydy#w>� � � zbw#�.| � � �$� |��A�Gu � x �c�<zb��ya{cu��_zb~c��zb� �
��u��e��u �!� u��^y$�WtYu � ��zbw#��zby#�.x � � x �^y�|�y>|-vcw>|���|�{cu��]�8u���yPzb�<z �!�e� |�u � v<zbw /�~ �.� u�}cw>x6x�� # /�~ �.� u�}cw>x6x�� u�y
� � �$zb�F��������� %8u�yJ�8x ��y#w>u���yR}c�.u�� ��� �!�]v9x w#yAzb�G��u�{cu � z ��x �c�<zb� �>� zb�G��u��¤{cu ��� u��6vQ|�w#�.u��G��u-{e~ �8|�{cu����!�
� |���� � y>uZ{Gzb� �W� zgvc�<z � u({cu1w>u���x � � y#w#~G��y#�.x �F�9tYu � {e���Q|�w>u��G��u ���$� u��ev � �.��~Gu��^y�zb~ �>� �Fv<zbw � u1�pzb�!} � u1�Gx �H}cw>u
{cuUvQx �!��y � �$zbwAz ��y>|�w#� � y#�.��~Gu ��� ~cw � u1��w�"b�Gu � u�w#��zb��y�� � zg�8u � ~cw>u1{cu � {e� � yAzb�G��u � ��w�"b�Gu�¡�vQu$zb~F� ! u�~ � u �d� u �
�8u � ~cw>u � u��&��u � vQx �!��y �¤� x �^ym�hzb} � u � � � u � � z � u�~cw � u��J{ � zb~cy#w>u � u��G{ew>x �!y � |�yAzb��y¤u��ey#wAzbv9x � |�u � �1v<zbw#y#�!w¤{cu
��u � � z � u�~cw � u��&�pzb� � zb�^y�zbvcvQu � zb~e�R��x �c�<zb� �A� zb�G��u � {e~R�8|�{cu����!� � |���� � y>u��

�fzUw>u���x � � y#w#~G��y#�.x �J�pz ����z � u�u � ym~c�Gudy>u��A�c�c�.��~Gu�{ � zb~cyAzb��y=v � ~ � {e��<_��� � u��^~ � � � u��e� � y>ud{cud�Gx �(}cw>u�~ � u �
��zbw#��zby#�.x � � ��z ����z � u � �lv<zbw#y#�.��~ � �.��w>u��8u��^y � �.|�u � � ��� |�yAzby8��~cy#w#�!y#�.x �c�Gu � {cu ��� �!�G{e�!�6�.{e~ u�y_zb~e� {e���Q|�w>u��^y �
� yAz {cu � {e~g�6�.u�� �!� � �>� u��8u��^y$� C uYv � ~ � � � u � {c|�yAzb� �.� {e~g�Gu�£*��{cu �l� u�~e�E� {cu � x w>u�� �!� u � ��{cu �l� ���6w>u � � {e~g�8u��^y>x �
�GuZv9u�~c�*u��^yWv<z � ��y#w>uZ{c|�{e~c�!y � vcw>|���� � |��8u���yU�gv<zbw#y#�!w�{cu1�$zbwAz ��y>|�w#� � y#�.�^~Gu � ��w�"b�c�.u��c�Gu � �

, x ~cw�y>x ~cy>u �W� u � wAzb� � x � � ��~Gu1�Gx ~ � �*u��Gx � � { � |��*x6��~Gu�w$� ��� ~cy#� � � � zby#�.x �-{ � ~c�Gu1y>u��A�c�c�.��~GuH{cu1w>u���x � � ¡
y#w#~G��y#�.x �g��z ����z � uYz �A� � � y>|�umv<zbwlx w>{e�!�<zby>u�~cwlv9x ~cw#wAzb�!y�zbvcvQx w#y>u�w?~c�Gu¤zb�.{cu;vcw>|����.u�~ � uYzb~e�`zb��y#�cw>x vQx � x ��~Gu �
u�yd�8|�{cu����!� ��� |���� � y>u � �
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�fz�y>u��G{Gzb�G��uWz ��y#~Gu �!� ud{Gzb� �l� z�w>u���x � � y#w#~G��y#�.x �]�pz ����z � u¤u��`�8|�{cu����!�Gu � |���z � udu � y�zb~]{c|��*u � x vcv9u��8u��^y
{cu&�8|�y#�Gx6{cx � x ���.u � �Gx ~c�*u �!� u � �;z � zb��y � x ~c�*u���y]w>u���x ~cw � � ��� �!�e�px w#�_zby#�.�^~Gu��mz��*u��n��x �]�8u&vcw#�!�G���!v<zb~e�
z$� zb�^yAzb�*u �=� zZwAzbvc�.{e�!y>|�{cudy#wAzb�!y>u��8u��^yYu�y ��� zb~cy>x �_zby#� � zby#�.x ��{cu���u�w#yAzb�!�Gu � y�" �A�Gu � ���fzZv9x �A� �!}c� � �!y>|W{ � ~c�Gu
w>u���x � � y#w#~G��y#�.x �R�pz ����z � uHz �>� � � y>|�uav<zbwWx w>{e�!�<zby>u�~cw�zb�!� � �F�^~Gu � zg��z � �.{Gzby#�.x �nx ��y�|�y>|1|�y#~G{e�.|�u � v<zbwW{e���E|�¡
w>u��^y � zb~cy>u�~cw � � , u�w#v9u�w #�, u�w#vQu�wmu�y=z � �!�c������� %lza{c|��*u � x vcv9|d~c� �#�e� y>���8u¤{cu�� �Q�8x w#vc�Gx ��wAzbvc�c�.u�� �e��z ����z � u
vQu�w#�8u�y#yAzb��y � zH{c|�y>u�w#�]�!�<zby#�.x �-{cu1�$zbwAz ��y>|�w#� � y#�.��~Gu � �pz ����z � u � u�� � ua}<z � zb�^y � ~cwd{cu � �8u � ~cw>u � ��|�vc�<z � xb¡
�8|�y#w#�.�^~Gu � vcw>|���� � u � x }cy>u��^~Gu � v<zbw � �$zb�c�Gx ��wAzbvc�c�.u`�]wAz � x � � �`�G�FuZw>u � y>uZ{cu � z8�8|�y#�Gx^{cuH��x ��y#�!��~Gu`�
��zb�!w>u1zbvcv9u � zb~e��y>u��>�c�c�.�^~Gu � �_zb��~Gu �!� u � �<zb}c�!y#~Gu �!� u � � �=zb�Gu�£�� ��# �=zb�Gu�£�� � u�yWz � �!�E������� %Yzgzbvcv � �.�^~G|U~c�Gu
y>u��A�c�c�.��~Gua{cu�{cu �A� �!�_u��_y#w>x � � {e�!�8u�� � �.x � � v9x ~cw � zUw>u���x � � y#w#~G��y#�.x ����z ����z � u�u�y;z �A�Gu��*| � z(��x �]v<zbwAzb� � x �
z$�*u��`{cu � y>u��A�c�c�.��~Gu � {cu � ��~ � vcy#~cw>u�� >-� � z � z���z # >-� � z � z���zJu�y1z � �!�l������� %az_{c|��*u � x vcvQ|g~c�GuH�8|�y#�Gx6{cu
{cu�w>u���x � � y#w#~G��y#�.x � �pz ����z � unz �>� � � y>|�u�v<zbw`x w>{e�!�<zby>u�~cw_~cy#� � � � zb��y � z-�8���8u&�*x �.u&�8|�y#�Gx6{cx � x ���.��~GuP��~Gu
� zny>u��>�c�c�.�^~Gu&{cuJ{cu �>� �!��}c�.{e�!�8u�� � �.x �c�Gu �!� u&� � z �>� �.�^~Gu�� ! z-��x �G� � ~ � �.x �K�X~cyg��~Gu � u � �!�_zb�*u � x }cy>u��^~Gu �
��x � � y#�!y#~Gu���yl~c�Gu=��wAzb�G{cu¤z���zb�G��|�uYv<zbwfwAzbvcvQx w#ylzb~e�Z�!�_zb�*u � w>| � ~ � yAzb�^y�{cum�8|�y#�Gx6{cu � ��x �^�*u���y#�.x �c�Gu �!� u � �
zb~ �A� �\}c�.u�� � ~cw ��� z � vQu���yax vQ|�wAzby#�.x �c�Gu � ��~Gug{Gzb� �a� z \<u��e�!}c� � �!y>|]�_��w>|�u�w1{cu � ��zbw#��zby#�.x � � �H~ � y#�!v � u �Z� ~cw
� zZ}<z � ua{ � ~c�Jvcw>u��]�.u�wYw>| � ~ � yAzby$�Gt � u � y;{Gzb� � ~c�Gu�x vcy#�.��~Gu � �!�]� � zb�!w>ua��~Gu��Gx ~ � z$�*x � � {c|��*u � x vcv9|a�Gx y#w>u
�8|�y#�Gx6{cug{cuZw>u���x � � y#w#~G��y#�.x �F�FtYu �!� u�¡¢���?vcw>| � u���y>u ��� z���zb��yAzb�*u`{ � ��y#w>uZy#w#�.{e�!�8u�� � �.x �c�Gu �!� u]u�y�{cuZvQx ~c�*x �!w
�*|��G|�w>u�w¤wAzbvc�.{cu��8u��^yW{e���Q|�w>u��^y � w>| � ~ � yAzby � �e�Zv<zbw#y#�!w¤{ � ~c�Gua}<z � u�{cua{cx �c�G|�ua{cu��8x6{c� � u � {cu�w>|��p|�w>u��G��u��
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�FuZ}c~cya{cuZ�Gx y#w>u(y#wAz���zb� � u � ya{ � u��6vQ|�w#�!�8u���y>u�wa~c�GuZ�8|�y#�Gx6{cu(x w#�!���!�<z � uH�!��y>|���wAzb�^yU{cu � y>u��>�c�c�.�^~Gu �
� �>� ~Gu � {cu ��� �!�_zb�*u�w#�.u¤�8|�{e�.�$z � u���{Gzb� �\� u¤�$z {ew>u¤{cu � z�w>u���x � � y#w#~G��y#�.x �`�pz ����z � u��*tYx �^y#wAzb�!w>u��8u���yY��� � w#w>u �!�
# � � w#w>u �!� u�ynz � �!�a������i�%Jx ~ , u�w#vQu�w #�, u�w#vQu�wnu�y&z � �!�U������� %��Y�Gx ~ � �GuP�Gx ~ �&� �!�]�!y>x � � v<z � � ��� |�yAzbv9u
{cuRw>u���x � � y#w#~G��y#�.x � y#w#�.{e�!�8u�� � �.x �c�Gu �!� u-{cun{cx �c�G|�u ��� �$zb�c�Gx ��wAzbvc�c�.�^~Gu � �m�_zb� � �Gx ~ � vcw>x vQx � x � � ~c�Gu
�8|�y#�Gx^{cu1�*|��G|�wAz � u(v9x ~cwdv<zbw#�*u��c�!wU� ��� | � zb}9x wAzby#�.x �j{ � ~c�n�8x6{c� � uU�pz ����z � �

tYu�y#y>u]w>u���x � � y#w#~G��y#�.x � � u]{c|���x �]v9x � u]u�� v � ~ � �.u�~cw � |�yAzbvQu � �ftYu�w#yAzb�!�Gu � { � u���y#w>u8u �!� u � ��x �^y#�!��~Gu��^y
�H�pzb�!w>uZzbvcvQu � �g{cu � y>u��>�c�c�.�^~Gu � { � zb�^y#�cw>x v9x � x ���.u � |���z � u��G{ � zb~cy#w>u � �px ��yW�!�^y>u�w#�*u��c�!w�{cuUw>|���u���y>u � y>u��>�e¡
�c�.��~Gu � { � �!�_zb�*u�w#�.u(�8|�{e�.�$z � u(u�yW{cu1w>u���x � � y#w#~G��y#�.x �Py#w#�.{e�!�8u�� � �.x �c�Gu �!� u � �

�fzKvcw>u��]�.��w>u |�yAzbv9uj��x � � � � y>u�� ��w>|�u�w$�Yv9x ~cw&�>�<z �^~Guj�!�G{e�!�^�.{e~F�¤~c� �8x ~ � zb�*u��n{e~ �^� � zb�*u-vc~c� �
� w>|$z � � � u�w�~c�Gu � �$zb�c�Gx ��wAzbvc�c�.u���wAz � x � � � {e~ ��w�"b�Gu � u��Pu�yJ{e~ �8x ~ � zb�*u���/ v<zbw#y#�!w�{cu � �!�_zb�*u �
�*x � ~c�]�.��~Gu � zb�!� � �Fx }cy>u���~Gu � � � z � u���x �G{cuZ|�yAzbvQuU� zHvQu�w#�8u�y#y#w>uZ{ � u��6y#wAzb�!w>u({cu1��u � {cx �c�G|�u � ~c�Gu1w>u�vcw>|�¡
� u���yAzby#�.x �jy#w#�.{e�!�8u�� � �.x �c�Gu �!� u`{e~-��w�"b�GuHu�y�{e~P�6� � zb�*u��G�\z]y#w>x � � �.���8uHv<zbw#y#�.u(��x �G��u�w#�Gu � z]y�" �A�Gu(w>|�u �!� u
{cu¤w>u���x � � y#w#~G��y#�.x �_��z ����z � u���� � u � y;�U{e�!w>u � zavcw>x v9x � �!y#�.x �J{ � ~c�8�^� � zb�*ud{e~_�$z {Gz��6w>ud}<z � | � ~cw � zU�Bx w#�8ud{cu
� x �_��w�"b�Gu����\zZ�^~<zby#w#�.���8u�u�y={cu�w#�c�.��w>ua|�yAzbvQudv9u�~cyY��y#w>u���x � � �.{c|�w>|�u���x �]�8uW~c�Gu�vc�<z � u�{cud��z � �.{Gzby#�.x �F�
z��*u�� � z]��x �]v<zbwAzb� � x �-{e~R�6� � zb�*uUw>|�u � zb~n�6� � zb�*uUw>u���x � � y#w#~c�!y$�
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 ��(w>u���x � � y#w#~G��y#�.x �H��z ����z � u=��x �^�*u���y#�.x �c�Gu �!� u�� � u=�8|�{cu����!� � |���� � y>u=�Gu={e� � vQx � u � x ~c�*u���yl��~Gu;{cumw>u � y>u �
� ��~Gu � u�y#y#�.�^~Gu � �WtYu�vQu��G{Gzb��y$� � x w � �^~ � ~c�Gu�v<zbw#y#�.u {e~ �^� � zb�*uju � y&u��G��x w>u vcw>| � u���y>u��_zb� � �!� � ~ < � zb��y>u
v9x ~cw8�.{cu��^y#�L�<u�w � uP�$z {Gz��6w>u��m� � ��x �]�8u��G��uPv<zbw8w>|$z � � � u�wJ~c� �8x ~ � zb�*u-{e~ �^� � zb�*u�� C zb� � �Gx y#w>uP�$z � �
� u � �8x ~ � zb�*u �_� x ��y`w>|$z � � � | �`� ~cw`{cu � �$z {Gz��6w>u � �Gu�v9x � zb�^yHv<z � {cuJvcw>x } � ���8u � { � �.{cu��^y#�L�<�$zby#�.x �F�m�Fu �
�8x ~ � zb�*u � {cuY�^� � zb�*u � u�w#�6�!w>x ��y=zb�!� � �e{cuYw>|��p|�w>u��G��u¤v9x ~cwl��z � �.{cu�w � z��8|�y#�Gx6{cu����Fud��w�"b�Gu � u��¤u � y�u�� � ~c�!y>u
x }cy>u���~ v<zbwUw>|�y#wAz ��y#�.x ��{cu � y#� �>� ~ � �pz ����zb~e�E�Ft � u � y(�Jv<zbw#y#�!wZ{cug��u � {cx �c�G|�u � ��~Gu � u`�8|�{cu����!� � |���� � y>u
� zgw>|$z � � � u�w � zgw>u���x � � y#w#~G��y#�.x �F�

tYu�y#y>u¤w>u���x � � y#w#~G��y#�.x �_u � y?w>|$z � � � |�u � u � x � � z��8|�y#�Gx6{cud{c|���w#�!y>u¤vcw>|���|�{cu��]�8u���y$��� � u � y7¡N�M¡¢{e�!w>ud��~ � u �!� u
w>u���~c�.u�w#y � zg{c|��G�c�!y#�.x �P{ � ~c�nu�� � u��H} � u1{cuUv9x �!�^y � �$zbwAz ��y>|�w#� � y#�.�^~Gu �W� ~cw � u1��w�"b�Gu # ���7�^�G��~cw>u]��� � %Yzb�!� � �
��~Gu � z]��x �c�<zb� �A� zb�G��uZ{cu � �$zbwAz ��y>|�w#� � y#�.�^~Gu � �8x w#vc�Gx �8|�y#w#�.��~Gu � {cu ��� �!�G{e�!�^�.{e~F�

� � �pzb~cya|���z � u��8u���yU�Gx y>u�w��^~Gu � u1�8|�{cu����!� � |���� � y>u(�Gu(��x � � y#w#~c�!y4E#zb�_zb� ��� x �P�8x6{c� � u({e�!w>u���y>u��8u��^y
� ~cw � u���w�"b�Gu�w>|�u � �_zb� �;� ~cw;~c�_�8x ~ � zb�*ua{cu���u � ~c�L¡¢�����GtYu����<vQu�w#�8u�y¤|��*u���y#~Gu �!� u��8u���yW{cuW�pzb�!w>u�v � ~ � �.u�~cw �
w>u���x � � y#w#~G��y#�.x � � }<z � |�u �W� ~cwW{cu � ��w#�!y>��w>u � {e���Q|�w>u��^y � �

C zb� ��� z��8|�y#�Gx^{cuW�^~GuY�Gx ~ � vcw>x vQx � x � � �.����� �Gx ~ � z �!� x � � w>u��]v � z ��u�w ��� |�yAzbvQud{cu¤�8x ~ � zb�*uW{e~8��w�"b�Gu
v<zbwH~c�Gu_w>u���x � � y#w#~G��y#�.x � � C zbvcw>� �g� �$zb�c�Gx ��wAzbvc�c�.u&{cu � zPy>��y>u_{cu � zR�6�.��y#�!�8u��\u�ygu�� � ~c�!y>u_vcw>x vQx � u�w
~c�Gu1w>u���x � � y#w#~G��y#�.x �n��z ����z � u1}<z � |�u � ~cwd~c�Gu1y#wAzb� � �px w#�_zby#�.x �P�*x � ~c�]�.�^~GuZ{ � ~c�n�6� � zb�*u1{cu1w>|��p|�w>u��G��u��

�Fu � {cx �c�G|�u � �G|���u �>� zb�!w>u � vQx ~cw?�Gx y#w>u¤�8|�y#�Gx^{cu � x �^y � �!�]v � u��8u���ym��x � � y#�!y#~G|�u � {cu ��� �!�_zb�*u � �$zb�c�Gu�w
{e~P��w�"b�GuZ{cu � z`vQu�w � x �c�GuZ�`�.{cu��^y#�L�<u�w$�

���! #"-k%$& '$)(
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�Fu � y>u��A�c�c�.��~Gu � {cu1�8x ~ � zb�*u � |���z � x ��y�|�y>|Z{c|��*u � x vcvQ|�u � zb~n�\zb}9x wAzby>x �!w>uH{cu�>-|�{cu����!�Gu(�F|���z � u
{cuU���.��u��6u��R��x �!� zb}9x wAzby#�.x �Pz$�*u�� � uU�fzb}Qx wAzby>x �!w>uU{ �  �y#�c�Gx � x ���.uZ{cuU���.��u # ��~<zby#w>u��Gx �]�8uZu�ydz � �!�
������� Bf��~<zby#w>u��Gx �]�8u��m������i�%��Q�fzJw>|$z � � � zby#�.x � { � ~c� � �$zb�c�Gu�w1{cug�8x ~ � zb�*u]{e~j�6� � zb�*ugu � yZz �>� u�£
�pz ��� � u;�¤w>|$z � � � u�w$���8���8u � � � ~c} � � � y>u��^yf�^~Gu � ��~Gu � vcw>x } � ���8u � �[�Fu�vcw>u��]�.u�w\w>| � �.{cum{Gzb� �E� zd�G|���u �>� �!y>|
{cunw>u���x � � y#w#~c�!w>u � z v<zbw#y#�.uPv9x � y>|�w#�.u�~cw>u-{e~ �8x ~ � zb�*uj{cu � z y>��y>u��=v<zbw>��uP�^~Gu � z��8|�y#�Gx6{cuP{cu
�8x ~ � zb�*u8u��]v � x � |�u`�Gu]��x �G��u�w#�Gu]�^~Gu � z_�pz ��u 9 ��u`vcw>x } � ���8u8z�|�y>|gvcw>|���|�{cu��]�8u���y(w>| � x � ~ �^��z
~c�Gu_w>u���x � � y#w#~G��y#�.x � � � z �>� �.�^~Gu_u��
zbw#��� � u # ��~<zby#w>u��Gx �]�8uRu�y`z � �!�;������� %��l�Fu � u���x �G{ u � y � �.|J�
��� x ~c�*u�w#y#~cw>u-{cu � z��_zb�G{e�!}c~ � uj��~c��{cx �!yJy>x ~8E7x ~cw � ��y#w>uP{ � zb�c� � u-��x � � yAzb��y$�¤� � z �Bx � �8� ~cw � x w �
{e~��8x ~ � zb�*u�{e~ �6� � zb�*u8vc~c� �H� ~cw � u8��w�"b�Gu � �^~Gu � u�y#y#� � |��f�ax ~ � z$�*x � � v<zbw#y#�.u �!� u��8u��^ygw>| � x � ~K��u
{cu�w#�c�.u�wWvQx �!��yWu����c�czb�^y � zHv9x � �!y#�.x �n{cu � zg� " �A�Gx �!w>u(z���zb��y�{cu�w>|$z � � � u�w � uU�8x ~ � zb�*u1{cu � zZ��z ��u��
/��!� � � � z`vQx � �!y#�.x �P{cu � z`�_zb�G{e�!}c~ � uHu � y � z`�8���8u � ~cw � u1�8x ~ � zb�*uH{e~n�^� � zb�*u1��~Gu � ~cw � uZ��w�"b�Gu
� u�����tYu�v9u��G{Gzb�^y$��u��KwAzb� � x ��{cu�{e���Q|�w>u��G��u � {cu���yAzb�!w>u � u���y#w>u � u � �!�G{e�!�6�.{e~ � �?� � u � yH{e��<_��� � u&{cu
��zbwAzb��y#�!wa��~GuZ��u�y�zb�c� � uZw>u � y>uZ��x � � yAzb�^y�{Gzb� � �A�<z ��~GuZ�$z � �

��� 4��n<%*G2'* (
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� � z ���^~c� � �!y#�.x � {cu � {cx �c�G|�u � z8|�y>|(w>|$z � � � |�uHv<zbw � �$zb�c�Gx ��wAzbvc�c�.u �`�<��ug��~c�\v9u�w#�8u�ya{cuH{e� � vQx � u�w
{ � ~c�n�*x � ~c�8uZ{cu1{cx �c�G|�u � w>u���x ~c�6wAzb��yau���y#�.��w>u��8u��^y � zgy>��y>u1{e~ � ~8E#u�y�z � x w � �^~Gu � zgv � ~cv<zbw#y�{cu �
�8|�y#�Gx^{cu � ~cy#� � � � |�u � u�� zb��y#�cw>x vQx � x ���.u � |���z � u � x ��ya}<z � |�u �a� ~cwa{cu � {cx �c�G|�u � wAz {e�.x ��wAzbvc�c�.�^~Gu � �
tYu � y>u��>�c�c�.�^~Gu � �Gu_vQu�w#�8u�y#y>u���y8{cx �G�&{cu�{e� � vQx � u�wg�^~Gu�{ � ~c��u�� � u��(} � uR{cu�{cx �c�G|�u � � C # u��
�*|��G|�wAz � ~c�Gug�^~Gug{cuH�pz ��ugu�y1{cuHvcw>xb� � {e~ ��w�"b�GuA%���~Gu � u�~ � u ��� u��ev9|�w#�.u��G��u]{e~j�8|�{cu����!� � |���� � y>u
v9u�w#�8u�yg{ � �!��y>|���w>u�w`{cu]��z���x �K�nu��K��w>|�u�w(~c�Gu8w>u�vcw>| � u���yAzby#�.x � y#w#�.{e�!�8u�� � �.x �c�Gu �!� u # ��x �G��w>|�y#� � |�u
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u��n�*|��G|�wAz �f� x ~ �d� zg�px w#�8u1{ � ~c�n�8x ~ � zb�*uA%��
�Fu � y>u��>�c�c�.�^~Gu � { � �!�_zb�*u�w#�.uH�8|�{e�.�$z � uHz ��y#~Gu �!� u � v9u�w#�8u�y#y>u��^ya{ � u/�Eu���y#~Gu�w�{cuZ�Gx �(}cw>u�~e�Py#wAzb�!y>u�¡
�8u���y �U� ~cw�{cu � �!�_zb�*u � �*x � ~c�]�.��~Gu � {cu({e���E|�w>u���y>u � �8x6{Gz � �!y>| � �9tYu�y#y>uHvQx �>� �!}c� � �!y>|(z8vcw#�.x w#�\y#w>� �
�!��y>|�w>u �A� zb��y>uRvQx ~cw`~c��vcw>x } � ���8u&y>u � �^~Gu � z-w>u���x � � y#w#~G��y#�.x �
��z ����z � u&zj��u�vQu��G{Gzb��y8~c���!�G��x �e¡
�*|��c�.u���y 9 � � u � yUv � ~ � {e��<_��� � u]{cugy#wAzb�!y>u�w1{cuHy>u �!� u � {cx �c�G|�u � u�y1{ � u�� u��ey#wAzb�!w>u � u � �!�e�px w#�_zby#�.x � �
vQu�w#y#�!�Gu���y>u � {e~ vQx �!��yH{cu8�^~Gu8{cu � z&w>u���x � � y#w#~G��y#�.x �K�pz ����z � u�� , zbwg��x ��y#w>u�� � u]w>| � ~ � yAzbygx }cy>u���~
u � yY}9u$zb~G��x ~cv�v � ~ � �pz ��� � u��8u��^y¤~cy#� � � � zb} � u # x ��� � z(v<z �Y� u�~ � u��8u���y¤~c�Gu��6~Gu�{cu�vcw>xb� � u�yY{cuW�pz ��u
�_zb� � x �RvQu�~cy�z$�*x �!wW~c�Gu1�6~Gu � x ~ � � � �!�]vQx w#y>uZ��~Gu � zb�c� � uA%��
�Fu � {cx �c�G|�u �&� �$zb�c�Gu�wRx }cy>u���~Gu � {Gzb� � �Gx y#w>u��$z �J� uj��x �]vQx � u���y&{ � ~c��u�� � u��(} � u�{cuj��x ~cv9u �
u � v<z ��|�u � {cu � �]� ��x ~c�6wAzb��ydy>x ~cy � ua�*x � ~c�8ua��w�"b�c�.u��F�e�fzg�^~<z � �!y>|U{cu � zHw>u���x � � y#w#~G��y#�.x �&�G�<z � u
|�yAzb��y � �.|�uR� � z-vcw>|���� � �.x �
{cu � {cx �c�G|�u � �?� � u � yH�G|���u �A� zb�!w>uR{ � z��*x �!w]~c�Gu�w>| � x � ~cy#�.x � z �>� u�£_�G�Gu
# �*x��cu � {cuWyAzb� �!� u��!�e�B|�w#�.u�~cw>uax ~&|���z � ua�_���Q��� ������� %��et � u � y;vQx ~cw>�^~Gx �<� � �Gx ~ � zH|�y>|W�!�]vQx �>� �!} � u
{cugw>|$z � � � u�w � u �U� �$zb�c�Gu�w � {cug�Gx � P¢�^� � zb�*u � {cuHw>|��p|�w>u��G��u R � ~cwa{cu �1� ~8E#u�y � �^�!��zb��y � u���wAzb� � x � {cu
� zK��~<zb�^y#�!y>|P�!�]vQx w#yAzb��y>u�{cunwAz {e��zby#�.x � � w>u ��~Gu � v<zbw � u � ~8E#u�y$� C`� ~c� zb~cy#w>uj� � y>|��;w>|$z � � � u�w_~c�
� �$zb�c�Gu�w1{cu � z8y>��y>u`{ � ~c���$z {Gz��6w>u`v9u�~cyUu��c�*u��G{ew>u�w1��u�w#yAzb�!� � vcw>x } � ���8u � �9v<zbw#y#�.��~ � �.��w>u��8u���yHzb~
�c�!�*u$zb~&y>u��>�c�c�.�^~Gu # zbw#y>u��pz ��y � {e~ � zb~e�_�_zby>|�w#��zb~e�_�8|�yAz �!� �.�^~Gu � {cu���yAzb�!w>u � %=�_zb� � zb~ �>� �9|�y#�c�.��~Gu��
, zbw���x � � |��^~Gu���y$�<�Gx ~ � z��*x � � �>�Gx � � �\{cuZ��w>|�u�w�{cu�~e�R�8x ~ � zb�*u ��� |�v<zbw>| � {e~P��w�"b�GuZu�y�{e~P�^� � zb�*u
vc~c� � { � u��Jx }cy>u��c�!w ��� �!�_zb�*uW�*x � ~c�]�.�^~Gudv<zbw � �$zb�c�Gu�w$�6tYu�y#y>uW��x ��y#wAzb�!�^y>u���zav9x � u�wm{cu � vcw>x } � ���8u �
� ~cvcv � |��8u��^yAzb�!w>u � ��u���v<zbw#y#�.��~ � �.u�w � zR�G|���u �A� �!y>|_{ � u/�Eu���y#~Gu�wH~c� w>u��$z � zb�*u�{cu ��� �!�_zb�*u�{e~ ��w�"b�Gu
v<zbwWwAzbvcvQx w#y��`��u �!� uZ{e~n�6� � zb�*u��
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�Fu � �!�_zb�*u � �*x � ~c�]�.�^~Gu � {e~`�^� � zb�*uYu�y�{e~]��w�"b�Gu¤x ��y�~c�GuYw>| � x � ~cy#�.x �]�!�c�!y#��z � ud{cu �e� � ���e� � vc�L�eu �.� �
u�y ��� u � v<z ��u_�!�^y>u�w7¡¢��x ~cv9u � u � yZ�c�c|J� � �]�n�?�Fu_vcw>x y>x6��x � u&zn|�y>|&zb�!� � �;{c|��G�c�WzM�G�K{cu���x w#w>u � ¡
vQx �G{ew>ua�Z~c�J��x �]vcw>x �]� � u���y#w>u � z1vcw>|���� � �.x �&{cu ��� �!�_zb�*uau�y � zZyAzb� �!� u�{cu � {cx �c�G|�u � �1�_zb�c�!vc~ � u�w$�
� � u�� � u��H} � uP{cu � ��x ~cvQu � u � y_z � x w �8� ~cv9u�w#vQx � |&{cu��pz���x � �j��w>|�u�w8~c�Gu&�!�_zb�*u&�*x � ~c�]�.�^~Gu������
vQu�~cyd�Gx y>u�wW��~Gu � u � �!�_zb�*u � {e~n��w�"b�Gu � u��Uu�yd{e~R�8x ~ � zb�*uZ{e~&�6� � zb�*u � x ��ydvcw>u � �^~Gu1{cu � �!�_zb�*u �
}c�!�<zb�!w>u � vc~c� � ��~GuZ{Gzb� �W� u � {cu�~e�n�$z �d� uU�_zby>|�w#��zb~-u � ydvcw>u � ��~Gu1�Gx �8x �*���Gu��

��
 $7=,43<%=
/�� *,2r+��g2
<8 ��i$&4B1@2
/��G��{ � x }cy>u��c�!w(~c�Gu � ~cw7�pz ��u8��x w#w>u � v9x �G{Gzb�^y � x �!y(� � z � ~cw7�pz ��u]u��ey>|�w#�.u�~cw>u_{e~K��w�"b�Gu � x �!yH� � z
� ~cw7��z ��uJ{e~ �8x ~ � zb�*u��?�Gx ~ � z$�*x � � u�~�w>u���x ~cw � �P~c�GuJu��ey#wAz ��y#�.x �
{ � � � xb¡ � ~cw7��z ��u # �Fx w>u�� � u�� u�y
t � �!�Gu��f������i�%��
/�vcw>� � z$�*x �!w�{c|�y>u�w#�]�!�G| � u � u�~c� � { � �!��y>u�� � �!y>|(��x w#w>u � vQx �G{Gzb��yU� � z]��x �]v9x � zb��y>u(�
� u����8u��^y>u�w # ��w�"b�GuYx ~Z�8x ~ � zb�*uY{e~(�6� � zb�*uA%�� ��� z � �*x w#�!y#�c�8u¤{ � u��6y#wAz ��y#�.x �g{ � � � xb¡ � ~cw7��z ��um��z¤�*|��Gu�w>u�w
� z � ~cw7��z ��uUvQx �!� �*x �<z � uZ��x w#w>u � v9x �G{Gzb�^y>u��

�
�
 #*,$7-8>C<%=G$)(
*,+.- 2513(52
*X9;DF=X*��F4B$)(
*,+C-82 /%1 9;$7*X=X=,$&>?1@2
/�v<zbw#y#�!w1{cu ��� u�� � u��(} � u]{cuHv9x �!� �*x �Gu � {c|���w#�!� zb�^y � z � ~cw7�pz ��u��h� � u � y���z ��� � ug{cuH{c|�y>u�w#�]�!�Gu�w1~c�Gu
y#w#��zb�c��~ � zby#�.x � {cuP��u�y#y>u � ~cw7�pz ��uRvc~c� � {cu ��� z=<_�>�Gu�w$� � x �!y_u�� {c|��*u � x vcv<zb��y&~c� � x ���.���.u � {cuP�^�L¡
� ~<z � � � zby#�.x �K}<z � | � ~cw(~c�Gu]}c�!} � �.x y#�G����~Gu_��wAzbvc�c�.��~Gu # ��v9u����1� %�� � x �!yHu�� ~cy#� � � � zb��yH~c� � x ���.���.u �
��x �]�8u�w>����z � �
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� 4 � ��� v<zbw#y#�!wW{cuU��uU�Gx ~c�*u$zb~ � x ~ � ¡¢u�� � u��(} � uZ{cuavQx �!��y � zbvcv<zbw#�.| � �e� � u � yYvQx �>� �!} � uU{cuU�$z � ��~ � u�w$�
v<zbwa~c�-��w#�!y>��w>uHzb~e�n�8x �!�G{ew>u � �$zbw#w>| � �<~c�GuZy#wAzb� � �px w#�_zby#�.x � { � ~c�Py � vQu({cx �c�G|��9��x ~ � ~cy#� � � � x � �
y>x ~cy�{ � zb}Qx w>{P{cu � y#wAzb� � �px w#�_zby#�.x � � w#�!���.{cu � {cuU��z���x �j�Jz � �!���Gu�w � u � {cu�~e�Pu�� � u��(} � u � �<vc~c� � {cu �
y#wAzb� � �px w#�_zby#�.x � � z=<8�Gu � vQx ~cwWvcw>u��G{ew>u(u��P��x �]vcy>u � ua�pz ��y>u�~cwa{ � |��>�Gu �!� u��9{cu � y#wAzb� � �px w#�_zby#�.x � �
�^~<z {ewAzby#�.��~Gu � v9x ~cwH�8x^{c| � � � u�wH{cu � {c|��Bx w#�_zby#�.x � � �<zby#~cw>u �!� u � x ~K{cu � y#wAzb� � �Bx w#�_zby#�.x � �`� v � �!�Gu
� C #�C u�� � u�w>�.��u�y1z � �!��������� %�vQu�w#�8u�y#yAzb��yH{cu � {c|��Bx w#�_zby#�.x � � v � ~ �U� x6�$z � u � �Q�fz�y#wAzb� � �px w#�_zby#�.x �
 zb�!� � �?x }cy>u��^~Gu`u � yazbvcv � �.�^~G|�u]����� �hw>u��G{Gzb��y����Zv � ~ �a� �!�]� � zb�!w>ug����
�vc~c� ��� uHvcw>x^��u �>� ~ � u � y
w>|�vQ|�y>|��
�?�!�<z � u��8u���y$�mx � x }cy#�.u��^y]~c�Gu&y#wAzb� � �px w#�_zby#�.x �< v9x ~c��zb��y]��y#w>unzbvcv � �.�^~G|�un� ��� u�� � u��(} � un{cu �
vQx �!��y � {cu � z � ~cw7�pz ��u]{e~ ��w�"b�Gu��fu�y1�Gx � v � ~ �Z� u�~ � u��8u��^ygzb~e� � �!���Gu � {cu8��w>��y>u�� 
 yAzb�^y({cx �c�G|�u
� z � �!�]� � zbw#�!y>|`u���y#w>u � u �a� �!���Gu � {cu`��w>��y>u`u�y � u �a� �!���Gu �1� zb� �!� zb�^y>u � {e~ ��w�"b�Gu�� ��� zbvcv � �.�$zby#�.x �K{cu � z
y#wAzb� � �px w#�_zby#�.x �  {cx �c�GuZ~c�Gu1y#w>� � }Qx �c�Gu(zbvcvcw>x��e�!�_zby#�.x �-{e~P��w�"b�GuZw>|�u � 9  4)*��� + 5 ���b�
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 '$7-82 �i+C #9 $)(
*,+C- /F<�A *,2r$&>C1 �
C`� zbvcw>� � �Gx y#w>u1� � vQx y#�G� � u1{cuUy#wAz���zb� � �c� � w>u � y>ua�_zb�!�^y>u��<zb��y1�]zbvcv � �.��~Gu�wW��u�y#y>u1�8���8uUy#wAzb� � �Bx w7¡
�_zby#�.x � � ��� �!�_zb�*u&{e~ �^� � zb�*uJ{cuJw>|��B|�w>u��G��u � �_zM�G� { � x }cy>u��c�!w]~c�GuJvcw>u��]�.��w>uRzbvcvcw>x��e�!�_zby#�.x �
{e~ �6� � zb�*u`�!�G��x �c��~!� �#�ftYu�y#y>u8|�yAzbvQu`� � u � yZ��u�vQu��G{Gzb��y(vQx �>� �!} � u]�^~Gu � � ��� �!�_zb�*u8{e~ �6� � zb�*u]{cu
w>|��p|�w>u��G��uWu�y ��� �!�_zb�*ud{e~]�^� � zb�*u¤�!�G��x �c��~ � uYy#w>x ~c�*u��^y;{Gzb� ��� uY�8���8udw>|��p|�w>u���y#�.u � �^~Gu � u � �!�_zb�*u �
{cu � ��w�"b�Gu � ��x w#w>u � vQx �G{Gzb��y � �QtYu � z � ~cvcvQx � u1�^~Gu � zAP¢y>��y>u RZu���y#�.��w>u � x �!y � �$zb�c�G|�u��hu�yd�Gx �Pv<z �d� u
��w�"b�Gu(u�y � u1�^� � zb�*u � |�v<zbw>|��8u���y$�? ��nvcwAzby#�.�^~Gu��G� �f�[� z��*��w>u1y#w>� � {e��<_��� � u({cuZ{e� � vQx � u�w�{cu1��uZy � v9u
{cu1{cx �c�G|�uZu�y¤v<zbwW��x � � |��^~Gu���yW� � u � yY�G|���u �A� zb�!w>u1{ � z��*x �!wWw>u���x ~cw � �H~c�Gu1|�yAzbv9u � ~cvcv � |��8u��^yAzb�!w>u
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v9u�w#�8u�y#yAzb�^y�{cu1w>u��$z � u�w ��� �!�_zb�*u({e~n��w�"b�Gu(z$�*u�� ��� �!�_zb�*uZ{e~n�6� � zb�*u1��x w#w>u � vQx �G{Gzb��y$�
��� 1@4B$7=,$&>?1!�

 yAzb��yZ{cx �c�G|�u � zJ{e���Q|�w>u��G��ugw>u � zby#�!�*u��8u��^yZ�!�]v9x w#yAzb�^y>u]��~c�lu��e� � y>uHu��^y#w>u � u � �!�_zb�*u � {cu`��w�"b�Gu
u�ya{cu(�^� � zb�*u��<� � u � y�{e��<_��� � u`{cuZy#w>x ~c�*u�w � ~ < � zb�]�8u���yU{cu(vQx �!��y � ��x �]�(~c� � vQx ~cwax }cy>u��c�!wa~c�
w>u��$z � zb�*u¤��x w#w>u���y?u�y � ~ < � zb�]�8u���ylvcw>|���� � v9x ~cw � zdw>u���x � � y#w#~G��y#�.x �F��/��G�H{cu;v<z �!� �.u�w?��u=vcw>x } � ���8u��
�Gx ~ � z��*x � � ~cy#� � � � | ��� �!�^y>u�w7�pz ��uR{c|���w#�!y>u�vcw>|���|�{cu��]�8u���yJv9x ~cwg�_zb�c�!vc~ � u�w � u � w>u�vcw>| � u���yAzby#�.x � �
� ~cw7��z ���.��~Gu � {e~j��w�"b�GuHu�ya{e~-�^� � zb�*uHzM�G��{cu � u � v9x � �!y#�.x �c�Gu�wU��x w#w>u���y>u��8u���y ��� ~c�Gu(v<zbw�wAzbvcvQx w#y
� ��� zb~cy#w>u��
�fz�y�" �>�Gu]{cugw>u��$z � zb�*u]vQu�~cy1��y#w>u � �!�]v � �L�<|�u]u���~cy#� � � � zb��y1~c�Gu`�8|�y#�Gx6{cu]{cugw>u��$z � zb�*u8zb~cy>x �_zM¡
y#�.��~Gu(v9u�w#�8u�y#yAzb�^y1{ � x }cy>u��c�!w�~c�GuHvcw>u��]�.��w>ugzbvcvcw>x$�6�!�_zby#�.x � {cu � z]vQx � �!y#�.x �Pw>u � zby#�!�*u`{cu � {cu�~e�
� ~cw7��z ��u � � ;��jv9x � �!y#�.x �c�Gu��8u��^yUv � ~ � vcw>|���� � {cu � {cu�~e� � ~cw7��z ��u � u � yUu�� � ~c�!y>u(w>|$z � � � |�u(�_zb�^~Gu �!� u�¡
�8u���y$�F�fuHw>u��$z � zb�*u_u � y1u � y#�!�8|`��x w#w>u���y � x w � �^~Gu ��� |�v<zb� �A� u�~cwZ{cugy#� �>� ~ � �8x ~ � u�� �>�<z �^~Gu`vQx �!��y
�$zbwAz ��y>|�w#� � y#�.�^~Gu(��x w#w>u � vQx �G{nzb~e����z � u�~cw � �8x � u��c�Gu � {c|��G�c�.u � {Gzb� �W� u � yAzb} � u � y>u �!� u � �^~Gu1��u �!� u �
w>u�vcw>| � u���y>|�u � �G��~cw>u � # ��� � %du�y # ��� � %��
� 1 9;$& �n< 1�� � x w � �^~Gu8�Gx ~ � z��*x � � {c|��G�c�=�Gx y#w>u_� � v9x y#�G� � uJ{cu8y#wAz$� zb� � �f�Gx ~ � z$�*x � �H� ~cvcvQx � |
��~Gu � u���w�"b�Gu�� �Q�!�G��x �c�^~ � �Gu�y � ud��w�"b�GuW{cudw>|��p|�w>u��G��uWx ��yY�av9u�~]vcw>� ��� u � �8���8u � �$zbwAz ��y>|�w#� � y#�.�^~Gu �
�8x w#vc�Gx � x ���.��~Gu � �c��x ~ �¤� ~cvcvQx � x � � {cx �G�U��~Gu 9 $�)d� , $ 3	= �8.?, $ 68. 0F+ ,%$ % 6�= � ,%$9$�)>� )>� 58)0=�,%$ / 5�� 6�=%$
� , $"? )0$ 5�L-,%$ 3�6'=%=�,%$h! 68. + 58. 0>$ 68. 0 + , $ 3�5�=�5 3 0��	=�)0$/0�)M@	� ,%$'3�6�� � �-.?, $���/W�G�_{cu���zbwAzb��y#�!w � z1��z � �.{e�!y>|
{cu;��u�y#y>uY��x �G{e�!y#�.x �]{Gzb� � y>x ~ �f� u � �$z � �[� �6� u�wAzW�G|���u �>� zb�!w>uY{cu;��x � � y#�!y#~Gu�w?~c�Gu;}<z � u;{cu;{cx �c�G|�u � {cu
�8x^{c� � u � {cu=w>|��B|�w>u��G��u�� �>�<z �^~Gu;�8x^{c� � uY��x w#w>u � vQx �G{Gzb��ym�d~c�QP¢y � v9u R=�8x w#vc�Gx � x ���.�^~GuYv<zbw#y#�.��~ � �.u�w
y>u �.� �^~Gu1��u�~e�&{c|���w#�!y � {Gzb� �d� u � yAzb} � u � # ��� � %¤u�y # ��� � %��

� 1 9;$& �n< 1p>C"@-8"3 #$7=,1 � ��x ��y#wAzb�!w>u��8u��^yZzb~e���8|�y#�Gx6{cu � vcw>|���|�{cu���y>u � �<�Gx y#w>u(zbvcvcw>x6�>�GuZ� � u � yWv<z �
}<z � |�u � ~cw;~c�J�$z � ��~ � {cu�{e� � yAzb�G��u � ��wAzb�c�.xb¡p�pz ����z � u � �_zb� � ~c�c�.��~Gu��8u��^y � ~cw ��� �Gx �8x � x ���.uUu���y#w>u � u � {cu�~e�
u�� � u��(} � u � {cu({cx �c�G|�u � �

� S 'QS�� � Z?� _b[�� Z�W Z\a�W ) �Vc �1c#W

, x ~cw � u � vcw>u��]�.u�w � u �>� zb� � �Q�Gx ~ � � � z$�*x � � vc~ {e� � vQx � u�wZ�^~Gu]{cu]{cu�~e�ju�� � u��H} � u � {cu`�8x6{c� � u �:9Q� u
vcw>u��]�.u�w`u�� � u��H} � u � 
�� 
 � 
[� � 
,���\��x � � y#�!y#~G|J{e~ ��w�"b�Gu ��
Hu�yH{e~K�^� � zb�*u � 
`{cx �!yH��y#w>u���x � � �.{c|�w>|
��x �]�8u � zHy>��y>uU{cx ��y � u��^� � zb�*uau � y¤�Hw>u���x � � y#w#~c�!w>u��Gz � x w � �^~Gu � u � u���x �G{&u�� � u��H} � uUw>u�vcw>| � u���y>u � zHy>��y>u
{cu&w>|��p|�w>u��G��u ��� ���N{c|$z � u��8u��^y$��� � zb~cwAzb�!y]��z �!� ~F�l{ � zbvcw>� � ��uR�^~c�Yvcw>|�����{cu��=��~Gu � u � ��w�"b�Gu � ��
]u�y ���
� x �.u���y¤vcw>x^�A�Gu � vc~c� � ��~Gu ��� u�� � u��H} � u1{cu�w>|��p|�w>u��G��ua��~c�.{cu ��� z � �*x w#�!y#�c�8uU{cuaw>u���x � � y#w#~G��y#�.x �:B ����{cu��6wAzb�!y
vcw>| � u���y>u�w={cu � �$zbwAz ��y>|�w#� � y#�.�^~Gu � ��x �]�H~c�Gu � u�ymzbvcv<zbw#y>u��c�!wm��w>x �>� �.��w>u��8u��^y;zb~e�H�8���8u � "b�*u�� � u��eu��bwAz ��u
u�y � yAzby#~cy¤�^~cy#w#�!y#�.x �c�Gu � �^~Gu � uU��w�"b�Gu
� 
 � �Y�.u��&�^~GuU��ua�Gu � x �!yYv<z �¤� uU�$z � 8 � 
 u � y¤~c���Gx �]�8u1u�y � �
~c�Gu��pu��]�8u�� � u � {cu�~e� � x �^yY{ � "b�*u � u��H} � zb} � u��_zb� � zbvcv<zbw>u��]�8u��^yW{cu � yAzby#~cyY��~cy#w#�!y#�.x �c�Gu � {e���E|�w>u���y 8
u�y;{cud��z���x �J�Z|���z � ~Gu�w � zU�8|�y#�Gx6{cu��*�Gx ~ � z��*x � � ��x � � y#w#~c�!y;~c�8�8x^{c� � u ��� �Uv<zbw#y#�!wY{cu � �d� � u � y7¡N�M¡¢{e�!w>u
��� '  4) � � + z$�*u��& y>u �!� u`��~Gu�� 
 '  4)*��� + �h�Fu � ~G����� � {cu � z_w>u���x � � y#w#~G��y#�.x ��vQu�~cya��y#w>ug|�� z � ~G|Hv<zbw
� z`��x �]v<zbwAzb� � x �-{e~n�8x6{c� � u1vcw>x vQx � | ��� z��*u�� � u1vcw>xb� � w>|�u � {e~n�6� � zb�*u � 
[�

�fzK�G��~cw>u # ���!� � %J�8x ��y#w>u � zKw>u���x � � y#w#~G��y#�.x � {e~ �6� � zb�*u�u�y � u-�6� � zb�*u�x w#�!���!�<z � �d� � u��e� � y>uj}c�.u��
u��^y>u��G{e~H{cu � {e���Q|�w>u��G��u � �!�]v9x w#yAzb�^y>u � �$�_zb� � u �!� u �F�$� u��ev � �.��~Gu��^y\u��1v<zbw#y#�.umv<zbw � zY��wAzb�G{cu={e� �>� u��H} � zb�G��u
{e~P�8x^{c� � u1{cu1w>|��p|�w>u��G��u(z$�*u�� � u1��w�"b�Gu1�!�G��x �c�^~F�
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�Fu � w>| � ~ � yAzby � �^~Gud�Gx ~ � vcw>| � u���y>x � � �.���<~cy#� � � � u��^y;{cu�~e�]�Gx ~c�*u$zb~e� E7u�~e�8{cuW{cx �c�G|�u � ���Fu�vcw>x y>x^��x � u
{ � z ����~c� � �!y#�.x �`u � y?{e���Q|�w>u��^yl{cu;��u � ~c�ez � zb��ylvQu�w#�]� � { � x }cy>u��c�!w � u � �!�_zb�*u � {cu�� 
 u�y � � �A ��gv<zbw#y#�.��~ � �.u�w$�
� u�~ � u � z&v<zbw#y#�.uJ{e~��_z � �^~Gu`��z ����z � zR|�y>|8w>|$z � � � |�u��F{cu8�8���8u8�^~Gu � u�~ � u_~c�Gu]v<zbw#y#�.u_{e~K��w�"b�GuJzR|�y>|
� �$zb�c�G|�u��ltYuJvcw>x y>x6��x � u_v<zbw#y#�.��~ � �.u�w`��zRvQu�w#�8u�y#y#w>u�{cu_�*x �!wg��x �]�8u��^y]� � u � yHv9x �A� �!} � u_{ � ~cy#� � � � u�w]{cu �
{cx �c�G|�u � y#w>� � {e���E|�w>u���y>u � {Gzb� �d� z`�8|�y#�Gx6{cu��

��x ~ � vcw>| � u���y>x � ��� u � w>| � ~ � yAzby � vcw>| � �!�]�!�<zb�!w>u � {cu-{cu�~e�
u�� � u��(} � u � {cun{cx �c�G|�u � vcw>x$�*u��<zb��yR{cu
{cu�~e�J��w�"b�Gu �¤� u�� � u�y¤{cu�{cu�~e�8�8x ~ � zb�*u � ��z ����zb~e�E���Fu�w>u��$z � zb�*uU��w�"b�Gu 4M�^� � zb�*u1z(|�y>|�w>|$z � � � |��^�_zb� � z��*u��
{cu � vcw>x } � ���8u � {e~ � zb~e� {e���Q|�w>u��^y � {cu���w>| � { � x ~c�*u�w#y#~cw>uJ{e~ �_zb�G{e�!}c~ � u�� C u`v � ~ � � � u � {cu�~e�j�6� � zb�*u �
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