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&)2�Bl(/.?(/,Ic);�6APW03M5&U<l;?6AN1QSQS(/<=,AN�2?J <A&G(qH70W6=<=,-03X~4G<A0325C�J\4)C)8�<A0325Cu0W6�2?X76=(/,-.?(IH�`�rzCT2?,:HG(/,n<=2��14);?CU<A03JfN
<A&70W6�;?6=NVQSQ�(/<=,-N?ci<A&G(�H)0L6=<=,-03X74)<A0325C�Jf4)C78�<A0325C"0W6TH)03.V0WHG(IH#0WCU<=2m<sB�2�*7;�,A<A6Ici25CG(�8�25CU<A;?0WC)0WC)Mm;?PWP
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HG(IC)6-03<�N H)0W6=<=,-0WX74G<A0325C ; X 8
��Amð�� P3(/Jb</cE'GFg���yòSo1QTõw& ���yò1�Ò� �w�5�V�Ïó�ô �)����ô?�

P3(/Jb</cE'GHg���yòSo1QTõw& ���yò1�Ò� ó��?�1��ô?� �)�������
QS0WH)H)PW(?c?'IFg�I�?ô�oVQTõw& �I�?ô1�Ò� ���?�V���V� �?ð1�Á�yò
QS0WH)H)PW(?c?'IHg�I�?ô�oVQTõw& �I�?ô1�Ò� ð?ð?ò1�Ïóp� �?ô1�W�I�
,-03M5&U</c78/;�,-6 �?�I�1�W�/� �y�w�G���?� �5�V�Á�5�
,-03M5&U</c)<=,-4)8-o16 �?ô1��ð?ð �?�1�Á�?� ò?ð1�Ïów�

ðJA��/�C� P3(/Jb< �I�?ô1��ô �Uó?óU���w� �?�1��ô?�
QS0WH)H)PW(?cV8/;�,:6 �?�I�1�Ïó�ð �5�G����ð�� �5óU���5ó
QS0WH)H)PW(?c1<=,:4)8AoV6 ô��V���5ó �?�1�W�/� �?�I�1���5ó
,-03M5&U</c78/;�,-6 �/�5ò1���w� �yò?ò1�Ò�5ò ���V��ô?ð
,-03M5&U</c)<=,-4)8-o16 �?ò1��ðV� �V���Ïó�� �I�1��ò?ô

%�;�X7P3(R�1`W��ì ë 03<O*7;�,-;?QS(/<=(/,-6O2?JR<A&G(E.?(IP32V8/03<�N"H70W6=<=,-03X~4G<A0325C#0WCµJb,-(/(��)2pB>`��96OZ)<TJf47C)8�<A0325Cµ<A&G(
³@;?4)6A6A0W;?C�K���'V� ��(��1* ��A+��'LA�MG� ) ./N/�7.PO@Bl;?694)6=(IH�`

*7;�,-<A6';�,A(>0WCj;�M?,A(/(IQS(ICy<qBD03<A&jH)03�t(/,A(ICU<D³F;?4)6A6-0W;?C]H)0W6A<=,-03X74G<A0W25C)6q� ë 03MG`t�1`��5�:`
%'&)(jJb2?,-Q 2?JF<A&G(�H)0L6=<=,-03X74)<A0325CmJ\4)C)8�<A0W25C#25C�<A&G(EQS0WH)H7P3(j;?C)H#25C�<A&)(e,-03M5&U<�PW;?C)(]0W6�H)03�t(/,A(ICU<
Xd(I8/;?4)6=(9<A&G(/NS8/;?COXd(D4)6=(IHTXUN�<=,:4)8AoV6/`�%'&G(9<=,-4)8-o16lP3(I;?HT<=2$;+6=(I8�25C)HuQS;w�G0WQ+47Q 2?J�<A&G(q.?(IP32V8/03<�N
H)0L6=<=,-03X74)<A0325C�` ë 2?,n<A&G(I6A(FPL;?CG(I6/c1<A&G(9.?(IPW218/03<sN�H)0W6A<=,-03X74G<A0W25C�8/;?CuXt(9.10W(/B�(IHO;?6n;$6-4G*d(/,A*d256A03<A0325C�2?J
;Q�=8/;�,*�?;?C)H[;Q�z<=,:4)8Ao���.?(IPW218/03<sNeH)0W6A<=,-03X74G<A0W25C�cVXt2?<A&�2?J�³F;?4)6-6A0W;?C]Jf2?,-Q 0WC]<A&)(+HG(IC)6-03<�N]0WCU<=(/,A.�;?P
ð�A!�/�C�O` ë 2?,�PW2�Bl(/,SHG(IC)6A03<A0W(I6/c};�M5;?0WC�cK;[6APW0WM5&y<�;?6=NVQSQ�(/<=,AN�2?JD<A&G(jH)0W6A<=,-03X74G<A0W25CkJf47C)8�<A0325C�0W6
2?X76A(/,A.?(IH�` ë 2?,�;?C+2�.?(/,-.103(/BRc?<A&G(K*7;�,:;?Q�(/<=(/,-6�2?JG<A&G(�H70W6=<=,-03X~4G<A0325C)6d;�,A(n6A4)QSQ�;�,-03�/(IH>0WCR<A;�X7P3(n�1`W��`
rzC[<A&G(S*),-(I6=(IC)8�(�2?Ji;]6=*d(/(IHkPW0WQ�03<@03<@Bl;?6>Jb254)C7Hk<A&);�<><A&G(SC)(/M5PW03M503X7PW(+.?(I&)0L8/P3(S0WCU<=(/,-;?8�<A0325C)6+;�,A(
25CG(�2?J�<A&)(�Q�;?0WC[8-&);�,-;?8�<=(/,:0W6=<A0W8/6F2?J�Jb,A(/(��)2pB <=,-;�_�8]���?�/���|`>rzC[8�25Cy<=,:;?6=</ch<A&G(�.?(IP32V8/03<�NU{�HG(IC)6-03<�N
,A(IPL;�<A0325C)6A&)0W*O0WC ë 03MG`7�1`Á��8/PW(I;�,-P3NTH)(/.10W;�<=(I6'Jb,A25Q´;�8�25C76=<A;?Cy<D.w;?PW4)(?`�%'&)0W6lJ\;?8�<D8/;?CjXd(F(��1*7PL;?0WCG(IH
X1Nk<A&G(T;�X~6=(IC)8�(O2?JD;e6=*d(/(IH�PW0WQS0W</` � P32�B¨.?(I&)0W8/P3(I6$;�,A(T,A(I6=*d25C)6A03X~P3(�Jb2?,$<A&G(OHG(I8�,A(IQ�(ICU<+2?JD<A&G(
Q�(I;?C�.?(IP32V8/03<�NmBD03<A&m0LC)8�,A(I;?6A0WC)M�HG(IC)6-03<�N?`E%'&G(T;�.?(/,-;�M?(j.?(IP32V8/03<�N�HG(I8�,A(I;?6=(I6�PW0WC)(I;�,-P3N[BD03<A&m<A&G(
2V8/8/4G*7;?C)8�N ��'SR �Iò��V�����5òIT �V�Á�y�?�w��A��f�G�Á�?�5�5�?òUT°�V�W�?�Iò?ô5�2V/OWO/��;?C)H
8�25C76=(I�U4)(ICy<AP3Nµ<A&G(k�)2pB
�14);?HG,-;�<A0L8/;?PWP3N?c�%XR ð1�Ò�5�V�I�?ôLT��G���?�w��Y��É�?ò?�1��ðw�y��T
�1�W��ó?ó?�2V/OWOZA¶�Éô1��ðw�Uóp�y�LT��V���?�5ó?ó?�2V/OWO ) `[rzC
8�25CU<=,-;?6=</c'�14G(I4)0WC)ME<A&)(/2?,AN#*),A(IH)0L8�<A6�Jb2?,O;m�Eõ?³Rõ��m�14G(I4)0WC)Mv6=N16A<=(IQ <A&);�<O&);?6�<=2mXd(];�*)*~PW03(IH
Jf2?,$;e<A&G,A(/(�{�PW;?C)(T&)03M5&UBn;INµ�Áô5óp�n;��14);?HG,:;�<A0W8S,A(IPL;�<A0325C)6A&)0W*kXt(/<sB�(/(IC�HG(IC76A03<�Nk;?C)H�.?(IP32V8/03<�N�;?C)H
;�8/4GX70W8],A(IPW;�<A0325C)6-&)03*�Xd(/<�Bl(/(IC
HG(IC)6-03<�N�;?C)Hµ�)2pB>c',A(I6=*d(I8�<A03.?(IPWN?` ë 2?,j<sB�2�{�PW;?C)([&703M5&yBn;INV6[�\;
�[õ?³>õ1���U4)(I4)0WCGMS6=NV6=<=(IQT�:cd<A&G(+.?(IP32V8/03<�Ne0L6'(��V*t(I8�<=(IHE<=2uHG(/*d(IC)H]PW0LCG(I;�,-P3NO25Ce<A&)($HG(IC76A03<�N?`9%'&G(
H)0L6A8�,A(/*7;?C)8�NqXd(/<�Bl(/(IC+�14G(I4)0LCGMi<A&G(/2?,AN>;?C)H>(IQ�*703,-0L8/;?P5H);�<A;DQ�;IN>0WC)H70W8/;�<=(}<A&);�<^(I0W<A&G(/,^<A&G(�<A&G(/2?,AN
0W6�CG2?<�;�*)*),-2?*),-0W;�<=(]2?,T<A&);�<�<A&)(e<A&G,A(/(�PW;?CG(I6�;�,-(�CG2?<�&)25Q�2?M?(ICG(/254)6APWN�8�254)*7P3(IH�`�%'&G(ePL;�<=<=(/,
*d250WCU<}2?Jd.103(/BY0W6�6A4)*)*d2?,A<=(IH�XUN�;+8�2?,A,A(IPW;�<A0325CT;?C);?P3NV6A0W6}2?Jd<A&G(9H)0��d(/,A(ICy<�PW;?CG(I6/c16A&G2�B90WCGM@<A&);�<�<A&G(
8�254G*~PW0WCGMFXd(/<�Bl(/(IC�P3(/Jf<K;?C)H�QS0WH)H)PW(lPW;?C)('0W6�Q$4)8-&T6=<=,A25CGM?(/,�<A&);?CSXd(/<�Bl(/(ICS<A&)(',-03M5&U<�;?C)HSQS0LH)H)P3(
PW;?C)(?`Kr�<'B�2547PWHjXd(R0WCU<=(/,A(I6=<A0WC)M�<=2�*7;�,-;?QS(/<=(/,-03�/(><A&G(+*7;�,A<A0W;?P^HG(I8�254G*7PW0LCGM�2?J�<A&)(>,-03M5&U<DPW;?CG(+;?C)H
<=2�6A<A4)HGN�<A&)(RQ�2VH)03Z)(IHu�14G(I4)0WCGM�<A&G(/2?,-N?`
%'&)(v.?(IP32V8/03<�NU{�&G(I;?HGBn;IN!8/4),A.?(�0WPLPW4)6=<=,-;�<=(I6u<A&)(m.?(IP32V8/03<�Ng;?H��=4)6A<AQ�(ICy<e2?J�<A&G(m.?(I&)0L8/P3(I6]25C!<A&G(
H)0L6=<A;?C)8�(�{�&G(I;?HGBn;IN?` � 0WC)8�(T8/;�,-6+8/;?C�Q�2p.?(OJf,A(/(IP3N?cx<A&G(T.?(IP32V8/03<�Nv6A;�<A4),-;�<=(I6$(/.?(IC�Jf2?,�6AQS;?PWP�H70W6z{
<A;?C)8�(I6I`q�92�Bl(/.?(/,IchBD0W<A&e0WC)8�,-(I;?6A0WCGMT.?(I&)0W8/P3($0WCy<=(/,:;?8�<A0325CE<A&G($;?6AN1Q�*7<=2?<A0W8R.�;?PW4G(+2?J�<A&G($.?(IP32V8/03<�N
HG(I8�,-(I;?6=(I6+� ë 03MG`~�1`Á�U�:`
%'&)(@.?(I&)0W8/P3(R0LCy<=(/,-;?8�<A0W25C)6/c7;?P3<A&)254GM5&].V0W6A03X~P3(q0LCj<A&G(>J\4)C)H);?QS(ICy<A;?PhH70W;�M?,-;?Qjc7;�,-(R.?(/,ANj6AQS;?PLPÉ`KrzC
ë 03MG`G�1`�ð+<A&G(q;?4)<=218�2?,A,-(IPW;�<A0325C[�\6=(/(@;�*)*d(IC)H)0����F�K2?Jh<A&)(925CG(�{�Q�0WCU4)<=(9;I.?(/,:;�M?(I6'2?Jh<A&G(q.?(IP32V8/03<�NT0W6
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²D03M5&U</ìGcnPW476=<=(/,+P3(IC)M?<A&�H)0L6=<=,-03X74)<A0325Ck0WCv<A&)(TJf,A(/(O�)2�B¨,A(/M50WQ�(OJf2?,$H)03�t(/,A(ICU<R<A0LQ�(�{
&G(I;?HGBn;INV6D;�<DH)(/<=(I8�<=2?,q¡��@25Ce<A&G(>�q��25Cj<A&G(R����{s�?�p{s���?�?�O25C]<A&)(>P3(/Jb<'PL;?CG(?`

� ë 03MG`^�1`�ð5�@,A(/.?(I;?PW6>8�2?,A,-(IPW;�<A0325C)6@25Cv.?(/,ANk6A&G2?,A<@<A0WQS(�{�6A8/;?P3(I6/`Sí 03o?(�<A&G(SQS0WC14G<=(�{�;�.?(/,-;�M?(IH�H7;�<A;Vc
<A&G($6A0WCGM5PW(�{|.?(I&)0W8/P3(>H);�<A;TBl(/,A(+HG(/<=,-(IC)HG(IH�<=2�(IPW0WQ�0WC);�<=(RH);?0LP3NT.�;�,-0W;�<A0W25C)6/`'±92�B>ct<A&G(+;?4)<=218�2?,A,-(�{
PW;�<A0W25CuJf4)C78�<A0325Cu0W6'CG2?<i<A0WQS(�{�HG(/*d(IC)HG(ICU<lX~4G<iHG(/*d(IC)H)6l25Cj<A&G(>C14)Q+Xt(/,i2?J�.?(I&)0W8/PW(I6/`�%'&G(>6=<=,-25CGM
8�2?,A,-(IPW;�<A0325C)6D25C�6A&)2?,A<'<A0WQ�(�{�6-8/;?P3(I698/;?C�Xd(R;�<=<=,-03X~4G<=(IH]<=2u6AQS;?PWPh*7PW;�<=2125C)6'2?J�8/;�,-6qHG,-0W.10WC)M$B903<A&
CG(I;�,:P3NS<A&G(>6A;?QS(>6=*d(/(IHTX~4G<nBD03<A&O.?(/,ANu6AQS;?PWPd&G(I;?HGBn;INV6+���?�/�?�|`K%'&G(F*7PW;�<=2125C)6i;�,A(>;?PL6=2�,A(I6=*d25CV{
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H)03�t(/,A(ICU<jPW;?CG(I6j0W6jC)(/M5PW03M503X7PW(?`��92�Bl(/.?(/,Ic@<A&)0W6u,A(I6-4)P3<j0W6j8�25CU<=,-;?6=<=(IHgX1NY<A&G(v;?C);?P3NV6A0W6O2?J$<A&G(
.?(IP32V8/03<sNk<A0WQ�(�{�6=(/,-0W(I6/`]rzC ë 03MG`}�1`��e0W6+HG(/*70W8�<=(IH�<A&G(O8�,A256A6z{�8�2?,A,-(IPW;�<A0325C�Xd(/<�Bl(/(IC�<A&)(THG(/<=,A(IC7HG(IH

�?�



ÞhßWÞgxzy^ü^æ�ÿ^åwù~ü�ä�{5û1é�ê�åpç)þ�æ

0 5 10 15 20

τ [min]

0

0.2

0.4

0.6

0.8

c v 
v (

τ)

left-middle
left-right
middle-right

ë 03M54),A(R�1`��1ì|cl,A256-6z{�8�2?,A,A(IPW;�<A0W25C�Xd(/<�Bl(/(ICT<A&G(9QS0LCU4G<=(9;I.?(/,-;�M?(IHj.?(IPW218/03<A0W(I6�25CT<A&G(D<A&G,-(/(9PW;?CG(I6K25C
<A&G(S����{s�?�p{s���?�?�E;�<>HG(/<=(I8�<=2?,R¡���25C[<A&G(��F�1`+±92?<=(?c^<A&);�<F<A&G(�.?(IP32V8/03<�NE<A0WQ�(�{�6A(/,-03(I6
Bn;?6DHG(/<=,A(IC7HG(IHjX1NO;SPL0WCG(I;�,nZ)</`

;�.?(/,-;�M?(S.?(IP32V8/03<A03(I6F25CkPL;?CG(Z}';?C7HkPW;?CG(�~G` @ XU.V03254)6APWN?ct<A&)(/,A(�;�,A(�6=<=,A25CGMj8�2?,A,A(IPL;�<A0325C)6FXd(/<�Bl(/(IC
<A&)(uPL;?CG(I6/cK(I6A*t(I8/0L;?PWP3NmCG(I0WM5&yXd2?,-0WC)M�PW;?CG(I6�;�,-(]Q�2?,A(]8�2?,A,A(IPL;�<=(IH#<A&);?C�<A&G(]P3(/Jf<�BD03<A&�<A&G(j,-0WM5&y<
PL;?CG(?`kí^;?CG(j8-&7;?CGM?(I6SP3(I;?H�<=2k;[6=<=,A25CGM[8�254G*7PW0LCGMeXd(/<�Bl(/(IC�<A&G(jPW;?CG(I6$BD&70WP3(S<A&G(u,-0WM5&y<�PW;?CG(u0W6
6A25Q�(I&G2�B�HG(I8�254G*~P3(IHkJf,A25Q <A&)(S2?<A&G(/,$<�Bl2Gc�H)4G(S<=2�<A&G(TPW;�,-M?(T;?Q�254)CU<R2?Ji<=,:4)8AoV6/`j%'&G(I6=(OPW;?CG(
8:&);?CGM?(I6';�,-(qJf2?,-8�(IHjX1N�<A&)(F;�X~6=(IC)8�(@2?J ;�6=*d(/(IHjPW0LQS03<K<A&7;�<nQ�;INO(��1*7PL;?0WC�<A&)(>H)0��d(/,A(IC)8�(I6l<=2�<A&G(
,-(I6A4)P3<A6R2?J$���?�/���nBD&G(/,A(u;E6=*d(/(IH�PW0LQS03<>Bn;?6�0WCm(��d(I8�</`v�q6+;E,A(I6A47P3</c}H);?0WP3N[�74)8�<A47;�<A0325C)6+2?J'<A&G(
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8/;?C
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rzCu8�25Cy<=,:;?6=<'<=2�Jb,-(/(@�)2�B>cV<A&G(@<A0LQ�(�{�&G(I;?HGBn;INuH)0W6=<=,:03X74G<A0325C�6A&G2�B96i;$C)25CV{|<=,-03.V0W;?PtHG(/*d(IC)HG(IC)8�(q25C
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Xd(�Jf254)C)HE25C[<A&G(SP3(/Jf<@PW;?CG(�,-;�<A&G(/,@<A&);?Cv25C[<A&G(�,-03M5&U<@PW;?CG(?`+%D&)0W6F6=*d(I8/0W;?P�2?X76=(/,A.�;�<A0325Ck8/;?CkXd(
(��V*7PW;?0LCG(IHSX1NS<A&G(FP3(/M5;?P~,A(I6=<=,-0W8�<A0W25C)6K2?J &)03M5&UBl;�NS<=,-;�_�8F0WCu³q(/,-QS;?CUN?` � 0WC78�(D<A&G(FP3(/Jf<lPW;?C)(90W6�<A&G(
H)(I6A03M5C);�<=(IH�Jf;?6A<9PW;?CG(?ct.?(I&)0W8/PW(I6DQ$4)6=<FHG,-03.?(>25C�<A&G(+,-03M5&U<9PW;?CG(+BD&G(/,A(+2�.?(/,A<A;�oV0WCGMu0W69Jb2?,-X70WH)HG(ICh`
�q6};@8�25C)6=(I�14G(IC)8�(?cU;�<�PW;�,AM?(/,�HG(IC)6-03<A03(I6/c?8/;�,-6}o?(/(/*�25C�Q�2�.V0WCGMF25C�<A&G(iP3(/Jf<}PW;?CG(i0WC$2?,-HG(/,}<=2>;�.?250WH
Xd(I0WC)M9<=,-;�*7*t(IH�Xd(I&)0LC)H+;@6-P32�B"8/;�,K25C�<A&G(i,-03M5&U<�PW;?CG(?`x%'&14)6/cyQS2?,A(';?C)H�Q�2?,A(i�72�B"8/;?C�Xd(iJf254)C)H
25C�<A&G(�P3(/Jf<D,-;�<A&G(/,F<A&);?C�25C�<A&G(+,:03M5&y<qPW;?CG(?`q%'&)0W6DXt(I&7;I.V032?,90W6q8�25CU<=,-;?6=<=(IH[X1Nj2?X76=(/,A.�;�<A0325C)6925C
�qQ�(/,-0L8/;?CjJb,-(/(/Bl;�N16$����ó1c~�?ôw�|`
rzC ë 03MG` �1`W�Iò1c�<A&G(�H)0L6=<=,-03X74)<A0325Ce2?Jl<A&G(S�72�B 25Ck<A&)(S<A&G,A(/(SPW;?C)(I6>;I.?(/,-;�M?(IH�Jf2?,R<A&G(�BD&)25P3(SH);�<A;
6A(/<S2?J9<A&)(e�q�[0L6SHG(/*70W8�<=(IHh`#r�C#8�25CU<=,-;?6=<T<=2v2?X76=(/,A.�;�<A0325C)6S2?J9<sB�2�{�PW;?C)(e<=,-;�_�8�cn0WC�<A&G,-(/(�{�PW;?CG(
<=,:;�_�8F<A&G,A(/(R0LCy.?(/,-6-0325CO*t250LCy<A6i;�,A(R.10W6-03X7P3(?`x�n<D;��)2pBg2?J};�Xt254)<>�/�?�?��.?(I&~õw&�c)<A&)(@B�(I03M5&U<'2?J�<A&G(
H70W6=<=,-03X~4G<A0325C[0W6R6-&)03Jf<=(IHvJf,A25Q <A&)(�,-03M5&U<R<=2E<A&G(OQS0WH)H)PW(SPW;?CG(?`e�n<�;]<=2?<A;?Pl�)2pB�2?JD;�Xd254G<��?ð��?�
.?(I&tõw&�cG<A&G(@6=(I8�25C)Hj0WCU.?(/,-6A0W25CT*d250WCU<n0W6l,A(I;?8-&G(IHhc7;?C)HuQ�2?,A(F�)2pB!8/;?CuXd(qJf254)C)HT25Cu<A&G(>P3(/Jf<n<A&);?C
25Ce<A&G(R,:03M5&y<9PW;?CG(?` ë 0LC);?PWP3N?c7;�<9�)2�B96DPW;�,AM?(/,q<A&);?CE�?ð��?��.?(I&~õw&hc7<A&G($6A&);�,A(>2?J}<A&)(R�)2pB¶0W69PW;�,AM?(/,
25C]<A&G(RP3(/Jf<i<A&);?Cj(/.?(ICe25Cj<A&G(RQS0LH)H)P3(FPW;?CG(?`
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ë 03M54G,-(@�1`W��óUìdíh(/Jf</ì'¡F0W6=<=,-0WX74G<A0325Cu2?J�<A&)(R<=2?<A;?Px2V8/8/4G*7;?C)8�Nj25C�<A&G($<A&G,A(/(+PL;?CG(I6/`9%D&G(+H);�<A;TBl(/,A(
6AQ�212?<A&G(IH�X1NY;�,:4)C)C)0WC)M�;I.?(/,:;�M?(?` ²D0WM5&y</ì�¡F0W6=<=,:03X74G<A0325Cµ2?J$<A&G(k<=2?<A;?PR6=*~;�<A0W;?P
HG(IC)6-03<�NT25Cj<A&G(><A&G,-(/(RPW;?CG(I6/`

rzCµ8�25CU<=,-;?6=<j<=2�<A&G([�)2pB H)0W6=<=,:03X74G<A0325Chc�<A&G(kH)0L6=<=,-03X74)<A0325C#2?J><A&G([<=2?<A;?PF2V8/8/4G*7;?C)8�NY6A&G2pBD6uCG2
0WCU.?(/,-6A0W25C>*d250WCU<A6/` �q6xQ�(ICy<A0W25CG(IH$Xt(/Jf2?,A(?c�<A&G(l<=,-;?C)6A0W<A0325C)6 Jb,A25Q¶Jf,A(/(��72�B�<=2F(I03<A&G(/,x6=N1C78-&G,A25C703�/(IH
<=,-;�_T8@2?,'BD0WH)(K�A;?QS6'0L6';?8/8�25Q�*7;?C)0W(IHjXUNj;?C];?PL03M5C)Q�(ICU<i2?Jx<A&G(>HG(IC)6A0W<�Nu;?6D6A&G2pBDCj0WC ë 03MG`7�1`W��óU`
²903M5&y<uXd(/Jf2?,A(�<A&)(E<=,:;?C)6A03<A0325ChcD<A&G(kHG(IC)6-03<�N"0L6T(/.?(IC7P3NµH)0L6=<=,-03X74)<=(IH"25C�<A&G([<A&G,-(/([PL;?CG(I6/` ë 2?,
;?PWPiH)(IC)6A03<A03(I6�<A&)(/,A(e0W6S;mCG(/M5;�<A03.?(eHG(IC76A03<�N�M?,-;?H)0W(ICy<SJf,A25Q <A&)(],-03M5&U<�<=2v<A&G(ePW(/Jb<�PL;?CG(?`���03<A&
0WC78�,A(I;?6A0WCGMuHG(IC)6-03<�N?ch<A&)(SH)0��d(/,A(IC)8�(�Xd(/<�Bl(/(ICv<A&G(SPW;?C)(I6@HG(I8�,A(I;?6=(I6/c X74G<@<A&G(/,-(S;�,A(SCG2]HG(IC)6-03<A03(I6
BD&)(/,A(R<A&G(/,-($;�,A(�Q�2?,A($.?(I&)0W8/PW(I6D25CE<A&G(�P3(/Jf<D<A&);?CE25C�<A&G(+,:03M5&y<FPW;?CG(?`q�D2pB�(/.?(/,�c^;?6FQ�(ICy<A0W25CG(IH
0WC�6=(I8�<A0325C#�1`W��c}2V8/8/4G*7;?C)8�NvM50W.?(I6+<A&)(T*d(/,-8�(ICU<A;�M?(u2?J'<A&G(uQ�(I;?6A4G,A(IQS(ICy<$<A0WQ�(T<A&G(OH)(/<=(I8�<=2?,S0W6
8�2p.?(/,A(IHSX1N+.?(I&70W8/P3(I6/`}%'&G(/,-(/Jb2?,A(?cy<A&G('6AP32pB�(/,�<A&)(i.?(I&)0W8/P3(I6/cy<A&G('PW;�,AM?(/,�<A&)(i218/8/4G*~;?C)8�N$6-0WC)8�(i6AP32pB
.?(I&)0L8/P3(I6n218/8/4)*UNO<A&G(>HG(/<=(I8�<=2?,qJb2?,9;�P325CGM?(/,'<A0WQS(q<A&7;?CjJf;?6A<'.?(I&)0W8/P3(I6I`}r�Cu2?,-H)(/,i<=2S(I6=<A0WQS;�<=(R<A&G(
6=*~;�<A0W;?PGHG(IC)6A0W<�N?cy03<�0L6}CG(I8�(I6A6A;�,AN�<=2>Q�(I;?6-4G,A('<A&G('QS(I;?CSP3(ICGM?<A&�2?Jt<A&G('.?(I&70W8/P3(I6x25C�<A&G(90WC)H)03.V0WH)47;?P
PW;?C)(I6/`��Y03<A&[<A&)(S.w;?PL4G(I6�½�¾À¿�Á ´ ���G���?ðjQjc�½ u_ÂÀÃWÃ ¾À¿����G��ð5ójQñ;?C)H�½�Ä ÂÀÅ7Æ ´ �¨�1���jQñ<A&G(SHG(IC76A03<�N
8/;?CjXd(>8/;?PW8/47PW;�<=(IHj.V0W;�(I�U47;�<A0325Cm�É�1`�ô5�:`
�q6l25CG(q8/;?Cj6A(/(F0LC ë 03MG`G�1`W��óUcG<A&G(/,A(@0W6l0WC)HG(/(IHO;�PW;?CG(�{�4)6-;�M?(q0WCU.?(/,-6A0W25C�`}�n<nH)(IC)6A03<A03(I6�Bl(IPWP7Xd(IP32pB
;@8�(/,A<A;?0LC�*t250LCy</c5Q�2?,-(i.?(I&)0W8/P3(I6};�,A(i25CS<A&G('P3(/Jf<�<A&7;?C�25C�<A&G(i,-03M5&U<};?C)H�<A&G(iQS0LH)H)P3(nPW;?CG(?c5P3(I;?H70WCGM
<=2E;]CG(/M5;�<A03.?(O�)2�B�M?,-;?H)03(ICU<>Jf,A25Q PW(/Jb<><=2�,-03M5&U</`TrzCv;?H)H703<A0325C�ch<A&)(T8�,A256A6={|2�.?(/,�2?Jn<A&G(THG(IC76A03<�N
H)0L6=<=,-03X74)<A0325C[218/8/4),-6�;?C);?P32?M?254)6APWNv<=2[<A&G(u�)2�B´H)0W6A<=,-03X74G<A0W25Cv;�<�<A&G,A(/(j0WCU.?(/,-6A0325C�*d250WCy<A6I`E�q6�;
8�25C)6A(I�U4G(IC78�(R2?Jx<A&G(+PL;�,AM?(R;?Q�254)CU<D2?J}<=,:4)8AoV6'25Ce<A&G(R,-0WM5&y<DPL;?CG(?c)<A&G($P3(/Jb<9;?C)H]<A&G($QS0WH)H7P3(@PW;?CG(
6A&)2�B CG(I;�,-P3Nu<A&G($6A;?Q�(�PW;?CG(>2V8/8/4G*7;?C)8�NjB9&)0W8-&�0W6D8�25C76A0WHG(/,-;�X~P3NOPL;�,AM?(/,q8�25QS*7;�,A(IH�<=2T<A&G($,-03M5&U<
PW;?C)(?`l%'&70W6iJ\;?8�<q0W6D;?CG2?<A&G(/,F0WC)H)0W8/;�<A0W25CuJb2?,q<A&G(+H)(I8�254G*7PW0WC)M$2?J}<A&)(R,-03M5&U<'Jf,A25Q�<A&)(+P3(/Jf<D;?C)He<A&G(
QS0LH)H)P3(FPW;?CG(?`
%'&14)6/c�<A&G('PL;?CG(i4)6A;�M?('0WCU.?(/,-6A0325C�8/;?C�25C�25CG('&7;?C)H$Xt(n<=,-;?8�(IHSX7;?8Ao$<=2>H)0��d(/,A(IC)8�(I6�2?Jt<A&G(i;I.?(/,-;�M?(
.?(IP32V8/03<sNEXd(/<sB�(/(IC�<A&G(TPL;?CG(I6><A&);�<$P3(I;?Hk<=2EPW;�,AM?(/,$�)2�BD6RJb,-25Q ,-03M5&U<><=2EP3(/Jb</c�;?C)Hv25Cm<A&G(�2?<A&)(/,
&);?C7Hv<=2[;?C�;?6=NVQSQ�(/<=,:0W8�H)0L6=<=,-03X74)<A0325CE2?J'<A&G(�.?(I&70W8/P3(I6+25Cm<A&G(OPW;?CG(I6u�f<A&G(O�)2�B�0WCU.?(/,-6A0325C�8/;?C
;?PW6A2�Xt(@2?X~6=(/,A.?(IHj25C]&703M5&yBn;INV6'B903<A&j6=*d(/(IHjPW0WQS0W<:�:`

�5�
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%D&G($;?C7;?P3N16-0W6D2?J�6A0WCGM5P3(�{|.?(I&70W8/P3($<=,-;�_�8�H);�<A;uP3(I;?H)6q<=2j;uQ�2?,A($(IPW;�Xd2?,-;�<=(IHkQS0W8�,A256-8�2?*70W8>*~0W8�<A4G,A(
2?J�&)03M5&UBl;�NS<=,-;�_�8�`Kr�CO<A&G(FJf,A(/(9�72�Bg6=<A;�<=(?c78�2?,-,A(IPW;�<A0325C)6lXd(/<�Bl(/(ICu<A&G(F.?(I&)0W8/PW(I6l;�,-(q25C7P3NS.V0W6A03X7PW(
25CE6A8/;?P3(I6q6AQS;?PLP3(/,'<A&);?Ce25CG($Q�0WCU4)<=(?`n%D&G(R8�2?,A,A(IPL;�<A0325C)69,A(I6A4)P3<iJf,A25Q *7PW;�<=2125C)6/ct0É`Á(?`3c~8/PW476=<=(/,-6'2?J
8/;�,:6�HG,-03.V0WCGM9X74)Q�*d(/,={|<=2�{|X~4)Q�*d(/, B903<A&$.?(/,AN$6-QS;?PWP1<A0WQ�(�{�&G(I;?H)Bl;�N16/`}��03<A&)0LC+<A&)(I6=('8/PW4)6=<=(/,:6/c?<A&G(
.?(I&70W8/P3(I6i;�,A(RH),-03.V0WCGMRB903<A&jCG(I;�,-P3NT<A&G(>6A;?Q�(R.?(IP3218/0W<�N?c7P3(I;?H70WCGM�<=2�;�PW;�,AM?(@<=(IQS*t2?,:;?P�6=<A;�X70WPW0W<�N�2?J
<A&)(R*7PW;�<=2125C)6/`9�Y0W<A&�0WC78�,A(I;?6A0WCGMT6A03�/(R2?JK<A&G(+*~PW;�<=2U25C769;OPW;�,AM?(/,FH)0W6=<A;?C78�(RXd(/<�Bl(/(ICE<A&G(+.?(I&70W8/P3(I6
0LC)6A0WHG(q<A&G(@*7PL;�<=2U25C]8/;?CeXd(@2?X76=(/,A.?(IH�`
rzC[8�25Cy<=,:;?6=<><=2]&)03M5&UBn;INV6FBD03<A&G254G<F6=*d(/(IHkPW0WQ�03</c~B903<A&[6=*d(/(IHEPL0WQS03<qHG,-03.?(/,-6q<=(IC)H[<=2]H),-03.?(�BD03<A&
PL;�,AM?(/,'<=(IQ�*d2?,-;?P�H)0L6=<A;?C)8�(?c)0É`Á(?`3c)<A&)(>*),A2?X7;�X~0WPW03<sN�2?J�.?(/,-NO6AQ�;?PWP�&G(I;?HGBn;INV6D0W6',A(IH)4)8�(IHj8�25C)6-0WHG(/,={
;�X~P3N?cG;?C)Hu<A&G(>QS;w�G0WQ$4)Q¨2?J <A&G(F<A0WQS(�{�&G(I;?HGBn;INjH)0W6=<=,:03X74G<A0325CT0W6n6A&)03Jf<=(IHO<=2�Bn;�,-H)69PW;�,AM?(/,i.�;?PW4G(I6/`
%D&)0W6OQS;INY0WC)H)0W8/;�<=(E<A&);�<j6=*d(/(IHV{�PW0LQS03<A6�PW(I;?H�<=2�;�,A(IH74)8�<A0325CY2?J+;?8/8/0WH)(ICy<A6/`¨ïn4G<u(/.?(IC
Q�2?,A(
(/_T8/03(ICy<�<A&7;?C#<A&);�<SBl254)PWH�Xd(u<A&G(j,A(IH)478�<A0325C�2?J9<A&)(eCU47QRXd(/,�2?JqH),-03.?(/,-6�HG,:03.10LCGM�B903<A&�<A0WQ�(�{
&)(I;?HGBl;�N16O8�25Q�*7;�,:;�X7P3(]<=2�<A&G(I03,S,-(I;?8�<A0325C"<A0LQ�(?cn(?`ÁMG`3c'XUN#(I�14)03*7*70WCGM[8/;�,-6TBD03<A&�HG(/.V0W8�(I6T<A&);�<
;?H��=4)6A<';?4G<=25QS;�<A0W8/;?PWPWNT<A&G(>H70W6=<A;?C)8�(@<=2S<A&)(RP3(I;?H)0WC)M�8/;�,�`
�qCG2?<A&G(/,n,A(IQ�;�,Aow;�X~P3(9(��d(I8�<i<A&);�<i8/;?Cu;?P3,A(I;?HGN�Xt(q2?X76=(/,-.?(IHO0LC�<A&G(FJf,A(/(q�)2�B
,A(/M50LQ�(q0L6K<A&G(@6=NVCV{
8:&G,A25C)0W�I;�<A0325C]2?J�6=*d(/(IH)6'25Ce<A&G(+H)0��d(/,A(ICy<qPW;?CG(I6/c7BD&)0W8:&jBl;?69*),A(IH70W8�<=(IH]X1NjH)0��d(/,A(ICy<96A0WQ$4)PW;�<A0325C
6A<A4)H)03(I6>���IôVcdó�ôp�|`
%D&G(j.?(IP32V8/03<�N�H)0W6=<=,:03X74G<A0325C76R<A&);�<S;�,-(e0WQ�*d2?,A<A;?CU<S;?6S;?C�0WC)*74G<$Jb2?,�Q�;?8�,A256A8�2?*70W8]<=,-;�_�8]Q�2VHV{
(IPL6S� �y���|c^(��G&)03X~03<9<A&)(�(��1*d(I8�<=(IH�³@;?4)6A6A0W;?Ck6-&);�*d(�Jb2?,RH)(IC)6A03<A03(I6F2?JiðLA��/�C�O` � 4G,-*),-0W6A0LCGM5P3NO<A&)0W6
0L6qC)2?<q<=,:4G(�Jb2?,F.?(/,AN[P32�B�HG(IC76A03<A03(I6/`@rzCE<A&G(I6=(�8/;?6=(I6@<A&)(�H70W6=<=,-03X~4G<A0325C]J\4)C)8�<A0W25C)696-&G2�B ;u6APW0WM5&y<
;?6AN1QSQS(/<=,ANTB903<A&j;?Ce0WC78�,A(I;?6=(IHuBl(I03M5&y<D2?JxPL;�,AM?(>6=*d(/(IH)6/`
%D&G(96=NVC)8:&G,A25C)03�/(IH�<=,-;�_�8q6=<A;�<=(F0W6KoVCG2pBDCS<=2$Xd(98-&7;�,-;?8�<=(/,-03�/(IHuX1NS0WC)8�,A(I;?6A(IH��7478�<A4);�<A0325C)6/cU(?`ÁMG`3c
2?J9<A&G(O.?(IP3218/0W<�N�<A0WQ�(u6=(/,-03(I6/c�8�25QS*7;�,A(IH�<=2[Jb,-(/(O�72�B´<=,-;�_�8�` @ C�;[QS0L8�,A256A8�2?*70W8OP3(/.?(IPÉcK<A&G(I6=(
�~4)8�<A4);�<A0325C)6u0WC)�74G(IC)8�(�<A&G([<A0WQ�(�{�&G(I;?HGBn;IN�H)0W6A<=,-03X74G<A0W25C)6�25C
6A&G2?,-<O<A0LQ�(k6A8/;?P3(I6/`�%D&G(k6A&G2?,A<
&)(I;?HGBl;�N16q;�,A(R6AN16=<=(IQ�;�<A0W8/;?PWP3Nj6A4G*7*),A(I6A6=(IHhc);?C)H]<A&G(+QS;w�V0LQ+4)Q�2?J}<A&G(RH)0W6A<=,-03X74G<A0W25C)6�0L6D6A&)0WJb<=(IH
<=2pBl;�,:H)6uPW;�,AM?(/,u&G(I;?HGBn;INV6/`°%D&)0W6S(��d(I8�<jQS;IN"Xt(�(��1*~PW;?0WCG(IH#X1N�<A&G(�<=(IC)HG(IC)8�N"2?J>HG,-03.?(/,-6T<=2
;�.?250WHEJb,-(I�U4G(ICU<F;?8/8�(IP3(/,-;�<A0325C)6F;?C)H�X),-;�oV0WCGM56$�Á�V���|` @ <A&G(/,F8�25C)6=(I�14G(IC)8�(I6F2?J�<A&G($PW;�,AM?(/,F.?(IP32V8/03<�N
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