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/000 © I#3 2@ O0OE $0@)12 @E1!' $ ." #E 101 ."

E E2 0)..3102.)8B21E 02. *2 " E! 1/ + 0 " #E 101 .'
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E.!.1$0 0 1." #@& '01 ." 36 "0 2*2# . ./.$0110 .
E )2 2. 2& #E 01+ 2" . E' ®O0 . EO! 10 2. & . $
E! 1/ + 2& €0 .2+ . 2& .2 %O0&" 2. .GE $0p
.2 .)0 & )22. ®'0 . 02! 0 O 1 . L.o12 I
E ."2 E 020 2. /0.2 & )2 2. . 12 1 2" 2 .2+2.2 0
i/ )20#@E 12 ! 02. )2 12 " EO! E2+10 " )@ @ (6E36)2 2.2 .
0O . $. )20/ .E) 2 .E /02) .E) 2 2. . &2 O0E EO/ G
0.*20! 0 . /.31 02.* #2+ 2& [/* 00+ 2)1 .2 %
2. . &2 " .2 #E101.20 0 @E!" . 1&" $. E )2 2. 52
.2 . .)0 & )22.0 . .E/02 O0+)2. (636 .2 . .)o0

> @



0o . E & .E)2 .E/02)1 0 2 20 0#2. . 0! E2&1 )1

/ .31 02.*2& [/* .#2+ 00+ 2)1 .2 % & # $0 2.
#@®O01 .20 0 G!" . /0.2 & )2 2.
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JHZLO HW DO & &UROLO DOG 7D\ORU
&RKHQ HW DO 20VKDYVNS IDRK® 0GO DE $00DZD\
$QGHUVRQ D MIEK-RONDU HW DO 3RZSDND
&KXUFKLOO DQG 6XWDSUM@IDIEHV DQG J)HUUHQO )
*U|QURRYV 6PLWK DQG(WRKOWRD +ROGIRUG DQG
/HZLV DQG %RRPV  &URQLQ HW DO %UDG
*U|QURRV 3D U D V] XUIRRDLA) HID GID® H H E %DOWXV
6XUSUHQBWWODQG 6XUHVKFKDQGDU HW
6RORPRQ L OXWVRIHDGDEBW DO *HWW\ DQG *HV
ODQJROG DQG %DEDNXV-DLQ D @® EXNSXWD DQJ DQG
DOG %ROOHU % DEDNXV D.QGERXUIROCGHW D|O -
'HERU HW DO ORKR HW DMURFKH HW DO
$OH[DQGHU HW DO $QGHBVE®GDVWR UH *RXQDUI
<RXVVHI HW DO /DP .DQJ -LQHOGLQ &L
)XHQWHV &DURDQ@G *DUFLD 'DJJHU HW DO
'‘DEKRONDU HW DO 3 pWRAY WHMQ GD OX P D U (OOHXEK
$OGODLIJDQ DQG| %DXMOEDML HW DO 'XJILUDC
%DOGZLQ DQG 6RKDLO 6RRDNVGIQ HW DO 3ULSRU
<D Q J DHOW ORVWD ID #MUR DRQ® *DU 1DMMDU
HW DO 'LVQLHZVN B HD@GHW V8 WH DN L _XQ DOQG
$NEDED %DXHU BWSBWOR HW DO 5RFFR
+X DQG -HQ $UDVOAR EWDB® /X |HW DO
%DNDU HW DO DUDUBWVDYLGRX B5RGUILIXHV HW
HW DO 6XNL HW DADUDQJ$DJIMD DIIGERWD ZDOG $O
*DUJ '"HBWUDVDG| DQG &OHPHV HW 1IDOHW DO
%HOODPNRQGD 40 . KDBMWD & GD&ICH Q fRZDW D
SERUXPPDQ % \ D|USVI\DIENDH UD Q G /HH DQG .LP
2VDUHQNKRH $]L]D CHE O & D RHK\D PHIC %DNWL DQG
<RXVDSURQSDLERRQ DOQIXVRKQORKW DO VKID
“DLEDI HW DO *RVMEUR YR IJDGXP HW DO
‘DYLHV 'LDE HW D/®xD HW DWPHUDPLG R X
HW DO L HOM DO
b//.2 /.21 4% 02¢2."2 0&' 4 EES$! 1 & 0 .E) 2
0 2 2# .20 # .0E 12 #03.1)0 6(593(5)
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EO0* # y o!. | # *1 oro# 2" . 2£382)$E #AD# 2&
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uE 0&! 2 2 2 .)0 "E )2 2."
UE) 2" E ! 310" E # /I 0yyy E 0 /
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b . 0! E!' 1 1
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3DUDVXUDPDQ HW DO
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UE ,0&! 2 \ a 1.3

3DUDVXUDPDQ HW DO
DO .QXWVRQ HW DQG %DEDNXIROG
HW DO %DEDNXV DQG ODQJROG
&URQLQ DQG 7D\ORU
$OH[DQGHU HW DO $QGHUVRQ
+D0UWH DQG JHUUHOO /IDP
YXHQWHV &DUPDQ JURVW DQG
&URQLQ HW DO $QGDOHHE
%DOWXVVHQ HW DO 6 X WHMKG\K B QG
.KDQ %DOGZLQ DQG BRKDLO
<DQJ HW DO -DLQ DQG *XSWD

0* 0OE & /&| =KRX &KR HW DO ORVWDID

6XUSUHQDQW,

'"HVDUER HW D

+

6|

" :LVQLHZVNL DQG
+X DQG -HQ
HW DO
HW DO
6XNL HW DO
5RFFR HW DO
DQG $ERUXPPDQ
DQGORWDZD

(OOHXFK
+DQVHQ HW DO

L V@ XIQDVNLY
%DXHU HW DO

/IDURFH
$NE
$UDVOL HW DQ
YU GRU
-XQ DQG 6KHQJIW
$DJMD DQG *DUJ
5RGULJXHV HW DO
/DQ DQG &KHBUXJDED D

$]L]DQ DQG ORKDPHG <RXVDS|

*RVOLQ DQG 'DYLHV /HH DQG .L
%DNWL DQG 6XPDHGL 5XVVHOO HW I
DO H 2xD HW DO ,VPDLO HW DO

DQG 6RORP
3DUDVXUDPF
%DEDNXV
o) % U R
KRXVVHI HW
XUOH\ DQG
.XPDU '
$0OGODLJID
DO HW DO
RKDLO

.LOERX
"HQ HV

KH HW DO
DE D =LQ
% DND

BW BW DO
DR 5DS
.DUO HW D
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5. Crediblilty —n Em
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2 11 2 # EO 2 .22 '"E.\DBROFE '01 " 0 2 0O E 12 1*
3DUDVXUDPDQ HW D@. 12 )2 2. E # E! EO .0C /0 *0
E!' 1&E ) 02" E&®! 0" 2 # .0 . O#%$.! 12 &Eo 2"
02 . 10" 0 2 .0 2" 0 & 12 1* 2& EO0 .2+ E! :
02. ! $2 02. [ .2 10 2. ) 02,1 ) ) 3DUDVXUDP!

>

@



*3& .

0 2.

0OE 12 1* 0

1#

CE) 1 2"

yyyu E!

12

0 2@ #
# @0 20"
)2 2."

$0 . 2 #yyy.210 " . ) )2

121 E HE)%
0OE $0 ! 1 " 10 )! #" &
i@ E 12 1* Q0

2. 12 $0 . )2 2.

Y2 2"

12

3DUDVXUDPDQ HWXMWOVRQ HW DO
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+ROGIRUG DQG B6FKXO] )XHQWHV
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HW DO 'LDE HW DO ,VKIDT HW DO
DO

6XUSUHQDQW DQG 6ROF

-DLQ DQG *XSW

% DN
/X HW

XPRQ

DQG %RO
H[DQGHU

BRZSDND

'DEK
%UDG\
HW DO
HW DO
D
U MR
J &
DU HW D
DO

L

D 3
<R X
DQG 6XPI

7H

*U/QURRYV 3DUDVXUDPDQ HW DO
%DEDNXV DQG %ROOHU 5L%KI
HW DO <RXVVHI HW DO 'DE
%XWOHU HW DO +DUWOLQH
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/
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0 E> o #12 $DJMD DQG *DUJ 0
v . 1 .2 -
Y& 101 0" 5RFFR HW DO 0
# y . E 3RZSDND &OHPHV HW yu u vy
‘0 0 2*Ea 1 ODQJROG DQG %I %DEDNXV DQG ODQJRO 0
. XPDU
%UF FC "HVD FLC OF SOH[D F C
/DP 'DEKRGMMMU <D QHWO $NEDED
)2 2. @& 101 + | #PNBWO .DUDVVDYLGRX HW DO %ODEDNXY DQG %R
: ' &URQLQ DQG 7PDQRW QG *XSWD *BWW\DQG *HWW\
/HH DQG .LP 3RZSROGIRUG DIQG 6FKXO]
'DJJHU HW DEOHPHV HW DO
€ )2 2. #E 101 .4 ¥UDG\ DQG &L 'DJJHU HW /X HW DO 3RO« U
' ' ' &URQLQ HWh DG\ HW DO 'DEK/[RGK DU HW|DO
u <DQJ HW I u
I o# L 0E. . ! ODQJROG DQG %DEDNXV 3RZSDND yuuu g
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2XWPH .HUDPLGRX o o oy 364
3DUDVXUDPDQ HW DO <RXVVHI HW DO /DP "DEKRONDU HW DO
5HOLDELOW) <DQJ HW DO ORVWDID <RXVYDSWRQSDLERRQ D3®@ -RKQVIRQ
S5HOLDELOW)\ 5DQGKHHW P\QMBZ$0 U 364
SHOLDELOWY\ .KDQ u 364
5HOLDELOW)\ .DQJ DQG -DPHV .DQJ yu u vy YXQFWLRQDO #XDOLLW\
5HOLDELOW)\ .HUDPLGRX yu u vy 7THFKQLFDO 4XDOLW\
&RPSHWHQFH .HUDPLGRX yu u vy 7THFKQLFDO 4XDOLW
SHOLDELOLW)\ $VVKRYQFH U 364
3HUIRUPLQJ 7K ($GHTXRE) .Q BHUY ISR BKS SO\ U 364
SLIKW7KH )LUVW 7LSGPLQLVWUDWLYHXJIURFHVY HW DO o o oy $GPLQLVWUDWL[YH SURFH|GXUHV
$VVXUDQFH | $SQGDOHHE u 364
$VVXUDQFH | +ROBERDQG 6FKXO] yu u vy YXQFWLRQDO #XDOLLW\
'RLQJ ,W 5LJKWDEKRONDU HW DO yu u vy 5HOLDELOLW\
(QVLURQPHOW SHIVEEPRA 898 rx nw o i 364
YXQFWLRQDO 4XBX DIQWE\ -HQ U 364
+XPDQ 3HUIRUP|DEHHHVKFKDQGDU HW DO u 364
3HUVRQDO $WWH@WGROQ DQG 6RKDLO U 364
3URIHVVLRQDOLYVBUOVEOANDHW DO u 364
364 (OOHXFK U
%HVW SRVVLEOH UHVXOWV RZLQJ
WR WKH H[REWEHQFH TX 2XWFRPH .HUDPLGRX . HUDPLGRX DQG 7ULDQWDIIOR SR X|[ORV 364
DQG UHOI
2XWFRPH .HUDPLGRX . HUDPLGRX DQG 7ULDQWDI\IOR SR X|[ORV 364
+RV'SLW DOH YX\F MR/Q 2XWFRPH "XJJLUDOD HW DO yu u vy &OLQLFDO FDUH SURFHG|XUH
KHDOWK 7HFKQLFDO 4XPD@DWRDQ u 364
6DWLVIDFWLR@JJHU HW DO o o oy
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2XWFRPH 5HDGPLYVLRQ2XWFRPH "XJIJLUDOD HW DO yiu o y &OLQLFDO FDUH SURFHG
SGHTXDEY Q@ SHIYWA viq nw Do u 364
+HDOWK &DUH|'HDUBBU\ 364
,QIUDVWU X FWDOWD QJ 364
$GPLVVLRQ| 'XJJLUDOD HW DO yu oy $GPLQLVWUDWL|YH SURFH
OHGLFDO 6HUYKBBLUDOD HW DO yu oy 3SHMRQHOO TXDOLW\
$YDLODELOLW\ RI [RFWRBWDII 4XRWD1IDMBHOOHW HW DO yiu o vy +XPDQ SHUIRUPDQFH
OHGLBRO/LFLD Q| 4XORBIBDNOHW HW DO yiu o vy +XPDQ UHVRXUFHV
SHODWLROVKLSREE uw po u 364
+HDOWK $QG BDUBIEVHW DO u 364
3URPSWQHVVHEDWD HW DO u 364
5HVSRQVLYHQHMMPLGRX .HUDPLGRX DQG 7ULDQWDI\OORSRXQRY YXQFWLRQDO UXDOLLW)\
5HVSRQVLYHQHMMPLGRX .HUDPLGRMW DMQWDI\OORSRXORY yi 0 ¥ YXQFWLRQDO UXDOLLW)\
SHODWLROQVKL SR kW 1w po i 364
$YDLODELOLW\ RI LXUVHY¥GPLVVLRQ| 'XJJLUDOD HW DO yu oy $GPLQLVWUDWL|YH SURFH
2UJDQL]DW LIRXDMBH@OHW HW DO yiu o vy +XPDSHUIRUPDQFH
6WDIl 4XRWD1IDMBHOOHW HW DO yiu o vy +XPDQ SHUIRUPDQFH
1XUVLQJ &DUBHDSRVR HW DO u 364
g\ll‘évl_\"b\\’/vé(gg(\)/o$QG 3 8QGHUVWDQ| .HUDPLGRX yiu o vy YXQFWLRQDO
$FFHVVLELQ .HUDPLGRX .HUDPLGRX DQG 7ULDQWD yiu 0o ¥ JDFLOLWLH
DLRL WLPH [RU W $GPLVVLRQ| 'XJJLUDOD HW DO yu oy $GPLQLVWUDWL
WKH KRVSLWDO
YXQFWLRQDO | =LQHOGLQ 0 364
&OLQLFDO 6H 5RFFR HW DO 364
:DLWLQJ WLPH IRU $FFHVVLELOQ .HUDPLGRX .HUDPLGRX DQG 7ULDQWD yiu 0o ¥ JDFLOLWLH
$GPLQLVWUDWL 'XJJLUDOD HW DO yu oy $GPLQLVSUWRRHL
JDFLOLWLH| .HUDPLGRX .HUDPLGRX DQG 7ULDQWD yiu 0o ¥ 364
SHODWLYHV YLVLW -
JDFLOLWLH 5RFFR HW DO u 364
,QIRUPDWLRQ RQ K &RPPXQLFDW .HUDPLGRX DPLGRM DQG 7ULDQWDI\OORSH yi 0 ¥ YXQFWLRQDO
VHUYLFHV SURYLG 7JUHDWPHQW | 'XJJLUDOD HW DO yia o vy &OLQLFDO FDU
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ZRPPXQLFDWL] .HUDPLGRX "HUDPLGRX DQG 7ULDQWDI )XQFWLRQDO
,QIRUPDWLRQ &RPPXQLFDWL] SQGDOHHE TDQVHQ HW DO 364
KHDOWK SURE 7UHDWPHQW 3U 'XJJLUDOD HW DO 2OLOLFDO FDU
(QYLUR =LQHOG 36
&RPPXOQL "HUDFX "HUDPLGRX DQG 7ULEL JXQFWLROQI
_QIRUPDWLRQ 5RFFR HW DO 364
E%Ir?g\fLDRV\(JLRS, "LVFKDUJH "XJJLUDOD HW DO SGPLQLVWUDWL
(PSDWK\ SUDVOL HW DO 364
)XQRWDO 4XDOJ =LQHOGLQ 364
2YHUDOO 5HO 364 ERFFR HW DO
'LWK &XVWRP )XQFWLRQDO 4) .HUDPLGRX y 364
)DFLOLWLHV| .HUDPLGRX "HUDPLGRX DQG 7ULDQWDI v 364
)DFLOLWLHV| 5RFFR HW DO d
JRRG YDULHW )RRG 4XDOLWY| $UDVOL HW DO a 364
JRRG DOG %HYH .KDWWDE DQG SERUXPPDOQ d 364
$PHQLW\ 20ER| :HQ HW DO a 364
36 $DJMC*DUJ U
&OHDQOLQHV\ &OHPHV HW yu u_y (QYLUR
7RLOHWYV FOH (QYLURQPHQW 3K $SUDVOL HW DO $0 .KDWW a 36
J)DFLOLWLHV | 'LDE HW DO u 364
)DFLOLWLHV | 50SRVR HW B&FFR HW DO U 364
)DFLOLWLHV| .HUDPLGRX .HUDPLGRX DQG 7ULDQWDI\OORS yi U § 364
)DFLOLWLHV | 5RFFR HW DO U 364
SVHRJZXHOODVULVCV)\LC )DFLOLWLHV| .HUDPLGRX .HUDPLGRCODR@® RADORSRXORV yu oy 364
2OHDQOLQHVV $Q &OHPHV HW DO Va Uy (QYLURQPH(
6DWLVIDFWLR 6DWLVIDFWLR 5RFFR HW DO 3 364
'DLWLQJ WLP SFFHVVLELOL| .HUDPLGRX "HUDPLGRRXIXRY 7ULDQWDI| i 4§ JDFLOLWLH
6DWLVIDFWLR 364 ERFFR HW DO 3
LQIRUPDWLRQ )XQFWLRQDO 4) .HUDPLGRX.HUDPLGRX DQG 7ULDQWDI\OORS| yu U _§ 364
% UR 2/ IO "HVDUER HW DO 0F $
364 "DEKRONDU HW DO $ NEDGEIDH W DO DU @
.DUDVVDYLGRX HW DO
364 %DEDNXV DQG %GRBRQEQ DQG 7D\ORU D] ©
2YHUDOO 4XD 36 *HWW\ D\ /HH DQG .L a
6HUYLFHYV 3RZSDND +ROGIRUG DQG 6FKXO] DIIH .. - .
364 DO .HUDPI yauy
3XUFKDVH OF SOH[DQGHU d
6DWLVIDFWLR $SQGDOHHE u
7UXVW "HQ HW DO a
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2YHUDOO ([SHULHQFH| , o
XJJLUDOD HW DO T $GPLQLVWUDW
6HUYLFH 3UR SHFHLYHG y y Q
BURYLGHV 6X 364 &OHPHV HW DO yi o vy
BHUYLFH :KH( 6DWLVIDFWLR{ 5RIRFHW DO U
&RPSDUHG 7R BHUYLFH 9DOXH :HQ HW DO U
B3URYLGHUV 6ZLWFKLQJ &RVY :HQ HW DO U
364 .HUDPLGRX yi o vy
YDFLOLWLHV %XWOHU HWBRRFR HW DO U 364
JDFLOLWLHV _HWPDL.GRX .HUDPLGRX DQG 7ULDQWDI yi u ¥ 364
$SSHDUDQFH 'DEKRONDU HW DO yi oy 3K\WLFDO $V
(QYLUR $UDVOL HW DO $0O .KDWMW U 36
SRRP FOHDQ 7DQJLEOHV 3ULSRUDV HW DO U 364
_QIUDVWUXFWXU "'XJJLUDOD HW DO yiu u vy 364
&OHDQOLQHVV 21 7] +XUOH\ DQG (VWHODPL U 364
"LVFLSOLQH $QGDOHHE U 364

* 2 #EP! U2" 2@ PIEL 12 # E.!)$ #

201" E .E.!'2 02. .E)O0!'&2 10 " . ) 1" 2 #
2& #E 101 +
211 E .E.!2 02. .E€) 0!'&2 10"
. 211" E .E.!'2 02. .E) 0!&2 10 " . ) 1" &E 0 12&E
#E 101 +

> @

))1L 2 "EEN 12" 2 # E.!1)$ # 2& #E 101 +

1 ")28&2 E! .2/# $!.12 2&



"009 a0 20" 211 " 2& &'/ 112 + E&.!'. .)0 " 1# "E )2 2." 28
$SFFHVV "HVLJQ 1RQSK\VLFLDQVY FRQFHUQ 6DIHW\ DQG HQYLURQPHQW
$FFHVV FROQYHQUHQREHLVFKDUJH 1XUVLQJ FDUH 6DIHQWGLFDWRUYV
$FFRPPRGDWLRQV "LVFLSOLQH 2SHUDWLQJ PDQDJHPHQW VXSSREDWLVIDFWLRQ
$FFXUDF\ Rl ELOOLQJ| 'LVWLQFWLYHQHVV RI ,&8 DQG RWRISH FDWWQEDQPIDUH XQLWV 6HFRQGDU\ VHUYLFHV
$FFXUDF\ RI UHVHUYDWRRQY LW ULJKW 2SHUDWLRQ 6HFXULW\
$GHTXDF\ LQ VHUYLFH YXBS®I VHUYLFH 2UJDQL]DWLRQ 6HUYLFH VIVWHP TXDOLW\
$GPLQLVWUDWLRQ (PSDWK\ 2XWFRPH 6NLOOV DQG DELOLW\
$GPLQLVWUDWLYH SUREMSDWKWUHVSRQVLYHQHVV 2YHUDOO H[SHULHQFH RI FHGLFBRFLDEHN UIHFHLYHG
$GPLQLVWUDWLYH SUREQIMRMPH QW 3DUDPHGLFDO DQG VXSSRUW VWEORFIXO GEHQHILWV
$GPLVVLRQ (QYLURQPHQW 3DUNLQJ 6RFLDO )DFWRUYV
$OWHUQDWLYH 7KHUD|[SA\YDOXDWLRQ DQG VXUYHLOODQFH 3DWLHQW FDUH PDQDJHPHIQW | 6RFLDO UHVSRQVLELOLW\
$SPELHQWL&RRQGLW (YDOXDWLRQV FDUULHG RXW 3DWLHQW KLVWRU\ DQG SK\VLFD&ORHIDPURPAMMR QXD OL W\
UPHQLW\ 2QERDUG (ISHUWLVH 3HGDJRJ\ 6SHFLDO %HQHILWV R| WUHDW
$QWLELRWKHUDS\ YDFLOLWLHV 3HUVRQDO LVVXHV 6WDWLRQ SHUIRUPDQFH
$QWLVHSWLF PDQDJHPHIOOW DGPLQLVWUDWLRQ 3HUVRQDOL]JHG DWWHQWLRQ 6WDII
$SSHDUDQFH YRRG DQG % HYHUDJH 3HUVRQHOO TXDOLW\ 6WDIl TXRWD
$SUFKLWHFWXUH YRRG 6HUYLFH 3HUVRQQHO FRQGXFW DQQG G UXJ6WDD L @/LBL@MILVQV
$VVXUDQFH YXQFWLRQDO 4XDOLLW\ 3KDUPDFHXWLFDO VHUYLFHV 6WUXFWXUH
$SWPRVSKHUH YXQFWLRQDOLW\ GHVLJQ 3K\WLFDO $VSHFWYV 6XSSRUW
SWWLWXGH *LYLQJ SULRULW\ WR LQSDW[HQWBKQHIRBY FKDQJH 6XUYHLOODQFH RUJDQL]DWLRQ
SWLWXGH DQG EHKDYLRHDOWK DQG VDIHW\ 30HDVDQW VWD\ 6ZLWFKLQJ FRVWV
SWWUDFWLYHQHVY RI| FRABGWK WBUM GHOLYHU\ 3ROLF\ 6\WWHPDWL]DWLRQ RI|VHUYLFH G
%DNVKHHVK +HOSIXOQHVV SRWHQWLDO TXDOLW\ 7DQJLEOHV
% HKDW LR +XPDQ SHUIRUPDQFH BUREOHP 6ROYLQJ 7HFKQLFDO TXDOLW\
%HKDYLRUDO ,QWHQWLRQNVHQH SUHFDXWLRQV B3URFHGXUH DYDLODELOLW| 7LPH RQ SDWLHQW
&DUH SURYLGHU ,PDJH BURFHGXUHV FRQWURO 7LPHOLQHVV
&OHDQOL@®PVRUMQG F| ,QIRUPDWLRQ BURFHVV 7UDQVDFWLRQDO DFFXUDF\
&OHDQOLQHVV RI WKH |IDFUDYWUXFWXUH BURGXFW SRUWIROLR 7UDQVIRUPDWLYH TXDOLW\

 QWHUDFWLR@OL GRIBBDIRD AW L R Q
&OLQLFDO 6HUYLFHV | "o nrwmor @ QW 3URIHVVLRQDOLVP RI VWD]|I 7UHDWPHQW SURFHVV
&RPIRUW ,QWH QMBHRVX U Q 3URJUDP 4XDOLW\ 7UXVW
&RPPXQLFDWLRQ ,QWHUSHUVRQDO 4XDOLW\ SURPLVHV 8QGHUVWDQGLQJ WKH FXVWRPHU
&RPSHWHQFH "QRZOHRIBBEOR\HHV SURPYWQH 9DOHQFH
&RQGXFW /HDUQLQJ VHWWLQJ 364 9DOXH 6HUYLFH YDOJXH
&RQILGHQFH /REFDWLRQ 3XQFWXDOLW\ ‘DLWLQJ WLPH
&RQYHQLHQFH /REFDWLRQ 6LWXDWLRQ 5DQJH RI 6HUYLFH ‘"DUP WK
&RUH VHUYLFH /R\DOW\ SHFHSWLYLW\ "HOFRPH JXLGH IRU SDWLHQW UH
&RUSRUDWH ,PDJH ODFKLQH VHUYLFH 5HO D W L R Q3/HKUW 8 RZLQHO 'RUG RI PRXWK
&RXUWHRXV +HOS|XO | ODQDJHPHQW Rl GRFXPHQWDWLRQS5HOLDELOLW\
&RXUWHV\ OHGLFDO VHUYLFH 5HOLDELOLW\ $VVXUDQF
&UHGLELOLW\ OHGLBROLIDQ TXRWD SHVSRQVLYHQHVV
&XOWXUH ORYLQJ WKURXJK WKH YLVLW 5LVN PDQDJHPHQW RI LQIHFWLRQV
&XUULFXOXP 1RLVH OHYHO 6DFULILFH
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$$325 5HVSRQVH UDWHYV SHWULHYHG
KWWS ZZZ DDSRU RUJ $$32HMRMLFRV(GKEDWLRQ
5HVHDUFKEXWWBR GEVSERWHOZYHUYLHZ DVS]

$$325 $$325 UHSRUW RQ RQOLQH SDQHOV

$$325 7KH $PHULGDI@ UsBXEPLFWAR. QLRQ 5HVHDUF
'HILQLWLRQV )LQDO 'LVSRVLWLRQV RI &DVH &RGHV DQ
HGLWLRQ $$325

$DIJMD - 3 *DUOHBVXULQJ SHUFHLYHG VHUYLFH TXDOLW
3XE+RV4XDO LQ WHKRMIEBLOMWAR@DO -RXUQDO RI 3KDL
+HDOWKFDUH ODUNHWLQJ

$$325 6WDQGDUG GHILQLWLRQV )LQDO GLVSRVLWLR(
IRU 5'"° WHOHSKRQHSWUWRD\KRRGHKROG VXUYH\V $$325
0,

$ESL + 0XOWLY HQEDVOR DHBOLDMVMRW UHVHDUFK PHWKR
VFLHQFKR/XVDQG 2DNV &$ 6DJH

$EH®PLWK % /HLVHUVRQ $ 'RUOG +HDOWK 2UJDQL
GHYHORSPHQW DQG KHDOWK SRQLF\ :RUOG +HDOWK 2

$NoD\ $ ( (UWHN * %e\sN|JNDQ * $QDO\]LQJ W

WKURXJK LQIRUPDWLRQ YLVXDOL]DWLRQ DQG GDWD
IUDPHZRIMUW 6\WWHPV ZLWK $SSOLFDWLRQV

$GD\ / $ 3UHSDUIRQJ DD \WDRW 'HVLIQLQJ DQG FRC
VXUYH\V 6DQ )UDQF%UDNR ,®F -RVVH\
$IRQVR $ $XE\Q O0&WBRARXQWU\ HIILFLHQF\ Rl VHFRQGD

SURYLVLRGDY VRIPWULF DQBQWLULH WIL\R QDRR @RLFX W V
PREHOOLQJ

$IWKDQRUKDQ : +LHUDUFKLFDI®R FRPWR QH W DXWXDQH P
PRGHO LQ SDUWLDO OHDVW VTX D UtH®?WUWXH WXIW ORI DO
-RXUQDO RI ODWKHPDWLFV

$JUDZDO * |IYLVWBUISMO R[]\ UHSRUWHG PRUELGLW\ SUHYDOHC
,QGLD D VWXG\ EDVHG RQ W KA BD®DLRQR QDD PEXOWHQDXOU
5LJKWV LQ +HDOWKFDUH

$KLUH 6 / *ROKDU ' < ':DOOHU 0 $ GDWLR®YHORSPHC
LPSOHPHQWDWLRELVRRY WBXHQNHV
$KPHG 1 *DPDJH ' 7 6XZDQDEURPD - 8H\DPD 7 +D(

7KH LPSDFW RI TXDOLW\ DVVXUDQFH PHDVXUHYV
-DSDQHVH DQGXTKIYIH SNXIDWILWW DVVXUDQFH LQ (GXFDWL

$LIJQHU ' - &KX 6 ) 2Q HVWLPDWLQJ7WHKH LQGXV
$PHULFDQ (FRQRPLF 5HYLHZ
$LJQHU ' J/RYHOO & . 6FKPLGW 3 V WRRUFROOO/MWAL IER Q

IURQWLHU SURGXFW LRXQU IXMT \R L RHE PRISAHHOW U L F V



$NEDED $ OHDVXULQJ VHUYLFH TXDOLW\ LQ WKH KR\
KRWHO LG RWXIINHDOLW\ ODQDIJHPHQW

$O0 .KDWWDE 6 $ERUXPPD-MDOWKFDUH VHUYLFH TXDOLW\
DQG SULYDWH KRYGWWDOQUWQRQ@U®B BXVLQHVY 0DQDJHP

$0GODLJDQ $ + %XWWOH#$4 H QHZ PHDOMG$SH RI EDQN \
TXDQOQW\HUQDWLRIQDHU YRXHQRG XRVWU\ ODQDJHPHQW

$OL ) =KRX < +XVVDLQ . 1DLU 3 . 5DJDYDQ 1 $
VHUYLFH TXDOLW\ HIITHFW VW XGH Q\X D/DMWL\VDYFWURQ F HF
HGXFDWLRQ

$OL *KD]DBNLOQHU & - 7DKLUeD0 6WUDWIKIUAREWLRQ 6DP
'"HVLJQ :KHQ 2QH 21 7KH 6WUDWS$X\WWIDDUDRRE QH\Z AHDLF
-RXUQDO RI BWDWLVWLFV

$00LQ 6 *ULJQRQ 0 'DQJ |/ F I7HKOIFG H Q MUKPH. @ DQ V®
KHDOWK FDHHD OWKVHFRQRPLFV 3ROLF\ DQG /DZ
$OVDEDK $ #“PUEBDWDVW 6NRUGLV - OHDVXULQJ

3XEOLF +RVSLWDOV 6QVDYED'IDWD$ (RXRIORSPHQW $QDC
4XDOLWDWLIMHEWXG\ $YDLODEOH DW 6651

$OVQLK 5 BWRSKHU 3 5 (VWLPDWLQJ HOLJLELOLV
FDOFXODWLRQ IRRWDEBVSRQWBD WDRMMHVHVHDUFK UHFRUG
$PDWR 3 5 -RKQVRQ S5RIJHBARRONK $ &RQWLQXLW\ DQ

PDULWDO TXDOLW\ EHWR2HHID O RDRBUULDJH DQG IDPL(

$PDWR 6 (VSRVLWR 9LQJL 9 $ 79®EQRDRIRWQHYEH [
IRU 3/6 VWUXFWXUDO HURDWLRRP RQ GHIDWGEBRR WR 3/6 &
6FKRRO Rl 0DQDDFHQ WD UFK

$QGDOHHE 6 6 '"HWHUPLQDQWY RWBXOWW R PRHOLQWDD WU VI
PRGHODWHUQDWLRQDO -RXUQDO RI KHDOWK FDUH TXDOL

$QGDOHHE 6 6HUYLFH TXDOLW\ SHUFHSWLRQV DQG SDWL
KRVSLWDOV LQ D G6RIFEEIRS PAEGHGFHLQW U\

$QGHUVRQ ( OHDVXULQJ VHUYLFH TXDWHWODRYLUREDO
-RXUQD®IROWK &DUH 4XDOLW\ $VVXUDQFH
$QGHUVRQ - & ' *HUELQBWUXFWXUDO (TXDWLRQ ORGHOL

5HYLHZ DQG 5HFR FBRHH{EGC HESSWRIEKFKORILFDO % XOOHWLQ

$QGHUVRQ 5 , )RN 5 :MBELOQJHU 7 7THEKQLFDO HIILFLH
HFRQRPLHV RI| VFDWMHP HW QR DQDO\VLV RI 5(,7 RSHUL
(XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK

$QGHUVRQ 5 :HHNV + +REEV % 'HEE - FKDLQ1XUVL
DIILOLDWLRQ SURILW VRDPWXD/ODRIGSBHEOIRWWDQWHH5HVH

$QGHUVRQ 5 ( &RQVXPHU 'LVVDWLVIDFWLRQ 7K
([SHFWDQF\ RQ 3URGXXXWQPBOIRU PBHWHHDNILFXJ



$QGUHHY 3 +HDUW 7 ODR] + 30LVNLQ 1 9DOL
VIXDUHV 3/6 PRGHOV PHWKRGRORJLFD&®,BHYLHZ DQG
BURFHHGLQJV

$QGUHZV $ 7KH (IILFLHQF\ RI 1HVNK =WRDDQWG LIQVW
$GPLQLVWUDWLQJ 3XEOLF )XQGWVWQDS$SIYSLEDWL RO W
5HJUHVQMRHUQDWLRQDO -RXUQDO RI 3XEOLF $GPLQLVW

$QGURXWVRX / *HLWRQD O <IDQWRSRXORV -
SURGXFWLYLWD ®F URVWKHRUYSUIWRQDO KHDOWK DXWKRU|
-RXUQDO Rl +HDOWK ODQDJHPHQW

$UDVOL + (NL] ( + .DWLUFLRJOX 6 7 *HDULQJ V
SULYDWH KRVSLWDOV LQ VPDOWRPVOSQE\H UMSLIUREG D O
-RXUQDO RI +HDOWK &DUH 4XDOLW\ $VVXUDQFH

$VDQGXOXL / S5RPDQ 0 J)DWXOHVFX 3 7KH HIILFL
(XURSH $ GDWD HQYHORSBHRWHDBQD GPRQRPS SV FOOFXK )L

$VVDI $ ODWDZLH . OVWDJH ®SMURDFK WR HIILFLHQF\
DSSOLFDWLRQ WR WKH $XVWUDOLDQ -RXWUSADND R IRR(
+RVSLWDOLW\ 7RXULVP 5HVHDUEFK

$VVDI $ * %DUURVH& 3 ODWRKAKQLFDO HIILFLHQF\ LQ
([SHUW VA\VWHPV ZLWK $SSOLFDWLRQV

$VWUDFKDQ & % 3DWHO 9 . ':DQ]JHQULHG 6%0 $ FR
DQG 3H/(® IRU WKHRU\ GHYHORSPHQWRIX@Q@DPILDPILOP UH
%XVLQHVV 6WUDWHJ\

$WKDQDVVRSRXORV $ ' *RXQDULV & 6LVVRXUDV $
RI WKH SURGXFWLRQ DQG FRVW HIILFL+HH@ROWK &BQHUD
ODQDJHPHQW 6FLHQFH

$WDROG 8 ,QWHUQDOL]JLQJ ([WHUQDOLW\ LQ WKH &
BURGXFWLRQV 3URSHUW\ 5LJKWV 5HJXODWLRQ D
BROXWIWBUQDWLRQDO -RXUQDO RI %XVLQHVV DQG 6RF

$XVWLQ ( : &KHQUXEH - : +RZ GRHV DOFRKRO DGYHUWLV
XQGHUDJH GULQNLQJ" 7KH UROH RI GHVL{RDEL@D W\ LG
RI DGROHVFHQW KHDOWK

$]LIDQ 1 ORKDPHGK#®w HIIHFWV RI SHUFHLYHG VHUYLFH
VRDWIDFWLRQ DW D SXEOLF KRVSLWRO LYRUWPDWH RI SDI
%DDOEDNL , $KPHG = 8 SDVKWHQNR 9 + ODNDUHP

ZWK KHDOWKFDUH QHOHYBDWYRQDPVRXUQDO RI 3KDL
+HD O W KIFIDNHHWOL Q J

%DEDNXV ( %ROOHU * $Q HPSLULFDO DVVHVVP]
-RXUQDO RI %XVLQHVV 5HVHDUFK

%DEDNXV ( ODQJROG : * $GDSWLQJ WKH 6(5948
BHUYLFHV $Q HPSLUEHADOWR BHWW L EBIW L5RHQY H D UF K

%DEELH ( 5 6XUYH\ UHVH D U FKR P% MXRREYW D&V A RIUW K



%DELQ % - +DLU - ) %ROHV - 6 SXEOLVKLQJ L
XVLQJ VWUXFWXUDO-RXKXDQDWORRI PRENOGMWILIYI WKHRU\ I

%DFKDUDFK 6 % 2UJDQL]DWLRQDO WEFHRGHAV 6RPFH
RI PDQDJHPHQW UHYLHZ

%DFNVWURP & + +XUVK * 6 X IUFDHAR U HL R K DVKF K
'HVWHUQ 8QLYHUVLW\ 3UHVV

%DGJHWW 0 9 %HVW SUDFWLFHV IRU DVNLQJ TXHV
VXUYH\V

% D G XNRH Q 7DXFKPDQRLPDU DQG :NVOWR®Q WEZIRFLHQF\ DQD(
IRU 6V IRWD )$8 VIMLIRQ 3DSHUV LQ (FRQRPLFV

%DGXQHQNR 2 7DXFKPDQQ + VW Bill LFUL D@FA DLOVR\Y LV
IRU 6 WOW BWDWD -RXUQDO

%DHFKHU * % &KULVWLDQ - 7 SHOLDELOLW\ I
HQJLQHHWRKQ :LOH\ 6RQV

%DJLU $ %DJLU ALYNRYLU JLUVW SRSXODWLI

DZDUHQHVV DQG SHUFHSWLRQ RI HSLOSSOHNSMY %RVQL
%HKDYLRU

%DJR]]L 5 3 3KLOOBSBUHVHQWLQJ DQG WHVWLQJ RUJDC
$ KROLVWLF GRRQYM/WKXWDIWLYH VFLHQFH TXDUWHUO\

%DKLD . 1IDQWHO - $ UHOLDEOH DQGHYDKEG PHD'
VHUYLFH TXDOQWHRREWQREDQNRXU KB\ LRI

%DKQDQ 1 &ROHPDQ / - .HONDU 0 $ UHYLHZ RI
DQG PHDVXUHPHQW 3DSHU SUHVHQWHG DW WKH 3UR
OHHWLQJ Rl WKH $PHULFDQ 6RFLHW\ Rl %XVDHVV DQG
19 $6%%

%DNDU & $NJ*Q + 6 $0 $VVDI $ ) 7KH UROH R
KRVSLWDO DQWHW/PHYMRQDO -RXUQDO RI +HDOWK &DU
%DNWL , * 0 < 6XPDAHBH16@8%/ D BHUYLFEBHXROLW\ P

SXEOLF ODQG WUD@WBEQDWLRQDIFHRXUQDO RI 4XDO]
ODQDJHPHQW
%DOGZLQ $ BRKDO $ BHUYLFH TXDOLW\ IDFWRU\
O0DQDJLQJ 6HUYLFH 4XDOLW\ $Q ,QWHUQDWLRQDO -RXL
%DMXVVHQ 5 0 3 0 <p < +DGGDG 6 6DXHUERUQ 5 €
RI FDUH Rl SULPDU\ KHDOWK FBKB OMK 8RFOH\F\LQ QXS E D

%DQNHU 5 ' &KDUQHV $ &RRSHU : : LPDWLGRPH P
WHFKQLFDO DQG VFDOH LQHIILFLHQFQABIQDUEPERWD H
VFLHQFH

%DQNHU 5 ORUH\ 5 & (IILFLHQF\ DQDO\VLV IRL
DQG RXMBEHUWWLRQV UHVHDUFK

% D Q N&H U 1DWDUDMDQ 5 (YDOXDWLQJ FRQWH[W

SURGXFWLYLW\ XVLQJ GDWDHHQ WHBRSYPHHWH DQPIO\V LV

> @



%DQNHU 5 1DWDUDMDQ 5 VWWODEJHYWLPDWIRR RI WKH
FRQWH[WXOHY YRUYWRFKDVWLF IURQWLHU SURGXFWLRC
HQYHORSPHQW DQDO\VLV VHFRQG VWD@HUR/SHDKUV XV
-RXUQDO RI 2SHUDWLRQDO 5HVHDUFK

%DQNHU 5' 7KUDOO 5 0 (VWAPDWLBOQVWRD HOWNORS |
DQDOWWRSHDQ -RXUQDO RI 2SHUPWLRQDO 5HVHDUFK
%DUEHWWD * 3 7XUDWL * =DJR $ O %HKDYLRU

DQG SUL&ERBWHR QLRWKRYSWWDODN QL Q DWKLHR Q DFDIMEH D O WKV
HFRQRPLFV

%DUQDWR $ ( &KDQJ & & + )DUUHOO O + [/DYH - 5
& ,V VXUYLYDO EHWWHU DWR R RMSLWDGE D WR KX\
LQWHQ@WIGLFDO FDUH

%DUUHWW 3 ' %DM®FUOLWLHY PDQDJHPHQW -RRDDUGV EF
:LOH\ B6RQV

%DUURV & 3 $VVDI $ JELZR\H $ %RRWVWUDS:
$IULFDQ VHOVSYMUWRQ,GRUVSHFRQRBKFWLFD +HLGHOEHL

%DUUR@YHUQ 0 ORQWJRPHU\ 5 7DR ; :ROWHU . 0

8VLQJ $X[LOLDU\ 6DPSOH )UDPH ,QIRUPDWLRQ IRU
S3RSXODWKRQYO RI 2IILFLDO 6WDWLVWLFV

%DUURVR & &DUULYQ * & FRIOWILPD J-PD[LPXP OLNHOLK
3/6 RQ GLIIHUHQW VDPSOH VL]HV VWXGLHV RQ 6(594
EHKDYLRU RRQIBERRN RI SDUWLHD®D OHDVNS WITXIHUIH V
%HUOLQ +HLGHOEHUJ

%DWHV [ - OXNKHUMHH . 6 DMUWWNHHUWW Y WU XFW XUH DQG
HIILFLHQF\ LQ WKH KRVSLWDO VHUYQLARBVFDQGXD WH\
SHVHDUFK DQG 5HYLHZ

%DWHV 1 'R\OH 3 'LQWHUV ) 1RYHPEHU 6XU
'HILQLWLRQV D QXN OHHDW K RHEPHU RO &RPPLWWHH RQ 6W
OHWKRGRORJ\ 6WDWLVWLFDO 3ROLF\ 6HPLQDU %HWKH

%DWHVRQ -0DQDJLQJ VHUYLFHVY PDUNHWUL\@GHQ BWHDYWYG UH

%DWWDJOLD 0 3 /LQN O : )UDQRM®D® $ +2VERUQSQ
HYDOXDWLRQ RI UHVSRQGHQW VHOHFWLR@ERCHWKRG V
2SLQLRQ 4XDUWHUO\

%DXHU + + )DON 7 +DPPHUVFKPLGW 0 H7UDQV4
EDVHG DSSURDFKVHUWY IFO-B WXDDQW\ LQRRQQDQ@HRVKRS
%XVLQHVV 5HVHDUFK

%DXPJDUWQHU + +RPEXUJ & $SSOLFDWLRQV RI V'
PDUNHWLQJ DQG FRQVXP HYWHUGIDWIFKQ 30UMRXHWD DO R
ODUNHWLQJ

%D[WHU / IRWWLQJKDP RFFXSDWLRQDO KHDOWK SX\
WH 3DUDVXUDPDQYV BEFIBHWWRERIO +HDOWK



%HFK $ & -XKO + - +DQVHQ 0 + ODUWHQWIO $QGl
SHDV PRGHOOHG E\ D VW URRWE XAXD® HWX DWW GRIUMIMWHO |

%HHUWHQ 5 /\QQ 3 /DLKR - ODUWLQ - 5HVSRQ)\
TXDOLW\

%HQWOHU 3 0 'HHNV ' * H T X DVOLHROQW VAL WXF /X W Bl Q W
3V\FKRPHWULND

%BHQWOH\ - % X W OMHUD\BX UHPH QW7 RS EPW HQPEHDOWK &D
JLQDQFLQJ

%BHUU\ 5 ( 2@VSRWBDYJIIRU HERPRPUF DQDO\VLYV

%HVVWUHP\DQQD\D * 7KH LPSDFW RI -DSDQHVH KRVS

HIILFLHQF\ $ IGGELIHWUWIQGFHH-DSBQRPAKFRQRPLF 5HYLHZ
%LGXOHVFX $ ORUULV $ $ ;6WFDPRRYIDQR 90HIX\XPL $

*LEERQV * + $VVRFLDWLRQ EHWZHHQ YLWDPLC
UHODWLRQVKLS ZLWK ERGY¥ ®PDVW K)@RRB\WHKH/ 0(Q$S XE O
KHDOWK

%LHPHU 3 3 INEHUJQWURGXFWLRQ WRRWOXUYRKQJXDOLW)
:LOH\ B6RQV
%LOVHO 0 'DYXW\DQ 1 +RVSLWDO HIILFLHQF\ ZL

XQGHVLUDEOH RXWSX#) QWION RX INSIHVKD DL RV 5HVHD UF

%LQVRQ ' %ODLU - +XHEQHU ' OPSOIRRIGNQ :VXUYH\V R
OHVELDQ JD\ DQG HIKWHHKHD® &KRSIOHSXDO PLQRULWLF
6SULQJHU %RVWRQ 0$

%LiUQ ( +DJHQ 7 3 ,YHUVHQ 7 0DJQXVEMYHG
ILQDQFLQJ RQ KRVSDWQHO IDMFD HDQFDODVISV R1 '($ HIILF
+ +HDOWK FDUH PDQDJHPHQW VFLHQFH

%MHUWQDHYV 2 $ *DUUDWW $ %RWWHBIIHFWLYHDRHQWH
LQ D 1RUZHJLDQ VXUYH\ RMIDIORD @/\L-BKDOMKHBQRIHVVLRQ

%ODQN - / 9DOGPDQLV 9 * (QYLURQPHQWDO IDFV
KRVSLWDGY UD FHI\W U LFHIDSSBWIR BPKH PDQDJHPHQW VFLHC

%ORP $ * OHDVXULQJ QRQUEDBRBOHGEWRYMLQJ 3DSHU
BHULHV

%ROOHQ . $ '‘DYLV : 5 &DXVDO LQGLFDWRU PRGFH
DQG WHVWLQJ 6WUXFWXUOROWLEDWRIRSOORGHDLRXUQDC

%RUGHQ - 3 RQ I W W H\P\SFDHFQW/R O B WHIE) RER YS! G' 5 *
UHLPEXUVHPHQW RQ WKH WHFKQLFDO WILQBLEQRWDRI 1
HQYHORSPHQRXDQDO\RLWFFRXQWLQJ DQG 3XEOLF 3RO



%RWUH & ODQVRXUL O IRX@PRXPOO IRXQRX MHUQHO 3/6
EDVHG */57 PHWKRG IRU IDXOW GHWRRKWQRQ RI FRWWL
SUHYHQWLRQ LQ WKH 3URFHVYV ,QGXVWULHYV

%RZOLQJ - 0 G5LPHU % . J/\RQV ( - *ROLQ & ( )U\G
OHWKRGRORJLF FKPDOWR JOWYBPMWKRQ DQG SURJ
SODQQLQJ
%R\OH - %XFXYDODV 0 3LHNDUVNL / ‘HLVV $

DQG ELDV LQ 5GG VDPSOHV EDVHG RQ KXQ®&LUFHG EDQI
2SLQLRQ 4XDUWHUO\

%UDG\ 0 . &URQLQ -U - - BRPH 1HZ 7TKRXJKWV RQ
BHUYLFH 4XDOLW\ $ +LHEBRXUBKLF RO GHENRWEKR J
1R

%UDG\ 0 . &URQLQDQG -5-5 % 3RIQOR LPRCDQ/RHUHPHQW

VHUYLFH TXDOLW\ D UHSRXBRDWORR EQJELONWIQVHRED

%ULFN - 0 'LSNR 6 3UHVVHU 6 7XFNHU & <XDQ <
GXDO IUDPH MVD® DM RO DRHG CLVQ HU@PDRELFRDD O -RXUQDO
2SLQLRQ 4XDUWHUO\

%ULFN - 0 :DNVEHUJ - .XOS BWDUHU $ % LD
VDPS®MHEOLF 2SLQLRQ 4XDUWHUO\

%BULHFE /L®HQJ 4 2Q VRPH VHPLODWWLFH VWUXFW X
WHFKQRGRRISHDQ -RXUQDO Rl 2SHUDWLRQDO 5HVHDUF|

%ULWR - 2FKL / ORQWHQHJIUR ) ODFXODQ 1
DSSURDFK DSSOLHG WIRWWRB B &RMELBEDWLERWQIZEDQV
LQ 2SHUDWLRQDO 5HVHDUFK

%URG\ ' 6 +DKQ 6 5 6SLW]JHU 5 / .URHQNH . /LQ]H
,GHQWLI\LQJ SDWLHQWV ZLWK GHSUHVVLRQ LQ W

HILFLHQW $RHAMKRBY Rl ,QWHUQDO OHGLFLQH

%URRNV ( % &RXOVWRQ - : :\QQH 5 + 7KRPDV 9
SUHFLVLRQ RI G\QDPLF IRUHVW SDBBPRWHUWHYWLE@D W}
(QYLURQPHQW

%URZQ / 5RVQHU % :LOOHWW : BDREAN/UDQO HIIHF WM
RI GLHWDU)\ IDEHWDWABDHR$SIRHULFDQ MRXUQDO RI FOLQLFD

%URZQ 0 +HQFKR] & 6S\FKHU 7 O OLVXWONFXUH DQG I

%URZQ 7 - &KXUFKLOO * $ 3HWHU - 3 5HVH
PHDVXUHPHQW R \RKUWQTFG RXBOWWLOLQJ

%UXQQHU - $ %UXQQHU * $ $UH YROXQWDULO\
UHDOO\ GIRXHWDHD@WR| ODUNHWLQJ 5HVHDUFK

%U\DQW % ( 5HVSRQGHQW VHOHFWLRQ LQ D WLPH R
-RXUQDO RI ODUNHWLQJ 5HVHDUFK



%XWOHU ' 2VZDOG 6 |/ 7XUQHMWEWY (Rl GHPREKWDSKLF
GHWHUPLQDQWY RIFOHUHFNHYNGFKHDOMKL W\ WKH FDV
REVHURKUWDO RI ODQDJHPHQW LQ OHGLFLQH

%XWOHU 7 o/ 7KH XWLOLW\ RI UHWXUQV WR
DQNMOV RI OLFKLIJDQ UXUR®HBRV-FXNWIMMDVWO RI 2SHUDWLRC

%\DUXJDED - 0 2VDUHQNKRH $ 6HUYLFH 4XDOL
8JDQGDQ 7THOHSRRQOBWOHRIVEHODWLRQVKLS ODUNHWLQJ
& $ 6 2 2Q WKH GHILQLWLRQ RI UHVSRQVH UDWHV

SHVHDUFK 2UJDQL]DWLRQV 3RUW -HIIHUVRQ 1<

&DHWDQR 5 #HHVSRRYH LQ DOFRKRO DQG GUXJ VXUYH\V T
IXUWKHU 5®GCULHF@W RRQ

&DOOHJDUR 0 B6WHHK & %XVNLUN 7 ' 9HKRYDU 9 .XX
JLWWLQJ GLVSRVLWLRQ FRGHV WR PRELOH SKRQH VXI
)LQODQG 60RYHQLPXDQGONVRHVBEH 5R\DO 6WDWLVWLFD
6WDWLVWLFV LQ 6RFLHW\

&DOYHUW 3 3RSH $ 7HOHSKRQH VXALER\DUWMVHDUF
ODQDJHPHQW
&DPEXUQ ' /DYUDNDV 3 - %DWWDJOLD 0 3 ODVVH\ -

8VQJ DGYDQFH UHVSRQGH®MG DB GWLQH UW HLOH SIDREHR R/ X U
BURFHHGLQJV RI WKH WK $QQXDO &RQIHUHQFH RI WKF
2SLQLRQ 5BBHDUFIOH[DQGULD 9% $PHULFDQ 6WDWLV\
&DUGR]JR 5 1 $Q ([SHULPHQWDO 6WXG\ RI &XVWRPHU (IIR
6DWLVIDEXWL@RMO RI ODUNHWLQJ 5HVHDUFK
&DUH\ . $ SDQHO GDWD GHVLJQ IRU HSHWILAHZWRIRQ R
(FRQRPLFV DQG 6WDWLVWLFV

&MH\ . +RVSLWDO FRVW HIILFLH®E&)\5BQ GKWH\VRMPQMHDP |
RI +HDOWK &DUH 2UJDQL]DWLRQ 3URYLVLRQ DQG )LQEC

&DUH\ . %XUJHVV -U - ) 2Q PHDVXUBRII WKH KR\
+HDOWK HFF\RQR

&DU@GWM\WHU / 5 3H\WFKHY $ %ODFN 0 & &RPSD
ODQGOLQH VXUYH\V IHOG DPHWHKBGEYHFWLYH

&DUPDQ - O SDWLHQW SHUFHSWLRQWRQWVIHRUXY\LFH T
-RXUQDO RI 6HUYLFHVY ODUNHWLQJ

&DUPLQHV ( * =HOOGHOLBEKOLW\ DQG YDROOOGLWSDYWHVV
SXEOLFDWLRQV

&DUR [/ O *DUFtD -08DY¥XULQJ SHUFHLYHG VHUYLFH TX
WUWBRUW VRXOYQB® RI SHWDLOLQJ DQG &RQVXPHU 6HUY

&DUR / 0 *DUFLD - $ 0 'HYHORSLQJ D PXOWLGL
VHUYLFH TXDROWWAKMRWHDYHO7RXMQVP LODEOWWBHQW

&DUULQ %XVH . +HJJHQKRXJHQ . 4 XDHKD BW K V\\BWH PV
SROLF\ ILQDQFH D®FDBHPLELIDMALRQ

> @



&DUWHU 5 ( 7JUROGDKO 9 & 8VH RI D 5HFDOO
(GXFDWLRQDO 7HOBXEOQLRKDE RQGAHMUFW H U O\

&DVDG\ 5 - IHSNRZVNL - O 6WUDWIXNUMEB\WHOHS
OHWKRGRORJ\
&DVDG\ 5 - /IHSNRZVNL - O LOH\O6HS R QB HMD BB/ M)

SHIHUHQFH 2QOLQH
&DVH\$ $ (OOLRWW 0 *ORDMXX.' +MRYHIUHHQ 6 / B6DHOHQ

%URZQVRQ 5 & ' PSDFW RI WKH IRRG HQYLURQI
HQYLURQPHQW RQ EHKDYLRUV DQG ZH LIWKNWY M QW WK L
OHGLFLQH
&DVVHO & +DFNO 3 "HVWOXQG $ + VTXDBREPHWKRGY
IRU HVWLPDWLQJ ODWHQW ROWQDEGH $XBOLMG bW D XHAW
&DYDOLHUL 0 *LWWR / OFFLRP QW VI\VBHPREDQG TX
KRVSLWDO FDUH DQ HPS4+HWDROWX BRDOKVLV IRU ,WDO\
&DYDOLHUL 0 *XFFLR & 5L]]R 2Q WKH UROH R

KHDOWKFDUH LQIUDVWUXFWXUHY ,WRONPSUWLWQRFDC YV
WUXQFDWHG UHJYWHBOMRQ 3RIOIFR D FK

&KDQJ . 3 OHDVXULQJ HIILFLHQF\ ZLWK TXDVLFRC
(XURSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUFK

&KDQJ ' 6 63XQ . / $SSO\LQJ '($ WR HQKDQFH DVVHVVP]
)0($ ,QWHUQDWLRQDO -RXUQDO RI 4XDOLW\ 5HOLDELC

&KDQJ 6 - +VLDR + & +XDQJ [/ + &KDQJ + 7L
SURMHFW DQG KRVSLWDRHBWRGXFWLYLW\ JURZWK
&KDUQHV $ &RRSHU : 5KRGHV ( OHDVXULQJ V

PDNLQJ (XQIRBWDQ MRXUQDO RI RSHUDWLRQDO UHVHDU!

&KDWHOL@LQIL 9 ( 7HQHQKDXRDOUW RQ 3BREBHINOMIQ J
WKURXJK WKH DYDLODEOH VRIWZDUH

&KHQ < 4LDQ / $VVRFLDWLRQ EHWZHHQ OLIHWLPH
SUHYHQWLYH OHGLFLQH
&KHQ $ +ZDQJ < 6KDR % OHDVXUHPHQW DQG VF

LQHIILFLHQFLHY (YLGHQFHV DQG L(KVMISHD/DL RRVU RO &
RI 2SHUDWLRQDO 5HVHDUFK

&KHQJ = + 7DR + % &DL 0 /LQ + ) /LQ ; - 6KX 4
8VLQJ D/VWEZRH GDWD HQYNORS PHHQW. MDD \WKH HIILFLH
KRVSLWDOV LQ &KLQDKHB SD@AHOBGDWD VWXG\

&KHQJ = 7DR + &DL 0 /LQ + /LQ ; B6KX 4 =KDQJ
HIILFLHQF\ DQG SURGXFWLYLW\ RI &KDWRMH FRXXBGW\LR
+HQDQ SURYL®BEHR&KDQD

&KHUQ - < :DQ 7 7 7TKH LPSDFW RI WKH SURVSHF
WHFKQLFDO HIILBIMRFAPOQORIOKRIVGH®/IDFDO 6\VWHPV
&KLQ : 7TKHVSIWD YWXDOHYHDSSURDFK WR VWUXFWXU

ORGHUQ PHWKRGV IRU EXVLQHVYV UHVHDUFK
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&KLQ : +RZ WR ZULWH XS DQEDQBSRBW R/6SDQ QY
OHDVW SIXDUHV6SULQJHU %HUOLQ +HLGHOEHUJ

&KINRY 7 1 6HDU $ O OHDV XD LERPISPWI MR DR ORH WIZF
DSSURBHOKWK 6HUYLFHYVY 5HVHDUFK

&KR % + J/HH & &KRQ 7 - (IMHFW RI FXVWRPHUV
IRU UHSXUFKDVH XRIIRRIOD QW BDRXUQDO RI 3K\VLFDO (GXF

&KRZGKXU\ + =HOHQ\XN 9 3HUIRUPDQFH RI KRVSL
ZLWK WUXQFDWHG UHIHIHVVLRQ DSSURDFK

&KXQJ 0 & SHHG - \B\R GW WRUDGHPD WHLEORZLU B J VWLO
FKDUDFWHULVWLFV ORFXV RI FROYWKROWSRFWMWDDWRL

&KXUFKLOO -U * $ $ SDUDGLJP IRU GHYHORSLQJ E
FRQVWRXEWDO R U GHYMDWE®

&KXUFKLOO -U * $ 6XUSUHQDQW & $Q ,QYHVWLJ
&XVWRPHU 6 DRI VODFONRRQDUNHWLQJ 5HVHDUFK

&LROSDQ * (YDOXDWLQJ WKH TXDOLW\ RI KHDOMW
VDWLVIDFEWRRQ@LQJ 3DSHUV

&ODUN 5 * 6WHHO ' * 6DPSOLQJ ZLWKLQ KRXVH
-RXUQDO RI WKH 5R\DO 6WDWLVWLFDO 6RFLHW\ 6HULH

&OHPHQW O9DOGPDQWW]IROL * - =KDR 0 &KXNPDLWRY
PRUH EHWWHU" $Q DQDO\VLV Rl KRVSLWDO RXWFRPHV I
RXWSXW FREDWOWKLRQUH PDQDJHPHQW VFLHQFH

&OHPHV 0 ' %UXVK * - &RIDIADVLOQJ WKH SURIHVVLR
H[SHULHQFH $ KLHUPSYRKWFODQDSSPRRMK5HY LHZ
&RFKUDQ : *6DPSOLQJ 7HFRQTXBW\ 6RQV 1HZ <RUN
&RHOOL 7 - 5DR ' 6 3 2 'RQQHOO $& LQW UWRIBXWWY R Q *
HIITLFLHQF\ DQG SURGSEWQYHW\6FQBOFWULY %XVLQHVV 0OF
&RKHQ - 6WDWLVWLFDO 3RZHF $SIQQPHVL W - @ 0 WEGKHD B

IDZUHQFH (UOEDXP $VVRFLDWHYV

&RKHQ / $ *UDFH (0*$ :DUGODU\ODQG UHVLGHQWYV DW
$,'6 DQG WKH XVH RI-BHQWD® RVIHUXYEGHN KHDOWK GHQW

&RKHQ / % +HUQHU $ ( *ROGEHUJ , + JOKLEL
LQLWLDWLRQ RALYU ROW B BFMVRWEKHQ\ODODQ\O WUDQV I
DFLG DQG SRO\XULG\OWHE A IEPWRWMULNERVRPHV

&RORPERWRYV - 7KH HIIHFWV Rl SHUVRQDO YV WH
DFFHSWDE OB XEHOLFRIBAHNMLIRI) 4XDUW

&RQNOLQ . $ 7HOHSKRQH 6XUYH\ 5HVHDUFK $Q 2Y
JRUXP 3DSHU

&RRSHU 6 |/ 5DQGRP VDBRBROLESUR YWBRMEQRRGR |

ODUNHWLQJ 5HVHDUFK
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&RRSHU : : +XDRJ6=; 6DWLVILFLQJ '($ PRGHOV X«
FRQVWSP@PQR®WW RI RSHUDWLRQV UHVHDUFK

&RRSHU : 6HLIRUG [/ O S AQWOQRGXFWLRQ WR GDWD H(
DQDO\WVLYVY DQG LWVROMW YRWKZQEHYD QGQUHUHEMHLHQFF
%XVLQHVYV OHGLD

&RRSHU : : 6HLIRUG [/ O TRQH . '‘DWKOH EDVLF
HQYHORSPHQW DQDO\WLY D FRPSUHKHQVLYH WH[W ZL\
DQG "WWROYHU VRIWZDUH

&RUUHLD 7 &DURBUFRBVDIKWRR + 6LOYD - O ‘XVVDXOWwW *
RI DXVWHULW\ PHDVXUHV RQ TXDOLW\ RI KHDOWKFDL
SK\WVLFLDQV LQ WKH SXEOLF DQGXPDIDHYWRMHMRWVWHNFNWR UV
KHDOWK

&UDJJI* - 6RPH VWDWLVWLFDO PRGHOV IRU OLPLWHC
DSSOLFDWLRQ WR WKH GHPPR®GR PRIW WGLDEDD E-QREK UIGRIRG M
(FRQRPHWULF 6RFLHW\

&UHVSL , 3UHOHFWLRQ SROOLQJ 6RXUFHYXRWGEIFFXUDF\ [
JRXQGDWLRQ

&URQLQ -U - - 7D\ORU 6 $ 0 H 1B MDFULLEQDIWWLHRWDY D OHG
H[WHQWRMXR@®DO RI ODUNHWLDR 5HVHDUFK
&URQLQ -U - - %UDG\ 0 . +XOW * 7 0 $VVHVV

YDOXH DQG FXVWRPHU VDWLVIDFWLRQ RQ FRQVXPHU
HQYLURQRXQ@DNO Rl UHWDLOLQJ

&URZWKHU IDXHVHQ+DQGERRN RI UHVHDUFK PHWKRGYV
VRFLDO UHV(SROWICE (@MY 8XQ J
&X00 5 6FRWW . +RZ WR $VN +RXVHKROGV C

(ISHULPHQWDO (YLGHQFH |URP VWKDQNL @I GV KH P:RW O G
(PSLULFDO )RXQGDWLRQV RI )LQDQFLDO ,QFOXVLRQ
&XPPLQJV . 0 5DQGRPVGPEM @LOIVHFXQLIXH IRU W
VXUYHXEOLF 2SLQLRQ 4XDUWHUO\

&XQQLQJKDP / ) <RXQJ & ( /JHH 0 3HUFHSWLRQ)\
SUH DQG SRVEWLF :RUNV ODQDJHPHQW 3ROLF\

&XUWLBQUHVVHU 6 6LQJHU ( &KDQJHV LQ WHOHSKR
WKH SDVW TXBYEHF RISQQIXRI® 4XDUWHUO\

&]DMD 5 %ODLU - BHEHVWLN - 3 5HVSRQGHQW
$ FRPSDULVUREB WHFHRXWIXMY RI ODUNHWLQJ 5HVHDUFK

&]DMND - / %H\OHU $ '"HFOLQLQJ UHVSRQVH UDW!|
LPSOLFDWLRQV EDPNWKRKDGLFDSHROLF\ 5HVHDUFK

&]HSLHO - $ G6RORPRQHQ@DGW &6XUS 7KH VHUYLFH
0DQDJLQJ HPSOR\HH FXVWRPHU LQWHHID BWHRY LQ VHU

GD &RVWD & $ 6DQWWRYPPWLQJ WKH GHPDQG FXUYH IR
RI SHVWLFLGHYV MIRPXPRQAMROVBHFEDO (FRQRPLFV



'DEKRONDU 3 $ 6KHSKHUG ' & .7 $ FRPSU}
VHUYLFH TXDOLW\ $Q LQYHVWLJDWLRQ RI FULWLFDO
WKURXJK D ORQJIJRWMGDQDR) BWWOLOLQJ

'DEKRONDU 3 $ 7KRUSH ' | '"HQW] - 2 $ PHDVX
UHWDLO VWRUHV 6FDOH 'HRNORSPHRIW PHGHPD RL ®DW
6FLHQFH

'DJJHU 7 6 6ZHHQH\ - & "REQMR@DUFEKLFDO PRGHO F

VHUYLFH TXDOLW\ VFDOH GHYHORSPHQWRBG®G LQYHYV
-RXUQDO RI VHUYLFH UHVHDUFK

'DQLHO - &KRRVLQJ WKH W6SHP BO BQ R N K HQWWL\D\OD/P S

'DUEO 5 .DUQL ( JUHH FRPSHWLWLRQ D&B WKH RS
-RXUQDO RI ODZ DQG HFRQRPLFV

'DYHUQ 0 1RQUHVSRQVH UDWHV DUH D SUREOHPDWL
VXUYH\ UHMBOWKK6HUYLFHY 5HVHDUFK

'DYLHV - - 7KH HIIHFW RI PHGLD GR3HQD G (RF\ORI LYIR\
6RFLRORJ\

'DYLQR & 'ROFH 3 7DUDOOL 6 EDVHG4RPQ@MQLO$ FRPIS
DGYDQFH3DQ ,8PU WHIDVONOVTXDUHV SBWK PRSHDQQH U
&KDP

'DYLQR & 9LQJL 9 ( 'ROFH 3 0D\ $VVHVVPHQW |

FRPSREDWHIG SDWK PEEHOQR@WLRQDO &RQIHUHQFH RQ
6TXDUHV DQG 5HBBWHG GBMWKAGHWU &KDP

‘DYLV : 5 3LKDPD 1 6XUYH\ UHVSRQVH DV RUJD
DQDO\WVLV RI WKH DQQXDO HQWHUSULVH VXUYH\

'DYLVRQ $ & +LQNOHYRRWVWUDS OHWKRGYVY DQG 7KHLL
&DPEULGPHU&GIH 8QLYHUVLW\ 3UHVYV

'‘DZVRQ & ,QWURGXFWLRQ WR 5HVHDUFK OHWKRGYV
XQGHUWDNLQJ D UHVHDUFK SURMHFW +RZWRERRNYV

'H %RUJHU % .HUVWHQV . 6WDDW O 7TUDQVLW

% RR W VW U DSSSU DR HQWRIQ B HIUHRMWFIKH U§ 7UDQVSRUWDWLRC
+

'H 2xD - GH 2xD 5 (EROL / )RUFLQLWL & 0D]]XOOD
EHKDYLRXUDO LQWHQWLRQV WKH LQIOXHQFH RI VHUY!
7JUDSRWWPHWULFD $ 7UDQVSRUW 6FLHQFH

'"HEUHX * 7KH FRHIILFLHQWFRRERAMWRXUFBD X-\RXO QDO |
(FRQRPHWULF 6RFLHW\

'"HLO\ 0 ( OF.D\ 1 / &RVW LQHIILFLHQF\ DQG PR
KRVSLWDDOOWK HFRQRPLFV

'HEDWD % 5 3DWQDLN % ODKDSDWUD 6 6 6UHH
TXDOLW\ DQG VHUYLFH OR\DOW\ GARGBRRRRONLQQ MG
,QWHUQDWLRQDO -RXUQDO

'HOQRLM 'LDQD 6%+VPDUFN RU %HYHULGJH(GURPODDO &DUH
-RXUQDO RI 3XEOLF +HDOWK
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'HSULQV ' 6LPDU |/ 7XONHQV +HIILFLHQWDVYRUIRVW BRER
 BXEOLF JRRGV HQYLURQPHQWDSHWLSBBR@DOLWLHV D
6SULQJHU %RVWRQ 0$

'"HVDL 6 6DOW]PD@HDVXUHPHQW LVVXHV IRU YLROHQFF
6RXUFHERRN RQ YLROHQFH DJDLQVW ZRPHQ
'H6DUER : 6 + X1/ SRODQGHOOL O &KRLI - 2

SHUFHLYHG VHUYLFH TXDOLW\ BHRRQHKARLDXD MOQD\O\YH
GLUHFWLRQV LQ WKHRU\ DQG SUDFWLFH

'HVSRWLY ' . 6WDPDWL / 9 6PLUOLV < * 'DWD
QRQOLQHDU YLUWXDOXURSHWRXDQDBORRWBXMUWDWLRQDO

'HYL 3UDVDG O %HOODPNRQGD 5 6 'HYHORSPHC
4XDOLW\ 6FDOH IRU OHDVXULQJ ,QGLDQ 5DLOZD\ 3DVVH

a # " ) # a.1 " .22 %0 "
02.1$ .21 2 # 12 #" @&!) ." 0 3.1 12. 1#172
#0 .y 12 2(M2.1 .4

'KXQJDQD % 5 1XWKDOO 3 / IDUWHD * 9 0l

LQHIILFLHQF\ Rl 1HSDOHVH ULFH IDUPV$XVWQD GIDDAD H
-RXUQDO RI $JULFXOWXUDO DQG 5HVRXUFH (FRQRPLFV

‘'L 1IDSROL 'ROFH 3 $UFLGLDFRQR & &RPPXQLYV
5HODWHG WR &RPPXQRWADQ JDQIEHFIOWMRUY 5HVHDUFK
'LDE + 6XLIRDR\DW ®@® ( ODKPRXG 6DOHK ) 6ZHLV 5

VHUYLFH TXDOLW\ LQ VHFRQGDU\%WHXRRRDWNWVEH BRQV
 QWHUQDWLRQDO -RXUQDO

'LDPDQW $ / 'ROG & 6H[XDO R ULIHRD/ODIVQ.® @ HD@\E D
KHDOWK VWDWXWBPERQD FRPREHQ V +HDOWK

'LDPDQWRSRXORV § tH[SROWH SFHRILRWPDQFH PHDVXUHPH
YHUVXV IRUP DW,IQOVAHIU@Q®OWF DRVEFDILDY PDUNHWLQJ UHYLHZ

'LDPDQWR/SRIXO 6LJXDZ - $ JRUPDWLYH YHUVXV UH
RUJDQL]DWLRQDO PHDVXUH GHYHORSPHQW D FRPSDL
%ULWLVK -RXUQDO RI ODQDJHPHQW

'LDPDQWRSRXORV $ 'LQNOKRIHRQVWUXFWLRQ ,DIGWMK FRU
LQGLFDWRUV $Q DOWHUQDWRKXYI) DR RMFOIUHN B WY B 0 RSP

'LEEHUQ - +HLQ]O $ 6HOHFWLYH RXWVRXUFLQJ R
DQG PHGLXP VL]HG,OIQRWIRD BNLIRYN G2X, W VSFSXUFLQJ
6SULQJHU %HUOLQ +HLGHOEHUJ

'LOOPDQ ' DLO DQG WHOHSKRQH VXUYHYRO7KH WRIWDO G
<RUN :LOH\

'LVPXNH & ( 6HQD 9 +DV '5* SD\PHQW LQIOXHQFH
DOQG GHHRNLYLWN RI GLDIJQRVWLF WHFKQRORJLHV LQ 3R

HPSLULFDO DQDO\VLV XVEDUBPH DR WHDHVEG G DQRIQ
PDQDJHPHQW VFLHQFH
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'LVPXNH & ( *XLPDUDHV 3 RDVEWSEBGBDYFWDW RI
LQIOXHQFHG WKHHTDX\D ®BRW S IRW D Q SFEEMBED LL KNG 3 FFIRRIFOLEG 'V

'RQDEHGLDQ $ 5RVHQIHOGWRBYV LQIOXRERL®INEQBHQWDO
SHVHDUFK

'RQDEHGLDQ $ W KN DX ODWWQ R1KAHH GLE DPDQADPHPRULD O
TXDUWHUO\
'RQDEHGLDQ $ :KHHOHU - 5 :\W]HZLDQVNL / 4)

DQLQWH JUDWLG/LHF P Q GH® H

'RQWKX 1 +HUVKEHUJHURY 7 2VPRAEHANKPDUNLQJ PDU
SURGXFWLYLW\ XVLQJ G DW-IRXUQMCHD RS PH K WL @H\DVO \SH.\

'R\OH -U - - &KLOG SURWHFW LLRQY DWKG FHK LFDFOVR XRM FIR
FDGRHULFDQ (FRQRPLF 5HYLHZ
'R\OH -U - - *UDYHV - @HWUBEHUKLBRV@WHKRVSLWDOV GH

EHWWHU FDUH" HYLGHQFH IURP DRPEX ODDIFWLRIQIHIW UD O
%XUHDX Rl (FRQRPLF 5HVHDUFK

'X - :DQJ - &KH® < &KRX - ,QFRUSRUDWLQJ KH
LQ 3HQQV\OYDQLD KRVSLWDO HIILFLHQF\ '(3QD3GGRWE
$QQDOV Rl 2SHUDWLRQV 5HVHDUFK

'XJJLUDOD O 5DMHQGUDQ & $QDQWKBHWBPDRG 5 1
GLPHQVLRQV RI WRWDO TXDEHARKPBUXILOH LEQKIHDDAUK]
MRXUQDO

'XPDLV - OHLQFN 6 7DWWR 0 7 6FKZLOOH - ,QJYDU\
7('6

'XWND $ ) $0$ KDQGERRN IRU FXWLVRRRHUXVLRQYHVVWDERRNYV

(DVWODFN - 2 $VVDHO + %HWWHU WHOHSKRQ
LQWHU Y-IRKAUL@®DO RI $GYHUWLVLQJ 5HVHDUFK

(FRQRPRX & *LRUQR & 'PSURYLQJ WKH SHUIRUPD
VAVWHP LQ *UHHFH

(FRQRPRX & +HDOWK 6\WWHPV LQ 7UDQVLWLRQ *UHHFH
(XURSHDQ 2EVHUYDWRU\ RQ +HDOWK 6\WWHPV DQG 3RO

(FRQRPRX & .DLWHOLGRX ' .HQWLNHOHQLV $ 6LVVRXL

LPSDFW IRQDMH. DO FULVLYVY RQ KHDOWK DRGRWHKBQHDO\
2EVHUYDWRU\ RQ +HDOWK

(IURQ % %RRWVWUDS PHWKRGV D@ROW KRHUs @ R RN \DML
+

(IURQ % 7LEVKLUDQL 5 - V VWORRODVE UDISURKIW K R B §

LQWHUYDOV DQG RWKHU PHBWUMHW RILEFWOWEYWQFBO

(OOHXFK $ 3DWLHQW ,QDWAINGD WNRROQOLMRRBENDQO R

TXDOLW\ DVVXUDQFH

(QQLV 3 + &ULPLQDODWUIARMLPD WKH 8QLWHG 6WDWHYV $ U
VXUYFRO IDWLRQDO 2SLQLRQ 5HVHDUFK &HQWHU 8
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(VSRVLWR 9LQ]JL 9 5XVVROLOOR * 3DUWLDO OHDYV
'LOH\ ,QWHUGLVFLSOL@MNLRIHDYQA B X\D V& RS XFW

(VSRVLWR 9LQ]JL 9 5LQJOH & 0 6TXLOZDFSAARWMWLU BQG 7
WUHDWLQJ XQREVHUYHG KHWHURJHQHLW\ E\ UHVSRQV
PRGHOLQJ D FRPSDULVRQ R DOWHWDPMLRYHD O PH
H[SHULRHQWW3RQWRLVH &HGH[ (66(& 5HVHDUFK &HQYV

(YDQV * : -DFREV 6 9 'RROH\ ' &DWDODQR 5 7

OLIH HYHQWYV DQG FKURQLF VW U DSLRHW REERAPRQ L W\ P
&RPPXQLW\ 3V\FKRORJ\

)DKLPL O .XO0Ss ' %ULFN - O DY VLWDWH/GH \BV'PH Q
PHWKRGRCRIMNF 2SLQLRQ 4XDUWHUO\

)DODYLJQD * ODQHOOR $ S3BDYRQH 6 SURGXGWLYRWRH
DQG SXEOLF IXQGVWDIOH B Q \DH BRI VKHOBAL X X D @/ X Q B & V6BWAMUW H

)DQ & =KDQJ 3 6XQ < /LX & 6KL ; $XIXVW 1D
VWDWLVWLFV VWXG\ EDVHGQR Q/ X WYUD WWIDIGL W\N QISR R

((( , QWHUQDWLRQDO &RQIHUHQSH RQ(fUDQXODU &R

)DQJ + X - =HQJ & &RPSDUDWLYH VWXG\ RQ F
OLVWHG FRDO PLQLQJ FRPSD@WHM\LQROKLEYD DQG WKH

)DUH 5 *URVVNRSI 6 /BYROGXFWLRQ&RBMUNIGHHVSQLYHUVL

3UHVV

)DBHOO 3 '($ LQ SURGXFW RRQVFHDVWREBOHO RQPSXW
(FRQRPHWULFV

)DUUDU 6 <L ' G6NOHNMRQ 06X \&KHD[O - 6FRWW $ +

E\ UHVXOWV DIIHFWHG WKH ZD\ WKDWIHQHBVK KRVSL
GLITHUHQFH¥PIMQDO\VLYV

JHQWRQ - - -HUDQW $ ) %HUWDNLV . JUDIDNV 3
QDWLRQDO VWXG\ Rl SDWLHQW VOWH)MNBPOG®LWEUKWDD
PRUWBOEKMLYHY RI LQWHUQDO PHGLFLQH

JHUQDQGHYV ) ' 6 B6WDVLQDNLV & VWS DHWTCKORDIWV G

5HJUHVVLRQ B SEOLG®MWQERIDIOFE ILQDQFLOOHWNWHORSF
6\WWHPV ZLWK $SSOLFDWLRQV

JHUUDUR ' .UHQJNH 7 ORQWDTXLOD - 5'" 7THOHS
%LDV DQG ,QFUHDVLQJ 2-$WUDWLRQDO (IILFLHQF\
JHUUHL&D ODUTXHV 5 & 'R TXDOLW\ DQG DFFHVV WF

RQ WKHLU WHFKQPHDO HIILFLHQF\"

J)HUUL ~* LX |/ +RQRU 7K\ &UHGLWRUV %HIRUDQ 7K\ 6K
SURILWV RI &RIZQHGH SQWBWYS YHDQ"(FRQRPLF 3DSHUV



YHUUL * /LX [ * ODVWURPDUFR & 7HFKQLFDO (|
7KH &DVH Rl &KHQ®KLQHVH $BRQRPBSULQJHU %HUOL
+HLGHOEHUJ

JHUULHU * TULYLWQWRUSRUDWLQJ TXDOLW\ LQWR Wi
KRVSLWDO HIILFLHQF\ D GRXE®MHO' (I BYRGEIMKLY LW\

JHUULHU * 9DOGPDQLV 9 5XUDO KRVSLWDO St
-RXUQDO RI BSRORFWMIVY LW
J)LIXHUDV - /HVVRI 6 OF.HH 0 'XUiQ $ OHQDEGH 1

KHDOWK ZHDOWK BHLE® V REQHVORBDBSRKOW\WWRDH PV +HD C
‘HDOWK B6RFLHW\ DQG ZHOOEHLQJ 20BQIHZLYRUNLW\ 3

JLVFKHU ( $UQROG 6 - 6H[ JHQGHU LGHQWLW
FRQVXPHU BWKIKRIRRI\ ODUNHWLQJ

JLW]JHUDOG - ) )DJDQ / ) 7LHUQH\ : 0 'LWWXV 5
RI KLS IUDFWXUH FDUH EHIRUH DQG DIWHU LPSOHPHQ
V\V W-HDFP D

JOHWFKHU - ( 7KRPSVRQ + % 7HOHSKRQH GLUI

WHOHSKRQH QXPHRXW QBQ@HRIDMUWRDRKDMAWMILHGLD(OHFWU

JORNRX $ $OHWUDV 9 1LDNDV ' D 'HFRPSRVLWLR
IURP KRVSLWDO PHUDHOUWKLEDUMHHABRDIHPHQW VFLHQFH

JORNRX $ $OHWUDV 9 1ILDN'DY¥ EDVHGEH | I$ ZILH)GBR HY D O X
Rl WKH SXEOLF KRVSLWDO VHDURKFIR® REPE R FHR GMWLUL Q J
H

JORRG $ % (Z\ : 6FRWW : 5 )JRUUHVW -U : + % UR
UHODWLRQVKLS EHWGEXHRQWLRQHR VP WG DRIPG! W HRY L FHV
KRVSLWDO LHGS PN B.QWN

JRR & < /LP . . 6LYDVDPSX 6 'DKLDQ . % *RK 3 3
HITHFWLYHQHVV RI VHUYLFH GHOLYHU\ EQVWKRI SXEO
RSKWKDOPRORODOPWYDEEHKWHWDQWK VHUYLFHV UHVHDUFK

JRUQHOO & $ QDWLRQDO FXVWRPHU VDWLVIDFWLRQ
-RXUQDO RI ODUNHWLQJ

JRUQHOO & %RRNVWHLQ@XFWXUDO HTXRWIMRQ PRGHOV
DSSOLHDG WR FROQNKXRHRXERQDD RI ODUNHWLQ# 5HVHDUF

JRUQHOO & &KD - $GYDQFHG OHWI3R® B JRI]JALD UNH W

JRUQHOO & IDUFNHU XDWLQJ 6WUWKFWXUDO (TXDWLRQ

SQREVHUYDEOH 9DULDEOHV-RRQGQOHDRKUBBNABWLQUBH

JRVQDFKW . 6DUUDI 6 +RZH ( SHFEN [/ . +RZ LP:
UDWHV IRU FROIOH BH ¥ RU YYtH\WK'HU (GXFDWLRQ



JUDJNLDGDNLV * 'RXPSRV 0 =RSRXQLGLV & *HUPDLQ
HFRQRPLF HIILFLHQF\ DQDO\VLV BDORDYLR | KIRSHILDLR
5HVHDUFK

JUDQFH ) + 5&DVH PL[ XVH LQ FRXQWULHMUDR PWLRDW DRC
FRPSDULVRQ@WEBU@PWHLRQDO MRXUQDO RI PHGLFDO LC

JUDQN % 7HOHSKRQH VXUYH\LQJ IRU GUXJ DEXVH
DSSOLFBMILRBOUBDHQ WHHHES R WWWXHHWEKHRGIV R1 (VWLPDWLQ
OHHWLQJ &XUUHQW &KDOOHQJHV

JUDQNHO / 5 7KH UHSRUW RI WKH &$652 WDVN IRUF
GDWD TXDOLW\ LQ D VDPSOH VXUYH\

JULMD $ 6SHHOPDB®XBVEBKHEL®DE +X\OHQEURHFN *
WKH HIILFLHQF\ RI LUULJDWLRQ ZDWHU XVHUV DVVRFL
IURP 7XQUVULDDWLRQ DQG 'UDLQDJH 7KH MRXUQDO
&RPPLVVLRQ RQ ,UULJDWLRQ DQG 'UDLQDJH

JURKOLFK 0 7 7HEKQLTXHV IRU LPSURYLQJ UHVSRQ\
-RXUQDO RI 2SHUDWLRQV ODQDJHPHQW

JURKORII $&RVW DQG 7HFKQLFDO (IILFLERBWRIFKBYRLE +
JURQWLHU BRD®XKUV(FRQRPLF 3DSHUV

JURVW ) $ . XPDU 0 + D D6 (FOWBEYQDO DGDSWDWLRQ
PRGHO LQ D ODUJH VHRXWUGBORRIBEUWDWHR @DUNHWLQ.

)XHQWHV & 0 OHDVXULQJ KRV®IKWRDB® ORIUFDPH VKX
0DQDJLQJ 6HUYLFH 4XDOLW\ $Q ,QWHUQDWLRQDO -RXL

*DEOHU 6 *DQQLQJHU 0 0°QQLFK 5 2SWLPDO DO
VWUDWD XQGHUOHRULR@VWUDLQWYV

*DHWD 0 &DPS&DEDODWMOR / O6FKLILQR * 0 *HORFILOH [/ %

& $Q RYHUYLHZ RI GLIIHUHQW KHDOWK LQGLFDWI
6\WWHRXUQDO Rl SUHYHQWLYH PHGLFLQH DQG K\JLHQH

*DOHD 6 $KHUQ JUHXGEBEH&JIO1 90DKRY 1HHG
SURJUDPV DQG H[SHULHQFH RI YLROHQFH LQ DQ LQQHL

*IQVZHLQ : 5HVHOUFKWHEWHQEVYQRI ,QIRUPDWLRQ 8V
'HFLVLRQ IBNLQJ *DEOHU

*DUDDODRD * /HWWLHUL ( $JDVLVWL 7 IRSH] 6 (1
LQ QXUVLQJ KRPHV DG HWOWKDRDEBVRDOWIBRHQW VFL

*DWHZRRG 5 7KRUQWRQ * & ,,, DQG +HQHY[\SH\WUWLVHU
UDWLQJY LQ WKH OHDGHRBEHQY O LRI XBF BALYB WV RIQD®D 3V
9RO S®

*DJLDQR & &RPSDUDWL YR XO\WHKR® GV URIV ZRYEHQ W
WHFKQIXKEBNF 2SLQLRQ 4XDUWHUO\

*HLVWHU $ SUHGLFWLYH $SSURDFK W® LRRHVEDQNEIRP (11t



*HLVVOHU % OHZ 0 & :HEHU 2 BWHLQHU * (1L
ZRUOG V OHDGLQJ FRUSRUDWLREEVRXUBKRYVE&RDWHUYR?
DQG S5HF\FOLQJ

*HRUJLDGRX 9 $ ODGLWLQRV ' OHDVXULQJ WK
SURYLGHG DW D *UHHN 3XEOLF +RVSLWDO WKURXJK SD
*HQHUDO +RVSLWQ® HUQ.DW DR@D O HRW UID® (R R QRXF/ILRK)
6FLHQFHV $SSOLHG 5HVHDUFK

*HUGWKDP 8 * [/IWKJUHQ O 7TDPERXU O SHKQEHUJ &

DQG KHDOWK FDUH H&XFLFIQF\V \VRIFXOW WEEHBIQOWRWLHU
HFRQRPLFV

*HHW\ 0 % 6 RIG B WRKRD P9 'LQRJUDG & + ,PSDFW
SD\PHQW DQG GLVFKDUJH ORFDWLR @& XR®D W& HR IR XHFHRUPDH
LQWHUQDO PHGLFLQH

*HWW\ - 0 *HWW\ 5 / HIRGALQDTXBOVYMQILDGY WR
SHUFHSWLRQV RI , DQXVDHUGD VBHROLYB URXUQDO RI &RQWHF
ODQDJHPHQW

*KRODPL 5 +LJyQ ' $ (PURX]QHMDG $ +RVSLWD
RU TXDOLW\" &DQ ZH K PYHAUERWKHPMVKLWK DSSOLFDWL

*LHVEUHFKW / (VWLPDWLQJ FRYHUDJH ELDV LQ 5'" VL
6XUYH\3ZWIRWBHGLQJV RI WKH 6XUYH\ 5HVHDUFK OHWKRZC

*LHVEUHFKW 1 *UHHQILHOG ®QV.RQ DO FRKFRO S RGLP\L R\
FRPSDULVRQ RI $PHULFDQ PRGLEWQRGLDQ VXUYH\V

*LOO 7 7D\ORU $ : .HPSH $ 3LFNHULQJ &6 ‘DWVRQ
LQIOXHQ]D YDFFLQDWLRQ LQ 6RXWXVSXD/O\ID QRGLDKZ D JH
=HDODQG MRXUQDO RI SXEOLF KHDOWK

*LP # 7 (IDPLQLQJ WKH HITHFWOHREWUR QLR @ Q\@MIHU ¢
HIWHUQDO YDOLGLW\ $Q LQWHUDFWLRQ PRGHUDWLRC
PRGHOUPR VSR HWIWHILRQ /

*LRNDV ' *UHHN KRVSLWDOV KRZPHHIDO WKHLU UF

*LXOLDQL * *UDVVLD 0 * 4XDWWURFLRIFHFZ P HMW KRZDWQ DO
IRU PHDVXULQJ TXDOLW\ LQGFDWRBTY /RERKUS 7)RW FH
BXUYHMXURSHDQ &RQIHUHQFH RQ 4XDOLW\ DQG OHWKRG
ODLQ] *HUPPQ\

*Obvv 5 0 $ZDUHQHVYVY DERXW GHSUHVMPRQ LPSRL

*ODVVHU OHW]JHU * SDQGRP '"LJLW 'LDOLHQJ DV D OF
6DPSOIRXUQDO RI DBDVNBMWAKY J

*ODVVHU * - OHW]JHU * IDWLRQDO HVWLPD\)V

KRXVHKROGYVY DQG WKRX UQEXUBNIHRWHIIL ¥ MALIFV U F K



*RN 0 6 6HIHQ % $QDO\]LQJ WKH DPELJXRXV UHOL
TXDOLW\ DQG SDWLHQW VDWLVIDFWLRQ LQ KHDOWKFD!
LQ 7XUMBOWK 3ROLF\

*ROGIDUE 0 * &RIIH\ 5 0 &KDRIH LG WK HQO WEK IHF |
V DQG WKMWHKHFRVWRWRSHFWLY H HEDOMKQMW VYWWHY 5HVH

*ROGRB 5RPOH\ -+BVSLWDOV DV KRWHOVFHQKWLWHFOH R |
KRVSLWDOLIBRHPDQGDWLRQDO %XUHDX RI (FRQRPLF 5HVE

*ROHOGQHU & S5LOWFRMHRVK 5 +3 U LIREUSLOMNY 3UDFWL
3KLORVRSKLHV : 1GI@H\R UBR QV

*ROURR\ ORWODJK ) %DUNXW * SFOGIDIPKBIZOYV / &
&RPSDULVRQ RI 6(5948%/ DQG 6(593(5) PHWWILFY DQ H
740 -RXUQDO

*RPHV 0 & $ 7KH LPSDFW RI WKH HFRQRPLF FULVLV RQ
VHUYLRAWRUDO GLVVBLUWDWLRQ 16%(

*RVOLQ $ ( 'DYLHV . OHDVXULQJ VHUYLFH TXDOLV
HGXFDWLR®I FRHMUY HRXUQDO IRU 3K\V 5HFQ HBIW ORVK BGQ X
'DQFH

*IW] 2 MREEAHUV . .UDIIW OWLRQ R(DWXBOFWXUDO HTXD
XVLQJ WKH SDUWLDO OHD VWD QBERRHNVR B/AD ID\S 5@ [RHD \
Ss 6SULQJHU %HUOLQ +HLGHOEHUJ

*RXQDULV 6 OHDVXULQJ VHUYLFH TXDOLW\ LQ E E

6(5948%/ VFDC¥ YY WKH ,1'6(5RXMF@IM RI 6HUYLFHYV 0DUN
*UDQWOKDBHJRU 6 &KHXQJ < % &XHWR 6 *OHZZH 3 5

*URXS , & ' 6 'HYHORSPHQWDO SRWHQWLDO LQ
LQ GHYHRXRVDKIHHYD Q FHW
*UHHQEHUJ ( 5 5DQGRP GLJLW GLDOLQJ IRU FRQWUR

RQ LWV XVH LQ VWXGLHYPRUIFKLQ GRRRGDRD ®RFHISLGHF

*URHQHZROG * %LOVERUUR®/L3Q RI VDPSOHV IRU LQ\
PLJUDWLRQ VXUYH\V OHWKRGRORJLFDO FRQVLGHUDW
PXOPRXQWU\ VWXG\ LQ $QULFAD COQMGL RQORSRLIJUDWLRQ L«

*U/QURRV & , Q W:B Q QLODOY ADIMUNWA R L @D WNDHW H@VL QYK H R L
RI VHUYLFHYV

*U/QURRV & $Q $SSOLHG 6HUXURSHDYNRWUQD O KR
ODUNHWLQJ

*URQURRV & BHUYLFH TXDOLW\ VIHQUY LW KHI LFXPAMN R P

LQWXWILWQWUDWHJILFE ODQDJHPHQW DQG ODUNHWLQJ L
&DPEULGJH ODVVDFKXVHWWY ODUNHWLQJ 6FLHQFH ,Q

*U|QURRV & $ VHUYLFH TXDOLW\ PR GO RSHDQWYV P|
-RXUQDO RI ODUNHWLQJ
*U|RRV & BHUYLFH 4XDOLW\ 7KH 6L[ &ULWHULD RI *R

SHYLHZ RI % XVLQHVYV



*URQURRV & SHODWLRQVKLS DSSURDFK WR PDUNF
PDUNHWLQDQQOBWRBDHDO EHKPXUQRDOX@WHHMYFBHVHDUF

*URYHV 5 0 $Q HPSLULFDO FRPSDULVR®@XUQWDAR WHO
RI ODUNHWLQJ 5HVHDUFK

*URYHV 5 0 6XUYH\ (UURUV DQG 6XUYH\ &RVWYV 1H:
6RQV

*URYH VO 1IRQUHVSRQVH UDWHVY DQG QRQUHVSRQVH
3XEOLF 2SLQLRQ 4XDUWHUO\

*URYHV 5 0 %LHPHU 3 3 /\EHUJ / ( ODVVH\ - 7 1LF
- (GV 7HOHSKRQH VXUYHMRPHWKRGRIO®RILOH\ B6RQV

*URYHV 5 0 &RXSHU 0 3 +RXVHKROG VXUYH\ QRC
-RKQ

*URYHV 5 0 .DKQ 5 / 6XUYH\V E\ THOHSKRQH $ 1I
3HUVRQDO ,QWHUYLHZ 1HZ <RUN $FDGHPLF 3UHVYV

*IRYHV 5 0 SH\WFKHYD ( 7KH LPSDFW RI QRQUHYV
ELDV [DPBWIXEWLF 2SLQLRQ 4XDUWHUO\

*URYHV 5 0 BQRZGHQ & 7KH HIIHFWV RI DGYDQFF

OLQNHG WHOHSKEORBDHHGLQJY Rl WKH 6HFWLRQ RQ 6
OHWKRGV Rl WKH $PHULFDQ SSWD W L V3/QIH{DQ GWIVIR FEH W
$PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ

*XQQLQJ 3 BWUDWLILFDWLRQ RI VNHZHG SRSXODWLR

*XWHUPDQ 6 (JJHUV 3 : B5LOH\ * *UHHQH 7 ) 7HUU
\HDUV Rl OHGLFDUH SURVSHFWLYHD GWKP FQWH DQ BT H
UHYLHZ

++JHO 5 'HJHQKDUGW -: T H I6WWU X4F W X U B ® GVT X W IMWRKOH P |
DQDO\VLV RIWHKHVD QHQSEERFHI/Y -RXUQDO Rl &RPPXQLFL

+DDYHOPR 7 7KH VWDWLVWLFDO LPSOLFDWLRQV RI |
(FRQRPHWULFD

+DGOH\ - 7 :DLGPDD@®@ BQEXFNKWWBHQVRQ SOHGLFDO
WKH +HDOWK R+ MDXOHW(O 6 HUVLFHYV 5HVHDUFK

+DJDQ ' ( &ROOLHU & © OXVW UHVSRQGHQW VHO
VXUYH\V EH3XEOLFLYH'QLRQ 4XDUWHUO\

+DJHQ 7 3 O9HHQVWUD 0 6WDYHP . (IILFLHQF\ |
1RUZHJLDQ KRYSNVWDOMVVHULH

+DLU - ) %ODFN : & %DELQ % - $QGHUVRQ 5 (

WK HG R@J®BEZRV 3UHQWLFH +DOO

+DLU - ) *DEULHO 0 3DWHO 9 EDVHG WWUKEFRXDDODT
PRGHOL®J0 &¥XLGHOLQHYV RQ LWV DSSOLFDWLRQ DV D
%UD]LOLDQ -RXUQDO RI ODUNHWLQJ

+DLU - )* #XOBLQJOH & 0 6DUVWHGW 0 $ SULP
VTIXDUHV VWUXFWXUDO 6/(0XDWLRQFXROMHOLRENYIGH O |

> @



+DLU - ) 5LQJOH & 0 6 D B {OW H@BG\H HG D V-LRBASQDBX OO0 H
RI ODUNHWLQG WK B RW\L BH

+DLU - ) 5LQJOH & O 6DUVWHGW 0 3DUWLDO O
WR VWUXFWXUDO HWRQD WD K QHPREBMHDQ QI I
+DLU - ) 5LQJOH & O 6DUVWBEW VOT XD UHV3DW WX BW X L

PRGHOLQJ ULJRURXV DSSOLFDWLRQV /EABWWBIQIHHVXO
30DQQLQIRV

+DLU - ) 6DUVWHGW 0 5LQJOH & O OHQD - $
SDUWLDO ®HDNVWXKFWXDDKW HTXDWLRQ PREBNOQQOD LRI PDL
WKH $FDGHP\ RI ODUNHWLQJ 6FLHQFH

+DLU -U - ) +XOW * 7 G5LQJOH & O 6DUVWHGW 0
VIXDUHV VWUXFWXUDO 6/(0X BBVIHR Q@ XFEROAHF O MQR BV 6
+DLU -U - ) ODWWKHZV / 0 ODWWKHZV660 RU &P UVWHG

6(0 XSGDWHG JXLGHOLQHV RQQIKHBE&DRH\RRB® WRRX IXC
OXOWLYDULDWH 'DWD $QDO\VLV

+DLU -U - ) 6DBNWRGW 0 .XRSHOZLHVHU 9 3DUWL
VWUXFWXUDO HTXDW(ORG QP RIGPHOUQQJI WRRO LQ EXVLQH
(XURSHDQ %XVLQHVV 5HYLHZ

+DONRV * ( 7]JHUHPHV 1 * 7KH HIIBGW RI IRUHI
SHUIRUPDQFH $Q HIILFLH QR XOUDWO VRIV3E IR IGXS MAW L WH

+DONRV * ( 7]JHUHPHV 1 * $ FRQGLWLRQDO OR
PHDVXULQJ WKH HIILFLHQF\ RI UHJLR QS5 SKEW L R K MIRC
*UHHN S UH+HBWWWKH3ROLF\

+DOOHWW & ( +LOOLHU 9 ) 2UU - % %W XWWHUZRUWK
WKH FRPPXQLW\ QXUVLQJ YHUYHFHGEX¥RVIUR® MRNG D\

+DOSLEY) O®FOHQDPLQ 6 % 6KDGH 6 % 7KH GHPDQC
FRYHUDJH IRU WREDFFR GHSHQGHQFH WUHDWPHQWYV
ZLOOLQJQHVYVYRWLSB\ WREDFFR UHVHDUFK

+DQVHQ 0 + +XUZLWPBDP3IOH VXUYH\ PHWKRGYV DQG WKH
'LOH\ $QG 6RQV ,QF 1HZ <RUN

+DQVHQ 3 0 3HWHUV ' + (GZDUG $ *XSWD 6 $UXU
* 'HWHUPLQDQWYV RI SULPDU\ FDUH VHUYLFH
L QWHURDOWRRQQDO IRU 4XDOLW\ LQ +HDOWK &DUH

+DUSXGHU % ( BWHF - $ $FKLHYLQJ DQ RSWLPXP
FRVOYLQJV YNVSFR@VH HUURRQG®WH WAR LODRB'' VXUYH\V
SUHVHQ WH® PHH B/KEGHI6/XRY M\ 5HVHDUFK OHWKRGV 6HFW

+DUWOLQH 0 JHUUHOO 2 & FR) WD BWJIWRHQMF
HPSOR\HHV $Q HPSLULFEDWQD®YR NV AL UNWWRQ J

+DVKLPRWR + ,NHJDPL 1 BKLEX\W + <DXWPX@DJDL +1RJX

SHLFK 0 5 &RVW FRQWDLQPHQW DQG TXDOLW\ RI
RIN7TKH ODQFHW



+DVLQ 0 $ $ B6HHOXDQJVDZDW 5 BKDUHHI 0 $
FX VW R P H URDD MR UV KIHFDAIVD K. VF\D D W VX U D Q,FHV HDU B DWH. R @/IX@
-RXUQDO RI +HDOWK &DUH 4XDOLW\ $VVXUDQFH

+DXFN 0 &R[ O /IRFDWLQJ D VDPSTKH BIXEDQBRP ¢
2SLQLRQ 4XDUWHUO\

+D\ZRRIBUPHU - FRQF$HSWXDO PRGHO QRW NH QD WLHR @B DO IRW
RI 2SHUDWLRQV 3URGXFWLRQ ODQDJHPHQW

+HLPHVKRII 0 6FKUH\|JJ - ZLHWQLHZVNL / &RV
RI SK\VLFLDQ SUDFWLFHV D VW RRKDYWHHD GUBRQBOLBH D
PDQDJHPHQW VFLHQFH

+HPEURII / $ 5XV] ' G5DIIHUW\ $ OF*HH + (KUOLFK
HIITHFWLYHQHVV RI DOWHUQDWLYH D@XEQER PHOLOLRQV
4XDUWHUO\

+HQVHOHU - SLQJOH & O 6DUVWHGW O $ QH
GLVFULPLQDQW Y EDMAGNV WQ XYMBWX D DQERXTIQMVOL R IQWPKRHG |
$FDGHP\ RI ODUNHWLQJ 6FLHQFH

+HQVHOHU - 5LQJOH & & BLOQNRMDEVH RI SDUWLDO OHEL
PRGHOLQJ LQ LQWH U QLIHE LARCDBOD AQUN WY WIRQUQ VOH U QD W L
(PHUDOG *URXS 3XEOLVKLQJ /LPLWHG

+HUDR'VWHLUR %DUBEBQR %*DURMMUR +HDOWMAK FDUH L
PHDVXUHV LQ WLPHV RI FULVLVY WKH SHUVSHFWLYHV |
ODGULG ,SVHQQDWLRQDO MRXUQDO RI KHDOWK VHUYLTE

+HULQJV 5 0 B6WULFNHU % + & /HXINHQV + * O%DNNH!
- 3XEOLF KHDOWK SUREOHPVY DQG WKH UDSLG H
SRSXODWLRDDRDBLVRUOG DQG 6FLHQFH

+HUOLDQD 6 ORGHO Rl KRXVHKROG HFRQRPLF EHKD)
$ SUHOLPLQDURPAHHEREB DQG %HKDYLRUDO 6FLHQFHYV
+LEEHUWV 0 -RKQVRQ 5 % +XGVRQ . &RPPRQ V>

, QHFDQGERRN RI VXUYH\ PHWKRGRORI\ IRW SMKH) YRELD O
1HZ <RUN 1<

+LGLURJORX 0 $ 'WHWZX * %  * $ IUDPHZRUN IRU PHD)\
UHGXFLQJ QRQUHVEBROQWHA DBWKRERO/RJ\

+LJIJLQV / ) )HUJIXVRQ - 0 'LQVWRQ : - 8QGHI
VHUYLFH TXDOLW)\ LQ KHDOW KHDDOL\WQKY QDKW LRQUJ B YD Y

+R (4 6XSHUSRSXODWLRQ PRGHOV LQ ILQLWH SR

+RDUH = 6 :KLWDNHU & - 'KLWDNHU 5 ,QWURG)
IRU DGDSWLYH UDQGRRDJ®WLRQ LQ WULDOV

+RFKVWLP - 5 $ FULWLFDO FRPSDULVRQ RI WKUHH
KRXVHKR®GYDO Rl WKH $PHULFDQ 6WDWLVWLFDO $VVR

+RII$ BHFRQG VWDJH '($ &RPSDULVRQ R$ DSSURDF|

VFRUWUIRSHDQ -RXUQDO RI 2SHUDWLRQDO 5HVHDUEFK



+ROEURRN $ .URVQLFN - $ 3IHQW $ 7KH FDX
UHVSRQVH UDWHV LQ VXUYH\V E\ WKH QHZV PHGLD DC
UHVHD U FHG YIDUPPHIVOIHB KRQH VXUYH\ PHWKRGRORJ\

+ROEURRN $ / .URVQLFN - % 3IHQW $ 7TKH FD:
UHVSRQVH UDWHYV LQ VXUYH\V E\ WKH QHZV PHGLD DC
UHVHDURKG YIDUPAVHYV LQ WHOWERRBRBRIXRUYH\ PH

+ROGIRUG 6FKX0O] 5 (IIHFW RI WHFKQLFDO DQG
SHUFHSWLRQV RI| SKDUP D FHOWIPEIFG! XYM IUFDLE HU f X B O UW

+RZDW * $VVDNHU * 7HKWM V KR H SHWAFKHLLRTHGS  HTIXD O
SHUFHLYHG YDOXH VDWLVIDFWLRQ DQG OR\DOW\ (PS
DTXDWLF FHQWBBRUW 6RQWUDRH@W 5HYLHZ

+VLDR .6KX < +X8DQJ 7 ([SORULQJ WKHDWILNH W RFEILDRP
DSS XVDJH RQ WHFKQRVWUHVV DQG DFDGHPLF SHU
SHUVRQDOHWHWRDWLWY DQG ,QIRUPDWLFYV

+ X + “HQ : 3DVVHQJHUV SHUFHLYHG VHUYLFH T
6FDOH GHYWHDEGSPRHDYNDEPERWW 5HYLHZV

+X00DQG - 8VH Rl SDUWLDO OHDVW VTXDUHV 3/6 L
UHYLHZ RI IRXU BWEDOM MW XDLHVIHPHQW MRXUQDO

+XUOH\ 5 ) (VWHODPQWHUQDWLYH LQGH[HV IRU PRQL

SHUFHSWLRQV RI VHUYLFH TXDOLW\ $ FRRXDJWIVOLYH H
Rl WKH DFDGHP\ RI ODUNHWLQJ 6FLHQFH

+XUVW - &KDOOHQJHV IRU KHDORMKMKN VEHPYQLY DWEP
IRU (FRQRRISHWBMRWLRQ DQG%XYBPWSOHRWWKH :RUOG
2UJDQL]DWLRQ

+XVVH\ 3 6 'H 9ULHV + B5RPOH\ - :DQJ 0 & &KHQ ¢
OF*0\QQ ( $ $ VIVWHPOWKFFDHWLHEALEILKAB\ PHE
+HDOWK 6HUYLFHV 5HVHDUFK

,GXPDK ) 2 2NXQPDGHZD ) < 2LO SROOXWLRQ DQ

FURS IDUPHUV LQ WKH 1LJHURKOQDOURULRQHRR $PHQ
$JULFXOW®R B DF{F

,JULRQGR - 0 $OEHUW 0 - (VEXGHUR $ 6WUXF\
DOWHUQDWLYH IRU DVVHVVLQJ FDXVDO UHODWLRQVK
%LRORJLFDO &RQVHUYDWLRQ

,VKIDT 0 4BGWEXVDOHHP .=\ RRG 0$0 OHDVXULQJ TXELC
Rl VHUYLFH IURP FRQVXPHUV SHUVSHFWLYHV $ FDVH
SUDEHHDD OWK 6FLHQFH -RXUQDO

,VPDLO $ =DNL + 2 5RVH , 5 HHQ V,HQWYH B8 LDQNDAIH
FXVWRPHU VDWLVIDFWLRQ DQG FXVWRPHU OR\DOW\ LC
YRUFHV OHGLFDO 2HRDQOOEDYV\RPQ -RXUQDO RI 6RFLHW\

-DFNVRQ 3 0 JHWKL 0 (Y D OX B MMKQ & R\PKPHH WHF LLOFQ
EDQNV $Q DSSOLFDWLRQ RI '($ DQG 7RELW $QDO\VLV

> @



-DFREV 5 $OWHUQDWLYH PHWKRGV WR H[DPLQH KRV
DQDO\VLYV DQG VWRFK DADIOFWIKI FEQ W H HRID R Q DIORWIOW V F L

-DLQ 6 *XSWD * OHDVXULQJ VHUYLFH TXDOLW\ 6(59¢
VFDOHY/39%
-DLV 6 ' 7KH 6XFFHVVIXO 8VH RI ,QIRUPDWLRQ LQ OXOW!

HISORUDWRU\ VWXG\ RI LQGLYLGXDO RXOWFRE®W X UHQ G
6SULQIJHU 6FLHQFH % XVLQHVV OHGLD

-DODOL 6 + $SSUDLVLQJ WKH UROH RI VWUDWHJ\ LP:
$ FDVH IURP OGEWR YUDM® 1RWH 3URILOH RI $XWKR!
1XPEHU  QIRUPDWLRWQ IRU &RQWULEXWRU

-DQRIVN\ $ $IIHFWLYH VHOIGL VW BR\HX UGIW.IKQUW HIDZ\S
"-RXUQDO RI +XPDQLVWLF 3V\FKRORJ\

-DUYLV & % ODF.HQJLH 6 % 3RGVDNRII 3 0 $ F

LQGUKLRDY DQG PHDVXUHPHQW PRGHO PLVVSHFLILFDWLI
UHVHBRIFKQDO RI FRQVXPHU UHVHDUFK

-D\DEDO < 5DPDQDWKDQ & -XO\ &OXVWHULQJ
SHUIRUPDGPWWLDO OHDVW VYONDUB® YBPWIG\PRGHO
,QWHUQDWLRQDO :RUNVKRS RQ ODFKLQH /HDUQLQJ D
5HFRJQISWLRQ 6SULQJHU &KDP

"HEDOL ( (VVLG + .KUDLHI 1 7KH DQDO\VLV R
OHGLWHUUDQHDQ NRMQGRNEVH £RRZWRVWYQBUJ$ DSSUR

-KD $ . 2UDY ( - 'REVRQ $ %RRN 5 $ (SVWHLQ
HIILFLHQF\ WKH DWWRDFQDRMRMQV RD KRNEXOW KWHI IPILBU U |

-LDQMX®QJ &K7KX\ 7 IXQ | 3XEOLF SUHIHUHQF
SURWHFWLRQ LQ :HQOLQJ &LW\ &KLOD®G 8B VK RBIRFAL FI\[S H

-LQ - :DQJ = 5DQ 6 &RPSDULVRQ RHFRQWLQJ
H[SHULPHQW LQ VROLG ZDVWH PDPPIRPHKDW SERQRPPF

-LQ - =KRX ' =KRX 3 OHDVXULQJ HQYLURQPHQWD
HQYLURQPHQWDO '($ WKH FOVRQRPLF( &RGRQRPQHV

-RKQVRQ $ ( %RWPDQ 6/ DQG %DVLRWLV 3 1RQUH
6XUYH\V $6$ SURFHHGLQJV RI WKH 6HFWLRQ IRU 6XU
SsS $PHULFDQ 6 WDWLVWLFDOO9SVVRFLDWLRQ $OH[D¢

-RKQVRQOF4XLOODQ - -DFRE 0 & *UHLO $ / [/DF\ 1
<RXQJ 5 IDWLRQDO VXUYH\ RI IHUWLOLW\ EDUL
ZDYH



-RKQVRQ 7 2ZHQV |/ OD\ 6XUYH\ UHVSRQVH UDWH
QWHUDWWKH QQXDO OHHWLQJ RI WKH $PHULFDQ $VVRFI
SHVHDUFK DORMXKXYLOOH

-JUHVNRJ . * $ JHQHUDO PHWKRG IRWDRPOWUWLIWRI FF
-JUHVNRJ . * DO6W@MAWWY FRI VHW V3WRIFRR © BIRVQUH MIDF V
-JUHVNRJ . * $QDO\VLV Rl FRYDULDQFH VWUXFWXUH
-l[lUHVNRJ . * 'ROG + 2 6\WWHPV XQGHU LQGLUH
VWKFWXUH SUHGLFWLRQ 9RO 1RUWK +ROODQG
-RUR 7 .RUKRQHQ 3 - &RPSDULVRQ RI 'DWD (Q

OXOWLSOH 2EMHFWLYH /LQ[MOHR BURQURIPPRLWD (QYHOR
$QDO\VLV ZLWK 3UHIHY$H QFH 6 QUR QBHERWWR® 0$
-RVKL 6 ' .XPDU ' 'L[LW 6 5 7LJDGL 1 ORUH 8 $ [/t
6\QWKHVLVY FKDUDFWHUL]DWLRQ DQG DQWLWXEH
K\GUD]RQHV DBRPWEBHXHWREXHDQ MRXUQDOFRHPIHGLEL Q

-XQ = 6KHQJWDR3HW IR UBP@@FAHDVXUHPHQW RI VHUYLFH
HPSLULFDQ ¥WIX®HVH H[SUHVVWRGEWWUQDQ®LRQDO &RC
RQ 6HUYLFH 6\WWHPV DQGSGHUYLFH(ODQDJHPHQW

y&. 0 — # p @E !'01 0" 0." UE)2 / )1 ..)Wwa 0 E)0o#
+ ddauadaa
.DLVHU + ) $Q LQGH[ RI IDFWRULDO VLPSOLFLW\ 3V
.DLWHOLGRX ' .DWKDUDNL O .DORJHURSRERR®RKRWLMFRC
ILDURSRXORYV [/ 7TKH LPSDFW RI HFRQRPLF
WKH HITLFLHQF\ RI *UHH®%G6SXEOLF KRVSLWDOYV
.DODLW]DQGRQDNHV 1 * X 6 OD - & 7KH 5HODW

(IILEQF\ DQG )LUP 6L]KDRBGLDIQWHEXUQDO RI $JULI
(FRQRPLFV 5HYXH FDQDGLHQQH G DJURHFRQRPLH

O G * # #1] # *2." €& 010" 0." 2) "a 0/)10"
o/1! " 0
DORJHURSRXORXS 0 ORXQGQGRXINRXWDV 3 OHDVXULQ.

LQ QGRURILW RUJDQLVDWLRQV WKH FDYWHRIQBPWHHRN 50
-RXUQDO Rl %HKDYLRXUDO DQG +HDOWKFDUH 5HVHDUF

_.DOVEHHN : $JDQV 5 3 K VD@35 0Q KIRXY 8 KRG W H
VXUY$HGYDQFHY LQ WHOHSKRQH VXUYH\ PHWKRGRORJ\

.DOWRQ * %ULFN - 0 Ir 7 &KDSWHU 9, (VWLPD\
HITHFWV IRU XVH LQ VDPSOH GHVLJQ

.DOWRQ * *UDKDP . VX IOWHU RERBSWLRQ WRO 6DJ

.DPDWK 5 *KRVK ' J/HQD $ &KDQGUDVHNDUDQ 9

DQG SUDFWLFHYVY UHJDUGLQJ PHQVWUXDO K\JLHQH DPR



LQ 8GXSL 7DOXN DORESOMRRGQDQ®RBEREGLF IKHD OWK

.DQJ * 7KH KLHUDUFKLFDO VWUXFWXUH RI VHUYLFH T
IXQFWLRQDO QIXDL@UWAHUYLFH 4XDOLW\

.DQJ * -DPHV - BHUYLFH TXDOR®\RG *P HQWR R QW
VHUYLFH TXDOQWDIPRGEBEBUYLFH 4XDOLW\ $Q ,QWHUQD\

.DSDUDNLV ( , OLOOHU 6 0 1 RIXQDFRBW *LQH I I L F& KR
FRPPHUFLDO EDQNV $ IOH[LEOH VR)XRFEDY WRIFO0RRQW |
&UHGLW DQG %DQNLQJ

&G0 )1 . ¥ "0 2 #! 0" 2 #
2 #0 .0 /)10 "E. 1
.DUDJLDQQLV 5 RIH TS & WLVRIQRD WHZ R($ DSSURDFK IRU H[S(

FDSDFLW\RRWLQG]DWHFKQLERQDMIVLRIHDEN UDWLRQV 5H

.DUDNROLDV 6 ( 3RO\]RV 1 O 7KH QHZO\ HVWDEO
(23<< FXUUHQW VLWXDWLRQ DQG SURSRVHG VWUXFW
PRGH@WRRBU\ KHDOWK FBDBWKQ *UHHFH

.DUDVVDYLGRX @ *ODYHOL & 3 4XDOLW\ LQ 1
EHWWHU WKBQVSOMDH@WWLQHVV ([FHOOHQFH

.DUO . $ +DUODQG / . 3HOXFEHWWH 3HWYFHSIRIRIP RI V
TXDAQKWW V IXQ JRW WHRDOR/ K LPMK NMWLQJ TXDUWHUO\

.DVKDQL + $ BWDWH LQWHUYHQWLRQ FDXVLQJ LQHII
1RUZHJLDQ &RQWRGIMQWDROEKHO |

.DW] &DQWULO + SREQRPHRBUDLRQ SROOV

.DZDJXFKL + 7RQH . 7 YXWIVXRWORQ RI WKH HIILFLHQF\

KRVSLWDOV XVLQJ D G\QDPLF DQG QHWRGH® GGDAVD HQ
FDUH PDQDJHPHQW VFLHQFH

.HHVOLQJ - : OD[LPXP OLNHOLKRRG BKESURDFKHV
GLVVHUWDWLRQ 'HSDUWPHQW RI (GXFDWLRQ 8QLYHUY

.HHWHU 6 .HQQHG\ & 'LPRFNOO® 3%HVW +*DXX.QDILWKH LI
RI JURZLQJ QRQUHVSRQVH RQ HVWLPDWHV IURP D QD
 QWHUQDWLRQDO -RXUQDO RI 3XEOLF 2SLQLRQ 4XDUWF

HHWHU 6 OLOOHU & .RKXW $ *URYHV BQGHV BUHVVH
UHGXFLQJ QRQUHVSRQVH LQ D8XQBDMLIFR DDA MRHD S BB O

HPSI $ 0 5HPLQJWRQ 3 / 1HZ FKDOOHQJHV IRU \
LQ WKH IWZWW VWHQIDXXBHY 3XEOLF +HDOWK

.HUDPLGRX , OLPLV $ 3DSSD ( 'HWHUPLQDQWYV R
SURGXFWV LQGXXWRSHRDQURXBEDO Rl 6RFLDO 6FLHQFH

.HUDPLGRX , OLPLV $ 3DSSD ( (IDELWQF\ DQDC

(YLGAH IURP $UMHIHMH -RXUQDO Rl %XVLQHVV ODQDJHPHQW



.HUDPLGRX , OLPLV $ 3DSSD ( L GHQWLI\LQJ HIIL
VDXVDJH LGRXEWH\ ERRWVWUDBRQR MLSFSW BXPKO HW L Q

.HUDPLGRX , OLPLV $ JRWLQRSRXORX $ 7THFKQL
PHDWSDFNLQJ LQGXVWUQWHUQDWLRQDO -RXUQDO R
B3HUIRUPDQFH ODQDJHPHQW

.HUDPLGRX , TULDQWDI\OOIRRSFOXFORWRI /I WKH ILQBRFLDO |
DXVWHULW\ SROLFLHV RQ WKH VHUYLFHDOQXW®R LBWRORFS X|

.HVVOHU 5 & J/LWWOH 5 - *URYHV 5 0 $GYDQFH
DQG DGMXV\WL@RRUHNEBPWPHRORILF UHYLHZV

.KDQ 0 (&26 (3RXBRVWV Y] TXDO$QQ DHO[\S HEIW DWW X B QW
UHVHDUFK

.KDQ 0 * 0 6HKDU 1 $KVDQ 0 - 2SWLPXP VWUD!
VWXGDULDEOH XQGHU 1HWOWQ DO ORFIMHRQQGLDQ 6R
$JULFXOWXUDO 6WDWLVWLFV

.KDQQD 5 ODGKDYDQ 6 6 6PLWK O - 3DBRMWBWNWLOO 7
% $VVHVVPHQMORWKIGDDVPRQ WS BLROLUN MDUHJILY |
RI FKLOGUHQ ZLWK DXWLRK WESHG VRU XOPX WLV R UIBHGI G H Y +
GLVRUGHUYV

.KXVKDODQL - 2]FDQ < $ $UH KRVSLWDOV SURG >
$Q DQDO\LV XVLQJ "MBPLMYHORBPNQW SBRMLARVLV (4
(FRQRPLF 30DQQLQJ 6FLHQFHYV

.LOERXUQH : ( 'XII\ - $ 'XII\ 0 *LDUFKL * 71
6(5948%/ LQ SWRWLMR QDO PHD VX EHRHQ WXR R YHID® RW K
VHUYLFHWODUNHWL

LP 0 - 3DUN & - +RZ 'RHV WKH 7LPH 9DULDWLRC
$IIHFW .RUHDQ S5HWDLO )IKRV-RIWNQIRWPRQFHYWULE
6FLHQFH

.LQJ 0 * &KDQGUDQ 8 20VRQ & +3DUHINKVABQGHUD 6

( 9 &RQVXPSWLRQ RI VXJDU\ IRRGV DQG GULQN
FDQRIWFHU &DXVHV &RQWURO

LVK / $ SURFHGXUH IRU REMHFWLYH UHVSRQGHQW
-RXUQDO Rl WKWDHRPHWWEBRO $VVRFLDWLRQ

LVK / 6XUYH\ VDPSOLQJ

LVK / 6XUYH\ 6DPSOLQJ 1HZ <RUN 1< -RKQ :LO\ 6

.LVVLFN : / OHGLFLQH V GLOHPPDV LQILQLWH QHHC
8QLYHUVLW\ 3UHVV

LWWHOVHQ 6 $ :LQVQHV % $ $QWKXQ . 6 *RXGH )
5IWW|  + 'HFRPSRVLQJ WKH SURGXFWLYLW\ GLIIH
WKH 1RUGLFERXQIV® RH\BURGXFWLYLW\ $QDO\VLV
.ODVWRULQ DWWV & $ 7KH GHWHWIPYL K CKRIVBQ WRD C
FODVVLIEFDWMRKQVHUYLFHY UHVHDUFK

> @



.ODVWRULQ 7 ' DWWV & $ HBWRXW KIRY %/L WHDDS & UDR
OHGLFDO &DUH

.OHLQ 6LRYLQR * $ %DUNHU ' & 7ZRUHN & &XPPLQJ\
5 - 8VH RI IODYRUHG FLIDUHWWHY DPRQJ ROGHL
8QLWHG 6WWODWHVYFRWLQH WREDFFR UHVHDUFK

.QXWVRQ % 6WOHODHHUW 3& :XDWWRQ 0 <RNR\DPD )
$ VHUYLFH TXDOLW\ LQGH[ IRU WKH ORGJLQJ LQGXVWU

R < - DQG 3DVWRUH ' [/ $ +LHUDUFKLFDO ORGHO
5HFUHDWLRQ D O 66ERRUIM 0,DGNKWWILQJ 4XDUWHUO\

.RKXW $ .HHWHU 6 'RKHUW\ & 'LPRFN 0 &KULVWL]
UHSUHVHQWDWLYHQHVV RIDSKEQUM RS LOQ& R QHY XBIH\HN D
&HQWHU

.RODVD . +HUPDQRZVNL 7 ,PSRBWPRQFHERUWKEIOIFWLRQ |
GHFLFDRQQJ SURFHVV LQ KHDOWKFDUH V\WVWHP LOOXYV
GHYHORSPHQW RI $PHULFDQ DQG SROLVXU]HRERSH RI
(SLGHPLRO

.RQGLOLV ( *DYDQD 0 *LDQQDNREBRKWDRW 16 6% HQROWN LY/

SD\PHQWY DQG TXDOLWSWRR IEWUBQLEQ SSKUELO/IFWKIR MS
*UHH%B& KHDOWK VHUYLFHVY UHVHDUFK

.RQG\OLV , 3ULYDWH KHDOWK VHFWRU LQ *UHHFH G
HYDOW.RQ UHFHQW WUHQGY DQG SURVSHEWYV

.RRSPDQV 7 & $Q DQDO\VLV RI SURGXFWLRQ DV I
DFWLWEWILNYW\ DQDO\VLV RI SURGXFWLRQ DQG DOORFI

.RRUHPDQ 3 1XUVLQJ KRPH FDUH LQ 7 KH LIHOWWKHUOD
DQDO\RXMQDO RI KHDOWK HFRQRPLFV

.RXQHWDV . 3DSDWKDQDVVRSRXORYV ) +RZ HIILFLF

VWXG\ XVLQJ D GRXEOH ERKWMVWURSH DR DRXWRMAX R |
(FRQRPLFV

.RIDN O $JHYHGR B5RKWV XVLQJ VWHSZLVH YDULDEOH VF
VHTXHQWLDO SDWK DQDGBKWMMLRAR HIMV SSKOINHWDHIXWPH "

.ULVWDO $ 5 :KLWH ( 'DYLV - 5 &RU\FHQ@Q % 5DJKXC

(ITHFWV RI HQKDQFHG FDOOLQJ HIIRUWYV RQ UH\
EHKDYLRU DQRG FRVWYV LQ D WHOHG KRIQWH GXKB@MWEK V X U
+HDOWK 5HSRUWYV

.URQHPDQ O 1DJ\ - EDNUBIRSGIXBIDAIF150J LQ +XQJDU)
LQWR WKH UHODWLRQVKLS EHWZHHQ VXSSO\ RI KRVSL'

FKDQJLQJ LQVWLW X WIHDIEDAK FARIGEXP\WV WD QF HV

LUXN 0 ( JUHHGPDQ / 3 $VVHVVRQBHKHQOWK
GHYHORSLQJ FRXQWULHV DHDBWKHZRROLWKH OLWHUDW »
. XPDU 0 &KDUOHV 9 &KDSWHU 2QH 3HUIRUPDQFH

7TRWDO )DFWRU 3URGXFWLYLW\ *URZWK $ 6XUYH\ 2]
$SSURDBKMVQHVYV 3HUIRUPDQFH OHDVXUHPHQW DQG 0D

> @



XVWHU 6 3 5XHI & %ROOLQJHU $ . /HGHUJHUEHU %
"HEHU 5 &RUUHODWLRQ E®® ZHIHVOL EDRW LFEL K \LEK
KRVSLWROYDO RI DOQWIKHFFRMEHUD S\

YL] ) - 7RZDUG D VWDQGDUG 7T&KHI LIXEMLLEQ?2 B L QLHRQ
AXDUWHUO\

/IDKLUL ' % $ PHWKRG Rl VDPSOH VHOHFWLRQ SURY
%XOOHWLQ RW MRHD @B WDWLVWLFDO ,QVWLWXWH

/DL : 7 DQG &KHQ &3*%HKDYLRUDO LQWHQWLRQ¥ RI SXEO
7KH UROHV RI VHUYLFH TXDOLW\ SHUFHLYHG YDOXH
7UDQVSRUWRIROLHAR SS

/IDLQH - /LQQD 0 +INNLQHQ 8 1RUR $ OHDVXULC
DQG FOLQLFDO TXDOLWa RUPL@\DW HW KRAULRAIBIBON HOORGHIU
HFRQRPLFV

/IDP 6 6 . 6(5948%/ D WRROHRWVPROVXIRQVY BDWR YV
VHUYLFH TXDOLWARMID-OROXD.AGOQW\ 0ODRDIJHPHQW

/IDQGLVY 6 + OXHOOHURYD + ODQQLQR ' 0O OHQH]HV
OROHQ 7 'DYLV . - &RQWLQPMLRWYBO&RQI

SDWLHQW 6XUYH\ PHWKRGV &23' SUHYDOHHQFH DQG ¢
,QWHUQDWLRQDO MRXUQDO RI FKURQLF REVWUXFWLYH

IDURFKH 0O &KRL . 6 J[/HH + .LP & /HH 6 7
GLPHQVLRQM QWGVBWWVIDFWLRQ UHODWLRQVKLSV LQ
DFURVV JHQ@GEHU WDSH V- RX WY LRFIHBHUYLFHY ODUNHWLQ

ID5RFKH 6 &DUWZULJKW )  QGHSHQGHQW UHYLH:
JUHOBHISRUW IRU W K HV HDXADKWE RQRIDO G H

/IDUVRQ 2 1 7KH FRPSDUDWLYH YDOLGLW\ RI WHOHS
WKH PHDVXUHPHQW RI PHVVDJKPGUILKRUQRG®R LR RIM E
SHYLHZ

/IDWDQ + 5DPOL 1 $ D U WKLHD @ FOWOBWAK/FRIIX ® DB VH T X D V
PRGHOOLQJ D@DPO\VHV 3/6

/IDWUXIIH / 'DYLGRYD 6 $DSOFIRFFEMLRQ RI D GRXEOH E|

LQYHVWLIJDWLRQ RI GHWHUPLQDQWYVY RI WHFKQLFDO HI
-RXUQDG RFWURLW\ $QDO\VLV

/IDYDOOILH 7#RZD\ RSWLPDO VWUDWLILFDWLRQ XVLQJ G\QD

IDYH - 5 IDYH 7KW H[WHQWIRUHR@H BWLRQ}BBRQYKKRVSI
BHUYLFHV 5HVHDUFK

/IDYUDNDV 3 *HQHUDWLQJ WHOHSKRQH7WOUWHSHK\ROHPEOUYH\
PHWKRGV VDPSOLQJ VHOBBWLRG®DDAGXKSHUDMWVRRY
&DOLIRUQLD

/IDYUDNDV 3 7HOHSKRQH VXUYH\ PHWKRGV 6DPSOLQJ VHC
6DJH 3XEOLFDWLRQV ,QF

/IDYUDNDV 3 - OHWKRGV IRU VDPSOLQJ DQG LQWHL
+DQGERRN RI DSSOLHG VRFLDO UHVHDUFK PHWKRGYV

/IDYUDNDV 3 (QF\FORSHGLD RI VXUYHbDNIHVBOEHGKFPAMRRGEV

> @



/IDYUDNDV 7THOHSKRQH VXUYH\V +DQGERRN RI VXUYH\ UH

JHH 5 + %RWW 0 - *DMHZVNL % 7DXQWRQ 5 /
SURFHVV OHYHO $Q H[DPLQDWLRQ RI WKH FDUH SOD
+HDOWK 6&H Y WDRH\K

JHH + LP & %HQFKPDUNLQJ RI VHUYLFH TXDOL
DQDOMSIHMMUW 6\WWHPV ZLWK $SSOLFDWLRQV

JHJLGRLJOH\ + .DUDQLNROFOD]D 6-HGHDQUGHWDY & %H!L

3DGLOOD % OF.HH O (IIHFWV RI WKH ILQI
DXVWHULW\ PHDVXUHV RQ KHDOWK DQGHRBWBEWK F|
3ROLF)\

/JHKWLQHQ 8 JHKWLQHQ - 5 6HUYPRI VIDRDQOL W\ [
BHUYLFH ODQDJHPHQW ,QVWLWXWH

JHOHX + '"HUYDX[ % &RPSDUDLVRQ GHV GLIIpUF

WHFKQLTXH XQH DSSOLFDWLRQ BKRGRPMHUHY UKRAS/LL\R [

JHOHX + ORLVHV V 9 9DOGPROWLPDO SURGXFWLYH VL]}
LQWHQVLYH GWHH QMUMRQDO -RXUQDO RI SURGXFWLRQ

/JHPHVKRZ 6 BWURK * 6DPSOLQJ WHFKQLTXHV IRU
LQ GHYHORS L DD WIRX@® ROUGHRLH V

JHPPHQV 3 7DQ ( 6 .QLEEH 5 $a&HVSRGNMDW G DOH XWRF
VXUYH\ RQ DOFRK RO IPRIOWK RIRWUR® O RlI DGGLFWLRQ

JHSNRZVNL - 0 7HOHSKRQH VDPSOLQHSKRQKRGY LQ
VXUYH\ PHWKRGRORJ\

JHVVOHU - .DOVEHHN : 1RQUH YV SRRWYWD BHDLA@LIQ J Z
HUURUV LQ VXUYH\V

IHXWKROG ' $ 6FKHHOH 5 SDWWHUQV RI ELDV L
GLUHFWRHUBKEZ¥OLF 2SAQURD 4XDU

JHYLQH 1 :DEKV 0 %XV FUDRBWQ LR $\KIH QB VLG F
7UDQVSRUWDWLRQ 5HVHDUFK 3DUW $ *HQHUDO

/HY\ 3 /IHPHVKRZ6BPSOLQJ RI SRSXODWLRQV PHWKRGYV
LOHYHZ <RUN

JHZLQ . 'HPER 7 )HVWLQJHU / 6HDUV 3 6 /HYH
+XQW 3FBUVRQDOLW\ DQG WKH BHKBPRURUBA QLVR BGH V

/IHZLV 5 & %YRRPV % + 7KWHRDXURHWKX@D DW & HRFPWM VY
SHUVSHFWLYHV RQ $¥RAHYLFE®Y BDUNHWLQJ $VVRFLDWLR

/ILDURSRXORYV / .DLWHOLGRX ' +HDOWK WHI
*UHHEHANVHUQDWLRQDO MRXUQDO RI WHFKQRORJ\ DVVHYV

/ILQ + ) 7KH UROH RI RQOLQH DQG RRPPR® LN DMWX UH \
DQ HPSLULFPWHWMXG 5HVHDUFK

> @



/ILQG . 20GHQGLFN 5 &RPSDULVRQ RI WKH DFFXUI
WKH QH[WPHMWRKRKGEWIRU UDQGRP VHOHFWLRIH RI KRXVl
H

/ILQQD O OHDVXULQ 1 KIRRMBA\WALAV kK RS/DN) #HIOD G WW D P R (
HFRQRPLFV

/LQQD O +HDOWK FDUH ILQDQFWQ JOKIB | RQ P) LDQUQE. WKK H
KRVSLWROYDO RI +HDOWK FDUH ILQDQFH

/IQQD 0 +INNLQHMWHUPLQDQWY RI &RVW HIILFLHQF\ RI
$ &RPSDULVRQ RI '($HDYGOMNE 8QLYHUVLW\ Rl 7THFKQRO
RI (QJLQHHUWFNMNOD B&\WRWKHPDWLFV B6\WWHPV $QDO\VLYV |

IJLQGHU & BHLGHQVWULFNHU 6 &KDQJLQJ &RQVX
9HKLFOHV 7KURXJK %UDQGHG 7HAKQDAD® K&R PERQRIM\
WKURXJK ,QQRYDWLRQ D83G (QWBEBURIDHX U,DCLD

/JLSSV 2 5HIXVDO &RQYHUVLRQ LQ WHOHBKRQRUBDQHOV
3DSHU /DXVDQQH 6ZLVV +RXVHKROG 3DQHO

IMXQJIJUHQ % 6M|GpQ 3 2 3DWLHQW UHSRUWHG T
LPSOHPIQRIDIVIGR DJQRVLY UHODWHG JURXSV '5* FOD
VIVWHP LQ RQH 63HOGR\GL GRXODN MRXUQDO RI FDULQJ

JRFDQGHU : 6XGPDQ 6 %UDGEXUQ 1 $Q LQYHVW
WKUHDW QWO GJIIHMBRUYDRQRI WKH $PHULFDQ 6WDWLVW!

/IRKPROOHU - % /IDWHQW 9DULDEOH 3DWK ORGHOL!
SK\VLFRBILGHOEHUJ

/JRQJ / . /H 9DQ 7KDS +RPQ DISSOLFDWLERQHR R &PIMDW
DQDO\WLV ZLWK WKH GRXEOH ERRWVWUDSSLQJ WHFKC
HIILFLHQF\ LQ DTXDFXOWXUH $RF ¥FDFGALWXERIQVWUDLQW

IRXLV ' = <XHQ ( - %UDJD 0 &LFFKHWWL OGODBDDELQRZ
- 6 ,PSDFW RIHDVHIHG KRVSLWDO ILQDQFLQJ V\VWH
RXWFRPHV RI FBDIOW® AMMWDOLFHY SWMVHDUFK

/IRYHOO & . SURGXFWLRQ IURQWKHUPHD QBEUFHPRI@X\F W
SURGXFMFLHHQ AVl 7THFKQLTXHYV DQG DSSOLFDWLRQV

/IRYHORFN & + K\ PDUNHWLQJ PDQDJHPHQW QHHGYV

/IX 5 & +DOO - :LOOLDPV 6 -DQXDU\ 5HVROYDE

PRGHOV LQ UGG VXQMM\V VXNALIDE PIRGNH JEBDEED 6 , Q
&RQIHUHQFH 39RGHHGLG3BV

/X < =KDQJ / 'DQJ % $ PXOWLGLPHQVLRQDO D
PRELOH VHUY(UFHFWURMDLW\ &RPPHUFH 5HVHDUFK DQG ¢

IXFDV : $ $GDPV : & $Q DVVHVVPHQW RI WHOHSEK

IN\EHUJ / .DVSU]IN 'DWD FROOHFWLRQ PHWKRGYV
RYHUYMHIZVXUHPHQW (UURBY EQ WBNXKU-RK® :LOH\ 6RQV



NQQ 3 %HHUWHQ 5 /DLKR5HFRPIFHQMGIHG VWDQGDUG ILQL
FDWHJRULHV DQG VWDQGDUG GHILQLWLRRV Rl UHVSRQ
,6(5 :RUNLQJ 3DSHU 6HULHYV

/\ARQV : 'XUDQW 5 ) VWYVBEMUREHZWH GRLWK WKH 8V
'LJLW 'LDOLQJ LQ /DURXSQBD KD ODPUHWHWLQJ
oD & =KDR &KLQD V HOHFWULFLW\ PDUNHW U

PDQGDWHOHWBIOODQWYLGHQFH IRU FKOMQROYHBSHUDWLR
(FRQRPLFV

ODFLDV : 6SULQJVWRQ - . 'HDYHU 5 $\HWDU FRXQWWHQW H
DQDO\WVLV RI VXUYH\ PHWKRGRORJ\ LQ-RRBRRPOQLRDWLF
FXUUHQW LVVXHV UHVHDUFK LQ DGYHUWLVLQJ

ODKDWH $ +DPLGL 6 JURQWLHU HIILFLHQF\ RI KRV
DQ DSSOLFDWLRQ RI GDWD HQYHORSPHQW DQDO\VLV -
ODKERXE % + 6 + 6DQWKDNXPDU 6 6RULDQR - % :
LQMIWY DQG UHDOLW\ LQ WKGQDILMNRIGWSHIRUED (FPLLFU B MGV
o 13 | &2 | | #
L2112 L # 0. . % . . 0 " )& 00*0
2. & 12 " . QO0E 12 ~-! 2/. 0 ."

ODQDOR $ % G6FLDEDUUDVL 0 5 +DGGIDXGELQJ HURGHKG WIVH
GLUHFWO\ IURP IDUPHUV DQG YDOXLQJ DJULFXOWXUH
+DPSVKLUH IRRGXVKRBSHIW 8QLYHHRXLWPRVKLUH
&RRSHUDWLYH ([WHQVLRQ

ODQJROG * : %DEDNXV ( 6 N WNDLIFHH STHXADVCSLHF W MYKHH Y
EDAMWDJIH SHURSUBEWQYH 6HUY LFRHEY ODIBRNHWLQJ

ODQLDGDNLV 1 +ROOLQJVZRUWK %KH ZRBRPWVRIXWKH LQ
PDUNHW RQ KRVSLWDO HIILFLHQF\ SHHOGWNFKW LFYOLWH D
PDQDJHPHQW VFLHQFH

ODUN % $ -RQHV & % /LQGOH\ / 2]FDQ < $ $Q
HIILFLHQF\ DIX® GDWALHQW VDIHW\ L RG XM H 3FROOLHV QKW
1XUVLQJ 3UDFWLFH

ODUNRYLU 6 5DVSRU 6 aHJDULuO . 'RHV UHVW
FXVWRPHUV H[SHFWDWLRQV" $Q DVVHVVPB®W RI UH)
PRGLILHG ",1(6(59 DROSWIRMPFBQG +RVSLWDOLW\ ODQDJHP

ODUWLQ % 5 1LJKWLQMMIWHRY3 $ <HJURBWFLHQFH DQG 7HF
6WXGLHV H[SORULQJ S\"KMHDNQRK GROGLRAEDVH

ODUWVROI 6FKRILHOG 5 ( -RKQVRQ ' 5 6FDQORQ ' 3
UHVHDUFKHUV EHZDUH FDOFXODWLQJ UHVSRQVH UDW#¢
+HDOWK 6HUYLFHVS®HVHDUFK

ODVVH\ ( : %RZPDQ 0 + S5RI$MWHOL[AYV PLPLENLQJ GUR
LQ FKURQLF UMADBOBUOXUH



ODVVH\ - 7 (VWLPDWLQJ WKH UHVSRQVH UDWH LQ D
BURFHHGLQJV RI WKH VHFWLRQ R VXUY$PHEB®HDUFK
6WDWLVWLFDO $VVRFLDWLRQ $OH[DQGULD 9%

ODVVH\ - 7 2Y1&RQQRU ' .URWNL . $XIXVW 5HVS
GLDOLQJ 5'"" WHOHSKR®HFHHWALYHW RIQWKH $PHULFDQ
$VVRFLDWLRQ 6HFWLRQ RY 8ROYH\ 5 3B 8HDUFK OHWKRG

ODWUDQJD ' 6DSLHQ]D ) &RQJHVWLRQ DQDO\VLV
DSSURSULDWHQHVV RHIDRBRSBLWDOV LQ 6LFLO\

1 p 0. 0 )1 y/ &2 N@..)y.2!

OF$OH[DQGHU - + .DOGHQEHUJ ' 2 . RHQLJ + )

PHDVXUHPHQW H[DPLQDWLRQ RI GHQWDO SUDFWLFHV
EHWZHHQ VHUYLFH TXDOLW\ VDWLVIDFWLRQ DQG SX
VHWWOQUIQDO RI +HDOWK &DRH ODUNHWLQJ

OF&DUW\ 7 $ <DLVDZDUQJ 6 THFKQLFDO HIILFLF
GLVWULFWV 7KH PHDVXUHPHTHNF KRQ LSTKRHZXEP QG YCHSHBO LFI

OF&DUW\ & +RXVH -0 +ILFRKDYGYV 6 (IIRUW LQ SK
UHVSRQVH UDWHYV 7KH HIIFR@W UR OOHHBEREFOMEEK\R G Y/ H G

OF'RQDOG - 8VLQJ OHDVW VTXDUHV DQG WRELW L¢
DQDO(¥XHRSHOUMR RI RSHUDWLRQDO UHVHDUEK

OF.D\ 1 / '"HLO\ 0 ( &RVW LQHIILFLHQF\ DQG KR
+HDOWK HFRQRPLFV

OHHXVHQ YDQ 'HQ %URHFN - (11 L'FROHIM\VH V W L P

SURWXRQ IXQFWLRQV ZLVWKVFARPDRWIHRED BIOURRQRPLF U

OHKPRRG 6 0 1IDMPL $ 8QGHUVWDQGLQJ WKH LP¢
RQ FXVWRPHU VDWLVIDFWLRQ LQ KRPH GHOLYHU\ (YL
-RXUQDOWRIR@IHF &XVWRPHU 5HODWLRQVKLS ODQDJHPH

OHOODK 7 $PRU 7 % 3HUIRUPDQFH RI WKH 7XQL
GLVWDQFH IXQFSWLRIL \N 5BV RBROK F\
OHOWRQ ,,, / - "\FN 3 - .DWBRQHVBHUNLRH%YLHQ 3 1RQ

UHVSRQVH ELDV LQ VWXGLHV RI GLDEHWLF FRPSOLF
IHXURSDWKRXWXB® RI FOLQLFDO HSLGHPLRORJ\

OHOW]HU + %UXJKD 7 6 (WKLFDRFB Y FKLOW UQ FF L
PRUELG(WKLEY LQ 3¥SFKLDW®SULQJHU 'RUGUHFKW

OHQQLFNHQ 5 .XQW] / 6FKZLERU] B8BHW ZHH Q7 KHIWFUBGQR\
TXDOLW\ LQ KRV S LRWIU®D B E T IWHPDHQWKVRUJIJDQL]DWLRQ I

OHWNXULY $ 3DSDWKDQDVVRJORX ( IHPRQLGRX &
VDWLVIDFWLRQ ZLWK QXUVLQJ FDUH TQ4DIQWQLDWDIRLMHO
MRXUQDO RI QXUVLQJ VWXGLHV

OLOEXUQ . I1HYHU RIQQYG WWKLIH D WBLOWHMINVE HERWE& -RXUQ!



OLQDVLDQ - 5 ,QGLYLVLELOLW\ GHFUHDYKBJ FRVW
-RXUQDO RI /DZ DQG (FRQRPLFV

OLWFKHOO 1 +HZLWW & ( /HRDWRR® ( IADWWWUVRQGK
7HDP 6 6 3ULRU QRWLILFDWLRQ RI WULDO SDUYV
UHVSRQVH UDWHV D UDQGRPULOHD® R QAVOURQPBIG MSLAE

OLWURSRXORV 3 OLWYRBAXDWYQ) WKH WHFKQLFDO DQG
WKH ODUJH KRVSLWDOV LQ *UHHFH

OLWURSRXORV 3 OLWURSRXORV |, 6LVVRXUDV $ (
FDUH WKH FDVH RI *UHRKHSEORSHERQVSUWINMDO R
(FRRPLFV

OLWURSRXORV 3 O9DVLOHLRX . OLWURSRXORV

VDWLVIDFWLRQ LQ SXEOLF KRVSLWDO VHUYLFHV $ QD
-RXUQDO RI 5HWDLOLQJ DQG &RQVXPHU 6HUYLFHV

ORRQH\ + (FRQRPLFV PHGLFLQ B HDQWG/ KA G WKDRMDLRH

ORUH\ 5 & )LQH ' - /RUFREHUWYV 5S5HW]ODAIVXEDNLWDQL
7KH WRIDEHWZHHQ KRVSLWDO FRVW DQG TXDOLW\ RI F
DQDOOMGLFDO &DUH

ORVWDID 0 O $Q HPSLULFDO VWXG\ RI SDWLHQWV F
(J\SWLDQ KRWSHWDIDWLRQDO -RXUQDW \RH VAHDIDW K H. D U H

OXJLRQ 5 * OXVHOOD ) 'L S3LHWURKH 3VHARQIEHOH[FHOO
FKDLQ" DQ HPSLULFDO LQYHVWIKBWURQRXU QYHKBI KHDC

OXNDPHO ' % =ZDQ]JLJHU - %DPH]DL $ +RVSLW
DOORFDWQG TXDD0OW\+RDBWKH6HUYLFHY 5HVHDUFK
OXOODUNH\ 6 &DXOILHOG % OF&RUPDFN 6 %DVX ©

HVWDEOLVKLQJ WKH WHFKQLFDO HIILFLHQF\ RI (OHFW
XVLQJ 'DWD (QYHORKRMHIWEFRIDMHVVYYRQ DQG 0DQDJHPH

OXBK\ 0 BEKXO] 6DPSOLQJ IRU QDWLRQDO V
0&((7<$$XVWUDOLDQ &RXQFLO IRU (GXFDWLRQDO 5HVH]
OXWWHU 5 / B5RVNR 0 'RQJ + 6 OHDVXULQJ K

HITHFWV Rl FRQWURO @MOUHIRW E X D GHID\RIWKEBQH ¥ H V
5HVHDUFK

OXWWHU 5 O9DOGPDQLV 9 5RVNR 0 +LJK YHUVX)
FRPSDULVRQ RI HQYLURQPHQWDO FKD UDHVDIDWK W LFV
BHUYLFHY DQGHYKWBRIRHWWKRGRORJ\

IDMBHOQOHW - -RQTXHW 2 -DPERX 3 YDEU\ -
LOQWHQVLYH FDUH XQLWY SURSRVDO IRU D VFRULQJ V\\
,QWHQVLYH FDUH PHGLFLQH



1DDQJ 5 'HWHUPLQLQJ TXDOLW\ Rl SXEOLF KHDOWK
&OLQLFDO *RYHUQDQFH $Q ,QWHUQDWLRQDO -RXUQDO

1IDWKDQ * 7HOHVXUYH\ OHWKRG B GRIMLHZ IRQG+-BR P HK |
7KRXJKWYV IRUBWHKHMH\XONXMWKRGRORJ

IDYDWBRJIDUHV - / 7RUUHV ( + (IILFLHQF\ DQG T
D FUXFLDKOHOLHQWWY LFH LQGXVWULHY MRXUQDO

1D\DU 3 2]FDQ < $ 'DWD HQYHORSPHQW DQDO\\
HIILFLHQF\ DQRXU@DOLRN\PHGLFDO V\VWHPV

1IHGHOHD , & JDQQULIQFLH®F\ DQDO\VLV RI UXUDO KRVSI
DQG \SDRIDPHWULF DESURDFKHYV

1IHGHOHD , & )DQQLS®MDONLQJ FRVW HIILFLHQF\ RI FU
KRVSLWROYDO RI 3ROLF\ ORGHOLQJ

1HG\DONRYD ' 7L00p < 2SWLPDO VDPSOLQJ DQG |

OLQHDUYRREHW ULND

1IHXKDXVHU 7KWHODWLRQVKLS EHWZHHQ DGPLQLVWUDWL
SHUIRUPDQFH DQ HPSLULFDO VWXG\ RI WKH UHODWLR
DQG RUJDQL]DWLRQDO SHVLRHWBLIFRPHP XQLWPBIBQXBPDO K
&HQWHU IRU +HDOWK $PLQLVWUDWLRQ 6WXGL

1HOVRQ ' ( 7RPDU 6 / ORZHU\ 3 6LHJHO 3 =
WREDFFR XVH DPRQJ PHQ LQ IRX$PHURLWBEY MR X WXI®R )
SXEOLF KHDOWK

1HOVRQ 3 ,QIRUPDWLRQ DRGQPRQ R K FSHRID LEW IKFDDYQ. RHF

1H\PDQ - 2Q WKH WZR GLIITHUHQW DVSHFWYV RI WKH L
RI VWUDWLILHG VDPSOLQJ DQG WKHoRHWWKRE& IRR XSIXWVSIR
6WDWISBWLFV 6SULQJKHRUNHZ<

1J 6 'DYLG 0 ( 'DJJHU 7 6 *BRER X DWW LIQY \§RMLW
VHUYLFH HDPDHUDLHQBHEHUYLFH 4XDOLW\ $Q ,QWHUQDWL
1JR / 9 2 &DVV $ 3HUIRUPDQFH LPSOLFDWLRQ

PDUNGIW UHVRXUFHV DQG PDURXWQRO RDSOEUNHWLI
ODQDJHPHQW
IRUWRQ ( & 9DQ +RXWYHQ & + J/LQGURRWK 5 & 1RL
'RHV SURVSHFWLYH SD\PHQW UHG XHID OV DWLH
HRQRPLFV

1XQQDOO\ - & %HUQVWHLQ , + 3V\FKRPHWULF W
OF*UD®ZL OO ,QF

1\PDQ - $ %ULFNHU ' / 3URILW LQFHQWLYHV DQ
SURGXFWLRQ RI QXKN 501X KRPRIFCRRQRPLFV DQG 6 WD W

2 5GRXUNH %ODLU - ,PSURYLQJ UDQGRP UHVSRC
VXUYHRXUQDO RI ODUNHWLQJ 5HVHDUFK

2DNHV 5 + 'LIIHUHQFHV LQ UHWSRQWL YSHIHARQ R Q

LQWHUYRHIZAYDO RI ODUNHWLQJ



2(&' +HD O8\KU BHV R X UFRIWS LPBOR\PHQW1 12
VWDWYV RHFG RUJ LQGH[!PVSI"TXHWLG #

2(&' +HDOWKSHQGLWRGHLQDQFLIRJ 1 12
VWDWYV RHFG RUJ YLHZKWPO DVS["GDWDNHWFRGH 6+$ ¢
V. #.1 #
) # 01 )& .1 E&.!'$+ .100 ."12 G /. 1
02 #! . 2# 0 * o #12 .ZF M2 D2 0! .1 ." + G

12

2LNRQRPRRXQWDDULBOGRXOLRBWMKDQDVDMURSRXORYV
- OHDVXULQJ WKH HIILFLHQF\ Rl WKH *UHHN UXUDO
UHVWULFWHG '($ PRGHO WKH FDVH RHHDRXWKKADQHDQ
PDQDBIQMV VFLHQFH

20GHQGLFN 5 : %LVKRS * ) B6RUHQVRQ 6 % 7XF
FRPSDULVRQ RI WKH .LVK DQG ODVW ELUWKGD\ PHWEk
WHOHSKRQHRXXQYB\RI 2IILFLDO 6WDWLVWLFV

20MHU 5 |/ (II1HFW Rl H[SHFWDWLRQ DQG GLVFRQILUP
HYDOXDWLRQV $Q DO WHRXQUIVDIOWLRIGEESBBKRUIHRWD W LR Q

20LYHU 5 |/ $ &RJQLWLYH ORGHO RI WKH $QWHFH
6DWLVIDFWLR®XHBIDVARPWDUNHWLGJ 5HVHDUFK

20VKDYVN\ 5 OLOOHU - $ &RQVXPHU ([SHFWDW
DQG 3HUFHLYHG 3BRGRPW RADOUWHWLQJ 5HVHDUEK

20VRQ ' =RXEL 7(1l$FLHQF\ DQG EDQN SURILWDELOLW\
(PHUJLQJ PDUNHWYV UHYLHZ

2U = %RQDVWUH - -RXUQHDX ) IHVWULJIXH &
GHV VRLQV GHV K{SLWDX[4XW¥N@WRKWL B S@HRDIRV D GW p

2UJDQL]DWLRQ : + 'HYHORSPHQW RI LQGLFDWRUYV I
KHDOWK IRU DOO E\ WKH \HDU

2UWRQ 6 / 9LUYRV 9 - :LOOLDPV $ ( ® 9DOLG
VFUHHQLQJ TXHVWRRQYWQWNV DGV KB B OV HKHERWQ R Q

2]JFDQ < $ [/XNH 5 +DNVHYHU & 2ZQHUVKL:
SHUIRUPDQFH $ FRPSDULVRQ Rl WHFKQ LOAFDAL FDIRFLHQ|
FDUH

3DODBAIR. WD 9LOORORYHW ( 9DOGHUDV - 0 (VSDOODUJ)

0 %HUUD 6 5DMPLO [/ UH GIXW I G HIVX DQ LKV\DRIWXKL | H
LQ D SRSXDVVDHNMGLROQPSOH RI FKLOGUHQ DQG DGROHVFHC
XSAXDOLW\SRIVHDM FK

3DOPD 5 6HSH ( 6WUXFWXUDO HTXDWLRQ PRGHOC
SXEOLF VHUYLBEMDPGRIWWY DANXICRIN L W\



3DQGH\ 6 . +DUW - - 7LZDU\ 6 WIRPO QW K HIE
XQGHUVWDQGLQJ HPHUJLQ 6 R\FUIDQGWF DIQGF HP S PH & D ALLGR

SDQWHLRQ 8QLYHUVLW\ RI 6RFLDO DQG 3ROLWLFDO 6FLHQF
*UHHN +RVSLWDOV 6FLHQWLHWWD PEERIERQYHEFBBUFKF
/| TULDQWDI\OORSR\ORYV

3DQWRXYDNLV $ OSRJLDW]LGLV 3 OHDIWXWILQJ FOL
LPSDFW Rl FOLQLFDO OHDGHUVKLS MRE VDWLVIDFWLR
%HQFKPDUNLQJ $Q ,QWHUQDWLRQDO -RXUQDO

3DBQLNRODRX 9 =\JLDULV 6 6HUYLFH TXDOLW)\ SH!
FHQWUHV EBDOWKFHH[SHFWDWLRQV

3DUDVXUDPDQ $ =HLWKDPO 9 $ %HUU\ /[ / $ FF
TXDOLW)\ DQ & ILRWQ/N LIRS0 IDAVEROUHQ DIDVRIDUFKNHW L Q J

3DUDVXUDPDQ $ =HLWKDPO 9 % %HUU\ /LWHP 6(5
VFDOH IRU PHDVXULQJ FRQVXPHU-ERXURHDIOWR R VWD L\OH.|

3DUDVXUDPMQWKDPO 9 $ %HUU\ | / SHILQHPHQW
WKH 6(5948%/-RKDQB®O Rl SHWDLOLQJ

3DUPHOHH - + 'DYLHV - - OFODKDQ WU DSG LW L R QITKOH ML
XVH IRU RQOLQH FRRERRWRXQDFDWRRE@ DIWDUWHUO\

3D\QH $ $ *LUOV ER\V DQG VFKRROV JHQGHU GL
EHWZHHQEWPIORROG IDFWRUV DE&UE FIVDREHRIW GHYLDQFH

3D\QH 6 / 6 RPH WGYOIHGEW R QRIXVROWDYCHRM ODUNHWLQJ

3pUH] 0 6 $EDG - & * &DUULOOR * 0 O JHUQIQGH!
VHUYLFH TXDOLW\ GLPHQVLRQV R QOB Y QR XEUHIOY ISFKHU |
4XDOLW\ $Q ,QWHOQDWLRQDO -RXUQD

3HUU\ - % $ QORWH RQ WKH XVH Rl WHBKEIORGH GLUI
2SLQLRQ 4XDUWHUO\

SHWHU - 3 5HOLDELOLW\ $ UHYLHZ RI SVV\FKRPHW!
SUDFWRXH®DO RI ODUNHWLQJ 5HVHDUFK

3IHIIHUPDQQ ' 7KH UROH RI VDPSOLQJ ZHLJKWV ZI
 QWHUQDWLRQDO 6WDWLVWLFDO 5HYLHZ 5HYXH ,QWHU:

3LFRQH * $ 60ORDQ ) $ &KRX 6 < 7D\ORB LWDO +
FRURSO\ KLIKHU TXBDHYLMAZRR IFCFRMYRPLFY DQG 6 WDWL V)

3LGG . 5RFKH $ GLM®RXDQPDQ  QWR[LFDWHG ZRUNH
D QDWLRQDO $X¥®®DROADRQV XU Y H\

3LWVDYRVOL®OV * $ 3DQDJLRWDNRV ' % :HQDNL '
BWHIDQDGLV & SWHHS/AOW G H FSIHWMCHQVLRQ D QG
GLHWDU\ KDELWV LQ DGXOWV D QXOMRUINELRF +K D DOk



3L]D® 3RNHOD - 7KH SHUFHLYHG LPSDFWYV RI FDVLC
$QQDOV RI 7TRXULVP 5HVHDUFK

3ROODEN % / JLQNLQJ WKH KLHUDUFKLEDO VHUY|I
VDWLVIDFWLR®XOURBIORYDBDMMHWLQJ
x o 01 .E 2001 2& 0. 2& /& 2 # U
+0 +1. .20 . O @& #'0 # 0 ." . & "u 0
x o 01 .E 2001 2& 0. 2& /& 2 # U
+0 +1.0.2 0 @& #100."# & b4 0 * "
3RO\]RV 1 \HDOWKBHHHRUPDQFH (YDOXDWLRQ RI WKH 1+¢€
+LSSRNUDWLD
3RPER & 7DERUGD 5 3HUIRUPDQFH DQG HIILFLF
GUWULEXWLRQ VI\VWHP HI(@FHWY\RHFRRORPLFWHIRUP
3RZSDND 6 7KH UROH RI RXWFRPH TXDOLW\ DV D GHW

LQ GLIITHUHQW FDWHJRULHV RI VHUYLFH\RX®QBRNVWULHYV
VHUYLFHY ODUNHWLQJ

3UDVDG' 6KHNKDU %$WVHVVLQJ WKH TXDOLW\ RI WKH ,Q
([DPLQLQJ WKH DSSOLFDEGEBDWMNREI GHYRORBY.QIR5DLO
BURFHHGLQJV RI ((( , OWHUQDWLR QDML RRQ IHYG Q F t
/IRILVWLFV DQGSQIRURPDPD\WLFV

3ULRU (IILFLHQF\ DQG WRWDO TXDOLW\ PDQDJHPHC
G\QDPLF IURQW$GIQDISSERPEKUDWLRQV 5HVHDUFK

BULSRUDV & 9 /DNQDGRX ,.DP S3DWLHQW VDWLVIDFWLI
LXRVSLWDO VHUYLFHV D RXUUDERMNO VRN XOG\GLLE DO HOHDRJHN H W

3XHQSDWRP 5 $ 5RVHQPDQ 5 (IILFLHQF\ RI 7KDL
GXULQJ WKHRQQRIURGXYFHW VDO @B FOW KWARDKRID & B UKH/ L
ODQDJHPHQW 6FLHQFH

5DKPDW 0 . $X ;. 9LVXDO DUW HGXFDWLRQ WHD
WR LQWHJUDWH ,&7 $ PRRFHER EE®G DR B PARUWRDIF H V

E * # yl &2 E 1 2" 1 o. "E&O0! . % " 12
SDPDFKDQGUDQ 5 SLUDPDQ\DJDP 6 SKDUPDFRSK!
46%5 DQG OROHFXODU GRFNLQJ DSSURDFKRY WR VFU
W\SH DQWDJRQLVWY DV PLFURELFLGHV IRU KXPDC

9LUXV'LVHDVH

5DPtWBHIOGLYLD 0 7 ODWXUDQWLGR 6HPXORVLSOH VWDJL
DSSURDFK IRU SHUIRUPDQFH LPSURYHPHQW QD G RULP D U
PHGLFDO V\VWHPV

5DQGKHHU ORWDMD $ $ OHDVXULQJ FRPPXWHUVY SH
TXDOLW\ XVLQJ 6(5948%/ LQ SXEWHE QDWLERDDFOU WROXWILS
ODUNHWLQJ 6WXGLHYV



5DSRVR 0 /+ $@YHVXDUWH 3 $ ‘'LPHQVLRQV RI VHU'
VDWLVIDFWLRQ LQ KHDOWKFD UsHH UDy ISFEHWV W X @ WQIIN VWD W LV

5DZVRQ % |/ 'DWD HQYHORSPHQW DQDO\VLV RI WH
LQVXUDQBHWI GRWWLQJIKDP

5D]DN 5 & 3URGXFWLYLW\ PHDVXUHPHQW RI 0DOD\VL
'DWD (QYHORSPKHYWROPFDEGHW\ Rl ODQDJHPHQW -RXUQI

5HD /RXLV 0 3DUNHU 5 $ '"HVLJQEIQVHIXUG K& RQ G X |
&RPSUKHQVLYH *XLGH (GLWLRQ

5HJLGRU ( ODUWtQH] ' &DOOH 0 ( $VWDVLR 3 2UWH
6RFLRHFRQRPLF SDWWHUQV LQ WKH XVH RI SXEOLF DQ
LQ KH D O%0K& RCHOHO WK VDHUFKLFHYV UHVH

5HPH 6 ( /LH 6 $ (ULNVHQ + 5 $UH TXHVWLI
GHSUHVVLRQ DQG DQ[LHW\ LQ SDW&SIQMHY ZIWK FKURQL
5H]DHL - .RWKDGL\D 2 7DYDVV]\ 4XDMO\LDRMMWQPHQW RI

DLUOLQH EDJJDJH KDQGOLQJ V\VWHPV 7RXIUQY P6(5948
ODQDJHPHQW

5H]YDQLDQ 5 OHKGLDQ 6 $Q H[DPLQDWLRQ RI FR
SHUIRUPDQFH RI FRPPHUFLPROXEQQ M VR L QLBIIDQ SR UH

SLFKDUG 0 ' $00DzZD\ $ 6HUYLFH TXDOLW\ DWW
-RXUQDO RI 6HUYLFHVY ODUNHWLQJ

5LJGRQ ( ( 6DUVWHGW O 5LQJOH & O 6(0 2Q FRPSELC
DQG ®/(6 ILYH SHUVSHFWLYHY DQGDUNHWHFRRPPHQGDW

SLQGIXVV 5 5 &KRH 0 . 7TVX\D 1 2 %XPSDVV [ |/ 710
VXUYH\ UHVSRQVH UDWHYV ELDV'HARXOMNSK'LFY B8 MR B H FIK

SLQJOH & :HQGH 6 :LOO % 6PDUW3/6 %HWD

SREHUWV 1 7KDWFKHU - &RQFHSWXDOL]LQJ DQC
WXWRULDO DQG DGRRVSDW G ' BI\MDEDVH WKH '$7$%$6
$GYDQFHV LQ ,QMRWPOWLRQ 6\

SREHUWVRQ % 6LQFODLU 0O )RUEHV $ .LUN O )DLUO

LQWURGXFWRU\ OHWWHU RQ SDUWLF L SHWIMRED O DOV V
DQG 1HZ =HDODQG -RXUQDO RI 3XEOLF +HDOWK

5RAIRF * /DXUR & /DXUR 1 6DUQHOOL 0 20LYLHUL *
3DUWLDO OHDVW VTXDUHV SDWK PRGHOOLQJ I
VDWLVIDBWLKRRUDELHR VXUJXBROHIUR MREXDIDRDURFEP UG L
VXUJHU\
S5RGULJXHV / / %DUNXU * O9DUDPEDOO\ . 9 0 ORWOD
RI 6(5948%/ DQG 6(593(5) PHWULFV 7R HROS{RNEQDOVW X
S5RJHUV 7 )  QWHUYLHZV E\ WHOHSKRYHDRGGI LLFOSH U
SHUIRUBBE@BOHF 2SLQLRQ 4XDUWHUO\

> @



5RPOH\ - $ -HQD $ % *ROGPDQ ' 3 +RVSLWDC
PRUWDOLW)\ HYLGRUDAD | DRP RED/GLS § QW DR QRIO L QW XE\Q |
PHGLFLQH

5RQL 0 6 0 0 $KPDG 0 $ 'MDMDGLNHUWD + +R 2
RUJDQL]DWLRQDO FXOWURF DGIHF WF R BRPLEXVDIQG )LQL

S5RRNH\ % IH [/ /ILWWOHMRKQ O 'LOOPDQ ' $
UHVLOLHQE® AN YOUODH\ PHWKRGV $Q DQDO\VLV RI
UHVSRQVH UDWHV WR66RFWD R QIFQ FS@AHN UW/EKWHTHY ¥ K

5RVNR 0 8QGHUVWDQGLQJ RWDMM. D WQ RBNR QQ PKR\
SHUVSHBRWY RI 2SHUDWLRQV 5HVHDUFK

5RVNR 0 &KLOLQJHULDQ - $ LFLHVOWL\P BGW H JFIOR VISR
PDWWRIXUQDO RI OHGLFDO 6\WWHPYV

5RVNR 0 &RVW HIILFLHDFAWRIF &® WUR MES BARRDW K
+HDOWK HFRQRPLFV

5RVNR 0 3HUIRUPDQFH RI 86 WHDFKLQJ KRVSLWD
LQHIILFLHIDGEWK FDUH PDQDJHPHQW VFLHQFH

5RVNR 0 ' 3URHQFD - =LQQ - B6RVSWWDPBQQHIIEFLHQF\+

LV WKH LPSDFW RI PHPEHUVKLS LI¥&,54H UKD WRWUSH\O R
Rl +HDOWK &DUH 2UJDQL]DWLRQ 3URYLVLRQ DQG )LQEL

5RVORZ 6 5RVORZ |/ 8QOLVWHG SRR BXENFULI
$GYHUWLVLQJ 5HVHDUFK

5RVV . 1 6DP,ROHGADMIRQDO -RXUQDO RI (GXFDWLF

5RWK 6 % ORQWDTXLOD - %ULFN - 0 (IITHFWV R

FDOO VFUHHQLQJ GH¥YILLEKW R@QJ \DOFSS GRRBSHUDWLRQ LQ
GLDOLQJ 5" VHUY¥DO,RRQIHUHQFH RI WKH $PHULFDC
3XEOLF 2SLQLRQ 5HVHDUFK ORQWUHDO 4XHEHF &DQD

S5RK & < $SSSDURPHMROYLF PHWKRGV PHDVXULQJ HFR(
D WBl RI FRPPXQLW\ KRVSLWDOV -LQRWEH BY¥DW HHP IO INHK
SROLF\

5R\FH -U $ 6 7TKH FDPSXV VXUYH\ ,QWHJUDWLQJ

HYDOXDWMDIARQ. QJ 6RFLRORJ\

5XL] 3 5XL] & ODUWPSKHR YLQJ WKRHD ORHEZBIGH WHODWLRQ
7RS PDQDJHU RU VXSHUYLVRU" TGRiZB WK LFDW PG DRBOIOR
MRE UHVBROQYBO RI %XVLQHVV (WKLFV

5XVVHOO 5 6 -RKQVRQ ' 0 'KLWHSVWLRQV RI| T3CDMDLLI
DQDO\]LQJ SDWLHQW VQWHVIQPFWLRQDOXRMHIQDO RI 2
BURGXFWLRQ ODQDJHPHQW

5XVVROLOOR * $VVHVVLQJ 6DSLHQ]D 8QLYHUVLW\ DO

/HDVW 6TXDUHV ODWHQW YWKHDEQ B OS\DIWKXRP R KK V8 1l |
DGPLQLVWUDWLYH DUFKLYH



5SXVW 20LYHU 6HUYLFH 4XDOLW\ 1HZ6DUHFWLRQV
3XEOLFDWLRQV

5XVW  20LYHU BHUYLFH 4XDOLW\ ,QVLJKWV DQG 0
JURQWLHWW ,@ BXDQG 20LYHU 5/ (GV 6HUYLFH 4XDOC
7KHRU\ D Q G6PU B FAKIEFOHL FHORKLMIIVG 2D NV

5\V. 0 ( )JUHGHULFNV - 2 IXHU\ ' $ 9DOXH TXD
DQG VHUYLFH TXDOLW)\ ¥RYR Q/\PRRXDAOGE § TNKRRBAEK
VHUYLFH

L0 U HE # ", ) # . " 0 0CE

& 2 0o /)10 "a) " 0 .

6DOLQPYQH] - 6PLWK 3 'DWD HQYHXR®RMQW D QD
SULPDU\ KHP@WKOFDRIH2SHUDWLRQV 5HVHDUFK

6DOPRQ & 7 1ILFKROV -EBUWKGDVRHVKR®W Rl UHVSRQGH
3XEOLF 2SLQLRQ 4XDUWHUO\

6DPSDLR $ SHYLHZ RIDIQ® QWVILLHFUW HRRFG HIDQ DO\VLYV D

DSSURDFKFLHQF\ OHDVXUHV LQ WEH $JUBBUQY XHWDO 6+
'RUGUHFKW

6lUQGDO ®ZHQVVRQ % "UHWPDQ - ORGHO DVVLV
6SULQJHU 6FLHQFH %XVLQHVV OHGLD
6DWNHGW 0 5LQJOH & 0O 6PLWK ' B5HDPV 5 +DLU -L

VTXDUHV VWUXFWXUDO &(DXDSWXRRIRA GHROR@JRB/6DPLO\
UHVHDURKHQBO RI )DPLO\ %XVLQHVY 6WUDWHJ\

6FDQORQ '<3 %&OIQGDUL 1 &KULVWLDQVRQ - % $
H5HSRUW &DUGVY 5HDFKLQJ &RQVXPHUV" $ZDUHQHVV L
$PHULFDQ -RXUQDO RI ODQDJHG &DUH

6FKHLIHOH ' : 'H 6HUUHV *O0LQQWD 5 HRYDDO %2FKQLR
$ QDWLRQZLGH VXUYH\ Rl SDVW KHSDWLWLV $ LQI
9DFFLQH

6FKLOGNUDXW - 0 $OEHUJ $ -60RDQGHUBRQ®\ 06DERWR
/ 7HUU\ $ P-OQWHU SRBXOGMROIBMHURO VWXG\ R
RYDULDQ FDQFHPHLUQFPIQLERPHQ WKH $IULFDQ $PHU
(SLGHPLRORJ\ 6WX®& $H&BHU

6FKUH\|JJ - 6WDUJDUGW 7 7LHPDQ®RGN WRAEWWHUPLQ
UHLPEXUVHPHQW UDWHYV IRU GLDJQRVYRQURODWESB JU
(XURSHDQ FRIOIDMWK.LAPUH PDQDJHPHQW VFLHQFH

6FKUH\|JJ - 6WDUJDUGW 7 7LHPDQQ 2 &RVWV
GLIIHEHQ@WWK FDUH VWWWYHRPO DBBEWRDEKRSHQVLW\ VF
PDWFKHPOWK HFRQRPLFV

6HH ) <HQ 6 + 'RHVY KDSSLQHVY PD®WWHU WR |
SHUIRUPDQFHHID)@ID\O(\\HLRRQRPLFV UHYLHZ
6KRLVKDN ' * [/HQDUG 0 / .OLPEHUJ 5 . ,QFRUSR

HQYHORSPHQW DQDO\VLV RI QXUVLQ2mHRHH SHUIRUPDC



6KRVWDFN * / QJIUWHHDRNP SURGSRFWQ P DURIHRDIUNIHWLQJ

6KXMLH < $ 2 =KRQJZHL + $ 1 2 @INFKQLFDC HIILFLF
RI &KLQD V LQVXUDQFH LQGXKWQD IFRORPLE BAFHMYLR

BFKXOS & - ( O9HUEXUJ 3 + .XLNPODYI3HU -1DEXXWBH 9L
: 9HOGNDPS 7 ,PSVRMNOBJFODWRRQDWRFN LQY
XVLQJ NQRZOHGJH RQQYDQRQPHO WIDWONRDODIJHPHQW

6FRWW : 5 )RUUHVW : + DQG +RYBRODXHWBXUH DQG

3RVWRSHUDWLYH ORUWDOLW)\ DQG ORUELGLW\ ,Q 6KRI
2UJDQL]DWLRQDO 5HVBBUFRKIFBRRSLIOWDOWTXLU\ %RR
&URVV $VVRFLDWLRQ

6FRWW - 8VLQJ KRXVHKR®DREFEBD DG DHD RV W MRXTS \ 7RKLHF |
(XURSHDQ -RXUQDO RI 6RFLDO 6FLHQFH 5HVHDUFK
6pQPFKDO 6 *HRUJHV |/ 3HUQLQ - / $OOLDQFH)

WUDGH EUDQGV ([DPLQLQJ WKH DQWHF HWUHDQWBWURI| RY
SURBYWXUQDO RI %XVLQHVV (WKLFV

6KD = :LH < 7DQ : %DL < /L - /ILX $VVHVV
DFWLYLWLHY DQG FOLPDWH YDULDWLRQV RQ JUDVVOD
VWUXFWXUDO HITX3DB(ORQ@RRBGHOLR) $ULG /DQG

6KDQPXJDSUL\D 6 6XEUDPDQLDQ . 'HYHORSLQJ
LOQYHVWLIJDWH WKH IDFWRUV LQIOXHQFLQJ VDIHW\ SHU
RUJDQL]BWLRRXUQDO RI &QYLO (QJLQHHUL

6KDR 4 5HVHDUFK 3URMHFW 5HSRUW 6SDUN %OLQN

BKHVNLQ , 0 (VWLPDWLQJ WKH QXPEHU RI -HZV LQ

JHGHUDWLRQ RI 3DOP %HDFK &RXQW\ /HVVRQV IRU
&RPVERUDU\ -HZU\

6KLSOH\ % 7HVWLQJ FDXVDO H[SODQDWLRQV LQ
FRUUHODWLRQ DQG VWUXFIWRWDO HTXDWLRQ PRGHOOL
6FKPLGW 3 Y)UR QW L H U FRRURRGPHWLLIRFQ U M @ ERMVZAR Q V
6IQIXSWD - . 'DWD HQYHORSPHQW DQDO\VLV IRU H
VWRFKDV&RIFSRAHHUV RSHUDWLRQV UHVHDUFK
6KDUPD 6 %DODQ 6 $Q LOQWHJUDWLYH VXSSOLHU \

IXQFWLRQ @@3®%O0WL FULWHULD-RRDQD®URDIUDRWH@MIL.,
ODQXIDFWXULQJ

BKHWWOH & ) *XHQWKHU 3 .DVSU\|N *RQ]DOH] I
1IRQUHVSRQVH LQ ) HWHREDBG G XQYWHRI WKH 6HFWLRQ RQ ¢
OHWKRGWD SS

6KXOWV 5 $ .MHVQRE 0 & D Q GJ ISYDHEVDVQHIG! W VW LP D W H'
Rl DOARPISPQUHG GULYLQY LQEWHKWLE®Q MRXUQDO RI SUF
PHGLFLQH

6LPDU / 'LOVRQ 36HMQVLWLYLW\ DQDO\VLV RI HIILFLHC
ERRWVWUDS LQ QRQSDUDPOIHAHQUWR YWLHQFHHRGHOV

> @



6LPDU [/ ':LOVRQ 3 : 6WDWLVWLFDO LQIHUHQFH L
7KH VWDWH RA{URIDIODRGXFWLYLW\ DQDO\VLYV

6LPDU / ':LOVRQ 3 SDUWRHFR@HVWV RI (UHWSHRY WR \
-RXUQDO RI 2SHUDWLRQDO 5HVHDUFK

6LPDU / :LOVRQ 3 (VWLPDWAYLBOHB §BBEHWUHBD FH
PRGHOV Rl SURG X FRWURID OURIFHFRERPHWULFV

6LPDU / :LOVRQ 3 :VWDJH 7(BR FDY HIRX UHMSON RU
BURGXFWLYLW\ $QDO\VLV

6LPDU / :LOVRQ 3 : 6 W D Wy R/ B P B WSS U RIORF\W
PRGHOV D JXQWHG QDRXLRQDO 6WDWLVWLFDO 5HYLHZ

6LQIJHU ( ,QWURGXFWLRQ 1RQUHVSRQVH ELDV LQ
-RXUQDO RI 3XEOLF 2SLQLRQ 4XDUWHUO\

6LQJHU ( 9MNQ +RHDDKHU 0 3 (ISHULPHQWYV ZLW}
WHOHSKRQ3IXERUNRSLQLRQ 4XDUWHUO\

60ODFN 7 &RSH 0 5 -HQVHQ / 7LENDP\HU $ 5

IRUPDO ODERU VXSSO\ DQBOSDROWHUSDWILRQRLQ LRX B
6RFLRORJ\ DQG 6RFLDO 3ROLF\

6PLWK 5 $ +RXVWRQ O0%DVHG (YBPMDSW.RQV RI 6DWLV
6HUYIBKH¥DJR $PHULFDQ ODUNHWLQJ

6PLWK ' & *ULPP - @ : %UHZMWHWV=RI PDQDJHG KHDOWEK
RQ YK¥DO DQG HPRHNIRAYBIO WAHKODQ WKH 6RFLRORJ\ RI -

6PLWK 3 & 6WUHHW $ OHDVXULQJ WKH HIILFLHQF
DOQDO\WMIULIWVQ DB R\WEKHWDWLVWLFDO 6RFLHW\ 6HULHV $

6PLWK 7 $ UHYLVHG UHYLHZ RI PHWKRGV WR HVW
XQNQRZQ HOLJLELOLW\ &KLFODRWISRQYG RBL\YL RO SKILVA
&HQWHU

6RKD 6 O 6HUYLFH 4XDOLW\ ,Q +RVSLWDOV ORUH ]
7TKL@®QDJLQJ 6HUYLFHIBRXDOLW\

6RPPHUVIKMWFHKP®DQQ O 7KH LPSDFW RI WKH $XVWUL
UHIRUP RQ KRVSLWDO SYRGNKBWHYR® H IHPFLIHQF\DDQKE W
FKDQJHV XVBEQUDP BWEDNVH®@ SVOMPTXLYWDDSKURDBK
PDQDJHPHQW VFLHQFH

BROWDQLIDU 0 6KDKJKREDGL 6 6XUYH\ RQ UDQN
LQ GDWD H®OQDIRGREQMEIWHG 6\VWHPV

6SDHWK 0 $ 5HVSRQVH UDWHV DW DFBGMRHR VXUYH
5HVHDUFK

6SHDUPDQ & 7KH SURRI DQG PHDVXUHPHQW RI DVV
$PHULFDQ MRXMKROIDR R\

6SHHOPDQ 6 'f+DHVH 0 %X\VVH - "f{+DHVH / $F

RI ZDWHU XVH DQG LWV GHWH UWHLDH WOU LD -\ V R QV WKXIG
IRUWIKKW 3URYLQFH $RXWXOMWEKWHEDO VIVWH

> @



6SLOLRWRSRXORX * 5SHOLDELOLW\ UHFRQVLGHUHG
DVVHVVPHQW LQ RFFNSDWLROLDW VEKAYSBWLRQDO 7KH

6WHF - $ /DYUDNDV 3 - 6 KXMWOW O HM. F&EHQFLHV L@ LVFK
FDOOEDFNV LQ ODUJH 5'"30RRAHIR®IDMI V XU YWKWH 6@ UY H\
OHWKRGV 6HFWLRQ Rl WKH $PHW.Y¥DQ 6WDWLVWLFDO $\

6WHHO ' O9HOOD - +DUULQJWRQ DH VXUMYKNDO LARY HUWDX
QROHVSRQVH DQG THXKRWDL VOPBQLAXUQDO RI 6WDWLVW
OWHI QHVEX $ XUOHD ( &DOX ' $ 3HUIRUPDQFF
SXEOLF KRWSIFWRORXUQDO RI %XVLQHVV ODQDJHPHQW
6BWHKPDQ 6 9 6RKO 7 / IRYHODQG 7 5 6WDWLV
UHFHQW 8QLW H® YoHNUD REHDRRWKE GHQVLQJ Rl (QYLURQPH

6WHLQPDQQ / 'LWWULFK * .DUPDQQL®J DOBHERPSDYLQJ
WKH LQ HIILFLHQF\ Rl *HUFK® DXQUR 6HIDWY -RRUKADDODRIV -
(FRQRPLRVPHUO\ +(3%$&

BWHUQ =6 OHKUH] $ DQG %DUER\ $ CC$FDGHPLF
'($ &RPSXWHUV R@E BSINVBRWEK 1R SS

BWHYHQV : / BUDFWLFDO 6DPSOLQJ 7THFKQLTXHV 1H

6WRQH 0 9DQUBUWRU\ &KRLFH DQG WKH $VVHVVPHQW |
-RXUQDO RI WKH 5R\DO6BMYDW LY WLFDO 6RFLHW\

BWRSKHU 3 6zZDQQ 1 %HUWRLDRELOLW)\ DIQU®& SUHD BRIV |

OHDVXUHV WR HYDOXDWH WK BDSHLO & WM \RH W\ G DD\M OV
$XVWUDODVLDQ 7UDQVSRXHM GHUUBRGFK )RUXP

BWULFNOMDIQD®@L 5 - OF&DQQ + * %URZQ [/ ) 5LFH
UHOLDELOLW\ RI UHSRUWLQJ RI FRQWUDFHSWLYH EHKI
IURP ORUR¥XGLHV LQ )DPLO\ 30DQQLQJ

BWXNHO 7 $ )LVKHU ( 6 $®SOWRU''7$ )XRWWPDQQ /HH

6 $VVRFLDWLRQ RI KRVSLWDO VSHQGLQJ LQW
UHDGPLVVLR Q@ UDRVKR\DRIDVQW V

6XGPDQ 6 7KH 8VHV Rl 7THOHSKRQH 'LRIMERWRURHV IR
ODUNHWLQJ 5HVHDUFK

6XGPDQ 6 %ODLU ( 6 DRLSYMQ F-HRQUWMDIDM R Z H/QKNH\
$FDGHP\ Rl ODUNHWLQJ 6FLHQFH

6XNL 1 0 /LDQ - & & 6XNL 1 0O 'B SIXWMLKHQWYV

H[SHFDWLRQV LQ SULYDWHNKNDOWK RF@LG \RKWQYDQJIR I
A4XDOLW\ $VVXUDQEFH

6XPDHGL 6 %DNWL , * 0 < S5DNKPDZDWL 7 $VWULQL 1 -
,QGRQHVLDQ SXEOLA K8DWWKKWULIRQIHUSDWLHQW VDWLVIDF

36% D QHZ SXEOLF KHDOWKFDUHQWBWQB@®WRQDWLVRREW I
3URGXFWLYLW\ DQG 3HUIRUPDQFH ODQDJHPHQW



6XUHVKFKDQGDU * 6 5DMHQGUDQ & $Q D@WKKBUDPDQ
EHWZHHQ VHUYLFH TXDOLWRHD QBFRARWNRBHBLMIFWDS 8D
-RXUQDO RI VHUYLFHV PDUNHWLQJ

6XUSUHQDQW & ) BRORPRQ 0 5 3UHGLFWDELOL
VHUYLFH HEKRXQ@WHRI PDUNHWLQJ
6XVVPDQ - % +DODV\DPDQL / . 'DYLV 0 O +RV

DQG UHFRYHU\ YXOQHUDEOH LQVRWWQOMLRQVKRQEBLW
PHGLFLQH

6XWKDU . 6KDK ' :DQJ - +HERBVHRGWXDO )PBDWXRER J\
VHPLFRQGXFWRU PORPSRRWW XN UWBLGBHGERKHPRRDO (QJLQH !
SS (OVHYLHU

BYHQVVRQ + *DUHGDXVHKNRQRPLVND LQFLWDPHQW SnY
EHVOXWVIDWWDQGH" XWYIU@®HABUII DY 6WRFNKROPVPF

7DXFKPDQQ + -XQH VLPDUZALWMEQH I [F LEHIWN GD QIZ®
,Q *HUPDQ 6WDWD 8VHUV *URXS OHHWLQJ

7DPEDY - &DWOLQ * 6DPSOH GHVLJQ RI WKH QDWLRQ
+HDOWK 5HSRUWYV

7TMVHO $ %LUFDQ ) 'HPDQG IRU HGXFDWLRQ LQ
SULYDWH WXWRUERDRPIHY RIVHAXADWLRQ UHYLHZ

7DYDVVROL 0 $GOGRRVW + 6DHQ 5 ) *RDO 'l
'HWHUPLQEGYVUYIILFLHQF\ 8VLQJ 'DWD -RXYUHIDRS RH QW
ODWKHPDWLFDO ORGHOOLQJ DQG $OJRULWKPV LQ 2SHU

7HHURRYHQJDGXP 9 .DPDODQDEKDQ 7 - 6HHEDOXEN §
TXDOLW)\ LQ KLME OLMAXSPDMWUD@FH LQ (GXFDWLRQ

7HQHQKDXV 0 $PDWR 6 (VSRVISWFOREQQ FRIR@QHVXQH
LQGH[ IRU 3/6 VWUXFWXUD 08 HRTKHDMGELLRQY WP IRG HVDIOH. Q 0, ,
VFLHQWLILFR®HHWLRJ SS

7HQHQKDIEMQA 9 ( &KDWHODRRUR & 30V SDWK PRGHOLQ.
&RPSXWDWLRQDO 6WDWLVWLEY DQG 'DWD $QDO\VLV

7HUJL 6 7UH]JILQL $ ORURQL / $ 3/6 SDWK PRGHO
EHWZHHQ LQVWLWXWRB®WQRD G LKW P DOX B & WH @&/ \

7KDQDVVRXOLV ( %RXVVRILDQH $ "\WVRQ 5 * ([SC
LQ WKH SURYLVLRQ RI SHULQDWDO FDUH LQ (QJODQG
(XURSHDQ -RXUQDO Rl KSHUDWLRQDO 5HVHDUF

7TKHXUO ( 'LQQHU + 7TKH LPSDFW RI KRVSLWDO IL
HYLGHQFH IURWDEXWKVBRDLF\

TKRPDV 5 3XUGRQ 6 THOHSKRQ@RPHMWXREVHRUFKI
XSGDWH

7TKRPSVRQ % 7TKH 7THQ &RPPDQGPHQWV RI *RRG 6WU
%HKDYLRUULBYBO\ ,QWURGXFWRU\ 3ULPHU RQ 6(0



7TKUDQ 6 / 20VRQ [/ 6WURXVH 5 7TKH HIITHFWLYH
FROOHFWLR @ WWHAMHBKRQH VXUYHAREI EXUWLFREBQVOH® |
6HFW $P 6WIBWLVW $VV

7LHKL 7 1 7HFKQLFDO ,QHIILFLHQF\ RI 'LVWULFW
OHDVXUHPHQW &DXVHYV, QW B USFOQVIHRIXBIQ FIRWMDQBO R (F
JLQDQFH

7LHPDQQ 2 6FKUH\[JJ - (IIHFWV Rl RZQHUVKLS
*HUPD®WXVLQHVV 5HVHDUFK

7MDGHQ 3 * 7KRHQQHV 1 )XOO UHSRUW RI WKI
FRQVHTXMQROW®KFH DIJDLQVW ZRPHQ

7RFKNRY . 1HQRYVN\ 1 7RFKNRY . S8QLYHUVLW
IXQGLQJ IRU KLIKHU H G RRRPLPRQ@ IL \DWERIDRALLIH V

7RGRURY $ .LUFKQHU & % ILIYYD ELIQO BW R [ IGHDWV DU HISRI
1IDWLRQDO +HDOWK ,QW H U¥R HUZ L6DWDY MR K Q QDL RE LSKLEVD!

7RORR 0 $ FRVW HIILFLHQF\ DSSURDFK IRU VWUDWH
FHUWDLQ LQSXW SUDAMWIBRMRXMWSWLRQ

7RQJ / LD 7 7KH 6WXG\ RI 2%LJ 4XDEHAHQWDWLVI
'HYHORSPHQWY LQ 'DWD 6FLHQFH DQG %SWL@HWW $QD
&KDP

7RWK ) *RLQJ XQLYHUVDO" 7KH SBRESEHODI®GRLWER & XQ

FRXQWKHHWWHUQDWLRQDO -RXUQDO RI +HDOWK 30DQ

7RXQWDV < G6WHIDQQVRQ + JULVVLUDV 6 +HDOW
LPSOHPHQWDWLRQ RI D QEBW L RO QEEROG K D/OVRIHRH C
SODQQLQJ DQG PDQDJHPHQW

7RXQWDV < .DUQDNL 3 3DYL ( BRXOLRWLV . 7t
SULYDWH KHDOWK-NBIBWR WBRQL*FNHHFH

7RYDU % &BIIMDWtG 5 7HFKQLFDO HIILFLHQF\ DQG SURGXF
6SDQLVK DLUSRUWV $ SDUDPHWULFUBQWSBQRDWXRE
5HVHDUFK 3DUW ( /RJLVWLFV DQG 7UDQVSRUWDWLRQ !

7UDXJRWW 0)LQDO 5HSRUW RI WISHD BMMBROWE LEHDY@/HEX U Y H \
IRU 3ROLWLFDO 6WXGLHV ,QVWLWXWH IRU 6RFLDO 5HV

7JUDXJRWW 0 : *URYHV 5 0 JHSNRZVNL - 0 8V L
UHGXFH QRQUHVSRQVH 3>QE WIHO B SERIORHE MOV Y H \V

7TULYHGL 9 O & ODWH LLAF D WER Q/IRD W RRUWRQWURO DQ
, QT X LU\
7TUNPDQ 3 OF&RUPDFN . 'H 20LYHLUD O 3 9 IDGHLUL

Rl EXVLQHVYV INYBOODNLFRDRQ@ SHRURURQ G SRUW 6\VW



7UROGDKO 9 & -U & 5R\ ( 5DQGRP VHOHFWL
KRXVHKROGV LQ -RKR@H @ XRUYHDWNHWLQJ 5HVHDUFEK

TUXGHDX ( .ULvVIwWD® $ 3DWWHUVRQ 5 ( '"HPRJU

SV\FKRVRFLDO SUHGLFWRUV RI IUXLW DQG YHJHWDEC
GLHWDU\ LQWRXKWOOHDOWRRYYXH $PHULFDQ 'LHWHWLF $VVEK

7VDOLNLV * (YYD Y RBPWDL A RV WI KNHKD O WEWHRIQLDFW LR B O
-RXUQDO RI +HDOWK 6HUYLFHYV
7XFNHU & &DVDG\ 5 IHSNRZVNL - 6DPSOH DOORI

VDPSOH GHVLJQV 3URFHHGLQJV RI WKH 6HFWLRQ R
$PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ

7XFNHU & J/HSNRZVNL - 0 3DWNRYWMIG YWDPSOLQNWKH
WHOHSKRQH V\VWHP 3EXKIHWI ISV HRGH G MMHIGI @ W WKH $QQ XD
WKH $PHULFDQ $VVRFDRDRQ M VHRIMNEWOHB @ SAXHEHF &D(

7XFNHU & J/HSNRZVNL - 0 3LHNDUVNL / DVVLVAKHG XU
WHOHSKRQH VDREEDQHF GSNVQURY 4XDUWHUDO\

9DOGPDQLV 9 * B5RVNR 0 ' ORWSWHUD & TXDOLW\ HIILFI
LQSXW VODF N+G DIOMUH QMULDICAHE UHVHDUFK
9DQ +RUQ 3 6 *UHHQ . ( ODUWLQXVVHQ 0 6XUYI

DGPLQLVWUDWLRQ LQ FRXQVHOLGJ PH@®DPOLOQWLEDO
(GXFDWLRQDO DQG 3V\FKRORJLFDO OHDVXUHPHQW

9DUDE\RYD < 6FKUH\|JJ - ,QWHUQDWLRQDO FR
HIILFLHQF\ Rl WKH KRVSLWDO VHFWRU SDQHO GDWD
SDUDPHWRGH DRBHW U L F +HPSOWRID BRI F \

9DUDE\RYD < %ODQNDUW & 5 6BFKUH\|[JJ - 8VLQ
DSSURDFK WR LQWHJUDWH TXDOLW\ LQWR HIILFLHQF\
FDUGLRORJ\ GHHDIBUNBMHHPOMODIHPHQW VFLHQFH

9DUDE\RYD < 6BFKUH\|JJ - L, QWHJUDWLQJ TXDOLW\
RI HIILFLHQF\ BRWPISIXONVRDRRI S RSSXIOODAN PRAVRKSRIGD W L R
5HVHDUFK

IHKRYDWDIYHE $ %HU]JHODN 1 &RVWY DQG HUURUYV
VXUYHYWD QQ®ERRN RI VXUYH\ PHWKRGRGRI\ IRU WKH VRF
6SULQIJHU 1HZ <RUN 1<

9HOX 5 1DLGX * 0 6XUYH\ VDPS G DQ@FRHWKRGEVHD
RI WHOHSKRQH PDOO LQWHUFEBESWEBRR HRO BRADGV Z W& L\F
SS (OVHYLHU

9LQ]JL 9 ( 7ULQFKHUD / 3/GBDWRK BRGHOLQJ IURP IRXQC
UHFHQW GHYHORSPHQWVRBO® BYNEG VMPHHW DRWG FLPS |
+DQGERRN Rl SDUWIS30 OHBYWL@TNDUHYV

90DGHEN % & .UDPHU 3 6DVXUH¥DVHWD[QFEB DOWHUC
$QQXDO 5HYLHZ RI 3XEOLF +HDOWK
9RFN 0 'ROHQ : 9 ' 5X\WH8QGHUVWDQGLQJ ZLOOLQJQH

VRFLDO QHWRRUQADWLWHYHUYLFH 5SHVHDUFK

> @



c*0(( : * 1 0 (L ( 'DQWHG VWXGLHV RQ PRUWD
IRU KXPDQLWDULDQ HPHUJH @& FUH VK BB KHY W WK O P HR U

HSLGHPLRORJ\

'DGXG $ 'KLWH % )DUP KRXVHKROG HIILFLHQF\ LC
RI VWRFKDVWLF I[URQWASBO DG HFBREHRPKRG V

:DJVWDII $ 60HRUHQE (XURSH DQG FHQW UTR® BX QD WWJUHD
VRFLDO KHDOWK LQVXUDQFH H[SHULPHQW $JJUHJDWH
-RXUQDO Rl KHDOWK HFRQRPLFV

'DNVEHUJ - 6DPSOLQJ PHWK R GR/XIRQUD GIFRHGRIRBAL JL W |
6WDWLVWLFDO $VVRFLDWLRQ

'DOE\ 6 0\KLOO $ 1HZ VXUYH\ PHWKRGRORJLHV LQ
ZRPH®QULWLVK -RXUQDO RI &ULPLQRORJ\

:DOOHU 1 * OHHKO 3 ( 5L VING BV EU WK DYQIUQ WLLRL O

:DOOPDQ 6 (LJKW /RQGRQ +RXVHKROGV 7D\ORU )UI

'DOWHUV “-RQHV 3 9DOXH DQG YRD®HWRKDLQ

PDQDJHPHQW SHKHVSHFROLYHLQH

DQNH 3 %DUURYV VWWDJH 'Q¥BRSOLFDWLRQ WR PDMRU %U
([SHUW VA\VWHPV ZLWK DSSOLFDWLRQV

'DWVRQ % 5 S5LIIH 3HUFHLYHG WKUHDW LPPLJUI
FRYHUDJH +RVWLOH PHGLD, Q@& LBQUMHW XR G ELCRR X B 0 Pt
2SLQLRQ 5HVHDUFK

"HHEXDOGRQDGR 5 ORUDOHV [/ 6 (OOLRWW 0 ©6SULW]H
' 5DFH HWKQLFLW\ ODQJXDJHFDQK LSO WHE QFRDVL GL
PDQDIJHG HFDOWK VHUYLFHVY UHVHDUFK

*HLVEHUJ + ) 7TKH WRWDO VXUYH\ HUURU DSSURDEFK
VXUYH\ UHVHDUFK 8QLYHUVLW\ RI &KLFDJR 3UHVYV
*HOOV . % S5RJHUV @ + 'DYLV [/ O .DKQ . IRUTXLVW

5 + GxXw\ RI FDUH IRU KRVSLWDOL]J]HG GHSUHVVHC

DIWHU LPSOHPHQWDWLRQ RI WKH OHGL¥HTHIH BD®RVSHF
-RXUQDO RI 3V\FKLDWU\

'HQ & + /DQ [ : &KHQJ + |/ 6 WQUIX W\R XGUHDVO HHUTPXLIDW
SDVVHQJHU OR\DOW\ WRZDUBXU@WBURLWKEXYUDQV SR
SHVHDUFK %RDUG

"HUWV & ( /LQQ 5 / “[UHVNRJ . * ,QWUDFODVV
V W U X F WRXSMD IGRIDYAME DRD QG 3V\FKRORJLFDO PHDVXUHPH
'HW]HOV 0 2EAKNHGNHQ* 9DQ 2SSHQ & 8VLQJ 3/6

IRU DVVHVVLQJ KLHUDUFKLFDO FRQVWUXFW PRGHOV *
0,6 4XDUWHUO\

'KHHOHU 'DLUH $ 3 %DUGHQ 6 0 &DUOVRQ 5 *
DV D PHGLDWRU RI DGYHUVH FKLOGKRRG H[SHULHQFHYV
SUDFWLFH ZLWK HFRQRPLFDOO\ Y XO QMHRIDECEHJBRBRYN O I
' KLWPR G '"HVLJQ RI VXUYH\V IRU UHVLGHQWLDO D
KD]JDUGRXV $XERRWBIEFHHWNY.F (QYLURQPHQW

> @



'KRROH\ 0 $ $YLQV $ / OLUDQGD - WLURZIQHIU : 6
LQVWUXPHQWRQRU ZRHBXHWWLRQV DR XUDD ORRIGIEQ DD
LQWHUQDO PHGLFLQH

'LFKPDQQ : %UHWWVFKQHLGHU ) $PHULFDQ DQ
DWWLWXGHV WRZDUGCHYQBRPM RR® SRROVQDCFRI 3XEOLF

'LMHVLUL 0 9LJDQz / OHROL O (IILFLHQF\ RI PL
6UL /DQND/WDDWHZ.RERXEOH ERRW VMRORP LB OFRSGHEOE®J

'LOH\ ' ( B6HPLQDU 3UHVV |, $RHULGBQW L6LAFDWLRQ SUR
VWUXFWXUDO HTXDWLRQ PRGHOM X EW K XM K DXYDXW HREQY
LQ WKH 6RFLDO GRMLUIQFPMXUDO HTXDWLRQ PRGHOV LQ W
<RUN $FDGHPLF 3UHVYV

:LOVRQ 3 : )($5H $SPRNDZBUIRU IURQWLHU HIILFLHQ
5 6RFHRRQRPLF SODQQLQJ VFLHQFHV

:LVHPDQ ) %LOOLQJWRQ 0 &RPPHQW RQ D VWDQGI
-RXUQDO RI ODUNHWLQJ 5HVHDUEK

'LVQLHZVNL:LWQLHZVNL + OHDVXULQJ VHUYLFH TXI
FROSRVFRSQWBUQDMWLRQDO -RXUQDO RI +HDOWK &DUH

ROG + 3DWK PRGHOV ZLWK ODWHQW YDULDEOHV 7]
VRFLRORJ\ SS(OVHYLHU

'ROG + 6RIW PRGHOLQJ WKH EDVBFV@HWPLI QQEHU VI
LQGLUHFW REVHUYDWLRQ
'ROG + 6\WWHPV DQDO\VLV E\ SDUWLDO OHDVW VTXE

ZULJOH\ HGV 0 KRQWPXIWDMXU DEKOHH SSSUGUHFKW  WKH
IHWKHUODQGY ODUWLQXV 1LMKRII

'ROG + %HUWKROHW/KH 3/6 SDUWLDO OHDVW VTXDU
PXOWLGLPHQVLRQDOOHRWRIQJIJHQF\ WDEOHYV
:ROV]F|®MODF] - OXPQVHRQ DQG H[SODQDWLRQ RI LQ

HGXFDWLRQ LQVWLWXWLRQV LQ (XURSH \WQ GHWKHPB6 ZL
SDUDPHWBHNH@UFK 3ROLF)\

':ROWHU . 0 &KRZGKXU\ 6 .HOO\ - G DQDOAVLYQRIFR
UDQGRRPBRLW GLDOLHQPREUEKRRN\RI SRMWLV\8BFV
(OVHYLHU

‘RQJ . .ZRQJ . 3DUWLDO OHDVW VTXDUHV VWUXF!
6(0 WHFKQLTXHV XUDQNBWLQW A#BEOOHWLQ

:RRGFRFN $ 3HWULGLV 3 J/LRWRSRXORV ) *HRUJLDGL!
&KDOOHQJHV RI '"HYHORSLQJ DQ 2QOLQH 7RRO WR OHD\
(ISHULHQFH LQ D 3DQ(ZDRISHDRU KRIQOMAHNG DW WKH
&RQIHUHQFH &P SXPMHY ,QWHUDFWLRQ

:RUOG %DQN ‘RUOG '"HYHORSPHQW 5HSRUW ,QYH
:RUOG %DQN



'RUOG +HDOWK 2UJDQL]DWLRQ 7KH :RUOG +HDOWK 5
XQGHUVWDQGL®JU OBHZHDRBMK 2UJDQL]DWLRQ

"ULKW  6HZDOO &R UUHORXMLEDODRIGS & D XK DOWLR QD O
+

ULJIJKW - ' ODUVGHQ 3 9 6 XUYH\ UHVHDUFK DQ
FXUUHQW SUDFWLFH +DQGERWNXNUIRH SXRBRVBEHBEWVHDUFK

X & + &KDQJ & & &KHQ 3 & XR . 1 (IILFLH
FKDQJH LQ 7DLZDQ TV KR VSO BN BNGR P& D@ WUWIDRH Q W
(XURSHDQ -RXUQDO RI 2SHUDWLRQV 5HVHDUFK

' XHOOHQZHEHU: . %HRHERUQ 'HLW]HO 7 7KH LPS
VWDQGDUGL]DWLRQ RQ EXVLQHYVYQ BRIRAFIHW VR R X 8\ V RIHWF
2XWVRXBELQJ 6SULQJHU

'HQRV 3 <IDQWRSRXORV - 1HNWDULRV RSRIRIRVRS 1 7

(IILFLHQF\ DQG SURGXFWLYLW\ DVVHVVPHQW RI S;
WKH FULVLV+SH WBIRGVHFW LB BRHWRMSOPRFDWLRQ

21 " b / 2 # 1#12 .2 " # 0 ." 12 u 2/100".3. ) 0 C
oo 0& &

<DQJ < &KDQ $ $ KLHUDUFKLFDO DSSURDFK WR P
WKH UHVRUW HKRWHB-RRERPOWHUARXULVP +RVSLWDOL
$UWV

<DQJ - QJ=H 7TKIRMMUEBWZHHQ HIILFLHQF\ DQG TXDOL
SURGXFWLRQ B6RPH HYLGHQRKLQMPP(BER AR PLFQ5 HAYKIHZD

<DQJ = -XQ 0 3HWHUVRQ 5 7 OHDVXULQJ FXVWR
TXDOBWDOH GHYHORSPHQW DQG, ®W a8 DQHWLIRIY DPS -ARXAX
2SHUDWLRQV 3URGXFWLRQ ODQDJHPHQW

<RXVDSURQSDLERRQ . -RKQVRQ : SDWDHQWX VHQY LKF
TXDOLW)\ LQHXBOHODIQICS HQYLFBOWK 6

<RXVVHI ) 1HO %RYDLUG 7 6 HUR'X. B B DIcX RO L W \
ODQDJHPHQW LQ OHGLFLQH

<XQLDUWR % .XUQLDZDQ 5 ORGLILHG PXOWLEOR

PRGHOLQJ DAAWKILBADKKFINSURSDJDWLRQ QHI®PWU QHWZR
SUHVHQWHG DW WKH $,3 &4RQIHUHQFH 3URFHHGLQJV

=DLEDI 0 7DKHULNLD ) )DNKDULDQ O (IHTHFW RI1
&XVWRPHU 6DWLVIDFWLRQ LQ +RVSLWDOLW\ ORGHNON U\
'"HYHORSRK@WDO RI +RVSLWDOLW\ ODUNHWLQJ 0ODQDJI

=HUH ( OF,QW\UH $GGLVRQ 7 7HFKQLFDO HIIL
SXEOLF VHFWRU KRVSLWDOV LQ6RMWK I IGRXDE® $RXJIURD
(FRQRPLFV

=KRX / $ GEBHPVLRQDQDO\VL® @®D\SHUDRYRPBEGFRPW F
VHUYLFH TXDOLW\ DQG VDWLVIDF\RXRQ DA RIKEBD DY\ FW
ODUNHWLQJ



=KXR - :HL - J/LX / & .RRQJ . 6Q HJDPRQBWLRQ RI \
GHWHUPLQDQWY RI VHUYLFH TXDO (@HN E\g WRIQH. B K DQ N WM

=LPSULFK ' $OOHPDQG 0 IDFKPDQ 0 ( UHODPDFMMERULL
SV\FKRPHWULFV Rl WKW\ OD'GH HHUIMRQ DWHPY DFURVYV
3V\FKRORJLFDO DVVHVVPHQW

=LQHOGLQ © 7KH TXDOLW\ RI KHDQ®@W HRBJQLHN DRGD ®
MRXUQDO Rl KHDOWK FDUH TXDOLW\ DVVXUDQFH
=XFNHUPDQ 6 +DGOH\ - OHDPVRQULQJ KRVSLWDO HIILFL

IURQWLHU FRRWURRBMLRRQR P LFV



