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­jÄ�­�À�·¹«¯§�«�º�­�»�½<©�¥Â­�³Å«�¦A»�°&Ä�©�»|©�²�¦AªG·|«�´G©�»|©\´�«�ª��&ã	�Hí ã�ö\åPéLØçÑ�
YáAØ 
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®v¥G©$«¯ªG«s®v«¯­�º¸¼P¦�®|©\ª^®v«¯­�º/ËÛÌ�¥G«�·�­�º�º¯¦�Ä#·n¶G·D®|¦µ¶G·|©�®|¥G©�»|©�·|¶Gºs®v·nÆ�»¹¦A§
®|¥G©$¼P©\»¹²\¦Aº¯­l®v«�¦Aª�®|¥G©\¦A»�Àg­�ªG´�®v¦~ÊÂªG´�®|¥G©�»|©�ÜQ¶G«¯»¹©\´�­�·�À1§~¼Å®v¦�®|«¯²�·n«¯ª�®|©\»¹§~·n¦lÆ¸®v¥G©
¼G»¹¦A¼P©\»�¼P©\»|²�¦Aº¯­l®v«�¦Aª�º¯©�³A©\º�·\Ë

� º�º�®v¥u©V©
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Ì�¥G©�ª�°Â«�ª��Å©�²�®|«¯¦Aª��Å°
Ä�©�¼G»¹¦H³�©�®v¥G©
¨A©\ªG©�»v­�º�»|©�·|¶Gºs®�¦Aª�­l·¹À1§�¼u®v¦�®|«¯²
½<©�¥Â­�³Å«�¦A»�¦lÆ#¥G¦A§�¦A¨A©�ªG«¯¬�©\´�²\¦1©���¿
²�«¯©�ªQ®|·\Ë! DªG©n¦�ÆL®|¥G©"��©�Àµ²\¦�ªG´G«s®v«�¦Aªµ¦�ÆL®v¥u«¯·�·�®Y­l®|©\§�©\ª^®#«�·�ªG¦AªÅ¿è©��Å¼Gº�«¯²�«�®\Ë�Ãcª#�1©\²�®|«¯¦�ª
$ Ä�©Û¼G»¹©\·¹©\ª^®D­�²�¦A¶G¼Gº�©Û¦lÆ*·¹¶%�~²\«�©\ª^®�²�¦AªG´G«s®v«�¦AªG·�©��Å¼G»¹©\·¹·|©\´�«¯ª�©��Å¼Gº�«¯²�«�®�®v©�»|§�·\Ë
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3L©�® ¶u·ß²�¦AªG·¹«¯´G©�»*­�¼P¦�®v©�ª^®v«¯­�º^¦Aª54765��Ä#«s®v¥V¦A»�®v¥G¦Aªu¦A»|§~­�ºA½G­�·|«�·98;:=<�>?: 6A@ ó ¦�Æ1®v¥G©�Æ�¦A»¹§BDCEBGF�HIBJ<�Ä#¥G©\»¹©�BKFz«�·z­$´G©�®v©�»|§�«¯ªu«¯·�®v«�²D·|§�¦1¦�®v¥�¼P¦�®|©\ª^®v«¯­�º,Ä#¥G«¯²Y¥µ«�·�·¹¶G¼G¼P¦A·|©�´
®|¦�½<©Û¼<©�»|«�¦Å´u«¯²$Ä#«s®v¥�Ä#«s®v¥�¼<©�»|«�¦Å´ � «�ª�©\­�²Y¥É²\¦1¦A»|´u«¯ªÂ­�®v©$´u«¯»¹©\²�®|«¯¦�ªG·\Ë"LÈ©�´G©�ªG¦�®v©
®|¥G©�²�©\º�º,¦�Æ�¼P©\»¹«¯¦1´G«�²\«s®cÀ�MON%>QP�R 6 ½^ÀTS6­�ªG´j«¯´u©\ª^®v«sÆIÀ~«�®
Ä#«s®v¥
®|¥G©��VU�®v­�¶G»|¶u·XWZY[B7<¸«¯·
­�ª"«�·|¦�®|»|¦A¼u«¯²�»v­lªG´G¦A§ôÊG©\º�´�°Â«�®�»¹©\¼G»¹©\·|©�ª^®v·D­�·¹§j­lº¯ºL»|­�ªG´G¦A§ô¼<©�»¹®v¶u»|½Â­l®|«¯¦�ª�¦lÆ!BKF�Ë

ÃèÆ9\µ´G©�ªG¦�®|©\·#®v¥G©�»|¦l®Y­l®|«¯¦Aª"§~­l®|»|«]�"¦�Æ*­�ªG¨Aº�©5^1_	`Å°uÄ�©�·|¶G¼u¼<¦A·¹©V®|¥Â­l®Aa
�cb ó BKF�de\/f�g7CEBGF�dhf�g�Æ�¦A»#­�º�ºif�jkWj°
�cblb ó ®|¥G©�´G«�·¹®|»|«�½G¶u®v«�¦AªÈ¦�ÆmBJ<�«¯·�«�ª^³�­l»|«¯­�ª^®nÄ#«�®|¥È»¹©\·|¼P©\²�®Û®|¦�­�ª^ÀÉ«¯ª^®|©\¨A©�»V·¹¥G«sÆI®Û¦lÆ

4 6 ­�ªG´µ®v¦on/aJprqQstduBJ<�dv\/f�gwg7CxprqQstduBJ<Adhf�gwg�Æ�¦A»#­�º�ºyf�jkW�°
�cblblb ó ®|¥G©\»¹©�©��Å«¯·�®v·{z|F�}~N~·¹¶G²Y¥g®|¥Â­l®���BJ<�dlf�g��|��z|F�°GÆ�¦A»#­�º�ºyfTjT4 6 °G­uËÕ·�Ë
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Ì�¥G©n®cÄ�¦~ÊG»|·¹®�²�¦AªG´G«s®v«�¦AªG·�©\ªG·¹¶G»|©�®v¥u©V«�·|¦l®v»|¦�¼QÀ�¦�Æ7®|¥G©�©�±<©\²�®v«s³A©$§�©�´G«�­ÅË
��ªu´G©\»"²\¦�ªG´G«s®v«�¦Aª ��b ó °#®v¥u©Ç¼P¦�®|©\ª^®v«¯­�º�BKF"¥Â­�·�­¾·|¼P©\²�«�ÊG²È·�®v»|¶u²�®v¶u»|©Va «�ª ®v¥G©

·¹«¯§�¼Gº�©\·�®j²\­�·|©jà ¦�®v¥G©�»�²�­l·|©\·�»¹©\ºsÀ¾¦Aª¾®|¥G©µ·v­�§�©"­�»¹¨A¶G§�©\ª^®|·Ûà ®v¥G©µ§�«�ªG«�§$¶G§
ªQ¶G§Û½<©�»Û¦�Æ�´G©\¨�©\ªG©�»v­l®|©
¼P¦A«¯ª^®|·V®|¥Â­l®�BKF$²\¦�¶Gº¯´ ­�´G§�«s®Û¦�ª W
°ß«9Ë ©�Ëj¼<¦�«¯ª^®v· f ·¹¶G²Y¥
®|¥Â­l®���BKF;dlf�g7C Nu°Q«¯·�Æ�¦A¶u»Aa*¦�ªG©#§~«�ªG«�§$¶G§ ¼P¦A«�ª^®7f���� ��°Q¦Aªu©�§~­;�Å«�§$¶G§ ¼P¦A«�ª^®7f����
	�°
­�ªu´"®cÄ�¦
·|­�´G´Gº�©�¼<¦�«¯ª^®v· f��èË

Ãcª 4 6 §~«�ªG«�§$¶G§ ¼P¦A«�ªQ®|·\°7§j­��u«�§$¶u§ ¼<¦A«�ª^®v·�°¸­�ªG´Ç·v­l´G´Gº�©j¼P¦A«�ªQ®|·VÄ#«�º�º�½P©~´G©�¿
ªG¦l®v©\´�f���� ��° f����
	�°Â­�ªG´�f�� »|©\·¹¼<©�²�®|«�³�©\ºsÀAË

{x;U (x)     U (x  )}≤ s0 0
level sete2

e
1

saddle points

minimum points

maximum points

�*«¯¨�¶G»|© � a
����ÑQüVê^í Ð�ã��7âc
YÒEä�ë�
Yä^Ò�Ð���ã^Ò 
��HÐ�êAãV
pÐ�á�
vØìÑ^í BKF��
L «s®v¥G¦A¶Å®�º¯¦�·|·¸¦�Æ,¨�©\ªG©�»v­�º�«�®cÀÛÄ�©�§~­�À$­�·|·¹¶G§�©z®v¥Â­l®*«¯ªt476Q°�®|¥G©z·|©�®�¦�Æ,§~­;�Å«�§$¶G§

¼P¦A«�ªQ®|·�«�·������
	�C�� 6 °*®|¥G©\ª¾®|¥G©�·|©�®�¦�Æ#§�«�ªG«¯§Û¶G§ ¼<¦A«�ª^®v·�·¹¥G¦A¶Gº�´ ²\¦�«¯ªG²�«¯´u©�Ä#«�®|¥
����� �7C�� 6 H d <6 >

<
6 g�°,­�ªG´µ®|¥G©�·|©�®�¦�Æ*·v­�´u´Gº¯©�¼P¦A«�ªQ®|·�Ä#«�®|¥����yC�� 6 H deN%> <6 g ��� 6 Hd <6 >?N g�°-�/·|©�© �7«¯¨A¶u»|© � ó ËÌ�¥G©�²�­l·|©n¦�Æ7­�§�¦A»|©n¨�©\ªG©�»v­�º�¼P¦�®|©\ª^®v«¯­�ºKBKF;dhf�g�°G¥Â­�³1«¯ªu¨~§�¦A»¹©n·|«�ªG¨A¶Gº¯­�»�¼P¦A«�ªQ®|·\°

«�ªG²\º�¶G´G«�ªG¨~§�«¯ªG«�§$¶u§ ¼P¦A«�ª^®v·\°Â²�¦A¶Gº�´g½P©n®v»¹©�­l®|©\´"Ä#«�®|¥�®|¥G©�·v­�§�©�»|©\­�·|¦Aªu«¯ªG¨uË
LÈ©V§~­V�l©V®|¥G©nÆ�¦Aº�º¯¦�Ä#«�ªG¨�¥QÀ1¼P¦�®v¥u©\·|«�·Aa

!"� "�¡$#�%ß�1¤'&/¤)($*+(�,.-0/21�34365�b47[b4598:5<;$-;b47$=-f���� �?>@=4A$BDCEBF=G-IHJ5�b47[b4598K5L;$-;b47$=MC5bNC
����� �IOEPQ3NBF=Q8�C9R�-07SC�bUT:BF/WV

X dhf���� ��>?:WYhg9C Z\[S]^�_\` a4b'cd_fe ��� �Fg h+i akjmlonFmprq
p[< BtdMs�dMtwg�gy>vuGC P	>
`/> � � ó
w A$BF/xB9y dlf���� ��>?:WYhg bNCz=4A$B?CEBF={-IH|H}8K7~RF=eb�-07SC#MON%>QPAR2��t��� s d4twg�jD4 6 CF8�R�A�=MAS1�=
s deN g C f���� �FPvs d�P�g C f���� � HE:WY+P�1�7�T w A|b�R�A�1�/xBzA$-05?-0=IBF=eb�R�=I- MON%>QPAR���t���
s F�d4twgG� 4 6�� �����
	{T:BM��7~BmT?10C�H'-0343N- w CWVQs F�dMtwgJC f���� � H�t%:WY��

$



��BGCF8E;�;$-ECEB
=MAS1�=18 X dlf���� ��>?:WYhg�� f���� � j ����� ��>$uKC)P	>
` @ bNCv1�H 1�5�b43��9-IH{b47�T:B ;$BF7��T:BF7$=�/ 1�7�T:-05��01�/
bU1
	W3NB�CW�
Ì�¥G«�·Dº¯­�·¹®�­�·¹·|¶G§�¼u®|«¯¦AªÉ«�·D»|­l®v¥G©�»�ªu¦Aª�©��Å¼Gº�«�²\«s®�°L­~²\¦A¶G¼uº¯©�¦lÆ�·|¶%�~²�«¯©�ªQ®�²�¦AªG´G«s®v«�¦AªG·
®|¥Â­l®#©\ªu·|¶G»¹©V®|¥G©V­�½<¦�³�©V«�ªG´G©�¼<©�ªG´G©�ªG²\©$­�»|©�·|¶u¼G¼Gº�«¯©�´�«�ª��Å©�²�®|«¯¦Aª $ Ë

��¦AªG·¹«¯´u©\»#®v¥G©nÆ�¦Aº�º¯¦�Ä#«�ªG¨~¥G¦A§�¦A¨A©�ªG«¯¬\­l®v«�¦Aª�¼G»|¦�½Gº¯©�§�a�
������� dlf�g-H <� ����M��5Btd�� guRw� ������ � � e ��� dhf�gJC"! dlf�gy> f�j$#~>� � j$% <F d�#�g � � ó
Æ�¦A»�·¹¦A§�©�½<¦A¶uªG´G©\´�´G¦A§~­�«�ª&# «¯ª�4 6 Ë

LÈ©µ­�·|·¹¶G§�©
ÊÂ»¹·¹®�®|¥Â­l®$®|¥G©j³1«�·|²�¦A·|«s®cÀ¾¼Â­l»v­�§�©�®|©\» � «¯·Û·|§~­�º�ºz­�ªG´ÈÊ%�Å©\´�°�­�ªG´
¼Â­l·|·Û®|¦�®v¥u©
º�«¯§�«s®�­�·('*) NÅËgÌ�¥G©�ª¾Ä�©
·¹®v¶u´uÀÈ®|¥G©�­l·¹À1§�¼u®v¦�®|«¯²
½<©�¥Â­�³Å«�¦A»�¦lÆz®v¥G©
©�±&©�²�®v«s³A© �/·¹²�­�º¯­�» ó ´u«�±<¶G·|«s³1«�®cÀ&+9d � gz­�· � )tNÅË
, -/. *107.3254t*76825. 0�+92;:=<
Ãcª�®v¥G«�·�·¹©\²�®|«¯¦�ª�Ä�©Û·|¥G¦�Ä ®v¥G­l®�°,¶GªG´u©\»?>#À1¼<¦�®|¥G©\·¹«¯· � Ë � °,®|¥G©Vº¯¦A¨A­�»|«s®v¥G§�«�²$º�«¯§�«s®�¦lÆ
®|¥G©�©�±<©\²�®v«s³A©�´G«�±<¶G·¹«�³1«s®cÀ�+9d � gP²�­�ª�½P©¸Æ�¦A¶GªG´�«�ª�®|©\»¹§~· ¦�ÆÅ·|¦#²\­�º¯º�©\´G�@	FBF/6;$BF/xR�-03\1�=vb�-07
3NB5��BF3y�/·¹©\©"� �|� � ó ¦�Æ*®|¥G©�¼<¦�®|©\ª^®v«¯­�ºKBÛË

� ÆI®|©\»#·¹®v­�ªG´Â­l»|´"®v»v­lªG·¹Æ�¦A»¹§~­l®v«�¦AªG·�°�A�Ü1¶G­l®v«�¦Aª �v� ó »|©\­�´G·�a� :CB _ � � aEDGFIH
Y���< g 6"JJ f$YLK

:NMOB _ � � aEDGF JJ f$Y
� � dhf�g�PDC"! dhf�g

�IÆ�»|¦A§ ªG¦�Ä ¦Aª"Ä�©nÄ#«�º¯º ­lº�Ä�­�ÀÅ·�·|¶G¼u¼<¦A·¹©n®v¥Â­l® � � j$% <F d�#�g ó Ë
Þg¶Gºs®v«�¼GºsÀ"©�­�²Y¥"®v©�»|§Á¦lÆ7®|¥G«¯·�º¯­�·¹®#©�Ü1¶G­l®v«�¦Aª�½^À�: MOB _ � � aQDGF ·|¦�®v¥Â­l®Aa� H

Y���< g 6 JJ f$YLK
:CB _ � � aEDGF JJ f$Y

� � dhf�g P CD:NMOB _ � � aQDGF ! dlf�g�R � $ ó

L «s®v¥G¦�¶u®�º¯¦A·¹·#¦�Æ*¨�©\ªG©�»v­�º�«�®cÀ�°ÂÄ�©�²�­lª�­�·¹·|¶G§�©�®v¥Â­�®Qa
©\·¹· Z\[S]e'b5SUT Btdlf�g!C N1R �WV ó

Ì�¥G©�ª�°ÂÆ�¦A»#­�ª^À � }ZNu° : MOB _YX� aQDGF ![Z \!d � g�!gÄ�©\­V�Qº�À�«�ª&] 6 dW# g�­�·^'_) Nu°GÄ#¥G©�»|©=a\!d � g1`C[acb/:NMOB _ � � aQDGFed f(R
V



Þg¦�»|©\¦�³�©\» � p���� \!d � g�� Nj­l· � ) NuË
�Â¦A»�©�­l²Y¥ � °A®|¥G©�Æ/­�§�«¯ºsÀ�¦lÆ&¦A¼P©\»|­l®v¦�»|·
­�¼G¼P©�­l»|«�ªG¨Û«�ª � $ ó «�·
²\¦1©\»¹²\«s³A©�°1¶GªG«sÆ�¦A»¹§~ºsÀ

«�ª '1Ë�Ì�¥Q¶G·�°P«s®#·|¶ �j²�©\·�®v¦�¥G¦A§�¦A¨A©�ªG«�¬\©�®v¥G©nÆ�¦Aº�º¯¦�Ä#«�ªG¨����	�ia
� H
Y���< g 6 JJ f$YLK

:CB _ � � aQDGF JJ f$Y�

� dlf�g P C[\!d � g�!Gdhf�g�R �
� ó

Ì�¥G©�ª�° 
 ���"��� ­�· ' )�N���«¯ª
®|¥G©D·¹©\ªG·¹©D®v¥Â­l®�®v¥u©\·|©DÆ�¶uªG²�®|«¯¦Aªu·z¥Â­�³A©D®|¥G©�·|­�§�©Dº¯«�§�«�®«�ª % <F d�#�g¸­�·e'_) N ó ËJ��º¯©\­�»|ºsÀA°^Ä�©#²�­�ª~¦A§�«�®
½P¦�®|¥�Æ/­�²�®|¦A»|· � ­�ªG´ \!d � g Æ�¦A»�­DÄ#¥G«�º¯© Y
Ä�©�©\ªG´g¶G¼µÄ#«�®|¥g®v¥u©V©�ÜQ¶Â­l®v«�¦Aªia

H
Y���< g 6 JJ f$Y K

: B _ � � aQDGF JJ f$Y 

� dlf�g P C ! dlf�g�R ��� ó

� ²�²\¦A»¹´G«¯ªu¨�®v¦��AØ �Yã�ö"Ð�
VÑQí Ó�Ú�ùHÖ °¸¶uªG´G©\»$­�½P¦H³�©
²�¦AªG´G«s®v«�¦AªG·�° A
ÜQ¶Â­�®v«�¦Aªx��� ó ­�´u§~«s®v·
®|¥G©D©�±<©\²�®v«s³A©n´G«s±<¶G·|«�¦Aªµ§~­l®v»¹« ���5d � g
Ä#¥G«�²Y¥"«¯·z«�·|¦l®v»|¦�¼G«¯²=a��5d � gJC +9d � g��~­�ªu´
®v¥G©
·¹²�­�º¯­�»�©�±<©\²�®v«s³A©�´G«s±&¶G·¹«¯¦�ª�²�¦Å©��j²�«¯©�ª^®j«�·�·|¶G¼u¼Gº¯«�©\´�½^À¾®v¥G©�Æ�¦�º¯º�¦�Ä#«¯ªG¨É³l­�»¹«�­l®|«¯¦�ªÂ­�º
¼G»¹¦A½Gº�©\§�a +9d � g9CDp\Z���Z [K]��� F Z [K]

����� �"!$#&%�'!)(
* X %�+,(�'!.-/* X %�+0-
a bX:CB _ � � aQDGF � � 
 dhf�g�� 6 d f=R �
1 ó

243�57698;:<3<=?>A@
3L©�®�Sm<�­lªG´xS 6 ®cÄ�¦�ªG©�«¯¨�¥1½P¦A»�²�©\º�º¯·�°�º�©�®�·|­�ÀÈ®v¥Â­�®#S 6 C Sm<7H :=<�°
­lªG´ f <��� � j
Sm<�°-f 6��� � jES 6 ®|¥G©�²\¦A»¹»|©�·|¼P¦AªG´G«�ªG¨�§�«�ªG«�§$¶G§ ¼P¦A«¯ª^®|·Û¦�ÆmBKF�ËoLÈ©�«¯ª^®v»¹¦Å´u¶G²\©�®v¥G©
Æ�¦Aº�º�¦HÄ#«�ªG¨~»v­�ªu´G¦A§ô¦�¼<©�ªg·¹©�®Qa

B MC `CED	fTjT4 6GF Btdlf�gIHKJML

­�ªu´"®|¥G©�©�³�©\ª^®v·�a
NKO FC a�®v¥u©�·|©�®�¦�ÆQP�·|¶u²Y¥�®|¥Â­l®�®|¥G©\»¹©�«�·�­�¼Â­l®|¥¾²\¦AªuªG©\²�®v«�ªG¨kf <��� � ­lªG´ f 6��� �
Ä#¥u«¯²Y¥g½<©�º¯¦Aªu¨A·�®v¦ y dhf <��� � >?:=<wg�­�ªu´"Ä#¥u«¯²Y¥g«¯·�«¯ªu²\º�¶G´G©\´g«¯ª B MC d/PXg�Ë

NKOSRC a¸®|¥G©n·|©�®�¦lÆMP�·¹¶G²Y¥�®|¥Â­l®z®|¥G©\»¹©n«¯·�­�·¹§~¦1¦�®|¥�²�¶G»¹³�©nÆ�»|¦A§ y dhf <��� � >?:=<�g�¦lÆ
º�©\ªu¨�®v¥gªG¦�®�¨A»|©\­l®v©�»�®|¥Â­�ªUTÈ·¹¶G²Y¥�®v¥G­l®�«s®v· <

R
ÝQªG©\«�¨A¥Q½<¦�»|¥G¦1¦Å´�«�·�«�ªG²\º�¶G´G©�´�«�ª

B MC dVPXg�Ë
�



Ãcª¾¦�¶G»$²\­�·|©l° O FC ²\¦A¶Gº�´¾½P©�­�º�·|¦�´G©�ÊÂªu©\´�­�·V®v¥G©�©�³A©�ªQ®Aa~®|¥G©
·¹©�®�¦lÆ0P ·|¶u²Y¥�®|¥Â­l®
B MC d/PXg�� dwSm< � S 6 g�²\¦Aª^®Y­l«¯ªG·{f <��� � ­lªG´#f 6��� � Ë

��º�©�­�»¹º�À � R�� F O4RC C O FC ­�ªG´�°Â¥u©\ªG²�©Va
p\Z��
R����

�od O RC g7C	� d O FC g�R ��
 ó
Ãè®7«¯·¸­�º¯·¹¦�¦A½^³1«�¦A¶G·*®|¥Â­l®7¶GªG´G©�»¸¦A¶G»7­�·|·¹¶G§�¼u®v«�¦AªG·*¦Aª$®v¥u©�·¹®|»|¶G²�®v¶G»¹©z¦�ÆyBÛ°�®|¥G©z­l½<¦�³A©
©�³A©\ª^®|·�­�»|©j«¯ªG´u©\¼P©\ªG´G©�ª^®�Æ�¦A»Û´u«�±<©\»¹©\ª^®�¼Â­�«�»|· dhf <��� � >�f 6��� � gn¦�Æ#ªG©�«¯¨A¥Q½P¦A»$§�«�ªG«�§$¶G§
¼P¦A«�ªQ®|·\Ë

��¦AªG·¹«¯´u©\»�·¹®v­�ªG´Â­�»¹´É½<¦�ªG´�¼<©�»|²\¦�º�­l®|«¯¦�ªÉ§~¦1´G©�º¸¶G·|«�ªG¨µ§�«�ªG«¯§Û¶G§ ¼P¦A«�ªQ®|·n¦�Æ BKF
­�·
·¹«�®|©\·\°Å­�ªG´~º�©�®
���ß½<©�®v¥u©�²�»|«s®v«�²�­�º,¼G»¹¦A½Â­�½u«¯º�«�®cÀ�¦�Æ&®|¥G©�­�¼G¼P©�­�»|­�ªG²\©#¦�ÆP®v¥u©�«�ªuÊÂªG«s®v©
²�º¯¶G·�®v©�»Aa
��� C <

6 Ë L ©�´G©�ÊÂªG©�®v¥G©�RF/
b4=vb�Rm1�3��01�3 8�B0J���­�·zÆ�¦Aº�º¯¦�Ä#·Aa
� d O FC�� gJC

P
` >

¦A»�°G«sÆ*·¹¶G²Y¥�­ J���´G¦1©\·#ªG¦�®#©
�u«�·¹®Aa
J�� C�Z\[S]�8 J_���od O FC g0H <

6 @ C j lon 8 J_���od O FC gX} <
6 @ R ��� ó

Ì�¥G«�·�º�­�·�®�©\ÜQ¶Â­�º�«�®cÀ"«�·\°,«�ª�Æ/­l²�®�°,­lª�­�´u´G«�®|«¯¦�ªÂ­�º ­�·¹·|¶G§�¼u®|«¯¦Aª�Ä#¥G«�²Y¥�«�·�·¹¶G¼G¼P¦A·|©�´g®v¦
½P©nÆ�¶Gº�ÊGº¯º�©\´�º�­�®v©\»#¦Aª&Ë

�Â¦A»�­�º�º z�}�Nn·|§~­�º�ºG©\ªu¦A¶G¨A¥�°��od O FC������ g }
<
6 Ë*Ì�¥Q¶G·\°Q¶G·¹«¯ªu¨ ��
 ó °��od O RC������ g }

<
6Æ�¦A»�·¹¶%�~²\«�©\ª^®vºsÀ�º�­l»|¨A© T*Ë9LÈ©VÊ �"·|¶G²Y¥�­ TÇ­�ªu´�´u©\ªG¦�®|©Û«s®�½^À�T F YGÄ�©$­�º�·|¦~´G©�ªG¦�®v©

� F C	�od O R (C������ g�ËLÈ©n·v­�À�®v¥G­l®�­�½<¦Aªu´ dhf <��� � >�f 6��� � g�«�·�¦A¼<©�ªg«sÆ ®v¥G©�²�¦A»|»¹©\·|¼P¦AªG´u«¯ªG¨ P ½<©�º¯¦�ªG¨A·z®v¦
OSR (C � ��� dlf

<��� � >�f 6��� � g�Ë
� ·�¼G»¹¦H³�©\´�«�ª �ßÐ�â�
pÐ�á Ó�Ú��lÖ °^Æ�¦A»�­�º¯§�¦A·�®�­�º¯º,»¹©�­�º�«¯¬\­l®v«�¦AªG·�­�ªG´�Æ�¦A»�­�º�ºÂ·|¶%�~²�«¯©�ªQ®|º�À

º¯­�»|¨�©��Ç°l®|¥G©�·¹ÜQ¶Â­�»|©"M N > �#R 6*²�¦Aª^®Y­�«�ªG·¸­�®7º�©�­l·¹®"!Vd#� F g$� §$¶u®|¶Â­�º�º�ÀVªG¦AªÛ«¯ª^®|©\»|·¹©\²�®v«�ªG¨
²Y¥Â­lªGªG©\º�·n²\¦�ªGªG©\²�®v«�ªG¨"º¯©�ÆI®�­�ªG´É»¹«¯¨�¥Q®D·|«�´G©\·n¦�Æ�®|¥G©�·|ÜQ¶Â­l»|©�Ë �*«�ªÂ­�º�ºsÀA°&Ä�©�­�»¹»|«s³A©�­l®
®|¥G©nÆ�¦Aº¯º�¦�Ä#«¯ªu¨j²�¦AªG²\º�¶G·¹«¯¦Aªu·Aa

,.-0/QCF8&% R�b�BF7$=+3��v3\1�/�'KB(� PGMON%> ��R 6 R�-07$=@1Vb47SCG1�= 3NBm10CF=�!=d)� F g$� 598:=+8S1�343��
7~-07 b47$=IBF/xCEB�RF=eb47�'�CF5?-E-0=4A <

R (�*
; bf;$B�C R�-07$7~B�RF=vb47�'�3NBMH}=D1�7�T)/
b)' A:=
C�bUT:B�C

-IHD=MA$BJC,+W8S1�/xBJCF8�R�A)=4AS1�= 1�3N-07�'�Bm1:R�A -IH2=4A$B�CEBG; bf;$B�CWV
Btd�-%g0H J��iH z(R � ��. ó

�



U�©�ªG¦�®v©V®v¥G©Û­�½P¦�³A©V¼G«¯¼P©\·�½^À&#�<
>YR R RA> #�� _�� a °��id��Tg�� !=d)� F g$�ÇË!L «s®v¥G¦A¶Å®�º�¦A·|·
¦�Æ1¨A©�ªG©\»|­�º�«�®cÀDÄ�©�­�·|·¹¶G§�©�®v¥Â­l®LÆ�¦�»L­�ª^À�Æ�¶Gªu²�®v«�¦Aª5f��� � dhf�g<·¹¶G²Y¥Û®|¥Â­l® � dvN >�f 6 g	� Nu°� d��#>�f 6 g	� PnÄ�©V¥Â­�³A©=a a 
�� J � d - gJ 


d -�� P
`
P
T F

��¥G©\»¹© 
 «�·�­n³l­�»|«¯­�½Gº�©�´G«¯»¹©\²�®v©\´�­�º¯¦�ªG¨V®|¥G©�¼G«¯¼P©D­�ÆI®v©\»
»¹©\·|²\­�º�«¯ªG¨ ó Ë�ÃcªG´G©�©\´�°1®Y­V�Q«�ªG¨�­
·¹§~¦1¦�®|¥�¼u«¯¼P©�«¯ªG²�º¯¶u´G©\´�«�ª #���­lªG´g²Y¥u¦Å¦A·¹«¯ªu¨G°Â«�Æ7ªG©�²\©\·¹·v­�»�ÀA°<­�º�­�»¹¨A©\»�³l­�º�¶G©�¦�Æ TyF�°
¦Aªu©V²\­�ª�­�²Y¥G«�©�³�©Û®v¥u©Û­l½<¦�³A©�º�¦�Ä�©�»�½P¦A¶GªG´&Ë

� ÆI®|©\»#»|©�·|²\­�º¯«�ªG¨ f�C '"-<° ' C P�_,�È°uÄ�©�ÊÂªG´iaa 
 �� J � dlf�gJ 

d f�� P

`
P
T F '$Ä#«s®v¥&# �� C 'e#�� R��À
®v¥G©��Å¥^Ä�­�»¹®|¬Û«�ªG©\ÜQ¶Â­lº¯«s®cÀ a' 6 P

d T F g 6
P� ��� a 
 �� J � dhf�gJ 


d f�� 6 � � # �� � a 
 �� � � � dlf�g�� 6 d f=R
Ì�¥Q¶G·�° a 
 �� � � � dlf�g�� 6 d f�� '� P

d T F g 6
P

!�<�d)� F g R
�Å¶u§~§�«�ªG¨~¶G¼g¦�³�©\»�� º�©�­�´G·�®|¦ a� _�� aH����< a 
 �� � � � dhf�g�� 6 d f�� !=d)� F g ' '� P

d T F g 6
P

!Q<�d)� F g C
!=d)� F g
!�<�d)� F g

P
dv` T F g 6 R

�Â»|¦�§ � � . ó °uÄ�©�¥Â­�³A©=a

a bX:NMOB _ � � aQDGF � � � dhf�g�� 6 d f � � _�� aH� ��< a 
 �� :NMOB _ � � aEDGF � � � dhf�g�� 6 d f
� :NM _ C������ aEDGF � _�� aH����< a 
 �� � � � dlf�g�� 6 d f� :NM _ C������ aEDGF !Vd#� F g

!�<Ad#� F g
P

d ` T F g 6 R
��·|«�ªG¨TU�©�ÊÂªG«s®v«�¦Aªx��1 ó ¦�Æ +9d � g�°ß­�ªG´�®Y­V�Q«�ªG¨�«�ª^®v¦g­�²\²�¦A¶Gª^®Û®|¥G©�Æ/­�²�®�®|¥Â­l® z «�·$­�ª
­�»¹½G«s®v»v­l»¹À�¼P¦A·¹«�®|«�³�©ÛªQ¶G§Û½<©�»\°ÂÄ�©V¦A½u®v­�«�ªia

p Z�� Z\[S]F � F � p�� �@+ d � g��
�SJ���R
1



����� 698 :<3<=?>A@
3L©�® S{<z­lªG´ S 6 ®cÄ�¦�ªG©\«�¨A¥Q½P¦A»#²\©\º�º�·\°Âº�©�®#·v­�À�®|¥Â­l® S 6 C Sm<yH :=<�°Â­lªG´�f <���
	 j Sm<�°
f 6���
	 j S 6 ®|¥G©�²\¦A»¹»|©\·¹¼<¦�ªG´G«�ªG¨j§~­;�Å«�§$¶G§ ¼P¦A«�ª^®v·#¦�ÆJBGF�Ë

LÈ©V«�ª^®v»¹¦Å´G¶u²\©n®v¥G©�»|­�ªG´G¦A§ô·|©�®Aa
B �C `C D fTjT4 6 �iBtdhf�g/} J L

­�ªu´"®|¥G©�©�³�©\ª^®v·�a
N�� FC a
®v¥u©µ·|©�®�¦lÆIP ·¹¶G²Y¥6®|¥Â­l®�®|¥G©\»¹©µ«¯·�­�¼Â­�®v¥�²\¦AªuªG©\²�®v«�ªG¨ f <���
	 ­�ªG´ f 6���
	
Ä#¥u«¯²Y¥g½<©�º¯¦Aªu¨A·�®v¦ y dhf <���
	 >?:=<�gz­�ªG´"Ä#¥G«�²Y¥�«�·#«¯ªG²�º¯¶u´G©\´g«¯ª B �C d/PXg�Ë

N�� RC a ®v¥G©�·|©�®¸¦�Æ P�·|¶G²Y¥�®|¥Â­l®¸®|¥G©\»¹©z«¯·¸­�·|§�¦1¦�®v¥�²�¶G»¹³�©�¦�Æ,º¯©�ªG¨�®|¥�ªG¦�®�¨A»¹©�­l®|©\»®|¥Â­�ª T�·|¶G²Y¥�®v¥Â­�®#«�®|· <
R
Ý1ªG©�«¯¨A¥Q½P¦A»|¥u¦Å¦1´"«¯·#«�ªG²\º�¶G´G©�´�«�ª B �C d/PXg�Ë

��¦A§�¼Â­l»|«�ªG¨
®v¥u«¯·D·¹©�®¹®v«�ªG¨
Ä#«s®v¥�®v¥u©$¦AªG©Û¶G·|©�´ÉÆ�¦A»�®|¥G©$¼u»|¦1¦�Æ�¦�Æ�®|¥G©$º�¦�Ä�©�»D½<¦�¶GªG´�°
¦Aªu©V²\­�ª"©�­�·¹«¯ºsÀ"·|©�©V®|¥Â­l®Aa

J��GC � q�� 8 J_� �od � FC g0H <
6 @ C ��Z\[i8 J_���od � FC g } <

6 @ R
Ì�¥Q¶G·�°,Æ�¦�»#­�ª^Àµ·|§~­�º�ºL¼<¦�·|«s®v«s³A© z�Ä�©�¥Â­�³�©Va

�od � FC � M � gX} P
` R

Ì�¥G«�·#«¯§�¼Gº�«�©\·�®|¥G©n©��Å«�·¹®|©\ªG²�©�¦�Æ TyFXC TyF;dlzyg }~N~·¹¶G²Y¥g®|¥Â­l®Aa
�od � R (C � M � gX} P

` R
LÈ©�¶G·|©n®v¥u©Vªu¦�®Y­l®|«¯¦�ª � F C �od � R (C�� M � g�Ë

Ãcª
®|¥G©�·|­�§�©�Ä�­�À
­�·�­�½<¦�³�©�¦AªG©�²�­�ª
­�·|·¹©\»�®z®v¥Â­�®�Æ�¦A»�·|¶ �j²�«¯©�ª^®vºsÀ�º¯­�»|¨A© �È°1®v¥G©
·¹Ü1¶G­�»|© MON%> ��R 6 ²�¦Aª^®Y­�«�ªG·#­l®�º�©�­l·¹® !=d)� F g$� §$¶u®|¶Â­�º�º�À�ªG¦Aªµ«�ªQ®|©\»¹·|©\²�®v«�ªG¨�·|§�¦1¦�®v¥ <

R (¼G«�¼P©\·�²\¦�ªGªG©\²�®v«�ªG¨�½<¦l®|®v¦�§ô­�ªu´�®v¦A¼µ·¹«¯´G©�·#¦�ÆL®v¥G©n·¹ÜQ¶Â­�»|©n·¹¶G²Y¥"®v¥Â­l®z­�º�¦AªG¨�©�­l²Y¥�¦lÆ
®|¥G©\·¹©Û¼G«�¼P©\·Aa

Btdhf�g } J��3� z=R
LÈ©�²\¦AªG·¹«¯´u©\»�­�·¹¼<©�²\«sÊÂ²�®v©\·�®#Æ�¶GªG²�®|«¯¦�ª	�
 ·|¶G²Y¥�®v¥Â­l®Aa
�cb ó �
 deN%>�f 6 g � N~­�ªG´
�
 d�P	>wf 6 g	� PA°��
 «�·#²\¦Aª^®v«�ªQ¶G¦A¶G·�°






�cblb ó �
 «¯·V²\¦Aªu·¹®Y­lªQ®$½<©�®cÄ�©�©\ª ­lªQÀÇ¼Â­l«¯»�¦�Æ�²Y¥G­�ªGªG©�º¯· �/¼G«�¼<©�· ó °¸­�ªG´ ­�º�·|¦�½P©�®cÄ�©\©�ª
8�f=� fi<9C N @ ­lªG´~®|¥G©#ÊÂ»|·�®�¼G«�¼P©#Æ�»¹¦A§ ¦Aªu©�·¹«¯´G©l°u­lªG´
½P©�®cÄ�©\©�ª
®v¥G©�º¯­�·¹®�¼G«�¼<©
­lªG´k8�f(� fi<JC)P @ Æ�»|¦A§ ®v¥G©�¦�®|¥G©\»�·¹«¯´G©l°

�cblblb ó ²�»|¦A·¹·|«�ªG¨D©\­�²Y¥�²Y¥Â­�ªGªu©\º-��¼G«�¼<© ó ° �
 §~­V�l©\·
­ � ¶u§~¼$¦�ÆP­�§�¼Gº�«�®|¶G´G© P�_ d�!=d)�
F g$��g�Y

«�ªG·¹«¯´G©�­n²Y¥Â­�ªuªG©\º �
 «¯·
º�«¯ªu©�­�»�«�ª�®v¥G©#´G«�»|©�²�®v«�¦Aª�¦A»�®v¥G¦A¨�¦AªÂ­�º1®v¦n®v¥G©�²�¶G»¹³�©�®|¥Â­l®Æ�¦�»|§�·z®v¥G©�²Y¥Â­lªGªG©\º�·\Ë>�©\ªG²�©#� � �
 � � TyF
_�!Vd#� F g�°,­lªG´"º¯©�®|®v«�ªG¨�' C)P�_,�È°uÄ�©V¨A©�®Aa
Z\[S]

����� �
!.# %� !)(
* X % +,(� !.-/* X % +0-
a bX:CB _ � � aEDGF � � 
 dhf�g�� 6 d f � acbX:CB _ � � aQDGF � � �
 dhf�g�� 6 d f

C a
�������	��

���

:NMOB _ � � aQDGF � � �
 dhf�g�� 6 d f
� T 6F

! 6 d)� F g :NM _ C�� M � aEDGF
C �odhzyg :NM _ C � M � aQDGF

¥G©�»|©�Ä�©�­�º�·|¦¾¶u·|©\´ ®|¥G©�Æ/­�²�®
®v¥G­l®I� � �
 � � N ¦A¶Å®v·|«�´G©�®|¥G©�²Y¥Â­�ªuªG©\º�·\Ë �z­�²?��®v¦
U�©�ÊÂªG«s®v«�¦AªI�
1 ó ¦lÆ + d � g�°ÅÄ�©V¨�©�®1+9d � g/��� dlzyg : M _ C � M � aEDGF Ë�Ì*­=�1«�ªG¨�®v¥u©nº¯«�§$Ý1·|¶G¼�­�·� )�NÅ°uÄ�©�ÊÂªG´ya

p\Z�� jmlonF � F � p���� +9d � g/� �4J��iH z R
�Å«�ªG²�© z�«¯·�­�ª�­�»¹½G«�®|»v­�»�Àµ¼P¦A·|«s®v«s³A©VªQ¶G§$½P©\»�°,®|¥G«�·�»¹©\º¯­l®v«�¦Aª�«¯§�¼Gº�«�©\·Aa

p Z�� j lonF � F � p���� + d � gX� �SJ�� R
����� > 8 6���=��	�
� %ß�Q¡,¢H��� �6*U(! .7�T:BF/�1
	F- ��B�10C�CF8K5v;�=eb�-07SC�P5b47 ;S1�/}=vb�RF8:3\1�/#"_��;$-0=MA$B�C�bNC%$��&$EP2=4A$B
3N-�' * 	FB�AS1 ��b�-0/|-IH
=4A$B2B
'DB�RF=vb ��BkTVb '
8rC�b�-07�+ d � g{b47z=MA$B
CF5�1�343 ��bNCER�-EC�b4=W��Rm10CEB bNC '	b ��BF7	Y��V

p Z��F � F � p�� �@+ d � gJC �SJ��
w A$BF/xBIJ��5bNC2=MA$B9RF/
b4=eb�Rm1�3 �01�3 8�B '	b ��BF7 	Y� >)(FO��

�



� ��� 2$: .1(�*{+32�+ &��A&����o0
	 0 2�*1< . 0 :=<86 2
.32;:=<�+
Ãcª¾®|¥G«¯·$·|©\²�®v«�¦Aª¾Ä�©µ¼G»|¦�³1«¯´u©�®cÄ�¦É´G«s±<©\»|©�ª^®�·|¶%�~²\«�©\ª^®�²�¦AªG´G«s®v«�¦AªG·�Æ�¦A»V³l­�º¯«�´G«s®cÀ ¦lÆ>#ÀÅ¼P¦�®|¥G©\·¹«¯· � Ë � Ë
�
� � �
���6*+(�� BF=d=MA$B|/ 1�7�T:-05 ��BF3\T�B7<_	FB2B +W8S1�3�=I- N B5��BF/ � w A$BF/xBmb47)=4A$B_��b�R�b47[b4=W�-IH�=4A$B�3NB5��BF3�CEBF=��/F�C 8�f F BKF;dhf�gtC BKF;dhf��lg @ B��KR�B ;�=dH'-0/�CE-05?B?7~B�b)' AO	F-0/xA$-E-WT0C
-IH =MA$B CW1�T�TS3NB�;$-;b47$=MCW���6A$BF7 H'-0/)CF8�% R�b�BF7$=U3�� CF5�1�3439z F =4A$B / 1�7�T:-05 �01�/�bU1
	W3NB�C
X dhf���� ��>?:WYlg�P f���� � j ����� �}P uKC P	>
`rPQ1�/�B5b47�T:B ;$BF7�T:BF7$=@�
�V¢H¡�¡�� A
­�²Y¥É¼P©\»¹«¯¦1´G«�²$²�©\º�º*¥Â­�·�®cÄ�¦µ·|­�´G´Gº�©�¼P¦A«�ªQ®|·�f <� ­�ªu´Tf 6� °<Æ�¦A»�©�­l²Y¥É¦AªG©$¦lÆ
®|¥G©\·¹©�·v­�´u´Gº¯©
¼<¦A«�ª^®v· f Y � �/·¹©\©��*«�¨A¶G»¹©�� ó Ä�©�´G©\ªu¦�®v©�½^À f Y g M��� �tC f���� �$­lªG´If Y g ���� �tC
f���� �XHD:WY�®|¥G©�®cÄ�¦ÈªG©�«¯¨�¥1½P¦A»�§�«�ªG«¯§Û¶G§ ¼P¦A«¯ª^®|·\°�·¹À1§$½P¦AºmH ²�¦A»|»¹©\·¹¼<¦Aªu´G·~®|¦�®v¥G©
¨A»¹©�­l®|©\»�³l­�º�¶G©n¦�Æß¦Aªu©n¦�Æ ®v¥G©n²�¦Å¦A»¹´G«�ªÂ­l®v©�·\Ë7�Å«�§�«¯º¯­�»¹º�À�°Â½QÀof Y g ����
	 Cxf����
	#­lªG´ f Y g M���
	 C
f����
	e��: 6 �/«sÆ�uGC P ó ° CDf����
	���:=< �/«sÆ�uGCE` ó Ä�©Û´G©�ªG¦�®|©V®|¥G©�ªG©\«�¨A¥Q½<¦�»�§~­;�Å«�§$¶G§
¼P¦A«�ªQ®|·\Ë

xmax

xmax-e 1

xmax-e 2

xmin xmin+e1

x +emin 2

xs
1Q(   )

x s
1

x s
2

x = -   U (x)
. ∆

0

�*«�¨A¶G»¹© �|a��<ä���ëHØ Ðlá�
#ë�ãuá�ÙÅØ 
vØ ãuá ø æ�ÐlüVüDÑ � � Ú�� Ð���ÑQüVê^í Ðnã���×ÅØçñÅä^Ò�Ð Ú! �

��.



LÈ©�½P©\¨A«�ª~½QÀ~²�¦AªG·¹®|»|¶G²�®v«�ªG¨�­�¼P©\»|«�¦1´G«¯²#Æ/­�§�«�º�À�¦�Æ&·|¶%�~²�«¯©�ªQ®|º�Àj·|§~­�º�º,ªG©\«�¨A¥Q½P¦A»�¿
¥G¦1¦1´G· # dlf��eg�¦lÆ�·v­�´u´Gº¯©Û¼<¦�«¯ª^®v·{f�� j ���ß®v¥Â­l®�¼P¦A·|·¹©\·|·¹©\·�®|¥G©ÛÆ�¦�º¯º�¦�Ä#«¯ªG¨j¼G»|¦�¼<©�»¹®v«�©\·
��·|©\© �*«�¨A¶G»¹©���­lªG´T�7«¯¨A¶u»|© $ ó a

Γ1

Γ2 Γ4

Γ3

0
U (x)=U (x )+

0 s β

0
U (x)=U (x )

0 s

�*«�¨A¶G»¹© $ a��&ãÅãuüÎãuá"êAãÅØïá�
{f <� Øïá�×ÅØ ñuä^Ò�Ð ù�� Ø 
���í Ð�öHÐlí�í Ø�áHÐ�â 8�f(�iBKF�dlf�g C BKF;dhf <� g @Ñ^á�Ù 8�f(�iBKF�dhf�g C,BKF;dhf <� gJH[\ @ ø ÑQá�Ùk
��HÐ�ÙAÐ�ë�ãuüÛê�ãAâYØ 
vØçãÅá��G<Q��� 6 ���������
	jã �
J #odhf

<� g �

�cb ó Æ�¦�»�­�º¯º!f�� j ���è°@# dlf��hg�«¯·~­É·|§�¦1¦�®v¥�´G¦�§j­l«¯ª�®v¥Â­�®�²\¦Aª^®Y­l«¯ªG·~ªG¦�·|«�ªG¨A¶uº�­�»
¼P¦A«�ª^®v·#©��Å²\©�¼u®mf�� Y

�cblb ó ®|¥G©L+,Ý1­�º¯¨�©\½G»|­�·�¨A©�ªG©\»|­l®v©�´"½QÀ#8	BJ<Adhf�g
>Xfkj$#odhf��hg @ ° f�� j ���E°G­�»¹©D«¯ªu´G©\¼P©\ªÅ¿´u©\ª^®-Y
�cblblb ó ®|¥G©\»¹©�©
�Å«¯·�®v· \ }ZN#·|¶G²Y¥V®v¥Â­l®\°�Æ�¦�»7­lº¯º	f��1j ���è°H®v¥u©�Æ�¦Aº�º�¦HÄ#«�ªG¨�´G©\²�¦A§�¼<¦A·¹«�®|«¯¦�ª

«�·"³�­lº¯«�´ia J #odhf��eg C � 	� ��< � � °DÄ#¥G©\»¹©�� � ­�»|©�²�¦AªGªG©�²�®v©�´ ²\¦�§~¼P¦AªG©�ª^®v·�¦lÆ

J #odhf��eg�·¹¶G²Y¥g®|¥Â­l®"BKF;dhf�g/}DBKF�dlf��hg-H \È«�ÆKf�j��G<6�
����°,­�ªG´
��Z\[e'b�� T BKF;dhf�gQHDBKF�dlf��hg �I\J> ��Z\[e'b���� BKF�dlf�g H BGF;dlf��lg�� \J>

� q��e'b�� T�� � � BKF�dlf�g � BKF;dlf��hg-H \ �
�cb � ó Æ�¦�»
­�º¯º[f�� j ��� a¸«�Æ�f�j J #odhf��eg�­�ªG´�BKF;dhf��lg��8\I� BKF�dhf�g/� BKF;dhf��lg H \�®v¥G©�ª

BJ<�dlf�g	� N/Y

�4�



��� ó ­lº¯º
®v¥G©j®v»v­ � ©\²�®|¦A»|«�©\·�¦lÆ�®v¥G©�©�ÜQ¶Â­l®v«�¦Aª��f�C �v��BKF;dhf�gV·¹®Y­l»¹®v«�ªG¨�­l® � 6 °
­�»|©­�®|®v»|­�²�®|©\´ Ä#«s®v¥xf Y g M��� � C f���� ��Ä#¥G«¯º�©É®v¥G©É®|»v­ � ©�²�®v¦�»|«�©\·�·¹®Y­l»¹®v«�ªG¨6­l® �
	�­�»|©
­�®|®v»|­�²�®|©\´µÄ#«s®v¥�f Y g ���� �\Ë

��ªG´G©\»�®v¥G©�­l½<¦�³A©�­�·|·¹¶G§�¼u®v«�¦AªG·n¦Aª BGF�­lªG´ BJ<#®v¥G©$·v­�«�´ÉªG©\«�¨A¥Q½P¦A»|¥G¦1¦1´G·�´G¦
©�³1«s¿
´G©�ª^®vºsÀ"©��Å«¯·�®�«sÆ \ «�·�·¹§~­�º¯ºL©�ªG¦A¶G¨�¥�Ë

LÈ©�­�»|©¾¨�¦A«¯ªu¨ ®v¦ ·¹¥G¦�Ä ªG¦�Ä ®v¥Â­�®�Æ�¦A»Tz|F H \K_	`�®v¥G© »|­�ªG´G¦A§ ³l­�»|«¯­�½Gº�©\·
X dhf���� ��>?:WYlg~­�»¹©g«�ªG´G©�¼<©�ªG´G©�ªQ®\Ë Ì7¦Ç®v¥G«�·
©�ªG´�Ä�©�²�¦AªG·|«�´G©�»�­�»¹½G«�®|»v­�»�À ®cÄ�¦ ªG©\«�¨A¥Å¿
½P¦A»�§�«¯ªu«¯§Û¶G§ ¼<¦A«�ª^®v·{f���� ��­�ªG´�f���� �1H :WY¸­lªG´�­�§�«¯ªu«¯§�«�¬\«�ªG¨
·¹©\ÜQ¶G©\ªu²\©�¦�Æ*²\¶G»�³A©�·
8 ��� d � g @ ·|¶G²Y¥�®v¥Â­�® ��� deN gJCxf���� ��° ��� d�P�g9C f���� �1H :WYE° ��� j y dhf���� ��>?:WYlg�­�ªG´

� q��Fmprq
p[< Btd � d4twg�g/� X dlf���� ��>?:WYhg-H�� R
U�¶G©�®|¦�®v¥u©�·¹®|»|¶G²�®v¶G»¹©µ¦�Æ"BKFj­lªG´ ®v¥u©�²Y¥G¦A«�²\©µ¦�Æ #odhf Y � g�°*®v¥u©µ«¯ª^®v©�»|·¹©\²�®|«¯¦�ª6¦lÆ

� d � g�Ä#«�®|¥ # dlf Y � g�«�·DªG¦Aª^®|»|«s³Å«¯­�º*Æ�¦�»D­�º�º7·¹¶%�~²\«�©\ª^®vºsÀÉ·¹§j­lº¯º��1ËnÃè®�«¯·n­lº¯·¹¦µ²\º�©�­�»�®|¥Â­l®
��� ¦�ªGº�À�«¯ª^®v©�»|·¹©\²�®|· J #odhf

Y � gz­l®#®v¥u©V¼P¦A«�ª^®v·#º¯¦1²�­�®v©\´�­l® � 6 �
�
	�ËJU�©�ªG¦�®v©
	 <JC �oq ��8Etc� � � dMtwg/j�� 6A@ > 	 6 C ��Z [y8EtX} 	 <�� � � dMtwg/j��
	 @ R

��¦HÄ�¦AªG©#²\­�ª�»|©\¼uº�­�²�©�®v¥G©�·¹©\¨A§�©\ª^®|·m8 � d4twg�� N � tX� 	 < @ ­�ªG´�8 � d4twg�� 	 6 � t/�EP @½^ÀÉ®v¥u©jªG©�Ä ¦AªG©�·$«�ªÈ·¹¶G²Y¥ ­µÄz­�À�®v¥G­l®�®v¥G©~²\¶G»�³A©�
� d � gn¦�½u®Y­�«�ªG©�´ «�·Û²�¦Aª^®v«�ª1¶u¦A¶G·\°
·�®v«�º¯ºL½P©\º�¦AªG¨A·�®|¦?y dlf���� ��>?:WYhg�­�ªG´�·v­�®v«�·¹ÊÂ©�·�®|¥G©�©\·¹®|«¯§~­l®|©\·�a

Btd�
� dMtwgwg H X dhf���� ��> :WYhgy> Æ�¦A»#­�º�º~tQH 	 <z­�ªG´)tX} 	 6 R
Ì�¥Q¶G· X dhf���� ��>?:WYlg�¦AªGºsÀ�´u©\¼P©\ªG´G·n¦�ª 8	B7<�dhf�g�� f jI#odhf Y � g @ °�­lªG´�®v¥G©$·¹®Y­�®v©\§�©�ªQ®�¦lÆ®|¥G©�º¯©�§~§~­�Æ�¦Aº�º¯¦�Ä#·\Ë S

Ì�¥G©n¼G»¹¦Å¦lÆ ¦�Æ ®v¥G©nªG©
�1®�­�·|·¹©\»¹®|«¯¦�ª�«�·�·|«�§�«¯º¯­�»�®|¦�®v¥Â­�®�¦�Æ ®v¥G©�¼G»|©�²\©\´u«¯ªG¨~º�©\§�§~­
­�ªu´"Ä#«�º�ºß½P©n¦A§�«s®|®v©�´�Ë
�
� � �
���6* � � BF=[BJ<Adhf�g 	FB�CF=�1�=ebNCF=vb�Rm1�343��GA$-05?-�'KBF7~B�-08rCo��BF3\T�> w A$-ECEB�TVbNCF=U/�bW	W8:=eb�-07SC1�/xBmb47��01�/
bU1�7$= w �N/W�N=��v1�7��JC�A|b H}=4C OJCF8�;�;$-0/}= BmT�	Y� �Kbf;$CER�A|b4=�
.H}8K7~RF=eb�-07SC�P�1�7�T2CF8E;�;$-ECEB=4AS1�=

� B7<�dhf�g��|��z|F-> � B7<�dhf < g �~BJ<Adhf 6 g��|��z <Q� f < �If 6 �
>�f >�f < >wf 6 jT4 6 >
1�7�T =MAS1�= +K8	BJ<�dlf�g�� f j)n < @ 1�7�T&+18	B7<Adlf�g�� fEj n 6 @ 1�/xB�b47�T:B ;$BF7�T:BF7$= w A$BF7��B5��BF/n´G«�·¹®�d n < >
n 6 g }���� �6A$BF7 H'-0/9CF8&% R�b�BF7$=+3��zCF5�1�343yz|F P7z[< 1�7�T���=4A$B�/m1�7�T:-05�01�/
bU1
	W3NB�C X dhf���� �A>?:WYlg�1�/xB b47�T:B ;$BF7�T:BF7$=��

� �



� *��;*��K*1<80X*{+
� ��� ÞÈË ��� AJ3 3 � � A7U � ­�ªG´ � Ë
	uËQÞ � 		U � ËLÞg­l®v¥G©�§~­l®v«�²�­�ºu§~¦1´G©�º¯·�Ä#«s®v¥~©��u­�²�®

»¹©\ªG¦A»¹§~­�º¯«�¬�­�®v«�¦Aª�Æ�¦�»z®v¶G»¹½G¶Gº�©\ª^®�®|»v­�ªu¼<¦A»�®�Ë���-059598:7[b�Rm1�=vb�-07SC"b47�
 1�=4A$BF5�1�=W�
b�Rm1�3���A �EC�b�R�C�° ��$ � a $ 
 � Ý V ���u° � � � . Ë

� � � ÞÈË ��� AJ3 3 � �_AJU � ­lªG´ � Ë�	uËlÞ � 		U � Ë �Å¶G¼P©\»¹´G«�±<¶G·¹«¯¦Aª$«¯ªVªG©�­l»|ºsÀ�·¹®v»|­l®v«sÊÂ©�´
ÍÂ¦�Ä#·�Ë��:����=�1�=@����A �ECW��° � �[� $ Ý V ó a$� 
��HÝ�1	���Å° � ��� �ÅË

� $�� ÞÈË ��� A73 3 � � AJU � ­�ªG´ � Ë�	uË Þ � 		U � Ë � ¼G¼Gº�«¯²\­l®v«�¦AªÇ¦�Æ�­�ªÇ­�¼G¼G»¹¦Q�u«�§~­l®v©
��Ý ��Ý�� ®v¥u©\¦A»�ÀA°
®v¦�­É§�¦Å´G©�º�Æ�¦A»�®|¶G»|½G¶uº¯©�ªQ®�®|»v­�ªG·¹¼<¦�»¹®�°�Ä#«s®v¥�©��u­�²�®~»|©\ªu¦A»�¿
§~­�º�«¯¬\­l®v«�¦Aª�Ë Ãcª���Ë��VËm�Å©�º¯º�©�®�­�º/Ë�°D©\´G«s®v¦�»\° �o8:/;	W8K3NBF7~R�B�b47���8 bUT��
- w CW�! T �07�1�5�b�Rm1�3�C5�ECF=IBF5�C21F;�;�/x-W1:R�A1°ÅÌ�¥G©�Ã�Þ � ³�¦Aº�¶G§�©\·#«¯ª�Þg­l®v¥G©�§~­l®v«�²\·�­�ªG´µ«s®v·
� ¼G¼Gº�«¯²\­l®v«�¦AªG·�°P¼G­�¨A©\· � Ý $ � °[��©�Ä#"�¦�»��,° � � � $ Ë �Å¼G»¹«¯ªG¨�©\» � ©\»¹º�­�¨uË

� V � ÞÈË ��� AJ3 3 � � A7U � ­�ªG´ � Ë
	uËßÞ � 		U � Ë �Å«�§�¼Gº¯©~©��u­�§�¼Gº�©\·VÄ#«�®|¥ÇÆ�©\­l®v¶u»|©\·
¦�Æ�»|©�ªG¦A»¹§j­lº¯«�¬�­l®|«¯¦�ªÇÆ�¦A»�®v¶G»¹½G¶Gº�©\ª^®Û®|»v­�ªu·|¼P¦A»¹®\Ë$��A|b43\���o/ 1�7SCW�&%D�'�6-ERW� � -07�T��
 n° $ V �%a � . ��Ý%� $	$ ° � � � VuË

� � � 	uË
	uË � A � ��Ë)( �07�1�5�b�R�C9-IH2,�3 8 bUT0C b47*�
-0/x-08rC+
 BmTVbU1�Ë^A�º¯·¹©�³1«�©\»\°y��©�Ä,"�¦A»��,°
� ��1	�ÅË

� � � � Ë-"�¶�Ë � A73." � A � ­�ªG´/"�­uË��VË
AJ��AJ��U�Ã A � Ë >�¦A§�¦A¨A©\ªu«¯¬\­l®v«�¦Aª~¦�Æ<®|¥G©#·¹®|¦	��©�·
©�Ü1¶G­l®v«�¦AªG·#Ä#«�®|¥�­�»|­�ªG´G¦A§ô¼<¦�®|©\ª^®v«¯­�º/Ë�
 1�=4AS��0�-0= B�C�°���� �WV ó a $ � � Ý $ 1	�1° � � � �uË

� 1 � � Ë � AJ�"�% 2� � � � �Û°1	uË�3
ËV3LÃ� � �<°A­lªG´2��Ë43 � 3 � ��Ã��  53 �  J�VË� vC5�05v;�=I-0=eb�R
 v7�1�3��EC�bNCDH'-0/5�
BF/
b�-WTVb�R6��=U/}8�RF=U8K/xB�C�°�³A¦Aº�¶G§�©;��¦�Æ+��=U8oTVb�B�C�b477
 1�=4A$BF5�1�=eb�R�C
1�7�T b4=4C) ;�;�3]b�Rm1�=vb�-07SC�ËJ��¦A»¹®|¥1Ý >�¦�º¯º¯­�ªG´�° � � 1�
uË

� 
 � ��Ë � Ë � � ��Þ� 5� � ­�ªG´#3�Ë�8J�VË�>�¦A§�¦A¨A©\ªu«¯¬\­l®v«�¦AªµÆ�¦A»�®|«¯§�©n´G©�¼<©�ªG´G©\ª^® ��Ý U
«�ªG²\¦�§~¼u»|©\·¹·|«�½Gº�©9�V­l¶G·|·¹«�­�ªµÍÂ¦�Ä#·�Ë:3�»|©�¼G»|«�ª^®�Ë

� � � � ËV� � � ��	�Ã � ����­�ªu´/��Ë�3 � 3 � ��Ã��  53 �  J�ÛË ��¦�ªQ³�©\²�®v«�¦Aª�©\ªG¥Â­lªG²\©�´�´G«�±<¶Å¿
·¹«¯¦Aª�Æ�¦�»�¼P©\»¹«¯¦1´G«�²�ÍÂ¦�Ä#·\Ë;�=<> !
?�S-08K/}7�1�3.-075 ;�;�3]b�BmT/
 1�=MA$BF5�1�=eb�R�C�°��NV a $	$	$ ÝV . 
u° � � �NVGË

� ��.�� � ËJ� � ���!	�Ã � �!� ­�ªG´@��ËA3 � 3 � ��Ã��  3 �  J�ÛË~U�«s±&¶G·¹«¯¦�ª�«¯ª�®v¶u»|½G¶Gº�©\ªu²\©�Ë
��/x- 	�1
	Ab43]b4=�� �6A$B�-0/ � 1�7�T2%kBF3\1�= BmT�,Jb�BF3\T0C�° ��. � a ��1���Ý $	$ VG° � � ���ÅË

� �4��� 	uË �A�#Ã AJU$Ë+B�/x-08K7�T w 1�= BF/!�k-0343 8:=eb�-07ÂË A
º�·|©�³1«¯©�»\° � §�·¹®|©\»¹´Â­�§"° � � 1��ÅË
��$



� � � � � Ë � Ë 	�Ã��  � °	�<Ë^ÞÇË��  ��i3K � °�­�ªG´  �Ë � Ë  539A�Ãc��Ã���Ë "�-05?-�'KBF7[b 
E1�=eb�-07z-IH
( b 'DBF/xBF7$=ebU1�3��d;$BF/ 1�=I-0/xC�1�7�T/<�7$= B�'�/m1�3�,68:7~RF=vb�-07�1�3fC�Ë9�Å¼G»|«�ªG¨A©�» � ©\»|º¯­�¨G° � � � VGË

� ��$�� >VË���A7�ÅÌ1AJ�VË �kBF/xR�-03\1�=eb�-07 �6A$B�-0/ � H'-0/ 
 1�=4A$BF5�1�=vb�R�bU1�7SC�°Û³A¦Aº�¶G§�© � ¦lÆ
��/x-�'�/xB�C�C b47 ��/�- 	�1
	Ab43]b4=W��Ë	��«¯»w�Q¥	��¶G·¹©\»\° ��¦�·¹®v¦�ª�° � � 
 �1Ë

� � V � �<Ë
�  ��i31 � Ë ��©�¦A§�©�®|»|«�²g­l·|¼P©\²�®|·�¦�Æ�¥u¦A§�¦A¨A©\ªu«¯¬\­l®v«�¦Aª�Ë@%
8�C�C�bU1�7 
 1�=4A$B5�
5�1�=eb�Rm1�3���8:/5��B5�EC�°�V V �v� ó a � � Ý � V VG° � � 
 �ÅË

� � � � �<ËïÞÈË��  ��i3K � ­�ªG´ � Ë�3
Ë 3 " � Ì{��ÃcÌm���nÃ�
ÃYË � ³�©\»v­l¨A«¯ªu¨Û¦Aªj­�½Â­�²?�Q¨A»|¦�¶GªG´
¦lÆ
³l­�ªG«�·|¥u«¯ªG¨~³1«¯·¹²\¦A·¹«�®cÀ�Ë 
 1�=MAS�  � �=% �c	F-0/}7[b���°�1 . � � ó a �NV � Ý � � � ° � � � � Ë

� � � � � Ë 3�Ë=3 " � Ì{��ÃcÌm���!"Î­�ªu´#�<Ë�ÞÇË��  ��i3K � Ë >�¦A§�¦A¨�©\ªG«�¬�­l®|«¯¦�ª"­�ªG´�³l­�ªG«�·|¥Å¿
«�ªG¨g³1«�·|²�¦A·|«s®cÀAË"Ãcª ��Ë �n»|«�¨A©�º¯«�¦AªG«�·\°7©\´G«s®v¦A»�°;��/x- 	�1
	Ab43]b4=W� �6A$B�-0/ � 1�7�T 
 1�=4A$B5�
5�1�=eb�Rm1�3 ��=�1�=ebNCF=vb�R�CW� � /x-ERW�~,Jb H}=4A��-b43 7[b48rC/��-07'H'BF/xBF7~R�B�P $ (�� (�°1¼Â­�¨�©\· $V$ . Ý $	$ �uË
� � 3��AÞg¦	�Q·|º¯­�·�° � ��� . Ë

� V


