
 

WWW.BROOKES.AC.UK/GO/RADAR 

RADAR 
Research Archive and Digital Asset Repository 
 

 

Fitt, A, Howls, C and Kabelka, M 
 
Valuation of Soccer Spread Bets 
 
Fitt, A, Howls, C and Kabelka, M (2005) Valuation of Soccer Spread Bets. Journal of the Operational Research Society, 57 (8). 
pp. 975-985. 

doi: 10.1057/palgrave.jors.2602062 

 
This version is available: https://radar.brookes.ac.uk/radar/items/21827563-03c0-4ad6-9da0-6de8b3c5e8aa/1/ 
 
 
 
 
Available on RADAR: November 2016  
Copyright © and Moral Rights are retained by the author(s) and/ or other copyright owners. A copy can be downloaded for 
personal non-commercial research or study, without prior permission or charge. This item cannot be reproduced or quoted 
extensively from without first obtaining permission in writing from the copyright holder(s). The content must not be changed 
in any way or sold commercially in any format or medium without the formal permission of the copyright holders.  
 
This document is the post print version of the journal article. Some differences between the published version and this 
version may remain and you are advised to consult the published version if you wish to cite from it.  
  

https://radar.brookes.ac.uk/radar/items/21827563-03c0-4ad6-9da0-6de8b3c5e8aa/1/


���������
	��
������������������������� ��!��"�#�%$'&(�)��*

+-,/.0,)1%2435376 8:9�,<;=,?>A@CBED4FAGIHKJL,?M
NPO�QRDTSUNWV
JXNZY\[C]�8?^P_W_`]

aWbdc`efeCg)eih#jlkZm�conqprkZm�stb7u7v=wyxostzin7{du�s|m~}
eih�afeC�`m�cokipr�om�eCx)v�afeC�`m�c"kip��om�eCx�ao�����
�7���ov"wy�
�E�:�5�d�7�C�q�

�Z�����C�/�
�����7�~�<� �~�<¡d�q�C��¢U£¤�C¥I¦�§U��§C�/���<���I��¡¨�q¥I©�ªU�¤�5¢«�I�:�q¥I�¨ªU� �¬£y�~¦�­7�q��ªC�¨�~®U�
��¦R� �
¡d¦�����¦�¢C��¯«°4�I¥I�R£i�5£�¦�¢U�/��¢C�±�~¦i¡d¡��5¥��~�C¥~�¬��£�§f���I�5²
�ZªP¡�®�����¥~³R�����¨��¯Z�C�´°
¡5�q���/¯µ¦��f�d¥��7�I�y£i¯Z¢U������¡5�q���/¯�£iªC¥I��¢C©A�I®C��¡�¦�ªU¥I�~��¦q¶��A���7��¡�®
�q¢P£
��¡5¡�ªC¥��7�I�
­7�q��ªU�q�~��¦�¢U���±ªU� �:�~®C�5¥~�d¶t¦�¥I�·¥I��¸U�¬¡��=�~®C�#¡�®U��¢C©���¢C©%�����7�~��¦q¶U�~®C�¨���7��¡�®o²�¹�¦q�I®
©R¦R�q�<�:�q¢U£�¡d¦�¥I¢C�d¥��:�q¥I�����I� ªU�¤�¬£y�~¦��d­R¦���­��#���)º:¦R���I�~¦�¢¤�C¥~¦i¡d�5�I� �¬�:»#�´�I®E¡�¦�¢C°
� �I��¢R�����5��¢U�d²¤¼¨®C¦�ªU©�®-����¢Z¯�¦q¶·�I®C��§P�d�I�%�I®U�7���q¥I�y��¯«�U��¡5�q���/¯��I¥I�R£i�5£½�q¥I�
¥I�d�<�7�I�/­R�d��¯��5���~¯µ�~¦�­7���/ªC�R¾"�~¦�����¿t��¢U¡���ªU£i��¢C©µ�~®U�ÁÀ�¶t¦�ªU¥�¸P�q©«�~ÂÃ���q¥I³�����Ä
¥~�d°
Å ªC��¥~�·�¤¦R¥~��£i�����q���/�¬£��q¢U���/¯i�~���5²"Æ)ÇC���¤�U�/�¬�"�q¥I�?©R�/­R�d¢�¦q¶i�I®C�·�5­�¦���ªi�I�/¦R¢�¦q¶i�~®U��~�C¥I�5��£y£iªC¥I�/¢U©
��¯Z�C�<¡d���i���7�I¡�®U�5�)�q¢P£��I®C�d¦R¥~�d�~�<¡d�q�Z�C¥I�5£C��¡��~��¦�¢U�)��¥~�¨� ®U¦7»#¢±�I¦
¡d¦����U�q¥I��¡���¦R�~�d��¯��~¦��~�C¥~�¬��£C� Å ªC¦��~�¬£A§Z¯A¦R¢C���/¢C��§f¦Z¦�³Z���q³��5¥I�¨£iªU¥~��¢C©�� ¦R���¦�¶"�~®U���/���f¦�¥~�I�q¢«�#���7��¡�®C�5�¨¦�¶��I®C��Æ·È
É#Ê�Ë�Ì�Ì�Í��~¦RªC¥I¢U�q���d¢«�¬²

ÎlÏ¤Ð0ÑKÒ�Ó-ÔÖÕ¨× u��:ei{�m�u7Ø`ÙCkiprsÚx`Ù`Ø`{�nqbÛ{�nqkZm�s|eCx?ØoÜ"xokixobÛniØou�m�kZm�stu�m�stb7u

Ý ÞÃßµà)á�â�ã'ä-á¨å�å:ædçµè

af�o{�nqkié�ê:n7m�m�stx`Ù¤eCx�Ü"xokixob7stkig�vZu��=ei{dm�stx`Ùykix"éÃeim�con7{�n7zinqxPm�u�kiu¨ê"stëqkZ{�{�n�kiu¨m�c`n�xP�op�ì
ê=n7{Ãeih±éok�}fuÃm�cokZmraWkiéoéokipîíy�oudu�nqstxïbÛeC�ogÚé�k�zieCsté�b7kZ�"m��`{�n½kZhTm�n7{�costuAe�zin7{�m�c`{de�ð
cokiu7v�stx(u���s|m�nñeih�x`eim
ê:nqstxoÙò�"xos|zin7{du�kigÚg|}�kZ�o�"{�e�zinqé�eihróTôïkix`ÙXkix"é(��niv±õZöiöZ÷Pø5v
{�nqbÛnqxUm�gt}lê:nqbÛeCp�n�nÛùWm�{dkZei{déostx"kZ{dstg|}0�:ei�"�ogtkZ{�ú¤û�s|n7ð%nqéÖh4{�eCpKkÁü¨stxokix"b7stkig�j�kZm�c`nÛì
prkZm�stb7u�u�m�kixoé`�:eCstxPm7vCkEu��o{�nqkiéµê:n7m�sÚu#u�stp��"gt}Ak�hý�`m��`{�nEóThTei{�ð%kZ{5é�ø¨bÛeCxPm�{dkibÛm7ú%aWcokZ{dn
�o{dstbÛnqu7vokZmyg|nqkiu�m�êf}½Ùinqxon7{dkig?bÛeCxou�nqx"u��ou7v`hTeCgtg|eRðþkrg|eiÙCx`ei{5prkig:{dkixoé`eCpÿð%kig��=ú���con
Ùi{�e�ð�m�c {dkZm�n½kix"é m�c`nrzieCgtkZm�sÚgts|m }Öeih�kñu�cokZ{�n
ei{Akix stx"é`nÛùÖkZ{�n
ð
nqgtg|ì é`efb7�"p�nqxUm�nqé

�����
	���
������������������������������
 
! �#"��$��
��%���������������&�'���������� 
( 
) +*-,%.&/&�0���%���&�����%������ 

�



kixoéXð
nqgtg|ì �oxoé`n7{du�m�ePeWé kiuµbÛeCxobÛn7�om�uqú��Ix bÛeCxPm�{dkiu�m7v
stm�stu�x`eimµstprp�nqé"stkZm�nqg|}ïb7g|nqkZ{
c`e�ð {d�"xou
udbÛei{�nqéÁêf}���x`ÙCgÚkixoé0stx
m�con¤Ü"{du�m�stxoxostxoÙCu�eih¨k�bÛ{5stb �in7m�m�nqu�m�p
kZm�bdcÁprk�}
ê=n�p�eféonqgtg|nqé\kiu-k {dkixoé`eCp �o{�eWbÛnqu�u7ú�aWc`eC�ogÚé ð
nl�"u�nlcostu�m�ei{dstb7kig�éokZm�k����yefnqu
s|m
prkZm�m�n7{-ð±c`e��
x`ÙCgtkixoéLkZ{�nñ�"gtk�}fsÚx`Ù`v
ei{½ð±cokZm½m�c`nñð%nqkZm�c`n7{-kix"é(m�c`nñðystb �in7m
kZ{�n½é`eCsÚx`Ù	��jlei{�n
eiê"gÚs�
P�onqg|}iv·s|h�kixX��� ó
��eCxogtstx`n�ê:efe&�fp
k��in7{��Uø�ð�kixUm�u�m�e�e��=n7{
u��o{�nqkié-ê:n7m�u¤óTeih�éo�`ê"steC�ou�m�kiu�m�nRø
eCx0c`eRð g|eCx`ÙraWkiéoéokip ð±stgtgon7z«kié`n�b7kZ�om��o{�niv`c`e�ð
b7kixñu��«c`n�nÛùW�:nqbÛm�m�e�Ü"xoé���ùWbÛnqg<ì u��o{�nqkiéou�con7n7m�é"kZm�k�eCx���é`nqu�n7{dm�b7kZ�om��`{�n�{dkZm�nqu�h4ei{
{�nqbÛnqxUm�gt}0éon7m�c`{�eCx`nqéñé"stbÛm�kZm�ei{du����

�Ix�m�costuyu�m��oé`}Áð%nµbÛeCxobÛnqxUm�{5kZm�n�eCxlm�c`n�zZkigt�okZm�s|eCxleih�u�eWb7bÛn7{�u��o{�nqkiéñê:n7m�u7ú��Ix
m�c`n-w¤� m�costuE{5kZ�"stéog|}Pì�Ùi{�eRð±stx`ÙñprkZ{ �in7m�stuÃm�{dkié`nqéXkigtp�eCu�mÃu�eCg|nqgt} zfstkÖ����u7úlô n
u�c`e�ð c`eRðEv��ou�sÚx`ÙlkÖbÛeCpAê"sÚxokZm�s|eCx�eih±u�stp���g|nrp�eWé`nqgtgtstxoÙñkixoé�u�eCp�n0nqg|nqp�nqxPm�kZ{�}
u�m�kZm�stu�m�stb7kig�m�c`n7ei{�}iv·m�conré`}fx"kiprstbµu��o{�nqkié"u�
P�`eim�nqéïêP}�m�c`n�ê:ePe&�Wprk��in7{duEp
kq}òê:n
{�n7�o{�eWéo�obÛnqéAð±s|m�cAk±ÙiePeWé�é`nqkigUeihokib7b7�o{dkibÛ}iú��ygtgUeih`m�c`n%ê=n7m�u·m�cokZm�ð
n�u�cokigtgUéostu�b7�oudu
b7kix�kibÛm��okigÚg|}0ê=nAm�{dkié`nqé)vom�coeC�`ÙCcñhTei{±eiêfzfsteC�ou�{�nqkiu�eCxou�ð%nAð±sÚgtg)é`nqb7gtstxon�m�e½xokip�n
kixU}-u��:nqb7s|Ü"by����u%ei{�w����·u7Ø`s|h:{�n�
f�os|{dnqé)vUm�c`nqu�n¤prk�}
ê:n±{5kZ�"stéog|}�stéonqxUm�s|Ü"nqé
�ou�sÚx`Ù
kru�stp���g|n¤sÚxUm�n7{dxon7m±u�nqkZ{db5c)ú

��c`n)�in7}�stxPm�n7{�nqu�m¤eih�u�eWb7bÛn7{Eu��o{dnqkiélê:n7m�u�gts|nqu¤stxñm�conqs|{�é`}fx"kiprstbExokZm��o{�niú��yu
n7zinqxUm�u0m�k��inò�"gtkibÛnòéo�`{5stx`Ùïk�ÙCkip�niv±ê:efe&�fprk��in7{5u-p��ou�m-kig|m�n7{0m�c`nÖeféoé"u
kib7b7�Wì
{dkZm�nqg|}Ám�e
�"{�n7zinqxUm�kZ{�ê"stm�{dkZÙiniú±aWstp��og|m�kix`n7eC�oudg|}½m�conEê:n7m�m�n7{¤p��ou�m¤p�eCxos|m�ei{¤costu�ei{
c`n7{�stxUzinqu�m�p�nqxUmµm�eònqxou��o{�n½nqstm�c`n7{µm�cokZm�gteCu�u�nquµkZ{�nÁbÛeCxUm�{deCgtg|nqéXei{µð±stxoxosÚx`ÙCuAkZ{�n
�o{�eim�nqbÛm�nqé)ú ��c`nAz«kigt�"kZm�s|eCxou�eih¨m�c`n����%uyprkq}Áê:n�m�{dkib �inqéòprstxf�`m�nÛì�êP}Pì prstxf�`m�nEkiu
kñprkZm�bdc �o{�eiÙi{�nqudu�nqu7ú���x m�costu�ð�kq} m�con
kib7b7�`{dkibÛ}òeih�m�c`n�ê:ePe&�Wprk��in7{du��?ê:n7m�z«kig<ì
�okZm�s|eCxouÁóTei{�eC�`{µm�c`n7ei{�}iv
é`n7�:nqxoéostx`ÙleCx�eCxon � uµ�=eCsÚxUmÃeih�zfstn7ð¤øEp
kq} ê:n-m�nqu�m�nqé)ú
���`{
prkisÚx(kistprurkZ{dnñm�e �oxoéon7{du�m�kixoé\c`eRð {dkZ��stéog|}�z«kigt�"kZm�s|eCxou�b7kixLb5cokix`Ùiniv�m�e
é`n7m�n7{dprstxon�ðyc`n7m�c`n7{�ei{Ex`eimÃ����u�kZ{�nrprefé`nqgÚgtstx`Ù½ÙieCkigtuEkixoéòbÛei{dx`n7{5uEkiu�!�eCstu�u�eCx
�o{�eWbÛnqu�u�nqu7v)kixoé�m�e½ê:n�kZê"g|n�m�e-stéonqxUm�s|hT}Áb7s|{db7�op
u�m�kixobÛnqu¤ð±c`n7{�n�����uykZ{dn"
f�`eim�stxoÙ
ê=n7m�zZkigt�okZm�steCxou�kZm�zZkZ{dstkixobÛn�ðys|m�c0m�c`nEm�c`n7ei{d}iú

#%$&# ')(+*-,.*0/	(21%3+45/76�1%3+8:9�;=<>*06@?BAC6ED+9�*F1%8HGI*7J�JK4&32L
�
n7hTei{�n-m��`{dxosÚx`ÙÁm�eÖu��o{�nqkié�ê=n7mAz«kigt�"kZm�s|eCxNM7OQP�R�OÛv¨ð%n½ÙCs|zin½êo{ds|n7h�é`n7m�kisÚgtuEeih�m�c`n
ê"kiu�stbEprnqbdcokixosÚb7u�eih�u��o{dnqkiéñê:n7m�u7úTS±ei{dp
kigtg|}ivom�c`nÃê:n7m�m�stx`Ù��o{�eWbÛnqu�u±ê=n7ÙCsÚxou�ð±c`nqx
eCx`nE{�n7ÙCstu�m�n7{du�ð±s|m�c0kix����yúU� u��"p eih�p�eCxon7}-stu�u�nqxUm�m�e
m�c`nÃ��� ð±c`e�ei�:nqxou�kix
eCxogtstx`n�kib7bÛeC�oxPm�óýu�eCp�nE�"k�}0sÚxUm�n7{�nqu�m5ø%ð±costb5c0ê"kix$�f{�eCgtgtu�kigtg:m�{5kixou�kibÛm�s|eCxouqú
wyx"gts��inÁkòu�m�kixoéokZ{déH��Üoùfnqé eWéoéou���ê:n7m7v
u��"{�nqkiéXê=n7m�u�kZ{dnÁzieCgtkZm�stg|nÁkixoé prk�}

stxUzieCgtzinlgtkZ{�Ùin�óýu�eCp�n7m�stp�nqu
�=eim�nqxPm�stkigtgt}��oxPê:eC�oxoé`nqé�øEð±stx"uµei{½g|eCu�u�nqu7ú�!�n7{dcokZ�"u
m�c`n-udstp��"g|nqu�mAm�{dkié`nqéXu�eWb7bÛn7{�ê:n7mÃbÛeCxobÛn7{dx"uÃm�con-m�sÚp�nÖóýstxXprstxf�`m�nqu5øEeih�m�c`n-Üo{du�m
ÙieCkig�stxlk
prkZm�b5c)ú��%n7h4ei{�nÃm�c`nEÙCkip�nµu�m�kZ{�m�u±m�c`nµ��� ð±stgtg%
f�`eim�nÃk½u��o{�nqkiéñeih±óTh4ei{
nÛùWkip���g|nRø�V WRì5V X�prstxf�`m�nqu7úr�%n7m�uÃkZ{dnr{�nqb �ieCxonqé�stx u�m�kixoéokZ{dé ð�kZÙin7{µkip�eC�oxPm�uZY
�=n7{�prstxf�`m�n¤óTm~}P��stb7kigtg|}[Y]\:^��7öUø5ú����%�o}fstxoÙ�m�c`n�u��o{�nqkiéF�±kZm_V Xyprstxf�`m�nqu·kiudu��op�nqu

õ



m�cokZmyeCxonAm�k��inqu¤m�c`nAzWs|n7ð m�cokZm±m�c`nÃÜo{du�m±ÙieCkig·ð±sÚgtg)eWb7b7�`{ygtkZm�n7{¤m�cokix V X
prsÚxP�`m�nqu
stxUm�e½m�c`n�ÙCkip�niú �Ih#m�c`nAÜ"{du�m±ÙieCkig�stu¤kibÛm��okigtg|}ñudbÛei{�nqé�kZhTm�n7{ � prstxf�`m�nqu�m�conqxlm�c`n
óTê=n7m�m�n7{ � u5ø��"kq}ie���� h4ei{¨m�cosÚu·ê:n7m¨stu·ÙCstzinqxµêP}�� \.Y�ó ��� V XCø�óýkixoéµprkq}Ãê=n%nqs|m�c`n7{
�=eCuds|m�s|zin±ei{�x`n7ÙCkZm�stzinRø5ú��%eCxPzin7{du�nqg|}iv���u�nqgtgÚstx`ÙEm�c`n�u��o{dnqkiéF�A{dn
	onqbÛm�u�kAzWs|n7ð m�cokZm��
stu�gts��inqgt}
m�erê:n�g|nqu�u�m�c"kix V W × m�c`n���kq}ie��
��hTei{±m�cosÚu�ê=n7m�sÚu�� \.Yµó V W ��� ø5ú

�\hTn7ðXeim�con7{��:eCstxPm�u�kZ{dn
ð%ei{�m�c�prk��fsÚx`Ù × ei�:n7{dkZm�s|eCx"kigtg|}iv«ê=eim�cÃð±stx"u?kixoé�g|eCu�u�nqu
kZ{�n�bÛ{�nqéos|m�nqéµm�e�eCxon � u#eCxogtstxon%kib7bÛeC�oxPm7ú2��xPm�n7{dstxoÙ¤nqkib5crê:n7m#stu¨hT{�n7nivChTei{#m�c`n�u��o{�nqkié
ÙCs|zinqu�m�c`nA����m�c`nqs|{��o{deiÜom�óýsth·m�c`n�eC�`m�bÛeCp�nÃgts|nqu%ð±s|m�cosÚxrm�c`nEu��"{�nqkié)vWm�c`nqx����(ö
h4ei{�ê:eim�cÁm�con�ê"�`}in7{du�kix"é0m�c`nAu�nqgtgtn7{du5ø5ú2��m±kixP}½m�sÚp�niv"kµê:n7m�m�n7{±prk�} ��b7gteCu�nEeC�`m��
kixoéÖÙC�okZ{dkixPm�n7nrk½Üoùfnqé��o{�eiÜom¤ei{Eg|eCu�u¤u�stpr�"g|}0êP}lm�k��fstxoÙ-m�conÃei�o�:eCu�stm�nÃ�:eCu�s|m�steCx
m�e m�c`nqs|{½b7�`{�{�nqxPmrê:n7m7ú ��conÁê=n7m�m�sÚx`Ù m�{dkixou�kibÛm�steCx(m�c`nqxLnqxoéourkiu
m�c`nñ�:eCu�s|m�s|eCx"u
u�stp��"gt}µb7kix"bÛnqg:nqkibdc0eim�c`n7{�eC�`m7ú��IhIvWé"�`{dstx`ÙÃkAê:n7m7v`kix0kib7bÛeC�oxUm�sÚxob7�`{du%g|eCu�u�nqu
m�cokZm
{�nqéo�obÛnEs|m�m�erë7n7{de`vom�c`nÃ��� ð±stgÚg�ki�`m�eCp
kZm�stb7kigtg|}0b7g|eCu�nEkigtg:�:eCu�stm�s|eCxou�kixoéÁu��ou��=nqx"é
m�c`nAkib7bÛeC�oxPmy�oxPm�stg:p�ei{�nAhT�ox"éou�kZ{�nAé`n7�:eCu�s|m�nqé?ú
ü`ei{
m�con7ei{�n7m�stb7kig��"�o{��:eCu�nquAm�conñu�s|ë7n0eihym�con0u��o{�nqkié\stu�s|{d{�nqg|n7zZkixUmµu�stxobÛnÁs|m�stu

Ü`ùfnqé stx(kiéoz«kixobÛn\óýkib7bÛei{déosÚx`Ù m�e prkZ{ �in7m0bÛeCxoéos|m�steCxou5øÃêf}\m�c`nlê:efe&�fprk��in7{5u
m�e
bÛeCxUm�{�eCg:m�conqs|{��o{�eiÜom�u7ú ��eµz«kigt�on�k�ê:n7m7v`s|m�stu�m�con7{�n7h4ei{dn¤nqxoeC�`ÙCc0m�e�é`n7m�n7{dprstxonym�c`n
��bÛnqxUm�{�nqu��o{�nqkiéF����v=ðycostbdc?v=ê:nqb7ki�ou�nÃeih
m�c`n�é`}fx"kiprstbAx"kZm��`{�nµeih
u��"{�nqkiéÖê=n7m�u�kiu
m�c`n7}ïkZ{�nrm�{dkiéonqéïð±cosÚg|nµm�c`n
prkZm�b5c�stuAstx �o{�eiÙi{dnqu�u7v¨stuEstx Ùinqxon7{dkig�kÁhý�oxobÛm�steCx eih
m�stp�niú

#%$�� �)? , ,.? 3 6 ?�/7/ *F9N,.1 9��B*7JK6
�IxÖm�costu�u�m��"é`}ñð%n�ð±stgtg�kZm�m�nqp��om�m�e0z«kigÚ�`n�u�eCp�nµeih�m�c`n�p�eCu�m�bÛeCp
p�eCxog|}Pì�m�{dkié`nqé
u�efb7bÛn7{#u��"{�nqkiéAê:n7m�u%óýp�eCu�m�ê=n7m�u�prk�}Akigtu�eyê=n�m�{dkié`nqéÃh4ei{¨stxoéostzfsté"�okig«m�nqkipru7við±c`n7{dn
kixokig|eiÙieC�ou±z«kigt�"kZm�s|eCxou�nqkiu�stgt}½hTeCgtg|eRð¤ø5ú ��c`nqu�nEsÚxob7gt�oé`n ×

������� �"!$#%�"�"!'&)(+*��",)-/.0,1&32 ��c`n�m�eim�kig=xf�opAê:n7{�eih:ÙieCkigtu
ei{
bÛei{5x`n7{du�udbÛei{�nqérei{
m�k��inqx�stxÁkixU}0ÙCs|zinqxlprkZm�bdclêP}0ê:eim�c0m�nqkipru7ú

�54��"�"!6(7*8�",)-$.7,
&:9/;<, .+=
�"*3>?2 � ÙCs|zinqxXm�nqkip�� u���é`eCprsÚxokixobÛn���e�zin7{�m�c`nqs|{
ei�o�:eCu�stm�s|eCx)v#p�nqkiu��`{dnqéXkiurm�c`nÁéos �:n7{�nqxobÛn-ê=n7m~ð
n7nqx(m�c`n0m ð%e m�nqkip�� u�ÙieCk«ì
gtu �«bÛei{dx`n7{du�m�cokZmykZ{�nAu�bÛei{�nqé �Rm�k��inqx)ú�ó j�kq}0ê:nEx`n7ÙCkZm�s|ziniú/ø

��@A9<!B�1C�*8�",)-$.7, &�2 ��c`nA�"{�efé"�obÛm±eih�m�conÃm�eim�kig¨xf�opAê:n7{¤eih�bÛei{dx`n7{5u±m�k��inqx stx
nqkib5clcokig|h�eih¨m�c`nAprkZm�b5c)ú

�5DE,1�"&:&F*��",)-/.0,1&32 ��c`nE�o{deféo�"bÛm�eih#m�c`nEm�eim�kig¨c`eCp�nÃm�nqkip bÛei{5x`n7{du¤kixoéñm�c`n
m�eim�kig�kqð�kq}Ám�nqkip bÛei{5x`n7{du7ú

���GCH=
.I�"JK-L� MN#"�"�%!62 afnqg|h4ì�nÛùf�"gÚkixokZm�ei{�}iv?ê"�omEstuEu�n7m�m�g|nqé kZm XZöñs|h%m�c`nO�)m�c
ÙieCkig�stu�x`eim±u�bÛei{dnqé óýkiéoé`nqéÁm�sÚp�n�ê:nqstx`Ù�s|{�{�nqgtn7z«kixPm5ø5ú

V



���GCH=
.��"J��?-/�"!?#"�%�"! 2 �yéoéonqé½m�sÚp�n¤sÚu
s|{d{�nqg|n7zZkixUm�kixoé0s|h?x`e�ÙieCkig)stu�u�bÛei{�nqé
m�c`n�ê:n7m�stu±u�n7m�m�g|nqéñkZm±öWú

������� �"! #%�"�"!�= CH- 9 �:.7&32 ��c`n�u��op eih¨m�c`nEp
stxP�om�nqu�ð±c`nqx0nqkibdclÙieCkig?stx0m�c`n
ÙCkip�n�stu¤u�bÛei{�nqé?ú
ó � �¬ìd��é`{dk�ð ð±s|m�c�ÙieCkigtu�stxlm�con V«÷im�c kix"é��ZöZm�c p
stxP�om�n
ð%eC�ogté0ÙCs|zin½�i�Û÷rÙieCkig·prsÚxP�`m�nquqú/ø

���/�%9/,�� ��#"&32 �±c`n�m�stp�nEstxÁprsÚxP�`m�nqu�ðyc`nqx0bÛei{dx`n7{du�c"kqzinEê:n7nqxÁm�k��inqxlh4{�eCp
kigtg=hTeC�`{�bÛei{dx`n7{��:eCu�stm�s|eCxou�óýu�n7m�m�g|nqéñkZm XZö�s|h�kK	"kZÙµ{�nqprkistxou��oxf�ou�nqé=ø5ú2S±eim�n
m�cokZm�m�costuAê:n7m�stu�x`eim�x`ei{dprkigtgt}Öm�{5kié`nqé éo�`{dstxoÙÁm�c`n½ÙCkiprn × ð
n0u��:nqb7�ogtkZm�n
m�cokZm±m�costu�stu�ê:nqb7ki�ou�nµ����u�b7kixox`eim�zZkigt�`nEstm7ú

�¤m�c`n7{�m }f�:nqu¤eih�ê:n7m¤prk�}lkigtu�e-ê:nÃe��:n7{�nqé)v)kixoé�m�c`nqu�n�prk�}ñê:nÃzZkigt�`nqéÖ�ou�sÚx`Ù
u�stprstgÚkZ{yp�n7m�c`eWé`eCg|eiÙi}lm�e½m�cokZm��o{dnqu�nqxUm�nqéÖê:nqg|eRðEúyû�stu�stm�u�m�e0m�c`n�ð
n7ê u�s|m�n�eih�m�c`n
p�eCu�m��:ei�"�"gtkZ{%����u
ð±stgtgW{�n7zinqkig�m�cokZm
ê=n7m�u%kZ�o�:nqkZ{�m�eÃÙie ��sÚx
kixoé
eC�`m�eih)hýkiu�cos|eCx0�
kixoéµprkq}Au��=ei{5kiéostb7kigtg|}�éosÚu�kZ�o�:nqkZ{�kiu�e��:n7{�nqéµ�o{�eWéo�obÛm�u7v«eCxog|}Am�ey{�nqkZ�"�=nqkZ{#k¤u�c`ei{�m
m�stp�nEgtkZm�n7{qú

� ÞÃßµà)á�â�ã'ä-á¨å
	�â���
µâ%å:æ��yç

�·eÖz«kigÚ�`nrm�c`n0bÛeCprp�eCxXu�eWb7bÛn7{µu��o{�nqkié p
kZ{ �in7m�uµgtstu�m�nqéïsÚxXafnqbÛm�s|eCx �Zú´õfv#ð%n½ð±sÚgtg
h4eCgtgte�ð prkixP}Ö�o{�n7zWs|eC�ou�u�m��oéostnquró �y}fm�n½kix"é
��gtkZ{ �iniv¨õZöiöiöUø5v�ó j�kic`n7{qv%��X��iõCøEkixoé
kiu�u��op�n�m�cokZm-ê=eim�cLm�c`nòu�bÛei{dstx`Ù eihEÙieCkigtu-kixoéLm�conleWb7b7�`{�{�nqxobÛn�eihAbÛei{dx`n7{5u½kZ{�n
!�eCsÚu�u�eCxÖ�o{�eWbÛnqu�u�nqu¤ð±s|m�cÖbÛeCxou�m�kixPm�p�nqkix)ú[�Im¤stu�k-u�stp���g|nAprkZm�m�n7{�m�eÁstxPzinqu�m�s|ÙCkZm�n
m�c`nEzZkigtstéos|m~}
eih�m�c`nEm�cosÚu�kiu�u��op��"m�s|eCxÁ�ou�stxoÙ�{dnqkig?éokZm�kWú
ü¨s|ÙC�`{�nï�Áu�coe�ð±uµm�c`nñé"stu�m�{ds|ê��`m�s|eCxïeih�kigtg%ÙieCkigturudbÛei{�nqé(stx m�c`n@V��Zö �
x`ÙCgtstudc

!�{�nqprstn7{du�cos|�ïp
kZm�bdc`nquµhTei{Ãm�con½u�nqkiu�eCx\õZöiöCõRì5Vfú ��c`n½ÜomAm�eÖm�c`n)!�eCstudu�eCx�prefé`nqg
stu0eiêPzWs|eC�oudg|}�b7g|eCu�niú aWstprstgÚkZ{½{�nqud�og|m�uÁprk�}�ê:nïkigtu�e\ê:nòeiê"u�n7{dzinqé h4ei{�bÛei{dx`n7{du7v
eim�c`n7{�u�nqkiu�eCxou7vZeim�c`n7{¨bÛeC�oxPm�{ds|nqu·kix"éEeim�c`n7{¨bÛeCp��:n7m�s|m�s|eCxou%óTm�c`eC�`ÙCcÃu�n7n�aWnqbÛm�s|eCxE÷Pø5ú
��c`n7{�nAsÚu�u�eCp�nEn7zWsté`nqxobÛnAm�cokZm±�oxoéon7{±bÛn7{�m�kistxñb7st{db7�opru�m�kix"bÛnqu�m�c`n !�eCstudu�eCxñp�nqkix
� bdc"kix`Ùinqu�éo�`{dstxoÙ�m�c`nyprkZm�b5c)ú�ü`ei{�m�c`ny�"�`{��:eCu�nqu�eih)m�costu�u�m��oé`}rc`eRð
n7zin7{�ð%nyð±sÚgtg
stxUzinqu�m�s|ÙCkZm�n�x`nqs|m�c`n7{¨p�n7m�c`eWéou�eihonqu�m�sÚprkZm�stx`Ù � xoei{�m�sÚp�nÛì é`n7�:nqxoé`nqxPm·hTei{dp��ogtkZn%h4ei{
� ú=�¤gtg)prkZm�bdconqu±ð±sÚgtg=ê=nÃkiu�u��op�nqéñm�e
gtkiu�m�hTei{±k½éo�`{dkZm�s|eCx0eih���m�sÚp�nA�oxostm7vfðycostbdc
stxob7gt�oéonqu¤kixP}òkiéoé`nqéòm�stp�nµm�cokZmEp
kq}Öefb7b7�`{ × kigtg¨prkZm�bdc`nquÃbÛeCprp�nqxobÛn½kZm���\ öWú
�~h���stu�k0{dkix"é`eCpKz«kZ{5stkZê"g|nµm�c`nqx����dó��òø¤é`nqx`eim�nquEm�c`n�nÛùf�:nqbÛm�nqé zZkigt�`nµeih���kZm
m�stp�n��¬v � ó�� ��!7ø�é`nqxoeim�nquEm�c`nrxf�opÃê=n7{�eih%eWb7b7�`{�{�nqxobÛnquEeih�k0ÙCstzinqxïn7zinqxPmAéo�`{dsÚx`Ù
m�c`nµm�stp�n��=n7{5s|eféXó�� ��!7ø¤kixoéN!�eCstu�u�eCxÖprnqkixou¤h4ei{�m�c`nµð±c`eCgtn�prkZm�b5c kZ{�n�é`nqx`eim�nqé
êP} � u�e�m�cokZm

�
ó � ó�� ��!7ø+\ ��ø�\ ó � ó"! � �Wø�ø$#&%('*),+.-/' 021
�43 5

÷



�_$&# ' ?%J 1 <�LB?B1%<56
û�kigt�okZm�s|eCx
eih�m�c`n±m�eim�kigoÙieCkigtu
u��o{�nqkié�ê:n7m�stu�u�stp��"gtniú �¤nqx`eim�stx`Ù�m�con�m�eim�kig"xf�opÃê=n7{
eih�ÙieCkigtu�êf} � v)ð
n �Wx`e�ð�m�c"kZm�kZm�� \�öWv/�
óýöUø \ � � ó � ø�\ � ð±c`n7{�nµc`n7{�n�kixoé
c`nqxobÛn7hTei{�m�crð%nyé`nqxoeim�n±m�c`n�zZkigt�`n�eih)m�con±bÛnqxUm�{dn±eih)m�c`n±u��o{�nqkiérkZm
m�stp�n��¨êf}O�
ó���ø5ú
�~h�nÛùWkibÛm�gt}��µÙieCkigtuycokqzinÃê:n7nqxÁu�bÛei{�nqélsÚx0m�c`n��:n7{ds|eWéòóýö � ��ø5v"m�conqx

�ró���ø2\ ����ó ���)� óýö � ��ø2\��Uø�\ ��
#
	 �
ó��
� ��ø ó � ó�� � ��ø�ø # % '*) +�� ' � 1

�43 \���� � ó�� � ��ø 5

��c`eC�`ÙCcPm±eih#kiu¤k�hT�"xobÛm�s|eCxÁeih � v��rkix"é ��ð
nÃm�c`n7{�n7hTei{�nÃc"kqziniv=h4ei{ ��� öWv������ �
kixoéñö�� �����

�ró � ��� � ��ø+\���� � ó�� � ��ø 5 ó���ø
��c`n0bÛnqxUm�{�nqu��o{�nqkié m�c`n7{�n7hTei{�n0m�k��inqu�m�c`n-zZkigt�`n � ê:n7hTei{�n½m�con-ÙCkiprn-ê:n7ÙCstx"uÃkixoé
stu�m�c`n7{�nqkZhTm�n7{µkñu�m�{dkis|ÙCcPmÃgÚstx`nµð±s|m�cïudg|ei�:n � � ð±costb5c����op��"u�êf} kix kip�eC�oxPm��µ�
ð±c`nqx`n7zin7{Ek-ÙieCkig�stu¤u�bÛei{�nqé?v·kiu�u�c`eRð±xòstxlm�con�nÛù`kip��"gtnµbÛeCx"u�sté`n7{�nqéòstx�ÜoÙC�`{dnµõfú
��costu�u�sÚp��"g|n-{�nqu��ogtmrprkq} ê:nÁnqu�m�kZê"gtsÚu�c`nqé\stx\prkixP}Xeim�c`n7{
ð�kq}Wu × hTei{rnÛù`kip��"g|niv
kZm�m�stp�n �Am�c`n0nÛùW�:nqbÛm�nqé\xP�opÃê:n7{µeih±ÙieCkigtu�stxXm�c`n0{�nqp
kistxoé`n7{µeih±m�con0p
kZm�bdc(stu
u�stp��"gt} � ó�� � ��ø5v�ÙCs|zWstx`ÙÖm�c`n0nÛùf�:nqbÛm�nqé\xf�opÃê=n7{µeihyÙieCkigtu7v�kixoé m�con7{�n7h4ei{dn �
ó���ø
kiu � ó�� � ��ø �!�Wú S±eim�nñm�c"kZm�m�c`nÁzin7{�}\u�stp���gtstb7s|m~} eihym�cosÚuÃ{dnqu��og|m�stu�kZ�o�:nqkigtsÚx`Ù
stxou�eCp��obdc�kiuÃstmÃkigtg|eRð±uEm�con)!�eCstu�u�eCxXp�nqkixouÃê:nqstx`Ùñ�ou�nqéïêf}ïkñÙCs|zinqx\����m�eÖê:n
nqkiu�stg|} ��ê�kib �inqé eC�`m��-ê:n7hTei{�n�k0prkZm�b5c u�m�kZ{�m�u�u�e-m�cokZm�eim�c`n7{qv?prei{�n�bÛeCpr�"gtstb7kZm�nqé
ê=n7m�u±prkq}0ê:nEkib7b7�`{dkZm�nqg|}0zZkigt�`nqé)ú

�_$�� "N? 1 <[6�;2D=9K*0,.1%/$#
ô n½x`eRð é`n7Ü"xon�� kiuAm�c`nrÙieCkig�ud�`�o{�nqprkibÛ}Öeih�m�c`n
c`eCprnrm�nqkip óTm�nqkip&%Ãv�u�k�}`ø
kZÙCkistxou�m#m�c`nykqð�kq}µm�nqkip óTm�nqkip('�ø5ú_�Ih � kixoé�� u�bÛei{�n±ÙieCkigtu#ð±s|m�c !�eCstudu�eCx�p�nqkixou
�*) kixoé �,+ {�nqu��:nqbÛm�s|zinqg|}ivUð
n¤cokqzin �
óýöUø2\ �*) � �,+ ú ��c`n�bÛnqxPm�{�nqu��"{�nqkiérhTei{�ÙieCkig
u��`�o{�nqp
kibÛ}-stu�n7zfstéonqxUm�g|}½m�c`nEp�nqkixleih�kré"s �=n7{dnqxobÛn�eih�!�eCsÚu�u�eCxñp�nqkix"u7vou�erm�cokZm

�
ó � ) � � + ��� � ��ø=\���� ó�� � ��øÛó � ) � � + ø 5 ó õCø
��c`n 
f�okixPm�s|m }�� m�con7{�n7h4ei{dnAm�k��inquym�c`nEzZkigt�`n �*) � �,+ ê:n7h4ei{dnEm�c`nAprkZm�b5clê:n7ÙCstx"u
kixoé stu¤m�c`n7{�nqkZhTm�n7{AkÁu�m�{dkistÙCcUm�gtstxonAð±s|m�cÖÙi{dkié"s|nqxUm �*) � �,+ kixoéÖzin7{�m�stb7kig-���op���u
eih.����ð±c`nqx`n7zin7{ym�nqkip/% u�bÛei{�nqu±kix"é � ��ð±c`nqxon7zin7{±m�nqkip/' u�bÛei{dnqu7ú

��c`n0hTei{dpÃ�"gtkZn ó���ø�kixoé�ó õCøµkigtu�eòkZ�"�"g|}ï{�nqu��=nqbÛm�stzinqg|} m�e m�eim�kig�bÛei{5x`n7{durkixoé
bÛei{dx`n7{�u��`�o{dnqprkibÛ}rð±c`nqx½m�c`n�kZ�o�o{�ei�"{dstkZm�n�!�eCstudu�eCx½prnqkixou�kZ{�n��ou�nqé)ú_�Ih?é`nqu�s|{�nqé?v
ó õCø%prkq}
kigÚu�eµê=nynqu�m�kZê"gtsÚu�c`nqé-éos|{�nqbÛm�g|}�kiu�stxÁafnqbÛm�s|eCxÁõfút�Zv`m�c`eC�oÙCc-stm
stu�x`nqbÛnqu�udkZ{�}
m�eA�ou�n�u�eCprn�nqg|nqp�nqxPm�kZ{�}µ�o{�ei�:n7{�m�s|nqu�eih)�%nqu�u�nqg`hý�oxobÛm�s|eCx"u�m�eAnqu�m�kZê"gtstudcµm�c`n�{�nqu��ogtm7ú

0



�_$�� � ;+<>JK4&/ ?B9�3+*F9�6
�·eòzZkigt�`n-m�c`n-p��og|m�sÚbÛei{dx`n7{µu��o{�nqkié�ê:n7m7v�ð
n0g|n7m �'é`nqx`eim�n0m�c`n-�o{�eWéo�obÛmÃeih±m�c`n
Üo{du�m�kixoé0u�nqbÛeCxoéÁcokigth?m�eim�kig)bÛei{dx`n7{�bÛeC�oxPm�u�kixoé0�ou�n � ó�� ��!7ø
m�e�é`nqx`eim�n�m�c`n�m�eim�kig
xP�opÃê:n7{Áeih�bÛei{dx`n7{duÁm�k��inqx éo�`{dsÚx`Ù�m�con m�stp�n �:n7{ds|eWé�ó�� ��!7ø5ú ��zfstéonqxUm�g|} � \
� óýö � �� ø � ó �� �q��ø±kixoé � � ó�� øI\
�½ó � óýö � �� ø�ø/�½ó � ó �� �q��ø�ø5ú��¤nqx`eim�stxoÙ½m�c`n !�eCstu�u�eCx
p�nqkix\eih¤m�c`nÁm�eim�kig±xf�opÃê=n7{µeih�prkZm�bdc�bÛei{dx`n7{durêP} � v�ð%nlcokqzin �½ó � óýö � �� ø�ø�\
�½ó � ó �� �q��ø�ø2\ ) � v`ð±c`nqx"bÛn � � ó��òø+\ )��� úü`ei{±ö�� � � �� ð%n�cokqzinivokiu�ud�oprstx`Ù�m�cokZm��ÃbÛei{5x`n7{du�cok�zin�m�k��inqxÁ�"gtkibÛn�éo�`{dsÚx`Ù� ö � �	��v
�-ó�� �3� óýö � ��ø+\��Uø2\�
 ��

#
	 �
ó��
� ��ø �
ó � ó��2� �õ ø2\ ��ø
��
 ��

#
	 �
� �
ó � ó �õ �q��ø2\ ��ø
�

\ 
 ��
#
	 �
ó���� ��ø ó � ó �� � ��ø�ø$# % '*) +��� ' � 1

�43 � �½ó � ó �õ �q��ø�ø2\��
��� � � �õ � ������� � õ �
ð±c`nqxobÛn

�ró � � ��ø�\ � �
÷ � � �

õ �*�
�
õ � hTei{ ö�� ��� �õ 5

��cP�"u�� \ � ��� ÷ñê:n7hTei{�n�m�c`nrprkZm�b5c bÛeCprprnqxobÛnquAkixoé?v·éo�`{dsÚx`Ù½m�con�Üo{du�mEcokigth~v?stu
klu�m�{dkistÙCcUm�gtstx`n�ð±stm�c Ùi{dkiéos|nqxPm � � � � õlkixoéïzin7{�m�sÚb7kig ���op��"u�eih � ) � ð±conqx`n7zin7{�kbÛei{dx`n7{ysÚu�m�k��inqx)ú

���`{dstx`ÙAm�c`nyu�nqbÛeCx"é½cokigth~vPð±c`nqx �� � � �þ�ZvPð%nykig|{dnqkié`} �fxoe�ð m�c`nyxf�opÃê=n7{
eih
bÛei{dx`n7{du�� � vfu�kq}ivfm�k��inqx-stx�m�c`nyÜo{du�m�cokigth~ú ��c`nqxobÛn �ró���ø�\�� � ó�� � � � � � ó�� � ��ø�ø5v
kixoé��þstu
kÃu�m�{5kis|ÙCcUm%gtstx`n�eih�u�g|ei�:n � � � � ð±stm�c�zin7{�m�stb7kig ���"p��"u�eih ��� � ð±c`nqx`n7zin7{krbÛei{dx`n7{±sÚu�m�k��inqx)ú �±cP�ou�hTei{±p��og|m�stbÛei{5x`n7{du

�ró � ��� � ��� � ��ø+\�� ó �õ � ��ø! � �÷ � � �
õ �*�

�
õ �#"��$� ó�� � �õ ø�� � ó�� � � � � � ó�� � ��ø�ø

ó VCø
ð±c`n7{�n%� é`nqx`eim�nqu�m�conr�oxos|m�í±nqk�zfsÚu�sté`nru�m�n7� hT�ox"bÛm�s|eCx)ú"� m~}P�"sÚb7kig�pÃ�"g|m�stbÛei{dx`n7{5u
z«kigt�"kZm�s|eCx(�o{deiÜ"g|nÁstu
udc`e�ð±x(h4ei{-kï�"kZ{�m�sÚb7�ogtkZ{rb7kiu�nòstx ÜoÙC�`{dn Vfú �yu½prs|ÙCcPmrê:n
nÛùf�:nqbÛm�nqé)v�kZm0cokig|h¤m�stp�n�ó���\ � � õCø5v�m�c`n�z«kigt�onñeih�m�c`nlê:n7m
sÚu
bÛeCxPm�stxP�oeC�ourê"�om
s|m�u�u�g|ei�:n0stuµéostu�bÛeCxPm�stxf�`eC�ou7ú ü¨s|ÙC�o{�n½÷ïudc`e�ð±u�kòbÛeCp���kZ{dstu�eCx ê:n7m ð%n7nqx�ó VCøµkixoé
m�c`nré`}Wxokiprstb7kigtgt}@
P�`eim�nqé bÛnqxPm�{�nqu��"{�nqkiéòeih%k-ð%nqgtg<ì �Wx`e�ðyx ���þhTei{�m�c`n�!�ei{�m��`ÙCkig
pÃ�ogtm�stbÛei{dx`n7{du�éo�o{dstx`ÙÃm�c`n�bÛ{d�ob7stkig !�ei{�m��`ÙCkig)zWu7ú�íyeCgtgtkixoé½ÙCkip�nAsÚx
m�c`nZ�
�`{�eUõZöiöZ÷
m�eC�`{dxokip�nqxPm × m�c`nAkZÙi{�n7nqprnqxUm¤ê:n7m ð%n7nqxXó VCø±kixoéñm�con���� � u�
f�`eim�nqéÖbÛnqxUm�{dnqu��o{�nqkié
stu�b7g|nqkZ{dgt}
zin7{�}ÁprkZ{ �inqé?ú

W



�_$�� �)9K? 6�6�/ ?B9�3+*F9�6
��c`nEbÛ{�eCu�udbÛei{dx`n7{yu��o{�nqkié0ê:n7m�stu�x`eRð�nqkiu�}0m�erzZkigt�`niú�ô nÃcokqzin�u�stp��"gt}

�ró �*) � �,+ ��� ) ��� + � ��ø2\ � � ) � �*) ó�� � ��ø	� � � + � �,+ ó�� � ��ø	� óT÷Pø
ð±c`n7{�n � ) kixoé�� + kZ{�nÃm�c`nE{�nqu��=nqbÛm�stzinAxP�"pAê:n7{�eih#bÛei{dx`n7{5u±u�e½hTkZ{ym�k��inqxlêf}0nqkibdc
eihym�c`nÁm~ð
e m�nqkipru7v�ðycostbdc\kZ{dnñkiu�u��op�nqéXm�eïðystx�bÛei{5x`n7{du�ð±stm�c-!�eCstudu�eCx\p�nqkixou
�*) kixoé �,+ ú�í±n7{�nÁm�conlbÛnqxUm�{dnqu��o{�nqkié\m�k��inqu½m�c`nñzZkigt�`n �*) �,+ kZmrm�c`nñu�m�kZ{dmreih
m�c`nAprkZm�b5c�kixoéñm�c`n7{�nqkZhTm�n7{ystu�k
u�n�
P�onqxobÛnEeih¨�"kZ{dkZê:eCgtkiu7v`ðys|m�c0zin7{�m�stb7kig ���opr�"u�eih
� + � �,+ ó�� � ��ø¨ð±conqx`n7zin7{
m�nqkip % m�k��inqu%kAbÛei{dx`n7{�kixoé � ) � �*) ó�� � ��ø#ð±c`nqx`n7zin7{
m�nqkip ' é`efnqu7úE�%eCpr�"kZ{dstu�eCx"u�ê:n7m ð%n7nqxLóT÷PøykixoéÖm�c`n�bÛnqxUm�{dnqu��o{�nqkiéou�u�n7m¤êf}Ö����u
éo�`{dstxoÙ±stp��:ei{�m�kixPm�prkZm�b5c`nqu�óýx`eim#u�c`eRð±x�ø:{dn7zinqkig|nqé�ÙiePeWéµkZÙi{�n7nqp�nqxPm7ú ��c`n ���op���u
é`n7�:nqxoéµeCx�m�c`n�m�stprn%nqgÚkZ�"u�nqérkixoéµm�con�xP�opÃê:n7{du¨eih:bÛei{dx`n7{du�u�e�hTkZ{�m�k��inqx?ú�ü`{�eCp k
ê=n7m�m�sÚx`ÙÃ�:eCstxPm�eih�zfstn7ð stm
stu�stp��:ei{�m�kixPm�m�er�"xoé`n7{du�m�kix"érm�cokZm�s|h)m�c`n�m�nqkiplóýu¬ø%cokqzin
kig|{�nqkié`}-m�k��inqxlprkixP}0bÛei{dx`n7{du7v`m�conEê:n7m�sÚu�k�zieCgtkZm�stg|nEkix"é0{dstu��f}
eCx`niú+�~hIvoc`e�ð%n7zin7{
h4n7ð bÛei{dx`n7{du
cokqzin¤�o{�n7zWs|eC�oudg|}Ãê:n7nqx
m�k��inqx-kix"érm�c`nynqxoéreih)m�c`n¤prkZm�bdc0stu
x`nqkZ{dstxoÙ`v
m�c`nAbÛnqxPm�{�nqu��o{�nqkié�stu�gts��inqgt}
m�er{�nqp
kistx0{�nqgtkZm�s|zinqgt}-bÛeCxou�m�kixUm7ú

�_$�� ')45,.*�?BA 3 JK(:LB?B1%<
��c`nñbÛnqxPm�{�nqu��o{�nqkié(h4ei{�ê:n7m�uµm�cokZm
sÚxUzieCg|zinÁm�sÚp�nquµeihyn7zinqxPm�u
p
kq}Xê=n0zZkigt�`nqé êf}
bÛeCxou�sté`n7{5stx`Ùrm�c`n"!�eCstu�u�eCx ���op��ogtkZm�stzinC��stu�m�{dstê"�`m�s|eCxñü"�oxobÛm�s|eCx ó �T��ü�ø5ú ��m¤m�stp�n
�5v�ð%nÁé`nqx`eim�n0m�c`n0m�stp�n-eih±m�con � ��� ÙieCkig�êf} � # v�kixoé bÛeCxou�sÚé`n7{µm�c`n0�o{�eiê"kZê"sÚgts|m }
� # ó������)ø�m�cokZm¤kZmyg|nqkiu�m �ïÙieCkigtu±ð±stgtg:eWb7b7�`{¤éo�`{dstxoÙ�m�c`nEm�stp�nA�=n7{5s|eféïó��2���:ø5v=ÙCs|zinqxm�cokZm±x`erÙieCkigÚu�efb7b7�o{�{�nqéñéo�o{dstx`ÙÁóýö � ��ø5ú
ô nÃcok�ziniv"hTei{±ö � ����� ���Zv
� # ó������)ø2\ �
ó���� � # �	�)ø2\ � � �
ó�� # � � �)� óýö � ��ø+\ öUø2\ � � �
ó � ó������)ø�����ø

\�� � #,' ��

 	 �

�½ó � ó��2���:ø=\��oø2\ � � # ' ��

 	 �

ó � ó
� � ��ø�ø 
 %('*),+��(' � 1
� 3

ð±costg|n �
ó�� # ���:ø�\K��hTei{���� �ZúòóTô n-{�nqb7kigtg�m�cokZmAs|h%hTn7ð
n7{�m�cokix��\ÙieCkigÚuÃkZ{�n
u�bÛei{�nqé�m�c`nÃm�sÚp�nEeih�m�c`nE� ��� ÙieCkig�stu±kiudu��op�nqé�m�e
ê:n �=\ �Zú/ø ��c`n !=�¤ü�� # eih4� #prkq}Áx`eRðþê:n�h4eC�ox"é0êP}Áéos �:n7{�nqxPm�stkZm�s|eCx0eih�m�c`nG�T��ü%vo}Ws|nqgtéosÚx`Ù`vPhTei{±ö���� ���Zv

� # ó��2���:ø2\ � #,' ��

 	 �

�
� �
ó � ó
� � ��ø�ø 
 %�'*) +��(' � 1

� 3 \ � #:ó
� � ��ø$# ' �
ó'� � ��ø�3 % '*) +��(' � 1 ó 0 ø

ð±costb5c(sturk���kiprprkïéosÚu�m�{ds|ê"�om�s|eCx)v#�"kZ{dkiprn7m�n7{�ì u�cos|hTm�nqé\êf}\kixLkip�eC�oxPm��¬ú ��con
�o{�eiê"kZê"sÚgts|m } eihym�c`nÁprkZ{ �in7m�u�n7m�m�gtsÚx`ÙÖkZm�� \ �0stuµu�stp��"gt}Öm�con-�"{�eiê"kZê"stgÚs|m }òm�cokZm
h4n7ð%n7{�m�c"kix ��ÙieCkigtu�ð±stgtg«ê:n�u�bÛei{dnqéAstx�m�sÚp�nyó��2�q��ø5ú �±cP�ou$�
ó�� # \ ��ø2\ � ��� # ó��2�q��ø5ú

�



��c`n�nÛùW�:nqbÛm�nqé�m�stp�n�eih"m�c`n � ��� ÙieCkigWkZm�m�stprn �·prk�}Ax`eRð�ê:n�hTeC�oxoéAêP}ÃpÃ�ogtm�s|�"g|}Wstx`Ù
� # ó��2���:ø%êf} �òkixoéÁstxPm�n7Ùi{dkZm�stxoÙrh4{deCp � \ �%m�e ��\ �ZvoÙCs|zWstx`Ù

�
ó'�4� � � ��ø2\ � # % )
�

ó'� � ��ø�3
� �
� �¨ó
� � ��ø # ' � % '*) ��� � � % '*) + � ' � 1

# ' ��

 	 �

ó � ó�� � ��ø�ø 

� 3 5 ó WCø

��c`n nÛùW�o{�nqu�u�steCxou0stxUzieCgtzinqé óTð±costb5c prkq} ê:nòð�{ds|m�m�nqx stx m�n7{5pruÁeihµstxobÛeCp��"gtn7m�n
ÙCkiprprkòhý�oxobÛm�s|eCxou¬ø�ê:nqbÛeCp�nÁ{dkZ��stéog|} p�ei{�nÁ�oxPð±s|nqgÚé`}ïkiuK� stxobÛ{�nqkiu�nqu × n7zinqx\kZm
m�c`nEu�m�kZ{�m�eih�m�c`nEprkZm�b5c �ró'�4� � ��öUø%p
kq}-ê=n�u��"b7b7stxobÛm�g|}½nÛùf�o{dnqu�u�nqé0eCxog|}-stx-m�n7{dpru
eihAcU}f�:n7{�Ùin7eCp�n7m�{dsÚbñhý�oxobÛm�s|eCxouqú üoei{-m�con�bÛeCprp�eCx"g|}Uì�m�{5kié`nqéLm�sÚp�nleih�Üo{5u�m½kixoé
u�nqbÛeCxoéñÙieCkig�prkZ{ �in7m�u7v�c`e�ð%n7zin7{qv"ð%nEÜ"x"é0m�cokZm

�ró��(� � � ��ø2\ ���dó�� � ø�\ �*� �
�

� % '*) + � ' � 1
�

�

�ró õ � � � ��ø2\ � � ó�� � ø�\ �*� õ
�
� %�'*) +�� ' � 1

�
ó � ó�� � ��ø � õCø 5

S±eim�n�kigtu�eµm�cokZm±kiu�}Wp��om�eim�sÚb�{�nqu��og|m�u�kZ{dn�nqkiu�}0m�e
é`n7{ds|ziniú
aWeCp�nEprkixos|���ogtkZm�s|eCx½eih
ó WCø�u�c`eRð±u�m�cokZmystx0hTkibÛm

�
ó'�4� � � ��ø�\ � � � # % ) �
ó'� � ��ø�3

� �
� ó�� � �:øÛó
� � ��ø #,' � % '*) � � � 5 ó��iø

ü`ei{±m�c`nÃkiu�}fpr�om�eim�stbEgtsÚprs|m���� ��m ð%e
stxPm�n7Ùi{dkZm�s|eCx"u�êf}½�"kZ{dm�u�x`e�ðþ{�n7zinqkig?m�cokZm
��� � � ó � %«ø # % '*) +�� '

� 1 ó�� � ��ø #	� � � '*#,'�

� �
� õ�� ó'�����Lø

u�e½m�c"kZmyhTei{¤gÚkZ{�ÙinE��m�c`nAm�sÚp�nAeih�m�conE� ����ÙieCkig�sÚu�zin7{�}lb7gteCu�nÃm�e0�oxostm }iú ��gteCu�nAm�e
m�c`n�nqxoéÁeih�m�c`nEprkZm�b5c)voð%nEu�n7m��2\ � ��� ð±c`n7{dn ��� �Zú2�Im�stu%m�c`nqxÁnqkiu�}-m�erudc`e�ð
h4{�eCpîó��iø�m�cokZm

��� � � � # � #�� �
ó'� � ��ø�3 ó���� ��ø

u�erm�cokZm±kZÙCkisÚxÁm�c`nAbÛnqxPm�{�nqu��o{dnqkiélstu�zin7{�}Áb7g|eCu�nEm�e
�oxostm }iú
��}f�"stb7kig�zZkigt�okZm�s|eCx-b7�`{�zinqu
h4ei{�m�c`n¤bÛnqxUm�{dnqu��o{�nqkié0kZ{�n�u�c`eRð±x
hTei{�� \ �(�dõ ��V ��÷

stx�ÜoÙC�`{dn 0 ú2S±eim�n¤m�cokZm�ó WCø�stpr�"gtstb7s|m�gt}Ekiu�u��op�nqu�m�cokZm
xoeAÙieCkig�ð%kiu%u�bÛei{�nqé½stx�m�stp�n
óýö � ��ø5ú��~h#s|m¤u�c`eC�ogtélcokZ�o�:nqxÁm�cokZm¤k
ÙieCkig�stu±udbÛei{�nqé)v=m�c`nqx � ���op��"u�éoe�ð±xlm�e½m�c`n
��m�stp�nEeih�ó'� � ��ø ��� ÙieCkig �rb7�`{�ziniú2��xÁm�c`nAÙinqx`n7{dkig?b7kiu�nÃð±c`n7{�n �µÙieCkigtuycokqzinÃê=n7nqx
u�bÛei{�nqé)voð%nAu�sÚp��"g|}
gtefb7kZm�n � � ó�� # '�� ø5v`ð±costb5cÁh4eCgÚg|e�ð±u�m�conAb7�`{�zin�hTei{�m�c`n½ó'� � �Cø ���
ÙieCkig ú��yx nÛùWkip���g|nreih�m�c`n
zZkigt�okZm�steCx eih�m�c`n
m�stprnreih�m�c`n½õZxoé ÙieCkig
stuEÙCs|zinqx stx

�



ÜoÙC�`{�n�Wfú2��bÛeCp��"kZ{5stu�eCx-ê:n7m ð%n7nqx½m�con¤eiê�u�n7{�zinqé0u��o{�nqkié"u�eih·kixñ���Lh4ei{�m�c`n¤m�stp�n
eihT�
x`ÙCgtkixoéB� uAõZxoé ÙieCkig
éo�`{dstxoÙ-m�con���x`ÙCgÚkixoéòzfuqú��%{�eCkZm�sÚk@���`{deUõZöiöZ÷�prkZm�b5c�stu
u�c`e�ðyx\stx ÜoÙC�`{�nl�Pú ��con0b7gteCu�nñkZÙi{�n7nqp�nqxPmrê:n7m ð%n7nqx(m�c`n@
f�`eim�nqé(u��o{�nqkiéou�kixoé
m�c`n�m�c`n7ei{�n7m�stb7kig=�o{�nqé"stbÛm�s|eCxou¤óýu�}fpÃê:eCgtu5ø�stu%b7g|nqkZ{ × stx½m�costu%b7kiu�n�m�c`n�prkZ{ �in7m�b7g|eCu�nqé
ð±c`nqx@�
x`ÙCgtkixoéÁu�bÛei{dnqéÁm�c`nqs|{yõZx"é0ÙieCkig·stx0m�c`nA÷P�Rm�clprstxf�`m�niú

��������� Ô C�&:*�, .0�:.�� �"!H9$� �1C��L- J �", � CH=
. �"J -L� M #%�"�"!
��cP�"u·hýkZ{qvið%n�c"kqzin�kiu�u��oprnqéAm�cokZm¨m�cosÚu·ê:n7m¨prkq}Ãê=n%u�n7m�m�g|nqéµkZm#kixU}Ãz«kigÚ�`n�ê:n7m ð%n7nqx
öEkixoéÁ�Zú¨ô conqx�m�{dkié`nqérsÚxµ�o{dkibÛm�stbÛnivUcoe�ð%n7zin7{qvPm�con�z«kigt�"kZm�s|eCxrstu#b7kigtb7�"gtkZm�nqér�ou�sÚx`Ù
eCxog|}ñéostudbÛ{�n7m�nÃzZkigt�`nquqv�hTei{�s|h�k
ÙieCkig#sÚuyu�bÛei{dnqéÖkZhTm�n7{róýu�kq}oø �T\ õ V 5 V0p
stxP�om�nqu±m�c`nê=n7mÃstuEu�n7m�m�g|nqé�kZm�õ«÷`ú ��x ei{dé`n7{Ãm�eñ{�nqb7kigtb7�ogÚkZm�n ���dó�� � øróTeim�c`n7{Ãz«kigÚ�`nquEeih��(prk�}
ê=n¤u�stprsÚgtkZ{dg|}Ãm�{�nqkZm�nqé�ø�m�k��fsÚx`ÙAm�cosÚu�éostudbÛ{�n7m�stu�kZm�s|eCx½stxPm�eÃkib7bÛeC�oxPm7v`ð
n¤kiu�u��oprn±m�cokZm
m�c`nrê:n7mAstu�u�n7m�m�gtnqéïeCxog|}òkZmEzZkigt�`nqu���\ #	�� � � \ �(� 5 5 5 ��XZöWú�a`�`�o�:eCu�niv)m�c`n7{�n7hTei{�nivm�cokZmykZm¤m�stp�nAö � �
� �Ex`e½ÙieCkigtu¤cokqzinÃ}in7myê:n7nqxludbÛei{�nqélkixoé�
 XZö(�
� \�� ð±c`n7{dn
c`n7{�n�
�����éonqx`eim�nqu#m�c`n�u�p
kigtg|nqu�m#stxPm�n7Ùin7{�Ùi{�nqkZm�n7{
m�cokix ��óTm�c`n)��bÛnqstgtstx`ÙK�¤hý�oxobÛm�s|eCx=ø5ú
��c`nqxrð±{ds|m�stx`Ù �
ó�����\ ��ø�m�eµé`nqx`eim�nym�c`n±�"{�eiê"kZê"stgÚs|m }Ãm�cokZm�m�c`nym�stp�n�eih)Ü"{du�m#ÙieCkig
ê=n7m�ðystgtg=ê:nEéostu�bÛ{�n7m�nqgt}½u�n7m�m�g|nqé�kZm±prstxf�`m�n � ð%nAcokqziniv=�ou�stxoÙ�m�conZ!+��ü�ó 0 ø5v

�
ó�� � \ ��ø�\ � #�� 	��
+.#,' �$1 � 	�� � % '*),+��('

� 1 � � \ %����� + � '*#�� 	�� � 1 � %����� + '*#	� 	�� � 1
h4ei{ � \��(� �(��� �\õ � 5 5 5 ��XZöWv:kixoé

�
ó�����\ ��ø�\ ��� � 	��
� � % '*),+��('

� 1 � ��\ � � % ���� + ' � � 	�� � 1
h4ei{ �]\�� ú ��c`n-nÛùf�:nqbÛm�nqéXz«kigÚ�`niv�kixoé�m�cP�"uµm�c`n-bÛnqxPm�{�nqu��"{�nqkié)v�prk�}�x`eRð ê:n
é`n7m�n7{dprstxonqé0êP}ÁstxPm�n7Ùi{dkZm�s|eCxñsÚx0m�c`nA�ou��"kig�ð�kq}iú%ô nEÜ"x"é0m�cokZm

�
ó��(� � � ��ø+\ ���dó�� � ø�\ % '*),+�� ' � 1 � �
XZö�� � � % ���� + ' � � 	�� � 1
� �

	���
# 	 � � �

�
XZö�� %����� + � '*#�� 	�� � 1 � %����� + '*#	� 	�� � 1�� 5

aWstprstgÚkZ{�b7kigtb7�"gtkZm�s|eCxou�prk�}�ê:nÁb7kZ{�{dstnqé eC�`mµh4ei{rm�conÁm�stp�n0eihym�con � ��� ÙieCkig�v
ê"�om
bÛeCp��"�`m�kZm�s|eCx"u%udc`e�ð m�cokZm�m�c`n�éos �:n7{�nqxobÛn±ê:n7m~ð
n7nqx0bÛeCxPm�stxP�oeC�ou�kixoé½é"stu�bÛ{�n7m�nyz«kig<ì
�okZm�s|eCxÁstu%�o{�eiê�kZê"g|}�m�efeµudprkigtg=m�e�ê:nyeih�u�s|ÙCxos|Ü�b7kixUm%Ü"xokixob7sÚkig��ou�n¤m�eµm�c`n�k�zin7{dkZÙin
���"�oxPm�n7{��Wú

��c`n�stx"b7gt�ou�s|eCx¤eihWm�c`n�stx�	"�`nqxobÛn¨eih`kiéoé`nqé
ó
��sÚx ���o{�} �Uø"m�stprn�stu?p�ei{�n
stp��:ei{�m�kixPm7ú
�yb7bÛei{dé"stx`Ù�m�e
prkZ{ �in7m�{d�og|nquqvWkrÙieCkig?u�bÛei{�nqé�stx0kiéoé`nqéÁm�stprnEkZm�m�c`n�nqxoé0eih¨nqs|m�c`n7{

X



cokig|h�sÚu�u�n7m�m�g|nqé�kZm#÷ 0 ei{+XZö�prstxf�`m�nqu7ú�afn7m�m�g|nqprnqxUm�kZm#nqs|m�con7{#eih"m�c`nqu�n�m�sÚp�nqu#u�c`eC�ogÚé
m�c`n7{�n7hTei{�nµê=nµu�gtstÙCcUm�g|}ñprei{�nÃ�"{�eiê"kZê"g|niú��¤u�u��op
stx`Ù
m�c"kZm¤ð%n �fxoe�ð m�c`nµnÛùf�:nqbÛm�nqé
kiéoé`nqé(m�sÚp�nlhTei{½nqkib5c cokig|hIv
ð%nÖkiudu��op�nñm�c"kZm½�:n7{ds|eWéou � � kix"é�� � {dnqu��:nqbÛm�s|zinqg|}kZ{�n�kiéoé`nqéòkZm�m�c`nÃnqx"é�eih
nqkibdc cokigth~v:u�e0m�cokZm�m�c`n�m�stp�n��=n7{5s|eféXóýö �q��ø�p��ou�m�x`e�ð
bÛei{�{�nqu��:eCxoélm�e�� \ XZö � � � � � � prsÚxP�`m�nquqú�wyu�sÚx`Ù
u�stp
stgtkZ{�{�nqkiu�eCx"stx`Ù
m�e0kZê:e�zinivð
n�cokqziniv=h4ei{ ��éo�`{dstxoÙ�m�conAÜo{du�m�cokig|h�ð±c`nqxlxoerÙieCkigtu¤cokqzinÃ}in7myê:n7nqxñu�bÛei{dnqé�kixoé
 XZö(�
��\ � v·óTeim�c`n7{yb7kiu�nquyprk�}0ê=n�m�{�nqkZm�nqéÖu�stp
stgtkZ{dg|}oø
�ró��(� � ��öUø+\ � � ó�� � ø�\ � ó�� � % ' �� + � ' ��� 1 ø �X÷ 0 ó"% ' �� + � � ' ��� 1 � % ' �� + ��� ��� � ' ��� 1 ø��	
 � ��

#
	 � � � � � % ' �� + # ' � ' ��� 1 � % ' �� + # ' ��� 1 ���
 �

 �� 	�
# 	 ��� � � % ' �� + #	��� � ' � ' ��� 1 � % ' �� + #	��� � ' ��� 1�� " � XZö % ' �� + � 	 ��� � ' ��� 1 ó"�Cø

ð±c`n7{�n�zZkigt�`nqu#cok�zin�ê:n7nqxµnÛùf�o{dnqu�u�nqé�stxµ{�nqkigWm�sÚp�n�prstxf�`m�nqu7vCs ú niú#stxµk�{dkix`Ùin�ö � XZöWú
��zZkigt�okZm�s|eCxñudc`e�ð±u�m�cokZm7voð±c`nqx0m�conAkiéoé`nqé0m�stprnEstu�{�nqgtkZm�stzinqg|}½u�p
kigtg v`s|m�u�n
�:nqbÛmystu
x`n7ÙCgts|ÙCs|ê�g|niú#í±eRð
n7zin7{qv�m�c`nAéokZm�k
bÛeCxUm�kistxonqéñstx0m�kZê"g|nr�Eð±c`n7{�n�m�c`nEnÛùW�:nqbÛm�nqéÁm�stp�n
eihAm�c`nòÜo{du�m½ÙieCkig�stu0b7kigtb7�"gtkZm�nqé kZm0m�c`n u�m�kZ{�mÁeihÃk prkZm�b5c �ou�stxoÙXkXzZkZ{ds|n7m }�eih
éos �:n7{�nqxUm�kiu�u��opr�om�s|eCxou7v�u�c`eRð±uAm�c"kZmAm�c`n0bÛnqxUm�{dnqu��o{�nqkiéXprkq}�bdcokix`Ùin-êf}ïklx`eCxWì
m�{ds|zWstkigPkipreC�oxUm¨s|h·óThTei{#nÛùWkipr�"g|nRø?m�c`n
m�eim�kig`kipreC�oxUm¨eih"kié"é`nqé�m�stp�n�stu
�qõ¤prsÚxP�`m�nquqú
aW�obdclkrb7s|{db7�op
u�m�kixobÛnEstu��ox"bÛeCprp�eCx)v`ê"�om�êP}0x`erp�nqkixou±{dkZ{�niú

�_$�� ')45,.*�?BA�JK(+* <&1%6 J@L ?B1%<
��c`eC�`ÙCcòð%nrcokqzin�zZkigt�`nqéòm�con�m�stp�nµeih�m�c`n � ��� ÙieCkig v�ð
n�é`eñxoeim �fx`eRð��"M P�����P��
c`e�ð�prkixP}rÙieCkigtu�ðystgtgoê:n¤u�bÛei{�nqéÁstx½m�eim�kig ú���eµz«kigt�on±m�c`n�m�stp�n ���
eih·m�c`n�gtkiu�m%ÙieCkig
ð
n
kiudu��op�nrm�c"kZmAx`eñÙieCkig
cokiuEê:n7nqxïu�bÛei{dnqéïéo�`{dsÚx`Ù0m�c`nrm�stp�n��:n7{dstefé(óýö � ��ø�kixoé
m�cokZm�m�c`nÃê:n7m�b7kixÖê=n�u�n7m�m�g|nqéòkZm�kixU}lz«kigt�onÃê:n7m ð%n7nqxòö½kix"éX�0óT{�nqb7kigtg�m�cokZm�s|h�x`e
ÙieCkigtu±kZ{�nÃu�bÛei{�nqéñstx0m�conEnqxUm�st{�nEprkZm�bdc�m�c`n�ê:n7m�stu�u�n7m�m�g|nqéñkZm��2\ öUø5ú�ô nÃcokqzin

� ó��2���:ø+\��
ó����=\ öUø*���
ó�� � ���
�	�:ø+\ � � �
ó���� � �:ø
\ � � �
ó � ó
� �q��ø ����ø2\ �½ó � ó
� �q��ø+\ öUø2\ % '*) + � ' � 1 �

ð±costb5c stuEstxoéon7�=nqx"é`nqxUm¤eih%m�c`n
b7�`{�{dnqxUm�m�stprn��5úrü`ei{ � � � � �Zv�éos �=n7{�nqxPm�stkZm�s|eCx
ÙCs|zinqu��#ó��2���:ø \ � % '*),+�� ' � 1 kixoé �
ó����[\ öUø \ �½ó � ó��2�q��ø[\ öUø \ % '*) + � ' � 1 úµü`ei{
m�costu�ê:n7m7v%��sÚu�m�c`n7{�n7hTei{�nAé`n7m�n7{dp
stx`nqé0êf}½m�c`nAnÛùf�:nqbÛm�nqéñzZkigt�`n

�
ó � � ��ø�\ ���dó����5ø�\ ö % '*) +�� ' � 1 � � �� � � % '*) + � ' � 1 � �
�7ö



\ � � �
�
��% '*) +�� ' � 1 � �

�
� � � 5

ô n0xoeim�n-m�c"kZm � � ó�� � ø.� � � ó����5øC\ �Zv�u�eÖm�cokZm7v�kZm�m�c`n0u�m�kZ{�m�eih�m�c`n0prkZm�bdc m�c`n
bÛnqxUm�{�nqu��o{�nqkiéou%hTei{
m�c`n¤m�stp�nqu%stx½prstxf�`m�nqu�eih·m�c`n±Üo{5u�m
kixoé-gtkiu�m%ÙieCkigtu%u�c`eC�ogÚé
u��op
m�e XZöWú !��`m�kix`eim�c`n7{Að%k�}iv�stxòm�c`nrkZê�u�nqxobÛn�eih�nÛùWm�{dkÁm�sÚp�niv)m�c`n�m�stp�n�eih
m�c`nrgtkiu�m
ÙieCkig·bÛeC�ogtéñê=n�é`n7{5s|zinqéÁêf}-��{d�"xoxostx`Ù�m�c`nAp
kZm�bdcñê�kib �fð%kZ{dé"u��Wú

��m�m�c`n�u�m�kZ{�m�eih�m�c`n�prkZm�bdcÁð%n�cokqzinE� \ � � ó�� � %�'*)Wø � � v`ê"�om%c`eRð�u�c`eC�ogÚé
m�c`n%bÛnqxPm�{�nqu��"{�nqkié�h4ei{¨m�costu�ê:n7m·ê:n
kié ���ou�m�nqéAð±conqxÃkyÙieCkigWstu�udbÛei{�nqéU� �¤u�u��oprn�m�cokZm
m�stp�n���c"kiu�nqgtkZ��u�nqé
stx
m�c`nyp
kZm�bdc0kixoé½m�cokZm�m�c`n¤p�eCu�m%{�nqbÛnqxPm
ÙieCkig=ð�kiu
u�bÛei{dnqé½kZm
m�stp�n � � � �AóTð±c`n7{�n � � \þö
s|h#x`e
ÙieCkigtuyc"kqzin�}in7myê:n7nqxludbÛei{�nqé�ø5ú±ü`ei{ �
��� � �Zvð
n-cokqzin �#ó������)øZ\ � % '*),+�� ' � 1 kixoé
�½ó����C\ � � øZ\ �
ó � ó��2�q��ø \ öUøZ\ % '*) + � ' � 1 ú
��cP�"u7v`h4ei{yö�� � � � �����

�
ó � � � � � ��ø2\ ���dó����5ø�\ � � % '*),+�� ' � 1 � � �� � � % '*),+�� ' � 1 � �

\�� � �
�
� % '*) +�� ' � 1 � �

�
� �*� � � � �

u�e m�cokZm½ð±c`nqx`n7zin7{0kïÙieCkig¤sturudbÛei{�nqéLm�con�bÛnqxPm�{�nqu��o{�nqkié ���op��"u�êf}\kix�kipreC�oxUm
% '*) + � ' � 1 ó�� #����� � �������� ø5ú �
}P�"sÚb7kig�z«kigt�"kZm�s|eCx\b7�`{�zinqu�hTei{rm�cosÚu�prkZ{ �in7mrkZ{�nludc`e�ð±x
stxlÜ"ÙC�`{�n�� × m�c`n�ê:n7m¤sÚu¤k-zieCgtkZm�sÚg|nÃeCxonµsth#m�c`n7{�n�stu¤kixònÛùfm�nqxoéonqé�ÙieCkigÚg|nqu�u¤�:n7{ds|eWé
éo�`{dstxoÙ�krp
kZm�bdc)ú
aWstprsÚgtkZ{Ã{dnqprkZ{ �Wu�kiurstxLafnqbÛm�s|eCx(õfú 0 út�lkZ�o�"g|}�{�n7ÙCkZ{déostxoÙ�m�c`nñé"s �=n7{dnqxobÛn0ê=nÛì

m ð%n7nqxïéostu�bÛ{dn7m�nµkix"éÖbÛeCxPm�stxf�`eC�ou¤zZkigt�okZm�s|eCxou¤eih�m�c"stu¤ê=n7m7ú �±c`nÃ�"{�eiê"kZê"stgÚs|m }0m�cokZm
m�c`nEÜ"xokig:ÙieCkig·ð±stgtg=ê:n�u�bÛei{�nqé�stx0m�c`n � ��� prsÚxP�`m�nivou�erm�cokZm�m�c`n�ê:n7m�stu±u�n7m�m�g|nqéñkZm
� � \ � � XZö0prkq}ñê:n�b7kigtb7�ogtkZm�nqéÖêf}ñstxUm�n7Ùi{5kZm�stx`Ù �#ó������)ø5ú �¤u�u��op
stx`ÙreCxobÛnµkZÙCkistx
m�cokZm�kµm�stp�n ��cokiu�nqgtkZ�"u�nqéÁudstxobÛn¤m�c`nEu�m�kZ{�m�eih�m�c`n�prkZm�bdclð±c`n7{�n 
 XZö(� � \ � kixoé
x`erÙieCkigtu�c"kqzinA}in7m±ê=n7nqxlu�bÛei{�nqé)voð%nEÜ"x"é0m�cokZm

�
ó � � ��ø�\ ���dó����dø�\ �
XZö � %����� + � ' 	�� 1 � % '*),+�� ' � 1
� �

	���
#
	 � � �

�
XZö � % ���� + # ' 	�� 1 � % ���� +.#,' 	 �$1 � 5

�_$
	 ' ?%J 1 <�LB?B1%<[, 4&3_;�J *06
�·erzZkigt�`n�m�c"stu�ê:n7m7vos|m�stu�nqkiu�stnqu�m�m�e
é`n7Ü"xon�� kiu�m�conAu��op eih�m�c`nEÙieCkig·m�stp�nqu�kixoé
bÛeCxou�sté`n7{�m�c`n�
f�okixPm�s|m } �½ó�� �)� ó�� ��!7ø2\ ��ø5v`xokip�nqgt}rm�c`n�nÛùf�:nqbÛm�nqé0zZkigt�`n¤eih·m�c`n
m�eim�kig�ÙieCkig%prstxf�`m�nquAé"�`{dstx`Ùïó�� ��!7ø�ÙCs|zinqx�m�cokZm��LÙieCkigtuEð%n7{�n½udbÛei{�nqé�é"�`{dstx`Ù0m�c`n
m�stp�n0�:n7{ds|eWé ó�� ��!7ø5ú-�Ih � stuµë7n7{de`v�m�c`nqx n7zWsté`nqxPm�g|} � ð±stgtg
kig|ð�kq}Wu�ê:n-ë7n7{de`ú-�Ih

�i�



� \ �±m�conqx-udstxobÛn±ð%n�cokqzin�kiu�u��"p�nqé
m�c"kZm%ÙieCkigÚu
eWb7b7�`{�zWstkAkÃm�stp�nÛì c`eCpreiÙinqx`n7eC�ou
!�eCsÚu�u�eCxÖ�o{�eWbÛnqu�u7v:ð%n�ð%eC�ogtéÖnÛùW�:nqbÛmym�c`nµÙieCkig¨m�e0eWb7b7�`{EkZm�m�c`n�p
sté`�:eCstxPm�eih�m�c`n
stxUm�n7{dz«kig v)u�eÁm�c"kZm �-ó�� �+� ó�� ��!7ø�\ ��ø \ÿó���� !7ø � õfú �Ih � \ õ½m�c`nqxòêP}Öu�stprsÚgtkZ{
{�nqkiu�eCxostxoÙ �-ó�� � � ó�� ��!7ø \ õCø \ õ`ó�� �
!7ø � õfvym�con�Üo{5u�m½ÙieCkig¤ê:nqstx`ÙXu�bÛei{�nqé
kZm � \ ó õ(� � !7ø � VïkixoéLm�c`nlu�nqbÛeCxoé�kZm � \ ó�� � õ�!7ø � Vfú ��c`nqxobÛnlsÚx\Ùinqx`n7{dkig
�½ó�� �1� ó�� ��!7ø+\ ��ø�\�� # 
 	 � � ���)ó"! � �Wø � ó'��� ��ø2\ ��ó�� � !7ø � õfú

�·e\b7kigtb7�"gtkZm�n�m�con�nÛùW�:nqbÛm�nqé�zZkigt�`n�eih � kZmÁkixU}Lm�stp�n �réo�`{dstxoÙ k�p
kZm�bdc)v
kiu�u��oprsÚx`ÙÃm�c"kZm�xoeÃÙieCkigtu±cokqzin�ê:n7nqx0u�bÛei{�nqéÁéo�`{5stx`ÙAm�con¤m�sÚp�nµóýö � ��ø5voð%n�cokqziniv`êf}
u��oprprsÚx`ÙµnÛùf�:nqbÛm�kZm�s|eCxouqv

���dó��òø=\ ��
#
	 �

�½ó�� �)� ó��2�q��ø2\ ��ø �½ó � ó��2�q��ø+\ ��ø

\ ��
#
	 �

��ó�� � ��øÛó � ó�� � ��ø�ø #
õ1�43 % '*) +�� ' � 1

u�erm�cokZm
�ró � � ��ø�\ �

õ � � � � � � 5
��m�m�con�u�m�kZ{�m�eih�m�c`n�prkZm�bdc � \ � � õfvUk±hýkibÛm¨eiêPzWs|eC�ou�hT{�eCp !�eCsÚu�u�eCx�n�
P�"s|�"kZ{�m�s|m�steCx
eih
n7zinqxPm�u7ú��
kibdcïm�sÚp�n�k0ÙieCkig�stu�u�bÛei{dnqé)v?m�c`nrbÛnqxPm�{�nqu��o{dnqkié u�c`eC�"gté�sÚxobÛ{�nqkiu�n�êf}
m�c`nEÙieCkig?m�sÚp�niú ��c`nqxobÛn�hTei{±m�c"stu�ê:n7m

�ró � ��� � ��ø2\ ���dó�� ø2\ �
õ � � � � � � � � � ó XCø

ð±c`n7{�n � �Xstu�m�c`nAu��"p eih�m�c`nAÙieCkig·prstxf�`m�nqu�eih#kigtg:ÙieCkigtu±m�cP�"u�hTkZ{yu�bÛei{�nqé)ú
��}f�"stb7kigPzZkigt�okZm�s|eCx�b7�`{�zinqu�hTei{�m�cosÚu·ê:n7m�kZ{dn�udc`e�ð±x�stxAÜoÙC�`{�nTXfú �±c`n�m�eim�kigfÙieCkig

prstxf�`m�nqu�prkZ{ �in7m
stu#{�n7ÙCkZ{déonqé�êP}
����u�kiu�eCx`n�eih:m�c`n�p�eCu�m�zieCgtkZm�stg|nyu�efb7bÛn7{%u��o{�nqkié
ê=n7m�u±u�stxobÛn�ÙieCkigtu±x`nqkZ{�m�erm�c`n�nqx"éÁeih�m�conEprkZm�bdc�prkq}Ábdc"kix`ÙinEm�c`nAu�n7m�m�g|nqp�nqxPm�eih
m�c`nEê:n7m�êP}ÁgtkZ{dÙinEkip�eC�oxPm�u7ú
ü¨s|ÙC�`{dnr�7öru�c`eRð±u±krbÛeCpr�"kZ{dstu�eCx0ê:n7m~ð
n7nqx�m�c`n�m�eim�kig
ÙieCkig%p
stxP�om�n
u��o{�nqkié"u 
f�`eim�nqé êf}ïkixX��� kixoé ó XCø�hTei{Am�c`n ��x`ÙCgÚkixoéïzWu7ú �%{�eCk«ì
m�stkòprkZm�bdc\stx�m�c`n����o{�eUõZöiöZ÷ m�eC�`{dxokiprnqxUm7ú���x"bÛn0kZÙCkisÚx)v�m�c`n0b7g|eCu�nÁkZÙi{�n7nqp�nqxPm
ê=n7m~ð
n7nqxlm�c`nEm�c`n7ei{d}0kix"é0m�c`nEeiê"u�n7{dzinqéñu��o{�nqkié"u�stu�b7g|nqkZ{qú

�_$�� ��? ;+9�� 1 L 6
jlkixP}òeih
m�c`nrbÛnqxPm�{�nqu��"{�nqkiéïzZkigt�okZm�s|eCx"u��o{�nqu�nqxPm�nqé m�cf�ou�hTkZ{Ãcokqzinr{dnqgts|nqéòeCx {�nqg|ì
kZm�s|zinqg|} u�sÚp��"g|nrkZ{�ÙC�"p�nqxUm�uqú ��c`n-��h4eC�o{E	"kZÙCu��lê:n7m7v#c`e�ð%n7zin7{qv�m��o{dxouEeC�omÃm�eÖê:n
u�eCp�n7ð±cokZm�p�ei{�n-stxUzieCgtzinqé)ú ��elzZkigt�`n½s|m7v�ð%n½kiudu��op�nrm�c"kZm7v¨sÚxïkiéoéos|m�steCx m�elm�c`n
hTkibÛm�m�c"kZm�nqkibdcÁm�nqkip�� u±bÛei{dx`n7{du�kZ{�nZ!�eCstudu�eCx0�o{�eWbÛnqu�u�nqu�ð±stm�c-prnqkixou �*) kixoé �,+ v
nqkibdc bÛei{dx`n7{�k�ð%kZ{déonqéÖsÚu±n�
f�okigtg|}Ágts �inqg|}0m�e-ê:nÃm�k��inqx�hT{�eCp m�c`n�{ds|ÙCcPm±ei{¤m�c`nµg|n7h4m

�qõ



bÛei{dx`n7{G	"kZÙ`úñô n0é`nqx`eim�n
m�con½bÛei{dx`n7{G	"kZÙCuÃh4{deCp ð±con7{�nrm�nqkip % m�k��inquµbÛei{dx`n7{du
stx m�con
Üo{du�mÃcokig|h�eih�m�con-prkZm�b5cXêP} % � kix"é�% � ú �%ei{5x`n7{duAkZmK	"kZÙCu�% � kixoé�% �kZ{�nAm�c`n7{dn7h4ei{�nC!�eCsÚu�u�eCxÁ�o{defbÛnqu�u�nqu�ð±s|m�cÁprnqkixou �*) � õrkixoé �,+ � õ
stxÁm�c`nAÜo{du�m�kixoé
u�nqbÛeCxoé-cokig|zinqu
{�nqu��:nqbÛm�s|zinqg|}iú�aWstp
stgtkZ{#x`eim�kZm�s|eCx-stu��"u�nqérhTei{ 	"kZÙCu ' � kixoé ' � ú#ô nhT�`{dm�c`n7{yé`n7Ü�x`n � ) � ó��2���:ø±kiu±m�c`nO�T��ü\m�cokZmyÙCs|zinqu¤m�c`nA�"{�eiê"kZê"stgÚs|m }½m�cokZm¤kZm�g|nqkiu�m
eCx`nAbÛei{dx`n7{ystu�m�k��inqxñhT{�eCp 	"kZÙ�% � stx-m�c`nEm�sÚp�n��=n7{5s|efé ó��2���:ø × m�costu�stu�n�
f�os|zZkig|nqxPmm�eG�
ó���� � � ) � ���:ø5vfð±c`n7{�n�� � ) � stu�m�con±m�stp�nyeih)m�c`n±Ü"{du�m�bÛei{dxon7{�m�k��inqx-h4{deCp�	"kZÙ
% � ú��±c`n�hT�ox"bÛm�s|eCxou � ) � ó��2���:ø5v � + � ó��2���:ø�kixoé � + � ó��2���:ø�kZ{dnAu�stprsÚgtkZ{dg|}ré`n7Ü�x`nqé)úô nyprk�}rx`e�ðLn7z«kigt�"kZm�n � ) � ó��2���:ø¨stx
u�n7zin7{dkigo��kZ{�m�u7vUé`n7�:nqxoé"stx`Ù¤eCxrm�c`n�zZkigt�`nqueih �±kixoé �·ú��·nqp��:ei{dkZ{5stg|}iv"ð%n�ð�{ds|m�n � ó�� ��!7ø�m�e0é`nqx`eim�n�m�c`nµxP�"pAê:n7{±eih
bÛei{dx`n7{du
m�k��inqxlhT{�eCp 	"kZÙ�% � stx0m�stprn
ó�� ��!7ø5ú�ô nÃm�c`nqxñcok�zin ×

óýö�� � ��� ��� � õCø × � ) � ó������)ø+\ �½ó � ó��2���:ø �þ��ø2\ � � %�� � �� +��(' � 1

óýö�� ����� � õ ��� ����ø × � ) � ó������)ø2\ � � � � � � ) � �
�
õ � �

� � �õ � � � ) � �	� �
\ �½ó � ó��2� �õ ø ����ø,� �
ó � ó���� �õ ø+\ öUø �
ó � ó

�
õ ���:ø ��� �)� ó����

�
õ ø�\ öUø

\ � � �
ó � ó��2� �õ ø2\ öUø*� �
ó � ó���� �õ ø2\ öUø �
ó � ó
�
õ ���:ø ����ø

\ � � % � � �� ó �� ' � ø ' ���� ó �(' �� ø
óýu�stxobÛniv"kZhTm�n7{yc"kig|h·m�stprnivos|m�stu�m�nqkip ' m�c"kZm�m�k��inqu±bÛei{dxon7{du�hT{�eCp 	"kZÙ�% � ø

ó�� � õ�� ���	� �þ��ø × � ) � ó��2���:ø2\��
ó � ó��2���:ø ����ø2\ � � %�� � �� +��(' � 1 5
��cP�"u

� ) � ó������)ø2\���� �õ � ��� ��� �õ � � ���o� � % � � �� +��(' � 1 � �
� � �õ � ��� � � � � �õ � �o� � % � � �� ó �� ' � ø ' ���� ó �('!�� ø � �

����� � �õ ���o� � %�� ���� +��(' � 1 � 5
aWstxobÛnµbÛei{dx`n7{du�kZm 	"kZÙCu % � kix"é % � cokqzin�m�c`n�u�kiprn��"{�eiê"kZê"stgÚs|m }0eih�ê:nqstxoÙ
m�k��inqxstx
kixP}rÙCs|zinqx½m�stp�n¤stxUm�n7{dz«kig v � ) � ó������)ø2\ � ) � ó��2���:ø × ð%n¤éonqx`eim�nym�c"stu+
f�okixPm�s|m }�êf}� ) ó������)ø5ú�aWsÚprstgtkZ{dgt}iv � + � ó��2���:ø+\ � + � ó��2���:ø+\ � + ó������)ø5voð±c`n7{�n � + ó��2���:ø�cokiu�m�c`n

��V



u�kip�n�hTei{dp kiu � ) ó��2���:ø5v�ê"�`m¤ð±s|m�c kigtg�eWb7b7�`{�{�nqxobÛnquEeih � ) {dn7�"gtkibÛnqéòêf} � + kixoé
� ����O � OQP�R �Zú

S±eRð�é`n7Ü"x`n � kiuym�c`n�m�stp�nÃð±c`nqxñm�con ��hTeC�`{�m�c 	"kZÙK�½sÚu�Üo{du�m±�ou�nqé)ú ��m¤m�stp�n
�5v:ð%nµkiudu��op�n�m�cokZm�x`e0bÛei{dx`n7{du�cok�zinµu�e-hýkZ{�m�k��inqxò�"gtkibÛniú ��c`nqx óýx`eim�nµm�cokZm7v)êf}
é`n7Ü"xos|m�steCx)v � ó���� ��ø2\ öUø5v

� ó��2���:ø2\��
ó��&���:ø
\��
ó�� � � � ) � �	�:ø �½ó���� � � ) � �	�:ø �½ó�� � � � + � ���:ø �
ó���� � � + � �	�)ø

\ � ) � ó������)ø � ) � ó������)ø � + � ó��2���:ø � + � ó��2���:ø
\ � �) ó��2���:ø � �+ ó��2���:ø 5

aWstxobÛn�m�conyê:n7m�stu
u�n7m�m�g|nqé0kZm �2\ �¤s|h:m�c`n±hTeC�`{�m�c 	"kZÙµstu�x`n7zin7{��ou�nqé?vUm�c`n¤nÛùf�:nqbÛm�nqé
z«kigt�on�eih � stu�ÙCs|zinqxñêP}

���dó��òø+\ � �
� �

�
� �
� ó��2���:ø � � � � � � ó����q��ø=\ � � � �� � ó��2���:ø � � 5 ó��7öUø

��m±m�c`nEu�m�kZ{dm�eih¨m�c`nEprkZm�bdc?v"m�c`nEbÛnqxPm�{�nqu��o{dnqkiéñm�c`n7{�n7hTei{�nEm�k��inquym�c`n�zZkigt�`n

�ró �*) � �,+ ��öUø2\
�

�����
ó��i��ø

ð±c`n7{�n
� \ � � ! � �	� � �qõ(� 
 ! 
 �
� � � � � ó"! � � ó � �) � �7ö � � � � + ø*�X÷,! � � � � � ø��
�:ó � ÷,! � � � � ÷ ��� ó�� � � !7ø�ø � ó"!Zó"! � ÷Pø � � ��V`ó � V � �\õ � � øÛó � � � � ø�ø

kixoé � \ ó õ �*) � �,+ øÛó õ �,+ � �*) ø5v � \ � �) � � � + v � \ �*) � �,+ v � \ �*) �,+ v
� \ �*) � �,+ v � \ % '*) � � � kixoé�!�\ % '*)

�
� � ú�ü¨s|ÙC�`{�n0�i�µu�c`eRð±u�c`e�ð m�c`nµu�m�kZ{�m�ì

eihÚì prkZm�b5c\bÛnqxUm�{dnqu��o{�nqkiéXÙCs|zinqx�êP}Ló��i��øÃb5cokix`Ùinqu�h4ei{�zZkZ{ds|eC�ouÃz«kigÚ�`nquEeih � ) kixoé
�,+ ú ��c`nµhT�"xobÛm�s|eCxòé`nqbÛ{�nqkiu�nquAð±s|m�còkixP}Östx"bÛ{�nqkiu�nrstxÖnqs|m�c`n7{Aeih
m�c`nµ�"kZ{5kip�n7m�n7{du7v
kixoéls|mystu±kigtu�e½b7g|nqkZ{ym�cokZm7v=kiu¤prs|ÙCcPm�ê:nEnÛùW�:nqbÛm�nqé)v � � ó��òø �'�Ãkiu �*) v �,+ � öWv
� � ó��òø � öïkiu �*) v �,+ � � kixoé � � ó�� ø � �� kiu �*) � � v �,+ � ö ei{
�*) � öWv �,+ ��� ú

��c`eC�`ÙCc ó��7öUøyzZkigt�`nquym�c`nÃhTeC�`{ 	"kZÙCu¤ê:n7m¤kZm�kixU}�m�stp�n ���o{�eRzfstéonqélx`e0bÛei{dx`n7{
cokiu�}in7m�ê:n7nqx½k�ð%kZ{déonqé)v`eC�`{�prkistx0kistp stu�é`}Wxokiprstb±z«kigÚ�okZm�s|eCx-eih·m�cosÚu�ê:n7m7ú�íye�ðEv
m�c`n7{�n7hTei{�niv)u�c`eC�ogtéXó��7öUø±ê=n�p�eWéos|Üonqéñsth�kixoélðyc`nqxlbÛei{dxon7{du�kZ{�n�k�ð%kZ{5é`nqéU�\��xobÛn
k
bÛei{dx`n7{¤stu�m�k��inqxÖhT{�eCp 	"kZÙ % � v"stm�u�hý�`{�m�c`n7{±�"u�nAstu�st{�{�nqg|n7zZkixUm7v"h4ei{¤kigtg)m�cokZm¤x`e�ðprkZm�m�n7{du�stu%ð±conqx½m�con¤{dnqprkistxostxoÙAm�c`{�n7n 	"kZÙCu±kZ{�n��ou�nqé)ú���xobÛn % � stu��ou�nqé)vWm�c`n7{�nÛìh4ei{�niv � ó��2���:ø�udc`eC�ogté0ê:nqbÛeCp�nAk½pÃ�"g|m�s|�"g|n¤eih#m�c`nEm�co{�n7nG�T��ü � u±eih¨m�c`nA{�nqprkistxosÚx`Ù
	"kZÙCu7ú=�¤b7bÛei{déosÚx`ÙCg|}-ð
nAéon7Ü"x`n�hTeC�`{yx`n7ð stxoéostb7kZm�ei{�hý�oxobÛm�steCxou � ) � v � ) � v�� + � kixoé

�Û÷



� + � ú@�
kibdcXstuA�ox"s|m }òð±c`nqxïm�c`n½prkZm�b5c u�m�kZ{�m�u�kixoéïnqkib5c�ê:nqbÛeCp�nquÃë7n7{�e�ð±c`nqx k
bÛei{dx`n7{ysÚu�Üo{du�m�m�k��inqxlh4{�eCpÿm�c`nAbÛei{�{�nqu��=eCx"éostx`ÙG	"kZÙ`ú���conqxobÛn

� ó��2���:ø2\ � � � � � � � �) ó��2���:ø � � � � � � � �+ ó��2���:ø
kixoé ���dó�� ø�prk�}-nqkiudstg|}-ê=nEb7kigÚb7�ogtkZm�nqéñkiu�sÚxïó��7öUø5ú

�yu�m�c`n-prkZm�bdcX�o{deiÙi{�nqu�u�nqu7v¨m�c`n7{dn-kZ{�n-x`e�ð nqs|ÙCcPm�é"s �=n7{dnqxUmÃ�=eCudu�s|ê"stgÚs|m�s|nquyh4ei{
m�c`nÃn7zieCgÚ�`m�s|eCxñeih��ró���ø5v=é`n7�:nqxoé"stx`ÙµeCxlm�conÃnÛùW�:eCx`nqxUm�uyeih � ) ó��2���:ø±kixoé � + ó��2���:ø
stx0m�c`nAé`n7Ü�xos|m�s|eCx-eih � ó��2���:ø5ú
ü`ei{�bÛeCxPzinqxos|nqx"bÛniv�gtn7m � ) � � � ) � \ � ) kixoé!� + � � � + � \ � + ú ��kib5c eih

m�c`nqu�n�nÛùf�:eCx`nqxPm�u¤m�k��inqu�m�c`nÃzZkigt�`n�öWv#�Aei{Eõfv)é`n7�:nqxoéostxoÙ�eCxÖcoe�ð prkixU}�bÛei{dx`n7{du
cokqzinrkig|{dnqkié`}ñê:n7nqxÖm�k��inqx h4{deCp 	�kZÙCu�eCxòm�c`n�bÛei{d{�nqu��:eCxoéostxoÙ½u�stéonÃeih
m�c`nÃ��s|m�bdc)ú
�#ù`b7gt�oéostxoÙ-m�con½b7kiu�n � ) \(� + \ öWv�ðyc`n7{�n
kigtg�h4eC�`{�	"kZÙCuAcok�zin½ê:n7nqxï�"u�nqé kixoé
m�c`nEê:n7m�stu�kig|{�nqkiéo}-u�n7m�m�gtnqé)vom�costu�ÙCstzinqu�nqs|ÙCcPm��:eCu�u�s|ê�g|n¤bÛeCpÃê"stx"kZm�s|eCxou7ú
aWkip��"gtnquÃeihym�c`nqu�nñb7�`{dzinqu�kZ{�nñu�c`eRð±x stxXÜoÙC�`{�nò�qõfv
ðyc`n7{�n-m�c`nÁm ð%eïbÛei{dx`n7{

p�nqkixou�cokqzinµê:n7nqxÖbdc`eCu�nqxÖm�e0ê:nÃu�stÙCxos|Ü"b7kixPm�g|}Áéos �:n7{�nqxPm7ú �Im¤stuy�o{�eiê�kZê"g|}0nqkiu�s|nqu�m
m�er{�n7ÙCkZ{déÁm�conEb7�`{�zinqu�stx0m�c"stu�ÜoÙC�`{�n�kiu���{5kistg|m�{dkib �fu��
kig|eCx`Ù�ð±cosÚbdc0m�c`n�zZkigt�okZm�s|eCx
{d�oxou7v"m�c`n�b5c`eCstbÛn�eih#m�{dkib �lê=nqsÚx`Ù
é`n7�:nqxoé`nqxPm�eCx�m�c`nAei{5é`n7{ystxlð±costb5cñm�c`n�bÛei{dx`n7{
	"kZÙCulkZ{�n��ou�nqé)ú aW�`�"�=eCu�nivyhTei{ñnÛù`kip��"g|niv�m�cokZm ��� �� kixoé�m�c`{�n7n 	"kZÙCu�cokqzin
kig|{�nqkié`} ê:n7nqxL�ou�nqé)ú �±c`nqx5� h4eCgtgte�ð±u�m�conlu�kip�nÖb7�`{�zin�kiu
m�c`n ��m�sÚp�nñeih�Üo{du�m
ÙieCkig��
prkZ{ �in7m±ê"�`m±ð±s|m�cÁ�"kZ{5kip�n7m�n7{ �*) � õ�ei{ �,+ � õfv:é`n7�:nqxoéosÚx`ÙÃeCxlð±costb5cÁm�nqkip
ð±stgtg=m�k��inÃbÛei{5x`n7{du�hT{�eCp m�c`nA{�nqprkistxosÚx`ÙE	�kZÙ`ú

S±eim�n½m�cokZmAs|h � ) � � + v�m�c`nqx m�c`nrb7�`{dzinrh4ei{ � � ó��òøEstu�u�stp
stgtkZ{�stxïu�c"kZ�=nµm�e
m�c`n�b7�`{�zin¤h4ei{�m�c`n ��m�stp�n¤eih � ��� ÙieCkig��µprkZ{ �in7m × kix-nÛù`kip��"g|n¤eih·u��ob5c0kAzZkigt�okZm�s|eCx
b7�`{�zin�sÚuru�c`eRð±xLstx(ÜoÙC�`{�nï��Vïð±c`n7{�n �*) \ 0 5 õ�kixoé �,+ \ W 5 �Zú�í±eRð
n7zin7{�v±s|hprstu�prkZm�b5c`nqéµm�nqkipru#p�n7n7m#u�e�m�cokZm¨eCx`n�zZkigt�`n%eih � stu¨pÃ�"bdcµstx�nÛùWbÛnqudu¨eih"m�c`n�eim�c`n7{qv
m�c`nqx m�con½zZkigt�okZm�s|eCx�b7�`{�zin-b7kix�ê:n½zieCgtkZm�stg|n-kixoéïzin7{�}�éos �:n7{�nqxUmÃm�elm�cokZm�eih±kixP}
eim�c`n7{¤p
kZ{ �in7myu�e½hTkZ{ynÛùWkip
stx`nqé)ú �IxlÜoÙC�`{�nr�Û÷½m�c`nÃgÚkZ{�ÙinÃéos �=n7{�nqx"bÛn�ê=n7m~ð
n7nqx � )
kixoé �,+ g|nqkiéou
m�eµkix
nÛùWeim�stb7kigtg|}Pì u�cokZ�:nqé
z«kigt�"kZm�s|eCx½b7�o{�zin±ð±c"stbdc-stu���kZ{�m
bÛeCxob7k�ziniv
�"kZ{�mAbÛeCxPzinÛù kixoéïcokiuÃkñprkZ{ �inqé u�g|ei�:nréostu�bÛeCxPm�stxf�os|m~}�kZmÃc"kig|h�m�stprniú)��zWsté`nqxPm�g|}
kix�stxPm�stprkZm�n-�oxoé`n7{5u�m�kixoéostxoÙ-eih�m�c"stuEzZkigt�okZm�s|eCx�stuE{dn�
P�ost{�nqéïs|h%m�c`n-ê=n7mÃstuEm�eÖê:n
m�{dkié`nqéñé`}WxokiprsÚb7kigtg|}iú

� � æ���� â�çµã à)á�� â�à)ã

íyk�zfstxoÙ-b7kigtb7�"gtkZm�nqélm�con ��hýkis|{±zZkigt�`n��½hTei{ym�c`n�bÛeCprp�eCx`nqu�myhTePeim�ê�kigtg�u��o{�nqkiéñê:n7m�u7v
u�eCp�n�kiu�u�nqudu�p�nqxPm#eih"m�c`n�kiu�u�efb7stkZm�nqér{dstu��AsÚu�kZ�"�=eCuds|m�niú ��x�nqkibdc½b7kiu�n�m�cokZm#ð%n�cokqzin
kig|{�nqkié`}ñnÛù`kiprstxonqé)v�m�con�zZkZ{dstkix"bÛn�prk�}lê:nÃb7kigÚb7�ogtkZm�nqéòstx�m�c`nÃeiêfzWs|eC�ou¤ð%k�}iúEü`ei{
nÛùWkip���g|nivohTei{�m�c`nEu�stpr�"g|n�m�eim�kig?ÙieCkigtu±ê:n7m7v`ð
nAc"kqzinAu�n7nqxlm�cokZm

�ró � ��� � ��ø2\!�
� � ó�� � ��ø

� 0



ð±c`n7{�n � stuµm�conlxP�"pAê:n7{reih�ÙieCkigtu
m�cokZm
cok�zin�kig|{�nqkiéo}�ê:n7nqx(u�bÛei{dnqéLkZm
m�sÚp�n �5ú
aWstxobÛn0m�c`nñ�"{�efbÛnqudu�stuµeih�!�eCsÚu�u�eCx m }f�:niv
m�conñz«kZ{5stkixobÛn óýs ú niú\m�c`nñu�
P�okZ{dnÁeihym�c`n
{dstu��oø#stu�u�sÚp��"g|} � ó�� � ��øyóTm�c`n¤prnqkixÁxP�opÃê:n7{�eih�ÙieCkigtu%h4{�eCp m�stprn �#m�eµm�c`n¤nqxoé-eih
m�c`n�prkZm�bdc=ø5ú ��c`n�bÛnqxUm�{dnqu��o{�nqkiérsÚu�nqudu�nqxUm�sÚkigtg|}Ãb7kigÚb7�ogtkZm�nqéµêf}Ãé`n7m�n7{dp
stxostx`Ù¤ð±c`n7{dn
m�c`nrkqzin7{dkZÙin½{�n7m��`{dxÖeCx m�con�ê:n7mEstu¤ë7n7{�e`v�m�cP�"u�h4{�eCp k0{5stu��F�R{�n7ð%kZ{5é��:n7{du��=nqbÛm�stzin
eCx`n�prs|ÙCcPm¤kZ{�ÙC�onÃm�cokZm�eCx`nµu�c`eC�"gtélê:n7m¤ð±c`nqx`n7zin7{�m�c`n�{dstu �ñstuygte�ðEú ��c`nµg|eiÙCstb7kig
bÛeCxob7gt�ou�steCxÁeih¨m�costu�kZ{�ÙC�"p�nqxUm±m�nqgtgtu��ou�m�cokZm±ê:n7m�u�u�coeC�ogté0ê:nAprkié`nAzin7{�}Áb7g|eCu�nEm�e
m�c`nÃnqx"éñeih�m�c`n�prkZm�bdc?v=ê��`m±�ox`hTei{�m��ox"kZm�nqg|}0m�c`nAnÛù`stu�m�nqxobÛn�eih#m�c`nµu��o{�nqkié�p�nqkixou
m�cokZm7v`stx�{�nqkigtstm }ivfeCx`n¤sÚu�zWs|{�m��okigtgt}ÃbÛn7{�m�kistx½m�eµg|eCu�n±p�eCxon7}rstxrm�c`nqu�nyb7s|{db7�"pru�m�kixobÛnqu
kiu�m�c`nEhýkis|{�zZkigt�`n�eih�m�c`nEê:n7m�kig|ð�kq}Wu±gtstnqu�ð±s|m�costx-m�c`nEu��o{�nqkié)ú

��kixÁb7kigtb7�ogÚkZm�stx`Ù�m�c`n�z«kZ{dsÚkixobÛnym�nqgÚg=�"u�kixU}fm�costx`Ù�eih·�"{dkibÛm�stb7kig=z«kigÚ�`nyhTei{�p�ei{�n
bÛeCp��"gtstb7kZm�nqé�ê:n7m�u��:��x bÛeCxPm�{dkiu�m�m�elm�con
m�eim�kig%ÙieCkigtuÃê=n7m7v�hTei{�p��og|m�stbÛei{5x`n7{du�m�c`n
z«kZ{dsÚkixobÛnyé`n7�:nqxoé"u#eCx��WvPm�c`nyxf�opÃê=n7{�eih)n7zinqxUm�u�óýbÛei{dx`n7{5u5ø#m�c"kZm
cok�zin¤kig|{dnqkié`}µefb¬ì
b7�`{�{�nqé)ú �±c`nÃzZkZ{dstkix"bÛn�stu¤m�c`n7{dn7h4ei{�n�k0u�n�
f�`nqxobÛnµeih
preCx`eim�eCx`n�é`nqbÛ{�nqkiu�sÚx`Ù0hT�ox"b¬ì
m�s|eCxouµbÛeCxox`nqbÛm�nqé êf}��`�fð�kZ{dé ���op���uAm�cokZmµm�k��inÁ�"gÚkibÛn½ð±conqx`n7zin7{µn7zinqxUm�u�eWb7b7�`{qú
��costu-u�stp���g|} nqp��"cokiu�sÚu�nqu
m�c"kZm-m�conòp��og|m�sÚbÛei{dx`n7{-ê=n7m-ê:nqbÛeCp�nqu0p�ei{�nò{dstu �P}(kiu
p�ei{�nAbÛei{dxon7{du�eWb7b7�`{qú
ü`ei{�eCxogtsÚx`nAstxPzinqu�m�ei{duyð±c`e-ð±stu�cñm�e0b5c`efeCu�nÃm�conqs|{¤gtn7zinqg·eih�{5stu��=v'�Wx`e�ð±sÚx`Ù
m�c`n

z«kZ{dsÚkixobÛn�eih�k0ÙCs|zinqx ê:n7mEb7kixïê:n�p�ei{�nrc`nqgt�ohT�"g úÃü`ei{ÃnÛùWkipr�"g|niv·m�con�z«kZ{dsÚkixobÛn�eih
m�c`nEm�eim�kig?ÙieCkig�prstxf�`m�nqu�ê:n7m�prkq}0ê:nEu�c`eRð±xÁm�erê:n

�
� \ �

V ó�� � � 
 ø 5
��{dstu��0kqzin7{5u�n�stxUzinqu�m�ei{�udc`eC�ogtéÁn7zWsté`nqxPm�g|}ÁbÛeCxob7gt�"é`nAm�cokZm7v:u�stx"bÛnAm�c`nÃ{dstu��0eih#m�costu
ê=n7m#é`nqbÛ{dnqkiu�nqu#{�nqgtkZm�stzinqg|}Ãu�gte�ð±g|}E�"xUm�stgWcokigthom�stp�nivCu�nqbÛeCx"é�cokig|hoð�kZÙin7{du�prk�}Ãê:n7m�m�n7{
u��os|m�m�c`nqst{�ê=n7m�m�sÚx`Ù��"costgteCu�ei�"cP}iú
ü`ei{Am�conrm�stp�n�eih%m�c`n
gtkiu�m�ÙieCkig#m�c`nr{dsÚu���stx"bÛ{�nqkiu�nquE�oxPm�stg¨s|mEkib5cos|n7zinquAklg|efb7kig

prk«ùWsÚpÃ�opñv=kZhTm�n7{�ð±costb5cls|my{dkZ�"stéogt}-é`nqbÛ{dnqkiu�nqu¤m�e-ë7n7{de`úyô c`nqxÖk
ÙieCkig¨stu¤u�bÛei{�nqé)v
m�c`nl{dsÚu��Xkigtð%k�}fu0é`nqbÛ{�nqkiu�nquÖóTêf} ���"p��"stx`Ù é`eRð±x�øÁú]� {5kZm�s|eCxokig�ê:n7m�m�n7{0u�c`eC�ogÚé
m�c`n7{�n7hTei{�nÃê:n7mynqs|m�c`n7{�kZmym�c`nµu�m�kZ{�m¤eih#m�c`nµprkZm�bdcÖei{ ���ou�mykZhTm�n7{�k
ÙieCkig¨stu¤u�bÛei{�nqé)ú
�Ix(bÛeCxPm�{dkiu�m7v±m�c`nñ{dstu � hTei{
m�c`nñm�sÚp�nÁeih�m�c`nlxPm�c(ÙieCkig±p
kq} ���op��(�`� � Pré`e�ð±x
óýé`n7�:nqxoé`nqxPm�eCxÁm�c`nEÙieCkig�costu�m�ei{�}oø
kZh4m�n7{¤k�ÙieCkig·sÚu�u�bÛei{�nqé)ú

�IxïÙinqx`n7{dkig v¨u��o{�nqkiéïê=n7m�m�n7{5uEprkq}ï�"u�n�m�c`nr{dsÚu���b7�`{dzin
stx m~ð
e�ð%k�}fu × m�c`n
stx`ì
zinqu�m�ei{�ð±c`e�m�{dkié`nqu�kib7bÛei{5éostx`Ù�m�eµð±cokZm�u��«c`n¤{�n7ÙCkZ{déou�kiu�kix ��kib7bÛn7�om�kZê�g|nEg|n7zinqg=eih
{dstu�� �½b7kix �"u�nÃm�con�{5stu��ñb7�`{�zinµm�eÁm�stprnÃm�c`nqst{¤ê:n7m¤ei�om�stprkigÚg|}iú��yg|m�n7{5xokZm�s|zinqg|}iv)m�c`n
{dstu�� b7�`{�zin0b7kixXê:n½�ou�nqé�m�eòé`n7m�n7{dprstxon
ð±c`n7{dn
m�c`n½{dstu�� bdc"kix`Ùinqu�p�eCu�m�{dkZ�"sté"g|}iv
u�stxobÛnEkrp
stu�m�stp�nqé0ê:n7m�stxñm�c`nqu�nE{�n7ÙCsteCxouAóTð±cosÚbdcÁeihTm�nqxñeWb7b7�`{±x`nqkZ{ym�erm�c`nEnqx"éÁeih
krprkZm�bdc=ø�prk�}-�"{�e�zinEm�e
ê=n�zin7{d}-bÛeCu�m�gt}iú

��W



� � �¤ç�� ��
 �:æ �¤ç �

aWstp��"gtn��o{�eiê�kZê"stgts|m~}�m�c`n7ei{�}µcokiu�ê=n7nqx��"u�nqé�m�e¤zZkigt�`n�m�c`n�p�eCu�m¨bÛeCp
p�eCxog|}Pì�m�{dkié`nqé
u�efb7bÛn7{¨u��o{dnqkié�ê:n7m�u7ú �¤g|m�c`eC�`ÙCcEm�c`n�p�n7m�c`eWé`eCg|eiÙi}�stxPzieCg|zinqéAsÚu:{�nqgtkZm�s|zinqg|}�u�m�{dkistÙCcUm�ì
h4ei{�ð�kZ{dé)vPm�eÃeC�o{��Wx`e�ð±gtnqé`Ùin�nÛùW�"gtstb7s|m#hTei{dp��ogtkZn�hTei{�u�efb7bÛn7{�u��o{dnqkiérê:n7m�zZkigt�okZm�s|eCxou
eih
m�cosÚuym~}P�:n�cok�zin
x`eim�kZ�o�:nqkZ{�nqéòstxÖm�c`nru�b7s|nqxPm�s|Ü"b�gts|m�n7{5kZm��`{�nµê:n7h4ei{�niúK�%eCp��"kZ{�ì
stu�eCxou±ð±s|m�clé"kZm�k
eiê"u�n7{�zinqé�é"�`{dstx`Ùru�eCp�nÃ{dnqbÛnqxUm�stp��:ei{�m�kixPm±prkZm�b5c`nqu�u�c`e�ð m�cokZm
eC�`{�zZkigt�okZm�s|eCxou±kZ{�nEbÛeCxou�stu�m�nqxUm�g|}0b7g|eCu�nAm�erm�c`eCu�nA�"u�nqé0êP}l����u7ú

�KxP�opÃê:n7{�eih��=eCudu�s|ê"stgÚs|m�s|nquE�"{�nqu�nqxPm�m�c`nqpru�nqg|zinqu
h4ei{
hT�`{dm�c`n7{rstxPzinqu�m�s|ÙCkZm�s|eCx ×
h4ei{rnÛù`kip��"gtniv
s|mµð%eC�ogté kigtu�e ê:n0�:eCu�u�s|ê"gtn
m�e zZkigt�`nÁkigtg�eih±m�conÁê=n7m�u�bÛeCx"u�sté`n7{�nqé
kZê=eRzin
êf}Öé"s|{�nqbÛmEu�stp��ogtkZm�steCx)ú)�±costu�ð%eC�ogtéò�o{�eRzfsÚé`n�kñu�stp���g|n�prnqkixou�eih�m�nqu�m�stx`Ù
kixU}�u�m�{dkZm�n7ÙCstnqu�m�cokZm�p
kq}µn7zieCg|zin±kiu
k�{�nqu��ogtm�eih=eC�`{�zZkigt�okZm�steCxou7ú �~m#ð%eC�ogté�kigtu�eEê:n
z«kigt�"kZê"g|n�m�eré`n7m�n7{dprsÚx`n�m�c`nEkib7b7�`{dkibÛ}0eih·m�conZ!�eCsÚu�u�eCxñéosÚu�m�{ds|ê"�om�s|eCx
kiu�ud�op��om�s|eCx"u
m�cokZmÃcok�zinrê:n7nqxïprkié`n
h4ei{Ãê=eim�cïÙieCkigtuAkixoé bÛei{dx`n7{du7ú0afeCp�n
ki�`m�coei{duEcok�zin½u��`ÙZì
Ùinqu�m�nqéïm�cokZm�m�con"!�eCstudu�eCx éostu�m�{5s|ê"�`m�s|eCx�prkq}òx`eim�ê:nµm�c`n�p�eCu�mEkZ�o�"{�ei�o{dstkZm�nµeCx`n
m�er�ou�n�h4ei{�m�conqu�n�n7zinqxUm�u7v�kixoé0eim�c`n7{du�cok�zinZ
P�onqu�m�s|eCx`nqé-m�c`n�zZkigtstéostm }�eih�kiudu��oprstxoÙ
m�cokZmµm�c`n !�eCstudu�eCx p�nqkix stuÃbÛeCx"u�m�kixUm7úïüoei{�nÛùWkip���g|niv#n7zfsÚé`nqxobÛn0cokiuA�"{�n7zfsteC�ou�g|}
ê=n7nqxÖ�o{dnqu�nqxUm�nqé(óý�%nqxoxon7m�m7v
��X X��Cø5v%ó ��{�n7nqxoc`eC�`ÙCcòn7m�kig ú|v·õZöiöCõCø�m�eñu��`ÙiÙinqu�m�m�cokZm
m�c`nreWb7b7�`{�{�nqxobÛn�eih%ÙieCkigtuÃprkq}òé`n7�:nqxoéòeCxïbÛn7{�m�kisÚxïbÛeCxoéos|m�steCxou�kixoé n7zinqxPm�uEm�cokZm
prkq}�m�k��in��"gtkibÛnyéo�`{dstxoÙ¤m�con±ÙCkip�n�óTh4ei{
nÛùWkipr�"g|n�m�c`n¤éostu�p
stu�u�kigWeih)kE��gtkq}in7{�ó �±sté`ì
é`n7{Ãn7m�kig ú|v���X X«÷Pø5v�kixoé �"kZ{�m�stb7�ogÚkZ{dg|}ÖeCx m�c`n-b7�`{�{�nqxPmAu�bÛei{dnòó ��s<ùWeCx)v���X X��Cø�ø5ú �Ih
óTh4ei{¤nÛùWkipr�"g|nRø�s|m±{�nqkigtg|}0stu�m�{d�onEm�cokZmyudbÛei{dstx`Ùr{5kZm�nqu±m�nqxoélm�e½stx"bÛ{�nqkiu�nAkiuykrÙCkip�n
�o{�eiÙi{�nqu�u�nqu7v�m�conqxñm�costu�ð
eC�ogÚélstxobÛ{dnqkiu�nEm�c`n�bÛnqxUm�{�nqu��o{�nqkié�h4ei{�prkixP}Áeih�m�conÃbÛeCpµì
p�eCx`nqu�m�ê:n7m�u�u��ob5c kiu�m�eim�kig#ÙieCkigtuqv?ÙieCkig�prstxf�`m�nqu�kixoéòm�stprn�eih�gtkiu�m�ÙieCkig ú"�Ihyóýkiu
bÛeCp��"kZ{dstu�eCxou±u��oÙiÙinqu�m5ø�m�c`n�����u±kiu�ud�op�nEm�cokZmym�c`nAkiu�u�efb7stkZm�nqé !�eCstu�u�eCxl�"kZ{dkip�nÛì
m�n7{du�kZ{�n�bÛeCx"u�m�kixUm7vfm�c`nqxµm�cosÚu#prstu�zZkigt�okZm�s|eCxµð%eC�ogtéµb7g|nqkZ{5g|}ÃÙCstzin�m�c`n�eCxogtsÚx`n
ê:n7m�m�n7{
kix ��nqé`Ùin��ÁeRzin7{����%uqú-aWstprsÚgtkZ{dg|}iv:s|h
kñm�nqkip u��`ê�u�m�s|m��`m�nqé kÁ��kZ{�m�stb7�ogtkZ{5g|}lkibÛm�s|zin
{ds|ÙCcPmÃð±sÚx`Ùin7{ÃkZm�cokig|h�m�stprn½ð±stm�c kòcos|ÙCcogt}Uì�{dkZm�nqé�g|n7hTmAð±stxoÙin7{qv¨m�c`n-��hTeC�`{G	"kZÙCu��
bÛnqxUm�{�nqu��o{�nqkiéïð%eC�ogté kigtu�eÁê:nrstxobÛ{�nqkiu�nqé)ú ��c`n�{�nqkiéon7{ �in7nqxïm�elnÛùf�:n7{dstprnqxUm�ð±sÚgtg
Ü"xoéÁk�ð%nqkig|m�cÁeih¨ê:eim�cÁu�eWb7bÛn7{ykixoéÁê:n7m�m�stxoÙru�m�kZm�stu�m�stb7u±kZm�ð�ð�ðEú u�efb7bÛn7{�ê�kiu�niú bÛeCpÁú
ü`ei{��o{dkibÛm�stb7kigi���`{��:eCu�nqu7v7eCx`n�eihPm�c`n
p�eCu�m·stpr�=ei{dm�kixUm)stu�ud�`nqu:h4ei{·eCxogtstx`n¨ê:n7m�m�n7{du

stu%m�c`nEprkZm�m�n7{�eih�nqu�m�stprkZm�stxoÙ�m�con[!�eCstudu�eCxÁp�nqkixou�kixoé-eim�c`n7{yéokZm�kµm�cokZm�kZ{�nE�ou�nqé
stx m�con-�"{�nqéostbÛm�nqéXbÛnqxUm�{dnqu��o{�nqkiéouqú ��c`n-hTkibÛmµm�cokZm�p�eCu�mµeihym�c`n-é"kZm�kÖsÚuÃ{dnqkiéostg|}
kqzZkistgtkZê"g|nÁp�nqkix"u�m�cokZm�eCx`n0{�nqkigtsÚu�m�stb0u�m�{dkZm�n7Ùi} hTei{��"kZ{dkip�n7m�n7{rnqu�m�stprkZm�s|eCx\stu�m�e
u�stp��"gt}
�ou�nEcosÚu�m�ei{dstb7kig:zZkigt�`nqu7ú��Im±stu�gÚs��inqg|}½coe�ð%n7zin7{ym�cokZm�k
u��`�:n7{ds|ei{��"gtkix0ð%eC�ogté
ê=n�m�e�stx`hTn7{%m�c`n�z«kigt�onqu�{�n�
P�"s|{�nqé½h4{�eCp eim�c`n7{�u��o{�nqkiéou%ê:nqstx`Ù"
P�oeim�nqé)ú ��costu%bÛeC�ogté
ê=n-é`eCx`n½nqs|m�c`n7{Aêf} nÛù`kiprstxostxoÙñm�c`n
zZkigt�okZm�steCxouEeih±é"s �=n7{dnqxUm����%uÃhTei{Ãm�c`n0u�kip�n
ê=n7m%ei{%êP}
�"u�stx`ÙAbÛnqxPm�{�nqu��"{�nqkié-z«kigt�onqu=
f�`eim�nqé-êP}rk�u�stxoÙCg|n¤���Lh4ei{�éos �:n7{�nqxPm¤óTê"�`m
{�nqgtkZm�nqé�ø�p
kZ{ �in7m�u7ú���conEgtkZm�m�n7{±kZ�o�o{deCkibdcñð�kiu��ou�nqéÁm�er�o{�eWéo�obÛn�m�c`nEbÛeCpr�"kZ{dstu�eCx
ÜoÙC�`{�nqu0÷`vÃ�Xkixoé��7ö × m�c`n �"kZ{dkigtgtnqgtu
ê:n7m~ð
n7nqxþm�c`nïbdc`eCsÚbÛnïeihÃðyc`n7m�c`n7{Ám�e(�ou�n

���



costu�m�ei{dsÚb7kig
ei{rsÚp��"gts|nqé zieCgtkZm�stgtstm } hTei{�m�c`nÁ��gtkib �PìIaWb5c`eCg|nqu�zZkigt�okZm�s|eCxXeih¤Ü"xokixob7sÚkig
é`n7{ds|zZkZm�s|zinE�o{deféo�"bÛm�u�kZ{�nEeiêfzfs|eC�"u7ú���gtnqkZ{dg|}ivos|h¨stx`hTn7{�{�nqéïóT{dkZm�con7{±m�cokixñc"stu�m�ei{dstb7kigTø
z«kigt�onqu�kZ{�nrm�eÁê:n��ou�nqéòm�c`nrk�z«kistgÚkZê"stgts|m~}ñeih�b7g|eCu�nqéWì�hTei{dp bÛnqxPm�{�nqu��o{�nqkiéïh4ei{dp��ogtkZn
óýu��obdc�kiu�m�c`eCu�nÃé`n7{ds|zinqéñsÚx0m�costu��"kZ�:n7{¬ø%stu�bÛ{5�ob7stkig ú
ü¨stxokigtg|}ivfs|m
sÚu�ð%ei{�m�c½�=eCsÚxUm�stxoÙEeC�`m�m�c"kZm
m�c`n7ei{dn7m�stb7kigtg|}r�:n7{�hTnqbÛm�zZkigt�okZm�steCx
prk�}

x`eim%kigtð%k�}fu�ê:nyéonqu�s|{dkZê"gtn�h4ei{%nqs|m�c`n7{%m�c`nE���(ei{�m�c`n¤ê:n7m�m�n7{qú ��c`n¤prkZm�m�n7{�eih?ei�om�s<ì
prstu�stxoÙyeCx`n � u�e�zin7{dkigtg"ê:n7m�m�stx`Ù�u�m�{dkZm�n7Ùi}�kixoéµm�c`n�u�nqkZ{dbdc
h4ei{Z��kZ{�ê�s|m�{dkZÙin��Ecokiu�ê=n7nqx
kiéoé`{�nqu�u�nqéEstx��o{�n7zWs|eC�ou)u�m��oéos|nqu�óýí¤kis|ÙCc)viõZöiöiöUø5v"óýü¨stx$�inqgtu�m�nqstx�kixoé�ô cos|m�nqg|}ivW��X��W��ø5v
ó �±{�nqx"éou7v%õZöiöCõCø�kiurcokqzinlm�c`nÁstu�u��`nquµeih ��u�nqxPm�stp�nqxPm�kig�m�{dkié`n7{du�� kixoéH��hTkigÚu�n0nÛùPì
�=n7{dm�u��
ó �yzin7{�}�kixoé ��c`n7zZkigts|n7{�v"��X X XCø�kix"érprkq}�g|nqkiérm�eÃx`eCxWì�ei�"m�stprkigWê:nqcokqzWs|eC�`{�ú
�IxXkiéoéos|m�steCx)v·eim�c`n7{�kiu��:nqbÛm�uÃeih±u��:ei{�m�stxoÙñu��o{�nqkié�ê:n7mÃprkZ{ �in7m�uµcok�zin½�"{�n7zfsteC�ou�g|}
ê=n7nqxlbÛeCxou�sté`n7{dnqéïó �Ckib �Wu�eCx)v���X X«÷Pø5ú �¤gtu�e`v�kiu�n�
P�"s|m }ÁprkZ{ �in7myprk��in7{du±u�eCp�n7m�stp�nqu
��u�cok��in�m�c`n%m�{�n7n��¤m�e�stxobÛ{�nqkiu�n�stxPm�n7{�nqu�m#stxÃky��kZ{�m�stb7�ogtkZ{�Ü"xokix"b7stkigC�o{deféo�"bÛm7vZu�e�����u
prkq} kié ���ou�m�m�c`n½u��o{�nqkiéïxoeCxWì�ei�om�stprkigÚg|}ñm�eñnqxobÛeC�o{dkZÙin½stxPzinqu�m�p�nqxPm7ú��¤uAkix����
u�n7m�u�m�con±u��o{�nqkiérm�c`n7}rpÃ�"u�m�kigtu�eÃbÛeCxou�sté`n7{
c`e�ð pÃ�ob5c
cokiu
kig|{�nqkié`}µê:n7nqxrstxPzinqu�m�nqé
stxñê"�o}fu¤kixoéÖu�nqgtgtu7úI�Ih#m�c`nµéostu���kZ{ds|m }-ê:n7m ð%n7nqxÖm�c`nqu�nµstxUzinqu�m�p�nqxUm�u�stuyÙi{�nqkZm7v:m�c`nqx
s|mÃprk�} prk��in-ÙiePeWéïê��ou�stx`nquduEu�nqxou�n½m�eÖkiéoei�omÃk�z«kigÚ�okZm�s|eCxïm�c"kZmÃstuÃkZmÃzZkZ{dstkixobÛn
ð±s|m�c0m�c`n7ei{�}iú

� � �Aç � �
�dá�ã�è±á�� á�ç¤å

jlkZ{�m�sÚx �EkZê:nqg��«k-Ùi{dkZm�n7hý�ogtgt}�kib �Wx`eRð±g|nqé`ÙinquAm�c`nru��`�o�:ei{�m¤eih�m�con�Sy���
nqgté ü`eC�oxWì
éokZm�s|eCx)ú

��á��qá�à)á�ç��#á �

���y{�nqxoéouqvU� ó õZöiöCõCø5ú�af�o{�nqkiér�%n7m�m�stxoÙ × � ü`ePeim�ê�kigtg�ü"kix%� u ���osté`niú ��stprn�ôïkZ{dx`n7{
�
efe&�Wu × �·eCxoé`eCx)ú

õ��yzin7{�} �þkixoé ��con7z«kigtstn7{¤�Öó���X X XCø5ú���é`nqxPm�s|h4}Wstx`Ùru�nqxUm�stprnqxUm¤h4{deCpÿ�o{dsÚbÛnE�"kZm�cou ×
��c`nEb7kiu�nÃeih�hTePeim�ê�kigtg:ê:n7m�m�stx`Ù`ú��½�%�"uy�Zõ × ÷�X V�� 0 õW�Zú

V��%nqxox`n7m�my��ó���X X��Cø5ú�aWm�kZm�stu�m�stb7u�stxÖaf�:ei{�m7ú��±{dxoeCgté × �?eCxoéoeCx)ú

÷ ��s<ùfeCxrjK�½ó���X X��Cø5ú+�Lê�s|{�m�c��o{�eWbÛnqu�u�p�eWé`nqgWhTei{�kiu�u�eWb7stkZm�s|eCxrh4efeim�ê"kigtg`prkZm�b5c`nqu7ú
����eR}lafm�kZm¤afeWbZ� ÷P� × 0 õ V�� 0 õ��fú

0 �¤}Pm�n � kixoé���gtkZ{ �inÃa � ó õZöiöiöUø5úT� {dkZm�stx`ÙCu�ê"kiu�nqé@!�eCstu�u�eCxÁp�eWé`nqg:hTei{�ô ei{dgté
���`�ñu�eWb7bÛn7{yu�sÚpÃ�ogÚkZm�s|eCx)ú��½�¤�:n7{ �±nqu¤afeWb 0 � × X X V�� X X��fú

� �



Wlü¨stx$�inqgÚu�m�nqstx)v¨j kixoé ô cos|m�nqgt}iv �Aú%ó���X��W��ø5úï�¤�om�stprkig�u�m�{dkZm�n7ÙCs|nqu�hTei{Ã{�n7�:nqkZm�nqé
ÙCkip�nqu7ú=�¤é`z �±�"�"g%!�{�eiê�kZêï��V × ÷o� 0 �U÷Uõ��fú

� �¤{�n7nqxocoeC�`ÙCc
�`vP�%st{dbdc�! � ��cokZ��prkix
aO� kixoé���e�ðygtkixoéou � ó õZöiöCõCø5ú�ü`efeim�ê"kigtg
ÙieCkig·éostu�m�{ds|ê"�`m�steCxou
kix"éÁnÛùfm�{dnqprkig?u�m�kZm�stu�m�stb7u7ú+!
cU}Wu�stb7k �:VW��W × WW� 0 � Wiõ«÷`ú

�±í¤kis|ÙCcÃ�µó õZöiöiöUø5ú ��con
��nqgtgt}¤bÛ{dstm�n7{ds|eCxAkix"éEê:n7m�bÛeCp���kZ{dstu�eCxou�stxEu��"{�nqkiéAê:n7m�m�stxoÙ`ú
����eR}lafm�kZm¤afeWbZ� ÷�X × 0 VW� � 0 V Xfú

X±�Ckib �fu�eCx � �þó���X X«÷Pø5ú��Ix"é`nÛù�ê=n7m�m�sÚx`Ù�eCx�u��:ei{�m�u7ú �±c`n%afm�kZm�stu�m�stb7stkix�÷�V × VZöKX�� VW� 0 ú

�7öñjlkic`n7{Aj �ïó���X��iõCø5ú�jleféonqgtgtstx`Ù-kiu�u�eWb7stkZm�s|eCxÖhTePeim�ê"kigÚg�udbÛei{�nqu7ú�afm�kZm�sÚu�m Syn7n7{�ì
gtkixoé@V W × �7öKX����i� �fú

�i���±stéoéon7{ ��v%��{dkip�n7{��
a-kixoé0íyei�"u�m�k��inqx@!þó���X X«÷Pø5úT��u�m�stprkZm�stx`Ù�m�c`n�n
�:nqbÛm�eih
k�{�nqéñb7kZ{délstxÁu�eWb7bÛn7{qú%���yp aWm�kZm�stu�m � � X × �i�qõ«÷ ���i�qõC�Pú

�qõ�ôïkix`ÙAaA�ykix"éA��n%í(��ó õZöiöZ÷Pø5ú����`{�ê"sÚx`Ù�ÙCkipAê"gÚstx`Ù±kibÛm�s|zWs|m�s|nqu�eCxÃm�c`n
stxPm�n7{dx`n7m7ú
� �=�+� �yn7{�e��
g|nqbAaf}Wu±j�kZÙl��X × V V�� V 0 ú

��X



�
� � ó�� � ø � õ õfú 0 V 0
bÛeCxUm�stxf�`eC�ouÃó WCø 0 Wfú � X V��fú XW� V Vfú öZ÷ õ��fú 0 � ���Pú ���
éostu�bÛ{�n7m�n
ó"�Cø
� � \!� � \ ö 0 �Pú´õW� V Xfú V«÷ V Vfú 0 � õ��fú X�� � �fú V��
éostu�bÛ{�n7m�n
ó"�Cø
� � \!� � \ õ 0 �Pú/��W ÷CöWú öKV V«÷`ú´õW� õ Xfú W X � �fú X��
éostu�bÛ{�n7m�n
ó"�Cø
� � \!� � \ ÷ 0 �fú´õC� ÷CöWú W�� V«÷`ú �C� VZöWú V«÷ ��Xfú 0 W
éostu�bÛ{�n7m�n
ó"�Cø
� � \!� � \ W 0 �fú/�R÷ ÷o�Zú´õ X V 0 ú 0 ö VZöWú XC� õZöWút��V

��kZê"gtnÃ� × �#ùW�:nqbÛm�nqé
m�stprnÃóýprstxf�`m�nqu5ø�eih)Ü"{du�m�ÙieCkig v`b7kigtb7�"gtkZm�nqé
kZm%m�c`nyu�m�kZ{�m�eih)m�c`n
prkZm�bdcX�ou�stxoÙ-zZkZ{ds|eC�"u�éos �:n7{�nqxUmEkiudu��op��om�steCxou7vB!�eCstu�u�eCx p�nqkixou � kix"é nÛùf�:nqbÛm�nqé
kiéoé`nqéÁm�stprn��=n7{5s|efé"u � � kix"é � �

õZö



20

40

60

80

FREQ

1 2 3 4 5 6 7 8 9
TOTAL MATCH GOALS

ü�stÙC�`{�nl� × ü�stmEm�e !�eCstu�u�eCx éostu�m�{ds|ê"�`m�steCxlhTei{Am�eim�kig%prkZm�bdc�ÙieCkigtuÃstxïkigtg+V��Zö !�{�nÛì
prs|n7{du�c"s|��prkZm�b5c`nquEhTei{Eu�nqkiu�eCxïõZöiöCõRì5V�ó � \ õ 5 W Viõfv¨kibÛm��okig¨hT{�n�
f�`nqxobÛ}leih%u�bÛei{�nqéÙieCkigtu±stx0ê�gtkib �=v0!�eCstu�u�eCxñ�o{�nqéostbÛm�steCxou�u�cokié`nqéÁÙi{dn7}`ø

õW�



           

0

1

2

3

4

  

0.2 0.4 0.6 0.8 1
    

C

t
ü�stÙC�`{�nyõ × �%nqxPm�{�nqu��o{dnqkié � hTei{�m�c`n±m�eim�kig�xf�opÃê=n7{#eih:ÙieCkigtu%éo�`{5stx`Ù�kAprkZm�b5crð±s|m�c
� \îõ 5 0 kixoéLÙieCkigtu
kZm½m�stp�nquñ� �Zp
stxourkixoé 0 ÷Cprstxou7v�s ú niú � � \ � �	�� \îö 5 õïkixoé� � \ � �	�� \ ö 5 Wfúyóý�%{�e&�inqxÁgtstxonqu�é`nqx`eim�n�m�c`n¤zZkigt�okZm�s|eCx-eih?m�c`n�bÛnqxPm�{�nqu��o{�nqkiéÁsÚx
m�c`nkZê"u�nqxobÛnEeih#kixP}½hý�`{�m�con7{�n7zinqxUm�uyefb7b7�o{�{dstx`ÙPø

õiõ



            

0

5

10

15

20

25

30

  

0.2 0.4 0.6 0.8 1
    

C

t
ü�stÙC�`{�n V × ��nqxUm�{�nqu��o{�nqkié �îh4ei{ñp��og|m�sÚbÛei{dx`n7{du-prkZ{ �in7mñéo�o{dstx`Ù k\p
kZm�bdc ð±s|m�c
� \ �7ö�kixoé0hTeC�`{�bÛei{dx`n7{du�kZm�m�stp�nqu�� � \ ö 5 ��W ��� � \ ö 5 ÷&� � 
 \ ö 5 W���kix"é � � \ ö 5 �

õ V



0

5

10

15

20

25

30

10 20 30 40 50 60 70 80 90

VALUE

MINUTES
ü�stÙC�`{�nr÷ × �%eCp��"kZ{dsÚu�eCxòeih�bÛnqxUm�{�nqu��o{�nqkié��o{�nqéostbÛm�steCx(ó VCøróýu�}WpAê:eCgtu¬øyð±s|m�c���� � u

P�`eim�nqé�é`}WxokiprstbÁu��"{�nqkié�óýu�eCgtstéLgtstx`nqu5øAhTei{�!�ei{�m��`ÙCkigypÃ�ogtm�stbÛei{dx`n7{du�é"�`{dstx`Ùòm�c`n
!�ei{dm��`ÙCkigozWu7ú#í±eCgÚgtkixoé�ÙCkip�nystx����o{�eUõZöiöZ÷`ú2S±eim�n × m�con�{�n�
f�os|{�nqé !�eCstu�u�eCx��"kZ{dkipµì
n7m�n7{du�ð%n7{�nAstxoh4n7{�{dnqé0h4{�eCpÿm�c`nAstxostm�stkigU
f�`eim�nqé�u��o{�nqkiéou�h4ei{�eim�con7{yprkZ{ �in7m�u±{dkZm�c`n7{
m�cokixÁÜom�m�nqé�kZh4m�n7{ym�c`nEprkZm�bdc

õ«÷



Time of 1st goal
Time of 2nd goal
Time of 3rd goal
Time of 4th goal

Legend

                

0

0.2

0.4

0.6

0.8

1

0.2 0.4 0.6 0.8 1 

C

t

ü�stÙC�`{�n 0 × �%nqxPm�{�nqu��o{dnqkié � h4ei{¤m�c`nÃm�stp�nEeih�xPm�clÙieCkig�prkZ{ �in7m�u¤éo�`{5stx`Ùrk
p
kZm�bdc
ð±s|m�c � \ V 5 �rkixoéñx`e�ÙieCkigtuyu�bÛei{�nqé

õ 0



                

0

0.2

0.4

0.6

0.8

1

  

0.2 0.4 0.6 0.8 1
    

C

t
ü�stÙC�`{�n W × �%nqxPm�{�nqu��o{�nqkiérh4ei{�m�con�m�stp�n�eih)õZxoé�ÙieCkig�prkZ{ �in7m�éo�o{dstx`Ù�kEprkZm�b5crð±s|m�c
� \ õ 5 Wlkix"é ÙieCkigtu�kZmAm�stp�nqu � � \ ö 5 ÷�kixoé � � \ ö 5 ��óTêo{�e&�inqx�gtstx`nquEudc`e�ð c`e�ðprkZ{ �in7mµn7zieCg|zinquµcokié�hT�`{dm�c`n7{An7zinqxPm�uµx`eimÃeWb7b7�`{�{dnqé ì�prkZ{ �in7m�nqxoéou�kZm � � ð±c`nqxõZxoéÁÙieCkig·sÚu�u�bÛei{�nqé�ø

õ W



0

10

20

30

40

50

60

70

80

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

VALUE

MINUTES
ü�stÙC�`{�n-� × �%eCp��"kZ{dsÚu�eCxòeih�bÛnqxUm�{�nqu��o{�nqkié��o{�nqéostbÛm�steCx(ó WCøróýu�}WpAê:eCgtu¬øyð±s|m�c���� � u

P�`eim�nqé�é`}Wxokiprstb¨u��"{�nqkié½óýu�eCgÚstéEgtstxonqu5ø"h4ei{�m�c`n�m�stp�n�eih �
x`ÙCgtkixoéB� u·õZxoéEÙieCkigPéo�`{dsÚx`Ù
m�c`n@��x`ÙCgÚkixoé zfuqú ��{�eCkZm�stkòÙCkip�nlsÚx ���`{�eUõZöiöZ÷`ú S±eim�n × m�conÁ{�n�
P�"s|{�nqé !�eCstu�u�eCx
�"kZ{dkip�n7m�n7{du¤ð%n7{�nµstx`hTn7{�{�nqéñhT{�eCp m�c`nµstxos|m�stkig 
P�`eim�nqéÖu��o{dnqkiéou±hTei{¤eim�c`n7{�prkZ{ �in7m�u
{dkZm�c`n7{±m�c"kixÁÜom�m�nqéñkZhTm�n7{±m�c`nÃprkZm�bdc

õC�



                 

0

0.2

0.4

0.6

0.8

1

  

0.2 0.4 0.6 0.8 1
    

C

t
ü�stÙC�`{�n � × �%nqxPm�{�nqu��o{�nqkié
h4ei{�m�c`n�m�stp�n±eih:gÚkiu�m#ÙieCkig"prkZ{ �in7m
éo�`{5stx`Ù�kEprkZm�b5crð±s|m�c
� \ õ 5 0 kix"é ÙieCkigtuEkZmEm�sÚp�nqu�� � \ ö 5 õfv � � \ ö 5 ÷lkixoé�� 
 \ ö 5 �fú�óý�%{�e&�inqxXgtstxonqué`nqx`eim�n�m�c`n�zZkigt�okZm�s|eCxµeih=m�c`n�bÛnqxPm�{�nqu��o{dnqkiérstx�m�c`n�kZê"u�nqx"bÛn�eih�kixP}Ãhý�`{�m�c`n7{#n7zinqxPm�u
efb7b7�`{d{dstx`ÙPø

õ��



                  

0

0.5

1

1.5

2

2.5

  

0.2 0.4 0.6 0.8 1
    

C

t
ü�stÙC�`{�n)X × �%nqxPm�{�nqu��o{dnqkiéïhTei{Am�c`n½m�eim�kig�ÙieCkig%prstxf�`m�nquAp
kZ{ �in7mÃéo�o{dstx`ÙÁklp
kZm�bdc
ð±s|m�c � \ õ 5 0 kixoéòÙieCkigÚuEkZmEm�stp�nqu � � \ ö 5 �Zv � � \ ö 5 Vfv � 
 \ ö 5 0 kix"é�� � \ ö 5 �fúóý�
{de&�inqx-gÚstx`nqu�é`nqxoeim�nym�c`nyz«kigÚ�okZm�s|eCxreih)m�conybÛnqxPm�{�nqu��o{�nqkié-stx�m�conykZê"u�nqx"bÛnyeih?kixP}
hT�`{dm�c`n7{�n7zinqxUm�uyeWb7b7�`{�{dstxoÙPø

õ X



0

50

100

150

200

250

300

350

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

VALUE

MINUTE S
ü�stÙC�`{�n
�7ö × �%eCp���kZ{dstu�eCxÁeih#bÛnqxPm�{�nqu��o{dnqkiél�o{dnqéostbÛm�s|eCx ó WCøAóýu�}WpAê:eCgtu5ø�ð±s|m�c���� � u

P�`eim�nqé�éo}fxokip
stb
u��o{�nqkiéñóýu�eCgtsÚéÃgtsÚx`nqu5ø?h4ei{#m�c`n�m�eim�kig`ÙieCkig`p
stxP�om�nqu�p
kZ{ �in7m�éo�`{dsÚx`Ù
m�c`n@��x`ÙCgÚkixoé zfuqú ��{�eCkZm�stkòÙCkip�nlsÚx ���`{�eUõZöiöZ÷`ú S±eim�n × m�conÁ{�n�
P�"s|{�nqé !�eCstu�u�eCx
�"kZ{dkip�n7m�n7{du¤ð%n7{�nµstx`hTn7{�{�nqéñhT{�eCp m�c`nµstxos|m�stkig 
P�`eim�nqéÖu��o{dnqkiéou±hTei{¤eim�c`n7{�prkZ{ �in7m�u
{dkZm�c`n7{±m�c"kixÁÜom�m�nqéñkZhTm�n7{±m�c`nÃprkZm�bdc

VZö



                       

0
5

10
15

20
25

30

   

0
5

10
15

20
25

   

0

0.2

0.4

0.6

0.8

1

  

C

µµ
A

B

✢ ❈⑨ ❵④ ✓♥ ➹❹ ✐❹ ✞✪♥ ① ❯♠ ☞④ ❞♥ ✉ ☞⑩ ♦④ ✓♥ ❦ ✐✲❦ ❩♠ ✓✰❭ ☎❤ ❚❡ ✐④ ✡♠ ✓❝ ❵♥ ↕❤ ❚❡ ❈⑨ ❵④ ✠✑❦ ❩ ❈✉ ✪♣ ✌❦ ❩④ ✐♥ ✼♠ ✪❦ ✐✉ ✪❤ ⑨ ♦① ♦❜ ♠ ✓⑤❡ ❈① ✌❡ ✐❤

✒✯✮

❦ ✐① ♦

✒
✰

❱❲❹



          

0

0.2

0.4

0.6

0.8

1

0.2 0.4 0.6 0.8 1
 

C

t
ü�stÙC�`{�nï�qõ × !�eCu�uds|ê"g|nÁbÛnqxPm�{�nqu��o{�nqkié"u�ó
��{dkistgtm�{dkib �Wu��Uø�hTei{rm�c`nñhTeC�`{O	�kZÙCurprkZ{ �in7m
ð±s|m�c �*) \:V½kixoé �,+ \ � 0 úZ��s|ÙCcPmy�:eCu�uds|ê"g|nAb7�o{�zinqu�kZ{�n�udc`e�ð±x?v:éon7�=nqx"éostx`Ù�eCx
m�c`n 	"kZÙCuykig|{�nqkié`}0�ou�nqé)ú=��m��2\ öWv"m�c`nAm�ei��b7�`{�zinEsÚu�h4ei{ � ) \ � + \ õfv=p�nqkixostxoÙ
m�cokZm±x`erbÛei{dxon7{±cokiu�}in7myê=n7nqx0m�k��inqx?ú ��c`nEu�nqbÛeCxoéñb7�`{�zinÃstu�h4ei{�� ) \ õ � � + \ �Zv
u�c`e�ðystx`Ù�m�c`n ��kiu�k�hý�oxobÛm�steCx�eih�m�sÚp�n�ð±c`nqx
kZm�g|nqkiu�m�eCxon±bÛei{dx`n7{%cokiu#ê:n7nqx�m�k��inqx
h4{�eCp ' � ei{ ' � ú ��c`n±m�cos|{dérb7�o{�zinystu�h4ei{ � ) \ õ �.� + \ öWv:óTê:eim�c�' 	"kZÙCu�kig|{dnqkié`}
�ou�nqé�ø5ú ��con±hTeC�`{�m�c0b7�`{�zin¤{�n7�o{�nqu�nqxUm�u%m�c`n�b7kiu�n � ) \ �(�.� + \�õfú ��c`n¤{�nqprkistxosÚx`Ù
b7�`{�zinqu#stxÃei{dé`n7{#bÛe�zin7{
m�c`n�b7kiu�nqu � ) \�� + \ �ZØ � ) \��(�.� + \ öWØ � ) \ ö �.� + \ õ
kixoé � ) \ ö �.� + \��Zvo{�nqu��:nqbÛm�s|zinqg|}

Viõ



          

0

0.2

0.4

0.6

0.8

1

  

0.2 0.4 0.6 0.8 1
    

C

t
ü�stÙC�`{�n
��V × ��zieCgtzfstxoÙ
bÛnqxUm�{dnqu��o{�nqkié óTê:eCgtéñgtstxonRø
h4ei{¤m�c`nEhTeC�`{ 	�kZÙCuyprkZ{ �in7m±ð±s|m�c
�*) \ 0 5 õ kixoé �,+ \ W 5 �Zú ��c`nÖm�stp�nqu-eihEm�c`nòÜo{du�m½bÛei{dx`n7{5u-kZ{dn � ) � \ ö 5 �Zv� ) � \ ö 5 Xfv*� + � \ ö 5 ÷ 0 kixoé � + � \�ö 5 Wfú�aWsÚxobÛn �*) � �,+ v`m�c`nAu�cokZ�:nEstu�udstprstgtkZ{�m�e
m�c`nAbÛnqxPm�{�nqu��o{�nqkiéleih�m�con ��stp�n�eih#xPm�cÁÙieCkig·prkZ{ �in7m

V V



          

0

0.2

0.4

0.6

0.8

1

  

0.2 0.4 0.6 0.8 1
    

C

t
ü�stÙC�`{�n
�Û÷ × ��zieCgtzfstxoÙ
bÛnqxUm�{dnqu��o{�nqkié óTê:eCgtéñgtstxonRø
h4ei{¤m�c`nEhTeC�`{ 	�kZÙCuyprkZ{ �in7m±ð±s|m�c
�*) \:V 5 0 kixoé �,+ \ ��Wfú ��c`nAm�stp�nquyeih�Üo{du�mybÛei{dx`n7{du¤kZ{�n � ) � \ ö 5 õfv � ) � \ ö 5 ÷`v� + � \ ö 5 �µkixoé � + � \��Zú���c`n�gtkZ{�ÙinEé"s �=n7{dnqxobÛn�ê:n7m ð%n7nqx �*) kixoé �,+ g|nqkiéou�m�e
kixnÛùfeim�stbAbÛnqxUm�{�nqu��o{�nqkié

V«÷


