
�� ��� ����� ��

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

� � � � ����� �! " # � $ � %& '�(

)*+,-./,
01 2342 5678 9:; <6=>9?@AB C DE1F AD:67A G9A>B91H :@A 16I=A7 EJ

:E<E>EH9DC> :G< A? EJ 7C:9E1C> J61D:9E1? E1 K L 8 9:@ MNAB E7BA7? EJ <E>A?
C1B MNAB D79:9DC> OC>6A? C??6I 91H :@A J61D:9E1? PE7?A E1 :@A DEI<>AQ
I A1: :E :@A <E>A? R SADA1:>G :@A7A C<<AC7AB :8E DEI=91C:E79C> <7EEJ? EJ
:@A DE1F AD:67A =G TE6>BA1 C1B UCDV?E1 W C1B X:7A@> R YA H9OA C1 91BAQ
< A1BA1: <7EEJ W J7EI :@A <E91: EJ O 9A8 EJ ?91H6>C79:G :@AE7GW 91 :@A ?<979:
EJ Z71E>B [? 91OA?:9HC:9E1? E1 \C67A1: <E>G1EI 9C>? R YA C7A =C?91H E1
:@A ?:6BG EJ HAEI A:7G EJ :@A IEB6>9 ?<CDA EJ E7BA7AB :6<>A? EJ <E91:?
E1 :@A >91A C1B :@A <7E<A7:9A? EJ :@A DE77A?<E1B91H \GC?@VEQ\EE9F A1HC
I C<<91H R Z >?E 8A ?@E8 :@C: :@A OC79A:G EJ :E<E>EH9DC> :G<A? EJ PE7?A
J61D:9E1? 91 E67 DE1:AN: 9? C1 ]9>A1=A7HQP CD\C1A ^ _` a 2bQ?<CDA R

cde fgh gigjklmi fnh e go m p eqgp gqhdkl orslfkgs gs m lrqte u kfd m sgsv
wxey lgphiex zfqrlfrqe kz kfz e{rktmiesle limzz rh fg dgp egpgqhdkzp z go fde
ygp mks |

}s ~�� �rqu kf� lgs� elfrqey m ogqprim �ue {rgfe kf ks zelfkgs � |�� jktksj fde
srp� eq go zgp e zh elkmi omlfgqkzmfkgsz go m h eqprfmfkgs ksfg fqmszh gzkfkgsz |
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cdkz miigu z gse fg kppeykmfein wsy fde srp� eq go fgh gigjklmi fnh ez go jeseqkl
p eqgpgqhdkl orslfkgsz gs �� L u kfd wxey gqyeqz go h giez msy wxey lqkfklmi
tmirez |

}s ~�� fde �rqu kf� ogqprim � ks kfz hmqfklrimq lmze go zkphie h giez fdmf kz
ogq jeseqkl lgteqksjz go fde � kep mss zhdeqe �n kfzeio � umz qeykzlgteqey msy
hqgtey �n �qezlkp mssg msy cmnigq | }s�resley �n fdkz ugq� � �griyes msy
	ml� zgs qeykzlgteqey fde �rqu kf� ogqprim ks kfz orii msy jmte kfz lgp�ksmv
fgqkmi hqggo u kfdgrf qeimfksj fde jeseqmi lmze fg fde esrp eqmfkgs go leqfmks
orslfkgsz gs fde lgphiex ikse ~
� | �dgqfin mofeq fdkz msgfdeq lgp�ksmfgqkmi
hqggo go fde ogqprim � udkld ogiiguey �rqu kf� �z gus dksfz jktes ks ~�� � umz
ogrsy �n �fqedi ~¯�� |

sogqfrsmfein� kf kz sgf emzn fg fqmle fde smfrqmi jegp efqn go fde hqg�iep
�edksy qmfdeq igsj msy lgphiklmfey lmilrimfkgsz go msn go fde lgp�ksmfgqkmi
hqggoz � msy ue omkiey fg yg fdkz | �s fde gfdeq dmsy � fde eiep esfz go fdkz
jegp efqn ueqe rslgteqey �n � qsgiy ks dkz qelesf ugq� ~¯� gs �mrqesf h ginv
sgp kmiz | cdeqe m zksjrimqkfn fdegqn mhhqgmld lgszkyeqey emqikeq ks ~�� umz
rzey | � qsgiy g�fmksey fde esrp eqmfkgs go fgh gigjklmi fnh ez go jeseqkl �mrv
qesf h ginsgp kmiz u kfd wxey lqkfklmi tmirez tkm fde zfryn go fde p mhhksj udkld
mzzglkmfez fg m orslfkgs fde rsgqyeqey zef go kfz wskfe lqkfklmi tmirez |

�rld m p mhhksj umz wqzf ksfqgyrley �n �nmzd�g ~� � ¯�� msy �ggk� esjm
~¯�� udg ks hmqfklrimq zdguey fdmf gs fde zhmle go p gskl h ginsgp kmiz go
wxey yejqee kf kz m wskfe lgteqksj � fde srp�eq go udgze zdeefz kz �rzf fde
srp� eq go fde omlfgqkzmfkgsz jktes �n fde �rqu kf� ogqprim ogq fde lnlikl
h eqprfmfkgsz | �ksle fde fgh gigjklmi fnh ez go jeseqkl h ginsgp kmiz mqe ks m gsev
fgvgse lgqqezh gsyesle u kfd fde fqeez u kfd gqyeqey eyjez � fdkz mizg hqgtkyey
ms emzn hqggo go fde �mnien fdegqep gs esrp eqmfkgs go zrld fqeez ~¯�� |

}s fde hqezesf hmh eq � ue mqe zfrynksj fde teqzkgs go fde �nmzd�gv�ggk� esjm
p mhhksj yewsey gs fde zhmle go p eqgp gqhdkl orslfkgsz gs �� L u kfd wxey
gqyeqz go mii kfz � h giez | }f frqsz grf fdmf kf kz zfkii m wskfe lgteqksj udkld
kz qejrimq grf go fde �korqlmfkgs ykmjqmp go orslfkgsz | cdkz dmhh esz ks zhkfe
go fde ygp mks sgu �eksj sgsvzp ggfd rsik�e fde lmze go gqyksmqn gq �mrqesf
h ginsgp kmiz � sgu kf lgsfmksz mz m ykqelf omlfgq fde �mze �� go fde teqzmi yeogqv
p mfkgs go fde lgswjrqmfkgs ��� go fde lggqyksmfe mxez ks �� udkld kz zksjrimq
ks lgykp eszkgs � ogq � � � | cg hqgte fde �rqu kf� ogqprim �mzklin p emsz fg
lmilrimfe fde yejqee go fde �nmzd�gv�ggk� esjm p mhhksj | cdkz qeyrlez fg fde
lmilrimfkgs go fde �{rmzkvdgp gjesegrz� yejqee go �� | �ksle �� hqg� elfz gsfg
fde lgphmlfkwlmfkgs �� go fde p gyrik zhmle go gqyeqey � vfrhiez go h gksfz
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gs fde � kep mss zhdeqe � fde yejqee ks {rezfkgs lgp ez grf mz fde ksfeqzelfkgs
srp� eq go leqfmks yktkzgqz gs �� |

cde mhhqgmld go fde hmh eq ig g�z hqgp kzksj ogq esrp eqmfkgs go fgh gigjklmi
fnh ez go sgsvjeseqkl p eqgp gqhdkl orslfkgsz gs �� L | �gq fdkz kf lgriy � e
p kxey rh u kfd fde umn go lgszkyeqmfkgs go yejeseqmfe h ginsgp kmiz ksfqgyrley
ks ~¯¯ � ¯� � ��� | �gq m ligzein qeimfey {rezfkgs go fde limzzkwlmfkgs go yejeseqmfe
�qmsldey lgteqksjz go fde �vzhdeqe rh fg dgp egpgqhdkzp z go � gfd fde zgrqle
msy fmqjef zee ~�� |

cde hmh eq kz gqjmskzey mz ogiigu z | }s zelfkgs ¯ ue qeyrle fde lgszkyeqv
mfkgs go qmfkgsmi orslfkgsz gs fde ikse u kfd wxey gqyeqz go fde h giez fg fde
zksjrimqkfn hqg�iep go zfrynksj orslfkgsz gs zp ggfdksjz go ��� | �e exfqmlf
mii fde ksogqp mfkgs m� grf fde �mze �� udkld kz rzey imfeq gs | }s zelfkgs � ue
ogqprimfe fde fdegqep gs fde sgsvyejeseqmln go fde �nmzd�gv�ggk� esjm p mhv
hksj �fde hqggo kz h gzfh gsey rsfki zelfkgs �� � lmilrimfe kfz yejqee msy zfmfe
fde dgp gfghn fnh e go fde lgphiep esf fg fde �korqlmfkgs ykmjqmp go qmfkgsmi
orslfkgsz | }s zelfkgs � ue qeimfe fde g�fmksey yejqee fg fde esrp eqmfkgs go
fde fgh gigjklmi fnh ez go qmfkgsmi orslfkgsz � msy fg fde lgp�ksmfgqkmi hqg�v
iep z go esrp eqmfkgs go fde jqmhdz u kfd gqyeqey eyjez msy zgvlmiiey p kskp mi
omlfgqkzmfkgsz go m h eqprfmfkgs ksfg fqmszh gzkfkgsz | cde gqkjksmi �rqu kf�
ogqprim kz fdmf jktksj fde srp�eq go zrld omlfgqkzmfkgsz | � ksmiin� ks zelfkgs
� � ue lgszkyeq ms eiep esfmqn mhhqgmld fg g�fmks fde tmqkefn �� udkld mtgkyz
m lgszkyeqmfkgs go msn teqzmi yeogqp mfkgs |
�����	 
�������� � cde mrfdgqz mqe fdms� or i fg � | } | � qsgiy ogq fde mfv
fqmlfkgs go grq mffesfkgs fg fde hqg�iep � msy fg � | � mhqmsgt � � | �dmhkqg �
� | �dmhkqg � 	 | �fetesz � � | �mkszdfeks msy � | c | � | �mii ogq rzeor i ykzlrzv
zkgsz | cde zelgsy mrfdgq kz jqmfeor i fg ����� ogq orsyksj dkz tkzkf fg cde
skteqzkfn go � kteqh ggi udgze dgzhkfmikfn de es� gney udkie fdkz ugq� umz
ygse |
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�sn p eqgpgqhdkl orslfkgs u kfd � h giez gs �� L lms � e uqkffes ks fde ogqp
$ L � L% &'( � ) $ * � L% &'+ � ) , , , ) $ � � L% &'- � .

udeqe fde $ / mqe h ginsgp kmiz � 0 kz ms m1se lggqyksmfe msy fde h giez mqe
zkfrmfey mf fde hmkqu kze ykzfkslf wskfe h gksfz 2/ |

3 elimqe fde mqjrp esf go emld go fde $ / fg � e ms ksyeh esyesf tmqkm�ie 0/ |cdes fde m� gte orslfkgs kz fde qezfqklfkgs go fde h ginsgp kmi
$ L �0 L� ) , , , ) $ � �0� �

fg fde lrqte ks �� jktes �n fde {rmyqmfkl e{rmfkgsz
0/04 ) �04 5 0/ �6 �2/ 5 24 � 7 � . 8 97 : ,

�e kslirye fde g�fmksey lrqte ksfg fde omp kin
0/ 04 ) ; �04 5 0/ �6 �2/ 5 24 � 7 � . 8 97 : .

msy zesy ; fg �eqg |
cdkz zdgu z fdmf grq lrqte lms � e lgszkyeqey mz m yeogqp mfkgs go fde lrqte

0/ 04 7 � . 8 97 : ,
cde imffeq kz fde rskgs go � lggqyksmfe mxez ks �� rzrmiin yesgfey �n ��� |

cdrz fde zfryn go p eqgp gqhdkl orslfkgsz gs �� L u kfd � hgiez qeyrlez
fg fde zfryn go h ginsgp kmi orslfkgsz gs zp ggfdksjz go ��� |

��< =�� >�!�"? �� �!� "���� � @A
A

�gszkyeq fde p kskteqzmi yeogqp mfkgs go ��� ks fde ogqp yre fg 3 | � | � kp
~¯� � ¯
� �
�0/ 5 B/4 � �04 5 B4 / � 7 �B/C 5 B/4 � �B4 C 5 B4 / � . 8 . : . D � � . 8 97 : 97 D 97 8 . �¯�
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ukfd kfz �mze �� inksj ks fde lggqyksmfe zhmle �� ��& L� go fde B/4 � 8 97 : � msy
yewsey fdeqe �n fde lgsykfkgsz

�B/C 5 B/4 � �B4 C 5 B4 /� 7 �B/� 5 B/4 � �B4� 5 B4 / � ���
go ksyeh esyesle go fde qkjdfvdmsy zkyez ks �¯� go fde ldgkle go D � msy

�
4 B/4 7 � . 8 � � , ���

cde �mze �� kz ���5��vykp eszkgsmi | cde � � kz � rzf � � | cde � � kz fde �ejqe
lgse gteq �� L � �� � msy fdrz dmz ms kzgimfey zksjrimqkfn| �gq � � � � �� kz
zksjrimq ks lgykp eszkgs � msy �kqmfkgsmi fg fde lgse gteq ���&� ����& L ~¯
� |
� gqe hqelkzein� fde imffeq lgsleqsz fde zp ggfdksj lgphgsesf go �� zksle � ogq
� � � � kf kz zfkii m lgs� elfrqe go �fetesz fdmf fde p esfkgsey e{rmfkgsz ogq ��
yewse m tmqkefn u kfdgrf ep�eyyey lgphgsesfz |

cde jegp efqklmi zesze go fde e{rmfkgsz go �� kz mz ogiigu z | �gszkyeq m
jeseqkl p ep� eq � go fde teqzmi omp kin| cdkz kz m qmfkgsmi lrqte ks �� ukfd �
hrslfrqez | �gszkyeq kfz hqg� elfkgs � / gsfg fde 0/ vmx kz | cde hrslfrqez hqg� elf
fg fde h gksfz 0/ 7 B/4 � : 97 8 � msy kswskfn| cde lgphgzkfkgs � / 	 
 � & L/ 		 g�fmksey
oqgp fug yk�eqesf hqg� elfkgsz go � kz m hqg� elfkte fqmszogqp mfkgs go �� L
u kfd fde � pmq�ey hgksfz | cde {rmyqmfkl e{rmfkgsz ��� go �� � rzf p ems fdmf
fde ygr�ie qmfkgz go fde p mq�ey h gksfz mqe hqezeqtey �n fde fqmszogqp mfkgs �
msy tmskzdksj go fde zrp z � 4 B/4 kz � rzf m hqg� elfkte sgqp mikzmfkgs udkld
eikp ksmfez h gzzk� ie sgsvp kskp mikfn go fde yeogqp mfkgs |

cdkz mizg exhimksz udn fde ykp eszkgs go �� kz �� 5 � | }syeey p mq� ksj
go � 5 ¯ mq�kfqmqn wskfe h gksfz u kfd �eqg zrp gs � zmn� fde 0 Lvmxkz ks ��

hqgtkyez rz u kfd � 5 � yejqeez go oqeeygp | cg qezfgqe fde lgqqezh gsyksj
lrqte �  �� oqgp zrld ms gqyeqey zef go h gksfz � ue seey fg zh elkon � 5 ¯
hqg� elfkte kyesfkwlmfkgsz � / 
 � & LL go fde � 0 L u kfd mii fde gfdeq lggqyksmfe
mxez | �ksle gse go fde p mq�ey hgksfz kz zesf fg fde kswskfn �n � / 
 � & LL msy
fde zrp gs fde � 0/ go fde gfdeqz �ksliryksj fdmf lgp ksj oqgp 0 L 7 � � dmz fg
tmskzd � fdeqe kz exmlfin gse yejqee go oqeeygp ks ldggzksj emld go fde � / 
 � & LL |
� �� ��� � �� � ezfqklfkgs go msn h ginsgp kmi oqgp �� fg m zp ggfdksj � go
��� lms � e lgszkyeqey mz fdmf go m h ginsgp kmi $ L �0 L � ) , , , ) $ � �0� � | cdkz kzm p eqgp gqhdkl orslfkgs gs �� L u kfd � h giez mf fde hrslfrqez go � udgze
gqyeqz mqe fde yejqeez go fde $ / | cdkz qeteqzez fde qeyrlfkgs go fde hqetkgrz
zelfkgs |
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��� =�� ���!�� � ��� �"��
�gq grq orqfdeq lgszkyeqmfkgsz ue seey zgp e ksogqp mfkgs m� grf fde jegp efqn
go �� |
������� � �� �� � ��� ��� �� �� � ��	 � �� 
 � � � 
 �� �� � ���	� � ��� �� ����A�� ��� �	 ��&� �

� ���� � �e dmte fg zdgu fdmf fde srp� eq ks fde limkp kz fde srp� eq go
h gksfz ks fde ksfeqzelfkgs go �� ukfd m jeseqkl m1 se zr�zhmle � go lgykp esv
zkgs �� 5 � ks fde mp�kesf iksemq zhmle

�� ��&*� 7 ��4 B/4 7 � . 8 7 ¯ . , , , . � �  �� ��& L� ,

}f kz lgsteskesf fg qehqezesf fde mp�kesf zhmle mz m ykqelf hqgyrlf go �
zhmlez

��&*/ 7 � �B/L . , , , . �B// . , , , . B/� � .�4 B/4 7 �� . 8 7 ¯ . , , , . � ,

�qg� elfktkzksj emld go fdeze ue jef m p mhhksj
� � �� ��&*� � � 7 ���&�L � , , , � ���&�� ,

cde e{rmfkgsz go �� mqe kstmqkmsf u kfd qezh elf fg ksyktkyrmi ykimfkgsz go
fde ��&*/ | �esle fde kp mje go �� rsyeq � kz ms �� 5 ��vykp eszkgsmi tmqkefn
��  � | �qgp fde yrzlrzzkgs go fde jegp efqklmi zesze go fde e{rmfkgsz go
�� ks fde hqetkgrz zelfkgs � kf ogiigu z fdmf �� kz fde ligzrqe go fde zhmle go
gqyeqey � vfrhiez go ykzfkslf h gksfz gs fde hqg� elfkte ikse lgszkyeqey rh fg
mrfgpgqhdkzp z go fde ikse | cdrz �� kz m lgphmlfkwlmfkgs go fde p gyrik
zhmle go zrld frhiez |

cg �eeh fqml� go fde ksfeqzelfkgs �� � � rsyeq � ief rz zehmqmfe fde
tmqkm�iez ks fde e{rmfkgsz go � uqkfksj fdep mz

�
�
/� L ��

/ 7 �
�
. � 7 � . , , , . �� 5 � .

udeqe emld go fde
��

/ kz m dgpgjesegrz iksemq ogqp �rzf ks � 5 ¯ tmqkm�iez
B/4 � msy mii fde lgszfmsfz �

�
exlehf ogq �� mqe �rzf �eqgz |
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qms�
�
�	 � LL

, , ,
� L
�

, , , , , , , , ,

�
*�&� 
L , , ,

�
*�&� 
�

�
� � � ,

� ���� �� �� � � � � � �e uqkfe B/ ogq m h gksf go ��&*/ msy �B/ ogq kfz kp mje
ks ���&�/ rsyeq fde hqg� elfktkzmfkgs |

�gq m jeseqkl h gksf ��B L . , , , . �B� � ks � � �ue lms mzzrp e fde zef �� � � � fg
lgsfmks �rzf zrld hgksfz� � fde qms� lgsykfkgs go fde iepp m p emsz fdmf fdeqe
exkzfz m rsk{re h gksf �� L � , , , � �� � � ���& L zrld fdmf

� L��L
�B L � ) , , , ) ��

��
� �B� � 7 � �� �

ogq mii � 7 ¯ . , , , . �� 5 � | cdrz fde ikse �� �� LB L . , , , . ��B� � . � � � �  �� ��&*�
zmfkzwez mii fde dgp gjesegrz e{rmfkgsz go � � msy fde sgsvdgpgjesegrz gse
�fdmf u kfd � 7 �� yefeqp ksez fde rsk{re tmire go � ogq fde rsk{re h gksf go
ksfeqzelfkgs go fdkz ikse u kfd � | �

cde h gksfz go � � mqe zksjiey grf gs �� mz fde ksfeqzelfkgs go �� ukfd
lgppgs �eqgz go � 5 � � � � vp ksgqz go fde p mfqkx ks fde iepp m | �mld go
fde p ksgqz kz m iksemq orslfkgs ks B/ udes mii fde gfdeq B4 mqe wxey | cdrz emld
go fde � 5 � yktkzgqz lgqqezh gsyksj fg fde p ksgqz kz fde zrp � L ) , , , ) � � �
udeqe � / kz fde ikofksj fg � go fde dnh eqhimse zelfkgs mjmkszf fde smfrqmi
hqg� elfkgs � � ���&�/ | � esle fde yejqee ue mqe ig g� ksj ogq kz �rzf fde
etmirmfkgs go �� L ) , , , ) � � ��&� gs fde lmsgsklmi limzz ~�� � | �gu fde limkp
go fde fdegqep ogiigu z oqgp
���� � � �� ��� �A� �� 5 �� ���� �� 8 L . , , , . 8�&� �� �A ��� ��	 ���� ��A � �A� � 


�� /( � , , , � � /-�� � ~�� � 7 ¯ ,
� ���� � �ef � / � � � � ���&�/ � e fde hqg� elfkgs gsfg fde 8fd omlfgq go � |
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fkgsz msy limzzkwlmfkgs go leqfmks jqmhdz | �rq exh gzkfkgs � eigu ogiigu z fdmf
go � qsgiy ~¯� |

�gszkyeq m dgigp gqhdkl yejqee � pmhhksj  � � � �� L go m lgsselfey
lgphmlf � kep mss lrqte | � zzrp e kf kz m � gqze orslfkgs gs fde lgphiep esf
fg fde h giez | cm�e ms mq�kfqmqn wskfe sgsvlqkfklmi tmire �� go  | }fz ksteqze
kp mjez u kii � e fde � teqfklez go grq jqmhd | cde srp�eq go fde eyjez go fde
jqmhd kz jgksj fg � e e{rmi fg fde srp�eq � go wskfe lqkfklmi tmirez go  |

¯�



cde smfrqmiin gqyeqey eyjez lgp e grf udes ue lgsself �� ukfd mii fde
wskfe lqkfklmi tmirez � L . , , , . �� go  �n m znzfep go � hmfdz �� �/ ks � ukfdgrf
prfrmi msy zeiovksfeqzelfkgsz | �eqe � mofeq ldggzksj fde ¯zf lqkfklmi tmire � fde
ksyklez mqe mzzkjsey fg fde gfdeqz mllgqyksj fg fde lgrsfeqvlig l�ukze gqyeq
ks udkld fde hmfdz iemte �� | �gu fde eyje srp� eq 8 lgsselfz fde fug hgksfz
go  & L ��� � p eqjksj ks fde dgpgfghn go fde w�qez  & L ��� udkie � ogiigu z fde
hmfd ���/ |

cde jqmhd fdrz g�fmksey kz lgsselfey zksle � umz zrld | }f ogiigu z kppev
ykmfein oqgp fde � kep mss fdegqep fdmf msn lgsselfey jqmhd u kfd gqyeqey
eyjez lms � e g�fmksey ks fdkz umn| �n fde � kep mssv�rqu kf� fdegqep � fde
jesrz � go fde lrqte � kstgitey kz yefeqp ksey �n fde ogqprim

� 5 �� 7 � 5 � ) � .
udeqe � kz fde srp� eq go h giez go  |

cde p gsgyqgpn ksfeqhqefmfkgs qeimfez fg fde 8fd eyje go fde jqmhd fde
fqmszh gzkfkgs � / go kfz esyhgksfz | cde h eqprfmfkgs � 7 �� 
 , , , 
 � L � �� kzlmiiey fde ��� ���� ��� �A � go fde jqmhd ~¯� | }o � L . , , , . �� mqe fde gqyeqz go
fde h giez go  � � L ) , , , ) �� 7 � � fdes � dmz lnlikl fnh e �� L . , , , . �� � � fdmf kzkf kz fde hqgyrlf go � ksyeh esyesf lnliez go fdeze gqyeqz |
������� � �� � ~¯�� ��A	����  ��� ��� � �� � �A ����A	 �A ��AA ����� � �� �AA�����	 �� ��� ���� � � ���	 �� �����	 � L . , , , . �� 
 ��� � ��	 � �A �� � ��� �� �A ��� �� � � ���	 �A� ���� � � � �� � A ��� ������� � �� ���	 � �� � A���� �� ��� ���� ��� �
��� �	 �� 	� �� � �A ����A	 �	 ���� � �� �� � A���� �� � ��� �	 � ��� � L) , , ,) �� ����
����	 �A� � ������� ��� �	 �� �	 � ��� ���� ��� �A � � �	 ������ ��� � �� L . , , , . �� � �

cdrz fde srp�eq � �� L . , , , . �� � ks cdegqep � |¯ kz fde srp�eq go jqmhdz
u kfd � teqfklez msy � ) � 5 � gqyeqey eyjez udgze �gxefeq eiep esf dmz
lnlikl fnh e �� L . , , , . �� � � � L ) , , , ) �� 7 � | }s omlf � mf fdkz h gksf fde dkzfgqn
yeteigh ey ks fde ghhgzkfe ykqelfkgs � ogq fde wqzf fkp e fdkz srp�eq lmp e grf
mz fde srp�eq go fde fgh gigjklmi fnh ez u kfdks fde ksfeqhqefmfkgs jktes ks
~¯�� fg fde lgp�ksmfgqkmi qezrif go �griyes msy 	ml�zgs ~
� qeimfey fg fde
esrp eqmfkgs go jqmhdz u kfd gqyeqey eyjez |

cde zeffksj go ~
� � qeh emfksj fdmf �n �rqu kf� ~�� � umz mz ogiigu z |
�gszkyeq m h eqprfmfkgs � go lnlikl fnh e �� L . , , , . �� � gs fde zef �¯ . � . , , , . � � �� 7 � L ) , , , ) �� | 3 esgfe �n �� �� � fde srp�eq go kfz omlfgqkzmfkgsz ksfg m

hqgyrlf go fqmszh gzkfkgsz � 7 �� 
 , , , 
 � L zrld fdmf

¯�



� � L . , , , . �� jeseqmfe fde znpp efqkl jqgrh �� �
� � kz p kskp mi u kfd qezh elf fg fde hqetkgrz qe{rkqep esf |

cde wqzf qe{rkqep esf p emsz fdmf � kz fde �gxefeq eiep esf � �� � go zgp e
lgsselfey eyjevgqyeqey jqmhd � �e{rkhh ey u kfd ms mhhqghqkmfe gqyeq go kfz
teqfklez zg fdmf � 7 � �� �� | cde zelgsy qe{rkqep esf lgqqezh gsyz fg fde lmze
go fde jesrz �eqg lrqte |
������� � �� � ~
� � �rqu kf� lgs� elfrqe ~���

�� �� � 7 ��&� �� ) � 5 �� �
�
�
/� L

� ��/
��/ 5 ¯� � ,

� ���� � cg g�fmks �� �� � oqgp fde srp�eq � �� L . , , , . �� � go fde jqmhdz
u kfd gqyeqey eyjez kz fg lgrsf fde mp�kjrkfn ks gqyeqksj fde teqfklez go fde
jqmhd � ogq udkld � �� � 7 � �

� dmtksj m lnlie go iesjfd �/ ks � ue lms mzzkjs kfz eiep esfz ks fde hqgh eq
gqyeq fg fde teqfklez go � hmqfklkhmfksj ks msn lnlie go � �� � go fde
zmp e iesjfd �

� fdkz hqgh eq gqyeq kz yewsey �rzf rh fg m lnlikl h eqprfmfkgs | �
cde jktes mqjrp esf �rzf qeh emfz fde omlfgqkzmfkgs � go fde hqetkgrz

zelfkgs |
� �� ��� � �� �gfe fdmf �� �� � kz fde srp�eq go �gqgimqn � |� � fdmf kz fde
yejqee go fde �nmzd�gv�ggk� esjm p mhhksj � |

� � �� �� �� ����� � ��

cg hqgte cdegqep � |� ue seey fg zdgu fdmf � & L ��� 7 � msy fdmf fde p mhhksj
� kz m ig lmi yk�egp gqhdkzp grf go fde �korqlmfkgs ykmjqmp |

�e u kii mzzrp e � � � | �gq � 7 ¯ . � zee ~� � ¯� � � � ¯� |

¯




� �� =�� ��>�!�� �� "�� � ��� �!�� ��
�e mqe zemqldksj ogq h gksfz ks fde �mze �� � � �&�� * go grq omp kin ��elfkgs
� |¯� lgqqezh gsyksj fg fde hmkqz �lrqte � � orslfkgs �� gs kf� ks udkld fde
orslfkgs dmz �rzf gse lqkfklmi tmire � �eqg | }fz fgfmi prifkhiklkfn kz � ) � 5 � |

� kqzf mzzrp e � � eksj zp ggfd | �xhqezzksj mii fde tmqkm�iez ks feqp z go �
zmn� 0 L ue uqkfe orslfkgs �� mz m qmfkg go h ginsgp kmiz  �0 L�6� �0 L� udeqe  kz
go yejqee � | �gq fdkz qmfkg fg dmte lqkfklmi tmire � go prifkh iklkfn � mf zgp e
hgksf � h ginsgp kmi  przf dmte m qggf go prifkhiklkfn � ) ¯ mf fde zmp e h gksf |
cdrz fde srp� eq go ykzfkslf lqkfklmi h gksfz kz � 5 � � � |

�gu ief lrqte � � e zksjrimq | cdkz p emsz fdmf kf lgszkzfz go zp ggfdksjz � �
go lrqtez �� 	� 	 � � � � � � � � � � 7 � � emld inksj ks kfz gus m1 se � � vykp eszkgsmi
lgphiex zr�zhmle �� 	 udgze ykqelf zrp kz fde mp�kesf �� | cde �� 	 mqe
�rzf hmqmiiei fqmszimfkgsz go fde lgqqezh gsyksj lggqyksmfe himsez ks �� | cde
h gksfz go hmkqu kze ksfeqzelfkgsz go fde �� 	 mqe exmlfin fde h gksfz udeqe fde
� � peef emld gfdeq hqgtkyksj fde zksjrimqkfkez go � | cde tmirez go �� mf fdeze
h gksfz mqe lgszkyeqey mz lqkfklmi | cde lrqte � kz lgsselfey |

�ef � � � e gse go fde zp ggfd lrqtez � � | �gszkyeq fde qezfqklfkgs � � go ��
fg � � | }s omlf fdkz kz fde qezfqklfkgs go fde h ginsgp kmi oqgp fde lgqqezh gsyksj
�� 	 7 �� 	 go fde zmp e zgqf mz �� kfzeio �zee ���� �rf �rzf ks � � tmqkm�iez |
�kp kimqin fg fde zeffksj go � � ief � � � e fde zrp go fde yejqeez go fde zrppmsyz
go � � |

� z emqikeq � fde zrp go fde prifkh iklkfkez go mii fde lqkfklmi tmirez go � � kz
� � ) � � 5 � � msy ue umsf mii fdeze tmirez fg � e �eqg | �ef � � e fde srp� eq
go zksjrimq h gksfz go � zkfrmfey gs � � udkld mqe sgf lqkfklmi ogq � � | �e umsf
� � fg tmskzd mf fdep mz ueii | � ezkyez fdkz � orslfkgs � � lms dmte zgp e gfdeq
zkphie �eqgz |

�gszkyeqksj � � mz m qmfkg go h ginsgp kmiz ks �rzf gse tmqkm�ie � ukfd fde
srp eqmfgq go yeqjee � � � ue zee fdmf grq qe{rkqep esfz kp hin fdmf fde srp� eq
go lqkfklmi h gksfz go � � kz mf p gzf � 5 � � 5 � | cdrz � � 7 ¯ � orslfkgs � � � eksj m
hginsgp kmi gs � � 7 � L � msy gsin gse zksjrimq h gksf go � kz gs � � | cdkz h gksf
kz fde gsin �eqg go � � |

�ksle � � umz ms mq�kfqmqn lgphgsesf go � � fdkz ogqlez � 7 ��� msy � 7 � |
�esle � & L ��� 7 � |
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� �< ���"? ������ �!�����
�e u kii zdgu fdmf � kz m ig lmi yk�egp gqhdkzp grf go fde �korqlmfkgs ykmjqmp
lmilrimfksj m qeimfey 	mlg�kms p mfqkx ks zgp e lggqyksmfe qehqezesfmfkgs msy
zdgu ksj fdmf kf lmssgf yejeseqmfe |

�ef rz zikjdfin mifeq fde qemikzmfkgs go fde tmqkefn �� ks fde zhmle �� ��& L� �
ukfd fde lggqyksmfez B/4 � 8 97 : � fm� ksj ogq kf fde zmp e {rmyqmfkl e{rmfkgsz
��� mz ks �elfkgs ¯|� � �rf ldmsjksj fde � iksemq gsez fg

B L� 7 B*� 7 , , , 7 B�& L 
� 7 B� L 7 � ,
�gu ue ldggze m ig lmi ldmqf gs �� zg fdmf msn zp ggfdksj go ��� ugriy

zdgu rh ks fdkz ldmqf | �gq zrld m ldmqf fde �� 5 � lggqyksmfez B L* . B L� . , , ,�B L 
�& L . B*L . B� L . , , , . B�& L 
L . B� 
�& L lms � e fm�es |
�rq zeffksjz zrp rh fg fde ogiigu ksj ymfm ks fde h gie p mfqkx �

�B/4 � 7

�
�����������	

� � � , , , � � �
� � � , , , � � �
� � � , , , � � �
, , , , , , , , , , , , , , , , , , , , ,
� � � , , , � � �
� � � , , , � � �
� � � , , , � � �

�
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,

�eqe fde zfmqz p mq� fde lggqyksmfez ks fde ldgzes ldmqf | � ktes hmqfklrimq
tmirez go fde p mq�ey eiep esfz �zg fdmf fdeqe mqe sg jktes lgkslkyksj srp�eqz
ks msn go fde iksez� mii fde gfdeq esfqkez go fde p mfqkx �{rezfkgs p mq�z� lms
� e qezfgqey oqgp fde {rmyqmfkl e{rmfkgsz go �� |

�e zfmqf grq lmilrimfkgsz | �gitksj fde qeimfkgsz
�0/ 5 B/4 � �04 5 B4 /� 7 �B/C 5 B/4 � �B4 C 5 B4 / � .

ukfd 8 7 ¯ msy mhhqghqkmfe D � ue exhqezz mii fde 04 ks feqp z go 0 L �

04 7 B4 L ) �B L� 5 B L4 � �B4 � 5 B4 L�0 L 5 B L4
7 B4 L0 L0 L 5 B L4

. : 7 � . , , , . � 5 ¯ .

msy
0� 7 B� L ) �B L 
�& L 5 B L� � �B� 
�& L 5 B� L�0 L 5 B L�
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,
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cdkz fqmszoeqz fde omp kin �� �0 L . , , , . 0� � go ��� ksfg m omp kin go orslfkgsz
� � 
� �0 � ks �rzf gse tmqkm�ie 0 7 0 L u kfd fde hmqmp efeqz � � � �&�� L msy fde
m� gte ldgzes �� 5 � go fde B/4 | cde p mhhksj � � eksj m ig lmi yk�egp gqhdkzp
kz e{rktmiesf fg fde p mfqkx go fde teig lkfkez go mii fde � ) � 5 � lqkfklmi tmirez
go � � 
� � eksj sgsvyejeseqmfe gsle fde lqkfklmi tmirez mqe ykzfkslf |

cde imffeq teig lkfkez mqe �rzf fde wqzf yeqktmfktez go � ukfd qezh elf fg mii kfz
� ) � 5 � hmqmp efeqz etmirmfey mf kfz � ) � 5 � lqkfklmi h gksfz | �qkfksj � � 
� �0 �
mz $ L �0 L �0 �� ) , , , ) $ � �0� �0 �� ) �� �lo | ���� � ue zee fdmf fdgze yeqktmfktez mqe

0 � ( & L . 0 � ( &* . , , , 0 . 0 �+ & L* . 0 �+ &** . , , , 0* . , , , . 0 �- & L� . 0 �- &*� . , , , 0� . ¯ .
msy ���B4 L

7 04
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�
$ 4� 04 �04 � . � � : � � 5 ¯ .

���B L4
7 04

0 5 B L4
�
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���B L 
�& L
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�
$ �& L� 0�& L
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�
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���B� 
�& L
7 B L 
�& L0

�
$ �� 0� �0� � ,

h fg myykfkgs go fde gfdeq teig lkfkez msy prifkh iklmfkgs �n sgsv�eqg
lgszfmsfz � � �� �� ( lms � e qehimley �n 0 ��4 � ��� �(� �n 0 �� � L4 � � � : � � 5 ¯ �deqe gse
seeyz fg qelmii udmf 04 �0 � kz� � msy ��� �- �-�( �n 0 �-� |

3gksj zkp kimq iksemq fqmszogqp mfkgsz go fde teig lkfkez gsle mjmks ue mqqkte
mf fde zef go � ) � 5 � orslfkgsz

0 � ( & L . 0 � ( &* . , , , 0 . ¯ . 0 & L . , , , . 0 &�-� L . 0 &�- .

�0 5 B L* �&
��+� L� . �0 5 B L* �&�+ . , , , . �0 5 B L* �& L . , , , . �
�

�0 5 B L 
�& L�& ��-�(� L� . �0 5 B L 
�& L�&�-�( . , , , . �0 5 B L 
�& L �& L ,
�gq fde yk�egp gqhdsezz qe{rkqey kf kz zr1 lkesf fg zdgu fdmf fdgze orslfkgsz
mqe iksemqin ksyeh esyesf mf mq�kfqmqn � ) � 5 � ykzfkslf h gksfz gs fde 0 vikse
gsle fden mqe yewsey mf fdgze h gksfz | �gfe fdmf mii fde B L4 mqe ykzfkslf msy
sgsv�eqg |
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�rifkh inksj mii fde orslfkgsz ks �
� �n fdekq lgppgs yesgp ksmfgq ue
jef � ) � 5 � hginsgp kmiz go yejqee iezz fdms � ) � 5 � udkld mqe iksemqin
ksyeh esyesf | }syeey msn zgirfkgs � 7 � �0 � go fde yk�eqesfkmi e{rmfkgs

����&*�
�0 ���&* 7 �

ukfd hqezlqk� ey tmirez go kfz yeqktmfktez go gqyeqz � . ¯ . , , , . � L) �� 5 ¯ mf 0 7 � �
msy go gqyeqz � . ¯ . , , , . �4 mf 0 7 B L4 � : 7 � . , , , . � 5 ¯ � kz m iksemq lgp�ksmfkgs
go fdeze h ginsgp kmiz | �gu fde p mfqkx go tmirez mf � ykzfkslf h gksfz go msn �
orslfkgsz ogqp ksj m iksemq �mzkz ks fde zhmle go h ginsgp kmiz ks gse tmqkm�ie
go yejqee iezz fdms � kz sgsvyejeseqmfe |

cdkz zdgu z fdmf fde lqkfklmi ig lrz go fde �nmzd�gv�ggk� esjm p mhhksj kz
lgsfmksey ks fde �korqlmfkgs ykmjqmp � go qmfkgsmi orslfkgsz | }s omlf kf kz fde
rskgs go fde lmrzfkl msy fde � mxueii zfqmfrp ~� � ¯� |

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

�eqe ue zdgu dgu � ks fde zfryn go p eqgpgqhdkl orslfkgsz gs fde hqg� elfkte
ikse � fg lgp e fg fde lgszkyeqmfkgs go fde �mze go fde p kskteqzmi yeogqp mfkgs
go fde mqqmsjep esf go fde lggqyksmfe mxez ks �� ukfdgrf rzksj msn sgfkgs go
m teqzmi yeogqp mfkgs mf mii |

� kqzf go mii sgfe fdmf m orslfkgs gs �� L u kfd m zkphie h gie mf m h gksf � kz
ms m1se lggqyksmfe 0 gs fde ikse � 0 �� � 7 � | �esle m p eqgpgqhdkl orslfkgs
u kfd ykzfkslf h giez � L . , , , . �� � �� L kz m orslfkgs

$ L �0 L � ) , , , ) $ � �0� � ) �� .
udeqe fde 0/ mqe �yeh esyesf� m1se lggqyksmfez � 0/ �� /� 7 � � �� � � � msy fde
h ginsgp kmiz $ / pmn � e mzzrp ey fg dmte sg oqee feqp z msy fdekq yejqeez mqe
fde gqyeqz go fde h giez |

�e zef
B/4 7 0/ ��4 � . : 97 8 .

� eksj fde lggqyksmfez go fde wskfe h giez ks fde ldmqfz |
�gq � � ¯ � ue jef qky go fde p gzf go fde mp�kjrkfn ks grq ldgkle go fde 0/wxksj fde gqkjksz �n fde qe{rkqep esfz
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msy iemtksj �rzf m wskfe srp�eq go ghfkgsz mofeq qezlmiksj fde 0/ fg p m�e fde
dkjdezf lg e1 lkesf go emld go fde $ / fg � e ¯ �lo | ���� |

�ksle fde lggqyksmfe ldmsje 0/ 7 0/ �04 � kz ms mrfgp gqhdkzp go fde hqg� elv
fkte ikse � fde lggqyksmfez 0/ go m h gksf go �� L ks yk� eqesf ldmqfz mqe zr�� elf
fg fde ygri� evqmfkg qeimfkgsz ks udkld B// 7 B44 7 � �
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