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)LQDOO\ ZH ZRXOG OLNH WR WKDQN DOO WKH SDUWLFLSDQWYV IURP %U
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&RRUGLQDWRUV RI ,QWHUQDWLRQDO :RUNVKRS WKH 0DQDJLQJ FRPSOH]
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,QQRYDWLYH 'HVLJQ /DE 8QLYHUVLW\ RI +XGGHUV¢{HOG 8QLWHG .LQJG]
%XLOGLQJ ,QQRYDWLRQ 5HVHDUFK 8QLW 125,( )HGHUDO 8QLYHUVLW\ |

(<G=AM:MAG&>6HHM;;@ @

,QQRYDWLYH 'HVLJQ /DE DW 6FKRRO RI $UW '"HVLJQ DQG $UKLWHFWXUH
1$*06..*$'1"#$%&Y0™ () *$#)*+*,-*.!

BURIHVVRU OLNH .DJLRJORX

B3URIHVVRU /DXUL .RVNHOD
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XQORFN IXUWKHU IXQGLQJ WR VXSSRUW SRYHUW\ DOOHYLDWLR@ ,W LV
YDWLRQ DQG 6NLOOV DQG GHOLYHUHG WKURXJK 8. GHOLYHU\ SDUWC
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8. 6SHQGLQJ 5HYLHZ LW ZDV DJUHHG WR H[WHQG DQG H[SDQG WKH )
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D .. PLOOLRQ 8. LQYHVWPHQW WR ZLWK SDUWQHU FRXQWULHV SU
(36'0,19%14'&*;6%." &#%;%#%6.'%1'#3$66'K$*"9'&"#64*$%6.W
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JRU PRUH LQIRUPDWLRQ YLVLW ZZZ QHZWRQIXQG DF XN DQG IROORZ YL
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7KH 1HZWRQ )XQG LV ZRUNLQJ ZLWK WKH +LJKHU (GXFDWLRQ ,QWHUQEC
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6XSSRUWLQJ 67(0 HGXFDWLRQ WKURXJK D YDULHW\ RI PHFKDQLVP)
$6.* $&6.*$'+06-*#9%14'16V'% 1 %#%"#%:;6.U
[&4@>KAM>=28;<=MAMAG&=AD&@HL?6Y=9M?M;Y
_*$O0*$&6'+-"11%14'"19'96;6-*+86 1# 0*$ #6&31%6&"-"19' *&"#Y6*1"- #$"%1%14'% 1 #36'$6.6"$88""19'%1
1%"#%*1' . 6&#*$U



IHHIOE () #-1%/0" & 1#+2%'3) 2% &) 4"
50+06#+6'()74-/8'9),#0-")*06#+6';"<0+' [=/>/-)AT/+$2&")*6& @T4")>I="A")B/,$'50+06/7/+$ C+="DO-*"E/+/"0$#)+

C27"$&'(&1.+D&B%,:4*&"*0&1.27:+%2+<.%

1#'<+&+7%&@**'A"+:A%&B%,:4*&?"#

7KH ,QQRYDWLYH 'HVLJQ /DE ,'/ LV DQ LQWHUGLVFLSOLQDU\ UHH
GHUV,HOG 7KH ODE FRQGXFWV WKHRU\ EDVHG DQG DSSOLHG UHVH
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2XU UHVHDUFK IRFXVHV RQ VROYLQJ UHDO ZRUOG SUREOHPV WKUF
#36*$%6.".'V6--".#36'61"K-%14'+$*&6..6."19'#6&31*-*4%6.'166969'#*'96-%;6%';"-,6'#*',.6$." 19'#36'. *&%06#<'
Dw ObDUJH 2XU UHVHDUFK LV GHYHORSHG FORVHO\ ZLWK GLYHUVH
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13X'+$*4$"886. #3"#"$6'0,#,$6'0*&,.69"19'%10*$869'K<'#36" #"#6*0'#36" $#'%1'$6.6"$&3"19'+$"&#%&6U

3M:M6A

2XU YLVLRQ LV IRU LQFUHDVLQJ WKH YDOXH RI GHVLJQ ZKLOVW Ut
KLIJK TXDOLW\ HQYLURQPHQWY DQG SURGXFWV WKDW DUH VXSSRUYV
DFKLHYHG WKURXJK VFKRODUO\ UHVHDUFK DQG LQGXVWULDO HQJI
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7HO
S WIRUW]JRSRXORV#KXG DF XN

8QLYHUVLW\ RI +XGGHUV{HOG 4XHHQVJDWH
+XGGHUV{;HOG +' "+
8QLWHG .LQJGRP

_6KWKWWS 7277 KXG DF XN UHVHDUFK UHVHDUFKFHQWUHYVY LGO
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1~-FOHR 2ULHQWDGR SDUD D ,QRYDomR GD (GL¢{¢FDomR 125,( LVv@ UHVFE
DWH 3URJUDP LQ &LYLO (QJLQHHULQJ 6FKRRO RI (QJLQHHULQJ DW Wt
8)5*6 ORFDWHG LQ 3BRUWR $OHJUH 6WDWH RI 5LR *UDQGH GR 6X0O 125
RQH RI WKH PRVW SUHVWLJLRXVY UHVHDUFK JURXSV LQ WKH ¢(¢HOG RI &
%UD]LO $URXQG UHVHDUFKHUV ZRUN DW 125,( LQFOXGLQJ DFDGHPL
8".#6%'.#,961#.B"19',196$4$"9,"#6'$6.6"$&3#$"%166.U

7KH &RQVWUXFWLRQ ODQDJHPHQW DQG (FRQRPLFV *URXS *(& LV SDUW
UHVHDUFKHUV 7KH UHVHDUFK GHYHORSHG E\ *(& LQYROYHV D ZLGH UI
%68+$*;%14'#36'+6$0*$8" 186"+ 0'#36'5 1. #$, &#%*1'L19, #$<'%1"" &*8+$6361.%;6'V"<B'.,&3".'96.%641"19' L
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DW *(& LV WR EXLOG D UREXVW WKHRUHWLFDO IUDPHZRUN ZKLFK FDQ H
GHYHORSHG LQ RWKHU VHFWRUV H J PDQXIDFWXULQJ KHDOWK FDUH
9%006$61#' &*1#61#.U' H* #' $6.6"$&3' +$*M6E&H. "$6' &"$$%69"* # %1’ +"$#16$.3%+ Voo#3' 61#6$1"-' +"$#16$.B' . &3""
JRYHUQPHQW GHSDUWPHQWY FRQVWUXFWLRQ FRPSDQLHV GHVLJQ RIg¢
DQG LQGXVWULDO RUJDQL]DWLRQV *(& KDV SDUWLFLSDWHG LQWHQVLY
,QWHUQDWLRQDO *URXS IRU /HDQ &RQVWUXFWLRQ ,*/& DQG $17$& 1D
7HFKQRORJ\

'6A;=>MAG&S$+ & &#H(0%+
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7THO
IRUPRVR#XIUJV EU

%XLOGLQJ ,QQRYDWLRQ 5HVHDUFK 8QLW 125,(
7696$"-':1%;6$.96#<*0'=%*>$"196'9*'2,-

3RUWR $OHJUH $Y 2VYDOBR $UDQKD
QGGTZ@DQG

C$")%-

_6KWKWWS QRULHJHF FSJHF XIUJV EU QRULH
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WXUH DQG ' 'HVLJQ 8QLYHUVLW\ RI +XGGHUV,HOG 8QLWHG .LQJGRP

11@K%55@1&;018@5&+@11%5&N@IV@AS@UD G XDWH SURJUDPPH LQ &LYLO (QJ@QHHUL
LQJ RI %XLOGLQJ ,QQRYDWLRQ 5HVHDUFK 8QLW 125,( )HGHUDO 8QLYH

I@A;6<:

BURIHVVRU 0L N BH6BKBER'LURH%;6'X6.%41'Y"KB'X6"1*0"?&3**-'/A$#B'X6.%41"19'A$&3%#6&#,$6B'
8QLYHUVLW\ RI +XGGHUV{HOG 8QLWHG .LQJGRP

3URIHVVRU /D XUHBSKBI B HQTL*"#%:;6' X6.%41' Y'KB' Y6"9'*0' Y6"1' 5+1.#$,8#%*1B' :1%;6$.%6#<'*0'
+XGGHUV,HOG 8QLWHG .LQJGRP

A1&PI2#040&BH1I@HPEHU RI % XLOGLQJ ,QQRYDWLRQ 5HVHDUFK 8QLW 125,(
A$&3%#6&#,$6B'7696%$"-':1%;6$.%6#<"*0'=%*'>$"196'9*'?,-B'C$") %-

Al&!"901"@&PI#5&?50$BP EHU RI % XLOGLQJ ,QQRYDWLRQ 5HVHDUFK 8Ql@V 125,
6$"-":1%;6%.%#<"*0'=%*>$"196'9*'?,-B'C$")%-
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RQ KHDOWKFDUH GHVLJQ DQG YDOXH JHQHUDWLRQ GHVLJQ IURQW HQ
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GHVLJQ WKH V\QHUJLHV RI OHDQ DQG %,0 DQG RQ WKH DGRSW@RQ RI
FLDYV PRUH UHFHQW ZRUN IRFXVHV RQ WKH DGRSWLRQ RI %,0 WR VXSS
4616$"#%*1'#3$*,43'96.%41U

3DWULFLD LV D PHPEHU Rl WKH ,QWHUQDWLRQDO *URXS IRU /HDQ &RQ
#36'$4"1%. "H%*1'"19' 69%6#+$.3%+*0' %o#.' &*106$61&6.U' "#$E%&%" 3" "1' % 1#6$1"#Y%*1"-' 16#V*$O'*0'@"968%&' &
ODERUDWRUV DQG FORVH OLQNV ZLWK %UD]LOLDQ +LJKHU (GXFDWLRQ ,
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QXPEHU RI 3K' DQG PDVWHU WKHVLV LQ GLYHUVH LQVWLWXWLRQV LQ W
LQ GLYHUVH VFLHQWL¢{F MRXUQDOV DQG LQWHUQDWLRQDO FRQIHUHQFF

DG



1@@;&;K@&4@=H

)Il O.*II+I
)<68@::6<&'=<76:846<<@:&B6<H6:6
I"#$%$ & 1$*06..*$*0'5* 1. #$,8#%0*1'H"1"4686 14
(&#%$%)%$'@F KRRO RI &LYLO (QJLQHHULQJ 8)5*6
*+$' IRUPRVR#XIUJV EU
.$"/0,1234

5"$-*(-$$6. 7*$8* *B'I3UXU'%. " 1$*06. . *$'%1'5* 1. #$,&#%*1'H"1"4686 1# "# #36' 7696$"-':1%;6$. %6#<"*0' =%+
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'"HDQ RI $UW 'HVLJQ DQG $UFKLWHFWXUH DW WKH 8QLYHUVLW\ R® +XGG|
RXV@AKH +HDG RI WKH 6FKRRO RI %XLOW (QYLLUFRKQRBQWLNW &DVI RUKG 80
WKH 0 (365& (QJLQHHULQJ DQG 3K\VLFDO 6FLHQFHV 5HVHDUFK &RXQFL!
,QQRYDWLRQ 6&5, LQ WKH EXLOW DQSFREPPQFHQYHB R@RRHIRW W@E WKE
HG LQWHUGLVFLSOLQDU\ ,05& LQ +HDOWK DQG &DUH ,QIUDVWUXFWXUHYV
2"-0*$9':1%;6$.%#<U'J6'3".'+ K-%.369'8*$6'#3"1'DZG "&"968%8& ' $606$$69'+"+6$.B'8"1<'%619, #$%"-' $6-+*$#."19'

HVFK*0.U'H%O06'3". #' OB 1'+"$# 06 1'% 1#6$1"#o%*1"-'6;"- "#%*1.""19'&* 1. ,-#"1&<"&#%; Yo#<U'H%OB6'V" . #B6' % 1#6$1'
HY%*1"--6"9'0*$PEVI$*0, &#'X6;6-*+86 1H#0*S HIE'L IHES1"#06*1"->$* +0*$'Y 6"1'5*1 #$, &#%*1"19'36'%. $6&61#-<'

UHVHDUFKLQJ %HQH¢{WV 5HDOLVDWLRE DQ) HDOQ@RZERIUWRK HV H E WKWV ( GHHF C
+($ )HOORZ RI WKH 5R\DO ,QVWLWXWH RI &KDUWHUHG 6XUYH\R@V 5,&!
LQJ &,2% DQG 6HQLRU $VVRFLDWH RI WKH 5R\DO &ROOHJH Rl OHGLFLQ
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*UDGXDWHG LQ $UFKLWHFWXUH DQG S8UEDQLVP DW WKH )HGHUDO 8QLY

DQG GRFWRUDWH DW WKH *UDGXDWH 3URJUDP LQ &LYLO (QJLQ
*UDQGH GR 6XO $VVRFLDWH 3URIHVVRU DW WKH 6FKRRO RI $UFKLWHFV
LQ S8UEDQ DQG 5HJLRQDO 30DQQLQJ VLQFH RI WKH )HGHUDO 8QLYH
8QLYHUVLW\ Rl +XGGHUV:;HOG 8. XQGHU WKH JXLGDQFH RI 3URIHVVRU
D FRXQVHORU LQ WKH &RXQFLO IRU (FRQRPLF DQG 6RFLDO '"HYHORSPHC

6KH KDV H[SHULHQFH LQ WKH DUHD RI $UFKLWHFWXUH (QJL@HHULC
%41'1$*&6.."H"1"4686 1#B" &#% 14" 1'#36'0%--*V/% 14 #*+%&.*0'$6.6"$&3IW'8"SO6#% 14" ++-%69'#+#36'&*1 #$, &#%*1B
FOLHQW UHTXLUHPHQWY PDQDJHPHQW YDOXH JHQHUDWLRQ SHUFHLYH
96;6-*+861# +$*&6..'+$*9,&#B'8"1"46861#"19'96;6-*+86 1#*0' $K"1"19'$64%*1"-'+$*M6&H.U
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B3URIHVVRU /DXUL .RVNHOD LV DQ H[SHUW LQ OHDQ FRQVWUXFWLRQ D
0*,19%14'868K6$*0'#36'L1#6$1"#%*1"-'>$* +'0*$'Y6"1'5*1.#$,&#%*1U'J1%.'$6.6"$&3'3".'0*&,.69'6.+6 &% "--<"*1'
#36',196$-<%14'#36*$%6.*0'+$*9,&8#%*1'8"1"46861#B'96.%041'8"1"46861#".'V6--"".'+$*M6&#'8"1"4686 1#U'

?%1&6'FGGZB'36'3".'$6.6"$&369'#36*$<"*0'96.%41U'J6'3".'+$*8*#69'#36";, %06 V'#3"#'96.%4 1' #36*$%) % 14" #"$#69'
DOUHDG\ LQ $QWLTXLW\ ZLWK WKH PHWKRG RI DQDO\VLV IURP JHRPHW
K<™"1"-*4<U'L# %.'&*1#61969'K<'3%8'#3"##36.6'#V*'8*96-." #%--'+$*;,%096"".,+6$%*$',196$.#"19%14*1'96.%41U

/IDXUL MRLQHG WKH 8QLYHUVLW\ RI +XGGHUV{HOG LQ 2FWREHU 3UH"
".'1$*06..*$"*0'Y6"1B'(36*$<'C".69'1$*M6&#"19'1$*9,&#%* 1'H"1"4686 1#U'1$%0*$'#*'#3"#'36'V".'%1,;*-;69'%1"
"++-9069'$6.6"$&3"#'N(((6&31%&"-'=6.6"$&3'56 1#%$6*0'7%1-"19U

_%oH3'8*$6'H#3"1'RSGG' &I HY* 1. " &&* IV LA HY >**4-6'283*-"$B'Y",$%'%. *16'*0'#36'8* #' &%6#69'.&3*-"§%1'&*1
VWUXFWLRQ PDQDJHPHQW DQG DOOLHG ¢HOGYV

/DXUL .RVNHODYV FXUUHQW UHVHDUFK LQWHUHVWV FRYHU
é Y6'1'&*1.H#$,8H%*1

('$46#"-,6'96.%41

N%.,"-'8"1"46861#

5*1 45, &H#0*1'+$*9,8#%*1'8"1" 4686 1#

X6.9%41'8"1"46861#

(36*$<'*0'96.9%641

(36*$<"*0"+$*9,&H%*1

=6-6;"1&6"0'8"1"46$%"-'$6.6"$&3
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3URIHVVRU (GXDUGR ,VDWWR LV $VVRFLDWH 3URIHVVRU DW WKH@HGHUI
EHU RI WKH %XLOGLQJ ,QQRYDWLRQ 5HVHDUFK 8QLW 125,( 8)5*6 VLQF
966+-<'%1;*-;69'%1'$6.6"$&3* 1'#36" ++-%6&"#%*1'*0'-6"1'+$*9, &#00* 1 '#*'#36'&* 1#6#*0'&*1 #$,8#%*1'%19, #$<U'I%.
UHVHDUFK KDYH LQFOXGHG D ZLGH UDQJH RI GLIIHUHQW ¢HOGV DV SUR
SURFXUHPHQW DQG VXSSO\ FKDLQ PDQDJHPHQW SURGXFWLRQ SRRFHV\
PHQW DQG ,&7 %,0 (GXDUGR KDV WDNHQ SDUW LQ D QXPEHU RI QDWL
DLPLQJ DW SURGXFWLYLW\ DQG TXDOLW\ LPSURYHPHQW RI WKH EXLOW
$606$$69'+"+6$.BTK**0'&3"+#6$.B"19'&*@" #3*$69'#V*K**0.U'1%. #6"&3%14'61+6$%6186'%1&-,96.+* @4$"9,
"H#6'&*,$.6.'%1' C$")%-B":$,4,"<B'I"$"4,"<'"19'5*-*8K%"B'"".' V6--'".' Yo 1#6S1"#9%6*1"-' &* $.6.'*1' &*1 #$, &#%*1'
+$*MB&H'8"1"46861# 1+ #,961#.'0$*8" ?AB'(,$06<B'L.$"6-"19'C$")%-U'J6'%. #36'7%1"1&6' X% $6&#*$™*0' #B6'P"
WLRQDO $VVRFLDWLRQ RI WKH %XLOW (QYLURQPHQW $17$& LQ %UD]L(
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“%"+<.%,&'(&+7%&6'.3,7'8

_@YAG;@&L@=T@<:

(36'V*$0.3*+'%1&-,96.'#36'0*--*V%14'O6<1*#6'.+66&36.W
3URI /DXUL .RVNHOD 7KH ODQDJHPHQW RI &RPSOH[ BURMHFWYV

' 1$*0U'Hb$&%*'N"-61a"W'" ' *&%"-'J*,.%14™M19":$K"1'X6;6-*+861#'%1'C$") %-
' I$*OU'B"$-*."7*$8* *W' ' ! N'"-,6'>616$"#%*1'%1'?*&%"-'J*,.%14'X6;6-*+86 1#.
' 1$*0U""86.'C"$-*VW"' ' Y6..*¥1.'Y6"$169'0$*8'J6"-#3&"$6'5*8+-61'1$*MB&H.

B3URI OLNH .DJLRJORX%HQH ;WV 5HDOL]DWLRQ
BURI /XL]$ %UHVVDQL

' 1$*0U'Y,%)'5U'lU"?%-;"'7%-3*W X%." #6%$'=%.0'H"1"46861#'%1"$K"1'A$6".'%1'C$")%-
BURI 3DWULFLD 7]RUWYRSRIQFF-RIVEDVHG GHVLJIQ

-M; @&QM:M;&;6&)%+'&=AD&IMAK=&'=:=&!MAK=&3MD=

7KH ZRUNVKRS SURJUDPPH LQFOXGHV D VLWH YLVLW WR 3,(& ZKLFK LV
1$*4$"886U' (3%." ,$K"1'96;6-*+861#'+$*4$"886'3".'K661'*14*%14' 0*$'*;6$' DG'<6"$.' V%#3'61#61.%,6'$6 @
VHDUFK E\ 125,( 7KH VHFRQG SDUW RI WKH GD\ ZLOO LQYROYH D YLVLW

B=>M?M;=;@D&L=<;M>ML=A;&L<@:@A;=;M6A:&:@::M6A:

(DFK SDUWLFLSDQW ZLOO SUHVHQW WKHLU ZRUN WR WKH RWKH@ GHOH
$61#'$6.6"$&3'%1#6$6.#"19'61+6$#%.6U'(36'+$6.6 1#"#%*1'V%--'K6'K".69*1'#36" K .#$"&#'.,K8Y%##69"19'%1&-,969'
V%#3%1'#3%.'K**OU'(36'.6..%*1'V%--""- *' K6 L"*++*$#, L%#<"#*' %96 1#%0<"-%10. #**#36$'V*$OB"19'46# &* 1 #$,&#
IHHGEDFN IURP WKH SDUWLFLSDQWY $00 SUHVHQWHUYV ZLOO XVH WKH !
.%8+-6'+$6.61#"#%*1'0*$8"#'V36$6'<*,".3*V'FG'%8"46.B'6"&3'0*$'FG'.6&*19.U'(36'%8"46."9;"1&6" #*8"#% @
&"--<"19'<H, #-OM-* 14'HF#36'%8"46.U

20Q@?6LH@A;&68&K@&<@: @=<>K&<6=DH=L

A'$6.6"$&3'$*'98"+'0*$'#36'8"1"46861#*0'&*8+-61',$K"1'96;6-*+861#'+$*4$"886.""19'0*$'#36'6;"-," @
#%*1*0'.*&%"-'3*,.%14'V%--'K6'96;6-*+69B".6##% 14" ##36'8"M*$'&3"--6146."19*++*$#,1%#%6.'0*$'%8+$*,686 1#'
"19'K6##6$";"-,6'&$6"#%*1'0*$',.6$.U'(3%.'%1&-,96.'&*1.%96$%14",.6$.'1669.'0*$'.*&%"-'&3"146'%1'&*88,1%#%6.'
V3%&3'#*9"<"-%;6'%1'&*19%#%*1.'K6-*V'8%1%8,8'.#"19"$9.U'(36'$*"98"+'V%--'.6#™* #" &#%*1.'0*$'#36".3'G#B'86
GLXP DQG ORQJ WHUP UHVHDUFK ZRUN DQG FDSDFLW\ EXLOGLQJ ,W ZL
HJ KHDOWK LPSURYHPHQW VDIHW\ ZKLFK ZLOO EH GLVFXVVHG ZLWK ¢
1669'0*$"'0$"86V*$O'#*' ., ++*$#'#36'%1#64$"#%*1'*0'0$"486 1#69'+$*M6&#.'V%--'K6'9%.&,..69B' % 1&-,9%@14'&*1.%9
6% "#%*1.*0'3*V'#**- ", ,&3".'C,%-9%14'L10*$8"#%*1'H*96--%14'&"1". , ++*$##36",%.,"-%. "#%*1*0'&*8+-61', $K"1'
-6,6-'9"#"U

-TM??2:&D@Q@?6LH@A;&: @::MBA:

6NLOOV GHYHIOIRSPHQW.RQ ZLOO HQFRXUDJH (&5V WR FRQVLGHU@KDOOI|
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1"$<'V*$0%14B™.'V6--"."#36"9;"1#"46."19'%..,6.'%1'+$6.&$%+#%;6"19'96.&$%+#%:;6'$6.6"$&3

Q'$0#4#4D&K94"#4D&04"&5933 @ 1$& K@ 1&190bB6RER6. #3 "#'1669'#*' K6'"936$69'#*' V361" ++-<%14'0*$'
$6.6"$&3'4$"1#."V%--'K6'9%.&,..69U
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;,088%4D%5804"&2911%4$&804"5203%&@K&91'04&"%H%8 @37 %4 $&31 GHGRSFREEHEL16"889%.&,. @

0% 1 K> # #36' $6&61# 96;6-*+861#'*0'.*&%"-' 3*,.9%14'"19", $K"1' +$*M6&#.' %1' C$")%-U' (%"4* J*-)8"11B'0$*8'

,$% 56 ,QVWLWXWH RI %YUD]LOLDQ $UFKLWHFWV + 6WDWH RI 5LR *UDQ((
&RRUGLQDWRU RI WKH ([HFXWLYH ODQDJHPHQW RI +RXVLQJ LQ 3RUWR ¥
IDWLRQDO 6DYLQJV %DQN UHSUHVHQWDWLYHV IURP 3RUWR $OHJUH &
'"HSDUWPHQW RI +RXVLQJ DQG 1tYHD 2SSHUPDQQ IURP :5, %UDVLO ZLO

/0$,CO(5&3@&#T7302MKHUH ZLOO EH GLVFXVVLRQV RQ SDWKZD\V IR LPS®@FW OF
*4-* U

'"HYHORSLQJ \RXU U HNM$PLBFKVSY R ILB1#36%$' &"$66$ .#"46B'V3"# #36%3$ . +%$ " #%*1.""$6' 19’
KRZ WKH\ DLP WR GHYHORS WKHLU FDUHHU OHQWRUYV ZLOO IDFLOLWDW

(L@A&@DO>=;MB6A=?&<@:60<>@:

A--'%10*$8"#%*1'96-%;6$69"##36'V*$0.3*+'V%--'K6'8"96™;"%-"K-6"."*+61'$6.* $&6. #3$*,43""969%& "#6 A@$*
M6&#'VEK.%#6B'V3%&3'V%--'+6$8%#'1*@&* #"&&6..'K6<*19'#36'V*$0.3*+'868K6$.U'(3%.'V%--'., ++*$#'#36"&&6..'
DQG XVH RI WKH LQIRUPDWLRQ E\ D PXFK ZLGHU FRPPXQLW\ RI (&5V DV

-6>M=28@Q@A;:

AL %8+*$#"1# " +6&# *0'#36' V*$O.3*+'%.' 46##%14' #* O1*V' 9%006$6 1# +6*+-6'V*$0%14' %1'#3%.' $6.6"$&3'"$6"B'
SDUWLFXODU WR HQFRXUDJH IXWXUH 8. DQG %UD]LO FROODERUDWLRQ
HYHQWYV 3DUWLFLSDQWY ZLOO KDYH WKH RSSRUWXQLW\ WR WD@WWH D W
HQFH VRPH RI WKH pJDXFKRYT FXOWXUH
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7KH *DWHZD\ /HLFHVWHU /( %+
8QLWHG .LQJGRP
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X$U'A8"-'AK,)6%1"K'%.'NSFGFG'Y6&#,$6$'%1 A$&3%#6&#,$6'VIo#3'.+6&%"-%.8'%1"-*V['+"..9%;6'616$4<'96.%4 1" #'#:
/IHLFHVWHU 6FKRRO RI $UFKLWHFWXUH )XQGHG E\ (365& $PDO KDV DZI
Rl 6DOIRUG +HU WKHVLVY WLWOH ZDV ,PSOHPHQWLQJ *UHHQ %X@WLQHVYV
SRUWXQLWLHY DQG &KDOOHQJHV $PDO KDV 06F LQ $UFKLWHFWXUH IUI
%6F +RQV LQ $UFKLWHFWXUH I[URP 8QLYHUVLW\ RI . KDUWRXP 3UL
" &Y H#E6"#': 1%;6$.%0#<"*0'C$"90*$9'#*'96;6-*+" 1'% 11*;"#%;6B'8,-#% @ &PY#6$% " "1"-<.%.""19'96&%.%*1'0$"86 V*$!
0*$'., . #"%1"K-6".*&%"-'3*,.%14U'A8"-'&,$$6 1#'$6.6"$&3'0*&,.6.*1'-*V[+"..90;6'96.%4 1'% 1 "$&3%#6&#,$"- 6 W&"
#%*1B'4$661'K,.9016..'8*96-.B'36"-#3"19'V6--K6%14'%1'$6-"#%*1'#*'3*,.%14B"19'+6$0*$8"1&6@%1@,.6*0". *&%"-'
3*,.%14U'A8"-'6 1M*<.'"#6"&3%14"19*$4"1%.%14'6;61#.'0*$" #,96 1#.. +6&%"--<'I3X".#,961#.U

[#2+0-4"#2%#P&-('%"*&. (-Yo#$&1/- Yot +--&! (2+*-&
%o#H&0+*"4% (H&A(&-1-4"%# " 1%*%4 &

"Qn<=>:
7KH VRFLDO KRXVLQJ VHFWRU KDV D PDMRU UROH WR SOD\ LQ F&RQWULE
1*8%&'., . #"%1"K%-%#<'K6&",.6'%#' &*1#"%1.'#36'-"$46.#'1,8K6$*0'+$*06..%*1"--<'8"1"469'+$*+6$#%6.U' $6;%*,.'
VWXGLHV KDYH IRFXVHG RQ GULYHUV DQG EDUULHUV WR VXVWDLQDEL
%..,6.U"" J*V6;6$B' .#,9%6.'%1;6.#%4"#%14'#36' $*-6'*0'K,.%16..' 8*96-.' %1'96-%;6$%14" ., #"%1"K%-%#<' V%#3%1'4
F&%"-'3%,.9%14™$6'$"$6U'(36™%8*0'#3%." . #,9<'%. #3,.'#*'61"8%16'#36'$*-6*0'K,.%16..'8*96-."*1"., #"%1"K-6'

3*%,.%14""19"'#*' 61+-*$6'%11*;"#%:;6'K,.%16..' 8*96-.'#3"#' &"1' #%8,-"#6'#36' ,+#"06'*0'., . #"%1"K-6'3*,.%14"
V%#3%1#36".6&#*$U'(36".#,9<',.6.#36'K,.%16..'8%96-"." 1" 1"-<#%&"- #**-#*,196$.#"19'#36'&,$36 1 #'+3$"&#%&6.'

Rl VXVWDLQDELOLW\ ZLWKLQ WKH VRFLDO KRXVLQJ VHFWRU )LYH HOHF
YDOXH SURSRVLWLRQ WDUJHW JURXS NH\ DFWLYLWLHV NH\ UHVRXUF!
IURP KRXVLQJ DVVRFLDWLRQV DGGUHVVLQJ VXVWDLQDELOLW\ DFURVV
FDVH VWXGLHYVY 7KH UHVHDUFK ¢QGLQJYV ZLOO KHOS WR GHPRQVWUDWH
*0'.,. #"%1"K-6'3*%,.2%14"19'#*'4,%96'3*V'%11*;"#%;6'K,.%016..'8%*96-.'&"1'36-+'3" #6 1'#36',+#"06"*0"., #'%1l @
"K-6'3%,.9%14'V%#3%1'#36".6&#*$U""

2%(C@1"5 %XVLQHVV PRGHO LQQRYDWLRQ VRFLDO KRXVLQJ VXVWDLQDEI
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I"#3$%$"&' 6HQLRU /HFWXUHU %$ %6F BURGXFW "HVL.
0O$UFK

(&#%$%)%$'& 6FKRRO RI $UW 'HVLIQ S$SUFKLWHFWXUH 8¢

*+,$' 4 F DEHQLQFDVD#KXG DF XN

5607##'44 6FKRRO RI $UW 'HVLJQ $UFKLWHFWXUH

8QLYHUVLW\ +XGGHUV/{HOG
d,661.#$66#?#,9%*.B'd,661.4"#6B'
+XGGHUV,HOG +' '+

.$"/0,1234

5"#6$%1" #,9%69'X6.%41'J%.#*$<"."1',196$4$"9,"#6B'5,-#,$"-'?#,9%6.".""+* #4$"9"19'3".'#", 43#'3%.#*$<B'

WKHRU\ DQG VWXGLR LQ $UW '"HVLIJQ GHSDUWPHQWYV IRU RYHU \HDU
#36'DQZD'76.#%:;"-*0'C$%#" "% 1'&6-6K$ "#%*1.'%1'+$0™"19'Y %;6$+**-U'(36.6'&%#%6.',.69'#36'06.#%;"-"."" &"#"-< #'H#*
FRQVROLGDWH WKHLU SRVW ZDU LGHQWLWLHV RI SODFH E\ UHVWRULQ.

6KH LV D PHPEHU RI WKH IROORZLQJ 5HVHDUFK *URXSV DW +XGGHUV¢t
&HQWUH IRU B8UEDQ GHVLJQ $UFKLWHFWXUH 6XVWDLQDELOLW\ DQG $%
FXUUHQWO\ ZRUNLQJ RQ D &ROODERUDWLYH 9HQWXUH ZLWK 'U (UWX 8Q

J"A82(84.+ 8A. Yok a&"&)(A+HAY% *&O+-+"0". &I+4.(2(*($ &
B(0&/#2+0-4"#2%H$&Y%62 +#4%A%+-&(B&)*"+&
8&8E&E&EZE&E&BO(1& & (I1/H#%A &)+0-)+4%3+

"On<=>:

(3%.'$6.6"$&3" . +6&,-"#6. #3"#' K$%14%14' #*46#363%' 6.#"K-%.369'"19'686$4%14' $6.6"$&3' 86#3*9*-*4%6.' 0$*8'
EUDQG HWKQRJUDSK\ SURGXFW GHVLJQ DQG FRPPXQLW\ KLVWRU\ FRX
XQGHUVWDQG FRPPXQLWLHVY UHODWLRQVKLSV WR SODFH PDNLQJ DQG

7KH XVHU DV FRQVXOWDQW RU VXEMHFW IRU REVHUYDWLRQ LV QRW Q

DQG XVHU FHQWHUHG UHVHDUFK PHWKRGRORJLHV IRU FR G&VLJQ I
SUHWLQJ DQG DSSO\LQJ UHDO ZRUOG VWUDWHJILHV IRU UHVSRQVLYH GI
5&$ DQG +XGGHUV,{HOG 8QLYHUVLW\ 3URGXFW '"HVLJQ VWXGHQWY DQG \

,Q WKH ¢HOG RI FRPPXQLW\ KLVWRU\ FROODERUDWLRQ NQRZQ DV FR SI
WKHLU RXWFRPHVY WR EHFRPH DQWHULRU WR WKH KLVWRULDQ /OR\G O
&"1'164*#%" "#6'V3"##36™ #&*86*0#36%$'+"$#%0&%0+"#*$<'$6.6"$&3'V%--'K6B'6UAU'9%4%#"-*$"-'3%.#*$%6.B"1'6139
"+, K-%&"#%*1U

6R ZKDW PLJKW WKLV K\EULG PHWKRGRORJ\ ORRN OLNH" 5HVHDUFKHU \
WKH\ QHHG WR ¢QG RXW EXW WKH PHWKRGRORJ\ DQG RXWSXW E® QHJR
6$.'8"<'1669'#*' $6@+$6.61##36'9"#" % 1""-#6$1"#%,;6'0*$8"#.'0*$'+*.#'$6.6"$&3""1"-<.%.B'0*$' &-%6 1#.""19"*#36$'
",9%61&6.U'

FD
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$FDGHPLFV DQG DJHQFLHV ZRUNLQJ ZLWK LQ DQ\ FRPPXQLW\ EULQJ H)\
"19' *&%"-'%..,6.&"1'K6" 1#%8&%+"#E9'K #*#36$.'8"<'686$46" 19'V%--'1669#*'K6'$6.+*1.%;6-<'164*#%"#69" 19"
UHAHFWHG XSRQ %DQNV ODQQHUYV

_%#3%1"'K,%-#'61;%$*1861# &*1#61#'V36$6'+-"&6'8"0%14*$',18"0%14'9"#"%." *,43#'0$*8"",.6 $ @ &*88,1%#<B'

D UHVHDUFK PHWKRGRORJ\ WKDW PHOGV FR GHVLJQ DQG FR SUREG XFWL|
PRQ PHWKRGRORJLHV VXFK DV REVHUYDWLRQV TXHVWLRQQDLUHV IRF
#3"#'#3%.'3<K$%9'86#3*9*-*4<'&*,-9'68+*VE6S'#36'. KME&H# #*' &*88,1%&"#6'VYo#3'-6..' &1 #$"%1#.B""--*V% 14'0*$'
$%&36$"19'#3%&06$'86"1%14.'#*'686$46U

%(C@1"3V'L961#%#<"*0'+-"&6B'&*@+$*9,&#%*1B'+"$#%&%+"#*$<'$6.6"$&3B'&*88,1%#%6.

FF
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2<E&%6=AAM&2@7?:=A;@

I"#3%$"&" =6"96$'%1"$K"1'X6.%41'

(&#%$%)%$'& 6FKRRO RI $UW 'HVLIQ S$SUFKLWHFWXUH 8¢
*+,$' 4 L GHOVDQWH#KXG DF XN

5607##'44 6FKRRO RI $UW 'HVLJQ $UFKLWHFWXUH

8QLYHUVLW\ +XGGHUV,HOG

' ' d,661.#$66#2#,9%*.B'd,661.4"#6B'
+XGGHUV,HOG +' '+
8QLWHG .LQJGRP

.$"/0,1234

5HDGHU LQ 8UEDQ 'HVLJQ LQ WKH 6FKRRO RI $UW 'HVLJQ DQG $UFKLWH
'"HSDUWPHQWDO /HDGHU IRU ,QWHUQDWLRQDOLVDWLRQ ,fYH JRW WKH
(8 DW WKH 8QLYHUVLW\ Rl 3DYLD ,WDO\ ZKHUH , SUHYLRXVO\ JUDGXD
SBUEDQ 'HVLJQ DW WKH 8QLYHUVLW\ RI 3DYLD , PDLQO@OHFW)>
JUDPPH MRLQWO\ RUJDQLVHG ZLWK 7RQJML 8QLYHUVLW\ Rl 6KDQJKDL
GL OLODQR DQG 9LVLWLQJ 3URIHVVRU DW WKH 8QLYHUVLW\ RI 6
DQG 3, LQ UHVHDUFK SURMHFWYV 3ULQ 3ULQ (UJRQ DQG@RWKHU
WLRQDO GHVLJQ ZRUNVKRSV &KLQD 8%( 3RODQG %UD]LO (UDVPXV H
L'3"6"™ #3*$69""1,8K6$*0'+,K-%6&"#9%*1.'%1'#36'"$6™ *0""$&3%#6&#,$6'"19", $K"1%.8B""19'L'3";6'&* @&, $"#69'
H[KLELWLRQV DV WKH RQH RQ &KLQHVH DUFKLWHEFWXUH DW /D 7ULHQQ
&KLQD H[KLELWLRQ DW +XGGHUV/,HOG $UW *DOOHU\ 5HIHUHH IRU
, DP $VVRFLDWH (GLWRU Rl WKH 8UEDQ 30DQQLQJ DQG 'HYHORSPHQW -
5* 18%-'28%6186'=6.6"$&3'=6;%6V6$'"16-U

JO1"H&D/"* %4 & -+--1+HA&" #2&- (Yo" *&. (- YoHSC&
4.+8)%+&"-+&-4/2 &Yo#E&) (04(&"+$0+

"Qn<=>:
7KH SDSHU GHDOV ZLWK PHDVXULQJ TXDOLW\ LQ SODQQLQJ ,W VSHFL¢
"..6..9%014'+-"11%14"* #&*86."%1'#6%$8.*0',$K"1'96.%41"19'#36'K,%-#'61;%%$*1861#'06"#,$6.B'.64#'%1'#36'K$*"963$'
&*1#61#*0", $K"1'., . #"%1"K%-%#<U

$V D PDWWHU RI IDFW PDQ\ QHZO\ EXLOW VRFLDO KRXVLQJ QHLJ®ERUKR
WLRQV HYHQ LI WKHUH LV QRW D ODFN RI 3XUEDQ VXVWDLQDELG@W\" DV
PHQW WRROV ORUHRYHU WKHUH LV ODUJH HYLGHQFH RI 3SRRU GHVLJQ
RU QHLJKERUKRRG VFDOH 7KH UHVHDUFK JRDO LV WR GH¢{QH D PHWKR
DVVHVV XUEDQ TXDOLW\ VR WKDW WR ¢QG SRWHQWLDO FRQQHFWLRQV

A'1,8K6$'*0'$6.6"$836.[K6.# +$"8#%&6.' 3",6'K661'"-$6"9<' 96-06;6$69'#*' ., ++*$# +-"11%14' +$*&6.."19' %o’

LPSOHPHQWDWLRQ HVSHFLDOO\ DW WKH TXDUWHU QHLJKERUKRRG VFC
RWKHUV 7KH UHVHDUFK UHIHUV WR WKRVH EDVHG RQ D QXPEHU I
FDWHJRULHV GLPHQVLRQV DQG LQFOXGLQJ TXDQWLWDWLYH DQG TXDO

FT
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%.'K".69™*1".&*$6. #3"#'&"1'K6'#361"44$64"#69"19'V6%43#69' % 1#*'%19%&6.U'(36™;6$"--:$K"1'd,"-%#<'%196I'
FRUUHVSRQGY WR WKH ZHLJKWHG VXP RI LQGLFDWRUYV DQG LQGLFHV 2

(36'+$6.61#"#%*1'3%43-%43#.'#36'&*1&6+#,"-'"19'86#3*9*-*4%&"-'0$"86V*$O'#36'$6.6"$&3' $606$. #*B'#*46#36$'
V%+#3'&3"--6146."19'+*#61#%"-'0*$'%8+$*;686 1#U

7KH FRPSXWDWLRQ PHWKRGRORJ\ DOORZV WKH LQWHUVHFWLRQ RI H[S
FRPPXQLW\ OHG FRQVXOWDWLRQV ERWWRP XS SURFHVV GZHOOHUVT
FRQVLGHUDWLRQ WKURXJK LQGLFHV ZHLIJKWLQJ 6FXVVHO 3RVW

'HOVDQWH DQG OLURQ FRXOG EH DOVR XVHG ZLWK D VLPLODU
EHHQ DGDSWHG DQG WHVWHG RQ 3,(& VRFLPOHKRNKV IZQJUIDIQAWHUYHQWLRC

2%(C@1"3V":$K"1'X6.%41B"?*&%"-'J*,.%14'16%43K*$3**9.B":$K"1'd,"-%#<"..6..86 1#

F]
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2<E&#OC=A&2M=:

I"#3%$"&" =6.6"$&3'A..%.#"1#'
(&#H#%$%)%$"&'  >-*K"-'X%." #6$'=6.%-%61&6'56 1#$6B'?&3**-*0'A$#B'X6.%041'
$UFKLWHFWXUH 8QLYHUVLW\ +XGGHUV HC
*+,$' 4 PDKDZDWWKD GLDV#KXG DF XN
5607##'44 >-*K"-'X%." #6$'=6.%-%61&6'56 1#$6B'
8QLYHUVLW\ +XGGHUV/{HOG
d,661.#$66# ?#,9%*.B'd,661.4"#6B'
+XGGHUV¢{HOG +' '+

.$"/0,1234

P,V"1'%.""=6.6"$&36$' "# #36'>-*K"-' X%." #6$'=6.%-61&6' 56 1#$6B' 2&3**-'*0' A$H#B' X6.%41'"19' A$&3%#6&H#,$6B"
8QLYHUVLW\ RI +XGGHUV¢HOG 1XZDQ FRPSOHWHG KLV 3K' LQ 8@EDQ 'H
FKLWHFWXUH 8QLYHUVLW\ RI +XGGHUV/,HOG LQ %HIRUH EHJLQ KLV
DW WKH 8QLYHUVLW\ Rl 6DOIRUG 8. LQ +H REWDLQHG KLV ¢UVW GH
LQ 7RZQ &RXQWU\ 30DQQLQJ 1XZDQ KDV DFWLYHO\ HQJDJHG LQ VHYH!
9%." #6$'56.%-%61&6"19'8"1"46861#%..,6. %1 +* #9%." #6$$6&*1 #$,&#%*1"19'9%." #6$'56.%-%661&6'69, & #%*1U'
I$%*$#-H#3"#' P, V" 1'VF$069". " I$*ME&H 5**$9% 1 "#+$" # #36'7"&, -#<"*0'A$&I%#68#,$6B':1%;6$.%6#<"*0'H*$"#, V"B’
2$%'Y"10""19'614"469'%1'.6;6$"-' $K"1'96;6-*+861# +$*M6&H#.U'

2+3++() 1 +#A&(B&"& (11/#%4 &+11+22+28&
-4 1%+ &I01 " H&2+-%$H&)O('+--&BO"+I(0_&
B(0&#+%$.1(/0.((2&' (#4+,4&/_

"On<=>:

(*9"<B',$K"1'96.%41'+-"<.""O6<'$*-6'%1'#36'&$6"#%*1*0"., #"%1"K-6",$K"1'61;%$*186 1#.'%1'#6$8.*0'#36'{#$%+-6'
ERWWRP OLQHY WKDW HQFRPSDVVHV WKH WKUHH GLPHQVLRQV@I OLIH
DELOLW\ (YHQ WKRXJK XUEDQ GHVLJQ KDV D ZLGHU VFRSH IRU DFKLHY
&,$$61#'+$*&6..*0",$K"1'96.%41'3"."*0#61'K6&*86™ 1 *K.#"&-6'H*""##"%1%14'#3%." . &*+6U'

(36'&,$361#' ,$K"1'96.%41'+$*&6..'%.' #*+@9*V1B'%U6UB'4616$"--<'#36',$K"1'96.%416$.*$'+-"116$.'96.%41'#36'
JBK"1'61;%$*1861#" 19" #"-"#6$' #"46'#36'&*88,1%#<'8"<'3";6".*86'%1,;*-;686 1#U'(36$6$6'.6$%*,.' &$%#UD
&9%0.8.*0'#3%.'+$*&6..B".'%#'8"<' L #'#*,&3'#36'g4$*,19n'-6;6-'&*88,1%#<B"19'#36$60*$6B #36$6'%."".6$%*,.'$%.0'
#36.6'+$*M6&#.'V%--'0"%-"#*'&$6"#6'., # "% 1"K-6'61;%$*186 1#.U'A&&*$9%14-<B'%1*$96$ #*'*;6$&*86'#36'9$"VK"&O.
*0'#36'&,$$61# #*+@9*V1'+$*&6..B'$6.6"$&36.'3",6'9%.&,..69'%8+-686 1#% 14" K*##*8@,+'+$*&6.. U AK*##*8@
,+,$K"1'96.%41'+$*&6..V%--'4%;6'+$*8%161&6 #*#36'-*&"-'&*88,1%#<'%1#36',$K"1'96.%41'+$*&6..U'J*V6;63B'
%#'%.'0*, 19#3"##36'K*H#*8@,+',$K"1'96.%041'+$*&6..'3".'%#.*V1'164"#%;6'06"#,$6.B'V3%&3'&"1"9;6$.6-<"006 &#'
#36'&$6"#%*1*0".,.#"%1"K-6',$K"1'96.%41.U'

L1'#36'86"1#%86B'%#'%.'9%.&*,6$69#3"#'#36'&,$$61# #*+@9*V1',$K"1'96.%41'+$*&6..'3".'8"1<'+*.%#%;6'06"#,$6.'
V3%&3'&"1'+*.%#%;6-<'"..%.# 0*$'#36' &$6"#%*1'*0" ., #"%1"K-6',$K"1'96.%41.U'A&&*$9%14-<B' %#' %.' %--, #$"#69'
16%#36$#36'&,$$6 1#H#*+@9*V1'+$*&6.."1*$'#36".,446 #69K*#H#H*8@,+'+$*&6..'V%--"99$6.. #36'&$%#%&"-'%..,6.'0*$'
DFKLHYLQJ WKH FXUUHQW VFRSH RI XUEDQ GHVLJQ DQG WKHUHIRUH D

FzZ
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SURFHVYV ZDV UHTXLUHG WR RYHUFRPH WKH FXUUHQW UHVHDUFK JDS $
XUEDQ GHVLIJQ SURMHFWY LQ 1RUWK :HVW (QJODQG WKLV UHVHDUFK G
96.%41'+$*&6..'0$"86V*$O'#*' $6+-"&6'#36'&, $$61#' . #"19"$9'#*+@*V1'+$*&6.. #*'+$*9,&6"., #"%1"K-6',$K"1'
GHVLIQ VROXWLRQV LQ D QHLIJKERXUKRRG FRQWH[W LQ 8.

.%(C@1"3V'5*88,1%#<'68K69969B#*+@9*V1B'K*##*8@,+B".,. #'%1"K-6",$K"1'96.%4 1

FE
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'U (1¢QHVYVY & OSDNDWL *DPD

I"H#$%$"&" Y6&#,$6$'%1'5*1.#$,8#%*1"19'1$*MBE&H H" 1" 4686 1#
(&#9%$%)%3$"8&' (GLQEXUJK 1DSLHU 8QLYHUVLW\ 6FKRRO RI
%XLOW (QYLURQPHQW OHUFKLVWRQ &DPSX"
“+$- 4 H PSDNDWL JDPD#QDSLHU DF XN
56074##44 DG'5*-%1#*1'=*"9
(GLQEXUJK (+ '7
8QLWHG .LQJGRP

.$"/0,1234

'U (1;QHVV &KLSLOLUR 0OSDNDWL *DPD LV D OHFWXUHU DQG UHVHDUFKHL
RI (QJILQHHULQJ DQG WKH %XLOW (QYLURQPHQW VSHFLDOLVHG LQ &RC
6KH WHDFKHV XQGHUJUDGXDWH DQG SRVWJUDGXDWH PRGXOHV @WUDW
DJHPHQW 3URGXFWLRQ ODQDJHPHQW DQG &RQVWUXFWLRQ ODQDJHPHC
LVVXHV DIIHFWLQJ WKH FRQVWUXFWLRQ LQGXVWU\ (I¢H VWXGLHG $UF
6;6$"-"+* HA$"9, "#6' #,9%6. %1 $K"1' J*,. %14 H"1"4686 14 "# #36' L1.#%# #6' 0%$' J*,.%14' 7#,9%6.'%1' =*# @

WHUGDP 1HWKHUODQGVY 2UJDQLVHG 6HOI +HOS +RXVLQJ ODQDJHPHQ'
/XQG 8QLYHUVLW\ (QYLURQPHQW DQG 'HYHORSPHQW ODVWHUV SURJUDI
SURJUDPPH DW (GLQEXUJK 1DSLHU 8QLYHUVLW\ +HU UHVHDUFK @QWHUF

13X'$6.6"$&3'#*"'1"-<.6'68K*9%69'616$4<"19'&"$K*1'68%..%*1.*0",$K"1'3*,.9014'8"#6$%"-." 19'+$*&6..6.'
%1'H"-"V%U'J6$'$6.6"$&3'"19'*#36$' V*$0.'"$6'6;%961&69'%1";"$%*,."M*,$1"-.""19'&*106$61&6' +$*&669%14.U'
%HIRUH MRLQLQJ WKH DFDGHPLD (I¢H ZRUNHG IRU WKH ODODZL +RXVL(
"19'.,+6%$;%.%14' &*1.#$,&#%*1"*0" *&%"-'3*,.9%14U'?36'""- . *' V*$O69'V%#3'+$%; "#6'&*1.,-#"1#.""19'$,1'36$*V1'
AY!=L'&*1.#$,&#%*1'&*8+"1<U’

Aot 1+ & (H-A0/ A% (HEYH&-1N-"."0"#&"BO%""C
YHB+E" *+&+1(2%6+28+#+0$ & H#2& 01 (H&"H" -%-&(B&
J01"#&O+-%2+#4% " & 11%* 2%#H$-&Yot&1"*"1%

"On<=>:

BK L+ -"H%*1'%1&$6".6'9,6'#F $K"1@$,$"-' 8%4 #%* 1. V6" 1"#,$"- +7+,-"#%*1'$%.6'3"."-69'#*'6.8@
ODWHG XUEDQ VKHOWHU DQG PDWHULDOVY GHPDQG LQ GHYHORSLQJ FI
EXLOW RI NLOQ EDNHG EULFNV . %%V DUH HVFDODWLQJ KHQFH FRQV’
SROLF\ PDNHUYV SURSRVDOV WR XVH DOWHUQDWLYH PDWHULDOV DQG
96+-6#%*1'%."..*&%"#69'V%#3'61;%$*1861#"-'6006&#.' % 1&-,9%14'4-*K"-'&-%8"#6'&3"146U'L$*1%&"--<B'#36'+$*+*
DOWHUQDWLYHV VROLG FHPHQW EORFNV 6&%V VWDELOLVHG VRLO FF
DOVR FRQWULEXWH WR HQYLURQPHQWDO LPSDFWV GXH WR UDZ PDWHU
06V'.#,9%6.'3";6'K661'&*19,8#69'%1'#3%."$6"%1'H"-"V%B'68K*9%69'616$4<"19'&"$K*1'68%..%*1.'V6$6',.69'
"+'$"86#6%.'0*$'6;"-,"#%14'"'19' &*8+"$%14'61;%$* 186 1#"-' %8+"&#. #* "%9'.6-6&#%*1'*0' 8"#6$%"-.'"19' @*
&6..6.'0%$".*&%"-'3*,.%14'96;6-*+86 L#UA+$*&6..'%1;6 1#*$<"1"-<.%.'86#3*9B'V3*.6'9"#"V". *K#"%169'0$*8'
HPSLULFDO DQG GHVN VXUYH\V ZDV XVHG WR REWDLQ LQYHQWRULHV

FR
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8" *1$<'8"#6$%"-."19'#36%$'+$*&6..6.U"_3%-6""0,1&#%*1"-',1%#*TD8--'V".".69H#*'&"-&,-"#6',1%#'616$4<'

"19'&"$K*1'68%..%*1.B""RG8™ #"19"$9".*&%"-'3*,.6'V".",.6 9'#*' &*8+"$6'#36'%8+"&#."*0"1'6 1#%$6'3*,.6U'

%DVHG RQ WKH ¢QGLQJV D .%% KRXVH KDWGYX64KE'ITCHBY.BE"YEBO-ME.#R | W&
WE&2ZKHQ XVLQJ FHPHQW PRUWDU &RQWUDU\ D &% KR&Z#$60BV WKH K
W&2RI D .%% KRXVH ZKHQ XVLQJ OLPH PRUWDU 7KH UHVXOWV GHPRQ

9V6--%14.";"$<'61#61.%;6-<'9,6'#*'8". *1$<'8"#6$%"-.""19'K%196$',.69U'A&&*$9%14-<B'K*#3'0"&#*$.' 166 9'#*' K6'

&*1.9%96$69'V361"99$6..9014'4-*K"-'V"$8%14'%8+"&#.U'(36".#,9<'6.#"K-%.369""'K".%.'0*$'96 &%.%*1'8"0%14'0*$'

GHVLIJQHUV DQG SROLF\ PDNHUV EXW DOVR FDOOV IRU IXUWKHU LQYHV

H"-"V%"19'K6<*19U'

2%(C@15 %XLOGLQJ PDWHULDOV (PERGLHG FDUERQ DQG HQHUJ\ 0ODODZL

FS
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2<E&+W<M&.=Y=;

I"#$%$"&" =6.6"$&3'A..%.#"1#'
(&#%$%)%S$"&'  >-*K"-'X%." #6$'=6.%-%61&6'56 1#$6B'?&3**-*0'A$#B'X6.%41'
$UFKLWHFWXUH 8QLYHUVLW\ +XGGHUV HC
*+$-4,6607#' H H KD\DW#KXG DF XN H]JULKD\DW#JPDLO FF
5607##'44 >-*K"-"X%." #6$'=6.%-%61&6'56 1#$6B'
8QLYHUVLW\ +XGGHUV{ HOG
d,661.#$66#?#,9%*.B'd,661.4"#6B'
+XGGHUV¢{HOG +' '+

.$"/0,1234

(JjuL Lv D 5HVHDUFK $VVLVWDQW LQ WKH *OREDO 'LVDVWHU 5HVLOLHQF
¢QLVKHG KLV 3K' LQ 'LVDVWHU ODQDJHPHQW DQG ,QIUDVWUXFWXUH 5H|
FGDZB',196$#36'.,+6$;%.%*1*0'1$*06..*$'X%-"1#3%'A8"$"#,14""19'1$*06..*$'=%&3"$9'J"%43U'

+LV WKHVLVY HQWLWLOHG DV p(YDOXDWLRQ RI WKH /RFDO *RYHUQPHQV
=*"9'=6&*1.#%$,&#%*1'A..6#.hB'3%43-%43#.'#36'1669'#*'8"1%8%.6'#36'";"-,6'*0'%1,;6.#861#'8"96'%1 #36' $E&*1
H#$,&#%*1*0'$*"9'%10$" #$,&#,$6'.6&#*$' %1 +* #@9%." #6$'&* 1#OI# #3$*,43'+$6+"$"#%*1*0'+$*+6$'8" % 1#61"1&6'
+-"1""19'%8+$*,%14'#36' &"+"&%o#H<"*0'#36'-*&"-' 4*;6$1861#U' J6'"-.*' 3*-9."" 8" . #6$' 964$66' %1’ 5* 1 #$,&#%*1'
ODQDJIJHPHQW IURP WKH 8QLYHUVLW\ RI 1HZ 6RXWK :DOHV $XVWUDOLD |
0$*8'($%."0#%":1%;6$.%#<B'L19*16.%"U’

(JULTV UHVHDUFK LQWHUHVWYV LQFOXGH GLVDVWHU PDQDJHPHQW LQIUL
“+861#U'J6'.660. #36"++*$#, LVoH<'#*'3"6"" M* U 1# &*--"K*$"#%*1'V%o#3*#36$'$6.6"$836%$." 19'+$*06..%*1"-'0$*8'
WKH LQGXVWU\ 3ULRU WR KLV DFDGHPLF FDUHHU (JUL VSHQW KLV SURI
O*1*$'*$4"1%."#%*1'%1&-,9%14'>(2""19":P' JACL(A( %1 1,8K6$ *0'+* #@9%." #6$ $6&* 1 #$,&#%*1'+$*M6&H %1’
A&63"19' 6.4#72,8"#$"B'L19*16.%"U

+3""4% (#&(B&* (" &B(3+0HI+#4-8™) %4 &
VoH&A. +&)" Vot A+#"#+&(B&) (-4 2%-"-4+0&0("2&
O+ (#-40/'4% (#&"--+4-

"9 <=>;

=*"9'%10%" . #3$,&#,$6.'+-"<"1'%8+*$#"1#'$*-6'%1 #36'6&*1*8%& %8+$*;686 1#*0'#36'&*88,1%#<'%1#36".,§5*,19
%14"$6"U'=*"9'#$"1.+*$#'9%.$,+#%*1."$6"-.*".,446 #69".'#36'&$YoH#%&"-' &* 1 #$" % 1#. H#*'+$*,%9%14'6006&#%;6"'19'
HI¢FLHQW UHVSRQVHV LQ DQ HPHUJHQF\ ZKLFK PD\ UHVXOW LQ KLJK W
$V URDG LQIUDVWUXFWXUH LV DPRQJVW WKH WRS SULRULW\ LQ D SRVW
*0'%1;6.#861#B'#36".#,9<'6;"-,"#6. #36'&"+"&NH#<*0'#36'-*&"-'4*,6$186 1#'%1'8" % 1#"%1%14'#36'$*"9'$6 &E. . #3,&
#%*1'"..6#.U' (3$66' 9%.#$%8&#.' %1'A&63' V6$6' %1&-,969'".'#36' &".6" .#,9%6.U' 268% @ .#$,&#,$69' %1#6$;%6V.' V64
FRQGXFWHG ZLWK KLJK OHYHO RI{(FLDOV SROLF\ PDNHUV DQG WKH VW
$6&*1.#P,&H%* 1" "#' #36' 1"#%*1"-B'+$*;%1&%"-B'"19'#36"'-*&"-'-6;6-"".'#36' +$%8"$<' 9"#" &*--6&#%*1' 86#3*9.U' (36
¢QGLQJV VXIIJHVW WKDW WKH URDG LQIUDVWUXFWXUH ZDV JH@HUDOO
6$1861#.'*0'#36'&".6'.#,9%6.'-"&069'#36' +$6;61#%;6'8"%1#61"1&6' &,-#,$6B'"19'#36%%$ 4616$"-' $6.+*1.6.' #*'

FQ



IHHIOE () #-1%/0" & 1#+2%'3) 2% &) 4"
50+06#+6'()74-/8'9),#0-") 06#+6';"<0+' [=/>/-)AT/+$'2&")*6& @T4")>I="A")B/,$'50+06/7/+$ C+="DO-*"E/+/"0$#)+

+$6.6%;6'#36'$*'9'%10$" #$,&#,$6'VES6'#*'+* #+*16'#36'8"%1#61"1&6'1669'K<',.%14'#36'8*$6'61+61.%0;6'3%4 3"
VWDQGDUG SDYHPHQW W\SHV +0$ DQG WR UHSDLU WKH URDGYV ZKHQ W
K<"'1,8K6$"*0'%1#6$1"-"19'61#6$1"-'0"&#*$.U'(36"-*&"-'+*-%#%&"-' &*19%#%*1B'#36' *&%* @6 &*1*8%&'&*19%#%* 1E
FRQALFW Rl DXWKRULWLHY EHWZHHQ JRYHUQPHQW DJHQFLHV LQYROYF
FDSDFLW\ RI WKH GLVWULFWV ZHUH H[DFHUEDWHG E\ WKH SRR@FDSDF
V*$O'0*$'#36'$6&* 1 #$,&#%*1"19'8"%1#61"1&6*0'$*"9'%10$" #$,&#,$6™..6#.'V"."-.*'. 446 .#69'%19%& "#%14'#36'
9%006$61#'+3".6.*0'$*"9'%10$".#$,&#,$6'-%006'&<&-6'%1"+* #@9%." #6$'&*1#6#U

%(C@1"3V'+* #@9%." #6$B'%10$" #3,&#,$6'$6&* 1. #$,&#%*1B'-*&"-'4*;6$1861#B'$*"9'8"%1#61"1&6'

TG
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2<E&.@7?@A=&0MQ@<=

I"#3%$"&" =6.6"$&3'A..%.#"1#'

(&#%$%)%$"'& 8QLYHUVLW\ RI (GLQEXUJK
*+,$' 4 K ULYHUD#HG DF XN
5607##'44 8QLYHUVLW\ RI (GLQEXUJK

D'?* #3'5$*1#69'$*"9B"
/IRQGRQ 6( $=
8QLWHG .LQJGRP

.$"/0,1234

'U +HOHQD 5LYHUD LV D 5HVHDUFK $VVLVWDQW DW (6%$/$ 8QLYHU&LW\ RI
ZLFK 8QLYHUVLW\ +HOHQD VWXGLHG $UFKLWHFWXUH DW WKH %DUWOH\
6KH LV D SURIHVVLRQDOO\ TXDOL¢{HG LQ $UFKLWHFWXUH $5% %%$ DC
WHFWV RQ WKH 5RWWHUGDP 0ODVWHUSODQ DQG WKH :HVW %URPZLFK /R)
%.'0*,196$"19'X%$6&#*$*0'A?8"--"2#,9%*B" 1" $&3%#6&#,$619'+-"11%14'+$"&#%&6'K".69'%1'Y*19*1'V*$0%14*1'
"$"146"*0'K,%-#"19".+6&,-"#%;6'+$*M6&#.U

+HOHQDYTV UHVHDUFK IRFXVHV RQ ODUJH VFDOH KRXVLQJ SURMHFWYV [
KHU 3K' LQ 30DQQLQJ LQ DW WKH %DUWOHWW 6FKRRO RI 30DQQLQJ
&'$ IXQGHG E\ WKH $UWV DQG +XPDQLWLHV 5HVHDUFK &RXQFLO $+5&
DQG 8UEDQLVP LQ .LQJVWRQ 8QLYHUVLW\ EHWZHHQ DQG @V FXUL
#68&#,$6"1%H#" #>$661V%&3":1%;6%$.%6#<U'J6-61"3".'$686%:;69'0,19%14'0*$'$6.6"$&30$*8#36:A$#."19'],8"1%+#%6."
5HVHDUFK &RXQFLO WKH 1DWLRQDO (QGRZPHQW IRU 6FLHQFH 7HFKQR|
PHPEHU Rl WKH ,QWHUQDWLRQDO UHVHDUFK WHDP OHGHOOtQ 8UEDQ ,Q
Y%10.>$"1#0$*8'#36'C$%#%.3'5*, 1&%-U’

142+ 064 & 01" #&YoHH#(3 4% (#&&d %

"Qn<=>:

,Q OHGHOOtQ &RORPELD ZDV DFFODLPHG WKH PRVW LQQRYDWLYH Fl
(36'&%0#<'3"."+%*166$69'%11*;"#%:;6'0*$8.*0'+-"11%14"19'8"1"4686 1#U"I*V6;6$B'%1%#%"-' #,9%6.*0'H#E6.'+-"1

1%14"++$*'&3".3*V."#36$6""$6"'$6".'%1' &$%#%&"-'1669*0'0,$#36$".#,9%6.U'L1'$6-"#%0* 1'#*'#36'&*$6'#3686'*0'#3%.
ZRUNVKRS , SURSRVH WR SUHVHQW D GLVFXVVLRQ IRFXVHG RQ LVVXHV 1

,Q OHGHOOtQ ORZ LQFRPH GHYHORSPHQWY DUH UHSOLFDWLQJ KLJK Ul
GHYHORSPHQW KDV OLWWOH UHJDUG IRU WRSRJUDSK\ HFRORJLFDO FR
A-#3*,43'5*-*8K%"%.'61+6$%061&%14"'+6$%*9*0'$"+%9'6&*1*8%&'4$*V#3" 19", $K"1%. " "#%*1B'%#'$68"%1.*16*0'#36'
PRVW VRFLDOO\ XQHTXDO FRXQWULHV LQ /DWLQ $PHULFD D FRQGLWLR:

7KLV UHVHDUFK TXHVWLRQV WR ZKDW H[WHQG HQYLURQPHQWDO DQG

KHOSLQJ WR LQFUHDVH VRFLDO HTXLW\ DQG ZHOOEHLQJ LQ WKW FLW\
#%;6.W

TD



IHSHYO&! () #-"1%610" &I 1#+2%'3) 2% &) 4"
50+06#+6'()74-18'9) HO-")*Yo#t+6';"<0+ [=/>[-)AT/+$2&"*6&' @ TA")>I="A")B/,$'50+06/7/+$'C+="DO-*/'E/+/"0$#)+

DU'LOB1#960<"+*-%&<B'% 1. #06#, #%6*1"-"19' *&%* @6E&*1*8%& &*1 #$"% 1#." 19'K"$$%66%. #3"#" 006 &# #36'96;6-
*0'#36'&Y6H<"
,GHQWLI\ LQVWUXPHQWY LQ WKH FXUUHQW SODQQLQJ OHJLVODWL
#*K6"99$6..69
TU'L961#%0<"19'614"46'#36"++$*+$%"#6' #'063*-96$." 19'0*$8. *0'+"$#16$.3%+#3"#'8"<'%8+-686 1#+%-*#'
+$*MB&H.'%1'6"&3*0'#36"$6". *0'&*1&6$1
&RQGXFW LVVXH VSHFL{F VFRSLQJ VWXGLHY LQWR FLW\ FHQWUH
DQG FXOWXUDO YDOXHV HQYLURQPHQWDOO\ DQG VRFLDO@\ DSS!
SURSULDWH IRUPV RI KRXVLQJ SXEOLF UHDOP LPSURYHPHQW DF
"$6™ +4$"99%14"19' *8%"- % 1#64$" #%6*1

A'OB6<"*KMB&#%0;6'*0'H:L'%.'#*'6.#"'K-%.3""01*V-6946'61&3"146""19'#$"%1%14'+$*4$"886U'L#'V%--'K,%-9'&"+"&%0#t<
%1'5*-*8K%"1',1%;6%$.%#%6.'#3%*,43'#36',+.0%--%14*0'61%.#%14"19'16 V' . #"00*1'#36'#3686. . #$,&#,$Y6@4 #3%. +$*
+*."-""19" #$614#361%14'*0'#36%3$' $6.6"$&3'%10$" #$,&#,$6.'%1' &*1.6$; "#%*1B'-"19.&"+6'"$&3%#6&#,$6B'3*,.%14L
"19',$K"1'96.%41"19'+-"11%14U

2%(C@1'5 OHGHOOtQ 6RFLDO (TXLW\ S8UEDQ ,QQRYDWLRQ *OREDO 6RXWK

TF
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2<E&0=]&_ =LO<&K=K

I"#3%$"&" ?61%*$'Y6&#,$6'%1'5* 1. #$,&#%*1'H"1"46861#'
(&#%$%)%$"&"  Y%;6$+**-"*31'H**$6.":1%;6%.%#<

*+,$' 4 U VKDK#OMPX DF XN

5607##'44 =**8'TGRB'536$%6'C**#3'C,%-9%14'

' ' C<$*8'?#3$66#'

Y%;6$+++-"*31' H*$6.":1%;6%$. Yo#<
Y%:6$+**-B'YT'TA7
8QLWHG .LQJGRP

.$"/0,1234

, DP D 6HQLRU /HFWXUHU LQ FRQVWUXFWLRQ PDQDJHPHQW , PRYHG WF
XOW\ Rl (QJLQHHULQJ DQG 7THFKQRORJ\ /-08 DIWHU ZRUNLQJ DV D UHVH
:1%:6%$.%6#<U'L'3";6'8*$6'#3" 1 #61'<6"$.*0'+$*06..%6*1"-'61+6$%6 1&6'%1'&* 1 #$,8#%*1'%19, #$<"19'1%16'<6"$."*0"
"&"968%8& '61+6$%6186B "+ $#%&,-"$-<'%1'$6.6"$&3" 19#6"&3%14U'L'V*$069" . "I$*MB6&H 5* 1#$*-'H"1"46$'%1'd"#"$'
DQG LQ 6UL /DQND DV D 3URMHFW O0DQDJHU , DOVR ZRUNHG DV ®'LVWU
+-<"19' 1% # %+ 1B 4%:6$1861#+0'P6+"-B'"19'$"1'8<*V1'&*1. -#"1&<'K,.%16..'%1' P6+"-U'5,$$6 1#-<B'L""8'
#6"83%14"H#"--'-6,6-.".""8*9,-6'-6"96$""19"- ¥ %1 ;*-:%14'% 1 K*#3' % 1#6$1"-""19'61#6$1"-'6;61#.". *8&%"#69'

ZLWK OHDUQLQJ DQG WHDFKLQJ 0\ UHVHDUFK LQWHUHVW DUHD®& DUH ¢
OD\ DQDO\VLV ULVN PDQDJHPHQW VXVWDLQDEOH FRQVWUXFWLRQ ,7
YLUWXDO UHDOLW\ YLVXDOLVDWLRQ DQG VLPXODWLRQ HDUWKZRUN SC
PRUH WKDQ SRVWJUDGXDWH VWXGHQWIV GLVVHUWDWLRQV RQH 3K’
DV DQ ([WHUQDO ([DPLQHU , KDYH DQ H[FHOOHQW UHFRUG RI DFFRPSO
&*1 #$,8#%*1 +$*MB&H'8"1"46861#"19'8%;%-'614%166$%14U'L'3";6'+,K-%.369'FZ'$6.6"$&3'+"+6$.'%1'#36'$6+,#69'
M*,$1"-.""19' &*106$61&6' +$*8669%14.U'L'"8'"-* 614"469'"."" $6,%6V6$ %1' #36' %1#6$1"#%*1"-' &*106$61&6."
VXFK DV &2195 $5&20 DQG SHHU UHYLHZ MRXUQDOV OLNH (&$0 &O0( $,&
&KDUWHUHG ,QVWLWXWH RI %XLOGLQJ ,&,2% D &HUWL¢HG &LYLO (QJI
DQG WKH )HOORZ PHPEHU RI WKH +LJKHU (GXFDWLRQ $FDGHP\ )+($

V1A' & (H-1*4" A% (& #28:3%-1"*&-Y6\/*"4% (#8&(B&O("2& #2&40"BB%'&
VHHYHSEYHEA +&. (-VoHPR2+3+4() I +HANE & -+ &(B&IV622%+ "3+#E&
0+$+#+0"4%(#&)0(5+'4

"Qn<=>:

N%.,"-' &*88,1%& #%*1'%. " 06<'86#3*9' 0*$'614"4%14' "19' 46##%14' + K-%&' &*1.61# %1'"" 16V' 96;6-*+861#' *$'
UHJHQHUDWLRQ SURMHFW 9LUWXDO 5HDOLW\ 95 LV HYROYLQJ WHFKQ
+$*MB&H % 10*$8"#%*1'% 1 TX ;%6V""19'. $$*,19%14'-"19.&"+6'%1&-,9%14' *&%"-""19'61;%$* 186 1#"-'%8+"&# %1 '#3€
[%$#,"- 61;%3$*1861#U" (36' &*1.#%$,8#%*1'8"1"46%.' 3";6' #* 96+619' *1'#36' ., KM6&#%;6' 968%.%*1.'"19'6-,.%;6'
%8"4%1%14' 0*$'#36' &* 1 #$,8#%*1' +$*&6..B'$6.* $&6.' +-"11%14B' V*$O.+"86' &*146 #%*1'"19' +$*4$6..' @1%#*$
LQJ 7KLV KDV FDXVHG XQFHUWDLQWLHV LQ SODQQLQJ DQG VFKHGXOL
&* #%,6$%$,1.U'(*'*;6$&*86'#36.6'%..,6.B'" N="8*96-'V".'96;6-*+69' #* %8+$*,6' &*88,1%& "#%*1'"8*14'
#'063*-96$."19'46#+ K-%& ' &*1.61#K<+$*%9%14",%.,"-'%10*$8"#%*1*0'H%99-63";61 +$*M6E&H"19'Vo#. % 8+"&#*1'
H[LVWLQJ URDG WUDI{F FRQJHVWLRQ DQG VXUURXQGLQJ ODQGVFDSH 7

TT



IHSHYO&! () #-"1%610" &I 1#+2%'3) 2% &) 4"
50+06#+6'()74-18'9) HO-")*Yo#t+6';"<0+ [=/>[-)AT/+$2&"*6&' @ TA")>I="A")B/,$'50+06/7/+$'C+="DO-*/'E/+/"0$#)+

ZRUN DFWLYLWLHY DQG VSDFH FRQJHVWLRQ WKXV LPSURYLQJ WKH VLW
&"$K*1'68%..%*1B"19'V" #6'%1'&*1 #$,&#%*1'+$*M6&#.U'H*$6*;6 $B "'+ $*#*#<+6'8*96-'V"."- . *'96;6-*+69'V%#3'
URDG GHVLJQ GDWD VHFWLRQDO TXDQWLWLHYV YDULDEOH SURGXFWLYL
DOJRULWKPV $ FXW ¢00 DOJRULWKP ZDV GHYHORSHG WR RSWLPLVH HI
SUR({OHVY ORFDWLRQ EDVHG FRQJHVWLRQ SODQV DQG FRVW SUR¢{OHV
0$*8'$*"9'+$*M6&#.' V6$6',.69'#* 968* 1. #$"#6'#36'0,1&#%*1"-%#%6.'*0'#36'8*96-B'V3%&3'"%9.' #*';%.,"-%.6'#36'
HDUWKZRUN VFKHGXOLQJ LQIRUPDWLRQ ZRUNVSDFH FRQJHVWLRQ DQG
*0'#36'8*96-'0$*8'+$*06..%*1"-.'0*, 19'#3"##36'8*96-'%.""96&%.%*1"., ++*$#% 14 #**-B'V3%&3'%.",.60,-' % 1'96B +$*;
%14".%#6'+$*9,&#%;%#<"19'$69,&%14'#36'+$*9,&#%*1'&* #'%1'8"..'"6"$#3V*$O'+-"11%14U'(36".#,9<'&*1&-,96. #3"#'
#36'8*96-'%."";"-,"K-6'#**-'0*$";%.,"-%.%14"'.&369,-%14'%10*$8"#%* 1 B"*+#%8%.%14'$6.*,$&6.B"19'%8+$*;%14'#36'
&*88,1%&"#%*1'4"+"8*14.# #"063*-96$.*1'#36'&*8+-61'3*,.%614"19'%10$". #$,&#,$6'+$*M6&#.' %1 8*$6'GD
(FLHQW DQG HIIHFWLYH zZD\

2%(C@15 &RPPXQLFDWLRQ (DUWKZRUN SODQQLQLVIOPBQVD WRREH RN NoALF
&*146.#%*1'

T]
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2<E&!=<;MA&!6<G=A&400?M

I"H$%$ 8! 261%*$'Y6&#,$6$'%1'5%1 #$,8&#%*1"19'1$*M6&H H"1"46861#"
(8H%$%)%$"&  Y*43K*$*,43':1%;6%$.%6#<

“+$- 4 PP WXXOL#OERUR DF XN

56074## 44 57 6FKRRO RI &LYLO DQG %XLOGLQJ (QJL

Y*43K*$*,43':1%;6%$.%6H<
$VKE\ 5RDG /( /(
8QLWHG .LQJGRP

.$"/0,1234

ODUWLQ KROGV D 3K' LQ FRQVWUXFWLRQ SURMHFW PDQDJHPHQW@ URP W
%169'68+*V6$861#"19'&* 1#$*-'9<1"8%&.'% 1 +$*MB&H #6"8.'0$*8'8,-#%-6,6-"19'% 1#64%$"#%;6'+6%$. +6&#%:;6.U'J6'
KDG HDUOLHU REWDLQHG KLV % 6F LQ %XLOGLQJ 7THFKQRORJ\ )LUVW &
RI 6FLHQFH DQG 7HFKQRORJ\ .1867 .XPDVL *KDQD )ROORZLQJ KLV URC
7D\ORU :RRGURZ &RPSDQ\ DV 4XDQWLW\ 6XUYH\RU DQG 0DQDJHU RI WK
DQG DIWHU VXFFHVVIXOO\ FRPSOHWLQJ KLV 3K' LQ ODUWLQ KHOG S
=6.6"$&3'A.. %6 #"1#"19"1%;6$.%6#<"*0'_6.#8%1.#6$B'Y*19*1B" '261%*$'Y 6&#,$6$'%1'5%1 #$,&#%*1'5*886$8%"-'
ODQDJHPHQW +H MRLQHG WKH 6FKRRO RI &LYLO DQG %XLOGLQJ (QJLQH
" Y B&#,$6$ %1 d,"1#9%#<'2,$;6<%14'"19'3" 'K661' 261%*$' Y 6&#,$6$'.%1&6'H"$&3' FGD]U'H"$#%1' %. - E*1*$
DU\ $VVLVWDQW 3URIHVVRU DW WKH 'HSDUWPHQW RI 5HDO (VWDWH DQC
VLQFH -X0\ +LV UHVHDUFK WR GDWH KDYH IRFXVHG RQ VXVWDLQLQ.
"19'+$*MB&H@K".69"*$4"1%. "#9%* 1. #3$* 43'#36'96;6-*+861#"19"'9;"1&686 1#*0'#36*$%6.*0B"" 19'#36'68@6$%
FDO YHUL,FDWLRQ DQG YDOLGDWLRQ Rl VWUDWHJILHYV PHFKDQLVPV IRU
+,K-9.369"%,6$'ZG'+"+6$.'%1"&"968%&' M* $1"-."19'&*106$6186."19'%.'&*@" #3*$*0#V*K**0'&3"+#6$.U’

0+-%*+%#4&%#B0"-40/'4/0+&2+*%3+0"

"On<=>:

H<'&,$$61#'$6.6"$&3' +*$#0*-%*' 0*&,.6."*1'#3$66' K$*"'9' #$"#64%&'"$6".' %1'#36'8"1"46861# *0' +$*M6&#. "19'
SURYLVLRQ RI UHVLOLHQW LQIUDVWUXFWXUH HPSRZHUPHQW FRQWUR!
VI\IVWHPYV DQG KXPDQ IDFWRUV LQ SURMHFW PDQDJHPHQW 7KLV @RFXV kK
LQJ 6\VWHPV IRU %,0 HQDEOHG 3URMHFWYV %XLOGLQJ 5HVLOLHQFH LQ
I$*MB&#>*,6$1"1&6'?<.#68.U'(36'8"%1#3$,.#.*0#3%.'$6.6"$&3'0*&,."$6 #*W'%96 1#%0<'#36'9%86 1.%*1 @0'$6.%-
LHQFH DW WKH KXPDQ LQGLYLGXDO OHYHO UHVLOLHQFH FRPSHWHQFLH
FDSDELOLWLHY GHYHORS HIIHFWLYH VWUDWHJLHV IRU HPEHGGRQJ WK
IHUHQW FXOWXUDO FRQWH[WY DQG SURMHFW EXVLQHVV VHWWLQJV L H
SURYLVLRQ WHFKQRORJLFDO SODWIRUPV £+ HJ %,0 DQG LGHQWLI\LQJ
PHFKDQLVPV UHTXLUHG WR JLYH SURSHU HIIHFW WR WKHVH UHV@OLHQF
16..U'(3%.'+#.'&"+"&%#<'K,%-9%14"#'#36'&6 1#$6'*0'#3%.'$6.6"$&3'#3$, #B'#*'61"8%16'#36'&"+"&%#<'K,%-9%14"1
.0%--'96;6-*+861#%..,6."16&6.."$<"#%19%;%9,"-B*$4"1%."#%*1"-[%1.#%# #%*1"-"19'%19, #$<"-6;6-.#*61., $6 #36'
96-%;6%$<"*0"., #"%1"K-6'+$*M6&#.U'

%(C@1'5 &DSDFLW\ %XLOGLQJ &RPSHWHQFLHV (PSRZHUPHQW ,QlUDVWU

TZ
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.$"/0,1234

XS$'_69"V"HH#"%.""-68#,$65'%61'5*1 #$, &HY* 1" HA #+1"1%;6$.%6#<U'J6'3". 13X 0$*8'#36':1%;6$.%6#<"*0'?"-0%$9'
"19'%6."'4$"9,"#6'%1'd," 1#%H#<"2,$;6<%14'0$*8": 1%;6%$.%6#<*0'H*$"#,V"B'2$%'Y "10"U'J6'%."'53"$#6$69'5* 1@$, &
WLRQ ODQDJHU DQG D )HOORZ RI +LJKHU (GXFDWLRQ $FDGHP\ *mDQ KD
DVWHU UHVLOLHQFH H[WUHPH ZHDWKHU HYHQWY DQG FRQVWUXFWLRQ
WR ARRGLQJ DQG VXVWDLQDELOLW\ LQ FRQVWUXFWLRQ +H KDV FRQW L
+$*MB&H."99$6..%14'"K*:6'%..,6."19'%.' & $$6 1#-<'#36'+$%18%6+"-'%1;6 #%A #*$ *0 " +$*MEE&H 1,6 .#%4 " #%14' -*]
WHUP SHUIRUPDQFH RI SRVW GLVDVWHU KRXVLQJ VFKHPHV IXQGHG E\ W

*(#$84+01&)+0B(01"#'+&(B&)(-48&2%-"-4+08&..(/-%H#$C&
J." A8 " HE1+&*+" O#+ 28 B(0&) * HHYHS L H2&) H" $YHS&
)(-48&2%-"-4+08&..(/-%#$&)0(5+4-

"9n<=>:

X6;" #'#%14' 1"#,$"-" 9%." #6$.' $6.,# %1' V%9I6@.&"-6' +$*+6$#< 9"8"46' "19' 61#61.%;6' $6&*1.#$,&#% @ +$*
4$"886.U'J*V'.,&3'3%,.%14' +$*,%.%*1.' +6$0*$8' %1'#36' -*14@#6$8' %.' <6# #* K6'61+-*$69' %1' 96#"%-'"19'3".'
$686%;69'-%68%#69 " #H#61#%* 1" '#36'68+3".%.'%. *0#61'*1'. 3*$#'#+ 869%,8'#6$8'$6&*;6$<'9,$%14'#36™"0#6$8"#3U"
C<'%1;6.#%4"#%14' &, $$61#'+6$0*$8" 186" 19" &8, +"1#'."#%.0"8HY*1'*0'+* #'9%." #6$'3*,.%14'+$*M6&#. #3"#3";6'
EHHQ FRPSOHWHG DQG RFFXSLHG IRU D UHDVRQDEOH OHQJWK RI WLPH
K6'-6"$169' 0%$' +-"11%14'"19'8"1"4%14"' ., &3' .&3686.' %1' #36'0,#,$6U' C<' #,9<%14'#36'&".6'*0' FGGZ' +* #'
#.,1"8%'3*,.%14'+$*MB&H.'%1'?$%'Y "10"B'&, $$6 1#'$6.6"$83".660. #*'61+-*$6'3*V 436" +*. #@9%. " #6$'3*,.%14'$6 @
FRQVWUXFWLRQ SURMHFWYV KDYH SHUIRUPHG LQ WKH ORQJ WHU® DJDL
%14'+$%,%96$.'"19'8"06' $68*88619"#%*1.' 0%$'0,#,$6' +$"&#%&6'"19' +*-%&<@8"0%14'*1' +* #@9%." #6$' 3*,.%14'
UH FRQVWUXFWLRQ $OWKRXJK WKH UHVHDUFK ZLOO EH XQGHUWDNHQ 1
FRXQWULHV ZKHUH SRVW GLVDVWHU KRXVLQJ UHFRQVWUXFWLRQ SURN

ARRGLQJ >LQFOXGLQJ WKH ARRGYV LQ WKH 8.@ F\FORQHV HDUWKTXDNI
WR RWKHU 6RXWK $VLDQ FRXQWULHV LQFOXGLQJ 1HSDO %DQJODGHVK
KLJKO\ YXOQHUDEOH WR GHYDVWDWLQJ QDWXUDO GLVDVWHUV VXFK D'
+$%06..%6%1"-.'V*$0%14'%1'#36.6' & 1#6#.'V%--'K6'"K-6'#*'"9;%.6""++$*+$%"#6-<'0b1'#36' &* 1#6I# *0'+* #@9%." #6$
3%,.%14"%869"#-*14'#6$8'+6$0*$8"186™19"., #'%1"K%-Yo#t<U"

2(C@1"3V'X%.". #6$B'J*,.%14B'6$0*$8"1&6B'=6&*1.#$,&#%*1B'=6.%-%61&6'

TE



)=<;M>ML=A;&1IME6G<=LKM@:&=AD&"9:;<=>;:

2<E& 0O8=A&IK=AG

I"#3%$"&" =6.6"$376--*V'
(&#%$%)%$"'& 7KH 8QLYHUVLW\ R +XGGHUV,HOG
*+,$' 4 \ ]JKDQJ #KXG DF XN
5607##'44 28&3**-"*O'A$H#'X6.%41"19'A$&3%#6&#,$6
' ' (36":1%;6%$.%#<*0'1,996%$.966-9
d,661.4"#6

+XGGHUV,HOG +' '+
8QLWHG .LQJGRP

.$"/0,1234

0\ UHVHDUFK IRFXV LV WR WDNH D KROLVWLF YLHZ RI KHDOWKFDUH EXI
EXLOGLQJ XS WKH WKHRU\ IRXQGDWLRQ ZK\ ZH QHHG D KROLVWLF YLH
EXLOGLQJV VSDFHV DQG HQYLURQPHQWY FKDUDFWHULVWLFV WKDW UH
3%-0%.#%&'0$"86V*$O#*'61+-*$6'0,#,$6'$6.6"$&3U"_361'L'V"."#'2"-0*$9":1%;6$.%6#<B'8<'V*$O'V". #*&*19,&#'*1"

D YDULHW\ LVVXHV UHODWHG WR SULPDU\ VFKRRO GHVLJQ 7KH ODWHYV
(365& IXQGHG IRFXVHG RQ WKH VFKRRO DQG FODVVURRP HQYLUBQPHQ\
LQJ SURJUHVV 7KH ¢QGLQJV RI DOO SURMHFWY KDYH EHHQ SUH@HQWHC
63, 6#&U" F#3"##36<'&"1'#"06'#36.6'%96". % 1#-#36%3$'+$"8H%&6'"19'#* 61+6$%86 1# VI6#3 #368U'A- X #36'+"+6$.
SXEOLVKHG LQ PDQ\ SHHU UHYLHZHG DFDGHPLF MRXUQDOV , ¢QLVKHG
11%;6%$.%#<U'(36'$6.6"$&3+$*MBE&H V" " ##68+#69'#* 96,6-*+""966+', 196$.#"19%14'*0'#36'61;%$*186 1#@0"&

WRUV WKDW LQAXHQFH WKH RFFXSDQWVY SHUFHSWLRQ DQG EHKDYLRX!

FRQYHQWLRQDO KLJK ULVH RI¢FH EORFN DQG DQRWKHU RQH ZDV D FR(
K,%-9%14U'

L'3",6™ #$*14'$6.6"$&3'K"8&04%$*,19""19™"1'61&6--61# $6&*$9*0""&&*8+-%.3861#*0'$6.6"$&3'% 1" +6&H.*0'
K,%-9%14'96.%641'"19' %o#.' %8+"8# *1'*&&,+"1#.U'L';6' &*19,&#69'8"1<'-%;6' +$*M6&#.' *1'#36'K, %-# 61;%$*186 1#
GHVLJQ DQG LWV LPSDFW RQ RFFXSDQWVYT SHUIRUPDQFH 7KH ¢QGLQJV
SHHU UHYLHZHG DFDGHPLF MRXUQDOV 2QH RI WKHP WXUQHG RX& WR E
LQJ DQG (QYLURQPHQWY DQG ZRQ WKH p%HVW 3DSHU $ZDUGTY LQ

"&.(*%6-4%'&3%+I&(B&. +"44. "0+ & 1/%*2%#$-&" H#28&
%04-&Y6!) " A& (HE&("]) #A-68 I+ 1 +%6H$

"On<=>:

(36$6'3".'K661'61#61.%0;6'$6.6"$&3".%1&6'#36'DQSG. #*',196$.#"19'#36'6006&#.* 0'#36'+3<.%&"-'61;%$*186 1#"-'
*1'#36'36"-#3"19'V6--K6%14*0'+6*+-6'%1'3*.+%#"-".6##%14.U'J*V6,63B'#36$6'%.".&"$&6'%1,6.#%4 "#%*1.'0*&,.%14
*1'#36'V3*-6'K,%-9%14'+6$.+6&#%;6U'(36'+,$+*.6*0'#3%." #,9<'%.#*9%.&,..'"#36'%8+*$#"1&6*0'6; KOGDL6
36"-#3&"$6'96.%41'0$*8'" 3*-%.#%&' +*%1#'*0';%6VB' "%8%14' #*' & * 1#$%K #6'#*' +$*,%09%14" " +* %# %@ %8+"&#'*:
FXSDQWV 7KH PHWKRGY DGRSWHG LQFOXGH DQDO\WLQJ WKH UHFHC(
WKH EXLOW HQYLURQPHQW DQG KHDOWK RXWFRPHV RQ KRVSLWDO VHW
EXLOGLQJ FKDUDFWHULVWLFVY WKDW UHODWH WR SHRSOHfV ZHOOEHLQ
0,#,$6'$6.6"$&3U'(36'0$"86V*$0'96;6-*+69'V%0--'+$*,%96'#36'86"1.' K<'V3%&3'K6##6$',196$.#"19%14" 19" @H%*1

TR
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"K-6'01*V-6946'&"1'K6'4616$"#69'0*$'0,#,$6' 3*.+%#"-'96.%41U' (36' %8+-%&"#%*1'*0'#3%.' $6.6"$&3' %.B' 0$*8'#36'
GHVLJQ SRLQW RI YLHZ WKH VWXG\ WDNHV DQ LQWHJUDWHG DSSURDFK
#'00B'+"#%61#.B';%.%#*$.'-%;6B'.660%14' #*' 61+-"%1' #36' %8+"&#.' *0' #36'61;%$*186 1#' *1' KEYA1¥6 19’

SHUIRUPDQFH ITURWHWIKSHR HQMW Rl YLHZ WKH UHVHDUFK ORRNV DW GHVL
PD[LPL]H WKH RFFXSDQWVY EHQH;WV DQG PLQLPL]H EXLOGLQJVY PDLQW
Rl WKH LPSDFW RI WKH EXLOW HQYLURQPHQW IDFWRUV RQ VWD@ DQG ¢
LQJVY UHVHDUFK KLJKOLJKWLQJ WKH LPSRUWDQFH RI WKH GHVLJQ FKD

.%(C@1"85N'3*-%.#%&'0$"86V*$0OB'36"-#3&"$6'K,%-9%14B'96.%41B*&&, +"1#'

TS
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2<E&0=gO0@7?&0@GMA=&!=<;MAM&)=07?=&1=<<6:

I"#$%$"&" I$*06..*$""19'6*,$.6'5**$9%1"#*$'
(&#%$%)%$"'&" )DFXOGDGH GH (QJHQKDULD $UTXLWHWXUD
8QLYHUVLGDGH OHWRGLVWD GH 3LUDFLFDEI

*+,$' 4 USDXODEDUURV#JPDLO FRP UDUEDUURV#XC(
5607##'44 81,0(3 &DPSXV 6DQWD %DUEDUD '"T2HVWH
' ' :*9UI?"1#'"C"$K"$"[L$"&68"+*‘%.BI

NP &(3 6DQWD %DUEDUD '"f2HVWH
' ' C$")%'

.$"/0,1234

5DTXHO ZDV ERUQ LQ &DPSLQDV 63 %UD]LO $IWHU HGXFDWLRQ DQG SU
KDV VLQFH EHHQ GHGLFDWHG WR DFDGHPLF UHVHDUFK DQG WHDFKLQJ

DQG 8B8UEDQLVP IURP 8QLYHUVLGDGH GH %UDVtOLD 8Q% 0 SUFK GHJ
3K ' GHJUHH LQ &LYLO (QJLQHHULQJ LQ WKH DUHD RI $UFKLWHFW
(VWDGXDO GH &DPSLQDV 81,&%$03 &DUULHG RXW UHVHDUFK DQG WH

+$*4$"8'0$*8'FGGQ'#3%%, 43 FGDT"#:PLSAHIU1$*06. *$*0"" $&3%#6&#,$"-'96.964119'$6+$6.61# #%*1'%1'#36'
&LYLO (QJLQHHULQJ DQG WKH $UFKLWHFWXUH DQG S8UEDQLVP FRXUVHYV
QDWRU RI WKH &LYLO (QJLQHHULQJ &RXUVH DW )($8 81,0(3 VLQFH
JURXSV &XOWXUD WHFQRORJLD H FLGDGH 81,0(3 &XOWXUD DUTXLWE
OHWRGRORJLD GH SURMHWR HP DUTXLWHWXUD 81,&$03 $FDGH@®LF DG
WLRQ DQG RI VFKRODUVKLS VFLHQWL:,F LQLWLDWLRQ UHVHDUFK SURM}
FRPSOHWLRQ ZRUNV GHVLJQ FRPSHWLWLRQ DQG SURIHVVRU VHOHFWLF
#6&31%8&"-'+$*9,8#%*1'V*$0.U’

(-YoHS&2+-YoSHE" H2&A +&+H3%0(#!+1H4e-&
" 0h4 & (B&AO"#-B(0!"4%(#

"Qn<=>:
J*,.%14'96.%41'&"1'+-"<"'1'%8+*$#" 1#'$*-6'%1'#36'+$*8*#%*1'*0'8*$6'., . #"%1"K-6',$K"1'61;%$*1861#.U'C #"™
FRQVLGHUDEOH SRUWLRQ RI %UD]LOLDQ DIIRUGDEOH KRXVLQJ SURGXFW
DVSHFWV WR EH FRQVLGHUHG IDLOLQJ WR GHOLYHU WKH H[SHFWHG T)
(YHQ WKRXJK WKH DGYDQFHYV LQ UHIJXODWRU\ FRQWH[W RI FLYLO FRQV
UHIHUHQFHYVY DQG WKH ZLGH UDQJH RI LQVWUXPHQWY DSSOLFDE@H WR K
DQWHH KRXVLQJ GHVLJQ TXDOLW\ 6R IDU VXFK UHIHUHQFHY DQG LQVW
UHTXLUHPHQWY IRU WKH LPSURYHPHQW RI TXDOLW\ RI OLIH RI V@KHLU L
#%"-%)6'#36'&*1#61#*0'3,8"1%."#%*1' #,9%6.'%1*$96$'#*'61"K-6'K6##6$"00*$9"K-6'3*,.9%014'96.%4 1U' (36 *KME &#*(
UHVHDUFK LV WKH KXPDQLVLQJ FRQWHQW IURP WKH ¢HOG RI VWXGLHV
Rl DJJUHIJDWLRQ DQG XUEDQ GHVLJQ £+ DQG WR LWV SK\VLFDO DQG VRF
1"#9%*1"-""19'%1#6$1"#%*1"-'1*$8"#%;6'$606$61&6."19'%1.#$,861#."++-%&"K-6'#*'3*,.914'96.%4 1" $6' K& 014 '&*-
OHFWHG DQG DQDO\WHG ZLWK UHJDUGY WR HQFRXUDJLQJ DQG IDFLOLYV
RI KRXVLQJ GHVLJQ WKDW HQDEOH AH[LELOLW\ DUH EHLQJ VHDUFKHG |
H[WUDFWHG /LWHUDWXUH UHYLHZ RQ WKH DVSHFWV RI WHFKQRORJ\ DC

TQ



IHHIOE () #-1%/0" & 1#+2%'3) 2% &) 4"
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EHLQJ FRQGXFWHG ZLWK D VSHFLDO IRFXV LQ WKH /DWLQ $PHU®FDQ FF
FHVV IUDPHZRUN WKDW KLJKOLJKWYV WKH HQYLURQPHQWTTV SK\VLFDO D(
#36'"K%-%#<"*0'96.%41""19'&*1 #$,&#%*1'#* %8+$*,6';"-,6'4616$"#%*1'0*$'0,#,$6',.6$.B'#*V"$9.'8*$6'3,8"16'
"19'.,.#"%1"K-6',$K"1'3*,.9614U

2%(C@1"'5 +RXVLQJ GHVLIQ TXDOLW\ +XPDQLVDWLRQ )OH[LEOH KRXVLQJ
+$%1&%+-6.'
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(&#%$%)%$"& )HGHUDO 8QLYHUVLW\ Rl %DKLD 8)%$
*+$ 4 GD\DQDEFRVWD#XIED EU

5607## 44 A$%.#%96.'P*;%.B'GFB'

JHGHUDomR 6DOYDGRU

C"3%"B'C$")%-BJGFDG@ETG

'"HSDUWPHQW RI 6WUXFWXUDO DQG &RQVWU
(QJILQHHULQJ 6FKRRO )HGHUDO 8QLYHUVLW'

.$"/0,1234

'D\DQD %DVWRV &RVWD KDV D %6F LQ &LYLO (QJLQHHU )HGHUDO 8QLYH
3K' LQ &LYLO (QJLQHHULQJ &RQVWUXFWLRQ ODQDJHPHQW )HGHUDO RI
UHVSHFWLYHO\ 6KH KDV LQGXVWULDO H[SHULHQFH LQ WKH %UD]LOLDC
LQ UHVHDUFK EHLQJ YLVLWLQJ UHVHDUFKHU DW 6DOIRUG 8QLYHUVLW\
86% 6LQFH 'U &RVWD MRLQHG WKH 6WUXFWXUDO DQG &RQ\
WKH 6FKRRO RI (QJLQHHULQJ DW )HGHUDO 8QLYHUVLW)\ Rl %DKLD+%UD]|
&RQVWUXFWLRQ ODQDJHPHQW 6KH LV DOVR SHUPDQHQW SURIH@VRU L(
QHHULQJ $FDGHPLF ODVWHU DQG 3K' VLQFH

'U &RVWDYYV UHVHDUFK DUHD LQYROYHVY FRQVWUXFWLRQ PDQDJ@®PHQW
"46861#B'+6$0*$8"1&6'86".,$6861#"19'K61&38"$0%14B".'V6--""."., #"'1"%K-6'8"1"46861#'%1'&*1 #$,& @
#%*1B'0*&,.%14' *1' $69,8%14' 61;%$*1861#"-' %8+"&#.' *1' &*1.#$,&#%*1' .%#6U' H*$6' $6&61#-<B'.36' %.' .660%14';
%1#64$"#6'#6&31*-*4<'K".69'.<.#68.B".,&3"..18"1169'A6$%"-'N63%&-6."19'C,%-9%14'L10*$8"#%*1'H*96-%14"
0*$'&*1.#$,8#%*1'8"1"46$%"-'#".0.U?%1&6'FGGQBX$U'5* #"%. +$%1&%+"-'%1,;6 #%4 " #*$'%1".6;6$"-'$6.6"$&3'+$*M
4$"1#69'K<'#36'C$")%-%"1'4*,6$1861#"-""461&%6."'19'%19, #$<'+"$#36$.3%+.U'7$*8'#36.6'+$*M6&#.B'DZ'M*, $1"-'
+"+6$.B'DT'K**O'&3"+#6$.B'D'69%#69' &*106$61&6'+$*&669%14.B'*;6$'EQ' &*106$61&6'+"+6$.B'"19'E'$6.6"$&3"
$6+*$#.'V6$6'+,K-%.369".*'0"$U'

"))*0%6" A% (H&(BE&/H!"HHH+2&"+0%"*&-"-4+1&S/"-T&B(0&
(#-40/' A% (H&"# 'S+ +HA&A"-_-

"On<=>:

7KH SRWHQWLDO XVH RI HPHUJHQW WHFKQRORJ\ DV 8QPDQQHG $HULDC
#36'8*1.#%$,84%*1'%19, #$<U'J*V6;6$B'#36',.6 0 A?'0*$'&* 1 #$,8&#%*1 +$*ME&H #%--'968"19.'%1;6 #%4"#%*1.'0*$""
EHWWHU XQGHUVWDQGLQJ RI KRZ WKLV WHFKQRORJ\ FDQ EH ¢ WWHG W
PRQLWRULQJ SURMHFW YLVXDOL]DWLRQ DQG SURJUHVV LQFOXGLQJ L'
#46;"- "HE'#36' " ++-%&" #%*1' %0 :A?' 0*$' "06#< % 1. +6&#%*1'" 19 +$*ME&H';%.,"-%) "#%*1'"19'+$*4$6..U" (V*' &".6'

#,9%6.'V6$6' &"$$%669'* # 01' ?"-;"9*$ 5U#<@CS")%-U' A :A?' +$#+8*-' 0+ &* 1. #$,&#%*1' 8"1"4686 1# %o1.+6&#%*1'
0$+8' +$6;%*,.' #,9%6.' %1' #36' :1%#69' 24#"#6.' V", "9"+#69' 0*$' #36' C$")%-%"1' &*1#6# "19' "++-%69'9,$%14' #36'

FDVH VWXGLHV 6SHFL,F GDWD FROOHFWLRQ SURWRFRO IRU VDIHW\ L
IURP D VHW RI ALJKW WHVWV RQ VLWH IRU YLVXDO DVVHWYV SLFWXUHV

D
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UHTXLUHPHQWY LQ WKH YLVXDO DVVHWY FROOHFWHG DQG SRVVLEOH P/
*1'#3%.U'X*&,861#"1"-<.%.""19'%1#6$;%6V.'V%#3'+$*M6&# +6$.¥116-'"19'V*$06$.' V6 $6'+6 $0*$869' %1 *$96 $'#*'
&*--6&##36%$'+6$&6+#%* 1" K* #'#36'%10*$8 "#9%0*1'4"#36$69U'L1""99%#%*1B TX'8*96-.'V9o#3"A?";%.,"-"..6#.'V6$6'
+$*9,&69',.%14'ILI'TX" *O#V"$6' %1 *$96$'#* 61+-*$6'#36' +*#6 1#%"-'*0'#3*.6'8*96-.' 0*$' +$*M6&H#';%.,"-%."#%*1'
"19'+$*4$6..U'A'.6#'*0' &$%#6$%" 0*$':A?' +6$0*$8"1&6'6;"-,"#%*1'V".'96;6-*+69B' %1&-,9%14" #%-%#<'0*$'."06#<'
%1.+6&#%*1'"'19'+$*M6&#';%.,"-%) "#%*1'"19'+$*4$6..B'#6&31*-*4<'+6$0*$8"1&6B'"19'$%.0.""..*&%"#69' VY%#3'#36'
#6&31*-*4<U'A.""$6.,-#B'#36';%.,"-"..6#.'&*--6&#69'K<'#36":AN'&*,-9'+$*;%96'96#"%-69'%10*$8"#%*1'0*$"."06#<'
LQVSHFWLRQ RQ MREVLWHY HVSHFLDOO\ LQ ODUJH MREVLWH DQG DUH
IAPHB&31*-FA<V* -9+ #HB1#%"--<'$69,&6'."06#<'#%86'%1.+6&8#%*1B'%1&$6".6.'#36'-6;6-*0'#$"1.+"$6 188 *0"'&
#9%0;%#%6.""19'96#6&#%14'. 3*$#&*8%14.'%1'#36'."06#<'.<.#68U"

%(C@1"5 8QPDQQHG $HULDO 6\WWHP 8%$6 FRQVWUXFWLRQ PDQDJHPHQW
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2<E&I=<>@7?6&B=9M=A6&'6:;@7?7?=

I"H$%$"&" 1$*06..%$'
(&#%$%)%$"8&' B8QRFKDSHFy H ,0("
“+$- 4 FRVWHOOD#XQRFKDSHFR HGX EU
5607##'44 5XD %DUmMR GR 5LR %UDQFR
FHQWUR &KDSHFy 6&
&(3 UHV
C$")%-
.$"/0,1234
&LYLO HQJLQHHU VLQFH ODVWHU LQ &LYLO (QJLQHHULQJ IUR® 8)5*6
LQJ IURP WKH )HGHUDO 8QLYHUVLW\ RI 5LR *UDQGH GR 6X0O +H ZD\

8*$6'#3"1'ZGBGGG'8j"*0";6$#%&"-'K,%-9%14.U'J6'%.' &, $$6 1#-<'&**$9%1"#*$"*0'#36'1$*06..%6*1"-'H" #6$'%@L ' 6 &31*-

RJ\ DQG ,QQRYDWLRQ ODQDJHPHQW RI 8QLYHUVLGDGH &RPXQLWiULD GD
8QLYHUVLW\ &KDSHFy 8QRFKDSHFy DQG WHDFKHV FRXUVHV LQ 2FFXS
+6896"-%) HY* 1. 1" $%*,. %1 4ot #%*1.'% 1" * #36$1'C$")%-U'J6'%."- ¥ $6.6"$&3'+$*06..*$"*0'#36'H" #6$'%61'5%;9
(QJLQHHULQJ DW )DFXOGDGH OHULGLRQDO 6RXWK &ROOHJH ,0(' +H U
RI &LYLO 3URGXFWLRQ ODQDJHPHQW DQG 3URGXFRWMNR @DIHMQHHULQJ ZL

2+-%$H&! " Yot 4 +#"H'+ & "#2& 1/%*2%oH$&-"-4+!-&-)+'%B%" 4% (#&
%#8&4.+&)+0B(0!"#'+&-4"#2"02&-'()+&S#10&FPPUPT

"On<=>:

(36".#,9<'"19'+$*+6$',.6'*0'-%06' %10*$8"#%*1' 8"#6$%"-.'"19'K,%-9%14' &*8+*161#.""--*V.""&3%6,;6'K,%-9%14.'

RI EHWWHU TXDOLW\ ZKLFK FRQWULEXWH WR WKH VXVWDLQDEL@ LW\ RI
QRPLFDO DQG EHQH,;WLQJ D ODUJH QXPEHU RI SHRSOH 7KH 1%5
UHVSRQVLEOH IRU GHWHUPLQLQJ WKH GHVLJQ OLIH RI HDFK EXL@®@GLQJ
"-.B'+$*9,&#."19'+$*&6..6.'866#'#36'8%1%8,8'+6$0*$8"1&6U'L#'%. #$,6'#3"#'#36'6.#"K-%.369'8%1%8,8'96.%41'
-%06' V%--'K6'8"96' 0$*8'#36'0,--' %8+-686 1#"#%*1' *0' $*,#%16' 8"%1#61"1&6"' "&#%;%#%6.' "19'96.%41' 8"%1#61"18
ZLWKLQ WKH SURFHGXUHY ODLG GRZQ LQ 1%5 $%17 RWKHUZL"®
ZKLFK FDQ RQO\ EH SURYHQ RYHU WKH SURSHUW\TV XVH RI WLPH 7KH LC
DV UHJDUGV WKH VSHFL¢{FDWLRQ RI WKH GHVLJQ DQG FRQVWUXFWLRQ
VWDQGDUG 1%5 7KH UHVHDUFK PHWKRG FRQVLVWY RI D VXUYH\ Z|
" &6%H#"%1'%1'+$"&H#%&E6'H#36'$6"-"1669'#*'6.#"K-%.3".<.#68'8"%1#61"1&6™;6$'%#.'-%06#%86"19'96.%41'8"%1#61"1 &€
FRQFHSWV WKDW VKRXOG EH EHLQJ VSHFL{¢HG LQ WKH GHVFULSWLYH P
"19'96#6$8%169'#36'K6.#'+$"&#%&6.*0'96.%41'8"%1#61"1&6B'%96"-'0*$'#36'+$*+6$'0,1&#%*1%14*0'#36'K,%-9%1
V%--'+$*9,&6""8"1"4686 1#'K**0'96.%41'8"%1#61"1&6B'%1*$96$'#3"#'#36'8"%1#61"1&6'%.'+$*+6$-<'+6$0*$869'
DQG WKDW LV WKH FRUUHFW SURFHGXUH WR DFKLHYH WKH SURMHFWH
96;6-*+69'0*$'K,%-9%14'.<.#68.U

Y%(C@15 'HVLIJQ PDLQWHQDQFH SHUIRUPDQFH VWDQGDUG VSHFL¢{FDWLR

1T
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“+$- 4 IDOH#DQDFXSHU FRP
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5'8+%61".'@'?B'
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C$")%-

.$"/0,1234

L"8"1'A$&3%H#68&H " 19B'&, $$61#-<B'L""8'96;6-*+% 14" +* #O*&H*$"-'$6.6"$&3 " # #36' X 6-+"$#86 1#*0'A$&3%#6&#,$6'
"19'C,%-9%14' 5*1 #$,&#%*1B':1%;6$.%6#<'*0'5"8+%1".U' H<'"&"968%&" "++*%1#861#."19' $6.6"$&3' 06--*V.3%+."
LQFOXGH D SRVWGRFWRUDO UHVHDUFK DW ,QVWLWXWH Rl $UFKL& HFW X!
RJ\ DQG &LW\ REWDLQHG IURP 8QLYHUVLW\ RI &DPSLQDV PDVW®&®UTV Gt
QDV 0%%$ LQ 3URMHFW ODQDJHPHQW DW ,%7$ ‘HE 3XEOLVKLC

9DQFRXYHU DQG EDFKHORUYTV GHJUHH LQ $UFKLWHFWXUH DQG 8L

0\ UHVHDUFK FHQWUHV XSRQ WKH FUHDWLYH DQG FROODERUDWL

"19' $K"1'96.%41U"L'3";6%" 43#B'&*19,&#69'$6.6"$&3B" 19+ K-%.369'%1 #36"$6" . *0'L(%8+"&#*1'96.%641"19'
FRQVWUXFWLRQ VSHFLDOO\ VWXGLQJ $XJPHQWHG 5HDOLW\ DQG %XLOC
+ K-%8&"#%*1'&*;6$. #36'&*1&6+#,"-'8&*1 #3$,&#." 196$-<014'A 486 1#69'=6"-%#<", 6% L' AS&IVoH6&H, $"- " $HY&Yo+"H#*$<
X6.%41" ++-%69#*#36'96.%410"-6%.,$6"$6"' % 1'?*8&%"-'J*, % 14UH<*14*0%14'$6.6"$&3'600*$#. % 1&-,96"'0*&,.
RQ %,0 DGRSWLRQ E\ 6mR 3DXOR SXEOLF XQLYHUVLWLHV

"$IH#A+280+" %A &YHEA. +&"0' YoA+ 4/0"*&)'04% %) 4(0° &2+-%$HE.
)O(+--C&-"-A+&2+3+*() +HA&" #2 &SIV 2 +*Yott+-

"Qn<=>:

7KH JHQHUDO REMHFWLYH RI WKLY UHVHDUFK ZDV WR YHULI\ WKaH XVH
SDWRU\ '"HVLJQ 3' LQ WKH SURFHVV RI FRQFHSWLRQ RI WKH DUFKLWHF
96.%416%."19'1*1@.+6&%"-%.#.'&*,-9',.6 #36'A="".", ++*$#'#**-'0*$';%06V%14'"19'&*88,1%& " "#%14'9,$% 14"
IX'V*$0.3*+U'L1*$96$ ' #* &*1#61#,"-%)6'#36'$6.6"$&3'"19""--*V'6|+6$%86 1# " #%*1B'#36'6;"-,"#%*1.' V6 $D +
+-%69'#*'#36'96.%041'*0"""-6%.,$6"'$6" % 1'?*&%"-'J*,.%14U'(3%.'V"."" 1" ++-%69'$6.6"$&3B'V%#3'"1'%1;6.#%4"#%,;6'
FKDUDFWHU DQG LWV EDVLF VFLHQWL¢(F PHWKRG ZDV WKH '"HVLJQ 6FLH
VWDJHV PRWLYDWLRQ REMHFWLYHV RI D VROXWLRQ GH{QLWLRQ GHVL
,Q WKH ORWLYDWLRQ VWDJH WKH SUREOHP WR EH VROYHG DQG LWV O
#36*$6#%&"-'K".%.B"99$6..9%014'%..,6.'$6-"#69'#*'#36" #"#6*0'#36 " $#*0'#36 A="#6&31*-*4<"19'#36' X" ++-%6 9 #*'
DUFKLWHFWXUH ,Q WKH 2EMHFWLYHV RI D 6ROXWLRQ '"H;QLWLRQ VWDJ
K6',.69'%1#36'+$*+*.69'&*1#61#B™..6..%14'#36*+6$"#%*1*0";"$%*,.". <.#68."19'9%.+-"<'96,%4&6.U'(3%.". #6+'
VKRZHG WKH QHHG IRU GHYHORSLQJ D VSHFL¢(F DSSOLFDWLRQ WKDW FI
'"HVLJIQ '"HYHORSPHQW VWDJH WKHUH ZDV WKH GHYHORSPHQW RI WKH
'"HPRQVWUDWLRQ VWDJH D 3' ZRUNVKRS ZDV GHVLIJQHG ZLWK VXSSRUW |
+6$&6+#%*1"19";%"K%-%#<"*0",.%14'A="%1"1X'V6$6'6;"-,"#69U'(3,.B",.6$'6;"-,"#%*1.'V6$6'&*19,&#69'8"0%14'



)=<;M>ML=A;&1IM6G<=LKM@:&=AD&"9:;<=>;:

XVH RI VXEMHFWLYH PHDVXUHYVY DQG TXDOLWDWLYH DQDO\]HV 7KLV UH'
86#3*9',.%14'8*K%-6'A="#3"#'V".' &*1&6%;69B'61+6$%861#69'"19'6;"-,"#69' %1 *$96$'#*' 0"&%-%#"#6' #&D' &*8
8,1%&"#%*1'K6#V661'96.%0416$."19'1*1@.+6&%"-%.#.'9,$%14'#36'&*1&6+#%*1'+3".6*0'#36" $&3%#6&#,$"-'96.%4 1

%(C@1"5 3SDUWLFLSDWRU\ '"HVLJQ $XJPHQWHG 5HDOLW\ &LWL]JHQ &@DUWLF
"#%0*1'

V4
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2<E&56>@?M:@&5=>g0@:

I"H$%$ 8! 1$+06..*$
(8H#%$%)%$"8  7696$"-1%6;6$.%6#<"*0'=%*'>$"196'9*? -
“+$- 4 -RFHOLVH MDFTXHV#XIUJV EU
56074## 44 AUX$U'P%-*16a"13"B’
+ 3RUWR $OHJUH 56
QGIRG@GGG
C$")%-

.$"/0,1234

3URI -RFHOLVH -DFTXHV KROGV D %DFKHORUTV GHJUHH LQ $UFKLWHFW
DUFKLWHFWXUDO GHVLJQ D ODVWHUTV GHJUHH LQ &LYLO (QJLQHHULQ
WHFKQLFDO LQIRUPDWLRQ GXULQJ EXLOGLQJ GHVLJQ DQG D 3® LQ ,Q
DEOH SURGXFW GHYHORSPHQW LQLWLDWLYHYV ZLWK DOO GHJUHHV DZI
6XO 8)5*6 6KH DOVR VSHQW WZR \HDUV ZRUNLQJ DV D YLVLWLQJ VFKI
%HUNHOH\ (QHUJ\ DQG 6XVWDLQDEOH 7HFKQRORJLHV % (67 /DE@ &XUUF
M, 1&#'1$*06..*$'*0'X6.%4 1" #  7=>?B'#6"&3%14'96.%41'&-"..6."# K*#3' 196$4$"9""19'4$"9,"#6'-6,6-.B"19'
*0"$'3".+,K-%.369:6$'TG'+66$@$6;%6V69"$#%&-6.U'

A" 1+ 8)0 (2] 48 2+3+* () +HA&YHIHAY6 4% 3+-&,
1"-+28&(H8&A +&'0"2%+&A(&'0"2*+&'(#'+)4

"On<=>:

HQYLURQPHQWDO FR HYROXWLRQ UHTXLUHG WR HQKDQFH OLYL@J FRQ!
#'%1%14'#36'+$*4$6.. "-$6"9<'"83%6;69'K<'96;6-*+69' 1"#%*1.U'L1'#3%. &*1#6|1#B'#3%.'$6.6"$&3'3".'0*&,.69'*1'
#36' #,9<*0"., #"%1"K-6'+$*9, &# 96,6-*+861# % 1%#%"#%:;6.' 0$*8' " +6$.+6&#%;6'K".69'*1'#36' &$"9-6 @#*@&S$"9-6'
FRQFHSW 3URSRVHG LQLWLDOO\ E\ :LOOLDP OF'RQRXJK DQ DUFKLWHF
FUDGOH WR FUDGOH GHVLJQ DSSURDFK IRFXVHV RQ ¢YH PDLQ DUHDV :
XVH HQHUJ\ FRQVXPSWLRQ DQG VRFLDO UHVSRQVLELOLW\ + DQ@ LW FC
16-*+861#"19'+$*9,8#%*1'+$*&6..6.U'(36'8$"9-6'#*' 8$"9-6'&*1&6+#'%. "9*+#69™ "1 8K$6--"",196$'V3%&3'

D QXPEHU RI RWKHU UHODWHG FRQFHSWV GLVFXVVHG LQ VHYHUDO ¢HO
DQG DUFKLWHFWXUH + FDQ EH IRXQG /LNH RWKHU UDSLGO\ GHY®ORSLQ
861#"-'83"--6146." "+*+,-"#U*1'4$*V#3B'&*8K%169'VI6#3'$%.%14"-%;%14' #'19"$9.B-6"9#*%18$6".69'968"19'0*$'
QDWXUDO UHVRXUFHV SURGXFWV DQG VHUYLFHV +RZHYHU WKH FXUUF
FUDGOH WR JUDYH ORJLF +#+ PXVW QRW EH VLPSO\ UHSOLFDWHG DQG DQ
&*1&6+#..3% -9'K6'68KS"&B9™. 1™ "+*. %K-6U'L1'#3%. &*1#6I#B"".6$%6.™0"., #'%1"K-6'+$*9,&#'96,6-*+ @
861#'%1%#%"#%:;6."$6'+$6.61#69"19'9%.8&,..69'%1'#3%. +$6.6 1#"#%*1U"

2% (C@L1"8N'?, . #'%1"K%-%#<B'96.%41B'+$*9,&#'96,;6-*+86 1#B'&$"9-6'#*'&$"9-6'
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2<E&IM?@A=&_=A=:KM<6

"#3%3$"&" A.*&%"#6'1$*06..*$B'1$*06..*$B'X%$6&#*$
(&#H%$%)%$"&"  Y*19$%1"?#"#6'":1%,;6$.%#<
*+,$' 4 PLOHQD#XHO EU NDQDVKLURPLOHQD#JPDLC

5607##'44 =,"I1$*06..*$'2"8,6-'H* $'B'
' ' TESUA+#U'D]GTU'N%-"",9%#3U"
Y*19$%1"B'1"$"1bB"
&(3
C$")%-

.$"/0,1234

OLOHQD .DQDVKLUR LV WKH 'LUHFWRU RI $FDGHPLF $IIDLUV Rl /RQGULQ
FBHH36' X6+ SHBBLH 0 ASEIVHE&H, $6' 19" $K " 1%.8B' 56 1#6$ 0’ (6&31*-*4<"19":$K"1%.8U'236'%."" 06--*V/
$6.6"$&36$'0$*8) XQGDomR $UDXFiULD GH $SRLR DR 'HVHQYRO BIZAMXEWR &LHQV
+HU PDLQ UHVHDUFK LQWHUHVW LQFOXGHV WKH ZD\ WKH XUEDQ HQYL
SULPDULO\ RQ DUHDV Rl ORZ LQFRPH SRSXODWLRQ ,Q UHFHQWO\ \HDU)\
DQDO\]H WKRVH DUHDV DQG HVWDEOLVK GHVLJQ JXLGHOLQHV W@ LPSUI
M6&#.U'P*V'.36'%6.'96;6-*+%14""$6.6"$83'0%&,,.%14'*1'36"-#3<'&%#%6.B', 196$.#"19%14'#36'*;6$-"++%14'+0" $K"1'

2+-%BHES/%02+*0b#+-&B(08&-(%"+&.. (-%#$&)0(5+4

"Qn<=>:

X6.+%#6' #36'"9;"1&686 1# *0' $6.6"$&3' %1 $6-"#06*1'#*' *&%"-' 3%,.%14"  1%#.B' #36%$' $6&61# +$*9,&#%*1' %1' C$")"
3".'K661'&$%#%8%)69' $64"$9%14'#36' . +"#%"-"*$4"1%)"#%* 1" 19'#36' &* 1#% 1, Yott<'*0'#36'-"#6.# +,K-%&B*,.%14" ., K
GLHV SURJUDP FDOOHG 30&09 3URJUDPD OLQKD &DVD OLQKD 9LGD 7}
3RV, "1< 0. #$"19."8*¥14'#368'%1'$6-"#Y6* 1 '#* $K"1'96.%641W'+6$%+36%$"-' .64, +B'9%.#" 1#0$*8'&*886$8%"-'
"$6".B'.6$,%&6."19'+,K-%6& &*88,1%#<'0"&%-%#%6.B';6$#%&"- *0'#36'+6$%+36$%6.B"9*+#69'&*8+*,19'8*96-."19"
&1 H#$,8H#%*1 %0 V"--69' 61&-";6.B' 8*1*0, 1&H%6*1"-%o#t<B' #"19"$9%)"#96*1' *0' &*1 #$,&#%*1.B' "8*14' *#36%$.U' (3%.'
SUDFWLFH LV JXLGHG E\ TXDQWLWDWLYH FULWHULD DQG WKH PLQLPXP
+K6&*8%14#36'#"19"$9.',.69'K<'96.2%416$.U'(3$66"++$*'&36.V6$6'96;6-*+69'0$*8'$6.6"$&3#+%8+$*;6'
WKH VSDWLDO TXDOLW\ RI WKHVH VRFLDO KRXVLQJ SURMHFWYV VSDW
+'&6.B'FU#36™1"-<.%.*0'#36'686$461&6'0'%10*$8"-'$64#"%-"19' TU'#36'9%"41* #%&*0'#36'.61.6'*0'&*88, 1%#<U’
7KXV VSDWLDO JXLGHOLQHV ZHUH IRUPDWWHG IRU VRFLDO KRX&LQJ Sl
861#' *0'#36.6'"$6".U'A'.9%8,-"#%*1' V"' +$*MBE&#69' %1'*16'*0' #36' $6&61# 96;6-*+861#.'*0' IHSHN' V%#3'#36'
&3"--6146'#*'8"%1#"'%1'#36'1,8K6$*0'FBRD]'3*,.%14", 1%#.U' (36'+$*;%.%*1'*0""$6"."*0"*+61' .+"&6.'%. "9969'
VIXDUHV DQG FRPPXQLW\ VHUYLFHV DUHD QRQ H[LVWHQW LQ WKH FX
#"9%.8,..%*1'"19'$6@6;"-,"#%*1'*0'#36' 0*$8'*0' +$*9,&#0%*1'*0'#36.6' *&%"-'3*,.%14' +$*M6&H. " 19'%19%&"#6.
SRVVLELOLWLHV IRU VLIQL,FDQW LPSURYHPHQWY LQ WKH RXWFRPH RI

%(C@1"3V''H5HNB" $K"1'd,"-%#%6.B'?*&%"-'J*,.%14'|$* M6 &#'

R
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I"H$%$ 8" AIM, 1#1$+06..*$
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A-"4"9% B'2"-;"9*$B'CS")%-h"#'I" KVt # L 1#6$1 " #%*1"-"$6'3%43-%434#69U'=6 86 1#-<'L'&**$9%1 "#69#V*$8.6"$&3+$*
MHFWV IXQGHG E\ 1DWLRQDO &RXQVHO Rl 7THFKQRORJLFDO DQG 6FLHQW
*1' *&O6"-'3%, % 14'+$*4$"886. " 19'61#61.%6* 1 +$*MBEH"K* #' *8&%"-'3*, . % 14" 19'#68&31%&"-". ++*$#U'Y6"96$*0'

WKH 5HVHDUFK DQG ([WHQVLRQ *URXS 34XDOLW\ RI %XLOW (QYLURQPHQ

+3"5/"4% (#&(B&-('%"*&. (- Yot S&YH& " $("-C&
1+4.(2(*($%"*&"-) +'4-&"#28&")) (" +-&1+AJ++#&) &.(/-H\&
I"&*06B+&)0($0"1+&"#28&/01"#&1)$0"2%6#$&)0($0" 1+

"Qn<=>:

/DUJH FLWLHV LQ %UD]LO FXUUHQWO\ SUHVHQW D SLFWXUH RI LQHTXEL
FRQALFW RYHU WKH RFFXSDWLRQ RI XUEDQ ODQG $ QXPEHU RI@LQLWL
%14'@'3";6'K661',196$#"061'*;6$#36'<6"$.'% 1" 1'600*$# #*"86-%*$"#6'#36' +$*K-68."$%.%14'0$*8'% 10888"-"*&

&+ HYW*1'%1", $K"1'61;%$*18614.U'7$*8 +" #" &#%* 1. B' &$%#%8&%.8'3".'K661'96;6-*+69'#*V"$9." - 8'&-6"$"1&6'
DQG WRZDUGV WKH SDWWHUQ RI SHULSKHU\ KRXVLQJ VFKHPHV EXLOW
NQRZQ DERXW WKH SHUIRUPDQFH RXWFRPH RI WKH FXUUHQW DFWLRQV
(YDOXDWLRQ 32( DQG LQGLFDWRU V\WVWHPV KDYH EHHQ XVHG DV LPSR
*1'#36'K,%-#'61;%%$*1861#'%1'9%006$6 14 .&"-6.U'A-#3* 43'#36.6'86#3*9.' $68*41%) 6'#36'%8+*$#"1&6*0'#36'; %6 V.
RI XVHUV LQ WKH HYDOXDWLRQ SURFHVV WKH\ IDLO WR DGHTXDWHO\ Ul
LO™*1'#36'*16'3"19B'#36', 1&6$#"%14#%6.' % 1'#3%. #<+6'*0'%10*$8"#%*1'3";6' %8+*.69'-%68%# " #%6* 1. * 1'#36'#$" 9%
"1"-<.%.B*1#36*#36$'3"19B#36'686$4618&60'16V'#36*$%6."19'8*96-. #3"#. 660 #* % 1&*$+*$"#6"1"-<.6.*0’
XQFHUWDLQW\ FUHDWHY QHZ NQRZOHGJH ¢HOGV )X]]\ /RIJLF LV @QH RI '
WDEOLVK D PHWKRG RI GDWD DQDO\VLV IRU HQYLURQPHQWDO TXDOLW\

Z]
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YLHZV RI GZHOOHUV XVLQJ )X]]\ /RIJLF 3RVW 2FFXSDWLRQ (YDOXDWLRQ
)X1]\ /RJLF WR GHYHORS DQDO\VLY WRROV WKDW IRUPDOO\ UHSUHVHQW
#3%.'0%19*0'6;"-,"#%*1U"=6.,-#.'V6$6'."#%.0"&H#*$<"19'%#'V".'+*..%0K-6'#*"99'8*$6'%10*$8"#%*1'% 1#*"1"-<.6.U’
?#,9%6.'&"$$%69"* # %1'H<'J*,.6B'H<'Y%06'|$*4$"886'"19":$K"1":+4$"9%14'1$*4$"886'%1'A-"4*". @ C$")%-'
"--*V69'%961#%0<' #$*1416..""19'V6"016..*0'#36.6'+$*4$"886.""19".#"K-%.3'4,%96-%16.'0*$'%8+$*,%14'16 V'
+$*M6&#.U"

%(C@1"8V'J*,.%14B'6;"-,"#%*1B'9V6--6$'+6$&6+#%*1B'+* #@*&&,+"1&<'6;"-,"#%*1B'0,))<"-*4%&'

7z



IHHIOE () #-1%/0" & 1#+2%'3) 2% &) 4"
50+06#+6'()74-/8'9),#0-")*06#+6';"<0+' [=/>/-)AT/+$2&")*6& @T4")>I="A")B/,$'50+06/7/+$ C+="DO-*"E/+/"0$#)+

2<E&"?@i=AD<=&'<OW&)=:0@7?7?6

I"H$%$ 8" =6.6"$&36$
(8H#%6$%)%$"8  7696$"-196;6$.%6#<"*0'=%*'>$"196'9*? -
“+$- 4 DOHSDVVXHOOR#JPDLO FRP
5607##'44 >"$96K"-9% ' 2#$664#B'QFE[DDB'

&(3

I*$4#+A-64$6B"

C$")%-

.$"/0,1234

'"HJUHH LQ &LYLO (QJLQHHULQJ E\ WKH )HGHUDO 8QLYHUVLW\ RIGLR *UI
JUHH LQ &LYLO (QJLQHHULQJ DOVR IURP 8)5*%6 DQG GRFWRUDWH LC
3ROLWpPFQLFD GHOOH ODUFKH * ,WDO\ '"HYHORSHG WKH GRFWRUD)
,WDO\ DQG D VDQGZLFK GHJUHH ZLWK WKH &HQWHU IRU $GYDQ®&HG &H
YHUVLW\ 86% 6LQFH SDUWLFLSDWHYV LQ D JURXS RI UHVHD@ FKHU\
#,$"-'H*96-."+0"7=>7B"&#%14'%1 #36"'$6"*0' +68%"-'&*1&$6#6.B'16V'8"#6$%"-. " 19'&* 1 #$, &H#Yo*1'+"#3*-*4<U)’

I* #@9*&H#*$"#6'$6.6"$8:36$.%1&6'FGGQ*1'4#36'7696$"-"1%;6$.%6#<*0'=0*>$"196'9*2,-BVI#3"'$6.6"$&3#3686'

IRFXVHG WRZDUGV GLVDVWHU ULVN UHGXFWLRQ FODVVL¢{¢FDWLRQ DQG
SHUFHSWLRQ DQG UHVLOLHQFH ODQDJHU DQG OHDG UHVHDUFKHU RI W
DOVR FRQWULEXWLQJ LQ WKH PDQDJLQJ RI WKH 8QLYHUVLW\ &HQWHU F
3DUW RI WKH 5('8/$& 55' QHWZRUN 5HG 8QLYHUVLWDULD GH $PpULFD /D
5LHVJR GH 'HVDVWUHV DQG WKH %UD]JLOLDQ 1HWZRUN RI 5HVHDUFK LQ

0+1"0_-&(B&'&*"#2&0+$/*"4% (#8&)0(+--&
0o#&"0+"-&(B&O%-_&h&"-+&(B&" %"-&2(&-/*Z0-

"Qn<=>:

(36" *&&,+"#%*1'*0' C$")%-%"1" ,$K"1' #6$$%#*$<' 4616$"--<' .6##-69' VIo#3* # +$*+6$' +-"11%14B' 6.+6&%"--<'.660%
#*":%009'9%." #6$' $%.0.U' (36' &*1.*-%9"#69'"$6".'*0' $%.0'"$6' +"$#%"--<'". . *&%"#69'#*' #36' *&&, +"#%*1'*0'-"19.'
.. &B6+#%K-6' #*' 3")"$9*,.' +$*&6..6.' "19'-"&0O' *0' O1*V-6946' &*1&6$1%14' %#.' 0$"4%-%#<'V361' 0"&%14' %8+"&#.'
FDXVHG E\ QDWXUDO SKHQRPHQD HVSHFLDOO\ WKRVH RI K\GURPHWHR
PRYHPHQWY 7KH GHUDQJHG DQG XQUHJXODWHG XUEDQ VSUDZO SURFH
1'#,$"-'&*19%#%*1.B'#619.'#*"44%","#6"*$'4616$"#6'$%.0'&%$&,8.#"1&6.'%1""$6".'V36$6'1"#,$"-'.,.&6+#%K%-%#<'
&*,-9'K6'$69,&69U' L1 "99%#%*1B" ,1&*1#$*--69' $"+%9' ,$K"1%)"#%*1B' &*8K%169' #*' %$$64,-"$' .6##-68614#. *1' #3€
*#.0%$#."*0' 8* #' &%#%6.B'8"$069' K<' &* 1 #$,&#%*1.' VIo# 3* #'"++$*+ % "#6' #6&31%&"-' &*19%#%*1.""19' 3"K%#"K
61969',+'K$%14%14'8"%1'06"#,$6.*0'+$6&"$%0*,." 6##-6861#.BH#6$8" 9*+#69'K<#36'H%1%.#$<*0'5%#%6. #*'96.&$ %k
%$$64,-"$"$6".U'(36.6".%#6.",.,"--<'&*1&61#$"#6'$%.0.B"'$6';,-16$"K-6"19'-*V'$6.%-%6 1 #'#*'#36'%8+"&#'&",.69'
K<'9%.".#6%$.U'(36'C$")%-%"1'0696$"--"VB'#3$*,43'%1.#$,861#.". &3"."?#"# #6*0'#36'5%#<B'3".'"K661'.66 0% 14 #*'
6.#"K-%.3'-64"-""19",$K"1'+-"11%14'4,%96-%16. #*'8%#%4"#6'#3%.'+$*K-68U'(3%.".&*+6"%8. #*'61&*,$"46'+,K-%&'
"98%1%.#$"#%* 1'#*+$*8*#6', $K"1'$63"K%-%# "#%*1'+$*&6..6.B'#"$46#%14'."06$B'36"-#3%6$"19'"., #"%1"K-6'9V6--%
JXLGDQFH FRQFHSW HYROYHG IURP WKH 5('( ),1(3 025%$5 76 7KH DOWH
*&&,+"#%*1'8"%1#61"1&6'VY#3' &*$$6&#%:;6'"&#HI0*1.' #*' K%446$' % 1#6$;61#%*1.B'$6"&3% 14" +"$#%"-' @' V3*-6' $6.(

ZE
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861#B'%1'&".6.*0'#6&31%&"-'%106".%K %-%#<#*'8%#%4"#6'$%.0.U'=64"$9-6.. #36".*- #%* 1 #*'K6" 9*+#69B '%#'%.'6...
#*V*$O'V%#3' &*88,1%#<'%1;*-;6861#U' X6;6-*+861#'8*96-."*0'61&*,$"46861#'"19' &*--6&#%0;6' &*1.#$,&#%0*1'

RI DFWLRQ SODQV DUH QHHGHG DQG WKH 8QLYHUVLW\ &HQWHU RI 'LVDV
JHGHUDO 8QLYHUVLW\ RI 5LR *UDQGH GR 6XO 8)5*6 KDV EHHQ VWURQ
DQG FRQVROLGDWLQJ VWUDWHILHYV IRU WKLY SXUSRVH 2QH UHIHUHQF
9*'?,-B'V36$6B'K6#V661'DQQR'19'FGG]B'%#'V".'6.#"K-%.369""19'%8+-6861#69'" +$*&6.."*0'-"19'$64,-"#%*1'
DQG TXDOL,FDWLRQ RI SUHFDULRXV VHWWOHPHQWY PDUNHG E\ UHFXL
8"..'8*,6861#.U'(36'+$*&6..'V".'&*19,&#69'K<""8,1%&%+"-'"+,K-%&'8"1"4686 1#'#6"8B'V3%&3'&*1.#$,&#69'
".,&&6..0,-'+"$#16$.3%+"*0'-*V @%8+"&#'% 1#6$;6 1#%*1'%1'#36'.*&%"-'9<1"8%&.B'%1;*-;%14'9V6--6$.B'@%;6$.%0#<
+6$#."19*#36$"., ++*$#*$4"1%)"#%*1.U'(36"'1"-<.%."*0'#3%.'61+6$%86 1#B'96.&$%K69'%1'#3%.'$6.6"$&3B'+$*; %968
0,19"861#"-'%1.%43#.'#*' 8*96--%14" #$"#64%6.*0'8*K%-%)"#%*1""19'&*88,1%#<'614"4686 1#B'"%8%14'#*' &$6"#6'
"K6##6$'$%.0'8"1"46861#'+$*&6.." #'#36'-*&"-'-6;6-U'=6&*886 19"#%*1.'0*$'% 1#6$;6 1#%*1'%1'+$6 &"$%*@.6##-6
861#.'V636'61#$"&#69B'.<8K*-%&"19*+6$ "#%*1"-"&#%*1.'96;6-*+69'9,$%14#36'+$*4$"8'V6$6'$6.&,69B'V3%&3'

L HHR$HE9'V*EO.3*+.'VI#3'9V6--6$.B'#*' &*8+$63619'%0'#36'+$*&6.." &3%6;69'%1'#3*.6$6".'&*,-9'K6'&3"ED&
#6$%)69'"." *&%"-'#6&31*-*4<U'(36'$6.,-#.'+*% 1#'* #'#36'+*#6 1#%"-""19'V6"016..6.*0'#36'61+6$%86 1#' &"$$%69'

* #B'3%43-%43#%14'#36'%8+*$#"1&6'*0'"4$66%14'*1'V"<."*0""&#%*1B'6.+6&%"--<'1*1@ .#$,&#,3"-'*16.B'#*' %1&$6"
#36'+6$&6+#%*1'*0'$%.0B'6.#"K-%.3%14*0'&*88,1%#<'&*88%#861#."19'&*8+$6361.%*1*0'1"#,$"-'-%8%#"#%*1."*(
#36'*&&,+%69' #65$%#*$<U' (36.6'"$6'6..61#%"-' 0"&H*$. #*' +$*8*#6' "' +*.%#%0;6' % 1#6$-*&,#%*1' K6#V 661 #36'"&#*$
LQYROYHG ZLWK WKH VHDUFK RI VRFLDOO\ YDOLGDWHG DQG WHFKQLFEC
"19'+$*8*#%*1*0"."06$B'36"-#3%6$"19".,.#"%1"K-6'9V6--%14.U"

%(C@1"3V'A$6".*0'$%.0B'%$$64,-"$'.6##-6861#.B";,-16$"K%-%#<B'$6&*88619"#%*1.'0*$', $K"1'$63"K%-%# "#%*1'
+$*&6..6.'

ZR
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2<E&)=;<M>M=&'@W=<M6&-M?Q=

I"H$%$ 8! A..% H#"1#1$+06..*$
(8#%3$%)%$'¢ 8QLYHUVLGDGH 6mR -XGDV 7DGHX &RQVXOV
“+$- 4 SDWULFLDFH]DULR EU#JPDLO FRP
56074## 44 5XD 7DTXDUL
ORRFD 6mR 3DXOR 63
&6+GTDEE@GGG""
C$")%-
.$"/0,1234
3DWULFLD &H]DULR 6LOYD 3K’ IURP WKH 6FKRRO RI $UFKLWHFWXL

3DXOR IHOORZ UHVHDUFKHU DW WKH ,QVWLWXWH Rl $SSOLHG (FRQRP
VFKRODU DW WKH 'HSDUWPHQW RI 8UEDQ 6WXGLHV DQG 30DQQLQJ 0D
$UFKLWHFW DQG XUEDQ SODQQHU ZLWK PRUH WKDQ WKLUWHHQ \F
YHORSPHQW VOXP XSJUDGLQJ DQG ODQG WHQXUH UHJXODUL]DWLRQ
$UFKLWHFWXUH DQG 8UEDQLVP IURP WKH 8QLYHUVLW\ RI 6mR 3DXOR D
L10*$8"-'"26##-6861#'=64,-"$%)"#%*1'0$*8'#36'L1.#%# #6™0'J* .%14" 19" $K"1'?#,9%6.' @'LI?U'A# #36'8*86 1#'%."
FRQVXOWDQW RI 81(6&2 LQ D MRLQW SURMHFW ZLWK WKH &LW\ @000 R
DWLRQ DQG PRQLWRULQJ RI WKH ODVWHU 30DQ RI 6mR 3DXOR DV ZHOC

*,9".('96,U"

J01"H&*" H#2&" #2&..(-YoH$&2+3+%() 1 +#4C&
) HHYHSE H2&) (HYA(0%HS

"Qn<=>:

(36'+"+6%'V%--'+$6.61#"1'*;6$;%6V'*1'#V*' 9%006$6 1#'68+%$%&"-'$6.6"$&36.'96,;6-*+69".%1&6'FGD] " 19'#$<"#*'
K,%-9',+'+*.%K-6'&*116&#%*1.'0*$'0,$#36$'$6.6"$&3U

2QH LV DQ HPSLULFDO VWXG\ FRQFOXGHG LQ RQ WKH LPSOLFDWLRQ)
I" H" #6$'1-"1B'V%6# 3 #36 *KMB6&H%;6'*0'K$6" 0% 14" +'VUo#3' +"#9%"- 64$64" #%*1'K<'+$*%9%14' *&%"-'3*,.%14'K<'
SULYDWH GHYHORSHUV LQ JRRG ORFDWLRQV 7KH UHVHDUFK TX@&VWLRC
WHQWLDO RI WKH p6ROLGDULW\ 4XRWDY IRU VRFLDO KRXVLQJ SURYLVLF
+H* 6O HH$6;6SK6$ #6'%61-"19'$6 45, &#, $%14B'K #61&-,.%;6-<'%1'8"SO6#3*,.%14'+$*9, &#%*1U'L 1. #6"9*0'
"99$6..9614'#36'.64$64"#69'+ " ##E6$1'%0'3*, %6 14'+$*9, &HY* 1 B'YoH. " ++-%& " H%*1'61"K-6. #36'$6+$*9, &H#Y* 10" +"#9%"-
64864 #%*1'K<'&*1.6%$;"#%;6'8"$O6# +$"&#%&6.U’

(36"#36%$'$6.6"$83'%. &, $$6 1#-<',196%$'96;6-*+861#B""19""%8.'#36'06;6-*+86 1#*0'% 19%& " #*$.' 0*$'8* 1%6#*$%14'
WKH DSSOLFDWLRQ RI WKH 6mR 3DXOR ODVWHU 30DQ VSHFL@ DOO\
8%"-'3*,.%14'96;6-*+861#"19'-"19'#61,$6'$64,-"$%) "#%*1U'(36'$6.6"$&3'&*, 1#.'V%6#3'.%|'+3".6.B™* #*0'V3%&3'
#3$66'3";6'K661'"-$6"9<'"&&*8+-%.369U' A# #36' 8*861#B' #36$6'3".' K661' 96;6-*+69'" 8"#$%I'*0' +$*+*.69"
LQGLFDWRUV DQG LGHQWL¢HG GDWD VRXUFHV 7KH QH[W SKDVHV FRQV
+$%+%.69'0619%& " #+$.""19'96;6-*+0614'+*. %K %-%#%6.'0";%.,"-%) #%*1U' (36'K%446 # &3"--6146' ¥ 0"$' %. " &&6 .. #*'

ZS
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9"#"&*--6&#69'K<'9%006$61#'96+"$#861#.'V%#3%1'#36'8,1%&%+"-""98%1%.#$ "#%*1U
(36'FGD]'H".#6$'1-"1'3".'&*1.*-9%9"#69'+-"11%14'#**- '+$*+* 6 9'K<'#36'5%#<"?#"#,#6'%1'FGGDU'H*1%#*$%14'#36'
%8+-6861#"#%*1*0'#3*.6'+-"11%14'#**-.'%.'0,19"86 1#"-'0*$'6;"-,"#%14'#36%$'%8+"&#.* 1'#36'%8+-686 1#"#%*1*0'
#36', $K"1'+*-%&<"".'V6--""."61"K-6.""9M,.#861#.""19'&3"146.'#*V"$9.' K6 ##6$ " 19'8*$6'6006 &#%0;6'+-"11%14"'

#x- U

%(C@1"3V'H".#6$'1-"1B'-"11%14'(**-.B'L19%&"#*$.B'H*1%#*$%14B'J*,.%14'1$*9,&#%*1'

Z2Q
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2<E&2=AM@7?=&2M@;W&3M=A=

"#3%3$"&" . @X*&
*+,$' 4 GDQLGLHW]#JPDLO FRP
5607##'44 =,"9"=6+pK-%&"B'EFE[FGR

59%9"96'C"%I"QGGZG@TFG
3RUWR $OHJUH * 56
C$")%-

.$"/0,1234

L'V".'4$"9,"#69'% 1" $&3%#6&#,$6™19", $K"1%.8'%1'FGGS'0$*8'#36'7696%"-':1%;6$.%6#<"*0'=%*'>$"196'9*2,-U'H<'
PDVWHU ZDV LQ &LYLO (QJLQHHULQJ LW ZDV KHOG IURP W R LQ
H & V" &* 1 #$,&#%*1'8"1"46861#B' 0%&,.%14' *1' #36',196$.#"19%14'+0' 3*V' &*88%#86 1#.'V6$6'8"1"469'
%1'+$*0,&H#%*1'+-"11%614"19'&* 1#$*-' < #68.'K".69*1'#36'Y" #1-"116$'?<.#68U'(36'8"%1 '+ K-%&"#%*1.'0$*8'
WKLV SHULRG ZDV *D VXUYH\ RQ WKH /DVW 30DQQHU 6\WWHP LRBDFWYV
%"1'&*8+"1%6.hB'+,K-%.369"##36'DSH#3IAL1L,"-'5*106$6186*0'#36'L1#6$1"#%6*1"-'>$* +'0*$'Y 6"1'5+1 #$,&#%*1'
*1& LQ DQG WKH 30RGHOOLQJ WKH QHWZRUN RI FRPPLWPHQWYV LQ
#36'Y6"1'&*1.#$,84#%*1"* $1"-'%1'FGDFU'7$*8'FGDD#*FGDZB'L'96;6-*+69'8<'I3XB'0*&,.%14*1'#36'% 1#64%$"#%*1'
RI WKH SURGXFWLRQ SODQQLQJ DQG FRQWURO V\VWHPV RI WKH GHVLJ
7R 2UGHU (72 EXLOGLQJ V\WVWHPV 7KH WKUHH PDLQ SXEOLFDWLRQV I
LQWHJUDWHG SODQQLQJ DQG FRQWURO RI (QJLQHHU 7R 2UGHU SUHIDE!L

&RQIHUHQFH RI WKH ,*/& LQ WKH 3&RUH UHTXLUHPHQWYV IRU WKH
PRGHO IRU (QJLQHHU 7R 2UGHU LQ FRQVWUXFWLRQ LQGXVWU\" SXEOL\
*HVWLYQ \ (FRQRPLD GH OD &RQVWUXFFLYQ LQ DQG 37KH UROH

%1#64$"#69'+-"11%14™19'&*1#$*-'0*$'614%166$@#* @*$96$'K,%-9%14' < #68.hB"+,K-%.369"##36'FFI@A11,"-'5+1
06$61&6'%1'FGD]U’

VoHA-+$0"4+28)0(2/' A% (H&) " HHYHSE H2& (#A0(*&(2+*&
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