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OLOHV 3& DQG $QGHUVVRQ g $ UHYLHZ Rl GHVLJQ FRQVL G,QUDHVLGRIQNVL RRID O L-RXW
5HVHDUFK +

-L & 'HF -( '"HUQRWWH - DQG &DQQHOOD : (IIHFW RI ,JQLWLRQ ,PSURYHUV RQ Wk
+&&, (QJEHH,QWHUQDWLRQDO -RXUQD@ RI (QJLQHV



%HQGX + DQG 0XUXJDQ 6 +RPRJHQHRXV FKDUJH FRPSUHVVLRQ LJQLWLRQ +&&, F
HQJLRMEHZ 6XVW (QHUJ B5HY

3D\NDQL $ .DNDHH $ + 5DKQDPD 3 DQG 5HLW] 5' 3URJUHVV DQG UHFHQW WU}
,QWHUQDWLRQDO -RXUQDO RI (Q4LQH 5HVHDUFK

.DVKGDQ -7 'RFTXLHU 1 DQG %UXQHDX[ * OL[WXUH SUHSDUDWLRQ DQG FRPEXVWI
+&&, GLHVHOS$SHQHEEQLFDO 3DSHU

$OULNVVRQ 0 5HQWH 7 DQG 'HQEUDWW , /RZ 6RRW /RZ 12[ LQ D &$(D¥NFK®QLF DOV

,GLFKHULD &$%$ DQG 3LFNHWW /0 6RRW )RUPDWLRQ LQ 8BHYHD GRPEXVRVQR Q+ X QG H L

$QGHUVVRQ g DQG OLOHV 3& 'LHVHQ M PGRGHGVHOR/N7 $XFRPERW UWLHR QQJLQHHULQJ

<D]GDQL . $PDQL ( DQG 1DGHUDQ + OXOWL REMHFWLYH RSWLPL]DWLRQV RI WKH

HQJLQHWHUQDWLRQDO -RXUQDO RI (Q4LQH 5HVHDUFEK

*RUGRQ ' :RXWHUV & .LQRVKLWD 6 HW DO +RPRJHQHRXV FKDUJH FRPSUHVVLRQ

VI\VW,K)RVHUQDWLRQDO -RXUQDO RI (QJLQH 5HVHDUFK

%HQDMHV - *DUFtD $ ORQVDOYH 6HUUDQR - %DOORXO , DQG 3UDGHO * (YDOXD

OLPLWV LQ D KLJK FRPSUHVVLRQ UDWLR PHGLXP GXWQWHHQB® HRIDQHRXHQBG R\
+

JRXFKHU ) +LJHOLQ 3 ORXQD€P 5RXVVHOOH & DQG 'DJDXW 3 ,QIOXHQRURFHRIBQE

RI WKH &RPEXVWLRQ ,QVWLWXWH

ODVXULHU - % )RXFKHU ) 'D\PD * DQG 'DJDXW 3 ,QYHVWLJDWLRQ RI LVR RFWDQH

VHHGHG E\ RJRQH QLWULF R3IURK HHXL QLW R RWMKH GIRPEBHWLRQ ,QVWLWXWH

0DQJXV 0 'HSFLN & 5DJRQH & DQG 3HOWLHU ( 2]RQH $VVLVWHG &RPEXVWLRQ (]

&\OLQGHU 'LHVHO (QJLQH ,Q 6$( ,QWHUQDWLRQDO

%DUGL 0 3LOOD * DQG ODWUDW 0 ([SHULPHQWDO $VVHVVPHQW RI 2]JRQH $BG(WL

7HFKQLFDO 3DSHU

'"HSFLN & ODQJXV 0 DQG 5DJRQH & 2]RQH $VVLVWHG &RPEXVWLRQ23DUW , /LWH!

.LQHWLF OHFR®QQPP RI (QJLQHHULQJ IRU *DV 7XUEKMQWHSV D Q@R 3RUHU

&RQWLQR ) ODVXULHU - % )RXFKHU ) /XFFKLQL 7 'f(UULFR * DQG 'DJDXW 3 &)

FRPEXVWLRQ IRU D ODUJH UDQJH RI R]JRQH VHHGLQJ DQG WHPHGIUDWXUHFRQGLW.L

3LOOD * DQG JUDQFTXHYLOOH / GH ,QYHVWLJDWLRQ Rl SDUWLFOH IRUP®,WLRIX IR

6SDUN ,JQLWLRQ (QJLQH RI WKH )XWXUH

6HQHFDO 3. 5LFKDUGV .- 3RPUDQLQJ ( HW DO $ 1HZ 3DUDOOHO &XW &HOO &DUW

'LHVHO (QJLQH 6P XOPRQIRF®W 3DSHU

<DNKRW 9 2UV]DJ 6% 7KDQJDP 6 *DWVNL 7% DQG 6SH]LDOH &* 'HYHORSPHQW R

WHFK@KRXHFV Rl )OXLGV $ )OXLG '"\®@DPLFV

$PVGHQ $$ .,9% 9 $ EORFN VWUXFWXUHG .,9% SURJUDP IRU HQJLQHV ZLWK YHUW

,VVD 5, *RVPDQ $' DQG :DWNLQV $3 7KH FRPSXWDWLRQ RI FRPSUHVVLEOH DQG

VFKHMRXUQDO RI &RPSXWDWLRQRO 3K\VLFV

3D\UL ) 3DVWRU -9 3DVWRU -0 DQG -XOLi -( 'LHVHO VSUD\ DQDO\YQW HVY @B\W QR QfD

RI (QJLQH 5HVHDUFK

;)1 - 5,&$57 / DQG 5(,7= 5' &RPSXWHU ORGHOLQJ RI 'LHVERPEXYVWLRQRPE]BEQER @
+

$PVGHQ $$ 2 5RXUNH 3- DQG DQG %XWOHU 7' .,9% ,, $ FRPSXWHU SURJUDP IRU F

&ROLQ 2 DQG %HQNHQLGD $ 7KH =RQHV ([WHQGHG &RKHUHQW )ODPH ORG® O *DNI

6FLHQFH DQG 7THFKQRORJ\ 5&HY ,)3

&KHYLOODUG 6 &ROLQ 2 %RKERW - :DQJ O 3RPUDQLQJ ( DQG 6HQHFDO 3. $GYDQ

'LUHFW ,QMHFWLRQ (QJLQH 8VE&SJI7HBK QG BLO XXDSWMUR Q V

&ROLQ 2 3LUHV GD &UX] $ DQG -D\' 6 'HWDLOHG FKHPLVWU\ EDVHG DXWR LJQLWLF

FDOFXODMIERGGLQIV Rl WKH &RPEXVWLRQ ,QVWLWXWH

%RKERW - &ROLQ 2 9HOJKH $ HW DO $Q ,QQRYDWLYH $SSURDFK &RPELQLQJ $¢

ORGHO DQG WKH 7., 7TDEXODWHG $XWR ,JOQLWLRQ6BRGHPKIRIUFDLHHBBSHQJILQH &)' 6L

OHKO 0 3LW] :- :HVWEURRN &. DQG &XUUDQ +- .LQHWLF PRGHOLQJ RI JDVROLQH

BURFHHGLQJV RI WKH &RPEXVWHERQ ,QVWLWXWH

ODVXULHU - % )RXFKHU ) 'D\PD * DQG 'DJDXW 3 +RPRJHQHRXV &KDUJH &RPSUF

,QIOXHQFHG E\ 2]RMHHUSG BXMARQ =

1DLPD . /LD]JLG $ DQG %RXVEDD + 1XPHULFDO 6LPXODWLRQ Rl &RPEXVWLRQ %t¢

(PEHGGLQJ 5HILQH P&RPVE BWWIDRQHEEHMQFH DQG 7THFKQRORJ\

6HQHFDO 3. 3RPUDQLQJ ( 5LFKDUGV .- DQG 6RP 6 *ULG &RQYHUJHQW 6SUBHBR®F

DX| BWHUEHKLOIH" 3ROLWLVFKH UHRKBWQHRBKHH XPIGODW KLY 6 KH3 BRVWW, L RGHIF R X Y H

Ss + 2VWILOGHUQ ODWWKLDV *UsQHZDOG 9HUODJ 6FKZDEHQYHUODJ

%RZHU *5 DQG )RVWHU '( $ &RPSDULVRQ Rl WKH %RBYFK DIQELEXBFIOS5BWH RI ,QMH

'"HF -( $ & RQFHSWXDO ORGHO RI ', 'LHVHO &RPEB¥WLRIQWDNWGRROY /BVHU 6KHHW ,

2PEUHOOR 7 :RQ 6+ -X < DQG :LOOLDPV 6 )ODPH SURSDJDWLRQ HQK D QFRFFEXYW El

DQG )ODPH +

6DQGHU 63 *ROGHQ '0 .XU\OR 0- HW DO &KHPLFDO NLQHWLFV DQG SKRWRFKHP

-3/ 3XEOLFDWLRQ -HW 3URSXOVLRQ /DERUDWRU\ 3DVDGHQD

(@}



$WNLQVRQ 5 %DXOFK '/ &R[ 5% HW DO (YDOXDWHG NLQHWLF DQG SKRWRFKHPLF

2[ +2[ 12[ DQG 62[ VSHFLHV +

ODQVHUJDV $ DQG $QJODGD -0 7KH JDV SKDVH UHDFWLRQKHPBEMHKEPDQG: +2 UD

+DWDNH\DPD 6 DQG /HX 07 5DWH FRQVWDQWYVY IRU UHDFW1L RIXX\E HVKEHPHQ DWPRVS|

5 $WNLQVRQ ' / %DXOFK 5 $ &R[ - 1 &URZOH\ 5 ) 6XPPDU\ Rl (YDOXDWHG .L

‘HE YHUVLRQ

$WNLQVRQ 5 %DXOFK '/ &R[ 5% +DPSVRQ 5) .HUU -$ DQG 7URH - (YDOXDWHG .L!

6XSSOHPHQW ,,, ,83$& 6XEFRPPLWWHH RQ *DV .LQHW L FRYOWID Of BO XPW LR QO FOWD GW&F

'DWD +

+RZDUG &- DQG )LQOD\VRQ(3LWWV %- <LHOGV RI +2 7IKMH WRXUQHIDF R/IL R QHPIL K DA !
+

6WDULN $0 .R]JORY 9( DQG 7LWRYD 16 2Q WKH LQIOXHQFH RI VLQJOHW R[\JHQ PRC

&RPEXVWLRQ DQG )ODPH

-

[—;
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Ki=ETAEKI=K=ET OXil =id i 11006 ™
Ki=K=ETAEKiI=ET iXol =id rixXao rivgio
Ki=KTAEKT=K=K1 iIXAp =id i 11108 1
Ki=K=KTAEKi=K1 iX1g =i0d riXxi joT
Ki=KTAEKT=K=KT OXdli =id i 11108 70
Ki=K=KTAEKi=KT iX0¢ =in ri X riigf
Ki=,DAEKIi=K, OXdT| =0T i 0198 0
Ki=KDAEKIiT=K1 dXof =it i 81068 10
Ki=K,DAEKT=,KT iXon =ii i Oii 6

Ki=, KIDAEKi=K, =K1 oXifi =16 i 616 19
Ki=,TKDAEKIiT=,1K1 oXoj =if i i o
Ki= ,IDAEKIi= ,iK IX16 =01 i oio ai
Ki=EKDAEKIiI=EKT OXadi =ii i 1011 10
Ki=EDAEKiI=EK oXi] =i6 i i o1
Ki=,DAEK=,KT OXAT| =11 i i o
Ki=,iDAEK,=,K1 oXii |=1i i ipoai 99
Ki= ,6DAE ,iK=, KT O Xii|=1ii i jnfei 99
E=EKDAEET=K TXo6) =ii i TAA
E=KiDAEEK=K 6Xi] =16 i ofAilil
E=K,DAEEK=, IXio|=ii i T0RA
ETK=KDAEE{T=K1 iXo) =it i fiofi
ETK=KDAETEK IX8i| =11 i 1Al
EiK=,DAEET=K, iX64 =id i 6601
EiK=K,DAEEi=,K1 IXii| =il i iioi

ETK~=D*DAEET=K~=|D~ AX0oi =il i AOITI
,KIZ=EKDAEEKIi=K, IXii =il i réol
EK=K=DDAEEKIiT=D iXio =1i rixaoi i
EKi=KDAEEK=K1 IXo =il i rioi
EKi=,DAEEK=K, iXii|=io i 01
E,=KDAEEK=, OXii|=ii i i
E,=,DAEE=,1 TXT1 Fi0 i ifi
E,=K,DAE,EK=, IXii Fil i i
E,=K,DAEE=,iK TXii |=i6 i X1 i
E,=KTIDAE,EK=K dXof =if T oAl
E,=KIDAEEK=K, X106 =10 i X i
E,=EDAEEIi=, iXAl|=i1 i i
E,=,TKDAE,EK=,1 TXIT =0T i ifoni
E,=EKDAEET=K, IXio =ii riXimi i
E,=EKDAEEiK=, iXofi =id riXaon i
E,i=KDAEK,=E, i Xi1 =0T i i
E,i=KDAE,=,EK IXO0i|=11 i i
E,i=,DAEE,=,1 OXii Fil ipAi
E,i=K,DAEE,=,1K 6Xii|=i0 iXn rooi
EE,DAEET=, IXT7i 316 i
EE,=DDAEEi=,=D iXii|=iod ri Xii 00601
EE,=KiDAE,Ki=ET AXiY =it i i
EE,=KDAEK,=E1 TXAY =i7 i i
EE,=KDAEE,=EK OXij =ii1 i i
EE,=,DAE,I=ET AXIT =100 i i

EE,=K,DAE,TK=E1 TXii|=ii i i

EE,= ,iDAE ,6=E1 IXAT|=ii i i

,=EK=DDAE,EK=D 0Xdod =id riXii 601
,EK=KDAEEK=K, TXA) =it i i
,EK=,DAE,T=EK oXii|=ii X61 001

,EK=K,DAEEK=,7K iXii|=i6 iXd rofi

,EK=KIDAE, Ki=EK iXii =ii i IRRR
E=KDAE K=E OXol| =il i i
E=K,DAEE K=, OXii|=ii i i
E=,TKDAE, E=K, O Xii|=il i POOI
E=KIDAEE K=K oXip =il i rodi
E=,iDAE, E=, IXOA |FifA iXon 1101

E K=KDAEEK= K IXif =1 i i

E K=,DAEE,= K AXoil =iT i i

E K=K, DAEEK=,= K TXAT =it i i

E K=EDAEEI= IXii =i i i

E K=KIDAEEK= KT TXi| =i1 i Tiiii

E K=DDAEE= K=D IXil =id i AdIAI

E K=EKDAEEiTK= K iXgi =io rixXat 601

E K=EKDAEET= KT IX6li =76 ri ol

, E=DDAE,= E=D iX19|=106 riXi iTooii

-
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, EEKDAEE K=, IXii |=10 X0d 8001
, EEKDAEE,= K AXi6l =17 iX0d 8001
, EEKDAE E=K, IX0i|=106 i X i 6 0011
, E=K,DAE,K E=, iXil Fio X ii161
, E=K,DAE,E K=, AdXdi|=ii X710 0811
, E=K,DAEE,i= K iXoi|=i1 X Ao 61l
=, E~-=D*DAE,1T E~=D- TXT =ii i i
,1 EEEDAEEIi= ,1 oXii|=ii i 611
=ETDAE E=E OXTi|=1ii i doiTi
,=ETDAE, E=E iXil Fi6 X006 i
,=Ei~=D*DAE, EE~FD- iXii =it IXid i
,i=ETIDAE, E=E, iXi1 Fii opiii
,i~"«=ETDAEE,=, E iXi] =ii i ofiil
=EKDAE E=K iX01| =iT i i
=EKDAE K=E IXo1| =iT i i
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,=EKDAE,=E K iXoi|=ii i i
,=EKDAEE=, K iXoo| =ii i i
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,i=EKDAEK,=, E IX0i|=id iX00 601
,I=EKDAE,=, EK IXoi|=ii ri X1 0 Aol
,i~"e=EKDAE,=,E K iXili =i6 riXio iToi
,i~"e=EKDAEK,=, H IXQqi =id rixXoé 001
,(i~"+=EKDAE,=, EK iXqi =ii riXio Aol
,I=EKDAE, E=,iK OX0i| =17 i 6011
,I=EKDAE,7 E=K, iXii [zil i DA
, EE=EKDAE K=,=E1l IXT] =i i i
, EEEKDAE, E=EK TXii =it i i
, EE=KIDAEK=, K=E| iXT) =11 i i
, EE=K,DAE,=, K=ET iXTi| =ii i i
, EE=,DAE ,i=E1 iXii £i0 i i
,E K=KDAEE,= Ki 0X06] =i6 iXai 6l
,E K=KDAE,EK= K iXn 10 X6 3aiiil
,E K=KDAEE K=K, iXii| =io IXii figii
JE K=,DAEE,i= K IXTh|=16 iX6 01l
JE K=,DAE,T=E K iXiA|=1d X7 (i
,E K=K,DAEE K=,7K TXiTi[ =16 i XA 7001
,E K=K,DAEE,T= KT iIXTi|=i0 iXf T0ii
,E K=DDAEE,= K=D iXig =io i 0006Ti
, EK=,DAE,=,E K iXii Eif riXoo T6RA1
, EK=,DAEK,=, E IX06i|=ii iXi06 11
, EK=,DAEE,i= K iX6i|=id IX0id 71601
,K E=,DAE,=,E K iXii Fio i jiii
, K=EKDAE, EK= K OXi| =il i i
,i=EDAE,T E=, OXil £id rXii 161
,I=EDAE, E=,1T IX01 il XA roi
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E,i=K,DAEE,T=,1K AXii|=16 iX0 off
E,i=KDAEE,T=K, 6Xa8i =10 X063 0801
E,= KIDAE,EK= K iXii|=ii i fforai
E=EKIDAEE K=EK O0X[o =ih riXont ion
E K=EKTIDAEETK= K X =it i réin
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