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§EJYÄ i�N\[�¬Eb�VX_a�aV6n���®�sM�\[]W«VX_a�­SUb�R�Ð4S|o&SUb�V6b�SUs{_aR�J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ¢

§EJYÄ6JYÄ Ð«sMZ:VXW�m½VXd\}X[�¬EPEo�o�[:bcn(SU[]R J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ª
§EJYÄ6JÊ§ k�SU}X}{R�®�[]Z�NaVX_aSYR(oÏJ$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J Ì
§EJYÄ6JÊ¢ i�N\[$Ð4V6}Xn�VX_\}{SYVX_�sXr b�N\[�¬Eb�VX_>�aV6n(�­®­sE�a[]W J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,ÄXÄ
§EJYÄ6J ª "�[]d\bcn�SY_\s�®-VXR�Rc[]R J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,ÄXÄ
§EJYÄ6JÊ¤ i�N\[$k�SU[:n(V6n(Z�NQP�L�n(sX�>WU[]o sXr'b�N\[�¬Eb�VX_a�>V6n(��®�sM�\[]WjJ$J¾J$J�J¾J$J$J$J¾J$J�J,Ä]§
§EJYÄ6J! ¬Es{WYd\b�SUs{_>R^sXr�b�N\[�k�SU[:n�V6n(Z(NpPtL�n�sX�>WU[]o J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,Ä�ª

§EJÊ§ ¬\d\v [:n(RcPMo&o�[:bcn�PjJ$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,Ä" 
§EJÊ§EJYÄ ��¯Mv>WYSYZ:SUb�¬Md\v [:n(R�PEo&o&[:bcn�P�#�n�[]V6TMSY_\} J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,Ä]Ì
§EJÊ§EJÊ§ i�N\[¾hÂ[]R�R`u%$�dao&SY_\s�®­sM�\[]WÅJ$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§6¨
§EJÊ§EJÊ¢ i�N\[�®-SY_aSYo&VXW«¬Mdav0[:n�RcPEo�o�[:bcn(SYZ¾¬Eb�VX_a�aV6n���®�sM�\[]W J$J¾J$J�J¾J$J$J$J¾J$J�J�§X§
§EJÊ§EJ ª ¬Ev s{_Qb�VX_\[:s{d>R�¬Md\v [:n(RcPMo&o�[:bcn(P�#�n�[]V6TES|_\}~J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§X¤
§EJÊ§EJÊ¤ ®­SY_>SYo&VXW«¬Md\v [:n�}Xn(VDyESYb�P J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§{£
§EJÊ§EJ! i�N\[�®-VXR�R�¬Ev []Z�bcn(d>o J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§XÌ

§EJÊ¢ g�u�L V6n(SUb�P J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¢X¤
§EJÊ¢EJYÄ g�[]Rcs{_aVX_pb�¬MWY[:vabcs{_�L�n(sE�ad>Z�b�SUs{_BV6b�b�N\[$i�[:yGV6bcn(s{_ J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¢{£
§EJÊ¢EJÊ§ L'VXSYn�VX_a��e�R�RcsMZ:SYV6bc[]�-m½VXda}{SY_\s�L�n�sE�>daZ�b�SUs{_ J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ªaÄ

§EJ ª ��¯MS|Rcb�SY_\}
� s{da_a�aR�s{_�g�u�L V6n(SUb�PByMSUs{WYV6b�SY_a}�¬M¼½¬E¿ J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ªXª
§EJ ª\JYÄ IÀ_a�>SUn�[]Z�b^� s{da_a�aR¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ªXª
§EJ ª\JÊ§ ¬E[]V6n(Z(Na[]R�V6b'&�()&6¥HÎ�s{WYWYS|�\[:n(R�J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ª* 
§EJ ª\JÊ¢ ¬E[]V6n(Z(Na[]R�V6b�Ð4[:vabcs{_,+�k�VX�\n�s{_�Î�s{WYWYSY�a[:n(RÈJ�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¤MÄ
§EJ ª\J ª ¬E[]V6n(Z(Na[]R�V6b�k�VX�\n�s{_-+ k�VX�\n(s{_-Î�s{WYWYS|�\[:n(R©J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¤Gª
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¢EJYÄ m�[]_a[:n(VXW4e�Rcv []Z�b�R/sXr�Î�s{WYWYS|�\[:n�LONQPMR�SYZ:R�J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ¤{£
¢EJYÄ6JYÄ I`_pbc[:n(VXZ�b�SUs{_aR�sXr L V6n�b�S|Z:WU[]R/��SUb�N�®-V6bcbc[:nzJ¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ¤�+
¢EJYÄ6JÊ§ k�VX�\n�s{_>SU�]V6b�SUs{_�J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  6¨

¢EJÊ§ i�Na[$i4[:y6V6bcn�s{_­e�Z:Z�[]WU[:n(V6bcsXn�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  MÄ
¢EJÊ¢ i�Na[$�¾� ��[:bc[]Z�bcsXn�J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  X¤

¢EJÊ¢EJYÄ Î^spsXn(�>SY_aV6bc[�¬EPMRcbc[]o�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  X¤
¢EJÊ¢EJÊ§ i�N\[$Ð4dao�SY_\s{R�SUbxPB¬EPMRcbc[]o J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  {£
¢EJÊ¢EJÊ¢ i�N\[�Î�[]_pbcn(VXW«i�n(VXZ�TMSY_\}t¬MPERcbc[]o�R J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J £EÄ
¢EJÊ¢EJ ª i�N\[�Î^VXWUsXn(S|o�[:bc[:n�¬EPMRcbc[]o J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J £  
¢EJÊ¢EJÊ¤ i�N\[�®­das{_-¬EPMRcbc[]o J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +6¨

¢EJ ª i�n(SU}X}X[:n]f���V6b�V�e�Z �EdaSYR(SUb�SUs{_BVX_a��L�n�sEZ�[]R(R�SY_\} J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +  
¢EJ ª\JYÄ Ð4[:yX[]W�Ä J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +  
¢EJ ª\JÊ§ Ð4[:yX[]W�§ J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +�+
¢EJ ª\JÊ¢ Ð4[:yX[]W�¢ J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +XÌ
¢EJ ª\J ª Î^s{o�v>d\b�SY_a}
VX_>�-¬EsXr8b��^V6n�[ J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ÌX¢
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ª\JYÄ g�[]Z�sXn(�\[]�­�½V6b�V J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ÌXÌ
ª\JÊ§ ®-daWUb�S  c[:b
�$Î^����¯Ebcn(VXZ�b�SYs{_�r8n�s{o �½V6b�V J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨\Ä

ª\JÊ§EJYÄ ��Î^� ¬MVXo�v>WU[¾��SUb�N\s{d\b^n�[ �EdaSUn(S|_\}�V���uwb�V6}tJ$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{§
ª\JÊ§EJÊ§ ��Î^� ¬MVXo�v>WU[¾��SUb�N��(uwb�V6},J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{§
ª\JÊ§EJÊ¢ ��Î^� g�[]o�s;yGVXW�¼�R�S|_\}&V�®­s{o�[]_Qb�d>o ��[:v0[]_>�\[]_Qb�®­d\s{_�IÀRcs{W|V6b�SUs{_ J$J$JOÄ:¨{¤

ª\JÊ¢ ®­s{_Qbc[�Î^V6n(WUs�¬\SYo�d>WYV6b�SUs{_ÅJ�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{¤
ª\JÊ¢EJYÄ ¬Mb�VX_a�aV6n(��®­sE�a[]W #^VXZ�TE}Xn�s{da_a� J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{¤
ª\JÊ¢EJÊ§ ¬\SU}{_aVXW«®­s{_Qbc[�Î^V6n(WUs�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨ +
ª\JÊ¢EJÊ¢ k�SU}{N\[:n���n(�\[:n�Î�sXn(n�[]Z�b�SUs{_aR J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨ +
ª\JÊ¢EJ ª ®-daWUb�SYv>WU[�IÀ_pbc[:n(VXZ�b�SUs{_aR&J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄXÄ:¨
ª\JÊ¢EJÊ¤ L V6n�bcs{_-�½SYRcbcn(SU��d\b�SUs{_B�ada_aZ�b�SYs{_aR J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄXÄXÄ
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¤EJYÄ ®-d\s{_aR�J$J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄXÄ]¢

¤EJYÄ6JYÄ ��SUux®­d\s{_­i4n(SY}X}X[:n ����Z:SY[]_aZ�P�J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄXÄ�ª
¤EJYÄ6JÊ§ ®­d\s{_­g�[]Z�s{_aRcbcn�daZ�b�SUs{_ �	��Z:SU[]_aZ�P�J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄXÄD£
¤EJYÄ6JÊ¢ ®­d\s{_­i4n(VXZ(T�� SY_a�aSY_a}�VX_a��®-V6b�Z(N>SY_\} �	��Z:SU[]_aZ�PlJ$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§6¨
¤EJYÄ6J ª ®­d\s{_�IÀRcs{W|V6b�SUs{_ ����Z:SU[]_aZ�P J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§X§
¤EJYÄ6JÊ¤ 
�®�[]�aS|dao��&®-d\s{_ ����Z:SU[]_aZ�P J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§Gª
¤EJYÄ6J! ®­d\s{_-®�s{o�[]_pb�dao ¬Mo�[]V6n(SY_a}�J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§{£
¤EJYÄ6J £ ¬Mdao&o&V6n(Pt®-d\s{_ ����Z:SU[]_aZ:SU[]RÂJ�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§{£

¤EJÊ§ 
{[:b�R J$J$J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§�+
¤EJÊ§EJYÄ 
X[:b�e�WU}XsXn(SUb�N>o J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§�+
¤EJÊ§EJÊ§ 
X[:b�I`�\[]_pb�SU�>Z:V6b�SUs{_,J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢6¨
¤EJÊ§EJÊ¢ 
X[:b�g�[]Z�s{_aRcbcn(daZ�b�SYs{_ ����Z:SY[]_aZ�PÏJ$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢MÄ
¤EJÊ§EJ ª 
X[:b �O_\[:n�}XP�¬MZ:VXWU[ J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢X¢
¤EJÊ§EJÊ¤ 
X[:b �O_\[:n�}XPBg�[]Rcs{WYdab�SUs{_qJ$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢  

¤EJÊ¢ ®-SYR�R(SY_\}���� J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢  
¤EJ ª i'VXdaRjJ$J$J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢�+
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 EJÊ§ ¬M[]V6n(Z(N­r sXn�g�[]Rcs{_aVX_pb�¬MWU[:v>bcs{_�L�n�sM�adaZ�b�SYs{_qJ$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä�ªXª

 EJÊ§EJYÄ ¬MSU}{_aVXW«®­s{_Qbc[�Î^V6n(WUs�¬Eb�d>�aSU[]R J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä�ªXª
 EJÊ§EJÊ§ ��yX[]_pb½¬E[]WU[]Z�b�SYs{_ J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¤X§
 EJÊ§EJÊ¢ ¬EPER�bc[]o&V6b�SYZ$¼�_aZ�[:n�b�VXSY_pb�SU[]R^J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä" X¤
 EJÊ§EJ ª i�N\[$� SY_aVXW4¬MVXo&v>WU[ J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä" �+
 EJÊ§EJÊ¤ Î^VX_a�aSY�>V6bc[¾[:yX[]_Qb�R~J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄD£G¨

 EJÊ¢ ¬M[]V6n(Z(N­r sXn�m¾VXd\}{SY_\s&L VXSUn�VX_>��e�R(RcsEZ:S|V6bc[]�­L�n(sE�ad>Z�b�SUs{_ J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄD£6¢
 EJÊ¢EJYÄ ¬MSU}{_aVXW«®­s{_Qbc[�Î^V6n(WUs�¬Eb�d>�aSU[]R J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄD£6¢
 EJÊ¢EJÊ§ ��yX[]_pb½¬E[]WU[]Z�b�SYs{_ J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄD£;ª
 EJÊ¢EJÊ¢ ¬EPER�bc[]o&V6b�SYZ$¼�_aZ�[:n�b�VXSY_pb�SU[]R^J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄD£X£
 EJÊ¢EJ ª i�N\[$� SY_aVXW4¬MVXo&v>WU[ J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄD£X£
 EJÊ¢EJÊ¤ Î^VX_a�aSY�>V6bc[¾[:yX[]_Qb�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄD£X£

VII



Table of Contents

� 
tCE7DA	� 9D7 ��� �
£pJYÄ i�Na[�Î^Ð���Ð4SYo&SYb/Î^VXW|Z:daWYV6b�SUs{_�®­[:b�N\sM�­J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ +MÄ
£pJÊ§ Ð�SYo&SUb�R^s{_�g�[]Rcs{_aVX_pb�¬MWU[:v>bcs{_�L�n�sM�adaZ�b�SYs{_ J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ +X¢

£pJÊ§EJYÄ ®­sM�\[]W�I`_a�\[:v []_a�\[]_pb/Ð4SYo&SYb�R�J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ +X¢
£pJÊ§EJÊ§ Î^s{o��>S|_\[]��Ð4SYo�SUb�R^��SUb�NaS|_�o�¬\¼½m½g�e J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ +X¢

£pJÊ¢ Ð�SYo&SUb�R^s{_-m¾VXd\}{SY_\s&L VXSUn�VX_>��e�R(RcsEZ:S|V6bc[]�­L�n(sE�ad>Z�b�SUs{_�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ]Ì6¨
£pJÊ¢EJYÄ Î^n�s{R�R�¬E[]Z�b�SYs{_�Ð4SYo�SUb�R�J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ]Ì6¨
£pJÊ¢EJÊ§ I`_pbc[:n�van�[:b�V6b�SUs{_­��SUb�NaS|_�o�¬\¼½m½g�elJ¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ]ÌX§

� 1 ��=	�*� A47D5
�0=47 � 
 �

? ��C*�4='FH<>= 	 58< ��3;<>FH7 ����9;2�C �«5
��=�< � � 
�

e�JYÄ "�[]d\bcn(VXWYS|_\s&��[]Z:V]P-Î^NaVX_>_\[]WYR J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ]ÌXÌ
e�JÊ§ Î^N>V6n�}{SY_\s&��[]Z:V]P-Î/NaVX_a_\[]WYR J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J'§6¨\Ä
e�JÊ¢ "�[]d\bcn(VXWYS|_\s�§
��[]Z:V]P�Î^N>VX_a_\[]WYR J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J'§6¨{§

� �«A�7�� �>CM=	� ��� 5�� �Q<\9;5
��= ��
 �

1 ��58=�< � 
tCp7DA � 9D7�5 = 	 CQ9D<�5
� ��
 �
Î½JYÄÏÎ^N>VX_a_\[]W�´µ-¶ ´·'¸ ¦ µ ��SUb�NBb�VX_
�ÂÃ ¤
VX_a��R�SY}{_ # µ %cÃ�u(Ä�J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J'§6¨{¤
Î½JÊ§ Î^N>VX_a_\[]W�´µ-¶ ´·'¸��������� ��� µ ��SUb�NBb�VX_���Ã¡¤�VX_a��R�SY}{_ # µ %cÃ�u(Ä�J$J$J¾J$J$J�J¾J$J$J¾J$J$J'§6¨{Ì
Î½JÊ¢ Î^N>VX_a_\[]W^´¹Gº
¶ ´· » ¦ ��� ��� µ ��SUb�NBb�VX_���Ã ¤�VX_a�­R�SU}{_ # µ %cÃ�u(Ä©J$J$J¾J$J$J�J¾J$J$J¾J$J$J'§MÄ]§


tC���CE3;CM=��QCp7 � � �

?-���«=���� �8C �	�0F~CM=09D7 � � �

VIII



� �������	��
 �


 � ��� ��� � 	���� � �

¼�R�daVXW|WUPXf0R(d\v [:n(RcPMo&o�[:bcn(SYZ�o�sE�a[]WYR #w¬\¼½¬p¿ %�VXR�R�dao�[
±�u�L V6n(SUbxP-Z�s{_aRc[:n(yGV6b�SUs{_«J$i�N\[
�aSUn�[]Z�b�Z�s{_Mu
R�[ �pd\[]_>Z�[�SYR�b�NaV6b�b�N\[�W|SU}{NQbc[]R�bOR�d\v [:n(R�PEo&o&[:bcn(SYZ^v>V6n�b�S|Z:WU[XfQb�N\[½Ð'¬\L�fESYR�R�b�V6�>WU[XJ�i�NaS|R�VXR�R�d>o�vab�SUs{_
S|R/r8VDyXsXn�[]��f��0[]Z:VXd>Rc[�V&_a[]d\bcn(VXW«Ð ¬ML@Z�s{daW|�­Rcs{WUyX[�s{_\[$sXr�b�N\[$��SU} �pda[]Rcb�SUs{_aR�S|_�Z:d\n�n�[]_pb�v>NpPMR�SYZ:R��
i�N\[$�aV6n�Tto&V6bcbc[:n�v>n�sX�>WU[]o�J
k�sD��[:yX[:n]fE±�u�L'V6n�SUb�P�_\[:[]��_\sXb � [�Z�s{_aR�[:n�yX[]� �pS|_�r VXZ�b:fQb�N\[:n([�SYR NaV6n��aWUP$VX_pP�b�N\[:sXn�[:b�S|Z:VXWaV6n�}{dao�[]_pb
r8sXn�±�uwv>V6n�SUb�P�bcs$� [�Z�s{_aRc[:n�yX[]�«J�e�WYR�s¾b�N\[��aV6n�T
o&V6bcbc[:n�_\[:[]�aR�_\sXb�bcs�� [/R�d\v [:n(RcPMo&o�[:bcn(S|Z6f{o&VX_QP
sXb�Na[:n�b�N\[:sXn�SU[]Rtvan�[]�aSYZ�b�N\[]V]yEP���[]V6TEWUP�S|_Qbc[:n(VXZ�b�S|_\}Hv�V6n�b�SYZ:WU[]R:J¡±�u�L V6n(SYb�P�yMSUs{WYV6b�SY_a} # g�L�Ë sXn
°±^²�%�v sXbc[]_pb�SYVXWYR
Z:VX_ � [tVX�a�a[]�~bcs©VX_pP ¬M¼¾¬p¿ Ð�V6}Xn(VX_\}{SYVX_«J©i�NaSYR�VXWYWUs;��R�r8sXn&R�SY_a}{WU[�Rcv�V6n�b�SYZ:WU[
v>n�sE�>daZ�b�SUs{_jVX_a� SUb�RB�\[]Z:V]P bcszVXWUn�[]VX�\P#TE_asD��_¡¬Eb�VX_a�>V6n(� ®�sM�\[]W�v>V6n�b�SYZ:WY[]R:f�V6b�b�N\[³van�SYZ�[-sXr
WY[:vabcs{_�VX_a���>V6n(PXs{_�_pd>o�� [:n/yMSUs{WYV6b�SUs{_�J h SUb�N�g�L�Ë SUb/SYR^v s{R�R�SU�>WY[�bcs&[�¯Mv>WYVXS|_t_a[]d\bcn(SY_\s�o&VXR(Rc[]R
�EP-_a[]d\bcn(SY_\s + _\[]d\bcn(VXW|SY_\sBo&VXR�R¾o&S ¯\SY_\}\J¾I`_³Z(NaV6v>bc[:n�§tb�N\[�¬Eb�VX_a�aV6n��³®­sM�\[]W f«VXR½��[]WYW VXR$SUb�R
R(N\sXn�b�Z�s{o&SY_a}{R�WU[]VX�aSY_a}�bcs�b�N\[$SY_pbcn�sE�>daZ�b�SUs{_BsXr R�d\v [:n(RcPMo&o�[:bcn(S|Z�o�sM�\[]WYR/R(NaVXWYW � [$�aSYR�Z:d>R�Rc[]��J
i�N\[�R�[]V6n(Z(Ntr8sXn
°±^²�R�dav0[:n�RcPEo�o�[:bcn�P�SYR�v [:n�r sXn�o�[]�&��SYb�N�b�N\[¾�$�)[�¯Ev [:n(S|o�[]_Qb:fMV
o�d>WUb�S uwv>d\n(v0s{R�[
�a[:bc[]Z�bcsXn]f\WUsEZ:V6bc[]��V6b�s{_\[�sXr b���s�SY_pbc[:n(VXZ�b�SUs{_�v s{SY_Qb�R�sXr b�N\[�i�[:yGV6bcn(s{_�VXZ:Z�[]WU[:n�V6bcsXn]f\V6bO�\[:n(o�SYWYV6�«f
_a[]V6n^Î^NaS|Z:V6}Xs\J�i�N\[�i�[:yGV6bcn(s{_�SYROV$van(sXbcs{_ �pVX_Qb�SUuwvan�sXbcs{_tZ�s{WYWYSY�\[:n���NaSYZ�N���VXR�Z�s{o�v>WY[:bc[]��SY_­Ä]Ì�+X¢
VX_>�~WU[]�~bcs-b�N\[t�aSYR�Z�s;yX[:n�PÂsXr�b�N\[tN\[]V]yMSU[]Rcb �pd>V6n�T�f b�N\[�bcsXv«f�SY_@Ä]ÌXÌX¤-��SYb�NÂb�N\[�bx�OsÂ�\[:bc[]Z�bcsXn�R
Î/���-VX_a�
�$��J'i�N\[�VXZ:Z�[]WY[:n(V6bcsXn���VXR�dava}Xn(VX�\[]��f6bcsX}X[:b�N\[:n���SUb�N�� sXb�N�[�¯Ev [:n(S|o�[]_Qb�R]f6VX_>��R�b�V6n�bc[]�
b�Na[$g�da_BI�I^SY_�§6¨X¨\Ä6f0n�[]VXZ(NaS|_\}&_\sD� V&Z�[]_Qbc[:n�sXr'o�VXR�R/[]_\[:n�}XPBsXr^Ä6ÉÊÌ  &i�[:Ë�J�e)bcsXb�VXW�SY_Qbc[:}Xn�V6bc[]�
W|dao&SY_\s{R(SUb�P�sXr�d\v³bcs +tr ��¥�¦½SYR½v>WYVX_>_\[]�­bcs�� [��\[]WYSYyX[:n�[]�³VX_a��n�[]Z�sXn(�\[]�³v [:n½[�¯Ev [:n(S|o�[]_Qb¾da_pb�SYW
§6¨X¨{ÌEJBi�N\[�bcsXb�VXWOSY_pbc[:}Xn(V6bc[]�~WYd>o&SY_\s{R�SYb�P­d\b�S|WYSU�:[]��r sXn�b�NaSYR¾VX_aVXWYPER�S|R¾Z�sXn�[]Rcv s{_a�aR¾bcs�¢{£;ª�va��¥�¦:J
i�N\[�VXZ:Z�[]WU[:n(V6bcsXn�VX_>�&b�N\[��\[:bc[]Z�bcsXn^��SYWYWM� [��>SYR�Z:daR�R�[]��SY_�Z�NaV6vabc[:n/¢�VXRO�O[]W|WaVXR�b�N\[�[:yX[]_pbObcn�SU}X}X[:n
VX_>��b�N\[¾[:yX[]_pb��aV6b�V&o&sE�\[]WwJ
i�N\n�[:[��>S
�0[:n([]_QbOb�PEv0[]R�sXr4g�L�Ë)Z�s{dav>WYSY_\}{ROo&V]P�[�¯MSYR�b:fp�>dab�b�NaSYR�VX_aVXWUPMR�SYROZ�s{_aZ�[]_pbcn(V6bc[]R/s{_B��� �� u
Z�s{dav>WYSY_\}{R]f0��NaSYZ(NÂZ�s{dav>WU[&Ð«[:v>bcs{_ # �$%½R(d\v [:n��a[]WY�aR���SUb�N �EdaV6n�T #w� %½VX_>�Â�\sD��_\u �pdaV6n(T�WYSYTX[ # �� %
R(d\v [:n��a[]WY�aR]J&hjSYb�NÂb�N\n�[:[tWU[:vabcs{_~VX_>� �EdaV6n�T³}X[]_\[:n(V6b�SUs{_>R:f�b�Na[:n�[�V6n�[B§{£��^� �� u�Z�s{dav>WYSY_\}{R�� � ���{J
I`_�b�NaSYR�VX_aVXWUPMR�SYR½VXWYW'g�L�Ë�u�Z�s{d\v�WYSY_\}tv>V6n(VXo�[:bc[:n�R¾V6n�[�VXR�R�dao�[]��bcs�� [
_\[:}{WYSU}{SU��WUP�R�o&VXWYW f0[�¯\Z�[:vab
r8sXn�s{_\[�R�SY_\}{WU[¾Z�s{d\v�WYSY_\}&�\��w��� J

1



Introduction

h SUb�N V�_\s{_ y6VX_aSYR(NaSY_\} ��� �� u�Z�s{d\v>W|SY_\}�� �� ¦c¦ f$§����Â}X[]_\[:n(V6b�SUs{_)R�WU[:vabcs{_aR �#R(o�d\s{_>R�sXn�o�das{_
R�_a[]d\bcn(SY_\s{R �
Z:VX_�� [/van�sM�adaZ�[]�
n�[]Rcs{_>VX_Qb�WUP
V6bON>VX�\n�s{_�Z�s{WYWYS|�\[:n(R WYSUTX[/b�N\[�i4[:y6V6bcn�s{_&sXnOb�N\[�Ð4V6n(}X[
k�VX�\n�s{_©Î�s{WYW|SY�\[:n # Ð�k½Î %�f VXZ:Z�s{o&v>WYSYR�N>SY_\}&n(V6b�Na[:n$NaSU}{N-van�sM�adaZ�b�SUs{_-Z�n�s{R�R¾Rc[]Z�b�SUs{_>R:J¾IÀ_�}X[]_\[:n�VXW
s{_aWYP�±�uwv>V6n(SUbxP@Z�s{_aRc[:n�yMSY_\}Hv>VXSUnBVX_a� VXR�RcsMZ:SYV6bc[]�jvan�sM�adaZ�b�SUs{_#sXr$}{VXd\}{S|_\s{RBSYR�v s{R�R(SU�>WU[XJli�N\[
VX_aVXWYPER�S|ROv>n�[]Rc[]_pbc[]��N\[:n�[¾SYR/Rc[]_>R�SUb�SUyX[�bcs�VXWYW«�a��w�(��Z�s{d\v>WYSY_a}{RO��SUb�N�Á�Ã Ä6Æ(§&VX_a� Ç Ã Ä6Æ(§EÆ(¢EJ^i�N\[
n�[]R�s{_aVX_Qb�van�sM�adaZ�b�SUs{_�sXr¾R�WU[:vabcs{_>R�yES|V~�\�� ¦c¦ SYR�Rcb�da�aSU[]����SYb�N�Rcv []Z:SYVXW/V6bcbc[]_pb�SUs{_�J#e�WYW/Rcb�d>�aSU[]�
Z�s{d\v�WYSY_\}{R�n�[]R�d>WUb�SY_B�>_aVXW�R�b�V6bc[]R�Z�s{_aR�S|Rcb�SY_\}�sXr'b���s�o�d\s{_aR�VX_>�� `[:b�R:J
i�s��\[:bc[:n(o&S|_\[�b�N\[�¬Eb�VX_a�>V6n(�©®�sM�\[]W�VX_a�©b�N\[�v sXbc[]_Qb�SYVXW�R�SU}{_aVXW�Z�s{_pbcn(SU�>dab�SUs{_aR½SY_³b�N\[&�aV6b�V­VXWYW
n�[]WY[:yGVX_pb�v>n�sEZ�[]R(Rc[]R4��[:n�[^R�SYo�daWYV6bc[]����SUb�N�®­s{_pbc[�Î/V6n(WUs�m�[]_a[:n(V6bcsXn(R:fQVXR'SYWYW|daRcbcn(V6bc[]�$S|_�Z(N>V6vabc[:n ª\J
I`_©V�bx�Os6u�o�d\s{_Hvan�[]Rc[]WU[]Z�b�SYs{_©�aV6b�VXRc[:b�VXWYW�v s{R�R�SU��WU[�R(SU}{_aVXW�Z�s{_pbcn(SU�>d\b�SYs{_aR¾SY_Âb�N\[��aV6b�V�V6n�[�R�b�SYWYW
_\[:}{W|SU}{SU�>WUP-R�o&VXWYW f�Z�s{o�v>V6n�[]�~bcs�b�N\[t¬Eb�VX_>�aV6n(�~®­sE�a[]W��>VXZ�TE}Xn�s{da_>�©van�sMZ�[]R�Rc[]R]J�i�NaS|R¾VXWYWUsD��R$V
van([]Z:SYRc[/[]Rcb�SYo�V6b�SUs{_�sXr«RcPMRcbc[]o&V6b�SYZ�da_aZ�[:n�b�VXSY_pb�SU[]R:J ��[:bc[]Z�bcsXn�VX_a��n�[]Z�s{_>Rcbcn(daZ�b�SUs{_\u�VXWU}XsXn(SUb�Nao [ ��u
Z:SU[]_>Z:SU[]R�NaV]yX[��0[:[]_�R�b�da�aSU[]�
SY_
}Xn�[]V6b��a[:b�VXSYWMbcs�o&SY_>SYo&SU�:[Ob�N\[]Rc[�da_aZ�[:n(b�VXSY_Qb�SY[]R�VX_a�
bcs��\[:bc[:n(o�SY_\[
o�d\s{_�VX_a�
 `[:b�SY�a[]_Qb�SU��Z:V6b�SUs{_B[ ��Z:SU[]_aZ:SY[]R:f>VXR/��S|WYW0�0[$�>SYR�Z:daR�R�[]�tS|_��\[:b�VXSYW«SY_�Z�NaV6vabc[:n½¤EJ
¬MSY}{_aVXW/®�s{_pbc[�Î^V6n(WYs³R�b�da�aSU[]R
VX_a� b�N\[By6V6n(SUs{daR�R�[]V6n(Z(N�R�bcn(V6bc[:}{SU[]R&r8sXn&±�uwv>V6n(SYb�P~yMSUs{WYV6b�S|_\}ÂR�dMu
v [:n(RcPMo&o�[:bcn(P©V6n�[��aSYR�Z:daR(Rc[]�~SY_��\[:b�VXSYW^SY_�Z(N>V6vabc[:n� EJ©� SY_aVXWYWUP³b�N\[Bn�[]R(daWUb�R�sXr�� sXb�N�R�[]V6n(Z(N\[]R �
n�[]R�s{_aVX_QbtR�WU[:vabcs{_@van�sM�adaZ�b�SUs{_«fOVX_a�@v>VXSUn�VX_a�#VXR�RcsMZ:SYV6bc[]�#van�sM�adaZ�b�SUs{_ sXr¾}{VXd\}{S|_\s{R:f/V6n�[­v>n�[�u
Rc[]_pbc[]�­S|_�Z(NaV6vabc[:n¾£pfa� [:r sXn([¾b�NaSYR^b�N\[]R�S|R�SYR/Z�s{_aZ:WYd>�\[]��SY_�Z(N>V6vabc[:n�+EJ

2



� �������	��
 �


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


 � � � � ��� � � � ���
�

I`_�b�NaS|R�Z(NaV6v>bc[:n�b�N\[�¬Mb�VX_a�aV6n(�­®­sM�\[]W«VX_a�-SUb�R�R�N\sXn(b�Z�s{o&SY_\}{R:faVXR���[]WYW�VXR�v s{R�R(SU�>WU[½Rcs{WYd\b�SYs{_aR^bcs
b�Na[]Rc[�van(sX�>WU[]o&R¾R�N>VXWYW�� [��aSYR(Z:daR�Rc[]��Jti�N\[��>VXR(SYZ:R$sXr�V�_a[:��R�d\v [:n(R�PEo&o&[:bcn(SYZ�b�N\[:sXn�P©VX_a�~b�N\[
Z�s{_>Z�[:vab4sXr\g/uwv�V6n(SUb�P¾V6n�[�SY_pbcn�sE�>daZ�[]��f]��N>SYZ(N$S|R�b�N\[�b�Na[:sXn�[:b�SYZ:VXW{r8s{da_a�>V6b�SUs{_¾sXr�¬M¼¾¬p¿ van�sM�adaZ�b�SUs{_
V6b�Z�s{WYWYSY�\[:n�R:J��'S|_aVXWYWUPXfM[�¯\SYRcb�SY_\}�WYS|o&SUb�R�s{_�b�N\[$n([]WU[:yGVX_pb�Z�s{d\v>W|SY_\}�Rcbcn�[]_\}Xb�N>R�V6n�[$n�[:yMSU[:��[]��J
i�NaSYRtb�N\[:sXn�[:b�SYZ:VXW�SY_Qbcn(sE�ad>Z�b�SUs{_ SYRB�>VXRc[]� s{_¡b�N\[©WU[]Z�b�d\n�[]R�sXr�b�N\[H¬\Ð4e�Îq¬Mdao�o�[:n�IÀ_>Rcb�SUb�d\bc[
#w¬>¬EI %&§6¨X¨6ª�� Ä6f�§��wf/b�N\[-WU[]Z�b�dan�[]R&}{SUyX[]_jV6b�b�Na[�®-V6n(SYV~Ð�VXVXZ(N¡¬Mdao�o�[:nt¬MZ�N\sps{W½§6¨X¨{§�� ¢��wf/b�N\[
¬\d\v [:n(RcPMo&o�[:bcn�P�L�n(SYo�[:n�� ª��'VX_a��sXb�N\[:n�W|SUbc[:n(V6b�d\n�[¾��NaSYZ(N�S|R/Z:SUbc[]�­VXWUs{_a}�b�N\[$�^V]PXJ

����� +j*
�q
¾�0	��
��	/���	� ��������	��
� �c�0���­��� �`�0	��������
�

i�N\[/¬Mb�VX_a�aV6n(�
®�sM�\[]W #w¬\® %4S|R�VX_
[ � []Z�b�SUyX[^�a[]WY��b�N\[:sXn�P�b�NaV6b�NaVXR'�0[:[]_�yX[:n�P�R�daZ:Z�[]R�Rcr daWYWYP�bc[]R�bc[]�
davtbcs�[]_\[:n�}XPtn(VX_\}X[]R^sXr'b�N\[¾sXn(�\[:n/sXr'b�N\[¾[]WU[]Z�bcn�s;�O[]V6T�R�Z:VXWY[��! #" V6b/b�Na[$Ð ��L@Z�s{WYWYSY�\[:n/VX_a�BsXr
b�Na[�sXn(�a[:nOsXr�Ä�i�[:Ë V6b�b�N\[�i�[:y6V6bcn�s{_�J�IÀb��a[]R�Z�n(SU� []R�VXW|W>TM_\sD��_�v>V6n(b�SYZ:WU[]R�VX_a��b�Na[]SUn�S|_Qbc[:n(VXZ�b�SYs{_aR
dav~bcs­b�Na[]Rc[�[]_\[:n(}XP©R�Z:VXWU[]R:J­i�N\n�[:[&sXr/b�N\[�r s{dan�r da_a�aVXo�[]_pb�VXW�r8sXn(Z�[]R ��[]WU[]Z�bcn�s{o&V6}{_\[:b�S|R�o�f b�N\[
��[]V6T�r8sXn(Z�[¾VX_a�Bb�N\[½Rcbcn�s{_a}�r8sXn(Z�[¾V6n�[¾da_aSY�a[]��S|_�b�N\[½b�N\[:sXn(PXJ�i�N\[½}Xn(V]yMSUb�V6b�SUs{_>VXW�r8sXn(Z�[$SYR�V6� s{d\b
ª{¨BsXn��\[:n(R½sXr^o&V6}{_aSUb�da�a[���[]V6TX[:n�b�N>VX_Â[:yX[:n�P�sXb�N\[:n$r8sXn(Z�[Xf�Rcs�b�N>V6b¾b�N\[&SYo�v>VXZ�b¾sXr�b�N\[�¬\®Ås{_
v>n�[]Rc[]_pb/[�¯Ev [:n(SYo&[]_Qb�R/SYR/_asXb�SY_aNaSU��SUbc[]�&�EP�b�Na[$WYVXZ�TBsXr V�Z�s{_aR�SYRcbc[]_pb �EdaVX_pb�dao }Xn(V]yMSUb�V6b�SUs{_��a[]WY�
b�Na[:sXn�PXJ "�[:yX[:n�b�N\[]WU[]R(R�b�N\[©¬Eb�VX_a�>V6n(�#®­sE�a[]W���SYW|W�daWUb�SYo�V6bc[]WUP �an�[]V6T��\s;��_@V6bt[]_\[:n�}XP@R(Z:VXWU[]R
��N\[:n�[¾}Xn(VDyESUbxP�Z:VX_­_\s&WUs{_a}X[:n�� [$_\[:}{WU[]Z�bc[]��J
i�N\[¾¬Mb�VX_a�aV6n(�B®�sM�\[]W SYROb�N\[½b�N\[:sXn�P�sXr«b�N\[¾da_aSU��Z:V6b�SUs{_�sXr4b�N\[½[]WU[]Z�bcn�s{o&V6}{_\[:b�S|Z6fab�N\[��O[]V6TBVX_a�
b�Na[�Rcbcn�s{_\}$r8sXn(Z�[XJ�i�Na[��\PE_>VXo&SYZ:R�V6n�[��a[]R�Z�n(SU� []���pP�}{VXd\}X[�b�N\[:sXn(SU[]R:fQ��NaSYZ�N&SYR�V¾yX[:n�P�SYo&v0sXn(b�VX_Qb
Z�s{_>Z�[:vab¾SY_��a[]WY�-b�N\[:sXn�PXJ�i�N\[�v>n(SY_aZ:SUv�WU[]R/sXr�}{VXda}X[&RcPEo�o�[:bcn�P­WU[]VX�>SY_\}tbcsBVBZ�s{_aR(SYRcbc[]_pb�n([]_\sXncu
o�VXWYSU�]V6�>WU[ �pd>VX_Qb�dao �>[]WY�­b�Na[:sXn�P-��SYWYW«� [
�aSYR�Z:d>R�Rc[]��SY_�b�N\[
r s{WYWYsD��SY_a}tRc[]Z�b�SYs{_�J�i�N\[
van(sX�>WU[]o&R
sXr b�N\[�¬Eb�VX_a�aV6n��­®�sM�\[]W4��SYWYW0� [��aSYR(Z:daR�Rc[]�B�an�SU[ �aPBVX_a�­Rcs{W|d\b�SUs{_aR/WU[]VX�>SY_\}�bcs�b�Na[�SY_pbcn�sM�adaZ�b�SUs{_
sXr R�d\v [:n(R�PEo&o&[:bcn�P���S|WYW>� [$o�sXb�SYyGV6bc[]��J

3
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2.1. The Standard Model and its Limitations
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2.1. The Standard Model and its Limitations
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Chapter 2: R-Parity Violating Supersymmetry
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2.1. The Standard Model and its Limitations
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Chapter 2: R-Parity Violating Supersymmetry
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2.1. The Standard Model and its Limitations
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2.2. Supersymmetry
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2.2. Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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2.2. Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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2.3. R-Parity
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2.3. R-Parity
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2.3. R-Parity
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2.4. Existing bounds on R-Parity violating SUSY
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Chapter 2: R-Parity Violating Supersymmetry
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3.1. General Aspects of Collider Physics
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3.2. The Tevatron Accelerator
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Chapter 3: The Experimental Environment
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3.2. The Tevatron Accelerator
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3.3.2 The Luminosity Systemv J �52 / 4Â.98��dfUS
4
v<8��52 I 4 K .98
�	69� G � J�J`/ 4�L�v"1%S J 1%X;fuZ+1O6$v"�52 T�½ .98
�76bv"1%4
29.�6 IO/ 4-.92 I 6$� K S
�3.�1 .98��	hS I 4-.9S
X / S
v".9S I . / 1%4U2^1OZ�2�Q�4
v$8
691O.�691%4	6 IOK
/�I . / 1%431O6af¡� I X32�.�6 I 8 J SU4�L I 4 K	GUIO/ 6Vv"6$� I . / 1%4 K S�6 / 4�L.98
�	fg� I X;f¡� I X v"1 J�J�/ 2 / 1%4 c t º � e�T�l 8��	XN1%29.bZ�S
4 KUI XN�54?. IOJ v"1%4
2�.�6 IO/ 4?.92 I 6 / 29�	Zr691%X .98��dSU4
v"�76�¬. IO/ 4?.�Q G 6 / 4Uv /�GUJ � I 4 K .98��[(��76<X / ¬ � / 6 I vb2�. I . / 2�. / v720Zr1O6BZr�76$X / 1%4
2 I 4 K�I 69�;v"1%X GUJ �7.�� J QH4��7L J`/ L / f J �I .Bv7S�6969�54-. I v7v"� J �76 I .�1O6$2�c t º � e�T

vertex z [cm]
-80 -60 -40 -20 0 20 40 60 80

ve
rt

ex
 r

 [
m

m
]

-0.5

0

0.5

1

1.5

2

���������
	S�R
��D��� '�� +��3�65����92:7F"65$��7!H�O�5$78 �� )
5 ���(� ��'���������78" 5�'�� 2:7F" 5/)P�0-�� %&�$ 1< 5$'�� 2�� 5$�*-G5� ���- �3�15����[)��02
� 5�'���2�78"65�)��0- �=%&�� �< 5�'��9H��3)�< LM4�784���- �3�15����*Q*� '�� 7!<.4����$%&�3-G5.)�2 + O�" 5�<��3�#5� �%�5$'�� �! �� LMH���5�)Z%& :-�O0"$"$78���
<=)�������5�"()
5 � � )��02.5�'��?78<.4��3�6%&�*-G5�� )PO�"$"$78)��I40)��65�78-��!� 2:���0"$7!5 �=7!�95$'�� 4��� P5$ 1�9)P��29)P�#5�7!4��� P5� ��=H�O0�0-/'��3"
�8�3)12I5� I"6'07A%U5/"[)P�0295$'0� "6�87!�1'#5�)������8�  P%�5$'�� +1���$5$����2:78"65$��78H�O:5$78 ���Q

�$,+�-,10 	�
 �
��� � :�8^� ��: > 	 �
	�� >
���
l 8�� J S
X / 4�1%2 / .'Q / 2 I 4 / X G 1O69. I 4-.�4-S
X;fg�76;.�1 4
1O6$X IOJ�/`_ �d.98��z69�5v"1O6 K � KÁKUI . I T 0j691%2$2b29�5v". / 1%4XY� I 29S�69�5XN�54-.92w1O6R29� I 6$v$8��52RZ+1O6�4
�7M G 8-Qh2 / v72 K � G �54 K 1%4 .98�� G 69�5v / 2 / 1%4�1OZV.98 / 2P4-S
X;fg�76 TNl 8��G 69�5v / 2�� � 4�1 M J � K LO�;1OZ^.98�� � S
X / 4�1%2 / .�Q / 2i�5292��54-. /�IOJ � fg�5v I S
2�� IOJ�JkI 4 IOJ Qh29�52 � v"6$1%292P2��5v". / 1%4�XN� I ¬2$S�69�5XN�54-.92 I 4 K 29� I 6$v$8��52 � K � G �54 KNKU/ 69�5v". J Q;1%4Y.98 / 2¢4hS
X;fg�76 Txl 8�� J S
X / 4�1%2 / .�Q;v I 4Yfg�iXN� I 2$S�69� KfhQNv"1%S
4-. / 4�LR� n �54-.92j1OZ I 2 G �5v / ¯�v G 691�v"�5292 � / Zg.98��Bv"691%2$2V2��5v". / 1%431OZo.98 / 2 G 691�v"�5292 / 2 � 4�1FMB4 T$
 1 Mm¬� n �76 � .�1RXN� I 29S
69� I v"691%292¢2��5v". / 1%4Y1OZ I v"�769. IO/ 4 G 691hv"�52$2W1%4��i4��7� K 2W.�1 � 4�1FMs.98
� J S
X / 4
1%2 / .'Q Txl 8��
� �gE���!<#A���k=��9CA(9�"� J � IOK 2V1%S
.V1OZ�.98 / 2 	hS I 4 KUI 69Q T^l 8��B.98��71O69�5X v"1%4
4��5v".92a.98
�B.�1O. IOJ v"691%2$2j29�5v". / 1%4
�������

1OZ I 29v I .�.��76 G 6$1hv"�5292W.�1w.98
�jZr1O69M I 6 K 29v I .�.��76 / 4
L I X GUJ�/ .9S K ���$D � > E � M08 / v<8�v I 4�f¡�aXN� I 29S
69� K Tl 8�� � �¡E���!<#A���k=��9CA(9�"� / 2 � 4�1 M04NZr691%X v J�I 292 / v IOJ � J �5v".�691 K Q�4 I X / v72 � I 4 K v I 4Yfg� K �76 /�n � K c t º �?e f-Qv IOJ v7S J�I . / 4�LN.98
��Z+1O6$M I 6 K 29v I .�.��76 / 4�L I X GUJ�/ .9S K �_1OZ I3GUJ�I 4��PM I5n �bZ+6$1%4?.��GD $*@E � ³ ©�� � � .�6 I5n � J`/ 4�L/ 4 � K
/ 69�5v". / 1%4 � M08 / v$8 / 4
v /�K �54?.9201%4 I 4�1Of ] �5v". / 4H.98��b1O6 / L / 4H1OZ^.98���v"1h1O6 K
/ 4 I .��b2�Q�2�.��5X T � �7�54Zr691%X I LO6$� I . K
/ 29. I 4
v"�w.98���M I5n � I X GUJ�/ .9S K � / 2m.98��54�L /�n �54Hf-Q |
�GD $*@E � ³ ©�� � � �$D � > E ³ ©�� �* D � T�� E

67



Chapter 3: The Experimental Environment� 8��769� �$D � > E / 2i.98
�b29v I .�.��76 / 4�L I X GUJ�/ .9S K � I . I 2$X IOJ�JkI 4
L J ��� > T � / .98 � > £ t I 4 K .98��769�7Zr1O69�*R¶ � � � ¨ ¾ � ¨� � .98�� / 4-.��54
2 / .'Q I . $*Nv I 4�fg� / 4?.��7LO6 I .�� Ko|��� " � D $*@E " ��� * = � � " ³ ©�� � � �$D � > E* ³ ©�� � ³ ©��
	 � ¨ ¾ � ¨���
 � � " ��� * = D � T ¸@E� � t � � ��� ³ �$D � > E� ³ ©��
	 � ¨ ¾ � ¨ ��
 � � � * = D � T ) E� � � � ��� ³ �$D � > E� ��� � �� D � T 6�E� 8��769�	� / 2¢.98�� I 69� I 1OZo29S�69Z I v"�i1 n �76aM08 / v$8 / 2 / 4-.��7LO6 I .�� K T^l 8��m�"� G 69�52$2 / 1%4AD � T 6�E / 2¢.98��B�54��769LOQ1OZ I 4YS
4
2$v I .�.��769� K M I5n � � K
/ X / 4 / 298�� K f-Qb.98�� I XN1%S
4-.¢1OZg.98��m.�1O. IOJ 29v I .�.��76$� K �54��76$LOQ TWl 8��769�7Zr1O69�.98�� J`I 2�.i.��76$X / 2a.98���� ! �5v". /�n �;29v I .�.��76 / 4�L3v"691%2$202��5v". / 1%4 � ����� T
������� � � �� ����� �$D � > E D � T . El 8 / 2 / 2�.98�� � �gE���!<#A� �k=��9CA(9�"� T^l 8
� G 691�v"�5292xS
2�� K Z+1O6x.98�� J S
X / 4
1%2 / .'QPv IOJ v7S J`I . / 1%4 I . � "�� +�� #"� :/ 2_.98��b� J�I 2�. / v I 4 K�/ 4�� J�I 2�. / v G 691O.�1%4�29v I .�.��76 / 4�L � fg�5v I S
2��b.98 / 2 / 2_.98�� K 1%X / 4 I . / 4�L G 691�v"�5292 I 4 K1 ! �76$2m.98��76$�7Z+1O69�R.98��w1 G
G 1O69.9S
4 / .'QY.�13XY� I 29S�69�w.98�� / 4
2�. I 4-. I 4��71%S
2 J SUX / 4�1%2 / .'Q I Zr.��7601%4 J Q I Zr�7MfUSU4
v$8�v"691%2$2 / 4�L%2 T % 2�� J �5v". / 1%4 1OZV.98��529�N� n �54?.92 / 2wS
4
4
�5v"�5292 I 69Q � fg�5v I S
29�N.98��3v"691%292R2��5v". / 1%4�1OZIOJ�J 1O.98��76 G 6$1hv"�52929�52 / 2i4
�7L J�/ L / f J � T^l 8�� K �5v I Q G 691 K S
v".92m1OZW.98 / 2 G 691�v"�5292 K 1 J � I5n �;.98�� K �7.��5v".�1O6S
4 K �76i29X IOJ�JoI 4
L J �52 � � Zr1O6i.98 / 2a6$� I 2�1%4 I 6 I .98
�76B29X IOJ`J¡J S
X / 4�1%2 / .'Q K �7.��5v".�1O6 / 2029S . v / �54-. Tl 8
�m.�1O. IOJ � J�I 29. / v I 4 K	/ 4�� J�I 2�. / v G 691O.�1%4329v I .�.��76 / 4�L;v"6$1%292[2��5v". / 1%4YM I 2[XN� I 29S
69� K fhQ � 6 t º	c t º%¸ e �

� .�tOt c t º )Ae I 4 K 0
�+( c t º�6 e I . t � . l ��8 T^l 8���XN� I 29S�69�5XY�54?.92Y8 I5n ��fg�7�54 I5n �76 I LO� KµI 4 K �"�h¬.�6 IAG 1 J�I .�� K .�1 t � ± )dl ��8 � I 2P29SUXYX I 6 /`_ � K]/ 4 l I f T � T � Twl 8�� IFn �76 I LO� K nAIOJ S���c t º .>e / 2BS
29� K Zr1O6.98�� ��� J S
X / 4�1%2 / .�Q�v IOJ v7S J�I . / 1%4 I 4 Kz/ .92aS
4
v"�76$. IO/ 4?.�Q / 2j.98��w2 / 4
L J � J�I 6$LO�52�.mv"1%4?.�6 / fUS�. / 1%4	.�1�.98��.�1O. IOJ 2�Qh29.��5X I . / v J SUX / 4�1%2 / .'Q3S
4Uv"�769. IO/ 4-.'Q c t º%± e�T�"� G �76 / XN�54-. � ©@ª � � ��� � © � .�1O. IOJ ������
�
6 t º ¸

) � )�� ��� � X;f 6 ��� .�� � � t X;f� .�tOt ¸
) �
¸ � t � � X;f 6 t � 6 � ��� º3X;f0
�+(

)�t � 6 � t � � X;f .
º
�
º � ��� � X;fIFn �76 I LO� )

º
� t�� ��� � X;f 6A¸

�
± � t � º3X;f

������� 	 ��
FTR���� P5/)P��)��02.78�����F)�"65$7F-�4��� P5� ��="$-3)
5$5$����78��� - �� 1"�" "$�3-G5�7! 1�I)
5��  "! @
# $!����% Q 5 �!��<��*)�"$O�����<.���#5�"
)��$� -  1�$�����F)
5��32���7!5$'Z�*)�-/'� P5$'0���*Q

l 8
� J S
X / 4�1%2 / .�Q K �7.��5v".�1O6wv"1%4
2 / 2�.92i1OZ¢.�MV1 I 696 I Qh2 T � I v$8�8 I 2 � � GUJ�I 2�. / v�29v / 4-. /�J�J�I . / 1%4�v"1%S
4?.��76<2I 4 K	G 8�1O.�1%4dXbS J . /�GUJ`/ �76¢.9S�fg�52�D À » l E T % 29v<8��5X I . / v K 6 I M / 4�LR1OZ I 4 I 696 I Q / 2j298�1 M04 / 4&( / L T � T .D J �7Zr.	8 I 4 K E � .98�� J 1hv I . / 1%4´1OZw.98�� À » l / 23X I 6 � � K fhQ¦2�1 J�/�K K 1O.92 T l 8
� � » K �7.��5v".�1O6<2 I 69�J 1�v I .�� KµI .�� � ��t�� ºÂv7X � ( / L T � T . Dr6 / L%8-. E�fg�7.�MV�7�54µ.98���2 /�J�/ v"1%4u.�6 I v � �76 I 4 K .98���Zr1O69M I 6 Kv IOJ 1O6 / XN�7.��76 Til 8
�;29v / 4-. /�J�J`I . / 1%4�v"1%S
4-.��76$2 I 69� t ¸	v7X J 1%4�L I 4 K v"1 n �76 I3G 2��5S K 1A¬�6 IAGU/�K
/ .�Q	6 I 4�LO�1OZ ��� 6'& " ' "(&
� � ��Tl 1 K �7.��5v". I 4N� n �54-.^1OZ¡.98��m� J�I 2�. / v I 4 KN/ 4�� J�I 29. / vV2$v I .�.��76 / 4�L�6$�7Z+�769�54Uv"� G 691�v"�5292 � fg1O.98 J S
X / 4�1%2 / .�QK �7.��5v".�1O6<2;8 IFn �3.�1]f¡�N¯U69� K T { I v � LO691%S
4 K Zr691%X fg� I X�¬'8 IOJ 1Hv I 4 fg�Y29S G
G 69�5292�� K fhQ 69� 	-S / 6 / 4�L

68



3.3.2 The Luminosity System
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3.3.3 The Central Tracking Systems�$,+�-,+� 	�
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3.3.3 The Central Tracking Systems
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Chapter 3: The Experimental Environment
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3.3.4 The Liquid Argon Calorimeter
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3.3.4 The Liquid Argon Calorimeter
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3.3.5 The Muon System
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Chapter 3: The Experimental Environment
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3.4. Trigger, Data Acquisition and Processing
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Chapter 3: The Experimental Environment
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3.4. Trigger, Data Acquisition and Processing
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Chapter 3: The Experimental Environment
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3.4. Trigger, Data Acquisition and Processing
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3.4. Trigger, Data Acquisition and Processing
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Chapter 4: Data Samples
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4.2. Multijet QCD Extraction from Data
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Chapter 4: Data Samples
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4.2. Multijet QCD Extraction from Data
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4.3. Monte Carlo Simulation
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4.3. Monte Carlo Simulation
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Chapter 4: Data Samples
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4.3. Monte Carlo Simulation
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Chapter 4: Data Samples
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Chapter 5: Object Identification
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5.1. Muons
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Chapter 5: Object Identification
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5.1. Muons
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Chapter 5: Object Identification
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5.1. Muons
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Chapter 5: Object Identification
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5.1. Muons
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5.1. Muons
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Chapter 5: Object Identification
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Chapter 5: Object Identification
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5.2. Jets
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6.1. The Common Event Preselection
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6.1. The Common Event Preselection
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Chapter 6: Data Analysis
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6.2. Search for Resonant Slepton Production
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6.2. Search for Resonant Slepton Production
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Chapter 6: Data Analysis
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6.2. Search for Resonant Slepton Production
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Chapter 6: Data Analysis
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6.2. Search for Resonant Slepton Production
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6.2. Search for Resonant Slepton Production
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6.3. Search for Gaugino Pair and Associated Production
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6.3. Search for Gaugino Pair and Associated Production
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Chapter 6: Data Analysis

 [GeV]T pµ
0 10 20 30 40 50 60 70 80 90 100

n
u

m
b

er
 o

f 
ev

en
ts

 / 
16

.0
 G

eV

0

1

2

3

4

5

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

 [GeV]T p2µ
0 10 20 30 40 50 60 70 80

n
u

m
b

er
 o

f 
ev

en
ts

 / 
5.

3 
G

eV
0

0.5

1

1.5

2

2.5

3

3.5

4

0 10 20 30 40 50 60 70 80
0

0.5

1

1.5

2

2.5

3

3.5

4

inv. di-muon mass [GeV]												          
0 20 40 60 80 100 120 140 160 180

n
u

m
b

er
 o

f 
ev

en
ts

 / 
28

.8
 G

eV

0

1

2

3

4

5

0 20 40 60 80 100 120 140 160 180
0

1

2

3

4

5

�C4 � �PD � � � �

 [GeV]Tmissing E
0 10 20 30 40 50 60 70 80 90 100

n
u

m
b

er
 o

f 
ev

en
ts

 / 
16

.0
 G

eV

0

1

2

3

4

5

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

 [GeV]Tjet p
0 10 20 30 40 50 60 70 80 90 100

n
u

m
b

er
 o

f 
ev

en
ts

 / 
16

.0
 G

eV

0

1

2

3

4

5

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

jet multiplicity 
0 1 2 3 4 5 6 7 8

n
u

m
b

er
 o

f 
ev

en
ts

 / 
1.

0 

-210

-110

1

0 1 2 3 4 5 6 7 8

-210

-110

1

� : � � 
 � �P7 �

TS
0 20 40 60 80 100 120 140 160 180 200

n
u

m
b

er
 o

f 
ev

en
ts

 / 
16

.0
 G

eV

0

0.5

1

1.5

2

2.5

0 20 40 60 80 100 120 140 160 180 200
0

0.5

1

1.5

2

2.5

T p4jet
0 10 20 30 40 50 60 70 80 90 100

n
u

m
b

er
 o

f 
ev

en
ts

 / 
8.

0 

0

1

2

3

4

5

6

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

sphericity
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

n
u

m
b

er
 o

f 
ev

en
ts

 / 
0.

1 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

�P� � � � � � � �

Data

Signal 

µµ→*γZ/

Di-boson

%'&)(+*-,�.C+0/ ���-2=365l7:9E;+<?>@;8>BA$C?>BRg<W9�
��M;8>tHJD �M7+R mYn CAgM> �U9 � �E587MD �:9�58K 9�7+RP9U<?<?D�A$5p9�CW>BR �MK?D�R��+A C?58DE7a9E7:9�; n <s5p<�h
� 7M>LAB9�7:RM58RM9�C?> >BrE>@7YC'Zt9E<tHJD �M7:R�5l7
C�gM>LRM9�CW9gZWgM58;l>4_�( ( � ��� _�( 
 � �+\h<sCW9�CG^ � _�( _ � (:\h< n <W^ .YCW9E7:RM9�KGR  ]D�R�>@;
m 9UA�- �EKWD �M7:R >@rU>@7YCW<aZWgM>@KW>T>����X>BA$C?>BR;h ePg:>�<-g:D�Z'7�<?5 �E7:9E;i5p<gCAgM> �E>B7M>@KG9�CW>BR �+DU5l7YC 7���
 m >BK 
�
]Z'5[C�g

]\���%� � ^�� ����( �g`b>BcDh

178



6.3. Search for Gaugino Pair and Associated Production
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7.2. Limits on Resonant Slepton Production
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7.2. Limits on Resonant Slepton Production
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7.3. Limits on Gaugino Pair and Associated Production
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Chapter 7: Results
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Feynman Diagrams
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A.2. Chargino Decay Channels
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