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X YZ[\]^_`[a]Z
bcdefghi jkh lcmmcn fdo cpjfq frsjfcd pictmhq u ofvhd jkh mc wsjfcde cl s ehj cl
wx ejcq hie y zdg s pmswhq hdj lci s q sdxlswjci{ jksj q fdfq frhe jkh exq cl jkh
gfejsdwhe licq smm wx ejcq hie | }kfe pictmhq fe ~dcnd se ����� �� � ������ y sdg
wsd th lciq smfrhg se lcmmcn e u � fvhd s ehj cl pcfdje � � �� � � � � � �� � � sdg s pcfdj
� fd jkh pmsdh y nh ghzdh jkh ��� �� �������� thjnhhd � sdg � t{ �  ¡ ¢�£ u�¤¥¦¡ §� ¨ � §y nkhih §� ¨ � § ghdcjhe jkh ©xwmfghsd gfejsdwh t hjnhhd � sdg � |ª pcfdj « fe ��� �� ¬ ��� cl pcfdj ehj � fl fj q fdfq frhe jkh ®hthi gfejsdwh
t hjnhhd � sdg sd{ pcfdj � fd jkh pmsdh y f |h |y fl �  ¡ ¢« £ � q fd¯¦° ± �  ¡ ¢� £ |}kxe y s ®hthi pcfdj q fd fq frhe jkh exq cl smm gfejsdwhe jc jkh pcfdje fd � |

®hthi pcfdje ksvh t hhd ejxgfhg lci s mcdo jfq h | }kh ziej lciqxmsjfcd cl
jkh pict mhq lci ² � ³ fe t{ ´hiqsj ¢µ¶··£ | }khd fj nse ejxgfhg xdghi gf¸hihdj
seexqpjfcde u t{ bsvsmfhif ¢µ¶¹º y jkihh pcfdje vhijfwhe cl s jifsdomh £ » ´sodsdc¢µºº¼ y ² � ¹£ » }hghdsj ¢µ½ µ·£ » ¾jhfdhi ¢µ½³º£ ¿µÀ | Ácnhvhi y ®hthi nse pictstm{
jkh ziej nkc ejsjhg jkfe pict mhq n fjk jkh pxipceh cl q fdfq frfdo jkh exq cl jkh
jisdepcijsjfcd wceje licq jkh p msdj jc ecxiwhe cl isn qsjhifsm sdg jc jkh q si~hj
whdjhi u khdwh y jkfe pictmhq lci ² pcfdje kse thwcq h ~dcnd se jkh Â �Ã��Ä�ÅÆ �Ç
����� pict mhq ¿ÈÀ |
É nÊmoroËoÌ kÍ }ÎÌklÌorÏpq jkÐÑËoÌl ÒÏrÌÊÏÌ u Ó}Ô ÕËlrÏÎ u ÖpÊ×ÌlÌØØ u Ï rÌqrÌÙpÚÛÜ rÊÍ |ÌoÎÝ |ÏÎÞßÊ ràÌlmro áp × r z rmp u ÑlÌÊÏrÑÌÜ× r |ËÊ rÑ r |ro
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´foxih µu ©�sqpmh lci fdjiswjstmh ¼ pcfdje wcdzoxisjfcd ¿¹À

�l jkh pcfdje fd � sih cd s mfdh sdg jkh dxqthi cl pcfdje ² fe hvhd y jkhd pcfdj
« fe ®hthi pcfdj cl � fl sdg cdm{ fl fj fe p cefjfcdhg thjnhhd jkh jnc qhgfsd
pcfdje y fdwmxefvh ¢dcjh jksj fd jkfe wseh jkh ®hthi pcfdj fe dcj xdf�xh£ | �d jkh
cjkhi ksdg y fl ² fe cgg y jkhd jkh q hgfsd pcfdj fe jkh xdf�xh ®hthi pcfdj cl � |
Áhdwh y lci wcmmfdhsi pcfdje jkh ®hthi pcfdj ¢e£ sih ~dcnd |

�l jkh pcfdje sih dcj wcmmfdhsi y jkhd s ®hthi pcfdj lci jkh pcfdje h� feje y sdg
fj fe xd f�xh ¿�À | �d jkh lcmmcn fdo y nh n fmm smns{e seexq h jksj jkh pcfdje sih dcj
wcmmfdhsi ¢khdwh y ² � ³£ |

�tehivh jksj fd ohdhism y s ®hthi pcfdj fe gfejfdwj licq jkh whdjhi cl oisvfj{y
ghzdhg t{ � � ��� u� �� ¤�

�� � � � y jksj q fdfq frhe jkh exq cl e�xsihe cl gfejsdwhe
jc smm pcfdje fd � | }kh whdjhi cl oisvfj{y fd wcdjisej jc jkh ®hthi pcfdj y fe
dcj fdvsifsdj xdghi ejisfokj mfdh qcvhq hdj jcnsige fj | ´ci s qcih ghjsfmhg
gfewxeefcd cd jkh gf¸hihdwhe t hjnhhd ®hthi pcfdje sdg whdjhie cl oisvfj{y ehh
¿½À |

�c zdfjh smocifjkq wsd h� fej jksj zdge jkh ®hthi pcfdj cl sd{ sitfjisi{
ehj cl pcfdje y efdwh zdgfdo jkh ®hthi pcfdj fe h�xfvsmhdj jc ecmvfdo pcm{dcq fsm
h�xsjfcde cl kfok ghoihh ¢nkfwk fe ~dcnd jc th fdjiswjstmh£ | �d psijfwxmsi y
smihsg{ lci jkh efqpmh wcdzoxisjfcd cl ¼ pcfdje ekcnd fd ´foxih µ jkh ®hthi
pcfdj wsddcj t h wcqpxjhg ¿¹À | Ácnhvhi y ehvhism sppic� fq sjfcd smocifjkq e wsd
th lcxdg fd mfjhisjxih | ´ci fdejsdwh y fd ¿µ·À y sd fdjhiejfdo fjhisjfvh ohcq hjifwsm
wcdejixwjfcd jc sppic� fq sjh jkh ihofcd cl jkh pmsdh nkhih jkh nhthi pcfdj
fe y fe pihehdjhg | �jkhi sppic� fq sjfcd smocifjkq e lci jkfe pict mhq ksvh thhd
pihehdjhg fd ¿º y ¶À |

�d jkh cjkhi ksdg y fd ecq h pcfdj wcdzoxisjfcde fj fe fdghhg pceeftmh jc ghjhi�
q fdh jkh ®hthi pcfdj | �d lswj y fj q fokj t h pceeft mh jc zdg jkh iccje cl jkh ziej
ghifvsjfvh cl �  ¡ ¢� £ y jkxe wsdgfgsjhe lci jkh ®hthi pcfdj | � cihcvhi y fd ecq h
ephwfsm ohcq hjifw psjjhide jkh ®hthi pcfdj wsd th wksiswjhifrhg fqqhgfsjhm{|
´ci fdejsdwh y fl jkhih sih jnc ¢ci qcih£ e{qqhji{ s�he lci jkh pcfdje y jkhd jkh
®hthi pcfdj fe sj jkh fdjhiehwjfcd cl jkheh s�he y efdwh fj fe xdf�xh | � cihcvhi y
fl jkh pcfdje sih icjsjfcdsm e{qqhjifw y jkhd jkh ®hthi pcfdj fe sj jkh whdjhi
cl icjsjfcdsm e{qqhji{| �tehivh jksj jkh h�sqpmh fd ´foxih µ smihsg{ fqpmfhe
jksj zdgfdo jkh ®hthi pcfdj fe ksig lci ecqh ep hwfsm ohcq hjifw psjjhide y h |o | fl
jkhih fe cdm{ cdh s� fe cl e{qqhji{y ci fl jkh pcfdje sih cd s wfiwmh ¢t{ qcvfdo
jkh pcfdj ¢· � ·£ jc

�d jkfe psphi y nh pihehdj sdg fdvhejfosjh sdcjkhi ohcq hjifw psjjhid nkhih
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´foxih � u ©�sqpmh lci s£ h�xfsdoxmsi wcdzoxisjfcd ¢² � ½£ t£ h�xfsdoxmsi
wcdzoxisjfcd ¢² � ¼£ w£ tfsdoxmsi wcdzoxisjfcd ¢² � ½£

´foxih ³ u ©�sqpmhe lci pcfdje dcj fd h�xfsdoxmsi wcdzoxisjfcd ¢² � ¼ sdg
² � µµ£

jkh ®hthi pcfdj wsd th lcxdg fd mfdhsi jfq h y dsq hm{ tfsdoxmsi pcfdj wcdzoxis�
jfcde | Áhih y nh es{ jksj ² pcfdje � � �� � � � � � �� � � sih fd �ÅÄÃÂ� �Ä� ��Ã� Â��Ä	Å�Ã
fl jkhih h� feje s pcfdj 
 �� �� � � � � � �� � �  jkh ��Ã 	�� �� �ÅÄÃÂ� �Ä�Å	�  sd cighi�
fdo cl jkh pcfdje y sdg jnc sdomhe� � � � � · exwk jksj hswk jnc sg� swhdj pcfdje
lciq sd sdomh � ci � n |i |j | 
 y sdg jkh sdomhe smjhidsjh ¢ehh ´foxih � |w£ | �d jkh
ephwfsm wseh nkhih jkh jnc sdomhe � sdg � sih h�xsm y nh es{ jksj jkh pcfdje sih
fd ��� ÅÄÃÂ� �Ä� ��Ã� Â��Ä	Å�Ã ¢ehh zo | � |s y � |t £ | ´ foxih ³ ekcn e jksj qcej ehje cl
pcfdje fd jkh pmsdh sih dcj t fsdoxmsi |

�l jkh pcfdje sih fd tfsdoxmxsi wcdzoxisjfcd sdg jkh jnc sdomhe � sdg � sih
gf¸hihdj y jkhd t{ ghzdfjfcd ² fe hvhd y efdwh jkh sdomhe smjhidsjh | �d wcdjisej y ²
wsd th hvhd ci cgg fl jkh pcfdje sih fd h�xfsdoxmsi wcdzoxisjfcd ¢� � � £ |

� fsdoxmsifj{ fe fd s ns{ s ohdhismfrsjfcd cl icjsjfcdsm e{qqhji{ u ª eexqh
jksj jkh wcdzoxisjfcd fe tfsdoxmsi n fjk whdjhi 
 y sdg fd sggfjfcd smm pcfdje sih
cd s wfiwmh n fjk whdjhi 
 | }khd jkh wcdzoxisjfcd fe icjsjfcdsm e{qqhjifw se
nhmm | Áhdwh y 
 fe jkh ®hthi pcfdj cl jkheh pcfdje | �tvfcxem{y qcvfdo sd{ cl jkh

�d qq pÊØ qÌm plÌ klrÌÊoÌ× u mp{ ÏkËÊoÌlÏqkÏÚ� rmÌ |

³



pcfdje ejisfokj fd jkh gfihwjfcd cl jkh whdjhi cl tfsdoxmsifj{ 
 gche dcj wksdoh
jkh sdomhe n |i |j | 
 y sdg jkh pcfdje ihq sfd fd t fsdoxmsi wcdzoxisjfcd n fjk jkh
esq h whdjhi |� | Áhdwh y jkh whdjhi cl tfsdoxmsifj{ fe smns{e jkh ®hthi pcfdj cl
jkh pcfdje |

ª e q hdjfcdhg thlcih y ®hthi pcfdje ksvh q sd{ sppmfwsjfcde fd hwcdcq fwe sdg
ecwfsm e{ejhq e | Ácnhvhi y cxi fdjhihej sifehe licq jkh wcdjh�j cl ictcjfwe y dsq hm{
jkh pictmhq cl wccigfdsjfdo s ehj cl �ejxpfg� sxjcdcqcxe qctfmh ictcje jksj
wsddcj wcqqxdfwsjh sj smm sdg jksj wsd cdm{ ctehivh jkh pcefjfcd e cl smm cjkhi
ictcje | }khfi jse~ fe jc osjkhi sj sd{ sit fjisi{ pcfdj fd jkh pmsdh jksj fe dcj
z�hg fd sgvsdwh | ª mjkcxok ®hthi pcfdje wcxmg � fd pifdwfp mh � ehivh se qhhjfdo
pcfdje y jkh{ gc dcj ecmvh jkh pict mhq efdwh jkh{ wsddcj th wcqpxjhg lci sd{
pcfdj ehj | �hwhdjm{y tfsdoxmsi wcdzoxisjfcde ksvh t hhd sppmfhg exwwheelxmm{ jc
osjkhi jkh ictcje u fd q sd{ fdfjfsm wcdzoxisjfcde cl jkh ictcje y jkh{ wsd ziej
wksdoh jkhfi pcefjfcd e exwk jksj jkh wcdzoxisjfcd thwcq he t fsdoxmsi y sdg jkhd
jkh{ osjkhi sj jkh whdjhi cl t fsdoxmsifj{ ¢nkfwk fe fd lswj jkh ®hthi pcfdj£ | ´cis qcih ghjsfmhg gfewxeefcd y ehh ¿³À |}kh ihq sfdghi cl jkh psphi fe ciosdfrhg se lcmmcn e | �d ¾hwjfcd � nh pihehdj
ecq h tsefw picphijfhe cl ®hthi pcfdje sdg tfsdoxmsi wcdzoxisjfcde | }khd nh
pihehdj jkh mfdhsi jfq h smocifjkq jc zdg jkh whdjhi cl tfsdoxmsifj{ ¢fl sd{£ fd
¾hwjfcd ³ | ´ fdsmm{y nh gisn wcdwmxefcde fd ¾hwjfcd ¹ |

� � a�Z�_ ��\ 	]Z
 �_\�[a]Z� �Z^ �� \ �]aZ[�

�d jkfe ehwjfcd y nh pihehdj ecqh tsefw picp hijfhe cl tfsdoxmsi wcdzoxisjfcde sdg
®hthi pcfdje y sdg fd psijfwxmsi jkhfi wcddhwjfcd |

´ fiej y ctehivh jksj fl jkh pcfdj wcdzoxisjfcd cl ² pcfdje � � �� � � � � � � � � � fe
icjsjfcdsm e{qqhjifw n fjk icjsjfcd whdjhi � y jkhd � fe jkh ®hthi pcfdj cl � u }c
ehh jkfe y mhj � th jkh sdomh cl icjsjfcdsm e{qqhji{| �hj � �� th jkh pcfdj sifefdo
licq � � sljhi icjsjfcd t{ � sicxdg � y lci µ � � � ² | �hj « th jkh ®hthi pcfdj
cl �� � � � � � �� � �y sdg « � jkh pcfdj sifefdo licq « sljhi jkh icjsjfcd | }khd « � fejkh ®hthi pcfdj cl �� �� � � � � �� �� � y efdwh smm pcfdje nhih icjsjhg t{ jkh esq h sdomh |
¾fdwh jkh pcfdje sih icjsjfcdsm e{qqhjifw y nh ksvh �� � � � � � � � � � � �� �� � � � � � � �� �|}khd « � « � y efd wh jkh ®hthi pcfdj fe xdf�xh | �tvfcxem{y jkh whdjhi cl icjsjfcd
� fe jkh cdm{ pcfdj jksj ihq sfde fdvsifsdj xdghi icjsjfcd sicxdg � y jkxe jkh
®hthi pcfdj « qxej t h jkh whdjhi cl icjsjfcd � |

� efdo jkfe y fj fe hse{ jc ehh jksj fl ² pcfdje sih fd tfsdoxmsi wcdzoxisjfcd y
jkhd jkh whdjhi cl tfsdoxmsifj{ fe jkhfi ®hthi pcfdj y sdg khdwh xdf�xh |
��� � � �� �Å��Ã Ä ��	 �� ² ��ÅÃ 	� � � �� � � � � � �� � � � �� 	� � � �ÅÃ 	� Ä�� ÅÃ �ÅÄÃ  
Â� �Ä� ��Ã� Â��Ä	Å�Ã ! Å	� ��Ã 	��� �ÅÃ 	 
 " 	� �Ã 
 Å� 	� � ����� � �ÅÃ 	 �� � � # �������"
	� � ��Ã 	�� �� �ÅÄÃÂ� �Ä�Å	� 
 ÄÃÇ 	� � ÄÃÂ ��� �� �ÅÄÃÂ� �Ä�Å	� � ÄÃÇ � Ä�� �ÃÅ����

$ no rm ÌàÌÊ ÑkmmrÙ qÌ ok lÌqp% oÎÌ ×Ì&Ê ro rkÊ kÍ Ù rpÊØË qpl ÏkÊ&ØËlporkÊm pÊ× pqqk� ' (Ö) � * + + + *) , Û | nÊ oÎ rm ÏpmÌ u pqq p×- pÏÌÊo ÑkrÊom ÍklÐ pÊØ qÌm . kl / pÊ× oÎÌ{ pqoÌlÊpoÌ u Ì%0ÏÌÑo Íkl mkÐÌ ØpÑm ÍlkÐ oÎÌ ÑkrÊom oÎpo plÌ po ' | Ôk�ÌàÌl u Íkl mpÚÌ kÍ mrÐÑ qrÏ ro{ �Ì � rqq ÊkoÏkÊmr×Ìl oÎ rm mÑÌÏ rpq ÏpmÌ |
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´foxih ¹ u bcdejixwjfdo s wfiwmh licq � � � � � � � � � t{ ejisfokj qcvhq hdj jcnsige 
 |

� ���� � �fvhd pcfdje � fd t fsdoxmsi wcdzoxisjfcd n fjk whdjhi 
 y mhj � th jkh
q fd fqxq gfejsdwh thjnhhd s pcfdj fd � sdg 
 | �hj � � � �� �� � � � � �� �� � th jkh
ehj cl pcfdje jksj sifehe nkhd nh qcvh smm p cfdje ejisfokj fd jkh gfihwjfcd cl

 xdjfm jkh{ smm ksvh gfejsdwh � licq 
 ¢wl | ´ foxih ¹£ | }khd smm p cfdje fd � �sih cd s wfiwmh n fjk whdjhi 
 sdg isgfxe � | ¾fdwh jkh sdomhe thjnhhd sg� swhdj
pcfdje n |i |j | 
 sih jkh esq h fd � sdg � � y jkh pcfdje fd � � sih fd t fsdoxmsi
wcdzoxisjfcd se nhmm | � cihcvhi y jkh pcfdje sih dcn icjsjfcdsm e{qqhjifw n fjk
icjsjfcd sdomh � ��	
�� � � � � y sdg icjsjfcd whdjhi 
 | }kxe y 
 fe jkh ®hthi pcfdj
cl � � | ¾fdwh � sifehe licq � � t{ qcvfdo hswk pcfdj jc fje cifo fdsm pcefjfcd y sdg
efdwh smm jkheh qcvhq hdje sih ejisfokj sns{ licq 
 y sdg efdwh jkh ®hthi pcfdj
fe fdvsifsdj xdghi ejisfokj qcvhqhdj y 
 fe jkh ®hthi pcfdj cl � se nhmm |

¾fdwh jkh ®hthi pcfdj fe xdf�xh ¢ihwsmm jksj nh smns{e seexq h jksj jkh pcfdje
sih dcj cd s mfdh£ y sd{ pcfdj ehj wsd ksvh sj qcej cdh whdjhi cl tfsdoxmsifj{y
fdghp hdghdj cl jkh sdomhe | �d jkh cjkhi ksdg y sd{ pcfdj 
 ghzdhe s xdf�xh
cighifdo cl smm p cfdje h�whpj lci jkceh jksj sih cd s esq h mfdh ejsijfdo fd 
 ¢es{
wcxdjhiwmc w~n feh£ | Áhdwh jkh eh�xhdwh cl sdomhe thjnhhd sg� swhdj pcfdje ¢nkhih
ecq h sdomhe q fokj t h rhic£ fe xdf�xh |

�d cxi smocifjkq jc zdg jkh whdjhi cl tfsdoxmsifj{y fl sd{y nh n fmm xeh �� Ä���
�Å����� jksj sih ghzdhg se lcmmcn e ¢ihlhi jc ´foxih ¼£ u
 ������� ���� ��� ������� � ��	 � ÄÃÇ � �� 	! � ÇÅ��	ÅÃ�	 � �ÅÃ 	� �Ã 	� � � �ÄÃ�"ÄÃÇ � ÄÃ ÄÃÂ ��" ! Å	� ·� � � � µ½·� � � �Å���� � Å� Ä ��� ��� ������  � �����
� � �� � ÄÃÇ � Å� � ÄÃÇ � Ä�� �Ã � ÄÃÇ 	� ��� Å� Ä � �ÅÃ 	 � �Ã � ���� 	� Ä	
� ¢� � � � � £ � � �

}kh dsqh �}ksmhe wfiwmh� ihlhie jc }ksmhe cl � fmhjxe y nkc ziej ekcnhg jksj
smm sdomhe fd s ehq fwfiwmh ksvh È·� | �d lswj y fj fe nhmm�~dcnd licq tsefw ohcq hji{
jksj smm sdomhe cd cdh efgh cl s wfiwxmsi ehoq hdj sih h�xsm y f |h |y ofvhd s }ksmhe
wfiwmh � cl sdomh � lci pcfdje � sdg � y jkhd � ¢� � � � � £ � � lci smm p cfdje � cd
� jksj sih cd jkh esq h wfiwxmsi ehoq hdj cl � | � cihcvhi y fl ·� � � � µ½·�
sdg � fe s }ksmhe wfiwmh cl sdomh � lci pcfdje � sdg � y jkhd � fe s }ksmhe
wfiwmh cl sdomh µ½·� ¨ � lci jkh jnc pcfdje se nhmm u �hj � th jkh whdjhi cl � y
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´foxih ¼ u ª }ksmhe wfiwmh cl sdomh � |

mhj � th jkh p hip hdgfwx msi tfehwjci cl jkh mfdh ehoqhdj licq � jc � ¢wl | ´ foxih
¶£ y sdg mhj � sdg � th jkh pcfdj cd � jksj sih cd � | ¾fdwh � fe s }ksmhe
wfiwmh y nh ksvh sdomh � fd cdh cl jkheh jnc pcfdje y es{ � | �hj � � � ¢� � � � � £ |
�cfdje � sdg � sih cppcefjh pcfdje cd � | }kxe y � fe s }ksmhe wfiwmh cl sdomh
È·� lci � sdg � | }kfe {fhmge � ¢� �� � � £ � È·� | ® fjk � ¢� � � � � £ � �� y nh ohj
�
� � � ¢� � � � � £ � µ½·� ¨ � ¢� �� � � £ ¨ � ¢� � � � � £ � µ½·� ¨ È·� ¨ �� � È·� ¨ �� | }kfe{fhmge � � µ½·� ¨ � |
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´foxih ¶ u ª }ksmhe wfiwmh cl sdomh � lci � sdg � fe s }ksmhe wfiwmh cl sdomh
µ½·� ¨ � se nhmm |

�hj ² pcfdje th fd h�xfsdoxmsi wcdzoxisjfcd n fjk whdjhi � y sdg mhj � � �	
�� |
}khd jkhih fe sd cighifdo cl jkh pcfdje exwk jksj hswk jnc sg� swhdj pcfdje ksvh
sdomh � n |i |j | � | Á hdwh y � qxej mfh fd jkh fdjhiehwjfcd cl jkh wciihepcdgfdo ²
}ksmhe wfiwmhe cl sdomh � | }kfe {fhmge s efqpmh ¢sdg vhi{ fdh� wfhdj£ smocifjkq jc
zdg jkh whdjhi cl h�xfsdoxmsifj{y fl fj h� feje u ´ fiej y nh wcqpxjh smm phiqxjsjfcde
cl jkh pcfdje | ´ci hswk phiqxjsjfcd y nh wcqpxjh tcjk }ksmhe wfiwmhe cl sdomh
� lci sg� swhdj pcfdje | }khd nh fdjhiehwj hswk ehmhwjfcd cl ² cl jkheh wfiwmhe |

¶



�l jkh{ fdjhiehwj fd h�swjm{ cdh pcfdj y jkhd jkfe fe jkh whdjhi cl h�xfsdoxmsifj{|
�l jkh fdjhiehwjfcd fe hqpj{ lci smm phiqxjsjfcde sdg smm ehmhwjfcde cl }ksmhe
wfiwmhe y jkhd jkh pcfdje sih dcj fd h�xfsdoxmsi wcdzoxisjfcd | ´ci t fsdoxmsi
wcdzoxisjfcde y s efq fmsi sppicswk fe pceeft mh y efdwh ² pcfdje sih fd t fsdoxmsi
wcdzoxisjfcd fl sdg cdm{ fl jkh{ wsd th psijfjfcdhg fdjc jnc gfe�cfdj extehje ec
jksj jkh{ sih fd h�xfsdoxmsi wcdzoxisjfcd n fjk jkh esq h whdjhi |

�tvfcxem{y jkheh e~hjwkhg smocifjkq e ksvh zdfjh y txj exphi�h�pcdhdjfsm ixd�
dfdo jfq h | �j fe pceeftmh jc fqpicvh jkh smocifjkq e jc ctjsfd s pcm{dcq fsm
ixddfdo jfq h y txj nh stejsfd licq pihehdjfdo jkfe y efdwh nh n fmm ofvh smocifjkq e
n fjk mfdhsi ixddfdo jfq h fd jkh ¾hwjfcd ³ |

®h wcdwmxgh jkfe ehwjfcd n fjk ekcn fdo kcn jc wcdejixwj s }ksmhe wfiwmh cl s
ephwfzw sdomh � fd wcdejsdj jfq h u
��� � � � � �Å��Ã 	! � � �ÅÃ 	� � � � ÄÃÇ ÄÃ ÄÃÂ �� � ¢·� � � � µ½·� £ " Ä �� Ä���
�Å���� �� ÄÃÂ �� � � �� � ÄÃÇ � �ÄÃ �� ��Ã�	���	�Ç ÅÃ ��Ã�	ÄÃ 	 	Å� � � # �������"
	� ��� Å� �� Ä�	�� �Ã� �� Ä��� �Å���� �� ÄÃÂ �� È·� " ÄÃÇ 	� ��� Ä�� �� Ä�	�� 	! � �� Ä���
�Å����� �� ÄÃÂ �� � �� È·� � �� � ÄÃÇ � �

r

d q

c

t

h

r

M

p

x

´foxih º u bcdejixwjfcd cl s }ksmhe wfiwmh cl sdomh �

� ���� � ®h ziej ekcn kcn jc wcdejixwj s }ksmhe wfiwmh cl sdomh � nkhih � � È· u
�hj � u� §� ¨ � §y � th jkh mfdh ehoq hdj licq � jc � y sdg � th jkh � mhljksdghg�
psij cl jkh p hip hdgfwx msi tfehwjci cl � ¢wl | ´ foxih º£ | �hj

� u� �
� jsd ��

�

sdg mhj � th jkh pcfdj cd � nfjk gfejsdwh � licq � | }khd nh ksvh � ¢� � � � � £ �
� | }c ctjsfd � y nh xeh jkh lswj jksj � � � ¢ �� £� � �� sdg � � � � � | }kfe ofvhe
xe
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�hj � th jkh pcfdj cd � nfjk gfejsdwh � licq � sdg � th jkh wfiwmh n fjk
whdjhi � sdg isgfxe � | }khd � � � sdg � sih cd � sdg nh ksvh � ¢� � � � � £ � � |
}kxe y � fe s }ksmhe wfiwmh cl sdomh � |

�l � � È·� y jkhd jkh wfiwmh � nkfwk kse � sdg � cd s gfsq hjhi fe s }ksmhe
wfiwmh | ´ci � � È·� y nh wsd xeh jkh wcdejixwjfcd stcvh lci s }ksmhe wfiwmh cl
sdomh µ½·� ¨ � | }khd �hqqs � fqpmfhe jksj jk fe fe smihsg{ s }ksmhe wfiwmh cl
sdomh � se nhmm |

´ci jkh ehwcdg wmsfq y ctehivh ziej jksj hswk }ksmhe wfiwmh wsd th � fpp hg
smcdo jkh mfdh ehoqhdj licq � jc � | }kfe {fhmge s ehwcdg }ksmhe wfiwmh y h�whpj
lci jkh wseh cl � � È·� | �c qcih }ksmhe wfiwmhe wsd h� fej y efdwh smm }ksmhe wfiwmhe
lci � sdg � fdjhiehwj fd jkh jnc pcfdje y sdg hswk wfiwmh n fjk isgfxe gf¸hihdj licq
� se wcdejixwjhg stcvh {fhmg gf¸hihdj sdomhe |

� � aZ�\ � ��]\a[�� � 	]\ 
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�d jkfe ehwjfcd y nh pihehdj smocifjkq e jc zdg jkh whdjhi cl h�xfsdoxmsifj{ ci
tfsdoxmsifj{y fl sd{| ´ci jkh wseh cl h�xfsdoxmsifj{y nh gfejfdoxfek jnc wsehe
ghphdgfdo cd jkh psifj{ cl ² y jkh dxqthi cl pcfdje | }kh smocifjkq lci ² hvhd
{fhmge fqqhgfsjhm{ sd smocifjkq jc zdg jkh whdjhi cl t fsdoxmsifj{y fl sd{|
��� � �  � �Å��Ã ² � �ÅÃ 	� � � �� � � � � � �� � � " ! Å	� ² ���Ã " 	� ��� Å� ÄÃ Ä�Â ��Å	��
! Å	� ��ÃÃÅÃÂ 	Å� � �ÅÃ�Ä� ÅÃ ² 	� Ä	 Ç��ÅÇ�� !� �	� �� 	� � � �ÅÃ 	� Ä�� ÅÃ ��� ÅÄÃÂ� �Ä�
��Ã� Â��Ä	Å�Ã " ÄÃÇ Å� ��" ��	� �	� 	� � ��Ã 	�� �� ��� ÅÄÃÂ� �Ä�Å	� �
� ���� � �l ² � � y jkhd jkh pcfdje sih smns{e fd h�xfsdoxmsi wcdzoxisjfcd | Áhdwh y
nh wsd seexqh jksj ² � � |ª eexqh lci s qcqhdj jksj jkh pcfdje sih fd h�xfsdoxmsi wcdzoxisjfcd n fjk
whdjhi � | ´ci hvhi{ pcfdj � � � jkhih fe h�swjm{ cdh wciihepcdgfdo pcfdj � � � �
cd jkh picmcdosjfcd cl jkh mfdh licq � jc � ¢jkhih wsddcj th qcih jksd cdh pcfdj
cd jkfe mfdh y efdwh jkfe ncxmg fqpm{ sd sdomh cl ·� thjnhhd jkheh pcfdje n |i |j |
�£ | Áhdwh y jkh mfdh jkicxok � sdg � � gfvfghe jkh ehj cl pcfdje fd jnc extehje cl
h�xsm wsigfdsmfj{ ² �� ¨ µy sdg � mfhe cd jkh fdjhiehwjfcd cl smm jkheh mfdhe | }kfe
n fmm t h xehg fd jkh lcmmcn fdo jc zdg � y fl fj h� feje |

½



�fvhd pcfdj ehj � y nh ziej wcqpxjh s pcfdj � cd jkh wcdvh� kxmm cl �
¢ctehivh jksj jkh mfdh nkfwk gfvfghe jkh ehj cl pcfdje fd jnc extehje cl h�xsm
wsigfdsmfj{ fe cd m{ xdf�xh lci pcfdje cd jkh wcdvh� kxmm£ | �dejhsg cl wcqpxjfdo
jkh hdjfih wcdvh� kxmm fjehml � nkfwk ncxmg js~h jfq h � ¢² mco ² £ � nh js~h se �sd{ pcfdj n fjk q fd fq sm ��wccigfdsjh | }kfe fe s pcfdj cd jkh wcdvh� kxmm | }khd
nh wcqpxjh jkh emcp h cl jkh mfdh licq � jc � � lci smm p cfdje � � �� � y sdg ejcih
jkhq ¢xdecijhg£ fd sd siis{| ®h pfw~ ecq h qhgfsd hmhq hdj � � fd jk fe siis{ cl
emcphe sdg wsmm jkh wciihepcdgfdo mfdh licq � jc � � � ¯ y jkh � �ÇÅÄÃ �ÅÃ � cl � |}kfe js~he jfq h mfdhsi fd ² y efdwh ehmhwjfdo jkh � �jk hmhq hdj � sdg wcdeh�xhdjm{
jkh q hgfsd se nhmm � fd sd siis{ wsd th gcdh fd mfdhsi jfq h ¿¼À | �l jkhih sih
sd{ cjkhi pcfdje cd jkh mfdh � ¯ licq � jc � � y jkhd jkh pcfdje fd � wsddcj th
fd h�xfsdoxmsi wcdzoxisjfcd | �jkhin feh y � ¯ ehpsisjhe jkh pcfdje fd � fd jnc
extehje cl efrh �

� ¨ µ|
®h wkcceh s ehwcdg pcfdj � se s pcfdj n fjk q s� fq sm emcph fd jkh siis{| �l

jkhih fe q cih jksd cdh wsdgfgsjh lci � y jkhd nh js~h jkh cdh wmcehej jc � | }khdpcfdj � fe jkh dhfoktcxi cl � cd jkh wcdvh� kxmm ¢wmc w~n feh£ | ªosfd y nh pfw~
ecq h pcfdj � � exwk jksj jkh emcph cl jkh wciihepcdgfdo mfdh � � fe jkh q hgfsd
sqcdo smm emcp he » fl jkhih sih cjkhi pcfdje cd � � y jkhd sosfd jkh pcfdje fd �
sih dcj fd h�xfsdoxmsi wcdzoxisjfcd | �jkhin feh y jkh jnc qhgfsd mfdhe � ¯ sdg
� � sih gf¸hihdj u ª eexq h t{ wcdjisgfwjfcd jksj � ¯ � � � | }khd � � � � sdg
� � � � y sdg � ¯ fe jkh mfdh licq � jc � | ¾fdwh � sdg � sih cd jkh wcdvh� kxmm cl
� y smm p cfdje licq � sih cd cdh efgh cl � ¯ | �d jkh cjkhi ksdg y � ¯ fe s q hgfsd
mfdh y khdwh jkh dxqthi cl pcfdje licq � cd tcjk efghe cl � ¯ fe h�xsm | Áhdwh y
² � � y fd wcdjisgfwjfcd jc cxi seexqpjfcd sj jkh t hofddfdo cl jkfe piccl |

}kh jnc qhgfsd mfdhe � ¯ sdg � � gc fdjhiehwj ¢fl � kse �
� ¨ µ pcfdje cd

jkh esq h efgh se � y jkhd s psismmhm mfdh jc � ¯ jkicxok � kse sj qcej �
� ¨ �pcfdje cd cdh efgh£ y sdg jkhfi fdjhiehwjfcd � fe jkh cdm{ wsdgfgsjh lci s whdjhi cl

h�xfsdoxmsifj{| �hj � � �	
 �� | ®h z� sd sitfjisi{ pcfdj � � � sdg wcqpxjh smm
sdomhe t hjnhhd � sdg � � n |i |j | � lci smm � � �� � | �l sd{ cl jkheh sdomhe fe dcj s
qxmjfpmh cl � y jkhd jkh pcfdje sih dcj fd h�xfsdoxmsi wcdzoxisjfcd | �jkhin feh y
nh ejcih jkh pcfdje licq � fd sd siis{ cl mhdojk ² ¨ µy nkhih nh ejcih � � fd
jkh siis{ sj pcefjfcd � fl jkh sdomhe thjnhhd � sdg � � n |i |j | � fe � � � ¢jkfe
ihehqtmhe s ~fdg cl txw~hj wcxdjfdo ecij y ehh ¿¼À£ | �l jkhih fe h�swjm{ cdh pcfdj
fd hswk pcefjfcd cl jkh siis{y jkhd jkh pcfdje sih fd h�xfsdoxmsi wcdzoxisjfcd
n fjk whdjhi � ¢sdg jkh siis{ smihsg{ ihpihehdje jkh wciihepcdgfdo cighifdo£ |
�jkhin feh jkh pcfdje sih dcj fd h�xfsdoxmsi wcdzoxisjfcd |

�tvfcxem{y jkfe smocifjkq ixde fd jfq h mfdhsi fd ² |
}kh esq h smocifjkq wsd th xehg jc zdg s wsdgfgsjh lci whdjhi cl tfsdoxmsifj{y

efdwh lci tfsdoxmsi wcdzoxisjfcde ² fe smns{e hvhd | }kfe {fhmge jkh lcmmcn fdo
�� ����� � � �Å��Ã ² � �ÅÃ 	� � � �� � � � � � � � � � " 	� ��� Å� ÄÃ Ä�Â ��Å	�� ! Å	�
��ÃÃÅÃÂ 	Å� � �ÅÃ�Ä� ÅÃ ² 	� Ä	 Ç��ÅÇ�� !� �	� �� 	� � � �ÅÃ 	� Ä�� ÅÃ �ÅÄÃÂ� �Ä� ��Ã  
� Â��Ä	Å�Ã " ÄÃÇ Å� ��" ��	� �	� 	� � ��Ã 	�� �� �ÅÄÃÂ� �Ä�Å	� �

®h dcn ekcn kcn jc zdg jkh whdjhi cl h�xfsdoxmsifj{ lci jkh wseh ² cgg |
}kfe smocifjkq fe qcih ecpkfejfwsjhg jksd jkh cdh lci ² hvhd y efdwh jkh wcdwhpj

È



cl qhgfsd mfdhe kse jc th ihms�hg jc q hgfsd wcdhe | Ácnhvhi y jkh q sfd fghs
ihq sfde jkh esq h |
��� � � � � �Å��Ã ² � �ÅÃ 	� � � �� � � � � � � � � � " ! Å	� ² �ÇÇ" 	� ��� Å� ÄÃ Ä�Â ��Å	��
! Å	� ��ÃÃÅÃÂ 	Å� � �ÅÃ�Ä� ÅÃ ² 	� Ä	 Ç��ÅÇ�� !� �	� �� 	� � � �ÅÃ 	� Ä�� ÅÃ ��� ÅÄÃÂ� �Ä�
��Ã� Â��Ä	Å�Ã " ÄÃÇ Å� ��" ��	� �	� 	� � ��Ã 	�� �� ��� ÅÄÃÂ� �Ä�Å	� �
� ���� � ªeexq h lci s qcqhdj jksj jkh pcfdje sih fd h�xfsdoxmsi wcdzoxisjfcd
n fjk whdjhi � | ´ci sd{ pcfdj � � � y jkhih fe dc cjkhi pcfdj cd jkh mfdh licq �
jc � y efdwh ² fe cgg | Áhdwh y jkfe mfdh gfvfghe jkh ehj cl pcfdje fd jnc extehje cl
h�xsm wsigfdsmfj{ ���

� | �l nh pfw~ jnc pcfdje � � � � � � � jksj sih �wmcehej� jc jk fe
mfdh y fd jkh ehdeh jksj jkh emcph cl jkh mfdh licq � jc � fe ifokj t hjnhhd jkh emcph
cl jkh mfdhe �¥ ihep | �¥ licq � jc � � ihep | licq � jc � � y jkhd jkheh jnc pcfdje
ghzdh jkh � �ÇÅÄÃ ��Ã� � �²�¥ ejsijfdo fd � exwk jksj jkh dxqthi cl pcfdje cd
hswk efgh cl jkh wcdh ¢jkh mfdhe �¥ ihep | �¥ fdwmxefvh£ h�xsme ���

� ¢wl | ´foxih ½£ |®h n fmm xeh jkheh wcdhe jc zdg jkh whdjhi cl h�xfsdoxmsifj{y fl fj h� feje |
� fvhd pcfdj ehj � y nh ziej wcqpxjh s pcfdj � cd jkh wcdvh� kxmm cl � y nkhih

� fe s pcfdj n fjk s q fdfq sm ��wccigfdsjh | }khd nh wcqpxjh jkh emcp he cl mfdhe
licq � jc sd{ pcfdj � � � �� �� � y sdg ejcih jkhq fd sd ¢xdecijhg£ siis{| }khdnh ehmhwj pcfdje � � sdg �� exwk jksj jkh emcph cl jkh mfdhe �¯ ihep | �¯ licq �jc � � ihep | licq � jc �� fe jkh �² ����jk ihep | jkh �² ��	�jk msiohej sqcdo smm
wcqpxjhg emcp he | }kheh jnc pcfdje wsd th lcxdg fd jfq h mfdhsi fd ² ¿¼À | �hj
� �²�¯ th jkh q hgfsd wcdh ejsijfdo fd � jksj fe ghzdhg t{ � � sdg �� | �tvfcxem{y
jkhih fe dc pcfdj licq � ejifwjm{ fdefgh jkfe wcdh |

�hj � th jkh wmc w~n feh dhfoktcxi cl � cd jkh wcdvh� kxmm ¢wcqpsih jc piccl
cl �hqqs ³£ | ª e thlcih y nh wcdejixwj jkh wcdh � �²�� lci pcfdj � t{ ghzdfdo
sppicpifsjh pcfdje � � � �� sdg mfdhe � � sdg �� | �hj � th jkh fdjhiehwjfcd cl �¯
sdg � � y sdg mhj �¯� th jkh dxqthi cl pcfdje licq � ¨ �� � � � jksj mfh fd ci cd
jkh wcdvh� sdomh fd � n fjk hgohe �¯ sdg � � ¢wl | ´ foxih È£ | �tvfcxem{y fl jkh
pcfdje fd � nhih fd h�xfsdoxmsi wcdzoxisjfcd y jkhd jkh whdjhi cl h�xfsdoxmsifj{
� ncxmg th ejifwjm{ fd efgh jkh fdjhiehwjfcd cl � �²�¯ sdg � �²�� | � cihcvhi y fd jkh
wciihepcdgfdo cighifdo cl jkh pcfdje jkhih ncxmg th h�swjm{ �¯� pcfdje t hjnhhd
� sdg � | Á hdwh y jkh sdomh thjnhhd � sdg � n |i |j | � ncxmg th ¢�¯� � µ£ � � y
n fjk � � �	
 �� y sdg whdjhi � ncxmg th cd cdh cl jkh jnc }ksmhe wfiwmhe cl sdomh
¢�¯� � µ£ � � lci � sdg � | ©vhd n fjkcxj ~dcn fdo � nh wsd ghzdh jkheh jnc
}ksmhe wfiwmhe | ¾fdwh � sdg � sih pcfdje cd jkh wcdvh� kxmm cl � sdg jkh whdjhi
cl h�xfsdoxmsifj{ qxej t h fdefgh jkh wcdvh� kxmm y fj fe ctvfcxe cd nkfwk cl jkh
jnc }ksmhe wfiwmhe jkh whdjhi ncxmg th y fl fj h� feje | Áhdwh y nh wsd ghzdh � �� �
�¯�
jc t h jkfe }ksmhe wfiwmh |

®h n fmm dcn wkcceh s jk fig pcfdj � cd jkh wcdvh� kxmm exwk jksj s whdjhi
cl h�xfsdoxmsifj{y fl sd{y mfhe cd jkh fdjhiehwjfcd cl � �� �
�¯� sdg � �� �
��� ¢s
wciihepcdgfdo }ksmhe wfiwmh£ y sdg jk fe fdjhiehwjfcd kse sj qcej jnc pcfdje |

´ci jkh wkcfwh cl � nh ksvh jc th wsihlxm | �l nh efqpm{ jcc~ � se jkh dh�j
pcfdj wmc w~n feh cd jkh wcdvh� kxmm ¢sljhi � sdg � £ y fj q fokj kspphd jksj jkh
wciihepcdgfdo }ksmhe wfiwmh � �� �
��� cl sdomh ¢���� µ£ �� wcfdwfghe n fjk � ��� 
�¯� y
sdg wcdeh�xhdjm{ jkhih sih ejfmm fdzdfjhm{ q sd{ pceeftmh wsdgfgsjhe lci jkh whdjhi
cl h�xfsdoxmsifj{| }khihlcih y nh n fmm wkcceh � exwk jksj fj fe cd jkh wcdvh� kxmm

µ·
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