
Konrad-Zuse-Zentrum für Informationstechnik Berlin

Heilbronner Str. 10, D-10711 Berlin - Wilmersdorf

������� ���	�


 ����� 
���������

� �������� � ��� ������ �� !������"�� #��$"�� ����

% &'()* +,+-() . '/)+0'/-1 234 5367,0'/-1 4+, &,+-+3 83-9+,:-/ ;'/ <+,=-3

>,+?,-3/ @A BCDEF G@+?/+0*+, HBBCI





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

������� ���	�

 ����� 
��������

������� �� ���

��� !"# $

%& '()* +,')-./ /01.)-)' 23,45.+* 23, '(/ ,/-5,,/&-/ /65+')3&

7 89 : ;< = > ;?8 < @ A8 = 7 8 ;<= B C8 7 8D: ;< =
+&E '(/ E/,)F+')F/ ,5./*

G ;<= 7 H8 ;< = > I8 7 89 : ;<= @ J8 7 8 ;< = @ K8 7 8D: ;<=
+&E

G ;< = 7 H8 ;< = > ; LI8 < @ LJ8 = 7 8 ;<= @ LK8 7 8D: ;<=
,/*1/-')F/.M N()-( +,/ F+.)E 23, '(/ 3,'(3O3&+. 13.M&34 )+. *3.5')3&* 7 8 ;< = 32 '(/ E)P/,/&')+.
/65+')3&

G ;< = Q HH ;< = @ R ;< = Q H ;< = @ S8 Q ;<= > T
32 (M1/,O/34/',)- 'M1/ +,/ E/F/.31/E '(+' E/1 /&E UVWX 3& '(/ -3/Y -)/&'* G ;<= +&E R ;< = N()-(
'(/4 */.F/* +,/ 13.M&34 )+.* N Z, Z' Z < 32 E/O,//* &3' .+,O/, '(+& [ +&E \] ,/*1 /-')F/.MZ
^+,')+. *3.5')3&* 32 '()* 1,3_./4 (+E _//& 1,/F)35*.M 15_.)*(/E _M `,)-34 ) ] +&E ,/-/&'.M _M
a b+ L&/c ] d/(/*+ +&E e )f)23,3F Z
g5, 23,45.+* M)/.E +& +.O3,)'(4 N )'( N()-( )' -+& _/ E/-)E/E N(/'(/, + O)F/& (3.3&34 )- ,/-5,h
,/&-/ /65+')3& ;) Z/ Z 3&/ N )'( 13.M&34 )+. -3/Y -)/&'*= O/&/,+'/* + 2+4 ).M 32 -.+**)-+. 3,'(3O3&+.
13.M&34 )+.* ] +&E ,/'5,&* '(/ -3,,/*13&E)&O E+'+ ;E/&*)'M 25&-')3& ] )&'/,F+.= )&-.5E)&O '(/ *'+&h
E+,E)c+')3& E+'+ )& '(/ +Y ,4 +')F/ -+*/ Z
%& + *)4 ).+, N+M] /01.)-)' 23,45.+* 23, '(/ -3/Y -)/&'* 32 '(/ ,/-5,,/&-/ /65+')3& +&E '(/ E)P/,/&-/
,5./

G ;< = i7 8 ;<= > I8 7 89 : ;<= @ J8 7 8 ;<= @ K8 7 8D: ;<=
32 '(/ -.+**)-+. 3,'(3O3&+. 13.M&34 )+.* 32 + E)*-,/'/ F+,)+_./ +,/ O)F/& '(+' E/1/&E 3&.M 3& '(/
-3/Y -)/&'* G ;<= +&E R ;<= 32 '(/), E)P/,/&-/ /65+')3&

G ;< = jiQ ;<= @ R ;<= jQ ;< = @ S8 Q ;<= > T k
l/,/

jQ ;< = > Q ;< @ \= B Q ;<= +&E iQ ;<= > Q ;<= B Q ;< B \=
E/&3'/ '(/ 23,N+,E +&E _+-fN+,E E)P/,/&-/ 31/,+'3,* ] ,/*1/-')F/.MZ %& 1+,')-5 .+, '()* *3.F/* '(/
-3,,/*13&E)&O )&F/,*/ 1,3_./4 '3 m&E '(/ -.+**)-+. E)*-,/'/ 3,'(3O3&+. 13.M&34 )+. *3.5')3&* 32 +
O)F/& (3.3&34 )- ,/-5,,/&-/ /65+')3& Z

H



� #��$"�� ���� �� ��� �$������� ���� �$��
� =73��:/'34-3� ?,7*=+0 -3 /)+ /)+7,� 76 :? +(-'= 623(/-73: 	)7:+ :7=2/-73 ('3 * + 9+,� )+=?62 =
-3 '??=-+4 0'/)+0'/-(: ': 	+== ': -3 0'3� 
2'3/20 �0+()'3-('= ?,7* =+0 : 76 ?)� :-(: �H�
 �
-: /)+ 4+/+,0 -3'/-73 76 /)+ 4 -�+,+3/-'/-73 67,02=': 76 /)+ )�? +,�+70+/,-(�/�? + 7,/)7�73'=
?7=�370 -'=: � � G� I 73=� 6,70 /)+ (7 +� (-+3/: 76 /)+ 4-�+,+3/-'= +
2'/-73

� G� I � �� G� I � � G� I � � G� I � �� � G� I � � GHI

	)-() -: :'/-:�+4 *� /)+:+ ?7=�370 -'=:

� G� I � � � G� I � �� �� � � � � G�  ! " #� $� % H % E % � � �& % �� '� � I � GEI

()+ (7 +� (-+3/: � G� I � � G� I '34 �� /2,3 72/ /7 * + /)+0 :+=9+: ? 7=�370 -'=: 	 ), )/ ) � 76 4+�,++:
37/ =',�+, /)'3 E � H '34 � � ,+:? +(/-9+=�)()-: ?,7* =+0 	': ?',/-'==� :7 =9+4 *� (,-(70 - G�E H
 � A)'?/+, 5* I -3 /)+ :+3:+ /)'/ )+ 	': '* =+
/7 ('=(2='/+ /)+ (7 +� (-+3/: +,� � +-� '34 +.� 76 /)+ 4+,-9'/-9+ ,2=+

� G� I � �� G� I � G +,� � � +-� I � � G� I � +.� � �/0 G� I � GFI

17	+9+, � )-: 67,02=' 67, +-� 	': 37/ 73 =� -3 /+,0 : 76 /)+ (7 +� (-+3/: 76 GHI '34 �� � *2/
62,/)+,07,+ /)+ :+(734 )-�)+:/ (7+� (-+3/: 76 � � G� I 	+,+ -397=9+4 � '34 /7 +9'=2'/+ +.� � )+
3++4+4 /7 137	 '=:7 /)+ (7+� (-+3/: 76 /)+ ,+(2,,+3(+ +
2'/-73

� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I G7 I
'37/)+, :/,2(/2,'= ?,7? +,/� 76 7,/)7�73'= ? 7=�370 -'= :�:/+0 : )
@-3(+ /)+ ? 7=�370 -'=: � � G� I � -9+3 *� GEI ',+ (70?=+/+=� 4+/+,0 -3+4 *� /)+ 4-�+,+3/-'= +
2'/-73
'34 /)+-, =+'4-3� (7 +� (-+3/: �� G�  ! " I � -/ -: 4+:-,'* =+ /7 7*/'-3 /)+ ,+(2,,+3(+ +
2'/-73 G7 I89: /)+ 4+,-9'/-9+ ,2=+ GFI 6,70 /)+:+ -367,0'/-73: '=73+ ); +(+3/=�� < =' +3+> � ? +)+:' '34 @ -1 -67,79 �EF
 ?,+:+3/+4 :2() 67,02=': 	)-() � )7	+9+, � ',+ '4�
4-/-73'==� -3 /+,0 : 76 /)+ (73:/'3/ A� � � -9+3 *� ' ,+?,+:+3/'/-73 76 /)+ /�?+

� � G� I � A�B G� I
C
D

�� GEI B GEI
GE 5 � I�2 0 FE GGI

67, � � G� I � B G� I * +-3� :7 =2/-73 76 /)+ +
2'/-73 G�B I� � � B � '34 6 * +-3� ' (73/72, :'/-:6� -3�
(+,/'-3 * 7234',� (734-/-73: ) ()+-, 4+9+=7?0+3/ -: 07,+ �+3+,'= -3 /)+ :+3:+ /)'/ /)+� 4-4 37/
'::20+ /)'/ � -: '3 -3/+�+, ) H3 /)+ 7/)+, )'34 � /)+ '::20?/-73 /)'/ � -: '3 -3/+�+, -0?=-+:
/)'/ /)+ (73/72, 6 -: (=7:+4 � /)+ -3/+�,'= ,+?,+:+3/'/-73 GGI * +-3� +
2-9'=+3/ /7 /)+ IJ:KLM NOPKOQ KOPO9 R8 RLJ9

� � G� I � S�B G� I F�F�� TB G� I � G� I
� U GCI

	)+,+
A� � � V

EW X S� % GYI
'34 /)+ :7=2/-73: ',+ (='::-('= 7,/)7�73'= ?7=�370 -'=: 	 -/) 4+3:-/� B G� I )
53 /)-: ',/-(=+ � 	+ ,+?,+:+3/ /)+ (7 +� (-+3/: 76 * 7/) GFI '34 G7 I -3 /+,0 : 76 � G� I % � G� I '34 /)+
/+,0 ,'/-7 ��2 0Z�� '=73+ � )+3(+ � -9 -3� ' (70?=+/+ :7=2/-73 76 /)+ ?,7? 7:+4 ?,7* =+0 )

E



5/ -: (=+', /)'/ 72, 67,02=': :)72=4 4+? +34 '44-/-73'==� 73 /)+ =+'4-3� (7+� (-+3/: �� � :-3(+
:2() ' P R89:8K:L�8 RLJ9 ('3 *+ ?,+:(,-* +4 ',* -/,',-=�) 56 73+ /'1+: /)+ � J9L� :/'34',4->'/-73 �
- )+ ) �� � H � /)+3 /)+ 67,02=': -3 6'(/ 4+? +34 73=� 73 /)+ (7+� (-+3/: 76 /)+ 4-�+,+3/-'= +
2'/-73 )
&7, /)+ (='::-('= 7,/)7�73'= ?7=�370 -'=: 72, 67,02=': ',+ :/,73�+, /)'3 < =' +3+> �� ?+)+:' �: '34@ -1 -67,79 �: ,+:2=/ :-3(+ �� -: -3/,-3:-( ?',/ 76 � � G� I � 	)+,+': /)+ (73:/'3/: A� % S� ',+ 37/ )
.7,+79+, � 	+ 	 -== � -9+ A� '34 S� -3 /+,0 : 76 /)+ (7 +� (-+3/: 76 /)+ 4-�+,+3/-'= +
2'/-73 � /7 7 )� =�+*,'-('==� /	7 -4+3/-/-+: G4-�+,+3/-'= +
2'/-73 89: ,+(2,,+3(+ +
2'/-73 � + )� )I ',+ 3++4+4 /7
4+42(+ /)+ /)-,4 73+ G4+,-9'/-9+ ,2=+ � + )� )I � :++ ��
 � 	)+,+': )+,+ G1-34 76 0'� -(I 	+ 	72=4 =-1+
/7 4+42(+ /	7 6,70 73+ ) ()'/ /)-: -: ?7::-* =+ -: 42+ /7 /)+ 898 �� RL� 137	 =+4�+ /)'/ 7,/)7�73'=
?7=�370 -'= :7 =2/-73: 76 /)+ 4-�+,+3/-'= +
2'/-73 GHI :'/-:6� :70 + :/,2(/2,'= ?,7? +,/-+: � 3'0+=��
/)+ ,+(2,,+3(+ +
2'/-73 '34 4+,-9'/-9+ ,2=+ /'1+ :? +(-'= 67,0 : )
�+ 0'1+ /)+ �+3+,'= '::20?/-73 /)'/ 72, ?7=�370 -'=: � � G� I ',+ 7,/)7�73'= 	 ), )/ ) ' 0+':2,+
� � - )+ ) C

	
� � G� I �
 G� I F� G� I �

��



� -6 � '� �
�� '� � -6 � � � G�I

	)+,+ � 4+37/+: '3 '??,7?,-'/+ -3/+�,'/-73 ?'/) � 67, +�'0?=+ ' ,+'= -3/+,9'= )
.'� 7, /7 7=: -3 72, 4+9+=7?0+3/ ',+ /)+ 67 ==7	 -3� 	+==�137	3 :/,2(/2,'= ?,7? +,/-+: 76 :2()
6'0 -=-+: 76 7,/)7�73'= ?7=�370 -'=: )
���� " � �3� :� :/+0 76 ? 7=�370 -'=: $� � G� I � �  ! " &� � � *+-3� 76 +�'(/ 4+�,++ � � 7,/)7�7�
3'= 	 -/) ,+:? +(/ /7 ' 0+':2,+ � � :'/-:�+: ' /),++�/+,0 ,+(2,,+3(+ +
2'/-73 76 /)+ 67,0 G7 I

� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I G�  ! " % � /0 G� I � � I %
3� % 4� '34 6� 37/ 4+? +34-3� 73 � )
� KJ J� � ()-: ?,7? +,/� -: 	+==�137	3 G:++ + )� ) �E H
 � A)'?/+, 5* I ) (7 ?,79+ -/ � 73+ :2*:/-/2/+:
GEI � +
2'/+: /)+ (7+� (-+3/: 76 ��2 0 � '34 �+/: -00+4-'/+=� /)'/

3� � ��2 0�� � GBI

� -/) /)-: ()7-(+ � 	+ :/24� /)+ 4-�+,+3(+ � �2 0 G� I 5 3� � � � G� I ) @-3(+ /)-: -: ' ? 7=�370 -'= 76
4+�,++ 37/ =',�+, /)'3 � � -/ ('3 * + 4+(70?7:+4 ':

� �2 0 G� I 5 3� � � � G� I � ��
��" F� � � G� I �

�+ ()77:+ � � � 5 E '34 02=/-? =� *� �
 G� I ) 53/+�,'/-3� 	 -/) ,+:? +(/ /7 � � -+ =4:
C
	
�
 G� I � �2 0 G� I F� G� I 5 C

	
�
 G� I 3� � � � G� I F� G� I � F
 �


	)+,+ 73 /)+ ,-�)/ )'34 :-4+ G�I 	': '??=-+4 ) <7/) =+6/ )'34 -3/+�,'=: 9'3 -:) :-3(+ �
 G� I -:
7,/)7�73'= /7 � �2 0 G� I '34 :-3(+ ��
 G� I ': ' ? 7=�370 -'= 76 4+�,++ 37/ =',�+, /)'3 � 5 H -:
7,/)7�73'= /7 � � G� I � -0? =� -3� F
 � � ) ()-: � -9+: /)+ ,+:2=/ ) �
()+ :+(734 -0?7,/'3/ :/,2(/2,'= ?,7? +,/� 67, 72, (73:-4+,'/-73: -: � -9+3 *�

F



���� " � �3� :� :/+0 76 ? 7=�370 -'=: $� � G� I � �  ! " &� � � * +-3� 76 +�'(/ 4+�,++ � � /)'/
',+ :7=2/-73: 76 /)+ 4 -�+,+3/-'= +
2'/-73: GHI '34 62,/)+,07,+ 7,/)7�73'= 	 -/) ,+:? +(/ /7 '
0+':2,+ � G� I � B G� I F� )'9-3� 	+-�)/ 623(/-73 B G� I � � � :'/-:�+: ' 4+,-9'/-9+ ,2 =+ 76 /)+
67,0 GFI

� G� I � �� G� I � G +,� � � +-� I � � G� I � +.� � �/0 G� I G�  ! #� $H % E % F % � � �&I %
+,� % +-� '34 +.� 37/ 4+? +34-3� 73 � )
� KJ J� � @2*:/-/2/-3� GEI '34 +
2'/-3� /)+ (7 +� (-+3/: 76 ��2 0 � 73+ �+/: -00+4-'/+=� /)'/

+,� � � � � GH� I
53 �HF
 � � G -/ -: :)7	3 *� '3 +=+0+3/',� ',�20+3/ /)'/ 234+, /)+ � -9+3 (734-/-73: /)+ :7=2/-73:� � G� I 76 /)+ 4-�+,+3/-'= +
2'/-73: GHI ',+ 7,/)7�73'= 	 -/) ,+:? +(/ /7 /)+ 	+-�)/ 623(/-73

B G� I #� 6� G� I �
� � ��	


 ��	 �� � � % GHHI

� -9+3 *� �O8KPJ9 
P :L� OKO9 RL8 � O�N8 RLJ9
FF� T� G� I B G� I

U � � G� I B G� I
67, ' :2 -/'* =+ (73:/'3/ 6 � -3 ' :2-/'* =+ -3/+,9'= � G4+? +34-3� 73 /)+ >+,7: 76 � G� II ) 1 +3(+
02=/-? =� -3� GHI *� B G� I � /)+ 4-�+,+3/-'= +
2'/-73 /'1+: /)+ :+=6'4�7-3/ 67,0

FF� T� G� I B G� I � � G� I
U � �� B G� I � G� I � � �

8:-3� /)-: -4+3/-/�� (,-(70 - :)7	+4 /)'/ G�E H
 � 5* G7 )H� II
C
	
� G� I B G� I � �� G� I � G� I F� � � GHEI

67, '3� ?7=�370 -'= � G� I 76 4+�,++ � � 5 E ) 56 GH� I )7=4: � /)+3 /)+ 4+�,++ 76 � G� I � �� G� I 5 +,� �
-: � � ) 1 +3(+ 73+ ('3 	 ,-/+

� G� I � �� G� I 5 +,� � � ��
��" �� � � G� I �

� : '*79+ � 6,70 GHEI 73+ ('3 4+42(+ /)'/ �� � � 67, � � � � � 5 E G:++ �E H
 � A)'?/+, 5* I ) �
�3 -00+4-'/+ (73:+
2+3(+ -: /)+ 67 ==7	 -3�
��!���"!� � �3� :� :/+0 76 ? 7=�370 -'=: $� � G� I � �  ! " &� � � * +-3� 76 +�'(/ 4+�,++ � � /)'/
',+ :7=2/-73: 76 /)+ 4-�+,+3/-'= +
2'/-73 GHI '34 62,/)+,07,+ 7,/)7�73'= 	 -/) ,+:? +(/ /7 '
0+':2,+ � G� I � B G� I F� )'9-3� 	+-�)/ 623(/-73 B G� I � � � :'/-:�+: ' 4+,-9'/-9+ ,2=+ 76 /)+ 67,0

� G� I � �� G� I � ,� � �2 0 G� I � -� � � G� I � .� � �/0 G� I G�  ! I % GHFI

,� % -� '34 .� 37/ 4+? +34-3� 73 � )
7



� KJ J� � @2*:/-/2/-3� GEI -3 GHFI � '34 +
2'/-3� /)+ (7 +� (-+3/: 76 ��2 0 � 73+ �+/: -00+4-'/+=�
/)'/

,� � � � ����2 0 � GH7 I
@2*:/-/2/-3� G7 I -3 GFI 73+ �+/: 07,+79+,

� G� I � �� G� I � G +,� � � +-� I � � G� I � +.� � �/0 G� I
� � +,�3� T� �2 0 G� I 5 4� � � G� I � 6� � �/0 G� IU � +-�� � � G� I � +.� � �/0 G� I %

)+3(+ GHFI -: 9'=-4 	 -/)
,� � +,�3� % -� � +-� 5 +,� 4�3� % .� � +.� � +,� 6�3� � �

� ������ � � !������"�� #��$"�� ���� �� �" �"������
53 /)-: :+(/-73 	+ � -9+ /)+ ?,7? 7:+4 +�? =-(-/ ,+(2,,+3(+ +
2'/-73 '34 4+,-9'/-9+ ,2=+ 67,02=': )� ::20+ ' 6'0 -=� 76 4 -�+,+3/-'= +
2'/-73: GHI -: � -9+3 67, �  ! " � 	 -/) (73/-3272: 623(/-73:� G� I % � G� I � '34 (73:/'3/: �� � '34 	+ :+',() 67, ? 7=�370 -'= :7 =2/-73: GEI 76 4+�,++ � ) ()+3
:-3(+ � 0 G� I -: =-3+', � 73+ 4+42(+: /)'/ � G� I 02:/ * + '3 '/ 07:/ =-3+', ? 7=�370 -'= � '34 :-3(+� � G� I -: 
2'4,'/-( � 73+ 4+42(+: /)'/ � G� I 02:/ * + '3 '/ 07:/ 
2'4,'/-( ? 7=�370 -'= �F
 ) 1 +3(+	+ 0 '� '::20+ /)'/ � G� I #� �� � � �� � � % � G� I #� F� � � � GHGI�
2'/-3� (7+� (-+3/: 76 /)+ ) -�)+:/ ? 7	+,: �� -3 GHI 67, �+3+,-( � � G� I � � -9+3 *� GEI � 73+
4+42(+: /)'/ 07,+79+,

�� G� 5 HI � F� � �� � � 7, �� � 5 G�� G� 5 HI � F� I � GHCI

1+3(+ 73=� -6 /)+ 4-�+,+3/-'= +
2'/-73 /'1+: /)+ :? +(-'= 67,0

G�� � � �� � �I � �� G� I � GF� � �I � � G� I 5 G�� G� 5 HI � F� I � G� I � � % GHYI
-/ ('3 )'9+ ? 7=�370 -'= :7 =2/-73: )
.7,+79+, 	+ ('3 '::20+ /)'/ �� '� � 67, �  ! � )+3(+ � G� 5 HI � F '� � 67, �  ! :-3(+
7/)+,	 -:+ 37 7,/)7�73'= ?7=�370 -'= :7 =2/-73: ('3 +� -:/ ) ()-: -: 4 -:(2::+4 -3 4+/'-= -3 �HF 
 ) 53
?',/-(2=', � F '� � )
53 /)+ 67 ==7	 -3� /)+7,+0 � 	+ � -9+ +�? =-(-/ ,+?,+:+3/'/-73: 76 /)+ (7,,+:? 734-3� ,+(2,,+3(+
+
2'/-73 '34 4+,-9'/-9+ ,2=+ -3 /+,0 : 76 /)+ � -9+3 � % � % � % F % � '34 /)+ /+,0 ,'/-7 ��2 0Z�� )
	
��!�� � �+/ � � G� I � �� �� � � � � G�  ! " I * + ' 6'0 -=� 76 ? 7=�370 -'= :7 =2/-73: 76 /)+
:�:/+0 76 4-�+,+3/-'= +
2'/-73: GHYI /)'/ ',+ 7,/)7�73'= 	 -/) ,+:? +(/ /7 ' 	+-�)/ 623(/-73B G� I ) ()+3 /)+ 4+,-9'/-9+ ,2=+ GHFI

� G� I � �� G� I � ,� � �2 0 G� I � -� � � G� I � .� � �/0 G� I
-: 9'=-4 	 -/)

,� � � � ����2 0
G



-� � � G� G� 5 HI � F I G� F 5 E � �IGE � G� 5 HI � F I GE � � � F I GH�I
.� � � G� G� 5 HI � F I G� G� 5 EI � F I G� G�� � F I G7 � �5 �� I� � �

�� � F� 5 � F �IG� GE� 5 HI� F I G� GE� 5 FI� F I GE� G� 5 HI � F I� ����/0 % GHBI

'34 /)+ ,+(2,,+3(+ +
2'/-73 G7 I
� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I

-: 9'=-4 	 -/)
3� � ��2 0��

4� � ��2 0�� �

E�� G� G� 5 HI � F I � � GF 5 E� I
GE� G� 5 HI � F I GE�� � F I GE� I

'34
6� � 5 ��2 0�� .�

� G� 5 HI � F % GE HI

.� *+-3� � -9+3 *� GHBI )
� KJ J� � ()+ 9'=2+: 76 3� '34 ,� 	+,+ '=,+'4� 7*/'-3+4 -3 �+00' H '34 A7,7==',� H )
<� �+00' H /)+ ?7=�370 -'=: :'/-:6� ' ,+(2,,+3(+ +
2'/-73 76 /�?+ G7 I #

� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I � GEEI

@+� / � 	+ 4-�+,+3/-'/+ GEEI /	 -(+ '34 �+/
� ��2 0 G� I � 3� � � G� I � G3� � � 4� I � �� G� I 5 6� � ��/0 G� I GEFI

'34 � ���2 0 G� I � E3� � �� G� I � G3� � � 4� I � ��� G� I 5 6� � ���/0 G� I �
�+ 02=/-? =� /)+ =':/ +
2'/-73 *� � G� I

� G� I � ���2 0 G� I � E3� � G� I � �� G� I � G3� � � 4� I � G� I � ��� G� I 5 6� � G� I � ���/0 G� I
'34 2:+ /)+ 4-�+,+3/-'= +
2'/-73 /7 ,+? ='(+ /)+ :+(734 4+,-9'/-9+: *� /)7:+ 76 =7	+, 7,4+,
5 T� G� I � ��2 0 G� I � ��2 0 � �2 0 G� IU � E3� � G� I � �� G� I 5 G3� � � 4� I T� G� I � �� G� I � �� � � G� IU

� 6� T� G� I � �� /0 G� I � ��/0 � �/0 G� IU �
� 6/+, :2*:/-/2/-3� GEFI 73 /)+ =+6/ )'34 :-4+ � '34 :2*/,'(/-3� � G3� � 4 I � �� 5 � 6� � �� /0 � 	+
',,-9+ '/

5� G� I 3� � � G� I 5 ��2 0 � �2 0 G� I � E3� � G� I � �� G� I 5 G3� � � 4� I �� � � G� I � 6� ��/0 � �/0 G� I �
@+� / � 73 /)+ ,-�)/ )'34 :-4+ � 	+ ,+? ='(+ G3� � � 4� I � � G� I *� � �2 0 G� I � 6� � �/0 G� I '((7,4-3�
/7 GEEI � '34 �+/
5� G� I 3� � � G� I 5 ��2 0 � �2 0 G� I � E3� � G� I � �� G� I 5 �� � �2 0 G� I � G��/0 5 �� I 6� � �/0 G� I %

C



7, ,+	 ,-//+3
G�� 5 ��2 0I � �2 0 G� I � 3� GE � G� I � �� G� I � � G� I � � G� II � G��/0 5 �� I 6� � �/0 G� I �

@7	 	+ :2*:/-/2/+ /)+ ,+?,+:+3/'/-73 76 A7,7==',� H

� G� I � �� G� I � ,� � �2 0 G� I � -� � � G� I � .� � �/0 G� I
/7 4+42(+

TG�� 5 ��2 0I 5 E 3� ,�U � �2 0 G� I � 3� GE -� � � G� II � � G� I� TE 3� .� � G��/0 5 �� I 6�U � �/0 G� I
'6/+, :2*/,'(/-3� E 3� ,� � �2 0 G� I ) ;+? ='(-3� � �2 0 G� I '((7,4 -3� /7 GEEI � 	+ ',,-9+ '/ /)+
-4+3/-/�

T3� GE -� � � G� II � GE 3� ,� 5 G�� 5 ��2 0II G3� � � 4� IU � � G� I �
5 TGG�� 5 ��2 0I 5 E 3� ,� I 6� � E 3� .� � G��/0 5 �� I 6�U � �/0 G� I �

@-3(+ � � G� I -: ' ? 7=�370 -'= 76 +�'(/ 4+�,++ � � /)-: ,+='/-73 ('3 73=� * + 9'=-4 -6 /)+ (7 +� (-+3/:
76 * 7/) � � G� I '34 � �/0 G� I 9'3-:) � :-3(+ 7/)+,	 -:+ /)+ ? 7=�370 -'= 73 /)+ =+6/ )'34 :-4+ )':
4+�,++ � � 	)+,+': /)+ ?7=�370 -'= 73 /)+ ,-�)/ )'34 :-4+ )': 4+�,++ � 5 H � ' (73/,'4 -(/-73 )()+ (7+� (-+3/: 02:/ 9'3-:) ': ? 7=�370 -'=: -3 � � '34 +
2'/-3� (7+� (-+3/: 	+ ',+ =+4 /7 /)+
/),++ +
2'/-73: 3� G��2 0 5 �� � F � E ,� 3� I � � �

3� � � E 3� 4� ,� � E 3� -� 5 4� �� � 4� ��2 0 � �
'34

E 3� 6� ,� 5 E 3� .� 5 6� ��/0 � 6� ��2 0 � � �
� )+,+': /)+ � ,:/ 76 /)+:+ +
2'/-73 47 +: 37/ (73/'-3 '3� 3+	 : *2/ ,+:/'/+: ' ,+='/-73:)-?
*+/	++3 3� � ,� '34 �� � /)+ :+(734 '34 /)-,4 76 /)+:+ +
2'/-73: G2:-3� GBI � GH7 I '34 GHCII
('3 * + ,+	 ,-//+3 ':

4� � G� � E -� I
F

��2 0�� GE7 I
'34 ': GE HI ) 1+3(+ 4� '34 6� ',+ 137	3 ': :773 ': -� '34 .� ',+ )
�+ �3'==� 3++4 /	7 07,+ +
2'/-73: /7 �34 -� '34 .� ) (7 4+42(+ 73+ 76 /)+:+ +
2'/-73: � '34
/7 �34 -� � '34 )+3(+ 4� � 	+ :2*:/-/2/+

� � G� I � �� �� � � �� ��/0 � � ��� ��/� � � � � GEGI
-3 /)+ /),++ +
2'/-73: (73:-4+,+4 � 3'0+=� /)+ 4-�+,+3/-'= +
2'/-73 � /)+ ,+(2,,+3(+ +
2'/-73
'34 /)+ 4+,-9'/-9+ ,2=+ ) � : 	+ '=,+'4� :'	 � +
2'/-3� /)+ (7 +� (-+3/: 76 /)+ ) -�)+:/ ? 7	+,: 76� � -+ =4: GHCI � GBI '34 GH7 I ) 56 	+ +
2'/+ /)+ (7 +� (-+3/: 76 /)+ 3+� / )-�)+:/ ? 7	+,: 76 � � 	+�+/ /),++ 07,+ +
2'/-73: � -397=9 -3� /	7 07,+ 9',-'* =+: /)72�) � 3'0+=� � �� '34 � ��2 0 ) ()+:+
',+ /)+ +
2'/-73:

� � �� 5 � � �� 5 � � � �� 5 E � � �� � F � �� � E � � � �� � � % GECI

4� �� � 3� � �� 5 � ��2 0 � � % GEYI
'34 � � �� 5 -� �� 5 � � �� � � � � �� 5 ,� � ��2 0 � � � GE�I

Y



�
2'/-73 GECI -00+4-'/+=� � -9+:
� ���� � � G� G� 5 HI � �IE � G� 5 HI � F % GEBI

	)+,+': 6,70 GEYID GE�I 73+ ('3 +=-0 -3'/+ � ��2 0 ) ()-: � -9+: ' :+(734 +
2'/-73 * +/	++3 4� '34-� 	)-() /7�+/)+, 	 -/) GE7 I '34 GEBI � -+ =4: GH�I '34 GE� I )(7 4+42(+ .� � 	+ +
2'/+ /)+ (7+� (-+3/: 76 /)+ 3+� / )-�)+:/ ? 7	+,: -3 /)+ 4-�+,+3/-'= +
2'/-73 �
,+(2,,+3(+ +
2'/-73 '34 4+,-9'/-9+ ,2=+ � -3/,742(-3� /	7 07,+ '2� -=-',� 9',-'* =+: � ��� '34 � ���2 0	)-() ('3 * + +=-0 -3'/+4 ) ()-: ?,7 (+42,+ �+3+,'/+: 73+ 07,+ +
2'/-73 * +/	++3 6� '34 .��3'==� 4+42(-3� GHBI ) �
@7/+ /)'/ /)+ ,+:2=/: � -9+3 -3 ()+7,+0 H ('3 '=:7 * + 4+42(+4 (70?=+/+=� '2/70 '/-('==� *�
+=-0 -3'/-73 0+/)74: *':+4 73 � , ;7*3+, *':-: ('=(2='/-73: ) � -/) /)+ (70?2/+, '=�+*,' :� :/+0 :
.'?=+ '34 ;�?8A� 	+ 	+,+ :2((+::62= 47-3� :7 ) &7, /)+ ?2,?7:+ 76 �34-3� 3� % 4� % 6� � 	+
:2*:/-/2/+ GEGI -3 /)+ 4-�+,+3/-'= +
2'/-73: 67, � � G� I '34 67, � �2 0 G� I � '34 -3 /)+ ,+(2,,+3(+
+
2'/-73 ) �
2'/-3� /)+ /),++ )-�)+:/ (7+� (-+3/: -3 '3� 76 /)+:+ /),++ +
2'/-73: � -+ =4: 3-3+
373=-3+', +
2'/-73: -3 /)+ 3 -3+ 23137	3:

3� % 4� % 6� % �� % ��2 0 % � �� % � ��2 0 % � ��� % � ���2 0 �
<� ' � , ;7*3+, *':-: (70?2/'/-73 G-3971+4 *� /)+ ����� (700'34 76 /)+ 2/-=->+4 (70?2/+,
'=�+*,' :� :/+0 I -/ /2,3: 72/ /)'/ /)+,+ -: ' 23-
2+ :7=2/-73 � � -9+3 *� ()+7,+0 H � :++ '=:7
A7,7==',� 7 '34 GFFI ) @7/+ /)'/ /)+,+67,+ /)+ 67,02=': 67, 3� % 4� � '34 6� 76 ()+7,+0 H ',+
9'=-4 	 -/)72/ /)+ )�?7/)+:-: 76 ' 	+-�)/ 623(/-73 B G� I )
@-0 -=',=�� /7 �34 ,� % -� % .� % 	+ :2*:/-/2/+ GEGI -3 /)+ 4-�+,+3/-'= +
2'/-73: 67, � � G� I '34 67,� �2 0 G� I � '34 -3 /)+ 4+,-9'/-9+ ,2 =+ ) �
2'/-3� /)+ /),++ )-�)+:/ (7 +� (-+3/: -3 '3� 76 /)+:+
/),++ +
2'/-73: � -+ =4: 3-3+ 373=-3+', +
2'/-73: -3 /)+ 3-3+ 23137	3:

,� % -� % .� % �� % ��2 0 % � �� % � ��2 0 % � ��� % � ���2 0 %
'34 ' � , ;7*3+, *':-: (70?2/'/-73 �+3+,'/+: /)+ 23-
2+ :7=2/-73 � � -9+3 *� ()+7,+0 H ) @7/+
/)'/ 	+ 	+,+ 37/ '* =+ /7 :+?','/+ /)+ /	7 ?,7* =+0 : -3 ' :-0 -=', 	'� *':+4 73 )'34 ('=(2='/-73: )
H2, /)+7,+0 )': -00+4-'/+ (73:+
2+3(+: )
��!���"!� � �+/ � � G� I � �� �� � � � � G�  ! " I * + ' 6'0 -=� 76 ?7=�370 -'= :7 =2/-73: 76 /)+
:�:/+0 76 4-�+,+3/-'= +
2'/-73: GHYI /)'/ ',+ 7,/)7�73'= 	 -/) ,+:? +(/ /7 ' 	+-�)/ 623(/-73B G� I ) ()+3 /)+ 4+,-9'/-9+ ,2=+ GFI

� G� I � �� G� I � G +,� � � +-� I � � G� I � +.� � �/0 G� I
-: 9'=-4 	 -/) +,� � � �

+-� � G� � G� 5 HI 5 � � � � F I �
E � G� 5 HI � F GF� I

+.� � .� 5 ,� 6� � � GE� 5 HI � F
� G� 5 HI � F .� % GF HI

,� � .� '34 6� * +-3� � -9+3 *� ()+7,+0 H )
�



� KJ J� � @2*:/-/2/-3� G7 I -3 GHFI � -+ =4: GFI 	 -/)
+,� � ,� 3� % +-� � ,� 4� � -� % +.� � .� 5 ,� 6� �

()-: � -+ =4: /)+ ,+:2=/ ) �
@7/+ /)'/ ()+7,+0 H 4+:(,-* +: /)+ 9',-+/� 76 4-�+,+3/ ,+(2,,+3(+ +
2'/-73 67,02=': 137	3
-3 /)+ =-/+,'/2,+ G�H
 � EE )YI *� J9O PL9M �O �JK� N�8 ) @-0 -=',=� '== /)+ 4-�+,+3/ 4+,-9'/-9+ ,2=+
67,02=': G�H
 � EE )�I ',+ �79+,3+4 *� ' :-3� =+ 67,02=' /),72�) A7,7==',� E )()+7,+0 H :)7	 : -3 ?',/-(2=', /)'/ /)+ ,+(2,,+3(+ +
2'/-73 '34 4+,-9'/-9+ ,2 =+ ('3 * + 7*/'-3+4
*� ?2,+=� ,'/-73'= ',-/)0 +/-( 	)+3+9+,

��2 0��  � G� I %
- )+ )� -6 �� -: ' ��Q OKM OJ� O RKL� ROK� ) ()-: -: 7*9 -72:=� /,2+ -6 �� � H � - )+ )� -3 /)+ 073-( (':+ )
<2/ '=:7 '== 7/)+, :/'34',4->'/-73: /)'/ ',+ 2:+4 -3 ?,'(/-(+ G:++ + )� ) �H
 � A)'?/+, EEI ',+ 76
/)-: /�? + )0
53 /)+ (':+ 76 /)+ JK R�J9JK� 8 � :/'34',4->'/-73 � -9+3 *�

�� � H

-/ -: 37/ -3 �+3+,'= /,2+ /)'/ �� -: ' )�? +,�+70+/,-( /+,0 ) H3 /)+ 7/)+, )'34 � -6 �� -: '
)�? +,�+70+/,-( /+,0 � �� -3)+,-/: /)-: ?,7? +,/�)
��!���"!� � �+/ � � G� I � �� �� � � � � G�  ! " I * + ' 6'0 -=� 76 7,/)7�73'= ? 7=�370 -'= :7 =2/-73:
76 /)+ :�:/+0 76 4-�+,+3/-'= +
2'/-73: GHYI ) ()+3 /)+ ,+='/-73

��2 0
�� � G� � HI G�� � F I G� G� 5 HI � F I

G� GE� � FI� F I G� GE� � HI� F I ��� � G� � HI � �GE�� � F I� TG��5 �F I5 ���U�
�
���2 0�� �� GFEI

-: 9'=-4 )
� KJ J� � (,-(70 - G�E H
 � 5* GE )EI � :++ '=:7 �H
 � GEE )H )GII ?,79+4 /)'/

6� � 3�3�/0
��
��/0 �

�3 '??=-('/-73 76 ()+7,+0 H � -+ =4: GFEI ) �
@+� / 	+ 	72=4 =-1+ /7 � -9+ ' �+3+,'= 67,02=' 67, /)+ /+,0 ,'/-7 76 /)+ (7 +� (-+3/: � �� -3 /+,0 :
76 /)+ � -9+3 /+,0 ,'/-7 76 �� )
��!���"!� � �+/ � � G� I � �� �� � � �� ��/0 � � � � G�  ! " I * + ' 6'0 -=� 76 7,/)7�73'= ? 7=�370 -'=
:7 =2/-73: 76 /)+ :�:/+0 76 4-�+,+3/-'= +
2'/-73: GHYI ) ()+3 /)+ ,+='/-73

� ��2 0� �� � � � H� �

G�� � �I GE� G� 5 HI � F I
G� G� 5 HI � �I GE�� � F I �

��2 0��
-: 9'=-4 )

����� 	� 
�� 	��
���� � 
� 	� 	� �

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

B



� KJ J� � ()-: 67 ==7	 : 6,70 � ��2 0� �� � � ��2 0��2 0 �

��2 0�� �

��� ��
2:-3� GEBI ) �
@-0 -=',=�� 73+ �+/:

� ����� � � G� 5 HI G� � �� 5 F � �� � E � � � � E � � � 5 E � � 5 F � � � E �� � �
� � � F I

E GE � � 5 E � � F I GF 5 F � � E � � I % GFFI

'=:7 4+42(+4 *� /)+ '2/70 '/-( +=-0 -3'/-73 0+/)74 0+3/-73+4 * +67,+ � '34 ' :-0 -=', +
2'/-73
67, � ���2 0Z� ��� � :++ /)+ �?? +34-� )�+ 62,/)+,07,+ 7*/'-3 /)+ /+,0 ,'/-7 76 /)+ 320*+,: A� 76 '3 -3/+�,'= ,+?,+:+3/'/-73 76
/�?+ GGI (73:-4+,+4 -3 �EF
 ) @7/+ /)'/ -3 /)+ 7,/)7�73'= ? 7=�370 -'= (':+ /)+ (73/72, 6 -:
(=7:+4 � '34 )+3(+ *� A'2()� �: -3/+�,'= 67,02=' ,+?,+:+3/'/-73 GGI -: +
2-9'=+3/ /7 ' IJ:KLM NOPKOQ KOPO9 R8 RLJ9 GCI 	 -/)

A� � � V
EW X S� �

�+ �+/ 67, S� '34 A� � ,+:? +(/-9+=�
��!���"!� � �+/ � � G� I � �� �� � � � � G�  ! " I * + ' 6'0 -=� 76 7,/)7�73'= ? 7=�370 -'= :7 =2/-73:
76 /)+ :�:/+0 76 4-�+,+3/-'= +
2'/-73: GHYI ) ()+3 � � G� I )'9+ ' ;74,-�2+: ,+?,+:+3/'/-73 GCI
'34 '3 -3/+�,'= ,+?,+:+3/'/-73 GGI 	 -/) (=7:+4 (73/72, 6 :2,,7234-3� E � � � '34 73+ )': 67,
S� '34 A� /)+ ,+='/-73:

A�2 0A� � G� � HI G� G� 5 HI � F I
G� GE� 5 HI � F I GE�� � F I �

��2 0�� %
'34

S�2 0S� � G� G� 5 HI � F I
G� GE� 5 HI � F I GE�� � F I �

��2 0�� �
� KJ J� � 53 G�EF 
 � GHFII -/ 	': :)7	3 /)'/

H3� � A�A�2 0 �

G� � HI G� G� 5 HI � F I
G� GE� 5 HI � F I GE�� � F I �

�3 '?? =-('/-73 76 GBI =+'4: /7 /)+ /+,0 ,'/-7 67, A� ) ()+ /+,0 ,'/-7 67, S� 67 ==7	 : /)+3 6,70
GYI ) �
@7/+ /)'/ A7,7==',� G '�'-3 4+:(,-* +: '== /)+ 4-�+,+3/ ;74,-�2+: 67,02=': G�H
 � EE )HHI 137	3
-3 /)+ =-/+,'/2,+ *� 73+ :-3� =+ 67,02=' )
5/ -: 	+==�137	3 G�F 
 � :++ '=:7 �7
 � �HF
I /)'/ ? 7=�370 -'= :7 =2/-73: 76 GHI ('3 * + (='::-�+4 '((7,4�
-3� /7 /)+ >+,7: 76 � G� I � =+'4 -3� /7 /)+ 37,0'= 67,0 : 76 ('*=+ H * +:-4+: =-3+', /,'3:67,0'/-73:� �� 3� � 4 ) ()+ /�?+ 76 4-�+,+3/-'= +
2'/-73 /)'/ 	+ (73:-4+, -: -39',-'3/ 234+, :2() '
/,'3:67,0'/-73 ) H ,/)7�73'= ? 7=�370 -'= :7 =2/-73: '((7,4-3� /7 /)-: (='::-�('/-73 +� -:/ -6 '34
73=� -6 /)+ 623(/-73

B G� I � 6� G� I �
� � ��	


 ��	 ��

� -9+3 *� GHHI � -+ =4: ' 	+-�)/ 623(/-73 -3 /)+ -3/+,9'= � -9+3 *� /)+ >+,7: 76 � G� I � - )+ ) /)+
(7,,+:? 734-3� -3/+�,'=: (739+,�+ '34 B G� I � � 67, :70+ 6 )

H�



H ) � � � � � � � � � % F � H �� � � G� I � �� �
E ) � � � � � � � % � � H % F � 5E �� � � G� I � � � G� I � /)+ � OK� L RO Q J��9J� L8 �P �
F ) � � � � � % �� H % F � 5 H % � � ,� H �� � � G� I � � ���� G� I � /)+ �8M NOKKO Q J��9J� L8 �P �
7' ) � � H % � � � � F � � � � % �� � � G� I � �� �
7* ) � � H % � � � � � % F � , � E % � � E �� � � G� I � 4 �� �� G� I � /)+ � OPPO� Q J��9J� L8 �P �
G ) � � H % �� � % � � 5 H % F � ,� - � E % �� , 5- � � � G� I� 	 �� 
� �� G� I � /)+ �8�J
L Q J��9J� L8 �P )

('* =+ H # @7,0'= &7,0 : 76 >7=�370 -'= @7=2/-73:

()-: :)7	 : /)'/ /)+ 73 =� 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: ',+ =-3+', /,'3:67,0 : 76 /)+ 1 +,0 -/+ ��'�2+,,+ � '34 �'(7*- ? 7=�370 -'=: � )+3(+ 2:-3� ' 0'/)+0'/-('= 4-(/-73',� 73+ ('3 '=	'� :
4+42(+ /)+ ,+(2,,+3(+ +
2'/-73 '34 4+,-9'/-9+ ,2=+: ) @7/+ � )7	+9+, � /)'/ /)-: '??,7'() G-3�+3+,'=I ,+
2-,+: /)+ 	7,1 	 -/) ,'4-('=: � 3'0+=� /)+ >+,7: 76 /)+ 
2'4,'/-( ? 7=�370 -'= � G� I �	)+,+': 72, '??,7'() -: (70?=+/+=� ,'/-73'= # � -9+3 ��2 0Z��  � G� I � /)+ ,+(2,,+3(+ +
2'/-73
'34 4+,-9'/-9+ ,2=+: ',+ � -9+3 ,'/-73'==� -3 ()+7,+0 H )@7/+ /)'/ /)+ 67,02=': 76 ()+7,+0 H ',+ '=:7 9'=-4 67, /)+ <+::+= ? 7=�370 -'=: G�H�
 � ? ) E7 I

4 �� �� G� I � GE� I V ��� V E� 0� 0 � 5�
5E� �����

E� � � �
���
E� F�F�� T� �� �

/���U �
()-: -: :7 :-3(+ /)+ <+::+= ? 7=�370 -'=: :J :'/-:6� *7/) ' ,+(2,,+3(+ +
2'/-73 '34 ' 4+,-9'/-9+
,2=+ 76 /)+ 4+:-,+4 /�? + G:++ + )� ) �EF
I � 4+:? -/+ /)+ 6'(/ /)'/ /)+ (7,,+:? 734-3� 623(/-73

B G� I � 6� G� I �
� � ��	


 ��	 �� � 6 �� �
/���

47+: 37/ (73:/-/2/+ ' 	+-�)/ 623(/-73 73 /)+ ,+'= '� -: ) ()+ 9'=-4 -/� 76 *7/) ' ,+(2,,+3(+
+
2'/-73 '34 ' 4+,-9'/-9+ ,2=+ 76 /)+ � -9+3 /�? +: � )7	+9+, � 	': /)+ 73=� '::20?/-73 -3 /)+
?,776 76 ()+7,+0 H )� =/)72�) /)+ �'(7*- ? 7=�370 -'=: 	 �� 
� �� G� I 47 73=� (73:/-/2/+ 7,/)7�73'= ? 7=�370 -'=: 67,, % - � 5 H � *� ' :-0?=+ ',�20+3/ -/ ('3 *+ :)7	3 /)'/ /)+ :/,2(/2,'= ?,7? +,/-+: =-1+ ,+(2,,+3(+
+
2'/-73 '34 4+,-9'/-9+ ,2=+ ,+0'-3 9'=-4 67, ',* -/,',� 9'=2+: 76 , % - ) � :-0 -=', (700+3/
'??=-+: /7 /)+ 7/)+, ?','0+/+,->+4 6'0 -=-+: 76 ('* =+ H ) 1+3(+ ()+7,+0 H -: 9'=-4 '=:7 -3 /)+:+
(':+: )()+7,+0 H -: +9+3 9'=-4 -3 /)+ (':+ 76 ('*=+ H #7' � '34 -/: ,+(2,,+3(+ +
2'/-73 ?',/ '=:7 67,('*=+ H #H 	 -/) /)+ /,-9 -'= :7 =2/-73 � � G� I � �� ) 53 * 7/) (':+: 	+ )'9+ /)+ ,+(2,,+3(+ +
2'/-73� �2 0 G� I � � � � G� I � '34 -3 /)+ � ,:/ (':+ 	+ ,+(+-9+ /)+ 4+,-9'/-9+ ,2=+ � � � �� G� I � � � �2 0 G� I )@7/+ /)'/ /)+,+ -: '37/)+, 4+,-9'/-9+ ,2=+ � � �� G� I � � � � G� I 	)-() ('337/ * + 4-:(79+,+4 *�()+7,+0 H )
53 /)+ 3+�/ :+(/-73 	+ 	 -== 2:+ /)+ 6'(/ /)'/ /)+:+ +
2'/-73: ',+ � -9+3 +�?=-(-/=� /7 :7=9+ '3
-39+,:+ ?,7* =+0 )

HH



� ��� �"����� ����� ���������" #��� ���
� ::20+ �72 )'9+ ' ? 7=�370 -'= :�:/+0 � -9+3 *� ' 4-�+,+3/-'= +
2'/-73 GHI ) ()+3 *� /)+
(='::-� ('/-73 76 ('*=+ H -/ -: +':� /7 -4+3/-6� /)+ :�:/+0 ) H3 /)+ 7/)+, )'34 � � -9+3 '3 ',* -/,',�
)7=7370 -( /),++�/+,0 ,+(2,,+3(+ +
2'/-73

�� G� I 	�2� G� I � �� G� I 	�2 0 G� I � E� G� I 	� G� I � � G�� G� I % �� G� I % E� G� I  � �� % �
I % GF7 I
-/ -: =+:: 7*9 -72: /7 �34 72/ 	)+/)+, /)+,+ -: ' ? 7=�370 -'= :� :/+0	� G� I � �� �� � � � � G�  ! " % �� '� � I
:'/-:6� -3� GF7 I � * +-3� ' =-3+', /,'3:67,0 76 73+ 76 /)+ (='::-('= :�:/+0 : G1 +,0 -/+ � �'�2+,,+ ��'(7*- � <+::+=I � '34 /7 -4+3/-6� /)+ :� :/+0 -3 /)+ '� ,0'/-9+ (':+ ) 53 /)-: :+(/-73 	+ ?,+:+3/ '3
'=�7,-/)0 67, /)-: ?2,? 7:+ ) @7/+ /)'/ �77,3	 -34+, '34 @	',//72	 )'9+ '=:7 (73:-4+,+4 /)-:
2+:/-73 '34 ?,7?7:+ ' :7=2/-73 *':+4 73 /)+ (',+62= '4 )7 ( '3'=� :-: 76 /)+ -3?2/ ? 7=�370 -'=:�� % �� % '34 E� ) ()+-, . '?=+ -0?=+0+3/'/-73 	7,1: 67, ' ?',/ 76 /)+ :7�('==+4 � :1+��� -=:73
:()+0 + G�E
 � :++ '=:7 �HE
I )�+/ 2: :/',/ 	 -/) ' ,+(2,,+3(+ +
2'/-73 76 /�? + GF7 I ) �+ '::20+ /)'/ 3+-/)+, ��/0 G� I 37,E� G� I )': ' 3733+�'/-9+ -3/+�+, >+,7 :-3(+ 7/)+,	 -:+ /) -: ,+(2,,+3(+ +
2'/-73 ('337/ * + 2:+4
/7 4+/+,0 -3+ 	� G� I -/+,'/-9+=� 6,70 	 " G� I G	 -/) 	/0 G� I � � I 67, '== � � H 7, -: 	7,/)=+:: -3
/)+ *'(1	',4 4-,+(/-73 ) ? +�3+

� #� � � % -6 3+-/)+, ��/0 G� I 37, E� G� I )'9+ ' 3733+�'/-9+ -3/+�+, >+,7
0'� $�  ! " � � -: ' >+,7 76 +-/)+, ��/0 G� I 7, E� G� I& � H % 7/)+,	 -:+ �

()+3 	+ (73:-4+, � � G� I #� 	�2� G� I -3:/+'4 76 	� G� I � :++ � 7 67, '3 +�'0?=+ 	 -/) � � � ) 53
/)-: :-/2'/-73 	+ ,+	 ,-/+ GF7 I *� :2*:/-/2/-3� � *� � � � '34 ,+? ='(-3� 	� G� I *� � �/� G� I )
&7, :-0?=-(-/� 	+ ,+3'0+ �� G� I % �� G� I '34 E� G� I � '34 '::20+ -3 /)+ :+
2+= /)'/ /)+ ,+(2,,+3(+
+
2'/-73

�� G� I � �2� G� I � �� G� I � �2 0 G� I � E� G� I � � G� I � � G�� G� I % �� G� I % E� G� I  � �� % �
I GFGI
-: 9'=-4 � *2/ 37	 3+-/)+, ��/0 G� I 37, E� G� I )'9+ 3733+�'/-9+ -3/+�+, >+,7: ) �+ :+',() 67,
:7=2/-73: � � G� I � �� �� � � � � G�  ! " % �� '� � I GFCI
	)-() ,+'4: -3 /+,0 : 76 /)+ 7,-� -3'= 6'0 -=� 	� G� � � %� � H % � � �I	�2� G� I � �� �� � � � � G�  ! " I �
@+� / � 	+ 4-9 -4+ GFGI *� �� G� I � '34 ,+? ='(+ � *� � 5 H ) ()-: *,-3�: GFGI -3/7 /)+ 67,0

� �2 0 G� I � 	� G� I � � G� I � 
� G� I � �/0 G� I G	� G� I % 
� G� I  � G� % � II � GFYI
&7, � � G� I * +-3� ' =-3+', /,'3:67,0 76 ' (='::-('= 7,/)7�73'= :� :/+0 � /)+,+ -: ' ,+(2,,+3(+
+
2'/-73 G7 I

� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I G3� % 4� % 6�  � G� I % 3� '� � I % GF�I

HE



/)+,+67,+ GFYI '34 GF�I 02:/ '�,++ ) �+ 	72=4 =-1+ /7 (73(=24+ /)'/ 	� G� I � 3� � � 4� � '34
� G� I � 56� 	)-() 67==7	 : -6 	+ ('3 :)7	 /)'/ � � G� IZ� �/0 G� I ' � G� % � I ) (7 ?,79+ /)-:
'::+,/-73 � 	+ '::20+ /)'/ � � G� I� �/0 G� I  � G� % � I �
1+3(+ /)+,+ ',+ 	 G� % � I  � �� 
 �� 
 '34 � G� % � I  � �� 
 ��
 	 -/) �(4� G	 G� % � I %� G� % � II � H :2()
/)'/ /)+ ,+='/-73

� G� % � I � � G� I � 	 G� % � I � �/0 G� I GFBI
)7=4: ) 5/ -: ' (='::-('= ,+:2=/ 67, 7,/)7�73'= ? 7=�370 -'=: /)'/ �(4� G� � G� I %� �/0 G� II � H :-3(+
/)+-, >+,7: :+?','/+ +'() 7/)+, G:++ + )� ) �E H
 � 5* )CI ) 1+3(+ 6,70 GFBI 	+ (73(=24+ /)'/	 G� % � I � �� � � G� I '34 � G� % � I � �� � �/0 G� I �
@-3(+ *� '::20?/-73 	 G� % � I  � �� 
 ��
 :)72=4 * + ' ? 7=�370 -'= 76 ��+4 4+�,++ 	 -/) ,+:? +(/ /7� � '34 :-3(+ � � G� I )': 4+�,++ � � /)-: � -9+: '3 7*9-72: (73/,'4-(/-73 )()+,+67,+ 	+ ('3 (73(=24+ /)'/ 	� G� I � 3� � � 4� � '34 
� G� I � 56� ) 1 +3(+ -6 GFYI 47 +: 37/
)'9+ /) -: 67,0 � - )+ )� -6 + -/)+, 	� G� I -: 37/ =-3+', -3 � 7, 
� G� I -: 37/ ' (73:/'3/ 	 -/) ,+:? +(/ /7� � 	+ :++ /)'/ � � G� I ('337/ * + ' =-3+', /,'3:67,0 76 ' (='::-('= 7,/)7�73'= ?7=�370 -'= :� :/+0 )
53 /)+ ? 7:-/-9+ (':+ � 	+ ('3 '::20+ /)+ 67,0 GF�I )
@-3(+ 	+ ?,7? 7:+ :7=2/-73: GFCI � +
2'/-3� /)+ (7 +� (-+3/: 76 ��2 0 -3 GF�I 	+ �+/

��2 0�� � 3� � �
�

� � G
�
� %� �  � �� 
I � G7� I

1+3(+ /)+ � -9+3 3� �
�
� Z� �  � G� I �+3+,'/+: /)+ /+,0 ,'/-7 ��2 0Z�� � '34 -3 ?',/-(2=',�� /2,3: 72/ /7 * + ' )�? +,�+70+/,-( /+,0 	)-() -: 23-
2+=� 4+/+,0 -3+4 *� G7� I 2? /7 '

37,0'=->'/-73 (73:/'3/ �" � � " G� I ) @-3(+ /)+ >+,7: 76 � � (7,,+:? 734 /7 /)+ >+,7: 76 ��/0 G� I ��� -: 4+�3+4 *� G7� I 67, '== �  ! 6,70 �" )
53 /)+ 3+�/ :/+? 	+ ('3 +=-0 -3'/+ /)+ 4+?+34+3(� 76 �� *� �+3+,'/-3� ' ,+(2,,+3(+ +
2'/-73
67, /)+ (7,,+:? 734-3� 073-( ? 7=�370 -'=: +� � G� I � � � G� IZ�� ) &7, +� � G� I 	+ �+/ *� G7� I

+� �2 0 G� I � �� � 4�3� � +� � G� I 5 6�3� 3�/0 +� �/0 G� I � T� � +4�U +� � G� I 5 +6� +� �/0 G� I
	 -/) +4� � 4�3�  � G� I '34 +6� � 6�3� 3�/0  � G� I �
()+3 72, 67,02=': GE� ID GE HI ,+'4 -3 /+,0 : 76 +4� '34 +6�

+4� � E�� G� G� 5 HI � F I � � GF 5 E� I
GE� G� 5 HI � F I GE�� � F I G7 HI

'34

+6� � 5� G� G� 5 EI � F I
G� GE� 5 HI� F I G� GE� 5 FI� F I �� � � G� 5 HI � �GE� G� 5 HI� F I� TG��5 �F I5 �� G� 5 HIU� % G7EI

'34 /)+:+ ',+ -34+?+34+3/ 76 �� *� (73:/,2(/-73 )@7	 	+ 	72=4 =-1+ /7 4+42(+ � % � % � % F '34 � 6,70 G7 HID G7EI ) @7/+ /)'/ ': :7 73 ': 	+ )'9+
67234 /)+:+ �9+ 9'=2+: � 	+ ('3 '?? =� ' =-3+', /,'3:67,0 G'((7,4-3� /7 /)+ >+,7: 76 � G� II /7

HF



*,-3� /)+ 4 -�+,+3/-'= +
2'/-73 -3 73+ 76 /)+ 67,0 : 76 ('* =+ H 	)-() �3'==� � -9+: 2: /)+ 4+:-,+4
-367,0'/-73 )
�+ ('3 '::20+ /)'/ +4� '34 +6� ',+ -3 =7	+:/ /+,0 : ) 56 /)+ 4+�,++ 76 +-/)+, /)+ 320+,'/7, 7,
/)+ 4+370 -3'/7, 76 +4� -: =',�+, /)'3 E � /)+3 *� G7 HI � � G� I -: 37/ ' (='::-('= :� :/+0 ) @-0 -=',=��
-6 /)+ 4+�,++ 76 +-/)+, /)+ 320+,'/7, 7, /)+ 4+370 -3'/7, 76 +6� -: =',�+, /)'3 7 � *� G7EI /)+
:'0+ (73(=2:-73 67==7	 : )H /)+,	 -:+ 	+ ('3 02=/-? =� G7 HI '34 G7EI *� /)+-, (70073 4+370 -3'/7,: � '34 *,-3� /)+0
/)+,+67,+ -3 ? 7=�370 -'= 67,0 ) <7/) ,+:2=/-3� +
2'/-73: 02:/ * + ?7=�370 -'= -4+3/-/-/+: -3
/)+ 9',-'* =+ � � )+3(+ '== 76 /)+-, (7 +� (-+3/: 02:/ 9'3-:) ) ()-: � -9+: ' 373=-3+', :� :/+0 76
+
2'/-73: 67, /)+ 23137	3: � % � % � % F '34 � ) �3� :7 =2/-73 76 /)-: :� :/+0 	 -/) 37/ * 7/) � '34 F
*+-3� >+,7 � -+ =4: ' 4-�+,+3/-'= +
2'/-73 GHYI � '34 )+3(+ � -9+3 :2() ' :7=2/-73 73+ ('3 4+(-4+	)+/)+, /)+ (7,,+:? 734-3� :7 =2/-73: � � G� I ',+ �+3+,'/+4 *� ' 4+3:-/� GHHI ) ()+,+67,+ 72,
2+:/-73 ('3 * + ,+:7=9+4 -3 /)-: (':+ )
56 /)+ 373=-3+', :� :/+0 47+: 9J R )'9+ :2() ' :7=2/-73 � 	+ 4+42(+ /)'/ 37 :2() 9'=2+: � % � % � % F
'34 � +� -:/ � )+3(+ 37 :2() 4-�+,+3/-'= +
2'/-73 -: :'/-:�+4 *� � � G� I � -0?=� -3� /)'/ /)+ :� :/+0
-: 37/ ' =-3+', /,'3:67,0 '/-73 76 ' (='::-('= 7,/)7�73'= ?7=�370 -'= :�:/+0 )1+3(+ /)+ 	)7=+ 
2+:/-73 * 7-=: 47	3 /7 4+(-4+ 	)+/)+, /)+ � -9+3 373=-3+', :�:/+0 )': 373�
/,-9 -'= :7 =2/-73: � '34 /7 �34 /)+:+ :7=2/-73: -3 /)+ '� ,0'/-9+ (':+ ) � : ' 0 '//+, 76 6'(/ � 	 -/)
� , ;7*3+, *':+: 0+/)74: � /) -: 
2+:/-73 �89 * + 4+(-4+4 '=�7,-/)0 -('==� �HG
D �HY
 ) @2() '3 '=�7�
,-/)0 -: -0?=+0 +3/+4 � + )� )� -3 /)+ (70?2/+, '=�+*,' :� :/+0 ;�?8A� �HC
 � '34 . '?=+ �: �����
(700'34 ('3 '=:7 :7=9+ :2() ' :� :/+0 )@7/+ /)'/ /)+ :7=2/-73 76 /)+ 373=-3+', :�:/+0 -: 37/ 3+(+::',-=� 23-
2+ ) &7, +�'0?=+ � /)+
A)+*�:)+9 ? 7=�370 -'=: 76 /)+ � ,:/ '34 :+(734 1-34 �� G� I '34 �� G� I :'/-:6� /)+ :'0+ ,+(2,�
,+3(+ +
2'/-73 � *2/ ' 4-�+,+3/ 4 -�+,+3/-'= +
2'/-73 ) �+ 	 -== (73:-4+, /)-: +�'0?=+ -3 07,+
4+/'-= ='/+, )
56 	+ '?? =� /)-: '=�7,-/)0 /7 /)+ ,+(2,,+3(+ +
2'/-73 � �2� G� I5� � �2 0 G� I 76 /)+ ? 7	+, � � G� I ��� � -/ �+3+,'/+: /)+ (70?=+/+ :7=2/-73 :+/ � � -9+3 *� ('* =+ H #H '34 H #7' )()+ 67==7	 -3� :/'/+0+3/ :200',->+: /)+ '* 79+ (73:-4+,'/-73: )
� ���! � 
� � ()-: '=�7,-/)0 4+(-4+: 	)+/)+, ' � -9+3 )7=7370 -( /),++�/+,0 ,+(2,,+3(+ +
2'�
/-73 )': (='::-('= 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: � '34 ,+/2,3: /)+-, 4'/' -6 '??=-('* =+ ) ()+
'=�7,-/)0 -: '??=-('* =+ /7 '== +3/,-+: 76 ('*=+ H -34+? +34+3/=� 76 /)+ 7,/)7�73'=-/� 76 /)+
:�:/+0 234+, (73:-4+,'/-73 )

H ) ���� $ ' )7=7370 -( /),++�/+,0 ,+(2,,+3(+ +
2'/-73
�� G� I � �2� G� I � �� G� I � �2 0 G� I � E� G� I � � G� I � � G�� G� I % �� G� I % E� G� I  � �� % �
I �

E ) �
 �	 $ @)-6/ *� 0'� $�  ! " �� -: >+,7 76 +-/)+, ��/0 G� I 7, E� G� I& � H -6 3+(+::',�)
F ) 
 �� ! � ��� $ ;+	 ,-/+ /)+ ,+(2,,+3(+ +
2'/-73 -3 /)+ 67,0

� �2 0 G� I � 	� G� I� � G� I � 
� G� I � �/0 G� I G	� G� I % 
� G� I  � G� % � II �
56 +-/)+, 	� G� I -: 37/ ' ? 7=�370 -'= 76 4+�,++ 73+ -3 � 7, 
� G� I -: 37/ (73:/'3/ 	 -/) ,+:? +(/
/7 � � /)+3 ,+/2,3 �
� ��������� �������
�� ����
�� ��� ����� ��
 ����� � �� +� -/ )

7 ) � "��"!���" ��� $ � -9+3 37	 3� % 4� '34 6� *�
� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I G3� % 4� % 6�  � G� I % 3� '� � I %

H7



4+�3+ ��2 0�� #� 3� � �
�

� � G
�
� %� �  � �� 
I

'((7,4 -3� /7 G7� I )
G ) � "�� � ���# $ @+/

+4� #� 4�3�  � G� I '34 +6� #� 6�3� 3�/0  � G� I
'34 *,-3� /)+0 -3 =7	+:/ /+,0 : ) 56 /)+ 4+�,++ 76 +-/)+, /)+ 320+,'/7, 7, /)+ 4+370 -3'/7,
76 +4� -: =',�+, /)'3 E � 7, -6 /)+ 4+�,++ 76 +-/)+, /)+ 320+,'/7, 7, /)+ 4+370 -3'/7, 76 +6�
-: =',�+, /)'3 7 � ,+/2,3 �
� ��������� �������
�� ����
�� ��� �������
 ����� � ��
+� -/ )

C ) ������� �" � ���� � ��� $ @+/

+4� � E�� G� G� 5 HI � F I � � GF 5 E� I
GE� G� 5 HI � F I GE�� � F I

'34

+6� � 5� G� G� 5 EI � F I
G� GE� 5 HI� F I G� GE� 5 FI� F I �� � � G� 5 HI � �GE� G� 5 HI� F I� TG��5 �F I5 �� G� 5 HIU� %

2:-3� /)+ 23137	3: � % � % � % F '34 � ) .2=/-? =� /)+:+ -4+3/-/-+: *� /)+-, (70073 4+370 -�
3'/7,: � '34 *,-3� /)+0 /)+,+67,+ -3 ? 7=�370 -'= 67,0 )

Y ) ���" ��� ���� # ��� � $ �
2'/+ /)+ (7+� (-+3/: 76 /)+ ? 7	+,: 76 � -3 /)+ /	7 ,+:2=/-3�
+
2'/-73: ) ()-: ,+:2=/: -3 ' 373=-3+', :� :/+0 -3 /)+ 23137	3: � % � % � % F '34 � ) @7=9+
/)-: :� :/+0 *� � , ;7*3+, *':+: 0+/)74: ) 56 /)+ :�:/+0 )': 37 :7=2/-73 � /)+3 ,+/2,3
�
� ��������� �������
�� ����
�� ��� ����� ��
 ����� ��� +� -/ )

� ) �� �� $ ; +/2,3 /)+ (='::-('= 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: 76 /)+ 4-�+,+3/-'= +
2'�
/-73: GHYI � -9+3 *� /)+ :7=2/-73 9+(/7,: G� % � % � % F % �I 76 /)+ =':/ :/+? � '((7,4-3� /7 /)+
(='::-� ('/-73 76 ('*=+ H � /7�+/)+, 	 -/) /)+ -367,0'/-73 '* 72/ /)+ :/'34',4->'/-73 � -9+3
*� G7� I ) ()-: -367,0'/-73 -3(=24+: /)+ 4+3:-/�

B G� I6 � H� G� I �
� � ��	


 ��	 ��

� -9+3 *� GHHI � '34 /)+ -3/+,9'= *� /)+ >+,7: 76 � G� I ) �
�+ 	72=4 =-1+ /7 � -9+ /)+ 67 ==7	 -3� (700+3/: 73 /)+ '* 79+ '=�7,-/)0 #

H ) ()+ 2:+ 76 � , ;7*3+, *':+: -: 37/ '=	'� : 3+(+::',�) ()+ 67==7	 -3� 7*:+,9'/-73 � -+ =4: '3
'4 )7 ( 0+/)74 /7 :7=9+ /)+ 373=-3+', :� :/+0 ) H*:+,9+ /)'/ /)+ (7 +� (-+3/: 76 /)+ ? 7	+,:
76 � 76 /)+ ? 7=�370 -'= -4+3/-/� (73(+,3-3� +4� 76 :/+? G 76 /)+ '=�7,-/)0 ('3 * + 	 ,-//+3
2:-3� /)+ 9',-'* =+: $�� % � F % � � % � � % F� % F � % F �& G7FI
()+3 '== /)+ 4+,-9+4 +
2'/-73: ',+ �L9 O8K -3 /)+ :+9+3 9',-'* =+: G7FI )

HG



&2,/)+,07,+ /)+ (7 +� (-+3/: 76 /)+ ?7	+,: 76 � 76 /)+ ? 7=�370 -'= -4+3/-/� (73(+,3-3� +6�
76 :/+? G 76 /)+ '=�7,-/)0 +::+3/-'==� ',+ ?,742(/: 76 O�8�R�� 672, /+,0 : 72/ 76 � % � % � % F % � )�3� 76 /)+:+ ('3 *+ 	 ,-//+3 ': ' ?,742(/ 76 /	7 76 /)+ 9',-'* =+:

$F 0 � �� % F� � � F % F� � � � % F� � � � % F� � F� % F� � F � % F � � F � % F� � � � % F� � F �& � G77 I
()-: -: /)+ :+/ 76 9',-'* =+: G7FI ? =2: /)+ /	7 9',-'* =+: F� % F� ) � == /)+:+ +
2'/-73: ',+ 76PO�J9 : JK:OK -3 /)+ 3-3+ 9',-'* =+: G77 I )
H*9-72:=� /)+ ,+:2=/-3� :�:/+0 ('3 * + :7=9+4 *� � ,:/ �34-3� /)+ :7=2/-73 :?'(+ (7,,+�
:? 734-3� /7 /)+ =-3+', :2*:�:/+0 � 	)-() /)+3 ('3 * + :2*:/-/2/+4 -3 /)+ :+(734 7,4+,
:2*:� :/+0 ) ()+ ,+:2=/-3� :+(734 7,4+, :�:/+0 ('3 * + :7=9+4 *� '4 )7 ( +=-0 -3'/-73 G'34
?7::-* =� ,'/-73'= 6'(/7,->'/-73I )
56 73+ )': 67234 /)+ 9',-'* =+: � -9+3 *� G77 I � /)+3 -/ -: +':� /7 ('=(2='/+ � % � % � % F '34 � �7, 73+ ,+'=->+: /)'/ 37 :2() :7=2/-73 +� -:/: )

E ) @7/+ 07,+79+, /)'/ � '=/)72�) � , ;7*3+, *':+: /+()3-
2+: '?? =� 73=� ,'/-73'= ',-/)0+/-( �
)+3(+ � -9+ ,'/-73'= :7 =2/-73: 73=�� /)+ /+()3-
2+ 4+:(,-* +4 :)7	 : /)'/ :7=2/-73: ',+ '=:7
4+/+(/+4 -6 /)+� -397=9+ ,'4-('=: )

F ) 56 /)+ -3?2/ ,+(2,,+3(+ +
2'/-73 )': 62,/)+, ?','0 +/+,: � -3 :/+? C 76 /)+ '=�7,-/)0 73+
:)72=4 :7=9+ 67, '== 9',-'* =+: -3(=24-3� /)+:+ '44-/-73'= 73+: � :++ ��'0?=+ E )

��"�� �� � � : ' � ,:/ +�'0?=+ � 	+ (73:-4+, /)+ ,+(2,,+3(+ +
2'/-73
G� � EI 	�2� G� I 5 � G� � HI 	�2 0 G� I � � 	� G� I � � �

@-3(+ E" G� I � � � 	+ :++ /)'/ /)+ :) -6/ � � G� I #� 	�2 0 G� I -: 3+(+::',�) &7, � � G� I � 	+ )'9+ /)+
,+(2,,+3(+ +
2'/-73

G� � FI � �2� G� I 5 � G� � EI � �2 0 G� I � G� � HI � � G� I � � � G7GI
53 /)+ � ,:/ :/+?: /)-: ,+(2,,+3(+ +
2'/-73 -: *,72�)/ -3/7 /)+ 67,0

� �2 0 G� I � � � H� � E � � � G� I 5 �� � E � �/0 G� I %
)+3(+

3� � ��2 0�� � � � H� � E � �
�

� � %
'34 /)+,+67,+ �� � H� � H �" �
.7,+79+, � 67, 073-( +� � G� I � � � G� IZ�� 	+ �+/

+� �2 0 G� I � � +� � G� I � +� �/0 G� I %
)+3(+ +4� � � '34 +6� � H ) 53 :/+? G 76 /)+ '=�7,-/)0 � /)+ ? 7=�370 -'= -4+3/-/� (73(+,3 -3� +4�
/)+3 ,+'4: ': 5E � � � � � GE � � 5 E F �I � 5 F � � E � � � � %

HC



=+'4-3� /7 /)+ =-3+', :�:/+0
� � � � % E � � 5 E F � � � % F � 5 E � � � �

67, /)+ 9',-'* =+: � � % F � % F � % � � � 	 -/) /)+ :7=2/-73

$F � � E � � % � � � � % F � � � & % G7CI
�� * +-3� ',* -/,',�) � 6/+, :2*:/-/2/-3� /)+ (7,,+:? 734-3� +
2'/-73:

$F� � E F� % F� � � % F� � �& G7YI
-3/7 /)+ ?7=�370 -'= -4+3/-/� (73(+,3-3� +6� � 	+ +
2'/+ /)+ (7+� (-+3/: '34 ,+(+-9+ /)+ :+(734
7,4+, +
2'/-73: 7 F 0 G7 F 0 � F� I � � % G7�I

EF F 0 F� 5 E� F 0 F� � HE F 0� 5 � F� F� � F� � � � % G7BI
BE F 0� 5 BC F 0 F� � E7 F 0 F� � G F� F� 5 E� F 0 F� � E� F 0 F� � F� � � � % GG� I

BE F 0 F� 5 GC F 0� 5 7� F 0 F� � � F� F� 5 C F� F� � F� F� � HE F 0 F� 5 � F 0 F� � � % GG HI
5 � F0 G� F 0 5 7 F� 5 F� � E F� I � � GGEI

-3 /+,0 : 76 /)+ 9',-'* =+: G77 I ) ()+ � ,:/ 76 /)+:+ +
2'/-73: =+'4: /7 /	7 ? 7::-* -=-/-+: # +-/)+,
F 0 � � 7, F� � 57 F 0 ) H3+ ,+'=->+: 
2-(1=� /)'/ /)+ � ,:/ 76 /)+:+ ? 7::-* -=-/-+: -0? =-+: � � F � �	)-() -: 37/ '==7	+4 ) 1 +3(+ 	+ 02:/ )'9+

F� � 57 F0 % 7, � � 57 � % GGFI
'34 F 0 '� � � - )+ ) � '� � ) �/ /)-: ? 7-3/ 	+ )'9+ '=,+'4� 4+/+,0 -3+4 � G� I :-3(+ *� G7CI 73+ )':
� � � � � )+3(+ � � � '34 /)+,+67,+

� G� I � �� � � �� � � � � G� � 5 7 I �
1+3(+ ? 7::-* =+ 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: 76 G7GI ',+ 4+�3+4 -3 /)+ -3/+,9'= �5E % E
 )
�+ :2*:/-/2/+ 37	 GGFI -3 G7BID GGEI ) ()+3 /)+ =':/ +
2'/-73 ,+'4: ':

5� F 0 G57 F� 5 F� I � � �
@-3(+ F 0 '� � � 	+ (73(=24+ /)'/

F� � 57 F� 7, � � 57 � � GG7 I
53 /+,0 : 76 � % � % � % F '34 � /)-: � -+ =4: 37/)-3� 3+	 � *2/ -/ :)7	 : /)+ (70?'/-* -=-/� 76 GGEI 	 -/)G7�I )
@2*:/-/2/-3� GG7 I -3 G7�ID GGEI � -9+: /	7 /,-9 -'= -4+3/-/-+: � '34 /),++ (70?=-('/+4 73+: ) 53 /)+:+
/),++ +
2'/-73: � 	+ �3'==� ,+:2*:/-/2/+ /)+ 7,-� -3'= 9',-'* =+: *� G77 I � '34 '6/+, ' ,'/-73'=
6'(/7,->'/-73 	+ �+/

G F � 5 F I G � 5 F I G E � 5 F I� � � %
57 � G F � 5 F I G � 5 F I G E � 5 F I � � %
�� THE �� 5 HC � F � 7 F� � �

�U � � �
HY



1+3(+ +-/)+,
F � � % 7, F � E� % 7, F � F� �

53 /)+ � ,:/ 76 /)+:+ (':+: � 73+ �+/: � � � '34 /)+ 4-�+,+3/-'= +
2'/-73
G� � 5 7 I � �� G� I � � � � G� I 5 � G� 5 EI � G� I � � GGGI

(7,,+:? 734-3� /7 /)+ 4+3:-/�
B G� I � 5 H� G� I �

� � ��	

 ��	 �� � H�7 5 � � �

()+ (7,,+:?734-3� 7,/)7�73'= ? 7=�370 -'=: ',+ 02=/-? =+: 76 /,'3:='/+4 A)+*�:)+9 ? 7=�370 -'=:
76 /)+ � ,:/ 1 -34

� � G� I � �� 6� G� I � � "� � H 6� G� I � E � "� � H �� G�ZEI G� � � I GGCI
G:++ + )� ) �H
 � ('*=+ EE )E � '34 GEE )G )HHI � 6� G� I ',+ 073-( � *2/ 6" � E � :++ '=:7 ('*=+ EE )YI �
)+3(+ �3'==� 	� G� I � � �/0 G� I � E 	 0� ��/0 G�ZEI G� � HI �
53 /)+ :+(734 76 /)+ '* 79+ (':+: � - )+ ) 67, F � E� � 73+ �+/: /)+ +
2'/-73

�� G� 5 E� I G� � E� I � �
	 -/) /	7 ? 7::-* =+ :7=2/-73: � � � E� /)'/ � -9+ /)+ 4 -�+,+3/-'= +
2'/-73:

G� � 5 7 I � �� G� I � E G� � HI � � G� I 5 � G� 5 FI � G� I � � % GGYI
'34

G� � 5 7 I � �� G� I � E G� 5 HI � � G� I 5 � G� 5 FI � G� I � � � GG�I
()+� (7,,+:? 734 /7 /)+ 4+3:-/-+:

B G� I � � 7 � �7 5 � '34 B G� I � � 7 5 �7 � � %
,+:? +(/-9+=�� )+3(+ /)+ 7,/)7�73'= ? 7=�370 -'=: ',+ 02=/-? =+: 76 /)+ �'(7*- ? 7=�370 -'=:	 �0�� 
/0���� G�ZEI '34 	 �/0�� 
0���� G�ZEI )
&-3'==�� -3 /)+ /)-,4 76 /)+ '* 79+ (':+: � - )+ ) 67, F � F� � 	+ �+/ '�'-3 � � � '34

G� � 5 7 I � �� G� I � F � � � G� I 5 � G� 5 7 I � G� I � � GGBI
(7,,+:? 734-3� /7 /)+ 4+3:-/�

B G� I � 5 H� G� I �
� � ��	


 ��	 �� � �7 5 � � �
()+ (7,,+:?734-3� 7,/)7�73'= ? 7=�370 -'=: ',+ 02=/-? =+: 76 /,'3:='/+4 A)+*�:)+9 ? 7=�370 -'=:
76 /)+ :+(734 1-34

� � G� I � �� �� G� I � � "� � H �� G� I � � "� � H �� G�ZEI G� � � I GC� I
H�



G:++ + )� ) �H
 � ('* =+ EE )E � '34 GEE )G )HFI � �� G� I ',+ 073-( � :++ '=:7 ('*=+ EE )�I � )+3(+
	� G� I � � �/0 G� I � 	 0� ��/0 G�ZEI G� � HI �

�+ :++ /)'/ /)+ ,+(2,,+3(+ +
2'/-73 G7GI )': 672, 4-�+,+3/ (='::-('= 7,/)7�73'= ? 7=�370 -'=
:7 =2/-73: V
��"�� �� � � : ' :+(734 +�'0?=+ � 	+ (73:-4+, /)+ ,+(2,,+3(+ +
2'/-73

� �2� G� I 5 G� 5 � 5 HI � �2 0 G� I � , G� � HI� � � G� I � � GC HI

4+? +34-3� 73 /)+ ?','0+/+, ,  � ) 1 +,+ 7*9 -72:=� /)+ 
2+:/-73 ',-:+: 	)+/)+, 7, 37/ /)+,+ ',+
'3� -3:/'3(+: 76 /)-: ?','0+/+, 67, 	)-() /)+,+ ',+ (='::-('= 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: )
53 :/+? C 76 � =�7,-/)0 H 	+ /)+,+67,+ :7=9+ '=:7 67, /)-: 23137	3 ?','0+/+, ) ()-: � -9+: '
:=-�)/=� 07,+ (70?=-('/+4 373=-3+', :� :/+0 � 	 -/) /)+ 23-
2+ :7=2/-73�� � E � % � � � % F � 57 � % � � � % � � � % , � H7 � �
1+3(+ /)+ 73=� ?7::-* =+ 9'=2+ 67, , 	 -/) (='::-('= 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: -: , � HZ7 �
-3 	)-() (':+ 73+ �+/: /)+ 4-�+,+3/-'= +
2'/-73

�� � H
E � � ��� G� I 5 E � � �� G� I 5 E � � � G� I � �

	 -/) 4+3:-/� B G� I � E �
/��

-3 /)+ -3/+,9'= �5 HZE %� 
 � (7,,+:? 734-3� /7 :)-6/+4 �'�2+,,+ ? 7=�370 -'=: )
� ��� �� ����" � ��� ����"��� ��� �� ��" �������
� : '3 '??=-('/-73 76 � =�7,-/)0 H -3 /)-: :+(/-73 	+ :)7	 )7	 /)+ ?',/-(2=', (':+

	� G� � � GH 5 � � I (7: � I � 	� G� I� � E
��	� 0 G� 5 � I V

G� � � I V 	 	� G� I� (7: �� � GCEI

76 /)+ �+�+34,+ '44-/-73 /)+7,+0 G�H7 
 � G )7 )7 � ? ) EFB � :++ '=:7 �EE
 � �HH
I
	� G�� � � H 5 � �
 H 5 � � (7: �U � 	� G� I 	� G� I � E

��	� 0 G� 5 � I V
G� � � I V 	 	� G� I 	 	� G� I (7: ��

('3 * + :O:N�O: *� =-3+', '=�+*,' /+()3-
2+: ) @7/+ /)'/ GCEI ? ='�+4 '3 +::+3/-'= ,7 =+ -3
�+-3:/+-3 �: ?,776 76 /)+ < -+* +,*'() (73� +(/2,+ �EE
 ) 1 +,+ 	� G� I � 	 �" 
"�� G� I ',+ /)+ � OM O9:KOQ J��9J� L8 �P � '34 	 	� G� I ',+ ('==+4 /)+ 8PPJ �L8 RO: � OM O9:KO �N9 �RLJ9P ) H2, �7'= 	 -== * + /7
-4+3/-6� /)+:+ 623(/-73: ) 53 72, 4+42(/-73 � 	+ ?',/-'==� 67 ==7	 �C
 � :++ '=:7 /)+ � ,:/ '2/)7, �:
,+9-+	 �B
 ) &7, /)+ � -9+3 ?2,? 7:+ � 	+ 	 ,-/+

	� G� � � GH 5 � � I (7: � I � 4 "� G� I � E
��	� 0 G� 5 � I V

G� � � I V GH 5 � � I	 4 	� G� I (7: �� GCFI

HB



	 -/) :/-== 23137	3 623(/-73: 4 	� G� I ) .2=/-? =� -3� *� �� � '34 :200 -3� 67, � � � % H % � � � � -+ =4:
/)+ �+3+,'/-3� 623(/-73 76 /)+ �+�+34,+ ? 7=�370 -'=: � )+3(+ G�H
 � GEE )B )HEII

H
� H 5 � GE� � � GH 5 � � I G� � HZ� II � � � � ����"

��	�/� G� 5 � I V
G� � � I V GH 5 � � I	 4 	� G� I� 	 � � GC7 I

	)+,+ 	+ ?2/ � � �
�� '34 4 /	� G� I � 4 	� G� I ) 53 /)+ :+
2+= 	+ (73:-4+, /) -: +
2'/-73 ': '

67,0 '= �'2,+3/ :+,-+: +�?'3:-73 	 ), )/ ) /)+ 9',-'* =+: � '34 � ) ()+ 623(/-73: 4 	� G� I ('3 * +
-/+,'/-9+=� ('=(2='/+4 *� :+,-+: '??,7� -0 '/-73: 76 /)+ =+6/ )'34 623(/-73 G+ )� )� 2:-3� .'?=+I �
'34 -/ /2,3: 72/ /)'/ � 67, � � � � � � H� � 67, +�'0?=+ � /)+:+ 67,0 ?7=�370 -'=: /)'/ ',+
:
2',+: 76 '37/)+, :�:/+0 76 ? 7=�370 -'=:

A 	� G� I� � 4 	� G� I � GCGI
�+ 37,0 '=->+ A 	� G� I :2() /)'/ /)+ )-�)+:/ (7 +� (-+3/ )': :-�3 G5 HI	 G/7 * + (73:-:/+3/ 	 -/)
/)+ 4+�3-/-73: � -9+3 -3 G�H
 � � �II )@7	 � 	+ 	72=4 =-1+ /7 �34 ' /),++ /+,0 ,+(2,,+3(+ +
2'/-73 	 ), )/ ) � 9'=-4 67, /)+ ? 7=�370 -'=:A 	� G� I )
&7, /)-: ?2,? 7:+ � 	+ ��2+::� /)'/

G�� � �� � �I A 	�2� G� I � GF� � �� � � I A 	�2 0 G� I � G� � � �� � XI A 	� G� I � �
	 -/) 23137	3: � % � % � % F % � % � % � % � % X ) @2*:/-/2/-3� /)+ � -9+3 9'=2+: A 	� G� I G� � � � � � H� I
-3/7 /)-: ?,7? 7:+4 ,+(2,,+3(+ +
2'/-73 � -+ =4: ' =-3+', :�:/+0 	)-() /2,3: 72/ /7 * + (73:-:/+3/
G'=/)72�) 	+ )'9+ ���� � FC +
2'/-73: � *2/ 73=� B 23137	3:I � 	 -/) /)+ 23-
2+ :7=2/-73

G� 5 � � EI A 	�2� G� I 5 GE� � FI � A 	�2 0 G� I � G� � � � HI A 	� G� I � � � GCCI

A2,,+3/=� /)-: ,+(2,,+3(+ +
2'/-73 -: 37/ �+/ ?,79+4 � *2/ /)-: 	 -== * + 473+ :773 ) � ::20+ 67,
/)+ 070+3/ /)'/ S 	� G� I ',+ :7=2/-73: 76 GCCI ) ()+3 *� '37/)+, '??=-('/-73 76 =-3+', '=�+*,'
G:++ + )� ) �E�
 � �HE
I � /)-: ,+(2,,+3(+ +
2'/-73 ('3 *+ �:
2',+4� � - )+ ) -/ -: ? 7::-* =+ /7 ('=(2='/+
/)+ ,+(2,,+3(+ +
2'/-73 76 /)-,4 7,4+, 9'=-4 67, S 	� G� I� ) ()-: :/+? ('3 * + '((70?=-:)+4 � + )� )�
*� /)+ ?,7 (+42,+ ���	��� 76 /)+ �
�
 ?'(1'(1+ G�E�
 � :++ '=:7 �H�
I 	 -/) . '?=+ � '34 ,+:2=/:
-3 /)+ ,+(2,,+3(+ +
2'/-73

G E � � G I G � � � � E I G � � � � H I� � 	� G� I5 G E � � F I G � � � � E I G � � 5 � � � 7 � � � � 5 7 � � HC � � � � HG � � 5 7 I � 	�2 0 G� I
5 G E � � G I G 5E � � 5 � I G � � 5 � � � 7 � � � � 5 7 � � HC � � � � HG � � 5 7 I � 	�2� G� I
� G E � � F I G 5E � � 5 � I G 5F � � 5 � I� � 	�2�

G� I � � GCYI
67, /)+ :
2',+: � 	� G� I � S 	� G� I� )56 	+ ',+ '* =+ /7 ?,79+ /)'/ /)-: ,+(2,,+3(+ +
2'/-73 -: 9'=-4 67, 72, 23137	3 623(/-73: 4 	� G� I �
/)+3 � *� '3 ' ?7:/+,-7,- ',�20+3/ � 	+ )'9+ 4+42(+4 GCGI � :-3(+ 	+ )'9+ =2(1 -=� 67234 /)+
�:
2',+ ,77/� ,+(2,,+3(+ +
2'/-73 GCCI 76 GCYI )@+� / 	+ :)7	 )7	 -/ ('3 * + 4-:(79+,+4 -34+?+34+3/=� /)'/ 4 	� G� I :'/-:6� GCYI ) �+ ('3 ,+	 ,-/+
GC7 I ': � 	� G� I � G� 5 � I V

G� � � I V GH 5 � � I	 4 	� G� I � A( � 
� 
 	� G� %� I
E�



	 -/)

 	� G� %� I #� H

� H 5 � GE� � � GH 5 � � I G� � HZ� II � � � H
�� � 	

	)+,+ A( � 
� 
 	� G� %� I 4+37/+: /)+ (73:/'3/ /+,0 76 /)+ 472*=+ �'2,+3/ :+,-+: 
 	� G� %� I ) (7
7*/'-3 ' ,+(2,,+3(+ +
2'/-73 67, � 	� G� I � 	+ /,� /7 �34 ?7=�370 -'=: � " %� 0 %� � %� � -3 /)+ 9',-'* =+:� % � � '34 � � '34 ?7=�370 -'=: 
 0 � '34 
 � � *7/) 76 4+�,++ E -3 *7/) � '34 � � :2() /)'/

� " 
 	� � � 0 
 	�2 0 � � � 
 	�2� � � � 
 	�2� 5 � �
� �

�
 0 
 	�
� � � � 5 � �

��
� GH � � I 
 � 
 	�

� � � � � � �
@2*:/-/2/-3� 
 0 '34 
 � �+3+,-('==�� '34 4-9-4 -3� *� 
 	� � ' ? 7=�370 -'= -4+3/-/� -: 4+,-9+4 � '34
*� +
2'/-3� (7 +� (-+3/: 	 ), )/ ) � '34 � � 	+ �+/ ' =-3+', :� :/+0 � '�'-3 ) @7=9-3� /)-: :� :/+0
,+:2=/: -3 /)+ -4+3/-/�

5 G � � F I G � � � � E I G E � � 5 � I 
 	� G� %� I� G � � E I G 7 � � � � 5 � � � EE � � � 5 C � 5 B � F� � � � � � I 
 	�2 0 G� %� I5 G 7 � � � � 5 � � � H� � � � 5 7 � � E� � � � � � 5 7 I G � � F I 
 	�2� G� %� I� G � � E I G � � F � � I G � � F 5 � I 
 	�2�
G� %� I �

� �
� �

�
 0 G� %� I 
 	� G� %� I
� � � � � � �

��
� GH � � I 
 � G� %� I 
 	� G� %� I

� � � � GC�I
67, (+,/'-3 ? 7=�370 -'=: 
 0 G� %� I '34 
 � G� %� I 	)-() ',+ ,+?,742(+4 -3 /)+ '?? +34-� )
@-3(+ 89� 67,0'= �'2,+3/ :+,-+: � G� I :'/-:�+:

� �
� �

� G� I � � %
'??=� -3� A( � 
� /7 /)+ -4+3/-/� GC�I � -+ =4: /)+ /),++ /+,0 ,+(2,,+3(+ +
2'/-73

5 G � � F I G � � � � E I G E � � 5 � I � 	� G� I� G � � E I G 7 � � � � 5 � � � EE � � � 5 C � 5 B � F� � � � � � I � 	�2 0 G� I
5 G 7 � � � � 5 � � � H� � � � 5 7 � � E� � � � � � 5 7 I G � � F I � 	�2� G� I
� G � � E I G � � F � � I G � � F 5 � I � 	�2�

G� I � �
67, � 	� G� I ) 8:-3� /)+ ,+(2,,+3(+ +
2'/-73

GH � � � � I �� � G5 H � � 5 � I ��2 0 � �
	)-() -: 9'=-4 67, /)+ 6'(/7, G� � � I VZ G� 5 � I V� 73+ ('3 �3'==� :)7	 G+ )� )� 	 -/) ���	��� '�'-3 I
/)'/ 4 	� G� I :'/-:6� /)+ ,+(2,,+3(+ +
2'/-73 GCYI � ': '33723(+4 )@7	 	+ 137	 /)'/ 4 	� G� I ',+ /)+ :
2',+: 76 /)+ ?7=�370 -'= :� :/+0 A 	� G� I 4+�3+4 *� GCCI )
<2/ 	)7 ',+ /)+:+ ?7=�370 -'=:� � 4-,+(/ '?? =-('/-73 76 � =�7,-/)0 H -: 37/ ? 7::-* =+ :-3(+ 72,
?7=�370 -'=: A 	� G� I =-9+ 67, � � � ,'/)+, /)'3 67, � � � ) 1+3(+ � 	+ 4+'= 	 -/)

� 	� G� I #� A 	�2	 G� I
67, 	)-() � *� GCCI � 	+ �+/ /)+ ,+(2,,+3(+ +
2'/-73

G� � EI � 	�2� G� I 5 GE� � E� � FI � � 	�2 0 G� I � G� � E� � HI � 	� G� I � � �
E H



@7	 '3 '??=-('/-73 76 � =�7,-/)0 H :)7	 : /)'/ /)+ 4 -�+,+3/-'= +
2'/-73
G� � 5 HI � 	� �� G� I � E GH � � I � � 	� � G� I 5 � G� 5 E� 5 FI � 	� G� I � �

-: 9'=-4 � '34 /)'/ 	� �	� � ��2�	2 0�2 0 ) 1+3(+ 73+ )': /)+ 4+3:-/�
B G� I � GH 5 � � I	 %

- )+ )� 	+ )'9+ 02=/-? =+: 76 �'(7*-��+�+3*'2+, ? 7=�370 -'=:
� 	� G� I � � G� I E� G� � HZEI�� V � �	 
	 �� G� I

	 -/) :70+ 623(/-73 � G� I 37/ 4+? +34-3� 73 � � '34
� �� 
� �� G� I � H

T [� @ I @ J
�

U
��	�" T � @ I

�
U T � @ J

� B �
U G� � HI	 G� 5 HI�/	

4+37/-3� /)+ 073-( �'(7*- ? 7=�370 -'=: G:++ + )� ) �H
 � GEE )F )HII )(7 4+/+,0 -3+ � G� I � 	+ (70?',+ /)+ (7 +� (-+3/: 76 (7:� � -3 GCFI ) @-3(+ G�H
 � GEE )FII
	� G� I � GE� I V

E� � V� �� � � G��/0I '34 �� G� I � E�/0 �� � � G��/0 I %
	+ �+/

	� G� � � GH 5 � � I (7: � I � GE� I V
E� � V� T� � � GH 5 � � I (7: �U� � � G(7:�/0 G� II

� GE� I V
E� � V� GH 5 � � I� (7:� � � � G(7:�/0 G� II

� E H
GE� I V GH 5 � � I� A �� G� I� (7: ��

� E
GE� I V GH 5 � � I� A �� G� I� E�/0 (7:� � � � G(7:�/0 G� II %

*+('2:+ (7: �� � �� G(7: � I ) 1 +3(+ � 	+ ',,-9+ '/
A �� G� I� � GE� I V�

E�� � V� GH 5 � � I� %
'34 � :+//-3� � � � � 	+ :++ /)'/ 	+ 02:/ ()77:+ � G� I � G5 HI	 ��	 � ��� 	 � � '((7,4-3� /7 /)+ 37,�
0'=->'/-73 	 -/) )-�)+:/ (7 +� (-+3/ :-�3 G5 HI	 76 A 	� G� I ) �+ )'9+ �3'==� 4+/+,0 -3+4 /)+
,+?,+:+3/'/-73

A 	� G� I � � 	�/	 G� I � G5 HI	 GE� I VE	 � V E�/	 G� � HZEI�/	
G� 5 � I V � �	 
	 ��/	 G� I %

'34 /)+,+67,+

	 	� G� I � G5 HI	 GH 5 � � I	 �� E�/�	 GE� I V� V G� � HZEI�/	
G� 5 � I V � �	 
	 ��/	 G� I �

()-: �3-:)+: /)+ ?,7? 7:+4 -4+3/-�('/-73 76 	 	� G� I )
EE



� ������ � � !������"�� #��$"�� ���� �� � � �� ���� ������ ��
53 /)-: :+(/-73 � 	+ � -9+ :-0 -=', ,+:2=/: 67, (='::-('= 7,/)7�73'= ?7=�370 -'=: 76 ' 4-:(,+/+ 9',-'* =+ �
:++ A)'?/+, E 76 �HB 
 ) ()+:+ ',+ � -9+3 *� ' 4-�+,+3(+ +
2'/-73

� G� I ��� G� I � � G� I �� G� I � �� � G� I � � % GCBI

	)+,+
�� G� I � � G� � HI 5 � G� I '34 � � G� I � � G� I 5 � G� 5 HI

4+37/+ /)+ 67,	',4 '34 *'(1	',4 4-�+,+3(+ 7? +,'/7,: � ,+:? +(/-9+=�) ()+ (='::-('= 4 -:(,+/+
7,/)7�73'= ?7=�370 -'=: ',+ /)+ ? 7=�370 -'= :7 =2/-73: 76 /)+ 4 -�+,+3(+ +
2'/-73 GCBI )()+:+ ? 7=�370 -'=: ('3 * + (='::-�+4 :-0 -=',=� ': -3 /)+ (73/-3272: (':+ '((7,4-3� /7 /)+ 623(�
/-73: � G� I '34 � G� I � 2? /7 =-3+', /,'3:67,0 '/-73: /)+ (='::-('= 4 -:(,+/+ 7,/)7�73'= ? 7=�370 -'=:
',+ (='::-�+4 '(((7,4-3� /7 ('*=+ E G:++ �HB
 � A)'?/+, E � '34 � CI ) �+ '44+4 /)+ 7/)+, ? 7:�
:-* =+ :7=2/-73: /7 /)7:+ � -9+3 -3 G�HB 
 � A)'?/+, EI ) 53 ?',/-(2=', � (':+ GE'I (7,,+:? 734: /7 /)+
373�7,/)7�73'= :7 =2/-73 �� -3 ('* =+ H ) @-0 -=',=� ': 67, /)+ ? 7	+,:

FF� �
� � � ��/0 %

/)+ �8 ��L9M �8�RJKL8 �P �� #� � G� 5 HI
� � �

G� 5 � � HI :'/-:6�
��� � � ��/0 �

5/ /2,3: 72/ /)'/ /)+� ',+ (733+(/+4 	 -/) /)+ A)',=-+, ? 7=�370 -'=: *� /)+ =-0 -/-3� ?,7 (+::
=-0
�� " G5 HI� �� � �� �� G� I � =-0

�� " G� 5 � � HI� 0� 0 � 5�
� 5 � � H �����

�� � G5 HI� G� 5 � � HI� � ��
	)+,+ 	+ 2:+4 /)+ )�? +,�+70+/,-( ,+?,+:+3/'/-73 � -9+3 -3 G�HB 
 � GE )Y )BII )@7/+ � )7	+9+, � /)'/ 7/)+, /)'3 -3 /)+ 4-�+,+3/-'= +
2'/-73 (':+ /)+ '*79+ /�? + 76 4-�+,+3(+
+
2'/-73 -: 9J R -39',-'3/ 234+, �+3+,'= =-3+', /,'3:67,0'/-73: � *2/ 73=� 234+, -3/+�+, :)-6/: )
�+ 	 -== )'9+ /7 /'1+ /)-: 234+, (73:-4+,'/-73 )
()+ (='::-('= 4-:(,+/+ 7,/)7�73'= ? 7=�370 -'= :�:/+0 : (7,,+:? 734 /7 ' 4-:(,+/+ 	+-�)/ 623(/-73B G� I � 	 -/) G�HB
 � �
2'/-73 GE )7 )HII

B G� � HIB G� I � � G� I � � G� I� G� � HI % GY� I
� -9+3 *� /)+ >+',:73 /�? + 4-�+,+3(+ +
2'/-73 G�HB 
 � �
2'/-73 GE )H )HYII

� T� G� I B G� IU � � G� I B G� I � GYHI
� : -3 /)+ (73/-3272: (':+ � *� �+00' H G/)+ 0+':2,+ � -: 4-:(,+/+ 37	 I /)+� :'/-:6� ' ,+(2,,+3(+
+
2'/-73 G7 I � �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I �
.2=/-? =� -3� GCBI *� B G� I � *� GYHI /)+ 4-�+,+3(+ +
2'/-73 /'1+: /)+ :+=6'4�7-3/ 67,0
G�HB 
 � �
2'/-73 GE )H )H�II

� T� G� I B G� I � � G� IU � �� � G� I � � %
EF



H ) � G� I � H % � G� I � , � � - �� � � G� I � � �� 
� �� G� I � :++ � C �
E' ) � G� I � � % � G� I � � G� I � � �� � � G� I � �� #� � G� 5 HI

� � �
G� 5 � � HI �

E* ) � G� I � � % � G� I � � G� I � � G� '� � I �� � � G� I � � �� �� G� I � /)+ ��8K �LOK Q J��9J� L8 �P �
F � G� I � � % � G� I� � G� I � � G. � � I �� � � G� I � � �� 
� �� G� I � /)+ � OL�9OK Q J��9J� L8 �P �
7 � G� I � � % � G� I�� G� I � �0/� G� 5� I � � � G� I � � �� �� G� %� I � /)+ � K8���JN� Q J��9J� L8 �P �
G � G� I � � G� � , 5 � I % � G� I� � G� I � G� � - � HI G� 5 H5 � I � � � G� I � � �� 
� �� G� %� I � /)+� 8�9 Q J��9J� L8 �P �J� 	KP R � L9 :
 �
C � G� I � � G� � � I % � G� I � � G� I � G� � � 5 H 5 � I G� 5 H 5 � I � � � G� I � +� �� 
� �� G� %� I � /)+� 8�9 Q J��9J� L8 �P �J� PO�J9: � L9 :
 )

('*=+ E # @7,0 '= &7,0 : 76 ? -:(,+/+ >7=�370 -'=:

6,70 	)-() 73+ ('3 4+42(+ G': -3 �+00' EI /)'/ � � G� I :'/-:6� ' 4-�+,+3(+ ,2=+ G:++ '=:7 �HB
 �
GE )E )H� II � G� I �� � G� I � ,� � �2 0 G� I � -� � � G� I � .� � �/0 G� I � GYEI�3'=7�72: /7 /)+ (73/-3272: (':+ � 73+ )': ' IJ:KLM NOP �JK� N�8 G�HB 
 � GE )E )�II

� � G� I � S�B G� I � �
�B G� I �/0
	�" � G� 5 � I� GYFI

67, :70+ S� -34+?+34+3/ 76 � � '34 /)+ JK R�JMJ98 �L R� KO�8 RLJ9P ,+'4 ': G�HB 
 � GE )F )HII
C
�
� � G� I �
 G� I F� G� I � �

���
� � G� I �
 G� I B G� I � ��



� -6 � '� �

�� '� � -6 � � �
67, :70+ 4-:(,+/+ :+/ � � � )(7 4+42(+ 67,02=': :-0 -=', /7 /)7:+ -3 ()+7,+0 H � 	+ :2*:/-/2/+ GEGI

� � G� I � �� �� � � �� ��/0 � � ��� ��/� � � � �
-3 /)+ 4-�+,+3(+ +
2'/-73: 67, � � G� I '34 67, � �2 0 G� I � -3 /)+ ,+(2,,+3(+ +
2'/-73 '34 -3 /)+
4-�+,+3(+ ,2 =+ ) �
2'/-3� /)+ /),++ ) -�)+:/ (7 +� (-+3/: -3 '3� 76 /)+:+ 672, +
2'/-73: � -+ =4:
/	+=9+ 373=-3+', +
2'/-73: -3 /)+ /	+=9+ 23137	3:

3� % 4� % 6� % ,� % -� % .� % �� % ��2 0 % � �� % � ��2 0 % � ��� % � ���2 0 �
53 ?',/-(2=', /)+ )-�)+:/ (7 +� (-+3/ 76 /)+ 4-�+,+3(+ +
2'/-73 � -+ =4:

�� � 5 G�� G� 5 HI � F� I
'�'-3 ) �+ ('3 '::20+ /)'/ �� '� � 67, �  ! � )+3(+ � G� 5 HI � F '� � 67, �  ! :-3(+ 7/)+,	 -:+
37 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: ('3 +� -:/ � -3 ?',/-(2=', � F '� � )
<� ' � , ;7*3+, *':-: ('=(2='/-73 G-3971+4 *� /)+ ����� (700'34 76 . '? =+ 7, ;�?8A� I -/
/2,3: 72/ /)'/ /)+,+ -: ' 23-
2+ :7=2/-73 76 /)+ '* 79+ 373=-3+', :� :/+0 � � -9+3 *�

E7



	
��!�� � �+/ � � G� I � �� �� � � � � G�  ! " I * + ' 6'0 -=� 76 ? 7=�370 -'= :7 =2/-73: 76 /)+
:�:/+0 76 4 -�+,+3(+ +
2'/-73: GCBI /)'/ ',+ 7,/)7�73'= 	 -/) ,+:? +(/ /7 ' 4-:(,+/+ 	+-�)/
623(/-73 B G� I ) ()+3 /)+ 4-�+,+3(+ ,2=+ GYEI

� G� I �� � G� I � ,� � �2 0 G� I � -� � � G� I � .� � �/0 G� I
-: 9'=-4 	 -/)

,� � � � ����2 0
-� � 5 � G� G� 5 HI � F I GE G� 5 HI � G� G� 5 HI � � � F I � �F � E�� 5 �F I

GE �� � F I GE � G� 5 HI � F I %

.� � ����/0 �

� G� G� 5 HI � F I G� G� 5 EI � F I
G� GE� 5 FI � F I G� GE� 5 HI � F I GE � G� 5 HI � F I�

�
TG� 5 HI G� G� 5 HI� F I G�� G� 5 HI�� � G� 5 HIF � 7��� E��5 �F 5 �� I� ��

� 5 �F�� �F�U %
'34 /)+ ,+(2,,+3(+ +
2'/-73 G7 I

� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I
-: 9'=-4 	 -/)

3� � ��2 0�� % GY7 I
4� � ��2 0�� �

G� 5 HI GF � E�I G� G� 5 HI � � � F I 5 E�� � F� � F� � E�F
GE �� � F I GE � G� 5 HI � F I GYGI

'34
6� � 5 ��2 0�� .�

� G� 5 HI � F � � GYCI
@7/+ /)'/ 	 -/) '3 -00+3:+ +�7,/ 73+ ('3 4+42(+ ()+7,+0 E '=:7 *� )'34 ('=(2='/-73: � 2:-3�
' :-0 -=', /+()3-
2+ ': -3 72, ?,776 76 ()+7,+0 H )()+7,+0 E -: '=:7 9'=-4 67, (':+ GHI 76 ('*=+ E � :++ � C � /)+ ,+(2,,+3(+ +
2'/-73 ?',/ -: '=:7 9'=-4
-3 (':+ GE'I 76 ('*=+ E � '34 �+3+,'/+: /)+ ,+(2,,+3(+ +
2'/-73 � �2� G� I5 G� 5� 5 HI � �2 0 G� I � �
67, /)+ 6'==-3� 6'(/7,-'= � � G� I � �� )
� : ' *�?,742(/ 76 ()+7,+0 E � 	+ �+/ 67, /)+ ,'/-7 � ��2 0Z� ��
��!���"!� � �+/ � � G� I � �� �� � � �� ��/0 � � � � G�  ! " I * + ' 6'0 -=� 76 7,/)7�73'= ? 7=�370 -'=
:7 =2/-73: 76 /)+ :�:/+0 76 4-�+,+3(+ +
2'/-73: GCBI ) ()+3 /)+ ,+='/-73

� ��2 0� �� � � � H� G F � � E � � � E � I G E � G� 5 HI � F I
G F � E � � I G E � G� 5 HI � F � � E � 5 F I

��2 0��
-: 9'=-4 ) �
� : -3 /)+ (73/-3272: (':+ � /)+ ;74,-�2+: (73:/'3/ S� � � -9+3 *� GYFI � ('3 * + 4+/+,0 -3+4 )

EG



��!���"!� � �+/ � � G� I � �� �� � � � � G�  ! " I * + ' 6'0 -=� 76 7,/)7�73'= ? 7=�370 -'= :7 =2/-73:
76 /)+ :� :/+0 76 4-�+,+3(+ +
2'/-73: GCBI (7,,+:? 734-3� /7 ' 4-:(,+/+ 	+-�)/ 623(/-73 B G� I )()+3 � � G� I )'9+ ' ;74,-�2+: ,+?,+:+3/'/-73 GYFI � S� *+-3� ' )�? +,�+70+/,-( /+,0 � :'/-6� -3�
/)+ ,+='/-73

S�2 0S� � G� G� 5 HI � F I
G� GE� 5 HI � F I F �

��2 0�� � GYYI
� KJ J� � 53 G�HB 
 � GE )E )H� II -/ 	': :)7	3 /)'/

� G� I �� � G� I � ��� � �� G� I ��� G� I � � G� I 5 S�S�2 0 � �2 0� GY�I
	)+,+ �� G� I � � G� � � I � � G� � � I 5 � G� I G�HB
 � GE )H )HGII ) �3 '??=-('/-73 76 ' 0+/)74 :-0 -=',
/7 /)'/ 2:+4 -3 ()+7,+0 E � -+ =4: /)+ (7+� (-+3/: 67, /)-: /�? + 76 4-�+,+3(+ ,2=+ � '34 )+3(+
4+/+,0 -3+: S�2 0ZS� '((7,4-3� /7 GYYI ) �
� =:7 '3'=7�72:=� 	+ �+/
��!���"!� � �+/ � � G� I � �� �� � � � � G�  ! " I * + ' 6'0 -=� 76 7,/)7�73'= ? 7=�370 -'= :7 =2/-73:
76 /)+ :� :/+0 76 4-�+,+3(+ +
2'/-73: GCBI (7,,+:? 734-3� /7 ' 4-:(,+/+ 	+-�)/ 623(/-73 B G� I )()+3 /)+ ,+='/-73

��2 0
�� � G F � � � 5 � I G5�� � � 5 7 F � � � � F � � � F �� � 5 F� � 5 � �

� 5 7 � � � ��
5 E � � F � 5 E � � �� F � � � � F � � � � F� 5 � � � F� � � � �� � 5 E �� � � � I G � � H I
� TG F � E � � � � I G F � E � � 5 � I G F � E � � I�U

�
���2 0�� ��

-: 9'=-4 )
� KJ J� � 53 G�HB 
 � GE )G )CII -/ 	': ?,79+4 /)'/

6�3� � ��/0�� �

��
��/0 %

)+3(+ ��2 0
�� � 6�2 03�2 0 �

��2 0�� �
�3 '??=-('/-73 76 ()+7,+0 E � -+ =4: /)+ ,+:2=/ ) �
@-0 -=',=� ': -3 /)+ (73/-3272: (':+ � ()+7,+0 E ('3 * + 2:+4 /7 �+3+,'/+ '3 '=�7,-/)0 /7
/+:/ 	)+/)+, 7, 37/ ' � -9+3 )7=7370 -( ,+(2,,+3(+ +
2'/-73 )': (='::-('= 4-:(,+/+ 7,/)7�73'=
?7=�370 -'= :7 =2/-73: )
� ���! � 
� � ()-: '=�7,-/)0 4+(-4+: 	)+/)+, ' � -9+3 )7=7370 -( /),++�/+,0 ,+(2,,+3(+ +
2'�
/-73 )': (='::-('= 4-:(,+/+ 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: � '34 ,+/2,3: /)+-, 4'/' -6 '??=-('* =+ )

H ) ���� $ ' )7=7370 -( /),++�/+,0 ,+(2,,+3(+ +
2'/-73
�� G� I � �2� G� I � �� G� I � �2 0 G� I � E� G� I � � G� I � � G�� G� I % �� G� I % E� G� I  � �� % �
I �

E ) �
 �	 $ @)-6/ *� 0'� $�  ! " �� -: >+,7 76 +-/)+, ��/0 G� I 7, E� G� I& � H -6 3+(+::',�)
EC



F ) 
 �� ! � ��� $ ;+	 ,-/+ /)+ ,+(2,,+3(+ +
2'/-73 -3 /)+ 67,0

� �2 0 G� I � 	� G� I� � G� I � 
� G� I � �/0 G� I G	� G� I % 
� G� I  � G� % � II �
56 +-/)+, 	� G� I -: 37/ ' ? 7=�370 -'= 76 4+�,++ 73+ -3 � 7, 
� G� I -: 37/ (73:/'3/ 	 -/) ,+:? +(/
/7 � � ,+/2,3 �
� ��������� �������� �������
�� ����
�� ��� �������
 ����� � ��
+� -/ )

7 ) � ���"! 	!"��	�!� " ��� $ ; +	 ,-/+ /)+ ,+(2,,+3(+ +
2'/-73 *� /)+ =-3+', /,'3:67,0'/-73� �� �/�� 	 -/) G�+/I 23137	3: � '34 � )
G ) � "��"!���" ��� $ � -9+3 37	 3� % 4� '34 6� *�

� �2 0 G� I � G3� � � 4� I � � G� I 5 6� � �/0 G� I G3� % 4� % 6�  � G� I % 3� '� � I %
4+�3+ ��2 0�� #� 3� � �

�
� � G

�
� %� �  � �� 
I

'((7,4 -3� /7 GY7 I )
C ) � "�� � ���# $ @+/

+4� #� 4�3�  � G� I '34 +6� #� 6�3� 3�/0  � G� I
'34 *,-3� /)+0 -3 =7	+:/ /+,0 : ) 56 /)+ 4+�,++ 76 +-/)+, /)+ 320+,'/7, 7, /)+
4+370 -3'/7, 76 +4� -: =',�+, /)'3 E � -6 /)+ 4+�,++ 76 /)+ 320+,'/7, 76 +6� -: =',�+, /)'3 C �
7, -6 /)+ 4+�,++ 76 /)+ 4+370 -3'/7, 76 +6� -: =',�+, /)'3 7 � /)+3 ,+/2,3
�
� ��������� �������� �������
�� ����
�� ��� ����� ��
 ����� ��� +� -/ )

Y ) ������� �" � ���� � ��� $ @+/ +4� � ����2 0 4�
'((7,4 -3� /7 GYGI � '34 +6� � ��/0��2 0 6�
'((7,4 -3� /7 GYCI � -3 /+,0 : 76 /)+ 23137	3: � % � % � % F % � % � '34 � ) .2=/-? =� /)+:+ -4+3/-/-+:
*� /)+-, (70073 4+370 -3'/7,: � '34 *,-3� /)+0 /)+,+67,+ -3 ? 7=�370 -'= 67,0 )

� ) ���" ��� ���� # ��� � $ �
2'/+ /)+ (7+� (-+3/: 76 /)+ ? 7	+,: 76 � -3 /)+ /	7 ,+:2=/-3�
+
2'/-73: ) ()-: ,+:2=/: -3 ' 373=-3+', :� :/+0 -3 /)+ 23137	3: � % � % � % F % � % � '34 � ) @7=9+
/)-: :� :/+0 *� � , ;7*3+, *':+: 0+/)74: ) 56 /)+ :�:/+0 )': 37 :7=2/-73 � /)+3 ,+/2,3
�
� ��������� �������� �������
�� ����
�� ��� ����� ��
 ����� ��� +� -/ )

B ) �� �� $ ; +/2,3 /)+ (='::-('= 7,/)7�73'= ? 7=�370 -'= :7 =2/-73: 76 /)+ 4-�+,+3(+ +
2'�
/-73: GCBI � -9+3 *� /)+ :7=2/-73 9+(/7,: G� % � % � % F % � % � % � I 76 /)+ =':/ :/+? � '((7,4-3� /7 /)+(='::-� ('/-73 � -9+3 -3 ('* =+ E � /7�+/)+, 	 -/) /)+ -367,0 '/-73 '*72/ /)+ :/'34',4->'/-73� -9+3 *� GY7 I ) ()-: -367,0'/-73 -3(=24+: /)+ 3+(+::',� =-3+', /,'3:67,0'/-73 � � � � � ':	+== ': /)+ 4-:(,+/+ 	+-�)/ 623(/-73 B G� I � -9+3 *� GY� I

B G� � HIB G� I � � G� I � � G� I� G� � HI �
EY



� KJ J� � ()+ ?,776 -: '3 7*9-72: 074-�('/-73 76 � =�7,-/)0 H ) ()+ 73=� 4-�+,+3(+ -: /)'/	+ )'9+ /7 /'1+ ' ?7::-* =+ =-3+', /,'3:67,0'/-73 � � � � -3/7 (73:-4+,'/-73 :-3(+ /)+ 4-�+,�
+3(+ +
2'/-73 GCBI -: 37/ -39',-'3/ 234+, /)7:+ /,'3:67,0 '/-73: ) ()-: =+'4: /7 :/+? F 76 /)+
'=�7,-/)0 ) �
@7/+ /)'/ '3 '??=-('/-73 76 � =�7,-/)0 E /7 /)+ ,+(2,,+3(+ +
2'/-73 � �2� G� I 5 G� 5 � 5 HI� �2 0 G� I � � 	)-() -: 9'=-4 67, /)+ 6'==-3� 6'(/7,-'= � � G� I � �� � �+3+,'/+: /)+ 4-�+,+3(+ +
2'/-73���� � G� I 5 ��� � G� I � �� � G� I � � 76 ('*=+ E #E' )
��"�� �� � �+ (73:-4+, '�'-3 /)+ ,+(2,,+3(+ +
2'/-73 GC HI

� �2� G� I 5 G� 5 � 5 HI � �2 0 G� I � , G� � HI� � � G� I � �
4+? +34-3� 73 /)+ ?','0+/+, ,  � ) ()-: /-0+ � 	+ ',+ -3/+,+:/+4 -3 (='::-('= 4-:(,+/+ 7,/)7�73'=
?7=�370 -'= :7 =2/-73: )� ((7,4 -3� /7 :/+? F 76 � =�7,-/)0 E � 	+ ,+	 ,-/+ GC HI 2:-3� /)+ =-3+', /,'3:67,0'/-73 � �� �/��	 -/) �+/ 23137	3: � '34 � ) @/+? 7 � -+ =4: /)+ :/'34',4->'/-73

��2 0�� � 5 H
� �

53 :/+? Y � 	+ :7=9+ /)+ ,+:2=/-3� 373=-3+', :� :/+0 67, /)+ 9',-'* =+: $� % � % � % F % � % � % � % , &� ,+:2=/-3�-3�
� � � % � � � % � � 5 � G5�� F� � I

F % F � F % � � � % � � 5 F� E �F % � � 5 �F % , � � G F � � I
G F� E � I� � � GYBI

()-: -: ' ,'/-73'= ,+?,+:+3/'/-73 76 /)+ :7=2/-73 ) @-3(+ 	+ '::20+ , /7 * + ',* -/,',�� 	+ :7=9+
/)+ =':/ +
2'/-73 67, � ) ()-: � -+ =4:

� � 5 F
E �H � H� H 5 7, � %

	)-() ('337/ * + ,+?,+:+3/+4 	 -/)72/ ,'4-('=: ) @2*:/-/2/-3� /) -: -3/7 GYBI � -+ =4: /)+ :7=2/-73�
� � � % � � 5 F

E �H � H� H57, � % � � 7 , �5 �5 E , FE GH57 , I � �E
H� H57, % � � �

H� H57, % � � 5 �F � %
F '34 � * +-3� ',* -/,',�) 5/ /2,3: 72/ /)'/ 67, H 5 7 , � � /)-: (7,,+:? 734: /7 .+-�3+, 7,� ,'	()721 ?7=�370 -'=: )
��"�� �� � 1+,+ 	+ 	'3/ /7 4-:(2:: /)+ ? 7::-* -=-/� /)'/ ' � -9+3 ,+(2,,+3(+ +
2'/-73 0 -�)/
)'9+ :+9+,'= (='::-('= 4-:(,+/+ 7,/)7�73'= :7 =2/-73: ) � )+,+': /)+ ,+(2,,+3(+ +
2'/-73 76 /)+1')3 ?7=�370 -'=: � �� 
� �� G� %� I )': G* +:-4+: :+9+,'= =-3+', /,'3:67,0 '/-73:I 73=� /)-: :-3� =+
(='::-('= 4-:(,+/+ 7,/)7�73'= :7 =2/-73 � /)+ (':+ - � 5, ,+:2=/: -3 /	7 +::+3/-'==� 4-�+,+3/
:7=2/-73: )1+,+ 73+ )': /)+ ,+(2,,+3(+ +
2'/-73

G� � E � , I GE � � I GE � � EI G� 5 � � HI � �2� G� I � GF � E � I
G5C � , 5 E � � , 5 7 � � � 5 HE � � � E � � � � C � � � 7 � 5 7 , 5 � � I � �2 0 G� I
5 GH � � I G� � H 5 , I GE � � 7 I G� � � � EI � � G� I � � �

E�



�3 '?? =-('/-73 76 � =�7,-/)0 E :)7	 : /)'/ /)-: ,+(2,,+3(+ +
2'/-73 (7,,+:? 734: /7 /)+ /	7
4-�+,+3/ 4 -�+,+3(+ +
2'/-73:

� G5� � H 5 , � � I � �� � G� I � G5E � � � � , � I �� � G� I I � � G� 5 FI � � G� I � �
'34

G� � , I G5� � H � � I ��� � G� I 5 G E � 5 � � E , � , � I �� � G� I � � G� 5 FI � � G� I � � �
� � � �� #��$"�� ��� �$����
53 /)-: :+(/-73 � 	+ 	72=4 =-1+ /7 ?,+:+3/ ' 3+	 ?7=�370 -'= :�:/+0 :'/-:6� -3� /)+ 4-�+,+3(+
+
2'/-73 GCBI � *2/ 37/ (70 -3� 6,70 ' 4-:(,+/+ 	+-�)/ 623(/-73 � :++ ('*=+ E #H ) �+ :+/ � G� I � H �
'34 � G� I � ,� � - G, '� � I ) ()-: � -+ =4: /)+ ?7=�370 -'=:

� �� 
� �� G� I � �� � H � -
, �� �

,�
�
0� 0 � 5�

H 5 � 5 � 5 02�� �����
5 H, � � G5 HI�

�
�� " � 5� % � � 02��5 �����

,�
	)+,+ 	+ )'9+ 2:+4 �� � ,� ) @7/+ /)'/ /)+ /	7 4-�+,+3/ )�?+,�+70+/,-( ,+?,+:+3/'/-73:
(70+ 6,70 G�HB 
 � GE )Y )YID GE )Y )�II � /)+� (739+,/ -3/7 73+ '37/)+, *� ()'3� -3� /)+ 4-,+(/-73 76
:200'/-73 ) ()+ 623(/-73: � �� 
� �� G� I ',+ 37/ (79+,+4 -3 G�HB 
 � A)'?/+, EI :-3(+

B G� � HIB G� I � H � , � � - % - )+ ) B G� I � ,� � H � -
, �

�
47+: 37/ (7,,+:?734 /7 ' 9'=-4 	+-�)/ 623(/-73 B G� I 79+, ' :2-/'* =+ 4-:(,+/+ ,+'= :+/ )()+ 4+42(/-73: -3 �HB
 :)7	 /)'/ GYYI -: 9'=-4 � '34 	+ �34 /)'/ /)+ ;74,-�2+: (73:/'3/ -:
S� � H � )+3(+ GYFI

� �� 
� �� G� I � HB G� I � � B G� I � ,/�
GGH � - IZ, I� �

� �,� �H � -
, �

�
� �

�?? =� -3� �+-=* +,�+, �: '=�7,-/)0 G�E7
 � :++ '=:7 �Y
I /7 73+ 76 /)+ )�? +,�+70+/,-( ,+?,+:+3/'/-73:� -+ =4: /)+ ,+(2,,+3(+ +
2'/-73
� �� 
� ��2� G� I 5 G� , � � , � , � - I� �� 
� ��2 0 G� I 5 GH � � I , � �� 
� �� G� I � � G�� I

	 -/) /)+ -3-/-'= 623(/-73:

� �� 
� �/0 G� I � � % � �� 
� �" G� I � H �
()+ 3+� / /),++ ? 7=�370 -'=: ',+

� �� 
� �0 G� I � , � � - % � �� 
� �� G� I � � �, � � , GE - � , I � � - � � , � , - %
� �� 
� �

�
G� I � , �� �� F , � G,�- I� ��, TC , - � E , � � F - �� F ,U��- �� E , �- � F , - �� F , - � E , � �

� ((7,4 -3� /7 GY�I � /)+ 4-�+,+3(+ ,2=+:
�� �� 
� �� G� I � 5 G, � � , � � - I� �� 
� �� G� I � � �� 
� ��2 0 G� I � , � � �� 
� ��/0 G� I G� HI

EB



',+ 9'=-4 	)-() ',+ (73:-:/+3/ 	 -/) ()+7,+0 E ) �37/)+, '??=-('/-73 76 �+-=* +,�+, �: '=�7,-/)0� -+ =4: 62,/)+,07,+ /)+ ,+(2,,+3(+ +
2'/-73
GH � - � � , � , I� �� 
� �� G� � EI 5 G- � � , � � , � E � , I� �� 
� �� G� � HI � � �� 
� �� G� I � �

	 -/) ,+:? +(/ /7 � 	)-() '=:7 ('3 * + 7*/'-3+4 (70*-3 -3� G�� I '34 G� HI )@7/+ /)'/ /)+ � -9+3 ? 7=�370 -'= :� :/+0 (70?=+/+: /)+ (='::-�('/-73 76 /)+ ?7=�370 -'= :7 =2/-73:
76 GCBI � -9+3 -3 G�HB 
 � A)'?/+, EI � ,+:2=/-3� -3 ('*=+ E ) @-3(+ /)+ � -9+3 :� :/+0 :'/-:�+: '
4-�+,+3(+ ,2 =+ 	)-() -: (70?'/-* =+ 	 -/) ()+7,+0 E � � =�7,-/)0 E ('3 '=:7 ,+(7�3->+ /)+:+
:7=2/-73: )
� ����  ��"� � � ����" � �������"

<� +
2'/-3� /)+ (7 +� (-+3/: 76 /)+ ? 7	+,: 76 � -3 /)+-, 4-�+,+3/-'= +
2'/-73 GHYI 73+ �+/: 67,
/)+ (73/-3272: (='::-('= 7,/)7�73'= ? 7=�370 -'=:

� � G� I � ��	�" � �� �	 � 	 G�EI
/)+ /),++ /+,0 ,+(2,,+3(+ +
2'/-73 G� � � % � � � % � 5 HI

G� 5 � I G� G� � � 5 HI � F I � �� �	 � G� � HI TG� � � �I � �� �	2 0 � G� � EI � � �� �	2�U % G� �� ��2 0 � � I
	)-() 	': � -9+3 -3 G�HF 
 � �
 ) GFII )
53 /) -: :+(/-73 � 	+ 4 -:(2:: /)+ :'0+ 
2+:/-73 -3 /)+ 4-:(,+/+ (':+ ) @-3(+ /)+ 7? +,'/7,: � '34 �
*+)'9+ 3-(+=� 	 -/) 6'==-3� 6'(/7,-'=: 73=�� /)+ :7=2/-73 -: ' =-//=+ 07,+ 4-� (2=/ -3 /)-: :+//-3� )(),72�)72/ /) -: :+(/-73 	+ '::20+ '3 +�?'3:-73 G�EI � - )+ )� 	+ 2:+ /)+ ,+3'0 -3�: �� � � �� �� %� �� � � �� ��/0 % +/( )�+/ 37	 � � G� I * + ' (='::-('= 4-:(,+/+ :� :/+0 :'/-:6� -3� /)+ 4 -�+,+3(+ +
2'/-73 GCBI

� G� I ��� � G� I � � G� I �� � G� I � �� � � G� I � �
	 -/) � G� I � �� � � �� � � % � G� I � F� � � '34 �� � 5 G�� G� 5 HI � F� I ) @7/+ /)'/ /)+ 4-�+,+3(+
+
2'/-73 -: +
2-9'=+3/ /7

T� G� I � � G� IU �� � G� I � � G� I �� � G� I 5 �� � � G� I % G�FI
)+3(+ /)+ 2:+ 76 /)+ 472* =+ 4-�+,+3(+ 7? +,'/7, �� ('3 * + 70 -//+4 )('� =7, �: /)+7,+0 � -+ =4: /)+ +�?'3:-73:

�� � G� I � ��	� 0 � �	 �� G� I� V '34 �� � G� I � ��	� 0G5 HI	2 0� �	 �� G� I� V %
'34 *� �+-*3-> �: 67,02=' 	+ ,+(+-9+ /)+ ,+?,+:+3/'/-73:
�� � G� I � �/0�	�"

�/	�
�� 0 T

� @ �
�

U � �� �	2� �	 '34 �� � G� I � �/0�	�"
�/	�
�� 0 T

� @ �
�

U G5 HI�2 0 � �� �	2� �	
67, �� � G� I '34 �� � G� I )

F�



@2*:/-/2/-3� /)+:+ ,+?,+:+3/'/-73: -3 G�FI '34 +
2'/-3� /)+ (7 +� (-+3/: 76 /)+ ?7	+,: 76 �
,+:2=/: �3'==� -3 /)+ ,+(2,,+3(+ +
2'/-73:

GE� G� 5 HI � F I � �� ��/0 � � �� � T� � F
E
U G� 5 HI� � �� �� % G�7 I

'34 67, � � � � � 5 E

G� 5 � I G� G� � � 5 HI � F I � �� �	 � � � H
E TGE� � F I � � E�

U � �� �	2 0 � G�GI
�/	�
��� �� GH� G5 HI� I T � @ �

� @ [
U � T� GH5 G5 HI� I� FU T � @ �

� @ \
U � T� GH� G5 HI� I� �

U T � @ �
�

U� � �� �	2� �
@7/+ /)'/ 6,70 G�7 I '34 G�GI 73+ ('3 4+42(+ /)+ 4-:(,+/+ +
2-9'=+3/: 76 GEBI '34 GFFI )� : '3 +�'0?=+ � 	+ '??=� /)+:+ 67,02=': /7 /)+ 6'==-3� 6'(/7,-'=: � � G� I � �� 	)-() ',+ :7=2/-73:
76 /)+ 4-�+,+3(+ +
2'/-73 G('*=+ E #E'I

���� � G� I 5 ��� � G� I � �� � G� I � � �
1+,+ 	+ )'9+ � � � � � � � � � � 5F � H ) 1 +3(+ 67, /)+ (7 +� (-+3/: E G� % � I 76

�� � ��	�" E G� % � I �	
/)'/ ',+ ('==+4 /)+ � RLK �L9M 9N� 
OKP J� R�O 	 KP R � L9 : � 	+ �+/ /)+ ,+='/-73

G� 5 � I E G� % � I � �/	�
�� 0 G5 HI

� T � @ �
� @ \

UE G� % � � � I

	)-() -: 42+ /7 �'�,'3�+ G:++ + )� ) �G
 � ? ) E HG � ()+7,+0 AI )
����"� ��
8:-3� )-�)+, (7 +� (-+3/: � ��� % � ���� � � � � 76 /)+ ? 7=�370 -'=:

� G� I � � � G� I � �� �� � � �� ��/0 � � ��� ��/� � ����� ��/� � ������ ��/� � � � � G�  ! " % �� '� � I
/)'/ ',+ :7=2/-73: 76 GHI

� G� I � �� G� I � � G� I � � G� I � �� � G� I � � %
7, GCBI � G� I ��� G� I � � G� I �� G� I � �� � G� I � � %
,+:? +(/-9+=�� -/ -: ? 7::-* =+ /7 2:+ /)+:+ ': '2� -=-',� 9',-'* =+: � )+3(+ 4+/+,0 -3 -3� 67,02=': 67,
/)+0 ) @7/+ /)'/ /7 7*/'-3 /)+ ,+:2 =/: 76 /)-: ',/-(=+ � -/ 	': (,2(-'= /7 0'1+ 2:+ 76 � ��� 	)-()	': 3+9+, 473+ *+67,+ )
53 /)-: '?? +34-� � 	+ (7==+(/ ,+:2=/: 67, /)+ (7 +� (-+3/: � ��� % � ���� '34 � ����� -3 * 7/) /)+ (73/-3272:
'34 4-:(,+/+ (':+: )

F H



53 /)+ (73/-3272: (':+ � 	+ )'9+ /)+ 67 ==7	 -3� ?,7? +,/-+: #
� ���2 0� ��� � G � � �� � E � � � � E � � � 5 �� � 5 � � � � F � �

� I
G � � �� 5 F �� � � E � � � � E � � � � � F � E �� 5 E � � 5 F � � � �

� I �

G � � H I G E � � 5 E � � F I G F 5 F � � E � � I
G F 5 � � E � � I G F � E � � I G � 5 H I

��2 0�� %

� ����2 0� ���� � G � � H I G� � �� 5 F � � �� � C � � � � � � F � � �� � 5 C � � � � � F � � � F � C � � � �
5 C � �� � � F � � �� � E � �� � F � � F 5 E � � F 5 F � �� 5 E � � � � E �� � � �

� I
G F 5 F � � E � � I G E � � 5 7 � � F I � T G F � E � � I G F 5 � � E � � I G � 5 E I G� � ��
� C � � � � � � F � � �� � 5 C � � �� � C � � � � � HH � �� 5 H� � � � � 5 HE � �� �� F � � �� � F � � � F 5 C �� 5 G � � F 5 C � �� � HH �� � � F � � F 5 � � � �

� HE � � � � �
� IU ��2 0��

'34
� �����2 0� ����� � G � � H I GC � � �� � F � HH � � �� � HE �� � F � � � � �� 5 C � � �� 5 FC � � �� � �

� HE � � �� � � EE � �� � 5 H� � �� �� � 7 � � �� 5 H� � � �� � � C � � �� �� � 7 � � �� �5 77 � � � � � � HE � � � � F 5 � � �� � 5 H7 � � � F � E7 � �� � � � C �
� � F 5 C � ��� C �� � F � HH �� �

� 5 C �� � � HE � � � � � F �� F� 5 C �� F � 5 HE �� � �� � �
�

5 C � �� � HE �� � � �� � E7 � � � � � � 5 H7 � �� � F � HE � � �� � � I G F 5 G � � E � � I
G E � � 5 7 � � F I � T G F � E � � I G F 5 � � E � � I G � 5 F I GC � � �� � F � FG � � ��
� HE �� � F � � � � �� 5 H� � � �� 5 YE � � �� � � � HE � � �� � � Y� � �� � 5 F� � �� �

�
� 7 � � �� 5 F� � � �� � � C � � �� �� � 7 � � �� � 5 BE � � � � � � HE � � � � F5 E� � �� � 5 EC � � � F � HFE � �� � � � C �

� � F 5 H� � �� � EC �� � F � FG �� ��5 G� �� � � �� � � � � � F �� F� 5 H� �� F � 5 FC �� � �� � �
� 5 G� � �� � HE �� � � ��

� E7 � � � � � � 5 EC � �� � F � HE � � �� � � � E7 �� �� 5 YE �� � � � E7 �� IU ��2 0�� �
�9+3 07,+ (70?=-('/+4 ,+:2=/: ',+ 9'=-4 -3 /)+ 4-:(,+/+ (':+ #

� ���2 0� ��� � G � � H I GE �� � � � HE F � � � 5 C �� � � � F F� � � � G � F � � � HE � � �� � E7 � � �
� HE � � � 5 F� � 5 Y � F � � E7 � � � � HE F � � � 7 �� � 5 HE F � � 5 HE �� �
5 HE � � � E � F 5 E F� � HE � F � HE �

� I G E � � 5 E � � F I G F 5 F � � E � � I � T
G F � E � � I G F 5 � � E � � I G � 5 H I GHE F � � � G � F � � � HE � � � 5 FC F � �� HE F � � � � E7 � � � � E F� � HE �

� � E7 � F � EE �� � 5 HE �� � � 5 HE � �� F F� � � 5 Y F� � 5 HE F � � E �� � � � HE � F � E7 � � � 5 FC �� � 5 FC � � � H7 � F
� E7 �� 5 HE �� 5 E7 � � � HE � � �� 5 HY � F � IU ��2 0�� %

FE



'34
� ����2 0� ���� � G � � H I GE� � �� � � 7 � � � �� 5 HC � � � �� 5 � F � � �� 5 E � � F� � 7

� � � ��
� E F � � �� 5 � � �� � � 7 � � F� 5 � � � � �� � HE � F � 5 HF F� � � � 5 7 F � ��
� G F� � � � � H� F � � �� � C F� � � � E� � �� � � 5 FC � � �� F 5 � � �� � HE � F � �
5 � � �

� � HC � �� � � � � �� � � � F� 5 E7 � � �� 5 EC � � � F � EE � � � � F� H� � � � � F 5 H7 � � � F� 5 EC � � � F � � E7 � F �� 5 E7 � � � � 5 FC � � F �� E7 � � � � � � � � F � � C � � F� � � HE � F �
� � HE � F� � � C � � F� � � E7 � � �

�
� E7 � �

� � � E7 � � � �� � � �
� 5 � � F� 5 E7 � �� � HC �� � � E7 � � F � �� E7 � � F � � � HE � � F �� � E7 � � F 5 7� � � �� 5 HC � � F 5 E7 � F � � � 7� � � � �� E7 � � � F 5 7� � � � � � 7� � � � � � 5 HC � � � 5 F� � � 5 7

� F� 5 E F� � I
G F 5 F � � E � � I G E � � 5 7 � � F I � T G F 5 � � E � � I G F � E � � I G � 5 E I G
7� � �� � � 7 � � � �� 5 FE � � � �� 5 HC F � � �� 5 H7 � � F� � 7

� � � �� � E F � � ��
5 HHE � �� � � G� � � F� 5 E� � � � �� � C� � F � 5 E� F� � � � 5 GC F � �� � G F� � � �
� 7C F � � �� � 7Y F� � � � BE � �� � � 5 E7 F� � � E7 F �� 5 YE � � �� F 5 7� � � F5 7� � �� � B7 � F � � 5 7� �� 5 FE � �

� � �� � �� � � � � �� � � � F� 5 7� � � ��
� 7� � �� 5 E7 � F� � 7� � � � � BC � � � 5 HE �

� F � 7� � F � 5 YE F �� 5 Y� � � � F� EE � � � � F � H� � � � � F 5 FE � � � F� 5 GC � � � F � � HFE � F �� 5 YE � � � �5 �7 � � F � � E7 � � � � � � C� � F � � C � � F� � � HE � F �
� � HE � F� � � C � � F� �� E7 � � �

� � E7 � �
� � � E7 � � � �� � � �

� 5 E� � F� 5 7� � �� � �� �� �� E7 � � F � � � E7 � � F � � � HE � � F �� � E7 � � F 5 BC � � �� 5 7� � � F5 YE � F � � � 7� � � � � � E7 � � � F 5 H77 � � � � � 7� � � � � � 5 C7 � � �

5 7 F� � � � 7
� F� � F F� � IU ��2 0�� �

�+ 70 -/ /)+ 9+,� =+3�/)� ,+:2=/ 67, 	 ����� �	 ����� -3 /)+ 4-:(,+/+ (':+ ) @-0 -=', +�?,+::-73: ('3 * +
7*/'-3+4 67, )-�)+, (7+� (-+3/: )()+:+ ,+:2=/: :)72=4 -34-('/+ /)'/ /)+ 2:+ 76 (70?2/+, '=�+*,' -: 
2-/+ 3'/2,'= -3 /)+ � -9+3
(73/+� / � '34 )'34 ('=(2 ='/-73: :++0 37/ /7 * + '4+
2'/+ 67, /)+:+ (70?2/'/-73: )
&-3'==�� 67, /)+ :'1+ 76 (70?=+/+3+:: � 	+ ?,+:+3/ /)+ 62== ? 7=�370 -'= (+,/-�('/+: 
 0 G� %� I '34

 � G� %� I 6,70 � 7 #


 � G� %� I � H
E G5 H� � � HG � � F� � � � � 5 HG � � � � � 5 H� � � � � HG � � � 5 HG � � � � 7 � � � � �

5 HG � � � � � F H � � � � 5 HC � � � � � � HC � � � 5 7 � � � � � � 7 � � � � 5 HG � � � �
5 F H � � � � 5 E� � � � � � � HG � � � F H � � � 7 � � � � E� � � � 5 E � � 5 HC � � � � �
� HC � � � � � � � � 7 � � � � � � � � 5 7 � � � � � � � 5 7 � � � � � � � E� � � � � �
� HG � � � � � � 5 F H � � � � � � 5 E� � � � � � � � � CE � � � � � 5 H� � � � � � 5 E7 � � � �
5 EE � � � 5 7 � � � 5 FC � � � 7� � � � � � � � � � � � � � � 5 E � � � � 7 � � � � � �
5 C � � � 5 7 � � � � � � H� � � � � � 5 7 � � � � 5 7 � � � � 5 7 � � � � � � I ��

FF



'34


 0 G� %� I � 5 H
E GG � � � F � � F � � � � � 5 F � � � 5 F � � � 5 FE � � � � � C � � � � 5 7 � � � � � � �

5 � � � � � � 5 F� � � � � E7 � � � � � � � � Y� � � � � � 5 C � � � � � � B � � � �
5 G � � � � 5 H� � � � � � � 5 � � � � � 5 E� � � � � H� � � � � � HG � � � � Y � � � 5 G � � � �
� E � � � � � HC � � � � 5 HC � � � � � � 5 7 � � � � � � � � 7 � � � � � � 7 � � � � � 5 HG � � � � �
5 Y � � � � � 5 E � � � � � � 5 7 � � � � � � 5 HE � � � � � � HE � � � � 7 � � � � � 7 � � � �
5 B � � � � 5 G � � � � 5 E � � � � � 5 C � � � � � � C � � � � B � � � G � � � E � � �
� H� � � � � � � � � � 7 � � � � � � � � � � HC � � � � � � 5 HC � � � � � � � � 5 7 � � � � � � � � �
5 H� � � � � � � � G � � � � � � 5 E � � � � � � � HG � � � � � 5 Y � � � � � � 7 � � � � � � �
5 7 � � � � � � � 5 HG � � � � � � � � Y � � � � � � � � E � � � � � � � � � C � � � � � � �
� 7 � � � � � � � � 5 G � � � � � HE � � � � � 5 HE � � � � � � � 5 7 � � � � � � � � � 7 � � � � � �
5 7 � � � � � � 5 E � � � � � 5 B � � � � � � � G � � � � � � � E � � � � � � � 5 FE � � � � � � �
5 � � � � � � � � � 5 F� � � � � � � 5 E7 � � � 7 � � � � � � �� � � � � � � 5 7 � � � � � � I ��

� �"�� ���� �"��
()+ � ,:/ 3'0+4 '2/)7, /)'31: (70 � 77,3	 -34+, '34 ; +3 =+ @	',//72	 67, )+=?62= 4-:(2::-73:
73 /)+-, -0?=+0+3/'/-73 ��������� �HE
 73 /)+ �-39+,:+ ?,7* =+0 � ) ��'0?=+: ED7 � -9+3 *�
,+(2,,+3(+ +
2'/-73 GC HI 	+,+ ?,79-4+4 *� /)+0 ) ()'31: /7 /)+ :2??7,/ 76 /)+-, -3:/-/2/-73:
5 )'4 ' 9+,� ?=+':'3/ '34 -3/+,+:/-3� 9-:-/ '/ /)+ �0:/+,4'0 23-9+,:-/-+: -3 �2�2:/ HBBC )
� � ����" ��
�H
 �*,'07	 -/> � . ) '34 @/+�23 � 5 ) � )# � 89:
JJ� J� � 8 R�O� 8 RL�8 � �N9 �RLJ9P � ?79+, >2*= )�@ +	 <7,1 � HBC7 )
�E
 � :1+�� ; ) '34 � -=:73 � � )# � :+/ 76 7,/)7�73'= ? 7=�370 -'=: /)'/ �+3+,'=->+ /)+ ; '(')

(7 +� (-+3/: 7, C�� :�0*7=: ) @-'0 � ) .'/) ) �3'= ) �� � HBYB � H���D H� HC )
�F
 <7()3+, � @ )# ;8*+, @/2,0 �� -729 -==+:()+ >7=�370 :�:/+0 + ) .'/) ) � ) �� � HBEB � YF�D YFC )
�7
 <,+31+ � � )A # H3 ?7=�370 -'= :7 =2/-73: 76 ' (=':: 76 =-3+', 4 -�+,+3/-'= +
2'/-73: 76 /)+

:+(734 7,4+, ) <2== ) �0+, ) .'/) ) @7( ) �C � HBF� � YYD�7 )
�G
 A70/+/ � � )# � :�89 �O: �J� 
L98 RJKL�P ) ;+-4+= >2*= ) A7 )� ?7,4,+()/D<7:/73 � HBY7 )
�C
 �1)'4 � @ ) '34 �+-=* +,�+, � ? )# � )-�)�:()77= '=�+*,' � �67,0'= ('=(2=2: �� ?,776 76 /)+

< -+* +,*'() A73� +(/2,+ �'6/+, � ) �+-3:/+-3 
 ) A73/+0?7,',� .'/) ) ��� � HBB7 � HHFD HHG )
�Y
 �7 +?6 � � )# � =�7,-/)0 : 67, � �67 =4 )�? +,�+70+/,-( :200'/-73 ) �72,3'= 76 @�0*7=-( A70 �

?2/'/-73 �� � HBBG � FBBD7 HY )
��
 �7 +?6 �� )# 54+3/-/-+: 67, 6'0 -=-+: 76 7,/)7�73'= ? 7=�370 -'=: '34 :? +(-'= 623(/-73: ) 53/+�,'=(,'3:67,0 : '34 @? +(-'= &23(/-73: � HBBC � /7 '?? +', )

F7



�B
 �7 +?6 � � )# ;+9 -+	 ;2* +, ���8: � � � 89: �OL�
OKM OK � � �� � � LM� �P��JJ� 8 �M O
K8 � ��JK�
� 8 � �8 ��N�NP � � Q KJJ� J� R�O � LO
OK 
8�� �J9� O�RNKO �8� ROK � � 	OL9P ROL9
 ) �+3/,'=* ='// 6 ;2,
. '/)+0'/-1 � /7 '??+', )

�H�
 �7 +?6 �� ) '34 @()0+,:'2 � ? )# @?'(+: 76 623(/-73: :'/-:6� -3� :-0?=+ 4 -�+,+3/-'= +
2'/-73: )�73,'4��2:+��+3/,20 <+,=-3 G�5< I � (+()3-('= ;+? 7,/ (; B7DE � HBB7 )
�HH
 �7 +?6 � � ) '34 @()0+,:'2 � ? )# �+-3:/+-3 �: 623(/-73: '34 /)+ � :1+���':? +, -4+3/-/�)

53/+�,'= (,'3:67,0 : '34 @?+(-'= &23(/-73: � /7 '?? +', )
�HE
 �77,3	 -34+, � ( )1 )� '34 @	',//72	 � ;+3 =+ # ,+(E7,/)7 # '3 '=�7,-/)0 67, -4+3/-6� -3� 7,�

/)7�73'= ? 7=�370 -'=: � -9+3 *� /)+-, /),++�/+,0 ,+(2,,+3(+ ,+='/-73 ': :? +(-'= 623(/-73: )
>,-9'/+ (70023-('/-73 )

�HF
 �+:1�� > )# ? -+ A)','1/+,-:-+,23� 4+, 1 ='::-:()+3 7,/)7�73'=+3 >7=�370+ 42,() @/2,0 �� -729-==+:()+ ? -�+,+3/-'=� =+ -()23�+3 ) � ,() ) ;'/ ) .+() ) �3'= ) �� � HBCE � F7 HDFG H )
�H7
 .'�32: � � )� H* +,)+//-3�+, � & ) '34 @73- � ; )> )# �JK� N�8P 89: ��OJKO� P �JK R�O �Q O�L8 �

�N9 �RLJ9P J� � 8 R�O� 8 RL�8 � ��� PL�P ) @?,-3�+, � <+,=-3D1 +-4+=* +,�D@ +	 <7,1 � HBCC )
�HG
 .+=+31 � 1 )# @7=9 -3� ?7=�370 -'= +
2'/-73 :� :/+0 : *� � ,7 +*3+, /�? + 0+/)74: ) A� 5 �2',�

/+,=� � GEI � HBB� � HE HD HFC )
�HC
 .+=+31 � 1 )# � =�+*,'-( :7=2/-73 76 373=-3+', +
2'/-73 :�:/+0 : -3 ;�?8A� ) �73,'4��2:+�

�+3/,20 6 ;2, 5367,0'/-73:/+()3-1 � (+()3-('= ;+? 7,/ (;�BF��E � HBBF )
�HY
 . ;7==+, � 1 ) .-()'+= # H3 4+(70?7:-3� :� :/+0 : 76 ?7=�370 -'= +
2'/-73: 	 -/) �3-/+=� 0'3�

:7 =2/-73: ) �??=-('* =+ � =�+*,' -3 �3� -3++,-3� � A70023-('/-73 '34 A70?2/-3� G���AAI
� � HBBF � E HYDEF� )

�H�
 @ -1 -67,79 � � )& ) '34 89',79 � * )< )# �Q O�L8 � �N9 �RLJ9P J� � 8 R� O� 8 RL�8 � ��� PL�P ) (,'3:='/+4
6,70 /)+ ;2::-'3 *� ; )> ) <7': � <-,1) ;'2:+, � <':+= � HB�� )

�HB
 @ -1 -67,79 � � )& )� @2:=79 � @ )� ) '34 89',79 � * )< )# ��8PPL�8 � JK R�JMJ98 � Q J��9J� L8 �P J� 8:LP �KO RO �8KL8
�O � @?,-3�+,�*+,='� � <+,=-3D1 +-4+=* +,�D@ +	 <7,1 � HBB H )
�E�
 @'=9�� < ) 234 � -00+,0'33 � > )# �&8@ # � .'?=+ ?'(1'�+ 67, /)+ 0 '3-?2='/-73 76 �+3�

+,'/-3� '34 )7=7370 -( 623(/-73: -3 73+ 9',-'* =+ ) �A. (,'3:'(/-73: 73 .'/)+0 '/-('=
@76/	',+ �� � HBB7 � HCFD HYY )

�E H
 (,-(70 - � & )� )# 
JK �OP N9M O9 �N
OK �K R�JMJ98 �KOL�O9 ) � ,234=+),+3 4+, . '/)+0'/-:()+3
� -::+3:()'6/+3 �� � @?,-3�+,�*+,='� � <+,=-3D� ;7//-3�+3D1 +-4+=* +,� � HBGG )

�EE
 �+-3:/+-3 � � )# ()+ < -+* +,*'() (73� +(/2,+ ) 53/+,3'/-73'= . '/)+0'/-(: ;+:+',() @7/-(+:
� GHBB HI � C HDC7 )

�EF
 < =' +3+> � ; )� )� ? +)+:' � � )@ ) '34 @ -1 -67,79 � � )& )# ()+ /),++�/+,0 ,+(2,,+3(+ ,+='/-73 '34
/)+ 4-�+,+3/-'= 67,02=': 67, )�?+,�+70+/,-(�/�? + 623(/-73: ) � ) .'/) ) �3'= ) �??= ) ��� �
HBB7 � �GGD�CC )

�E7
 �+-=* +,�+, � ? )# � 6':/ '=�7,-/)0 67, ?,79-3� /+,0 -3'/-3� )�? +,�+70+/,-( -4+3/-/-+: ) ? -:�
(,+/+ . '/) ) �� � HBB� � E�YDE HH )

FG


