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0 GTLU7DV�7DIML4CWH4IXGPYJ7ZF4N[GP3MF4\MNDF�C87];
^D_�`W7TNaYJH4C87bGPHdceF�f47bGPYJ7KceF�VJVM0 IJ2gCh0 IJ26\ 7DijEkF4\ 367]LJl�GPY67TF�IMF4\ QmC�0 CncoHpLU7]\h`WH43M\=LgA�7
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á 5�NjYM0 GP7]N[GP365�F4\�VMF�GPGP7D5RIJCTF�587]lpF�CT/45�F�IJfãâM3JC�NjY1ceF�IJI£LU7DC�N[5h0 A	7DCÜGPY67]cä0 Iå­ âBæXçnèr¯4°�±*l
Fd_¤3JI1LJF4co7DImG�F4\�C8GP5831N[GP3J5�F4\6H45826F�IM0 C�F�G�0 H4IéC�NaYJ7]ceFd_¤H45oC8H6_�G*`gF�587yC8QmC8GP7]coC�; á IêF�5�NaYM0 i
GP7]N[GP3J5�F4\#VMF�GPGP7D5RIOVJ58H�Ep0=LU7DCvFbC87DGBH6_kVJ587]LU7Dë6IJ7]LgC836AJC8QmC8GP7]coC�l]C8V�7]ND0 ëJ7DCBGPYJ7]0 5B587DC8V�H4IJi
C�0 AM0=\=0 G�0 7DCvF�IML:0 IMND\ 3MLU7ì583M\ 7DCgF�IMLg24310=LU7]\=0 IJ7DCg_¤H45WGPYJ7bH45R26F�IM0 C�F�G�0 H4IOH6_mGPYJ7y0 I#GP7D5�F4N[G�0 H4I
A�7DG*`W7D7DIåGPYJ7]ce; á 5�NjY10 GP7]N[GP3J5�F4\¦VMF�GPGP7D58IJCªC8V�7]ND0=_�QêGPYJ7qCRGP583MN[GP3J5�F4\�VJ58H4V�7D58G�0 7DCdH6_vF
C8H6_�G*`gF�587¬CRQ#C8GP7]cíF�IMLKYMFPE47ªF�IS7Dî	7]N[G@H4ISGPYJ7:F�5hNjYM0 GP7]N[GP3J5R7vH6_ºGPYJ7gC83JAJCRQ#C8GP7]cgC�;B¢rYJ7
NjY6H60=N[7ãH6_TF�5hNjYM0 GP7]N[GP3J5hF4\ÜVMF�GPGP7D58Iï0 CqGPY#3JC£Fê_�3JIML6F4co7DI#G�F4\gL47]ND0 C�0 H4IM;ðâM3JC�NjY1ceF�IJI
C8G�F�GP7DCTGPYMF�G:F�5�NaYM0 GP7]N[GP3J587X0 Cd0=coV�H458G�F�I#G¬A	7]NDF�36C87¨GPYJ7¨H4IM\ QÞ`oF8QñGPH¥ceF�f47eC83658E�0 Ep0 IJ2
C8H6_�G*`gF�587¬CRQ#C8GP7]cgCT0 CbAmQñ_�H6\=\ H�`K0 IJ2ZC836V	7D5h0 H45ÜVJ5�0 IMND0 VM\ 7DCK_¤H45@CRGP583MN[GP3J587];

á I§7D«�F4cgVM\ 7ñH6_¬F�IïF�5�NaYM0 GP7]N[GP3J5�F4\BV1F�GPGP7D58Iï0 CXòyó�ôºõ6ömó];÷¢rYJ7ãòKóhô6õºö#óÅF�5�NaYM0 i
GP7]N[GP3J5�F4\¦VMF�GPGP7D5RIøNDF�IåA�7q36C87]LéGPH®C8GP5831N[GP3J587ùL60 C8GP5�0 AJ3JGP7]L£C8H6_�G*`gF�587ñC8QmC8GP7]coCd`T0 GPY
LU7]N[H43JV1\ 7]L¥N[H6coV�H4IJ7DImGPCKGPYMF�Gª0 ImGP7D5�F4N[GyAmQé587]coH4GP7dC87D58Ep0=N[7ñ0 ImE4H�NDF�G�0 H4I6C�; á A658H4f47D5
N[H6coV�H4IJ7DImGe0 Cg587DC8V�H4IJC�0 AM\ 7O_�H45¨N[HmH45�LJ0 I1F�G�0 IJ2£N[H6cecb3JIM0=NDF�G�0 H4IMl�CR3MNjYúF�CZ_�H458`oF�5hLJ0 IJ2
587]©�3J7DC8GPC�lûF�C@`¦7]\=\ûF�CK_�H45@GP5�F�IJC�cZ0 GPG�0 IJ2e587DC831\ GPCTF�IMLy7D«pN[7DVJG�0 H4IJC�;

¢rY67KN[H4ImGP7D«#Gg0 C¦GPY67yLU7DE47]\ H4V1co7DI#GWH6_pF¬L60 C8GP5�0 AJ3JGP7]L:F�IML¬V	H4CRC�0 AM\ QyYJ7DGP7D58H4247DIJ7DH436C
C8QmC8GP7]cø`K0 GPY¥0 IMLU7DV�7DIMLU7DImGvN[H#H4V�7D5�F�G�0 I62XN[H6coV�H4IJ7DImGPC�;

¢rY67qVJ58H4A1\ 7]cü0 CªYJH�`ýGPH§ceF�f47®F¥N[H6coVM\ 7D«úCRH6_¤GÇ`oF�587ñC8QmC8GP7]cþF�CñFqC87DG:H6_vLU7Di
N[H43JVM\ 7]LÿF�IML§0 I#GP7D5RH4V	7D5hF�G�0 IJ2ÿN[H6coV�H4IJ7DImGPCS`T0 GPYJH43JG£FêN[H6cgVM\=0=NDF�GP7]LÿF�IML§\=0=cZ0 G�0 IJ2
0 ImGP7D58ijVJ58HpN[7DC8CKN[H6cZc@3JI10=NDF�G�0 H4IM;

¢rY67Z_¤H45�N[7DCìGPYMF�GTâM58H4f47D5ìAMF4\=F�IMN[7DCKF�5R7]>

��� H6coV�H4IJ7DI#GPC¦C8YJH43M\=LvA�7TF�AM\ 7nGPHdF4NDN[7DC8CBC87D58Ep0=N[7DCBVJ58H�E�0=LU7]LvA#Q¨H4GPY67D58C¦GPY658H43J24Y
5R7]coH4GP7]lû\ HpNDF�G�0 H4IJijGP5�F�IJCRVMF�587DImGbC87D58Ep0=N[7:0 ImE4H�NDF�G�0 H4I6C�;

��� H43XIJ7D7]LyGPHe7D«pNjY1F�IJ247]lMF4L6LJlmH45@587]coH�E47dN[H6coV�H4IJ7DImGPCTF�G@5R3JIJijG�0=co7];

� ¢xYJ7yF�5hNjYM0 GP7]N[GP3J5R7gC8YJH43M\=L¬YM0=LU7nC8QmC8GP7]coi@F�IMLª0=coVM\ 7]co7DImG�F�G�0 H4IJijC8V�7]ND0 ëMNgL47DG�F40=\ C
_�58H6c GPY67v3JC87D58CÜH6_rN[H6coV�H4IJ7DImGPCTF�IML¨C87D58Ep0=N[7DC�;

¢rY67eC8H6\ 3JG�0 H4Iå0 C¬GPHù0 ImGP58HpLU3MN[7XFeAJ58H4f47D5ªN[H6coV�H4IJ7DI#G¬GPHùF4NjY10 7DE47:A�7DGPGP7D5dL47]N[H43Ji
VM\=0 IJ2ªH6_¦ND\=0 7DI#GPCªF�IMLdC87D58E47D58Ch;g^[Iê/r0 243J5R7q94;��KGPYJ7qND\=F�C8C:LJ0=F�245hF4c H6_ÕGPYJ7yC8H6\ 36G�0 H4IÅ0 C
C8YJH�`@IM;��U7D58E47D58C¨587D260 CRGP7D5eGPYJ7]coC87]\ E47DC:`T0 GPYêGPYJ7ªAJ58H4f47D5hlbF�IMLêceF�f47OGPY67]0 5¨C87D58Ep0=N[7DC
FPE�F40=\=F�AM\ 7KGPHÞND\=0 7DImGPCìGPY658H43J24Y¥co7DGPY6H�LX0 I#GP7D5�_ÂF4N[7DC�; � \=0 7DImGPCKF4NDN[7DC8CnGPYJ7:_�3JIMN[G�0 H4I1F4\=0 G*Q
H6_�CR7D58E47D58CÜAmQZC87DIML60 IJ2T5R7]©¡3J7DCRGPCÜE�0=FìGPYJ7oAJ58H4f47D5h; á AJ58H4f47D5hw CÜG�F�C8f#CK0 IMND\ 3MLU7¨\ H�NDF�G�0 I62
GPYJ7XF�V6VJ58H4VJ5�0=F�GP7¨CR7D58E47D5�l²_�H458`gF�5�LJ0 IJ2qGPYJ7¨587]©�3J7DC8GvGPHSGPY67eC87D58E47D5:F�I1LªGP5�F�IJC�cZ0 GPG�0 IJ2
587DC831\ GPCTF�IMLy7D«pN[7DVJG�0 H4IJCìAMF4NjfªGPHZGPY67ZND\=0 7DI#G�;

¢rY67S587DC83M\ G�0 I62 F�5�NaYM0 GP7]N[GP3J587úLU7DC�N[5h0 A	7DCñFOC8QmC8GP7]celW`bYJ7D587¥LJ0 CRGP5�0 AJ3JGP7]LãC87D58Ep0=N[7DC
NDF�I§A�7®F4NDN[7DCRC87]LùC�0=coVM\ QÊA#QÅC87DIMLJ0 IJ2åco7DC8C�F�247ÊNDF4\=\ CqGPHùGPY67®F�VJV658H4VJ5�0=F�GP7ñH4A
	Â7]N[G�;
� H6coV1F�587]LnGPH:FBC8QmC8GP7]cå`bYJ7D587v_¤HpN[3JCì0 C²H4IX\ H�`@iR\ 7DE47]\	0 ImGP7D58ijVJ58HpN[7DC8CìN[H6cecb3JIM0=NDF�G�0 H4I1l
GPYJ7oN[H6coVM\ 7D«p0 G*Q:0 ImE4H6\ E47]L¨0 IdLU7DE47]\ H4V10 IJ2yL60 C8GP5�0 AJ3JGP7]LTF�VJVM\=0=NDF�G�0 H4IJC@0 C1587]LU3MN[7]L6;²¢rYm3JC�l
F�VJVM\=0=NDF�G�0 H4IÞH6_6GPYJ7Kòyó�ôºõ6ömó¬VMF�GPGP7D58Iq7DI6C83J587DC¬F��67D«�0 AM\ 7ZF�I1Ly7D«#GP7DI6C�0 AM\ 7vC8QmC8GP7]ce;

ÍKÎ�
 ÐÒßv×6Ö��¨ÚÜ×6×6Ø²Ñpß¨à

¢rYJ7éN[H4IMN[7DVJGX¶�É6¹jÁ¤·#¶]¹j¹j»�¼�ÉJÌ:YMF�Cy7DE4H6\ E47]Lú_�58H6c÷GPYJ7ãN[H4IMN[7DVJGyVMF�GPGP7D58I6C�l1GPHÊLU7DC�N[5�0 A�7
H6_�GP7DI:HpNDN[3J585�0 I62vC8H6\ 3JG�0 H4IJCW`T0 GPY:IJ7D26F�G�0 E47yN[H4I6C87]©¡367DIMN[7DC�;Ü¢rYJ7KF�3JGPYJH458C¦H6_mGPYJ7@A�H#H4fp>
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calls

calls

calls1

*

1

0..1

*

1

* 1 1 *
Broker

find_server
find_client
forward_request
foreward_response

Client-side Proxy

call_server

Client

start_task
use_Broker_API

Bridge

Pack_data
unpack_data
call_service
send_response

Server-side Proxy

Initialize

Server

run_service
use_Broker_API

Pack_data
unpack_data
forward_message

Pack_data
unpack_data

return
send_request

transfers messagetransfers message

/r0 243J587d94;��4>¦òyó�ôºõ6ömó¬i á IùF�5�NjYM0 GP7]N[GP365�F4\�VMF�GPGP7D5RI

t á I#G�0��rF�GPGP7D58IJCh> ç�7]_�F4N[GPH45h0 IJ2��UH6_�G*`gF�587]l á 5�NaYM0 GP7]N[GP3J587DC�lyF�IML��Õ58H�	�7]N[GPC£0 I � 5h0 C�0 C�u
âM58H�`bIM¯��£LU7Dë6IJ7¥F�ImG�0xVMF�GPGP7D58I6CñF�CútO;=;=;øFã\=0 GP7D5�F�5RQ _¤H45hc GPYMF�GñLU7DC�N[5�0 A�7DCXF¥N[H6coi
coH4IM\ QXH�NDN[36585�0 IJ2dC8H6\ 3JG�0 H4IãGPHãFTVJ58H4A1\ 7]c GPYMF�Go247DIJ7D5�F�GP7DC:LU7]ND0=L47]LJ\ QqIJ7D26F�G�0 E47ÞN[H4IJi
C87]©�3J7DIMN[7DC�;=u

�ø0 GPYJH43JGÜIJ7D26\ 7]N[G�0 I62eGPYJ7o3JC87]_�3M\ IJ7DC8CBH6_JVMF�GPGP7D58IJC�l#GPYJ7eF�3JGPY6H458CÜA�7]\=0 7DE47gGPYJ7]0 5¬F�IJi
G�0 VMF�GPGP7D58I6C²GPHvA�7¬cb3MNjYñcoH4587ÜV�H�`W7D5�_�3M\UGPYMF�IeV1F�GPGP7D58IJC�;B¢rYM0 Cn0 CìLU3J7ÜGPHvGPY67T_�F4N[G²GPYMF�G
F�ImG�0ûV1F�GPGP7D58IJC¨H4V�7D5�F�GP7ªH4I \ 7D26F4N[QåF�IMLX7D«p0 C8G�0 IJ2ñVJ58H4A1\ 7]coC�l1`@YM0=NaY F�587ãcoH4587éN[H6coi
coH4IJV1\=F4N[7q0 IÞV65�F4N[G�0=N[7eGPYMF�IéGPYJ7y24587D7DI6ijëJ7]\=LdVJ58H4AM\ 7]cgCgH6_¤GP7DIÊLU7DChN[5�0 A�7]LÞ0 IéV1F�GPGP7D58I
LU7DC�N[5h0 VJG�0 H4IJC�;BæZH4587DH�E47D5�lmGPY67ìVMF�GPGP7D5RIJC²H6_kQ47DCRGP7D5�LJFPQÞceFPQ¨A�7]N[H6co7nGPYJ7KF�ImG�0 VMF�GPGP7D58I6C
H6_UGPHpLJFPQp>gt á V�H4VJ3M\=F�5ûV1F�GPGP7D58IMlhC83MNaYªF�CrVJ5RH�N[7]LU365�F4\DVJ5RH4245�F4cece0 IJ26l�NDF�IyA�7²GPY67¦V�H4VJi
3M\=F�5ÜVMF�5hF4LJ0 26c H6_JH4I67n7D5hF4lpF�IMLO_�F4\=\mH436GWH6_1_ÂFPE4H43J5¬0 IOGPYJ7gI67D«#GvF�CT0 GPC¬N[H4IJCR7]©¡3J7DI1N[7DC
F�587vA�7DGPGP7D5@36IMLU7D58C8GPHmHpLJ;=u

¢rY10 CÜC8YM0=_�G¬0 CT0 IMLJ0=NDF�GP7]LeA#QdGPYJ7gVJ3JI1N[GP3MF�GP7]LO\=0 IJ7:0 I£/r0 243J587d94; ³ lk`@YJ7D587ZF¨L47DC�0 24I
VMF�GPGP7D58IdC8H6\ 3JG�0 H4IdH�E47D5WG�0=co7ì7DE4H6\ E47DC¬0 I#GPHKGPYJ7@ëJ5RC8G�H6_#GPYJ7bGÇ`¦HKC8H6\ 3JG�0 H4I6Co_�H43JIMLe0 IñF�I
F�ImG�0 VMF�GPGP7D58IOLU7DC�N[5�0 VJG�0 H4I1;¦¢rY67xëJ58C8G²0 CMGPYJ7²VJ5RH4AM\ 7]ceF�G�0=N�C8H6\ 36G�0 H4IT`T0 GPYªcoH4587�I67D26F�G�0 E47
GPYMF�IvV�H4C�0 G�0 E47oN[H4IJC87]©�3J7DIMN[7DC�l�GPYJ7xC87]N[H4I1L¬0 CÕGPYJ7²587]_�F4N[GPH45R7]LÜC8H6\ 3JG�0 H4I1;¦¢rY67x587]_�F4N[GPH45R7]L
C8H6\ 3JG�0 H4Iï0 CãF®N[H6cecoH4I1\ QÊHpNDN[3J585�0 IJ2§co7DGPYJHpLå0 Iå`@YM0=NjYåGPYJ7úF�ImG�0 VMF�GPGP7D58IJC£NDF�I§A�7
587DC8H6\ E47]L§F�I1Lã587D7DI6260 IJ7D7D587]Lå0 I#GPH§F®coH4587XA	7DI67DëMND0=F4\ì_�H45�ce;ÿ^[GÞ0 Cª`¦H45RGPY I6H4G�0=ND0 IJ2
GPYMF�GoC8H6co7yH6_�GPY67OF�ImG�0 VMF�GPGP7D58I6CZLU7DC�N[5�0 A�7KVJ58H4AM\ 7]coCoC8HdC87D5�0 H436C¨F�I1LZ`K0 GPYÞCRHdCR7DE47D587
N[H4IJC87]©�3J7DIMN[7DCìGPYMF�G@GPYJ7¬587]_�F4N[GPH45R7]LeC8H6\ 36G�0 H4Iù0 CTFeL47DC�N[5�0 VJG�0 H4IXH6_6Y6H�` GPHñLUHq0 G@5�0 24YmG
GPYJ7£ÉJ»���¹nG�0=co7];Þ^[IùC83MNjY NDF�C87DC¨GPY67ñF�3JGPY6H458CyC83J24247DC8GPC¨GPYMF�GKGPYJ7ãLU7DE47]\ H4V�7D5y`@YJHê0 C
FP`gF�587TH6_JGPYJ7dF�I#G�0 VMF�GPGP7D5RIùN[H43M\=LeC8G�F�58G@VJ5R7DVMF�5�0 IJ2yYM0 C@H45ìYJ7D5@587DCR3Mco7];

á CS7D«pF4coVM\ 7DCqH6_KF�ImG�0 VMF�GPGP7D58IJCX`¦7éC8Y1F4\=\gLU7DC�N[5�0 A�7��! #"%$'&)(+*'(�,-"Jó."/$0&)(�*0(ÊF�IML
1Oö2"%3+465)&6,�$'"% # 7*' #8û;

9;:=<>:�? @BA;CED�FHGJIKGMLNCEOPCED�FHGQI�G
� YJ7D587OFvVMF�GPGP7D5RIêL47DC�N[5�0 A�7DCìGPY67TVJ5RH4AM\ 7]c÷N[H4I1ND0 C87]\ QùF�IMLZGPYJ7KC8H6\ 3JG�0 H4IñGPYJH458H43624YM\ Q]l
F�IqF�ImG�0 VMF�GPGP7D58IX_�H�N[36C87DCrH4I¨`@YMF�G@\ 7]F4LnGPHoGPYJ7BVJ58H4AM\ 7]ceF�G�0=N1CRH6\ 3JG�0 H4IMlUGPYMF�GbNDF�36C87DCxGPYJ7
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Solutions
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Benefits Consequences
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AntiPattern
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Solution
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 C
ontex
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Design Patterns

Anti Patterns
/r0 243J5R7:94; ³ >SR¦7DC�0 24IXVMF�GPGP7D58IùF�I1L á ImG�0 VMF�GPGP7D58I®N[H4IMN[7DVJGPC

245�0 7DE�F�IMN[7];K¢rYJ7ª¼[Ä¡Ä�¹UTR¶PVkÌR»�Ì¨_�H45W�! 7"%$'&)(+*'(X,-"JóJ"%$'&)(+*'(ªF�587]>et��Õ5�0=LU7ªF�IMLZYnF�5858H�`@i
æÞ0 IMLU7]LUIJ7DCRC�u4lUGPYJ7[VkÉ%\�¶P]�¶]É%TR»�^¦Æ¡Ä]¼_T�»K0 C�>ot�æÞF�IMF�247]co7DImG²H6_	N[H6coVM\ 7D«p0 G*Qpu4l�F�IMLnH4IJ7@H6_
GPYJ7T¶�ÉJ»�T`^�Ä]¹j¶P]6»�À�Á0^�»�É%T�»�Ìb0 C�>gt)�é7]\=\=l�`@YMF�GÜ0=_4GPYJ7B3JCR7D51`gF�ImGPCxGPHZN[587]F�GP7ÜGPYJ7B7]coVM\ H�Q47D7
\=0 C8GìAMF�C87]L¨H4IÞGPYJ7:_�H43J58GPY®F�IML¨ë1_¤GPY®\ 7DGPGP7D58CìH6_	GPY67]0 5bëJ58CRG@IMF4co7ªN[H6c@AM0 I67]Le`T0 GPYXGPYJ7
VJ58H�	Â7]N[GKGPYJ7DQÊNjYMF�5R247]LqGPY67ÞcoH4C8GTYJH43J58CTGPHXA�7DGÇ`¦7D7DI ¢rYMF�I6f#C8260 Ep0 IJ2®F�IML£co7]cgH45�0=F4\
RoFPQOH6_6GPYJ7:_�H43J5ÜVJ587]N[7]L60 IJ2eQ47]F�58C.ahu4;

¢rY67SVJ58H4AM\ 7]c 0 CZGPYMF�G:GPYJ7ùF�I1F4\ Q#C�0 CécoHpLU7]\=\=0 IJ2ãY1F�C:24H4IJ7XGPH#Hå_�F�5h;b�! 7"%$'&)(+*'(
,-"Jó."/$0&)(�*0(K0 CgFTND\=F�CRC�0=NoF�I#G�0]VMF�GPGP7D58Ié0 I:H4Ac	�7]N[GPijH45�0 7DImGP7]LKC8H6_�G*`gF�587eLU7DE47]\ H4VMco7DImGvLU3J7
GPHqGPY67Z`gFPQéH4A
	Â7]N[GPijH45�0 7DImGP7]LùF�I1F4\ Q#C�0 CO0 CdL47DëJIJ7]LJ;Þ?BA
	Â7]N[GPijH45�0 7DImGP7]L¥F�IMF4\ QmC�0 CO0 Cd_�H4i
N[3JC87]LùH4I LU7]N[H6coV�H4C�0 IJ2 FÞVJ58H4A1\ 7]c 0 I#GPH 0 GPC£N[H4I6C8G�0 GP3J7DImGSVMF�58GPC�lbAJ3JGª260 E47DC®\=0 GPG�\ 7
F4LUEp0=N[7ZH4Iù`@YJ7DIãGPHÞC8GPH4VåLU7]N[H6coV�H4C�0 IJ26;ñ¢rYM0 Cª\ 7]F4LUCKGPHùFq©�3J7DC8Gª_¤H45TGPYJ7ÞcbQmGPYM0=NDF4\
t�N[H6coVM\ 7DGP7DI67DC8C�u4l6GPYMF�G@VMF�5�F4\ QmC87DC@GPY67:LU7DE47]\ H4V�7D58C�;

¢rY67¬3JC87TH6_�GPYJ7K`oF�GP7D5h_�F4\=\rcoHpLU7]\û_�H45eLU7DE47]\ H4VM0 IJ2dC8QmC8GP7]coCe0 C¨F4\ C8HãF:_ÂF4N[GPH45oGPYMF�G
ceF8Q¨NDF�36C87�VMF�5�F4\ QmC�0 C�l�C�0 IMN[7²GPYJ7ìF�C8C831coVJG�0 H4I:0 CÕGPY1F�GÕGPYJ7ìF�IMF4\ QmC�0 CBNDF�I¬A�7xC83MNDN[7DC8Ch_¤3M\=\ Q
N[H6coVM\ 7DGP7]LdV65�0 H45ìGPHãN[HpLJ0 IJ26; á GPYm3Mc@AÞ583M\ 7O0 CoGPYMF�Gn`@YJ7DIÞGPYJ7ªL4H6ceF40 Iñ7D«#V�7D58GPCnIJH
\ H4IJ247D5W3JIMLU7D5RC8G�F�IMLnGPYJ7TF�I1F4\ Q#C�0 CoLUHpN[3Mco7DImGPC�l60 Go0 C²G�0=co7@GPHTC8GPH4VZGPY67TF�IMF4\ QmC�0 C¦V6YMF�C87];

¢rY67b587]_ÂF4N[GPH4587]LTC8H6\ 3JG�0 H4IªGPHN�! 7"%$'&)(+*'(d,-"JóJ"%$'&)(+*'(K0 C¦GPHK3JC87y0 IMN[587]co7DImG�F4\�LU7DE47]\ i
H4VMco7DImGT0 IJCRGP7]F4LyH6_º`oF�GP7D5�_ÂF4\=\ûL47DE47]\ H4VMco7DImG�;
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9;:=<>:=f g�h%CEiJjlkHFmLnD�CEAoA;I�Aop
¢rYJ7T¼[Ä¡Ä�¹qT�¶PVkÌR»�Ìn_�H45>1Oö2"%3+4r5)&�,�$'"% 7 7*0 78ñF�587]>gt á E�F�5�0=N[7]l]^Ç24I6H45�F�IMN[7]l/snF�C8GP7]u4l]GPYJ7
VkÉ%\R¶t]�¶�É/TR»`^gÆ�Ä�¼_T�»S0 Ch>dt�æÞF�IMF�247]co7DImGvH6_ � H6coV1\ 7D«�0 GÇQ�uOF�IML:GPYJ7q¶�ÉJ»�T`^�Ä]¹j¶P]�»�À�Áu^]»�É%T�»
0 C�>qt�¢rY67KV1\=F�IÅ0 CgGPYJ7¨H4IM\ QÞGPYM0 IJ2OGPYMF�Gg`K0=\=\	7DIJC83J587yH43J5¬C83MNDN[7DC8C�uOF�I1LÊt á C:\ H4I62¥F�C
`W7:_¤H6\=\ H�`ÿGPYJ7¬VM\=F�I¥F�IMLSL4H4IMw G¬LJ0 E47D58247ª_¤58H6c 0 G�lJ`¦7g`K0=\=\kA�7gC83MNDN[7DC8C�_�3M\=;=u

�UH6_�G*`gF�587gVJ5RH�	�7]N[GPC¬N[H4ImG�F40 ISAmQeIMF�GP3J587eceF�ImQe3JI6f#IJH�`@IJCgF�IMLªNjYMF�H4G�0=N¬F4N[G�0 E�0 G�0 7DC�l
F�IMLñ0=_²L47DG�F40=\ 7]LªVM\=F�IJCe_�H45¨FTVJ5RH�	�7]N[GeF�587¨G�F�f47DIéGPHmHOC87D5�0 H43JCh\ QqGPYJ7KVJ58H�	Â7]N[GZNDF�Ié7DIML
0 Iv1Oö2"%3+4b5)&w,�$'"% 7 #*' 78Õ;

¢rY67:C8QpcoVJGPH6cgCOF�5R7é_�H45y7D«�F4cgVM\ 7ãF�I§0 I1F�AM0=\=0 G*QùGPHñVM\=F�I F�GOFZVJ5�F�26cZF�G�0=NO\ 7DE47]\=l
coH4587oG�0=co7oC8V�7DImG²H4IOVM\=F�I6IM0 IJ26l	LU7DG�F40=\=0 IJ2¨VJ58H4245R7DC8C�l	F�IMLT587DVM\=F�IJIM0 I62TGPYMF�IªH4IãLU7]\=0 Emi
7D58QdH6_JCRH6_¤GÇ`oF�587dF�IMLyGPYMF�G¬LU7DE47]\ H4V�7D58CìAJ587]F�fñLUH�`@IqGPYJ7]0 5@H�`bI¥F4N[G�0 E�0 G�0 7DC¨0 ImGPHeG�F�C8fmC�;
¢rYJ7¨N[H4IJC87]©�3J7DIMN[7DC¬F�5R7¨_�H45Ü7D«pF4coVM\ 7oGPYMF�GB7DIMLJ\ 7DC8CÜV1\=F�IJIM0 IJ2OF�IMLT587DVM\=F�IJI10 IJ2ªNDF�36C87DC
_�3J58GPYJ7D5¦VM\=F�IJIM0 IJ2ªF�IMLT587DVM\=F�IJI10 IJ26l4H4A
	Â7]N[GBC8YM0=_�Gn_�58H6c LU7]\=0 E47D58QeH6_�VJ58H�	Â7]N[GPCWGPHOLU7]\=0 Emi
7D58QdH6_ºVM\=F�IJC�lpF�IMLq0 ISGPYJ7g7DIMLS_ÂF40=\ 3J587¬GPHXLU7]\=0 E47D5KFZN[5�0 G�0=NDF4\ûLU7]\=0 E47D5hF�AM\ 7];

¢rY67n5R7]_�F4N[GPH4587]LKCRH6\ 3JG�0 H4I¥LU7DC�N[5h0 A	7DCBYJH�`§GPHqceF�f47ecoH4587g247DIJ7D5hF4\=l2�J7D«�0 A1\ 7nV1\=F�IJC�;
¢rYJ7ìVJ58H�	Â7]N[G²VM\=F�IdC8YJH431\=LgC8YJH�`ÅV65�0=ceF�5�0=\ QqLU7]\=0 E47D5hF�AM\ 7DC¬F�IMLgA�7ìC83JVJVM\ 7]cg7DI#GP7]Lv`T0 GPY
E�F4\=0=LJF�G�0 H4ISce0=\ 7DC8GPH4IJ7DC�;W¢rYJ7nLU7]\=0 E47D5�F�AM\ 7WVM\=F�IJCMC8YJH43M\=LBA�7x3JV�LJF�GP7]LÜ`¦7D7Dfp\ QvGPHb7DI6C83J587
F�VJVJ5RH4VJ5�0=F�GP7¬V1\=F�IJIM0 IJ2XF�I1LqN[H4ImGP58H6\ CoGPYMF�Gì5R7]LU3MN[7vVJ5RH�	�7]N[Gì5�0 C8fmC�;>�ÅY67DIq7DC8G�0=ceF�G�0 I62
ceF�IJY6H43J58CK0 G¨0 CeF4LUEp0 C�F�AM\ 7KGPHñF4\=\ H�`íF:N[H4ImG�0 IJ247DIMN[QXV	7D5h0 H�LÞ_¤H45¨F4\=\ºGPYJH4C87O0 IJ7DEp0 G�F�AM\ 7
t*3JIJfmIJH�`@IJC�u4lMC83MNaYåF�CK587]©�3M0 587]co7DImGPCS0 IMN[587]F�C87]l1GPY10 5�LOVMF�5RG*QãC8H6_�G*`gF�587ª`WH458fkF�5RH43JIML
7DG�ND;r^[Gì0 CgF4\ C8Hª0=cgV	H45RG�F�I#G¦GPH¬7DC8G�F�AM\=0 CRYñFTce0 IM0=cb3Mc§G�0=co7y_¤5hF4co7K0 I:`@YM0=NjYdGPHdF4NDN[H6cgi
VM\=0 C8YùF�I#QéF4N[G�0 E�0 GÇQ];o¢rYM0 CÜVJ587DE47DImGPCbCR3MNjY¥N[H4I6C8GP5�F40 ImGPCKF�CbGÇ`¦HÞLJFPQmCbGPHXN[HpLU7ZF�IML¨GP7DC8G
FXt*C�0=cgVM\ 7]uoVJ58H4245hF4ce;

ÍKÎ�x yåÑ)zìÚÜß¨ÖRà	ÚÜ×6Ö�{bß¨ÚÜÛéÝùÚÜ×6×6Ø²Ñpß¨à

?B5826F�I10 C�F�G�0 H4IMF4\�VMF�GPGP7D5RIJCZNDF�IãA�7y3JC87]L:GPHSC8YMF�V�7KIJ7D`øH45826F�IM0 ChF�G�0 H4IJCdF�IMLéL47DE47]\ H4VJi
co7DImG@VJ58HpN[7DC8C87DCh;

|#0=c � H4V1\=0 7DIqYMF�Cn`T0 GPYqY10 CìVMF�V�7D5�>yt á R¦7DE47]\ H4VMco7DImG}�p58HpN[7DC8C�~B7DIJ7D5�F�G�0 E47��rF�GPi
GP7D58I��ûF�IJ2431F�247]uê­ � H4VM¯��4F¸±*l1C8YJH�`@IùYJH�` GPH®cZF�f47éFe247DIJ7D5�F�G�0 E47OVMF�GPGP7D5RI§\=F�I6243MF�247
_�H45ìH45826F�I10 C�F�G�0 H4IM;yâMQ¥Fv247DI67D5�F�G�0 E47¨VMF�GPGP7D58Iú\=F�IJ243MF�247]lxF¬C87DGnH6_�VMF�GPGP7D58I6Cy0 Ceco7]F�ImG
GPYMF�G:0 I1LJ0 587]N[G�\ Qé247DIJ7D5�F�GP7DCKGPYJ7e5h0 24Y#GvV658H�N[7DCRC�;S¢rYM0 Cd0 IMLJ0 587]N[GPIJ7DCRC�l¦F�C!|]0=c � H4VM\=0 7DI
7D«mVM\=F40 IJC�lJ0 C²GPYJ7¬N[H4587ÜH6_ á \ 7D«pF�IMLU7D5�w C²VMF�GPGP7D58IJC�;B¢rY67DC87BVMF�GPGP7D58IJCìL4HnI6H4GbceF�f47TF�5�NaYM0 i
GP7]N[GP3J587]lJAJ3JG@247DI67D5�F�GP7d0 Gy0 IMLJ0 587]N[G�\ QªAmQdGPY67vH45�LJ0 IMF�5RQñF4N[G�0 H4IJCnH6_	GPYJ7vV�7DH4VM\ 7]; á C87DG
H6_4Ch0=coVM\ 7WVMF�GPGP7D58IJC@NDF�IqNDF�3JC87vN[H6coV1\ 7D«¬7]co7D58247DImGxA�7DYMFPEp0 H43J5�;W¢rYJH43624YTGPYJ7BVMF�GPGP7D5RIJC
F�587vCh0=coVM\ 7]lpF�C � H4VM\=0 7DIJCTN[H6cecg7DI#G�lM0 GT0 C@IJH4GTF�Iq7]F�C8QªG�F�C8fªGPHXF�VJVM\ QdGPYJ7]ce;

á COVMF�GPGP7D58IJCùF�C£LU7DC�0 24IïF�IML§F�5�NaYM0 GP7]N[GP3J5�F4\ÜVMF�GPGP7D58IJC£F�587ÊL60 C�N[H�E47D587]Lÿ0 I§24H#HpL
LU7DC�0 24I6C�l)|]0=c � H4VM\=0 7DIJC@VMF�GPGP7D5RIJCTF�587:L45�FP`@I£_�58H6c C�0 I6243M\=F�5@H45826F�IM0 ChF�G�0 H4IJCì`K0 GPYS3JIJi
3JC831F4\=\ Q:YM0 24YqVJ58HpLU3MN[G�0 Ep0 G*QãF�IMLOLUHeI6H4G¬LU7DC�N[5�0 A�7gGPYJ7vCRG�F�GP7vH6_ºGPYJ7ZF�58G�;

¢r`WHqV1F�GPGP7D58IJC��U�%*'��öw3+41ö��Tó.8�"% 7*0(�"%3+* ô/ F�IMLw��"%3�ö#õºö#ö2��ömó]lWF�587ÞNaYJH4C87DIùGPH
260 E47dF�Iù0=coVJ587DC8Ch0 H4ISH6_JGPY67vVMF�GPGP7D58I¥\=F�I6243MF�247];

�/*'��öX3�4MöB�Tó.8�"% #*'(+"/3+* ô/ ¥F�IJC8`W7D58C²GPYJ7K©¡3J7DCRG�0 H4IZH6_#YJH�` \=F�58247bGPY67@H45826F�IM0 C�F�G�0 H4I
C8YJH431\=LbA�7];W¢rYJ7vN[H4ImGP7D«#Gb0 CìF�I¨H45R26F�IM0 C�F�G�0 H4IMl�GPYMF�G@N[587]F�GP7DC²C8H6_�G*`gF�587Ü`T0 GPYqcgH4587BGPYMF�I
G*`W7DImG*QÞëJE47¬GPYJH436C�F�IMLÞ\=0 IJ7DCoH6_xN[H�LU7O0 IÞGPYJ7Të658C8Gb5R7]\ 7]F�C87TH6_pGPYJ7T7DI1LeVJ5RH�LU31N[G�;g¢rYJ7
_�H45�N[7DC�lkGPYMF�GKF�587:F�G@`WH458fé0 ISGPYJ7:N[H4ImGP7D«#GyF�587:F�Cy_¤H6\=\ H�`@C�>
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�MF�58247ªH45826F�IM0 C�F�G�0 H4IJCÞF�587:CRYM0 VJCKGPYMF�GSF�587:Y1F�5�LXGPHÞCRGP7D7D5�;��JceF4\=\MH45826F�IM0 C�F�G�0 H4I6C
LUH¨IJH4GbYMFPE47ªFeN[5�0 G�0=NDF4\ûcZF�C8C�;��J0 �D7dF�îº7]N[GPCnGPYJ7ZLU7]\=0 E47D5�F�A1\ 7d0 I¥FoI6H4IM\=0 IJ7]F�5KcZF�IJIJ7D5�l
A�7]NDF�3JC87:N[H6cZc@3JI10=NDF�G�0 H4IÞH�E47D58YJ7]F4Lñ0 IMN[587]F�CR7DCyF�CnGPYJ7¬Ch©¡3MF�5R7vH6_	GPYJ7vC�0 �D7]l6`@YM0=\ 7TGPYJ7
YJH458CR7DV	H�`¦7D5b24H#7DCì3JV¥\=0 IJ7]F�5�\ Q];

¢rY67SC8H6\ 3JG�0 H4Iå260 E47DIø0 C:GPH§\ 7DGZGPYJ7XH45826F�IM0 C�F�G�0 H4IïN[H6cgVJ5�0 C87SGP7DI V�7DH4VM\ 7]lW`@YM0=NaY
260 E47DCdF�CdFK587DC83M\ GoGPYMF�GgGPYJ7D5R7q0 CZFON[5�0 G�0=NDF4\²ceF�CRCgQ47DG:0 GZ0 CgC8G�0=\=\�V�H4C8C�0 A1\ 7KGPH£cZF�IMF�247
26\ H4AMF4\MN[H6cec@36IM0=NDF�G�0 H4IM;

�}"%3¡ömõ6ömö���ömó®F�IJC8`W7D58CdGPYJ7ù©�3J7DC8G�0 H4IåH6_WYJH�`÷GPH§_�H4C8GP7D5ãN[H6cec@36IM0=NDF�G�0 H4Iå`T0 GPY
G*QmVM0=NDF4\=\ Qã0 ImGP58H�E47D58Gb7DIJ260 IJ7D7D58C�;Ü¢xYJ7eN[H4I#GP7D«mGT0 C¬F�IOH45826F�IM0 ChF�G�0 H4IqH6_ûL47DE47]\ H4V	7D5RCÜGPYMF�G
YMF�Ce_�H45�co7]LÞ0 IêFdN[H458V�H45�F�GP7KH45oC8H�ND0=F4\rN[H4ImGP7D«#GgChN[583JG�0 IM0 C87]LZAmQSV�7D7D58C�l1_¤3JI1LU7D58C�lMN[3JC8i
GPH6co7D58ChlìF�IMLÞH4GPY67D5eH43JGPC�0=LU7D5RC�;å¢rYJ7£_�H45�N[7DCXF�587]>d^[IM_�H45�ceF�G�0 H4I��JH�` 0 Cq0=coV�H458G�F�ImG�l
� H6cecb3JIM0=NDF�G�0 H4IÿH�E47D58YJ7]F4Lú24H#7DCq3JVåIJH4IJiR\=0 IJ7]F�5�\ Q `T0 GPY§GPYJ7ñIm3McbA	7D5ªH6_b7D«#GP7D5RIMF4\
N[H6\=\=F�A�H45�F�GPH458C�;

¢rY67¨C8H6\ 3JG�0 H4I 0 C¬GPH¥\ 7DGª¹jµ�»e7D«mGP58H�E47D58GKVJ58H�	Â7]N[GZco7]cbA�7D5v5�0 C87¨GPHSGPY67e58H6\ 7¨H6_MGPYJ7
26F�GP7Df47D7DV�7D5�;b¢xYM0 C¦V�7D58CRH4IÞLJ0 C8CR7]ce0 IMF�GP7DCv\ 7]F4LJ0 IJ2K7]LU247eF�IMLd_¤5�0 I6247K0 IM_�H45�ceF�G�0 H4Iã_�58H6c
H43JGPC�0=L47ÜGPYJ7@VJ58H�	Â7]N[GxGPHvVJ5RH�	�7]N[Gbco7]cbA�7D58C�lUGP5hF�IJC�\=F�G�0 IJ2:0 Gn0 I#GPHvGP7D5hcoC�587]\ 7DE�F�I#G²GPHvGPYJ7
VJ58H�	Â7]N[G�;

ÍKÎaÍ � ÚÜ×6Ú��¨ÚÜà	Ø÷ÝùÚÜ×6×ºØ�Ñpß¨à

R¦3J7²GPHìGPYJ7n\=F4NafvH6_kceF�GP3J5�0 GÇQZ0 ITH4Ac	�7]N[GPijH45�0 7DImGP7]LyLJF�G�F�AMF�C87DCÜF�IML@GPYJ7n\=F�58247WIm3Mc@A�7D5ÕH6_
7D«p0 C8G�0 IJ2¨LJF�G�F�AMF�C87DC�l�587]\=F�G�0 H4I1F4\mL6F�G�F�AMF�C87DCÜF�587²C8G�0=\=\mFxV1F�58GûH6_kcoH4C8G1C8H6_�G*`gF�587WC8Q#CRGP7]coC�;
á CyFdN[H4IJC87]©�3J7DIMN[7KH6_�GPYM0 C�l1ceF�ImQOC8QmC8GP7]cðLU7DE47]\ H4V�7D58CoYMFPE47K7D«#V�7D5�0 7DI1N[7]LZY6H�` YMF�5�L
0 G:0 CTGPHùF4NDN[7DC8CKGPYJ7DC87ñ0 IÅF�I£7]\ 7D26F�ImGSF�IMLãceF40 ImG�F40 IMF�AM\ 7:`oF8QÊ_¤58H6cäH4A
	Â7]N[GPijH45�0 7DI#GP7]L
VJ58H4245hF4coC�;c�ÅYMF�G1H4IJ7WG*QmVM0=NDF4\=\ QK7DIMN[H43JImGP7D58Cr`@YJ7DI¬CRGP3MLUQp0 IJ2ìGPY67]0 5BF�GPGP7]coV6GPCb0 C��/����i
N[HpLU7X0 IãGPYJ7qF�V6VM\=0=NDF�G�0 H4IJCKH45¬7DIMLJ\ 7DCRC:LU3JVM\=0=NDF�G�0 H4I¥H6_ÕGP5h0 E�0=F4\¦LJF�G�F�AMF�C87DiRF4NDN[7DC8CRiRN[H�LU7
0 ISH45�L47D5@GPHXF4NDN[7DC8C¨ceF�ImQ:G�F�AM\ 7DCh;

�rF�GPGP7D58IJCdLU7DC�N[5�0 AM0 I62dCRH6\ 3JG�0 H4IJC:_�H45ZF4NDN[7DC8Cd_�58H6c GPYJ7yH4A
	Â7]N[GPijH45�0 7DImGP7]L¥L47DC�0 24IéGPH
587]\=F�G�0 H4IMF4\bLJF�G�F�AMF�C87DC¨VM\ 36CKGPY67éF4N[GP31F4\ÜcoH�L47]\=\=0 IJ2éH6_xGPYJ7ãLJF�G�F�A1F�C87ªYMFPE47O7]co7D5R247]L
A�7]NDF�3JC87gH6_ºGPYM0 C�lpF�I1Ly`¦7¬YMFPE47ªNjYJH4C87DIXGPHXNDF4\=\kGPYJ7DCR7:LJF�G�F�AMF�C87¬VMF�GPGP7D58IJC�;

R¦7DC�0 24IéH6_ÂlrF�IMLñF4NDN[7DC8CgGPH6lxLJF�G�F�AMF�C87DCgG�F�f47DCgV1\=F4N[7q0 I®F4\=\ºVMF�58GPCoH6_�GPY67OL47DE47]\ H4VJi
co7DImGrVJ58HpN[7DC8CbF�IMLìGPYJ7D587]_�H4587Ü`W7gND\=F40=c§GPYMF�GrGPYJ7Ü3JC87WH6_4GPYJ7DCR7ÜVMF�GPGP7D58IJCb0 CrH458GPYJH424H4I1F4\
GPHKGPYJ7ì36C87bH6_pF�IMF4\ QmC�0 C�l�LU7DCh0 24IéF�I1LZF�5�NaYM0 GP7]N[GP3J5�F4\mVMF�GPGP7D5RIJC�;B¢rYJ7D587]_�H4587nGPYJ7DQqF�587¨0 IJi
ND\ 3MLU7]Lq0 ISGPYJ7:ce0=L6LJ\ 7oH6_1/r0 243J5R7X�4;=<4;

¢rY67£VMF�GPGP7D58I6CXVJ5R7DC87DI#GP7]L F�587ùG�F�f47DIä_¤58H6cüG*`WH LJ0 î	7D587DI#GÞVMF�V�7D58C�> t � 58H4CRC�0 IJ2
� YMF�ChcoC�uq­ â#� ¯��¡±²F�IML¥t�ç�7]\=F�G�0 H4IMF4\#RoF�G�F�AMF�CR7 á NDN[7DC8CN�MFPQ47D58ChuÞ­ � � ±*;

^[Iãt � 58H4C8C�0 IJ2 � YMF�ChcoC�u²GPYJ7oNaYMF�C�coCrGPHoA�7nN[58H4CRC87]LyF�587¦GPY67¦H4IJ7DCrA�7DG*`W7D7DI¨H4A
	Â7]N[GPi
H45�0 7DImGP7]LùVJ58H4245�F4cgCéF�I1Lã587]\=F�G�0 H4I1F4\gLJF�G�F�AMF�C87DC�; ¢rY67XVMF�GPGP7D5RIJCã0 IÅGPYJ7ñVMF�V�7D5éF�587
LJ0 Ep0=LU7]LS0 ImGPHeGPYJ587D7¬2458H43JVJCÜ`T0 GPYqIM0 IJ7gVMF�GPGP7D58I6CK0 IS7]F4NaYM;

¢rY67TëJ5RC8Gì245RH43JVú0 Cn`bYMF�GìGPY67DQùNDF4\=\	GPYJ7KC8G�F�G�0=NnVMF�GPGP7D58I6C�;¨¢rYJ7DC87KVMF�GPGP7D58I6CgC8H6\ E47
VJ58H4A1\ 7]coC¨587]\=F�GP7]LéGPH£GPYJ7£LJ0 î	7D587DIMN[7¥0 IêGÇQ#V�7SA�7DG*`W7D7DIúGPYJ7OH4Ac	�7]N[GPCñ0 IúGPYJ7OH4A
	Â7]N[G
coHpLU7]\1F�IMLeGPY67TE�F4\ 3J7OF�GPGP5�0 AJ3JGP7DCe0 IñGPYJ7K587]\=F�G�0 H4IJC�lºfmIJH�`@IêF�CoGPYJ7O0=coV�7]LJF�IMN[7Oce0 C8i
ceF�G�NaYdV658H4AM\ 7]ce;��U7DE47DIdH6_#GPYJ7bIM0 I67bVMF�GPGP7D58I6Cn0 IdGPYM0 C¦245RH43JVÞLU7DChN[5�0 A�7@YJH�` GPH¬5R7DVJ587Di
C87DImGB7]\ 7]co7DI#GPCÜH6_ûF�IdH4Ac	�7]N[GPijH45�0 7DImGP7]LScoHpLU7]\	0 IãFb5R7]\=F�G�0 H4IMF4\pLJF�G�F�AMF�C87];��¦; 26;@0=LU7DImG�0 i
G�0 7DC�EmC�;MVJ5�0=ceF�5RQvf47DQ#Chl4H4A
	Â7]N[GPC�lUH4A
	Â7]N[Gx587]\=F�G�0 H4IJChl6ND\=F�C8C�Y10 7D5�F�5�NjY10 7DCìF�IML¨N[H6\=\ 7]N[G�0 H4IJC�;
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¢rYJ7ñ\=F�C8GKG*`WHX260 E47DCqF4LUEp0=N[7dH4I¥YJH�`ÒGPHêceF�f47dGPYJ7ZH4Ac	�7]N[GPijH45�0 7DImGP7]LÞVJ58H4245hF4celMGPYMF�G
C8YJH431\=LON[H#H4V�7D5�F�GP7T`T0 GPYSGPYJ7ZLJF�G�F�A1F�C87];

¢rY67TVMF�GPGP7D5RIJCe0 IÞGPY67TC87]N[H4I1Ld2458H43JVêF�587SNDF4\=\ 7]LdGPYJ7SLUQ#I1F4ce0=N@V1F�GPGP7D58IJC�;N�²IM\=0 f47
GPYJ7¦C8G�F�G�0=NÕV1F�GPGP7D58IJC�l�GPYMF�GW_�HpN[3JC87]LÜH4ITGPYJ7nL47DëJIM0 G�0 H4I¬H6_hGPY67nLJF�G�F�AMF�CR7]l�GPY67DC87²VMF�GPGP7D5RIJC
LU7]F4\B`K0 GPY§GPYJ7Å0 ImGP7D5�F4N[G�0 H4I A�7DGÇ`¦7D7DI GPY67Å0 IM_�H45�ceF�G�0 H4IÒ0 I GPY67ÊLJF�G�F�AMF�C87ÅF�I1L®GPYJ7
H4A
	Â7]N[GPijH45�0 7DImGP7]LeVJ5RH4245�F4celmGPYMF�GÜC8Y6H43M\=LK587DGP5�0 7DE47vGPY67Z0 IM_¤H45hceF�G�0 H4IM;��²; 26;b_¤7DG�NaYMlkC�F8E47
F�IMLyGP5hF�IJC�F4N[G�0 H4IJC�;

¢rY67g\=F�CRGx2458H43JVSF�587ÜGPYJ7vND\=0 7DImGPijC87D58E47D5WVMF�GPGP7D58IJC�;W¢rYJ7DQªLU7DC�N[5�0 A�7BGPYJ7vN[HmH4V	7D5hF�G�0 H4I
A�7DG*`W7D7DIqF�ISF�VJVM\=0=NDF�G�0 H4IeVJ5RH4245�F4c F�IMLTFoLJF�G�F�A1F�C87];��²; 26;BLJ0 C8GP5�0 A63JG�0 H4IyH6_JN[H�L47]l�LJF�G�F
C8QmIMNjY658H4IM0 C�0 IJ26lp\ HpNjfp0 IJ2:C8GP5�F�GP7D260 7DC¨F�IMLSN[H6F4NjY10 IJ26;

/U5RH6cðt � 5RH4C8C�0 IJ2 � YMF�C�coChuBGPYJ7TcoH4CRGnN[7DImGP5�F4\�V1F�GPGP7D58Iñ0 C¦VJ58H4AMF�A1\ Q:òKóhô6õºö#ó#l#IJH4G
GPHªA�7ªN[H4IM_�3JC87]L:`T0 GPYñGPYJ7SF�5�NaYM0 GP7]N[GP3J5�F4\	V1F�GPGP7D58IéH6_pGPYJ7KC�F4co7yIMF4cg7];¬òyó�ôºõ6ömóS0 CZF
LUQmIMF4ce0=N¦VMF�GPGP7D58I1lmGPYMF�GBC8YJH�`bCÜYJH�`§GPH¨7DIMNDF�V6C83M\=F�GP7gG�F�AM\ 7DC@H6_JGPYJ7eLJF�G�F�AMF�C87];U�pE47D58Q
G�F�AM\ 7g0 CM7DI1NDF�VJC83M\=F�GP7]LbA#QZFnLJF�G�F�AMF�CR7¦AJ5RH4f47D5�l¡`bYM0=NjYOLU7]F4\ C�l�IJH4G1H4IM\ Qg`T0 GPYTGPYJ7oF4NDN[7DCRC
GPHdGPYJ7TG�F�A1\ 7]l6A63JGKF4\ C8Hª`T0 GPYêN[H4IJC8GP5R3MN[G�0 IJ2dH4A
	�7]N[GPCgH6_pGPYJ7dLJF�G�FªN[H6\=\ 7]N[GP7]Lã_�58H6cïGPYJ7
G�F�AM\ 7];e^ÇIÊF4LJL60 G�0 H4I 0 G:F4NDN[7DVJGPCKH4A
	Â7]N[GPC�lp`bYJH4C87qLJF�G�FSN[H4ImGP7DImGPCKCRYJH43M\=LdA�7¨C�FPE47]L¥0 I
H45SLU7]\ 7DGP7]L®_¤5RH6cíGPY67ñLJF�G�F�A1F�C87]; á AJ58H4f47D5SND\=F�C8CqNDF�I®A�7ZVMF�5�F4cg7DGP7D5�0 C87]LX`T0 GPY®GPYJ7
H4A
	Â7]N[GoG*QmV	7]lºC831NjYñGPYMF�GnGPYJ7ªN[H6cZcoH4IéH4V�7D5�F�G�0 H4IJCeF�587KH4IM\ QSC8V�7]ND0 ëJ7]Lñ0 IÞH4IJ7yVM\=F4N[7];
¢rYJ7ZAJ58H4f47D5ON[H43M\=L¥_�H45d0 I6C8G�F�IMN[7éN[H4I#G�F40 I F�IML¥N[H4I#GP58H6\WFqNDF4NaYJ7t�b0=_Ü0 Gª0 Cª\=0 f47]\ Q£GPYMF�G
GPYJ7eA658H4f47D5v`T0=\=\�A�7qF�C8f47]LSGPH¥_�7DG�NjY£GPY67eC�F4co7XL6F�G�FScoH4587eGPY1F�IãH4IMN[7]lW0 Gv`T0=\=\�H6_�GP7DI
A�7oIJ7]N[7DC8C�F�58QdGPYMF�GT0 G¬L4H#7DCÜIJH4G�	Â3JC8GÜ247DI67D5�F�GP7vC87DE47D5�F4\�H4A
	�7]N[GPCb`T0 GPYSGPYJ7gC�F4cg7ZLJF�G�F4l
AJ3JGÜGPY1F�GT0 G@587DGP3J5RIJC¬Fn587]_�7D587DIMN[7vGPHeGPY67vC�F4co7vH4Ac	�7]N[G@7DE47D5RQdG�0=cg7];

¢rY67@VMF�V�7D5yt�çx7]\=F�G�0 H4I1F4\�RoF�G�F�AMF�CR7 á NDN[7DC8CW�ûFPQ47D5RC�uª­ � � ±ML47DC�N[5�0 A�7DC²VMF�GPGP7D5RIJCn_�H45
NjY1F�IJ247¬H6_rLJF�G�F�AMF�CR7dLU7DC�0 24I®F4_¤GP7D5nGPYJ7:F�V6VM\=0=NDF�G�0 H4IXV658H4245�F4cí0 CyceF4LU7];ì¢rYJ7v587]F�CRH4IJC
_�H45nNjY1F�IJ260 IJ2vGPYJ7KLJF�G�F�AMF�C87yLU7DC�0 24IÞNDF�I:A�7¬FÜIJ7D7]Le_�H45n_ÂF�C8GìF4NDN[7DCRC¦GPHTGPYJ7TLJF�G�F�AMF�CR7KF
ceF40 ImG�F40 IMF�AM0=\=0 GÇQ¨H45�587D3JC�F�A10=\=0 G*Qy587]©�3M0 587]co7DImGx7DG�ND;Ü¢rYJ7ÜVMF�V�7D5xVJ5R7DC87DI#GPCbF¬_¤5�F4cg7D`¦H458f
VMF�GPGP7D58IÞNDF4\=\ 7]L[�dö�$'"%3�*Âô� #"/$#1�"%3�"%5#"/(¡ön�!�P��ö2(+(��>"2&6ömó]l�C8H6co7@C8GP5R3MN[GP3J5�F4\hVMF�GPGP7D5RIJC
F�IMLSFgI#3McbA�7D5ÜH6_JGP5h0=NjfmCK_�H45TLJF�G�F�AMF�C87TH4VJG�0=ce0 C�F�G�0 H4I1;

á CTF�IS7D«pF4coVM\ 7g`W7vYMF8E47:NjYJH4CR7DIqGPYJ7gVMF�GPGP7D5RIv,�4)&)(+*'�P"%$� !* ö�¡n(4;@¢rYM0 CÜV1F�GPGP7D58I
C8YJH�`@CnFT\ H�`@iR\ 7DE47]\#7DIMNDF�V6C83M\=F�G�0 H4IdH6_mGPYJ7KLJF�G�F�A1F�C87];Ü¢rYJ7@7DI1NDF�VJC83M\=F�G�0 H4Id7DIMF�AM\ 7DCWGPYJ7
LU7DE47]\ H4V�7D5dGPH£3JC87ùLJ0 îº7D5R7DI#G:GP5�0=NjfmCñ_�H45ÞL6F�G�F�AMF�C87ÞH4VJG�0=ce0 C�F�G�0 H4Iå`T0 GPYJH436GeV�H6\=\ 3JG�0 IJ2
GPYJ7OF�VJVM\=0=NDF�G�0 H4IãV658H4245�F4ce;b^ÇIñGPYJ7KVJYmQ#Ch0=NDF4\6Ep0 7D`@CeLU7DIJH6cZF4\=0 �]F�G�0 H4IÅF�IMLÞN[H4I#GP58H6\=\ 7]L
587]LU36IMLJF�IMN[Qñ0 C@3JC87]LJlmA63JGÜGPYM0 CT0 C@GP5hF�IJC8VMF�587DImGT_�58H6c GPYJ7Z\ H4260=NDF4\6Ep0 7D`T;

¢rY67KGP7]NaYJIM0=©�3J7y3JC87]Lñ0 IéGPYJ7yVMF�GPGP7D58IÊ0 CgGPHª7DIMNDF�V6C83M\=F�GP7¨7DE47D58QÞG�F�AM\ 7qF�IML:7DE47D58Q
Ep0 7D`§0 IyGPYJ7gLJF�G�F�AMF�CR7W`K0 GPYªF�IyH4A
	Â7]N[G@NDF4\=\ 7]LnVJY#QmC�0=NDF4\�E�0 7D`Kl�F�C1CRYJH�`@IS0 IO/r0 243J587v94;��4;

¢rY67vVJYmQ#C�0=NDF4\JE�0 7D`bCbYMF8E47ªF:N[H6cecoH4IqCR3JV�7D5�ND\=F�C8C�lÕL47]ND\=F�5�0 IJ2dGPYJ7vC8YMF�5R7]L¨H4V�7D5�F�i
G�0 H4IJC�;Ü?ÜIJ7KNDF�IéLU7DëJIJ7ycoH4587ìVJY#QmC�0=NDF4\]E�0 7D`bCoF�CW587]©�3M0 587]LJ;B¢rYJ7ìVMF�GPGP7D58IéNDF�IñF4\ CRHKA�7
F�VJVM\=0 7]L¨`T0 GPYM0 ISIJH4I6ij587]\=F�G�0 H4IMF4\ûL6F�G�F�AMF�C87DC�l¢�1F�G@ëM\ 7DC@7DG�ND;

ÍKÎ�£ � Ø�à	Ö`zbß Ý¥ÚÜ×º×6Ø�Ñpß¨à

R¦7DC�0 24IêVMF�GPGP7D58I6CqF�587:V1F�GPGP7D58IJC¨H4I F�I®H4A
	�7]N[G�¤4ND\=F�CRCÞ\ 7DE47]\=;ú¢rY67DQÅF�587ãLU7DC�N[5�0 V6G�0 H4IJC
H6_bN[H6cZc@3JI10=NDF�G�0 IJ2ãH4A
	Â7]N[GPCXF�IMLêND\=F�C8CR7DCeGPYMF�GqF�587£N[3JCRGPH6ce0 C87]LñGPHéC8H6\ E47£Fd247DI67D5�F4\
LU7DC�0 24IXVJ58H4AM\ 7]cZ;�R¦7DC�0 24IqVMF�GPGP7D5RIJCKF�587¬IJH4G@C�ceF4\=\ûLU7DC�0 24IJCTF�Cy\=0 IJf47]Lq\=0 CRGPCyF�IML¨YMF�C8Y
G�F�AM\ 7DC�lJGPYMF�GKNDF�IXA�7v7DIMN[HpLU7]Lq0 I®ND\=F�C8C87DC¨F�IMLy587D3JCR7]LqF�CK0 Ch;UY²H45KF�587TGPYJ7DQãN[H6coVM\ 7D«pl
LUH6ceF40 I6ijC8V�7]ND0 ëMNgLU7DC�0 24IJCy_¤H45KF�IS7DI#G�0 5R7:F�VJVM\=0=NDF�G�0 H4IÞH45@C83JA6C8Q#CRGP7]ce;
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read()
insert()
update()
delete()
readMore()

insert()
update()
delete()
readMore()

EXEC SQL SELECT <attributtes>
            INTO <hostlanguagevariable>
            FROM <tabel>
            WHERE <tabelkey>=<given key>

Physical view

Concrete physical view

read()

¥10 2436587:94;��4>S�4GP583MN[GP3J587oH6_ºGPYJ7:L6F�G�F�AMF�C87vVMF�GPGP7D5RIv,�4)&)(+*'�P"%$S¦)*Âö2¡}(4;

¢rY67gC8H6\ 3JG�0 H4IJCy_¤H43JI1LO0 I¥LU7DC�0 24ISV1F�GPGP7D58IJCTF�587¬E47D58Q:Ch0=ce0=\=F�5bGPHeGPY6H4C87vH6_1F�IMF4\ Q#Ch0 C
VMF�GPGP7D58I6C�l�GPYJ7oL60 îº7D587DI1N[7g\=0 7DC@0 IyGPYJ7]0 5Ü_¤HpN[3JC�; á IMF4\ Q#Ch0 C1V1F�GPGP7D58IJCrYJ7]\ VON[587]F�GP7vF�IMF4\ Q#Ch0 C
coHpLU7]\ C�lmGPYMF�GyNDF�ISA�7ZLU7DC�0 24IJ7]LqF�IMLS0=coVM\ 7]cg7DI#GP7]LX0 IqC87DE47D5�F4\ûLJ0 îº7D5R7DI#G@`gFPQmC�lJ`@YM0=\ 7
LU7DC�0 24IqVMF�GPGP7D58IJCyF�587:ND\ H4C87D5ìGPHZGPYJ7ZN[HpLU7:F�IML¨GPYJ7vC8H6\ 3JG�0 H4I6CK_�H43JIMLKYJ7D587ZF�5R7vGPY#36C@GPH
A�7Z0=coVM\ 7]co7DImGP7]Lq_�H6\=\ H�`K0 IJ2eGPYJ7v24310=LU7]\=0 IJ7DCbH6_6GPYJ7vV1F�GPGP7D58IM;

�UH6cg7êL47DC�0 24I§VMF�GPGP7D58IJC£F�5R7ÊLU7DC�N[5�0 A�7]Lå0 I FÞC83%§XND0 7DImG�\ QÊE�F�243J7é`gFPQ GPHÿceF�f47
GPYJ7]c 3JC�F�AM\ 7:F�C¨F�5�NaYM0 GP7]N[GP3J5�F4\6VMF�GPGP7D58IJCyF�Cb`W7]\=\=lJ`bYJ7D587vGPYJ7¬58H6\ 7DCìGPY1F�Gb`WH43M\=L¨YMF8E47
A�7D7DI®VM\=FPQ47]LñAmQãH4A
	Â7]N[GPCeIJH�` F�587ªVM\=FPQ47]LñAmQ£CR3JAJC8QmC8GP7]coC�;®¢rY10 CKY1F�CO0 I1LU3MN[7]L®F�I
H4IJ24H60 IJ2 LJ0 C�N[3JC8Ch0 H4I§H4I `@YMF�GªGPYJ7ÊLJ0 î	7D587DIMN[7£A	7DGÇ`¦7D7DI LU7DC�0 24IÒF�IML§F�5hNjYM0 GP7]N[GP3J5hF4\
VMF�GPGP7D58I6CM587]F4\=\ QZ0 Ch;;�UH6cg7DG�0=co7DCMGPY67²H4IM\ Qg`gFPQgGPHnC87D7²GPY67nLJ0 î	7D587DIMN[7¦A	7DGÇ`¦7D7DIOFbL47DC�0 24I
VMF�GPGP7D58IãF�IMLªF�IãF�5�NaYM0 GP7]N[GP3J5�F4\mVMF�GPGP7D5RIé0 CÜAmQXNaYMF�IJ260 IJ2yGPYJ7¨NjYJH60=N[7gH6_�VMF�GPGP7D58IMl�F4_�GP7D5
0=coVM\ 7]cg7DI#G�F�G�0 H4I§F�IMLdC87D7e`bYM0=NjYãH4I67X0 C:coH4C8G¬VMF40 IM_�3M\ºGPH¥NjYMF�I6247];S¢rYMF�Gv`WH43M\=LªA�7
GPYJ7:F�5hNjYM0 GP7]N[GP3J5hF4\�VMF�GPGP7D58I1;

¢rY67D587vF�587TLJF�G�F�AMF�CR7ÜVMF�GPGP7D58IJC�H4IÞFgLU7DC�0 24IeVMF�GPGP7D5RIq\ 7DE47]\6F�IMLnH4IXFgF�5hNjYM0 GP7]N[GP3J5hF4\
VMF�GPGP7D58I \ 7DE47]\=lûA63JGeF�Cdco7DImG�0 H4IJ7]L£F�A�H�E47eGPYJ7DQñYMFPE47ÞF�IÅF4\ GPH4247DGPYJ7D5SLJ0 î	7D587DI#GZ_�HpN[3JC
F�IMLyGPYm3JC@Y1FPE47vGPYJ7]0 5ìH�`@IùNDF�GP7D24H458Q];

¢6Hy247DGgFìG�F�C8GP7gH6_�GPYJ7oC8GP587DIJ24GPYªH6_ûL47DC�0 24IªVMF�GPGP7D58IJCv\ 7DGÜ3JCW3JC87nGPYJ7o7D«�F4cgVM\ 7oH6_ûF
`WH45�LeV658H�N[7DCRC�0 IJ2ZCRQ#C8GP7]cZlJ`@Y10=NjYÞC8YJH43M\=LZA�7:F�AM\ 7KGPHñN[587]F�GP7SLUHpN[3Mco7DImGPC¨N[H4I#G�F40 IM0 I62
A�H4GPYª245�F�VJYM0=N[CTF�I1L¬GP7D«mG�;b¢xYJ7ìCRQ#C8GP7]cøC8YJH43M\=LTA�7ì7Dî	7]N[G�0 E47]l63JC87D58iR_�5�0 7DIMLJ\ QÞF�IMLT`T0 GPY
GPYJ7yV�H4C8C�0 AM0=\=0 GÇQù_�H45Z\=F�GP7D5v7D«mGP7DIJC�0 H4IJC�;n�J0 IMN[7yGPYJ7yC8QmC8GP7]c C8YJH43M\=L:A�7OF¨� � �U^_� � ~
C8QmC8GP7]cel6GPYJ7¬36C87D5Kcb3JC8GìA	7ªF�AM\ 7¬GPHéN[H4ImG�0 I#3JH436C�\ QSC87D7TGPYJ7T5R7DC83M\ G�0 IJ2ñLUH�N[31co7DI#GyF�IML
NjY1F�IJ247:0 G¬0 I£FnC�0=coV1\ 7g`oF8Q];S¥UH45T0 I6C8G�F�IMN[7vYJ7oC8Y6H43M\=LKA�7¨F�A1\ 7gGPHXN[587]F�GP7:Fn245�F�V6YM0=NDF4\
LUHpN[3Mco7DImGoA#Q®0 IMND\ 3MLJ0 IJ2ãFTVM0=N[GP3J5R7]lxLU5�FP`K0 IJ2ãFO_¤5�F4cg7OF�5RH43JIMLñ0 GZF�IML:VM\=F4ND0 IJ2OGP7D«mG
A�7DIJ7]F�GPYê0 G�;T?BI1N[7¬YJ7TYMF�CyN[5R7]F�GP7]Lé0 GìYJ7T`¦H431\=LX\=0 f47yGPHdA	7ªF�AM\ 7KGPHñNaYMF�IJ247S0 GPCoC�0 �D7]l
AmQêNaYMF�IJ260 IJ2XGPYJ7eC�0 �D7ZH6_1GPYJ7eVM0=N[GP3J5R7¨`@YM0=\ 7eGPYJ7Þ_¤5�F4cg7e2458H�`bCTVJ5RH4V	H45RG�0 H4IMF4\=\ Q];Zs²7
`WH43M\=LñF4\ C8H£\=0 f47yGPHdA�7OF�AM\ 7yGPHãcoH�E47q0 GeF�58H43JI1Le`@Y10=\ 7KGPY67TGP7D«mGZ_¤H6\=\ H�`@CgGPYJ7S_�5�F4co7];
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^[ISH4GPYJ7D5@`WH45�LUC�lmY67v`¦H431\=LS\=0 f47vGPHZGP5R7]F�G@GPYJ7vGPYJ5R7D7g7]\ 7]co7DI#GPC¨F�CTFo`bYJH6\ 7];
¢rY67ZF�A	H�E47¬VJ5RH�Ep0=LU7DC@3JC@`K0 GPYSGPYJ7Z_�H6\=\ H�`T0 IJ2:587]©�3M0 587]co7DImGPC@C8V�7]ND0 ëMNDF�G�0 H4IM>

� ¢67D«mG¬F�IMLT245�F�VJYM0=N[Cvcb3JC8GBA�7yF�AM\ 7oGPHyA�7ì36C87]Lª0 IdGPY67nChF4co7o`oF8QñF�IMLTYMF8E47gGPYJ7
ChF4co7vVJ5�0 H45h0 G*Q];

��� H6coV�H4C�0 GP7Ü7]\ 7]co7DImGPCnF�IMLnC�0=cgVM\ 7B7]\ 7]co7DI#GPCoc@36C8GrA	7BGP587]F�GP7]L:F�C�H4IJ7];M^[IKH45hLU7D5
GPH¨A�7¨F�AM\ 7gGPH¨`WH458fZH4IOGPYJ7]c `K0 GPYJH43JGBf#I6H�`T\ 7]LU247gH6_JGPYJ7]0 5ÜG*QmV�7]lmGPYJ7DQZCRYJH43M\=L
Y1FPE47¬GPY67gC�F4co7:0 ImGP7D5�_ÂF4N[7];

� Ro0 î	7D587DImGnGÇQ#V�7DCoH6_�7]\ 7]co7DImGPCgC8YJH431\=L¨YMF8E47KGPY67TV�H4C8C�0 A10=\=0 G*QSH6_	A�7]0 IJ2éF�IMF4\ QmC87]L
0 I£L60 îº7D587DImGB`oF8Q#Ch;��p26;1C8V�7]\=\=0 IJ2SN[H4ImGP58H6\pNDF�IOA�7yF�V6VM\=0 7]LTGPHOFìGP7D«mG�lkAJ3JGWIJH4GvF
V10=N[GP3J587];

?BI67Ü`oF8QKGPHd\=0 E47b3JV¨GPHTGPYJ7DC87Ü587]©�3M0 587]co7DImGPCn0 C²GPH:ceF�f47KFW5R7]N[3J58C�0 E47TN[H6cgV	H4Ch0 G�0 H4I
H6_ûGPYJ7¨C�0=coVM\ 7qN[H6cgV	H4I67DI#GPCvH6_WFOLUHpN[3Mco7DImG�; á C:F¨ëJ58C8GoC8GP7DVÅ\ 7DGPGP7D5RCdF�IMLd245�F�V6YM0=N[C
NDF�IéA�7¬VM\=F4N[7]Lé_�58H6cð\ 7]_�GnGPHª5�0 24YmGnGPHé_�58H6cðFª\=0 IJ7O0 IÞGPY67OL4H�N[3Mcg7DI#G�;N�û0 I67DC¨NDF�IéA�7
2458H43JV�7]LdGPH£N[H6\ 3McgIJCZF�IMLéN[H6\ 3McoI6C:NDF�IÅ_�H45�c FKVMF�247eH6_ÕGPYJ7qLUHpN[3Mco7DImGg7DG�ND;O¢rYM0 C
VJYmQ#Ch0=NDF4\JC8GP5R3MN[GP3J587ªNDF�IXA�7¬5R7DVJ587DC87DImGP7]LeAmQ£F�GPG�F4NjY10 IJ2£F�IXH4Ac	�7]N[GnGPH:7DE47D5RQS7]\ 7]co7DImG
0 I£GPY67XLUHpN[3Mco7DImG�;ZY²H4G¨	Â3JC8GgGPYJ7eV6Y#QmC�0=NDF4\�7]\ 7]co7DImGPCSF�Cd\ 7DGPGP7D58COF�IMLª245hF�VJYM0=N[C�lûAJ3JG
F4\ C8HZN[H6\ 3McgIJC�l�\=0 IJ7DC�l6F�IMLnVMF�247DC�;B¢rYJ7vND\=F�C8CbL60=F�245�F4c _�H45xGPYM0 Cb0 CxC8YJH�`@IS0 IZ¥10 2436587¬94;=9

add_Element

movedraw

move

drawdraw

draw

remove_Element

draw
move
add_Element

Text

remove_Element

Children

Element

Graphic Composite

¥r0 243J5R7:94;=94>b¢rY67ZND\=F�C8CKLJ0=F�245hF4cøi�©oô�ª���ô�(+*'3¡ö6;

¢rY67vC�0=coVM\ 7¬7]\ 7]co7DI#GPChlM\=0 f47KGP7D«#GyF�IML¨245hF�VJYM0=NDl�Y1FPE47¬GPY67]0 5ìH�`@IùND\=F�C8Chl�`@YM0=\ 7TGPYJ7
N[H6coV�H4C�0 GP7n7]\ 7]co7DImGPC�l�\=0 f47yN[H6\ 3McgIJC�l4V1F�247DCoF�IML:N[H6coV�H4C�0 GP7nëJ243J587DC�l�YMFPE47¨F¬N[H6cZcoH4I
C83JV�7D5�ND\=F�CRC�lì´1ÄP«ì·#Ä�ÌRÁÂ¹j»D; á \=\6GPY67DC87SND\=F�C8C87DC:F�587yC8V�7]ND0=F4\=0 C�F�G�0 H4I6CvH6_pGPYJ7SF�AJCRGP5�F4N[GoC83Ji
V�7D5�ND\=F�C8CM¬o]�»�«y»�ÉJ¹Âl1`@YM0=NaY¥VJ5RH�Ep0=LU7DCyGPYJ7]c÷`T0 GPYåFÞN[H6cecoH4I 0 ImGP7D5�_ÂF4N[7OGPH®F4\=\Mfp0 IMLUC
H6_�7]\ 7]co7DImGPC�; � H6cgV	H4CR7]Le7]\ 7]co7DImGPCgYMF8E47KGPY6587D7TA1F�C�0=N@5R7DC8V�H4IJC�0 AM0=\=0 G�0 7DC�;y¢rY67DQOf#IJH�`
YJH�` GPHOLU5�F8`ÅGPY67]coC87]\ E47DC�lmGPYJ7DQZf#IJH�`å`@YM0=NjYd7]\ 7]co7DImGPC¬N[H6coVJ5�0 CR7ìGPYJ7]c F�IML¬`@YJ7DIéF
N[H6coV�H4C87]LZ7]\ 7]co7DImG¨0 CeF�C8f47]L:GPHéLU7]F4\6`T0 GPY®F¬587]©�3J7DC8G�l10 Gì`K0=\=\M_�H458`gF�5�LeGPY67ªco7DCRC�F�247
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GPHãF4\=\r0 GPCZNjYM0=\=LU5R7DIê_�H45oGPYJ7]c GPHã_¤H6\=\ H�`øGPYJ7y587]©�3J7DC8G�;-�ø0 GPYÞGPY10 CgC8GP583MN[GP3J5R7¬GPYJ7yC8QmC8i
GP7]c \=0 E47DCT3JVéGPHSGPYJ7¨36C87D5v587]©�3M0 587]co7DImGPC�;O¢67D«#GZF�I1Lª245�F�VJYM0=N¨0 C¬H4IãGPYJ7eC�F4cg7q\ 7DE47]\
0 IÞGPYJ7dND\=F�C8CoYM0 7D5hF�5�NjYmQ]lJGPY67TC�0=cgVM\ 7dF�IMLeGPYJ7dN[H6cgV	H4CR7]Le7]\ 7]co7DImGPCoC8YMF�587ªF:N[H6cZcoH4I
0 ImGP7D5�_�F4N[7ªF�IMLS0 GT0 Cb7]F�C8QªGPHe7D«#GP7DI1L¨GPYJ7gC8QmC8GP7]c `T0 GPY¥coH4587gGÇQ#V�7DCìH6_J7]\ 7]co7DImGPC�;

¢rY10 CûC8H6\ 3JG�0 H4IKH6_kFbLU7DCh0 24ITVJ5RH4AM\ 7]c 0 CÜ_¤H43JI1Lv0 I¬GPYJ7oLU7DC�0 24ITVMF�GPGP7D58IM©oô/ª­��ô/(+*'3¡öºl
`@YM0=NaY 0 CéL47DC�N[5�0 A�7]LÅ0 I GPYJ7�~BH/¥ºijA�H#H4f ­ ~�sU|+®y¯��¡±*; á VMF�5RGñ_�58H6c GPYJ7ÞA	7DI67DëJGPC:H6_
GPYJ7eCRH6\ 3JG�0 H4IMlM`@YM0=NaYã`¦7:YMFPE47ñF4\ 587]F4LUQÊLU7DChN[5�0 A�7]LJlpGPYJ7ZVMF�GPGP7D58I F4\ CRHùLU7DC�N[5h0 A	7DCTGPYJ7
\=0=F�AM0=\=0 G�0 7DCxH6_�3JC�0 I62@GPYJ7²V1F�GPGP7D58IM;W?BIJ7�H6_hGPYJ7o\=0=F�AM0=\=0 G�0 7DC@0 CMGPY1F�GW0 GW0 C1YMF�5�LÜGPHyN[H4IJCRGP5�F40 I
GPYJ7:G*QmV	7DCKH6_17]\ 7]co7DImGPCqN[H6coV�H4C87]L£F�GK583JImG�0=co7]lBLU3J7ZGPHXGPYJ7:247DIJ7D5�0=N¬IMF�GP3J587:H6_1GPYJ7
C8H6\ 3JG�0 H4I1;

ÍKÎ�¯ °úÚÜàºØU±6� Ø³²bØ�Û�{S�¨Ö�ß�z Ú´�¨Û�ÚÜß¨ß¨ÖRß�z à�µvà	×6Øo¶

¢6HO247DGZFO_¤7D7]\=0 IJ2qH6_pYJH�` GPH£F�VJVM\ Q®F�IMF4\ Q#Ch0 CvVMF�GPGP7D58IJChlxLU7DC�0 24IãVMF�GPGP7D5RIJCZF�IMLéF�5�NaYM0 i
GP7]N[GP3J5�F4\#VMF�GPGP7D5RIJC¦GPHyGPYJ7nC�F4co7¨LU7DE47]\ H4VMcg7DI#GBVJ58HpN[7DC8C�l�`¦7oC8Y1F4\=\43JC87nGPYJ7ì7D«�F4coV1\ 7nH6_
C8H6_�G*`gF�587d0=cgVM\ 7]co7DImG�0 IJ2XFoVM\=F�I6IM0 IJ2yC8QmC8GP7]cí_�H45TFoC8H6_�G*`gF�587TH45826F�IM0 C�F�G�0 H4IM;

¢rY67vC8QmC8GP7]cí0 CìGPHZA�7ZF�AM\ 7vGPH:f47D7DVXGP5�F4NafOH6_ºGPYJ7:co7D7DG�0 IJ24C¨0 IqGPY67vH45826F�IM0 C�F�G�0 H4I1;
?BIJ7dN[H43M\=Lq0=ceF�260 I67dFgIm3McbA�7D5ÜH6_	GPYM0 IJ24CbH6_r0 ImGP7D587DC8Gì`@YJ7DISVM\=F�I6IM0 IJ2X_�H45Kco7D7DG�0 I624C�;
� YM0=NjY§LU7DE47]\ H4V�7D58CdF�5R7Z24H60 IJ2XGPHS`@YM0=NaY co7D7DG�0 IJ24Chlû`bYM0=NjY¥58H#H6cgCdF�587eHpNDN[3JVM0 7]LSA#Q
`@YM0=NaYSco7D7DG�0 IJ24C�;�Ro0 î	7D587DI#GxGÇQ#V�7DCrH6_47]cgVM\ H�Q47D7DC¦IJ7D7]LìGPHn36C87BGPYJ7¦CRQ#C8GP7]cø0 ISLJ0 î	7D587DImG
`gFPQmC�; ¢rYJ7OCR7]N[587DG�F�5�0 7DCd`oF�ImGeGPHãA�7ãF�AM\ 7SGPHãCR7D7S7DE47D58QmGPYM0 IJ2ãGPYMF�G¨24Hm7DCZH4I1;§¢rYJ7
LU7DE47]\ H4V�7D58Cì`oF�ImGbGPH:C87D7¬`@Y67DI¥F�IML¨`bYJ7D587gGPYJ7DQ£F�587¬24H60 IJ2:GPHZ`@YMF�GTco7D7DG�0 I624C�;o¢rYJ7
ëJIMF�I1ND0=F4\ûN[H4ImGP58H6\=\ 7D58Co`oF�ImGnGPHZC87D7TYJH�` ceF�ImQOYJH43J58C@GPY67dLU7DE47]\ H4V�7D58CnYMFPE47KC8V�7DImGTF�G
co7D7DG�0 IJ24ChlBAJ3JGeGPY67DQÿLUH£IJH4GñNDF�587q`bYJ7D587qGPY67ùco7D7DG�0 IJ24Cª`W7D587qY67]\=LJ; YJ7¥ceF�I1F�247D5
`gF�I#GPCìGPHeYMFPE47ªFoIM0=N[7g3JCR7D5T0 I#GP7D5h_�F4N[7];

¢rY10 C¨L47DC�N[5�0 VJG�0 H4IéH6_ÕGPYJ7¨C8QmC8GP7]c `¦H431\=LÞcZF�f47qFOLU7DE47]\ H4V�7D5g`T0 GPYéf#I6H�`T\ 7]LU247¨H6_
VMF�GPGP7D58I6CgGPHdGPY10 IJfSH6_pGPY67OF�5hNjYM0 GP7]N[GP3J5hF4\	VMF�GPGP7D58I­· ô)¸Mö2$'¹� !*Âö2¡}¹�©oô� )3¡óhô/$'$ ö#ó#lrF4\ C8H
fmIJH�`@IùF�C-·º M© _�58H6c ­ âBæXçnèr¯4°¸±*;@¢rY10 CÜVMF�GPGP7D58ISC8V1\=0 GPCKF�I¥0 ImGP7D5�F4N[G�0 E47KC8Q#CRGP7]c 3JV
0 ImGPHeGPYJ587D7vV1F�58GPCTF�CbCRYJH�`@I£0 I»¥10 2436587:94;=°4;

View
View

View
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Model

Communication

 subsystems
between the

¥r0 243J587:94;=°4>@¢xYJ7ZND\=F�C8CKL60=F�245�F4cí_�H45-·º M©

¢rY67gæZHpLU7]\hVMF�58G@N[H4ImG�F40 IJCìLJF�G�FgF�IMLnGPY67¬_¤3JI1N[G�0 H4IMF4\=0 G*Q]l�GPYMF�Gb0 C�IJH4G@FWVMF�58GrH6_]GPYJ7
3JC87D5WN[H6cec@36IM0=NDF�G�0 H4IM;W¢rYJ7q®¨0 7D`@CûC8Y6H�`ãGPYJ7²3JC87D5pGPYMF�GÕV1F�58G�0=N[3M\=F�5ûV1F�58GpH6_¡GPY67�C8QmC8GP7]c
YJ7e0 C¬0 ImGP7D587DC8GP7]LS0 IMl�0 IOYM0 CBVJ5R7]_¤7D585R7]L¬`gFPQ];b¢rYJ7 � H4ImGP58H6\=\ 7D58Cd¼ÂGPYJ7D5R7¨0 CÜH4I67¨_�H45Ü7DE47D58Q
Ep0 7D`d½ìG�F�f47éNDF�5R7dH6_�GPYJ7d3JC87D5K587]©¡367DC8GPC�;®¢rYJ7dE�0 7D`bCOF�I1LSGPYJ7ãN[H4ImGP58H6\=\ 7D58C¨GPH4247DGPYJ7D5



½�¾0¾�¾:´1¶�Ì�»�¿W�o»�À�»�]�Ä¸·ºÁÂÉJËy¶T·�]�¶]ÉJÉJÁÂÉJËeÌ`ÀUÌ�¹j»�« ���

N[H6coVJ5h0 C87¨GPYJ7¨3JC87D5d0 I#GP7D5�_ÂF4N[7];N�ø0 GPYãGPYM0 CvV1F�58G�0 G�0 H4IM0 IJ26l¦FKC87DVMF�5�F�G�0 H4I¥A	7DGÇ`¦7D7DI¥GPYJ7
LJF�G�FìF�IML@GPY67�3JC87D5B0 I#GP7D5�_ÂF4N[7v0 CBF4NaYM0 7DE47]LJ;B¢rYM0 CB0 CMV6587]_¤7D5hF�AM\ 7]l¡Ch0 IMN[7²GPYJ7¦VMF�58GMC8Q#CRGP7]coC
NDF�IéA�7TCRV	7]ND0 ë67]LÞF�I1LÞL47DE47]\ H4V	7]Lñ0 IML47DV	7DI1LU7DI#G�\ QqH6_p7]F4NjYéH4GPY67D5�;e¢rYJ7KVMF�58G�0 G�0 H4I10 IJ2
ceF�f47DCvGPY67KCRQ#C8GP7]c cgH4587��J7D«p0 AM\ 7y`T0 GPYé587DC8V�7]N[GoGPH£NjYMF�I6247DC�;:¢xYJ7T36C87D58CoE�0 7D`bC:NDF�I
A�7eNjYMF�IJ247]L¨`T0 GPYJH43JG¬0 I%�63J7DIMND0 IJ2yGPYJ7 � H4ImGP58H6\=\ 7D5ìVMF�58GBH45@GPYJ7ZæZH�L47]\mVMF�58GvF�IMLyEp0 C87
E47D58C�F4;

�ø0 GPYñGPYJ7dNaYJH60=N[7yH6_xF�5�NjYM0 GP7]N[GP36587TGPY67TC8f47]\ 7DGPH4IñH6_	GPYJ7TC8QmC8GP7]cð0 CìC87DGPG�\ 7]L6lJAJ36GKF
\=F�58247ªF4coH43JImGÜH6_1L47DC�0 24IS`WH458fã0 C@C8G�0=\=\�I67D7]LU7]LJ;Ü¢rYJ7ZL47DG�F40=\ 7]L¨C87DVMF�5hF�G�0 H4IXH6_6H4A
	Â7]N[GPC
F�IML@GPYJ7]0 5BN[H6cZc@3JI10=NDF�G�0 H4Iq0 CMC8G�0=\=\�GPHnA	7n_¤H43JI1LJ; á \=F�58247WVMF�58GMH6_hGPYM0 C1`T0=\=\]_�H6\=\ H�` _�58H6c
GPYJ7vF�IMF4\ QmC�0 C�l�AJ3JG17DE47DIXF4_¤GP7D5²GPYJ7vF�IMF4\ Q#Ch0 CìF�IqF4coH43JImGxH6_6LU7DCh0 24Ie`¦H45Rfd0 CxGPHgA�7vLUH4IJ7];
¢rYM0 CªN[H43M\=LOA�7eA�7]NDF�3JCR7ZGPYJ7:C8Q#CRGP7]cäIJ7D7]L4CdcoH4587ñ_¤36IMN[G�0 H4IMF4\=0 G*Q£GPYMF�I£`gF�CT7DEp0=LU7DImG
_�58H6c GPYJ7eF�IMF4\ QmC�0 C�; á VMF�GPGP7D58I£\=0 f47:æn® � LU7DChN[5�0 A�7DCWGPY67g3JIMLU7D5�\ Qp0 IJ2KC8GP583MN[GP36587]lmAJ3JG
GPYJ7éLU7DG�F40=\ 7]Lêcb3JC8G¬A�7éF4LJLU7]LqA#Qé36C87:H6_xGPYJ7ñcgH4587ñL47DG�F40=\ 7]LqV1F�GPGP7D58IJC.��GPYJ7ñL47DC�0 24I
VMF�GPGP7D58I6C�; á IOH4V	7DI£©�3J7DC8G�0 H4Iù0 I¥æ}® � 0 CÜ`@YJ7DI£F�IML¨`@YJ7D587eLJF�G�Fe0 CKNjYMF�IJ247]Lq0 ISGPYJ7
coHpLU7]\p0 IùF4NDN[H45hLJF�IMN[7¬GPHZGPYJ7:NjY1F�IJ247¬H6_rLJF�G�Fe_�58H6c GPY67v3JC87D58CbE�0 7D`@Ch;r^ÇIùF�IqH4A
	Â7]N[GPi
H45�0 7DImGP7]Lê0=coVM\ 7]co7DImG�F�G�0 H4IêH6_@æn® � F�Gª\ 7]F�C8GyH4IJ7éND\=F�C8C¨`WH43M\=LqA	7ñceF4LU7é_¤H45K7DE47D58Q
N[H6coV�H4IJ7DImGe0 IéGPYJ7yVMF�GPGP7D58IMl�F�I1LZGPY67q?BAJC87D58E47D5oVMF�GPGP7D5RI/ÁON[H43M\=LdA�7K36C87]L:GPH£LU7DëJIJ7
GPYJ7:N[H6cZc@3JI10=NDF�G�0 H4IqA�7DG*`W7D7DIqGPYJ7¬C83JAJC8QmC8GP7]coC¬F�CyNDF�IqA�7oC87D7DIù_�58H6cÂ¥r0 243J5R7Z94;��4;

Observer

Model

View Controller

data is updated

1..n

1

11

1..n1..n

Update view

¥7Ã Ä�Å/Æ87Z94;��4>b¢rY67ZN[H6\=\=F�A	H�ÆhF�G�Ã H4IXA�7DG*`W7D7DI��d57(¡ömó.¦ºö#ódF�IMLn·º M©

¢rY67¬C8G�ÆÇÅ1N[G�Å%Æ87¬H6_pGPY#Ã CìV1F�GPGP7ÈÆ8I�Ã CyF4\=coH4CRGnGPY67¬C�F4co7OF�CoGPYJ7¬CRG�ÆÇÅMN[G�Å%Æ87TH6_�æn® � ;
�%Ã IMN[7O?BAJCR7ÈÆ8E47ÈÆ}Ã C¨FdLU7DC.Ã Ä4IéV1F�GPGP7ÈÆ8IMlHÃ GPC�Æ8H6\ 7DCZFÉÆ87KVM\=FPQ47]LªAmQ¥ND\=F�C8CR7DC�l	IJH4GnCÇÅJAJC8QmC8i
GP7]coC�;:¢rYJ7 � H4ImG�Æ8H6\	VMFÉÆ8GoH6_¦?BAJC87ÈÆ8E47ÈÆe\�Ã 7DCXÃ IéGPY67OL6F�G�FOF�IMLdEEÃ 7D`øH4Ac	�7]N[GPCXÃ I6C8GP7]F4L
H6_rA�7tÃ I%ÄXC87DVMFÉÆ�F�GP7é_ÊÆRH6cäGPYJ7]cZ;£¢rYJ7ÞN[H6cec�Å6I#Ã=NDF�G�Ã H4IêA�7DG*`W7D7DIùGPY67ñLJF�G�FÞF�IMLqGPYJ7
E)Ã 7D`@C¨Ã CÜG�Æ.Ã Ä�Ä47ÈÆ87]LyAmQZGPY67-Å6C87ÈÆvNjYMF�I%Ä/Ã I/Ä¨GPYJ7eLJF�G�F�Ã IªY#Ã CÜEEÃ 7D`K;Ü¢rY#Ã CBEEÃ 7D`ÿC87DIMLUCvF
co7DC8ChFÉÄ47¨GPHdGPY67OL6F�G�FKH4A
	�7]N[G�l	`bY#Ã=NjYÊFÉÅJGPH6cZF�G�Ã=NDF4\=\ QÞV/Æ8H4VMFÉÄ6F�GP7DCvGPYJ7SNaYMF�I%Ä47¨H4IñGPH
F4\=\�GPYJ7BH4GPYJ7ÈÆxE)Ã 7D`@C@F�GPG�F4NjYJ7]LoGPHoGPYJ7vLJF�G�F¦H4A
	Â7]N[G�;7� YJ7DIyGPY#Ã CrVMF�GPGP7ÈÆ8IZÃ CHÅJC87]LìGPHeLU7Di
ëJIJ7¦GPYJ7vN[H6cecSÅJI#Ã=NDF�G�Ã H4I¨A�7DG*`W7D7DI¨GPYJ7WVMFÉÆ8G1C8Q#CRGP7]coCbLU7DC�NËÆ.Ã A�7]LbA#Q¬GPYJ7oFÉÆhNjY#Ã GP7]N[G�Å%ÆhF4\
VMF�GPGP7ÈÆ8I1lpGPYJ7¨C8QmC8GP7]cä`dÃ=\=\qÃ IJYJ7ÈÆ.Ã GnÃ GPCª_¤H�Æhc H6_WN[H6cZc�ÅJI7Ã=NDF�G�Ã H4I F�IMLãFÉÅ6GPH6ceF�G�Ã=NDF4\=\ Q
V%Æ8H4V1FÉÄ6F�GP7:F4\=\ûNaYMF�I%Ä47DCbGPHÞF4\=\¢ÅJC87ÈÆ@E)Ã 7D`@C�;
ÌÎÍ.ÏÑÐÓÒÑÔÓÕÊÖ�ÏÑÍ�ÕÊ×�Ø>ÙÉÔÓÏqÍJÏËÚ`ÛKÕÊÜ�ÕÊ×}ÝÇÏÑÒÑÚÓÕÊÙÉ×�ÞÉßÊàÉßÊá



�49 ´1µ�¶¸·º¹j»�¼¬½�¾Z¿WÀ�»�¼�À�ÁÂ»�ÃÅÄÇÆyÈ²¶]¹j¹j»�¼�ÉÊ´1¶�¹j»RË�Ä�¼�ÁÂ»�Ì

R;Å%Æ.Ã I/Ä@GPYJ7ìF�IMF4\ QmC.Ã C1H6_�GPYJ7²V%ÆRH4AM\ 7]c LUH6ceF�Ã IªF�IdF�IMF4\ QmC.Ã CÜcoHpLU7]\¸`dÃ=\=\¸A�7ìNËÆR7]F�GP7]LJ;
¢rY#Ã CvcoHpLU7]\�cSÅJC8GBA�7yceF4L47g`dÃ GPY!Æ87DC8V�7]N[GBGPH¨AMF�IMF4\#GPY#Ã I%Ä4C�lmC`ÅMNjYãF�C@GPYJ7e_ÂF4N[GÜGPYMF�G¬F
V�7ÈÆ8C8H4I¥NDF�I6IJH4G@A�7:F�GKcgH�Æ87vGPYMF�IXH4IJ7vVM\=F4N[7ªF�GKFoG�Ã=co7]lMF�IMLqcgH�Æ87:N[H6coVM\ 7D«OGPY7Ã I%Ä4C�l
CÇÅMNaY¥F�CbCRVMF4N[7ZN[H4IJC8G�Æ�F�Ã ImGPC�Ã I�Æ8HmH6coC�;1^[ISGPY#Ã CTF�IMF4\ QmC.Ã Cì`¦7�Å6C87ZF�I¥F�IMF4\ QmC.Ã CbV1F�GPGP7ÈÆ8I
NDF4\=\ 7]L!�:ö2(¡ô/â1óJ��ö�"%$'$Âô)�t"%3+* ô/ ¦;

Action
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1

1

1

1

0..n
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0..n

0..n
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¥HÃ Ä�Å%Æ87d94;=¯4>b¢rYJ7ZF�I1F4\ Q#C.Ã CycoHpLU7]\p_¤H�ÆbVM\=F�IJI#Ã I%Ä6l%�dö2(¡ô/â1ó.�]öv"/$0$ ô)�P"/3+* ô/ 

á CqNDF�IúA�7:CR7D7DImÃ I�¥HÃ Ä�Å%Æ87ã94;=¯ãF�IÿF4N[G�Ã H4I NDF�IúA�7ª7tÃ GPYJ7ÈÆ¨V%ÆRH4V	H4CR7]LqH�ÆvÃ=coVM\ 7Di
co7DImGP7]LJ; ¢rY67£L%Ã îº7ÈÆR7DIMN[7¥\�Ã 7DCBÃ Iú`@YJ7DGPYJ7ÈÆZGPYJ7�Æ87DC8H�Å%ÆhN[7DCvÃ GMÃ CñLU7DV�7DIMLU7DImGKH4I FÉÆ87
C8G�Ã=\=\o	uÅ6C8GeA�H#H4f47]L£H�ÆÞF4\ ÆR7]F4LUQ�ÅJC87]L6; ¢xYJ7¥F�IMF4\ QmC.Ã CãcoHpLU7]\r`dÃ=\=\²A�7SGPYJ7qCRH�Å%Æ�N[7qH6_
LU7DC.Ã Ä4I¥GPYMF�GXÃ CvGPHXA�7¨VM\=F4N[7]L�Ã IãGPY67XæeHpLU7]\�V1FÉÆ8GgH6_MGPYJ7eC8QmC8GP7]cã¼PF�C!Ã=\=\ ÅJC8G�Æ�F�GP7]L­Ã I
¥HÃ Ä�Å%Æ87e94;=<���½PlkC.Ã I1N[7NÃ GvLU7DC�NËÆJÃ A	7DCvF�I!ÅJIML47ÈÆ�\ QEÃ I/Äd_�ÅJIMN[G�Ã H4IMF4\�Ã GÇQñ_�H�ÆBGPYJ7ìCRQ#C8GP7]cZ;Ü¢rYJ7
� H4ImG�Æ8H6\pV1FÉÆ8G¬H6_1GPYJ7:C8QmC8GP7]c L47]F4\ CT`dÃ GPY­ÅJC87ÈÆ!Ã IJV%ÅJG�lWF�IML�Ã=_1I67]N[7DC8C�FÉÆ8QéV%ÆRH4VMFÉÄ6F�GP7
Ã IM_�H�Æ�ceF�G�Ã H4ISH4IqGPH¨GPYJ7ZæeHpLU7]\kV1FÉÆ8G�lm`@Y#Ã=NaY£NDF�ISGPYJ7DI¥LU7]F4\m`[Ã GPY­Ã G¬F4NDN[H�Æ�L%Ã I%ÄZGPHMÃ GPC
_�ÅJIMN[G�Ã H4IMF4\�Ã GÇQ];

�%Ã I1N[7KGPY67[ÆR7DC8H�Å%Æ�N[7OcoHpLU7]\HÃ CZF�IêF�I1F4\ Q#C.Ã CZcgH�LU7]\HÃ GeLUHm7DCoIJH4G}Ã I6Ã GPC87]\=_oÃ=coV1\ QùF
C8V�7]NÈÃ ëMNdLU7DC.Ã Ä4IM;Þ^[GSN[H�ÅM\=L®_¤H�ÆZÃ I6C8G�F�IMN[7ªA�7:C87DI6C.Ã AM\ 7dGPHêcg7ÈÆÇÄ47!Æ87DC8H�Å%Æ�N[7ªGÇQ#V�7ãF�IML
©�ÅMF�I#G�Ã GÇQrÃ I#GPHeH4I67:ND\=F�C8C[Ã IOGPY67:LU7DC.Ã Ä4ISGPH¨CJÃ=coVM\�Ã=_�Q:GPYJ7ZL47DC.Ã Ä4IMl
Ã=_7Ã G¨Ã C@IJH4G�ÆR7]\ 7DEkF�ImG
Ã IeGPYJ7SÄ/Ã E47DIÞNDF�C87ìGPHvYMFPE47ìG*`WHvC87DVMFÉÆhF�GP7KND\=F�C8C87DCh;1^¸_]GPYJ7@H4IM\ Q[Æ87DC8H�Å/Æ�N[7dÃ C�VMF�V�7ÈÆ�l/Ã GUÃ C
CÇÅ%§ÞNÈÃ 7DI#GÜGPH¨YMF8E47:©�ÅMF�I#G�Ã GÇQ]lkA�7]NDFÉÅJC87gGPYJ7oGÇQ#V�7nÃ C¨Ã IJC.Ã Ä4I7Ã ëMNDF�I#G�;�^ÇIãF¨NDF�C87d\�Ã f47gGPYMF�G
GPYJ7qLU7DCJÃ Ä4Iã`¦H�Å1\=LªA�7[Å6IJIJ7]N[7DC8C�FÉÆJÃ=\ Q®LU7DG�F�Ã=\ 7]L­Ã=_ÕGPY67qF�IMF4\ Q#CJÃ CdcoHpLU7]\	`gF�C:_¤H6\=\ H�`¦7]L
\�Ã GP7ÈÆ�F4\=\ Q];

¢rY67¬LU7DC.Ã Ä4IZV1F�GPGP7ÈÆ8IB�/3+"%3¡ö:_ÊÆRH6cåGPYJ7d~BH/¥ºijA�HmH4fONDF�I:A�7¬F�VJVM\�Ã 7]LeL%Ã ÆR7]N[G�\ QKGPHTGPYJ7
F�IMF4\ QmC.Ã CìcoHpLU7]\=;B¢rYJ7¨Ã ImGP7DImG�Ã H4IZA�7DY#Ã IMLn�/3+"%3¡önÃ C�GPH�Ä/Ã E47TFWC8H6\ Å6G�Ã H4IZGPHgGPYJ7@V/Æ8H4AM\ 7]c
GPYMF�G:FÉÆJÃ C87DC¬`@Y67DI6Ã G:c�Å6C8GgA�7¨V	H4CRC.Ã AM\ 7q_�H�Æ:F�IãH4A
	Â7]N[GvGPH¥NaYMF�I%Ä47vÃ GPC¬C8G�F�GP7]lBF�IMLBÃ I
G�Å%Æ8IrÃ GPC¬_�ÅJIMN[G�Ã H4IMF4\�Ã GÇQñF�G�ÆÇÅ6IJijG�Ã=co7]lEÃ IãF4NDN[H�Æ�LJF�IMN[7gGPH�ÅJCR7ÈÆWÃ I6V%ÅJG�;M^ÇIªGPYJ7ecoHpLU7]\�Ã I
¥HÃ Ä�Å%Æ87y94;=¯TF�IéF4N[G�Ã H4IrÃ CoF�IdH4A
	Â7]N[G¦GPYMF�GoNjYMF�I/Ä47DCWÃ GPCBC8G�F�GP7¨_�Æ8H6c§V%ÆRH4V	H4CR7]LgGPH�Ã=coVM\ 7Di
co7DImGP7]LXF�I1LyGPY�Å6CKNjY1F�I%Ä47DC}Ã GPCy_�ÅJIMN[G�Ã H4IMF4\�Ã GÇQ];g¢rY#Ã Cy_ÊÅJI1N[G�Ã H4IMF4\�Ã G*Q¥NDF�IXA�7:coHpLU7]\=\ 7]L
AmQ:GPYJ7dLU7DC.Ã Ä4ISC8H6\ Å6G�Ã H4Iù_�Æ8H6cä�/3+"%3¡öº;Ü¢rYJ7Z_�ÅM\=\mC8QmC8GP7]cÂÃ CìC8YJH�`bI�Ã I­¥HÃ Ä�Å%Æ87:94;=<��4;

¢rY67vC8f47]\ 7DGPH4IñH6_ºGPYJ7vC8QmC8GP7]cäÃ CKLU7DC.Ã Ä4I67]L�ÅJC.Ã I/Ä¨GPYJ7¬C8H6\ Å6G�Ã H4I®_�Æ8H6cå·º M© `dÃ GPY
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¥HÃ Ä�Å%Æ87:94;=<��4>n¢rYJ7oH�E47ÈÆhF4\=\JC8QmC8GP7]c÷LU7DC.Ã Ä4I

F�I­Ã ImGP7ÈÆ8I¥N[H6cecSÅJI#Ã=NDF�G�Ã H4I®LU7DC�NËÆ.Ã A�7]LKAmQ»�¨57(¡ömó.¦ºö#ó#; á VMFÉÆ8GÜH6_6GPYJ7ZæZH�LU7]\mV1FÉÆ8G¨Ã C
LU7DC�NËÆJÃ A	7]Lg`dÃ GPYZGPYJ7KF�IMF4\ Q#CJÃ CocoHpLU7]\t�dö2(¡ô/â1ó.�]öæ"/$0$ ô)�P"/3+* ô/ ¦l6F�IMLvGPY#Ã CncoHpLU7]\%Ã C¦GPYJ7
AMF�C.Ã CK_¤H�ÆTFZLU7DC.Ã Ä4I­Ã IS`bY#Ã=NjY6�%3+"/3¡ö�Ã C�Å6C87]LJ;





çéè�êæë�ë�ìÉí�î¨ê¨ï�ìÉð­ñ ð­òåóõô�ë�ìÉö­ñ ÷øê�ï>ï;ô�ù�ñwë

R¦7DC.Ã Ä4IêVMF�GPGP7ÈÆ8I6CqFÉÆ87ªV%Æ87DC87DImGP7]L®F�CqFÞcg7]F�IJCyH6_x7DIMNDF�VJC`ÅM\=F�G�Ã I%ÄñGPYJ7ª7D«#V�7ÈÆ.Ã 7DI1N[7dH6_
V%Æ8H�Ä�ÆhF4ceco7ÈÆ8CXÃ IÊFq_¤H�Æ�c GPYMF�GnÃ C¬7]F�C.Ã=\ QúN[H6cecSÅJI#Ã=NDF�GP7]LSGPHSH4GPYJ7ÈÆTV%Æ8H�Ä�Æ�F4cecg7ÈÆ8CnÃ I
F4\=\ÕLUH6cZF�Ã IJC�Æ87ÈÄ6FÉÆ�L6\ 7DC8CbH6_ºGPYJ7tÃ Æ@7D«mV�7ÈÆ8G�Ã C87v`[Ã GPY#Ã I£N[H6coV%ÅJGP7ÈÆìC�NÈÃ 7DIMN[7];

¢rY67gA	7DI67DëJGPCÜGPYMF�G@GPYJ7DQãND\=F�Ã=c GPHeV%Æ8H�EEÃ=LU7dFÉÆ87vGPYJ7Z_�H6\=\ H�`dÃ I/Ä6>
á ;v¢xYJ7DQ:7DI1NDF�VJCÇÅM\=F�GP7T7D«#V�7ÈÆ.Ã 7DIMN[7];
âB;v¢xYJ7DQvV%Æ8H�EEÃ=L47gFnN[H6cecoH4I¨E4HpNDF�A%ÅM\=FÉÆRQd_�H�ÆÜN[H6cgV%ÅJGP7ÈÆrC�NÈÃ 7DImG�Ã C8GPCìF4NËÆ8H4C8CbL4H6ceF�Ã I

A1FÉÆÇÆ.Ã 7ÈÆ8C�;

� ;g¢xYJ7DQ:7DI6YMF�IMN[7vGPYJ7ZL4H�NËÅMcg7DI#G�F�G�Ã H4IXH6_6CRH6_¤GÇ`oFÉÆ87ªLU7DC.Ã Ä4IJCh;
�²IM_�H�Æ8G�ÅJIMF�GP7]\ QZLU7DCJÃ Ä4ITVMF�GPGP7ÈÆRIJCûA�7]NDF4co7ocoH�Æ87²V�H4V%Å1\=FÉÆûGPYMF�IT`oF�C7Ä4H#HpLK_¤H�ÆMGPYJ7]c

F�IMLqGPYJ7æÆ�F�V#Ã=Lq7DE4H6\ ÅJG�Ã H4IêH6_ÜLU7DC.Ã Ä4I®VMF�GPGP7ÈÆ8I6CKY1F�CTYMF4cgV	7ÈÆR7]LOGPYJ7dA�7DIJ7DëJGPC¨Ä6F�Ã I67]L
_�Æ8H6cºÅJC.Ã I/ÄqLU7DC.Ã Ä4ISVMF�GPGP7ÈÆRIJC�;

¢rY67�H4A
	Â7]N[G�Ã E47¦H6_�GPY#Ã CBNjYMF�VJGP7ÈÆ�Ã CûGPHìV%Æ8H6coH4GP7¦GPYJ7�V�H/Ã ImGÕH6_hEEÃ 7D`¥GPYMF�GûGPY67ì_¤H�Æhc}Ã I%Ä
H6_gLU7DC.Ã Ä4IÅVMF�GPGP7ÈÆ8IJCdC8YJH�Å1\=LéA�7�Æ87DC8G�ÆJÃ=N[G�Ã E47]l¬F�IMLãGPH£CÇÅ%Ä�Ä47DCRGñFS`oF8QúH6_¦7DEkF4\ ÅMF�G�Ã I/Ä
7D«)Ã C8G�Ã I%Ä L47DC.Ã Ä4IúVMF�GPGP7ÈÆ8I6CZ`@Y#Ã=NaY \ 7]F4LUC:GPHÅF!Æ87]L�ÅMN[G�Ã H4IÊH6_¦GPYJ7SI2ÅMcbA�7ÈÆ¨H6_nL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6C�;

�é7yV%Æ8H4V�H4C87dFvC87DGnH6_EÄ�Å#Ã=L47]\�Ã IJ7DCìGPHã_�H6\=\ H�` `@YJ7DIÞ7DE�F4\ ÅMF�G�Ã I%ÄéF:LU7DCJÃ Ä4IÞV1F�GPGP7ÈÆ8IMl
F�IMLX`W7dV/Æ87DC87DImGKGPY67XÆ87DC`ÅM\ GPC¨H6_rGPYJ7DC87!Ä�Å#Ã=L47]\�Ã IJ7DCqF�VJVM\�Ã 7]LXGPHéGPYJ7ãLU7DC.Ã Ä4I®VMF�GPGP7ÈÆRIJC
H6_@­ ~�s-|È®¨¯��¸±*;

£bÎ�ú ÐÒßþÐÒß¨ÚÜÛ`µvà	ÖRàº{Uûr�ÒØ²àºÖ�zbß ÝùÚÜ×6×ºØ�Ñpß¨à

¢rYJ7Xt*C�NaYJHmH6\ A	HmH4f-ü�ü²LU7DëJI#Ã G�Ã H4IOH6_1FyLU7DC.Ã Ä4IOVMF�GPGP7ÈÆ8I»Ã CÜGPYMF�G¨Ã G�Ã C¬F¨LU7DC�NËÆ.Ã VJG�Ã H4IOH6_1F
`W7]\=\�GP7DC8GP7]L:C8H6\ ÅJG�Ã H4IÞGPHÞF�Æ87]NËÅ%ÆÇÆJÃ I%Ä¨V%Æ8H4AM\ 7]c `dÃ GPY#Ã IXGPYJ7¬ëJ7]\=LeH6_ºC8H6_¤GÇ`oFÉÆR7ªLU7DCJÃ Ä4IJC
Ã ISH4A
	Â7]N[G@H�Æ.Ã 7DImGP7]LÞ\=F�I%Ä�ÅMFÉÄ47DC�;

¢rY7Ã CqLU7DëJI#Ã G�Ã H4I ND\ 7]FÉÆh\ Q§F4NDN[7DImG�ÅMF�GP7DCd`@YMF�G¨GPYJ7OV/Æ.Ã IMNÈÃ VMF4\�Ã=LU7]FdA�7DY#Ã I1LùL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6C¨Ã C.�kIMF4co7]\ Q:GPHXL%Ã C8G�ÆJÃ A%ÅJGP7oGPYJ7of#I6H�`T\ 7]LQÄ47¬H6_%Ä4HmH�LOL47DC.Ã Ä4IMlmC8H¨GPYMF�G¬L47DC.Ã Ä4IJi
7ÈÆ8CKH6_rC8H6_�G*`gFÉÆ87£F�VJVM\�Ã=NDF�G�Ã H4I6CONDF�I®A�7DIJ7DëJGª_ÊÆRH6cä`WH�Æ8fãV%ÆR7DEEÃ H�ÅJCh\ QÅLUH4IJ7�Ã IùCJÃ=c}Ã=\=FÉÆ
FÉÆ87]F�C�;»s²H�`W7DE47ÈÆ�lxGPYJ7éLU7DëJI7Ã G�Ã H4I§F4\ CRH®\ 7]F8E47DCMÃ GdÅ6V¥GPHñGPYJ7�Ã IML%Ã E)Ã=LQÅMF4\WLU7DC.Ã Ä4IJ7ÈÆKGPH
LU7]NÈÃ=LU7n`@YMF�GoN[H4IJC8G�Ã G�ÅJGP7DCvFKLU7DC.Ã Ä4IdVMF�GPGP7ÈÆ8IdC.Ã IMN[7nGP7ÈÆ�coCg\�Ã f47St*`W7]\=\#GP7DC8GP7]LJuyF�IMLñtKÆ87Di
NËÅ%ÆÇÆJÃ I%Ä6uZFÉÆ87TIJH4GbH4Ac	�7]N[G�Ã E47yGP7ÈÆ�coCnGPYMF�G¨NDF�IXA�7T7DEkF4\ ÅMF�GP7]Lút*G�ÆÇÅ67]uvH�Æqt�_�F4\ CR7]uXÃ IêF�I
ÅJIMF4cbA#Ã Ä�ÅJH�Å6CÜ`oF8Q];@¢rYJ7eN[H4IJC87]©�ÅJ7DIMN[7gH6_6GPY#Ã C¨Ã C@GPY1F�GÜIJ7D`ïLU7DC.Ã Ä4IOVMF�GPGP7ÈÆRIJCTF�VJV�7]FÉÆ

�4¯



9�� ´1µ]¶¸·º¹j»�¼!�¸¾Z´7]�¶�ÌRÌ�Á ý�T�¶�¹jÁÂÄ�ÉãÄÇÆN�o»�ÌRÁÂË�ÉÞÈ²¶�¹j¹j»�¼�ÉJÌ

Ã IãFìC87D7]c}Ã I%Ä6\ Q:7DIMLJ\ 7DC8CBC8G�Æ87]F4cn�m7]F4NjYOH6_�GPY67ìIJ7D` LU7DCJÃ Ä4IOVMF�GPGP7ÈÆ8IJCBA�7tÃ I%ÄKV%Æ87DC87DImGP7]L
`dÃ GPYªGPYJ7nA�7DC8G²H6_#Ã I#GP7DImGPC�l#C.Ã IMN[7oGPYJ7DQ}ÆR7DV%Æ87DC87DImG¦CRH6co7ì7D«mV�7ÈÆ.Ã 7DIMN[7oGPHyA�7KL%Ã C8G�ÆJÃ A%ÅJGP7]L
GPHbGPY67²7DImG�Ã Æ87¦CRH�NÈÃ 7DGÇQ¬H6_k_ÊÆhF4co7D`¦H�ÆRfZLU7DC.Ã Ä4IJ7ÈÆ8Ch;¦?BI67�YMF�C1A%ÅJGÕGPHy\ H#H4f:F�GMGPYJ7-�rF�GPGP7ÈÆ8I6C
s²H6co7��1FÉÄ47�þ@GPHªA�7dN[H4ImEEÃ IMN[7]LdGPY1F�GìGPYJ7ÈÆR7T7D«)Ã C8GoI�Å1co7ÈÆ8H�ÅJCìVMF�GPGP7ÈÆ8IJCeF�IMLZGPYMF�GoGPYJ7
I2ÅMc@A�7ÈÆ¨Ã CTN[H4ImG�Ã I2ÅJH�ÅJC�\ Q�Ã IMNËÆR7]F�C87]LyAmQB�;��H/�ÅN[H4IM_¤7ÈÆR7DIMN[7DCKF�IMLqL%Ã C�NËÅJC8CJÃ H4I�Ä�Æ8H�ÅJVJCh;

¢rY67vH4A#E)Ã H�ÅJC¨N[H4IJC87]©�ÅJ7DIMN[7TH6_6GPY7Ã C[Ã CbGPY1F�GbGPYJ7TI�ÅMcbA�7ÈÆ@H6_rLU7DC.Ã Ä4IXVMF�GPGP7ÈÆ8IJCn`dÃ=\=\
Ä�Æ8H�` GPHÿFú\ 7DE47]\=lo`bYJ7ÈÆ87�Ã GSA�7]N[H6co7DC­Ã=coV�H4C8CJÃ AM\ 7éGPHÿceF�Ã ImG�F�Ã I F�IÿÃ=coV/Æ87DC8C.Ã H4I H6_
`@YMF�G£L47DC.Ã Ä4I VMF�GPGP7ÈÆ8I6CS7D«EÃ CRG�l¨\ 7DGùF4\ H4IJ7ãGPHÊf#IJH�` `@Y#Ã=NaY V%Æ8H4A1\ 7]coCOGPYJ7DC87ÅL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6CªF4N[G�ÅMF4\=\ Q¥C8H6\ E47];£¢xY#Ã C¬`dÃ=\=\;Ã I¥G�Å/Æ8I LU7DCRG�Æ8H�QéGPYJ7dV�H4C8C.Ã A#Ã=\�Ã GÇQéH6_7ÅJC.Ã I%ÄXGPYJ7
LU7DC.Ã Ä4IéV1F�GPGP7ÈÆ8IJCZF�CZFªN[H6cecoH4IéE4HpNDF�A%ÅM\=FÉÆ8Q]lp`@Y#Ã=NjYéH4GPY67ÈÆ8`dÃ C87yYJH6\=LUCoGPYJ7yV�H4GP7DImG�Ã=F4\
H6_ûA	7]N[H6cnÃ I%ÄOH4IJ7¨H6_pGPY67¨V%Æ.Ã=ceFÉÆ8QXA�7DIJ7DëJGPCoH6_
Å6C.Ã I%ÄãLU7DC.Ã Ä4IãV1F�GPGP7ÈÆ8IJC�;¬^ÇGg`[Ã=\=\xF4\ C8H
H4AJC�NËÅ/Æ87vGPYJ7T7DI#G�Ã Æ87KëJ7]\=LZH6_xLU7DC.Ã Ä4IXVMF�GPGP7ÈÆ8IJC�l6C8H:GPYMF�G[Ã GnA�7]N[H6co7DCìGPHmHZY1FÉÆ�L¨GPH:ëJIML
GPYJ7¨LU7DC.Ã Ä4IªVMF�GPGP7ÈÆ8IªGPHyYJ7]\ Vª`dÃ GPYãFSÄ/Ã E47DIOV%Æ8H4AM\ 7]cel]`@Y#Ã=NaYãceFPQñL%Ã C8CÇÅMF4L47KLU7DC.Ã Ä4I67ÈÆ8C
_�Æ8H6cÿÅJC.Ã I%ÄñLU7DC.Ã Ä4IñVMF�GPGP7ÈÆ8IJCeF�CeF¬YJ7]\ V#Ã I%ÄdGPH#H6\HÃ IñGPYJ7OLU7DC.Ã Ä4IñVJYMF�CR7];@^[IXCRYJH�Æ8G�lrF�I
H�E47ÈÆhLUH4C87¬H6_rLU7DCJÃ Ä4ISVMF�GPGP7ÈÆ8IJCb`dÃ=\=\k7]\�Ã=c}Ã IMF�GP7TG*`WHZH6_6GPYJ7vGPY%ÆR7D7vA�7DIJ7DëJGPCÜGPYMF�GTL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6CÜH4îº7ÈÆ.�mGPY67DQZ`dÃ=\=\�ceF�f47nÃ GBGPHmHq\=F�A	H�ÆJÃ H�ÅJCÜGPHyëJIMLªF�IMLdÅJC87nGPYJ7o7DIMNDF�VJCÇÅ1\=F�GP7]L
7D«mV	7ÈÆJÃ 7DIMN[7]lxF�IML:GPYJ7DQS`dÃ=\=\rceF�f47¨GPY67ªN[H6cecgH4IéE4H�NDF�A%Å1\=FÉÆ8QqGPHmHã\=FÉÆÇÄ47¨GPHªA	7K7]F�C.Ã=\ Q
N[H6coV%ÆR7DYJ7DIMLU7]LJ;

¢rY67ÈÆ87ùFÉÆ87ÞG*`WH®V�H4C8C.Ã AM\ 7XC8H6\ ÅJG�Ã H4IJCªGPHùGPY#Ã CªV%Æ8H4AM\ 7]ce>®?BI67�Ã CdGPH­ÆR7DC8G�Æ.Ã=N[GªGPYJ7
CÇÅJA1c}Ã GPG�F�IMN[7¬H6_	I67D` LU7DCJÃ Ä4IXVMF�GPGP7ÈÆRIJC�l�AmQ�Ã ImE47DI#G�Ã I%Ä!Æ87DCRG�Æ.Ã=N[G�Ã H4IJCoGPYMF�GbV/Æ8H4C8V�7]N[G�Ã E47
LU7DC.Ã Ä4IéV1F�GPGP7ÈÆ8IJCZcSÅJC8G¨F�A#Ã=LU7yGPH�Ã IñH�Æ�LU7ÈÆZ_�H�ÆgA	7tÃ I/ÄñF4NDN[7DVJGP7]L6;:¢rY67TV%ÆRH4AM\ 7]cÒ`dÃ GPY
GPY#Ã CªF�VJV%Æ8H6F4NaYbÃ CvGPYMF�GTGPH#Hùc�ÅMNaY N[H4ImG�Æ8H6\oÃ I£GPYJ7MÃ IJIJH�EkF�G�Ã E47dVJYMF�CR7¨H6_WL/Ã C�N[H�E47ÈÆ.Ã I/Ä
IJ7D`ïLU7DCJÃ Ä4IOVMF�GPGP7ÈÆ8IJCÜ`dÃ=\=\EÃ ImEkFÉÆJÃ=F�AM\ Q:7D«pND\ ÅMLU7oIJ7D`ïL47DC.Ã Ä4IOVMF�GPGP7ÈÆ8IJC�Å6I%	uÅ6C8G�\ Q]l#C.Ã IMN[7
Ã G-Ã C¦IJ7D«mG�GPHXÃ=coV�H4C8C.Ã A1\ 7@GPH¬ëJI1LnV%Æ8H4V�7ÈÆ³Æ87DC8G�ÆJÃ=N[G�Ã H4IJC²`dÃ GPY6H�ÅJG�fmIJH�`dÃ I/ÄdF4\=\UV�H4GP7DImG�Ã=F4\
LU7DC.Ã Ä4IªVMF�GPGP7ÈÆRIJCBA	7]_�H�Æ87DYMF�I1LJ; á IJH4GPYJ7ÈÆBC8H6\ Å6G�Ã H4I�Ã CWGPHK7DE�F4\ ÅMF�GP7gGPYJ7n7D«EÃ C8G�Ã I/ÄOL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6COF�I1L¥_�H�Æy7]F4NjYÿLU7DC.Ã Ä4IùVMF�GPGP7ÈÆ8I LU7]NÈÃ=L47d`bYJ7DGPYJ7ÈÆ�Ã Gª©�ÅMF4\�Ã ëJ7DCyH�ÆyIJH4G�;ù¢rYJ7
V%Æ8H4A1\ 7]cäÃ CeFÉÄ6F�Ã IéGPHªëJIMLZGPYJ7[Ä�Å#Ã=LU7]\�Ã IJ7DCgAmQS`@Y7Ã=NjYñGPHãLU7]NÈÃ=LU7K`@YJ7DGPYJ7ÈÆoH�ÆoIJH4GoGPYJ7
V%Æ8H4CRV	7]N[G�Ã E47ÞLU7DC.Ã Ä4IãVMF�GPGP7ÈÆRIbÃ C:F4NDN[7DVJGP7]L6lûA/ÅJGoGPYJ7XF4LUE�F�I#G�FÉÄ47�Ã CvGPYMF�Gv7]F4NaYåL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8IK`dÃ=\=\�A�7�7DEkF4\ Å1F�GP7]L�Ã IæÃ GPCrH�`@I[Æ.Ã Ä4YmG�lh`@Y#Ã=NaYTC8Y6H�ÅM\=L¬c}Ã I7Ã=c}Ã C87²GPY67²V%Æ8H4A1F�A#Ã=\�Ã G*Q
H6_�Æ87È	Â7]N[G�Ã I%ÄXFeLU7DCJÃ Ä4ISVMF�GPGP7ÈÆ8IMÅJI%	0ÅJC8G�\ Q];

�é7¨`dÃ=\=\HÃ IñGPY#Ã CeNjY1F�VJGP7ÈÆgV%Æ87DC87DImG¨F�IÊF�IMF4\ Q#CJÃ CnÃ IÞGPY67O_�H�Æ�cïH6_²FTC87DGoH6_�NËÆ.Ã GP7ÈÆJÃ=F4l
GPYMF�Gg`W7yYMFPE47�ÅJCR7]LÞ_�H�ÆZF�Ié7DE�F4\ ÅMF�G�Ã H4IãH6_pGPY67OL47DC.Ã Ä4IéVMF�GPGP7ÈÆ8IJCgGPY1F�GZFÉÆ87yV%Æ87DC87DImGP7]L
Ã IÒ­ ~�s-|È®¨¯��D±*;ê?�Å%ÆOF�IMF4\ QmC.Ã CqLUHm7DC¨IJH4G[Ä4HéC8Hú_�FÉÆSF�C¨GPH�Ã=LU7DImG�Ã=_¤Q¥GPYJ7¥¹j¼�Vk»éL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6COF�I1LSGPY%ÆRH�` FP`gFPQùGPYJ7XÆR7DC8G���Ã IJC8GP7]F4L�Ã GO_¤HpNËÅJC87DCyH4I§F�C8C87]cbAM\�Ã I%ÄêFXN[H�ÆR7dH6_
Æ�VmÉ/^�¶P«y»�ÉJ¹j¶t]c^�»�ÌRÁÂË�ÉZ·#¶�¹j¹j»�¼�ÉJÌì`bY#Ã=NjYOC8Y6H�ÅM\=LªNDF�VJG�Å%Æ87WÄ4HmH�LKH4Ac	�7]N[G@H�ÆJÃ 7DI#GP7]LSL47DC.Ã Ä4I
H4IXFBY7Ã Ä4Ye7DIJH�Å%Ä4YX\ 7DE47]\4C8HvGPYMF�G�GPY67DQªNDF�I:A	7�ÅJCR7]L}Ã IeE�FÉÆ.Ã H�ÅJC�f)Ã IMLUCxH6_	F�VJVM\�Ã=NDF�G�Ã H4IJCh;
¢rYJ7£L47DC.Ã Ä4IúVMF�GPGP7ÈÆ8I6CeGPYMF�GXFÉÆ87qIJH4G�	uÅ1LQÄ47]LñGPHãA�7�¥QÅJI1LJF4co7DImG�F4\@FÉÆ87OGPYJ7DIú7tÃ GPY67ÈÆ
ND\=F�C8C.Ã ë67]LqL%Ã î	7ÈÆ87DImG�\ QdH�ÆSÆ87È	�7]N[GP7]LXN[H6coVM\ 7DGP7]\ Q];

^[GSÃ C-Ã=coV�H�Æ8G�F�ImGxGPHvIJH4GP7ÜGPY1F�G�`¦7KLUHgIJH4GxA�7]\�Ã 7DE47@H�Å%ÆìF�I1F4\ Q#C.Ã C¦GPHvA�7T¹jµ�»TF�IMF4\ Q#CJÃ C
H6_¬L47DC.Ã Ä4I§VMF�GPGP7ÈÆ8IJCh; ^ÇGªYMF�CO7DE4H6\ E47]L _ÊÆRH6c H�Å/Æd`WH�Æ8fÅ`dÃ GPY§GPYJ7úLU7DC.Ã Ä4I§VMF�GPGP7ÈÆRIJC
_�Æ8H6c ­ ~¨sU|+®y¯��¡±*l1`@Y#Ã=NjY co7]F�I6CKGPY1F�GTGPYJ7éNËÆ.Ã GP7ÈÆ.Ã=FñFÉÆ87ªAMF�CR7]LSH4I FnÆ�F�GPYJ7ÈÆyIMFÉÆÇÆ8H�`
C87DGnH6_xLU7DC.Ã Ä4IÞVMF�GPGP7ÈÆ8IJCh;W^¸_	GPYJ7ªF�IMF4\ QmC.Ã Co`oF�CnGP7DC8GP7]L:H4I®F:\=FÉÆÇÄ47ÈÆoI�Å1c@A�7ÈÆbH6_xL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6C�l/Ã GìcnÃ Ä4Y#G�A�7�Æ87DE47]F4\ 7]LTGPYMF�G²GPYJ7TNËÆ.Ã GP7ÈÆ.Ã=FTFÉÆ87@IJH4G²CÇÅ%§XNÈÃ 7DImG�H�Æ�GPYMF�G¦C8H6co7@H6_
GPYJ7ªNËÆ.Ã GP7ÈÆ.Ã=FZFÉÆR7¬GPHmHnÆ87DC8G�ÆJÃ=N[G�Ã E47!Ã IXGPYMF�GbGPYJ7DQ�Å6I%	uÅ6C8G�\ QXÆ`ÅM\ 7vH�ÅJGìC8H6co7vE�F4\�Ã=LXL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6C�;7�é7eLUHTA�7]\�Ã 7DE47]lmYJH�`¦7DE47ÈÆhlmGPYMF�GBGPYJ7eNËÆ.Ã GP7ÈÆ.Ã=Fy_¤H�Æhc FbC8H�ÅJI1LvC8G�FÉÆRG�Ã I%ÄyV	H/Ã ImG
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Ã I¥FecSÅMNaYSIJ7D7]LU7]LSL/Ã C�NËÅJC8C.Ã H4IqH4ISGPYJ7:©�ÅMF4\�Ã G*QªH6_ºGPYJ7:L47DC.Ã Ä4ISVMF�GPGP7ÈÆ8I6C�;
^[Iå­ á � ¯4°4F¡±û`W7vYMFPE47TC8YJH�`@IqGPYMF�GbA#Q!ÅJC.Ã I/ÄeGPYJ7�Ä�Å#Ã=L47]\�Ã IJ7DCbH6_	GPY#Ã CKF�IMF4\ Q#CJÃ C�l�`W7

NDF�IwÆ87]coH�E47OYMF4\=_xH6_�GPYJ7ãLU7DC.Ã Ä4IêVMF�GPGP7ÈÆRIJCS_ÊÆ8H6cýGPY67éN[H�ÆR7dH6_U¥QÅJIML6F4co7DI#G�F4\ÜL47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6C�l1C8HqGPY1F�GKH�Å6G¬H6_rGPYJ7dH�Æ.Ã Ä/Ã IMF4\Ws��ñLU7DC.Ã Ä4IùVMF�GPGP7ÈÆ8IJC�Ã Iï­ ~�s-|È®¨¯��D±²H4I1\ QÅ<4s
Æ87]ceF�Ã I1;
�é7�Ä/Ã E47ÜC8H6co7W7D«pF4coVM\ 7DCrH6_UYJH�`ùGPY67;Ä�Å#Ã=L47]\�Ã IJ7DCrH6_UGPYJ7gF�IMF4\ Q#CJÃ CbFÉÆ87oF�V6VM\�Ã 7]L
GPH:FT_¤7D`úH6_#GPYJ7KLU7DC.Ã Ä4IeVMF�GPGP7ÈÆRIJC�� _¤H�Æ�GPY67TN[H6coVM\ 7DGP7yF�IMF4\ Q#CJÃ C²`W7SÆ87]_�7ÈÆ�GPHé­ á � ¯4°4F¸±*;

� :�?c:�? �æjoh�@BA;C�DKF7GQI�G
�é7ªV%Æ87DC87DImGdF�I§F�IMF4\ QmC.Ã Cy`@YJH4C87:V%Å%Æ8V�H4C87vÃ G!Ã CKGPH�Æ87DC8G�Æ.Ã=N[GKGPYJ7ZI2ÅMcbA�7ÈÆ¬H6_�¥QÅ6IMLJF�i
co7DImG�F4\BLU7DC.Ã Ä4I®VMF�GPGP7ÈÆ8IJCh; á CSco7DImG�Ã H4IJ7]LêF�A�H�E47]lr`W7ªA	7]\�Ã 7DE47rÃ G�Ã CyA�7DGPGP7ÈÆKGPHñYMF8E47
FZN[H4I6C87ÈÆ8E�F�G�Ã E47ªF�IMF4\ QmC.Ã C�l6GPYMF�Gì`dÃ=\=\ûF4NDN[7DVJGnGPHmHÞceF�ImQ£LU7DC.Ã Ä4IXVMF�GPGP7ÈÆ8IJC-Æ�F�GPYJ7ÈÆìGPYMF�I
ÅJIM_ÂF�Ã Æ�\ Q�ÆR7È	�7]N[GgC8H6cg7OL47DC.Ã Ä4IéVMF�GPGP7ÈÆ8IJCh;Z?�Å%Æ¨F�IMF4\ QmC.Ã CXÃ CgGPYJ7ÈÆR7]_¤H�Æ87yAMF�CR7]LdH4IéGPY%Æ87D7
Ä�Å#Ã=LU7]\�Ã I67DCìH4IÞ`@YJ7DIÊÉJÄ�¹¦GPHéF4NDN[7DVJGeFgV/Æ8H4C8V�7]N[G�Ã E47ªL47DC.Ã Ä4IXV1F�GPGP7ÈÆ8IM;B^[Gb`dÃ=\=\6A�7vV�H4C8i
C.Ã AM\ 7gGPHqcZF�f47:FnC8G�Æ.Ã=N[GP7ÈÆyF�IMF4\ Q#CJÃ C@A#QéF4LJL%Ã I/ÄO_�Å%Æ8GPY67ÈÆ>Ä�Å7Ã=LU7]\�Ã IJ7DC@`dÃ GPY6H�ÅJG¬NjYMF�I/Ä/Ã I%Ä
GPYJ7vH�ÆJÃ Ä/Ã IMF4\¢Ä�Å#Ã=LU7]\�Ã I67DC�;

1Oö2(+*'8/ �,U"/3+3¡ömó. 7(�¦)(����>"% 78/â7"%86öw©oô/ 7(+3¡óJâ7�P3+(
^[Iê­ ~�s-|È®¨¯��D±ºGPYJ7KFÉÅJGPY6H�Æ8C¦CRG�F�GP7nGPY1F�G²H4IJ7nV�7ÈÆ8C8H4IMw CoLU7DC.Ã Ä4IdVMF�GPGP7ÈÆ8IéNDF�I:A�7KF�I6H4GPYJ7ÈÆ
V�7ÈÆ8C8H4IMw CÜV/Æ.Ã=c}Ã G�Ã E47gA%Å#Ã=\=L/Ã I%ÄyAM\ H�Naf�l�A	7]NDFÉÅ6C87oGPYJ7gV�H/Ã I#GÜH6_6EEÃ 7D` F�îº7]N[GPCìH4IJ7]w CdÃ ImGP7ÈÆ8i
V%Æ87DG�F�G�Ã H4IOH6_�`@YMF�GWÃ C¬F�IMLv`bYMF�G�Ã CBIJH4GvFKLU7DC.Ã Ä4IªVMF�GPGP7ÈÆ8I1; á IMLTGPYJ7nV�H/Ã I#GWH6_�E)Ã 7D` Ã C
Ã I%�%Å67DIMN[7]LKA#QªGPYJ7ZNaYJH/Ã=N[7¬H6_ºV%ÆRH�Ä�Æ�F4cec}Ã I%Äq\=F�I/Ä�ÅMFÉÄ47];

^[Iå­ ~�s-|È®¨¯���lkVM; ³ ±>Ã GdÃ C@C�F�Ã=LJ>
t�¢rY67éNaYJH/Ã=N[7OH6_xV/Æ8H�Ä�Æ�F4cec}Ã I/Ä®\=F�I%Ä�Å1FÉÄ47�Ã C�Ã=cgV	H�ÆRG�F�I#G�lrA�7]NDFÉÅJCR7BÃ G�Ã I%�/ÅJ7DIMN[7DC

H4IJ7]w CnV�H/Ã I#GìH6_6E)Ã 7D`T;g?�Å/Æ@VMF�GPGP7ÈÆ8IJC¨F�C8CÇÅ1co7������������������q¤ �"!�!T\ 7DE47]\M\=F�I%Ä�Å1FÉÄ47ª_�7]F�i
G�Å%Æ87DChlpF�IMLKGPYMF�GTNaYJH/Ã=N[7:LU7DGP7ÈÆ�cnÃ IJ7DC@`@YMF�G¬NDF�IùF�IMLONDF�IJIJH4G@A�7}Ã=coVM\ 7]cg7DI#GP7]Ly7]F�CJÃ=\ Q];
^D_û`W7ÞF�CRCÇÅMco7]LSV%Æ8HpN[7]LQÅ%Æ�F4\�\=F�I/Ä�ÅMFÉÄ47DC�lM`¦7ñc}Ã Ä4YmGTYMF8E47�Ã I1ND\ ÅMLU7]LãLU7DCJÃ Ä4I¥VMF�GPGP7ÈÆRIJC
NDF4\=\ 7]LSt*^ÇI6YJ7ÈÆ.Ã G�F�IMN[7]u4lÕtÉ�pI1NDF�VJCÇÅM\=F�G�Ã H4IMu4l�F�I1LdtÉ�ºH6\ Q�cgH�Æ8VJY#Ã C�cZu4;;�%Ã=cnÃ=\=FÉÆ�\ Q]l�C8H6co7²H6_
H�Å%ÆxVMF�GPGP7ÈÆRIJCìFÉÆ87ÜCÇÅ6VJV�H�Æ8GP7]LyL%Ã Æ87]N[G�\ QKA#QO\ 7DC8CìN[H6cecgH4IeH4A
	Â7]N[GPijH�Æ.Ã 7DI#GP7]Ld\=F�I%Ä�ÅMFÉÄ47DCh;=u

¢rY2ÅJC�lÕGPYJ7DQéA�7]\�Ã 7DE47ZGPYMF�GªLU7DC.Ã Ä4I¥VMF�GPGP7ÈÆ8IJCOLUHSIJH4G¬IJ7D7]LOGPHÞA�7q\=F�I%Ä�ÅMFÉÄ47BÃ IMLU7Di
V�7DIMLU7DImG�;

�é7yFÉÄ�Æ87D7@`dÃ GPY®­ ~¨sU|+®y¯��¡±�C8H:_ÂFÉÆ�GPYMF�GxGPYJ7TL47DC.Ã Ä4IeVMF�GPGP7ÈÆ8I6C�7D«#G�ÆhF4N[GP7]L:_�Æ8H6cåE�FÉÆ8i
Ã H�ÅJC¬F�VJV1\�Ã=NDF�G�Ã H4IJCÜ`dÃ=\=\�F4\ `oF8Q#CìA�7yL%Ã=N[G�F�GP7]L¨A#QeGPY67nV/Æ8H�Ä�Æ�F4cec}Ã I/Äª\=F�I%Ä�Å1FÉÄ47WÅJC87]L!Ã I
GPYJ7eF�VJVM\�Ã=NDF�G�Ã H4I7�kGPY#Ã I%Ä4CBGPYMF�GvFÉÆ87o7]F�C8QdGPHSLUHT`[Ã=\=\]I6H4GWA�7n`¦H�ÆRGPY£_¤H�Æ�cnÃ I%Ä!Ã ImGPHqFyLU7Di
C.Ã Ä4IªVMF�GPGP7ÈÆ8I1;ÜâcÅ6GW`bYJ7ÈÆ87O­ ~¨sU|+®y¯��¡±ºC87D7]c GPHyA�7]\�Ã 7DE47oGPYMF�GvLU7DC.Ã Ä4IªVMF�GPGP7ÈÆ8I6CWCRYJH�ÅM\=L
7]co7ÈÆÇÄ47®_ÊÆRH6c 7]F4NjYåV%ÆRH�Ä�Æ�F4cec}Ã I%Ä \=F�I%Ä�ÅMFÉÄ47]lB`W7ùFÉÆ87qH6_WGPYJ7¥N[H4ImEEÃ=N[G�Ã H4I§GPYMF�G:GPYJ7
_�ÅJIMLJF4co7DImG�F4\1LU7DC.Ã Ä4IñVMF�GPGP7ÈÆ8IJCgCRYJH�ÅM\=LZIJH4GoA	7ªN[H�E47ÈÆ87]LOA#Q¥F�ImQZÄ47DI67ÈÆ�F4\=\ Q®F4NDN[7DV6GP7]L
\=F�I%Ä�ÅMFÉÄ47ãN[H4IJCRG�ÆÇÅMN[G�;ù¢rY#Ã CKV	H/Ã ImG¬H6_xEEÃ 7D` Ã CNÆ8HmH4GP7]L»Ã IùH�Å%ÆKA�7]\�Ã 7]_rGPYMF�GOFM¥QÅ6IMLJF�i
co7DImG�F4\¦L47DC.Ã Ä4I£VMF�GPGP7ÈÆRIåcSÅJC8GvA�7MÃ I1LU7DV�7DIMLU7DImGgH6_ÜF�I#Q6Ã=coV1\ 7]co7DI#G�F�G�Ã H4I \=F�I%Ä�Å1FÉÄ47];
¢rYJ7ÈÆR7ìC8Y6H�ÅM\=LTIJH4GÜA�7StÉR¦7DC.Ã Ä4I­�rF�GPGP7ÈÆ8I6CT_¤H�Æ#� !�! V/Æ8H�Ä�Æ�F4ceco7ÈÆRC
ü�ü�H�ÆdtÉR²7DCJÃ Ä4I»�rF�GPi
GP7ÈÆ8IJC@_�H�Æ�R²7]\ V6Y#Ã�V%Æ8H�Ä�Æ�F4cecg7ÈÆ8C
ü�ü*lUC.Ã I1N[7gF²CÇÅMNaY¨VMFÉÆ8G�Ã G�Ã H4I¨`WH�ÅM\=LìYMFPE47ÜGPY67o_�H6\=\ H�`dÃ I/Ä
N[H4IJC87]©�ÅJ7DIMN[7DCh>

� �
Æ8H�Ä�Æ�F4cecg7ÈÆ8CqÅJC.Ã I%ÄnH4IJ7BV%Æ8H�Ä�ÆhF4cec}Ã I%Äe\=F�I%Ä�ÅMFÉÄ47Ü`[Ã=\=\hA	7gF�AM\ 7BGPHWÅJIML47ÈÆ8C8G�F�IML
F�I1Lé7D«pNjYMF�I%Ä47êLU7DC.Ã Ä4I VMF�GPGP7ÈÆ8I6CZ`dÃ GPY H4GPYJ7ÈÆdV%Æ8H�Ä�Æ�F4cecg7ÈÆ8CnÅJCJÃ I%ÄãGPYJ7XC�F4co7
V/Æ8H�Ä�Æ�F4cec}Ã I/Äª\=F�I%Ä�Å1FÉÄ47]l]A/ÅJG²IJH4GW`dÃ GPYdV%Æ8H�Ä�Æ�F4cZco7ÈÆ8C>ÅJC.Ã I%ÄTC8H6co7nH4GPYJ7ÈÆBV%Æ8H4i
Ä�ÆhF4cec}Ã I%Äy\=F�I%Ä�ÅMFÉÄ47];B¢rY#Ã CM`dÃ=\=\¡7tÃ GPY67ÈÆBNËÆ87]F�GP7WAMFÉÆÇÆJÃ 7ÈÆ8CûA�7DG*`W7D7DIyV%Æ8H�Ä�Æ�F4cZco7ÈÆ8C
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`bYJHbYMF8E47¦7DCRC87DI#G�Ã=F4\=\ Q¬GPYJ7²C�F4cg7¦AMF4Naf�Ä�ÆRH�ÅJIMLJl�IMF4co7]\ QgGPYJ7¦H4A
	Â7]N[GMH�Æ.Ã 7DImGP7]Ly\�Ã IJ7
H6_]GPYJH�Å%Ä4YmG�lUH�ÆUÃ Gx`[Ã=\=\�co7]F�I¨GPYMF�G�GPYJ7vLU7DCJÃ Ä4IeVMF�GPGP7ÈÆ8IJCx`[Ã=\=\hIJH4GxA�7>Å6C87]LìGPHvGPYJ7
_�ÅM\=\JH6_	GPYJ7tÃ ÆìV�H4GP7DImG�Ã=F4\º7DE47DIX`dÃ GPY7Ã IXGPYJ7ªL%Ã î	7ÈÆ87DI#GìC8HpNÈÃ 7DG�Ã 7DCgH6_	V%Æ8H�Ä�Æ�F4cecg7ÈÆ8C�;
^[IS7tÃ GPYJ7ÈÆyNDF�C87vGPYJ7dLU7DC.Ã Ä4ISVMF�GPGP7ÈÆRIJCb`dÃ=\=\�YMFPE47:\ H4CRG@GPYJ7tÃ ÆKF�A7Ã=\�Ã G*QOGPHeV%ÆRH�E)Ã=LU7:F
N[H6cZcoH4IOE4H�NDF�A/ÅM\=FÉÆ8QZA�7DGÇ`¦7D7DIOH4A
	Â7]N[GBH�Æ.Ã 7DImGP7]LSLU7DC.Ã Ä4IJ7ÈÆRC¬¼[»RË�¶�¼Ë^%]�»�ÌRÌbH6_JGPYJ7tÃ Æ
A1F4Njf2Ä�Æ8H�ÅJIMLJ;
á I®7D«�F4cgVM\ 7OH6_rGPY#Ã CqNDF�IêA�7Þ_�H�ÅJIML�Ã IÒ­ á âc�ø¯��]lMVM;���±Ü`@Y67ÈÆ87:GPY67ñFÉÅJGPY6H�Æ8C
	0ÅJC8G�Ã=_�QùGPYJ7SIJ7D7]LÅ_¤H�Æ}Ä6F�GPY67ÈÆ.Ã I%Ä£GPY67£LU7DC.Ã Ä4IÊV1F�GPGP7ÈÆ8IJCÞ_�Æ8H6c ­ ~¨sU|+®y¯��¸±[Ã I F
�$�%�����&�'�����qE47ÈÆRC.Ã H4Iq`dÃ GPYqGPYJ7Z_¤H6\=\ H�`dÃ I%Ä6>
t�¢xYJ7n~vF�I%Ä¨H6_#¥UH�Å%Æ�w CTL47DC.Ã Ä4ISVMF�GPGP7ÈÆ8I6CÜV%Æ87DC87DImGPC¬LU7DC.Ã Ä4I­Ã CRCÇÅJ7DC¬F�IMLTC8H6\ ÅJG�Ã H4I6C
_�Æ8H6cÒF#� ! ! V	7ÈÆRC8V�7]N[G�Ã E47];1^ÇG�Ã=\=\ ÅJC8G�Æ�F�GP7DCWVMF�GPGP7ÈÆ8IJCg_�H�Æ²GPYJ7ycoH4C8G²V1FÉÆ8G�`dÃ GPY(� !�!
N[HpLU7TF�I1LeN[H4IJC.Ã=LU7ÈÆRCUÃ C8CÇÅJ7DCoÄ47ÈÆ�ceF�IJ7@GPHdF%� !�! Ã=coVM\ 7]cg7DI#G�F�G�Ã H4IM;b¢rYJH4C87¨Ã C8C`ÅJ7DC
FÉÆR7!Ã=coV�H�Æ8G�F�ImGK_�H�Æ)� !�! LU7DE47]\ H4V�7ÈÆ8ChlJA%Å6G@GPYJ7DQ¥F4\ C8HéceF�f47KGPYJ7¬V1F�GPGP7ÈÆ8IJC¨coH�Æ87
L/Ã §XNËÅM\ GBGPH�ÅJIMLU7ÈÆRC8G�F�IMLdF�IMLOF�VJVM\ QX_�H�Æ¬LU7DE47]\ H4V�7ÈÆ8C�Å6C.Ã I%ÄKH4GPYJ7ÈÆ¬\=F�I%Ä�ÅMFÉÄ47DC�;Éü�ü
á IJH4GPYJ7ÈÆo7D«pF4coVM\ 7�Ã CìGPY67¬A�H#H4fp>etÉ�rF�GPGP7ÈÆ8IJCnÃ Iw|]FPE�F7ü�üT­ ~�Æ�F4¯��¡±*lJ`@Y67ÈÆ87dF4\=\1s��
~ÜH/¥qLU7DC.Ã Ä4IKVMF�GPGP7ÈÆ8I6CBFÉÆ87oLU7DC�NËÆ.Ã A�7]LdÃ IªFU|]FPE�FnN[H4I#GP7D«mG�;1^ÇG�Ã CMI6HbCÇÅ%ÆRV%Æ.Ã C87]l¡GPYMF�G
GPY67�Ã=cgVM\ 7]co7DImG�F�G�Ã H4I£VMFÉÆ8GnH6_pGPY67OL47DC�NËÆ.Ã VJG�Ã H4IéYMF�CgGPHãNaYMF�I%Ä47¨`dÃ GPYÊFªNjY1F�I%Ä47
Ã I£V%Æ8H�Ä�Æ�F4cecnÃ I%Ä£\=F�I%Ä�ÅMFÉÄ47]lûA%ÅJGWÅJI1_¤H�Æ8G�Å6IMF�GP7]\ QqC8H6cg7eH6_ÕGPY67XcoH�Æ87qF�AJCRG�Æ�F4N[G
V1F�GPGP7ÈÆ8I LU7DChNËÆ.Ã VJG�Ã H4IJCTYMFPE47ñF4\ C8HSA�7D7DIÅNjY1F�I%Ä47]LSGPHqA	7DGPGP7ÈÆTCÇÅ#Ã GP7eGPY67eG�F�C8GP7ZH6_
GPY67:FÉÅJGPYJH�Æ�;Ü¢xY#Ã C@A%Æ.Ã I/Ä4C�ÅJC@GPHeGPYJ7¬IJ7D«#G¨Ã GP7]cZ>

� ^[Gª`dÃ=\=\¦A�7XYMFÉÆhLãGPHÿN[H6coV1FÉÆ87ñG*`WHÿLU7DC.Ã Ä4IåVMF�GPGP7ÈÆ8IJC£N[H6cnÃ I%Ä _ÊÆ8H6c L%Ã î	7ÈÆ87DImG
Ä�ÆRH�ÅJVJC¬H6_BLU7DCJÃ Ä4I£VMF�GPGP7ÈÆ8I6C�lÕCJÃ IMN[7eGPYJ7:AMF4Njf2Ä�Æ8H�ÅJIML4CXÃ I�Ä/Ã E47DIùV%Æ8H�Ä�Æ�F4cZc}Ã I%Ä
\=F�I/Ä�ÅMFÉÄ47DCÜ`dÃ=\=\	F4\=coH4C8GgN[7ÈÆ8G�F�Ã IM\ QeYMF8E47eF�I�Ã=coV1F4N[G¦H4IdGPYJ7nV%Æ87DC87DImG�F�G�Ã H4IªH6_kGPYJ7
L47DC.Ã Ä4IqVMF�GPGP7ÈÆRIM;

� ^D_oFªV%Æ8H�Ä�ÆhF4ceco7ÈÆe`@Y6HéYMF�CZA�7D7DI�ÅJCR7]LñGPHã`WH�Æ8fEÃ I/ÄbÃ IúC8H6cg7SV%Æ8H�Ä�Æ�F4cZc}Ã I%Ä
\=F�I/Ä�ÅMFÉÄ47yNaYMF�I%Ä47DCWGPH:F�IJH4GPYJ7ÈÆWV%Æ8H�Ä�ÆhF4cec}Ã I%ÄZ\=F�I%Ä�Å1FÉÄ47]l]Y67@`dÃ=\=\UYMF8E47bGPHª\ 7]FÉÆ8I
Fg`@YJH6\ 7vIJ7D`§CR7DG@H6_rLU7DC.Ã Ä4ISVMF�GPGP7ÈÆRIJC�;

� á N[H6\=\ 7]N[G�Ã H4I:H6_º\=F�I%Ä�ÅMFÉÄ47@CRV	7]NÈÃ ë1NWL47DC.Ã Ä4IyVMF�GPGP7ÈÆ8IJCx`dÃ=\=\hCRH#H4IJ7ÈÆxH�Æb\=F�GP7ÈÆ²7DE4H6\ E47
Ã ImGPHùN[H�E47ÈÆ8iÓÅJVJCO_�H�Æ¬C8YJH�ÆRG�N[H6c}Ã I%Ä4C¬H6_MGPYJ7ZV%Æ8H�Ä�Æ�F4cecnÃ I%Ä¥\=F�I%Ä�ÅMFÉÄ47]lMGPYMF�GT`dÃ=\=\
7D«mVM\=F�Ã IÅYJH�`÷GPY#Ã I%Ä4CXNDF�IÅA	7£L4H4IJ7¥ND\ 7DE47ÈÆ�\ QwÅJCJÃ I%ÄéC8H6co7SH�Æ:H4GPYJ7ÈÆÞ\=F�I/Ä�ÅMFÉÄ47
N[H4I6C8G�ÆÇÅMN[G�;
á Iq7D«pF4coVM\ 7¬H6_6GPY7Ã C[Ã CK_�H�ÅJIMLZÃ Iå­ � H4VM¯4s¸±*lJGPYMF�GTN[H4ImG�F�Ã IJC¨FZN[H6\=\ 7]N[G�Ã H4IñH6_$� !�!
Ã=L/Ã H6coC�;

^D_Õ`W7¨GPYJ7DIÅN[H4I1N[7DI#G�Æ�F�GP7:H4IãA%Å#Ã=\=L/Ã I%ÄãFON[H�Æ87eH6_W_ÊÅJI1LJF4co7DImG�F4\xLU7DC.Ã Ä4IãVMF�GPGP7ÈÆRIJC�l
GPYMF�G¬FÉÆ87¬IJH4G¬N[H�E47ÈÆ87]LeA#QéF�ImQXÄ47DIJ7ÈÆhF4\=\ Q£F4NDN[7DVJGP7]Lq\=F�I%Ä�Å1FÉÄ47:N[H4IJC8G�ÆÇÅ1N[G�lk`¦7ZNDF�IZÅJC87
GPY#Ã CìN[H�ÆR7bGPH:_�H�Æ�cåGPYJ7KN[H6cecoH4IZE4HpNDF�A%ÅM\=FÉÆRQKGPH¬A	7�Å6C87]LeF4coH4I%ÄdN[H6coV%ÅJGP7ÈÆ�ChNÈÃ 7DI#G�Ã C8GPC
Æ87ÈÄ6FÉÆ�L6\ 7DC8CbH6_6AMF4Njf2Ä�Æ8H�ÅJI1LJ;

s²H�`W7DE47ÈÆ�lrFeLU7DC.Ã Ä4IXVMF�GPGP7ÈÆ8IÞ`@Y#Ã=NaY­Ã CyN[H�E47ÈÆ87]LZA#QãFZ\=F�I/Ä�ÅMFÉÄ47dN[H4IJCRG�ÆÇÅMN[G[Ã IXH4IJ7
\=F�I%Ä�ÅMFÉÄ47ñc}Ã Ä4YmGvC8G�Ã=\=\�A�7qFOLU7DC.Ã Ä4I�Ã=LU7]FK`WH�Æ8GPY£V%ÆR7DC87ÈÆ8E)Ã I%ÄrÃ IÅ\=F�I%Ä�ÅMFÉÄ47DCK`@Y#Ã=NaYÅLUH
IJH4G¨YMF8E47OGPY#Ã CX\=F�I%Ä�Å1FÉÄ47£N[H4IJC8G�ÆÇÅMN[G�;å¢rY67ÈÆ87]_¤H�ÆR7d`W7OA�7]\�Ã 7DE47OGPYMF�G¨GPYJ7£LU7DCJÃ Ä4IêVMF�GPi
GP7ÈÆ8IJChlÕ`@Y7Ã=NjY FÉÆR7ZIJH4Gª_ÊÅJI1LJF4co7DImG�F4\�A�7]NDFÉÅJC87eGPYJ7DQÊFÉÆR7Þ\=F�I%Ä�ÅMFÉÄ47éLU7DV�7DIMLU7DImGZcSÅJC8G
A�7Tf47DV6G¨F�CX]�¶�ÉJË.Vm¶]Ë�»æ^�»P·#»�É%^�¶�É6¹S^�»�ÌRÁÂË�ÉO·m¶�¹j¹j»�¼�ÉJÌX¼��cR�R��pC.½P;Z¢rYJ7DQSC8Y6H�ÅM\=LeI6H4GnA�7
VMFÉÆ8G�Ã G�Ã H4I67]LZAmQSGPYJ7O\=F�I%Ä�ÅMFÉÄ47DCgGPY67DQ¥FÉÆ87[ÅJC87]_�ÅM\cÃ IMlºA%Å6GSÆ�F�GPYJ7ÈÆnAmQS`@Y#Ã=NaYê\=F�I/Ä�ÅMFÉÄ47
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N[H4IJC8G�Æ`ÅMN[G�¼ÂC.½1GPYJ7DQXFÉÆR7¨N[H�E47ÈÆ87]L¨AmQ];Ü¢rY#Ã CB`gFPQñFKL47DC.Ã Ä4IJ7ÈÆ¬NDF�I�ÅJC87nGPYJ7e_�ÅJIMLJF4co7DImG�F4\
LU7DC.Ã Ä4I¥VMF�GPGP7ÈÆ8IJCæ¼�¥7R��ÕC.½ÜVM\ Å6CvGPYJ7¨VMFÉÆ8G¬H6_ûGPY67Z�cR�R��pC¬GPY1F�GæÃ CvIJ7]N[7DCRC�FÉÆ8Qú_¤H�ÆTGPYJ7
V%Æ8H�Ä�ÆhF4cec}Ã I%Ä¥\=F�I/Ä�ÅMFÉÄ47:Y67nÅJC87DCª_¤H�ÆKY#Ã C!Ã=coVM\ 7]co7DImG�F�G�Ã H4IJC�;ª^[I£G�Ã=cg7]lû`W7vÃ=cZFÉÄ/Ã IJ7
GPYMF�G¦C8H6co7@H6_#GPYJ7d�#R�R-�ÕC²`dÃ=\=\�A�7�Æ87]coH�E47]Ld_�Æ8H6cåGPYJ7ìëJ7]\=LoH6_�LU7DC.Ã Ä4I:VMF�GPGP7ÈÆ8IJC¦`@YJ7DI
GPYJ7êN[H�E47ÈÆ.Ã I/Ä§\=F�I/Ä�ÅMFÉÄ47úN[H4IJC8G�ÆÇÅMN[GPCãFÉÆ87êF4LUH4VJGP7]L£AmQúGPYJ7ùcZFJ	�H�Æ.Ã GÇQÊH6_WGPYJ7ÞH4A
	Â7]N[G
H�Æ.Ã 7DImGP7]Lq\=F�I%Ä�Å1FÉÄ47DC�;

¢rY67DC87WÆ87È�J7]N[G�Ã H4IJCy\ 7]F4L¨GPHM~�Å#Ã=LU7]\�Ã IJ7:<4>
*,+�-/.
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¢rYJ7xë67]\=LUC>Ã Iv`bY#Ã=NjYTGPYJ7ìLU7DC.Ã Ä4I¬VMF�GPGP7ÈÆ8IJCBNDF�I¬A�7³ÅJC87]L¬FÉÆ87�I2ÅMco7ÈÆ8H�ÅJCh;�^ÇG>Ã CWF�IdF4\=cgH4C8G
N[7ÈÆ8G�F�Ã Iå_�F4N[GvGPY1F�GgGPYJ7¨EkFÉÆJÃ H�ÅJCvV�H4C8C.Ã AM\ 7qF�V6VM\�Ã=NDF�G�Ã H4IJC¬H6_ûC8H6co7ÞLU7DC.Ã Ä4IãVMF�GPGP7ÈÆRIã`dÃ=\=\
IJH4Gq\ HmH4f®GPYJ7OC�F4co7t�g_�H�Æ¨7]F4NjY F�VJVM\�Ã=NDF�G�Ã H4I GPYJ7�Æ8H6\ 7DCeH6_²GPYJ7£LU7DC.Ã Ä4IÊVMF�GPGP7ÈÆ8IúYMF8E47
A�7D7DI®VMFÉÆ�F4co7DGP7ÈÆ.Ã CR7]LñA#Q­Æ8H6\ 7DCq_�Æ8H6cýGPYJ7ãF�VJVM\�Ã=NDF�G�Ã H4IM; ¢rYJ7ÈÆR7:`dÃ=\=\1A�7æÆ87DC8G�Æ.Ã=N[G�Ã H4I6C
_�Æ8H6c GPYJ7XF�V6VM\�Ã=NDF�G�Ã H4IJC¬GPY1F�G¬`W7ÈÆ87eIJH4GZN[H4IJCJÃ=LU7ÈÆ87]L�Ã I£GPYJ7XLU7DC.Ã Ä4I£VMF�GPGP7ÈÆ8I F�I1LªGPYJ7
LU7DC.Ã Ä4I VMF�GPGP7ÈÆ8I `dÃ=\=\²A�7¥_¤H�ÆhN[7]L£GPH§F4LQ	0ÅJC8GXF4NDN[H�ÆhL%Ã I%Ä6\ Q];ÿ^ÇGñc}Ã Ä4Y#GdA�7ùN[H4ImE47DI#Ã 7DImG
Ã=_ºGPYJ7DC87:F4L�	uÅJCRG�co7DI#GPCb`¦7ÈÆ87¨Æ87]N[H�Æ�LU7]LMÃ ISC8H6co7v`gFPQ]l6C8HeGPY1F�G@V%Æ8H�Ä�Æ�F4cZco7ÈÆ8C@`@Y6HXFÉÆ87
F�VJVM\ Q)Ã I%ÄgC8H6cg7TLU7DC.Ã Ä4IeV1F�GPGP7ÈÆ8IMÃ IXF�Ä/Ã E47DI:ëJ7]\=LeN[H�ÅM\=Lg7D«#VM\ H/Ã G¦GPYJ7Ü7D«mV	7ÈÆJÃ 7DIMN[7DCì_�Æ8H6c
V%Æ87DE)Ã H�ÅJC:F�V6VM\�Ã=NDF�G�Ã H4IJCK`dÃ GPY#Ã I£GPY67eC�F4co7eë67]\=LJ;q¢rY67DC87e7D«mV	7ÈÆJÃ 7DIMN[7DC¬C8Y6H�ÅM\=LBÃ I _ÂF4N[G
A�7ZIMF4cg7]L£LU7DC.Ã Ä4IùVMF�GPGP7ÈÆ8I6C!Ã IùGPYMF�GKGPYJ7DQÊND\ 7]FÉÆ�\ Q£ë6GæÃ ImGPHXGPYJ7ñLU7DëJI#Ã G�Ã H4IùH6_1A�7tÃ I%Ä
`W7]\=\ ijGP7DC8GP7]L:C8H6\ ÅJG�Ã H4IJC@GPHnÆ87]NËÅ%ÆÇÆ.Ã I/Ä¨V%Æ8H4AM\ 7]coChlpF�IML

V GPY67DQéL4H¨7DIMNDF�VJCÇÅM\=F�GP7¬7D«#V�7ÈÆ.Ã 7DIMN[7

V GPY67DQéL4H¨7DIJYMF�IMN[7vGPY67ZLUH�NËÅ1co7DI#G�F�G�Ã H4IXH6_r_ÊÆ�F4cg7D`¦H�Æ8fmC

V GPY67DQéL4H¨V%Æ8H�E)Ã=LU7:F¨N[H6cZcoH4IqE4HpNDF�A%ÅM\=FÉÆ8Qª`dÃ GPY7Ã ISGPYJ7WÄ/Ã E47DIÞëJ7]\=L

¢rY67ÜH4A#E)Ã H�ÅJC�V%ÆRH4AM\ 7]c Ã C�GPYMF�G²GPY#Ã C�`WH�ÅM\=LeNDFÉÅJC87KF�Ie7D«#V1\ H4C.Ã H4IZH6_xt*IJ7D`rü�üML47DC.Ã Ä4I
VMF�GPGP7ÈÆ8I6C.�pGPYJ7SL%Ã ChF4LUEkF�ImG�FÉÄ47DC¬H6_û`@Y#Ã=NaYéYMFPE47ZA	7D7DIÊL/Ã C�NËÅJC8C87]L�Ã IéGPYJ7¨V/Æ87DEEÃ H�Å6CgC87]N[i
G�Ã H4IM;K¢rYJ7DC87ãt*IJ7D`rü�ü@LU7DC.Ã Ä4IÞVMF�GPGP7ÈÆ8I6Cn`WH�ÅM\=LZA%Æ.Ã I%Äñ\�Ã GPG�\ 7yIJ7D` H6_)Ä47DIJ7ÈÆ�F4\HÃ I#GP7ÈÆR7DC8G�l
F�IMLñGPY67DQ¥`WH�ÅM\=LéI6H4G¨A	7�Ä47DI67ÈÆ�F4\=\ QwÅJIMLU7ÈÆRC8G�F�IMLJF�AM\ 7ã_�H�ÆeV%Æ8H�Ä�ÆhF4ceco7ÈÆ8Cñ¼[»RË�¶�¼Ë^%]�»�ÌRÌ
H6_rGPYJ7tÃ ÆyAMF4Naf�Ä�ÆRH�ÅJIMLJ;»�%Ã IMN[7:GPYJ7DC87ãLU7DC.Ã Ä4IùVMF�GPGP7ÈÆ8IJCSNDF�I®A�7ÞNDF�GP7ÈÄ4H�Æ.Ã �D7]LÅF�CSco7ÈÆ87
E�FÉÆ.Ã=F�G�Ã H4IJCeH�ÆSF�VJVM\�Ã=NDF�G�Ã H4I6CeH6_@FñLU7DC.Ã Ä4IêVMF�GPGP7ÈÆRIMlr`W7dY1FPE47ãNjYJH4CR7DIêGPHéVM\=F4N[7ªGPYJ7]c
F�Cd¼[»�]�¶�¹j»`^�^�»�ÌRÁÂË�ÉO·m¶�¹j¹j»�¼�ÉJÌæÃ IúLU7DC.Ã Ä4IéVMF�GPGP7ÈÆRIOÆ¡¶P«yÁ0]�ÁÂ»�Ì8;g^[Iñ7]F4NjYãH6_ÕGPYJ7DC87S_�F4cnÃ=\�Ã 7DC
GPYJ7ÈÆ87}Ã CTFìYJ7]F4LKH6_6GPYJ7e_ÂF4c}Ã=\ QW� GPY67nH�ÆJÃ Ä/Ã IMF4\pLU7DC.Ã Ä4IOVMF�GPGP7ÈÆRIX� `@Y#Ã=NaYO7tÃ GPYJ7ÈÆ¨Ã CTF
_�ÅJIMLJF4co7DImG�F4\4H�ÆgFK\=F�I%Ä�ÅMFÉÄ47eLU7DV�7DIMLU7DImGìLU7DC.Ã Ä4IdVMF�GPGP7ÈÆ8I1; á Id7D«�F4cgVM\ 7bH6_kGÇ`¦HO_ÂF4c}Ã i
\�Ã 7DC-Ã C¦C8YJH�`@IMÃ IM¥HÃ Ä�Å%Æ87K°4;=<4l�`@Y67ÈÆ87U· ö�¸7*'"%3¡ô6ó[Ã C�Y67]F4LgH6_#GPYJ7¬_ÂF4c}Ã=\ QS_¤H�ÆoF�Ä�Æ8H�ÅJVeH6_
VMF�GPGP7ÈÆ8I6C�lqÃ IMND\ ÅML%Ã I/Ä­�d57(¡ömó.¦ºö#ó#lxF�IML! æ*'(+*'3¡ôºó�Ã CgYJ7]F4L:H6_ÕGPYJ7S_�F4c}Ã=\ Q®_¤H�ÆoVMF�GPGP7ÈÆRIJC
F�Cn1Oö�Y_"%â7$03� !*'(+*'3¡ô6ó#l,Z#[)3¡óJ*0 7(+*'�w !*'(+*'3¡ô6ó£F�IMLv�!�P&)�t$0*'�� !*'(+*'3¡ôºóB¼PL/\DC�NËÆ.Ã A6\]L»Ã I
GPYS\vV1F�VG\ÈÆRCd­ ^8^8^D¯��R±WF�IML¥­ NDæÞ¯��D±K½P;

� YS\DIXFgL/\DCJÃ Ä4IS\ÈÆ�`gF�I#GPC¦GPH:ceF�f]\�ÅJC�\ÜH6_ºFgL/\DCJÃ Ä4IeVMF�GPG7\ÈÆ8IMl4YS\¬NDF�InÄ]\DG�GPY^\¬ceF�Ã I
Ã=L/\]FK_ÊÆRH6cÿGPY^\ìYS\]F4L¬H6_kGPYS\¨_ÂF4c}Ã=\ QXF�IMLæÃ I#E]\DCRG�Ã Ä6F�G7\vGPYS\-Æ_\]\=F�G7\]LOL/\DC.Ã Ä4IdVMF�GPG7\ÈÆ8IJCv_�H�Æ
coH�Æ_\dC8V6\]NÈÃ ëMNvC8H6\ ÅJG�Ã H4IJC�;ù¢rYMF�GKGPYS\DC_\dE�FÉÆ.Ã=F�G�Ã H4IJCy`dÃ=\=\ûIJH4GªF4L6LSGPHñGPYS\:I�ÅMcbA6\ÈÆTH6_
_�ÅJIMLJF4c#\DImG�F4\pL/\DC.Ã Ä4IXVMF�GPG7\ÈÆ8IJCb`dÃ=\=\kA6\#\DIJCÇÅ%Æ_\]LKAmQr~�Å#Ã=L/\]\�Ã I^\Zs4>
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Mediator

Observer

Visitor

Acyclic

Default

Extrinsic

¥HÃ Ä�Å%Æ�\:°4;=<4>b¢r`WHX_ÂF4c}Ã=\�Ã \DCbH6_1L/\DC.Ã Ä4IXVMF�GPG7\ÈÆ8IJC

a 262,BD.b:�4657.b<�1E-(461E*3='4G8�.
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� YS\DIéA%Å#Ã=\=L%Ã I/ÄñF�IÅF�V6VM\�Ã=NDF�G�Ã H4Iã`dÃ GPY#Ã IéH4Ac	e\]N[GgH�Æ.Ã \DImG7\]LªV%ÆRH�Ä�Æ�F4cec}Ã I%Ä6l	GPY^\ÈÆ_\¨`dÃ=\=\
A6\XceF�ImQéV%Æ8H4AM\ \]cgCvGPHXCRH6\ E]\];é¢rYS\eC.Ã �f\dH6_MGPYS\DC_\:V%Æ8H4AM\ \]coCªceFPQéI1F�G�Å%Æ�F4\=\ QÊL%Ã îG\ÈÆ�l
F�CãceFPQÊ`@YMF�GéF�VJV6\]FÉÆ8C:GPHùA6\qYMFÉÆhLãV%ÆRH4AM\ \]coCéF�IMLã`bYMF�GvÃ Cg\]F�C.Ã=\ QÅC8H6\ E]\]LJ;ÿ^ÇGBÃ C
GPYS\ÈÆ_\]_�H�Æ_\ªL%Ã §XNËÅM\ G@GPHdC_\DGyF�I#Q£\�Ã=c}Ã GPCnGPHZGPY^\¬C.Ã �f\TH6_	V%Æ8H4AM\ \]c÷FZL/\DC.Ã Ä4IXVMF�GPG7\ÈÆ8IêNDF�I
C8H6\ E]\];rs²H�`K\DE]\ÈÆ¨C.Ã IMNh\�Ã GdcSÅJC8GvA6\XF�CRCÇÅMc#\]LSGPYMF�G¬GPYS\:V%Æ8H�Ä�Æ�F4cZc#\ÈÆ8C¬`bYJH�ÅJC_\:GPYS\
L/\DC.Ã Ä4IÅVMF�GPG7\ÈÆ8IJCéF4\=\bFÉÆ�\qC�NaYJH#H6\ \]LbÃ IÊGPY^\qH4A
	
\]N[GZH�Æ.Ã \DImG7\]L \�Ã IS\qH6_WGPYJH�Å/Ä4Y#G�lWGPYS\DQ
V�H4C8C_\DCOFñN[H6cecoH4I�Ä�Æ8H�ÅJIMLqH6_rfmIJH�`K\ \]LQÄ]\]lxGPYMF�GK`dÃ=\=\B\ \DGyGPYS\]c÷f#I6H�` GPYS\éF�IJC8`K\ÈÆ8C
GPHXNh\ÈÆ8G�F�Ã IqV%Æ8H4AM\ \]coCb`dÃ GPYJH�ÅJGÜGPHmHqc�Å1NjYSGPYJH�Å/Ä4Y#G�;r^[I ­ ~�s-|È®¨¯��D±pGPYS\ZFÉÅ6GPYJH�Æ8C@YMF8E]\
F�I6Ã ImG�Æ8H�L�ÅMN[GPH�Æ8QqC�\]N[G�Ã H4IÅN[H4I#G�F�Ã I7Ã I%Ä�Ä4H#HpLéF4LUE)Ã=Nh\qF�CgGPHOYJH�`øGPHãF�VJV1\ QqGPYS\yH4A
	
\]N[G
H�Æ.Ã \DImG7\]LXN[H4I1Nh\DVJGPCìGPH:A%Å#Ã=\=LN�^\D«EÃ AM\ \]l%Æ_\ÈÅJC�F�A1\ \vC8H6_�G*`gFÉÆ_\];¦^ÇGNÃ CKF4coH4I%Ä:H4GPYS\ÈÆbGPY7Ã I%Ä4C
YS\ÈÆ_\%\D«#V1\=F�Ã IS\]Lv`bYS\DIZGPH[ÅJC_\yND\=F�C8C�Ã IJYS\ÈÆ.Ã G�F�IMNh\yF�CBH4VJV�H4C_\]LgGPHK`@YS\DI:GPHdÅJC�\KN[H6coV�H4i
C.Ã G�Ã H4IM;K¢rYS\DC�\¬f)Ã IMLUCnH6_�F4LUE)Ã=Nh\ªFÉÆ_\KGPY#Ã I%Ä4CoGPYMF�GnC8YJH�Å1\=LeA6\dN[H6cZcoH4Iñf#IJH�`T\ \]LQÄ]\KGPH
V%Æ8H�Ä�ÆhF4cec#\ÈÆ8CUÃ I¨H4Ac	e\]N[G¦H�Æ.Ã \DI#G7\]LvV%Æ8H�Ä�Æ�F4cZc}Ã I%ÄZF�IMLn`dÃ=\=\4GPYS\ÈÆ_\]_�H�Æ_\ÜIJH4G�A6\BGPYJH�Å%Ä4YmG
H6_@F�CyV%Æ8H4A1\ \]coCTI^\f\]L%Ã I%ÄêF�I;\D«mVM\�Ã=NÈÃ GyC8H6\ ÅJG�Ã H4I1;»�4Hi\DE]\DI®GPYJH�Å%Ä4Y®GPYS\DC�\ñF4LUE)Ã=Nh\ãLUH
Æ_\DV%Æ�\DC_\DI#GbC8H6\ ÅJG�Ã H4IJCnGPHnÆ_\]NËÅ/ÆÇÆ.Ã I%ÄeV/Æ8H4AM\ \]coCì`dÃ GPY#Ã IqGPY^\vëS\]\=L¨H6_	H4Ac	e\]N[GìH�Æ.Ã \DI#G�F�G�Ã H4I
GPYS\DQãFÉÆ_\gIJH4GKNDF�C8G@H�ÅJGTF�CìIS\D`ïL/\DC.Ã Ä4IXVMF�GPG7\ÈÆ8IJCh;

Y�\D` L]\DC.Ã Ä4IqVMF�GPG7\ÈÆRIJCycSÅJC8GSÆ_\DV%Æ_\DC_\DImGbCRH6\ ÅJG�Ã H4IJCnGPHÞF4N[G�ÅMF4\6V%Æ8H4AM\ \]cgC[Ã IùL]\DC.Ã Ä4I
GPYMF�GBN[H�ÅM\=L@A6\�H6_�Ã ImG7\ÈÆ_\DC8G1GPHbGPY^\²C8HpNÈÃ \DG*QvH6_hH4Ac	e\]N[G1H�Æ.Ã \DImG�F�G�Ã H4IZÃ I¨Ä]\DIS\ÈÆ�F4\=l6¼[»RË�¶�¼Ë^%]�»�ÌRÌ
H6_ºH4IS\]w C@V%Æ�\DEEÃ H�ÅJCj\D«#V6\ÈÆ.Ã \DIMNh\];

¢rY7Ã CT\ \]F4LUC@GPH�~�Å#Ã=L/\]\�Ã IS\n�4>

a *,+�-I.k0�1l2�46575�+&8J1mPH46An1N<�5g?I+g461m.k1Eop+�8�+�1E5M<6?rqJ+ :�5X<�8J.b+�1E5�+_*Qs"4GAt<&O
57o6.
1Eu'.
1E06R
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� :�?c:=f @wvxvoD�FHI�A;p�iQjoh»@BAoCED�FHGQI�G
�w\KYMFPE]\ªF�VJVM\�Ã \]L¨GPY^\dF�IMF4\ QmC.Ã CnH4IqGPYS\ªL/\DC.Ã Ä4IqV1F�GPG7\ÈÆ8IJC[Ã Iÿ­ ~�s-|È®¨¯��¸±*;o¢rYS\:L]\DC.Ã Ä4I
VMF�GPG7\ÈÆ8I6CMV%Æ�\DC_\DI#G7\]L[Ã IKGPY#Ã CBN[H6\=\ \]N[G�Ã H4IÞFÉÆ_\¦V/Æ8H4AMF�AM\ QoGPYS\¦AG\DCRGûfmIJH�`@IKVMF�GPG7\ÈÆ8I6C�Ã IKGPYS\
FÉÆ_\]F4l]`@Y#Ã=NaYZC8YJH�Å1\=L"\DIMF�AM\ \bGPYS\SÆ_\]F4L]\ÈÆ8C²H6_mGPY#Ã C¦VMF�V6\ÈÆ�GPHd_�HpNËÅJC²H4I:GPYS\KF�IMF4\ QmC.Ã CgF�IML
Ã GPC�Æ_\DCÇÅ1\ GPC¨Ã IJC8G7\]F4LKH6_�H4IOGPY^\¨_�ÅJIMN[G�Ã H4I1F4\�Ã G�Ã \DCbH6_�GPY^\¨L]\DC.Ã Ä4IOVMF�GPG7\ÈÆ8IJCh;�¥QÅ%Æ8GPYS\ÈÆhcoH�Æ_\
GPYS\DQãFÉÆ_\TV%Æ_\DC_\DImG7\]LqF�CyLUH6ceF�Ã IwÃ IML/\DV6\DIML/\DImGÜVMF�GPG7\ÈÆ8IJChlÕF�IML�\DE]\DIÞGPYJH�Å%Ä4YqGPYS\DQ£\=FPQ
IJHêND\=F�Ã=coCqF�CyGPHñAG\tÃ I/Ä®F�I;\D«#Y1FÉÅJC8G�Ã E]\£N[H6\=\ \]N[G�Ã H4IúH6_@L]\DC.Ã Ä4I®VMF�GPG7\ÈÆ8IJC�Ã I®GPYS\dëS\]\=L
H6_	H4A
	
\]N[GPijH�Æ.Ã \DImG7\]LãL/\DC.Ã Ä4IMlJGPYS\DQ¥FÉÆ_\ª_�F�Ã Æh\ QS`dÃ=L/\]\ QOC8V/Æ_\]F4LZÃ IÞGPYS\tÃ ÆnV%Æ8H4V�H4C_\]L�Å6C_\DC�l
C8Hé`K\£_y\]\ G¨GPY1F�GeGPYS\DQù`¦H�ÅM\=LÞV/Æ8H�E)Ã=L/\£FdC_\DIJCJÃ AM\ \OAMF�C_\];b¥UH�ÆZGPY^\OH4A#E)Ã H�ÅJC}Æ_\]F�CRH4IJC
H6_1C8VMF4Nh\]l1`K\Z`[Ã=\=\pIJH4GTV%Æ_\DC_\DImG¬GPYS\M\DE�F4\ ÅMF�G�Ã H4IJCyH6_ÜF4\=\¦s��ÞL/\DC.Ã Ä4I¥VMF�GPG7\ÈÆ8IJC�Ã IùGPY#Ã C
VMF�V6\ÈÆ�lJA%ÅJGdÃ IJCRG7\]F4LeV%Æ�\DC_\DI#GyFZ_�\D`@\D«pF4coVM\ \DCoH6_	GPYS\ªF�VJVM\�Ã=NDF�G�Ã H4IñH6_G\]F4NjY�Ä�Å#Ã=L]\]\�Ã IS\
H4IÞF¬L/\DC.Ã Ä4IeVMF�GPG7\ÈÆRIM;�¥UH�Æ²GPY^\TL/\DG�F�Ã=\ \]LdF�IMF4\ Q#CJÃ C²H6_�F4\=\4GPYS\KL/\DC.Ã Ä4IeVMF�GPG7\ÈÆRIJC²`K\�Æ_\]_�\ÈÆ
GPH®­ á � ¯4°4F¡±*;

z "/�P3¡ô6óJ&w· ö�3�4Mô)¸
¢rYS\¬V%Å%Æ8V�H4C_\oH6_ºGPY#Ã CKL]\DC.Ã Ä4IqVMF�GPG7\ÈÆRI»Ã CbGPHñNËÆ_\]F�G7\¬H4Ac	e\]N[GPCn`@YJH4C_\{\D«�F4N[GyND\=F�C8C_\DCeFÉÆ_\
ÅJIJfmIJH�`@I!ÅJI#G�Ã=\2Æ`ÅJI#G�Ã=c"\];@¢rY#Ã C¨Ã CTL4H4IS\}Ã Iå­ ~�s-|È®¨¯��D±pAmQvÃ IJC8G�F�ImG�Ã=F�G�Ã I%Ä:GPYS\gH4A
	
\]N[GPC
Ã ISE)Ã Æ8G�ÅMF4\Õc"\DGPYJH�L4CÜGPYMF�GTNDF�IqA6\gA�H�ÅJIMLªF�G�Æ`ÅJI#G�Ã=c"\ZF�CbC8YJH�`@I­Ã I­¥HÃ Ä�Å%Æ�\:°4;=s4;

o

ProductA ProductB

FactoryMethod()

Operation()
product = FactoryMethod
.....

.....

Creator

FactoryMethod()

ConcreteCreatorA ConcreteCreatorB

FactoryMethod()

AbstractProduct

¥7Ã Ä�Å/Æ_\:°4;=s4>b¢xYS\}|J~'�/�����h�w�i�J���^���rR�\DCJÃ Ä4I»�rF�GPG7\ÈÆ8I

^[IÿFé\=F�I%Ä�ÅMFÉÄ]\S`[Ã GPY À�ÁÂ¼�¹ÓVk¶P]�T.]�¶]ÌRÌR»�ÌeGPYS\�Ä4H6F4\xH6_²GPY#Ã CqL/\DC.Ã Ä4IÊVMF�GPG7\ÈÆ8I NDF�IúA6\
F4NjY7Ã \DE]\]Lé©+Å#Ã G7\OL%Ã îG\ÈÆ_\DImG�\ Q];[�²C.Ã I%ÄdGPYS\�\D«#G7\DI1L/\]LM�næv�ÞIJH4G�F�G�Ã H4IÊ_ÊÆRH6c �/\]NÈÃ H4I á ;=s
`K\yNDF�IªIJH�`ÅC8Y6H�` YJH�`åGPH[ÅJC_\bE)Ã Æ8G�ÅMF4\	ND\=F�C8C_\DC�Ã IJCRG7\]F4L¬H6_9|�~'�I�	���r�^�i�J���^���eGPH[Ä�ÅMFÉÆ8i
F�ImG7\f\nGPY1F�G¦GPYS\ìV%Æ8HpLQÅMN[G�ND\=F�C8CgNDF�IªA6\TNjYJH4C�\DIdAmQ¨GPYS\nCÇÅJA�ND\=F�C8C_\DCWH6_mGPYS\¨NËÆ_\]F�GPH�Æ�ND\=F�C8Ch;
^[IJC8G7\]F4LñH6_²YMFPE)Ã I%ÄÅFdE)Ã Æ8G�ÅMF4\U�f�_�f�^�
�]�*iRc#\DGPYJHpLéGPH£YMF�IMLJ\ \O`@Y1F�GqN[H4IMNËÆ_\DG7\¥ND\=F�C8C:GPH
Ã IJC8G�F�ImG�Ã=F�G7\ÞF�GWÆ`ÅJI#G�Ã=c"\]lqÃ GnÃ CgIJH�` V�H4C8CJÃ AM\ \yGPH£F�GPG�F4NjfñGPYS\¨V%Æ8H4A1\ \]c coH�Æ_\SL%Ã Æ_\]N[G�\ Q
AmQOcZF�fEÃ I%ÄTGPYS\@V%ÆRH�LQÅ1N[GPiRND\=F�C8C²E)Ã Æ8G�ÅMF4\=;Ü¢rY7Ã CìceF�f]\DCWÃ G²V�H4C8C.Ã AM\ \bGPH¬A#Ã IMLgGPYS\TND\=F�C8CWGPH
A6\nÃ IJC8G�F�ImG�Ã=F�G7\]LXF�GSÆÇÅJImG�Ã=c#\]l)Ã IJC8G7\]F4LeH6_JA#Ã I1L%Ã I%Ä¨GPYS\æT�¼Ç»�¶�¹jÄ�¼DiRc#\DGPYJHpLXF�G�Æ`ÅJI#G�Ã=c"\];

á I F4LUE�F�ImG�FÉÄ]\�Ã IrÅ6C.Ã I%ÄSE)Ã Æ8G�ÅMF4\�ND\=F�CRCTVMF�GPG7\ÈÆRIJCæÃ CTGPYMF�GXÃ GæÃ CTIJH4GvIS\]Nh\DCRC�FÉÆ8QñGPH
Æ_\D`�ÆJÃ G7\¨FìIS\D`�� �/�f�k�����'���f�h���'�ª_�H�ÆU\]F4NjY¥N[H4I1NËÆ_\DG7\X�/�����6�f�f�ÜND\=F�C8C�;��%Ã I1Nh\nGPY^\nV1F�GPG7\ÈÆ8I
C8H6\ E]\DCªFKV%Æ8H4AM\ \]c N[H4IMNh\ÈÆRI#Ã I%ÄOGPYS\qNaYMF�I%Ä]\¨H6_ûV%Æ8HpLQÅMN[G¨F�G�ÆÇÅJIJijG�Ã=c"\]l	IJH4GZ_ÊÅ6IMN[G�Ã H4IJi
F4\�Ã G*Q]lWGPY^\¥_�F4N[GZGPYMF�GMÃ GMÃ CeGPY^\SEEÃ ÆRG�ÅMF4\@ND\=F�C8C:A#Ã IML%Ã I%ÄñGPYMF�GvÃ C}Æ_\DA�H�ÅJIMLêceF�f]\DC:GPYS\
Ã=coVM\ \]c"\DI#G�F�G�Ã H4IúH6_xGPYS\ªVMF�GPG7\ÈÆ8I Ã I �"¡S���ÿcoH�Æ�\ñN[H�ÆÇÆ�\]N[G�lbN[H4IMNh\DVJG�Å1F4\=\ Q¥C8V6\]F�f)Ã I%Ä6;
¥QÅ%ÆRGPYS\ÈÆ�coH�Æ_\�Ã G�Ã CgIJH�` V�H4C8C.Ã AM\ \TGPHg\D«#G7\DIML:GPYS\�Ã ImG7\ÈÆ�_�F4Nh\¨H6_pGPYS\£¢�¤f¥7�f���/�f�§¦9���'�G�f�f� i
ND\=F�C8C�l�`@Y#Ã=NjY»Ã CbIJH4G@V�H4C8CJÃ AM\ \�ÅJC.Ã I%Ä¨GPYS\¬H�Æ.Ã Ä/Ã IMF4\E|�~��/�	���r�^�i�J���S�G�éL]\DC.Ã Ä4ISVMF�GPG7\ÈÆ8I1;

^[G[Ã C¨ND\ \]FÉÆ�\ Q¥L/\]cgH4IJC8G�Æ�F�G7\]LZGPYMF�GM|J~'�/�����r�^�i�J�	�S����Ã C¨N[H�E]\ÈÆ_\]LdAmQªGPYS\ª\=F�I/Ä�ÅMFÉÄ]\
N[H4IJC8G�Æ`ÅMN[G©¨ ª
���f�f�/«$�f«¬�/¥7¥7�f¥�l¦F�IML¥F4NDN[H�Æ�L%Ã I%ÄXGPH�~�Å#Ã=L/\]\�Ã IS\X<MÃ G¬C8Y6H�ÅM\=LOGPYS\ÈÆ�\]_¤H�Æ_\:IJH4G



`]` ´1µ]¶¸·º¹j»�¼!�¸¾Z´7]�¶�ÌRÌ�Á ý�T�¶�¹jÁÂÄ�ÉãÄÇÆN�o»�ÌRÁÂË�ÉÞÈ²¶�¹j¹j»�¼�ÉJÌ

Creator

Operation()

product = new Product
...

...

Product

ConcreteCreatorA

Product

ProductA

AbstractProduct

¥HÃ Ä�Å%Æ�\:°4;��4>#|�~��/�����r�w�i�J�	�S�G�ñcoHpL/\]\=\ \]L�ÅJCJÃ I%ÄyEEÃ Æ8G�Å1F4\ÕND\=F�C8C_\DC

A6\ªF4NDNh\DV6G7\]L£F�CZFª_ÊÅ6IMLJF4c#\DImG�F4\rL/\DC.Ã Ä4IéVMF�GPG7\ÈÆ8I1l�A%ÅJGnC8YJH�ÅM\=L�Ã IJCRG7\]F4LdAG\OND\=F�C8C.Ã ë^\]L
F�C¨FZ\=F�I%Ä�ÅMFÉÄ]\OL/\DV6\DIMLJF�ImGTL/\DCJÃ Ä4IqVMF�GPG7\ÈÆ8IÞGPHZA6\�Å6C_\]LZÃ IXV%Æ8H�Ä�Æ�F4cecnÃ I%ÄÞ\=F�I%Ä�Å1FÉÄ]\DC
`dÃ GPYJH�Å6GÜEEÃ Æ8G�Å1F4\ÕND\=F�C8C_\DC�;

­ ö�ª­�#$'"%3�öZ· ö�3�4Mô)¸
¢rY#Ã CdL/\DC.Ã Ä4IãVMF�GPG7\ÈÆRIbÃ C{\]N[V6\]NÈÃ=F4\=\ QBÅJC�\]_ÊÅM\	`bYS\DIÅFS_�Æ�F4c#\D`WH�Æ8fÞYMF�C¬C8H6c"\Xc#\DGPYJHpLUC
GPYMF�G:FÉÆ�\Xc#\]F�ImGvGPHSA6\¨C8V6\]NÈÃ=F4\�Ã C_\]L�Ã I£C8V6\]NÈÃ ëMN¨F�VJVM\�Ã=NDF�G�Ã H4IJChl¦F�IMLOGPYS\MÃ=L/\]F�Ã C¬GPYS\DI
GPYMF�GWGPYS\nEkFÉÆ.Ã=F�A1\ \nV1FÉÆ8GPCoFÉÆ�\yceF4L]\yF�CTµ�Ä¡Ä�®[«y»�¹jµ�Ä+^�Ì@GPYMF�GgFÉÆ_\¨NDF4\=\ \]LO_ÊÆ8H6c ¹j»�«ì·�]�¶�¹j»
«y»�¹jµ�Ä�^�ÌP;

Hook1()
Hook2()

o

ConcreteClass

.....

.....

.....
Hook1()

Hook2()

AbstractClass

TemplateMethod()
Hook1()
Hook2()

¥7Ã Ä�Å/Æ_\:°4; ³ >b¢xYS\�¯E�J°g±S²¬~'���H�i�J�	�S���BR�\DCJÃ Ä4I»�rF�GPG7\ÈÆ8I

^D_UGPYS\BG7\]coVM\=F�G7\¬c"\DGPYJH�LbH4IM\ QTYMF�CrH4IS\BYJH#H4fdc#\DGPYJHpLJl�Ã G�Ã C1H4AmE)Ã H�ÅJCxGPYMF�GrH4IS\vNDF�I
ÅJC_\BGPYS\#ª´³�³&���6N[H4IJC8G�ÆÇÅ1N[GxH6_�GPYS\ÜE)Ã Æ8G�ÅMF4\hV/Æ8H�Nh\]L�Å%Æ_\DCSÃ=_4GPY^\¨Ã=coVM\ \]c#\DImG�F�G�Ã H4Iñ\=F�I/Ä�ÅMFÉÄ]\
CÇÅJV6V	H�ÆRGPCWC`ÅMNjY®F¨N[H4IJC8G�ÆÇÅMN[G�;

á V%Æ_\]N[H4IML/Ã G�Ã H4I _�H�Æµ\D«#G7\DI1L%Ã I%ÄOGPYS\X_�ÅJIMN[G�Ã H4I1F4\�Ã G*Q�Ã IÅFyCÇÅ6AJVMF�GPG7\ÈÆ8I6Ã CvGPY1F�GvGPYS\
ª
³�³f���nN[H4IJC8G�ÆÇÅMN[GvÃ CZVM\=F4Nh\]LbÃ IúGPYS\XEEÃ Æ8G�Å1F4\rV%Æ8HpNh\]LQÅ%Æ_\OH6_¦GPYS\qCÇÅJV6\ÈÆ8VMF�GPG7\ÈÆ8Iê`bYS\ÈÆ_\
GPYS\M\D«#G7\DI1L/\]L¥_�ÅJIMN[G�Ã H4I1F4\�Ã G*Q�Ã CT`gF�I#G7\]L6;­�UHÞ`@YS\DI§FZVMFÉÆ8G¬H6_xGPYS\ñ_�ÅJIMN[G�Ã H4I1F4\�Ã G*Q£H6_
FTG7\]coVM\=F�G7\Xc"\DGPYJH�L�Ã CgfmIJH�`bIéH4IM\ QùF�G�ÆÇÅJI6ijG�Ã=c#\]l	H4IS\y`¦H�Å1\=LdCÇÅJAMc#\DGPY6H�LvÃ GgGPH�Ã GPC
L%Ã îG\ÈÆ_\DImGT_ÊÅ6IMN[G�Ã H4IMF4\�Ã G�Ã \DC�lMF�IMLyVM\=F4Nh\�ª´³�³&����`@YS\ÈÆ_\gGPY^\:_ÊÅ6IMN[G�Ã H4IMF4\�Ã G*QOCRYJH�ÅM\=LOL%Ã îG\ÈÆ�;



�¸¾
��¾��@ÉM�@ÉJ¶P] ÀUÌRÁÂÌgÄÇÆN�o»�Ì�Á�Ë�ÉXÈ¦¶�¹j¹j»�¼�ÉJÌ ` °

^DcoVM\ \]c#\DImG�Ã I%Ä:GPYS\OÌ�Á�ÉJË.]�»¨µ]Ä¡ÄJ®}¯E�J°g±S²¶~��	�·�(�����S�G�rÃ IXGPY#Ã Cb`gFPQOGPY2ÅJC-Æ_\]coH�E]\DC
GPYS\M¸$�'�^¹[iRc#\DGPYJHpLª_ÊÆ8H6c GPYS\KL]\DC.Ã Ä4I:V1F�GPG7\ÈÆ8IMl4CRH¬GPYMF�GWGPYS\bCRG�ÆÇÅMN[G�Å%Æ_\bIJH�`lÃ C;Æ�\]LQÅMNh\]L
GPHeGPYS\¬H4IS\gC8YJH�`@I­Ã I­¥HÃ Ä�Å%Æ_\d°4;��

o .....

.....
inner

AbstractClass

TemplateMethod()

ConcreteClass

TemplateMethod()

ºHÃ Ä�Å%Æ_\W»]¼�½]¾#¿�À
ÁSÂ�Ã¶ÄÆÅJÇ&ÇJÈgÉEÊJËgÌSÍ¶Î�Ï	ÊHÐ(Ê�Ï�ÑSÒGÓ

Ô�Õ%Ö/×fÕ ØhÙIÚ ÛG×�ÖÆÚ ÜiÝ]×�ØhÞ�Ú ß]Ü©Ô ¼�à]¼�à]á�âäã_å Ú ÜSæ å Ú Ù_Þ7ç ã]è Ü^ß]Ü�Þ7×fÙ é£Ú Ü ã]è Õ%Ú Ü�Þ â ×{Ú�é#ê è ×�é#×fÜSë
Þ ã Þ�Ú ß]Ü è�ã ÜSæ]ç ã æ]×�ì�Ú è�è Øhß å ×fÙNÞ â ×#Õ Ú Þ7ç ã Þ�Ú ß]Ü·Ú Ügì â Ú�Ø â Õ_× å ×fÙ ã]è�í´î�îfï�ð Õ ã Ù�×�ì ã Ü'Þ7×�Ö á>ã ÜäÖ
Þ â ×fÙ_×fÛ'ñgÞ â ×"Õ Ú Þ7ç ã Þ�Ú ß]Üiì)Ú Þ â é#ß]Ù�×µÞ âäã ÜXß]ÜS×iò$ó'ó^ôµé#×fÞ â ß>Ö ¼

Ô�Ügß]Ù ÖSÚ Ü ã Ù_ñ£Õ_ê6×�ØfÚ ã]è Ú Õ ã Þ�Ú ß]ÜXß^õ ã{ö6ïf÷Mø&ù�ú/ûkï é#×fÞ â ß6Ö)ìKß]ç è Ö á ì â ×fÜgçSÕ Ú ÜSæ å Ú Ù_Þ7ç ã]è
ÜSß]Ü'Þ7×fÙ é©Ú Ü ã]è Õ á Þ â ×fÜXÛ6×£Ö/ß]ÜS×£Ú Ü(Þ â ×Wõ�ß è�è ß�ì)Ú ÜSæ£ì ã ñ ¾

öGïf÷gøfù¬úIûhï�ü�ïfûhý ó'þGÿ����
�������
	���
�����������������������������	! "���"��	!#�$%#�&���'��(�"�����
	���
"����)
*,+ í´ð�û -Gö ÿ -9ûkûfð�í�.0/fûhï�132
�4�5��	!#�$"���6��������7�8(�9�:�;����	! ����"��	!#�$%#�&����5��	!#�$�)<�5��&�#��
�(��=>����$�)
	!#�$�)
*,+ í´ð�û -�?;@ ÿ -;Afûhí ó îCBED'ú�ð�û
2
�4�5��	!#�$"���6��������7�� @ ���:�;����	! ����"��	!#�$F#�&����5��	!#�$�)���&������� ��E)�����=G����$")
	!#�$
*,+ í´ð�û -�?GH ÿ -;Afûhí ó îCBED'ú�ð�û
2
�4�5��	!#�$"���6��������7�� H ���:�;����	! ����"��	!#�$F#�&����5��	!#�$�)���&�������)
����#�$"I%��=>����$�)
	!#�$
¼
¼
¼
*,+ í´ð�û -�?>J ÿ -;Afûkí ó î�BED'ú�ð�û�2
�4�5��	!#�$"���6��������7�� J ���:�;����	! ����"��	!#�$%#�&����5��	!#�$�)K��&L�����4$NM ��'O��=>����$�)
	!#�$
�QP

ò$ó'ó^ô ü�ïfûký ó�þ6ÿ ö6ïf÷Mø&ù�ú/ûkï�ü�ïfûhý ó'þ5���
+ í´ð�û -Gö ÿ�ÿ���������	! "���"��	!#�$O#�&���=G����$�I"	!$�RQ�"�����
	���
"�������6�����
+ í´ð�û -�?;@ ÿ�ÿ���������	! "���"��	!#�$%#�&� ��
)��6��=>����$�I�	!$�RS���5��	!#�$����6�����
+ í´ð�û -�? H ÿ�ÿ���������	! "���"��	!#�$%#�&�)
����#�$�IO��=>����$�I�	!$"RQ���5��	!#�$����6�����
¼
¼
¼
+ í´ð�û -�? J ÿ�ÿ��:�;����	! ����"��	!#�$F#�&6$NM ��'%��=G����$�I"	!$�RQ���5��	!#�$����6���T�



U�V W Å5XZY\[�Ä^]`_Za W Ã�XJ¿�¿	À bNc3Xd[�À
ÇdeHÇgfih#Ä ¿�À
Â^ekjlXd[m[�Ä�]3eS¿

�QP

n Ü ã}è�ã ÜSæ]ç ã æ]×Wì)Ú Þ â Øhß^é#ê è ×fÞ7×©Û è ß6ØpoLÕ�Þ7Ù_çäØhÞ7çSÙ_× á Þ â ×�×�q�×�ØhÞµÞ â9ã ÞµÕ_× å ×fÙ ã]è9í´î�î&ï�ð Õ
êSÙ_ß å Ú�Ö]×WØ ã Ü(Û6× ã]è Þ7×fÙ_Ü ã Þ�Ú å × è ñiÕ Ú�éjç è�ã Þ7×�Ö�Û'ñHÖ/×�Ø è�ã Ù Ú ÜSæ©×�é"êSÞ
ñ å Ú Ù_Þ7ç ã]è é"×fÞ â ß6Ö]Õ)Ú ÜSë
Õ Ú�Ö/×�Þ â × ö6ïf÷Mø&ù�ú/ûkï�ü�ïfûhý ó'þ á6ã ÜäÖ)Þ â ×fÜHØ ã]è�è Ú ÜSæ�Þ â ×fÕ_×Æé"×fÞ â ß6Ö]ÕKì â ×fÙ_×�Þ â ×%×�r'Þ7×fÜSÕ Ú ß]Ü^Õ
ã Ù_×©ì ã Ü'Þ7×�Ö ¼Qn ÜHÞ â ×LØhß]ÜäØhÙ_×fÞ7×MÕ_çSÛ,Ø è�ã Õ_Õ_×fÕ á Þ â × ö6ïf÷Mø&ù�ú/ûhï�ü�ïfûký ó�þHÚ Õ{Õ_ê6×�ØfÚ ã]è Ú Õ_×�ÖXÛ�ñ
×�r'Þ7×fÜäÖSÚ ÜSæ©Þ â × å Ú Ù_Þ7ç ã]è é#×fÞ â ß>Ö/Õ ¼

s â Ú Õ)Ú Õ ã Õ_ß^é#×fì âäã ÞÆé#ß]Ù_×µ× è ×fæ ã Ü'Þ�Õ_ß è çSÞ�Ú ß]ÜLÞ7ß£Þ â ×µê^Ù_ß]Û è ×�é Þ â9ã ÜXÞ â ×{ß]ÙIÚ æ^Ú Ü ã]è
t ×fÕ Ú æ]Üvu ã Þ7Þ7×fÙ_Ü ¼

n ÜMØhß]ÜäØ è ç^Õ Ú ß]Ü)ìK× âäã7å ×xÞ â ×�Õ Ú Ü^æ è ×fë â ß�ß�o É9Ê�ËMÌ^Í¬Î'Ï�Ê©ÐiÊJÏ�Ñ^Ò�Ó Øhß å ×fÙ_×�Ö%Û'ñ"×�r�Þ7×fÜ^Õ Ú ë
Û è × å Ú Ù�Þ7ç ã]è é"×fÞ â ß6Ö]Õ$çSÕ Ú Ü^æ%Þ â × í
î�îfï�ð ë�Øhß]ÜSÕ�Þ7Ù_çäØhÞNõyÙ�ß^éxw(y�z�{ á'ã ÜäÖjÞ â ×#éjç è Þ�Ú ê è ×fë â ß�ß�o
ÉEÊJËgÌSÍ¶Î�Ï	Ê·Ð(Ê�Ï�ÑSÒGÓ Øhß å ×fÙ�×�Ö£Û'ñ å Ú Ù_Þ7ç ã]è ÜSß]Ü'Þ7×fÙ é©Ú Ü ã]è Õ á ì â Ú�Ø â Ú Õjê6ß]Õ_Õ Ú Û è ×"Þ7ß£Õ Ú�éjçSë
è�ã Þ7×iÚ Ü ã Ü'ñ è�ã Ü^æ]ç ã æ]×©Þ âäã Þ"Õ_ç^êSê6ß]Ù_Þ7ÕÆØhß^é"ê è ×fÞ7×©Û è ß>ØmoLÕ_Þ7Ù_çäØhÞ7ç^Ù_× ¼ s â çSÕ ÉEÊJËgÌSÍ¶Î�Ï	Ê
ÐiÊJÏ�Ñ^Ò�Ó Ú Õ ã ÜnÚ�ÖSÚ ß^é ¼

|~}6�^�0�T�"���
s â ×Lé#ß]Þ�Ú å�ã Þ�Ú ß]Ü Û6× â Ú ÜäÖMÞ â Ú ÕMÖ/×fÕ Ú æ]Ü;ê ã Þ7Þ7×fÙ_ÜdÚ Õ{Þ7ß Ö/×��SÜS× ã ß]ÜS×fë�Þ7ß]ë�é ã Ü'ñQÖ/×fê6×fÜSë
Ö/×fÜäØhñ)Û6×fÞ
ìK×f×fÜ©ß]Û��
×�ØhÞ7Õ,Õ_ß#Þ âäã Þpì â ×fÜÆß]ÜS×cß]Û��e×�ØhÞjØ âäã ÜSæ]×fÕ,Õ_Þ ã Þ7× á�ã]è�è Ú Þ7Õ%Ö/×fê6×fÜäÖ/×fÜ'Þ7Õ
ã Ù_×}ÜSß]Þ�Ú �^×�Ö ã ÜäÖLçSê,Ö ã Þ7×�Ö ã çSÞ7ß^é ã Þ�Ú�Ø ã]è�è ñ ¼ Ô%Ü ã é"ß]çSÜ�Þ�ß^õ�Ö ã Þ ã��7ãF�6/0.�� ï�Afû
� Ø ã Ü
âäã_å ×Lé ã Ü'ñiÙ�×fêSÙ_×fÕ_×fÜ'Þ ã Þ�Ú ß]ÜSÕ �g��.�17ï�ð + ï�ð�13�µã Ü9Ögì â ×fÜHß]Ü^×�ß^õ$Þ â ×fÕ_×©Ù_×fêSÙ�×fÕ_×fÜ�Þ ã Þ�Ú ß]Ü^Õ
Ú Õ"Ø âäã ÜSæ]×�Ö)Û'ñÆÞ â ×%ç^Õ_×fÙ á Þ â ×�Ö ã Þ ã Û6× â Ú ÜäÖ©Ú Þ ã ÜäÖ ã]è�è Þ â ×jß]Þ â ×fÙKÙ�×fêSÙ_×fÕ_×fÜ'Þ ã Þ�Ú ß]ÜSÕUì)Ú è�è
Û6×MØ âäã ÜSæ]×�Ö ¼ s â ×)Ù_×fêSÙ_×fÕ_×fÜ'Þ ã Þ�Ú ß]ÜSÕ£Ö/ßWÜSß]ÞKo�ÜSß ì ã ÛGß]ç^Þj× ã Ø â ß]Þ â ×fÙ ¼ s â Ú Õ%×fÜ ã Û è ×fÕ
ã çSÕ�×fÙcÞ7ß ã ÖSÖ�ß]ÙÆÖ/× è ×fÞ7×µÜS×fì Ù�×fêSÙ_×fÕ_×fÜ'Þ ã Þ�Ú ß]ÜSÕ ã Õ â ×"ì)Ú Õ â ×fÕ ¼

������������ observerState =
subject->GetState()return subjectState

Subject Observer

Update()Attach(Observer)
Detach(Observer)
Notify() for all o in observers {

o.Update() }

ConcreteObserver

Update()

observerState

ConcreteSubject

SetState()

subjectState

GetState()

*observers

subject

º Ú æ]çSÙ_× »]¼ U ¾ s â ×������ Êd�L�]Êd��t ×fÕ Ú æ]Ü�u ã Þ7Þ7×fÙ_Ü

� ×WØ è�ã Ú�é Þ âäã ÞNÞ â Ú Õ�Ö/×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ�ÜnÚ Õ)Ú Ünõ ã ØhÞ ã Ü ã êSê è Ú�Ø ã Þ�Ú ß]Ü(ß^õ�Þ â × ÐiÊJÓ��¶Î�Ï	Ò5�
Ö/×fÕ Ú æ]Ü)ê ã Þ7Þ7×fÙ_Ü ¼ s â × Ð(Ê�Ó��¬Î'Ï�Ò0� Ö/×fÕ Ú æ]Ü)ê ã Þ7Þ7×fÙ_Ü}Ö/×��SÜS×fÕ ã Ü)ß]Û��
×�ØhÞ �7ã{ü�ï þ í�ú/û ó ð�� Þ âäã Þ
×fÜäØ ã êSÕ�ç è�ã Þ7×fÕ â ß ì ã Õ_×fÞ�ß^õ�ß]Û��e×�ØhÞ7Õ �g? ó ù¬ù�ïfú:�"/fï�13� Ú Ü�Þ7×fÙ ã ØhÞ ¼ s â ×{Ú Ü�Þ7×fÜ'Þ�ß^õ�Þ â ×)Ö]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_ÜCÚ ÕjÞ7ßWêSÙ_ß^é#ß]Þ7× è ß�ß]Õ�×gØhß]çSê è Ú ÜSæ©Û'ñ�o]×f×fêäÚ ÜSæ£ß]Û��e×�ØhÞ7Õ�õyÙ�ß^é Ù_×�õ�×fÙ_Ù Ú ÜSæWÞ7ß£× ã Ø â
ß]Þ â ×fÙp×�r'ê è Ú�ØfÚ Þ è ñ áGã ÜäÖ�Ú ÞNé ã o]×fÕ%Ú Þpê6ß]Õ_Õ Ú Û è ×UÞ7ß å ã Ù_ñ{Þ â ×�Ú ÙjÚ Ü�Þ7×fÙ ã ØhÞ�Ú ß]Ü Ú ÜäÖ/×fê6×fÜäÖ/×fÜ'Þ è ñ ¼
s â ×"Õ�Þ7Ù_çäØhÞ7çSÙ_×£Ú ÕjÕ â ß�ìjÜnÚ Ü º Ú æ]çSÙ_× »]¼�»]¼

� â ×fÜ£Þ â ×)õyç^ÜäØhÞ�Ú ß]Ü ã]è Ú Þ
ñ�ß^õ ã ÜO����� Êd�L�]Êd� Ú Õ#Ö/×fÕ Ú Ù_×�Ö á^ã Ü ã êSê è Ú�Ø ã Þ�Ú ß]ÜMß^õ�Þ â × ÐiÊd�
Ó��¶Î�Ï	Ò5� Ö]×fÕ Ú æ]Ü)ê ã Þ7Þ7×fÙ_ÜgØ ã ÜÆÛ6×%Ú�é#ê è ×�é#×fÜ�Þ7×�ÖÆÚ ÜSÕ�Þ7× ã ÖNÛ'ñ è ×fÞ7Þ�Ú ÜSæ#Þ â × ? ó î�A�ð�ïfûkï��6/0.�� ï�Afû
ê è�ã ñ�Þ â ×jÙ_ß è ×%ß^õ�Þ â × ? ó î�A�ð�ïfûhï�ü�ï þ í¬ú/û ó ð6ã Ü9Ö"Þ â × ? ó îCA�ð�ïfûkï��i.�17ï�ð + ï�ð�1 ê è�ã ñ�Þ â ×%Ù_ß è ×jß^õ
Þ â × ? ó îCA�ð�ïfûkï�? ó ù�ù¬ïfú:�"/fï�1	¼ s â çSÕxÞ â × ? ó î�A�ð�ïfûkï��6/0.�� ï�Afû ì�Ú è�è Û6×NÞ â ×�é#×�ÖSÚ ã Þ7ß]ÙKÛ6×fÞ
ìK×f×fÜ



_Za��da¡ �eF �e�XJÃ�¢/¿�À
¿"Çgfih#Ä�¿	ÀeÂ�eFj£Xd[m[�Ä^]¤eS¿ U�¥

ConcreteMediator

Mediator Colleague

ConcreteColleague2ConcreteColleague1

mediator

º Ú æ]çSÙ_× »]¼�»]¾ s â × ÐiÊJÓ��¶Î�Ï	Ò5�Kt ×fÕ Ú æ]Ü�u ã Þ7Þ7×fÙ�Ü

Þ â × ? ó î�A�ð�ïfûhï���.C17ï�ð + ï�ð�1}ã ÜäÖiÞ â ×·Øhß^é©éjçSÜäÚ�Ø ã Þ�Ú ß]Ü@Ú Þ�Ü^×f×�Ö/Õ�Þ7ß âäã ÜäÖ è ×gì)Ú è�è Û6×gÞ â ×
ÜSß]Þ�Ú �äØ ã Þ�Ú ß]ÜCê^Ù_ß6Øh×�Ö]çSÙ_× ¼ s â9ã ÞF¦äó ûkí¨§ª© Ú ÕÆÞ7ßLÛG× Ø ã]è�è ×�Öiì â ×fÜS× å ×fÙÆÞ â ×WÕ_Þ ã Þ7×gß^õEÞ â ×
? ó î�A�ð�ïfûhï��6/5.L� ï�Afû Ø âäã Ü^æ]×fÕ�Ú Õ ã Ü ã ê^ê è Ú�Ø ã Þ�Ú ß]ÜiÕ�êG×�ØfÚ �9Ø{õ�× ã Þ7çSÙ_× á Þ â9ã Þ�Ú Õ ã ÖSÖ/×�Ö(Ú ÜiÞ â ×
« ß]ÛSÕ_×fÙ å ×fÙ_ë�ê ã Ù_Þ^¬ ¼

s â ×fÙ_× Àe¿ é#ß]Ù�×·Ú Üäõyß]ÙIé ã Þ�Ú ß]Ü@Ú Ü ã Ü­�~��� Êd�L�]Êd� Þ âäã Ü@Ú Ü ã ÐiÊJÓ"�¬Î'Ï�Ò0� Õ Ú Ü9Øh×XÞ â ×
Øhß^é©éjçSÜäÚ�Ø ã Þ�Ú ß]ÜXÛ6×fÞkìx×f×fÜ}Þ â × �6/0.�� ï�AfûKã ÜäÖ �i.�17ï�ð + ï�ð�1 Ú Õ®�"r�×�Ö á ÛSç^Þ�Þ â Ú Õ{Ú ÕUì â ñiÚ ÞµÚ Õ
ã Ü XZY5Y�Ã¬À�cEX5[�ÀeÇde ß^õ ÐiÊJÓ"�¬Î'Ï�Ò0�jã Ü9ÖÆÜSß]Þ��
çSÕ_Þ ã#å ã Ù Ú ã Ü'Þ ¼

Ô�ØfØhß]Ù ÖSÚ ÜSæ�Þ7ß�¯UçäÚ�Ö/× è Ú ÜS×<° á Þ â ×(�~��� Êd�L�]Êd� Ö]×fÕ Ú æ]Ügê ã Þ7Þ7×fÙ_ÜMÕ â ß]ç è ÖµÞ â ×fÙ_×�õ�ß]Ù_× e^Çd[
Û6× ã õ�çSÜäÖ ã é#×fÜ'Þ ã]è Ö/×fÕ Ú æ]ÜMê ã Þ7Þ7×fÙ_Ü á ÛSçSÞ ã Ù_× è�ã Þ7×�Ö}Ö/×fÕ Ú æ]Ügê ã Þ7Þ7×fÙ_ÜgÛ6× è ß]ÜSæ^Ú ÜSæ�Þ7ßÆÞ â ×
õ ã é©Ú è ñgß^õ ÐiÊJÓ��¶Î'Ï�Ò5� Ö]×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_Ü^Õ ¼

±`² � ²´³Cµ �
s â ×�Ú Ü�Þ7×fÜ'Þ$ß^õ Þ â ×�¶ � � �¶Ï�Ò0� Ö/×fÕ Ú æ]Ü{ê ã Þ7Þ7×fÙ_ÜMÚ ÕäÞ7ßjÛ6× ã Û è ×,Þ7ßÆÖ/×��SÜS× ã ÜS×fìHß]ê6×fÙ ã Þ�Ú ß]Ü�ß]Ü
Þ â ×x× è ×�é#×fÜ�Þ7ÕEß^õ ã Ü�ß]Û��e×�ØhÞ7ë�Õ�Þ7Ù_çäØhÞ7çSÙ_× á ì)Ú Þ â ß]çSÞxØ â9ã ÜSæ^Ú ÜSæ�Þ â ×�Ø è�ã Õ_Õ�×fÕäß^õIÞ â ×x× è ×�é#×fÜ'Þ7Õ
ß]Ü ì â Ú�Ø â Ú Þ�ß]ê6×fÙ ã Þ7×fÕ ¼ s â Ú ÕXÚ Õ ã ØfØhß^é#ê è Ú Õ â ×�ÖLÛ�ñHÙ�×fêSÙ_×fÕ_×fÜ'Þ�Ú ÜSæ Þ â ×gß]ê6×fÙ ã Þ�Ú ß]Ü ã Õ
· í¨17í�û ó ð Ø è�ã Õ_Õ�×fÕ ¼

s â ×�×�r ã é#ê è ×"ç^Õ_×�Ö}õyß]Ù{é"ß]Þ�Ú å�ã Þ�Ú ß]Ü Ú Õ ã Øhß^é#êäÚ è ×fÙNÞ âäã ÞcÙ�×fêSÙ_×fÕ_×fÜ'Þ7ÕNêSÙ_ß]æ]Ù ã é#Õ ã Õ
ã ÛSÕ_Þ7Ù ã ØhÞ$Õ_ñ'Ü�Þ ã r"Þ7Ù�×f×fÕ � Ô�Ý s Õ �7á ì â ×fÙ_×,Þ â ×,Ü^ß6Ö/×fÕäÙ_×fêSÙ_×fÕ�×fÜ�Þ ã Õ_Õ Ú æ]Üäé#×fÜ'Þ$Õ�Þ ã Þ7×�é#×fÜ�Þ7Õ á
å ã Ù Ú ã Û è × ã ØfØh×fÕ_Õ_×fÕ á%ã Ù Ú Þ â é#×fÞ�Ú�Ø�×�r'êSÙ_×fÕ�Õ Ú ß]ÜSÕ ácã ÜäÖiÕ_ß ß]Ü ¼ s â ×WÕ�×fÞ�ß^õpÜSß6Ö]× Ø è�ã Õ_Õ�×fÕ
Ö/×fê6×fÜäÖ/Õ�ß]ÜWÞ â × è�ã ÜSæ]ç ã æ]×�Û6×�Ú ÜSæWØhß^é#êäÚ è ×�Ö á ß^õ>Øhß]ç^Ù_Õ_× á ÛSçSÞ%Ú Þ#Ö/ß�×fÕ�Ü6¸ Þ�Ø âäã ÜSæ]×�éNçäØ â
õ�ß]Ù ã æ^Ú å ×fÜ è�ã ÜSæ]ç ã æ]× ¼ s â ×WÕ�×fÞ)ß^õEß]ê6×fÙ ã Þ�Ú ß]Ü^Õ�Þ â ß]çSæ âäá é©Ú æ â ÞXØ âäã ÜSæ]× á Õ Ú ÜäØh×gÞ â ×
Øhß^é#êäÚ è ×fÙ%Õ â ß]ç è Ö�Þ7Ù ã7å ×fÙ_Õ�×{Þ â ×µÔ�Ý s é ã Ü'ñgÞ�Ú�é#×fÕ�õ�ß]Ù)é ã Ü'ñHÖSÚ qG×fÙ_×fÜ�ÞjÙ_× ã Õ_ß]ÜSÕ ¼ s â ×
¶ � � �¬Ï	Ò5� Ö/×fÕ Ú æ]ÜÆê ã Þ7Þ7×fÙ_Ü(Ú Õ ã æ]ß�ß>ÖÆØ â ß^Ú�Øh× â ×fÙ_×KÛG×�Ø ã ç^Õ_×UÞ â ×xÕ�×fÞ9ß^õJß]ê6×fÙ ã Þ�Ú ß]ÜSÕjØ â9ã ÜSæ]×
ã©è ß]ÞNì â Ú è ×"Þ â ×µÕ_×fÞjß^õ^Ü^ß6Ö/×fÕ{Ú ÕjÙ Ú æ^Ú�Ö ¼

s â ×"Õ_Þ7Ù_çäØhÞ7çSÙ�×"ß^õSÞ â ×<¶ � � �¶Ï�Ò0� Ö/×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ�ÜnÚ ÕjÕ â ß�ìNÜnÚ Ü º Ú æ]ç^Ù_× »]¼ V ¼
s â ×%�Sæ]çSÙ�×;Ú ÕgÞ7ßnÕ�ß^é#×i×�r'Þ7×fÜ'Þwé£Ú Õ è × ã ÖSÚ ÜSæ á Õ Ú ÜäØh×LÞ â × �ÆøIï�ð�ú/ûkí ó î ë�é#×fÞ â ß6Ö/Õ Ú Ü

Þ â × × è ×�é#×fÜ'Þ7Õ ã Ù_×3Ú Ù_Ù�× è × å�ã Ü'ÞXÞ7ßCÞ â ×3Ö/×fÕ Ú æ]Ütê ã Þ7Þ7×fÙ_Ü ¼ s â ×fñ ã Ù_×wß]Ü è ñ é ã Ö/×3õ�ß]Ù
Þ â × ? ó î�A�ð�ïfûhï · í¹17í¬û ó ð Ø è�ã Õ_Õ_×fÕ"Þ7ß ã ØfØh×fÕ_Õ"Þ â × ã Þ7Þ7ÙIÚ ÛSçSÞ7×fÕ£Ú Ü Þ â ×�× è ×�é#×fÜ�Þ7Õ ¼ s â Ú Õ©Ú Õ ã Ü
×fÜäØ ã êSÕ�ç è�ã Þ�Ú ß]ÜSë ã ÜäÖ á Þ â ×fÙ_×fÛ�ñ ápè�ã Ü^æ]ç ã æ]×fë�Õ_ê6×�ØfÚ �äØ©Ú�é#ê è ×�é#×fÜ�Þ ã Þ�Ú ß]ÜdÖ/×fÞ ã Ú èpã ÜäÖWÞ â çSÕ
ÜSß]ÞNÙ�× è × å�ã Ü'Þ ¼

s â ×�Øhß è�è�ã Û6ß]Ù ã Þ�Ú ß]Ü(ÛG×fÞkìx×f×fÜ(Þ â ×©Ø è�ã Õ_Õ_×fÕ)Ú Ü}Þ â ×©Ö/×fÕIÚ æ]Ü}ê ã Þ7Þ7×fÙ_Ü·Ú ÕcÕ â ß ìNÜHÚ Ü}Þ â ×
Øhß è�è�ã Û6ß]Ù ã Þ�Ú ß]ÜCÖSÚ ã æ]Ù ã é Ú Ü º Ú æ]ç^Ù_× »]¼ ¥ Þ ã o]×fÜCõyÙ�ß^é»º ¯¡¼K½�¾ ¥ ½Z¿
¼

Ô�ÕWØ ã Ü·Û6×ÆÕ_×f×fÜ á Þ â ×(ÖSÚ ã æ]Ù ã é õyß è�è ß ìNÕ{Þ â ×©Õ_Þ7Ù_çäØhÞ7ç^Ù_×XõyÙ_ß^é º Ú æ]ç^Ù_× »]¼ V á�ã Ü9ÖHÚ Õ
Þ â çSÕ ã Õjé©Ú Õ è × ã ÖSÚ ÜSæ ã ÕpÞ â9ã Þ á ì â ×fÜ}Ú ÞjØhß^é#×fÕpÞ7ß"Þ â × ��øIï�ð�úIûhí ó î é"×fÞ â ß6Ö ¼ s ß å Ú Õ_ç ã]è Ú Õ_×
Þ â Ú Õ á ìK× âäã_å ×WØ â ß]Õ�×fÜ(Þ7ß(Ö/Ù ã ì ê ã Ù_Þ7Õcß^õ^Þ â Ú Õ)Ö^Ú ã æ]Ù ã é ì)Ú Þ â Ö/ß]Þ7Þ7×�Ö è Ú ÜS×fÕ�À'Þ â ×"ê ã Ù_Þ7Õ
ì â Ú�Ø â õ�Ù_ß^é ß]çSÙNê6ß^Ú Ü'Þcß^õ å Ú ×fì ã Ù�×µÜSß]ÞNê ã Ù�Þcß^õ^Þ â ×£Ö/×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ�Ü ¼

� âäã Þ âäã êSê6×fÜSÕXÚ Õ�Þ âäã Þ ã ÜCß]Û��e×�ØhÞ©Õ�Þ7Ù_çäØhÞ7çSÙ_× á Øhß]Ü�Þ ã Ú ÜäÚ Ü^æHÞ â ×}× è ×�é#×fÜ'Þ7Õ á Ø ã]è�è Õ
Þ â ×ÆÔ�ØfØh×fêSÞ£é#×fÞ â ß>ÖWß]Ü ã]è�è Ú Þ7Õ£é"×�éNÛ6×fÙ_Õ#ì)Ú Þ âlãS? ó î�A�ð�ïfûhï · í¹17í¬û ó ð�ã Õ ã Ù_æ]çäé"×fÜ�Þ ¼ Ô



»�Á W Å5XZY\[�Ä^]`_Za W Ã�XJ¿�¿	À bNc3Xd[�À
ÇdeHÇgfih#Ä ¿�À
Â^ekjlXd[m[�Ä�]3eS¿

Visitor

VisitConcreteElementA(ConcreteElementA)

Client

ConcreteVisitor1 ConcreteVisitor2

VisitConcreteElementB(ConcreteElementB)
VisitConcreteElementA(ConcreteElementA)

VisitConcreteElementB(ConcreteElementB)
VisitConcreteElementA(ConcreteElementA)

ObjectStructure Element

Accept(Visitor)

VisitConcreteElementB(ConcreteElementB)

ConcreteElementB

Accept(Visitor v)
OperationB()

v.VisitConcreteElementB(this)

ConcreteElementA

Accept(Visitor v)
OperationA()

v.VisitConcreteElementA(this)

º Ú æ]çSÙ�× »]¼ V ¾ s â ×�¶ � � �¶Ï�Ò5� Ö]×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_Ü

Ø ã]è�è ß^õKÞ â ×XÔÆØfØh×fê^Þ é#×fÞ â ß6Ö3Ú Ü ãÂ? ó î�A�ð�ïfûhï5Ã�ù�ïf÷)ï�îfû Þ7Ù Ú æ]æ]×fÙ�Õ ã Ø ã]è�è Þ7ß·Þ â ×%¾�Ú Õ Ú Þ7ë
Ä ß]ÜäØhÙ�×fÞ7×5Å è ×�é#×fÜ'ÞWé#×fÞ â ß>Ö á Ú ÜwÞ â × ? ó îCA�ð�ïfûkï · í¹17í�û ó ð õyÙ�ß^é Þ â × ã Ù_æ]çäé"×fÜ�Þ á ì�Ú Þ â Þ â ×
? ó î�A�ð�ïfûhï5Ã�ù�ïf÷{ï�î&û#ã Õ ã Ù_æ]çäé#×fÜ'Þ ¼ s â Ú Õj×fÜ ã Û è ×fÕ�Þ â × ? ó îCA�ð�ïfûkï · í¹17í�û ó ð Þ7ßWêG×fÙIõyß]Ù é Þ â ×
Øhß]Ù_Ù_×�ØhÞ%ß]ê6×fÙ ã Þ�Ú ß]ÜXß]Ü(Þ â × ? ó îCA�ð�ïfûkï5Ã�ù¬ïf÷{ï�îfû_¼

n Þ Ú Õ·ØhÙ�çäØfÚ ã]è Þ7ß â9ã7å × å Ú Ù�Þ7ç ã]è é#×fÞ â ß>Ö/Õ Ú ÜdÞ â ×3Ú�é#ê è ×�é#×fÜ�Þ ã Þ�Ú ß]Ü è�ã ÜSæ]ç ã æ]× Þ7ß
Ø â9ã ÜSæ]×WÞ â ×Wß]ê6×fÙ ã Þ�Ú ß]ÜSÕ�ì)Ú Þ â ß]ç^ÞMØ â9ã ÜSæ^Ú ÜSæ Þ â ×£× è ×�é"×fÜ�Þ â Ú ×fÙ ã ÙIØ â ñ ¼ÇÆ çSÞ{Þ â Ú ÕgÚ Õ ã
õ�× ã Þ7çSÙ_×£Þ â9ã ÞWÚ Õgõ�ß]çSÜäÖwÚ Ü ã]è é#ß]Õ_Þ)× å ×fÙ_ñwß]Û��
×�ØhÞ7ë�ß]Ù Ú ×fÜ�Þ7×�Ö è�ã Ü^æ]ç ã æ]× ¼Èn õ ã(è�ã Ü^æ]ç ã æ]×
âäã ÕNéjç è Þ�Ú ê è ×µÖSÚ Õ_ê ã Þ�Ø âäá/â ß ìx× å ×fÙ á Þ â × t ×fÕ Ú æ]Ü%u ã Þ7Þ7×fÙ_Ü(Ú ÕpÜSß]Þ9ÜS×f×�Ö/×�Ö ã Þ ã]è�è Õ Ú ÜäØh×UÞ â ×
Ø è çS×�Ú ÜWÞ â ×(¶ � � �¬Ï	Ò5� Øhß]Ü9Øh×fêSÞ#Ú ÕUÞ â × ã ØfØh×fêSÞ7ë å Ú Õ Ú Þ7ß]Ù)Øhß'ß]Ù ÖSÚ Ü ã Þ�Ú ß]Ügê6×fÙ õ�ß]Ù é©Ú ÜSæWÖ]ß]çSÛ è ×
ÖSÚ Õ_ê ã Þ�Ø âä¼

Ô�ÜäÖgÕ Ú Ü9Øh×£Þ â Ú ÕWÚ Õ ã õ�× ã Þ7çSÙ_×iÚ Ün× ¼ æ ¼%É¡Ê5Ë�Ì/á ìx× â9ã7å ×LØ â ß]Õ_×fÜ;Þ7ß å Ú ×fì Þ â Ú ÕgÖ/×fë
Õ Ú æ]Üdê ã Þ7Þ7×fÙ_Ü ã Õ ã ÜÎÍ t�t u ¼ s â × ±`² � ²´³Cµ � Ö]×fÕ Ú æ]ÜQê ã Þ7Þ7×fÙ_Ü Ú Õ ã Üd×�r ã é#ê è ×Lß^õ ã Ü
Í t�t u ì)Ú Þ âlã õ ã é©Ú è ñ ¼SÏ ÜS×Æß^õ>Þ â ×Xõ ã é©Ú è ñ;é#×�éjÛ6×fÙ_Õ á>Ð`ÑdÒ>ÑdÓ´²´ÑÇ±`² � ²´³Cµ � á Ú Õ£õ�ß]çSÜäÖ
Ú ÜÔº Ø�Õ ¥�V ¿
¼ s â ×�Ú Ü�Þ7×fÜ'ÞUÛG× â Ú ÜäÖ#Þ â ×�ê ã Þ7Þ7×fÙ_ÜHÚ ÕUÞ7ß ã]è�è ß ì ÜS×fì õyç^ÜäØhÞ�Ú ß]ÜSÕKÞ7ß�Û6× ã ÖSÖ/×�Ö
Þ7ß{×�r>Ú Õ_Þ�Ú ÜSæ â Ú ×fÙ ã ÙIØ â Ú ×fÕKì)Ú Þ â ß]çSÞ ã q�×�ØhÞ�Ú ÜSæ�Þ â ß]Õ_× â Ú ×fÙ ã Ù Ø â Ú ×fÕ áGã ÜäÖ"ì�Ú Þ â ß]çSÞ�ØhÙ�× ã Þ�Ú ÜSæ
Þ â ×WÞ7Ù_ß]çSÛ è ×fÕ_ß^é"×LÖ/×fê6×fÜäÖ/×fÜ9Øhñ Øhñ>Ø è ×fÕ)Þ â9ã Þ ã Ù_×LÚ Ü â ×fÙ_×fÜ'Þ{Þ7ßiÞ â × ±`² � ²´³Cµ � ê ã Þ7Þ7×fÙ_Ü ¼
s â Ú Õ%Õ_ß]çSÜäÖ]ÕNêSÙ_ß^é©Ú ÕIÚ ÜSæ á ÛSçSÞjÞ â ×WØ ã Þ�Ø â Ú Õ�Þ âäã ÞjÞ â ×µÕ_ß è çSÞ�Ú ß]ÜCÖ/×fê6×fÜäÖ/ÕNß]Ü éNç è Þ�Ú ê è ×
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aConcreteElementAanObjectStructure aConcreteElementB

Accept(aVisitor)
VisitConcreteElementA(aConcreteElementA)

Accept(aVisitor) VisitConcreteElementB(aConcreteElementB)

OperationA()

OperationB()

aConcreteVisitor

º Ú æ]çSÙ_× »]¼ ¥ ¾ s â ×£Øhß è�è�ã Û6ß]Ù ã Þ�Ú ß]ÜCÚ ÜÂ¶ � � �¬Ï	Ò5�

Ú Ü â ×fÙIÚ Þ ã ÜäØh× ã ÜäÖ Ö/ñ�Ü ã é©Ú�ØÆØ ã Õ_Þ HJ¼�Ö ��×�Ø�Ù Ó´³Ú±`² � ²´³Cµ � ã ÜäÖ�Û�Ü ³ � ²�Ý � ²´ÑÞ±`² � ²´³Cµ � ã Ù_×
õ�ß]çSÜäÖCÚ Üßº n
nEn ¥�V ¿{ã ÜäÖwæ^Ú å × ã é#ß]Ù�×}êSÙ_×�ØfÚ Õ_×nÖ]×fÕ ØhÙ Ú êSÞ�Ú ß]Ü3ß^õxÞkìxßnß^õ,Þ â × å�ã Ù Ú ã Þ�Ú ß]Ü^Õ
é#×fÜ'Þ�Ú ß]ÜS×�ÖLÚ ÜiÞ â ×`¯Uß º Ö]×fÕ ØhÙ Ú êSÞ�Ú ß]ÜLß^õ ±`² � ²´³Cµ � ¼�Ö ��×�Ø�Ù Ó´³S±`² � ²´³Cµ � ã ÖSÖ/Õ ã Ü^ß]Þ â ×fÙ
è × å × è ß^õ^Ú Ü â ×fÙ Ú Þ ã ÜäØh×KÞ7ß#Þ â ×N¾ÆÚ Õ Ú Þ7ß]Ùpê ã Þ7Þ7×fÙ_Ü ã ÜäÖjÞ â çSÕEêSÙ�ß å Ú�Ö/×fÕ ã Ö]×�õ ã ç è ÞNÚ�é#ê è ×�é#×fÜSë
Þ ã Þ�Ú ß]Ü;Þ âäã Þ{Þ ã o]×fÕ ã Ö å ã Ü�Þ ã æ]×Mß^õäÞ â ×iÚ Ü â ×fÙIÚ Þ ã ÜäØh×©Ù_× è�ã Þ�Ú ß]ÜSÕ â Ú êSÕMÚ Ü ã ê6ß è ñ6é"ß]Ù_ê â Ú�Ø
â Ú ×fÙ ã ÙIØ â ñ)ß^õJ× è ×�é#×fÜ�Þ7Õ ¼ ÛKÜ ³ � ²´Ý � ²´Ñ�±`² � ²´³Cµ � Þ7Ù ã Ö/×fÕpÞ â ×cêG×fÙIõyß]Ù é ã ÜäØh×xß å ×fÙ â × ã Ö#ß^õ ã
Õ é ã]è�è Ü�çäéjÛ6×fÙpß^õ�Ù_çSÜSë�Þ�Ú�é#×jÞ
ñ'êG×cÞ7×fÕ�Þ7Õ#õ�ß]Ù,Ù_×�Ö/ç9Øh×�Ö©Øhß^é#ê è ×�r>Ú Þ
ñ ã ÜäÖ£Øhß]çSê è Ú ÜSæWÚ ÜWÞ â ×
å Ú Õ Ú Þ7ß]Ù ã Ü9Ö"× è ×�é#×fÜ'Þ#Ø è�ã Õ�Õ_×fÕUß^õ'Þ â ×Nê ã Þ7Þ7×fÙ_Ü ¼ s â ×Nê ã Þ7Þ7×fÙ�Ü ã]è Õ_ß)êSÙ_ß å Ú�Ö/×fÕKÞ â × ã Û9Ú è Ú Þ
ñ
Þ7ß©× ã Õ Ú è ñ}Þ7×fÕ�ÞNÞ â ×£õ�× ã Õ Ú ÛäÚ è Ú Þ
ñ(ß^õ ã#å Ú Õ Ú ÞNß]ê6×fÙ ã Þ�Ú ß]ÜiÛ6×�õyß]Ù_× ã ØhÞ7ç ã]è�è ñ}êG×fÙIõyß]Ù é£Ú ÜSæXÚ Þ ¼

à ³ ��Ø ³ �0á Ò
s â ×Qâ ÏE�rÎ'Ï�Êdã9ä Ö/×fÕ Ú æ]ÜLê ã Þ7Þ7×fÙ_ÜCÖ/×��SÜS×fÕ ã õ ã é©Ú è ñ}ß^õ ã]è æ]ß]Ù Ú Þ â é"Õ á ×fÜäØ ã êSÕ_ç è�ã Þ7×fÕ#× ã Ø â
ß]ÜS× ã Ü9Ö·é ã o]×fÕ�Þ â ×�é Ú Ü'Þ7×fÙ Ø âäã ÜSæ]× ã Û è × ¼ â Ï3�rÎ�Ï	Êdã9ä è ×fÞ7Õ�Þ â × ã]è æ]ß]Ù Ú Þ â é å ã Ù_ñ3Ú ÜäÖ/×fë
ê6×fÜäÖ/×fÜ'Þ è ñ ß^õNØ è Ú ×fÜ�Þ7ÕÆÞ âäã Þ�çSÕ_× Ú Þ ¼`n ÞMÚ Õ�çSÕ_×�õ�ç è ì â ×fÜ é ã Ü'ñwÙ_× è�ã Þ7×�Ö Ø è�ã Õ_Õ_×fÕXÖSÚ qG×fÙ
ß]Ü è ñQÚ Ü Û6× âäã_å Ú ß]çSÙ á ÛG×�Ø ã ç^Õ_× Ú Þ}é ã o]×fÕ(Ú ÞÆê6ß]Õ_Õ Ú Û è ×WÞ7ß3Øhß]Ü��Sæ]çSÙ_× ã Ø è�ã Õ_Õ�ì)Ú Þ â ß]ÜS×
ß^õ,é ã Ü'ñXÛ6× âäã_å Ú ß]çSÙ�Õ ¼ s â ×MÖ/×fÕIÚ æ]ÜLê ã Þ7Þ7×fÙ_Ü3Ø ã Ü ã]è Õ�ßMÛ6× ã êSê è Ú ×�Ö£ì â ×fÜ ã Ø è�ã Õ_Õ âäã Õ
é ã Ü'ñLØhß]ÜäÖ^Ú Þ�Ú ß]Ü ã]è Õ_Þ ã Þ7×�é#×fÜ'Þ7Õ�Ú Ü ã Ügß]êG×fÙ ã Þ�Ú ß]Ü á Þ7ß ã7å ß^Ú�ÖXÚ ÞUÛ6×�Øhß^é©Ú ÜSæ}Ø è çäé#Õ_ñ ã ÜäÖ
Øhß]Üäõ�çSÕ Ú ÜSæ ¼ Å ã Ø â Û6× âäã7å Ú ß]çSÙjØ ã Ü�Û6×xê è�ã Øh×�Ö�Ú Ü}Ú Þ7Õpß ìNÜ(Ø è�ã Õ_Õ á Þ â çSÕEÛSç9Ú è ÖSÚ ÜSæ ã ÕIÚ�é#ê è ×
â Ú ×fÙ ã ÙIØ â ñ©ß^õ'Û6× âäã7å Ú ß]çSÙ_Õ ¼ s â ×jÕ_Þ7Ù_ç9ØhÞ7çSÙ_×jß^õ'Þ â ×¡â Ï3�rÎ�Ï	Êdã9ä Ö/×fÕIÚ æ]ÜWê ã Þ7Þ7×fÙ�Ü Ú ÕUÕ â ß ìNÜ
Ú ÜO�Sæ]ç^Ù_× »]¼�à�Á]¼

ConcreteStrategyA      

AlgorithmInterface()

ConcreteStrategyB

AlgorithmInterface()

ConcreteStrategyC

AlgorithmInterface()

Context

ContextInterface()

Strategy

AlgorithmInterface()

strategy

º Ú æ]ç^Ù_× »]¼�à�Á]¾ s â ×~â ÏE�rÎ'Ï�Êdã9äÚt ×fÕ Ú æ]Üåu ã Þ7Þ7×fÙ_Ü

æ�ç�èCç�émêEëCêmì9ç�êlçpíîí¹ï
ð>é6ñZï¤ò4êmïNóTï3ê>ï¤óTíîñ�ôTï
ð>óTè�ç�émê�õTò�ê>èCç�émê£ç�è�ömï¤émé®ç6ìT÷îøLöEçpömègìCñ



» ° W Å5XZY\[�Ä^]`_Za W Ã�XJ¿�¿	À bNc3Xd[�À
ÇdeHÇgfih#Ä ¿�À
Â^ekjlXd[m[�Ä�]3eS¿

� â ×fÜCØhß^é#ê ã Ù Ú ÜSæWÞ â × ã ê^ê è Ú�Ø ã ÛäÚ è Ú Þ
ñ(ß^õGÞ â ×<â Ï3�rÎ�Ï	Êdã9ä Ö/×fÕIÚ æ]Ü(ê ã Þ7Þ7×fÙ_ÜLì)Ú Þ â Þ â ×
Ú Ü'Þ7×fÜ�Þ�ß^õ9Þ â ×�â Ï�Î'Ï�Ê Ö/×fÕIÚ æ]Ünê ã Þ7Þ7×fÙ�ÜdÚ ÜÎº ¯¡¼4½C¾ ¥ ½�á êSê ¼Fù�Á]½¤¿
á Ú Þ)ì)Ú è�è�ã êSê6× ã Ù)Þ âäã Þ
â Ï	Î�Ï	Ê Õ_ß è å ×fÕ#Þ â ×)Õ ã é#×{ê^Ù_ß]Û è ×�é ã Õ�â Ï3�hÎ'Ï�Ê5ã9ä'á Þ â çSÕÆé ã o6Ú ÜSæOâ ÏE�rÎ'Ï�Êdã9ä Ù_×�Ö/çSÜäÖ ã Ü�Þ ¼
Æ ß]Þ â@ã Ú�é Þ7ßw×fÜäØ ã ê^Õ_ç è�ã Þ7×XÛ6× âäã_å Ú ß]çSÙ(Ú ÜCß]Û��e×�ØhÞ7Õ á ÛSçSÞÆì â ×fÙ_× ã ÕÚâ Ï�Î'Ï�Ê ì ã Ü'Þ7Õ©Þ â ×
Û6× âäã7å Ú ß]çSÙ"Þ7ß}Ù_×�ú^×�ØhÞ�Þ â ×�Õ_Þ ã Þ7×�ß^õ>Þ â ×(Øhß]Ü'Þ7×�r'Þ ã ÜäÖWÞ â ×fÙ_×�õ�ß]Ù_×(Ø â9ã ÜSæ]× ã Þ"Ù_çSÜ'Þ�Ú�é#× á
Þ â ×Þâ ÏE�rÎ'Ï�Êdã9äût ×fÕIÚ æ]Üüu ã Þ7Þ7×fÙ_Ü è × ã_å ×fÕ·Ú ÞWçSêQÞ7ß·Þ â ×CØ è Ú ×fÜ'ÞWÞ7ßtØ â ß'ß]Õ_× ã Øhß]ÜäØhÙ�×fÞ7×
Õ_Þ7Ù ã Þ7×fæ]ñ Þ7ßHìKß]Ù
o;ì)Ú Þ âä¼Çn ÜCÞ â ×kâ Ï�Î'Ï�Ê Ö/×fÕIÚ æ]Ü3ê ã Þ7Þ7×fÙ_Ü@Ú Þ�Õ â ß]ç è ÖLÛ6×gêGß]Õ�Õ Ú Û è ×gÞ7ß
Ø â9ã ÜSæ]×(ÖSÚ Ù_×�ØhÞ è ñCõyÙ�ß^é ß]ÜS×ÆÕ_Þ ã Þ7×©Þ7ß ã ÜSß]Þ â ×fÙ"ì â ×fÜwÕ_ß^é#×XØhß]ÜäÖSÚ Þ�Ú ß]Ü Ú Õ£é#×fÞ á ì â Ú�Ø â
é#× ã ÜSÕ�Þ â9ã Þ©Þ â ×HÖSÚ qG×fÙ_×fÜ�Þ(Øhß]Ü9ØhÙ_×fÞ7× �Sûhú/ûkï Ø è�ã Õ_Õ_×fÕ âäã7å ×}Þ7ß·ÛG×HÚ Ü'Þ7×fÙ Ö/×fê6×fÜäÖ/×fÜ'ÞÆÕ_ß
Þ âäã ÞcÞ â ×fñHØ ã ÜXê ã Õ_Õcì âäã Þ7× å ×fÙÆÖ ã Þ ã Ú ÕNÜS×�Øh×fÕ_Õ ã Ù_ñgÞ7ß�ß]ÜS× ã ÜSß]Þ â ×fÙ ¼�n Ü}Þ â ×�â ÏE�rÎ�Ï	Êdã9ä
Ö/×fÕ Ú æ]ÜMê ã Þ7Þ7×fÙ_Ü á Ú Þ"Ú ÕxÞ â ×�Ø è Ú ×fÜ'ÞKÞ â9ã Þ�Ö/×�ØfÚ�Ö/×fÕUì â9ã Þ ? ó îCA�ð�ïfûhï��Sû§ð�úIûhï���© Þ7ß ã êSê è ñ áGã ÜäÖ
Þ â ×�Ö ã Þ ã ÜS×f×�Ö/×�Ö{Û�ñ�Þ â × ? ó î�A�ð�ïfûhï��Sûfð�ú/ûkï���© ì�Ú è�è Û6×jêSÙ�ß å Ú�Ö/×�ÖµÛ'ñ©æ^Ú å Ú ÜSæ�Þ â × ? ó îfûhï�ý'û
ß]Û��
×�ØhÞ ã Õ ã Ù�æ]çäé#×fÜ'ÞNÞ7ß©Þ â × �Sûfð�ú/ûhï���©/¼

n ÞMÚ ÕÆÞ â çSÕ)ß]Û å Ú ß]çSÕ)Þ â9ã Þ)Þ â ×fÙ�× Ú Õ ã õ�çSÜäÖ ã é"×fÜ�Þ ã]è ÖSÚ qG×fÙ_×fÜäØh×£Û6×fÞkìx×f×fÜ Þ â ×MÞ
ìKß
Ö/×fÕ Ú æ]Üdê ã Þ7Þ7×fÙ�ÜSÕ á Û^çSÞLÚ ÞHÚ Õ}ÜSß]ÞMß]ÜS× Þ âäã ÞwÚ Õ å Ú Õ Ú Û è × õ�Ù_ß^é Þ â × Õ_Þ7Ù_çäØhÞ7ç^Ù_×fÕWß^õNÞ â ×
Ö/×fÕ Ú æ]ÜLê ã Þ7Þ7×fÙ_Ü^Õ ã Õ#êSÙ_×fÕ�×fÜ�Þ7×�ÖLÚ Üþº ¯�¼4½C¾ ¥ ½C¿ ÀäÚ ÜCõ ã ØhÞ�Þ â ×}Ø è ß]Õ_×}Øhß]ÜSÜS×�ØhÞ�Ú ß]ÜSÕ£Ú ÜLÞ â ×
êSçSÙ�êGß]Õ�×fÕ�ß^õ�Þ â ×�Þ
ìKßnÖ/×fÕIÚ æ]ÜHê ã Þ7Þ7×fÙ_ÜSÕ£Ú ÕMé©Ú Ù_Ù_ß]Ù_×�Ö Ú Ü ã]è é"ß]Õ_Þ£Ú�Ö/×fÜ'Þ�Ú�Ø ã]è Õ_Þ7Ù_ç9ØhÞ7çSÙ_×fÕ
ß^õ�Þ â ×£Ö/×fÕ Ú æ]Ü(ê ã Þ7Þ7×fÙ_ÜSÕ ¼

Å å�ã]è ç ã Þ�Ú Ü^æ£Þ â ×iâ ÏE�rÎ�Ï	Êdã9ä Ö/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_Üiìx×µÛ6× è Ú × å ×)Þ âäã Þ ã ÜSÜ^ß]çSÜäØfÚ ÜSæ�Þ â Ú Õ ã Õ
ã Ö]×fÕ Ú æ]Ü·ê ã Þ7Þ7×fÙ�Ü Ú Õ�Õ_Þ7Ù_×fÞ�Ø â Ú ÜSæ(Þ â × Øhß]ÜäØh×fêSÞ)ß^õcÖ/×fÕ Ú æ]Ü·ê ã Þ7Þ7×fÙ_ÜSÕ{Þ7ß'ß;õ ã Ù ¼ ¼ ã7å Ú ÜSæ
ÖSÚ qG×fÙ_×fÜ'Þ·Ú�é#ê è ×�é#×fÜ'Þ ã Þ�Ú ß]ÜSÕXß^õNÕ_ß^é#×lé#×fÞ â ß>Ön×fÜäØ ã êSÕ_ç è�ã Þ7×�Ö Ú Ü å Ú Ù�Þ7ç ã]è é#×fÞ â ß>Ö/Õ á
ã ÜäÖLçSÕIÚ ÜSæ3Ö/ñ�Ü ã é©Ú�ØgÖSÚ Õ_ê ã Þ�Ø â õyß]Ù�Û9Ú ÜäÖSÚ ÜSæLÞ â ×�é ã Þ�Ù_çSÜ'Þ�Ú�é#×}Õ â ß]ç è ÖiÙ_×fêSÙ_×fÕ_×fÜ'Þ ã
õ�çSÜäÖ ã é#×fÜ'Þ ã]è ì ã ñ"ß^õ Þ â Ú Ü�o>Ú ÜSæcì â ×fÜµêSÙ_ß]æ]Ù ã é£é©Ú ÜSæ)Ú Ü ã Ü)ß]Û��
×�ØhÞ7ë�ß]Ù Ú ×fÜ�Þ7×�Ö è�ã ÜSæ]ç ã æ]× ¼

� ×ÆØhß]ÜäØ è çäÖ/×%Þ âäã Þ,Þ â ×¡â ÏE�rÎ'Ï�Êdã9ä Ú�Ö/× ã Õ â ß]ç è Ö eSÇd[ Û6× ã¡t ×fÕ Ú æ]Ü�u ã Þ7Þ7×fÙ_Ü ã ØfØhß]ÙIÖ/ë
Ú ÜSæ©Þ7ßk¯UçäÚ�Ö/× è Ú ÜS× ù]¼

Ð`ÿ Ø�� ³ ���
s â ×MêSçSÙ�êGß]Õ�×£ß^õEÞ â Ú Õ(Ö]×fÕ Ú æ]Ü ê ã Þ7Þ7×fÙ_ÜmÚ ÕÆÞ7ß3Øhß]Ü å ×fÙ_Þ£Þ â × Ú Ü'Þ7×fÙ õ ã Øh×}ß^õ ã Ø è�ã Õ_Õ(Ú Ü'Þ7ß
ã ÜSß]Þ â ×fÙÆÚ Ü�Þ7×fÙIõ ã Øh×)ì â Ú�Ø â Ø è Ú ×fÜ�Þ7Õ%×�r�ê6×�ØhÞ ¼

s â ×né#ß]Þ�Ú å ã Þ�Ú ÜSæn×�r ã é#ê è × õyß]ÙWÞ â Ú ÕLÖ]×fÕ Ú æ]ÜQê ã Þ7Þ7×fÙ_Ü Ú Õ ã Ü ã êSê è Ú�Ø ã Þ�Ú ß]ÜQì)Ú Þ â ã
Ö/Ù ã ì)Ú ÜSæ�×�ÖSÚ Þ7ß]Ù á Þ â9ã Þ â9ã Õ ã æ]Ù ã ê â Ú�Ø ã]è ß]Û��e×�ØhÞ á �Sý�úSøIï á�ã ÕNÚ Þ7Õ�o]×fñ ã ÛSÕ_Þ7Ù ã ØhÞ�Ú ß]Ü ¼£�Sý�úSøIï
Ú Õ ã Ü ã ÛSÕ�Þ7Ù ã ØhÞjØ è�ã Õ_Õ,ì â Ú�Ø â Õ_çSê^ê è Ú ×fÕpÞ â ×µÚ Ü�Þ7×fÙIõ ã Øh×NÞ â9ã Þ ã]è�è Ö/Ù ã ì ã Û è ×cß]Û��e×�ØhÞ7Õ,Õ â ß]ç è Ö
Øhß]Üäõ�ß]Ù émÞ7ß�� Þ â ×fñ(éNçSÕ�Þ âäã_å × ã ÜM×�ÖSÚ Þ ã Û è ×�Õ âäã ê6× ã ÜäÖ"Þ â ×fñ(éNçSÕ�Þ�Û6× ã Û è ×%Þ7ßMÖ/Ù ã ì
Þ â ×�é#Õ�× è å ×fÕ ¼

n ÜCÞ â ×}×�r ã é#ê è ×}Þ â ×fñnÛSÙ Ú ÜSæ çSê Þ â ×}ê6ß]Õ_Õ Ú Û9Ú è Ú Þ
ñ;ß^õ,Õ_Þ7× ã]è Ú Ü^æ ã Ø è�ã Õ_Õ ö6ï�ý'û · í¬ï��
Þ âäã ÞjØ ã ÜiÖ^Ú Õ_ê è�ã ñ ã ÜäÖ�×�ÖSÚ ÞpÞ7×�r'Þ á Õ�ß"Þ â ×UêSÙ_ß]æ]Ù ã é©é"×fÙ%Ö/ß'×fÕ_Ü6¸ Þ âäã7å ×jÞ7ß"ìNÙ Ú Þ7× â Ú Õpß ìNÜ
ö6ï�ý'û��Sý�úSøIï ë�Ø è�ã Õ_Õ ¼ s â ×µêSÙ�ß]Û è ×�é Ú Õ�Þ â ×fÜ(Þ â9ã ÞjÞ â × öGï�ý�û · í�ï�� ë�Ø è�ã Õ�Õ�Ö]ß�×fÕ_Ü�¸ Þ)Øhß]Üäõ�ß]Ù é
Þ7ß©Þ â × �^ý�úSøIï ë�Ú Ü�Þ7×fÙIõ ã Øh× á Õ_ß(Ú Þ)Ú ÕNÜSß]Þcê6ß]Õ_ÕIÚ Û è ×"Þ7ß©çSÕ_× ö6ï�ý�û · í¬ï�� ë ã ÜäÖ �Sý�úSøIï ë�ß]Û��
×�ØhÞ7Õ
Ú Ü'Þ7×fÙ Ø âäã Ü^æ]× ã Û è ñ ¼

s â ×©Õ_ß è çSÞ�Ú ß]ÜtÚ Õ{Þ7ß é ã o]× ã}öGï�ý�ûg�^ý�úSøIï Õ_çSÛ,Ø è�ã Õ_Õ)ß^õ$Þ â × �Sý�ú øIï Ø è�ã Õ�Õ)Þ7ß ã Ö ã êSÞ
Þ â ×£Ý â9ã êG×�ß]Û��
×�ØhÞ7ÕjÞ7ß�Þ â × ö6ï�ý�û · í¬ï�� ë�Ú Ü'Þ7×fÙ õ ã Øh× ¼;n Ü º ¯¡¼K½�¾ ¥ ½Z¿ Þ â × ã çSÞ â ß]Ù�ÕNêSÙ_ß]ê6ß]Õ_×
Þ
ìKß(ÖSÚ qG×fÙ_×fÜ'Þxì ã ñ'Õcß^õ$Ö/ß^Ú Ü^æ)Þ â Ú ÕTÀ�Þ â ×��~��� Ê	�/Ï�
jÓSÎ'ÌSÏ	Êd� �7ã ÕcÕ â ß�ìNÜwÚ Ü º Ú æ]ç^Ù_× »]¼�à]à��
ã ÜäÖÆÞ â ×
� Í¶Î �3� 
jÓSÎ'ÌSÏ�Ê5���7ã Õ%Õ â ß ìNÜnÚ Ü º Ú æ]çSÙ_× »]¼�à ° �7¼

s â ×ÆØhß]ÜSÜ^×�ØhÞ�Ú ß]ÜXÛ6×fÞ
ìK×f×fÜ}Þ â ×%Ü ã é#×fÕcß^õ�Þ â ×©é#ß]Þ�Ú å ã Þ�Ú ÜSæ�×�r ã é#ê è × ã ÜäÖ)Þ â ×�æ]×fÜSë
×fÙ ã]è Õ_ß è çSÞ�Ú ß]ÜSÕ�ß^õ9Þ â ×�� Í¶Î �3� 
%ÓSÎ�Ì^Ï�Êd��ã ÜäÖXÞ â ×%����� Ê��IÏ�
jÓ^Î�ÌSÏ	Êd� Ú Õ�Õ â ß ìNÜ Ú Ü;Þ â ×



_Za��da¡ �eF �e�XJÃ�¢/¿�À
¿"Çgfih#Ä�¿	ÀeÂ�eFj£Xd[m[�Ä^]¤eS¿ »�ù

õ�ß è�è ß�ì)Ú ÜSæWÞ ã Û è × ¾

?9ù�ú:1�1{îfú/÷{ï ��ð�í¹�]í
î&ú/ù�D'ú/ûkûhï�ð î�� ó ù¬ï
�Sý�ú øIï ö6ú�ð��]ïfû
ö6ï�ý'û��Sý�úSøIï - þ ú ø&ûkï�ð
ö6ï�ý'û · í�ï�� - þ ú ø&ûkïfï

s â ×i����� Ê	�/Ï�
jÓ^Î�ÌSÏ	Êd� ì)Ú è�è�âäã_å ×)Þ â × - þ úSø&ûkï�ð â ß è Ö ã Ù�×�õy×fÙ_×fÜ9Øh×µÞ7ß£Þ â × - þ úSøfûhïfï
ã ÜäÖWÞ â ×fÙ_×fÛ'ñ;Ú�é"ê è ×�é#×fÜ'Þ�Ú Þ7Õ£õ�çSÜäØhÞ�Ú ß]Ü ã]è Ú Þ
ñCÚ ÜLÞ7×fÙIé#Õ"ß^õ6Þ â × - þ ú ø&ûkïfï ¸ Õ£Ú Ü'Þ7×fÙ õ ã Øh× ã Õ
Õ â ß ìNÜnÚ Ü º Ú æ]çSÙ�× »]¼�à]à]¼

Request()

adaptee

adaptee->SpecificRequest()

Adapter

Request()

TargetClient

SpecificRequest()

Adaptee

º Ú æ]ç^Ù_× »]¼�à]à]¾ s â ×������ Ê	�/Ï�
jÓSÎ'ÌSÏ	Êd�4t ×fÕIÚ æ]Üvu ã Þ7Þ7×fÙ_Ü

s â Ú Õ)Ú Õ���çäÚ Þ7×µÕ_Þ7Ù ã Ú æ â Þ�õ�ß]Ù_ì ã ÙIÖ�Þ7ßiÚ�é#ê è ×�é#×fÜ�Þ�Ú Ü�w(y�z�{ ¼

s â ×�� Í¶Î �¤� 
jÓSÎ'ÌSÏ	Êd�	á Õ â ß�ìNÜ3Ú Ü º Ú æ]çSÙ_× »]¼�à ° á ì�Ú è�è ç^Õ_×géjç è Þ�Ú ê è ×XÚ Ü â ×fÙ Ú Þ ã ÜäØh×ÆÞ7ß
×fÜ ã Û è ×jÞ â × - þ ú ø&ûkï�ð Þ7ßWÚ Ü â ×fÙIÚ Þ,Þ â × ö6ú�ð��]ïfû ¸ Õ"Ú Ü�Þ7×fÙ õ ã Øh× ã]è ß]Ü^æ]Õ Ú�Ö/×jì�Ú Þ â Þ â × - þ úSøfûhïfï ¸ Õ
Ú�é#ê è ×�é"×fÜ�Þ ã Þ�Ú ß]Ü ¼

SpecificRequest()

Request()

Adapter

Adaptee

Request()

TargetClient

SpecificRequest()

º Ú æ]çSÙ_× »]¼�à ° ¾ s â ×
� Í¶Î �¤� 
%ÓSÎ�Ì^Ï�Êd�4t ×fÕ Ú æ]Üvu ã Þ7Þ7×fÙ_Ü

s â Ú Õné©Ú æ â ÞXÕ_×f×�é Þ7ßQÛG× Þ â ×·ÛG×fÕ�Þ}Õ_ß è çSÞ�Ú ß]Ü á ÛSç^ÞMÞ â ×Qõ ã ØhÞ(Þ âäã ÞnÚ ÞXÙ_× è Ú ×fÕiß]Ü
éjç è Þ�Ú ê è ×HÚ Ü â ×fÙ Ú Þ ã Ü9Øh× á é ã o]×fÕiÚ ÞXÚ�é#ê6ß]Õ_Õ Ú Û è ×WÞ7ß3Ú�é#ê è ×�é"×fÜ�ÞXÚ Ü è�ã ÜSæ]ç ã æ]×fÕ©ì�Ú Þ â ß]çSÞ
Þ â Ú Õ#õy× ã Þ7çSÙ�× ¼ Ô�ÖSÖSÚ Þ�Ú ß]Ü ã]è�è ñ á � Í¶Î �¤� ã ÜäÖ~�~��� Ê	�/Ï�
%ÓSÎ�Ì^Ï�Êd� � âäã7å ×ÆÖSÚ qG×fÙ_×fÜ�Þ�Þ7Ù ã Ö/×fë�ß�qGÕ ¼
Ô�� Í¶Î �3� 
jÓSÎ'ÌSÏ�Ê5�



»�� W Å5XZY\[�Ä^]`_Za W Ã�XJ¿�¿	À bNc3Xd[�À
ÇdeHÇgfih#Ä ¿�À
Â^ekjlXd[m[�Ä�]3eS¿

� ã Ö ã êSÞ7Õ - þ úSøfûhïfï Þ7ß ö6ú�ð��]ïfû Û�ñXØhß^é©é©Ú Þ7Þ�Ú Ü^æ{Þ7ß ã Øhß]ÜäØhÙ_×fÞ7× - þ úSø&ûkï�ð Ø è�ã Õ�Õ ¼ Ô%Õ ã
Øhß]Ü^Õ_×��&ç^×fÜäØh× á�ã � Í¶Î �¤� Î'ÓSÎ�Ì^Ï�Êd� ìKß]Ü6¸ Þcìxß]ÙEoWì â ×fÜ}ìx×µì ã Ü'ÞNÞ7ß ã Ö ã êSÞ ã Ø è�ã Õ�Õ
X5e��wã]è�è Ú Þ7Õ%Õ_çSÛ,Ø è�ã Õ_Õ_×fÕ ¼

� è ×fÞ7Õ - þ úSøfûhï�ð ß å ×fÙ_Ù Ú�Ö]×�Õ�ß^é#×%ß^õ - þ úSøfûhïfï ¸ ÕUÛ6× âäã7å Ú ß]çSÙ á Õ Ú ÜäØh× - þ ú ø&ûkï�ð Ú Õ ã Õ_çSÛSë
Ø è�ã Õ�Õjß^õ - þ úSø&ûkïfï ¼

� Ú Ü'Þ7Ù_ß>Ö/çäØh×fÕ9ß]Ü è ñµß]ÜS×xß]Û��
×�ØhÞ áSã ÜäÖcÜ^ß ã ÖSÖ^Ú Þ�Ú ß]Ü ã]è ê6ß^Ú Ü'Þ7×fÙUÚ Ü9ÖSÚ Ù_×�ØhÞ�Ú ß]ÜXÚ ÕäÜ^×f×�Ö/×�Ö
Þ7ß£æ]×fÞjÞ7ß©Þ â × - þ úSøfûhïfï ¼

Ô�ÜÂ����� Ê	�/Ï�
jÓ^Î�ÌSÏ	Êd�

� è ×fÞ7Õ ã Õ Ú ÜSæ è × - þ úSøfûhï�ð ìKß]Ù
o)ì�Ú Þ â é ã Ü'ñ - þ úSøfûhïfï�1 � Þ âäã Þ%Ú Õ á Þ â × - þ úSøfûhïfï Ú Þ7Õ_× è õ
ã Ü9Ö ã]è�è ß^õpÚ Þ7Õ�Õ�çSÛ,Ø è�ã Õ_Õ_×fÕ � Ú�õ ã Ü'ñ �7¼ s â × - þ úSøfûhï�ð Ø ã Ü ã]è Õ_ß ã ÖSÖ(õ�çSÜäØhÞ�Ú ß]Ü ã]è Ú Þ
ñ
Þ7ß ã]è�èG- þ ú ø&ûkïfï�1%ã Þjß]ÜäØh× ¼

� é ã o]×fÕ"Ú Þ âäã Ù Ö/×fÙ�Þ7ß{ß å ×fÙ�Ù Ú�Ö/× - þ úSøfûhïfï Û6× âäã_å Ú ß]çSÙ ¼�n Þ�ì�Ú è�è Ù_×���çäÚ Ù_×jÕ�çSÛ,Ø è�ã Õ_Õ Ú ÜSæ
- þ úSøfûhïfï%ã ÜäÖ�é ã o>Ú ÜSæ - þ ú ø&ûkï�ð Ù�×�õy×fÙpÞ7ß"Þ â ×cÕ�çSÛ,Ø è�ã Õ_ÕpÙ ã Þ â ×fÙpÞ âäã Ü�Þ â × - þ úSøfûhïfï
Ú Þ7Õ�× è õ ¼

Ô�Ü ã]è Þ7×fÙ_Ü ã Þ�Ú å ×�Õ_ß è çSÞ�Ú ß]Ü Øhß]ç è Ö#Û6×cÞ7ßµçSÕ�×KÞ â ×NÜS×fÕ_Þ�Ú ÜSæ"ß^õ6Ø è�ã Õ_Õ�×fÕ�Þ âäã Þ%Ú Õ�êGß]Õ�Õ Ú Û è ×
Ú ÜFw(y�z0{ ¼ s â Ú Õ#Ø ã ÜHÚ ÜMÕ_ß^é#×�×�r�Þ7×fÜ'ÞUÕ Ú�éjç è�ã Þ7×©éNç è Þ�Ú ê è ×ÆÚ Ü â ×fÙ Ú Þ ã ÜäØh× ã Õ"Ö^Ú Õ ØhçSÕ_Õ_×�ÖWÚ Ü
Ä âäã ê^Þ7×fÙ V ¼�à]¼�à]á$ã ÜäÖ�Þ â ×fÙ_×fÛ'ñMÛ6× âäã_å × ã ÕNÞ â ×!� Í¶Î �3� 
jÓSÎ'ÌSÏ�Ê5��¼

s â × - þ ú ø&ûkï�ð ë�Ø è�ã Õ_ÕÆÕ â ß]ç è ÖnÚ ÜnÞ â Ú Õ å ×fÙ_ÕIÚ ß]Ü;Û6×iÖ]×��SÜS×�Ö ã ÕÆê ã Ù�Þ{ß^õEÞ â × ö6ú�ð��]ïfû ë
Ø è�ã Õ_Õ á$ã Õ ãQ� ê6ß]Õ_Õ Ú Û è ñWÞ7Ù Ú å Ú ã]è!� Õ_ê6×�ØfÚ ã]è Ú Õ ã Þ�Ú ß]Ü ß^õ^Þ â × - þ úSøfûhïfï ë�Ø è�ã Õ_Õ ¼

s â ×�Õ_Þ7Ù_ç9ØhÞ7çSÙ_×�ß^õ]Þ â ×�" Ê � Ï�ÊJÓ�
%ÓSÎ'ÌSÏ�Êd� Ö/×fÕ Ú æ]ÜÆê ã Þ7Þ7×fÙ_Ü}Ú ÕEÕ â ß�ìjÜgÚ Ü º Ú æ]çSÙ_× »]¼�à�ù]¼

AbstractTarget

SpecificRequest()

Adapter

Request()

Target

anAdapter.SpecificRequest()

anAdapter

Request()
SpecificRequest()

Adaptee
Client

# Ú æ]çSÙ_× »]¼�à�ù]¾$
jÓ^Î�ÌSÏ	Êd� çSÕ Ú ÜSæ�Ü^×fÕ_Þ7×�ÖXØ è�ã Õ_Õ_×fÕ

n Þ{Õ â ß]ç è Ö â ×fÙ_×WÛ6×�ÜSß]Þ7×�ÖXÞ â9ã Þ{Þ â ×WÜ ã é#×fÕ{ß^õ9Þ â × ö6ú�ð��]ïfû ë�Ø è�ã Õ_Õ_×fÕ ã Ù_× ã Ö:�
çSÕ_Þ7×�Ö
ãLè Ú Þ7Þ è ×wÚ Ü Øhß^é#ê ã Ù Ú Õ_ß]Ü ì)Ú Þ â Þ â ×Wß]ÙIÚ æ^Ú Ü ã]è%
%ÓSÎ'ÌSÏ�Êd�<t ×fÕIÚ æ]Ü u ã Þ7Þ7×fÙ�Ü ã ÕXÚ ÜäÖ^Ú�Ø ã Þ7×�Ö
Û6× è ß�ì ì â ×fÙ_×jÞ â ×NÙ_ß è ×fÕKß^õ'Þ â ×)Ø è�ã Õ_Õ�×fÕ"Ú ÜWÞ â ×)é#ß]Þ�Ú å ã Þ�Ú ÜSæÆ×�r ã é#ê è × ã Ù�× è Ú Õ_Þ7×�ÖMõyß]ÙxÞ â ×
Þ
ìKßLÖ]×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_Ü^Õ ¾



_Za��da¡ �eF �e�XJÃ�¢/¿�À
¿"Çgfih#Ä�¿	ÀeÂ�eFj£Xd[m[�Ä^]¤eS¿ »]½

?äù¬ú:1�1"î&ú/÷{ï ��ð�í¨�]í
î&úIù�D'úIûhûhï�ð î�� ó ù¬ï ¦ ï�17ûhï þ D'ú/ûhûkï�ð î�� ó ù�ï
�Sý�úSøIï ö6ú�ð��]ïfû -4.C17û§ð�úTAfûhö6ú�ð��]ïfû
ö6ï�ý'û��Sý�úSøIï - þ úSø&ûkï�ð ö6ú�ð��]ïfû
ö6ï�ý'û · í�ï�� - þ úSø&ûkïfï - þ úSøfûhïfï

� â ×fÜWØhß^é#ê ã Ù Ú ÜSæNÞ â ×&" Ê � Ï�ÊJÓ!
%ÓSÎ�Ì^Ï�Êd� Ö/×fÕ Ú æ]Ü)ê ã Þ7Þ7×fÙ_Üµì)Ú Þ â Þ â ×®����� Ê	�/Ï'
jÓSÎ'ÌSÏ�Ê5�
ã ÜäÖ©Þ â ×(� Í¬Î �¤� 
%ÓSÎ�Ì^Ï�Êd� ìK×��SÜäÖ�Þ âäã ÞNÞ â ×)" Ê � Ï�ÊJÓ*
jÓSÎ'ÌSÏ�Ê5��âäã Õ ã]è é#ß]Õ�ÞjÞ â ×)Õ ã é#×
êSÙ_ß]Õ ã ÜäÖ·Øhß]Ü^Õ ã Õ�Þ â ×+� Í¶Î �¤� 
jÓSÎ'ÌSÏ	Êd� ì â ×fÜdØhß^é#ê ã Ù_×�Ö(Þ7ß(Þ â ×O����� Ê	�/Ï�
%ÓSÎ�Ì^Ï�Êd�	¼
n ÞgÚ Õ�ê6ß]Õ_Õ Ú Û è ×WÞ7ßiß å ×fÙ_Ù Ú�Ö/× - þ ú ø&ûkïfï Û6× âäã7å Ú ß]çSÙ}Ú ÜnÞ â × - þ ú ø&ûkï�ð çSÕ Ú Ü^æ(Þ â ×," Ê � Ï�Ê�Ó

jÓ^Î�ÌSÏ	Êd� Ö/×fÕ Ú æ]ÜMê ã Þ7Þ7×fÙ_Ü á ÛSç^Þ�Õ Ú ÜäØh×%Þ â × - þ úSøfûhï�ð Ú ÕKÜS×fÕ_Þ7×�ÖMÚ Ü'Þ7ß ö6ú�ð��]ïfû_á6ã Ü Ú Ü9ÖSÚ Ù_×�ØhÞ
ê6ß^Ú Ü�Þ7×fÙ"ß]Ù ã Ù_×fÜ ã é©Ú ÜSægÕ Ø â ×�é#×(Ú Õ"ÜS×f×�Ö]×�ÖMÞ7ßXÞ7ß]çäØ â Þ â × - þ úSøfûhïfï Û6× âäã7å Ú ß]çSÙ£õ�Ù_ß^é
Þ â × ö6ú�ð��]ïfû Ø è�ã Õ�Õ ¼ ÔÆÖSÖ^Ú Þ�Ú ß]Ü ã]è�è ñ á Þ â ×�ÜS×fÕ_Þ7×�Ö - þ ú ø&ûkï�ð Ú Õ#Õ_Þ ã Þ�Ú�Ø ã ÜäÖLÚ Þ%ì�Ú è�è Û6× âäã Ù Ö
Þ7ßié ã o]× ã Ü - þ ú ø&ûkï�ð ìxß]Ù
oMì)Ú Þ â é ã Ü�ñ - þ ú ø&ûkïfï Õ ¼

s â çSÕ%ìx×gØhß]ÜäØ è çäÖ/×)Þ âäã ÞjÞ â ×)" Ê � Ï�Ê�Ó*
jÓ^Î�ÌSÏ	Êd� Ö/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_ÜCÚ Õ ã ì ã ñXß^õGß]ÛSë
Þ ã Ú ÜäÚ ÜSæ�Þ â × ã Ö å�ã Ü'Þ ã æ]× � ß å ×fÙ�Ù Ú�ÖSÚ ÜSæ�Þ â × - þ úSøfûhïfï Û6× âäã_å Ú ß]ç^Ù � ß^õ�Þ â ×&� Í¬Î �¤� 
%ÓSÎ'ÌSÏ�Êd�
Ú Ü�w(y�z�{(ì)Ú Þ â ß]çSÞcçSÕ Ú ÜSæ(éjç è Þ�Ú ê è ×MÚ Ü â ×fÙ Ú Þ ã ÜäØh× ¼

n Ü.-�y Ê�/^á Ö ã Þ ãÈY0Xd]hÄ^e�[�¿ ×�r'ê è Ú�ØfÚ Þ è ñQÚ�é#ê è ×�é#×fÜ�Þ)Þ â ×£Ù�×fêSÙ_×fÕ_×fÜ'Þ ã Þ�Ú ß]Ü é#×�Ø âäã Ü9Ú Õ é
õ�ß]çSÜäÖ{Ú�é"ê è Ú�ØfÚ ÞUÚ Ü}Ø è�ã Õ_Õ_ë�Û ã Õ_×�Ö è�ã ÜSæ]ç ã æ]×fÕ ¼ Ï Û��e×�ØhÞ7ÕcØhß]Ü�Þ ã Ú ÜÆÜ ã é"×�ÖNÕ è ß]Þ7ÕEì â Ú�Ø â é ã ñ
Õ_Þ7ß]Ù_×Æ×�Ú Þ â ×fÙ#Õ_Þ ã Þ7×Æß]Ù#Û6× âäã7å Ú ß]çSÙ áEã ÜäÖLÚ�õ ã Ü ß]Û��
×�ØhÞ#Ù_×�Øh×�Ú å ×fÕ ã é#×fÕ_Õ ã æ]× ã ÜäÖ Ú Þ âäã Õ
ÜSßné ã Þ�Ø â Ú ÜSæiÕ è ß]Þ á Þ â ×£Õ_× ã ÙIØ â Øhß]Ü'Þ�Ú Ü'çS×fÕ å Ú ã(ã ê ã Ù_×fÜ'Þµê6ß^Ú Ü�Þ7×fÙ ¼ s â çSÕWÖ/× è ×fæ ã Þ�Ú ß]Ü
Û6×�Øhß^é#×fÕj×�r'ê è Ú�ØfÚ Þ ã Ü9ÖÆÜSß ö6ï�ý'û��Sý�úSøIï Ø è�ã Õ_ÕÆÚ ÕjÜS×f×�Ö]×�Ö ¼

n ÞLØhß]ç è Ö·Þ â çSÕ£Û6× ã Ù_æ]ç^×�ÖHÞ âäã Þ Ú Ü Ö/× è ×fæ ã Þ�Ú ß]Ü^ë�Û ã Õ_×�Ö è�ã ÜSæ]ç ã æ]×fÕgì)Ú Þ â ×�r'ê è Ú�ØfÚ Þ
Ö/× è ×fæ ã Þ�Ú ß]Ü á Þ â Ú Õ)Ö]×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_Ü Ú Õ ã ÜnÚ�ÖSÚ ß^é ¼

n Üüº Ô Ä ¥ » Û ¿�ã ÜäÖ­º Ô Ä ¥�V ¿ ìx× ã Ù_æ]çS×�Ö(Þ âäã Þ Ð`ÿ Ø�� ³ �0� Õ â ß]ç è Ö}ÜSß]Þ âäã7å ×MÛ6×f×fÜ ã
Ö/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_Ü ¼ s â ×"Ù�× ã Õ_ß]Üiì ã Õ á Þ â9ã ÞjÕ Ú ÜäØh×)Þ â Ú Õ)Ö/×fÕIÚ æ]Ü(ê ã Þ7Þ7×fÙ_ÜLß]Ü è ñHÖ/× ã]è Õ%ì)Ú Þ â
Ù_×fçSÕ�×)ß^õ�ÛG× â9ã7å Ú ß]çSÙÆÚ ¼ × ¼ Ù_×fçSÕ_×�ß^õ,Øhß>Ö/×XõyÙ_ß^é ß]ÜS×}Ø è�ã Õ_Õ_ë â Ú ×fÙ ã Ù Ø â ñLÞ7ß ã Ü^ß]Þ â ×fÙ á Ú Þ©Ú Õ
ÜSß]Þ�õyß è�è ß ì)Ú ÜSægÞ â ×XÝSØ ã ÜäÖ^Ú Ü ã7å Ú ã Ü ã êSêSÙ_ß ã Ø â ì â ×fÙ_×MÚ Þ©Ú Õ�Þ â ×Xé#ß>Ö/× è�è Ú ÜSæ ã ÜäÖiÖ]×fÕ Ú æ]Ü
Þ âäã Þ)Ú Õjìxß]Ù_Þ â Ù_×fçSÕ Ú Ü^æ(Ú ÜSÕ_Þ7× ã ÖÆß^õ�Ù_×fçSÕIÚ ÜSæ(Øhß6Ö]× ¼

ÝSÚ Ü9Øh×,Þ â ×fÜ á ½ ã7å ãpâ9ã Õ�Û6×�Øhß^é#× å ×fÙ_ñ#ê6ß]êSç è�ã Ù ã ÜäÖ{Øhß]Ü�Þ ã Ú ÜSÕ ãNè�ã ÜSæ]ç ã æ]×�Øhß]ÜSÕ_Þ7Ù�çäØhÞ á
ì â Ú�Ø â Õ�çSêSê6ß]Ù_Þ7ÕµÞ â × Ú�Ö/× ã]á Þ â × À�e�[�Ä�]�f^Xdc�Ä&¼ s â Ú Õ è�ã ÜSæ]ç ã æ]×wØhß]ÜSÕ_Þ7Ù_ç9ØhÞgÚ Õ}Ö/× å × è ß]ê6×�Ö
ß]ÜnÖ/×�é ã ÜäÖ á Û6×�Ø ã çSÕ_×µÞ â ×"ÜS×f×�Ö(õ�ß]Ù ã Ö ã êSÞ�Ú Ü^æiØhß6Ö]×WÚ ÕN×�r>Ú Õ_Þ�Ú ÜSæ ã Ü9ÖÆÙ_× è × å ã Ü�Þ ¼ ÝSÚ ÜäØh×
Ö/×fÕ Ú æ]Ü ê ã Þ7Þ7×fÙ�ÜSÕ âäã7å ×Æ×�é#×fÙ_æ]×�Öwõ�Ù_ß^é æ]ß�ß>Ö Ö/×fÕ Ú æ]Ü á Þ â ×fñ ã]è Õ_ß å Ú Õ_ç ã]è Ú Õ_×Ææ]ß�ß>Ö áEã ÜäÖ
ÜS×f×�Ö/×�Ö�Õ�ß è çSÞ�Ú ß]ÜSÕ ¼ ÆUã Õ_×�ÖÆß]ÜgÞ â Ú Õ ã Ù�× å Ú Õ Ú ß]Ü}ß^õSÞ â ×#Õ_ß^é#×fì â9ã Þ â9ã Ù_Õ â Ø è�ã Õ_Õ Ú �äØ ã Þ�Ú ß]Ü
ß^õ Ð`ÿ Ø�� ³ �0� á Ú Õ)ÜSß�ì Ù_× å ×fÙ_Õ_×�Ö ã ÜäÖgÞ â ×iÖ]×fÕ Ú æ]Ü·ê ã Þ7Þ7×fÙ�ÜQÚ ÕMØ è�ã Õ_ÕIÚ �S×�Ö ã Õ ã Í t�t u ¼
n Ö/× ã]è�è ñ á Þ â ß]çSæ â9á�n Õ_Þ�Ú è�è ÛG× è Ú × å ×{Þ âäã Þ)Ú Þ{Øhß]ç è ÖÆÛ6×£é ã Ö]×"Ù_×�Ö/çSÜäÖ ã Ü�Þ"Ú ÜXæ]ß'ß6ÖXÖ]×fÕ Ú æ]Ü ¼

0 �0�CÙ Ó´³ �
# ß]ÙM× ã Ø â ß^õxÞ â ×;Ö]×fÕ Ú æ]Ülê ã Þ7Þ7×fÙ�ÜSÕLÚ Ü º ¯¡¼4½C¾ ¥ ½C¿
á ìx× âäã7å × Ú Ü º Ô Ä ¥ »]ãC¿ ÖSÚ Õ Øhç^Õ_Õ_×�Ö
ì â ×fÞ â ×fÙ Ú Þ Ú ÕCØhß å ×fÙ_×�Ö Û'ñ ã o'ÜSß�ìjÜmß]Û��
×�ØhÞ ß]Ù Ú ×fÜ�Þ7×�Ö è�ã ÜSæ]ç ã æ]×tØhß]Ü^Õ_Þ7Ù_çäØhÞ �7ã ÜäÖ
Þ â ×fÙ_×fÛ'ñ ã ÜÔÍ t�t u �7á,ã Ü ã êSê è Ú�Ø ã Þ�Ú ß]Ü·ß^õ ã Ü^ß]Þ â ×fÙWÖ/×fÕ Ú æ]Üwê ã Þ7Þ7×fÙ_Ü �7ã Ü21 t u � ß]Ù ã Ü
Ú Ü â ×fÙ�×fÜ�Þ"ì ã ñwß^õ$Þ â Ú Ü�o>Ú ÜSæ·Ú ÜHß]Û��
×�ØhÞ7ë�ß]Ù Ú ×fÜ'Þ7×�ÖXê^Ù_ß]æ]Ù ã é©é©Ú Ü^æ ¼ s â ×ÆÙ_×fÕ_ç è Þ7Õ{ß^õ$Þ â Ú Õ
ã Ü ã]è ñ'Õ Ú Õ ã Ù�×µÕ â ß ìNÜ·Ú Ü(Þ ã Û è ×MÚ Ü # Ú æ]çSÙ_× »]¼�à��^¼

s â ×�� ÑSÎ��43nÒ65(7äÊ � Ì6Ò63 � � � �¶Í��¬ÏLä Ú Õ#× å�ã]è ç ã Þ7×�Ö ã Õ ã õ�çSÜäÖ ã é#×fÜ�Þ ã]è Ö/×fÕIÚ æ]ÜLê ã Þ7Þ7×fÙ_Ü
× å ×fÜ©Þ â ß]ç^æ â Ú ÞjØhß]ç è Ö#Û6×µØhß å ×fÙ_×�Ö{Û'ñ âäã_å Ú Ü^æ"×�r�ê è Ú�ØfÚ Þ�Ö/× è ×fæ ã Þ�Ú ß]Ü ã Õ ã õy× ã Þ7çSÙ�×{Ú Ü©Þ â ×
è�ã ÜSæ]ç ã æ]× ¼�Æ çSÞ�Õ Ú ÜäØh×{Þ â Ú ÕÆÚ Õ#ß]Ü è ñ·õ�ß]çSÜäÖiÚ Ü Ö/× è ×fæ ã Þ�Ú ß]Ü·Û ã Õ_×�Ö è�ã ÜSæ]ç ã æ]×fÕ á Þ â ×gÚ�Ö/× ã



» U W Å5XZY\[�Ä^]`_Za W Ã�XJ¿�¿	À bNc3Xd[�À
ÇdeHÇgfih#Ä ¿�À
Â^ekjlXd[m[�Ä�]3eS¿

8�ã é#× 9Uç ã]è Ú �S×fÕ ã Õ Ô%ê^ê è Ú�Ø ã Þ�Ú ß]Ü(ß^õ�¯UçäÚ�Ö]× è Ú ÜS×
Ö/×fÕ Ú æ]Ü(ê ã Þ7Þ7×fÙ_Ü

Ô%Û^Õ_Þ7Ù ã ØhÞ #Sã ØhÞ7ß]Ù�ñ #�t u
Æ çäÚ è Ö/×fÙ #�t u
#Sã ØhÞ7ß]Ù_ñ Õ£×fÞ â ß>Ö Í t�t u :<;'=?>�@BADCEADF�G�H!IKJMLONQPSR�TVUWTMR�XYX[ZDX
u>Ù_ß]Þ7ß]Þkñ�ê6× Í t�t u :<;'=?>�@BADCEADF�G�H]\�R�NQNQZDL_^&`WR�L_JMR�aBTMZWX
ÝSÚ ÜSæ è ×fÞ7ß]Ü Í t�t u :<;'=?>�@BADCEADF�G�H!b	JM^BcBPBTMR�Led<aDf_ZWUDNQX
ÔÆÖ ã êSÞ7×fÙ Í t�t u gh;?AWi�j	k4lnmDlno%F	ADknADpBq<o[l4>Brts
Æ Ù Ú�Ö/æ]× #�t u
Ä ß^é#ê6ß]Õ Ú Þ7× #�t u
t ×�Øhß]Ù ã Þ7ß]Ù #�t u
#Sã Ø ã Ö/× Í t�t u :<;'=?>�@BADCEADF�G�H]u�ZWXYNQZWv&wtTMR�X[XYZDX
#Eè ñ�ìK×�Ú æ â Þ #�t u
u>Ù_ß�r�ñ #�t u
Ä âäã Ú ÜXß^õx1p×fÕ�êGß]Ü^Õ Ú ÛäÚ è Ú Þ
ñ #�t uzy {Y:B;'=?>�@<AWC[AWF�G�H+|D}�~BTMJMUWJMN$�?ZDTMZWc<R�NQJMdB^��
Ä ß^é©é ã Ü9Ö Í t�t u :<;'=?>�@BADCEADF�G�H]\	L_d�UDZDvSPSLOZ�UDTMR�X[XYZWX
n Ü'Þ7×fÙ_êSÙ�×fÞ7×fÙ 1 t u gh;?��j	j	knl4mWq<o[l4>Br�>B�e�x�	���6���������
n Þ7×fÙ ã Þ7ß]Ù #�t u
Õ©×�Ö^Ú ã Þ7ß]Ù #�t u
Õ©×�é"×fÜ�Þ7ß #�t u
Ï ÛSÕ_×fÙ å ×fÙ 1 t u gh;?��j	j	knl4mWq<o[l4>Br�>B���(�B���������S�
Ý/Þ ã Þ7× #�t u
Ý/Þ7Ù ã Þ7×fæ]ñ �h;?�$H�r	q<��lnm�F	l4�Ej	qBoYm��
s ×�é"ê è�ã Þ7×Mé#×fÞ â ß6Ö Í t�t u :<;'=?>�@BADCEADF�G�H!wtdB��~BTMZWNQZ�aSTMd�UD��XYNQL_PBUWNQPBL_Z
¾ÆÚ ÕIÚ Þ7ß]Ù Í t�t u :<;'=?>�@BADCEADF�G�H]��PSTMNQJM~BTMZ$vSJMXY~SR�NQUD�

# Ú æ]çSÙ_× »]¼�à��^¾ Ô%Ü ã]è ñ�Õ Ú Õjß^õ9Ö]×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_Ü^Õ)õyÙ�ß^é»º ¯¡¼K½�¾ ¥ ½�¿

ì)Ú è�è Õ_ß è å × ã Ü ã ØhÞ7ç ã]è êSÙ_ß]Û è ×�é Ú Ü ã]è�èlc Ã¨X�¿�¿(�EXJ¿	ÄD� è�ã Ü^æ]ç ã æ]×fÕ ã ÜäÖWÕ â ß]ç è ÖWÞ â ×fÙ_×�õ�ß]Ù_×
Ù_×�é ã Ú Ü ã Ö/×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_Ü ¼

Ä ß]Ü9Ø è çäÖSÚ ÜSæ è ñ á Þ â ×lÖ/×fÕ Ú æ]Ütê ã Þ7Þ7×fÙ_ÜSÕ è ×�õ�Þ ã ÕXæ]ß�ß>ÖtÖ/×fÕ Ú æ]Ü Ú�Ö]× ã ÕXÕ_×f×fÜ õ�Ù_ß^é ã
æ]×fÜS×fÙ ã]è ß]Û��
×�ØhÞ#ß]Ù Ú ×fÜ'Þ7×�Ö å Ú ×fì ã Ù_×�Þ â ×�Þ
ìK× è å ×ié ã Ù
o]×�Ö ã Õ ã Ü #�t u Ú ÜLÞ â ×�Þ ã Û è ×XÚ Ü
# Ú æ]çSÙ_× »]¼�à��^¼

s â Ú Õ è × ã Ö/Õ�ç^Õ)Þ7ß3Øhß]ÜäØ è çäÖ]×WÞ âäã ÞXÚ ÞXÚ ÕÆÛ6×fÜS×��äØfÚ ã]è Þ7ß â9ã7å × ã ØhÙ Ú Þ�Ú�Ø ã]ècã êSêSÙ_ß ã Ø â
Þ7ß Ö/×fÕ Ú æ]Ütê ã Þ7Þ7×fÙ�ÜSÕ á Û6×�Ø ã çSÕ�× Ú ÞHé©Ú ÜäÚ�é£Ú Õ_×fÕgÞ â × ã é#ß]çSÜ'ÞMß^õ)õyç^ÜäÖ ã é#×fÜ'Þ ã]è Ö]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_Ü^Õ ã ÜäÖ�Þ â ×fÙ_×fÛ'ñLé ã o]×fÕ%Þ â × ã Ù_× ã ß^õ9Ö/×fÕ Ú æ]Ü}ê ã Þ7Þ7×fÙ_Ü^Õc× ã Õ Ú ×fÙNÞ7ß�æ]×fÞNß]Ü}Þ7ß]êXß^õ ¼

 ¢¡W£ ¤¦¥�§W¨ª©�¥�«­¬ ®°¯K±

ÝSÚ ÜäØh×lÖ]×fÕ Ú æ]Ü ê ã Þ7Þ7×fÙ_Ü^Õ ã Ù_× ã Ù_× ã Õ�ß]Ü ã Û è ñ ÜS×fì Øhß]ÜäØh×fêSÞ á é#ß]Õ�ÞXß^õNÞ â ×w×�q�ß]Ù_Þ7ÕiÕ_ß
õ ã Ù âäã_å ×)Û6×f×fÜiêSçSÞ)Ú Ü'Þ7ß Ö^Ú Õ Øhß å ×fÙ Ú Ü^æWÜS×fì Ö/×fÕ Ú æ]ÜLê ã Þ7Þ7×fÙ_ÜSÕ ã ÜäÖiÚ Ü å ×fÕ_Þ�Ú æ ã Þ�Ú Ü^æ}Þ â ×�Ú Ù



_Za_²da W Çde"c�Ãn³'¿	ÀeÇ5e »]»

çSÕ_×�õ�ç è ÜS×fÕ�Õ ¼ s ß}Þ â ×�Û6×fÕ_Þ"ß^õ$ß]çSÙ¡o'ÜSß ì è ×�Ö/æ]× á�è Ú Þ7Þ è ×Wìxß]ÙEo âäã Õ{ÛG×f×fÜ Ö/ß]ÜS×XÚ ÜH× å ã]è çSë
ã Þ�Ú ÜSæWÞ â ×µ×�r>Ú Õ_Þ�Ú ÜSæLÖ]×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_Ü^Õ ¼ s â ×"ß]Ü è ñgß]Þ â ×fÙ�ØhÙIÚ Þ�Ú�Ø ã]è × å ã]è ç ã Þ�Ú ß]ÜLß^õ9Ö]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_Ü^Õ"ìx× âäã_å ×iõ�ß]çSÜäÖ Ú ÕµÞ â × ã Ù_Þ�Ú�Ø è × « t ×fÕ Ú æ]Ü­u ã Þ7Þ7×fÙ_ÜSÕ å Õ ¼ Í ã ÜSæ]ç ã æ]× t ×fÕIÚ æ]Ü6¬
� º ¯¡Í ¥ »�¿�� ì â ×fÙ�×%½fß]Õ_×fê â ¯µÚ èpã ÜäÖ t#ã7å Ú�ÖÇ¼ ¼ ÍSß]Ù_×fÜ�´ âäã_å ×©ß�q�×fÙ�×�Ö ã Þ ã r'ß]ÜSß^éNñwß^õ
Þ â ×}Ö/×fÕ Ú æ]Ü ê ã Þ7Þ7×fÙ_Ü^Õ�õ�Ù_ß^é º ¯¡¼K½�¾ ¥ ½Z¿ Û ã Õ_×�Ö£ß]Ü â ß�ì õ ã Ù�Þ â ×fñ ã Ù�×gõ�Ù_ß^é Û6×�Øhß^é©Ú ÜSæ
ã ØhÞ7ç ã]èpè�ã ÜSæ]ç ã æ]×iõy× ã Þ7ç^Ù_×fÕ ¼ s â ×fñ âäã_å ×�ê ã Ù_Þ�Ú Þ�Ú ß]ÜS×�ÖgÞ â ×}Ö]×fÕ Ú æ]Üwê ã Þ7Þ7×fÙ_ÜSÕ ã Õ"×�Ú Þ â ×fÙ
c�Ã¶À�c�Å�µÄ ¿7á�À_�JÀ
Ç	¶Æ¿ ß]Ù cEX	��Ä^[�¿7á ì â Ú�Ø â Øhß]Ù_Ù_×fÕ_ê6ß]ÜäÖ%Þ7ß ã Ü ã ê^ê è Ú�Ø ã Þ�Ú ß]ÜWß^õ\¯UçäÚ�Ö/× è Ú Ü^× àµã ÜäÖ
ù õ�Ù_ß^é ß]çSÙ ã Ü ã]è ñ�Õ Ú Õ�ß]ÜLÞ â ×MÖ/×fÕIÚ æ]Üiê ã Þ7Þ7×fÙ�ÜSÕ ¼ s â ×{Þ ã r�ß]ÜSß^éjñXì ã Õ#êSÙ_×fÕ_×fÜ'Þ7×�Ö ã Õ ã
ìKß]Ù
o�Õ â ß]ê)ê ã êG×fÙ ã Þ�Å Ä Ï�Ï ul¸ ¥ »]á ã ÜäÖ�Ú ÞEÜS×f×�Ö/Õ ã é#ß]Ù_×KÞ â ß]Ù_ß]çSæ âXã Ù_æ]çäé"×fÜ�Þ ã Þ�Ú ß]Ü(õ�ß]Ù
Ú Þ7Õ�Ø è�ã Õ�Õ Ú �äØ ã Þ�Ú ß]ÜSÕ á ì â Ú�Ø â ìK× â9ã7å ×�Ö^Ú Õ ØhçSÕ_Õ_×�Ö£Ú ÜLÖ/×fêSÞ â Ú Üåº Ô Ä ¥ »]ãC¿
¼ s â ×�Ú Ù�Ù_×fÕ�ç è Þ�Ú ÜSæ
Þ ã r'ß]ÜSß^éNñwÚ ÕµÖSÚ ·iØhç è ÞKÞ7ßXØhß^é#ê ã Ù_×#Þ7ßÆß]çSÙ_ÕµÖSÚ Ù�×�ØhÞ è ñ á Õ Ú ÜäØh×�Þ â ×fñ ã]è�è ß ì Þ â ×�Õ ã é#×©Ö/×fë
Õ Ú æ]ÜMê ã Þ7Þ7×fÙ_ÜgÞ7ß ã êSê6× ã Ù�Ú ÜMÕ_× å ×fÙ ã]è Ø ã Þ7×fæ]ß]Ù Ú ×fÕ á>ã ÜäÖ{Þ â ×�Ú ÙKÙ_× ã Õ_ß]ÜäÚ Ü^æ]Õ ã Ù�×%Õ_ß^é"×fì âäã Þ
õ�ç�´�´fñ ã Þ"ê è�ã Øh×fÕ ¼ ¼�ß�ìK× å ×fÙ{Þ â ×}õ ã ØhÞ"Þ âäã Þ"Þ â ×�Þkìxß·Ø ã Þ7×fæ]ß]ÙIÚ Õ ã Þ�Ú ß]ÜSÕ ã Ù_×ÆÜSß]Þ£Ú�Ö/×fÜ'Þ�Ú ë
Ø ã]è Õ â ß�ìNÕ"Þ âäã Þ£Ú Þ"ì�Ú è�è ÛG× âäã ÙIÖ£Þ7ß}ß]Û^Þ ã Ú Ü ã Øhß]ÜSÕ_×fÜSÕ�çSÕ"ß]Ü ã Ü�ñLß]ÜS×�× å ã]è ç ã Þ�Ú ß]Ü·ß^õ
Ö/×fÕ Ú æ]Ü}ê ã Þ7Þ7×fÙ_ÜSÕ�À'×fÕ_ê6×�ØfÚ ã]è�è ñHÚ Þcì)Ú è�è Û6× âäã Ù Ö�Þ7ß ã æ]Ù_×f×"ß]ÜXì âäã ÞµÖ/×fÕ Ú æ]Ü}ê ã Þ7Þ7×fÙ_Ü^Õ ã Ù_×
õ�ß]Ù é ã]è Ú Õ ã Þ�Ú ß]ÜSÕ�ß å ×fÙ�Ú Ü â ×fÙ�×fÜ�ÞNß]Û��e×�ØhÞNß]ÙIÚ ×fÜ�Þ7×�Ö£ì ã ñ�Õ�ß^õ�Þ â Ú Ü�o>Ú ÜSæ!� º ¯�Í ¥ »Z¿ Ø è�ã Ú�é"Õ
Þ âäã ÞNÞ â Ù_×f×"ß^õ�Þ â ×£Ö/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_ÜSÕ)õ ã]è�è Ú Ü'Þ7ß©Þ â Ú Õ)Ø ã Þ7×fæ]ß]Ù�ñ á ÜSß]Ü^×"ß^õ^ì â Ú�Ø â ìK× âäã_å ×
Ø ã Þ7×fæ]ß]Ù Ú Õ_×�ÖgÚ Ü©Þ â ×NÕ ã é#×Nì ã ñ ¼ ¼,ß ìx× å ×fÙUÞ â ×{õ ã ØhÞ�Þ âäã Þ�Þ
ìKß{Õ Ú�é©Ú è�ã ÙxÕ_×fÞ�ß^õ�æ]çäÚ�Ö]× è Ú ÜS×fÕ
âäã_å ×M× å ß è å ×�ÖCÚ Ü9Ö/×fê6×fÜäÖ/×fÜ'Þ è ñlÚ ÜäÖSÚ�Ø ã Þ7×fÕ�Þ âäã Þ�Þ â ×fñQØ ã Ü;Û6×£çSÕ_×�Ö ã Õ å�ã]è Ú�ÖiÕ_Þ ã Ù�Þ�Ú ÜSæ
ê6ß^Ú Ü�Þ7Õ�õyß]Ù ã ÖSÚ ã]è ß]æ]çS×{ß]Ü(Þ â ×���ç ã]è Ú Þ
ñgß^õEÖ/×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_ÜSÕ ¼

Ô�Õ ã ÜSß]Þ â ×fÙ%ì ã ñ}ß^õEØhß^é#ê ã ÙIÚ ÜSæiÖ/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_ÜSÕ á Õ_× å ×fÙ ã]è õyß]ÙIé ã]è Ú Õ ã Þ�Ú ß]ÜSÕ#ß^õEÖ/×fë
Õ Ú æ]ÜMê ã Þ7Þ7×fÙ_ÜSÕ âäã_å ×%Û6×f×fÜMêSÙ_ß]ê6ß]Õ_×�Ö ¼ Ô�é#ÜSß]Ü�Å�Ö/×fÜ âäã Õ"Ö/ß]ÜS×jÙ�×fÕ_× ã Ù Ø â Ú ÜMÞ â Ú Õ®�S× è Ö á
ã ÜäÖ©Ú Ü â Ú Õ�ê âä¼ Ö ¼ Þ â ×fÕ Ú Õ á « u>Ù_×�ØfÚ Õ_×ÆÝ/ê6×�ØfÚ �äØ ã Þ�Ú ß]Ü£ß^õ t ×fÕ Ú æ]ÜÂu ã Þ7Þ7×fÙ_ÜSÕ ã ÜäÖ s ß�ß è Ý/çSêSë
ê6ß]Ù_Þ�Ú Ü s â ×�Ú Ù�Ô�êSê è Ú�Ø ã Þ�Ú ß]Ü6¬ á º Å�Ö]× Á�ÁZ¿
á�â ×MÖ/×fÕIØhÙ Ú Û6×fÕ â ß ì Þ â ×gÖ]×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_ÜSÕ©Ø ã Ü
Û6×jÕ_ê6×�ØfÚ �S×�Ö á^ã ÜäÖ â ß�ìdÞ â Ú ÕKÕ_ê6×�ØfÚ �äØ ã Þ�Ú ß]ÜHØ ã ÜgÛ6×NçSÕ_×�õ�ç è Ú Üwé ã Ü'ñ©ì ã ñ'Õ ¼ Ï ÜS×%ß^õ�Þ â ×
ß]Û å Ú ß]çSÕcÛ6×fÜS×��^Þ7Õxß^õ ã õ�ß]Ù é ã]è Ú Õ ã Þ�Ú ß]Ü}ß^õäÖ/×fÕ Ú æ]Ügê ã Þ7Þ7×fÙ_Ü^Õ"õ�Ù_ß^é@ß]çSÙKê6ß^Ú Ü�ÞKß^õ å Ú ×fì á Ú Õ
Þ â ×µê6ß]Õ_ÕIÚ ÛäÚ è Ú Þ
ñMß^õ ã Øhß^é#ê ã Ù Ú Õ�ß]ÜXß^õ�Þ â ×£Ö/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_ÜSÕ ¼

 ¢¡¹¸ º.®¢»!¼'§D½!¾?¿D®°»

s â ×"ß]Û��e×�ØhÞ�Ú å ×�ß^õ�Þ â Ú Õ�Ø âäã êSÞ7×fÙ�Ú Õ%Þ7ß©çSÕ_×MØ è�ã Õ_Õ Ú �äØ ã Þ�Ú ß]Ü Þ7ß â × è êiÙ_×fæ ã Ú Ü(Þ â ×µÛ6×fÜS×��SÞ7Õ
ß^õ�çSÕ Ú ÜSæXÖ/×fÕIÚ æ]Ü(ê ã Þ7Þ7×fÙ_Ü^Õ ¾

Ô ¼ s â ×fñW×fÜ9Ø ã êSÕ_ç è�ã Þ7×)×�r�ê6×fÙ Ú ×fÜäØh× ¼

ÆU¼ s â ×fñµêSÙ_ß å Ú�Ö]× ã Øhß^é©é#ß]Ü å ß>Ø ã ÛSç è�ã Ù�ñMõ�ß]ÙcØhß^é"êSçSÞ7×fÙEÕ ØfÚ ×fÜ'Þ�Ú Õ_Þ7Õ ã ØhÙ_ß]Õ_ÕjÖ]ß^é ã Ú Ü
Û ã Ù_Ù Ú ×fÙ_Õ ¼

Ä ¼ s â ×fñW×fÜ âäã ÜäØh×µÞ â ×£Ö]ß6Øhçäé"×fÜ�Þ ã Þ�Ú ß]Üiß^õ^Õ�ß^õyÞkì ã Ù_×gÖ/×fÕ Ú æ]ÜSÕ ¼

� ×ÆÛ6× è Ú × å ×)Þ â9ã Þ%Þ â ×��S× è Ö£ß^õ,Ö/×fÕ Ú æ]ÜLê ã Þ7Þ7×fÙ_Ü^Õ�Õ â ß]ç è Ö�Û6×)Ü ã Ù_Ù_ß ìx×�ÖLÖ/ß�ìjÜiÞ7ß ã
é©Ú ÜäÚ�éjçäé á Þ7ß�êSÙ_×fÕ�×fÙ å ×%Þ â ×K�^Ù_Õ_ÞKÞ
ìKß�ÛG×fÜ^×��SÞ7Õxß^õäÖ/×fÕ Ú æ]Ügê ã Þ7Þ7×fÙ_Ü^Õ ¼ Æ ñ£ê ã Ù_Þ�Ú Þ�Ú ß]Ü9Ú ÜSæ
Þ â ×gÖ/×fÕ Ú æ]Ü(ê ã Þ7Þ7×fÙ_ÜSÕ�Ú Ü'Þ7ßLõ�çSÜäÖ ã é#×fÜ�Þ ã]è Ö/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_ÜSÕ áäè�ã ÜSæ]ç ã æ]×gÖ/×fê6×fÜäÖ ã Ü'Þ)Ö/×fë
Õ Ú æ]ÜMê ã Þ7Þ7×fÙ_ÜSÕ ã ÜäÖ"Ù�× è�ã Þ7×�ÖMÖ]×fÕ Ú æ]Ü£ê ã Þ7Þ7×fÙ�ÜSÕ á ìx× âäã7å × ã Øhß]Ù_×%ß^õ'Þ â ×)Ö/×fÕIÚ æ]ÜWê ã Þ7Þ7×fÙ�ÜSÕ
� Þ â ×Mõ�çSÜäÖ ã é#×fÜ'Þ ã]è Ö]×fÕ Ú æ]Ü(ê ã Þ7Þ7×fÙ�ÜSÕ¢� ì â Ú�Ø â õ�ç è�è ñgêSÙ_ß å Ú�Ö/×fÕ�Þ â ×{Û6×fÜS×��^Þ7ÕNß^õpÖ/×fë
Õ Ú æ]Ü�ê ã Þ7Þ7×fÙ�ÜSÕ ¼®Ï Ü è ñ à °xß^õJÞ â ×¡° ù Ö/×fÕ Ú æ]Ü�ê ã Þ7Þ7×fÙ_Ü^Õcõ�Ù_ß^é º ¯¡¼K½�¾ ¥ ½Z¿�ã Ù_×µØ è�ã Õ_Õ Ú �^×�Ö ã Õ
õ�çSÜäÖ ã é#×fÜ'Þ ã]è Ö/×fÕ Ú æ]Ügê ã Þ7Þ7×fÙ_Ü^Õ{õyß è�è ß ì)Ú ÜSæ�Þ â ×fÕ_×©ØhÙ Ú Þ7×fÙIÚ ã]¼ s â Ú Õ è × ã Ö/Õcç^ÕKÞ7ß(Øhß]Ü9Ø è çäÖ/×



» V W Å5XZY\[�Ä^]`_Za W Ã�XJ¿�¿	À bNc3Xd[�À
ÇdeHÇgfih#Ä ¿�À
Â^ekjlXd[m[�Ä�]3eS¿

Þ âäã ÞgÚ ÞWÚ Õ)Û6×fÜS×��9ØfÚ ã]è Þ7ß âäã_å × ã ØhÙ Ú Þ�Ú�Ø ã]èxã ê^êSÙ_ß ã Ø â Þ7ß;Ö/×fÕIÚ æ]Ü·ê ã Þ7Þ7×fÙ_Ü^Õ á Û6×�Ø ã çSÕ�×iÚ Þ
é©Ú ÜäÚ�é£Ú Õ_×fÕ"Þ â × ã é#ß]çSÜ'Þ"ß^õKõyçSÜ9Ö ã é#×fÜ'Þ ã]è Ö]×fÕ Ú æ]Üwê ã Þ7Þ7×fÙ_ÜSÕ ã ÜäÖMÞ â ×fÙ_×fÛ'ñ;é ã o]×fÕ)Þ â ×
ã Ù_× ã ß^õEÖ/×fÕIÚ æ]ÜXê ã Þ7Þ7×fÙ_ÜSÕj× ã Õ Ú ×fÙ%Þ7ß£æ]×fÞNß]Ü(Þ7ß]êXß^õ ¼

À Õ Ú ÜSæ Ö/×fÕ Ú æ]Ü(ê ã Þ7Þ7×fÙ_ÜSÕ�Ú Ü(Õ_ß^õ�Þ
ì ã Ù_×�Õ_ñ�Õ�Þ7×�é#ÕjÕ â ß]ç è Ö(é ã o]×gÚ Þ ã ÜL× ã Õ Ú ×fÙ�Þ ã Õ
o}Þ7ß
Ö/ß>Øhçäé#×fÜ'Þ)Þ â ×WÕ_ñ'Õ_Þ7×�é#Õ ¼ s â ×fÙ_× Ú Õ â ß�ìK× å ×fÙ�Þ â ×gêSÙ_ß]Û è ×�é á Þ â9ã Þ�Þ â ×wé"ß]Ù_× Ö]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_Ü^Õ�Þ âäã Þ ã Ù_× ã êSê è Ú ×�Ö á Þ â ×�é#ß]Ù_×�Ö^Ú ·iØhç è Þ%Ú Þxì)Ú è�è Û6×cÞ7ß{Ù�×�Øhß]æ]ÜäÚ Õ_×�Þ â ×NÕ_Þ7Ù_ç9ØhÞ7çSÙ_×
ß^õ�Þ â ×#ê ã Ù�Þ�Ú�ØfÚ ê ã Þ�Ú ÜSæXÖ/×fÕ Ú æ]Ügê ã Þ7Þ7×fÙ_Ü^Õ ¼ s â Ú Õ"Ú ÕUÙ_×�õy×fÙ�Ù_×�Ö)Þ7ß ã ÕUÞ â ×�Þ7Ù ã ØfÚ ÜSæÆêSÙ�ß]Û è ×�é á
ã ÜäÖXÚ Õ ã Ö/Ù_×fÕ_Õ_×�Ö(Ú ÜXÞ â ×Wõ�ß è�è ß�ì)Ú Ü^æ£Þ
ìKßiØ âäã êSÞ7×fÙ_Õ ¼



ÁÃÂ�ÄÆÅ¢Ç�Å%È ÉËÊ�Ì�Â�ÍÏÎ ÐÑÇ�Ò$Ò�Ê�Å�ÎÆÌÔÓÕÁÃÉÖÐ×Ì

n Ü}Þ â × è�ã Õ_Þ)Ø âäã êSÞ7×fÙNìK×µêSÙ�ß]êGß]Õ�×�Ö ã Õ_×fÞNß^õ^æ]çäÚ�Ö/× è Ú ÜS×fÕ%Þ7ß(õyß è�è ß ì@ì â ×fÜ}× å�ã]è ç ã Þ�Ú Ü^æ ã
Ö/×fÕ Ú æ]ÜLê ã Þ7Þ7×fÙ_Ü á$ã ÜäÖ©ìx×�êSÙ_×fÕ_×fÜ'Þ7×�Ö£Þ â ×{Ù_×fÕ�ç è Þ7Õjß^õGÞ â ×fÕ�×{æ]çäÚ�Ö/× è Ú Ü^×fÕ ã ê^ê è Ú ×�Ö�Þ7ßMÞ â ×
Ö/×fÕ Ú æ]Ü(ê ã Þ7Þ7×fÙ_ÜSÕ%ß^õNº ¯¡¼K½�¾ ¥�Ø ¿YÙ

# ß]Ù#Þ â ×gÖ/×fÕ Ú æ]Üiê ã Þ7Þ7×fÙ_ÜSÕ�ì â Ú�Ø â Ù_×�é ã Ú Ü^×�Ö©ß]Ù Ú æ^Ú Ü ã]è Ú�Ö/× ã Õ á õ�çSÜäÖ ã é#×fÜ'Þ ã]è Ö]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_Ü^Õ áäã õ�Þ7×fÙ#Þ â Ú Õ�× å�ã]è ç ã Þ�Ú ß]Ü á ìx× âäã7å ×XÚ Ü å ×fÕ_Þ�Ú æ ã Þ7×�Ö â ß ì@Þ â ×fñ·Øhß]ç è Ö£Û6×µê è�ã Øh×�Ö
ã Õ ãÛÚ4Ü_�^]�Xd]¤¢]�JÄBÝDÜ_Þ^eFY0Xd[m[�Ä�]3e Ú Ü ã Ø è�ã Õ_Õ è Ú ÛSÙ ã Ù_ñ ã ÜäÖMÙ_×fçSÕ_×�Ö}Û�ñ çSÕ_×�ß^õKÚ Ü â ×fÙIÚ Þ ã ÜäØh×
ß]Ù£Ö/× è ×fæ ã Þ�Ú ß]ÜÏ� ã Ü�ñiÕ_çäØ â Ö]×fÕ Ú æ]Üwê ã Þ7Þ7×fÙ_Üwì)Ú è�è Û6×}Ö/×fÜSß]Þ7×�Ö ã ÜÔÍ t u Ù�Ï Ü^×�ß^õ�Þ â ×
ã Ö å ã Ü�Þ ã æ]×fÕKß^õ�çSÕ Ú ÜSæ"Õ�çäØ â Í t u>Õ%Ú Õ,Þ â9ã Þ,ß]ÜS×)Ö/ß'×fÕ_Ü6¸ Þ â9ã7å ×jÞ7ßMØhß]ê�ñÆÞ â ×NÕ�Þ7Ù_çäØhÞ7çSÙ_×cß^õ
Þ â ×ÆÖ/×fÕ Ú æ]Ü£ê ã Þ7Þ7×fÙ_Ü ã ÜS×fì × ã Ø â Þ�Ú�é#× ã Ö/×fÕ Ú æ]ÜWê ã Þ7Þ7×fÙ_ÜwÚ Õ ã êSê è Ú ×�Ö£Ú Ü ã ÜS×fì Øhß]Ü'Þ7×�r'Þ á
Þ â ×fÙ_×fÛ'ñ�Ù_×�Ö/ç9ØfÚ ÜSæµÞ â × Ü_¶4YtÚ¶Ä<¶ÆÄ^e�[mX5[QÜeÇdeiÇ	ß�Ä�]	Å�ÄEX	� À ã êSÙ_ß]Û è ×�é Øhß]ÜSÜS×�ØhÞ7×�Ö{Þ7ß)Þ â ×jçSÕ_×
ß^õSÖ/×fÕIÚ æ]Ü�ê ã Þ7Þ7×fÙ_ÜSÕNÚ�Ö/×fÜ'Þ�Ú �S×�Ö%Û�ñÈ½ ã Ü Æ ß]ÕIØ â Ú ÜÇº Æ ß]Õ ¥�à ¿YÙ Ô%ÜSß]Þ â ×fÙ ã Ö å�ã Ü'Þ ã æ]×{Ú ÕEÞ âäã Þ
Û'ñ£çSÕ Ú Ü^æ�Þ â ×SÍ t u3Ú Þcì)Ú è�è Û6×�êGß]Õ�Õ Ú Û è ×#Þ7ßÞ���
�����jÞ âäã ÞcÞ â ×£Ö/×fÕ Ú æ]Ü}ê ã Þ7Þ7×fÙ_Ü·Ú ÕjçSÕ_×�ÖgÚ Ü
ã Ü ã êSê è Ú�Ø ã Þ�Ú ß]Ü á ì â Ú�Ø â Øhß]ÜSÕ�×��&çS×fÜ'Þ è ñ}ì)Ú è�è êSÙ�ß^é#ß]Þ7×µÞ â ×WÖ]ß6Øhçäé"×fÜ�Þ ã Þ�Ú ß]ÜiÛG×fÜ^×��SÞ Ù

á ¡Wâ ã�®°§Dä�¿W»!å¦©�æ!¥èç)¯K¨ª¼'¿W»!åêéë¯K®¢ì!§W¥�í ì�îï¼'¥�¯K©�¨ª¿W»ð§W¨ª»!å¢½!¨ªå°¥
ñ ¥z¨ª©�½!¯K¥�¾

Ï ÜS×£ß^õ9Þ â × ã Ö å ã Ü'Þ ã æ]×fÕ�æ ã Ú Ü^×�Ö(Û'ñ çSÕ Ú ÜSæ;Ö/×fÕ Ú æ]Ü;ê ã Þ7Þ7×fÙ_ÜSÕ}Ú Õ{Þ âäã Þ è�ã Ù_æ]×WÕ_ß^õyÞkì ã Ù�×
Õ_ñ'Õ_Þ7×�é#Õ ã Ù_×#Û6×fÞ7Þ7×fÙ{Ö/ß>Øhçäé#×fÜ'Þ7×�Ö)ÛG×�Ø ã ç^Õ_× ã�è�ã Ù�æ]×"ê ã Ù_ÞUß^õ Þ â ×�×�r'ê è�ã Ü ã Þ�Ú ß]ÜXß]Ü â ß ì
Þ â ×�Õ_ñ'Õ_Þ7×�é ìKß]Ù
o'Õ è Ú ×fÕWÚ ÜHì â Ú�Ø â Ö/×fÕ Ú æ]Üwê ã Þ7Þ7×fÙ_ÜSÕµÞ âäã Þ â9ã7å ×©Û6×f×fÜwçSÕ_×�ÖMÞ7ß·Ö]×fÕ Ú æ]Ü
Þ â ×µÕ�ñ�Õ_Þ7×�é Ù

Æ çSÞ,ì â ×fÜ�Þ â ×{Ö/×fÕ Ú æ]Ü^×fÙ_Õ âäã_å ×jçSÕ_×�Ö ã{è�ã Ù_æ]×NÜ'çäéNÛ6×fÙpß^õ6Ö/×fÕ Ú æ]Ü£ê ã Þ7Þ7×fÙ_ÜSÕ%Ú Ü£Þ â ×�Ú Ù
ã êSê è Ú�Ø ã Þ�Ú ß]Ü^Õ ã ÜäÖXÕ�ß^é#× ã ê^ê è Ú�Ø ã Þ�Ú ß]ÜmØ è�ã Õ_Õ_×fÕ�ê è�ã ñHÙ_ß è ×fÕXÚ Ü é#ß]Ù_×MÞ âäã Ü;ß]ÜS× Ö]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_Ü Ú Þ£Û6×�Øhß^é#×fÕwÖSÚ ·iØhç è Þ£Þ7ß·Þ7Ù ã Øh× á ì â Ú�Ø â Ö]×fÕ Ú æ]Ülê ã Þ7Þ7×fÙ�ÜSÕ âäã_å ×iÛ6×f×fÜ3ç^Õ_×�Ö Ù
s â Ú ÕjêSÙ_ß]Û è ×�é á o'ÜSß ìNÜ ã ÕjÞ â ×*ò ]�Xdc<Ü�e�Þ<j£]kÇ	�BÚ¬ÄB¶)á Ú Õ)Ú è�è çSÕ�Þ7Ù ã Þ7×�Ö(Ú Ü # Ú æ]çSÙ�× V Ù�à�Ù

s â ×¡�Sæ]çSÙ_×)Õ â ß ìNÕ â ß ì@Þ â ×{çSÕ_×{ß^õGÞ â ×{Ù_ß]ç^æ â ÜSß]Þ ã Þ�Ú ß]Ü á Ú ÜiÞ â Ú ÕÆØ ã Õ�× À ÕFÍ á õ�ß]Ù
Þ â ×�çSÕ_×�ß^õ6ê ã Þ7Þ7×fÙ_Ü^Õ�Ú Õ©Ú ÜSÕ�ç�·iØfÚ ×fÜ'Þ�Þ7ßgæ^Ú å × ã æ]ß�ß>Ö Ö/ß>Øhçäé#×fÜ'Þ ã Þ�Ú ß]Ü Ù s â ×�Ù_×fÕ_ç è Þ�Ú Õ
Õ Ú�é#ê è ñ Øhß]Üäõ�çSÕ Ú Ü^æ Ù

s â ×jÕ_ß è çSÞ�Ú ß]Ü}Þ7ß�Þ â Ú ÕUêSÙ_ß]Û è ×�é Øhß]ç è Ö)Û6×jÞ â ×%çSÕ�×%ß^õ « ÍäÚ ÛSÙ ã Ù_ñ t ×fÕ Ú æ]ÜÇu ã Þ7Þ7×fÙ_Ü^Õ�¬
� Ú ÜXÕ â ß]Ù_Þ�Í t u>Õ ��Ù��Qâ ×fÜXçSÕ Ú ÜSæ%Í t u>Õ)Ú ÜXÞ â × ã êSê è Ú�Ø ã Þ�Ú ß]ÜCØhß6Ö/× á Ú Þcì)Ú è�è Û6×#êGß]Õ�Õ Ú Û è ×
Þ7ß [m]�Xdc�Ä õyÙ_ß^é ì â Ú�Ø â Ö/×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ�ÜXÞ â ×WÚ�é#ê è ×�é#×fÜ�Þ ã Þ�Ú ß]ÜCÚ�Ö/× ã ÕÆØ ã é#× Ù

n ÞNÚ Õ9æ]×fÜ^×fÙ ã]è�è ñ)Ù�×�Øhß]æ]ÜäÚ Õ_×�Ö�Þ âäã ÞNÖ/×fÕ Ú æ]ÜÆê ã Þ7Þ7×fÙ�ÜSÕEêSÙ_ß å Ú�Ö/× ã Øhß^é©é#ß]Ü å ß>Ø ã ÛSç è�ã Ù_ñ
Þ âäã Þ£é ã o]×fÕMÚ Þ"êGß]Õ�Õ Ú Û è ×Xõyß]ÙMÖ/×fÕ Ú æ]ÜS×fÙ_Õ£õ�Ù_ß^é ì)Ú�Ö]× è ñ;ÖSÚ qG×fÙ_×fÜ'Þ ã êSê è Ú�Ø ã Þ�Ú ß]Ü ã Ù�× ã ÕµÞ7ß

à�¥
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SalesTransaction

calculateTotal

RecorderEvent

StateAcrossCollection

BehaviorAcrossColl RolesPlayed
TimeAssociation

ItemDescription

EventLogging

productCode

price

description

numberInStock

recorderLevel

getPrice

autoRecorder

ProductDescription

quantity

calculateItemTotal

SalesTransactionItem

number

dateTime

name

Person

dateTime

PersonRole

Costumer

discount

calculateDis.

Employee

number

dateTime

status

# Ú æ]çSÙ_× V Ù�à�÷4t ß>Øhçäé#×fÜ'Þ�Ú ÜSæWÞ â × ã êSê è Ú�Ø ã Þ�Ú ß]ÜLß^õäÖ]×fÕ Ú æ]Ü(ê ã Þ7Þ7×fÙ�ÜSÕNì)Ú Þ âÏÀ ÕkÍ

Øhß^é©éjçSÜäÚ�Ø ã Þ7×wì)Ú Þ â × ã Ø â ß]Þ â ×fÙ_Õ Ù n õµÖ/×fÕIÚ æ]ÜS×fÙ_Õgìx×fÙ�×LÞ7ß é ã o]× ã(âäã ÛäÚ Þgß^õUç^Õ Ú ÜSæ
Øhß^é©é#ß]Ü è ñÈo'ÜSß�ìjÜnÖ/×fÕ Ú æ]ÜXê ã Þ7Þ7×fÙ_ÜSÕ)Ú ÜXÞ â ×�Ú Ù ã êSê è Ú�Ø ã Þ�Ú ß]ÜSÕ á Ú ÞNìKß]ç è Ö}é ã o]×WÚ ÞN× ã ÕIÚ ×fÙ
õ�ß]Ù)ß]çSÞ7ÕIÚ�Ö/×fÙ_ÕÆÞ7ßiÙ�× ã Ö ã Ü9ÖXçSÜ9Ö/×fÙ_Õ_Þ ã ÜäÖXÞ â ×MêSÙ_ß]æ]Ù ã é#Õ ã ÜäÖ(Þ â ×fÙ_×fÛ'ñQé ã o>Ú ÜSæ è ß]ÜSæ
Þ7×fÙ é é ã Ú Ü�Þ7×fÜ ã Ü9Øh× ã ÜX× ã Õ Ú ×fÙ�Þ ã Õ
o Ù

� ×"Û6× è Ú × å ×"Þ âäã Þ ã ì ã ñWß^õSêSÙ_ß^é#ß]Þ�Ú Ü^æ�Þ â × âäã Û9Ú ÞKß^õSçSÕ Ú ÜSæ}Ö/×fÕ Ú æ]Ü}ê ã Þ7Þ7×fÙ_ÜSÕµÚ ÕcÞ7ß
âäã_å ×µÞ â ×WÖ/×fÕIÚ æ]ÜXê ã Þ7Þ7×fÙ_ÜSÕ ã Õ�Í t u�Õ)Ú Ü ã�è Ú ÛSÙ ã Ù�ñWì â ×fÙ_×"Þ â ×fñ ã Ù_×µ× ã Õ Ú è ñ ã ØfØh×fÕ_Õ Ú Û è × Ù

Ô�ÜSß]Þ â ×fÙ ã Ö å ã Ü'Þ ã æ]×jß^õ â9ã7å Ú ÜSæ ã Ö/×fÕ Ú æ]Ü�ê ã Þ7Þ7×fÙ�Ü ã Õ ã ÜFÍ t uHÚ ÕpÞ â9ã Þpß]ÜS×{Ö/ß'×fÕ_Ü6¸ Þ
âäã_å ×}Þ7ßlØhß]ê�ñnÞ â ×HÖ/×fÕ Ú æ]ÜmÚ�Ö/× ã Õ ã ÜS×fì�× ã Ø â Þ�Ú�é#× ã Ö/×fÕ Ú æ]ÜCê ã Þ7Þ7×fÙ�ÜmÚ Õ ã êSê è Ú ×�Ö Ú Ü
ã ÜS×fì Øhß]Ü�Þ7×�r'Þ Ù ¼�ß�ìK× å ×fÙXÞ â Ú Õ}ì�Ú è�è ß]Ü è ñ3ìxß]ÙEolì â ×fÜ Þ â ×3Ú Ü'Þ7×fÜ�Þ}ß^õUÞ â ×CÖ]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_ÜmÚ Õ(é£Ú Ù_Ù_ß]Ù_×�Ö Ú Ü Þ â × è Ú ÛSÙ ã Ù_ñ å ×fÙ_Õ Ú ß]Ü ájã ÜäÖ ã Ü�ñ ã êSê è Ú�Ø ã Þ�Ú ß]Ü3Þ â9ã Þ�ç^Õ_×fÕ�Þ â ×
Í t u ã çSÞ7ß^é ã Þ�Ú�Ø ã]è�è ñ ã Ö â ×fÙ_×fÕ)Þ7ßLÞ â ×wÚ Ü�Þ7×fÜ'ÞÆß^õ9Þ â ×wÖ/×fÕ Ú æ]Ü;ê ã Þ7Þ7×fÙ_Ü Ù Ý/×f×fÜ õyÙ_ß^é ã
é#ß>Ö/× è�è Ú ÜSæ#ê6ß^Ú Ü�Þpß^õ å Ú ×fìmÚ ÞjÚ Õpß^õGØhß]çSÙ_Õ�×®�
çSÕ_Þ ã Õpæ]ß'ß6Ö�Þ7ß£Øhß]ê'ñ�Þ â ×{Ú�Ö/× ã ß^õJÞ â ×"Ö]×fÕ Ú æ]Ü
ê ã Þ7Þ7×fÙ_Ü^ÕÆÖSÚ Ù�×�ØhÞ è ñnõyÙ�ß^é º ¯¡¼K½�¾ ¥�Ø ¿
á ÛSçSÞNÞ â Ú Õ%Õ_ß è ç^Þ�Ú ß]ÜLê è�ã Øh×fÕ ã ÛäÚ æ]æ]×fÙ©Ö/×�é ã ÜäÖ©ß]Ü
Þ â ×WÖ]×fÕ Ú æ]ÜS×fÙNß^õ^Þ â × ã êSê è Ú�Ø ã Þ�Ú ß]Ü Ù

s â ×fÙ_× ã Ù_×WÜ ã Þ7çSÙ ã]è�è ñ ã]è Õ_ß Øhß]Õ�Þ7Õ�Þ7ßLê ã ñHì â ×fÜnçSÕ Ú ÜSæ Í t u>Õ ÙO�Qâ ×fÜ;ê è�ã ØfÚ ÜSæ ã
Ö/×fÕ Ú æ]ÜLê ã Þ7Þ7×fÙ_ÜCÚ Ü ãWè Ú ÛSÙ ã Ù_ñ ã Õ ã ÜåÍ t u á Þ â Ú ÕÆÚ�é"êGß]Õ�×fÕ ã Øh×fÙ_Þ ã Ú Ü Ù Ú æ^Ú�Ö/ÜS×fÕ�Õjß]Ü ã Ü�ñ
ã êSê è Ú�Ø ã Þ�Ú ß]Ü Ú ÜCì â Ú�Ø â Þ â ×ÞÍ t u é©Ú æ â Þ�Û6× ã êSê è Ú ×�Ö Ù s â ×HÖ/×fÕ Ú æ]ÜCê ã Þ7Þ7×fÙ_Ü ì)Ú è�è Û6×
b�ø ÄD�/á Ú Ü·Þ â ×£Õ_×fÜSÕ�×©Þ âäã Þ}Ú Þ{ì)Ú è�è Ü^ß]Þ{Û6×©ê6ß]Õ_Õ Ú Û è ×£Þ7ß ã Ö ã êSÞgÚ ÞMÚ Ünß]Þ â ×fÙ)ì ã ñ'Õ�Þ âäã Ü
ìK×fÙ_×Wõ�ß]Ù_×fÕ_×f×fÜ(ì â ×fÜ·é ã o>Ú ÜSæ©Þ â ×SÍ t u Ù

Ô�ÜSß]Þ â ×fÙ{ÖSÚ Õ ã Ö å�ã Ü'Þ ã æ]×£Ú ÕcÞ â ×#çSÕ_×�ß^õ Ü ã é#×fÕ{Ú ÜgÞ â ×QÍ t u>Õ Ù ¼ ã7å Ú ÜSæ ã Ü ã ÛSÕ�Þ7Ù ã ØhÞ
é#×fÞ â ß>ÖXÖ/×�Ø è�ã Ù�×�ÖXÚ Ü ã Ø è�ã Õ_Õ%ß^õ�Þ â ×SÍ t u·ì)Ú Þ â Þ â ×"Ü ã é"× ú îC��øIï�ð�ú/ûhí ó î ì)Ú è�è ×fÜäõ�ß]Ù Øh×
Þ âäã ÞÆÞ â × ã êSê è Ú�Ø ã Þ�Ú ß]ÜCçSÕIÚ ÜSæiÞ â ×ÂÍ t u â9ã Õ�Þ7ß3Ú�é#ê è ×�é#×fÜ�Þ�Þ â ×Hé#×fÞ â ß>Ö(çSÜäÖ/×fÙ�Þ â ×



óda��da�ùSÇ�Ú4ßBÜªe�Þi[�ÅJÄ ò ]�Xdc<Ü�e�ÞQj£]kÇ	�BÚ¬ÄB¶ú��¢Sc�Ä�]3[mX�ÜªeûÚ�Xde�Þ<³ X	Þ Älf&Ä3Xd[Q³ ]kÄBÝ V à

Ü ã é#× úSî��ÆøIï�ð�ú/ûkí ó î ì â ×fÙ_×gÞ â ×gçSÕ�×Mß^õ ã ÜSß]Þ â ×fÙ�Ü ã é"×wé£Ú æ â Þ âäã_å ×}Û6×f×fÜmé#ß]Ù_×HÚ ÜSë
õ�ß]Ù é ã Þ�Ú å × Ù s â Ú Õ�Ú Õ â ß�ìK× å ×fÙ ã ÕIé ã]è�è êSÙIÚ�Øh×{Þ7ßMê ã ñXÞ7ß âäã7å ×�Ù_× ã Ö/ñ'ë�Þ7ß]ë�çSÕ_×ÆÕ_ß è ç^Þ�Ú ß]ÜSÕ
ã7å ã Ú è�ã Û è ×·Ú Ü ãiè Ú ÛSÙ ã Ù_ñ áUã ÜäÖ ã Øhß^é©é#ß]Ü êSÙ_ß]Û è ×�é õ�ß]Ù ã]è�è ì â ßiçSÕ_×Lõ�çSÜäØhÞ�Ú ß]Ü^ÕMõ�Ù_ß^é
è Ú ÛSÙ ã ÙIÚ ×fÕ Ù

s â ×Æé#ß]Õ�Þxß]Û å Ú ß]ç^Õcì ã ñ£ß^õ ç^Õ Ú ÜSæ ãÆè Ú ÛSÙ ã Ù_ñ©ß^õ�Ö/×fÕIÚ æ]ÜMê ã Þ7Þ7×fÙ_ÜSÕ{Ú ÕUÛ�ñ è ×fÞ7Þ�Ú ÜSæ�Þ â ×
Ø è�ã Õ_Õ_×fÕ{Ú ÜgÞ â × ã êSê è Ú�Ø ã Þ�Ú ß]ÜnÚ Ü â ×fÙ Ú Þ"õ�Ù_ß^é@Þ â ×ÆØ è�ã Õ�Õ_×fÕ)Ú ÜgÞ â ×QÍ t u á6ã Õ"Ø ã Ü}Û6×�Õ_×f×fÜHÚ Ü
# Ú æ]çSÙ_× V Ù ° Ù

LDP_B

patternMethod2patternMethod1

LDP_A

APP_B

patternMethod2

APP_A

patternMethod1

LDP

Application

# Ú æ]çSÙ_× V Ù ° ÷ s â ×£Ú�é©é"×�ÖSÚ ã Þ7×µì ã ñ}ß^õ^çSÕ Ú ÜSæ ã Í t u

n Ü è�ã ÜSæ]ç ã æ]×fÕpì)Ú Þ â ß]ç^ÞUéjç è Þ�Ú ê è ×µÚ Ü â ×fÙIÚ Þ ã ÜäØh×UÞ â Ú ÕEì)Ú è�è Ø ã çSÕ_×UêSÙ_ß]Û è ×�é"Õäì â ×fÜS× å ×fÙ
Þ â ×#Ø è�ã Õ_Õ_×fÕNÚ Ü)Þ â × ã êSê è Ú�Ø ã Þ�Ú ß]Ü ã]è Ù�× ã Ö/ñWÚ Ü â ×fÙIÚ ÞxõyÙ�ß^é3ß]Þ â ×fÙcØ è�ã Õ_Õ_×fÕ%� ×�Ú Þ â ×fÙEÛ6×�Ø ã çSÕ_×
Þ â ×fñ ã Ù_×xê ã Ù_ÞEß^õ/×�r6Ú Õ�Þ�Ú ÜSæ â Ú ×fÙ ã Ù Ø â Ú ×fÕjÚ ÜÆÞ â × ã êSê è Ú�Ø ã Þ�Ú ß]Ü©ß]ÙEÛ6×�Ø ã çSÕ_×UÞ â ×fñµê è�ã ñ{Ù�ß è ×fÕ
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ExtrinsicState

MyFlyweight
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Decorator::=ID
DecoratorPattern::=ID&Decorator&Component...

ABSTRACT

CONCRETE

NameAnalysis-lookup

PatternInst::!DecoratorPattern!VisitorPattern
Decls::*Decl
Decl::!ClassDecl!VarDecl!MethodDecl

Grammar modules for design patterns

ABSTRACT

PatternInsts::*PatternInst

addto Use

addto ClassDecl

CONCRETE

DPAnalysisProgram

PatternRoles

addto ClassRole

   syn classref: ref ClassDecl

otherwise superClassSEMEnv.lookup(str)

     eq tp:= inspect $D:= decl
        when VarDecl do $D.a_DeclType
       otherwise globals.a_SEMUnknownType

TypeAnalysis

   inspect &D:= myClassDecl.a_Block.lookup(str)
impl lookup:=

   when Decl do $D

Grammar modules for PicoJava

DecoratorAnalysis

addto DecoratedComponent
eq error:= varref = globals.a_SEMMissingDecl
eq errorMsg:= 
Rule 3: A DecoratedComponent variable must 

     { eq classref:=
           env.lookup{a_ID.val} }

Decorator

addto Decorator

occur in a Decorator

Block::=Decls&Stmts
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Ø Ç���� p � � j �j¶ k � ¿�¿�¿ d k n �l×l×l× �

â(� j � j � ¶ k n � · j m ÈL¸ d m j k g m · ¹ ¶ j �(¶ k �{g k j m g �=�lm � ���-g<i j�j g<iw� k5� e � ��È d k n � j �2g m
i � ¯ ¸ d k È1· p · � i � d ·.½�ã âtp d k n �%k ¶ � d k Ð p}° � d3± g��5¶ ± g k ¶ k j m�� n � i j ¶ �lk · j � ¸ d=j3j g m�k ·
d k n � m dl¯ g ¹o�lm Ð ·D�

� j �Ug m � m��l� ¸�· �5� ¸hg � ¸ae g p d ·�½ d=j�d e � � �=�lm g k ¶ k �lg k ¶ k��Ç m � � · d k n � � ¸}g k � d �lg kap
Ø dG±�d Ñ mD� d m ¶ k ��·�� m�� ¸�¸hg kap µ �2gN¸ d=j3j g mGk � m��l� ¸�� á » � á�� ½�g k ¯od m Ð � d3± g m g<i�g+¶ ± g n
¸ m g#·�g k j�d=j ¶ �lk · d k n j � j �lm ¶ d e · �lk ¸ d=j3j g mGk · d k n � m dl¯ g ¹��lm Ð �

³µ´��  !�¡½?¼�"¦»)À$#

%�& Ä('*),+jÃ5Õ$-/.�.�0�1

µ g d iw�(¶ k � d ·�·D¶ · j�d k j �lk n7Ç�n · p d32 m · j ¼wÈlg d m i �l�2m ·Gg d=j9j �2g �¡k ¶ ± g m ·D¶ j È �5� Ç d m � � · pi �lk j�d ¶ k ¶ k � d e � �lm ¶ j � ¯ d k n i � ¯ ¸ae g � ¶ j È j �2g �lm È+�

4 Å5ÒYÒ>ÃÓÕ5-/.�.�061

µ g d iw�(¶ k � d ·�·D¶ · j�d k j �lk n á
m�� � � p d ·Gg<i �lk n ¼wÈlg d m i �l�2m ·Gg d=j�j �Ug �%k ¶ ± g m ·D¶ j È �5�
Ç d m � � · p i �lk j�d ¶ k ¶ k � j �Ug �lm È �5�R� ����g<i j ¼ �lm ¶ g k j�d=j ¶ �lkap d kJ� ����g<i j ¼ �lm ¶ g k j g n ¸ m�� � m dl¯ ¼
¯ ¶ k �Èe d k � � d �lg+�

� � ¼ j g d i �2g m��lk Ç���� áhp Ç ·�¸}g<i j · �5� � ����g<i j � m ¶ g k j g n á�m�� � m dl¯§¯ ¶ k � p d ¸ � · j ¼
� m d n � d=j g�i �l�2m ·Gg d=j%j �2g �%k ¶ ± g m ·M¶ j È �5� Ç d m � � · p i �lk j�d ¶ k ¶ k � d ·�¸hg<i j · �5�+� ���-g<i j �lm ¶ g k ¼
j�d=j ¶ �lk£m d k �5¶ k � � m�� ¯cj �2g j �2g �lm È �5� j È1¸hg�·�È1· j g ¯ · d k n ¸5�(¶Ke � · � ¸��1ÈÛ�}g#�8¶ k n � ����g<i j ¼
�lm ¶ g k j�d=j ¶ �lk j � j �2gH¶ ¯ ¸ae g ¯ g k j�d=j ¶ �lkL�5� ¸ m�� � m dl¯§¯ ¶ k �Èe d k � � d �lg�i �lk · j mG� i j ·D�

%�& Ä('*),+jÃ5Õ$-/.�.�.�1

µ ¹o� i �l�2m ·Gg#· �lkH� ���-g<i j �lm ¶ g k j�d=j ¶ �lkap ¸ d=j3j g mGk · d k n � m dl¯ g ¹o�lm Ð · j � ¸}g � ¸fe g � m�� ¯
j �2gH¶ k n � · j m È+�

%�& Ä('*),+jÃ5Õ$7/8�8�8�1

µ g d iw�2g m��lk ½ á � p ½�g#·D¶ � kÒá d=j3j g m�k · d k n � m dl¯ g ¹o�lm Ð · p d ¸ � · j � m d n � d=j g�i �l�Um ·Gg
d=j?j �2g �%k ¶ ± g m ·D¶ j È �5� Ç d m � � · p i �lk j�d ¶ k ¶ k � j �2g �lm È d k n ¸ m d i j ¶ ·Gg �5� n g#·D¶ � k ¸ d=j3j g m�k · p
d k n d kF� ± g m ± ¶ g ¹0�5� d k d e È1·D¶ ·r¸ d=j3j g mGk · p d k j ¶?¸ d=j3j g m�k · p d m iw�(¶ j g<i j �Um d e�¸ d=j3j g mGk · p5�lm ¼
� d k ¶ · d=j ¶ �lk d e�¸ d=j3j g m�k · p d k n � m dl¯ g ¹o�lm Ð ·D�
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4 Å5ÒYÒ>ÃÓÕ57/8�8�861
� � ¼ j g d i �2g m n á d ã2ã>� j �2g�i �l�Um ·Gg �=�lm ¯ g m e È Ð k��&¹�k d · n á
m�� � � � �
� � ¼ j g d i �2g m Ç���� á �

%�& Ä('*),+jÃ5Õ$7/8�86-�1
� � ¼ j g d i �2g m ½ á �¾�

³µ´�? @�¾�"$�A�c½?¼~¾U»
B�»�¾W»C�¡Á

°�k � ¿�¿lÔ p�° ± ¶ ·D¶ j g n ç d e ¸5� Ø#� � k · �lkapÓ�lk g �5� j �2g d � j � �lm · �5� j �2g Õ � �j� �3� Ð p d=j!j �2g
n g#¸ d m j�¯§d k j �5� i � ¯ ¸ � j g m ·�i#¶ g k i�g p��¡k ¶ ± g m ·D¶ j È �5�U° eKe-¶ k�� ¶ ·D�

°�k j �Ug � d eKe �5� � ¿�¿�¿ p�° ± ¶ ·M¶ j g n » µ Ï p » �2k n °�k · j ¶ j � j g �5� µ g<i � k�� e � ��È+� ° j ¹ d · dD22± g
¯ �lk j ��·�· j�d È ¹ ¶ j �ÄÕ�Ö�lm g<e Ï g n ¶ k d ·�· � ¸}g m ± ¶ · �lm �

ç g ± ¶ g ¹ ¶ k �.¸ d ¸hg m · �P�lm i �lk(� g m g k i�g#· d · ��� á ã5» Ç p Ñ � ��� áhp ��� d k n � j �2g m ·M�

µ �2g 2 m · j�j ¹o� Èlg d m · �5� ¯ È á �(�-½T� °�¹ d ·L¶ k ± � e ± g n ¶ k j �2g�¸ m�� ¯ � j ¶ �lk �5�¡k d=j �2m d e
·�i#¶ g k i�g#·U¶ k �lg k g m d e d k n i � ¯ ¸ � j g m ·�i#¶ g k i�g�¶ k ¸ d m j ¶Ki � e d m j � iw�(¶Ke n m g k ¶ k j �2g d �lg �5�
�l× ¼ � ä �

� �l�2m ·Gg#· �=� eKe �&¹ g n �

Ç ·�¸hg<i j · �5� � ����g<i j � m ¶ g k j g n ¸ m�� � m dl¯§¯ ¶ k �E� �%k ¶ ± g m ·M¶ j È �5� Ç d m � � · �
½�g#·D¶ � kæá d=j3j g m�k · d k n � m dl¯ g ¹o�lm Ð ·F� �%k ¶ ± g m ·D¶ j È �5� Ç d m � � · �ã j � n È.� m��l� ¸ �lk � ����g<i j �lm ¶ g k j g n j È3¸hg�·�È3· j g ¯ ·D� �¡k ¶ ± g m ·D¶ j È �5� Ç d m � � · �
ç d · j g m � m d ¸��8¶Ki d e?·�È1· j g ¯ ·D� �%k ¶ ± g m ·M¶ j È �5� Ç d m � � · �
� � ¯ ¸(¶Ke g m�� ¸ j ¶ ¯ ¶ · d=j ¶ �lk � �%k ¶ ± g m ·D¶ j È �5� Ç d m � � · �
å � ¯o¯ �2k ¶ Ð d=j ¶ �lk · j g �lm ¶��S» �2k n °�k · j ¶ j � j g �5� µ g<iw� k�� e � ��È �





G Ç â�é ¿lÔIH ã7�Ug m ¯§d k ç � Ç e ¸}g m j p å Èhe g âam��&¹�kfp d k n â(� ���1È éN�3� e � �KJfö ùML[ù�N
�
OP��� üRQ ø ø ù�úI���DS�T Q7ÿ-ÿ ø Q7ÿVU�õ�W T�÷ Q ��O W � � Ç¦n2n ¶ · �lk ¼ é g#·�e g#È á
� �fe-¶ ·��(¶ k �
� � ¯ ¸ d k È p�X ¿�¿lÔ �

G Ç � ¿lä d H Ñ eKe g k Ç �lg m � � d k n�Ç ¶ k�� � �lmGk ¶Ke ·M� ° ¯ ¸ae g ¯ g k j ¶ k �r� �5� n g#·D¶ � k ¸ d=j3j g m�k ·
¶ k �hg j�d � °�kZY S�L\[D] ^�_ Q øa` õb;c;tü ] ^�_ �edgf =�hQ � U f ÿ hQ � [6O�� ÿiQ ��
 p�X ¿�¿lä �

G Ç � ¿lä � H Ñ eKe g k Ç �lg m � � d k n<Ç ¶ k�� � �lmGk ¶Ke ·D� µ �2g �lm È �5� e d k � � d �lg2· � ¸�¸ �lm j �=�lm
n g#·M¶ � k ¸ d=j3j g mGk ·D� ñ d · j g m Ó · j �2g#·D¶ · p ½�g#¸ d m j�¯ g k j �5� � � ¯ ¸ � j g m ã2i#¶ ¼
g k i�g p Ç d m � � · �%k ¶ ± g m ·M¶ j È p�X ¿�¿lä �

G Ç � ¿lÔIH Ñ eKe g k Ç �lg m � � d k n<Ç ¶ k�� � �lmGk ¶Ke ·D� Ï �D¹ j � ¸ m g#·Gg m ± g j �2gg�}g k g 22j · �5�
n g#·M¶ � k ¸ d=j3j g mGk ·D� °�k ü ú W �)ù�ùC
	OP����� WkjM;c;tü S Y�l ] ^�m p ¸ d �lg#· X ô � º X � ô p
X ¿�¿lÔ �

G Ç e g+��� H �¾� m ¶ · j � ¸��2g m Ç e g � d k n g m �,n\W ø ùo� W ��ø ö ùcS f �2ø ö ùo�
OP� Wpj [ W úIT � Ï d m ±�d m n
�%k ¶ ± g m ·D¶ j È á
m g#·�· p�X ¿ ���5�

G Ç e g ä � H �¾� m ¶ · j � ¸��2g m Ç e g � d k n g m �\Jfö ù ; ú�ùC� W �>`�qG÷vù�úIOPT�ù��2ø � �>� �P�lm n �¡k ¶ ± g m ¼
·D¶ j È á
m g#·�· p�X ¿lä ���

G Ç e g äläIH �¾� m ¶ · j � ¸��2g m Ç e g � d k n g m � l ü�Q ø ø ù�ú
� Y Q ��� ýrQ ��ùos J�W	t ��� �vu ý O ÿ 
�OP���o� �õ�W ����ø ú ý ��øwO W � � �>� �=�lm n �¡k ¶ ± g m ·D¶ j È á�m g#·�· p�X ¿lälä �
G Ç e g ä�¿IH �¾� m ¶ · j � ¸��2g m Ç e g � d k n g m �!Jfö ù J O�T�ù ÿ ùo�
�Mx Q f Wpj u ý O ÿ 
�O���� � �4� �=�lm n

�%k ¶ ± g m ·D¶ j È á
m g#·�· p�X ¿lä�¿ �
G â � ÔläIH å g k j â g<i Ð d k n é d m n � �2k2k ¶ k ��� dl¯ � � ·D¶ k �.¸ d=j3j g mGk e d k � � d �lg#· �=�lm

� ����g<i j ¼ �lm ¶ g k j g n ¸ m�� � m dl¯ ·M� °�k ;c;tü S Y�l Npm�_ teW ú U � ö	W ÷ W �Èø ö ùyS/÷|ùC�oN
O za� Q øwO W � Q ��
{L�ù��CO��o� j|W ú ;tþ�} ùC��øw~ ; úIO-ù��2ø ùC
 ü ú W ��ú Q TFTFO���� p6X ¿lÔlä �

G â � Ô�¿IH å g k j â g<i Ð d k n é d m n � �2k2k ¶ k ��� dl¯ � Ç e d � �lm d=j �lm È �=�lm j g d iw�(¶ k �
� ����g<i j ¼ �lm ¶ g k j g n j �(¶ k Ð ¶ k �5� °�k�ê � ñ g#È m��D¹ ¶ j × p g n ¶ j �lm�p ü ú W ��ù�ù

�O����o� Wkj
;c;tü S Y�l ] m	^ p ± � e � ¯ g���� �5� Sl÷vùC��O Q7ÿ�� �C� ý ù Wkj S �o�tü Y�l n�n\W øwO���ùo� p
¸ d �lg#· X º � p�� i j � �hg m5X ¿lÔ�¿ �

G â ����� ¿ � H å g k j â g<i Ð p Ø dl¯ g#· � � � � ¸ae-¶ g kfp ç_�lk � m�� i Ð g m�p » � j × ½ � ¼
¯ ¶ k ¶Ki Ð p Õ9g m d m n ñ g#·�× d m�� · p � m d k i�g#· á d � e-¶ ·�iw� p d k n Ø#� � k �¦e-¶ ·�¼
·D¶ n g#·D� °�k n � · j m ¶ d e�g � ¸hg m ¶ g k i�g#· ¹ ¶ j ��¸ d=j3j g mGk ·D��� j3j ¸(� óló ¹�¹�¹ � �hg<eKe ¼
e d ��·M�Ki � ¯§ó i � ¸hg ó á d=j3j g mGk · ó ° ��ã Ñ�¿ � ó ¶KiB·Gg+� � j�¯ e peX ¿�¿ ���

X ô ä



X ô Ô u O þ�ÿ O W ��ú Q ÷ ö f

G â g<i ¿läIH å g k j â g<i Ð � S�T Q<ÿ-ÿ ø Q7ÿVU�üRQ ø ø ù�úI���
s u ùo�)ø ü ú Q ��øwO���ù�� � á
m g k j ¶Ki�g Ï d eKe p
X ¿�¿lä �

G â g<i ¿�¿IH å g k j â g<i Ð � `�q�ø ú�ùoT�ù ü ú W ��ú Q TFTFOP����`Rq3÷ ÿVQ O��2ùC
	s<`�T þ ú Q �)ù õfö	Q ����ù �
Ç¦n2n ¶ · �lk ¼ é g#·�e g#È á
� �ae-¶ ·��(¶ k �)� � ¯ ¸ d k È p�X ¿�¿�¿ �

G â Ï ê ¿�¿IH Ñ � â � d mGk d · �lkap Õ�� Ï g n ¶ kap d k n å � ê ¶Ke ·�· �lk � °4k j g m d i j ¶ ± g§e d k � � d �lg n g#¼
± g<e � ¸ ¯ g k j �=�lm g ¯ �hg n2n g n ·�È3· j g ¯ ·D��n3W úp
�O�� d W7ý úI� Q7ÿ�Wpj¥õ�W T�÷ ý øwOP��� p
¸ d �lg#· ô � º ��� p�X ¿�¿�¿ �

G â å á ã ¿ � H �¾� âa� ·�i � ¯§d k2kap å � å ¶ g � g m�p �¾� á d � e-¶ ·�iw� p d k n ñ �¡ã j�d e-� µ �Ug ¯ g j�d ¼
¶ k(�=�lm ¯§d=j ¶ �lk ¼w¸ m�� j � i � e p/mG�2k ¼ j ¶ ¯ g j È1¸hgT¶ k8�P�lm ¯od=j ¶ �lk��P�lm i������ °4k ü ú W ~
�)ù�ùC
	OP����� Wkj ø ö ù � �2ø ù�úI� Q øwO W � Q7ÿ x W ú U � ö�W ÷ W ���¡ù��8ùC��øwO W � Q ��
>�Hù�ø Q ~
Y ùo=�ù ÿ l úp� ö O�ø ùC��ø ý ú�ù�] ^�� p ¸ d �lg#· Ô � º Ôlä p�X ¿�¿ ���

G â ñ â � ¿lÔIH é ¶KeKe-¶ dl¯ Ø � â�m��&¹�kapUç d ¸�� d g<e5��� ñ d e ± g d �fp7é ¶KeKe-¶ dl¯ Ï � âam��&¹8kap Ï d È1·
é � p�°G°G° ñ i#� �lm ¯ ¶Ki Ð p d k n µ � � ¯§d · Ø � ñ �&¹ � m d È+� l �UøwO üRQ ø ø ù�úI���Cs
�¡ù j|Q ��ø W úIOP���yS Wkj ø teQ ú�ù � l úp� ö O�ø ùC��ø ý ú4ù�� � Q ��
 ü ú Wp} ù
��øw��O�� õ ú
O��CO�� � Øf� � k
é ¶Ke g#È�� ã �lk · p�X ¿�¿lÔ �

G â ñ ç � ¿läIH � m d k Ð âa� ·�iw� ¯§d k2kaptç g#�5¶ k g ñ g �2k ¶ g m�p Ï d k · ç � � k g m j p9á g j g m ã � ¯ ¼
¯ g m e d n p d k n ñ ¶Ki � d g<e?ã j�d e-�PüRQ ø ø ù�úI��~ ; ú
O�ùo�2ø ù

�S Wkj ø teQ ú�ù l úk� ö O�ø ùC�o~
ø ý ú�ùos l S f ��ø ù�T Wkj¦ü�Q ø ø ù�ú
��� � Øf� � k¥é ¶Ke g#È d k n ã �lk · p�X ¿�¿lä �

G â(� g ÔlÔIH â � é � â(� g#� ¯ � Ç ·�¸8¶ m d e ¯ � n g<e �5� · �5� j ¹ d m g n g ± g<e � ¸ ¯ g k j�d k n g k ¼
� d k i�g ¯ g k ��� `�`R` õ�W T�÷ ý ø ù�ú p�X ¿lÔlÔ �

G â(� · ¿läIH Ø d kæâ(� ·�i �(��½�g#·D¶ � k ¸ d=j3j g mGk ·�� � m dl¯ g ¹��lm Ð ·D� �9k j �UgÛ¶ ·�· � g �5� e d k ¼
� � d �lgH· � ¸�¸ �lm j � °�k�Y S�L�[y] ^�_ Q ø\` õb;c;tü ] ^�_ ��d�f =RhQ � U f ÿ hQ � [6OP� ÿVQ ��
 pX ¿�¿lä �

G âam�� H å È
e g âam��D¹�k � ½�g#·D¶ � k m g ± g m ·Gg#¼ g k �5¶ k g�g m ¶ k � d k n d � ¼
j � ¯§d=j g n n g#·D¶ � k ¸ d=j3j g mGk n g j g<i j ¶ �lk ¶ k · ¯§d eKe j�d e Ð �
� j3j ¸(� óló ¹�¹�¹ ��� k iB· � � g n � ó g � · ó ¶ k(�=� ó=j�d · � � ó Ð � m��&¹8k ó=j �2g#·D¶ ·���� � j�¯ �

G âaé ¿ � H å È
e g âam��D¹�k d k n âamG� i�g é �(¶ j g k d i Ð � � m�� ·�·D¶ k � iw� d · ¯ ·D�
� j3j ¸(� ólól¯ g ¯ �hg m ·D� d � e-�Ki � ¯§ó Ð ��� X ×l× X ×l× X ó �¾� d · ¯ ·D� � j�¯ pAX ¿�¿ ���

G ����½ � ¿lÔIH ñ ¶Kiw� d g<eg�¾� m ¶ · j g k ·Gg kap Ç k n È�� m d � j m g�g p �¾� m ¶ · j ¶ d k Ï g+¶ n g�½ dl¯o¯ p
å e d � · ñ d m ¶ � · Ï d k ·Gg kap$� e g
»�g#� m ¯od k2k ñ d n ·Gg kap¦á g mGk ¶KeKe g ñ d m�� ¼
±�d m n ·Gg kfp~á
m g#�hg k ñ � �lg k ·Gg kap Ñ e ¯ g m ã d k n ±�d n p »�g kUk g m j ã2e � j � p d k n
ñ ¶Kiw� d g<e µ � � ¯ ·Gg k � µ �2g ¯ � d � n �Wg � ¸hg m ¶ g k i�g+� ñ � e j ¶ ¸hg m ·�¸hg<i j ¶ ± g d ¸�¼
¸ae-¶Ki d=j ¶ �lk n g ± g<e � ¸ ¯ g k j ¶ k g ± � e � j ¶ �lk d m È�¸ m�� j � j È1¸(¶ k �5� °4k ü ú W ��ù�ù

�O����o�
Wkj ` õb;c;tü ] ^�m p ± � e � ¯ g X ���5� �5��Y n¦õ S p¡âamG� � g<eKe g#· p9â g<e �5¶ � ¯ p?Ø�� e È
X ¿�¿lÔ �

G ��½ Ï � ¿�¿IH ñ ¶Kiw� d g<ej�¾� m ¶ · j g k ·Gg kap �_� m ¶ · j ¶ d k Ï g+¶ n g ½ dl¯§¯ p å e d � · ñ d m ¶ � ·
Ï d k ·Gg kap Ñ e ¯ g m ã d k n ±�d n p d k n ñ ¶Kiw� d g<e µ � � ¯ ·Gg k �!ã �5� j ¹ d m g d m i �(¶ ¼
j g<i j �2m d e7g ± � e � j ¶ �lk ¶ k j �2g n m d � �lk ¸ m�� �-g<i j � °4k x W ú U � ö	W ÷ W � ;tþ�} ùC��øw~
; úIO-ù��2ø ùC
 l úp� ö O-ø ù
��ø ý ú Q<ÿ `�= W7ÿ�ý øwO W � Q øv` õb;c;tü ] ^�^ p�X ¿�¿�¿ �
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G i�g j H �{g j � ·�e-¶ k Ð ·�¼ � ����g<i j ¼ �lm ¶ g k j�d=j ¶ �lk �R� j3j ¸(� óló ¹�¹�¹ �Ki�g j � ·�¼�e-¶ k Ð ·D� �lm � ó �
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