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( #$!&$%$&'" >IF JMPLFMFNTBTJON MBY DONTBJN MORF STBTF DOMPONFNTS BNE
MBY USF EJ!FRFNT EBTB RFPRFSFNTBTJONS TIBN TIF SPFDJ"DBTJON( "&!+&*&+/

*#-. BRF USFE TO SIOW IOW TO VJFW BN JMPLFMFNTBTJON STBTF BS B SPFDJ"DBTJON
STBTF @*A(

>IF DLBSSJD PBPFR ON TIF TOPJD CY 2CBEJ BNE 9BMPORT @*A& WIJDI IBS MO'
TJVBTFE TIF WORK BPPFBRJNH JN TIJS PBPFR& DONTBJNS BN JN'EFPTI EJSDUSSJON OG
TIFSF TOPJDS( >IF MBJN JEFB JS TO USF RF"NFMFNT MBPS TO PROVF TIBT SYSTFMS
IBVF RFLBTFE JN"NJTF DOMPUTBTJONS& CY RFBSONJNH ),%#))1& BCOUT STBTFS BNE TIFJR
SUDDFSSORS& JNSTFBE OG '),$#))1& BCOUT JN"NJTF PBTIS( 2CBEJ BNE 9BMPORT PROVF B
TIFORFM BCOUT WIFN SUDI RF"NFMFNT MBPS FXJST JN TIF LJNFBR TJMF GRBMFWORK&
WIFRF TIF SFMBNTJDS OG SYSTFMS BNE PROPFRTJFS DORRFSPONE TO SFTS OG JN"NJTF
SFQUFNDFS(

:Y BPPROBDI EJ!FRS JN TIBT 8 WORK JN TIF CRBNDIJNH TJMF GRBMFWORK& WIFRF
TIF SFMBNTJDS OG SYSTFMS BRF HJVFN CY SFTS OG JN"NJTF TRFFS( 5VFN SO& TIF RFSULTS
DBN CF BPPLJFE TO TIF LJNFBR TJMF GRBMFWORK& BS 8 FXPLBJN LBTFR(

>IF TIFORFM PROVFE CY 2CBEJ BNE 9BMPORT IOLES ONLY UNEFR DFRTBJN DON'
EJTJONS( 3RJF#Y& TIFY BLLOW ONF TO BEE IJSTORY BNE PROPIFDY VBRJBCLFS TO TIF
JMPLFMFNTBTJON& TIFY RFQUJRF TIBT TIF JMPLFMFNTBTJON JS MBDIJNF DLOSFE& BNE
TIFY RFQUJRF TIBT TIF SPFDJ"DBTJON IBS "NJTF JNVJSJCLF NONEFTFRMJNJSM BNE JS JN'
TFRNBLLY DONTJNUOUS( :Y TIFORFMS EO NOT EFPFNE ON TIFSF DONEJTJONS& CUT TIFRF
BRF JMPORTBNT EJ!FRFNDFS CFTWFFN TIF TWO BPPROBDIFS TIBT BRF FXPLORFE JN EFPTI
LBTFR(

>IFRF BRF TWO MBJN RFBSONS WIY 8 DIOSF TO WORK JN TIF CRBNDIJNH'TJMF GRBMF'
WORK( >IF "RST JS TIBT JN TIF SJMPLF DBSF WIFRF ONF JS EFBLJNH WJTI "NJTF'STBTF
SYSTFMS& JT MBKFS SFNSF TO USF BLHORJTIMS TIBT DBN DIFDK JG ONF "NJTF'STBTF SYSTFM
RF"NFS BNOTIFR( 6OR FXBMPLF& JN @*/A WF USF BLHORJTIMS GOR EFDJEJNH STUTTFRJNH
CJSJMULBTJON TO DOMPLFTF B PROOG OG DORRFDTNFSS GOR TIF BLTFRNBTJNH CJT PROTODOL
$TIJS JS BN JN"NJTF'STBTF PROCLFM TIBT WBS RFEUDFE TO B "NJTF'STBTF PROCLFM USJNH
B TIFORFM PROVFR%( >IF CRBNDIJNH TJMF NOTJONS OG SJMULBTJON BNE CJSJMULBTJON&
EUF TO :JLNFR BNE <BRK @*0& +*A& DBN CF EFDJEFE JN POLYNOMJBL TJMF @+)& /A(
8N DONTRBST& TIF DORRFSPONEJNH LJNFBR TJMF NOTJONS& TRBDF FQUJVBLFNDF BNE TRBDF
DONTBJNMFNT& BRF COTI <=<245'DOMPLFTF PROCLFMS @+.A(

=FDONE& RF"NFMFNT MBPS BLLOW ONF TO SIOW TIBT ONF SYSTFM .(*0)#/&. BN'
OTIFR( >IJS JS JNIFRFNTLY B CRBNDIJNH TJMF NOTJON WIJDI IBS TIF BEVBNTBHF OG
CFJNH STRUDTURBL BNE LODBL( 7OWFVFR& JN OREFR TO USF RF"NFMFNT MBPS JN B LJN'
FBR TJMF SFTTJNH OTIFR MFDIBNJSMS BRF NFFEFE TO& JN FSSFNDF& IJEF TIF CRBNDIJNH
STRUDTURF OG SYSTFMS( >IUS& WF FXPFDT TIF CRBNDIJNH TJMF DBSF TO CF SJMPLFR TIBN
TIF LJNFBR TJMF DBSF( ;CVJOUS QUFSTJONS BRJSF( 7OW MUDI SJMPLFR1 ?IBT DONEJ'
TJONS JN TIF 2CBEJ BNE 9BMPORT TIFORFM BRF TIFRF GOR TIJS PURPOSF1 8T TURNS OUT
TIBT CY USJNH ONLY PROPIFDY'LJKF VBRJBCLFS& WIJDI IBVF TIF F!FDT OG EFSTROYJNH
TIF CRBNDIJNH STRUDTURF OG SYSTFMS& WF DBN HFT B DOMPLFTFNFSS TIFORFM GOR TIF
LJNFBR TJMF(

=TUTTFRJNH SJMULBTJON JS CBSFE ON TIF NOTJONS OG SJMULBTJON BNE CJSJMULB'
TJON& WIJDI IBVF IBE B EFFP JMPBDT ON IOW WF TIJNK BCOUT SPFDJ"DBTJONS( >IF
LJTFRBTURF ON TIJS TOPJD JS VBST BNE DONTBJNS MBNY "NF SURVFYS @+,& *-& .A( 8N BE'
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JOZOUT& ZNKXK NG\K HKKT \GXOU[Y K^ZKTYOUTY UL ZNK 6HGJO GTJ =GSVUXZ XKY[RZ D*F&
OTIR[JOTM D.& 2& +& 1F( <T XKRGZKJ VXK\OU[Y ]UXQ& ?GSPUYNO D*2F MO\KY G YU[TJ
GTJ IUSVRKZK VXUUL X[RK LUX Y_SSKZXOI YZ[ZZKXOTM HOYOS[RGZOUTY ]NOIN NGY NKG\'
OR_ OT"[KTIKJ S_ ]UXQ4 NU]K\KX& ?GSPUYNO JUKY TUZ IUTYOJKX YOS[RGZOUTY GTJ
JUKY TUZ JKGR ]OZN XK!TKSKTZ( @Z[ZZKXOTM HOYOS[RGZOUTY GTJ ZNK XKRGZKJ TUZOUT
UL C:7Y $CKRR'LU[TJKJ :W[O\GRKTIK 7OYOS[RGZOUTY% ]KXK [YKJ ZU ROTQ ZNKUXKS
VXU\OTM GTJ SUJKR INKIQOTM GTJ ZU SKINGTOIGRR_ \KXOL_ ZNK GRZKXTGZOTM HOZ VXU'
ZUIUR OT D*0F( <T D*/F& < VXUVUYKJ G TUZOUT UL IUXXKIZTKYY LUX VOVKROTKJ SGINOTKY
HGYKJ UT C:7Y GTJ < YNU]KJ ZNGZ ZNK \GXOGTZ UL ZNK 7[XIN GTJ 9ORR TUZOUT UL
IUXXKIZTKYY D-F OT D+-& +.F IGT HK YGZOY!KJ H_ SGINOTKY ZNGZ JKGJRUIQ( <T GJJOZOUT&
< [YKJ ZNK 68=+ ZNKUXKS VXU\KX D*+& **& *)F ZU G[ZUSGZK S[IN UL ZNK \KXO!IG'
ZOUT( < GRYU \KXO!KJ \GXOGTZY UL ZNK VOVKROTKJ SGINOTK OTIR[JOTM SGINOTKY ]OZN
K^IKVZOUTY& OTZKXX[VZY $]NOIN RKGJ ZU TUT'JKZKXSOTOYS%& GTJ TKZROYZ $MGZK'RK\KR%
JKYIXOVZOUTY GTJ YNU]KJ ZNGZ S_ TUZOUT UL IUXXKIZTKYY GVVROKY ZU ZNKYK K^ZKT'
YOUTY( >GT_ UL ZNK \GXOGTZ SGINOTKY ]KXK \KXO!KJ OT YZGMKY& [YOTM ZNK C:7
IUSVUYOZOUTGR VXUUL X[RK( BTLUXZ[TGZKR_& YZ[ZZKXOTM HOYOS[RGZOUT GTJ C:7Y GXK
ULZKT ZUU YZXUTM G TUZOUT& P[YZ GY ZXGIK KW[O\GRKTIK OY ULZKT ZUU YZXUTM G TUZOUT OT
ZNK ROTKGX ZOSK IGYK( < K^VKIZ YZ[ZZKXOTM YOS[RGZOUT ZU HK S[IN SUXK GVVROIGHRK&
NKTIK S_ OTZKXKYZ OT ZNK ZUVOI(

ANK VGVKX OY UXMGTO`KJ GY LURRU]Y( <T YKIZOUT +& < JKYIXOHK S_ TUZGZOUTGR IUT'
\KTZOUTY GTJ XK\OK] HGIQMXU[TJ SGZKXOGR( <T YKIZOUT ,& < JK\KRUV G ZNKUX_ UL
XK!TKSKTZ HGYKJ UT YZ[ZZKXOTM YOS[RGZOUT( <T YKIZOUT -& < JOYI[YY XK!TKSKTZ OT
ZNK ROTKGX ZOSK LXGSK]UXQ GTJ IUSVGXK S_ ]UXQ ]OZN ZNGZ UL 6HGJO GTJ =GS'
VUXZ4 YUSK XKGJKXY SG_ ]GTZ ZU YZGXZ H_ YQOSSOTM ZNOY YKIZOUT !XYZ( < IUTIR[JK
OT YKIZOUT .(

! #.1%1*.- %-' "%1)(,%1*&%+ $/(+*,*-%/*(0

! GTJ ! HUZN JKTUZK ZNK TGZ[XGR T[SHKXY& )"&"& ()# *# " " ")( ANK UXJKXKJ VGOX
]NUYK !XYZ IUSVUTKTZ OY . GTJ ]NUYK YKIUTJ IUSVUTKTZ OY / OY JKTUZKJ *.# /+( D.""/F
JKTUZKY ZNK IRUYKJ OTZKX\GR (0 # ! 3 . " 0 " /)4 VGXKTZNKYKY GXK [YKJ ZU JKTUZK
UVKT GTJ NGRL'UVKT OTZKX\GRY& &"("& D.""/% JKTUZKY ZNK YKZ (0 # ! 3 . " 0 $ /)( ANK
JOYPUOTZ [TOUT UVKXGZUX OY JKTUZKJ H_ &( 8GXJOTGROZ_ UL G YKZ ) OY JKTUZKJ H_ ,),(
%$)% JKTUZKY ZNK VU]KXYKZ UL )( ;[TIZOUT GVVROIGZOUT OY YUSKZOSKY JKTUZKJ H_ GT
OT!^ JUZ E(#( ;UX GT_ HOTGX_ XKRGZOUT (3 < GHHXK\OGZK *2# 4+ # ( H_ 2(4& < ]XOZK
($)% LUX ZNK )+#(& UL ) [TJKX ( $)"&"& ($)% 5 (6 3 *$5 3 5 # ) 3 5(6+)%& GTJ (,!
JKTUZKY ( *&'1!/&01/)$1&% ZU ZNK YKZ % $)"&"& (,! 5 (*,# -+ 3 $,(-% ' $, # %%)%(
ANK $-+.-0)1)-, UL HOTGX_ XKRGZOUTY ( GTJ * OY JKTUZKJ (4* UX * Æ (& )"&"&
(4* 5 * Æ( 5 (*1# 3+ 3 *$5 33 1(5 ' 5* 3+)( ANK ),2&/0& UL HOTGX_ XKRGZOUT
( OY JKTUZKJ (!! GTJ OY JK!TKJ ZU HK (*,# -+ 3 -(,)(

*'5 3 1 3 -+ JKTUZKY G W[GTZO!KJ K^VXKYYOUT& ]NKXK ' OY ZNK W[GTZO!KX& 5 ZNK
HU[TJ \GXOGHRK& 1 ZNK XGTMK UL 5 $#"$! OL USOZZKJ%& GTJ - ZNK HUJ_( < YUSKZOSKY
]XOZK *'5 # + 3 1 3 -+ GY GT GHHXK\OGZOUT LUX *'5 3 5 # + ' 1 3 -+&
]NKXK 1 OY #"$! OL USOZZKJ& GY HKLUXK( ;XUS NOMNKYZ ZU RU]KYZ HOTJOTM VU]KX& ]K
NG\K3 VGXKTZNKYKY& L[TIZOUT GVVROIGZOUT& HOTGX_ XKRGZOUTY $&"("& 2&4%& KW[GROZ_
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%0& >KA JBJ?BOPEFM %(&( @LKGRK@QFLK %*& >KA AFPGRK@QFLK %+&( FJMIF@>QFLK %'&(
>KA !K>IIV( ?FK>OV BNRFS>IBK@B %#&*

8M>@FKD FP RPBA QL OBFKCLO@B ?FKAFKD. JLOB PM>@B FKAF@>QBP ILTBO ?FKAFKD*
1 ?FK>OV OBI>QFLK( ( $ ,", ( FP 9.".?2=. FC .)5 ( , .. 5(5/* ( FP :@44.;92,

FC .)5& 6 ( , .. 5(6 ' 6(5/* ( FP *5;2:@44.;92, FC .)5& 6 ( , .. 5(6 *
6(5 ' 5 0 6/* ( FP ;9*5:2;2=. FC .)5& 6& 7 ( , .. 5(6 * 6(7 ' 5(7/*
1 ?FK>OV OBI>QFLK FP > 79.69-.9 FC FQ FP OB"BUFSB >KA QO>KPFQFSB* 1 MOBLOABO QE>Q
FP >IPL PVJJBQOF@ FP >K .8<2=*3.5,. 9.3*;265*

1 !52;. :.8<.5,. FP > CRK@QFLK COLJ ;+%%1& CLO PLJB K>QRO>I KRJ?BO 1* 1K
25!52;. :.8<.5,. FP > CRK@QFLK COLJ !* :EBK 4 TOFQB 5 ( $( CLO > PBNRBK@B $( 4
JB>K QE>Q 5 FP FK QEB O>KDB LC $* 1 >.33%/6<5-.- :;9<,;<9. FP > M>FO .+&!/ TEBOB
+ FP > PBQ >KA ! FP > ?FK>OV OBI>QFLK LK + PR@E QE>Q QEBOB >OB KL FK!KFQBIV
AB@OB>PFKD PBNRBK@BP LK + ( TFQE OBPMB@Q QL !* 4 RPB ' QL @LJM>OB K>QRO>I
KRJ?BOP >KA % QL @LJM>OB LOAFK>I KRJ?BOP*

1 ;9*5:2;265 :@:;.4 %98& FP > PQOR@QROB .*& ! ! "& )/( TEBOB * FP > PBQ LC PQ>QBP(
! ! "$ * " * FP QEB ;9*5:2;265 9.3*;265( ) FP QEB 3*+.3250 /<5,;265. FQP ALJ>FK FP *
>KA FQ QBIIP RP TE>Q FP L?PBOS>?IB >Q > PQ>QB* 4 >IPL OBNRFOB QE>Q ! ! " FP 3./;%;6;*3 .
CLO BSBOV 2 ( *( QEBOB FP PLJB 3 ( * PR@E QE>Q 2 ! ! "3* 6LQF@B QE>Q > QO>KPFQFLK
PVPQBJ FP > I>?BIBA DO>ME TEBOB QEB KLABP >OB PQ>QBP >KA >OB I>?BIBA ?V )*

1 7*;1 $ FP > PBNRBK@B LC PQ>QBP PR@E QE>Q CLO >AG>@BKQ PQ>QBP 2 >KA 3( 2 ! ! "3*
1 M>QE( $( FP > /<337*;1 FC FQ FP FK!KFQB* /7%$%2 ABKLQBP QE>Q $ FP > CRIIM>QE PQ>OQFKD
>Q PQ>QB 2 >KA $$ ABKLQBP QEB PRÆU CRIIM>QE .$%/& $%/' ,&& % % %/* 4 RPB QEB PVJ?LI
</$ CLO @LK@>QBK>QFLK LC M>QEP TEBOB QEB IBCQ M>QE FP !KFQB( .&0&( -/ -. 0 --.*

9BJMLO>I ILDF@ T>P MOLMLPBA >P > CLOJ>IFPJ CLO PMB@FCVFKD QEB @LOOB@QKBPP LC
@LJMRQFKD PVPQBJP FK > I>KAJ>OH M>MBO ?V 7KRBIF ;--=* 4 >PPRJB QE>Q QEB OB>ABO
FP C>JFIF>O TFQE QBJMLO>I ILDF@*

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

8QRQQBOFKD PFJRI>QFLK ABMBKAP LK QEB KLQFLK LC J>Q@EFKD 4 KLT AB!KB* 4 PQ>OQ
TFQE >K FKCLOJ>I >@@LRKQ* 3FSBK > OBI>QFLK ( LK > PBQ *( TB P>V QE>Q >K FK!KFQB
PBNRBK@B $ %LC BIBJBKQP COLJ *& J>Q@EBP >K FK!KFQB PBNRBK@B Æ %LC BIBJBKQP
COLJ *& FC QEB PBNRBK@BP @>K ?B M>OQFQFLKBA FKQL KLK)BJMQV( !KFQB PBDJBKQP PR@E
QE>Q BIBJBKQP FK OBI>QBA PBDJBKQP >OB OBI>QBA ?V (* 2LO BU>JMIB( FC QEB !OPQ
PBDJBKQ LC $ E>P QEOBB BIBJBKQP >KA QEB !OPQ PBDJBKQ LC Æ E>P PBSBK BIBJBKQP(
QEBK B>@E LC QEB QEOBB BIBJBKQP FP OBI>QBA ?V ( QL B>@E LC QEB PBSBK BIBJBKQP* 4
RPB J>Q@EFKD( TEBOB QEB FK!KFQB PBNRBK@BP >OB CRIIM>QEP LC > QO>KPFQFLK PVPQBJ(
QL AB!KB PQRQQBOFKD PFJRI>QFLK*

$%!'&)&(' #" #4*;,1$ 5BQ / O>KDB LSBO !* 5BQ ()' ?B QEB PBQ LC PQOF@QIV FK)
@OB>PFKD PBNRBK@BP LC K>QRO>I KRJ?BOP PQ>OQFKD >Q +/ CLOJ>IIV( ()' 0 ,# . # .
! & ! * #%+ 0 + * .)/ ( ! .. #%/ ' #%/ ' ,&/-* 9EB /&# PBDJBKQ LC
>K FK!KFQB PBNRBK@B $ TFQE OBPMB@Q QL # ( ()'( "$$( FP DFSBK ?V QEB PBNRBK@B
.$%#%/&& % % % & $%#%/' ,&! ,&/*

2LO ( $ * " *& #& " ( ()' & /& 0 ( !( >KA FK!KFQB PBNRBK@BP $ >KA Æ( 4
>??OBSF>QB .)2& 4 . 2 ( "$$ * 4 ( !Æ% . 2(4/ ?V % "$$&(% !Æ%&*
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0C 7::?I?DC+ 3=@@ $'& $& #& Æ& "% " -&/ % ! ++ $ "$#%'$ !Æ#%. 7C:;1B38$'& $& Æ% "
-'#& " % ,.) ++3=@@$'& $& #& Æ& "%. (

,2770 $# +9D5< A5B ,& ' # , ! ,& 1<4 9<!<9B5 A5?C5<35A $ 1<4 Æ&
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3>; 78DK; A;BB7 7AADLH JH ID G;7HDC 78DJI H;=B;CIH JH?C= 97H; 7C7AMH?H&
L>;G; I>; I>G;; 97H;H 7G;+ 8DI> H;=B;CIH 7G; D< A;C=I> )& I>; G?=>I H;=B;CI ?H D<
A;C=I> ) 7C: I>; A;<I D< A;C=I> =G;7I;G I>7C )& 7C: I>; A;<I H;=B;CI ?H D< A;C=I>
) 7C: I>; G?=>I D< A;C=I> =G;7I;G I>7C )(

&#$ -;<;;2:583 -57<60;598

. G;A7I?DC DC ' # , ! , L>;G; ) - -,& ! ! "& *. ?H 7 HIJII;G?C= H?BJA7I?DC& ?<
<DG ;K;GM 0& 1 HJ9> I>7I 0'1& 0 7C: 1 7G; ?:;CI?97AAM A78;A;: 7C: ;K;GM <JAAE7I>
HI7GI?C= 7I 0 97C 8; B7I9>;: 8M HDB; <JAAE7I> HI7GI?C= 7I 1(
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4.2   Examples Due to Abadi and Lamport
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:GDQD @QD U@QHNTR CH!DQDMBDR ADSVDDM LX @OOQN@BG @MC SG@S NE 0A@CH @MC 7@L(
ONQS) 0 L@INQ CH!DQDMBD HR SG@S 6 CD@K VHSG AQ@MBGHMF SHLD MNSHNMR ADB@TRD HM SGD
BNMSDWS NE LDBG@MHB@K UDQH"B@SHNM SGDX OQNUHCD BDQS@HM @CU@MS@FDR' @R NTSKHMDC
@ANUD) 5NVDUDQ' HM NQCDQ SN RHLOKHEX SGD BNLO@QHRNM' HM SGHR RDBSHNM 6 BNMRHCDQ
NMKX SGD KHMD@Q SHLD @RODBSR NE LX QDRTKSR)

:GDQD @QD CH!DQDMBDR HM GNV RSTSSDQHMF HR CD@KS VHSG/ M@LDKX' 0A@CH @MC 7@L(
ONQS @KKNV HM"MHSD RSTSSDQHMF' VGDQD@R 6 CN MNS) 2NMRHCDQ SGD DW@LOKD NE OHODKHMDC
L@BGHMD UDQH"B@SHNM) ;RHMF SGD 0A@CH @MC 7@LONQS @OOQN@BG' VD VNTKC CD"MD
SGD HMRSQTBSHNM RDS @QBGHSDBSTQD TRHMF @ RS@SD L@BGHMD' R@X VGDQD DUDQX BNL(
ONMDMS HR DWSDQM@KKX UHRHAKD) 1X CD"MHSHNM' SGD OQNODQSX FDMDQ@SDC AX SGD RS@SD
L@BGHMD HMBKTCDR HM"MHSD RSTSSDQHMF' "!#!' HS HMBKTCDR SGD ADG@UHNQ VGDQD MNSG(
HMF G@OODMR) :GTR' @ RTOOKDLDMS@QX OQNODQSX VNTKC AD TRDC SN QTKD NTS RTBG
ADG@UHNQR AX QDPTHQHMF SG@S MNM(RSTSSDQHMF RSDOR @QD DUDMST@KKX S@JDM' @ KHUD(
MDRR OQNODQSX) 6M BNMSQ@RS' HM LX @OOQN@BG' DUDQX RSDO NE SGD SQ@MRHSHNM RXRSDL
LNCDKHMF SGD HMRSQTBSHNM RDS @QBGHSDBSTQD BNQQDRONMCR SN SGD DWDBTSHNM NE @M
HMRSQTBSHNM' VHSG SGD RSTSSDQHMF ADHMF G@MCKDC AX SGD CD"MHSHNM NE RSTSSDQHMF
RHLTK@SHNM) 8NSHBD SG@S MN RTOOKDLDMS@QX OQNODQSX HR QDPTHQDC) 6M @CCHSHNM' SGD
BNMCHSHNM SG@S @ OHODKHMDC L@BGHMD L@JDR OQNFQDRR HR MNV @ R@EDSX OQNODQSX' AD(
B@TRD SGD MTLADQ NE RSDOR QDPTHQDC HR ANTMCDC AX SGD MTLADQ NE RS@FDR HM SGD
OHODKHMD =+.?)

7@LONQS @MC 0A@CH QDPTHQD SG@S RXRSDLR G@UD SGD R@LD DWSDQM@KKX UHRHAKD
RS@SDR) :GDX L@JD SGD ONHMS SG@S NMD B@MMNS R@X VGDSGDQ SGD U@KTD ++++++**
BNQQDRONMCR SN !- VHSGNTS JMNVHMF GNV SN HMSDQOQDS @ RDPTDMBD NE AHSR @R @M
HMSDFDQ) :GDX FN NM SN R@X SG@S FHUDM RTBG @M HMSDQOQDS@SHNM' SGDX B@M SQ@MR(
K@SD SGD DWSDQM@KKX UHRHAKD RS@SDR SN SGD @OOQNOQH@SD QDOQDRDMS@SHNM) 6M LX B@RD'
HMRSD@C NE G@UHMF @ RDO@Q@SD HMSDQOQDS@SHNM OG@RD' 6 @KKNV QD"MDLDMS L@OR SN
@KSDQ SGD K@ADKR NE RS@SDR CHQDBSKX) 6 G@UD ENTMC SG@S HM OQ@BSHBD SGHR DWSQ@ ONVDQ
HR MDBDRR@QX) 4NQ DW@LOKD' VGDM OQNUHMF SG@S @ OHODKHMDC L@BGHMD HLOKDLDMSR
SGD HMRSQTBSHNM RDS @QBGHSDBSTQD' 6 G@UD TRDC QD"MDLDMS L@OR SG@S DHSGDQ LNC(
HEX SGD U@KTD NE SGD OQNFQ@L BNTMSDQ %VGDM TRHMF LX >BNLLHS$ @OOQN@BG SN
BNQQDBSMDRR& NQ LNCHEX SGD QDFHRSDQ "KD @MC LDLNQX %TRHMF SGD 1TQBG @MC 3HKK
>#TRGHMF$ @OOQN@BG SN BNQQDBSMDRR& =+.?) :GD ONHMS HR SG@S VGDM TRHMF LX BNL(
LHS @OOQN@BG SN BNQQDBSMDRR' HE VD BNMRHCDQ SGD OQNFQ@L BNTMSDQ SN AD DWSDQM@KKX
UHRHAKD SGDM VD B@MMNS TRD SGD 0A@CH @MC 7@LONQS @OOQN@BG SN OQNUD SG@S @
OHODKHMDC L@BGHMD HLOKDLDMSR SGD HMRSQTBSHNM RDS @QBGHSDBSTQD) 9HLHK@QKX' VGDM
TRHMF SGD 1TQBG @MC 3HKK @OOQN@BG' HE VD BNMRHCDQ SGD QDFHRSDQ "KD NQ LDLNQX SN
AD DWSDQM@KKX UHRHAKD' SGDM VD B@MMNS TRD SGD 0A@CH @MC 7@LONQS @OOQN@BG SN
OQNUD SG@S @ OHODKHMDC L@BGHMD HLOKDLDMSR SGD HMRSQTBSHNM RDS @QBGHSDBSTQD)

:GD QD"MDLDMS L@OOHMFR NE 0A@CH @MC 7@LONQS @QD QDPTHQDC SN OQDRDQUD
SGD RTOOKDLDMS@QX OQNODQSX NE SGD RODBH"B@SHNM) 0R SGDX ONHMS NTS' SGHR HR MNS @
KNB@K BNMCHSHNM' ATS NMD B@M @OOKX KNB@K LDSGNCR RTBG @R VDKK(ENTMCDC HMCTBSHNM
ENQ SGD OQNNE) ;MENQSTM@SDKX' SGDX CN MNS OQNUHCD @MX FTHC@MBD NM BNMRSQTBSHMF
RTBG @QFTLDMSR) 6M LX B@RD' SGD OQNNE NE OQNONRHSHNM , %HE ! HR @M 9:9' SGDM
! HR @ <49& RGNVR GNV SN BNMRSQTBS SGD @OOQNOQH@SD VDKK(ENTMCDC QDK@SHNMR
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6C9 B:6GIF: ;IC8H>DCG# ("'%) 6C9 ("'%& % 1=: EFDD; 6AGD G=DKG H=6H HKD B:6GIF:
;IC8H>DCG# DC: ;FDB E6>FG D; GH6H:G 6C9 DC: ;FDB HF>EA:G D; GH6H:G HD H=: C6HIF6AG#
6F: :CDI<= F:<6F9A:GG D; H=: HF6CG>H>DC GMGH:BG >CJDAJ:9%

*>C6AAM# BM H=:DF:BG 6F: GHFDC<:F H=6C H=: DC:G <>J:C 7M )769> 6C9 -6B$
EDFH% *DF :L6BEA:# H=:M G=DK H=6H :J:C K=:C " >G CDH >CH:FC6AAM 8DCH>CIDIG 6
F:!C:B:CH B6E :L>GHG HD G=DK H=6H ! G6H>G!:G H=: G6;:HM EFDE:FHM GE:8>!:9 7M
"% 1=:M 8DCH>CI: 42: 9D CDH @CDK >; 6CMH=>C< 86C 7: G6>9 67DIH EFDJ>C< 6F7>$
HF6FM A>J:C:GG EFDE:FH>:G%" 0>C8: BM F:!C:B:CH H=:DF:BG 6EEAM HD 6CM GMGH:BG# 6
G>BEA: 8DFDAA6FM >G H=6H# K>H= BM 6EEFD68=# F:!C:B:CH B6EG 86C 6AK6MG 7: IG:9
HD EFDJ: 7DH= G6;:HM 6C9 A>J:C:GG EFDE:FH>:G% 1=>G >G GDB:H=>C< H=6H K: IG:9
>C 3&(5 K=:F: K: IG:9 H=:DF:B EFDJ>C< HD F:9I8: 6C >C!C>H:$GH6H: GMGH:B HD 6
!C>H:$GH6H: GMGH:B >C GI8= 6 K6M H=6H GHIHH:F>C<$>CG:CG>H>J: EFDE:FH>:G# >C8AI9>C<
A>J:C:GG# K:F: EF:G:FJ:9% 2: H=:C BD9:A 8=:8@:9 H=: F:9I8:9 GMGH:B 6C9 K:F:
67A: HD A>;H H=: F:GIAHG HD H=: DF><>C6A GMGH:B%

! "*)$(-,'*),

, =6J: >CHFD9I8:9 8DBEDG>H>DC6A CDH>DCG D; F:!C:B:CH ;DF GHIHH:F>C< G>BIA6H>DC%
, =6J: G=DKC H=6H >; DC: GMGH:B F:!C:G 6CDH=:F >C H=: 7F6C8=>C< H>B: ;F6B:KDF@#
H=:C 6 F:!C:B:CH B6E 6AK6MG :L>GHG# K>H=DIH F:AM>C< DC 6CM D; H=: 8DC9>H>DCG
EF:G:CH >C H=: 6EEFD68= H6@:C 7M )769> 6C9 -6BEDFH# #!$!# B68=>C: 8ADGIF:# !C>H:
>CJ>G>7A: CDC9:H:FB>C>GB# >CH:FC6AAM 8DCH>CI>HM# H=: IG: D; =>GHDFM 6C9 EFDE=:8M
J6F>67A:G# :H8% , 6AGD G=DK:9 H=6H F:!C:B:CH B6EG 6AK6MG :L>GH >C H=: A>C:6F H>B:
;F6B:KDF@# GI7?:8H DCAM HD H=: IG: D; DF68A: J6F>67A:G%

.M B6>C BDH>J6H>DC >G H=: B:8=6C>86A J:F>!86H>DC D; GMGH:BG% /DH>DCG D;
F:!C:B:CH 76G:9 DC GHIHH:F>C< 7>G>BIA6H>DC =6J: EFDJ:9 IG:;IA ;DF H=>G EIF$
EDG: 3&(# &'5% +DK:J:F# GHIHH:F>C< 7>G>BIA6H>DC >G 6EEA>867A: DCAM >C A>B>H:9 8DC$
H:LHG# 6G IGI6AAM GE:8>!86H>DCG 8DCH6>C BDF: CDC9:H:FB>C>GB H=6C >BEA:B:CH6$
H>DCG% 1=IG# , :LE:8H H=6H GHIHH:F>C< G>BIA6H>DC K>AA HIFC DIH HD 7: BDF: IG:;IA
H=6C GHIHH:F>C< 7>G>BIA6H>DC%

#%&%+%)$%,

E*F >( 4HGJO GRJ =( =GQTSVX( BNK K[OWXKRIK SL VK!RKQKRX QGTTORMW( 6?<DF<H@:8A
+DBEIH<F 5:@<C:<& 1+$+%3+.,^+1-& *22*(

E+F ?( 6( 4XXOK( =OZKRKWW'TVKWKVZORM WOQYPGXOSR VKPGXOSRW( :R *+1 5JBEDG@IB DC H?<
4F@C:@EA<G D= ,@GHF@9IH<; +DBEIH@C> #43,+$& TGMKW /,^0+& >G\ *222(

E,F B( 5GWXKR( 5VGRINORM HOWOQOPGVOX\ OW GR KUYOZGPKRIK ORJKKJ( /C=DFB8H@DC 4FD:<GG%
@C> 0<HH<FG& .1$,%3*-*^*-0& *22/(

E-F ;( @( 5YVIN GRJ 7( =( 7OPP( 4YXSQGXOI ZKVO!IGXOSR SL TOTKPORKJ QOIVSTVSIKWWSV
ISRXVSP( :R +DBEIH<F%*@;<; 7<F@!:8H@DC #+*7 "('$& ZSP( 1*1 SL 02+5& TGMKW
/1^1)( ATVORMKV'CKVPGM& *22-(

E.F <( 8RMKPNGVJX GRJ D('?( JK @SKZKV( 9KRKVGPO]ORM 4HGJO " =GQTSVX#W QKXNSJ
XS WSPZK G TVSHPKQ TSWKJ H\ 4( ?RYKPO( :R .1- "(&) /C;IGHF@8A%5HF<C>H? .DFB8A
1<H?D;G& ZSP( /0) SL 02+5& TGMKW +2-^,*,( ATVORMKV'CKVPGM& *22,(
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I-J C& =& `& :VKLLOOU& ERO VSXOK\ ^SWO e L\KXMRSXQ ^SWO ]ZOM^\_W <2 ^RO ]OWKX^SM] YP
MYXM\O^O$ ]O[_OX^SKV Z\YMO]]O]& <X 3?KB@LLH LD :OLACPP .IEC@O?$ MRKZ^O\ ($ ZKQO]
*e00& 8V]O`SO\$ )''(&

I.J @& C& ;OXdSXQO\$ E& 4& ;OXdSXQO\$ KXN B& H& >YZUO& 6YWZ_^SXQ ]SW_VK^SYX]
YX !XS^O KXN SX!XS^O Q\KZR]& <X 4111 <UJMLPGRJ LK 2LRKB?QGLKP LD /LJMRQCO
<AGCKAC$ ZKQO] +,*e+-)& <888 6YWZ_^O\ DYMSO^c B\O]]$ (00,&

I/J H& ;O]]OVSXU& 8^O\XS^c `K\SKLVO] ^Y ]SW_VK^O ]ZOMS!MK^SYX]& <X :OLACCBGKEP 7?QF&
CJ?QGAP LD :OLEO?J /LKPQORAQGLK% 0?EPQRFI% )'')$ `YV& )*/- YP 68/<$ ZKQO] ((.e
(*'& DZ\SXQO\%GO\VKQ$ )'')&

I0J 5& =YX]]YX$ 4& BX_OVS$ KXN 6& C_WZ& B\Y`SXQ \O!XOWOX^ _]SXQ ^\KX]N_M^SYX&
0GPQOG@RQCB /LJMRQGKE$ ()")e*#1()0e(+0$ (000&

I('J @& >K_PWKXX$ B& @KXYVSY]$ KXN =& D& @YY\O$ ONS^Y\]& /LJMRQCO&.GBCB ;C?PLKGKE-
./6) /?PC <QRBGCP& >V_aO\ 4MKNOWSM B_LVS]RO\]$ =_XO )'''&

I((J @& >K_PWKXX$ B& @KXYVSY]$ KXN =& D& @YY\O& /LJMRQCO&.GBCB ;C?PLKGKE- .K
.MMOL?AF& >V_aO\ 4MKNOWSM B_LVS]RO\]$ =_Vc )'''&

I()J @& >K_PWKXX KXN =& D& @YY\O& 46?) RYWOZKQO& DOO FC? *11.%##333"'0"!

21)4&0")(2#20)/0#,--/)#&'+$&
I(*J >& >_XOX& <CQ =FCLOU & .K 4KQOLBRAQGLK QL 4KBCMCKBCKAC :OLLDP$ `YV& (') YP

<QRBGCP GK 6LEGA ?KB QFC 2LRKB?QGLKP LD 7?QFCJ?QGAP& AY\^R%;YVVKXN$ (0/'&
I(+J ?& ?KWZY\^& HRK^ QYYN S] ^OWZY\KV VYQSM3 4KDLOJ?QGLK :OLACPPGKE$ /*1-,.e-//$

(0/*&
I(,J A& 4& ?cXMR KXN 9& H& GKKXN\KQO\& 9Y\aK\N KXN LKMUaK\N ]SW_VK^SYX] e ZK\^ <1

_X^SWON ]c]^OW]& 4KDLOJ?QGLK ?KB /LJMRQ?QGLK$ ()(")#1)(+e)**$ (00,&
I(-J B& @KXYVSY]& 6Y\\OM^XO]] YP ZSZOVSXON WKMRSXO]& <X 2LOJ?I 7CQFLBP GK /LJMRQCO&

.GBCB 0CPGEKV27/.0 )'''$ `YV& (0,+ YP 68/<$ ZKQO] (-(e(./& DZ\SXQO\%GO\VKQ$
)'''&

I(.J B& @KXYVSY]$ >& AKWTY]RS$ KXN C& D_WXO\]& ?SXUSXQ ^ROY\OW Z\Y`SXQ KXN WYNOV%
MROMUSXQ aS^R aOVV%PY_XNON LS]SW_VK^SYX& <X /LJMRQCO&.GBCB >COG!A?QGLKV/.>
",,$ `YV& (-** YP 68/<$ ZKQO] *-0e*.0& DZ\SXQO\%GO\VKQ$ (000&

I(/J C& @SVXO\& /LJJRKGA?QGLK ?KB /LKAROOCKAU& B\OX^SMO%;KVV$ (00'&
I(0J >& D& AKWTY]RS& 4 ]SWZVO MRK\KM^O\SdK^SYX YP ]^_^^O\SXQ LS]SW_VK^SYX& <X (*QF /LK&

DCOCKAC LK 2LRKB?QGLKP LD <LDQT?OC =CAFKLILEU ?KB =FCLOCQGA?I /LJMRQCO <AGCKAC$
`YV& (*+- YP 68/<$ ZKQO] )/+e)0-$ (00.&

I)'J C& BKSQO KXN C& 8& EK\TKX& ER\OO ZK\^S^SYX \O!XOWOX^ KVQY\S^RW]& <4.7 5LROK?I
LK /LJMRQGKE$ (-"-#10.*e0/0$ (0/.&

I)(J 7& BK\U& 6YXM_\\OXMc KXN K_^YWK^K YX SX!XS^O ]O[_OXMO]& <X =FCLOCQGA?I /LJ&
MRQCO <AGCKAC$ `YV& ('+ YP 68/<$ ZKQO] (-.e(/*& DZ\SXQO\%GO\VKQ$ (0/(&

I))J 4& BX_OVS& ERO ^OWZY\KV VYQSM YP Z\YQ\KW]& <X (+QF .KKR?I <UJMLPGRJ LK 2LRK&
B?QGLKP LD /LJMRQCO <AGCKAC$ ZKQO] +-e,.$ B\Y`SNOXMO$ CRYNO <]VKXN$ (0..& <888&

I)*J 4& BX_OVS& ?SXOK\ KXN L\KXMRSXQ ]^\_M^_\O] SX ^RO ]OWKX^SM] KXN VYQSM] YP \OKM^S`O
]c]^OW]& <X :OLACCBGKEP LD ()QF 4KQCOK?QGLK?I /LIILNRGRJ LK .RQLJ?Q?% 6?KER?ECP
?KB :OLEO?JJGKE$ `YV& (0+ YP 68/<$ ZKQO] (,e*)& DZ\SXQO\%GO\VKQ$ (0/,&

I)+J =& DKaKNK& 2LOJ?I >COG!A?QGLK LD ?K .BS?KACB :GMCIGKCB 7?AFGKC& BR7 ^RO]S]$
FXS`O\]S^c YP EObK] K^ 4_]^SX$ 7OM& (000&

I),J =& DKaKNK& GO\S!MK^SYX YP K ]SWZVO ZSZOVSXON WKMRSXO WYNOV& <X >K_PWKXX O^ KV&
I('J$ ZKQO] (*.e(,'&

I)-J ?& =& D^YMUWOcO\ KXN 4& C& @OcO\& HY\N Z\YLVOW] \O[_S\SXQ ObZYXOX^SKV ^SWO&
<X <=9/- ./7 <UJMLPGRJ LK =FCLOU LD /LJMRQGKE #<=9/$$ ZKQO] (e0$ (0.*&
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