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Methods

Fields

Implemented interfaces

Access rights

Header

Constant pool

Class attributes

ConstantFieldref
"aVariable"
"[Ljava/lang/Object;"

"HelloWorld"

"java/io/PrintStream"

ConstantMethodRef
"println"
"(Ljava/lang/String;)V"

ConstantClass
"java/io/PrintStream"

getstatic     java.lang.System.out

invokevirtual java.io.PrintStream.println

ldc           "Hello, world"

HelloWorld.class

"Hello, world"
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firewall : Object aClassToVerify : Class theVF : VerifierFactory

aVerifier : Verifier

aP2V : Pass2Verifier

aP1V : Pass1Verifier

 : getName()

 : name

 : getVerifier(name)

 : create_if_not_cached

 : verifier_responsible_for_name

 : doPass2()

 : create_if_not_cached

 : verify()

 : doPass1()

 : create_if_not_cached

 : verify()

 : do_some_verifying_work

 : okay

 : okay

 : do_some_verifying_work

 : okay

 : okayVerificationResult

 : do_some_verifying_work

Pass One

Pass One

Pass Two

Single Pass2Verifier with

respect to the class to verify.

 : getName()

 : name

 : getVerifier(name)

 : create_if_not_cached

 : verifier_responsible_for_name

 : doPass2()

 : create_if_not_cached

 : verify()

 : doPass1()

 : create_if_not_cached

 : verify()

 : do_some_verifying_work

 : okay

 : okay

 : do_some_verifying_work

 : okay

 : okayVerificationResult

 : do_some_verifying_work

Single Pass1Verifier with

respect to the class to verify.
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�>7�7��1+��"N )�����+6!������97�*"+6@.*BA�!,+-%.���yF AL#?+6@.*BA�!,+-%.��;

�[e4YzX�`�T	YaV�H&^cb�b�\ _W\{k�`�T�\]T�V"UdYaU�_�b�VA�N?Bq9e�UBA X$T3p�T�k.T�V9p�evb�VsU��9T�X�`�T	Ya^�V9T$ecevb�� U��9T�e�koT$X'H
_��GX	YaU�_�b�VA���v\#��_,�Bq�_WU�_�T$evX$b�q�`�ps`�T	Y�psUcb{k�^cb"�B^dYa\{\{_WV+�|T�^�^cb�^ce5�


[T�^cTk�=T#�B_,��Tib�V9TiT'b9Ya\{k�`�T	�=\]T�U��9b�p�euX	YaVI�oT�_WV+�9T�^�_WUcT$p�_WV6?�Y/�BY63 � b�^vT'b9Ya\{k�`�T8�
U��9Tr\]T�U��9bLp�j& + 0�2�� �/_�e]p�T$X�` Ya^cT$p�_WV�U��9T �L������� � � � Rh�"!B�-� D � ? X�` Y�ece]YaV9p�U��9T�^cT � b�^cT
_WV+�9T�^�_WUcT$pE��n|T���T�^�nsb�U��9T�^4X�` Y�ede¨9 �

I
T�UfY[X�` Y�ece �2�oT>Yve�q+�oX�` Y�eceEb��@�L������� � � � Rh�"!B�-� D � ? YaV9pg`�T�UEX�` Y�ece�#k�oT=Y[e�q+�oX�` Y�ece
b��Z���1�4`�edb+��`�T�U4X�` Y�ece$#|bh��T�^�^�_�p�TIU��9Tip�T �9V�_WU�_�b�Vjb�� j& + 0�2�� �_�y_WU���YaVjb5�yV�_W\{k�`�T�\]T�V�H
UdYaU�_�b�VA�

AQ�&%kf�'!f:j4X$b�\{k�_W`�T$eyY�?�Y/�BY�k�^cb"�B^dYa\ U��GYaUh_WVF��bRd�T$ehU���_�e}\]T�U��9b�pa��_WUh_�e}T�_WU��9T�^}^cT � T�^�H
T�V9X$T$p�Y�e�%kf	'cf)(  §fR0��)(+* (,%i2�j],.-,-�j& + 0�2��/�gb�^yY�e102-3-�j& + 0�2�� �546
[b87=T�9�T�^8:&;oT$X	Yaq9ecT[�{_WV&<9T�^�_WUce
U=<�_�ey\]T�U=<9bLp�:�U=<9T3^cT?> T�^cT�V9X$TA@B-,-�j& + 0�2��/�i_�ey`�T�C"Ya`�:�UcbLb&4

A?V "D<9T=?�Y�9BY �[_W^�U�qGYa`WajY�X�<�_WV9T ��k.T$X�_FEGX	YaU�_�b�VG: �LT$X$b�V9pLFfp1_WU�_�b�V�3�K �Ga �-[MF#D�8 Q :
kGY5C�TG8�OE)�9�_WU}_�e}edYa_�p�U=<GYaU=U=<9TZ^cT?> T�^cT�V9X$T4\iq9e�UH;oTuY2I?e�nL\B;ob�`W_�X4^cT?> T�^cT�V9X$TvUcb�U=<9T[X�` Y�ece
_WVJ7K<�_�X�<gU=<9Th\]T�U=<9bLpI_�e UcbL;.T6>�b�q�V9p�M�4 ��UdYaU�_�X	Ya`W`Wn
:BU=<9Tf\]T�U=<9bLp j& + 0�2��/�ZX	YaVgb5>GX$b�q�^cecT
V9b�U1;oT2>�b�q�V9p�_WV/X�` Y�ecey�N4 �vV9T�X$b�q�`�psU=<9T�^cT?> b�^cT�U=<�_WV�d|U=<9T3^cT?>�T�^cT�V9X$TO@B-,- j� + 0N2��/�P7>Y�e
V9b�UZ`�T�C"Ya`�4

A?V U=<9T \]T	YaV)7K<�_W`�T	: ��q�V
� e8T�V&CB_WV9T$T�^RQ[_W` Y�p �=^dY�X�<GY X�` Ya^�_FEGT$p U=<�_�e/_�ececq9T	�SI �$>
X$b�q�^cecT	4L"D<�_�e{_�e{p1_�ecX�q9edecT$pQ_WV ?
�>a � � 4 T�475�4 T�:H7K<�_�X�<Kp�T$ecX�^�_/;oT$ez_WV"UcT�^U>&Y�X$Ts\]T�U=<9bLp
^cT$ecb�`Wq�U�_�b�VG4@AEp�b�V
� U}edT$TyU=<9TZUcT'b1Uhb�VtkGY5C�T>8 		V Y�e}X$b�V"U�^dY�p1_�X�U�_WV&CzU=<GYaU84@"D<9TZe�nL\B;ob�`W_�X
^cT?> T�^cT�V9X$T�p�b�T$eWCB_/9�T/YaV�_WV"UcT�^U>&Y�X$T�_WVX7K<�_�X�<�U=<9Ts^cT���q�_W^cT$p�\]T�U=<9b�pKX	YaVX;.TY> b�q�V9p�:
Ya`/;oT�_WUiY�eIYaVD_WV&<9T�^�_WUcT$p�\]T�\B;oT�^84 �DT]X$b�q�`�p�U�^�n�YaV9p�^cT�7=b�^cpD_WU�_WV Y|\]b�^cT]k�^cT$X�_�ecT
7=Y	n
:9Ucb{T�`W_W\{_WVGYaUcTgYaV"nr\{_�e�q�V9p�T�^ce�UdYaV9p1_WV&C�e84 M

Z3T$T�k�_WV&C{q�k�7y_WU=<sX�` Ya^�_FEGX	YaU�_�b�V9ey`W_Vd�T[U=<�_�e>_�eyYaV|_WV9T�9L_WUdY5;�`�T3YaV9prb�V�H�C�b�_WV&C{kGYa^�U>b5>
U=<9T�p�T�9�T�`�b�k�\]T�V�Uvb5>@?Bq9e�UBA X$T	4

�>7�7��1+��"N )�����+6!��\[�A�]"A_^N`�!d7���;�+-%.��;

: T$X$T�V�U�`Wn
: ��q�Vha/_�X�^cbBecnLe�UcT�\]e _WV"U�^cbLp1q9X$T$p]YvV9T�7�YaU�U�^�_/;�q�UcT	��U=<9T �!? �1� J
a � < YaU�U�^�_/;�q�UcT
7K<�_�X�< _�e�YaV YaU�U�^�_/;�q�UcT/`�bLX	Ya`ZUcbDU=<9T G��	bED YaU�U�^�_/;�q�UcTL3�ecT$T�ecT$X�U�_�b�Vdc�(,e
(,ei9?4 A?UW7>Y�e
e�koT$X�_FEGT$ps_WV�K¯?ö8RaZF H�D#IGfvD � Q 4
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A?Uv_�e[U=<9T�^cTgUcb�k�^cb89L_�p�TPI:`W_W\{_WUcT$p8p�T�9L_�X$T$eUMIU=<GYaUukoT�^U>�b�^�\ Y|b�V9T'H&kGY�ece29�T�^�_FEGX	YaU�_�b�V
7y_WU=<�U?n�koTu_WV�>�b�^�\tYaU�_�b�V�U=<GYaU17}b�q�`�p�V9b�^�\tYa`W`Wn <GY�9�T3Ucb ;oTu_WV�> T�^�^cT$p ;"n|U=<9T 9�T�^�_FEGT�^84

A?U>_�eyV9b�Uyq9ecT$p�;"n|U=<9T 9�T�^�_FEGX	YaU�_�b�V�Ya`/C�b�^�_WU=<�\ b5>@?Bq9e�UBA X$TuV9b87P�f_WU	� eyX�q�^�^cT�V"U�`Wn/YaV
&-0���0 +�� 0±f�,�, * .�(k&-,o2IUcb·?Bq9ecUBA?X$T	4

�47�!d7�*�!,+��"N��1%(*BAGFG<>AL#:+-A
	9F 7s~h*B*B7�;,;,7�;I%.)"!�%10Z��*B%N�97

"D<9T �1� ��� ��� � BG� ��� �CD�� ��� �CD YaU�U�^�_/;�q�UcTv_�ehY3p�T�;�q&Ci_WV�>�b�^�\tYaU�_�b�VrYaU�U�^�_/;�q�UcT	4h�yY�e�_�X	Ya`W`Wn
:
_WU1CB_/9�T$e[p�T�;�q&C	C�T�^ce4_WV�> b�^�\tYaU�_�b�VjY5;ob�q�U4U=<9Tib�^�_/CB_WVGYa`#3�ecb�q�^cX$TiX$b�p�T�9>VGYa\]TiYaV9p�U?n�koT
b5>fYJCB_/9�T�V�`�b�X	Ya` 9�Ya^�_ Y5;�`�T	4

?Bq9ecUBA?X$TJ;�q�_W`�p�e�p9YaUdY|e�U�^�q9X�U�q�^cT$e3UcbY7>Ya^�V�_F>h_WU3p�T�UcT$X�Uce�X$b�V"U�^dY�p1_�X�U�_WV&C�YaV9p�b 9�T�^�H
` Yak�k�_WV&CtYa^cT	Y�e�
1T	4 C�4/:1_F> ecb�\]T[`�bLX	Ya` 9BYa^�_ Y5;�`�Tu_�eyYaV9b�q�V9X$T$prUcbzX	Ya^�^�n�YaV � �C? 9�Ya`Wq9TuYaV9p
Y �L��� � ? 9BYa`Wq9TIYaUyU=<9T�edYa\]T3U�_W\]T	4

A?UvX$b�q�`�p�Ya`�ecb ;.TI_WV"UcT�^cT$e�U�_WV&CrUcb 7=Ya^�V8_F>}Y{`�bLX	Ya` 9BYa^�_ Y5;�`�Ti_�e[Y�X$X$T$ecedT$p > b�^L7K<�_�X�<
V9b]p�T�;�q&C]_WV�> b�^�\tYaU�_�b�V/T'b1_�e�Uce84@"D<�_�e4_�eZX�q�^�^cT�V"U�`WnrV9b�UZ_W\{k�`�T�\]T�V�UcT$p�4

^N`�!d71�L'(+��"N8!���7r<>71#?+ @o*BA�!,+-%.��~��=�

?Bq9e�UBA X$T[X	YaV|T	Y�e�_W`Wn ;oT[T'bLUcT�V9p�T$p�UcbI^�q�VrX$T�^�UdYa_WVsYaVGYa`WnLecT$e=^cT�` YaUcT$p�Ucbiecn�\A;.b�`W_�XL;"nLUcT'H
X$bLp�T3T'b1T$X�q�U�_�b�VG4

"D<�_�et_WV9X�`Wq9p�T$etU=<9T�X$b�\{k�q�UdYaU�_�b�V b5>3U=<9Ts\tYcbL_W\iq�\ V�q�\B;oT�^|b5>uq9ecT$p�b�koT�^dYaV9p
e�UdY�X<d�e�`�b�Uce
_WVzY>\]T�U=<9b�pgb�^
U=<9T}X$b�\{k�q�UdYaU�_�b�Vzb5>�q�V�q9ecT$pI`�bLX	Ya`)9BYa^�_ Y5;�`�T$e _WViYy\]T�U=<9bLp�4

"D<9T$ecT8YaVGYa`Wn1ecT$esYa^cT/V9b�^�\tYa`W`WnKX$bBecU�`Wn�Ucb�_W\{k�`�T�\]T�V�U��):D;�q�U|U=<9T�n Ya^cT8Y_7>Y�e�UcT
k�^cbLp1q9X�U4b5> U=<9TP9�T�^�_FEGT�^	� e4X$b�^cTIYa`/C�b�^�_WU=<�\ 4

~ <>71#?+ @o71#=<=AGF-+6'GA"!,+-%.��� )�+ !H7

"D<9T Zu_W\]T�^dYgk�^cba��T$X�UGK Zu_W\]T�^dYcH	�>�>� Q 7>Y�e>U=<9T2E9^ce�U�d�V9b 7yVsk�^cba�MT$X�U>Ucbz_W\{k�`�T�\]T�V�U
YQe�UdYaV9p-H?Ya`�b�V9T�?"Y89�Y 9�T�^�_FEGT�^84 "D<9T8koT$b�k�`�T ;.T�<�_WV9p U=<9T8k�^cba��T$X�U <GY�p Ucb�UcT$e�UrU=<9T
;oT�<GY�9L_�b�q�^]b5>4U=<9T�_W^ 9�T�^�_FEGT�^tY5C"Ya_WV9e�UzU=<9T�;.T�<GY89�_�b�q�^{b5>[U=<9T�k�^cT�9L_�b�q9ez_W\{k�`�T�\]T�V"UdYcH
U�_�b�V9e84@" T$e�UceK<GY�9�TP;.T$T�Vs^�q�Vs_WV�b�^cp�T�^ZUcbJ9BYa`W_�p9YaUcT3U=<9T Zu_W\]T�^dYO9�T�^�_FEGT�^84M"D<9T$edTuUcT$e�Uce
^dYaV&C�TO>�^cb�\ e�_W\{k�`Wnj_WV"U�^cbLp1q9X�_WV&C/^dYaV9p�b�\ b�V9T'H�;"nLUcTtT�^�^cb�^ce�_WV�Ucb�X�` Y�ece E9`�T$egYaV9pDYaq�H
Ucb�\tYaU�_�X	Ya`W`WnD^�q�V�V�_WV&C Zu_W\]T�^dY�Y5C"Ya_WV9ecUib�U=<9T�^B9�T�^�_FEGT�^cegUcb�T�` Y5;.b�^dYaUcTt^cT$ecT	Ya^cX�< 7}b�^�d
K Zu_W\]T�^dYcHo[�^cbLp Q[^dYa\ :&Zu_W\]T�^dYcHo"�T$e�U�_WV&C:?��Ga Q 4

D}q�^�^cT�V�U�`Wn
:�?Bq9e�UBA X$TvX$b�\]T$e>b�V�`WnW7y_WU=<�Y 9�T�^�nt`W_W\{_WUcT$p�kobBece�_/;�_W`W_WU?ntb5>
^�q�V�V�_WV&CzUcT$e�U
X	Y�ecT$e�Y5C"Ya_WV9e�UEU=<9T=VGYaU�_/9�T 9�T�^�_FEGT�^fb5>GU=<9T <9bBecU \tY�X�<�_WV9TB� eM?��Ga 4!"D<9T=k�_�b�V9T$T�^�_WV&C 7}b�^�d
b5>�U=<9T$Zu_W\]T�^dYIk�^cba�MT$X�U=X$b�q�`�pW;oTyq9ecT$ptUcb�_W\{k�`�T�\]T�V"UyY 9BYa`W_�p9YaU�_�b�V�ecq�_WUcTK> b�^X?Bq9e�UBA X$T	4

�M���X��� � �v�î�¨���M�î� �����î�i�1�-�R����� �C���/�������C�N���
� >�UcT�VG:õ?"Y�9BY��[_W^�U�qGYa`Pa8Y�X�<�_WV9T$euYa^cT ;�q�_W`WUZ_WV�Ucbtecb5>�U.7>Ya^cT�q9ecT$psUcbW;�^cb87ZecTIU=<9T �Db�^�`�p
� _�p�T �DT�;]ecq9X�<tY�eEU=<9TKZ fGF�k�^cba��T$X�U	� e�� + 0��k&õ2 *�+�*�� � � !#"[b�^ ajbRU$_W`W` Y�4 b�^=C9� e%$ + "k.  / VfK¯ajbRU$_W`W` Y Q k�^cbLp1q9X�Uce84'&�q9X�<
A?V"UcT�^�V9T�U|UcT$X�<�V9b�`�b�CBn�_�e|Ya`�ecb�b5>�UcT�VKq9ecT$pK_WV X$b�^�kob�^dYaUcT
V9T�U.7=b�^�dLe 4@D=b�^�kob�^dYaUcT>V9T�U.7=b�^�dLe6;GY�ecT$pib�Vz_WV�UcT�^�V9T�U�UcT$X�<�V9b�`�b�CBn{Ya^cT}X	Ya`W`�T$p_.10×, * f�0�2k,1$�

U=<9T$ecTIV9T�U.7}b�^�d1euYa^cT�V9b�^�\tYa`W`Wnsk�^cb�UcT$X�UcT$p�>w^cb�\ U=<9TTA:V�UcT�^�V9T�UL;�n�Y{ecb!H:X	Ya`W`�T$p�R * 2 � f! / 
X$b�\{k�q�UcT�^84
(�) ¥ç¤ ��°öµî²!��¢�� ­7£/¤ ­¬©�£z«B� ��¢!£���¸`£�¢!©o² «<£�¤ ²c�G¶W��¤ ²c¦i¸+*>��¤ ²c¦i¸�,C��°öÆ Ô¨��¤-*G«/.10]¤o«¨©oÓ3254#­7°_¤ ²c��ïîðNñ×ò
6 ïîðNñ×ò3798+8+8±µ!ïîðNñ×ò;:=<=>�Æ
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"D<�_�euX$b�\{k�q�UcT�^	� euUdY�e�ds_�evUcbtk�^cb 9�_�p�T{Y�X$X$T$ecevUcb�U=<9TI_WV�UcT�^�V9T�Uub�V�`Wn/Ucbtk�^�_/9L_W`�T�C�T$p
T�\{k�`�b	n�T$T$e�YaV9p���T�9�T�V8\]b�^cT�_W\{kob�^�UdYaV"U���_WUL;�`�bLXBd1euY�X$X$T$ece1>�^cb�\ q�VGYaq�U=<9b�^�_VU	T$p8koT�^�H
ecb�V9evb�q�Uce�_�p�TIU=<9TI_WV"U�^dYaV9T�U84z"D<9TPE9^cT�7>Ya`W` \tY�X�<�_WV9Ti_�e[Y]e�_WV&CB`�T	: ;�_§H:p1_W^cT$X�U�_�b�VGYa`Ek.b�_WV�U
b5>fY�X$X$T$ece84


[b87=T�9�T�^8:ZV9b�^�\tYa`W`WnX7}T�;�H�;�^cb 7Ze�_WV&C�_�e�X$b�V9ec_�p�T�^cT$p <GYa^�\{`�T$ece :yecb�U=<GYaUtU=<9T�T�\³H
k�`�b	n�T$T$e/X	YaV q�V�^cT$ecU�^�_�X�UcT$p1`Wn C"YaU=<9T�^s_WV�> b�^�\tYaU�_�b�VG:[k.bBecec_/;�`WnS9�_�ec_WU�_WV&CL?�Y�9BYcH:T�VGY5;�`�T$p
7}T�;8e�_WUcT$e84W"D<9Tt?��Ga�e$;�q�_W`WUv_WV�UcbtU=<9TB;�^cb87ZecT�^uecb5>�U.7>Ya^cTi^�q�Vjecb5>�U.7=Ya^cTgp�b87yV�`�b�Y�p�T$p
>�^cb�\ U=<9T �Db�^�`�p � _�p�T �DT�; 
 7K<�_W`�T]U=<9TtU=<9TW;�q�_W`WU�H&_WV 9�T�^�_FEGT�^ceI\tY!d�T|e�q�^cT{U=<GYaUgV9b
p9YaV&C�T�^cb�q9e4X$bLp�T�X	YaV ;oT3T'b�T$X�q�UcT$p�4

I
T�U�q9efY�ede�q�\]Tyecb�\]T$b�V9Typ1_�ecX$b 9�T�^cT$ptYuecT$X�q�^�_WU:nJ<9b�`�T>_WV{U=<9TD9�T�^�_FEGT�^�_W\{k�`�T�\]T�V"UdYcH
U�_�b�Vrb�^=_W\{k�`�T�\]T�V�UdYaU�_�b�V9eyU=<GYaUZYa^cT4q9edT$p�b�V|U=<9TvX$b�^�kob�^dYaUcT[V9T�U.7=b�^�d.� eK7=b�^�dLecUdYaU�_�b�V9e�

`�T�UZq9e4Ya`�edb]Y�ece�q�\]T�YzkGYaUcX�</T'bL_�ecUceyU=<GYaU17}b�q�`�p E�b|U=<9T3k�^cb�;�`�T�\ 4

��e�n1e�UcT�\ Y�p1\{_WV�_�e�U�^dYaUcb�^A7=b�q�`�p <GY�9�T�Ucb�e�koT�V"UzYs`�b�Uzb5>yU�_W\]TtUcb�^cT�kGYa_W^gT�9�T�^�n
e�_WV&CB`�T29�T�^�_FEGT�^84W��X�<9T	Yak.T�^yecb�`Wq�U�_�b�V 7=b�q�`�pY;.T3YB9�T�^�_FEGT�^K;�q�_W`WU=_WV�UcbgU=<9T$E9^cT�7>Ya`W`�\tYcH
X�<�_WV9T�
"e�q9X�<{Y19�T�^�_FEGT�^EX	YaVzT	Y�e�_W`Wn ;.Th_W\{k�`�T�\]T�V"UcT$pzq9e�_WV&C>?Bq9e�UBA X$T=YaV9pi_WUce �fT�^�_FEGX	YaU�_�b�V
�>[MA 4

�M���X��� � �õ�.�×� �`�1�â�B�N����� � �
	P�1��� ���Q��� �
���ß�Â�i���R�ç�M�����ö����� ���N����� ���
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e=<GYa^cTIYaV9p/X�<GYaV&C�Ti_WU84��=n|X$b�V�U�^dY�e�U8:9U=<9TJQ �z� QuT�V9T�^dYa`C9�q&;�`W_�X5D�_�X$T�V9edT�_�ey_WV�UcT�V9p�T$p
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1P) 2 b �oT�^}n�b�qtU=<�_�e=`W_�X$T�V9ecT$7K<�_�X�<�CB_/9�T$ehn�b�q�`�T�C"Ya`(koT�^�\{_�ece�_�b�V|UcbIX$b�k�n
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;"nsb�U=<9T�^ceK7y_W`W`�V9b�UZ^cT=SGT$X�U4b�V�U=<9T3b�^�_/CB_WVGYa`EYaq�U=<9b�^ce	��^cT�k�q�UdYaU�_�b�V9e84

4 _WVGYa`W`Wn
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UcT�^�\]e=b5>
U=<�_�e QuT�V9T�^dYa` 9�q&;�`W_�X�D�_�X$T�V9ecT	4'
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:GYaV9prn�b�qs\tY$nsYaUyn�b�q�^Zb�k�U�_�b�V/b ��T�^K7=Ya^�^dYaV"U?nrk�^cb�UcT$X�U�_�b�V/_WV
T=O�X�<GYaV&C�T > b�^4YA> T$T	4
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^cT	Y�ecb�VGY5;�`WnrX$b�V9e�_�p�T�^cT$pr_WV9p�T�koT�V9p�T�V"UvYaV9psecT�kGYa^dYaUcT 7=b�^@ALe>_WVsU=<9T�\]edT�`/9�T$e8:1U=<9T�VsU=<�_�e
D�_�X$T�V9ecT	:�YaV9pt_WUcehUcT�^�\]e8:Lp�b�V9b�UyYak�k�`Wn{Ucb�U=<9bBedTvecT$X�U�_�b�V9eH7K<9T�V|n�b�q�p1_�e�U�^�_/;�q�UcTvU=<9T�\
Y�efecT�kGYa^dYaUcT17}b�^@A1e84��}q�U 7K<9T�Vtn�b�q]p1_�e�U�^�_/;�q�UcTZU=<9TyedYa\]TyedT$X�U�_�b�V9e}Y�eEkGYa^�Uhb5>
Y27K<9b�`�T
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7K<�_�X�<�_�e�YY7}b�^@A ;GY�ecT$p�b�V�U=<9T 9�^cb�CB^dYa\ :�U=<9T{p1_�e�U�^�_/;�q�U�_�b�V b5>=U=<9TO7K<9b�`�T{\Iq9e�U ;oT
b�V]U=<9T4UcT�^�\]ehb5>�U=<�_�e!D�_�X$T�V9edT	:)7K<9bBecTZk.T�^�\{_�ecec_�b�V9e > b�^hb�U=<9T�^f`W_�X$T�V9ecT$T$e=T=OLUcT�V9p]Ucb3U=<9T
T�V"U�_W^cT 7K<9b�`�T	:�YaV9p|U=<"q9e>UcbzT	Y�X�<sYaV9prT�9�T�^�n]kGYa^�U>^cT�C"Ya^cp1`�T$eceyb5> 7K<9bA7y^cb�UcT[_WU84'
D<�q9e8:
_WUy_�e>V9b�UZU=<9Tu_WV�UcT�V"Uvb5> U=<�_�eZecT$X�U�_�b�V�Ucb{X�` Ya_W\�^�_/C	<�Uce4b�^ZX$b�V�UcT$e�UZn�b�q�^y^�_/C	<"Uce4UcbO7}b�^@A
7y^�_WU�UcT�V/T�V�U�_W^cT�`WnY;�n�n�b�q 
1^dYaU=<9T�^8:9U=<9Tu_WV"UcT�V"Uv_�e>Ucb{T=O1T�^cX�_�edTuU=<9Tu^�_/C	<"UZUcb{X$b�V�U�^cb�`
U=<9T
p1_�e�U�^�_/;�q�U�_�b�Vtb5>�p�T�^�_/9BYaU�_/9�TZb�^fX$b�`W`�T$X�U�_/9�T17=b�^@ALe ;GY�edT$p]b�V{U=<9T39�^cb�CB^dYa\ 4 7?V]Y�p�p1_WU�_�b�VG:
\]T�^cT�Y5C	CB^cT�C"YaU�_�b�V/b5>�YaV9b�U=<9T�^K7}b�^@A|V9b�U ;GY�edT$psb�V|U=<9T 9�^cb�CB^dYa\ 7y_WU=<sU=<9T�9f^cb�CB^dYa\
1�b�^ 7y_WU=<rYP7}b�^@AW;GY�ecT$p|b�VtU=<9T�9�^cb�CB^dYa\ 2 b�VsY 9�b�`Wq�\]Tub5> Y�e�Ucb�^dY5C�T[b�^}p1_�ecU�^�_/;�q�U�_�b�V
\]T$p1_Wq�\ p�bLT$eyV9b�U1;�^�_WV&C]U=<9TIb�U=<9T�^17}b�^@Arq�V9p�T�^ZU=<9T�edX$b�k.T3b5>EU=<�_�e�D�_�X$T�V9ecT	4

:�4 J b�qs\tY	nsX$b�k"n�YaV9psp1_�e�U�^�_/;�q�UcT�U=<9T 9f^cb�CB^dYa\ 1�b�^vYJ7=b�^@AY;GY�edT$psb�V�_WU8:1q�V9p�T�^
&LT$X�U�_�b�V ) 2 _WV�b�;1��T$X�UZX$bLp�T�b�^ZT=O1T$X�q�UdY5;�`�T >�b�^�\ q�V9p�T�^4U=<9TuUcT�^�\]eZb5> &LT$X�U�_�b�V9e )�YaV9p
){Y5;ob89�T3k�^cb 9�_�p�T$p/U=<GYaUZn�b�q�Ya`�ecb{p�b]b�V9T3b5>EU=<9T > b�`W`�b87y_WV&C��

Y 2 �yX$X$b�\{kGYaV�n�_WU17y_WU=<�U=<9TiX$b�\{k�`�T�UcTIX$b�^�^cT$e�kob�V9p1_WV&Ct\tY�X�<�_WV9T=<&^cT	Y�p9Y5;�`�Tzecb�q�^cX$T
X$bLp�T	:�7K<�_�X�<8\iq9e�U$;oTIp1_�e�U�^�_/;�q�UcT$p�q�V9p�T�^4U=<9TiUcT�^�\]e[b5>�&LT$X�U�_�b�V9e )gYaV9p )tY5;ob89�Tgb�V
Yg\]T$p1_Wq�\ X�q9ecUcb�\tYa^�_W`Wn|q9edT$pY>�b�^4edb5>wU 7=Ya^cT3_WV�UcT�^cX�<GYaV&C�T�
.b�^8:

; 2 �yX$X$b�\{kGYaV"n�_WU27y_WU=<�Y 7y^�_WU�UcT�V8b �oT�^8: 9�Ya`W_�p >�b�^uYaUv`�T	Y�ecU4U=<�^cT$Tin�T	Ya^ce8:GUcb CB_/9�T
YaV"n�U=<�_W^cpKkGYa^�U:n
:D> b�^�Y�X�<GYa^=C�T�V9b�\]b�^cT/U=<GYaV n�b�q�^�X$bBe�U�b5>uk&<�nLec_�X	Ya`W`Wn�k.T�^U> b�^�\�<
_WV&C{ecb�q�^cX$T[p1_�e�U�^�_/;�q�U�_�b�VG:GYiX$b�\{k�`�T�UcTv\tY�X�<�_WV9T=<&^cT	Y�p9Y5;�`�TIX$b�k�n�b5>�U=<9TuX$b�^�^cT$e�kob�V9p1_WV&C
ecb�q�^cX$TgX$b�p�T	:.UcbY;oTIp1_�e�U�^�_/;�q�UcT$p8q�V9p�T�^uU=<9TiUcT�^�\]e[b5>%&LT$X�U�_�b�V9e )gYaV9p )|Y5;.b 9�Tgb�V�Y
\]T$p1_Wq�\ X�q9e�Ucb�\tYa^�_W`Wnsq9edT$pY>�b�^Zecb5>�U.7>Ya^cT�_WV�UcT�^cX�<GYaV&C�T�
.b�^8:

X 2 �yX$X$b�\{kGYaV"n _WUA7y_WU=<QU=<9Tt_WV�> b�^�\tYaU�_�b�V�n�b�q ^cT$X$T�_/9�T$p�Y�eiUcb/U=<9T|b ��T�^iUcbjp1_�e <
U�^�_/;�q�UcTsX$b�^�^cT$e�kob�V9p1_WV&CDecb�q�^cX$TrX$b�p�T	4 1�
D<�_�e]Ya`WUcT�^�VGYaU�_/9�Tr_�e{Ya`W`�b 7}T$p�b�V�`Wn >�b�^gV9b�V <
X$b�\{\]T�^cX�_ Ya`�p1_�e�U�^�_/;�q�U�_�b�VjYaV9psb�V�`Wn�_F> n�b�qs^cT$X$T�_/9�T$psU=<9Tuk�^cb�CB^dYa\�_WV�b�;1�MT$X�UZX$bLp�T3b�^
T=O�T$X�q�UdY5;�`�T > b�^�\ 7y_WU=< ecq9X�<QYaV b �oT�^8: _WVQY�X$X$b�^cp 7y_WU=<�&�q&;9ecT$X�U�_�b�V ; Y5;ob89�T	4 2 
D<9T
ecb�q�^cX$TgX$b�p�TP>�b�^3Y 7=b�^@A�\]T	YaV9e[U=<9TIk�^cT?> T�^�^cT$p\>�b�^�\mb5>fU=<9TB7=b�^@A > b�^v\tYBAL_WV&C�\]bLp <
_FEGX	YaU�_�b�V9e{Ucb8_WU84U49b�^tYaV�T=O1T$X�q�UdY5;�`�T 7}b�^@A :hX$b�\{k�`�T�UcT�ecb�q�^cX$TsX$bLp�T|\]T	YaV9etYa`W`>U=<9T
ecb�q�^cX$TiX$b�p�TP>�b�^vYa`W` \]b�p1q�`�T$ev_WUvX$b�V�UdYa_WV9e8:.k�`Wq9evYaV�n/Y�ececbLX�_ YaUcT$p�_WV"UcT�^U>&Y�X$Tgp�T?E9V�_WU�_�b�V
E9`�T$e8:�k�`Wq9egU=<9TrecX�^�_Wk�Ucezq9ecT$pQUcbjX$b�V"U�^cb�`ZX$b�\{k�_W` YaU�_�b�V YaV9pQ_WV9e�UdYa`W` YaU�_�b�V�b5>vU=<9T|T=O�T=<
X�q�UdY5;�`�T	4$
[b87=T�9�T�^8:�Y�e[Yte�k.T$X�_ Ya` T=O1X$T�k�U�_�b�VG:.U=<9Tgecb�q�^cX$TIX$bLp�TIp1_�ecU�^�_/;�q�UcT$p�V9T$T$p/V9b�U
_WV9X�`Wq9p�TzYaV"nLU=<�_WV&C�U=<GYaU[_�eZV9b�^�\tYa`W`Wn/p1_�ecU�^�_/;�q�UcT$pU1w_WVjT�_WU=<9T�^[ecb�q�^cX$Tib�^$;�_WVGYa^�n > b�^�\ 2
7y_WU=</U=<9Ti\tY ��b�^vX$b�\{kob�V9T�V"Uce 1�X$b�\{k�_W`�T�^8:8A�T�^�V9T�`�:.YaV9p�ecbtb�V 2 b5>fU=<9TIb�koT�^dYaU�_WV&C|e�n1e <
UcT�\ b�V 7K<�_�X�<�U=<9TrT=O�T$X�q�UdY5;�`�Ts^�q�V9e8:hq�V�`�T$ecezU=<GYaU{X$b�\{k.b�V9T�V�U]_WUcecT�`F>uY�X$X$b�\{kGYaV�_�T$e
U=<9T�T=O�T$X�q�UdY5;�`�T	4�7�>�p1_�e�U�^�_/;�q�U�_�b�V8b5>ET=O�T$X�q�UdY5;�`�Tib�^vb�;1�MT$X�U4X$bLp�T3_�e4\tY�p�TP;"nsb ��T�^�_WV&C
Y�X$X$T$ecevUcbtX$b�k�n >w^cb�\ Y]p�T$e�_/CBVGYaUcT$p�k�` Y�X$T	:.U=<9T�V�b ��T�^�_WV&C|T���q�_/9BYa`�T�V"U3Y�X$X$T$ece4Ucb�X$b�k"n
U=<9Tgecb�q�^cX$TIX$bLp�TP>�^cb�\ U=<9TgedYa\]TIk�` Y�X$TiX$b�q�V�Uce�Y�evp1_�e�U�^�_/;�q�U�_�b�V8b5>fU=<9Tgecb�q�^cX$TiX$bLp�T	:
T�9�T�VjU=<9b�q&C	<�U=<�_W^cp�kGYa^�U�_�T$e[Ya^cTiV9b�UvX$b�\{koT�`W`�T$p�UcbtX$b�k"n/U=<9TIecb�q�^cX$TzYa`�b�V&C 7y_WU=<�U=<9T
b�;1��T$X�U4X$b�p�T	4

T�4 J b�qI\tY	n�V9b�U X$b�k�n
:�\]b�p1_F>�n
:ae�q&;�`W_�X$T�V9ecT	:Bb�^ p1_�ecU�^�_/;�q�UcThU=<9T'9�^cb�CB^dYa\ T=O1X$T�k�UEY�e
T=O1k�^cT$ece�`Wn|k�^cb89L_�p�T$p�q�V9p�T�^ZU=<�_�e&D�_�X$T�V9ecT	4��vV"nsYaU�UcT�\{k�Uvb�U=<9T�^=7y_�edT3Ucb]X$b�k"n
:G\]b�p1_F>�n
:
e�q&;�`W_�X$T�V9ecTzb�^3p1_�e�U�^�_/;�q�UcTzU=<9T�9�^cb�CB^dYa\ _�e29�b�_�p�:
YaV9p 7y_W`W`fYaq�Ucb�\tYaU�_�X	Ya`W`WnjUcT�^�\{_WVGYaUcT
n�b�q�^�^�_/C	<�Uce�q�V9p�T�^IU=<�_�e5D�_�X$T�V9ecT	4 
[b87=T�9�T�^8: kGYa^�U�_�T$eP7K<9b <GY89�T]^cT$X$T�_/9�T$pDX$b�k�_�T$e8: b�^
^�_/C	<"Uce :�>w^cb�\ n�b�q q�V9p�T�^gU=<�_�e6D
_�X$T�V9ecT 7y_W`W`=V9b�UJ<GY�9�T�U=<9T�_W^i`W_�X$T�V9ecT$eiUcT�^�\{_WVGYaUcT$p�ecb
`�b�V&C�Y�eZecq9X�<�kGYa^�U�_�T$e4^cT�\tYa_WV�_WV�>wq�`W` X$b�\{k�`W_ YaV9X$T	4

� 4 J b�q�Ya^cT]V9b�UI^cT���q�_W^cT$p Ucb�Y�X$X$T�k�UIU=<�_�e D�_�X$T�V9ecT	:Ee�_WV9X$Ttn�b�q <GY89�TtV9b�Uge�_/CBV9T$p
_WU84 
vb 7}T�9�T�^8:yV9b�U=<�_WV&CQT�`�ecT CB^dYaV�Ucetn�b�q�koT�^�\{_�ece�_�b�V Ucb�\]bLp1_F>wn�b�^tp1_�e�U�^�_/;�q�UcT/U=<9T
9�^cb�CB^dYa\ b�^Z_WUce4p�T�^�_/9BYaU�_/9�TP7=b�^@ALe 4-
D<9T$ecTgY�X�U�_�b�V9evYa^cT�k�^cb�<�_/;�_WUcT$p�;"ns` Y87 _F>En�b�q�p�b
V9b�U�Y�X$X$T�k�U U=<�_�eCD�_�X$T�V9ecT	40
D<9T�^cT?>�b�^cT	:�;�n3\]b�p1_F>�nL_WV&C[b�^ p1_�e�U�^�_/;�q�U�_WV&CvU=<9T'9�^cb�CB^dYa\ 1�b�^
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YaV"n 7=b�^@A ;GY�ecT$p�b�V/U=<9T 9�^cb�CB^dYa\ 2 :.n�b�q/_WV9p1_�X	YaUcTin�b�q�^uY�X$X$T�k�UdYaV9X$Tgb5>fU=<�_�e&D
_�X$T�V9ecT
Ucbgp�biecb&:1YaV9prYa`W`(_WUce=UcT�^�\]eyYaV9p�X$b�V9p1_WU�_�b�V9e > b�^>X$b�k"nL_WV&C�:�p1_�e�U�^�_/;�q�U�_WV&C{b�^}\]bLp1_F>wnL_WV&C
U=<9T 9�^cb�CB^dYa\mb�^K7}b�^@A1e1;GY�ecT$psb�V/_WU84

� 4 >}Y�X�< U�_W\]T8n�b�q ^cT$p1_�e�U�^�_/;�q�UcTDU=<9T 9f^cb�CB^dYa\ 1�b�^/YaV"n 7=b�^@A ;GY�edT$p�b�V U=<9T
9�^cb�CB^dYa\ 2 :aU=<9T�^cT$X�_Wk�_�T�V�UEYaq�Ucb�\tYaU�_�X	Ya`W`Wn3^cT$X$T�_/9�T$eEY=`W_�X$T�V9ecT >�^cb�\ U=<9Tfb�^�_/CB_WVGYa`�`W_�X$T�V9ecb�^
Ucb[X$b�k"n
:�p1_�e�U�^�_/;�q�UcT>b�^ \]b�p1_F>�n�U=<9T'9�^cb�CB^dYa\ e�q&;1��T$X�U UcbvU=<9T$ecT=UcT�^�\]e�YaV9pzX$b�V9p1_WU�_�b�V9e84
J b�q�\tY$n8V9b�U3_W\{kobBecT]YaV"n >�q�^�U=<9T�^3^cT$e�U�^�_�X�U�_�b�V9eIb�V�U=<9Tz^cT$X�_Wk�_�T�V"Uce	� T=O1T�^cX�_�ecT{b5>=U=<9T
^�_/C	<"Uce CB^dYaV"UcT$p <9T�^cT�_WVG4 J b�q�Ya^cTyV9b�Uf^cT$eck.b�V9e�_/;�`�TK>�b�^fT�V�> b�^cX�_WV&CiX$b�\{k�`W_ YaV9X$T$;"nzU=<�_W^cp
kGYa^�U�_�T$eZUcbzU=<�_�e&D�_�X$T�V9ecT	4

A 4 7.>=:9Y�e4YzX$b�V9ecT���q9T�V9X$TIb5>fYzX$b�q�^�U�� q9p�CB\]T�V�Uvb�^vYa`W`�T�C"YaU�_�b�Vjb5> kGYaUcT�V�U4_WV�>�^�_WV&C�T=<
\]T�V"U3b�^L>�b�^uYaV"n/b�U=<9T�^u^cT	Y�ecb�V 1wV9b�U[`W_W\{_WUcT$p�Ucb�kGYaUcT�V"Uu_�ececq9T$e 2 :(X$b�V9p1_WU�_�b�V9e3Ya^cTi_W\�<
kobBecT$prb�V|n�b�qK1,7K<9T�U=<9T�^$;"n�X$b�q�^�UZb�^cp�T�^8:9Y5CB^cT$T�\]T�V�U4b�^Zb�U=<9T�^=7y_�ecT 2 U=<GYaUZX$b�V�U�^dY�p1_�X�U
U=<9T>X$b�V9p1_WU�_�b�V9ehb5>GU=<�_�eND
_�X$T�V9ecT	:�U=<9T�ngp�bvV9b�UfT=O�X�q9ecT=n�b�qJ>w^cb�\lU=<9TyX$b�V9p1_WU�_�b�V9efb5>.U=<�_�e
D�_�X$T�V9ecT	4 7.>Gn�b�q]X	YaV�V9b�Ufp1_�e�U�^�_/;�q�UcTyecb3Y�e Ucb3edYaU�_�eU>�nIe�_W\iq�`WUdYaV9T$b�q9e�`Wngn�b�q�^fb�;�`W_/C"YaU�_�b�V9e
q�V9p�T�^3U=<�_�e D�_�X$T�V9ecT{YaV9pDYaV�n�b�U=<9T�^3koT�^�U�_WV9T�V"U�b�;�`W_/C"YaU�_�b�V9e8:�U=<9T�VDY�e�Y|X$b�V9ecT���q9T�V9X$T
n�b�q�\tY$nQV9b�U]p1_�e�U�^�_/;�q�UcTsU=<9T�9f^cb�CB^dYa\ YaU]Ya`W`�4U4Gb�^]T=O�Ya\{k�`�T	:}_F>uY�kGYaUcT�V"Ut`W_�X$T�V9ecT
7}b�q�`�pQV9b�Uik.T�^�\{_WUg^cb	n"Ya`WU?n <+>�^cT$T|^cT$p1_�e�U�^�_/;�q�U�_�b�V�b5>ZU=<9T 9�^cb�CB^dYa\ ;�n�Ya`W`}U=<9bBecT 7K<9b
^cT$X$T�_/9�T{X$b�k�_�T$e�p1_W^cT$X�U�`Wn8b�^3_WV9p1_W^cT$X�U�`Wn8U=<�^cb�q&C	<�n�b�qG:�U=<9T�V�U=<9T{b�V�`Wn\7>Y$njn�b�qDX$b�q�`�p
edYaU�_�eU>�n ;.b�U=<�_WUgYaV9pDU=<�_�e D�_�X$T�V9ecT 7}b�q�`�p ;.T]Ucb�^cT?>�^dYa_WV T�V"U�_W^cT�`Wn_>w^cb�\ p1_�ecU�^�_/;�q�U�_�b�V
b5>}U=<9T 9f^cb�CB^dYa\ 4 7�>yYaV"njk.b�^�U�_�b�VDb5>=U=<�_�e3ecT$X�U�_�b�VD_�e <9T�`�p8_WV)9BYa`W_�p�b�^3q�V9T�V�> b�^cX$T	Y5;�`�T
q�V9p�T�^|YaV�n�kGYa^�U�_�X�q�` Ya^|X�_W^cX�q�\]ecUdYaV9X$T	:yU=<9T ;GYa` YaV9X$T�b5>�U=<9T�ecT$X�U�_�b�VK_�et_WV"UcT�V9p�T$p Ucb
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