
University of Huddersfield Repository

McCluskey, T.L. and West, Margaret M.

A case study in the use of theory revision in requirements validation

Original Citation

McCluskey, T.L. and West, Margaret M. (1998) A case study in the use of theory revision in 
requirements validation. In: Machine learning: proceedings of the fifteenth international conference 
(ICML '98). Morgan Kaufmann, pp. 368-376. ISBN 9781558605565 

This version is available at http://eprints.hud.ac.uk/id/eprint/7933/

The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:

• The authors, title and full bibliographic details is credited in any copy;
• A hyperlink and/or URL is included for the original metadata page; and
• The content is not changed in any way.

For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox@hud.ac.uk.

http://eprints.hud.ac.uk/



� �������	��

����������

������������������� �"!
��#$�&%'�(�)�(�"�*���+#$� ,-�.�(!/�10	�1�2
)�
3 �54(�(�.�6

�(�"�

7�8:9 8/;=<?>�@BA�C�DFEHG
IKJMLON?NQPRNQS/TUNQV2WOXOY[Z:\O]_^`\badce^`Y[LOf�V2^`Y[ZgJ(h�i

j LOf�k \OZ:lQf�mnh[ZoYqp_N`S
r XbaOaOf(mMhqsbf�P:ati
r1u"v5wQu6r5iFk1x

P:f(fzy|{�f(Xbh�} LHXFaR} ^~J`} XO��}

;�8o;�8���E?C(�
IKJMLON?NQPRNQS/TUNQV2WOXOY[Z:\O]_^`\badce^`Y[LOf�V2^`Y[ZgJ(h�i

j LOf�k \OZ:lQf�mnh[ZoYqp_N`S
r XbaOaOf(mMhqsbf�P:ati
r1u"v5wQu6r5iFk1x

V�} Vd} ��f�h�Y�y|{(f�Xbh�} L?XbaR} ^QJQ} Xb��}

���6�Q�K�O�/���

� f�h�f�^`mMJML=f(V�^Q\b^�YnZo\O]�S�mnNQV��1m�YnZ�sFJ(Z:^QP���\HY[f(P:P:Z��
]~f(\bJ(f|Lb^~h�Y[LOmnNQXb]QLON~XKY�ZoYnh�LbZ:h�Y[N~m[p_J(NQ\HY[mnZo�bXKY[f�a
YnN Y[f�JMLO\OZg HXOf�h
^`\Fa�Z:aOf�^Qh�Z:\¡I?NQS¢Yq��^Qm[f¤£¤\O]QZ:\Of�f(m[�
Z:\O]b}¡¥¦f_aKf�hnJ§mnZo��f¡Zo\¦Y[LbZ:h¨Wb^QWFf�m5^�J(^Qh[f2hqYnXbaKp
h[LON��&Z:\O]2Y[LOf�Xbh�f�N`S
Y[LOf�NQmnp-mnf(l?Zgh�Z:NQ\dY[N_Y[LOf5mnf§�
sb\bf(V2f(\HYUNQS©^¨S�NQmnV�^`P:Pop2h[WFf�J§Zosbf�a�mnf� HXOZ:mnf(V2f(\HYnh
V2NKaKf(Pª}���\«^¦WOmnf(l?Z:NQXbh¡WOmnN`¬qf�J�Y2�Uf���f(mnfdJ(NQ\K�
Ynmn^~J�Y[f�a2Y[N2J§mnf�^`Y[f1^"WOmnf�J(Z:h[f V2NKaKf(P�N`S©Y[LOf¨J§N~V"�
WOP:f§­eJ(m[ZoY[f�m[Zg^�]QN�l~f(mn\OZ:\O]¡Y[LOf¡h�f�Wb^`mM^�YnZoN~\dNQS¤^`Z:m��
J(mn^`S¢YdWOmnN`sFPof�h_Z:\���YnP:^Q\~YnZ:J®� Z:mnh[Wb^~J§fQ}�u|XOmnZo\O]
YnLb^�Y¯��NQmn�°ZoY¯��f�J(^QV2f±J§P:f�^`meY[Lb^`YeY[LOf³²´^`XOY[N`�
V�^�Ynf�abµ)l�^QPoZgaO^�YnZoN~\"NQSbYnLOf&V2N?aOf(PO��^Qh
NQSbY[Lbf&XKY��
V2N~h�Y Z:V¡W�NQm[Yn^Q\bJ§f~ib^`\Fa'Z:\.NQXbm J§XOmnm[f�\HY WOm[NQ¬qf�J§Y
��f�Lb^zl~f�Xbh[f�aeV2^~JMLOZ:\Of�P:f�^Qm[\OZ:\O]-Y[N?NQPgh YnN-WOmnN`�
l?ZgaKf�f§­?Y[mM^2h�XbWOWFN~m�Y Z:\��OXO]�ZgaKf(\HYnZ�sFJ�^�YnZoN~\tiO�OXO]
mnf(V2N�l�^`P¶^Q\ba¦V2^QZo\HYnf(\b^Q\bJ§f�NQS�h[XbJML·^�m[f� HXOZomnf§�
V2f(\HYMh�V¡NKaKf�PB} ��\¸YnLOZgh�Wb^`W�f(m���f�]~Zol~f³^Q\
N�l~f(mnlHZ:f(�¸N`S1YnLOfeaKN~V2^QZo\©iUZgaKf(\HYnZ�S�p«^¹m[f�Pof�lz^Q\HY
P:f�^Qm[\OZ:\O]º�OZg^Qhe�&LOZ:JML»V�^Q�Qf�h¯h�f�^`mMJML³S�N~memnf(l?Z��
h[ZoN~\bh�Y[mM^QJ§Yn^`�bPof~i`^`\ba"aKf�hnJ§mnZo��f�^|h[pKhqYnf(V�^�YnZ:J�^`WK�
WOmnN~^~JMLdS�NQm|Y[LOf¡^`WOWOP:ZgJ(^�YnZoN~\.N`S/YnLOf(N~m[pdm[f�l?Z:h[ZoN~\
YnN-h�XFJMLe^�V2N?aOf(Pª}�¥¦f�Z:P:PoXbh�Y[mM^�Ynf¨Y[LOf¡^`WOWbm[NH^QJML
�&ZoY[L.mnf�h[XOPoYnh NQS/f§­KWFf�m[Z:V2f(\HYnh �&LOf(mnf�Y[Lbf(NQmnp-mnf§�
l?Zgh�Z:NQ\6Y[f�JMLO\OZg HXOf�h©Lb^zlQf/ZgaKf(\HYnZ�sbf�a�^`\ba¨mnf(V2N�l~f�a
f�m[mnNQmMh(iH^`\ba-Zo\FaKXbJ§f�a'^�\Of(�³Wb^`m[YUNQStY[Lbf6V2NKaKf�PB}

¼ EHGR½�¾F¿zÀ)C j LOf�NQmnp � f(l?Zgh�Z:NQ\tiUce^QJMLOZ:\Of.Átf�^`mn\OZ:\O]®^Q\ba
I?NQS¢Yq��^Qm[f=£¤\O]QZ:\Of(f�m[Z:\O]Fi � f� ~XbZomnf(V2f(\HYMh�c.NKaKf�PBi·� XOY[N`�
V�^�Ynf�adÂ¶^`P:Z:ab^�Y[Z:NQ\©}

Ã Ä~Å�Æ¯Ç�ÈÊÉ°ËÍÌ¦Æ¯ÄOÈÊÅ

Î mnNQV2NQY[Z:\O]�^Q\baÏV�^`Z:\~YM^`Z:\OZ:\O]�Y[LOf° HXb^QPoZoYqp�NQS'mnf� HXOZ:m[f(�
V2f(\HYnh2h[WFf�J§ZosFJ(^`Y[Z:NQ\bh�Lb^Qh¡^®lHZoYn^QPUmnNQP:f-Z:\·YnLOf'f�\O]QZ:\Of�f(m[�
Z:\O]"NQS)h[N`S¢Yq��^`mnfQ}/I?NQV2f¨h�NQS¢Yq��^Qm[f|WOmnN`¬qf�J§Ynh�iKh�XbJMLd^QhUY[LbN~h[f

Z:\Hl~NQP:l?Zo\O]�hn^�S�f(Yqp~��J§mnZoY[ZgJ(^`P?f�Pof�V¡f�\HYnh�iQ\Of�J§f�hnh[Z�YM^�Y[f�YnLb^�Y¤Wbm[f(�
J§Zgh[fQiQV�^`Y[LOf�V2^`Y[ZgJ(^QPFh[WFf�J§ZosFJ(^`Y[Z:NQ\bh/NQS�Y[LOf�ZomUm[f� ~XbZomnf(V2f(\HYMh
aKN~V2^QZo\Fh¨�Ff_J(NQ\bh�Y[mnXbJ�Ynf�aR}-IKXbJML«Ð mnf� HXOZ:m[f�V2f(\HYnh6V2NKaKf(Pgh(Ñ
V�XFhqY ��f_Ò�Ó�ÔÖÕ´×~Ó�Ø�Ùn×�Y[N_hn^�Y[Zgh�S�p'J§f�m�YM^`Z:\'V�^`¬qNQm  HXb^`P:ZoYqp-NQ�O�
¬qf�J§Y[Z:lQf�h&h�XbJML�^Qh&^~J(J(XOmn^~J§p~iHJ(NQV2WOP:f§Y[f�\Of�hnh�iKXbh[^Q�OZ:PoZoYqpQiO^Q\ba
XO\baOf(mMhqYM^`\baO^Q�OZ:PoZoYqpQi/^`\Fa±aKXOmnZo\b]eY[Lbf-V2NKaKf(PªÑ h"P:Z�S�f(Y[Z:V¡fdZoY
Zgh�PoZ:�Qf�Pop�YnN2�Ff�Z:\bJ§mnf(V2f�\~YM^`P:Pop�XbW�aO^`Y[f�aRib^`\Fa'�&Z:P:PRm[f� ~XbZomnf
mnf§�Úlz^QPoZgaO^`Y[Z:NQ\t}&Â¶^QPoZgaO^�YnZoN~\e^`\ba�V�^QZo\HY[f�\b^`\FJ§f5NQS¶m[f�^`P:Z:h�Y[ZgJ
aKN~V2^QZo\«V2NKaKf(Pgh2Z:h�^¦l~f(mnp·Y[Z:V2f�J(NQ\bh[XOV2Z:\O]bi�f§­KW�f(\bh[Zol~f
WOmnNKJ§f�hnh6�&LOf(mnf"Y[LOf�mnNQP:f"NQS�h[XOWOW�NQm[Y¨Y[N?NQPgh¨Zo\¦l?Z�YM^`Pª} j Lbf
WOmnNKJ§f�hnh�Zgh���f�h�Y'J(^Qm[mnZof�a«NQXKY_Xbh[Z:\O]ÊaKZ:lQf�mnh[fdY[f�JMLb\OZ: HXOf�h(i
^`\Fa�NQ\Of|N`SRYnLOf1V2N~h�YUXFh�f(S�XOP�Y[f�JMLb\OZ: HXOf�h¤Zgh¤Y[N-Ø�Ù§ÛMØ¶^Q\-^`\O�
Z:V2^`Y[f�a·S�NQmnVÜN`S&YnLOf�V2N?aOf(Pª}±£¶lQf�\±�&LOf�\Ý^`\Ý^`\OZ:V�^�Y[f�a
lQf�mnh[Z:NQ\2Z:h�^zl�^`Z:P:^Q�OP:fQiQLbN��Uf�lQf(m�i`ZoY�Zgh¶\bN`YUf�^Qh[p�YnN�WOZ:\OW�NQZ:\HY
Y[Lbf2J�^`Xbh[f�h6NQSU�OXO]Hh¨^`\ba®h�XO�Fh�f� ~Xbf(\HY[P:peWOmnN�l?Z:aKf�Y[LOf�J(NQm[�
mnf�J�Y&mnf(l?Zgh�Z:NQ\'Y[Lb^`Y f(P:ZoV2Z:\b^�Ynf�h�YnLOf(V�}
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^`��NQXOY�^~h¡Wb^`m[Y�N`S1YnLOf�m[f�h�f�^`mMJMLÊ^`\FaÝaKf�lQf�PoN~WOV2f(\HY_J§NQ\O�
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h[ZoV"XOP:^`Y[Z:NQ\.^`\Fa��b^�YMJML�Y[f�h�Y[Z:\O]F} j LOf�V¡NHhqY6J§NQV2WOP:f§­'Y[N?NQP
Z:\¯YnLOf"f�\?lHZ:mnNQ\OV2f(\HY6Z:h�^_Y[mM^`\bh[P:^`Y[N~m|WOmnNQ]~mn^QV �&LbZ:JML®Zo\K�
WOXKYMh�Y[Lbf"T Î I®²�NQm�V2NQmnf¨]Qf�\Of(mM^`P:Pop_^2h[f§Y&N`S)����h Zo\�V�h�P¢µ�i
Y[N~]Qf(Y[LOf�m¤�&ZoY[L-^5h[p?\HYn^QJ§Y[ZgJ aKf(sb\OZoY[Z:NQ\-NQS�Y[LOf1Yn^`Z:P:NQmnf�a2V�h�P
Pg^`\O]~Xb^`]~f'f(­?Wbm[f�h[h[f�aÝZo\�]~mn^QV¡V�^Qm¡mnXOP:f�h�}º�ÚY_Wb^`mMh[f�h¡Y[Lbf
���Rh&^`\ba-NQXKYnWOXKYnh&^Q\d^Q\OZ:V2^`Y[Z:NQ\'N`S©YnLOf(V¸�Hp2Ynmn^Q\bh[P:^`Y[Z:\O]
Y[Lbf(VÜZ:\~YnN¯�&Lb^`Y"��f'J�^`P:P1Ðì£¤æ�Ñ�²�f§­Kf�J§XKYnZoN~\·S�NQmnV_µ�} j LOZ:h
Zgh|h[ZoV2Z:P:^Qm1YnN-]~f(\Of�mn^QP�J§Pg^`XFh[^QP©S�N~m[V�i�f§­OJ§f�WKY6J(P:^QXbh[f�h|V2^zp
J§N~\HYn^`Z:\.\Of�hqYnf�a�\Of�]~^�YnZoN~\.^`\ba.aKZgh´¬qXO\bJ�YnZoN~\eZ:\.Y[LOf�Zom|�FNKa?�
Z:f�h�}Ý£¤æÍN~�Ff�pKh�YnLOf.h�p?\HYn^`­±m[XbPof�h"NQS Î mnNQP:NQ]¦^`\baÊZ:h2f(­?�
f�J(XKYn^Q�OP:f¯�?pº^ Î mnNQP:NQ]·Z:\HY[f�m[WOmnf§Ynf(m�} j LOZgh-WF^`mMh�Z:\O]Ê^Q\ba
Y[mM^`\Fh�Pg^�YnZoN~\_WOmnN?J(f�hnhUYn^`�~f�hUPof�h[hUYnLb^`\.ê5V2Z:\?XKY[f�h�S�NQm&^`P:P�N`S
Y[Lbf"T Î I�iO^Q\badZ�YMh�Y[mM^`\bh[Pg^�Y[f�a�S�N~m[V �Uf6Y[f�m[V%+�-�.Y�A�x�~}
æ)PoZ:]QLHY5WOmnN`sFPof�h�^`mnf¡Z:\OWOXOY5Y[N�YnLOf_h�NQS¢Yq��^Qm[f¡f(\?l?Z:m[N~\OV2f(\HY
^Qh�V�h�P�^�­KZoN~V�h5^`\baÊ^`mnf2Y[mM^`\bh[P:^`Y[f�a¹Zo\HY[N®£¤æ�}��1P�YnLONQXO]~L
Z:\_Y[Lbf(NQmnp¯Ó�äFã Wb^Qm�Y�N`StYnLOf5T Î I_J�^`\'�Ff|Y[f�hqYnf�aRiKl?Z:m�YnXb^`P:Pop
^`P:PONQS�YnLOf Z:\bh�Yn^`\FJ§f�h¶�Uf&N~�KYn^QZo\Of�a2�Uf�m[f�S�N~m/Y[Lbf�Ð YnNQW�P:f(l~f(PªÑ
�z�4���|÷��4�:ùªô<�4�qõ.ùr�P�^�Ö÷$�qõMûH����ùqõ?�Ýø��Ýùqú~ø�÷�û9��ûKõz�����qõ.ø���û9�Öõz�

��õ?��ùqõ��¦ø��o�QøÖÿM÷Úùr�~÷��J�r�^���^�{���A�¦ô)õz�qõ'ùqõn÷Úùqõ��,�H÷�ø��9�
�b�7���
�6�N�¡ ¡¢¦÷Úù£�(ùqø��^��¤6û6�r��ÿMõM÷�÷��4�Uô¶øìùqú(¥^¦^��§,��õ?���4��¨



J§N~\KßbZgJ�Y1^`­?Z:NQV�aOf§sb\OZ:\O]2YnLOf�V2Z�­?sO­·ñná`ä�0�Õ´ñ(ØJ1�ânÙn×`Õ´ñMÓ�Ø�Ù��
I?f�]QV2f(\HYz©eN`S Î m[NQsbPof~v©^`\Fa I?f(]~V¡f�\HY£ªeN`S Î mnN`sbP:f^;

^Qm[f Z:\ NKJ§f�^`\OZgJ J(NQ\KßFZ:J§Y
��aO^zp�Ñ h|��NQm[Y[LÝ²ªêD565��¬«7565~µ&NQS�J(Pof�^`mnf�ae^QZomMJ§mM^�S¢Y6WOm[NQsbP:f�h�i
�&LOf�m[f¦f�^~JML°WOmnN`sbP:f®Zgh�J§P:f�^Qm[f�a°�&ZoY[L ²Bh[^zpOµ_Y[LOf¹Pg^Qh�Y�;75
J§P:f�^Qm[f�a±^`Z:mMJ§mM^�S¢Y"Z:\ÝJMLbm[N~\ONQP:NQ]~Z:J�^`P¶N~mnaKf�m�i/mnf�h[XOPoYnh"Zo\�^`WO�
WOmnNz­KZoV�^�Ynf(P:p.v�5bi 565755Z:\bh�Yn^Q\bJ§f�h&J§Pg^Qhnh�Zosbf�a'^Qh�S´^QP:h[f6S�NQm�Y[Lbf
J§N~\KßbZgJ�Y�^�­KZoN~V�i �&LOf(mnfeYnLOf·I?f(]~V¡f�\HYe© ^Q\ba�I?f�]QV2f(\HYeª
^`mnf�f§­KZghqYnf(\HY[Zg^`P:P:pd HXb^Q\~YnZ�sFf�a�l�^`mnZ:^Q�OP:f�h&mnf(WOmnf�h[f(\HYnZo\O]�h[f(]Q�
V2f(\HYnh N`S)^Q\d^QZomMJ§mM^�S¢YMh�WOmnN`sbP:fQ}
��\«Y[LOf.mnf�h�Y_N`S6Y[LbZ:h�WF^`W�f(m���f.Xbh�f�YnLOf�S�NQP:P:N��&Zo\O]¹\ONQYn^`�
Y[Z:NQ\*�«^�J§Pg^Qhnh[Z�sbf�a°Z:\bh�Yn^`\FJ§f¦Y[Lb^`Y.Z:h�Pg^`��f(P:Pof�aºYnm[XOf·^Q\ba
�&LOZgJML­+�-�. �A� J(P:^~h[h[Z�sFf�h&^Qh&Y[mnXOf�Z:h1J(^`P:P:f�a'Y[mnXOP:p-W�N~h[Z�YnZol~f
²�Ð j&Î Ñìµ�i
^`\Fa·aKf(\ONQY[f�a°ÙN®A¯¤i
�&LOf�m[f�^Qh�N~\Of�YnLb^�Y�f(­Kf�J§XOY[f�h
Y[NÊS´^`Pgh�f¯Z:hdJ(^QPoP:f�a�S´^QP:h[f(P:p«\Of(]H^�Y[Z:lQfH²�Ðìæ
ë5Ñìµ_^`\Fa°aKf(\bN`Y[f�a
Ù �A° })�±J§Pg^Qhnh[Z�sbf�a6Zo\bh�Yn^Q\bJ§f/Pg^`��f(P:P:f�a6S´^`Pgh[f¶�&LOZgJML6f(­Kf�J§XOY[f�h
Y[N�S´^QP:h[f�Xbh[Zo\b]±+�-�.Y�A��Zgh5J(^QPoP:f�a®Y[mnXOP:p¯\Of�]~^`Y[Z:lQf.²�Ð j ë5Ñìµ�i
�&LOf�m[f�^Qh/N~\Of YnLb^�Y¤f(­Kf�J§XOY[f�h¤Y[N5Y[mnXOf1Zgh¤J�^`P:Pof�a¡S´^`Pgh�f�Pop2W�N~h��
ZoY[Z:lQf®²qÐ æ Î Ñ µ�:©YnLOf�h[f'^Qm[f-aOf(\ONQY[f�a³ÙN® ° ^`\ba³Ù � ¯�m[f�h�W�f�J§�
Y[Z:lQf�Pop~}/£¤^`mnP:p"WOLF^Qh[f�h¶NQStl�^`P:Z:aO^`Y[Z:NQ\-aOXOm[Z:\O]�Y[LOf6æK� � ç �6I
WOmnN`¬qf�J�Y�Zo\?lQN~Pol?Z:\O]2h�p?\HYn^`­�JMLbf�JM�?Zo\b]¡^Q\ba-WF^`Z:\bhqYM^`�?Z:\O]"f(­?�
W�f(m[Y6Z:\bh[WFf�J�Y[Z:NQ\®Zo\FJ§mnf�^Qh[f�adYnLOf2^QJ(J(XOmM^QJ§p�^`\FaeJ§N~V¡WbPof(Y[f§�
\Of�h[h�N`S�Y[LOf.T Î I¹h[N.Y[LF^�Y"aKp?\b^QV2Z:J2Ynf�h�Y[Z:\O]¯NQS�Y[LOfdJ§NQ\O�
ßbZgJ�Y�^`­?Z:NQVÞm[f�h�XOPoY[f�a¦Zo\·^�Pg^`mn]Qf¡\HXbV���f(m5NQS j ë�it�&Z�YnL·^
h[V2^QPoP:f(m'²´^`��NQXOY2êdW�f(m2J§f(\HY�µ¨�OXKY2h�Z:]Q\OZosFJ�^`\HY5\?XOV���f(m"N`S
æ Î }��1P�YnLONQXb]QL5Z:\?lQf�h�Y[Z:]~^`Y[Z:NQ\¨N`SKYnLOf�h�f(Y)æ Î LOf�PoW�f�a5Y[N sF\ba
�OXO]Hh(i~Z�Y��Ff�J(^QV¡f J(Pof�^`m/YnLb^�YUV¡N~m[f&W�N���f(m[S�XOPOYnNHN~P:h/S�NQm¶�OXb]
ZgaKf(\HY[ZosFJ�^�Y[Z:NQ\�^`\Fa-mnf(V2N�l�^`P���f(mnf6\bf(f�aOf�a'�&LOf(\��OXOZ:PgaKZo\b]
XOW�^`\baÊV�^`Z:\~YM^`Z:\OZ:\O]¦h[XbJML«^®J(NQV2WOP:f§­Ri¤WOmnf�J(Z:h[f'aONQV�^`Z:\
V2NKaKf(Pª}

² �­³b³
´ ÄKÌ � Æ¯ÄOÈ±Å È�µ�Æ{	��¯È±Ç�¶
Ço�)·°ÄN¸�ÄKÈÊÅ

¹ 8��  ��¨7#���(���'9¡�
j LOfeWbm[Z:\bJ§Z:WOP:f¯N~�K¬qf�J§Y[Z:lQf�h_N`S¨Y[LOf�ñ�ºKâ�ânÙ§äFØ1WOmnN`¬qf�J�Y�i��qc��
Î¤� £UIOI�i��Uf�m[f_Y[NeYnf�h�Y�YnLOf-Xbh[f_NQS1ceÁºYnNeLOf(P:WÊZ:V2WOmnN�lQf
Y[Lbf1 HXb^`P:Z�Yqpd²�Z:\�Y[f�m[V�h/NQSt^QJ(J(XOmM^QJ§p"^`\ba�J(NQV2WOP:f§Y[f�\Of�hnhMµ)N`S
^dS�NQmnV�^`P:Z:h[f�a®mnf� HXOZ:m[f�V¡f�\HY�h[W�f�J§ZosFJ�^�Y[Z:NQ\¹�&mnZ�Y[Y[f�\·Zo\¹V�h�P
^`\Fa¨Y[N6Zo\FJ§mnf�^Qh[f/YnLOf� HXb^QPoZoYqp¨N`SKYnLOf&T Î I¨ZoYnh[f(PoSq} j LOfUS�NKJ§Xbh
��^Qh/\ONQY¶NQ\OP:p�N~\2�OXO]5mnf(V2N�l�^`PK�OXOYU^`Pgh�N¨N~\�V2^QZo\HYnf(\b^Q\bJ§f~i
Y[N_h[XOWOW�NQm[Y&Y[Lbf5Zo\bf(l?Z�YM^`�OP:f5JMLb^Q\O]Qf�hUZ:\�Y[Lbf�m[f� ~XbZomnf(V2f(\HYMh
V2NKaKf(Pª}¶I?Zo\FJ§f1��f1h�Yn^Qm�Ynf�a��&ZoY[L-^Q\�f§­KZghqYnZo\O]"h�p?V���NQP:ZgJ1aKNQ�
V�^`Z:\ÝV2NKaKf�PBiUY[LOf�WOmnZ:\bJ§Z:WOP:f�c¯Á³WF^`mM^QaKZ:]QVÜ��f.aKf�J(Z:aKf�a
Y[N-Xbh�f���^~h�Y[LOf�NQmnp-mnf(l?Zgh�Z:NQ\·²�¥¦mnNQ��f(P�v�éQé6»~µ§} ç XOm|Zo\OZoY[Zg^`P
S�NQmnV�XbP:^`Y[Z:NQ\d��^~h�^~h�S�NQP:PoN�� h��
 -E9¼�½BC�¾H¿
@´E ��À)E?¾b¿zG � ^¸h[XO�bh[f§YÍN`S�+*-/. �A� J(P:^QXbh[f�h�}
¥¦f¹J�^`\³�Qf(f�W³h[NQV2f¦Wb^`m[YnhdN`S�Y[LOfÁ+*-/. �H� Z:V2V�XO\Of¹N~m
Ðìh�LOZ:f(PgaKf�aRÑ�S�m[N~V Y[LOf2mnf(l?Z:h[Z:NQ\eWOmnNKJ§f�h[h�iR^Qh|Y[LOf�p.�Uf�m[f2^QaK�

f� HXb^`Y[f�Pop¹l�^`P:Z:ab^�Y[f�a±Xbh[Z:\O]®NQY[LOf�m"Wbm[NKJ§f�h[h[f�h�}·æON~m"f(­K^QV¡�
WOP:fQi&ZoY-V�^zpÊ��f¯^Qhnh[XOV2f�a«Y[LF^�Y_YnLOf·Ð Y[NQWºP:f(l~f(PªÑ¤^�­KZ:NQV�h�i
Zª} f~}
Y[LONHh�f5aKf(sb\OZ:\O]¡Y[LOf��F^Qh[Z:J�h�N`S/h�f�Wb^`mM^�YnZoN~\-Z:\'Ynf(mnV�h�N`S
lQf�m�YnZ:J�^`P�^`\ba·LbNQmnZo{�NQ\HYn^QPUaKZ:V2f(\bh[ZoN~\bh�i¶^`mnf-J§N~m[mnf�J§Y�} j Lbf
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Wbm[f�aKZ:J�^�Ynf�h�}��1P:h[N���f
^Qhnh[XOV2f¡^'V2Zo\OZ:V�^`P/mnf(l?Zgh�Z:NQ\e�bZ:^~h4�6�Uf¡�?\ON��ÍS�mnNQV NQY[LOf�m
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YnN&Y[LbfUJ§N~\bJ§P:Xbh[ZoN~\6Y[Lb^`Y���f¶�UN~XOPga|\bf(f�a6YnN1�OXbZoPga
NQXbm¡N��&\Ýf(\?l?ZomnNQ\bV¡f�\HY�²´¥®f�hqY�f§Y_^QPB}�v�é~é7»~µ§} j LOZgh2��^~h
�b^~h�f�a�NQ\ºYnLOf¯\Of�f�a�S�N~m'^±ßbf§­KZ:�OPof¯Y[N?NQP|�b^Qh[fe]~Zol~f(\º��f
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Yn^Q\HY�S�f�^�Y[Xbm[f�h©NQSOY[LOf T Î IR}��1P:h[Nbi��&LOZ:P:f¤YnNHN~P:h)WOmnf�h[f(\HYnf�a�Z:\
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j LOf¡�Qf�p�Y[NdNQXOm�^`WbWOm[NH^QJML.Pg^zp.Zo\¯Y[LOf2Z:\HY[mnN?aOXbJ�YnZoN~\¯N`S�^
S�XOm[Y[LOf�m1�OZg^Qh�}U�1P�YnLONQXb]QL�Y[Lbf�h�N~m�YMh J§N~V2WOm[Zgh[Zo\O]2XO\bZol~f(mMh�f�h
N`S¶N~�K¬qf�J§Ynh|^`mnf5aKZ:h�Y[Z:\bJ§Y�i�f�^~JMLeh�N~m�Y|J�^`\.��f"JMLb^Qmn^~J�Ynf(mnZ:h[f�a
^Qh-f(ZoY[LOf�m¦á`â[×QÙ(â[ÙM×eN~m-\ONQY®²�Ë�Z:m[�?LON7� v�é7»9ÌQµ�} j LOf®h�N~m�YMh
�&LOZgJMLº^`mnf.NQmMaKf(mnf�a«^`mnf�Y[f�m[V2f�a»á`â[×�Õ¢ä�Ó�Ô¶Z:\�Y[LOZgh�Wb^QWFf�m�i
^`\FadY[LONHh�f5�&LbZ:JMLe^Qm[f�\ONQY|^`mnf¨Y[f�m[V2f�a¹ä�á�î¡Õ¢ä�Ó`ÔÖ}1�|h[h[NKJ§Zo�
^�Ynf�a¦�&ZoY[L¹f�^~JML®N~mnaKZ:\b^QP
h[NQm[Y�Í�Zgh�^`\°Ó`â4Î§Õ¢Øªâ[Ó�â�ã2�OZ:\b^Qm[p~i
Y[mM^`\Fh�ZoY[Z:lQf~i�N~mnaOf(mnZo\O]¹mnf(Pg^�YnZoN~\bh�LbZoW���feJ(^`P:P5ÐÐÏ�Ñ:}�£¶­K^QV¡�
WOP:f�h¨NQSUNQmMaKZ:\b^`P
h[NQm[Ynh¨^`mnf(Ñ¤ÔÖÕ�ðzà?Ø¬Ò�Ù§Ò�Ù§Ô�ÓÇÔtÕ¢î�Ù�^Q\baLÒ�Ó�ØªÕÕ3
Ø�ºb×QÙ(it�&LOf(mnf2WOmnZoV2ZoY[Z:lQf2NQmMaKf(m¨mnf(Pg^�YnZoN~\bh¨^`mnf�S�N~m�f§­O^`V2WOP:f
Ð Z:h'^`��N�lQfQÑ:i|Ð Zgh�Pg^�Y[f�m�Y[LF^`\tÑ:i¨Ð Zgh_��f�h�Y_N`S�Ño}»£/­O^QV¡WbPof�h2N`S
\ON~V¡Z:\b^QPFh[NQm[Ynh¶^Qm[f�Ö|Õ¢ânñ§â[Ó£×MØ�Ó*Ö|Õ¢âMÛ�1OÓ~ñMÙ�ÓÃ.�ÙÚðQî2Ù(äbØØÓJ-�ânáqï¶Ô:Ù§}
j f�JMLO\OZgJ(^QPOh�W�f�J(Z�s�J(^�YnZoN~\bh¶h[XbJML�^Qh)YnLOf6T Î I�Z:\bJ§P:XbaKf V�^Q\Hp
mnf§S�f(mnf(\FJ§f�h|YnN'N~mnaKZ:\b^QP
h[NQm[Ynh�it^`\Fa¯N~XOm¨f§­KWFf�m[Z:f(\FJ§f2Zo\®Y[Lbf
l�^`P:Z:ab^�Y[Z:NQ\�WbLb^Qh[f Lb^~a�h�LON��&\¡YnLb^�Y�lQf(mnp�NQS¢Y[f�\-J§Pg^`Xbh[f�h¶Zo\K�
lQN~Pol?Z:\O]±J§N~V2Wb^`mnZ:h[NQ\Fh_^`\ba�P:Z:V¡ZoYnh'��f(mnf�Y[N±�OPg^`V2f~}�æON~m
f§­O^QV¡WbPof~iHNQS©YnLOf"vPÌ�1�â�Õ¢î"Õ¢ØªÕ¢Ò�Ù�NQmMaKf(m�mnf(Pg^�Y[Z:NQ\FhUaKf(sb\Of�a-Z:\
Y[Lbf T Î I�Ñ h�]~mn^QV2V2^Qm�i�YnLOf(mnf&^`mnf�;D578|NKJ�J§XOmnm[f�\bJ§f�h©NQSbYnLOf(V
�&ZoY[LOZ:\dY[LOf5J(XOm[mnf(\HY&lQf�mnh[Z:NQ\-NQS�YnLOf"T Î IR}
£¤^~JML'^`­?Z:NQV¸Zo\dY[Lbf"T Î I-Lb^Qh&^~h�Z�YMh�ÒzÓ`â�Õ´Ó7Î(ÔoÙ¡aKNQV�^QZo\��
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�&LOf�m[f¦f�^~JMLÁÍ�â2Zgh.^`\�NQmMaKZo\F^`P�h�N~m�Y.^`\Fa�f�^QJML Ü/ã Zgh�^\ON~V¡Z:\b^QP"h[NQm[Y�} ¥®fÊ�&ZoP:P�S�NKJ(XbheN~\=^�­KZoN~V�heJ§N~\~YM^`Z:\OZ:\O]
ÐÐÏ�Ñä��f(­K^QV2WOPof�h�^`mnf$åoÏ Ó ß å í Ïæå � i©�&Lbf(mnf(å ß å íPß å � ^`mnfNQmMaKZ:\b^`P�l�^`mnZ:^Q�OP:f�h¡^`\ba�Ó¹^¦J§N~\bh�Yn^`\HY�i/PoZ:V2Z�YnZo\O]¦l�^`P:XOfdN`S
h[NQV2f"^QWOWOmnNQWOmnZ:^`Y[f5h[NQm[Y�} j LOf"^`­KZoN~V Z:\?lQN~Pol?Z:\O]_NQmMaKf�m[Z:\O]
V2Zo]~LHYd��f¦^Q\°f� HXb^`Y[Z:NQ\�aKf§sb\bZo\O]«^±S�Xb\bJ�YnZoN~\tièçè�&LOZgJML
mnf§Y[Xbm[\bh|aKZä��f�m[f�\~Y¨l�^`P:XOf�h S�NQm¨aKZä��f�m[f�\~Y¨h�Xb�bh�f(Ynh|N`S¶ZoYnh¨aKNQ�
V�^`Z:\
Í í Ù,Ú4Ú�ÚhÙ Í Û ÙÉÜ í Ù,Ú4Ú�ÚhÙbÜ Ý i�NQm¨^_WOmnf�aKZgJ(^`Y[f~ié } j LOf�h�Yn^`Y[f�V¡f�\HYnh Z:\?lQN~Pol~f�adZo\�YnLOf"aOf§sb\OZoY[Z:NQ\¯N`S é m[f(�
Y[Xbm[\¯Ð Ynm[XOf~ÑKNQm|Ð S´^QP:h[fQÑHS�N~m�aOZê��f(mnf(\HY h�Xb�bh�f(Ynh�N`S�Z�YMh�aONQV�^`Z:\
Í í Ù)Ú4Ú�ÚPÙ Í Û Ù�Ü í Ù�Ú�Ú4ÚPÙ(Ü Ý }
�ÚSt�Uf1S´^QJ�YnNQmUNQXKY¶YnLOf�Í�âS�mnNQV�Y[Lbf Ü/ã J§N~V2WFN~\Of(\HYnh�iHS�NQm�f�^~JML-V�^`Z:\-Wbm[f�aKZ:J�^�Ynf6^Q\baS�XO\bJ§Y[Z:NQ\tiHS�N~m¤f�^~JML2Y[XOWbPof2²[× í ß�Ú4Ú4Ú4ß × Ý µ¤N`SRl�^`P:XOf�h(iHY[Lbf(mnf Z:haKf(sb\Of�a·^Q\ºäÝaKZ:V2f(\bh[Z:NQ\b^QP¶m[f�]QZ:NQ\
ë¯²[× í ß�Ú4Ú�Ú�ß × Ý µ|ò¯Y[LbfaKN~V2^QZo\«N`S6^`WOWOP:ZgJ(^`�bZoP:Z�YqpÊN`S1YnLOf�WOmnf�aKZgJ(^`Y[fdNQm¡S�XO\bJ§Y[Z:NQ\t}
æON~m1YnLOf�mnf(V�^QZo\baOf(m6N`S/Y[Lbf"Wb^QWFf�m�i���f"h[Lb^`P:P)h[LON~m�Ynf(\.YnLOZ:h
Y[NÇëe}
¥ºLOf�\�Y[LOf�T Î I'Z:h Y[mM^`\bh[Pg^�Y[f�a'Y[N_f(­?f�J§XKYM^`�OP:f¨S�NQmnV�ibf�^QJML
^�­KZ:NQV=��f�J(NQV2f�h¤^ Î m[N~PoN~]|J(P:^QXbh�f~} j Lbf&m[f�]QZ:NQ\bh
aKf�h[J(m[Z:�Ff�a
^`��N�lQf~i©S�N~m5YnLOf-V�^`Z:\Ê^`­?Z:NQV�h�i�\bN��Ï��f�J(NQV2f-mnf(]~ZoN~\bh¨S�N~m
Î mnNQP:NQ]_J(P:^QXbh[f�h�iF�&LOf�m[f5Y[XOWOP:f�h6NQS¶lz^Qm[Zg^`�bPof�h \ON��Í��f�J§N~V2f
Y[XbWOPof�h¨N`S Î m[N~PoN~]_l�^`mnZ:^Q�OP:f�h�}���\¯YnLOf�J(^Qh[f��&Lbf(mnf¡^'���±Z:h
^`\·f� HXb^�YnZoN~\ti
Z�YMh"aKN~V�^`Z:\·Z:h�f§­?Y[f�\baKf�a±�Hp¦YnLOf-mnf§YnXOm[\bf�a
Y[f�m[V�}
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^`\Fa¦^.h[f§Y"N`S�WFNHh�ZoY[Z:lQf�Z:\bh�Yn^`\FJ§f�h5N`S�Y[LOf_J(NQ\bJ(f(WKY�i©Ynmn^Q\bh��
Pg^�Y[f�a³Y[N°£¤æ�i1Y[LOf�\³YnLOfÊh[f§YeNQS2Wbm[N?N`S"Y[mnf(f�h.N`S¡Y[LOfÊZo\K�
h�Yn^`\FJ§f�h6Z:\?lQNQP:lQf2^dh�f(Y¨NQS�J(P:^QXbh�f�h(}_TUNQ\Fh�ZgaKf(m�^dJ§Pg^`Xbh[fL+
S�mnNQV Y[LOZgh6h�f(Y�i��&LOf(mnf5ZoYnh¡² Î m[N~PoN~]Hµ�l�^`mnZg^`�OP:f�h ^Qm[f�Y[LOf�Y[XK�
WOP:f2í IJî�ïAï9ï}î í F/î�ð�IJîyïAïAï­î£ð9F i��&LOf�m[f
YnLOf2í�Ñ h©^`\ba ð Ñ h
^`mnf_N~mnaKZ:\b^QP¤^`\ba¹\bNQV2Zo\F^`P�m[f�h�W�f�J§Y[Z:lQf(P:pÝ²´�&LOf(mnfeäyñò5~µ�}
£¤^~JMLÊZ:\bh�Yn^`\FJ§f.N`S)+$Z:h�^~h[h[NKJ§Zg^�Ynf�aÝ�&Z�YnL�^Q\Ý\O�BYnXOWOP:f.N`S
NQmMaKZ:\b^`P
l�^`mnZg^`�OP:f�h�²�å íPß4Ú�Ú4Ú�ß åVÛbµ�óõô/}�¥®f_h[LON~XOP:a®f§­KW�f�J§Y
W�N~h[Z�YnZol~f.Zo\bh�Yn^Q\bJ§f�h¡Y[N·Lb^zl~f�ôòö�ëe} j LOf.mnf(]~ZoN~\�ëèZ:h
aKf(sb\Of�aÝ�?p·PoN~]QZgJ(^QP�f(­KWOm[f�h[h[Z:NQ\bh!÷¤²øô©µ¡Z:\?lQN~Pol?Z:\O]¯N~mnaKZ:\b^QP
l�^`mnZ:^Q�OP:f�hùô¯^Q\ba2Zgh¤\ONQY¤\Of�J§f�hnhn^`mnZoP:p"J(NQ\O\Of�J�Ynf�aR}
��\-^5h[Z:V"�
Z:P:^Qm¡V�^Q\O\Of(m_^¹J(P:^QXbh�fo+ �&LOZgJML«aKN?f�h�ä�á�Ø&h[XbJ(J(f(f�aÝ^Q\ba
�&LOZgJMLÝZgh¡Zo\?l~NQP:lQf�a±Zo\�^eS´^QZoP:f�aÝWOmnN?N`S Ynm[f�f¦²´NQm¡Y[mM^QJ(f�µ�N`S
^'\Of(]H^�Y[Z:lQf"Zo\FhqYM^`\bJ(f"�&Z:PoP/LF^zlQf�ô�úöLëe}"��\¯N~mnaKf�m1S�N~m¨Zo\K�
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^`PoY[LbNQXO]~L¡ZoY¤Zgh¶�b^~h�f�a2NQ\2f§­KW�f(mnZoV2f�\~YMh¶�&ZoY[L2YnLOf6T Î IR}Q¥¦f
Lb^zl~f|Z:V2WOPof�V2f(\HY[f�a j&� Zo\�^"V2^Q\O\Of�m��F^Qh[f�a'NQ\_YnLOf¡Ð ]~f(NQ�
V2f§Ynm[ZgJ(^QPBÑRaKZgh[J(Xbhnh�Z:NQ\¦^`��N�lQfQiR^Q\ba¯Z:\HY[f�]QmM^�Y[f�a.ZoY¨Z:\HY[N�NQXbm
P:f(]~^~J§p�h[N`S¢Yq��^`mnf1f(\?l?Z:m[N~\OV2f(\HY¨²BceJ�TUP:Xbh[�Qf�p�f§Y ^`Pª}&v�é~é~êQµ§}
j LOZgh¨^`mMJMLOZ�Ynf�J§Y[XOmnf5Lb^~h1Lb^~a.YnN-��f"��N`YnLeßbf(­?Z:�OP:f¡^Q\baef(­?�
W�f(mnZoV2f(\HYM^`P¤Z:\·mnf�h[WFN~\bh�f¡YnN.Y[LOf-Zo\OLbf(mnf(\HY"J§N~V2WOPof(­KZ�Yqp®N`S
S�NQmnV�^`P
h�W�f�J(Z�s�J(^�YnZoN~\bh|N`S/Y[Lbf¡h[Zo{�f"^Q\baef(­?Wbm[f�h[h[Zol~f(\Of�h[h N`S
Y[Lbf�T Î I�}KæONQm�f§­O^QV¡WbPof~iH��f1LF^zlQf1LF^Qa2YnN¡aKf�lQf�PoN~W-^�S�N~m[V
N`S¨�OPg^`V2fe^Qhnh[Zo]~\OV2f(\HY"YnLb^�YdJ(^`\�J§N~WFf.�&ZoY[L�WOmnN?N`S6Y[mnf(f�h
S�mnNQV ]Qf(\bf(mM^`P©J(P:^QXbh[^QPRS�NQmnV PoN~]QZgJ¨WOm[N~]QmM^`V2V2f�h�} j LbZ:h1Zo\K�
lQN~Pol~f�h1sbmMhqY¨XO\KS�N~P:aKZ:\O].^`\FaeYnLOf(\®Y[mM^`\bh�S�NQmnV2Zo\b]-\Of�]~^�YnZol~f
P:Z�Ynf(mM^`PghRXbh[Zo\O] u|f¤c.N~m[]H^`\tÑ h�Pg^z� hR^`\ba¨ZghtaKf(Yn^`Z:P:f�a¨Z:\2²´¥®f�hqY
f§Y1^QPB}�v�éQé9ÌQµ�}

ý�8���8�� ��Â±�1¿z¿�¾F¿� -E�)±¾A¼N¾O@/� ô+* E~¿P½,)±EAÂ��
j LOf�^`P:]QN~m[ZoY[LbV S�N~m&h�Z:V2WOPof6NQmMaKZ:\b^`P�mnf(l?Zgh�Z:NQ\bhUZghU�F^Qh[f�a_N~\
J§N~\?lQf(\HYnZoN~\b^`P�Y[Lbf(NQmnp_mnf(l?Zgh�Z:NQ\'Y[f�JMLO\OZg ~Xbf�h&^`\Fa'XFh�f�a'LbZoP:P��
J§P:Z:V��OZ:\O]-�F^Qh[f�a�NQ\�YnLOf2^QJ(J(XOmM^QJ§p'N`S
Y[Lbf�YnLOf(N~m[p�(¶} �ÚY6Z:h
h[LON��&\.Zo\eæ)Z:]QXOmnf!;O} j LOfÞ1bá�Ø�Ù§äFØBÕ´Ó`ÔbN`S¶^_J(P:^QXbh[fÉ+»Z:h1Y[Lbf
\?XOV���f(m�NQS6Z:\bh�Yn^Q\bJ§f�h2Zo\��&LOZgJML�Z�Y-h[XbJ(J(f(f�aOh2Zo\º^¹WOmnN?N`S
Y[mnf(f~i)^Q\ba¦Y[Lbf_\Of(]H^�YnZol~f�WFNQY[f(\HYnZ:^QP¤Zgh¨Y[LOf'\?XOV���f(m5NQS&Zo\K�
h�Yn^`\FJ§f�htZo\��&LOZgJML�ZoYtS´^`Z:P:h©Zo\5^�Wbm[N?N`SHY[mM^QJ(f7:�Y[LbZ:h�\ON`YnZoN~\¨��^~h
Xbh[f�a¯Zo\¯Y[LOf2aKf�hnJ§mnZ:WKY[Z:NQ\eNQS/Y[LOf�æ ç6�)j £ºY[N?NQP&² � Z:JMLb^Qmnabh
^`\Fa'c.N?N~\Of(pev�éQéHêQµ�}

��8 TUN~PoP:f�J§Y�Y[mM^`Z:\OZo\b]±h�f(Y-N`S�Z:\bhqYM^`\bJ(f�h�NQS5^·J§NQ\FJ§f(WOY�i�Ò
i
�?\ON��&\'Y[N�J§N~\HYn^`Z:\dV¡ZghnJ§Pg^Qhnh�Zosbf�a'Z:\bhqYM^`\bJ(f�h�}

� 8 TUPg^Qhnh�ZoS�p�Y[mM^`Z:\OZ:\O]«Zo\bh�Yn^Q\bJ§f�hdZo\HY[N j ë1h�i¨æ Î h(i¨æ
ë5Ñ h(i
j&Î h&^`\badJ(^QP:J(XOP:^`Y[f�^QJ�J§XOmM^QJ(pQ}

¹ 8 � Xb\±�OPg^`V2f-^Qhnh[Zo]~\OV2f(\HY�NQ\ÊZo\bh�Yn^Q\bJ§f�h5Z:\Êæ
ë�]~Zol?Z:\O]
h[f§Y NQS�W�N`Y[f�\HY[Zg^`Po�ªWb^QZomMh�i Î vQ}
Î v#ó-�H²4+ ß/. µ�
J+�mnf(l?Zgh[^Q�OP:f6J(P:^QXbh�f¨Z:\0(·^`\ba
. Z:h&Y[LOf�W�N`Ynf(\HY[Zg^`PRNQS�+1�
æ)Z:\ba�h�XO�Fh�f(Y ç6Î v6N`S Î v7�
ç6Î v$ó2�H²4+ ß/. µ3

²4+ ß/. µÇö Î v � +�J(NQ\HYn^QZo\bh�^Q\
N~mnaKZ:\b^QPRm[f�P:^`Y[Z:NQ\4�H}

ý�8 � f�WFf�^�Y¯h�Y[f�W=w«S�NQmeZ:\bh�Yn^`\FJ§f�heZo\=æ Î ]QZ:l?Zo\b]°h�f(YeN`S
W�N`Ynf(\HY[Zg^`Po�ªWF^`Z:mnh�i Î ;KiO^Q\badh�XO�Fh�f(Y ç6Î ;K}
Á©f§Y ç6Î ó ç6Î v5� ç6Î ;O}

6 8 � f�l?Z:h[ZoN~\'W�NQZ:\HYnhèó7�h+8
K²4+ ß/. µ�ö�� ç6Î }�1WOWOP:p®f�^QJML¹h�Z:V2WOPof j&� N~WFf�mn^`Y[NQm6YnN.f�^QJML¦mnf(l?Z:h[Z:NQ\
W�NQZ:\HY�i
Zo\ÊNQmMaKf(m5NQS(+��&Z�YnL±Pg^`mn]Qf�h�Y5W�N`Y[f�\HY[Zg^`Pª}.��V"�
WOP:f(V2f�\~Y&YnLOf���f�h�Y m[f�lHZgh[ZoN~\t}

9 8 � f�WFf�^�Y2S�mnNQV�h�Y[f(W±;KiUXO\OP:f�hnh�^¯V�^`­?Z:V�XbV ^QJ�J§XOmM^QJ(p
Lb^~h��Ff�f(\�mnf�^QJMLbf�aR}

æ)Zo]~XOmnf�;N�¶� P:]QN~m[ZoY[LOV�S�NQm1I?Z:V2WOPof ç mMaKZ:\b^`P ç W�f(mM^�YnNQmMh

k1h[Z:\O]1^ aO^zp�Ñ hR��NQm[Y[L¨N`S?Y[mM^`Z:\OZ:\O]&Z:\bhqYM^`\bJ(f�hU²´J§P:f�^Qm[f�a|ßbZo]~LHY
WOmnN`sbP:f�hMµ©�Uf�NQ�KYM^`Z:\Of�a"wQw6æ Î h
^`\ba2êD5~w9Ì j ë|h
NQXKY
N`SRêD5AÌP5
mnXO\bh"N`S&Y[LbfdJ(NQ\KßbZgJ�Y2^�­KZ:NQV�}{Ë�f�J(^`XFh�f_NQS&Y[LOf�J§N~V2WOPof(­?�
ZoYqp«NQS¨Y[LOf¦J§mnZ�Ynf(mnZ:^¹YnLOf¯mnf(l?Zgh�Z:NQ\���^Qh'^QJ(J(NQV2WOP:Z:h[LOf�aÝ�?p
S�NKJ§Xbh[Z:\O]�YnLOf6m[f�lHZgh[ZoN~\-h�WF^QJ§f|Y[N"Y[Lbf|P:NQ\O]~Z�YnXbaKZ:\b^`PRh[f(Wb^Qmn^`�
Y[Z:NQ\·J(m[ZoY[f�m[Zg^¹²�Zª} f~}-J§N~\bJ§f�WKY!ÒÝZo\·æ)Zo]~XOmnf(;~µ6mn^`Y[LOf�m¨Y[Lb^Q\
S�mnNQV Y[LOf2Z:\OZoY[Zg^`P)Y[mM^`Z:\OZ:\O]-Z:\bh�Yn^`\FJ§f�h�}�Ò·��^Qh6h[f(P:f�J�Ynf�a.�?p
h�Y[XbaKp?Z:\O]®Y[LOf�NQXOY[WOXKY�NQS|�OPg^`V2f�^Qhnh�Z:]Q\OV2f�\~Y¡S�NQm2^`P:P�Y[Lbf
æ Î h�iF^Q\badY[LOf"]Qf�\Of(mM^`P:Z:h[f�a'f§­KWOPg^`\F^�Y[Z:NQ\.N~XKY[WbXKY S�NQm|Zo\FaKZ��
l?Z:aOXb^`Pbæ Î h(}
ÁtN~\O]QZoY[XbaOZo\b^QPOh�f�Wb^`mM^�YnZoN~\�l�^`P:XOf�h/Zo\2V2Z:\HXOY[f�h
J(^Q\.�Ff¡êKi »Oi�Ì?i «Oi éOi:v�5Oi:v�êOi ;75�NQm|w75OiF^`\badYnLOf¡T Î I�J(NQ\HYn^QZo\Fh
S�NQmnV�^`P:Z:h[f�a�J(m[ZoY[f�m[Zg^¦S�NQmd^`P:P N`S¨Y[Lbf�h[fQ}æÌ`ê¦\bf(� Y[mM^`Z:\OZ:\O]
Z:\bhqYM^`\bJ(f�h¡��f(mnf-]Qf�\Of(mM^�Ynf�a¹S�mnNQVÜWbm[N?N`S1Y[mnf(f�h2^Q\ba±WOmnN?N`S
Y[mM^QJ(f�h�Z:\·�&LOZgJML±^�PoN~\O]QZoY[XFaKZo\F^`PUh[f(WF^`mM^�Y[Z:NQ\¦l�^`P:XOf_NQS¨v^5
V2Zo\?XKYnf�h2��^Qh2^Qhnh[Zo]~\Of�a±Y[N¦Yq�UN¹^`Z:mMJ§mM^�S¢Y¡^`Y�Pof�^Qh�Y2N~\OfdN`S
�&LOZgJML°Zgh_ßbp?Z:\O]Ê^`Ydh[XO�bh[NQ\OZgJ¯h[WFf�f�aR} j LOfeYnmn^QZo\bZo\O]ÊZo\K�
h�Yn^`\FJ§f�h¤Zo\FJ§P:XbaKf�a);Qê�æ
ë�^`\ba'êD5 j&Î i~Y[LOf6J§N~\bJ§f�WKYU��f(Z:\O]Y�
Y[Lbf �F^Qh[Z:J V2Zo\ PoN~\O]QZoY[XbaOZo\b^QP h�f�W Â¶^QP Z:\ V¡Z:\bh
mnf� HXOZ:m[f�a S�NQmz²BI?f�]QV2f(\HY�vQiìI?f(]~V¡f�\HY?;Qµ ó�v�5O}
j LOf j&Î Ñ hÊ��f(mnf�]~f(\Of�mn^`Y[f�a��?p�mnf§�Úm[XO\b\OZo\b]»Y[LOfÍaO^zp�Ñ h
��NQm[Y[L�N`S�Z:\bhqYM^`\bJ(f�h�i&^`\ba�ZgaKf(\HYnZ�S�p?Z:\O]·Y[LbN~h[feZo\ºl~f(m[Y[ZgJ(^QP
J§N~\KßbZgJ�Y�Y[Lb^`Y&]~^zlQf|^�P:NQ\O]~Z�YnXbaKZ:\b^`PRh[f(Wb^Qmn^`Y[Z:NQ\�NQSUv�5�V2Zo\K�
XKYnf�h�iQ�OXKYU�Uf�m[f6ä�á`Ø)Z:\2N�lQf�mn^QPoPKJ§N~\KßbZgJ�Y¤^~J(J§N~mnaOZo\O]|Y[N���N`YnL
^`Z:m�Y[mM^�å_J¨J§N~\HY[mnNQP�N`å_J§f�mnh&^Q\ba-Y[LOf�+*-/. �A� ²¢Y[L?Xbh PoN���f(m[�
Z:\O]¯YnLOfdWFNHh[h[Zo�bZoP:Z�Yqp·NQS1\ON~Z:h[p·aO^�YM^~µ�} j Lbfdæ
ë5Ñ h2N`S6J§NQ\O�
J§f�WKYÞÒ¹^Qm[f�aKf�m[Z:lQf�a�aKZomnf�J§Y[P:p_S�mnNQV Y[LOf"wQw"S´^`Pgh�f�WFNHh�ZoY[Z:lQf�h
S�mnNQV�YnLOf�J(NQ\KßbZgJ�Y|WOm[f�aKZgJ(^�YnfQ} j LOf�^`P:]QN~m[ZoY[LbV�Xbh[Zo\O]_h[Z:V"�
WOP:f¤mnf(l~f(mMh�f/^`\Fa5aKmnNQWOWOZ:\O]1J(NQ\baOZ�YnZoN~\bhtN~WFf�mn^`Y[NQmMhRmnf§YnXOm[\bf�a
^5\bf(�ºYnLOf(N~m[p¡�&Z�YnL_Yq��N"J(P:^QXbh�f�hU^QP�Ynf(mnf�a��?p2��N`Y[L-Y[LOf6NQWO�
f(mM^�YnNQmMh4:z^�S¢Ynf(m)m[f�l?Z:h[ZoN~\tiDÌV8&N`SKYnLOf¶Ynmn^QZo\bZo\O]1Zo\bh�Yn^Q\bJ§f�ht��f(mnf
J§N�l~f(mnf�aRi`^Q\ba"NQ\OP:p_v�²´æ
ë|µ/XO\bJ§N�l~f(mnf�aR})I?Zo]~\OZosFJ(^Q\~YnPop~i`NQ\bf
N`SRYnLOf¨J§Pg^`Xbh[f�h¶Y[Lb^`YU��^Qh¶mnf(l?Zgh�f�aRi?aKf§sb\bZo\O]�Y[LOf6WOmnf�aKZgJ(^`Y[f6�
^`mnf ^`S¢Y[f�m ^ J§N~V2V¡N~\ WKY S�mnNQV �&LOZgJML WOm[NQsbP:f Y[mM^QJM�Kh
^Qm[f h[^QV2f N~m aKZ:lQf�m[]~Zo\b] Y[Lbf(mnf�^�S¢Ynf(m ^`\Fa ^�Y �&LOZgJML
��N`YnL ^QZomMJ§mM^�S¢Y Lb^zlQf ^`P:m[f�^QaKp mnf(W�NQm[Y[f�a �?p
Lb^~h&�Ff�f(\.h[XO�bh[f� HXOf(\HYnPop'Z:aKf�\HY[Zosbf�a�^Qh1^`\dZo\bJ(NQmnm[f�J�Y&mnf�^QaK�
Z:\O]2N`S/^`\�� j T°ce^Q\?Xb^`Pª}

ý�8���8 � �  'E;:RAÃ½�¿�E�)±EAÂ���C2>!Àg¾NÂÃÄ�EÉ� ô+* E~¿P½,)±EAÂ��
j LOf&V2f§YnLONKa¡S�NQm/Z:V2WOPof�V2f(\HY[Z:\O]5J§N~V2WFNHh�ZoY[f&N~mnaKZ:\b^QPKNQW�f(m[�
^�YnNQmMh Zgh¨h�LON��&\¯Zo\¦æ�Z:]QXbm[f¡wO}5IHY[f�Wbh¡v"^Q\ba
;-^`mnf"h[ZoV2Z:P:^Qm
Y[N®Y[LbN~h[f'NQS Y[LOf�h[ZoV2WOP:f�NQW�f(mM^�Y[N~m�}¦�ÚS6^`S¢Y[f�m¡h�Y[f�W­;Oi¤æ
ë
Zgh2P:^Qm[]~f(m"Y[Lb^Q\�æ Î i
YnLOf(\�]Qf�\Of(mM^`P:Zgh[^`Y[Z:NQ\±NQS6^¹J§Pg^`Xbh[f­+
NKJ(J(XOmnh¡Z:\«h�Y[f�Wbh�8Q��}:}x«`�«Z:\«^¹h[ZoV2Z:P:^Qm¡V�^Q\O\Of(m�}Ýë1N`Ynf
Y[LF^�Y�Y[LOf�aKmnZ:lQf(m�S�N~mUYnLOf�^`P:]QN~m[ZoY[LOV�Zgh�Y[Lbf"Û�Ø�Ó7Î(Õ¢ÔÖÕ¢Øªã|NQS©Y[Lbf
J§Pg^`XFh�f�h�Zo\ ç6Î iKmM^�Y[Lbf(m�Y[LF^`\dY[LOf�Z:\bJ(m[f�^Qh[f6Z:\.^QJ�J§XOmM^QJ(p�N`S
(¶}



��8 TUN~PoP:f�J§YRY[mM^`Z:\OZo\b]1h�f(Y©N`S?Z:\bhqYM^`\bJ(f�h©N`SO^&J§N~\bJ§f�WKY�iz�?\ON��&\
YnN¡J(NQ\HYn^QZo\'V¡ZghnJ§Pg^Qhnh�Zosbf�a-Zo\FhqYM^`\bJ(f�h�})��\bZ�YnZ:^QPoZgh�f6� Ü ó
u|f(P:f§Ynf�a�J§Pg^`Xbh[f�h¬ó��<�2ihÖÁó»^QabaKf�a'J§Pg^`Xbh[f�h¬ó1�3�~}

� 8 TUPg^Qhnh�ZoS�p�Y[mM^`Z:\OZ:\O]«Zo\bh�Yn^Q\bJ§f�hdZo\HY[N j ë1h�i¨æ Î h(i¨æ
ë5Ñ h(i
j&Î h&^`\badJ(^QP:J(XOP:^`Y[f�^QJ�J§XOmM^QJ(pQ}

¹ ¾R8 IKWFf�J§Zg^`P:Z:h[f=(ÝZo\®^_V�^`\O\bf(m6Zo\baOZ:J�^�Y[f�ae�?p.hqYnf(Wbh6wQ^¯}o}
«~^O} � XO\³�OPg^`V2f¯^Qhnh[Zo]~\OV2f(\HY-NQ\ºZ:\bh�Yn^Q\bJ§f�h_Z:\�æ Î
]~Zol?Z:\O]�h�f(Y�NQS)W�N`Ynf(\HY[Zg^`Po�ÚWb^`Z:mnh�i Î }
Î ó1�?²�+ ß>. µ�
E+»mnf(l?Zgh[^Q�OPof¨J§Pg^`XFh�f¨Z:\�(¹^Q\ba
. Z:h&Y[LOf�W�N`Ynf(\HY[Zg^`PRNQS�+1�~}
æ)Z:\ba�h�XO�Fh�f(Y ç6Î NQS Î �
ç6Î ó?�?²�+ ß>. µ@
�²�+ ß>. µLö Î � +ÞJ§N~\~YM^`Z:\bh-^Q\
N~mnaKZ:\b^QPRm[f�P:^`Y[Z:NQ\4�H}

ý`¾R8 IKf(P:f�J�Y WF^`Z:m5²�+ ß>. µ��&LOf(mnf . Zgh�V�^�­KZ:V�XOV N`S
� . 
K²4+ ß/. µ�ö�� ç6Î }

6 ¾R8 T�^QP:J(XOPg^�Y[f¯Y[LOf¹\�aKZoV2f�\bh�Z:NQ\F^`P6m[f�]QZ:NQ\bh$ë)�9° ß ë ® °aKf(sb\Of�a'�?p¯²�v�µ§i©²Ø;~µ�^`\ba¦²´wHµ�}
9 ¾R8 �ÚSÃë)�A° ß ë ® °Í^`mnf6\ON`Y f� ~XF^`Ph[f§Y LOf�^Qa'N`SÞ+èûù��óÍLOf�^QadN`S�+#:

h[f§Y6�FNKaKp�N`S#+ û ��ó��FNKaKp�NQS#+��&ZoY[LÉ÷±mnf(WbP:^~J§f�a��?p
÷*ûRS�m[N~V ²Bê~µ
f�P:h[f
aKf�Pof(Y[f�+�S�mnNQV ç6Î ^`\Fa-mnf(W�f�^`Y&S�m[N~V¸hqYnf(W�8~^b}

A ¾R8 � f(WOPg^QJ(f)+»�&ZoY[L­+èû©^`\badJ(^QP:J(XOP:^`Y[f�^QJ�J§XOmM^QJ(pQ}
B ¾R8 Ü ûhó Ü ��+ò:hÖ ûhóyÖC�x+èûª}
D 8 � f�WFf�^�Y|S�m[N~V h�Y[f�W±v5XO\HYnZoP ç6Î Zgh|h�Yn^Q�OP:f�NQm6^QJ�J§XOmM^QJ(p

Zgh�v�565<E-}

æ)Zo]~XOmnf¤wN�©�1Po]~NQmnZ�YnLOV³S�NQm
TUN~V2WFNHh�ZoY[f ç mMaKZ:\b^`P ç WFf�mn^`Y[N~mnh�}

Ë�f�J�^`Xbh[f¤NQSOY[LOf&hn^�S�f(Yqp~��J§mnZoY[ZgJ(^`P~\b^�YnXOmnfUNQSOY[LOf&^QWOWOP:Z:J�^�Y[Z:NQ\©i
^`\FaÊYnLOf.S´^~J�Y_YnLb^�Y'h[NQV2feaO^`Yn^¹l�^`P:XOf�h_V�^zpÊNKJ(J(XOm�NQ\bPop
mM^`mnf(P:pQi(ZoY©Zght\Of�J§f�h[hn^`mnp&Y[N|JMLOf�JM�1Y[Lb^`Y�^&J§Pg^`Xbh[f�+�öÉÖ¦NQmnZo]Q�
Z:\b^`P:Pop�^Qm[Zgh�Z:\O]¨S�mnNQV�^�S�XO\FJ�Y[Z:NQ\©iHmnf(V�^QZo\bhUaKf§sF\Of�a�N�l~f(m¶ZoYnh
Z:\~Ynf(\baOf�a.aKN~V2^QZo\©}U�ÚS
Y[LbZ:h1Z:h�YnLOf�J�^Qh[fQib^!1bázÛ�Ø�3 1�â[á�ñMÙ�ÛMÛ�Õ¢äHð
WOLb^~h�f¨Zgh&\Of�J§f�hnhn^`mnpQ}
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