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Where the designer writes prompts, provides context, and gives feedback
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‘ PG> v prompt + context
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0<B#C%D v emergent behaviour
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Functional behaviours that emerge from model processing
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« Trend research

« Benchmarking

« Product audits (scouting Collins products)
« Flyer forum insights

» Stakeholder conversations

« Requirements gathering
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Statement of work
Deliverables
Timeline

+HOS WKH EXVLQHVV JURZ

« Ideation & experience framing

« Early sketches and spatial mock-ups
« Vision storyboards

« Concept scenarios

« Design sprints for RFPs

Research Analysis
Highlights / Recommendations
Theme & Attributes board
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J@/9-1."



+DUULV 3UR-OH (YDOXDWLRQ
D>$/C'@)'-/$-E/$-E*//$9>09/Q-$.+*/9-+>0;0%-E/$c*'$
3UR-OH IURP WKH '"HOIW 'HVLJQ *XLGH ZDV XVHG 7KLV
&I-E>.$;)QQ>*-:$9>8&Q*+0<$9>09/Q-;$1A$&' J+0<$
-E/+*$;-*/0<-E;$'0.$P/'J0/;;/;$C+;+1@/"$

1. Supports early-stage sensemaking
(LJKW HYDOXDWLRQ FULWHULD ZH U Hheited i @hicisthpigansepf gelnggirsigners explore,

structure, and interpret amblguous information in the first
WKH &\FOH FKDOOHQJH DQDO\VLV cﬁaw,gﬁg -QGLQJ DQG

-E/$9@+/0-SC'@+."-/.$9*+-/*+'$=*>&$-E/$Q>;-S&+.-*&$ 2. Makes design rationale visible
DOLJQPHQW 6HFWLRQ 7KH FULWPRItEse 2k depigyeeqippiiy gssumptions, and

reasoning are externalis nd can be reviewed or
P+-E$-E/$@/'.$./;+<0/*$>=$-E/SM[:$-/'&$->$C/*+=A$+=3$  communicated.

WKH\ UH, HFWHG WKH SULRULWLHYV R3. Wmadlks RGO connunicRionacrpssydisciplines

. . , , How well the concept supports alignment and shared
DE/$/C'@)-+>0$P";$1',/.$>0$'99)&)@'-/.$Q*>1/$ understanding between designers, engineers, and

'QGLQJV DQG &;' WHDP IHHGEDFN 7 Kd¢fisignkmakenst FRQFHSW
+*[9-+>0:$P/*/$:95% $'9%> $-E/$/+<E-$O*+-/*+'$ 4. Preserves designer agency and control

’ ’ ’ ' ” The extent to which designers remain in control of
XVLQJ WKH +DUULYV 3UR-OHTV IRXU Sdedisf@nd/inteFpE2taXidn, and direction, rather than being

YLIXUH %DVHG RQ WKLV HYD O XDUWPIHEEPY RTF S G4PE'S w L

VAL e " ot \ 5.Fits existing workflows with low adoption friction
M'OC'$P",$,/@/9-/."SDE/$IE>+9/$P" $&"/$>08'3 How easily the concept can integrate into current tools,

=/PU$+-$>==/*:$-E/$1/:-$9>&1+0'-+>0$>=%$;/0;/&'J+0<$ practices, and routines without requiring extensive

training or disruption.
VXSSRUW GHVLIJIQHU FRQWURO ZRUN gZ ﬁ)SDW LELOLW\
Allgns W|th organisational security and IP constraints

'0.$3@>P$' >Q-+>08$/==>*-"$8>*/>C/[*O$+-$-/'OE/;$E>S-  The degree to which the concept respects legal, privacy,

%0 _ s R L s % and compliance requirements within an aerospace or
+0-/*9-$P+-E$L?0$0>-$Z);-$PE"-$->$',J"SDE/*/=>8@H>$ regulated context.

'‘@@>P;$-E/$./;+<0/$->$QQ*>'9ES+0-/*9-+0<$P+&EHBF 7. contributes to measurable design value
'S0+ $=>4& " The extent to which the concept helps demonstrate the
impact of design through time savings, reduced rework, or

#5>8$-E/$9@+0-N$=//.'9J0$-E/SF*>&Q-+0<$M0C;g  mProved decision confidence.
8. Right level of novelty for the first diamond

P':$'@;>$-E/$&>:-$+0-/*/;-+0<$.+*/9-+>0"$DE/$9@%/0- How well the concept balances innovation with

/0C+;+>0/ $E>P$-E/+*$-/'&$9>) @.$;-%)9-)*/$+-;$>P0S$ organisational readiness, avoiding both excessive risk and
minimal contribution.

9>0-/"-$'0.$".'Q-"

JLIXUH a +DUULV 3URAOH HYWIOXBW ERQ FFHRP\E DALLUHIF WK R Q VGDIFURRPV ¥ \ A O HK WF KD IOVD M QLB \G HSALIY B9 LAGEA B G VF FD@\GNEDLLKQV V



7TDNHDZD\V

7KH +DUULY 3UR-OH PHWKRG 4
VHOHFWLQJ WKH FRQFHSW

SURPSWLQJ &DQYDV LV WKH
GLUHFWLRQ %HVW IRU VHQVHP
DXWRQRP\ ZRUN RZ FRPSDWLE

DGDSWDWLRQ EDUULHU

7TUDGH RIIV RI WKH RWKHU FR
'LDPRQG 7RRONLW DQG 5HVHDU
$SSOLFDWLRQ HDFK DGGUHVVH
FKDOOHQJHY ZHOO EXW UHTXL
DGRSWLRQ HIIRUW RU KDG D O
WKH )LUVW 'LDPRQG




3RVW OLGWHUP &0LHQW $OLJQPHQW "
, , #$%$& ()$*+&$,*+%./0
#>@ @>P+0<$-E/$&+.-[*&$Q*/;/0--+>0$%'-$PE+IES-E/$ N
Accurate, decision-relevant output
SUREH -QGLQJV WKUHH FRQFHSW GLUHFWLF matters more than visual presentation.

WKH +DUULY 3UR-OH HYDOXDWLRQ ZHUH SUH Al-generated content must be verifiable

L 7$.($:$<6

JLYH FRQVWUDLQWY WKDW ZR

-¥)9-)%/.$' @+<0&/0-$&//-+0<$P";$E/@.$P+-ES$-E/$ against source material RQH RI WKHVH FULWHULD LV QR

M>@@+0:$9@+/0-$->$C'@+.-/$-E/$.+*/9-+>0$ G- H$1@ QR XWX

O +-/*+'$-E'-$'0A$+0-/*C/0-+>0$8);-$&//-"$ 7KH SUREOHP UHIUDPHV LWV

. 11 GRHV QRW QHHG D WRRO 7KH\
URZLQJ SUHVVXUH 23%4.-%8$*.(43,)4.+("5+63/ LQIUDVWUXFWXUH WKDW WKH W

?0$9>&Q'0+/;$+-$+,$'QQ/*0-$-E"-$./,+<0%-/'&$ Designers need both ambient, ongoing

E'C/$-E/$'1+@+-A$->$</-$;&' @ @/*'$DE+;$9'0$1/$.)/$->$ support and targeted, on-demand

queries. These are structurally
different patterns.

C*+>);$*/';>0;"$?0$Q*'9-+9/0$-E/$9>*/$>=$-E/$-/'&D
P>*J$+:$*/:/*9E0$:/0;/&' J+0<0$'0.$-*0; @'-+>0$>=$
J+<0$J0>P@/.</$'9%>;;$.+,9+Q@+0"*A$1>)0.*+/;,0%
>&/-+8&/1;$-E+;$+;$0>-$*/9><0+i/ $P+-E+0$19>&Q'0+/;"$
8/'0+0<$-E'-$-E/$+=$'$-/'&$1/9>&/$;&' @ @/*$-E/*/$+;$ 7

@ $-+8/$=>*$&/0+0<=)@$./; +<O$P>*]" 8-$$6*/*-,.5',95%4,.)

Must demonstrably compress research
timelines N weeks into minutes N

JLYH FULWHULD IRU DQ\ LQWHUYHQWLRQ without sacrificing relevance.

#+C/$O*+-/*+'$9'&/$=*>&$-E/$&//-+0<$P+-ES-E/$9@+/0-$

JLIXUH UHOHYDQFH RYHWSERORWYK PXOV
&>.1:0%;Q//.0$)/*$>P0/* E+Q0$'0.$;-*)9-)*/$-E-$
*/)9/;$*+;J"

It
DE//$*/$&>*1$@+J/$'$;/-$>=$9>0;-*+0-;"$L$A;-/&$ /$,+<($,/0.-
WKDW -WV WKH ZRUN,RZ EXW KIDOOXFLQDWH The team must be able to build, adapt,
, " s , OO [k . and maintain the system independently.
0A$Q*>1@/&"$ 0/3-E-$<+C/;$99)-/$"/)@-;$1)-$ Enable autonomy, not dependency.
QHHGV LWV RZQ VHSDUDWH ZRUN RZ IDLOV F
$00 YH VKRXOG EH VDWLV-HG ZLWK WKH -QLC

?20%.+;9);;+>03P+-E$-E/$9@+/0-O$-E/$F*>&Q-+0<$M'0C";$

LV FRQ-UPHG DV WKH GLUHFWLRQ +RZHYHU 1=

9E'0</;$E>P$?$)0./*;-'0.$-E/$Q*>1@/&"$DE/$I@+/0-$ 84,3)43,%*,$63)$/*,./>

+:$0>-$:J+0<$=>*$'$9E"-1>-0$'$; @+./$</0/*->*OPIE$ Formalised, shared protocols are
lower-risk than unstructured individual

&>*/$L?$->>@"$RE'-$-E/A$0//.$+;$;E*/.$+0=";-*)9-¥/U$

experimentation. Traceability matters
'$;-*)9-)*/.$L?$'QQ*>'9ES$-E'-$-E/$-/'&$9'0$>P0%$'0.$ in regulated industries.

JLIXUH a )LYH FOLHQW YDDQ®DBW MEQRUILRVH D MD & RO CCL@\V



SHTXLUHPHQWYV IRU &, ,QWHJU
JRXU FRQGLWLRQV GH-QH ZKDW WKH

&);-$.>"$DE/;/$9>&/$=*>&$MAI@/$5%$'0.$6US-E/$

FKDOOHQJH DQDO\VLV WKH VHQMHPD
FOLHQW FRQVWUDLQWY DQG WKH SUH

L)->0>&A$>0@A$P>*J;$+=$-E/$./;+<0/*$)0./*;-'0.;$
PE'-$L?$<+C/;$-E/&"$,>&/>0/$PE>$9'00>-$/C'@)'-/$

-E/$>)-Q)-$9'0$'@;>$0>-$./9+./$PE/0$->$):/$+-"$DE/$
F*>&Q-+0<$M'0C';$9@>;/;$-E+;$<'Q"$?-$;-*)9-)*/;$-E/$

+0-/*9-+>0%;>$-E'-$)0./%;-'0.+0<$1)+@.;$-E*>)<E$); /"

M>0-*>@$+;$.+==/*/0-$=*>&%")->0>&A"'SL)->0>&A$+;$
19+.40<$->$'9-"$M>0-*>@$+;$1/+0<$'1 @/$->$;-/*$PE'

E'QQ/0;"$)-Q)-;$0//.$->$1/$*/C+/P'1@/"$G)™* *+@;$
0//.$->$1/$'.2);-'1@/"$L0.$1/9");/$L?$E'@ @)9+0'-/;,0$

7TDNHDZD\V

7TKH FDQYDV EXLOGYVY WKDW X
WKURXJK VWUXFWXUHG XVH

&RQWURO DQG DXWRQRP\ DU
WKLQJ $XWRQRP\ LV FKRRVLQJ
VWHHULQJ WKH UHVXOW %RWK

+XPDQ UHYLHZ LV QHFHVVDU\

7RNHQ HI-FLHQF\ PDWWHUV 1
H[LVWV LQ &ROOLQV 6FRSHG
LV PRUH FRVW HI-FLHQW

KXPDQ UHYLHZ EHIRUH DQ\ RXWSXW HQWHUV WKH ZRUN RZ

B +H/&I0-"

M>;-$&'--/*;$->>"$M>@ @+0;$E"; $0>$=>*&' @$L?$1).</-"$

c>P/CIrO$./;+<0/*$PE>$;9>Q/$-E/+*$Q*>&Q-;$'0.$

XVH DJHQWY ZHOO DUH PRUH FRNW HI-FLHQW DQG WKHUHIRU

I +1%$->$7);-+=A$->$9>&Q@+'09/"$DE-$+,$ $Q*@$9'
9>0;-*+0-$-E"-$,E'Q/;$./;+<0$./9+,+>0;$=>*$9*/-+0 <$

-E/$9>09/Q-$@"-/*'$

&KDSWHU 7DNHDZD\V
5"$8>:-$H+%:-$:+'8>0.$9E' @ @/0</:$*/]) +*/$8) @-+Q @8bL
9'Q'1+@+-+/;"$DE/$*/@/C'0-$9'Q' 1+ @+-A$&+"; BEX:SS'
WKH 'LVFRYHU '"H-QH SKDVH

6"SDE/SL?$->>@;$-E'-$/"+;-$->.'A$&>;- QASE/ @BQfB=-I*$
J;+<0$-E+0J+0<$+;$.>0/"$DE/$9'Q'1+@+-+/;$./;+<0/*;$
0/1.$&>;-0$@+J/$.+C/*</0-$/"Q@>*-+>003"*/$-E/$@®/";
9>C/*/.$%,/9-+>0$6"V/("

V"$DE/$*' @$Q*>1@/&$+;30>-$'$@'9I$>=%->$@;' BB $+;$'
>=$:E%/.$;-¥)9-)*/"$R+-E>)-$+-0$-E/$; &/$L2$9'Q' 1 4@+-A$
<+C/;$+09>0;+;-/0-$*/;) @-;$-E'-$9'00>-$1/$9>&Q™*/.$

9> $'8-/&"$

8VLQJ WKH VXEDJHQWY DUFKLWHFWXUH LV D PXVW
6SOLWWLQJ UHVHDUFK MXVWIRNMWLRQ DQG V\QWKHVLV DFU
1.49-1.$'</0-:$Q*>.)9/:$1/--1*$*;) @-:$-E'0$

J+0<$>0/$';;+;-'0-$->$.>8' @ @$-E*//"$!'9ES-,I$0// .;$

+-;$>P03$;/-)Q"

2"$DE/$F*>&Q-+0<$M'0C";$P";$;/@/9-/.$-E*>)<ES$

+DUULVY 3UR-OH HYDOXDWLRQ DV WKH GLUHFWLRQ ZLWK WKH
1/;-$1';.$>0$9*+-/*+'$>=$;/0;/&'J+0<$;)QQ>*-0O%
1;+<0/*$9>0-*>@0$>*<'0+;'-+>0'@$=/";+1+@+-AD%P.$/

'>Q-"1+@+-A"



"#$"% !
I"HSY&H () +,H'Y #96."[0)*,"+,-#
IHSYe& (' +" *- 06" 0% |
"HS%& ()M +(,$+ (0 !
"H$%& ()*+,-.'8&,$ !

I"HSYB&H()*"+ *#.%+%6./01*$2!
I"H#SY6&, (W &t+#, -

I"HSUHE' () +,$- /) &'S.0+ $Yo+& " H#+&"VotHH1%) 24 %o+
I"H#$%8&" () *Uo+"$,-#" *9%' (/%&#(0,10%,(23(,,"3(2 !
I"HSY& " ()*+ - " [OH&+)#1- #&1I"2&I* +#38&/&)" 4!
I"#$96&." ()*+%)', *$%o-*$#./%-*&HSHO/$%' 1 ++-2%6 3!
"#$%&'(%8)&*+3$!,-."$(-)&$*%)!/,-%&*#F0"' (,*#.* |
P HSYO& () +"1, +-1("+ H.J+) "1 4+ " O 1 23+ HA+5-()




[LWHUDWXUH 5HYLHZ

TKHRUHWLFDO IRXQGDWLRQV FDQYDV

ILWHUDWXUH 5HYLHZ
DE/$./;+<0%$./9+,+>0;$;>$="*$E'C/$1//0$1",/.$>0$

+./0-+=A+0<0$-E*>)<E$+-/*-+C/$Q*>1+0<$'0.$/C:@Y -+
&KDSWHU WKDW WKH 3URPSWLQJ &DQYDV ZDV WKH
A+49-+>00$'@;>$1";/.$>0$PE'-$-E/$9@+/0-$;'P$";$

J+*1@/$'0.$=/+1@/$=>*$-E/+*$-/'&"SDE+;$9E'Q-/*$
Q*>C+./;$-E/$-E/>*-+9'@$=>)0."-+>0$=>*$-E/$./C/@$Q

9>09/Q-"$



&DQYDV
DE/$9@>;/;-$Q*+>*$P>*J$+:$-E/$F*>&Q-$M'0C";$1AS$
+HZLQJ DQG /HLQKRV
<'QUSQ/>Q@/$+0-/*9-$P+-ESKKS8;$P+-E>)-$'0AS$;E™*/.$
1-%)9-)*/$=>*$.>+0<$;>"$DE/+*$9'0C";$gQ*>C+./;$'$
Q*9-+9'@$'QQ*>'9E$=>*$@/C/*'<+0<$-E/$Q>-/0-+'@$>=$
K"*</$K'0<)'</$8>./@;h$'0.$g+;3Q*+&*+@AS./;+<0/.$
"$'$@/*0+0<$*/;>)*9/$=>*$Q)Q+@;0$%;-)./0-;$'0.$
1&Q@>A/,0$>==/*+0<$'$;-*)9-)*/.$+0-*>.)9-+>0%$->$
SURPSW HQJLQHHULQJW +HZLQJ
?-$>*<'0+;/;$-E/$+0-/*9-+>0$+0->$/+<E-$.+&/0;+>0;,0%
<)+.+0<$-E/$);/*$-E*>)<ESP*+-+0<$'SP/@ @S;-*)9-)*/.$
Q*>&Q-"$?-$"..*/;;/;$-E/$G) @=$>=3$!0C+;+>0+0<$

6XEUDPRQ\DP HW DO EXW RQO\
>0/$Q*>&Q-$+0%$>0/%;/;;+>0"

/HL

L;$ME'Q-/*$6$.+,9);;/. O$PE'-$9>)0-;$",$9<>>.$
Q*>&Q-+0<h$E";$;E+=-/.$;+09/$-E/0"$DE/$=>9);$0>P$+;$
@/;;$'1>)-$P*+-+0<$1/--+$Q*>&Q-;$'0.$&>*/$'1>)-$
J;+<0+0<$-E/$9>0-/"-$-E/$&>./@$P>*J;$+0"$DE"-$

'+ O$PE-$-E/$F*>&Q-$M'0C';$<>-$*+<E-$;-+ @ Q$EF @.;"
1-¥)9-)*1.0$C+;) @$=>*&-$E/@Q;$Q/>Q@/$+0-/* 9B p+-
L?$&>*/$/==/9-+C/@A'$DE/$>Q/0$])/;-+>0$+;$PE/-E/*$
-E'-$=>*&'-$9'0$;-*/-9E$->$9>C/*$&>*/$-E'0$'$; +0< @/
Q*>&Q-"

M'OC";$=>*&'"-;$P>*J$1/9");/$-E/AS-'J/$9>&Q@+9'-/.$
A-1&;$'0.$8')/$-E/&S); 1@/"SDE/$W);+0/;;$8>./@$
M'0C';$%";-/*P'@./*$X$F+<0/)*0$6353($,E>P/.$-E+;$
=G H < A'SW/=>%$+-$/M+;-/.0$1);+0/;;$&>./@; $PHS
=*<&/0-/.$'9*>;;$-E/$/0-+*/$9>&Q'0A'$ " ;-I*P'@./*$
'0.$F+<0/)*$-)*0/.$-E'-$+0->$'$>0/SQ'</$.>9)&/0-$

'9*>::$./Q"*-&/0-;$'0.$*/C+;+-/.$+=$;>&/-E+0<$
9E'0</;"$DE/$<)+.+0<$])/;-+>0;$>0$-E/$9'0C';$;->QS$

7KH\ VSRWWHG D UHDO

H<=>?<<"1@A?B',C>DC<
"#$%8&'()$%*+*,-./$0%*123435

"#$%&'()*'+',-./-0'1%-1&23%4'&/35$6"3.7'1%31'15-6'63'5-8&%&9

6E=FB?'5CG?E?A";<=>?<<"I@A?B',C>DC<
D<79%$*+*'EQ0-/*1234F5

6KE??L5CG?E'ME@JFN=>I',C>DC<
K8L6*1232F5

5CG?E'O'+'3EHK?<NECN=@>

XVHUV IURP -O0OLQJ LW LQ WRRW XLFN&X/$3&AMNUSALIS b @ AA$*-E/+$-E'0$;-*-+0<$

&'J;$+-$;>&/-E+0<$9>@@'1>*-+C/"

"Cl*$-+&/0$-E/$W);+0/;;$8>./@3IM'0C";$+-;/@=$
MNQ'0.1."$I>A9/$'0.$F])+0$%635Y($'../.$'0$
19>@><+9'@$@'A/*$'0.$'$,>9+'@$@'A/*$>0%$->Q$>=$-E/$
WKDW D WHDP FDQ OO0 LQ F RIOIODHER U DWWt @%950>8+ 95 IQ$F H+Qx$-E/$D*+Q@/SK'A/*.$
W);+0/;;$8>./@$M'OC';$%6#+<)*/$2"5("$DE/$>*+<+0'@$
i-'AL$+0-'9-"$DE/$;9>Q/$<*/P$*>)0.$+-"$DE'-$+;$PES
E'QQ/0;$PE/0$-E/$;A;-/1&$1/E+0.$'$9'0C";$</-;$

=*>&$;9*-9E"$ 0/$-E+0<$->$0>-/$E/*/$+;$-E'-$-E/$
DKWSMN;:$@'A/*;$;+-$0/"-$->$/'9E$>-E/*'$!9>0>&+90%
19>@><+9'@0%$'0.$;>9+'@$*/$Q™* @ @/@$C+/P;"$8L?HN;$
@'A*;$P>*3$.+==/*/0- @A'SDE/AS$;-'9JO$P+-E$/'9E$>0/$
1)+@.+0<$>0%-E/$Q*/C+>);"

DE/$; &/$8>C/$'QQ@+/:$->$-E/$F*>&Q-$M'0C""$?-$
P>*J:$P/@ @$=>*$;-*)9-)*+0<$'$;+0<@/$L 2$+0-BBA-$0"
DIJHQWY PHPRU\

657 6$7 ;'(0$ >0"#<?$% >0"#<?$% 0@H=CB'5CG?E
'%0#/$%" 89#-:-#-$ Yo<=<"-#-<[" @$(#-</"A-=" B$.2$/#"
&H@B@I=HCB'5CG?E 5CG?E'P'+"-1?>N<
Q KRV S &H@>@J=H'5CG?E 5CG?E™*'+">N?ECHN=@>
6$7*@$"<0%93" SAYI$("
>'0p)"*O*>"/:"
PO-()-1.*</* %< 2=t*>""
> > 1Q$&-/.*+*R$-/A<"S*232T5
19%-.-/"(*G*HO-()-/.*H(<9I" — —
><"#BHY%09#0%S @$:$/0$*B#%Y 2"
DW WKH OHYHO RI | ||
B-/.($*('7$%*C*$9</<?-9*(<.-9*</(7 JAY%SS*('TS% " *CH T "HE?-9*-[#$%)$=$/)$/9-$" JA%S*('7$% " *C*BL*-/#$%'IH#-</*9<?=(SU-#7
PQ*Q PQ*R PQPR
B-/.(3M('7$%*9'/:" R'7$%$)*$U="/"-</*))" R'7$%$)*$U="/"-</*))"
PUH#S%/'(-"$"*$9</<?-9%(<.-9 $9<(<.-9'(*O*"<9-'(*)-2$/"-</" L $I#"*O*<%IAS" #%'#-</[*)-?$/"-</"
JLIXUH &DQYDV IUDPHZRUN HYROXWLRQ %0& 1 7/%0& I 7TKUHH /D\HU 3URPSWLQJ &DQYDV

>)-;+./$+-;$9)**/0-$;,9>Q/0%;>&/-E+0<$c/P+0<$'0.$
K/+OE>;$;-'-/"$#>*$8L?HOS$-E/$F*>&Q-$M'0C";$+;$-E/$
;-*-+0<$Q>+0-"$7-$;-'A;$",$-E/$=>)0.-+>00$'0.$-E/$
@'A/*;$-E/$9)**/0-$L?$@'0.;9'Q/$./&'0.;$*/$"..1.$
>0%$->Q"

DQRG RUFKHVWUDWHG ZRUN,RZV DUH



JURP &RQYHUVDWLRQ WR 2UF
?0$ME'Q-/*$603$-E*//$@/C/@;$>=$L?$+0-/*9-+>0%"*/$
LOQWURGXFHG D VLQJOH FRQYHUVD\
DIJHQW DQG DQ RUFKHVWUDWHG ZR
Q*><*;;+>0$+;$0'&/. $+03-E/$9)**/0-$ @ +-/*'-)*/"$?BPS
+-$=*>&SE>PS$L?$;A;-/&;$E'C/$1//031)+@-$>C/*$-EH@";
=/P$A/*"$W)-$PE'-$P/$.>$;//$+0$9)**/0-$@+-/*'-)*/$
+;$-E/$1**+/*$-E'-$/'9ES@'A/*$1*+0<;"$DE+;$9'0$1/$
Q>-/0-+'@%$1>--@/0/9J$=>*$0>0S-/9E0+9' @$);/*; O @+JI/$
J4<0/%$3%0#+<)*/$2"6 ("SSP BB B B B B B A

6XEUDPRQ\DP HW DO QDPH WK
-E/>*AUS-E/$G) @=$>=$!0C+;+>0+0<0$-E*//$9><Q:5+C/$-
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NS #+.$." (+HAS<"HEHS.)ST*(/1$/-BHESKAS- 243 +4%."#$
06&)D#, $*+#1$-$.-+0$:8)9$. #S@]CS.#-9=$Q-++#32#&$
H>UOHE(HB H&H+H-&,"B(+$-$&H#, *8.&(32$7)../#3#,08(3%
"H$I(&+.$C(-9)31SEHH,.()3SF=MG=$5, - 1#9(,$+)*& #+$
8-&#8$2)$(3.)$#3)*2"$1#.-(/=$631*+.&BS&H6) & PEEHS
-228#2- #1=$"HSO- H&(-/S."HS #-93-, *-//8$3H#1+4$
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MH,&*77(32%$."8)*2"$'(1#)+$78$(.+#/:$
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\LQJ LV OLNH

(&>, 2)>#, >#.&[1&>)H- #8%-.7-8()C#
EXW WKH ZRUN_,RZ WKLQNLQJ P
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I(9#+.-9%+$-31$0[D+$3#4#1#1$,)3+.-3.$14#7+22(324$
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I'#$+.-&.(32$%)(3.$<-+$<"-. $."#$d-%0(#&S%0 (Yot (3H$"- 1$

EHHQ WU\LQJ WR GR D FRQ-JXUHG ZRUN,RZ WKDW UXQV D
GH-QHG UHVHDUFK WDVN ZLWKRXW WKH GHVLJQHU H[SODLQLQ
HSOH. ) IBH-,"S. (IH=BI"HSHUHE (+)&$%) (3.#1$)*.$

-8 (+$:43,.()3-/(.83-/18#-185#>(+.+$(3$@/-*1#V+$
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ASK=$5$1#+(23#&$1)#+$3).$31#1$.)$."(30$(3$.84224%+4
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VWHS IURP SURPSWLQJ WR D =DSLHU ZRUN_,RZ 6HFWLRQ
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7H#)8H=SU(."$SHO(//+4$(.$(+=
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)*.%*.$(+$2))14$-31$."#$3#> $+#++()35+.-&.+$:&) 9IS
@"- +$+.-8$+.)&H1ST*.$-%%/8(32%."#O$(3$-$1(: #&#3.$
38> 5(+$3).$%) ++(7/H=F"(+$(+$-$+.&*, . *&-/$YEF/

I"&HHS,)9%) 3H3. +$9-0HS. "H$-&.,"(H#, *E&H$<)&0$
EJ(2*&#$A=RFG=$5$HO(//$,-&&(H+S."HSH#>%o#&. OB=$53$X @
HH&HESYR) (LH+$."#S.)) +=S5S+*7-243 $H>H,* #+5."85$

LQ XULQI HIHFXWLRQ WKH BMLOO S 0 O e 18<as had-ob(#8$% (b (345:2)98H#, 035
"(+$(+$-/+)$<"8$."#$d- :
&*3+$.))/+4$-31STH(/1+$<"- #H#ES-11(.()34/$,)3.#>.$."#$ HESS)S<8S. CHESIOH/(3#$:&)9SH, ()

HOSHHLA=EO- B4, 2HS-L L+ 3B S SEHH-3.35 A=KS0H#96.$%8) 1%, (325*3&H(-TIHS)* Yo+ +=$I"#$56$+ #%$
(B+(1#$."#$0-%$"-1$.)$"-3L/HS+#-&,"$/) 2(,4$.8-3+,86.$

- $9)9#3.= ~+0$(3$-35(+)/-#1$,)3.4#>.$-31$."&)<+$##&8."(32$
“3LB)TLSTHS ST RA(FADIETIIH2308+= HIWUDFWLRQ FODLP FODVVL-FDNLRQ WlEHVWMRES BN Kas, /1+sH0(+3
HOU/+ 845 (+ $.)5784-08." $.8/4=$5SHO(/S(+ 5 BES" @)9%:&#&"-.$.)$X(-(-®Q:$!.H#$X@Qi/z—:.[+$-/i$.)){$ -31$)’;.%*.$+.&*,.*&(324$—//$(.3$)3#$.—+O:$!))$9-38$ VIORUL-HG SURPSWV W 6HFWLRW® LOWURG
LQVWUXFWLRQ -OH WKDW WHOOV WK HE R PSR R iR 0 70:8)3 =30%#&8% (3+.&%,.()3+$-&#3,)9%.(32$1)&$-..#3.()3$(3$) 3#$ :8)9$%&)9%. $#32(3H#&(32$.)$,)3.#>. $#32(31#&(32=%

VSHEL.F WDVN %XW WKH UHD oL 6 Lwh PSS RS, Sl IhpH188)33%, #18 V34> $<(31)<=$63$. "HSHO(//+$+#.*%ASH-"$):$.")+#$
650447 <SHOI+ 5" 314453 . .))/4%#‘#3$<"#3$8)*$-&#$3).$*+(32$-//$):$."#9:$?&)#>$ <PHLSTHS-S+#%-& HEHO(/IS<(."$(.+$)<3$+)%o#1$(398".

EKLK\GSL(1$. #$H#>-0%/#:$+#H3SX @ QS+H& HE+SEN(.1*74$
H#3.&84$5UHASh(3#-84$H#&#3-43@)3 #> . A4$I(29-GS$

)24 " H&SYeH+"$-7)* SFKALLLS.) 0#3+$(3.) $H# #&B$+(32/#$
O#++-2#=SHO(//+$1)$3).$1)$."- =$I"#$(3+.&*,.()3+$48$ the how

)*.8):$+(2".$*3.(/$."#B$-&H#$,-/[#1=

HO(//+$-8H#$<"- $."- $+"(:.$/)) 0-+$/(0#S(3%6 &, . (BEHBSSSSSSESSEESS

Q<$HE)%B)%
the what

@.29%;79-& #2)9#S"*>H#A-()T <,8,-(-9-)2
09%9%-1J Steps to follow Query GitHub
$ Output format 9)((2#-9#6&A Write a file

0&#:2)#98&(2 >

Rules and conventions Call an API

G%)>)IH"AOI'+>%>@I|JKK')+D%*OLC|)/%I*,%I*>I'0/+$)' _Z( Provides expertise Provides tools
>%0:$(#)(+*|+B|)/%|MD(__N|3/(O|(O|__|)/)|_+>0|)|)/%|O)$)|+B||*%'| }_; Cannot execute on its own Loaded upfront (eager)
=+*9%$0.)(+*N o
o\ loaded in equipped with
0%9%-!P £ v v

MD(--1:+>AlH-+.>%>!+*1)$(11%$@!l Q@KKK!)+D%*0LC!)/%!BF--! E;'\/).9
(*0)$F=)(+*10%)N!3/(0!+*-Al%*)%$0!)/%!=+*)%R)!"(*>+''/%*! the boundary

)/%!F0%$S01$%TF%0)!.=)(9.)%01)/%!MD(--N e

i { EG~(( ] + Q<$#98&(2 } = l @28&(,9)>#)3)7;9-&. } i Context
0%9%-1U 1 1~ discarded
! Own context window. Does the job.} Wh~en done, (.:ontext thrown away. '
<%BY%$%*=%>!B(-%0!H-+.>%6>1+*1>%, *>L CIOF##+$)(*1!>+=F,%*)]@! | Deadendsledaomps, APlnolse Rnone ofleale back. 4
)%,#-.)%0!.*>1$%0+F$=%0N!3/%0%!-+.>!+*-Al'/%*1)/%! Y onlyresut
(*0)$F=)(+*01%R#-(=()-Al$%B%$%*=%!)/%,N
v ‘ F)2:(9#8,22)>#0&#* - #/).9 ’
,-OH&*$6# FS@<*$@<&**$)*N*)3$'5$?&'0&*33. N8BI.3>)'3 ,-0H&*$6#:GO$;<*$&*)-@.'/13<.2$(*@Q**/$WK.)) 3PBBERIBS-/I$3H(-0*/ @3$./$@<*$=)-HI*$-&><. @* 3DHEBEI KX PSFOF"Y#$$$$$



643, <*$="/>*?@A$BCDE

6!

DV LV D VHVVLRQ

"IF0%BF-!,%).#/+$

HE+ #)196%1 (*%0%$(*11(01B+--+(*11.1$%=(#%\V! () #$+F60!.|$%0F-) @!
F)1)/%!=++D1*%%>0!)/%!(*0)$F=)(+*0! (*IB$+*)!+B1)/M69%SA!(,%N!
7+%)%R)19%6*1 (*%6%$(*11(0!D*+ (*11/+1)+1=++DC!)/%!>%QL*%S$!
F*>96$0).*>01)/%!F*>%$-A(*L1-+1(=!'%--1%*+F1/1)+1.>. #)@!0%TF%*=%!
F>14+$=/9%0)$.)%N!3/%!G"6W!17.%9.01)%.=/%0!>%0(1*%$Q4 I=++DN!3/%!
MD(--1(01)/%!$%=(#9%1)/.)!/.01%.$*%>1 1. =% (*1)/%%Y%6=(#%%!:++DN




PT#5A&HEG-((2#4&%0HI6)H#<Z1#5),*
I)$+0(/+S<#&HST*(/.$:)&S."#S@]CS$ . #-9=3H#,.()3$A=KS
+")<#1$<"-.$"-%%#3+$<"#3$8)*$.&8$.)$-*.)9- #$-$

&t *8&(325.-+0$<(."$A-Yo(H&: . "HS)* %o+ $T&H-0+4$."#$
HHAYS(+$.4,"3(,-/4$-31$. "HSL#+(23H&SHI1+$*%$1)(32$
SHE<)&0$9-3*-//85-38<-8=$!"#+#3$.<)SHO(//[+S+)/#3."#S
+-9#5%&) 7/#IB7*. $&*3B(3+(1#P@/-* 1#=!"#8%+.(//S*+#S
5Q6+$*31#&S$."#$")) 1=$18-3+,&(%.$5Q6$%*//+$e)* I 7H#$
&-3+,&(%.+p$-$Q8.")3$+,8(%. $2H#IHE&- H+$+ (1#+=$7*.$
X@Q$+H#& H&+$"-3L/HS$.")+#$,)33#,.()3+=$I"#$1#+(23#&S
-3$968)9%.$<"-.$."#BS3HH#14$-31$. "HSHO(//+$< (/SR

F<'//#"DHHT.7778%#U%EYo+*25%*

18(224#8&;$H#, .()3PAKS+")<H#1S$."- $-$+(32/4$e) FTHS
BHtH#-8,"$.)%(,$.-0#+$.<)$.)$)*&$") *&+=$I"HSE) FTHS

[#+#-&, "H&SHO(//$,* +$."- $1)<3=$5$1#+(23#8$.8%#+$
VRPHWKLQJ OLNH V-QG ZKDW SDVVHQ
FRPIRUW LQ HFRQRP\ RQ ORQJ KDXO |,
H-&, "B THE) &S (1H) +ASH., "#+$.8-3+,&(%.+$(3$
o-&-1/#1$."8)*2"$1&-3+,&(%.5Q64%$-31$+.)&H+$."#9$-+$
(OH+.-9%H1SqHAP=$6.$."#3$+,-3+$.")+#$.8-3+,&(%.+$

IRU WKHPHV WKH GHVLJQHU VSHFL-HC

TXRWH E\ WKHPH LQVLJKW W\SH DQGC |

EJ(2*&#$A-RMG

7KHUH LV D YHUL-FDWLRQ VWHMSH ,I &0
THSHO(/$3-'(2- #+$5.)8. " #SH>-, $'(1#)$. (9#+.-9%$
-31$.-0H+$-$+ &HHI+"). =$a. "H&<(+HHAB( $2HIH&- #+$-$
1#H9%B/(30$+)$. "HS1H#+(23HES,-35,"#,05(.$. "HO+#/H#+=$

7KH QDO RXWSXW LV D :RUG GRFXPH(
-22#1$H (1#3 HSHB. &(H+4$. " HIHSY-8-28-%"+4$-31$

)& HS(31H>=

5//$):$."#$:)* 311 $# (143, #$,-3STHS&H (H<#1$78%."#$
1#+(23HE=SI"HS1H#+(23HESI-8O+$<"- $2)#+$(3.)$."#$
%&)D#, $-31$<"- $2#.+$,* =$I"- $(+$3).$-$3(#B.)B"H=$

H#,.( 38 T=MS$#>%/-(3+$<"8;$."#$-* )9-.()3$%-& 1)>$

OH-3+$."HSTH. HES562H +$- $&H.&(# (3285(3)&9-. (BMS

HHESYH)YIHST). "HES, " #,0(325( =$"HP&H (H<$+ H%S(+$

o "#$%&

I"H$%8 &(()($*+,-,.)$/)&'01)/
I"H$9%8%'()*+,$"$#%*-)./01)2
I"HBO6& (%6)&*"+(,-+" (/-4

o !n#$%u&u
PHSY6&™ ()%6%+,) &= T HHIHE Y& ()01
IHEY68 ()" *+9%)" (+,%8& 1./

o I"#$%&

I"H$%& (%) *+,-$+(.)*&,$%)%/0* 1%+

"#3$%&$'()*)+3,-. #('$'&/)+$01-2,3)-0)
VRXUFHV 2 IODJJH

..........................................................................

D IMHSS068 ()1 +) S +)) - $8)+ ]
P IHS%&& )+, $-."$/0+10)$23&
! Human review checkpoin

..........................................................................

o "#$%&

IS8 ($)*+

I"HS Y08 Vo (Vo&)*HY%+(, H:Y6 " #%, (/0%
I"H$HO&'()(&"

I"HS%& ()* &+

IS %08 () +8, -1, *0&()*12-34

JLIXUH a :RUNARZ RI WKH <RX7XEH

Z*3*-&><*&

XEH

F</[#>D#-.I["N&HE.O%*E."), #V7'/3%*

&KDSWHU LGHQWL-HG D VHFRQG ERW
+H(1#$1#,0+$#-.+3")*&+=$!"#$@)//(3+$Q)<#&Q)(3.$

PH(/1H#8S. -0+ $8H+#-&,"$,)3 #3.$-31$%8&) 1* #+$-$=%%.>$
-OH XVLQJ WKH RI-FLDO 57; SUHVHQWI
I"#$ #9%/- #$,-&&#H+$-/$."#$7&-31(32;$@)//(3+5[#1$
E[@ORRKTGASATDHO.(SXOKS'#-1/(34+4$@))/SN&#ES

-/ #8&3-.(325&)<+4%-313."#3@)//(3+$/)2)S(3%."#$:) S
"#$1#+(23#&$1)#+$3).$+#.$-38%):3."-.$*%=$6. S+ $9&
(3%."#5.#9%/- #=

IHSHO(//SEH-1+$. " HS+)*&, #$,)3 H#3.4<"H."H&S."-.$
(+$-$U)&1$1),*9#3.43%/-(3B.#>.43)8$3) #+$:8)9$."#$

)3 #&+-.()3=$6.$9-%+$."#3$,)3.#3.$)3.)SRCH+/(14$.894S
DFURVV -YH FDWHJRULHV FRYHILRQ FR
T&H-0+ASL--§ (+5-/(+-.()3+4$-31$+.- HOHB.$+/(L#t+=$

(DFK W\SH IROORZV D VSHFL-F OD\RXYV
78-31$(1#3.(.8SEI (2*8HSATRFGIB +(23#&D) Yot 3+$."#$

.OH UHYLHZV LW DQG HGLWV ZKDW Q

(DFK ‘QGLQJ LQ WKH RXWSXWHG -OHV
LQGHSHQGHQWO\ YHUL-HG E\ D KXPDC
TH(32$*+#1$(3$1#+(23$<)&0=$J)&S$:*//$+0(//=91$-34% 5
HHS-%96#31 (>$CASOASISZIN

G*25%8&.*+,)(H&<'II&#
IHSE) I THS[HHH-&, "HESYo&) 1* #+$. " HSH (1#3 #=$
I"H$Q)<H&Q)(3.$7*(/1#8$.*&3+$(.$(3.)$+/(1#+=$ ST

o 1"#$%

I"HBU&E (B)*+" #&-.19
I"HS’ H(S%™) ™" (<" %)+, "

o !u#$%u

I"HB068& ($)*H$*)+&, - 18%01-$)0(S)
I"H$%8 %% () Vo) +,&-)$.
I"H$Y68 %% ())*+,-. &I +$(

o I"#$%& ' $HY%

I"#$9%8. ()"

I"H$968 ()%6+96)"

I"HSHS& ()*&'+,$,'S,-. %810,
1" HS Y08 HH() Yo&H+, () Yott-$* ., %",

o "% $%&H" #
I"HS$Y6&'())*+,&) (-(&*.&/0/*)/#)$
IS8 ()*+,-(J+"#(,-0, (1#"%-*2#3
I"H$"%01& Yo (") +,("%)"-., %./%/O#1-

O #5050+

I"#$%& () $*"+$,--.")$/01."$.1.2"(
I"H8%68&(1))*+ &H-%./0#%102&/:
I"HBO&EH " ()6 (*+HS" (%S #-

1M 968 (()*&+,&-./I+,081.203&0)4/3

YJLIXUH

WKHP LQ VHTXHQFH FRYHUV WKH ZRUN ,RZ 6HFWLRQ

LGHQWL-HG DV WKH WHDPTV ELJJHVW WLPH VLQN

%o-++#32#&$1-.-$.)$-$:)&9-. #1$@)//(3+$%E&H#+#3.-.()3=$
I"- $+HWH#3 #S(+$<"-. $b-8#&SF$/)) 0+$/(0#$(3$% & HHSSS

:RUNARZ &ROOLQV 3RZHU3RLQW %XLOGHU 6

IURP UDZ



P1#0,:)%#HM#"%76)29%,9-./#EG-((2
b-BH&SFS(+$<"H&HSHO(//+$,)33#, =$!"H#$)*.%*.$):$)3H#$
HO(/I$7#,)9#+$."#$(3%*.$):$."#$3#> $HO(//=$?#.<##3$
THOAS. HSLHH(23HEBRH (H<+$-31$-11+$<"-.$)3/85. 485
,-3%-11=

I"#$.<)SHO(//+$(3BHH#,. () 3SA=TS&*3S+#W#3. (-//8=$5%
1#+(23HES+0+$-$&H+#-&, "W H+.()35(3$3-.*&-/$
[-32*%-24=$H)O#." (32$/(0#;$mU"-. $1)$/)32B"-*/$
#,)3)98$%0-++#324#8+$+-8$-7)* $/#28))9$-31$."#$
FLB(3,"$%(.,"$,)3+.&(3. NSI"HSe) FTHS[#+#-& "H&S

- (- HHABEIBHS( S HI$%E) HH++A4$-31$%8) 1* #+$-$
+.&* *QHLISEHHH-8,"$1) *OH3 SEI(2*&HSAR\G

I"HS1H+(23HESEH-1+$."-.$1), *OH3. =SI" (+S(+$<"HEHS. "HS
GHVLIQHUTYV MXGJHPHQW HQWHUYV
%&)DH, $7&(H4S. H#$%&()&(.83" (#&-&,"8%$:)&$ #(+5/6&)D
MBS (#3. V+S%&HA HEHS H#+4$-315."#$,)3+.&-(3.+$:&)9%
SHS, *&EHB. Y -+H=BI"HE5652-. "HE&H LS. "#SI- #&(-I=$
'ES1#+(23#&$1H, (1H#+$<"- (. $O#-3+$:)&3."(+$%&) DH$.
H#,.)3ST=M$(+$,/#-&$-7)*.$<"8%." (+$+.#%$#>(+ #55."
*)9-.()3$%-8&-1)>$")/1+$."-.$."H$)&HS,-%- T/HS."HS

ODUJH SDUW RI D ZRUNLQJ GDY :LWK WR#HIENEOBY ZRUN,6 R

9)+.$):$."-.$.(MHS(+$+%0#3.$) 3$. "HS&H (H<S+ #%=5!"#$
1#+(23#&S+%H#31+$."#(&$.(9#$) 3B(3.#&%&H#.-.()33-31$
:&-9(32$(3+.#-1$):$)35&#.&(#-/$-31$:)&9-..(32=

3%4#56

H#,.()3$A=M$H#>0%/-(3#1$<"8$-$+(32/4#$) #&/)-1#1$%&) 8%
%&)1* #+$<)&+#$)*.%*.$."-3%:), *+#14S+H#W*#3.(-/$
HO(//+=3@"M$(3+(2" . $F$:)*31$."#$+-9#$."(32$#9%(H:$
+9%/(..(32$-$,)9%/#>$.-+0%-,&)++$+#%-&- #$-2#3.+$

%&)1* #+$9)&H$,)" #&H3.$&H+] +$."-35)3#$-2#3.$

78%%$9458434:&;<4&53=!>>

I"H$%"8'&" ()$")*+$* %,

2.)@5(.AB)C'2/5D*1+'((
1"#$% ® - (['%*&*0"(#'0./¥12
&'()*+, - o 39 0 H9%" (24%.542
-(1012 KH| o 67#%ar4s 829412

o /['#.8%2#"852'<'41(=./*(4*

8%$%#3%
SHYPSAHSYo*'Yo*2* %04 14$8* (#

?&".82@'+$1#2@'#.8*2#"852@'A1(=./*(4*

L!I":>58%$%#$%

-19%68" #/'1*2.)(
596+ 2% (#"#.1(

S"0*'#1'1$#5$H2

39%4#5E \/

@ .0>P.8&'5%14*22
<SF:"5:<4:=#81"V

3%4#51 A

32:(532,17 %8,/'(5 6.,//

56$74#,)98+43."#$/H++3%H) %/#S,"#,05(.+5)*.%*.=$!"#$ -
Q$8"(‘4:*4P51.(# A~ o . ) .

&H (H<$,"#,0%) (3.5(+$3).$-$%RH #EH3 #=$6.5(+§3)6.$ ?(0C2*5&'GOH 31741 7(502115(@0)5I+K

b RUE-g1 12 AL TH L, H:%, 4" ('5%10./A o BH&*D&I*
WKH ZRUN,RZ “3URMHFW EULHI . o CHE1/181),

‘&:& SULRULW\ KLHUDUFK\ o D= (L0204 S AH+1H2

s . " PP “&0LHQW SUHIHUHQFHV DO
I"#3%."#$1#+(23#&S-+0+$5.)$.*&3%. "#S&H+#-&,"$-31$ (&S “&XUUHQW EULHI FROVWUDLOQ o >$88"%," (/' 85&.4"#.1(2
= -50, - =$I"
& 9(32$(3')$ $&H# 3. 03 9! #$@)//(3+$Q)<#&Q)(3'$ Al has gathered; designer interprets and frames ES5#7".(?1&&.(2'F%" (' 2#,&*
P*(/1#8&S-,.(- #+=3$6.3.-0#+3."#P&HA+#-&,"$1),*9#3.$-313$
JHSIAH(23#&V+S-11(.()3+5-31$9-%+3."#95)3.)$."#3$
57; VOLGH WHPSODWH 7KH RXWSOBXWVLY D SSW][ -OH LQ & R ]

7&-31%+.8/#=

C)(328."(+$9-3*-//84$<-.,"(32."#$ (1#)+4$%+//(32$

GHIJH'8.($#*2'#1#"&'KO2E'LIH":1$%2'8"($"&&,M
C"N1%.#,'1="#.8*25*(#'1(":$8"('%*0.*9'2#*5

TXRWHV ZULWLQJ XS -QGLQJV EXLOGLQJ D QDUUDWLYH

V&O-..(328+(1#+4$-31$-%%/8(32$. #$7&-31$.-04+$-$

YLIXUH

7KH /D\HU

KDQGOLQJ HYHU\WKLQJ /D\HU DSSOLHV WK
O-,"$HO(//$"-31/#+$)34#$,)23(.(#$.-+0=$I"#$1#+(23#8$
HAWHHS #4+$."4#0=

7KLV LV QRW VSHFL-F WR &0ODXGH 7KH UHDYV
%&)1* #$7#. #&$)*.%*.$."-38) 3#$/-&2#$%&)9%.$(+$-$
%&)%#&.89):$")<$,)3.#> $<(31)<+$<)&0S(3$-//$,*&8H#3.$

[-32%-2#$9) 1#/+=$1))$9-38$(3+.&*,.()3+$,)9%#.(32$
(3$)3#$,)3.4>. $1#2&- 1#$."#$)* %o* =$CH,)9%) +(32%$

~+0+$(3.)$:), *HHLAS+HHAWHI. (-/$+.H%+P(+$-$2#3#&-1$
%&(3,(%6/4$):$,)3.#> $#32(3HH&(32SEHH, . ) 3SK=FG=$!"#$

HO(/+$-&,"(#, *8HBO-01+$."- $%6&(3, (Yol HS-, #++(7/8.)$
1H#+(23HEHS."&)*2"$+.8* *&H#1$1) *OH3 +$(3+4#-13):$

)1#=

ZRUNARZXWNRVALRIY WRH YRDTUFEKH 5HVHDUE R AW LAQ O & WW X B X UBILGS WHIS[RUW  WR
<H+-/$&*N.*Q$-/I$>/@*X @H-)$58-+./0$@'$=")./3$BBASESWK .))$U5'&+-@ @*I$?&*3* @-@. /Y #SB@ERERRS EHBIS><>K?'/@$-@%$
*><$3@-0*4$



P'PH#VB, (;,9-& #1/,-. 29H96)HSY% &%, **)H&AH
1)*,>2

I"H$:*//$Q&) 28-994$): SCHI-31+$(+$(3$5%%#31(>$?=$
H(>S&HW* (&HOH3 +$-EHSH-1*- #1$"HEHAS."&)*2"$1#+(23$
&-.()3-H$-31S&H -8, "HES #+.(32=BI"HS). "HE&SH(2".$
SIS HHES) T+H&-.()35)8$,/(#3.$,)3 #> =$I") +#$,)9#$
(33@"-%.#&Sc=

W=GB@ KH#-+*38H#O *<HO' 5.7 H+#&2*%%) W7* 59%*4%:+/7+,".)
7KH &DUGV DUH SK\VLFDO $, KDV D QHRUVLQPQDWHYROXWWLRQ FRQ-UP VL[ UHTXLUHPHQWYV 08%,.
+%- H=$X)+.$1#+(23#8&+$/))0$-.$-$7/-30%,"- $<(31)<$ &*3+$(3$@/-*1#SCH+0.)%=3I"#$@-&1+$<)&0$<(.")*.$-$
-31$1)$3).$03)<$<"#&HS$.)$TH2(3=$H)$."#8$1)$3).$ + &HH3=SI"HSHO(//+$%68&) 1* HS+"-&#-TIH$1) *O#3.+=$
T#2(3=$!"HS@-&1+$78&H#-0$."-. $)%6#3$+%- #$(3.)$3-0#1$ I")+HS."(32+$6%,-3$, "H#,08-+$EHHH-&,"HES)."HES
"(32+$8)*$,-351)=30-,"$,-&1$+-8+;$"HEHB(+$."HS(3UP BHWH(EHIH3.+$):$. " #$
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#-1*-.()3%,&(H#&(-PEO=RA$0=-FA$0=-M4$ =K &&EBSHI.$+  @)//(3+$Q)<#&Q)(3.$?*(/L#&SHO(/=$!"#$)* . %o*. $<-HEHIH 1" 1" H$Y%&H () I"H$%& (%) $+&($* -,.),/$.08/*
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BHFWLRQ
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EULQJV WKH -QGLQJV WRIJHWKHU DQG HYL

-2-(3+.$."#$Q)C=
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I"H$%S!

I"HBYRYL" (B) Vot +&S, i+, +"HE& A+ $+,)01%22)/(), &H++

O "#$%8&"$

#1598 ()'(%*+,-(.%/-0123-&23
I"H1$96&'())%*+,)-,.(10%( <1
I"HEY6& Vo) Vo*+ HE&"- Yol +,1
IHSY68, (¥ &+, - H+*H#)[0-14#" ()23

"#$%&'

IHSYO&! (V" HYo, - ) Yot S/*0-1

UHSRUWY WKH 5HVHDUFK $ -QG!



X"H#F)2),%76#IM#QI@R
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*+#+$56$1-(/8=3!"#$). "H&$*+1+$( $&-&H#/8=

- ..'*’- - _. . - : —
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"#$X56_S@-&1+$-&HST\$%"8+(,-/$%8&)9%.$,-&1+4$ mP)&9-//84$6$<)*/13$,"))+#$-$9#.")1$
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~&L+$#H- *&AS-$1#+(2339#.")1$)33."#$:&)3.$-31$-$ )$."(30%-"#-1=n

+.&*, *E&H1$%8)9%.$)3$. " #$7-,0=

Wo+6#3 82TEE WHIT)(H2+*3HE&Y6/%2,")
HH#HES,-& 1. (J#+$) H&I-Y%ShSQHE+)3-$7%(/1#8$-31$
B3F-//$." QS +H++()3+4$%0-8. (,(%-3.+S&H H(H$."HEBS+ Q_++#32#&$Q#&+)3_ A$63+(2" $H.- HOH3 $-31$08)7/49%
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7-,0$-313W*#+.()3$(.$hSM6+$."(+$-,.*-//8$<"- $<#IYLS
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(3$5KSEF=$I"#$%(/). $+,)&HS(+$/(O#/8S" (2" #&S$TH#,-*+#$

WKH UHVHDUFKHU ZDV PRUH LQYROYF

+#++()3=$63$5KS5F4S. "#P&H+#-&, "#&S$+ #%%#1$7-,0=%
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7KH 0$,. &DQYDV LV DQ $ SDSHU ZLW I63BH#I KB4 $HKO TASEFA$%-&.(,(%-3.+$9) #$."8)*2"$

Uott&+)3-4%.-+04$,)3 4>.4%)* %+ $:)&9- 4$-*1 (#3 #4$
+ HY+AS&H HEHB #+4$-31$.)3-/(.8SEHH,.()3$A=RG=$

3DUWLFLSDQWY 00 LW LQ DV D WHDP EX#& EBOHES. ¥R V)P&-%"$( SEI(2*&HSC=AG=$@/-*1#%$

N.O#L+*'2'1+) &HT&YoH',
28%5."4$.(9H$%-&. (,(%-3.+$&H-,"$."#$,-3-+4$."#8$
"S- &t 18T &)<HH1S. "HEY"B+(,-/$,-& 1 +4S+,-33H#1$

)3HB<(."S."#$-%%04$-31$. &(#1$-$%&)9%.=$!"#$-%%S. " #3$

(3.8) 1% #+$<"- $-SHO(//B(+:$-$&H*+-TIHS #&+()33) '3
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-3-+$-+$-$.#-9=

I"#$,-3'-+$-+0+$."#O$.)$+06#, (:8$<"- $."#S56$+")*/1$
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me)*&$<")/#3$,)3,#%.$<)*/1$:##/S
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CH S -31-81%,-&1+45-31$."#3$8)*$
"#$-$,-3-+$:)&$9-0(32$8)*&$)<3$
-&1=n

I $(+$<"- $. U, -3+ S1)H+=$6. $7&(124+$."#$,-&1$
+#1#,.()3SED-SHESRGS.)$SHO(//$,&#-.()3SED-8H#E&SKG=

63$."#$%(/). 4. #$,-3-+$<-+$+.(//$-$Q8)9%.$@-3+=
5: #8$."#$%(/).4%."HEH<-+$-SW*#+.()3;$+")*/1$ . H+8$
-$0Q8&)9%.$@-3-+$)&$7#,)94$-SHO(/$S@-3-+$?)."$
<)&OShSE@/-*1#G$."#SHO(//$X-0#&S,-3$.*&3H#(. Y88%(3.
*3,.0)3-/$HO(//=$7*.$:8-9(32$(.$-+$-$HO(//$@-39+H4$
HBY6*8Y0) HHS, IH-EHES)8$Y0o-&.(,(%-3.+=$I"#8$03)8$:&)
THEE -8B, B, HBS-EHSTH(/1(32$+) 94, (32$8HH+-TIHS
3).$<&(.(32$-$)3#B)::$%&)9%.=

'LWK WKDW ERQMKH

WKH -HOGV ZLWK OHVV KHVLWDWLRQ 2¢=&
IROORZ XS TXHVWLRQV WR WKHWHSYV

&H-1+$."#(8S$"-31<&(.(32$-31$%&) 1* #+$-$+.&*, *&#1$
HO(//=$a3#$3).(,#+S$."#$)*. %+ $(+$9)&H#S1#.-(|#1$."-3$
<"-.$."#8%$<&).#;

MC(L$(.$-11$+)94." (32 $I"H8#V+$
3) " HESE6S, " $2)+3)HES(.$)$9-04
§.$(\3.)\§/C\’a/$D-1L4J#\\;VV*-.#?$?0L(/%:J§&$8)*=n

HSHO(/S(+$/)3248$."-3$."#$"-31<&(. #3$,-3+=$I".$
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p J
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I"#$,-3'-+$)&, #+$-/(239#3. =$U"#3$.<)$) &$9) &H$!"#$
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MUHST)."$*+#$."#$<)&1$,)3+*/.-3.4%
7% $9-87#$7)."$):$*+$<(//$."(30$
YO (2SI +HH=SI (+S1)H+$"H#1%$.)$
9-0#$(.$,/#-8&=n

7KH VSHFL-FLW\ PDWWHUV EH\RQG WKH
<8(#3)35."#$,-3-+5TH,)94#+$."HSHO(I$(3+.8*,.()3=5:$

HS H-9B(+$3).$-/(23#143."- $-97(2*(.8$.&- 3+ HE+IS

WKH $, WKURXJK D SURPSW WKDW LV Q
*HWWLQJ DOLJQHG RQ ZKDW HDFK -HOG

,.OH&*$7#6$I$\3*&3$H?)"-J./0$@<*$.+-0*$'5$@<*B$-/IB'$ @ <*$BCDES-??
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D*+.$-$.#-0BH>H#&, (+HShS(.$"-+$-$&)/#$(35."#$%)/%3.(
V6#8:)89-3,#$):$." #$, 8- H1SHO(//=$53). "H&SYo* +$(.$
9)&HS$1(&H,./8;

mM!"#$,-3'-+$&#-//83 " #IYo# 147 #,-*+#$
HEHSS)*S<&(HB(.$1)<34$+)9#7)18%
&#t-118S+##+$(.=$63+.#-13):$."#$,-&1+4%
8)*$D*+.$+-8%."(+$-31$."#3$."#$)."H&
)3#%$:)&2# . +=$U"#3$8)*$<&(#$(.$1)<3$
)3$."H#$,-3'-+A$8)*S&H-//BS+HHS<"-.$
+)9#7)18$9#-3.=n

)28 "HE=S I HSYo-YoH &S+ -8 +$) 3. "HS - TIHS-+$-$+"-&H#1$
QHHEHI H=$5: #&$+,-33(324$( $TH,)9H+$-$1(2( .-/ SVED(
1B HS #-95,-3S8HF =S HY " B+(,- IS HE+()3S2* (1#+S
1 H$,)3H&A-. () 3SEI(2*&HSC=cCS=$I"#S1 (2(.-/$H#E&+()3$
+.-31-&1(+#+$."#$)* Yo =

76

7KH FDQYDV LV LQWLDOO\ -UWW QW K H Q'#6-BHSW3.Q-3 483 SBEI03) </#124$T#.<H#3$ HH+$8H1*31-3.pS( S+HHHOH1$%-&.(,(%-3.+$-++*O#1$

E\ KDQG IRUFHV WKH WHDP WR JR W K U RQFMIPHR-FK63$HFG-()3$5F4$)3#$%-&.(,(%-3.9<&(#+$ WKH $, ZRXOG -JXUH RXW LWV RZQ SURFHVV
TH# *+HD):$, H-&#8E&S -31<&(.(32=3I"#$) "HEAS<")$"-1$ VXUYH\ FRQ-UPV WKLV :KHQ DVNHG ZKDW FR
-OH3S56S&H - #1$,)*&++$): HEHLS- $*3(HE+(BASES HOA$%0-&.(,(%o-3.+5%)(3.H1$.)S. HS+-OHB(++H4+$." 4
+)O#. (OH+$9)&HS [H-8&B(3+.8*,.()3+$)3$<"-. $+")*/1$ 1(HEHI HSTH. <HH3$-$%68)9%.$-31$-$+0(//$(+$*3,/#-84$
EH -OOHG LQ DQG QRWHG V\RX VKRXOXR PB GHDIGWWOrH WEDR I DQG WKH VWHSV DQG
7H8)31A$TH, *+#$."#3$(.$ #&.-(3/8$03)<+$7H. #8=n$ 'HOGV IHHO XQQHFHVVDU\ EHFDXVH WKH\ HJ¢
I'H#$,-3-+$9-0#+3$."(+$,)-,"(32%'(+(7/#=$U"-.$)3#$ "_3LHS.")+H$)3B(+$)<3=

OH&*$7H#7$1$,.))*J$./SBCDES>-/N-3$

Yo#8+)3$03)<+$-7)* $56$7H,)04+$%-&.$):$<"-.$."4#$
H#-9$<&(#+$1)<3=$I"(+$(+$03)</#12#$,)3 #8&+()35(3%
%&-,.(#SEP)3-0-$Z$-0#*"(4SRSSTG:$.-,(.$%&)9%.(32%
NQRZOHGJH PDGH H[SOLFLW WKURXJK WKH FDQYDV -HOGV
M6.$/#.+$8)*$.*&3$."#$X56_$@-&1+$(3.)$
+)OH."(32$9)&H$Y0)<H&:*/AS-$+0(//=$
X-8THSOS"-#$.)$8H-15(.$9)8H#4ST*.$6$S
1)3V.$&H-/I8SHHHS. " HS+ #%6$):$.46€3(32$
-&1+$(3.)$."(+=n

I"#$,)33#,.()3$7#.<##3$,-&1+$-31$,-3'-+$(+$3).$
)7'()*+=$63$H#++()355K;

N&)*06$-/(239#3.$+,)&H#+SM=L$(3$."#$%(/).$-31$M=c$(3$
SKSEF=$H#++()3$5K$"(+ST=LSh$."#$"(2"1+.$+,)8#$)3$
-38$(HO$-,&)++$-//S+#++()3+$-31$-//$-& #:-, 4=

L5%*%0# #4+//&H&5.*,

KH FDQYDV IDLOV RQ -UVW FRQWDFW, 4,0, 0K e k3 BWsol2 3 hr9)388H00/5008

%8 (%-3.3+-8% HEHH)32$3])8.$-$.#-08."- S3HHL SO (Y HSHO(//+$-8)$
$U68)DH, 4. HB. (GHS(3H+.9H3 SUHES,-3+$(+$"(2"=
MEVOS$3) $HBS, H-8$<"- $6VI$S1)(32$
ULJKW QRZ /LNH zK\ DP , .00l
-3-+n 1

§%L&é,(0/53.$W*#+.()3+$."#$%"8+(,-/$:)&9-.$
#,./8:3MU"SSL(LS<HS"-#$.)$<&(HS(.$%6"8+(,-1/8$
-31$3).9)3$."#$-%% n$I"#$-3+<#8&S$,)33#,.+$.)$."H#$
'LWKRXW WKH 6NLOO ODNHU -a@angy Lo WRIHEEEYEY 1R/ 3-+8)&#+$
388, 5<(")" 5. $,4-85%-8)-=57) "$%6()).$%-&(%6-3.+$ H#-9$,)3#&+-.()387#:)&HS56$(3 #&-,.()3=$5$1(2(-/$
) H1$.)SRHOYHS. #$,-3-+$(3."H#$%)+ B+*& #8=$78% IRUP ZRXOG OHW LQGLYLGXTFOM RQORLW LQ D
H#t++()3+$5K$-31$5FAS. "#$, -3+ $(+$. " #$O)+ $*+#:4/$ Vo-GHES(+SLA(TH#E- =
-&#i-, =S (+S&H HEA-1$,)9#+$:8)93."#$))*&$,"-32#+$ MI(H/1+$9-1HS+#3HINS(+$."#$/)<#+.B+,)&(32$(#9$
O-1#STH.<HH3S+#++()I+SE+#HSTH])<C= - &)++$-1I$-& -, +$-31$-/I$+#++()3+=$6.$+,) &#HHH3S
HEO3))26, *HH+S 8L (IHESHHEESHH++03=8 "H$9%(/). $-31$F=MB(3$EKSEF=$63+.&*,.()3+$-&H#$ VL - #
MQH#E+)3NS,)3+#+$%-&.(,(%-3.+$<")$-++), (- #$(.$ T SHHSSHIH(3H=S AT HIO) 4SBT $7-8HIB=S

ZLWK XVHU SHUVRQDV QRW D@ $, UR Gt ERE PR & WPS P #-93(+33#<8.) 598
06-8..(,(%6-3.+=$!"- $3) #.8H(+$."HB&H-/$:&(,.()3=



X)+.$%-&.(,(%-3.+$"- H3H HES+#3$-SHO(//$8*3=$ @B+ SM=$0+-24$(3+.8*,.()3+$-8#$-11#1$.)$."#$,-3-+4$
HO(/+$<#&#$(3.8) 1* #1$(3%a,.) THESKLKTA$)*&$9)3."+$  #>%/-(3(32%<"-.$-SHO(//S(+$-31$")<$.)$*+#$."#$ -3%4=

TH)&HS. " HEHH++()3+=SP)3HS): 5. H#$%6-&. (,(%-3.+$ @"-324+$.)$."#$-%6%/(,-.()34$(3,/*1(325. HSHOISXHRS

"1$H+#1$)&$SHHHIS-SHO(//$T#:) &H=3!"#8$-8#3$-+0#1$.)$ . ’ '

FRQ - JXUH VRPHWKLQJ WKH\ KDYH QRW°F "§$|)|3J)L8F-Jf(§2éi$ii%#$')'#&#1$(3$H#"03$C:F:P%

7KH FDQYDV -HOGV GHVFULEH FRPSRQWEEW\I]%Y ol Wi'HERERPUGLQI SUREOHP 1R SDUWLFLSDQW
Q 6HVVLRQV $ RU $ DVNV VKN DP , -00LQJ WKLV LQ

L
Vot &+)3-A%+ #Y+4$.)3-/(8SNST* $<(")*.$"-'(32$+##3$ X W HOGY PDGH VH PRYHV ROO\ [URP WR
ZKDW D 6NLOO SURGXFHV WKN oGV AN BEGW FESY YR E Q

3).$- 5%+ 7(/( BS(+H =56 $(+$. 45" 1#3243) SLB(@S ifz;/z_ffg’;é‘;f:‘(g)‘zi;zi(;j;ﬁ (F/);ig;”?)(;z s
N&$-$.#,"3)/)28%. " HS*+#&$"-+$3).$#3,)*3 #&#1$84#.= " R
YDOXH WKH FDQYDV QRW EHFDXVH LWV -HOGVY DUH REYLRXYV
,Q WKH SLORW RQH SDUWLFLSBQW TV 7E&O 648 QFHI(/GXIRED2(B-BVSH: ) &.$-$,/4&$
.O0LQJ LQ WKH FDQYDV :KHQ DVNHG PARS® FRQ-GHQFH
(35."#$%)+.B+*&'#8AS. "#8$&#+%)31;$mM6.$9-1#$9#$-/1+)$
HHSHEBP(3+#,*&#HSP-7)*.$")<$6$*+#$98$56$,*&&#3./8=F B "#$%&'()* B "#HS%8H ) (+, &/
%9HFDXVH WKLV LV VR VSHFL-F R JHWYV

1S #+#$.8Y6HS): $1# - (1+=SU"#3$6$%&)9%. $+)9#." (B! I"H$" & ()*+(*)" T 1
D*+.$&#-//831)3V.$,-&HASESD*+.$.8%#$+) . " (BBEHE. = "H$I%6& (N
B GRHH . HSD- VST . <HH3S,~+*-/$%&)9%. (325
-31$+.&*, *8#1$56$(3+.8%,.()3=$)&S."(+$%-&. (, (%3~ $ I"H#$%& () +,+. (U, v
DZDUHQHVV ORZHUV FRQ -GHQFH LQ Wi (N i
WY1 $+.8*, *EHS+ ) 8H+$) SF=TH(3$."#$%(/).$-31$(@EM SR N EH S (e ———
5KS5F=$N&)*%$-/(239#3.5+,)&H#+SM=L$(3$."#$%(/).$-31$ e,
LQ$ $ ORUH FRQ-GHQW DIWHU FD

(354500 $-SLDF=cR(ITHEOFIEINZ ABe=56 S (S 1

. : IHS%&() (N
) +&H3Y68 (H#AY6%638+2<
D)8, "-32H+$<HEHS-14#$.)$. " HEX56_$,-3+SEI(2*&#S$
c=RLGp$ ’ | |
SR=3mMQ&)9%.$3-9#n$7#,)9#+$ImHO(//$3-9#=n$ IHSY6& ()*+ - &1012'3544" /4’51657 /0 89%:/4;+

I"HB%6& () &S+ (#(,-$(%./$',0'1.2#+3(H#,$) (12." (*%%(*2,$4* 1, (*+&(*Y%('$"#. +"

SK=SIH/1$(3+.&*,.()3+$-&HSEH<&(. #3$5))8S.") +HARHEHS
*3 [#-&= Y)LIXUH a &DQYDV PLQL VXUYHY VFRUHV SLORW YV $ $

SF=$0>-0%6/#$ #> $(+$H#3/-824#1$:)&$28) V%6 $&H-1-7(/(.8=
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X"H'"H#QI@R#188
I"HEX56_$5%6%$(+$."#$9) 7 (H$(3 #&:- HSEJI(2*&#$c=RRG$
<HEHS."HEY"8+(,/$-8.H -, +$OHH $5ESEHH, . () 3SA=FG=$
Q-&.(,(%-3.+$*+#$(.$.)5+,-35-$,-&1V+SI[$,) 1#4$' (#<$
%68)9%.+4$%").) 2&-%"$."#$,-3'-+4$-31$8*3$."HSHO(//+$
SH#S,-3-+8, & HH=

m[(2".$3)<4$<"#3$6VI$<&(.(32$
9%8)9%.+4$6$1)3V.$."(30$."#8VE#$2))1$
#3)*2"=$531$&(2".$3)<$6$2#.$)&9+$

- $-18H-182(HSIHB(3%*.$."- $-&HS
%&)7-7/8$7#. #&$."-3$<"-. $6$2-#$56$

N.O#1+*,'2'1+) &#T&Y6H,
Q-&.(,(%-3.+$)%6#3$. " #$-%6%$78%+,-33(32$-$,-&1V+$I[$
VIH=$IHS+ -35/)-1+$."#$,-& 1V+$%8)9%.$(3.)$."#$,"~.$

)$7#2(3%<(."=n

C*&(32$."#$%(/).$."(30B-/)*14$)3#$%-&..(,(%-3.$+0#+$
-3$-/19)+.$,)9%/# HS&H:&-OHSB):$." HS-Y0%=SI"#$") O#$

LOQWHUIDFH 6RPH EURZVH WK HQGLD L WBH-2H5GH ERHB 141 EHWSRER(++(324$+"#$+-8+4$

FDUG 2QH SDUWLFLSDQW GHVFULEHV

Me)*$2#.$-$%6&)9%.$+)$8)*$,-3$
(9OH1(-#/8%5,)%84Y%-+ #$(.=$531%."#3$
\RX FDQ -00 LQ WKH GHWDLOV

5: #8$."#$,-3-+$-,.((849%-&.(,(%-3.+$%").)2&-%"$
H(ES,)9%/H# H1$,-3-+=S"HSHO(//SX-OHES&H-1+$."#$
KDQGZULWLQJ DQG DVVHPEOHVKWKH
H#-9$."#3$&*3+$."#SHO(//S(3$."#$, - $-31$/))0+$-.$$

)< %% $.)$,"#, 0S<"#. "HES(STH - H+$-+$."HOSH>VoH, #1 =

(VRIS EIBS FB28) %S, - +$(3.)$%8&)D#, +$."#$+-#$<-8$
LH+(2348+$-18:#-183)8.2-3(+4$."#(8$<)80=$"#$&#-2%(3
FRPHV IURP KHU RZQ ZRUN,RZ

IV mMBVHSTHH3$1)(32$,)3.#>.$9-%96(32$
UHS<")H$- #&3))3=$6$%* $98$%")3H$
-<-8$T#,-+#$6VI$2)(32$)&$/*3,"4$

-31$."#3$6$,/(,0$7-,0$-31$6$D*+.$<-3.$

H O G Y$QBR1D.ABSL-09)$8)*&$/-+.$

, = +=n

MU"- $(+$8H#-1/8$9(++(32$(+$."-.$8)*$

,Q WKH -UVW XVH SDUWLFLSDQWYV H[$O R US$O70¢8t) 1 ¥EDBBIR)*ES, - +=$

-&14$.88$. " #$%8)9%.$)3$."#$7-,04$-31$8#-15."#$56V+$
8tt+96)3+HSEI(2*&HSC=RKGS=$63$. "#$+#,)314%$. HBHR*3$."
RZQ 6NLOO 7KH RXWSXW UH HFWV ZK
-3 H(8SB.+04S. H(8S- 1 (H3,#4%."H#$:) &9-.$."#8%
HOH1$)E=SI"HS+. 8%, *&H1$%&)9%.$:8)9%5. 4%, -3-+$

%&) 1% #+$/)3248$-31$9) &HSLH.-(H1$)*.%*.$."-35."#$
-&1$%8)9%. +=$a3#$%-&. (,(%-3.$%* +$(.$/(0#$."(+;

Q&)D#, +=$a: #34$-+$-$1#+(234&4A$8)*V//$
TH$1)(32$9/. (%/#$%&)DH, +$-.$."#$
DW W-I9#$\(Q¢HrRWH RQ WK

IHSHHLT- 0B&H &-OH+$."#$-20%6$:8)95-5,"-.$.))/$(3.)$
-$.#-9$<)&0+%6- #$)&2-3(+#1$-&)*31$%&)D#, +=$I"#$
"\OHBYo-2HB(+SEHLH+(2IHLSTH. <HH3S."H#$%(/).$-31$
H#t+-+()3+$5KS$-31$5FSEI (2*@HSC=RFG=9!"(+$(+$."#ED)9#3
X56_$+.-8.+$.)STH" - #Sl++$/(04$-5.))/$-31$9)84$4H

,.OH&*$7#::$1$,.&3@$3>&**/$@<-@$H3*&3$3* $QYFERSBCDES-?2#

\ \X \ AN

0H&*$7#‘F$I$$W> . /0$ $> -&J$Q. @<$@<*$BCDE$ '7”
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IS8 ()*
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IHSY0&! () -+, - &Y6/)0*
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MAIK
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I"H$%&™ () %6&*

I"H$%& ($)$*+,$%'-.

IH$%68 ()*
I"HBY6& () BH*(+&H(%8S$

I"HSO6HE (1)*$

I"HB%&H'S(")*+%, $*& $&-"."

I"H$%&$" ()*+
GO’ (H)*+",

"#$#%E&'

I"H$%6& S () $H)+

IH#$%& ()*
IHHSY6R ($) +, -G, JB(*. &, H(

"#$%&'(
PHS%& () +#,"Yo&- JYHIH("0%+('$+.*

I"#$%&'(&™")*
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(3:&-+.&*, *&HS."HS #-9$,-3%+#../H$(3.)= 011#3%&'(#4%%38+2<
5,&)++$."H$."SHHS+#++()3+45%0-&. (,(%-3.+$+*&:- #1$

#L5+,#,5%#+11#.1%)&#71 HEH&A$:&(,.()35%0) (3. +$(3$."#$-%0%=$63$. "#S%E).4$.

@*8&&H3.$56$.))/+$-&HSY& (- #=$O-,"$*+#8&$%&)9%.+$)3$  "OH$Yo-24B<-+$) #&/)-1#14$+-(32$-SHO(//$2-#$3)$

SH(&S)<ISLH (H=SI"HSX56_$-%%$9-0#+$%8)9%.+$ FRQ-UPDWLRQ -OH XSORDG GLG QRW ZRUN DQG WKH RXWSXW

-31$)*. %% +$'(+(7/#$-,&)++$."#$ #-9=3!"#$2-%$(+$3).$ <-+$.))$/)32$:)8$-$.#-93.)$&#-1$.) 2. " #&=3$Q-&.(,(98-+$

S SFHH&AE3H H++-8(18$%&)9%.$7-148. HEHS(+$, *IBBF3. +. &*22/#1$<(."$. " HST)*31-&BSTH#.<HH#3S+.&*, *&#1$ o " o R

3)$<-88.)$+"-&#+$. #+#$%8&) 9%. +=$!"#$Y&HB+*&'#8$ %8&)9%.+$:&)9$."#$,-&1+$-31$."#$:&##S,"- =$5+$) 3#S$

VKRZV WKLV VWHDP JHWV VDPH TXD Ot b-3/4RIBIMHHN)3S5F$%6* $(.; SR ——
TH)EHS."#E+#++()3=3638. "#I+#++()3+48." (+$+"- 8B ( .
<-+$.#+ #1$)3$-$+(32/H$+"-8H1$%") IH=$I#3 #4$."#$

YT+#8&'-.()3%,-%.* &t +$%-&.(,(%-3.+V$&#,)23(.()35): $¢$ m;%*i};?'zzgﬂ;f':;i;;'j;??;i IHS06& (%) S U6t s
(LH#-$8-"HES."-35."HS M ISH>YoH & (3, HS) IS 1H# ( H+ SESH 39) )&$):$," y'$"
-$,-81=$6.V+$-$7(.$*3:)&.*3-.#=n

c=T$b(9(.-.()3+G=

I"H#$%&'#()
I"HSO) LH/S+<(., "HE&S,)3*+#1$5%-&. (,(%-3.+$(3$H# #&8$ 8% —
m6$1)$/(0#3."#$,)3,#%.===$."-.$8)*$,-3$ +1++()3;$."#S(3H#&:- #$1(1$3).$,/#-&/8%+")<$<"(,"$HS$
+HHHSH-"D). " H&V+S,"- +ASTH -+ +#$ <+$-,. (H=$I"#S1(+.(3,.()3S7#.<##3$+-'(32$-$%&)9%.$ #5968 ()
M- V+$8H#-118$3).$-3."(32$&(2".$3)<$(3% -31$+-'(325-SHO(//$+.-8#1$*3 /#-8$."&)*2")* .= F#$%8H I

I"H$$968/S()*+), (&~

*&&#3.$56%$7).+=n
I"H$O(3(B+*&'H#8$"-+$:)*&B(HI+SEI(2*&HSC=RMG=3D-+8$

3-'(2-.#$9) #1$:&)9F=T$.)SM=M=$N).$*+#:*/$)*.%*.$ I"#$Y&H' (&)™ .
:8)9SK=T$.)SM=K=$U)/1$*+#5:)8$)<3%&)DH, $:8)08F=Ls ' o0& " = "

I"HG+"- QA1 S (H<$+Vo#-0+$.)SI=KSE' (+(7/4$-31$+"-&H B ISM=M=S$I"#$)*&."B(H#O$,"-32H LS TH#. <HHIS+H++()3+=$

-31$0=R$E3-'(2- #$,)9%/#>(.8G=$7)."$-&HSH#-/* #1$ 6335."#$%6(/).$( $<-+SI(HS*%0/)-14%+,)QHISK=LETH#, *+#$

-2-(3+.3."#$//1$Q&)2&-99#$): $C#9-31+$(3$H#,.()3$ CHSH- FEHS<-+$T&)0#3=36.$<-+$1&)%%#1$-31$&H Y0/~ #1$

c=T= (3$5K$-31$5F$<(."SME$03#<$<"- $.)$-+0$56n4$+ ) &H#1$ ! ! ! !

DH)GHS. G H++()3A8%6-&. (,(%-3.+$&- HEM<&(#$-$2))1$ FOZE:$! S8 #$?<#+'$05KS5F_$+'),fg‘#$):$' e B

SURPSWW DW $IWHU WKH VHVVLR® R IR (G SIS 08( 30843 SR () SH-" I A8 4012

WR 7KH IUDPHZRUN GRHV ORW wﬁ'%]fﬁ%'ﬁ'E$5'§%03L35L’3+$'),$'"#$N*/:$):$O3'(+032$ YLIXUH a $SS PLQL VXUYH\ VFRUHV SLORW YV $ $
EH*78&-9)38-9$#.$-/=4$KLKMG=

+.&* FEHFB( =SS+, ) L(32B(+$(3$. H$%&)9%.9:)8$
3).$(381(&#,.$(3+.8%,.()3=$



L5+ ,#25+)(%63#8%,0%%)#&%&& )&
I'HS-06%6$+")<+$."HP/-8 24+ .$(9%&) #O#3.$):$-38%

&t ZSIHST(224+ $+(32/4$-11(.() 3 TH.<H#3$."#$
%(/).$-31$H#++()3+$5KSEFS(+$. "HSHO(//SX-04#E:;$-$
"31<&(.(32B&H-1(325%(YoH/(34$."-.$.*&3+$-$%").) 28D
):$."H#3$,)9%/# #1$,-3-+$(3.)$-$&*33-7/4SHO(/SEI (28:#$
C=R\G=$5&)*31$."(+$-11(.()34$. " #$%(/). $:##17- 0BAR,)
HEHBSHO-/H8S,"- 324+ SEI(2*8HSC=RTG=

R=$I"#$")OH#SY0-24B(+$&H#:&-IH1$-+$-$%8&) D, $<)&0+96- #
MX8$Q&)9%.+$5$J-)&(H#+n$(+$&#9)'#1$:&)9%$")9#4$
H,-3$@-&1$7#,)9#+$-$1#1( - #1$#3.88$%)(3.$
-)32+(1#$PH<$@"-.4%-31$@)3.(3HS@"-. $+*&:- #+$

&# #3.5,)3H&+-.()3+$1(&H,./8$)3$")9%=

K=$0Q&)9% .$#1(.(32$(+$-11#1=$63$."#$%(/).4$. " #8/6&)9%
N)-1#1$:8)9$-$,-81%$,-33).$T#S$, -3241$7#)&#$
+#31(32=$63$H#++()3+$5K$-31$5F4$%-&. (,(%-3.+$,-3$
-1D*+.$."#$<)&1(324$-11$."#(8$)<3$,)3.#>.4$-31$+-#$
CHSHL(H1SHEH()3=

F=$I"#$1(2(-/$/(78-&B$3)<$+")<+$#-,"$ -&1$-+$(.$
-0b%ott-8+$(3$. HEY"8+(,-/$1#,04$+)$. " #$/(78-&8S 81 S."
008 (3.H1S+#.$-8HSEH,) 23(+-T/HS-+$. " H#S+-9#$."(32=

(3+.#-19):$<&(.(32%$-$3#<$%&)9%. $#-,"$. (9=

5$:%&. "HEB(H#&-.()345%&) %) +HH1$-+$. " H3H> $+ #%6$) &S
X56_4$(+$+")<3$(3$."#$&(2".B"-31$,)/*93$):$J(2*&#$
C=RF=$6.$(3.8)1* #+$-$TB.-7$3-'(2-.(3$-31$,"- +$

28) Y1 S(3+(1HSY&)DH, +$-+$-$+"-8#1$.#-95<)80+%- #=$
I'(+$ &+ ()35<-+$3).$.H+ H1B(3S. " HSH-1*-.()3=96 8. #$
1(8#,.()35."#$( #&-.()3$%)(3.+$.)<-&1=

ABHE & "H&S,"-32HB(3BHH++()3SEF$<-+$.)$."H#$

15 ()35 HE XS "HES."-35. " HB- Y6 %=$!"H#$%") 34

+ &HH3S<-+$I(&&)&H1$.)$-$/-&2HES1(+%6/-85+)$. " HBS")/
H#-9$,)411$:)/1)<$-)32$9)8#$,)9:)&.- T/8=$!"(+$(+$
3).#1$-+$-$9#.") 1)) 2(,-/$-1D*+.9#3 $(3SH#,.()3%c=T =

"#S(H&-.()3+5+")<S-$+%/(.=$H)9#3$%(/). $(++*#+$2#.$
‘[HG RYHUQLJKW R WKH ORQJ RXWSXWYV

EXWWRQV WKH -OH XSORDG R EHFDXVH WKH\ DUH WKLQJV

[ HS-%%$2).$<&)32$(35. HET*(/1=$!"#P$#3.&8%$%) (3t$43.
9)1#/$+<(.,"#84$5-31%."#$3-9(32%):$%&)9%.+$-31$HOHH
O##%3,)9(32$* %P (3$# #&BS+#++()3=3!") +#$-&#$"-&1#84S
TH#,-*+#3."#8S5-&#$3). S8#-1/857*2+=3!"#8%$-8#S-7)*.$'¥$
JHB(3.H&-,.()3B(+$+%0%0)+#1$5.)$<) &O=F!"#S(++*#+$3-
+.-8$)35-&#$. "HIW*#+.()3+$X56_$+.(//$"-+$.)$<)&0$y*+$
'#_9+$'_O#$$'\I$I(_38$(§#((%$R#§&81_8$<)&O=

6DYH FRQ-UPDWLRQ LV DGGHG 6DYLQJ D 6

&(22#&+$"-%.(,$#H#17-,0=

T=$@-3-+$+,-33(32$(3+.8*,.()3+$-&HSEH<&(. #3=$I"H#$
+ H%+$)8$%").)28-%"(32$."#$"-31<&(. #3$,-3-+$-&#S
JH-8H&=

\=$a*.9%*.$:)&9-..(328(+$(9%&) #1=S[#+%6)3+#+$-&#S$
V& HEAS S H-1HEAAS-31$+.8*, *&HB(3:)&9-.()35:)&S$
H-9$&H-1(32=

A=$a37)-&1(32$.#>.$(+$-11#1=$55+")&.$(3.8)1*,.(3$
#5%/-(3+$<"- $-SHO(//$(+$-31$8")<$."#$.#-9$,-3$&H#* B.$
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X"H"L#I7%&22#96)#7&6&%9

I"H$Y&H ()< +$+#,.()3+S&HY0) & #1$<"- $%-&.(,(%-3.+$
+-(1$-7)*.$#-,"$-& #:-,.8)3B(+$)<3=$!"(+$+#,.()3%
8HY)&.+$."&HH$."(32+$. " #S(31('(1*-/$-&.H#:-, $+#,.0+$
-33).5,)'#&;5")<$%-&.(,(%-3.+$."#O+#/H#+$+"(: #1$

TH# <##33$."#3+.-& . $-31$#313): $#-,"$+#++()34$")<$."#83%
)9%-&H1$. "HS."QHtHS-& H:-, +$-2-(3+.FH-,"$)." #&S

- $."#OH3145-318<"#."#&S."#8S, ) */1$+##$-$.#-95(35-$
,)9%-38%*+(32$X56_=

,QGLYLGXDO FRQ -GHQFH

,Q BHVVLRQV $ DQG $ QRQH RI WKH
<)*/1$8#9)'#$-38."(32=

'#$+#,)31$W H+.()3B-+0#1$<"(,"$-& #:-, . $<-+$9)+.$

¥ /=$63$. HSYo()). 45, "H#$.<)$) H+S+Y0/( STH#. <HHBIED
-31$."#$5%%=$63SH#++()3S5KAS."#$') #+$+0%/($TH.<H#3$
@-&1+4$@-3-+4$-313."#$5%%6=$63H#++()3$5F4$7)."$

) H+$<#3.$)$. HS@-3-+=$5,8)++$-$+(32/4$8)*31$
):$(H#&-.()34%. " HS@-3-+$9) #1$:8)9$."#$-& #:-,.$
%o-&.(,(%-3.+$<)*/1$8HO) #$.)$. " #$)34$."#8%) #1$

6L] FROQ-GHQFH TXHVWLRQV UXxQ EHIRIEHBEK vHVVLROQ

-31$-2-(3$- #8=3J)*&S):$."HOS-&HS-T)*.$."#S(31((T-/=$
U&(.(32$-$2))1$%8&)9%.$+,)&#+SF=F$7#:) &#$-31$M=M$
- HEESI(+S(+S. HST (22#+ .5+ (. $(3B. " HB1- +#.I8(R$

<" $.)$-+0$+,)8H+SF=MS7#:) &HS-31$M=R$-: #&=F$#..(3
SR BEH] S+, ) &HHSM=RSTH:) &HS-31SM=F$- 24331
)= %% SW*-/(.85+,)8H+SM=R$7#:)&H#$-31SM=L$- (#886.5
)3/8S(HOB(3$. HE1- .- +#.$<"HEHS."HSY0)+ B+, &HS(+SBR.S
3% "HEY&H B+, )&HSEI(2*&HSC=RAG=

7HDP FRQ-GHQFH
I'H48)."HE$.<)B(HO+$-+0#1S-7)* $."4S #9058 "#&S."- 3%
CHS(BL( (LA =SME-9$++#+$568,)3+(+.#3./8n$9) #1$
&)9SFA\S.)SM=M=$mI&*+.$.#-99- #V+$%&)9%.n$9) #1$
:8)9SF=R$.)SM=R$=$?)."$./)+#$.)$-$:*//$%)(3:$8$-$-
+(32/4$SLBO(3* #$+#++()3$<(."$X56_=$I"#$.<)$.#-0$
(HO+$9)#1$9)8#$."-35-38$):$."#$:)*&S(31((1*/$

(#9+=

- B1+)(#, 5%+, %442, &
1<)$9%6) + . B+H+& HBSWHH+. () 3+$-+0#1$%-&.(,(%-3.+$.)$

JS,%*)+/#:+/'3',B

5$:%&. "H&SY0)+ B+*& HOB(HOS-+OHLS<"H."#&$Y%-&.(, (WS
VLS HHS-$1#+(235 #-9$(35-$,)9%-38$++(32$X56_=$

,Q BHVVLRQV $ DQG $ DOO -YH SDUW
WKLV RXW RI $00 -YH DUHRESQHOI
+F1#3 +$<")$ - HS<) &OHLS(3S1#+(23$.#-9+5."8)*2"$
VE&AHH<)&0$-31$(3.H#83+" (Vo+=$I"H8$-8#$3) $8H.$:*//B
(OHS(3B(31++.&BAST* $."HBS - HSL(&H, SH>YH&(H3 HS
):$")<SL#+(23$ #-9+$) Vott&- H=I"(+$(+$."#$)3/8$

#> #83-IB-/(1(.85."- S[H+#-&,"$5$%&) (1#+=$6.5+")€$
UHFRIJQLWLRQ WKDW 0%$,. FRXOG -W D
ZRUN,RZ QRW HYLGHQFH WKDW D UHI
(=$1-0#3$.)24."#&:$."#$,)")&.$:#1.$."#8%,)*/1$%8) 9%.$

TH#. #8$-31$+"-8H$Y68)9%.+$9)&H$)Y#3/8$-: #&$) 3H$
VHVVLRQ DQG WKH\ FRXOG VHH ZKHU
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,)9%-3(H#+=$!"(+S(+S<"HEHS[H+#-&,"$?9$,) 9 +P(3=
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X"L#F)2),%76#3M#EG-((2

[H+-8,"$28 H+ +$< 1. "HES. HS LH ) Yo 1SHO(//+ $O#.$
HS,)9%-3(H+$Y0&) H++()3-/$+.-31-81=S)SH-/* #$."( +$
+++()3$<-+$1)3HS<(."S(/8S. S 1#+(2348$-.$@)9%-B8=
H 45" +$<)80#1$)35."#$ #-95:)&$) #ES$-$8H#-8=SH"#$

4 H+$56%),,-+()3-//8=$I HSEH+#-&, " SWHEBS +#1$1* 2B

F%,71

?)."$H#++()3+$&*35&H#9) #$'(-$)) 9B<(."$+ &HH#3S
+'-&(32$EI(2*@HSC=RSG=$!"#$&H +#-&, "HE&S) Yot & AHS@ /-
&RGH '"HVNWRS RQ VFUHHQ /LO\ ZD\
)O9#3 +=3I"(+$(+$")<$."#$@]CS.#-9$<)&0+$1-83%.)$

WKLV VHVVLRQ ZDV SUH LJKW DFWL YItS8E)IHIKAEQG VHQVRU\

-, )99)1-.()3+$:)&$%-&#3.+$.8-#/(32$<(."$-3$
> (+.($,"(1=$

?5%H#8%&&".)&
I)$+H#++()3+$.#+.5.<)$/-8#&+$):$X56_$EJI(2*&#$c=RcG=%
H#++()35?7RS$ #+.+5."#5e) FTHS[#+#-&,"#8=F$!" (+$(+$-$
b-8#&SKSHO(//;$)3#3.-+04$)3#3)*. %*. =$b(/8$1 (&#%. +3.
&HH#-&,"SWHEB=FI"HS&H+#-&,"HE&SD) Yo#&- #+3."#HSHER//S)
+, &3S +"-&H=S"HS&H . $(+$-$1) ++(HE&P<(."SRSHER 7-
W*).#+$5:&)9SMSE)*FT#S' (1#)+AS#-,"$. (9#+.-9%#1$
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06&)1* #+$-35[1]B:)&9-. #1$+/(1#$1#,0=$a3#SHO(V+$

)% Q% $TH,)OH+$. " #S3H> SHO(INV+$(3%*. =S (/8S&H (H<+$
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X'L"=HEG-((#=M#a&:;9:}#%)2),%76)%#
IS THS [+ H#-8, " HES(+$-SD-BHESKSHO(//=$6 $2)#+$

($<(")* $3##1(328,)3.4>.=

WKURXJK <RX7XEH YLGHR WUDQVFULSWLRQV WR QG VSHFL:-F

HH&P(3+(2" +4$H)S. " HE1H+(23#&$1)#+$53).$"-#$.)$<'$
"*&A$):$ (1#)$9-3*-//8=$I"HS 1 #+(23HES +H#+$."#$
IROORZLQJ SURPSW SUH
-,)99)1-.()3+$:) &$%-8#3 +$.8-#/(32$<(."$-3%-*.(+.  (,$
S (1=$H"#$"-+$3).$+##3$-385%-&.5): $X56_$7#:)&H#8P'(

,LIKW DFWLY WLH(

ml-'(32$."#+H#SL(&H, SW*) #+$(+$'#&8$

g%#// 328)88 S &H1(7(/(8%-3214
sPR&ERY RY

VHVVLRQ 7KDW ZD\ KHU HYDOXDWLR&REOHIEPE WY zkD W

SHSHO(//$%68) 1* #+=

N.O#,5%#8&%&&' J#O.*<&
b(/8$#>%/-(3+$<"-.$+"#S3##1+3.)$&H+#-&,"=SH"#$%(,0+$
S =PIHSRHHE-&, " HE&S&*3+S. "HEHO(//B(3S@/-*1#$
C#+0.)%8$)35-$+"-&# 15+, 8##3=$!"#S1#+(23#&$<-.,"#+$
SHS)* %% $7*(/15-31$,)99#3.+5-+3."#$1),*9#3.$

)9#+$(3$

I"H$1)+HH(HES -+ SRSSEH-/BW*) #+$:8)ISM$e) I 7H#S$
(1H#)+=$0-,"BW*) #$/(30+$.)$. "#$#>-, $9)9#3.$(35."#$
(1#)$+)$."#S1#+(2348&S,-38,/(,0$."8)*2"$-31%,"#,0=$
1RUPDOO\
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5RVV RULJLQDOO\ GH-QHG DV MFRESME S HGI6S.13+(+.#3./8n$9) #+$:&)9$F=\$

28-1*- #14$<(."1&-<-T/#4$-31$.-+0B#IT#11#1$ JEM=M=$?)."$D*9%$,/)+#$.)$-$:*//$%)(3.$(3$-$+(32/#$

+.&*, *&#=$Kk82).+08V+$d)3#$):$Q&)>(9-/$ SLBY(3* #$+#++()3=3MU&( #$-$2)) 1$%8&)9%.nS(+$."#$

CHH#)%IH3 . SLH#+ &(THHS. "HE+ IS+ (.$-.$."#$ 1-&2#+.$(31((1*-/$+"(:.$-.$sR=R=

I##IB):$I#-83(32=$X56_V+$."&1t$5I-8#8&+$-&#$7*(1.$)3$

PHAHS-QHGY0)+ BHE++()3$+HBEHI) & +4$+)$1#9-31$
- $%8&(3,(%/H#=

-8, HE(+. (+S-Y60/B=SIHS+ (5, <+ H&S)3S."HS
H-OP(HI+4S<"(,"$(+S5,)3+(+.#3.5<(."$<"-.$X56_$



X'+8/',B -31$%(,0#1$*%$(3$@"-% #&$T=$5%)9-.()3$"-3L/#+$ ~ @61/2+,)& 34> $H32(SHHE(324-$B,"-32H$. " HS/( #&- *&HS

K(-7(/(.8$-3+<#&+$."#$I*-/(.BSEIGS(H#I+$(3$."#$ "HSY8HL(, - TIH=$1*0-3+$"-3L/#$."#$D*120#3.$ a3#$%-. #H&IST&(12#+$[#+#-&,"$5$-31$[H+#-8,"$ )3%+.&*, *&#1$%8&)9%.$(3 #&:- #+$"-+$+.-&.#1$
Q)1$-31$8#.*&3+8.)$."#$O"/*-.()3$(#9$O=F$."-.$ M- $+")*/1$8#9-(3= 2=$1-,(.$%8&)9%. (32$03)</#124#$T#,)9#+$#>%I(,(.$ )$3-O#SEI#<(32$Z$b#(3")+4SKLKMG=$[#+#-&,"$
CH+(&-7(/(.831# #&&H1= RSO HS(EX56, Bif+8. HEL#+(23485+ -85(36 - $.<)SHH+S):$."#$:&-9#<) &O=$63F[#+#-&,"$54$ 2$+")<#1$."-.$.-+0B:), +HLSHO(//+$-8#S*+-T1#$
* (0) [0) . . "
[H+#-&, " $?S(+S<"H&HS (-7(/(8S(+$ 4+ #1=$?RA$."#S FRQWURO RI WKH $, TV RXWSXW 2 Q(fi/%%%ggg gglé &F§ 9 Bﬁgggﬁ i?gg E s 'L&$'$(yfr&)_'#t+()i'/$1#+223?#&$<)8fo(32$)3$ f&$ 0
R THSHH &, LS Sh-BHESKASIR)L* 43 Lo 96+ SV BnB(H. ) JOHE. " & )<3$&H#+#-&,"W#&BAS<(."$3)$.&-(3(32$(3$%&)9%.$
Q-8 50, #é(-/$ . $(16t $.315. g g LRSI (2 165 E)OSMRE ) SML ~H*78-0)36.0% HO(//+$9-04$." .$o3)</#12#$&#*+ -TIH$-,&)++$ 1#+(23=$!"- $&H#+*1.$9-. #&+$T#8)31$."#$1#+(23$
6SHIHG VERUNY oF L UDF\ VERU I#g—/:$EKLKMG.$1#.+ &(7#$-$N*/-$)-$o3'(+()3(32$ +#++()3+=$P)3-0-SERSSTGS,-//+$."(+$03)</#12#$ ‘HOG 7KH QH[W OD\HU RI $, OLWHUDF\ L\
: ’ N )3H&+()3=$6.$(+$. " #$#,"-3(+9$."- $X56_$ U-.$8)*$%*.$(3$."#$,)3.4>.$<(31)<$9-.. #&+$
5HXVDELOLW\ VFRUHYV 7KH G R F B%RDVY.B7- R IBESQINNG)+ $*+#&+$,-33).$ ) 14= 0)&#$."-3$")<$8)*$%" &-+#$."HIW*#+.()3=
(+$2)) 1=$!"#$1#+(23#&$-.$@)//(3+$<)*/1$*+#$(.=$ (9-2(3#$."#$:*//$+%- #$):$<"-.$-35bbX$,-3$1)4$
I'#$:)&9-. $1)#+$3).$9-.,"$@)//(3V+$,)3#3.()3+$ <'(,"$9-0#+$(.$"-&1$.)$D* 1 2#$<"#. "#8$-33)*. %*.$ J)&S$1#+(233%&-,.(;#=$538$%8&) #++()3-/$1#+(23$
OVOl# HIBASH) S+ HE) 1S - HS.)$&H)&OS(STH)&HS  (+$-38%$2))1=$2#:)&#$. " #S+#++()34$%-&.(,(%-3.+$ #-9P(3$-3$#3'(&)39#3.$<(."$9-38%+.-0#")/1#&+$
+'-8(32%<(."$-3(3 #&3-I$)&$H> #&3-1$,/(#3.=$a* %*.$  <#HE&HID*12(32$-2-(3+.$-$3-8&)<$%(, *&#$):$<"-.$56$  ,-3%:- #$-$+(9(/-&$%&)T/#93$."- $+$. " #$@]C$.#-9%
W*-/(.8$-.$."#$,)3 #3. Sl #I$+,)&#+$"(2"4$7*.$/)<$ VH1$%&) 1% #H=$5: #&S."#+#++()345."#8S - 1$+##3$ - H+=$56$(+$--(/-T/H=$631((1*-/$*+#$(+$(3)&9-1=$
)35, "#)* Yo* $*+-7(/(.83-.$."#$:)8&9-. $/# #]= +.&*, *&H1$)*.%*.$:8)95. HEHO(//+$-31$. #S@-3-+=$  H-9$%&-,.(H#+$-&8=$X56_$+")<+$)3#$%-.";$
I'HSY0(, *&#$):$<"-. $M2)) 1n$/)) 0+$/(O#$(3, &#t-+#+= 7*(/11$-3356$(3:&+.&*, *&HS."- $(+$-, H++(TI#$-.$

2KAS$."H#$@)/I(3+$Q)<#&Q)(3.$7*(/1#8$-.$b-8HESFAS$
) S HE) 8O- $2-%6=$HO%/- #4$78&-314$/-8)*.$
DQG VWUXFWXUH DOO VFRUH 7TKH FKDLQ % WR %
D#+$<"- S B<-+$1#+(23#135.)51)=F[#+#-&,"$

)3.#3.$2)#+$(3=$5$@)//(3+B:)&9-. #1S1H#/(#8-TI#$

) H+E)* =$P).$,/)+HS(+$'(+*-/$1#+(23=$

b-8#&$RAS.#-9B*+-7/#$-.$b-8#&SR$-31$b-8#&$KA$-31$
TH(I1-TIHSTBSLH+(23H&+S. " HO+H] H+$- $b-BHESKS

DQG /D\HU 7KH IUDPHZRUN LV QRW VSHFL-F WR
[#8-'(-.(038,)3.#>. =8 #$%&(3, (%/#P) $+.-2#1$
+,-0)1(32$2#3HE&-1(+#+$.)$-383.#-95(3%."#$+-9#$

+(.*-.()3=

3URIHVVLRQDO VKDUHV UHDGLQHVV VFRUHV 'LUHFW
XVDELOLW\ VFRUHYV 7KH 6NLOO SURGXFHV D EDVH D J)&$56%$-1)%.()3B(3$8H2* - #1$)&2-3(+-.()3+=$
GHVLJQHU ZRXOG EXLOG RQ QRW D QDO GHOLYHUDEOH 63:)&9-/$56$++H#$(3B&H2*/- #1B(31*+ . &(H+S(+$-/1&#-18%

<(L#+%8&#-1=$C) *O#3 #14$+.8*, *&#1$-1)%.()3$
(+$-+1(.-7/H=$63:)89-/$*+#$(+$3).=$X56_$(+$)3#$
9)1#/$):$<"- $1),*0#3 #1$-1)%. ()3$/)) 0+$/(0#$

- $."HS H-OBH HI=$6 . S1)H+$3).$+)/#$,)9%/(-3,#=$6.$
9-0#+$,)9%/(-3,#$Y6)++(7/H=

X56_$%8&)1* #+$)*.%*.$."- $/-31+$"-/:<-8p$
@)3.43.4$H.&*, *&#$-31$78&-31(325-8H$."H&H=$
5.$."#$+-O#S. (OHAS. "HSK(+*-/$-31$28-%"(,$

+)&8 HI(325(+$:)8S$. "HSLH#+(23H8=$!"- $(+$."#$/(3H#$
-$b-8#&SFSHO(//$,-33).$,&)++$)3$(.+$)<34$-31$(.$(+$

- FII8S HOWH ()3S<"H. HES. - S(+SLH+(&-TIHS )RU WKH $, OLWHUDF\ -HOG $, WRROV HYROYH IDVW DQG
8)9$-$1H#+(23H&SUHE+YH, (H=$I"HS@]CS.#-93 B "B B &b HHB-B3H<$S-1-%.-. () 3$7-8&(H&S$) &S
78(32+$."#$1#+(238D* 12043, =$I"(+$9-., "#+$."#$ 06&):#++()3-/+$<)&0(32%)* +(1#$H#32(HH#8&(32=$

*)0-.()3$%-&1)>$1#+ &(7T#1$783031+4#8SERSSTGS ABHS+* 'S+ (. $(+$:8) 9$%6&)9%. $#32(3HH#E&(325.)$



Y'6' +)&
IHS[HH-&,"$5$+-0%/HS(+$+HHHISECOSI-+ H&S

+ *1#3 +4$3) $Y6&) #++()3-/$1H#+(23HE&+=$I"#$Y%0)+ B
+H++()3$+"(.+$,)94$:8)9$-$+(32/4$SLBI(3* #$
HE++()3=BIHSH& HBS<-+$,)90%/# H1$(99#1 (- #/83

- HB=SCHO-31$,"- &, H&(+.(,+$-%6%6/8=$I"#$+ *18%

"HSH#-1%-. ()35 +#.*%S(+#/:$-11+3$)3#$9)&#$

1(9(.-.(03=$X)+.$X56_$,-&1+$-8&HS1#+(23#1$.)$&*3$

RQ UHDO SURMHFW PDWHULDO
&3+ &(%.+4$-31$) 7+#&*-.()3$1-.-$:8)9$-3%
)32)(32$%&)D#, =$I"#SH'-/*-.()3S+#++()3+$1(1$
3).$%8&)'(1#$." (+$9- #&(-I=$lH-9+$<)&0#1$:8)9%

GRHV QRW PHDVXUH ZKHWKHU FR Q-$3'-8@15H+(RBEVAAS(3+.#-1$):$:8)9$. #(&$)<3$

[#+#-&,"$?$(+$.<)$,-+#S+ *L(#+=3a3#S 1 #+(23#&=$
I)SHO(/+=$!"#$)*.%o* $H#'-/*-.()3B(+$1#.-(/#14$

7*.$. " #$+-9%/HP(+$+9-//$78$1#+(23=3@-+#S+.*L(#+$
&-1H#$78#-1."8:)&$1#%."=$!"#3$.<)$, - +H#+I<HEHS
VHHISTH, FHHS."HBS,) H&SD-BHASKS-31$b-BHESF S
(35-$+(32/#3,"-(34%83).$7#,-*+#3."#B8B&H W &HA+#3.$."#$
*1$&-32#%):$@]C$<)&0=

I'HSH> #83-1$,/(#3.5+(1#$):$X56_$<-+$3).$1(&#,./8$
H-15- H1=$I"HS 8- OH<) ROS<-+$1 (+ *++#1$<("$
"HS@]|CS H-9$/#-1$-31$H#-/*- #1$-2-(3+$@]CB

06&)1* H1$)*. %% +A$T* $(.$<-+$3).$ 4+ #1$)3$-$&H-/$
THI(H&-TI#$2)(32$.)$. #$-'(-.(03$./(#3.$."-.$."#$
H-0$%6&) 1 #+$<)80$:)8=$!"#$(3 . #&3-/$-/(1-.()3$
(+$1)3#=3U"- $&#9-(3+$(+$&*33(32%."#$HO(//+$)3$-$
&tt-IB,|(#3. S1#/(H&-TIHS(3$-$/(#$%&)DH, $,)3 #>.=$
[#,)99#31-.()3S[RETH/)<$.&#-+$." (+$-+$."#$

.UVW DFWLRQ DIWHU WKH WKHVLV

5$+#,)31$14#%/)89#3.$2-%$:)//)<+$:&)9$."#$

H8+ #0+$.#-93,)3+.&(3.5."-.$."#4$@]C$/#-1$

&~ H#1=$X56_$<-+$1#+(23#1$-31$ 4+ #1$-+$
+)O#."(32$1#+(23H8+$T*(/1=96.$<-+$3). $1#+(23#1$
-8)*313$."#$"-31B)::$.)$-$HB8+ #9+$.#-95."-.$

LSV +.$. HB(3:8+.&*, *&H(35-$,/)+#1$
3#.<)&0=$!"-.$"-31B):: $(+$-$/(HSW*#+.()35:)&S$
149/)89#3. =$I"HS. "+ (+S1)H+$3). $-3+<H#&S(.=

%&)D#, $1-.-=$!"(+$O#-3+$."#$,-81$%8)9%.+$&-3$
-2-(3+.$.)%(,+$&. "#&S."-35-2-(3+.$1-.-=$Q-&.$):$
"HS<H-0SH (1#3 #$)3S0=F$(+$-3$-& #:-,.$):$."(+$
H505A$3).$-$%68) Y#&..85):$. "#$: &-O#<)&0=

I"#$5%%$<-+$.#+ #1$)3$-$+(32/#$+"-&#1$%") 3#=%
X56_$(+$1#+(23#1$-+$-3$)3/(H$(3:&+.&, &HS
<"HEHSHHEBPS H-9FIHITHES-, #++#+3%8&)9%.+4$
- +A$-319)* 0% +$:8)95. H(&$)<3S1# (#=$
633[#+#-&,"$54$-$+(32/#5%") I#$<-+$%-++#1$

TH# <H#H3$%-&.(,(%-3.+=$I"#$,/-(9$."- $X56_$

&t #+$ #-9F' (+(7(/(.8B&H+.+$)35<"-.$."#$1#+(23%
+#.+5*%$-31$)3%."#3%"8+(,-/$%&H+#3 #3).5."#3$
@-&1+$-31$@-3-+$(3$."#$&))9=$a7+#&'#1$9*/.(B
1# (H$*+H#P<-+$3).$%-&.$):$."#$.#+.=

@/-*LHSHO(//+$<HEH$)*8$9)3."+$)/15-.$. " #$.(9H$
):$H+.(32=8Q-&.(,(%-3.+$-31$. "HSH'-/*- ) &S<H&HS
7)."$<)&0(32$<(."$.))/(32%."- $(+$+.(//$+#../(32=$5%
0)&H#$9- *EHSHO(//+$(3:&+.&*, *&H#H$<)*1$%&) 1+ #$
1(:H&H3.SH-1%-.()35+,)&#+=$U"(,"$1(&#,.()35."#8$
LS+ (. S(+$-38)WoHISWH#+.()3=

I"#$: &-O#<)&OS<-+$.#+ #1$(3$) 34$)&2-3(+-.()3-/$
)3H> =SU"H. "H&S. "HS+-0HS+ - 1)/1(32$<)&0+$
D&$-SL(:H#&H3.$.#-98(3$-S1(::#&H#3.$(31*+.&8(+$
WA ()35, H#$. " #+(+$,-33).$-3+<HE=I"#$

[ &-OH<)&OS(+$1#+(23#1$.)STHS. &3+ H&-TIH=$I"H$
&-3+#8$"-+$3). $THHIS1#9)3+.&-.#1

U%2.66%)3+,".)&

-, &)++$."#3$,)9%-384F(+$-$+.&- #2(,$WH#+.()3=$

6L UHFRPPHQGDWLRQV IROORZ |URP/(WS - #QBGH)QLBY4S(3)/ #1$(3$."-.$

- H CBCS. FHR(N.H)B+SB-QHABH V¥ $OH, Z) 3#$

~++#++9#3.$-/)32+(1#$."#$1#+(23$.#-9=

FORVHVY D VSHFL-F JDS WKH HYDOXDWLRQ FRXOG QRW

) HHAS-31$.) 24 " H&S. HBSHHWH3, HE<"- $+")*/1$
" Y%H3$3H>. =

U"=#02A7"*%#-/+73%#+22%8&8E&H# 4. *#,5%#-Z$#3% &' () #
,%+6
PHSHO(//+$-31$. " #$-%0%)(,-. () 35YoH&:) &OHLS<HI/$
1%8&(32$. " HSH'-/*-. ()3 TH,-*+#3$."#8$&*3$)3$

U[=HUYB7'/3#, 5Y6t-+*38H+*. 7) 31 Vo+H3%& (Yo #
3.276%),&

PHSH- /5 () 3S+H++()3+$1(1$3). $*+H#S&H#-/$%&) DH,.$

- #&(-/4%+)$. " HS@-&1+$&-3$-2-(3+.$.)%(,+$
&-"H&S."-3$-2-(3+.$."#$1) *OH3 +$1#+(234&+$

DFWXDOO\ ZRUN ZLWK LQWHUYLHZ WUD(
3).#+43)T+#8-.()3$1-.-=$5$3#>.$1#8+()33):$."#$

&ODXGH 7KH -UVW VWHS IRU &R O Q@-QIM$E"V/IBRS. XNSYISOR))<$. #$@]C$.#-93

@/-*1#3$-,,)*3.4$)&$."#S@]CS1#+(23$.#-9$+)$
HS.#-98,-38<)80$<(."S. " HE+-9#$.))/(325."-.$
<+$H+ H1=SI"(+$(+$."#$(3(9*9$+ #HU6$TH#:) &#$-38$
):$. " HS&H )IOH31-.()3+$THI)<S,-3$TH#S-, #1$)3=

US=HUT)H+.) (Y HI0@KH, *+1#O' 5#%:%*BH3%& () Yo*#.)#
,5%"*#.0)#3%:'2%

[#+#-8,"$5$.#+ #1$X56_$(3$+(32/#$SLBI(3* #$
+H++()3+4$<(."$%-&.(,(%-3.+$+"-&(32%) 3#$%") 3H=$
5$/)32#8&S. &(-14$<"HEHSH HE&BSLH+(23H#8$)3$."#$
@]C$#-95++#+$X56_3$)3$."#(&$)<3$1#'(#$

- &)+ SHHEHGS<HHOHAS) 1S H+.$<"#."H&$."H#S
+,-0)/1(32%#::#,.9")/1+$)* +(1#$-$<) &0+") %S
+#..(32=9!"(+$(+$."#$ #+ . $[H#+#-&,"$5$+.&*,.*&-//18%
VF11$3).5(3,/¥1#4%-31$(.B(+$<"#&H#$."#$.#-9$
(H(7(/(.8%,/-(9B2#.+S(.+S&H-I$H (1#3,#=

UCSH@):./-YoH& =+ Yo(BH #+8EI68&) (HIO@KHA
2.61+)B;0'3%#61/%6%),+,".)

IHSH- 5. ()3B(3B."(+$. " #+(+$:), *+#1$)3$."#$
@]C$.#-9$-31$-$+(32/#$%&) #++()3-/$1#+(23#&=$
U"H#."H&SX56_$(+$-/*-T/H$)E&S@)//(3+$9)&#$
78)-1/84$-31$<"#."#&$(.$,-3STHS(9%/HIH3 #1$

FXUUHQWO\ XVHV $, DQG WR WKH VSHFL
8Y0#+$."#B$T&(32%.)$-S&H+#-&,"BWHH+.()3=

5 ODNH WKH WZR YDOLGDWHG 6NLOOV DFFH
,5%#,%+6

IHSE) I THS[H+H-&,"HE&S-31$."H$@)//(3+$
Q)<H&Q)(3.$7*(/1H&S<HEHST*(|.$-31$ 4+ #1$-+$
+.-31-/)3#SHO(/+$(3+(1HS@/-*1#=$1)&$."#$@]C$
#-9$.)$*+#$."#9$(351-8B.)B1-8$<)804%."#$HO(//+$

QHHG WR EH DFFHVVLEOH LQ D IRUP WKL
HS H-9$-/8#-18$<)&0+=$a3#$)%.()3B(+$")+.(32%
"HO$)3$-$+(9%/HB(3 H&I-IS<HT+(#S+)SL#+(23#&+S
-3$8*3$."#O$<(.")* $)%H#3(32$@/-*1#=$53)."#&$
(+$(3.#28-.(325."#9$-+$-3$(3.#&3-/$.))/$-/)32+(14$

HS).HESH): . <-&HS."HS H-9$-/8H- 185 +#+=$0(."H&S

&)* HSN)<HEAS."#5:8(,.(35):$-, #++$-31$9-0#+$

WKH ZRUN,RZV HDVLHU WR DGRSW

U\=HU6&. /961 + 2BOH'), %) +#5.8, ") (#+) 3#,5%#

1.)(;, Yo*6#:+1T%# A% 5YHO@KHI+,+8&% #O' 5H- /1) &J#
FB&,%6&4#,%+6
X56_$,*&&#3./185&*3+$)3%+):.<-&#3."-.$(+$3).$:*//8%
%& (- #4$-315(:$(S(+$&)/IH19)* $-$@)//(3+$& 5%/



S&)*2"S. " HEHB+ #O+P H-9P&-."#&S."-3$7#(32$
9-3-2#1$7831#+(23#&+=3!"#I@]CS$.#-95+")*/1$
<)&0B<(."SHB+.#9+$)3$<"HEH#SX56_$(+$")+.#143$

KRz GDWD ,RZV EHWZHHQ GHVLJQHUY DQG WKH
")+.(32%/-8#84%$-31$<"-.$-%%&) -[+$-&HIEHW* (&#1=$
63.#8&3-/1$")+.(32$<)*/1$,/) +#$."#$%& (-, 8$2-%$

LGHQWL-HG LQ /LPLWDWLRQV DQG NHHS WKH GDWD
X56_$%&)1* #+$) #&$.(IHS(3+(1#$@)//(3+=a'#&S$

(OHS."HS H#-9$<(/IST*(/1$*%D-$&H,)&19$):$%&)9%.+4$

)*.9%* +43@-&1+$-31SHO(//+$-,&)++$%&) D#,.+=3$!"-.$

-, ¥OY- #1$1- .-+ B(+P<)&."B-++H#++(325-+$

-$/)32B #&9$&#H+)*& #4$3).$D*+.$-+$#'-/*-.()3$

9- #&(-1$:)&$."#$,*&&H#3.$%&) D#,.=



X"#5G),A,:2 H8+.#9+$.#-9$")+.(324%$-31$%/-.:)&9$(31#%#31#3 #=$
IS+ *L(H+S<#&HP,)31%, #1=

[#+#-8,"$5$+")<H1$."#$,)")&.$,)*/1$,)90%/# #3$."#$

IXO0O ZRUN,RZ LQ RQH VHVVLRQ 7KH &DUGV EURNH WKH
71-30$%-24=$I"#$@-3-+4$<"(,"$7)."$%(/).$%-&.(,(%-3$
<-3H#1$.)B&HO) HASTH, -OHS. " HSO) + $'-/H1$-& #:-,.$
78$H#++()3$5F=$I"#$5%%6$ #/1$."#$<) &OS(3$) 3#$%0/- #=$

&RQ-GHQFH RQ WKH WHDP LWHPV PRYHG FORVH WR D IX0O
SRLQW LQ PLQXWHV $00 -YH $ DQG $ SDUWLFLSDQWYV
+-(1$."#8%,)*/ LS +HHS-S1#+(23$.#-98(3$-$,)9%-38$

*+(32$X56_=

[H+#-&,"$2$+")<#1$."-.$,"-(BHLISHO(//+$%&) 1* #$

)*.%* $-$%68&) H++()3-ISLH+(2HES<) 1S+ +HS-+$."#S$
+.-8.(32$%)(3.$)83-$,/(#3. S 1#/ (H&- T IH=Sb-SHEPFAS
[#$)&9-.$52-%$:&)9$b-8HESK=FK(+*-/$,&-:.$+.-8#1FY
HSLH(23H8AS<" ("S-, "HH+S. " H#$-*)9-.()3$%-&-1)>$
SH$:&-9#H<)&OB(+$7*(/.$)3=$b(/184$<)&0(32%$)3$"#&$)<3%
&HH+#-&,"SWHHEBAS(31#I6H#31#3./85-+0#1$:) &$-$2+(145."-
HLS+")<S"#E&DS<"-. $-SHO(//S,)*/11$%&) 1* #$7#:) &#S
&*33(32$(.=$H"#$1#+,&(T#13$."#$X56_$@-3-+$<(.")*.$

" (32$+HHH3S(.=

1<)$Q8)28-99#%): $CHO-31+$( #O+$-8#$%-&. (-//8$

PHW LQGHSHQGHQW -UVW XVH 4 DQG IXO0 GHVLJQHU
)<3H&A"(%$):$."H$)* %o+ SEO=TG=$!"#$)3#$(#93."-.$
+)&H+S)S(+$1#+(23#8$,)3.8)SEO=FGA$<"(,"$H#,.()3$

C=TSEHEH-1+$.")*2"$."#IN*/:$):$O3' (+()3(32=SUHS+##$

oS 1) 1(B2$8-(+H+S. " HS+.-31-8&18):$<"- $,)*3.+  $
-+$2))1$D*124#0#3.$:)&$%8&)9%.(324$-31%."(+$9(2".$

LQ ,XHQFH WKH VHOI UDWHG VFRUH GURSYV VOLJKWO\ HYHQ D
1#+(2348+$<)RO$<(."$TH. #8S)* Yo+ =

X)+.$):$."#$2-%+$@"-% #&$CS:)*31$-&H#$1#%6/)89#3.$
2-0b+ $8H-1DY6&) DH, . $9- H&(-1AS-$/(H#$,/(#3 S1#/TH#&S



"#$%& ()

! II#$%&I(II#
"#l 1"H#$%&™" ()*+%),%#%-&.+)/0%#* 1" "#$%&'()*+()*+$%9$,(-*%$(.*/0)+1(1+)21&$()#()*+(1+$!
L HE%& )Y+ & (-($( ! "#$%&'($)*(+)*($,#-$)%.#/),&%.)%.#)#0&+#(1#!

I"HSY6&0' (") &*++(HSYo(,&*-0)H. (H(#$Y60(&%6]
I"#'$%6& ()' %+, (" 1.,/ ($H($(0") *12(*/(3'$) () # !
I"HY6&" (H)*+(,-%.-%6.%/,-)0'%1"#%62'(#.&()" %6 3#"4
I"H$%"$&' () %" S 1 ("+" B, 1+")-$- X ("+", !
I"#$%8&($)

M#L HS%& () (" - %8 |



H<&.T(;2-&.

_"=#1.2A)%- [#96)#F)2),%76#b;)29-&.2
I+, (+S<-+$25(1#1$78S. " &HHS&H+#-&,"D
Wtt+.()3+4$(3.8) 1* #1$(3$@"-% #&SR$-31$
118H+HH1S(3S. " SHHS[H+#-&,"D."&)*2"SCH+(23$
8 HH=SI"H(8SF-B+<H&+$-&HF+*99-&(+HH1$THI)<;

UNHDHLS+ #+*%0#, 5% #27**%0) #1*.8/%6&#)#,5%#3%&' () #

-31$:)*318."- ASHH3S(3$-$.#,"3(,-//8S/( #& H$.H#-O 4$56$
))+$8HO-(3H1$YoHE+)3-1=$O'#EB)3HS-1)%.#1$."#94$
-31$8#.$,)/1-7)&-.()352-%0+$YoH&+(+ #1=$63$-$1#+(23$
H-O$<HEHPO)+.$):$. H$<)QOS(+$1)34S.) 2. "HEAS. " #$
+-OHSL(+,)33#,.9), *&&H1=$I"HSY&) T/HIB(+$3).$."-.$
56$(+$3).$7H(32$+H#1=$I"#$%&) T/HOS(+$."- S( SAB++#
<) $-$H-OB+.&* F&HB(35Y0/- H=SI"HS-T+#3 #$):$

ZRUN,RZ DW &ROOLQV $HURVSDFH S DAAN.ISHS(EBDMIBE"- $3##1+$1#+(23(32=

Vi, Y0+ B&H. A2 B66T) 2+, H3%6+)38H+)3H
%S1/.*+, *B#2+1+2' BM

UNSD#HLE'25#2+1+8'"'%&# . 4#0 @#+*%#*%/%:+) #,.#,5%& %o

7KH -UVW F\FOH LQYROYHG LQWHUY L HZ.9/%5&D&+)3#2 OB (R#5%B#8%#+11/'%3#)#,5%#
REVHUYDWLRQ ZLWK WKH &;' WHDP 7KGHNRUIU® ZBENQRZ'V

- . HPY6&) TIHOS(+$3).$-$9(++(32%.))/=$CH+(23#EAB-
@)//(3+$-18H#-18$+#$564$7* $."#8$1)$+)$(3LHY6H#38HS./
O-,"S1#+(23HESLH#) Yo+ $."H#(85)<35%68)9%. +4$."#(&$)<3$
<)&0-&)*31+4%$."H#(&$)<3S+H3+#S):$<"-.$."#$9) 1#/$,-3$
1)=$P)34%):$(S(+$ (+(7/4$.)$. #S&H+.$):$."#S HI38S
):$(.$,-&&(H+$) #ES:&)9$)3HS%&)DH, $.)$. "#$3#> =

IH$0(8+ $C(-0)3LS(+E<"H-HSH-&IBSEH+#-&,"$-31$
%&)7/#9%:&-9(32%"-%%#3=$!" (+S(+S<"#&H#S."#$/-,0$
):$+.&*, FE&#HS & +$9)+ . =$CH+(23#&+S+UoHILS<HHO+$
2-."H& (328t +#-&,"S(3 4/ (2H3 #$)&S1H#, (+(3+$."-.$

I'HS+#,)31$,8,/H4$-31$. "HS/(HE& *EHSEH (H<S+")<H#1$
HS&HIH-3.5,-%0-T(/(.(H+SEHHH#-&,"$+06%)&. 4$+83H#4S
-31%,)99*3(,-.()3%+,-::)/1(32=$7*.3."#$/(9(.(32%

=) &S (+$3).$."#$,-%-7(/(.(#+S."#O+#/ H+=3!"#$
VIH32HS(+$. #S-, H+H+$5%-."$:&)9$-$1#+(23H&S<(."$ PP
#,"3(,-1$7-,028)*31$.)$-$<)&0(32$56$%8&,.(,#=

PHS-3+<HES.)B[IKS(+$. " #S+,-)/1(32$%&(3, (%/#=$
X56_$(+$-$/#-&3(32$(3:8-+.&*, *&#4$3).$-$%&)1*,.()3$
(3:8-+.8%, *&#=$6.+$D) 7H(+$.)$7*(/1$-$1#+(234&V+$56%
%08:-,.(HE+ HYST8S+ H#ObASH-,"$/-8H&S+*%%)&. (3254%$)3

(+$H> #8&3-/(+-.()345."H$)IH3 . $<"HEHS) HSYoH&+)IV+$
-, (.$03)<B")<$7#,)9#+$+)9#."(323."#$ #-9$,-3%

*H=$H 1)/ 1(32$3HHL+$-$8H-/$.-+0=$0> #&3-/(+-.()3%
SHHL+S-$+"-&H1S+.&*, *&H#H=$7)."$-&#$,*&&#3./8$9 (243
- $@)/(3+=5CH#+(23#&+$*+#$56%$-/)3#4%$(3:)&9-//84%-31%
<(Y*.$-$+"-8H#1$)&9-.=$SU"- $-38)34$):$."HOB/#-&3 +$
+.-8+$<(."$."#9=

X56_$%6&) (1#+$<"- $(+$O(++(32=$I"#$@-&1+$-31$
@-3-+S2(H#S1#+(23#8+5-$&#-/$.-+0%$.)$<)&0%$)3$<(."$-$
+1-GH1$)&9-. =Sl HSHO(//+$/(78-88$(+$. "#$O#,"-3(+98S$

H#> H&3-(+-.()3=$1"HS/-BHEH1S-&,"(#, *SHSIH +$H-"$
1#+(23#&$+.-& $<"HE&HS."#8$-&H#$-31$7*(/1$*%<-&1=$!"#$
&M< &0$<)&0+3."&)*2"$+,-::)/1(32=F!"-.$(+$<"-.$
X56_$): #&+=

I"H$: 8- OH<) &0S-%0%0/ (H+$. " #S+,-1:)/ 1(328%&(3, (%/#S$
(35."8H#S/-8#8+=3D-BHESRS(+$. " #SX56_$@-&1+4$2((32$
(BL((L*-/$1H#+(23H&AS-$+.&*, *&#1$<-85.)$%&)9%. =88
-SHS."HSH3.&BD%6)(3.45-, H++(TIHS<(.")*.$-385%& (BES5

FRQ-JXUDWLRQ H[SHULHQFH 7KH 0%,

HS+ -8.$)&SD-BHESK=$a3 #$-$%&)9%. $(+$&#,)23(+#1$
~+$-S&HYOH- - TIHD%&)9I%.4$."#$1#+(23#8$,-35.*&3%(.$

LQ,XHQFH WKH UHVW Rl WKH SUINRMHFW ERRAHYWU X@WDb® WKYH GHVLJIJQHU FDQ(Sﬁﬁ%_'RI(//,:§!WW&@%:W&#@(J’%?S&%"$

/-, 0+$-$,)99)3%),-74/-&BA$-$+"-&#1$:)&9-.4$-31%

D VSHFL-F ZD\ WR KDQG LW RYHU
)99%3(,-.()3$1#9-3LBEHO-(3+$" (2"STH, -*+#$

+-OH") 1#&+$-. $@)//(3+$,)9#$:&)9$9-38$1(+, (%/(34+$
-31$31H#1%$.8-3+/-.()3=$5.5. #$+-9#$. (944$."#$
#>9%/)&-.)&8$,-%-,(.8$(+$/(9(#1$78%<"-.$-$+(32/4$
1#+(2348S,-3%-," (HH#$(35-$+")&.$.(9%=

I"(+$%-.. #&3$(+$3). $*3(W*#$.)$@)//(3+=3](-) SHEERTGS
VN<HL$-$+):.<-&HSLHH)%H3.$.1#-95:)&$.<)$8#-&+$

&RQ

<(.")*.$/)+(32$D*129#3.$-/)32$."#$<-8=

e o + S De(umrs1(+ ++#19(35 arem.
T=$k82).+08V-+$d)34$):$Q8)>(9-/$CHH/)%9H#3 SERSACGAS
)24 H8B<(."$U)) 14378+ 3#8AS-31 8] ++V+SERSAIGS

L )3.8)SH )/ 1(3248+)<H$ - B(3+.8*,. 0353 #$
-33) 0. B "HEBHH1+8) S/H-83(32834<$,-06-7(/(.(H+:$
1#-83(3253H<$,-%0-T(/( (H+$"-+$.)5"-%06#335."€)*2"$
1)(328."#$-, *-/$<)804S<(."$+9%6%)&.$."- $O-. "H+$

/-G IHES-B1B+ HYo+ BT~ 08-+8,)9%6# #3 HS28)<+=$
P)3-0-$-31$1-0#* "(SERSSTGS$-11$."#$,)//-7)8-.(H$
FLH=SIHS+ HY6$."- S+ //8$2H. +$+ * 05(3$)&2-3(63+$

(BL((L*/$%&-,.(HSTH,)OH+$#-95(3:8-+.&*, *&H=$
b-BH&SKS(+$."#$/(7&-&8S):SHO(//+$."H$ #-9$+"-83H-$-3
28)<+$)#H&S.(IH=3b-BHESF$)&, "#+.& H+SHO(//+$(3$
HAWHH3 HA$<(."$"O-3S&H (H<S(3STH.<HHI=SIH&HA$56S

@"-% HESCHH-1*- H1$X56_$."8)*2"$.<)$+.*1(#+;$
[#+#-&,"$5$<(."$-$+# #3B+.*1#3.$,)")&.4$-31$
[#+#-&,"$7$<(."$-$@)//(3+S@]|CHLH#+(23H&=S"#S:*//$
JH-+(7(/(BASCH+(&-7(/(.84$-31$K(-7(/(.8$-3-/84(+$(8$
H#,.()3$C=T=$I"#$+")8.$-3+<HE&S(+$BH+4$)3$-//$." &tt=

X56_$(+S:#-+(7H=3CH#+(23#&+$*+#13."#I@-&1+43."#3$
@-3-+4%$-313."#$5%%$(3P&H-/$+#++()3+$<(.")*.$

- (1(-) &S (3 H&H3.()3=$6. $(+$1#+(&- T/4#=$#-9%

FRQ-GHQFH LWHPV PRYHG FORVH WR D IX0OO
+(32/#S+#++()3=3"#$-&.#:-,.$."-. 3%(/). $%-&. (, (%85

<-3H#1BE&HI)H1F/- #&PT#,-9#S."#3$9)+.$"-/*#15783%

|- #8$%-&.(,(%-3.4=$X56_$(+$(-7/#$-.$."#$,)3 #8'8/=$
b-8#8$K$-31$b-84E&SFSHO(//+$%&)1* #1$<)80$."-.$."#$
@)/I(3+SLH+(2348.S, ) /1S HHS(3S-S&H-ISLH (H&-TIH=

1<)$7)*31-&(H+$&HO-(3=$I"#SHB+ #9+$ #-9V+$"-31B

) $<)*1$-1N<S@)//(3+$.)$")+.$. " #$(3:&-+.&*,. *&#$3$-$

) HH1$3#.<)&O=$I"(+$(+$-$/(#B 1#%/)8IH3 SWH#+.()3$

WKH WKHVLY GLG QRW FURVV O7KH YLVXDO F

. BB QLD THSHIDINHS HS @]CS #-957&(324%(.

)<3$D*12#9#3.$.)4$3).$-$/(34$-$HO(//$,-3$,8)++$-H3

L5+ #,596#, 5*%60b#+)&O%*&#+33HT 14,.
-O#3$.)2H."HEAS. " HE-B+<HEASLH+ &(THS-$,[#-&$%-."=$

7KH ZRUN_RZ DW &ROOLQV ZDV PLVVLQJ D Vk
+.&*%, *EHE) BSOS +H=SI"HS&HIH-3.$,-%6-T(/(.(H+SHBE

Yo&H+#3.A$T $"-&1$.)$&H-,"B<(.")*.$+,-1)/1(32=$

XVH EHFRPHV D GHOLEHUDWH ZRUN, R X56CH0) (MY, W)/ I3 2B +(CR-&1H4$-$,-3-+4$-31$

)3#E&+-.()3=$0-,"$/-BH#&S, ) &&H+%)31+$.)$-$+.-24#$
):$1#+(23H&S8H-1(3H++=F0-,"$(+$&H-,"#1$5:8)9$."#$
%o8H ()*+$)BHB<(.")* . $-$%/-.))&IB+<(.,"$) &S #,"3(,-/$
&-(3(32=

UNCH_#$.#,5%8&%#0@#+11/'2+,".)&#'61*..%#,5%#

&H*+-TIHSHO(/[+=$6.31)#+$+)$(35-$<-83."-. $(+ S/H#EE3-
<("Y*BH,"3(/5.&-(3(32=$!"#$:&-I#<)&OSL)#+$3).$
O-OHS56$+(9%/BSH-+(H&S.)$*+H#pS(.$9-01+$( $H-+ G1&BY
<HII$.)2#."H8AS-315(35-$<-83."- $(9%&) #+$) #&S.(3#

-),¥87, ), #<).01%3(%

ZRUN,RZ LQ SUDFWLFH DQG LI VR KRZzZ7KLV WKHVLV RIIHUV -YH FOHODGXWHDWHDZD\V



-$+,-1)/1(32%9) 1#/$."-. $-1)<+$1#+(23#&+$.)$

068) 28H++(HIBST*(|1$56$%8&-,.(H#A$<(.")* S&HW*(&(32$
)1H$)8SIH<P(3:8-+.&*, *&H=SEKGS6.$%68H+#3 +$. B $X56
@-&1+$-31$X56_$@-3-+$-+$3#H<$-& #:-,.+8."- . $#> #31$
#>(+.(32$-%%68) -, "#+$:&)9B(3L((L*-/$*+#$.)$, )I#,.(‘#$
[#-&3(32=3$EFG$6.$1#9)3+.&- #+3."- SHO(//+3$,-3$:)&9$
H-9B/H##/$56$(3:&-+.&*,. *&#3$:)&$3)3B.#,"3(,-/$*+#&$
78%%8&)'(1(32$.<)$)%6#&-.()3-/SHO(//+$1#+(2341$:) &$."
@]CS.#-9=3EMG$6.$-&2*#+3."-. $+.&*,.*&#1$56$- 1 (333
&H2H]- #1$)&2-3(+-.()3+$" #I%+$&H1* #$&(+0$78$9-0(32$
SO+ (+(7/#4$,)9%-&- T/#4$-31$-*1( - T/#=SET LB
SEHESHIHOHI . +$.) 24 H&S$.) S+ %0%) & . $+- #&$-31$9)&#$
#ooth, (H$56$-1)%. ()3$78$1#+(23$ #-9+=

7KH -IWK WDNHDZD\ H{WHQGV EH\RQG &ROOLQV ,Q

)3 H&+-.()3+$<(."$%&) #++()3-/+$:8)99)."#&S

(31*+.&(#H+4$(3,/71(32%$,)99*3(,-.()3$-31$/-<4$."#$

+-O#$Y0-. HE&ISHOHE2HL: $<(LH+Y%08H-1$(3:)8&9-/$56$++#$

7% $3)$+"-8H#1$.H#-95%8&) H++=SU"#3$X56_V+$-%%&)-,"$

<+ $H>00/-(3HLAS."HHHSY8) H#++()3-1+$8H#+06)31#1$

SRVLWLYHO\ 7KH PDLQ LQVLJKRZ\VLYV WKDW IXWXUH $, ZRUN
EHQH-W IURP FROOHFWLYH VFDIIROGLQJ 7KLV HQDEOHV
H-0+$.) S +H$56%.)2#."#&SH-3(32:*//84$&. " #&S."-3$

(B1((1*/+$<)&0(32$(3%(+)/-.(3=$

I"- $(+$<"-.$X56_$,-3%,)3.&(7* #$7#8)31$."#$@)//(3+$

- HH=$63%#++#3 #4SX-(0$,-387#S*+#1$(3$ #&BSL(::#48#3

-HOGV RI ZRUN ZKHUH FROODERUDWLYH IRUPV RI $, DUH
*HHH =



5H . HFWLRQ RQ OHWKRGRORJ\

[H+#-&,"$5."&)*2"SCH+(23$<) &OHLS<H//$)&S."(+$ +0b- H$-31$."#$+)/*.()35+%- #$+.-& #1$.)$,)B IHS+#,)31B(+$1)(32$9)&H$%&,).).8%(32%-.$."#$
%08&)D#,. =$7*.$. HEH$<-+$ #3+()3= ), K=l $<-+B<HISOS+ -8 HLS. ) SHHHS. HE - HS +.-& =XB(1#-.()3$% - +HS<-+SWH( H#$+")&.=$5+$
):$9-0(32$-31$,&-:.(32= -$1#+(23HEAS6$<-3.#1$.)$.4#+.5."(32+$1(&H,./18%

[H#-8,"$." &) 2" SCH+(235(3)/ H#+$#> #3+(#$

1P 1#+(23#&+4$<"(,"$#-3.$6$<-
&S H+.(32=SHHHES."(32+$9-1#$."-.$"-&1$))&S$ @"-% HESFS(+S<"HEHS[H+-&,"$."8)*2"$CH+(23$ <3 4SQ@)(3+ L2348 AT "S94-3.65<+3

/<-8+$<-(.(32$)3%."#9=BU(."$-3$#(2" B")*&$.(IH$

PH 7KH -UVW ZDV $, LWVHOI ,| , KB-EP:R)ASHEIBI<DSDHA1#15<(."$."#$ 1(HEH3 HS-31SI(O(H1S-, H#++$)$."HS #-04$."#$
~%-7(/(.8%$9(2".3,)9#%$)*.$.<)$<##0+3$/- #&=$6.% @]CS.#-99&H#9) #/845-31$# #3$-.$-$1(+.-3,#4$6$ <-(.(32$+/)<H1$9H$1)<3$9)8#S. "-356$H#>00#, #H1=$
<-+$"-&1%.)$-%%8&)-,"$+)9#." (32$+8+.#9-.(,-//18% 1H#'#))%#1$-$<)&0(32$*31#8&+.-31(32%):$."#(&$ 6.5.))08945-5<" (/45 &#"ZI(+#$-"'-$6$3##1#1$
<"#3$."#$28&)*31$0#%.$9)'(32$7#3#-."$9#=$!"#$ HDUO\ VWDJH ZRUN,RZ 7KH PHWK R) +.g#g$\6/8$|§<|§$ A§,§++$-31$3).$1#%#31$
+#,)31$<-+$-, #++=$X8$,/(#3.$<-+$) #&+#-+=$ SH(&PY%&) TP (+(7/4#3$.)$98+#/:$-31$.)$."#94%

)3$."#(&$--(-7(/(.8=9!"- $<-+$.&(-/$-31$#&&)&=$

63,)7/1$3).$'(+($. #+(#4S-3186$1(1$3) S B HS  <(")* S3HHL(32$.)$THE)3S+(H= 03148+ -31(325."H5.)00%/4>( 8$):$."H15,)9%-38%

(3:)89-.()3$6$3HH1#1=$6$"-1$.)$TH#S$, &H-.(#=

b- HEAS1*&(328." HE +H&SH-I*-.()3+4$."HSO#.")1$ -B1$(+$<-(.(32$. (9#+4$-31$")<$."#BS+"-%64S-$
56$9-1#$%&,).).8%(32$:-+.=$6$,)/1$7*(/1$ 9%6-(1$)::$-2-(3=$65<) SOHLS(3S+")&. S #&-.(#$,8,#+4$  1#+(2359#.")1)/)285(35%8&-,.( #4$<-+$%-8.$):$
+)9#."(32$."- $<)&O#1(3$")*&+$(3+ #-1$):$ <SP (H/+#35+*%696)&. +4$-315(.$2- #SOH$E) 84S < B+ (45,42 $OH=
<HHO+=$7* $.HS #,"3(-I$+(1#$):$."- $<-+$ (3+(2".$."-38/)324&S$,8, [H#+$<)*/1$"- H=$I"#$ 635, - RIBS -2+ 8) SR (325."(+ 5.4+ (+ ASEBEA
OLPLWHG LQ WKH -UVW IHZ PRQW K¥#1% 0$E5258:-R)06H) it (32$<-+$9)&#$

0)8H$) 3. HPI(H#E& *&HS."-33) 3. HSH (1#3,#$6$

6$1)$3).$-/<-8+$"-#$."#$ #,"3(,-/$03)</H#124#$ LT IHS.-3$-38."(32$6$:)*31$(3$. "#S1#+(23$ DHIHE HLSOB =S -8 "5, Q) 2 SCH (23S

)B*31HEH -31S<"HEHS-$,-%-7(/(.8S(+-,.*-//8$ /(48 *8H=

0b)++(7/H=$0314#8&+.-31(32$56$(.+#/:$<-+$-$/#-83(32$ 2-¥9#S-3). HESH)", H) B (143 114349
0 = - A<+ S-S/ H-

A, BB 1$<X $1#+(2348,
08 £ 14-56:38)"5.&H53) (35 68 (2" 3 @)aoaas 2R WKLQIV , ZRXOG GR GLIIHUH QRGN +3RMHH D@1 SLi+(2348:+3

\RX KDYH WR -06 WKLV LOIRUPDW L &SR EISRSL)8#-/-.03=81'48X56_$ 1(1$<(."$."#O=$63%#-/*-.()3$+#++()3+$-31$

- o e )O(.$)3/8$,-94$.)2#. " #EP.)<-&1+$."#$#31$):$98% )3 H#E&+-.()3+AB(STH#,-HS, [#-&3."- $[H+#-&,"$

S)):f;;t :-'1(3;("#&_& #o LHO(SI( 8-~ GHSH].S 068),f#++4S-3LETES. 5. (OHB( S<-+S&H-188 )5 #+.4868  "8)"2"SCH+(235<-+8. #B8(2".$,)(#5)&$."(+$
<+$-8H-18%, ) +#5.)$. HE L L/(3H=$I"HSH -/*-.()3% (=

0-8/8%)34$6$<-3 #1$-$:4//B) #&(#<$):$<"- $<-+$ 0"+ 1] BRI+ HL S+ $-$&H+]. =SHO-/HES H#+.58)*3L+$

) B H8HSTH:) &#$9-0(32$-38."(32=$!"- $<-+$08% 1-8)(H8AD)35%-8. (-/BH&+()3+):$."#$:8-0#<)8.04%

(3+.(3, SB[HH+-8,"$."8) 2" $CH+(23$%*+"#1$7-,0$ LS HS ) 1SOHS. " (32+$6$)3/85:)*31$)* $-.$

)3$."(+=$6.3-+0+$8)*$.)$9-0#$-31$ #+.$."(32+4$7*.$  ."HHIL=$I"#$&H-+)3$6$1(1$3).$1)$."(+$<-+$."-.$
DW -UVW WKLV VRPHWLPHV KHOG P#8/EB)FI8$6$3##1#14$%-&..(,4/-&/8$."#$HO(//+$
-&,"(#, *EHAS<-+$3).$--(I- TIHS)&S-, H++(TIH$.)$
OHSH-&IBSHI) 2" =$7* $6S+")*/1$"- H$<) &OH1$<(."$
<" HHESE$ - 1458 "HES."-35<-(.(325:) &S. " HS/I$
%o(, *&H=

IHS+H"(.$"-%%H3H#1$-8)*31$@"-% HE&SM=$6$9-1#$
JHP-& -, +$-318. " HB%&) TH#+45-3156%:)/)<#1$."#$
,8,/#=36%3).(,#13."-.$."#$-& #:-,.+$,) /L S+H&'H#S-+$
O- H&(-/$)&$ H#+.(32$"8%). "H#+#+=SI"H$%8) T/#9$



SHUVRQDO 5H HFWLRQ

7R HQG WKLV SURMHFW |, UH HFYWHRQ BOORBYV RQ@ILREMAHWH WR QG P\ VR XY®HW#3N%RUR\ WLPH

&)9$98$2&-1*-.()35%68) %) +-/$-31$)3$9#0)&-7/4$

5.$."#+-&.$):$."(+5. 1+ (+4$6$<)*/1$3). $"-#5(9-2¢1$

P\ -QDO FRQFHSW IRU 0%,. 5HFHLYLQJ WKH &ROOLQV
T&(H:$<—+$#>,(.(32$7*.$-/+)$-97(2*)+=$6$/))0$7-,0

RQ P\ SURMHFW IRU &ROOLQV ZLWK PXFK IXO-OPHQW 7KH
%&)%&(#.-&8%53-.*&#$-313."#$,"-/1#32#+$."-.3."(+$

)3H#> $T8(32+$<(."$(.$-&#$"(2"=$U)&0(32$9)+./8$

&#9) #/8$-31$<(."$/((H1$(3:)&9-.() 3BEHW*(&H#+$8)*$
)$-1-%.$-31$/#-&3$)33."#$2)=$0+(32$-&.#:-,. +$<(56$

)$"8%). " t+(+#$-$96&) TIHOAS-31$ #+.(328<(."S. S Bt

<" HES.HY6&) TIHO(+$. H& (2" $)3HAS - #$3)<$)*2$

-$96/- #$(3598$)<3$1#+(23#&$.))/0(.=

5+$-$1#+(23#&$<")B(3(.(-//8%.))03." (+$7 &(#:$7#,-*+#$
):$98%(3 #E&H+.$(35564$6%,-35"-%6%(/8$+-8%."-. $2380(3
138" (+$. " HH(+$"-+$.-*2". $9#5-$/).$-7)*.$")<$.)$

MI-T)&- #H$<("$-31$*+#$565(35985%8&,).).8%(324$98%
#,"$7-,028)*314%$-31$98$9#3.-/$9) 1#/=$X56_$(+$(3$
9-38%<-8+3-3%#> #31#1$'#&+()3%$):$98%)<3$9#3.-/$
9)1#/=

@)/I-7)&.()3$-31$9#3.)&+"(%

‘RUNLQJ ZLWK P\ IHOORZ VWXGHQWYV ZDV YHU\ EHQH-FLDO
24(/1(32$-31$+"-&(32$)*&$03)</H124$.) 2. "HES<-+$

28#- =$6.$-I)<#1$:)&$,)3 #>.$9-0696(324$+*%%)&.4$-31$
"H6(328H-,"D). "HES #+ S(1H-+$)&$V68HY-8HS)&$. Y32+

6$-/1+)$<-3.$.)$."-30$98$9#3.) & SCHEH0$:) &$+") < (32$9#$

@/-*1#3@) 1#=3P-'(2-.(32%$563%,-3$7#3,) 9%/#>=3X)+.$):$
CHS(3:)&9-.()3$8)*PIHALS -+$.)STHS, ) I#, #1$."8&)*2  "$
8)*&$)<3$#3'(8)39#3.4%,8-1.4$-31$#>%/)&-.()3=$C*2B

WKLV WKHVLYVY , VWDUWHG WR -JXUH RXW ZKHUH WKH ULJKW

1)(32$&H+-&,"$6$"-#$2). #3$-$7#. #&S*31#&+.-31(3R
9)o#3.4+= ):$-11$."#$."(32+$568,-351)4$-31$")<$.)$-%6%/83."#9=

R=$N-(3(32$ 1##%H#&$03)</#12#$):$56BY%)<H#&H#1$
NI+$(3$1#+(23

U(."(3$98%."#+(+SOS1HH) Yot 1$9*. (Yol#$-& #:-, +=$6$

[#-&3#1$")<$.)$7*(/1$,)9%/#>SHO(//+=3$6$-/+)$9-1#$
-3$#3.(&#$,)3,#%.5.)$.8-3+#&S."(+$03)</#12#4$
+(3,H$."H$Y)<H&S."-. $+)9H."(323/(0#S @/-*1#$
@)1#$")/1+$(+$(99#3+#=

K=$0'-/*-.(32$56$.))/+$)3$7)."$%#8:)&9-3,#$-31$
"%Q-3$&HIH#-3 #

6.4+ #1$."(+$."8)*2"$IBSHO(//SH#-/*-.()34$/))0(32$
3).$)3/8$-. $<"H#."#&S$-SHO(//$Y#&:) &OH1S(+$.-+04%
7% $- $<"H."HES. "HE)* Yo+ S S&HIH-3.$-31$

&+ .<)8."8$.)$. " HEYoH) Yo/ HS*+(32$(. =SQHE:)&I-3 #$
)BHSL)H+$3).$.HIS8) S<"1. " H-S-S 1+ (23HES:HHI+$
)<BHEA" (YD) HES. "HS&H+*].=

F=$0>9%/)&(32$9%.") 1+$.)$(3 #2&- #$56%

V&$63.#&,.()34$6%."(30$| @65(+$3)<$-/1+)$+"(.(32$
)$1*9-3B56$63.#&-,.()345(:$6$9-8%,-//$(.$."-.=$
"#$<-8S<HP(3.#&-,.$<(."$564$-31$")<$<#$.-,0/#$
(A$(+$#88F9*,"$+"-%#1$578%$")<$,)9%-3(#+$5)&$

%) YolHS<(."$-$.#,"3(,-/$7-,028)*31$-%%&)-,"$
(=$5+$56$,-%-7(/(.(H+$TH#,)O4S, [#-E&#&S)&S."H#S
##881-8$3)3B.#,"3(,-/$HH485."8)*2"$."(32+$/(0#$
HO(//+$)&$@)B<)&04$."#$(3 #&-,.()35/-BHES T#.<H##3$
HS.#,"3(,-/(.85):$56$+8+.#9+$-31$."#$3)3B
H#,"3(,-1$*+H&B(+$7#,)9(32$9)&#$): $-$1#+(23#&V+$
&H+90)3+(7(/(.8$-31$&) H=$6$.#+ #1$."(+$<(."$98$
WRRONLW PHDVXULQJ FRQ-GHQFH LQ Wi
M-T)&.(#$+#..(32+=$!"(+$(+$-$&#+.&*,.*&(32%):$
"H$ *&&H3 . $56$(3.#&-,.()35%-&-1(29=

%XLOGLQJ FRQ-GHQFH LQ ZRUNLQJ ZLV
*3 #8.-(3.8

I"(+$<-+$."#$ba?$6$#/.$9)+.$."€)*2")* $."#$
%8&)D#,. =$U)&O0(32$8H#9). #/84$<(."$-$%68) %6 &(#.-&8$

PHDQLQJIXOO\ LQWR GHVLJQ ZRUN )R#ZNG-31$/(9(#1$(3:)&9-.()34$94-3.$6%):.#3$

X8P)7D#,.(#$<-+3.)$+##$")<$56$<)&0+$(3$,)3.#>.4%

*31#&+.-31(328%0H) Vo lHV+S-..( X L#+AS/( #8&-,84$-31$

7-88(H&+=$633."#S@)//(3+$T&(H:$. H-HS<-+$-$,1#-&$
<-83."#B$<) /1$/(0#$.) $+HH#S56STH# (325 +#1$)&$."#(&$

)99*3(,-.()35%&) 7/#9=$6%."(30%. " #$%&) 7/#9%
(HH#$<)*/1S5.-0#S-$:#<$9)&HSP. "#+#+35.)5:*//8%+)/#4$
7* $X56_$-/8#H-18$%*+ #+$."(32+$(3$."#$&(2".$
1(&#,.03=

M=$O>06#&(9#3.(32$<(."$#-/*-.()3$-31$,)B
&#-.()38.#,"3(W*#+$(3$,)3.#>.+$<"H#&HS
)99%3(,-.()3$-31$-/(239#3.$-&#$ #3.8&-

5+$-$1#+(23#&$<")$+ . *L(#+3."#$9-+ #&SCH+(23$

"-1$.)$9)#$:)&<-&1$<(.")*.$03)<(32$<"-.$

-OHS3H> =&+ +.(32$985(3.#(.()34$/4-3(32$)3%."4#$
1#+(23$+0(/1+$6$"-1$7*(/. $*%$(3SH#-&I (HESY&INS,  +4%-
-, #9%.(32$."-.$3) $HHES."(32$<) " LS THS,/#-&$

:8)9$. " H$+.-&.STH,-9H$%-8.3):$")<$6$<)&0#1=



F)4)%).7)2

57)<14$N=$C=4$Z$?#-HAS[=SERSSRG=$0+#&+A$$8+ #O+$-37-2#3 + B+ -%6(32B."#B%&) 9%. B#32(3##8(32B
(3.#8&:- #+:$5$*3(:8(32$:&-9#<)80$:)&$(3.#&-,.()3HE=$ KDPVWHU ZKHHO
C(-%HE&SZSP=$1-09)31SEO L +=GASQH)%/#$-31$,)9%* #&+$

K6SE%%=$AFBCAG=$@-97&(12#$03(‘#&+(.8$Q&H++=
&-3+1)89(32;$53%(3.#28-.(#$:8-94<)&0%$:)&$9-3-2(32$

SO#&+"(ASH=4SU#/14$C=43K)&") &#-3*4$X=4$J)*&3#B4$5=4% 03)</#12#$-,&)++$7)*31-&(#+=$a&2-3(j-.)3$H,(#3,#4$
P*+"(4$?=43@)//(++)34$Q=4$H*"4$q=4$6W7-/48H=4$?#33#
Q=$P=4$630%#34$_=4%$I#H#-3450=4%_(0(3BN((48B-4$Z3$1)&
O=$EKLRSG=$N*(1#/(3#+$:)&$"*9-3B56$(3.#&-,.()3=$
Q&) ##1(32+%):$."#SKLRS$@16$@)3:#&#3,#$)3$1*9-3$

RUJ GHVWXG
JDFWRUV LQ &RPSXWLQJ 6\VWHPV xWwsv dkE
RUJ C-324%|=4$N)//#84$H=4%b#"9-334$I=4$Z$?*+,"#04$C=$
531&##++#33$1)&)<(jJ=SEKLKTG=$!"#$56$-%%/(,-.()3$ EKJ'KFG:$@ )E’#$) #&$’)3'%)/;$I)<$*+#&+$<&('#$
+06#31(3258H%)&. . SU HEHS+.-& % $1)//-8+ S&H-1/TOPFSS- <("8-82451-327-239) L4+ $+(32$1(#2#.(

KWWSV D ] FRP WKH DL DSSOLFDWLR)S]'%]’%SE]'(S;#(%#?%&BJQ%é% DR H#LE2+S

ZKHUH VWDUWXS GROODUV UHDOO\ JR> FKLKFS@I63@)3:#&43 #1%)351°9-35
)DFWRUV LQ &RPSXWLQJ 6\WWHPV

53."8)%(,=$EKLKFA$P) #97#&$KRG=$63.&)1*,(32$@/-*1#$ RUJ

$QWKURSLF KWWSV ZZZ DQWKURSLF FRP
/~*1#BKBR CHI:.$03(H#&+ 8$) $l# '3)/)28=$EKLKMAS$H#%.#97#&S$

R\G=$[]V+$@)//(3+$54&)+%- #4$Q&.. $Z$U"(.3#8$-31$
10$CH/-. $#3"-3 #$,)/1-7)&.()3$)3$,)994&. (-/$

'"HVLIQ 6WXGLHYV

53."&)%(,=$EKLKMA$P) #O7#&SKTG=$63.8) 1%, (32$."#$

ORGHO &RQWH[W 3URWRFRO $QWKURSDHAURVSYDKMWE¥KQRORJ\ UHVHDUFK 78

Z2Z2Z DQWKURSLF FRP QHZV PRGHO FRQXZZ[W SGWHRWMRFRO HQ ou

WHBHEASI=ASZ ) [7/-..4%_=SERSSCG=$@)3.#> 2B$t+( C#+(233@)*3,(/=$EKLLTG=$5%+.*18%):$."#$1#+(23$
'"H-QLQJ FXVWRPHU FHQWHUHG V\VW H P6o&),#-RIVEECD7/4$C(-9)31=$CH#+(23$@)*3,(/=$
_%0-33=

_ GRXEOH GLDPRQG
?)#(D#34$5=9$-34$C--/"*(j#34$q=4%d(D/+.&-4$t);4BEBIS,

- 3$1#8=SEKLRMG=SCH/:. $1#+(23$2*(1#;SCH+(23$+ 8- #2
-31$9#.") 1+=$26HSQ*7/(+"#&+=

CH#+(233@)*3,(I=SEKLKMG=$!"#$C)*7/#$C(-9)31;$5%
*3(H&+-1/8%-, H% H1$14#%(,.()39):$. "HS1#+(235%8&) #+=$

28)HO>AS[=SEKLK\USIHT&*-&BSKCG=$@/-*1#$+0(//+$-31$
+7-2#3 +:$0+,-%(32$. "H$%68) 9%. $#32(3H#&(32$

KDPVWHU ZKHHO 7RZDUGV 'DWD 6F L H QRH.AKMEKIRRG=$I"#$,)8#$):$t1#+(23$."(306828$-31

WRZDUGVGDWDVFLHQFH FRP FODXGH VDNEOONVFDYERQ 'HVLIQ 6WXGLHV

@-&/(1#A$Q=S[=SEKLLMG=$!8-3+ #8&&(324%$.833%-.(3243-

KWWSV GRL RUJ RUVEF

@&)++4$P=SEKLLMG=$0>%#&. (+#$(3$1#+(23:$53$) #& (#<=%-8#3#++$(3$183-0( $+8+ #9+=$1*9-3$J- ) &+4SFAERGA$
KWWSV GRL

P=4%$73+#324$e=B@=$EKLKFG=3$U"-. $(+$(3$."#$,-&1+;$

24
'"HVLIQ &RXQFLO KWWSV ZZ7Z GHVLJQIT:I-S({) %
RXU UHVRXUFHV WKH GRXEOH GLDPRQG

GRL RUJ M GHVWXG 7+(3H++$9) 1#/$,-3-+;$5$.))/$.) $1#+(23$9) 84S

C)e+ A4S ~ASZS@E)++43P-3EKLL RG=S@&- ({(ESES. 4614 ++ ~(3-7/H$7T+(3H++$9) 1#/+=$0)*&3-/$): S @ /#-3#&$

968),1+-+:5@)BH)/~ )35):396&)T/HOB+)/" )3=SCH+(235 SURSIFWLRS WSV ERERUS
' ' ' ' ) D,#%&)=KLR\=L\=L\A

6WXGLHV KWWSV GRL RUJ 6

\SM]JELRGLLLLSB\ b(*4$Q=4%e*-348U=4$I*4$0=4$q(-324$d =431 2% +"(4$|=4%

P#*7(24$N=SEKLKFG=$Q&#B.&-(34$%&)9%.4$-BB%EH1(,.;$

+8+.#9-.(,$+*&'#8%):$%&)9%.(32$9#.") 1 +$(3$3-.*&-/$

[-32%-2#$%8&) H++(32=$5@ X$@) 9%*.(32$H*&'H#8+4$

KWWSV GRL RUJ

O31+/H#8A$X=$[=SERSSTG=9$!)<-81$-$."#)&8%):$+(*-.()3%

KWWSV GRL RUJ

0&(,++)34$_=$5=4$Z$H(9)34$I=$5=$ERSSFG=$Q&).),)/$

X-++#30):4$X=4$Z$X, @ &) &BASQ=SEKLK\USX-&,"$T&S$b-7)
-3-/8+(+;SKH&T-/B&HY0) & +$-+$1-.-SE[H#=$#1=G=$XB!3Q8&

9-&0#.$(9%-,.+$):$56;$5$3#<$O#-+*&#$-31$#-&/8%
N))2/#$CHH#YX (31=$EKLKMA$I#7&*-&8$RTG=$63.8)1%,(32$¢ HYLGHQFH $QWKURSLF KWWSV ZZZ DQWKUR
N#9(3(SR=T4$N))2/#V+$3#>.B2#3#&-.()3$56$9) 1#/=$ UHVHDUFK ODERU PDUNHW LPSDFWYV DL

*RRIJOH %YORJ KWWSV EORJ JRRJOH WHFK
° (R$bQ4$e34F§q ASN#ASe=4$U-3243e=4$ ABBPAB @ - (4=
DL JRRJOE JHPLQL QH[W JHQHUDWLRQ

KWW'S P RS asb(a$d=$d=4$0d"-3245C=430") AEAEX-)43q=
'HEUXDUA '—4$N*)4$q—4$Z$b(*4$H—$EKLKTG—$5$+*& 489):$,)3.4>.$
H32(3HHHE(325:) 8$/-82HS$/-32%-2H$O) 1#/+=$-8&] ($Yo 8HB/R(
DU;LY KWWSV DU[LY RUJ DEV

I#<(324$X=4$Z$b#(3")+4Sk=SEKLKMG=$!"#$%&)9%.$
-3+ S5/ (H&- EHBT-+#1$%8&-,.(.()3HES2*(1#$)&$
&t (325#:#, . (HSY08) 9% .+$(3/-82H$B/-32%-24$9) 1#/+=$

DU;LY SUH\%IL\%VLS(%/W DU;LY

P(#/+#34$%$ERSSFG =36 #&.(HS+HED(3 H&: #$
HOIW = K
DEV

KWWSV DL{_
JQ &RPSXWHU KWWSV GRL
RUJ

HFASNZASHOEHE(30S2=852A3H A JUSO=AS@HASES 4 o 3480=SERSSMG=$0+-7(/( 8HH32(3H#R(32=8X)82-38

*.9-33=
QRUNYBRF LA A8, H& 345318 &HI1+H(3B1#+(23$,-21

P(#/+#3$P)&9-33N&)*%=$EKLKFG=$56,$J(&+.$3#<$06$
J)DFWRUV LQ &RPSXWLQJ 6\WWHPV KOWUDSLIBRD \HDUV 1LHOVHQ 1RUPDQ *UR.
RUJ ZZZ QQJURXS FRP DUWLFOHV DL SDUDGLJP

KWWSV ZZZ GHVLJQFRXQFLO RUJ XN RXU’UHVR
Q&) ##1(32+%): $ #$KLKF$@I6$@)3 H&H3 #$)3$19-3%

=SEKLKTA$5°2+ SFG=3@)3 > $1132(3##&(328 P)3-0-4$6=4$Z$-0#* "(A$|1=SERSSTG=$I"#$03)</#12#B
UO\ H[SODLQHG >9LGHR@ <R X 7 X E&#-.(32%/)90/538;$)ZF20-3#+#$,)9%-3(#+$,&#- #$
\RXWXEH FRP ZDWFK"Y M/XZ/-%4N,V #$183-9(,+$):$(33)"-.()3=$a>))&1$03(H#&+(.8Q&H+=

0)8,#435=45750-W(34$[=$b=SEKLR\G=3"4$ &I/#3/-8#& a%#356=SEKLKFASP)#OT#S\G=3P#<39)1#/+$-313



THH)YHESY6&) 1%, +$-33)*3 #1$-. $CH C-8=$a%#356=$ 6KQHLGHUPDQ % +XPDQ FHQW H WRHESE-UW OHRAIECAS )//-84$6=4$Z$I HRAGE=SEK

KWWSV RSHQDL FRP LQGH[ QHZ PR G H @W/Q#3GS[H#(-7/Hi$+#$7$.8*+.<)&."8=$63.#803-/$ H),0B,)23(.(#$+,-:)/1(32$<(."$,)9%* #&B
GHYHORSHU SURGXFWYV DQQRXQFHG D ye3+tYSEBIB@)9%* #&$63 #&-,.()34SF\E\GASMSTB +40000)&.#1$,)/1-7)&-.()3$+,&(%.+:$5$9%.-B-3-/8+(+=$

KWWSV GRL RUJ (GXFDWLRQDO 3V\FKRORJ\ 5HYLHZ KWW SV
a+ H&<-1#&A$5=4$Z$Q(23#*84$e=SEKLRLG=$?*+{B#++$9)1 GRL RUJ v
2#3#8&-.()3;$5$"-317))0$:) &$'(+()3-&(#+4$2-9#$ H"3#(1#&9-34$?=$EKLKKG=$1*9-3B #3 #&#1$56=$a>:)&1$
"-32#8+4$-318,"-//#32#8&+=SU (/#8= 03(‘#&+(.8$Q&H++= k82).+084$h=$H=$ERSACG=$X(31$(3$+),(#.8;$!"#$

THH#)%H3.$):$" (2" #&SYo+8,")) 2(,-I$%&) #++H#+SEX=$

Q-&-+*&-9-34$[=4SZ$[(/#BASk=SERSSAG=$1*9-3+$ HO(."4$J=4$H-1#04$X=43U-34$0=4$6.)4$5=4$Z2$0*%3).4 @)/#4$k=$0)"3BH . #(3HEASH=$H & (73#&A$ZSO=$H)* 7#&9-34%

-31$-+)9-.()3;BO+HHASI(+HHHASL(+H+HAS- THHH=$ EKLKMG=3@)1#+(23(32856$<("$#31B +#8&+ 35O/ (#& 1~ o000 o (HG+(BIORH =

+XPDQ )DFWRUV KWWSV G R)IO(.$:)&S$3)3.H#,"3(,-/$-*1(#3,#+=$63.#&-,.(32$<(. "$

RUJ &RPSXWHUV KWWSV GRL RUUW#,04$_=$DZFERSSTG=$H#3+#9-0(32$(3%$)&2-3(j-.()3+=$
(<-#LKS H-2#$Q*7/(,-.()3+=

5DMDVHNDUDQ 3 'L[RQ ( 5\DQ & +DG-HOG
EKLKTA$H#06 #OTHESKSG=S0:#,.(#$,)3.#> $#32(3##8&(32$ H.-%%#8+4$Q=$0=4$ZIN(-,,-&1(4$0=$EKLRAG=S[#+#-&,"$ U))14$C=4$7&*3#8A$q=$H=4$Z$[)++4SN=SERSDG=$!"#$&)/
IRU $, DJHQWV $QWKURSLF (QJLQHH UL Q8)*VSDR R3F$TBIKSHH)#2--8&1$ZS[=$I=$C-9SEOL+=G4$ ):$.*)&(32$(3$%&)7/#9$+)/'(32=$0)*&3-/$):$@"(/1$

ZZZ DQWKURSLF FRP HQJLQHHULQJ H I I'#$#8/./)0o#1EFR € OLBB] )06~ #&$(3 #&-,.()3$ 3V\FKRORJ\ DQG 3V\FKLDWU\ KWWSV GRL
#32(31#8&(32B:)&B-(B-2#3.+ QG HG ,QWHUDFWLRQ 'HVLJQ )RXQGDUWLRQ KWWSYV WE [
[1$@)&%)&-.()3=$EKLKMG=$KLKM$-33*-/$&#%)&.$EJ)&9$ 22z LQWHUDFWLRQ GHVLIQ RUJ OLWH ]Lf-)%lvzﬁﬁ*ﬁ]E$35§U'¥Y(§2T$x=$o=4$ -&*3-04B4$5
57;: &RUSRUDWLRQ KWWSV LQYH#/3'8&%#\}(_5)\:/?/"*9[:35'239%*'#&8(3'#&-"OSBKSJ'B 6 KH + &DR + $_ KDVQTW -[HG WHDPZRUN
’ ERPIVEB G ER Sk urx gk GHVLJQ Q ’ Q [
7% $($+"CHLS)I-T)&-.(#S,*] *&#;$5$/)32(*1(3- /$
:$)9()\1/#\;2$2/:;,&;_3 --$EF&1$;1FEGU:;(;&+?3$§ 1(*) _E(;;@ A el o= 206N a4 01048 0=9[=SERSCS@863+.(*.()3 +*185(35-$%&)DH, BT-+#1$+): < &HSLHH)%IH3.S
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*LYHQ D UHVHDUFK WRSLF DQG RQ@F@J&Bﬂﬁﬁ@*E@/M*PQ)&ONo* 2XWSXW IUDPLQJ a :KDW ZLOO WKLV
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JLQGV UHOHYDQW <RX7XEH YLGHRV IHDWXULQJ UHDO SHRSOH
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FH#$Z* @& *N*3$@.+*3@-+?*J$@&-/3>&.7@3 1l Q*(a5*@><A$<@ @?3ATQQUHM'H@H(*#>'+-2.@.+*J@*X RXV IURP FRQWH[W \RX FDQ VNLS FODULI
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ZDQWV WR AQG “$:&-13>&.2@$Z2*@&.*N-)$0$%&.'&. @M$]&I*& SH++-&M$(*5'&*$%<-3*$:#

1DYLJDWHV WR WKH H[DFW YLGHR WLPHVWDPS DQG WDNHYV ([WUDFW C WH[W VWDUW f1 1fIFRQWHQ@W WH[W!C CVWDUWC

D VFUHHQVKRW IRU HDFK TXRWH 8VH ZKLFKHYHU PHWKRG LV DYDLODE®®#/J3# 7TUDQVFULSW$3,
#$%->K-0*3$*N*&M@<./0$./@'$-$<H+-/I&*N.*Q-()F$*N. 0&3 LV WKH SUHIHUUHG PHWKRG 3KDVH a 9LGHR 'LVFRYHU\
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_ “$%<-3*$G$O$IH @*$[X@&->@./ 3URFHGXUH UHTXLUHV &ODXGH LQ7&RURMDPS 00 66 2 >GHHS OLQN@
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L *HQHUDO VLJQDOV WR ORRN IRU DGDB®WWAR MY HDYFULBW FKBRFXPHQW TXRIW MOH CHIFHW R D WFKIBBH REVHUYDWLRQ @

) @*&$&*3H) @3$5'8€A$_<-3=-7@./3A$@&H* P$YLIESN. *QIBFEY 2-H3*UY > ,QFOXGH ([FOXGH )ROORZ XS @

YDQW WR WKH WRSLF ° PLQ UXQWLPH GHS[/-()*$>-2@."/3$.5%-N-.)-()*

5XQ ° SDUDOOHO VHDUFKHV ZLWK YDULHKXGBWUDWLRIY FRPSODLQWYV fLW ZRRSKRVBQ QRRR@J¥ VFUHHQVKRW >UHSHDW IRU DOO HQWULHV @
fORERG\ WROG PHf f, ZDV VR 1UXV WAHSDWYE/SA$3>&**/3<'@acN.J*'a.Jdac3*>'/J3d3

TUSD5B(&'Q3*&$3*-&><$5.35/**I*JA "RUNDURXQGV WLSV fZKDW , DOZD\V GR LVf f,cYH TSWM/@<*3.3*]$;<*+*3

OHDUQHG WRf fWKH WULFN LVf > SDUDJUDSKV a ZKLFK WKHPHV KDG P
1IDYLJDWH CKWWSV ZZZ\RXWXEH FRP RBMURQRQVVHDUYPRKBLQNf fLQ P\ H[SHOUUSHHQFIIQ$ILOBAPI?*-K*&$N.3.()*P$3H(@.@)*3$/$SDWWHUQV VXUSULVLQJ AQGLQJV  DFWL
TXHU\ >WRSLF@ >LQVLIKWBW\SH@C HVWO\f fWKH WUXWK LVf 3>&**/P$?&'0&*333(-&3Q.@<$@.+*3@-+?#

(PRWLRQDO UHDFWLRQV f, ZDV VKRFNHGf f, FRXOGQcW 6RXUFH 9LGHRYV

7U\ YDULDQWY C>WRSLF@ UHYLHZC EHWRBYH® KR ZDWVR[IHOILHYHGf , &KURPH QRW DYDLODEOH SURYLGH WKHVGHH S @QKOQR@HEO _ 9LHZV _ (QWUL
HQFHC C>WRSLF@ >WKHPH@C 'LUHFW ZLVKHYV UHFRPPHQGDW LR @<H+-/$&*N.EQF &SIWVHBB@ 'SN*&.5M#

ZRXOGf f, KLJKO\ UHFRPPHQGf fGRQcW ERWKHU ZLWKf THC?2?2* I XAPW*-&><PiH*&.*3$\3*J

&DQGLGDWH OLVW IRUPDW &RPSDULVRQV fFRPSDUHG WR ;f f; LV VR PXFK .

- EHWWHUf fXQOLNH ;f T$%<-3*$!150$%& IH>*S@<*$[N.J*/>*$2'33.*&
_ _ 7TLWOH _ &KDQQHO _ 9LGHR ,'" _ 9LHAWVMEXKDV&D SSDMRWOYNUQV ADJ LI BHBRY RQWWHKH YOV XEOLF GRF[ 6.,/6 P\GC VAR VY PWHXQVHU GDWD RXWSXWV >
T<M$&*)*N-/@$h @<./0 2&'JH>*$-$_#I'>X_$H3./0$_I'>X_$U/2+Y# 3*-&><HI>X_
- JRU HDFK H{fIWUDFWHG TXRWH FDSWXUH 1
1] - TE2>HAH @S3@E&H>@H&*
T $%<-3*$F$03$,&-/3>&.?2@$Z*@&.*N-) 4 XRWH 9HUEDWLP WH[W IURP WUDQVFULSW T$iH-).@M$SW@-/J-&J3

7TLPHVWDPS 00 66 Z KWWSV \RXWXHRFIRFR® a <RX7XEH 5HVHDUFK '"RVVLHU
2QFH YLGHR ,'V DUH FRQAUPHG SXOLDWEER"WWUD QW Y HWRQY "V 5HVHDUFK WRSLF >WRSLF@ 1IHYHU IDEULFDWH TXRWHVI a RQO\ X\
SDUDOOHO a GRQcW GR WKHP RQH DWKBPWLPH 8VHU GHAQHG WKHPH FOOWHIRW\ WKHPHY >0LVW@ ?7*-&3$./$@&-/3>&.?@3$'&$IN.3.()*$3H(@.@)*3

D/3.0<@%;M?*A$$%-./$%"./ @ 5fS;.?$f$] 2./ [SfS[X?*&.*/>*$f$ 'DWH >WRGD\@ %H VSHFLAF a HIDFW ZRUGM EHDW YL
_ ='+?-&.3'/$f$T.3<$f$%'3.@.N* 9LGHRV DQDO\WHG >1@ _ 4XRWHV IRXDG >1@ _ 5HFXUULQJ
°$,.&%$-))$-@%$/>*A &RQAGHQFH +LJK YHUEDWLP OHGALKRPIBYURS@KUDVHG 6FUHHQVKRW RU OLQN HYHU\ TXRWH
7TUDQVFULSWS$3, JHWB\RXWXEHBWUD Q RQIBIVHYL/B&REXUO ,'B EH YHULADEOH E\ WKH KXPDQ UHYLHZHU
IRUPDW MVRQ LQFOXGHBWLPHVWDPSS5WMBXHULQJ )ODJ LI YLGHRY PHQWLRQ WKH VDPH WKLQJ 7DJ WKHPHY FRQVLVWHQWO\ a XVH Z
7UDQVFULSWS$3, JHWB\RXWXEHBWUDQWRXIUFW YLGHRRGUH®R WH WOH FKDQQHO IXOO 85/ ODEHOV WKH XVHU GHAQHG LQ 3KDVH
IRUPDW MVRQ LQFOXGHBWLPHVWDPS WUXH THV'QI@ ' $\3* 'RQcW HGLWRULDOL]H a SUHVHQW HY
7UDQVFULSWS$3, JHWB\RXWXEHBWUDQVFULSW YLGHRBXUO ,'B >%ULHI LQVWUXFWLRQV IRU KXPDQ UHM\HEZHWKKHU GHFLGHV ZKDWcV YDOLG
IRUPDW MVRQ LQFOXGHBWLPHVWDPS®MDSMW WKH C7KHPHC DQG C,QVLJKW 7\SHC AHOGV WR ZKDWHYHU J)ODJ UHFXUULQJ WKHPHYV a LI YLGF
#HHI*@> @<*$H3*&$.33./N*3@.0-@./0# TSWH++-&MS;-()* VDPH WKLQJ PDUN LW C 5HFXUULQJC
L 1 ' _4XRWH VKRUW _ 7KHPH _ ,QVLJKW,GFSHXXGH RQAGHOPNVWY a FDSWXUH ER
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W-N*$*-><$@&-/3>&.?7@%$@'$_f<'+>)-HIM@1&*3*-&><f 3KDVH a 6FUHHQVKRW &DSWXUH (< 67(3 5XQ LQ SDUDOOHO a VHDUFK WUDQV
WUDQVFULSWV 79,'(2B,"" MVRQC IRU EDWFK DQDO\VLV TSN/ >* S/ @&.*3 VFUHHQVKRW FDSWXUH VKRXOG RYHUOD!

JRU HDFK HI{[WUDFWHG TXRWH QDYLIJDWH WR WKH H[DFW YLGHR



188).>-JHK "H#<&((-. 2HSSSZHEG-(("*>H#

3-9#:$,)//(3+B%%.> "(2"1(2" SE+%-&(32/8G$v

1#+,8(%.()3;$mMo+#$."(+$+0(//$aPhe$<"#3$."#$*+#&$
#>9%0/(,(./85-+0+$.)$9-045+/(1#+$t(3$."#3@)//(3+$

5#&)+%- #$."HOHVASH(3S."#$@)//(3+$+.8/#VAS) &B)/((BHS
5#8)+%- #V=3@ &#- . #+$Q)<#&Q)(3.$%&#+#3.-.()3+SEZP0%.>
- $%0&H, (+#1839-.,"$. " #S@)/(3+$5H#&) +%o- #$' (+*-1$
(1#3.(.8;$&#1$Er@ORRKTGS$-31$<"( #$%&(9-88%%-/#. #4$
5&(-1$)3.4$,"- &, H&(+.(,$&H1ST-&$ " #-1#&+AS@)//(3+$
S5#&)+%- #$/)2)$:)) #&45-31$."#$,/#-3$,) &%) &-.#$

H8)+%- #B(31++.&BS-#+."H#.( S+ -8HLB<(."S."#$
[-8."#)3$M,"3)/) 2(#+$7&-31$:-9(/8=n

veuuU"(AHuu$vswrlIIJIIwSveH/(1#$7-,02&)*314 B 4B
.00V _

veuu?/-,0uuSvewrLLLLLLwWSvSQ&(9-&8%7)18%.#>.$v
rrr$18%)2&-%"8
B$uuJ)3.$:-9(/8uu; $5&(-/SE-//$<#(2".+G

BSUUH/(L#S$. (/#+Uu;$5&(-/$?)/ 14$XRCIKLY%. 4371 89)8$
1#9%#31(32$)3$,)3.#>.

B$UU?)18$.#>.uu;$5&(-/$[#2*/-8G4$RKIRM%.4$7/-,0$
BBB EwrLLLLLLWG

r$@)//(3+$5#&)+%-,#$QQ!]$!"#O#SHO(// 6PDOO ODEHOV

2&-8SEWNL\K\MWG

IRRWQRW W

I"(+$+0(//$,&#- #+$%E&H#+#3.-.()3+3."-.$9-.,"$."#$
UU@)/I(B+$5H&)+%o- #$'(+*-/$(1#3.(.8uuSh$-$78-31%."
UG+ B(+SLHH(23$+8+ HOS<(."B[-8."#) 3B, "3)/)2(#+$

E7)."$-8#$[1]$+*7+(L(-&(#+G= rrr$b-8)*.$53-.)98

$CH+(23$H8+ #0 OH&BSH/(LHE +$."H#+#$,)3+(+ #3 SHIHOH3 +;

ms@))&$Q-1#. #
+00-33(32$:*//$<(1."$-.$XL=Rn$:&)9%.)%4$"#(2" . $xlr-Lc

vE)/#HSVSIH>SvSo+-2#Sv

K=$uu[#1$"#-1#&$7-31uu$h$7)/1$&#1$&H#,.-32/#ST7#/)<$

)%$7-8&4%.8%(,-//8SL=MIL=\n$.-//45:*//$<(1." 4% 382

HI(LHS.(HS(3$<"(H#$5&(-/$?)/1

vBBBBBBvBBBBBvBBBBBBBYV

vSUU@)//(3+S[#1LuuSvIwr@ORRKTWSVSI#-1#8$57-&+4%-, #3.$

+'-0o#+4$0#8S"(2"/(2".+$v F=$uuJ)) #&$7-&uu$h$1-80$2&-8SEWNL\K\MWGS$+.&(%$

-.$7)..)9$EXL=FNn$.-//G4$,)3.-(3(32$+9-//$@)//(3+$
54#8&)+%- #$/)2)$E7)..)9B/#:.G$-31$%6-2#$3*0T#ES) &S
)).3) #$.4#>.$E7)..)9B&(2".GH(3<"(#

vSUUC-&OSN&-8uuSvIWNL\K\MwSVED)) #&$7-84$+%,)31-&8
#> $7)>#+ASL((1#&+SV

VSUUX(1EN&-BuusvIwr?L 2F?FwvEH*%0%)&. (325+"-%#+4$

4 )31-888- #3.4+Bv M=$UU@)3.#3.$-&#-UUSh$<"(#$7-,02&)*31$7#.<##3$

" 1#8$-31$:)) H8A$H+(32$7/-, 03 #>.

7TDEOH
rrr$H/(1#3$18%6#$Q-. #&3+

_ J/LJKW *UD\ _ C ')))C C )('"C _
| #83-.(3258)<+AS+*T [H#$T7-,028)*31+$v

VSUUb(2" $2/HUUSVSWIOMOCIIWSVSa, -+()3-/$1-#$.-7/ TSI SHIL#

BSUUH/(1#$+(j#uu; SRF=FFn$y$A=TLNSE<(1#+,8##3$R\;SG

R=$UU!%$8H#1$7-&UUShS."(3B&H#1$&H, -32/HSEWr@ORRKTWGESH(14#G

)XOO EOHHG LPDJH VWULS DFURVV WRIS@GKRBRSH/(1#Q DYLDWLRQ

H&)+%o- H(9-24+$+(LHSTBS+(1HG
B$?-&$,"-&.+;$&H#1SEW @ORRKTWGS:)&$%& (9-&BH+#& (#+4$2

B$@)//(3+$5#&)+%-,#$/)2)$E<)&19-&0GH(3$/)<#&B/#:.. Ewr?L?F?FwG$:)&$+#,)31-&8

B$I<)$." (3SHE. (,-/S&H1S-, #3.$7-8&+$(3$/)<HEBE(RH B$S@"-&.$.(/4$-T)HS,"-&. 4%, [#-3$<"(#$7-,028)*31
rreSH#,.()3$C( (LH&SH/(1# B$5>(+$/- 7#/+$(3$+9-//$5&(-/4$XRL%.

B$X(3(9-/$/-8)* ShSD*+.$"#- 1#&$7-&$<(."$+#,.()39H4$
[-82HS<" (HS+%- #4$:)) #&

rrr$b)2)$1&#-.0#3.

IHS@)//(3+$5H8E)+0b- #$/)2)$-V6YoH-&+;

BSH)O#. (O#+$-$+(32/4$, #3 HE&H1$/-82#$3*9THES)&$(,)3
BSuul)) . #&$): $# #&8%+/(1H#UUSE+9-//A$XR=Kn$YAB4$7).

rrrr$@)3.#3.$H/(I#SE+.-31-&1G 1#:.%):$1-8&0%$2&-8%:)).#&$7-&G

BS[#1$"#- 1#8&ST-8$<(."$<" (#$7)/1$.(./# BSUU!( S+ (LHUUSE/-&2HEASXK=Tn$<(LHAS & EHIE SW

$ULDO 5HIXODU

B$@)3.#3.$(3$<“(.#$-&#—%.-7/#+4$7*//#.$/(+.+4$,4$_ Q6%
IY* o+

BSI'#$/)2)$(+$."#SM@)//(3+$5#8)+%- #n$<)&19-&0$h$3)$
+.-&T*&+ $+897)/SE*3/(OHS[-8."#)3$%-&#3.$7&-31G

,PDIJHV _RDW LQ ULJKW FROXPQ RU EBBBWRP KDOI

.3, 6WDWYV 60LGH ,PSOHPHQWDWLRQ :RUN,RZ

5HG -OOHG WH[W ER[HV IRU SHJ[IMP D U\ I"B-BHO(NSEHEMULZAAABHAD WIUSEP) 1#=D+GS)STS(/ 15+
:&)9+,&-.,"=$5/<-8+$:)//)<$."#$9-(35%%.>$+0(//$:)&$

+# 5=
IRU VHFRQGD U\

rer$I( OB[#:#E&H 3, #;S[#- 1S #+H#SI (&+.

*UD\ -OOHG WH[W ER[HV C % % % C
O#.&(,+

B$C-&0$2&-8SEWNL\K\MWGS.#>.$7)>#+$:) &$+*%%/B8$#3.-& C PQW VNLOOV SXEOLF SSW[ SEW[JHQMV PG
1-.- 5Q6$&# #&H#3,#

BS@/#-3$2&(1$/-8)*.4$3)$7)&1H#&+STH.<HH#3$+H,.()3+ C PQW VNLOOV SXEOLF SSW[ 6.,// PGC R *HC

ZRUN,RZ DQG 4%
rrr$H#.*%
rrrr$C-.-$-7/4#SH/(1#
www7-+"
+HDGHU URZ GDUN JUD\ 00 ZLWK ZKLWH WH[W
3%9%$(3+.-//$B2$%%.>2#3D+
B$5/.#&3-.(32$&)<+;$<"(#$-31%/(2".$2&-8SEWrCIO3CIw
B$P)$1#,)&-.(#$7)&1#&+$h$, /#-3$9(3(9-/$/(3#+3$)3/8
rrr$@)RHSIH%#RS$I*R,.()3+$.)$69%/#I#3.



$0zD\V GH-QH WKHVH UHXVDEOH KHOSHUVY DW WKH WRS RI

8)*&%$+,&(%.;
0DLQ KHDGHU EDQG
wwwD-'"-+,&(%.
$$+/(1#=-11H"-%#E%%.>=H"-%#!8%#=8&#,.4%z

*3,.(35-11_%(?)>E+/(1#4$>4$84$<4$"4$/- T#I4$INBLS

4
&ROOLQV $HURVSDFH ZRUGPDUN SODFHKROGHU UHSODFH

<("$-, X-1B(9-2#S(:S--(-THG

$$+/(1#=-111> Et@)//(3+$5#8&)+%- #VA$z

$$$$>;3L=RT4$8;$JaalO[feds<;$K=K4$";$JaalO[{I4
N FRORU &$B5("

$$55:)3.H(i#;$RLAS7)/1;$.&*#4$,)))&;$@5{U16!04

$9$$:)3.J- #:SE&(-VAS-/(23;$19(L LAV

3DJH QXPEHU
$S(SE+/(1#P*9GSz
$$$$+/(1#=-111>.EH.&(32E+/(1#P*9G4$z

$3$$5$>;$HD6CO{USBSL=M4$8;$Jaal O[{A%<;$L=F4%";$
JaalO[{l4

$$$$5$:)3.H(j#:$54$,)) &:$@5{UI16!04$:)3.0- 4 $t58(-

SSESS-/(23:$t9(L1/#VAS-/(23:$t&(2".V

FRQVW &$B5(" S&( T

$$$5$>;5L4$8;$L=LA4$<;$Hb6CO{U4$", $IO5CO[{14
FRQVW &$B'$5.B*5%< S T

00 ~ FRORU &$B5("° OLQH
FRQVW &$BO,'B*58< S% % % T
FRQVW &$B/,*+7B*5%< S')")")T
7LWOH WH[W LQ KHDGHU
FRQVW &$B:+,7 S T
© ( 1)) $(:BE.(/#GSHz

FRQVW &$B%/$&. S T

$PES+/(1#=-111>.E.(.[#4%$z
FRQVW 6/,'(B:

$$35$3>;$L=K4$8;3L=LAd$<;$3Hb6CO{USBSL=NMEI$";$IO5CO[{
FRQVW 6/,'(B+ )

$$$$$$:)3.H(j#,$Rca$7)/1;$.&*#4$,)))&;$@5{U16!04
FRQVW +($'(5B+ KHLJKW RI UHG KHDGHU
731 $$5$5$:)3.J-,#,$0&(-/VA$-/(23;$t9(L1/H#VASH(2B; 5t
FRQVW )227(5B+ KHLJKW RI GDUN JUD\
D) H#H& :
FRQVW )227(5B< 6/,'(B+ )227(5B+
FRQVW &217(17B< +($'(5B+
FRQVW &217(17B+ )227(5B<

%ol #")1#&
$GG UHG KHDGHU EDQG WLWOH WR D VOLGH

335111 THEEH(LHAS, Sz *3,.()3$-11J)) #&E+/(1#4$+/(1#P*9GS$z

H(LH=-11H"-YHE Y%, >=H"-%#18%H=8#. 4%z
7KLQ WRS DFFHQW OLQH S+ oETOT0 RO $

$S+H/(1#=-11H"-%H#E%%.>=H"-%#!8%#=8&#,.4%z
OO0 " FRORU &$%$B'$5.B*5%< °
'$5.B*5%< °
FRORU &$B5('°

$$5$>;$L4$8;$L4S<;$HDECO{UAS"; $L=LA

00 " FRORU &$B5("° OLQH ~

$$$$>;$L4$8;$Jaal O[fea$<;$HbECO{UAS"; $JaalO[{14

&217(17B< $GG GDUN JUD\ IRRWHU ZLWK &ROOLQV $HURVSDFH ORJR

mr$_Q6$?)>$IH#/%HE&

"+ &(%.

wwwD
OLQH ~ FRORU &$8B

$GG D FRORUHG .3, PHWULF ER[

$S+H/(1#=-11H"-%H#E%%.>=H"-%#!8%#=8&#,.4%z

[ \ Z K 00 ~ FRORU  OLQH ~ FRORU"

$$+/(1#=-11%> E-I#4$z
$$$$>4$8;$8$s$L=L T4$<4$";$"$USL=TT4
$$$$:)3.H(j#:SKKAS7)/1;$.8*#4$,)/)&;$@5{U16!04
$$$$:)3.J- #$5&(-IVAS-/(23;$t,#3 #&VAS-/(23 D7)
$$+/(1#=-11%> E/-T#/4$z
$3$$>4$8;58$s$"SuSL=TT4$<4$";$"SusL=M4
$$$$:)3.H(j#:$RLAS, ))& $@5{U16104
$$$$:)3.J- #:S5&(-IVAS-/(23;$t, #3 H&VAS'-/(26V5t.)

8VDJH DGG.SL%R[ VOLGH HQXHT

t\=M?V4$@5{[0CG

8VH &$B0,B*5%< IRU VHFRQGDU\ PHWULFV &$B
C5[_{N[5e$:)8$.#&.(-&8

WWwW
rrr$l-7/4#$H.8/(32
wwwD-'-+,&(%.

6WDQGDUG &ROOLQV $HURVSDFH WDEOH VW\OLQJ

S5l



FRQVW WDEOH2SWV ~# PQW XVHU GDWD XSORDGV $,B7HP SO D \BHEBS@'"®RBIRHHRALB)&$%0&(9-&8$+#&(#+4$2&-8%5:)&$

&OHDQHG SSW[C \RX FDQ XQSDFN LW WRBIKEBXVH IRRWHU
$$>;$L=F4$8;$@aP!OP{e$s$L=R4$<;$Hb6CO{U$BSL-

[-8)* . $-++#.+;
o o froYee Tl o ) [+3$+.-31-81$ (+*-/$I5$:8)98. "#59606. >$+0(//$-: #8:$
o> :
@ Q Q W74 )9%/#.()3=
. \
IRQWGLIH 'IRQW)DFH S$ULDOT ERURIMRo BEW vRRBBY sxEoLF ssw[ vFULSWV RI-FH XQSDFN

+HDGHU URZ 00 &$B'$5.B*5%< FRO®Y) &$B:+,7(

7)1;$.84
PQW XVHU GDWD XSORDGV $,B7THPSODWHB5HGB7KHPHB

'DWD URZV DOWHUQDWH &$B:+,7( D@&3&I$®Y.>$}7B

N[5e
! WPS UW[BXQSDFNHG
OHGLD DVVHWV LQ WPS UW[BXQSDFNHG SSW PHGLD
Www
www
BBB BBB

+$5#8&)+%-,#$b)2
MS@)/(3+35#&)+%- #5b)2) 4% &KHFNOLVW &ROOLQV $HURVSDFH 6SHFL-F

Nl * " %0, _ _ 0/4-
6:$5."#+#8S$"-+$*%/)-1#1$-$@)//(3+$548&)+%- #$/)2)$ 6 #8828 (32AHELS:
(9-244$*+#$(.$(35."#$:)) #&;
B$fEgPO#&BP+/(1#$"-+3."#P&H#1S$.) %P7 -&$sS&HATBH- 1#8&$
wwwD-'"-+,&(%.

BSISgBOHEBSH (1#S'-+8."#$1-80$28-8$:)) #&
+/(1#=-1169-2#E7

B${$0$J)) #&$&H-1+$M@)//(3+$548)+%- #nSES). SHFLS."#
SDWK S SDWK WR FROOLQV ORJR SQJT
#,"3))2(#+nG
$$>;$L=R4$8;$JaalO[{e$s$L=LM4$<;$R=M4$";$L=KK BSOS S 4> S(+8<"( £$-31$(3858(/$7)/1
B$f$9$?)18%.#>.$(+$7/-,085&(-/4$9(3SRR%.

ww BS{SgS[H1S,))8$(+$#>-,./85Wr@ORRKTWSE ). S2HGHE.(,$&

6:53)$/)2)$(9-24$(+$--(I- TIHAS +#$."4$T)1$ #>.$
9ol- ") LHESWV @)//(3+$5H8)+%- VWS(3$<"( #$581957) 10
SW DV GH-QHG LQ CDGG)RRWH@V C DERYH 7KLV PDLQWDL
4D 88&H, $)) HESN))0S<()F.$. HP(9-24-++#.= BSISQSL7/#+$"- 15/ #8.3-.(32$/(2" $28-85&) < +A¥B)BIH$

HIST)&1#E&+
, ] WKH RULJLQDO 5D\ WKHRQ WHPSODWH LV DYDLODEOH DW C

BSISGSP)S-, #3.$/(3H+SILHES. (H+SEXH#S."#$ RS



188).>-J#U"#a& 5, }#F)2),%76#1822-)%#":98:9#VJ,*8()



C??7*3.X

K"



C??7*3.X

‘F6



C??7*3.X

F7



C??7*3.X

‘F8



188).>-J# @ "#<&((-. 2#35557#:98: 94V J *8()###




C??7*13.X

&RQ-GHQWLDO




C??7*13.X

&RQ-GHQWLDO




188).>-J#d"#$%)[$-(&9#S(,..-./#F)2), % 7 6#I#0#3



188).>-J#R"#VB, (;,9-& #E:%B):##

$&29[E;%B):
<, 2)#?2M#a&;5;'#F)2),%76)%

Vul dit in direct na het bekijken van de YouTube Researcher output

$,%9#=#e#1-*).2-& #ET&%)2

3PULHY ZJHSL! 7VVY ,_JLssLU|[ = ? H L ]

1= Speed 0OO000O0
How quickly did the skill produce output you could act on?

1? Coverage Breadth ONONONONG)
How many distinct sources and unique pain points were surfaced?

1H Perspective Diversity O O O O O
Were multiple passenger types or viewpoints represented?

1L Output Readability [ONONONONO)
How easily could you use this output in a deck without reformatting?

1]  Quote Specificity (CHONONONG)
Was the evidence verbatim and precise, rather than vague paraphrase?

1 ,]JPKLUJL )HSHUJL OO OO0
Were positive contrasts included alongside pain points?

1P Accuracy / Groundedness ONONONONG)
Was every claim traceable to a real, timestamped source?

1X  Reusability ONONONONG)
Would this output be self-explanatory to someone not in this session?

$,%942H#eHEG-((HVB, (;,9-&.

3PULHY ZJHSL! [YVUNS' KPZHNYLL [YVUNS® HNYLL = ? H L ]

V= The YouTube Researcher output was relevant to the O O O O O
research query | defined.

V? The evidence provided was credible and traceable O O O O O
to real sources.

VH The output gave me insights | would not have found [ONONONONO)
quickly on my own.

VL The structure and format of the output was easy O O O O O
to work with.

V] I could use this output directly in a Collins CXD [ONONONONO)
project without significant rework.

V! This skill addresses at least one of the challenges OO O OO0

| face in the Discover phase.

$,9%0#H#e#"8) #F)4()79-&.

Short-answer text responses
A= What was the most useful thing about the YouTube

Researcher output?

~?  What was missing, incorrect, or frustrating about
this output?

~H Which of the eight Discover phase challenges does this
skill address best N and which does it fail on?

AL Would you use this skill on a real Collins project?
Why or why not?
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+&%*#=M#$%)[E;%B): TXHVWLR(

3,7G/%&;.>

b= :KDW LV \RXU VWXG\ SURJUDPPH DQG FXUUHQW GHVLJQ H[SHULHQFH"
W<'&@$-/13Q*&

b? +RZ RIWHQ GR \RX XVH $, WRROV LQ \RXU GHVLJQ ZRUN"
BH)@.?)*$><".>*A$2-.)MSST*K)M$fSB/@<)MS$Z-&*)MSFSg*N*&

bH +DYH \RX XVHG $, DJHQWV RU FRQILIJXUHG $, VIVWHPV EHIRUH"
OXOWLSOH FKRLFH <HV UHJXODUO\ <HV RQFH RU WZLFH 1R

@.>-B->;,(#1@#<&.4->).7)

bL D$-+$>'/5.J*/@$D$>-/$0*@$H3*5H)$&*3H) @3$5&'+$CD$@")3#
R.K*&@$:!!

b] D$-+$>'/5.7*/@3$D$K/Q$Q<-@$@'$-3KSCDI@'$I#
R.K*&@$:!!

b! D$-+$>'/5.0*/@$D$>-/$Q&. @*$-$0"I$?&'+? @#
R.K*&@$:!!

bP D$-+$>'/5.0*/@$D$>-/$bHI0*$Q<*@<*&$CD$'H@?H@$.3$0"I$*/'HO<$S@'$H3*#
R.K*¢@$:I!

5), 5 @#<&.4->).7)

bX D@$.3$.+?'&@-/@$@<-@$+MS$@*-+$H3*3$CD$./$-$>'/3.3@* @P$3@&H>@HE*I$Q-M#t
R.K*&@$:I!

b, DP FRQILGHQW P\ WHDP JHWV WKH VDPH TXDOLW\ IURP $, DV , GR
R.K*&@$:I!

b="  D$QH)I$@E&H3@$-$?&+?@$QE. @ @*/$-/I$@*3@*I$(M$-$@*-++-@*$@'$0.N*$&*).-()*$&*3H) @3#
R.K*&@$:I!

== D@$Q'H)I$(*$H3*5H)$@'$<-N*$-$3<-&*J$).(&-&M$'5$@*3@*I$?&'+?@3$@<-@$+MIQ<)*$@*-+$>-/$H3*#
R.K*&@$:I!

<;%0%).94$%,79-7)

b=? :KDW GR \RX FXUUHQWO\ XVH $, IRU"
&KHFNER[HV 5HVHDUFK :ULWLQJ ,GHDV 9LVXDOV 6XPPDULVLQJ G6WUXFWXULQJ 1RQH

b=H :KDW VWRSV \RX IURP XVLQJ $, PRUH LQ \RXU GHVLJQ ZRUN"
124/$-13Q*&

b=L :KHQ ZRUNLQJ LQ D WHDP ZKDW ZRXOG \RX ZDQW HYHU\RQH WR EH DOLJQHG RQ EHIRUH XVLQJ $,"
1241$-13Q*&

b=] D@$QH)I$(*$<*)?5H)$@'$<-N*$?2<M3.>-)$>-8I3$@'$-).0/$+MS@*-+$/$CD$+ @< I3$-11$?&'+?@3#
R.K*&@$:I!
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Q-.-[E;%B):M#<,%>2 L$.@*+3
QE="= D$H/I*&3@"I$@<*$>-8J3$Q.@<H@$*X?)-/-@.'I# RKE@S!
QE="? ;<*$>-&J$>-@*0'&.*3$+-J*$3*/3*$@"'$+# RK&@$:!
QE="H ;<*$>-&J3$<*)?*I$'H&$0&H?$-).0/$/$<'Q$@ '$HI*$CD$5'&$@<.3$?&'b*>@# RK&@3:N
QE=L :KDW FRQIXVHG \RX DERXW WKH FDUGV LI DQ\WKLQJ" 124/

Q-.-[E;%B):M#<,.B,2 1$.@*+3
QEH"= ;<*$>-/N-3$<*)?*J$+*$3@8&H>@HE&*$+M$-278'-><$@'$CD# RK*&@S:!
QEH"? ;<*$>-/N-3$<*)2*I$'HE&S$0& ' H?$-).0/$/$-$3<-&*I$SCD$-22&'-><H# RK*&@$:!!
QEH"H ;<*$>-IN-3$5.%)J3$+-J*$3*/3*$@'$+*# RK*&@$:!
QEH'L D$5**)$+'&*$>'/5.0*/@$-(H@$H3./0$CD$-5@*&$5.))./0$./$@<*$>-/N-3# RK*&@$:!!
QEHT :KDW FRQIXVHG \RX DERXW WKH FDQYDV LI DQ\WKLQJ" 124

Q-.-[E;%B):M#188 1$.@*+3
QE?"=  <*$-273$0Q-3%*-3M$@'$/-N.O-@*# R.K*&@$:!!
QE?"?  ;<*$-27$<*)?*$+*$0*@$-$H3*5H)$H@?H@# rica@st
QE?"H D$K/*Q$Q<-@$@'$-3K$CD$@'$J# RK*&@$:!!
QE?'L  D$Q'H)I$HI*$@<.3$-77$5'&$+M$'Q/$?& b*>@# R.K*&@$:!!

QE?"] :KDW FRQIXVHG \RX DERXW WKH DSS LI DQ\WKLQJ" 1?7*/
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$= :KDW ZDV WKH PRVW IUXVWUDWLQJ PRPHQW GXULQJ WKH VHVVLRQ" =L ;<*f'??$?'3$*'3M$@'$/'N'O'@*#
s a0 RK*€@$:I!
Ao <r$-228<K) 7RIS+ $3@&H> @HE $+MSCDS./@*8->@. T#
$? ,1 \RX KDG WR UHPRYH RQH HOHPHQW IURP 0$,. ZKDW ZRXOG LW EH DQG ZK\" ] ;K?&@iﬁ) $rI3@EH>QHE"$HMICDS/@"E>@
?2*%/$-/13Q*&
[718150 $=1 8VLQJ WKH FDQYDV EHIRUH WKH DSS LPSURYHG WKH TXDOLW\ RI P\ $, R
R.K*&@%:1!
@.>-B->;,(#<&.4->).T)#<6,./)
$'H  C5@*&$@<.3$3*33./P$D$-+$>'/5.J%/ @$D$>-/$0* @$H3*5H)$&*3H) @358 +$CD$S@")3# 1)2-1.)%#1).7:
R.K*&@$:I!
"=p  D$5Y)@%./$>@&)$5$Q<-@$SCD$?& IH>*IHID$I.&*>@*IS@<*$CDPS/ *$ @<*&$Q-M$-&
$L  C5@*&$@<.3$3*33./P$D$-+$>'/5.7/@$DSK/Q$Q<-@$@'$-3K$SCDS@'$I # ¥ Ri* &)@@ﬁ! $1@&)F5$Q<- @ICDF?EIH>"1HIDS).&™>@ISQ@<"SCOPH @@ T @<"&SQ-MS-&HIA
R.K*&@$:I!
A=X D$>'H)I$-JbH3@$'8$&*b*>@$CDSH@?H *1$.@$J.I$/ @+ 1@
$Y  C5@*&$@<.3$3*33./P$D$-+$>'/5.7/@$D$>-/$Q&. @*$-$0"I$?&+? @# ¥ Rif&@%g! @F&3&°0™>@ICDFHO?HAIQ<S.Q%). I @%+-@><3+MS/@"/@#
R.K*&@$:I!
SN C5@*&$@<.3$3*33./P$D$-+$>"/5. 74/ @SD$>-/$bHI0*$Q<* @<*&SCDSH@?H@$. 350" IS HO<# ,
R.K*&@$:I! <&((,'&%,9-&.
$h= < FH@?H@$Q*$2& IH>*I$>"H)IS(*$H/I*&3@" IS (M3 +**$/ @$./$@<*$3*33. 1#
5),*#<&.4->).7)#<6,./) RK*&@$:I!
N7 T&K./0$-33-$0& H?$<*) 24 IS+ @< /K$+'&*$>&.@.>-))M$-(H@$<'Q$@'$H3*
$%  C5@*8S@<.353'33/PSDSQH)IS@EHI@S $28'+2@$QE. @@ IS(MS-$@*++-@*# $7 TAK/0S 3SS0UHTSITISI@ < MINEISE.@ > IMS-(HBS<QI@SHISCDH
R.K*&@$:I!
no= < $@")3$3H??7' 8@ IS HESO& H?$>IN*E3-@. 14
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