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5()5$&725&2,' 62/87,216

( , 3DWVHUD 9 9 .XUEDWNLQD ? : /HYD)\
6 $ 9RURWMWLORS$ .RFKHWRY
17(5)$&,%6($&7,21'85,1*$11($/,1*2)
(:3/26,9(/<(/'(" 6+((76

+ 3DXO 0 0 OLV]JF]\N O 3UD*PRZVNL $ *D
= B6]XOF 3 %REURZVNL DQG a O0ODM
[,48,'3+$66+2&..$9( &2162/,'$7,22)
1$126758&7857B$J&20326,7(6

$ % 3HLNULVKYLOL ( 6K &KDJHOLVKYLOL
*  ODPQLDVKYLOL / ,$4XHEX®RGIHDQG $
6+2& $66,67(,48,'3+$6&2162/,'$7,22)

7D 1E+9@®20326,7(6

$ % 3HLNULVKYL®L) /7DYIHFWNHYV

% $ *RGLEDG]H DQG ( 6K &KDJHOLVKYLOI
+276+2&.%$9( &2162/,'$7,22)1$1267588&785("
781*67(26$6('&20326,7(6

$ % S3HLNULVHKFMLIMOHYV /*-) 7DYDG]H % $ *F
( 6K &KDJHOLVKYLOL DQG * 6K 2QLDVKYL
1)/8(1&QR)7+(50$/352& (66,21 6758&785%$/
&+$1*(®)67((/ 7,7$1,806,0(7$2%7$,1(%<
(:3/26,9¢(/',1* ,1$5*210(",80

2 / 3HUYXNKLQD

19(67,*$7,2),1,7,$7,2)=Q 6672,&+,20(75,&
0,:785(% <38/6(,03$&7

( 9 3HWURY , 9 6DLNRY DQG * 5 B6DLNR"
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.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

)250$7,22)*5%$',(176758878506)81&7,21$/
&2$7,1*6)7(57+(,03$&2)+,*+63(('3$57,8&/(6

)/ 2

( 9 BWURY DQG 9 6 7URILPRY
6+&)$'9$1& (' +($75(6,673$1&(5%$0,8&pL7 +(

OH+0H +61% & <67 (0

$ <X 3RWDQLQ , 9 <DWVXNKHWY 9RURWLOF
' <X .RYDOHY DQG ( $ /HYDVKRY
$33/,&$7,2)6+625352'8&7,22)$'9$1&("

OH %9 +6 #06& (5$0,&P52539'2) +,*+7(03(5$785(
3527(&7,R(2$71*6

$ <X 3RWDDQLEODWVXN 3K 9 RUQHHWYKDQWV}
<X 6 3RJR]JKHY 1 9 6KYLQGLQD $ 9 1RY
DQG ( $ /HYDVKRY
03257$18&8)0253+2/2*<2)32:'(5 ,1(:3/26,9(
&203$&7,)25352'88&7,22),17(50(7$//,&

$//2<6

5 3UPPHU DQG ' .RFKVLHN

6&,(17,)9%%$6 ,B5)&5($7,22)1(: 0$7(5,%/606<
(:3/26,2L(/',1* 723529,'(6$)(+$1'/,1*2)
5$',2$&7,9:($67(

$ ( 5RIJHQ $ 9 'XE * 9 .RJORY 6 , .DP\\
$ 9 .KRULQ , $ HDIRQRY % 9 ODPRQWRY
DQG ( ) /H]JKQHYD
6758&785,237+(,17(5/$<(%281'$5,(8B5,1*
(:3/26,22(/',1* 2)/$<(5(' &20326,7(
0$7(5,$/61' 02'(/,1* 2):$9( )250%7,21
&21',7,216

$ ( 5R]JHQ <X 3 3HUHO\JLQ 6 * 8VDW\L
. $ 6DIRQRY 2 1 /RILD®RG ($9%$=BRHONVH
1,7,$7,2)&20%867,200(7$/+7()/216<67(06

.7+ (;3/26,9(%&7,21

, 9 6DLNRY O , $O\PRY DQG 6 * 9DGFKH
5(6,'8$/675(66(8%,0(7$85@3%$5(' %<
(:3/26,22(/",1*

. 6DNVO a4 OLFKDOLN " 0 )J)URQF]HN . axX
$ /DFKRYi = 6]XOF 0 )HMHUpPiIN = OROpD
DQG " 'DLVHQEHUJHU
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6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

5(3528&(66,2)0,// 6&$/(:$67 (6% <6+6
0(7$//85*<)25352'8&7,22)&$67(5526,/,&21
)(5526,/,&R/80,180%$1"' )(552%2521

9 1 6DOQL® ,NRUQLNRY ' ( $QGUHHY 1 9
DQG 9 , <XNKYLG
6<17+(626)&$6BRE&U)HI1%HGO(+,*+(17523<
$//2<6$1' &2$7,1*B)7+(0%<&(175,)8*$/
0(7$//27+(50,%+6

9 1 6DQLQRUM@LNRY ' ( $QGUHHY

6 9 =KHUHBWYRYXNKYGE G

35(3$5%$7,2) &% )H$//2<% <6+60(7$//85*%<

$1' 68%6(48(100&+$1,&$+($775($70(17

9 9 6DQLQ 0 5 )LORQRY <X $ $QLNLOQ
' 0 ,NRUQLNRY DQG 9 , <XNKYLG
1LSD$6('$//2<%<6+60(7$/85*<$1"
68%6(@(175(0(/7,1*$1" &$67,1*167((/3,3(

9 9 6DQLQ 0 5 )LORQRY 3FR$RIKMNDVKRY
9 , <XNKYLG DQG ' 0 ,NRUQLNRY
&+(0,&$5($&7,26(26&%$/&8/$7,21%L"
0(&+$1,88%(+$9,25)6+2&.('32528681*67(1
&$5% , (17+(0%$55$1*(

7 6FKORWKDXHU & B6FKLPSI * +HLGH DQC
5(*8/$5,7,(8)6<17+(6261,&.(/%21"("
7,7$1,88$5%,'Y520',))(5(177,7$1,8065%'(6

% 6 6HSO\DUVNLL 5 $ .RFKHWNRY DQG 7
7+(,1)/8(1&Q)*$6)/2: 217+(0$1,)(67$7,22)
7+(3(5&2/$7,23+$6(75%$16,7,21*5$18/$5
0,:785(67L &

% 6 6HSO\DUVNLL 5 $ .RFKHWNRY DQG 7
+$5'(1,1%2)$/80,180+1,&.(/5($&7,9(

0$7(5,$/6

6 $ 6HURS\DQ , 9 6DLNRY 6 * 9DGFKHQI
3266,%,/,2)35(3$5$7,7D=U&&U% $1' +7IBz+
&UB20326,706<6+635(66,1*

9 $ 6KFKHUEDNRY DQG $ 1 *U\DGXQRY
6+635(66,1%1' 3523(57,00 %&TLIUBL' %&+=U %
&20326,7(6

9 $ 6KFKHUEDNRY DQG $ 1 *U\DGXQRY
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.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

(/(&7527+(50%$/(;3/26,211: x1$®B<67(0

$ 6 6KFKXNLQ 6 * 9DGFKHONR $ 9 B6KFK
$ ( 6\WVFKHY 9 $ 6KFKHUEDNRY DQG $
0,8526758&878%1' '<1$0,80(&+$1,&$/
3523(57,0908/7,/$<(57k$@:3/26,9(/<(/'(’

3/1$7(

= BKHQJ 3 &KHOQ DQG 4 =KRX
7232/2*,8&$87$7(@)6758&785%/+(0,6752)

1(: 68%67$1&%6' 0$7(5,$/6

9 <D BKHYFKHQNR
(:3/26,9(6<17+(6261%$126&%$/((721%$7,21
&$5%21

$ $ 6KWHUWXHROT\DQLWVNLL , 6 %DWUD
DQG ' . 5\ELQ
5(*8/$5,7,(B)&20%867,31' &+(0,&$/
8&219(56,24)$:2 $0O &D, & 85(

6 / 6LO\DNRY 9 , <XNKYLG 7 , ,JODWTYH
1 <X .KRPHQNR $ ) %HOLNRYD DQG 3 $
6L$SO24$6('&(5%$0,8&20326,706208&20%867,21
6<17+(6,=6%: 057(5,$/606<63$53/$60%

6,17(5,1*

/| 6PLUQRY ( * *ULJRUJHY DQG ( 9 1HI
+,*+7(03(5$7856<17+(6,80(&+$1,&%$//<
$&7,98$7(TH$S@B2:'(5 0,;785(,55%",$7 (%<
*$00$ 48%$17$
$ 9 6REDFKNLQ 0 9 /RJLQRYD $ $ 6LWQ
9 , <DNRYOHY 9 <X )LOLPRQRY 6 * ,YD
$ <X O\DVQLNRY DQG $ 9 *UDGRERHY
03/(0(17%$7,22)1(: 23325781,7 )5
207%$,1,U%$5*(6,=('&203%$&3/$7(6§520
&(5%$0,82:'(5 0$7(5,$/0695((6+6
8&2035(66,21
$ 0 6WROLQ 3D@QGHP]ELQRQVWDQWLQRY
6(/)3523%$*$7,1#,*+7(03(5$7856<17+(6 20
1i$P6$6('$//2<:,7+1$12/$0,1$7&$5%21
£217%$,1,1&20321(176
$ ( 6\WVFKHY 1 $ .RFKHWRY 6 * 9DGFK
DQG $ 6 B6KFKXNLQ
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6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7+(,1)/8(1&R)+($775($70(121&+$1*(617+(
6758&7854+(0,&$K20326,7,30"' 0(&+%$1,&$/
3523(57,9(;3/26,9(/<&/$"'"'(" 7,7%1,8Q1
67((/3/$7(
0 6]PX0O $ &KXGIRAG= 6RMVMIZRIGD
352&(65)781*67(1,5((;3/26,21$1' 6<17+(6,6
2)&$5%,'%<38/6(":,5("',6&+$5*(
6 7DQDND , %DWDHY + 2GD DQG . +RNDI
3,8&26(&21(:32685(<1%$0,&0($685(0(17@)
)250%$7,22)8/75%$',63(56(",$021'6,1
'"(721$7,21%$9(6

$ 7THQ ( 5 SUXXHO ,$ $2 5 0B/]JRNDURY
/| , 6KHNKWPDQ 9 9 =KXODQRY DQG % 3
)81&7,21%$3523(57,206,17(5(32:'(5 )H&W&R
$//12<2%7%,1(%<2: 7(03(5$7856,17(5,1*
., 7+68%6(48(1R752//,1*
$ 6 B8VWIXNKLQ $ % $QNXGLQRY 9 $ =HC(
DQG , 0 OLO\DHY
0$18)$&785,1%1' 7(67,12)%,0(7$//,%/$1.6
)25,7(53) &2,/-2,176
9 6 9DNLQ DQG ( / ODUXVKLQ
,1)/8(1&R)675%,5$7(217+(5%$7(2)&+(0,&$/
75$16)250%$7,217+,1$6+2&.:$9¢(
9 $ 9HUHWHQQLNRY DQG 9 6 7URILPRY
0,852:$9($%62537,2%23(57,97+(&$5%21
(1&$368/%7(;,521%%$6('1$123%57,&/(6
+ <LQ X4 3 &KHQ DQG 0 &DR
6+60(7%//85*<2)5()5$&72568%$7(5,$/86%6(21
02/<%'(180
9 , <XNKYLG 9 $ *RUVKNRY 9 1 6DQLQ
DQG <X 6 9GRYLQ
6<17+(620 1l 1$1232:'(56)5202;,'( $1°
6$/735(&856256&20%867,DR'( %<86,1*
7+(502.,1(7,8283/,1%3352%&+
O . =DNDU\DQ 6 9 $\GLQ\DQ DQG 6 [/ .KD
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&+520,80266'85,1*9%$&8806,17(5,12),521
%$6('$//12<6

9 $ =HOHQVNLL 0 *QSHHG\RPRNYWY

DQG $ 6 8VW\XNKLOQ
0,8526758&78%' '<1$0,&% (+$9,25)
(;3/26,9(/<&2162/,"$7(14$®&20326,7(6

4 =KRX 3 : &KHQ = 0 6KHQJ DQG < < /L
6+67(&+12/2*2)&20326,7H//2<6

0O .K =LDWGLQRY

7+(3(&8/$5,7,00:$9( )250%$7,287(;3/26,9(

(/',1* 9,$7+,1L17(5/$<(5

% 6 =ORELQ 9 9 .LVHOHY $ $ 6KWHUWYV
DQG $ 9 30DVWLQLQ
$33/,&$7,207+(,'(17$7,2D(7+2' 727 +(
(9$/8$7,22)7,7$1,86758&785(6

. )YyUDZVNL O ODNUHQHN $ *yuDO DQG 6

$XWKRU ,QGH]

7(&+1,&%$/ 352*5%$B1 WKH,QWHUQDWLRQDO
6\PSRVER®P ([SORVLYH 3URGXFWLRQ

RI 1HZ ODWGRLUHDIPH 7HFKQRORJ\ %XVLQHV
DQG ,QQRYDWLRQV0DB 10
6DLQW 3HWHUVEXUJ 5XVVLD
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6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

(;:3/26,9( :(/',1* $1' ,76 $33/,&%$7,21
$ $§ 'HULEDV

-RLQW ,QVWLWXWH IRU +LJ®OGHPS RU B AXHIHR
ORVFRZ SXVVL

HPDIDDGHULEDV#PDLC
‘2, (310

OXOWLOD\HU PHWDOOLF PDWHULDOV ZHUH IL
DUPRXUW SEODKMHHSKORVLYH SURMHRWHOWNYOIEXI
LOYHQWHG DW WKH HQG RI ;,; FHQWXU\ DQG
WDQNV 7KH SURMHFWLOHY ZLWK KROORZ FF
D EDUULHU FWH\WW W BWLURP VKHOO PHWDO
WIKEHDUULHU 7KK W [ R/IH & BRI BBRWRKINOIDXHIG
WKH PDWHULDOV RI MH\®DD\BM@X Y KRREOMD GQH 8 U
LYSSDUHQWO\ WKH ILUDW\ED\ RFADRVSIUR B ® ¥ HE V
ZHOGLQJ 'XULQJ WKH ZDU RQHWASIHEKHQY
VX\GLHY DQG QHJOHFWHG WKLV HIIHFW

Q 5 &DMHSRUWHG LQ WKH OHWDEUBHRJ
SXEOLFDWLRQ RQ WKH H[SORVLRQ ZHOGLQJ
GLG QRW ILQG DQ\ PRUH SXEOLFDWLRQV RC
ZRUNV RIWKRIW DPSORVLRQ ZHOGLQJ ZDV QR
W K H V ,0 5 &RZDQ'RXJOMs +ROW]PDQ
$PHULFDQ UHS/HDOUFKGHHEGY D SDWHQW RQ WKE
S U R/AVH

7KH ,QVWLWXWH RI +\GURG\QDPLFV 6LEH
$SFDGHP\6FLHQFHV ZDY IRXQ®HG,QVWLWXWH
0 / /IDYUHQWYHY HQJDJHG LQ WKH \OMGGLHYV
VPDOO JURXS WKDW FDUULHG RXW WKH H[SO

( , %LFKHQNRY DQG <X $ 7JWRXSLQ

VKRZMG D SURGXFW’' Rl RQH R/ WWOH N [WIRUHM
SLHFHWWRIHO DQ,&E FR®BHWY VDPSOH WR 9 6
ZHOGLQJ VSHVHOQDRYW RYWEDRWVWHW OWNH® Q C
ZKDW LW ZDV +H ORRNHG PQRVMDLGI MKW W

$ $ 'HULEDYV



.,9 ,QWHUQDWLRQDO 6\PI$ RWIRXPX R W Q(RVORM ICHYV

ZHOGIRWUY VDPSOH ZDV WKH VDPH DV$SWKH S
/DY UHQRWOG® FOQWHIU WKH ZDU QHDU .LHY

'H EHJDQ WR DQDO\]H WKH ZHOGLQJ SURF
FRSSHU OLHG RQH DERYH WEEGRRAWREURQW [
SHQHWUDWHG LQWR DQRWKHU DQG LQ WKH
WKHVH PHWDOV ZDV REWDLQHG :H FDUULHC
EHFRPH WR GHYHORS SXUSRVHIXOO\ WKH H]
IRXQG RXW WKDW FOPREM ZHO GHENRONVQJ D
\RX RQO\ QHHG WR FKRRVH FRQGLWLRQV G|
YHORFLW\ HTXDO WR D UDWLR RI FKDUJH P
SDUDPHWHUYV

Q 9 6 6HG\FK $ $ 'HULEDV ( , %L]
7ULVKLQ LVVXHG D ILUVW SXEOLFDWLRQ GH
8665 GYDURFKQRH SURL]YRGVWYR

7KXV WZR FHQWHQVHI[EBORVLRQSEH O®RIA J
8662 ZHUH IRUMPAMEKH HDWEH QXPEHU RI VWX
LQGXVWULD ®IDSISD ISAIRF HRQ VL\Q LVOKW K B/ 86 GE
8665 ZDV DSSUR[LPDWHO\ WKH VDPH 7KH(
VWRSSHG SXEOLVKLQJ IRU UHDVRQV XQNQR:

([SORVLRQ ZHOGLQJ KDV EHHQ VLJQLILFEL
*HUPDQ\ 3RODQG )UD@FH I$+O/OK WIKGID € GAR
WKH UHVXOW RI FRRSHUDWLRQ ZLWK XV %
FRQWDFWY H[SORVLRQ ZHOGLQJ SURFHVV
VLIJQLILFDQWO\ LQ &KLQD ,QGLD DQG -DSD

/JHW XV FRQVLGHU WKH DSSQ@LF DWRLRB QRRSIX
PXOWLOD\HU PDWHULDOV IRU GLITHUHQW SX

7KH ILUVW SUDFWLFDO DSSOLFDWLRQ RI
LPSOHP D@WMKHEIBVWLWXWH RI +\GURG\QD®LFV
HSHULPHQWDO EDWFK RI ELPHW D/G®ISFK WK H H
*HQHUDO 'HVLJQHU RI 6 3 .RUROHY FDP
FROYHUVDWLRQV +H VDLG WKDW WKH\ KD®
VKHHWYV XVLQJ WKH WUDGLWLRQDO PHWKRC
ODXQFKLQJ RI VSDFHFUDIW D @& HV H]SHO\RW It
ZHOGLQJ $IWHU WKH SRVLWLYH UHVXOWYV |

VKHHWV 7KH RUGHU ZDV H[HFXWHG LQ L
QHDU 1RYRVIZDWNAWD@®®R ORVFRZ 7KHQ ZI
WHOHJUDP VLIJQHG E\ 6\RX IRURBNY D YKDXQWN

$ $ 'HULEDYV



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

'XULQJ WKH ODWH V. $ $ B6KWHUWVH
2JROLNKLQ DQG RWKHWWKGH R X Q LI DAR WeNUHDUQWF K
8665$FDGHP\6ARIHQFHY MRLQHG WR ZRUNYV
ZHOGLQJ B6RRQ % 6 SRQWHUWDOG GHG WK
GHYHORSHG WKH ZHOGLQJ SURFHW. @ OO
ZLWK FODG DOXPLQXP IRU WKH SURGXFWL
EHDULQJVVEDOBUGZHHVHO HQJLQHV RI UDLOZ
GLHVHO JHQHUDWRMHWY LFGI® ROVBKIFLDOL]HG
HTXLSPHQW IRU H[SORVLRQ ZHOGLQJ DQG
ELPHWDO ELOOHWVXVQ @IVHRLGUDXODRSUHYV
PDOQXIDFWXUHG DOO WKH QHF BD®BSRY VO \AL
REWDDQBBHW RGXFWLRQ RI EURFWERBRQEIQJ YU HAD
RUJDQIKHGBURGXFWLRQ RI PRUH WKDQV VL]I
FRQWLQXH DQG WR GDWH [RERXMD ZHQMXR X
SURGXFHG

,Q &5,60 3URPHWRKX® GHG E\6 LGRUFRHORSYV
WHFKQRORJLHWVEDRIBWDUORAXFSURGXFWYV [IRU
YDULRXV SXQBRWHK/H/ PWGLY NQRZQ WKDW PR
VWHF RSO S H UD @ WRHLHR 8 MWW HWHIBEQ OXRIWH P D G H

$V Rl QRBQLWHG 6KLSEXDQGE GRHYFD VK
&5,6 BURPHIVHG 5XEDOQ ODNK VWHQUHB XKW K WK H
SDUWLFLSDWLRQ R)ID® DAMUEXNE IS 1B RAAH BOEMR L R
IRUP MRLQLQW [EMDMIGEPrYHHO LQ D SURWH
HQYLURQPHQW

.Q -8&6 $QERRBHUDWLRQ ZLWK -6& 53$%
WKBQWUXE @NWHUWBWLRG $OWDL 6WDWH 71
$678%DUQDX0O EHJDQ WR XVH H [FSFO\RW LIDHP FZ
DFKLHYHPHQWY DUH WKH FRUURVLRQ UHVLV
K\GURWXUEURQWYR\PW VBKXDKBEQRND\D &KDUY
+(3V DQG +(3 6LWH &DQDGD WXEH SODW
ELPHWDO IRU VWH XRG VB %0 UMD \BR ERIP BbQ O WHRLLL
DQG &KHUQREWD GABVBWRFHRMHWHHO ZLWK FR
DOXPLQXPP WAWEZEDX DV WKH WWHER®RERD
WKOWANHU FRUURVLRIQH WMV EVWWDIKQHF HH[SORV L
PHWKRG ZLWK VXEVHTXHQW UROOLQJ KDYH E

YHIRUH KWH WRWDO YROXPZDRR SH RGKKIFQV L
W KR XV D Q@Y R @ QRAIX R/FS RWK OHDNH O EHVF K H G
WKRXVDQG VTXDUH PHWHUYV

$ $ 'HULEDYV



.,9 ,QWHUQDWLRQDO 6\PI$ RWIRXPX R W Q(RVORM ICHYV

%LWUXE LQAMHU QR WIBRJRO @\ 3HUYXONKLQ
LQ %DU@D¥ARSHUDMLIRIQ W LWHKH *HRGHV\ 51
,QVWLWXBMH DEDVIB GXVWULDO BIERBXECELRD
H[SORVLRQ LQV.NORV®REUP HRJHW K H} 728 W K
WKH XQLTXH MRHFRQRG RIIFMXIWHHHHO WL WD
VKHHQ@WKHQO YLURRPHIQWRWGHYHORSHG DQG P
LOGXVWULDOO\ 7KH SURFHWMGQH\ZRK X L9 R
'0& 86$% 7KLV WHFKQRORJ\ DOORZHG SUF

VKHHWV VI P IRU WXEH VKHHWV RI FF
SODQWYV
Q %LWUXE /WG ZDV HVWDEOLVKHG W

RI SURGXFWLRQ RI H[SORAMLY HQJX H HROHK®
SURGXFWLRQ RI ELPHWDOOLF VKHHWV RI
GLPHQVLRQV ODUJHO\ IRU SHWURFKHPLFDO
WKDQ WKRXVDQG VT P LQ DOO

Q %LWUXE /WG SURGXFHG DQG VXSSOl
OD\HU URBWUHRW FOHDGV RI HOMFN QR ODHG
OHWDOOXUJLFDO &RPSDQ\

6LQFH 3XOVHG 7HFKQRORJLHV /WG
IDEULFDWHW VGIXPL @XQREF RS XAUQRPPHWD OO
DQERSHTHIXPLQXP BT MNSBORWLRD® ZBEOSQOHV
H[SORVLYH ZHOGLQJ WR SURGXFBUDB XPWLRWK
VHFWIHRQRUPHG LV HOMRWQLED ®RIZLUHV XVL
VWHHO VKXQWY ZHOGHG E\ H[SORVLRQ ZHO
&XVWRPHWBXDWIHDRPOQ XP586H/Q\R VG DIKDVHG
7HFKQRORJLHV /WG KDV GHOLYHUHG DERXW

(QHUJROBHEWOHWHUKYBXUIHHQ UHJLV@HUH{

(QHUJROHWRBGIO DWLRR) ZLWK WKH UHVHD

KDYH GHYHORSHG QIWHEG LWBBHWHFKQRORJL
H[SORZHOGLQJ IRU ODUJH \IG]HNPWD/QIOX 5 ad
)XUWKHU GHYHORSPHQW RI WKH WHFKQR
VXEFRPSDQLHV LQ )LQODQG DMIGH (3 WR®X PV
| D F L CPLRAYLHHBY WIRH B\BEXUMV

7KH ILUVW KDUWRIG XFHWBOL]HG LQ LQ )LQ
(QHUJROB& DY D ZLGH UDQJH RI ELPHWDOOL
RI VKHHWV XS IRRRB WKH QHHGV RI HQHUJ
SHWURFKHPLVWU\ VKLSEXLOGL®@LFDSDU WW |

$ $ 'HULEDYV



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

GLYHKXDQG VXSHUFRQGXFWLQJ FRQWDFWV I
RI WKH WKHUPRQXFOHDU U DLFHWRENH (5 ([SR

,Q MXVW  \HDUV VKHHWYVY RI ELPHWDC
RUGHU

3LORAD OH B WELKPHHWUBIO R DK IDFWXUHG E\
ZHOGLQJ LQ PDQ\ (8 FRXQWULHY DW RXU LQ
$PHULFDQV OHDUQHG DERXW ZH ORSW QUR PIHS C
UHDVR@ MBRMA NQRZQ HDUO\ ZRUNV RIQWKHL
FUHDWHG WKH JURRIQ)®W DQFW KZAK BN WK FF HV
ELPH$WDD UHVXOW RI SHUVRQY O HRQWHYF YOW
RI +\GURG\QDPWRMSQRVLRQ ZHOGLQJ KDV EH
XVHEG,QGLD D&KL QDS D Q

7KXV WKH H[SORVLYH ZHOGLQJWKHIF K@ LI
ZHOO GHYHORSHG DQG DSSOLHG LQ YDULRX"

\HD UV

7KH PDLQ DRI BIQSMRML YIHV ZHO M RQ QUL KD W H \
ZRXOG IUHTXHQWO\ HKH UWBE R P)S\DXITHE DBRH \V
GHYHORS WKHL@M®EERRROBU\IRU HDKXLBGRPE
FRPSOH[ H[SHQVLYH HTXLSPHQW

'Q WKH IXWXUH WKLV SURFHVV PXVW H
SURGXFWLRQ RI PXOWLOD\HU PHWDOOLF

$ $ 'HULEDYV



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

,60%1+1(: 5(68/76 21 7+( 6<17+(6,6 2) 1(:
0%$7(5,%/6

0O , $O0\PRY

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

HPDLDDO\PRY#LVP DF UX
‘2, (310

OHUDKQRY ,QVWLWXWH RI B6WUXFWXUDO 0D
6FLHQFH 5XVVLDQ $FDBXPYLRIQ6BEHAPNK ,6
ZDV IRXQGHG LOQ ,60$1 KDV D VWDWX\
%XGJHWDU\ ,QVWLWXWLRQ RI 6FLHQFH ,W R
JH@HWO $JHQF\ IRU 6FLHQWLILF 2UJDQL]DW
SXUSRVH DQG VFRSH Rl ,QVWLWXWH DFWLY
UHVHDUFK DQG DSSOLHG VFLHQWLILF VWX
FKHPLVWU\ RI FRPEXVWLRQ DQG K}SRLAEDICR ¢
WUDQVIRUPDWLRQV RI VXEVWDQFHV XQGHU
DQG PDWHULDOV VFLHQFH

'Q B6KRFINNHQ 3URPRUDMWRUVM/ UHQJIJWK V

K*6$ VSHFLDO VWHHO *x ' ELPHWDO V
VWUHQJIRREGDOSEQAWZHUH IDEULFDWHG E\ W
ZHOGIZA®JUHVWIKVARRQUBREHWR SURGXFH HJ
ZHEBGKLMWUHQJIJWK MRLQW EHWZHHQ IHUUI
QHDBUDRRHY ZHUW IRXQGE[SHULPHQWDOO\ \
H[SORVL Y HR ENHLONRP Q/MHKHHHCRYY/IDQY DRIBIBR Y H
P SUR Y IMKHHYV MRLIDOVPR I FR W KDBIRYHU WKH HQ
VKHHW ¥X@ IDFH

7KH LQIGUHRUFMOLPLQBDO PHFWMDYRWLRQ R
VLDSBRQGBQW WKHLU VHQSOHRIIMEHZOMQFLH\
SK\WLFRPHFKDQLDO FKDUDFW KHILR/SHIFVLRV
FRPSRVLWLRQ RI LQIZWUBO UFR PSRRIBE) WEH I

0, $0\PRY



6FLHQFH 7HFKQRORJ\ WXRDRDYHVV DQG ,QQRYD

GHWHUPLQHGH[WKDWDWKHFWRUYV LQLWLDW
VIQWKHVLY KHDW UHPBR MB W\ QAKHNRFRINAS tH W F

([SHULPHQWDO DQG WKHRUHWLFDO VWXC
WUDQVIRUPDWLRQV B L PLYWRMHRD RAKEEFNH
SURFHVVHV ZHUB GRZUMRIHBT RERVRERWYRQ
UHDFWLQJ PHGLXP ZDV REWD L QHGH FXD UDPW Y
LV D GHIR U RDMWNRENESMHH D W X U H

7KHRUHWLFDO FDOFXODWLRQWKHRIEW®EBVZI
ORFD@GHHIIPDWLRQ VKRZHG WKDW WKH QH
ORFDOL]DWLRQ Rl SODVWLF GHNRADFE®EROD |
WKH QRGHV RI VWDQGLQJ IZIHEH VR WD IKLLRFK B
LV QXFOHDWHG DQG GHYHORSHG > @

9 $ 6KFKHDGDO KRR NHWWDEOLVKHG H[SHULI
SRVVLELOLW\ WR SURGXFH FHUDPLF FRPSH
PHWKRG DL®RRVOBOR VIQWKHVL]H FHUDPLF |
RQ UHIUDFWR U3 UPR® SIRY®@ GWR V8 R HREWIDW Q PLQ
UHVLGXDO SRAWRWIKM\ SBMEVVHG FHUDPLF F|
SRVVHVVHV KLJK WKHUPDO FRQGXFWLYLW\
7KHHRW WHOBNEMDHWLF UHIJXOWKHWPBYD RI[ SHIR
(7( RI WLWOIQUKPRRRL[WXUH XQGMEBVWRDAL
FRPSUHVVLRQ FRQGLWLRQV ZHUH ILUVW VW
HOHFWULF UHVLVWDQFH RI WKH LQYHVWLJI
H[OSRVLYH KHDWLQZ GHFUHDVHV E\

7KH SULQFLSDO SRVVLE L4 HW D RRU F RER\PISLRM
EDVHGLRE® V\VWHR® EMWKRG XQGHU D SUHVVX
> @ 7KH LOWURG KBURQ GWRHVOL@ EDO V\V!
WKH SURGXFWLBRKQORLW\K6+6 FRPSRVLWH ,W
WKDW DQ LQFUHDVH LQ WKH SUHVVLQJ SUH
GHQVLW)\ Rl 6+6 FRPSRVLWHBDQGRPR D \BRFUH
WKHLU WRWDO SRURVLW\ IURP WR
FHRIDF FRPSRVLWH GHQVLW\ 9LFNHUV PLFUR

WR  *3D

3URI $ 0 OWRIRANEHVHORBMPEKQRORJILFI
SURFHVV Rl SURGXFWLRQ RI HOHFWURGHYV 2
DQG D OHQJWK RI PRUH WKDQL R PR HEN 6+6
FRPSUHV&RMRQH SDRWE&HP DWRHGED E ULFEQ WRI D
VSHFLDO WRRO WDNLQJ LQWIRQWFFIRXDW SIGB
ZDV VRO¥ H@s >

0, $0\PRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

9 <X %DDQGRRRINWKRZHG WKDW NLQHWL
VIQWKHVLV Rl JE®RP FXWOLR®W IRQ DLU DWPRYV
YDSRU VKRXOG EH VXSSOHPHQWHG E\ WKF
SDUWLFOHV ZKLFK RFFXUV DW WKH LQWHU
H[RWKHUPLF RQH VWURQJO\ DFFHOHUDWLQ.
SURSDJDWRIRQHDBMWIHIRQW RYHU WKH UHDFV
FDOFXODWLRQV FDUULHG RXW ZWWR 8 & WDKHX
PRGHOORZHG WRNEHWHRPEXYM/LRQ UHJLPH
YDOXHWHPISHUDWXUHYV RI JDV ZBRQEK VRIO LK
VLIQLWICRDIQRP RQH DQRWKHU > @

1 /)HGRWRYSEKXGDNRYRUP& <RDNXVKHY
% 3HUYXNKIO®DLNRY $$UXW\XQUHBSDUDWLRC
ELPHWDO ZLWK JRRG GIDWBIO®IX B VRGW UW L }
QR+ SSt
./ BPLUGRPEXVWLRQ VIQWKHVLYV DQG OX
RI (RRSHGALBO2NDW6HOURSPLUIRHPB\QWK
YRO QR SS &
9 6 7URILPRY 9HUHW H QQPLHNARYD @ IB/HPW RQ D W L
RVRM[SORVRYWHMWLH DQG WJRIOYQR SS
+
6 1 %XUDYRYD 3HWURY, $O\PREKHPLFDO
WUDQVIRUPDWLRQV LQ WKH JRNBRIVVSDC
YRO IVV SS *
9 $6KFKHUBDNRY\DGXQRY$SO\PROWQWKHVLV
DQG FKWINNFMEY &= UWERP %R V/IHWAW W H U
YROQR SS =
$ 1 *U\DGXQRYB6KFKHUBUNRRBK PYWEBRRSHUWLI
RI%&+7 % DQ@&&=U%FHUDPFRP SRV XD PHQ
'VVOHG QR SDUW
$ 9 6KFKHUEDNKY %DULQRY $ 6 6KFKX
.RYDOHY 9 $ B6KFKHUEDNRY 7 ' ODOLNL
6\QWKHVL% RUBRPSRVLWH E\ HOHFWURWKk
XGHU SUNQGDODPMVYOHG QR SDUW
9 $ 6KFKHUEDNRY*U\DGXQRY %DU2QRY
%RWYBLQWKHVLY DQG SURSHUWLHV RI FRP
RI JLUFRQLXP DQGYBKRRPBRMRWOROQN
3RNU\W QR $S

0, $0\PRY



6FLHQFH 7HFKQRORJ\ WXRDRDYHVV DQG ,QQRYD

0

9 7 THOHSH 6KFKHUBDNRXFKHUEB®MREXFW LR
RZL& JHFRPSRVLWH E\ (7( X Q-0MDVSHIW VV X UH
YRO QR * SS
30 %D]KLO BWROBQOONKHHY $O\PRHO |
SURSDJDWABBSKHUBWXUH V\QWKHGLYFX\QRIE
RI SUHVVXUHRN@E&EWAKHD®BO SS+
$0 BWROLQNDBIKLY ®YHULFKHY¥O\PRY $
*XVHY $' 6LPDK®RNFWADR\GHID DIDE R£IER 7L
0$: KDVARODWHU YRO @R S St
3 0 %D]KLQ $ 6+66WRADQ/LROWEDPDMGEH R
7E$@0$; SKDWNO S$FDXGN YRO QR SS

+
9 <X%DULQRWBPDURY ODUNRY¥ )LOLPR®RY
FRQGLWLRQV RI FKDLQ VSROQWDQHRXV L.
FKDUDFWHULVWLFV RI FR RMEOMWORE RS A QK
DLU DW WKH OLPLWHG JKRR®IH LINGRE D PG QW \
VVOHG QR 1SS

, $O\PRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

1)/8(1&(2)$/80,180%"'",7,9(621,*1,7,21
2)781*67(1()/2132:'(5 0,;785(

0 , $O\PReY* 9DGFKHD@& , 6 *RUGRSRORYD

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

HPDLIW#LVP DF UX
‘2, (310

7KH DLP RI WKH ZRUN LV WR VWXG\ WKH HIII
LIQLWLRQ RI PLIWXUHV RI WXQJVWHQ ZLW|
GHQVLW\ FRQGHQVHG SURGXFWYV 7KH FRP
7THIGR@ PL[WXHUH ZHUIRUPHG EDVHG RQ \
WKHUPRG\QDPLF FDOFXODWLRQ 5HVXOWYV R
7+(502 SURJUDP DUH SUHVHQWHG LQ 7DEOH

DEOH 5HVXOWY RI WKHUPRG\QDPLF FDOF

,QL
FRP'SRQAD WV &RPEXVWREB®FW V
! Loc TLTX

so . 7, JFP D *\?%/OSXKPDH%ﬁOLZGWSKDVH SSL?JH%%X/XHFWWVV
OLWHUYV oR
& & &
K D&
& & $®
$Q& ;& $0
$Q& : & $0
$Q& $0) & $0
$@& $0): & $0

+HUHLVY WKH WKHRUHWLFDO GHOW LWHKHR
DGLOFEPR\WEXVWLRQ WHPSHUDWXUH

7KH SUHSDUHG PL[WXUHV DIWHU PHFKDQL
WDEOHWY DQG KHDWHG LQ D VSHFLDO FUXF

0 ,$0\PRY HW DO



6FLHQFH 7HFKQRORJ\ WXRDRDYHVV DQG ,QQRYD

YDULHG 7KHUPRJUDPV Rl FRPEXVWLRQ DW
SUHVHOWHGW @KRZQ WKDW DQ LQFUHDVH L
OHDGV WR DQ LQVLJQLILFDQW FKDQJH LQ
PLIWXUHV

i H i H H H H i H 100~ -
11 T N e S H : 4

T’ K !
4400 4o bl
1200
1900 -1 - . .

509 1. SR S

V, {(grad/sed

)LJ 7TKHUPRJUDPV RLFRPEXVWLRIQVLFDO LJQI
R : 71 SQVHPBWNUH YV KHDWLQJ U
PLIWXUH DW GLIITHUHQ@®W[WKXKRPWRDGL JIDWHE LQ 7DEC

fKH FDOFXODWLRQV VKRZ WKDW GXULQ.
PLIWXUHYVY ZLWK VPDOO DGGLWLRQ RI DOXP
JDVHRXV SURGXFWYV ZKLFK FRPSOFHHRVUHRXWIO
VWHXYXHW $W DOXPLQXP KLJK FRQFHQWL
WKHUPRG\QDPLF FDOFXODWLRQVY DQG H[SHU
LV H[SODLQHG E\ WKH IDFW WKDW WKHUH |
WXQJVWHQ DOXPLQLGHYVY LQ WKH SURJUDP LC
DUBU IURP WKH HTXLOLEULXP DQG DGLDEDYV
WKH LIQLWLRQ WHPSHUDWXUH DV D IXQFW
FRQVWUXFWHG E\ WKH PHWKRG RI OHDVW V~

7TKH HISHULPHQWDO DQG FDOFXODWHG GD
GHQVLW\ PHOWHG &S URGXFW¥PDQ RSWLPD
DOXPLOQXP FROQFHQWUDWLRQ LV DERXW Z\
FROQOFHQWUDWLRQV WKH IRUPHG PDLQ SURG
KDV D QRWLFHDEO\X$®DRZHU IGHBV LW\

7TKH ZRUN ZDV VXSSRUW WD ¥LFNVKHYV BHDRIIARKD
SUHVLGLXP RI 5XVVLDQ $FDGHMLRKI AU N (ZMH
SHUIRUPHG E\ XVLQJ WKH VHW RI PRGHU
DYDLODEOH IRU PXOWLSOH DFFHVV DW ,60%]1

0 ,$0\PRY HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

O))(&7 2) 0(&+$1,88887,9$7,21 21 7+(
7+(50%/ $1' 6+2&$9( ,1,7,%$7,21 2) T+(
5($&7,21 %(7:((1 5()5$&725< 0(7$/6 $1°
7(0)/21

0O , $O\PRY* 9DGFKHGNRRUGRSRORYD
DQG , 9 6DLNRY

OHU]JKDQRY ,QVWUNRWID RURBNLIDHWOEY DQG (
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &t
5XVVLD

HPDLIQV#LVP DF UX
‘2, (310

7KH SRZGHU PL[WRHBWLRIJ KAHWDOV ZLWK
HQHHWLF DGPL[WXUHV KDYH EHHQ VWXGLH(
ZDV FDUULHG RXW DV ZHOO DV WKH SURF
VWUXFWXUH IRUPDWLRQ ZHUH LQYHVWLJDW
DV WKH PL[WXUH FRPSRQHGQWQWRNRERD GE
SURGXFWYV $OXPLQXP DQG JLUFRQLXP ZHI
DGPL[WXUHV WR GHFUHDVH LJQLWLRQ WHF
FRPEXVWLRQ WHPSHUDWXUH :H VWXGLHG V
VHOHFWHG EDVHG RQ WKHUPRG\QDRUK FDO
GHOQVLW\ FROGHQVHG SURGXFWV ZLWK KLJI
PL[WXUHV ZHUH SUHSDUHG E\ WZR PHWKRG
DQG PHFKDQLFDO DFWLYDSSDR®WRV DXQQ G +H2
DWPRVSKHUH DW DQ DFFHORMWDWLRQ Zm HED
SUHVVHG PL[WXUHV LQWR WDEOHWV IRU LJ
PP ZHLJKW+RI J KHDWHG LQ D ERURQ QL
DWPRVSKHULF SUHVVXUH RI DUJRQ ZLWK L
SUHVHQW SDSHU IRXU UHDFMQ YWWRRBERHRBV |
H[SHULPHQWDO WKHUPRJUDPV IRU WKH WKI
SUHVHQWHG )RQ WMKIPFN H[SHULPHQWYV WKHI
KROORZV PP LQ GLDPHWHU DQG PP LC
VWHHO PDWUL[ ZLWK D GLEH ISWH O LRIL Q DRRA
WDEOHWYV ZDKH VOKRFGILQJV ZHUH FDUULHG R

0 ,$0\PRY HW DO



6FLHQFH 7HFKQRORJ\ WXRDRDYHVV DQG ,QQRYD

LPSDFWRU WRZDUG WKH PDWUL[ DQG VDP
LOQLWLDWLRQ ZDV PDGH E\ HOHFWULF GHWI
PDWUL[ DORQJ WKW KH LFWR @YH3I WIKWKNVRQ FHOC
PDLQWDLQHG WKH VDPH ORDGLQJ FRQGLW
PL[WXUHV DQG DFWXDO SKDVH FRPSRVLWLR
7DEOH

0.9(0.8W + 0.2C,F,) + 0.1Al

18050

x_ 1200
= 0o
tsec L 560 ; = :
dry mixing mechanical activation
0.3(0.8W + 0.2C,F4) + 0.7Ta
x‘;,:(
=
t, sec t, sec
dry mixing mechanical activation
0.8(0.8W +0.2C,F,) + 0.2Zr
W 1200 r
= 1000
t, sec t, sec -
dry mixing mechanical activation
0.9Ta + 0.1C,F,
R e N_\. s omrs s o
E ey
0 4
i, sec 'L sec . .
dry mixing mechanical activation

)L J 7TKHUPRJUDPV RI VWXGLHG PL[WXUHYV

0 ,$0\PRY HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

2YHUDOO YLHZ RIWKRHSXQHWLMRO DQG PHFK
FRPSRVLWLRQV GLIIHUV )LJ ,Q ILUVW FL
UHPDLQHBY.QQVHF®QG FDVH WKH PDWHULDO
‘H ZHUH DEOH WR REWDLQ RQOVPHFR®DQLFL
PLRWH IRU ;5' DQDO\VLV

DEOH *UHHQ PL[WXUH DQG SURGXFW SKD
VKREDYH ORDGLQJV

*UHHQ PL[W XUH

3URGXFW SKDVH FRPSRVLWLRQ
"U\ PL[LQJ OHFKD@IFRDIODWLRQ

& $0 : $o:) & 3URGXFW IDN\GVFDWWH

&) 7D QLWLDO 3URGXEW ZDV VEDWWH

&) =y QLWLDO 3URGXFW ZDV VEDWWH |
QLWLDO 7D& 7D

=T
)L J ZYHUDOO YLHZ R| PDV\ZLDLYH‘H‘@FDDWHQJWPR
LQIOWIOHIW DQG PHFKDQLFDOO\ DFWLYDWHC

7TKH ZRUN ZDV VXSSRUWHG E\ WKH 3URJUL
SUHVLGLXP RI 5XVVLDQ $FDGHP\ RI 6FLHQFF

0 ,$0\PRY HW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

£20326,7( &2%$7,1*6 0$18)$&785(' ,1 7+
5(68/7 2) 7+( '(721$7,21 635%<,1* 2) 7+
&233(5 32:'(5 &2$7(' :,7+ *5$3+(1(

7 %DBRG $ 20EU\FK
 OQVWLWXWH RI 3UHFLVLRQ OHFKDQLFV
HPDLO WRPDV] EDEXO#L

‘2, (310

7KH GHWRQDWLRQ VISHIPPHOYKREVRRIHWRKHW P C
HQDEOLQJ WR PDQXIDFWXUH WKH FRDWLQJV
KDUGQHVV ORZ SRURVLW\ JRRG DGKHUHQFI
7KH HVVHQFH Rl WKH GHQRWDWLRQ VSUD\
H[SORVLYH GRREXWWIRR D JDVHRXV PL[WXUH
RI WKH SRZGHUHG FRDWLQJ PDWHULDO DQG
NLQHWLF HQHUJ\ > @ 7KHQ IROORZLQJ VSl
R[\JHQ SUHVVX3DB SURSWQBH SUHVWSRDH
QURJHQ SHHVVXIM GHWRQDWLRQ IUHTXHQF\
'LWK XVH RI D GHWRQDWLRQ PHWKRG WKF
JUDSKHOQUMDSKH@H ZDV WKHUPDOO\ VSUD\HG
PDQXIDFWXUH D FRPSRVLWH FRDWLQJ

)LJ '"HQGULWLF BREFSHUBLDGRZGWSHFWUXP
SDEOWHY DIWHU JUDISKDHSKHHQH GHSRVLWHG |
SURFHVVLQJ 6(0 FRSSHU SRZGHU

7 %DEXO DQG $ 20EU\FKW



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KH EDVLV Rl WKLY PRGHUQ FRPSRVLWH P
FRSSHU SRZ®HWHGVR/'KHDSKHQH ZKLFK KD
PDQXIDFWXUH®XDWWH WRKIBUBNVMWIERED ORIBRDQLE
RI WKH JUDSKHQH VWUXFWXUHV RQ WKH VX
LOQWR EHLQJ DV D UHVXOW RI WKHUPDO FKH]|
DWPRVSKHUH RI K\GURFDUERQV LQ D IOXLC
WRNKHU ZLWK JUDSKHQH ZDV VWXGLHG
PLFURVFRS\ )I5DPDQQ/GHWFWURVFRS\ )LJ

VSHFWUXP ' DQG * SHDNV FKDUDFWHULVW
FOHDUO\ YLVLEOH ZKLFKQFFRQIQURWK HL WV
SRZG HIUN

7KH IXQGDPHQWDO DGYDG@EWPSRVRW HN KR |
REWDLQHG E\ GHWRQDWLRQ VSUD\ PHWKRG
FRKRIQLRI WKH XKLEXFWHMWXHOWY IURP WKH PX
RI R[LGHV DQG IURP WKH JRRG DPFRDJHR Q/H |
DQRWKHU )LJ 7KHUH LV D JRRG FROQGC
VXEVWUDWH

YL J 6(0 LPDJH RI WKH H[HPSWRH\&XLEURV W
FRDWLQJ VSUD\HG E\ PHDQV RI WKH GHWRQI

7KH SXUH FRSSHU SRZGHU LV VSWREQION R
VSUD\LQJ $ ODUJH QXPEHU RI R[LGHV ZKLF
DQG DUH DUUDQJHG LQ WKH EDQGV EHWZH
VLIJQLILFDQW GHFUHDVH LQ WKH FRKHVLRC
FROQHFWLRQ ZLWK WKH NV XERN WVBW B\ LZRU \
FRSSHU SRZGHU ZLWK JUDSKHQH WKH FD
SDUWLFOHV RI WKH FRSSHU SRZGHU DJDLQ
WKHUHIRUH WKHUH DUH PXFK IHZHU R[LGHYV
VSUD\HG &X SRZGHU FRDWLQJ

7 %DEXO DQG $ 20E



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J 6(0 LPDJH RI)WKH VURUI®EIHUDFWLRQ S
RI WKH &X * FRDWLAJ WEHDANGE ERDWLQJ VS
PHDQV RI WKH GHWRIQDGAM RQ W K M IGRIGV R Q D W

JLJXUH LOOXVWUDWHY WKH 6(0 LPDJH R
VSUD\HG FRDWLQJ DQG ILDX GH | | U\DKERWZIVR §/ kSH
WKLV FRDWLQJ 7KH DQDO\VLV RI WKH FKHPL
DQDO\WHG DUHD FRQWDLQV & X & D

7 %9DEX®RGVWDZ\ SURFHVX QDWU\VN&aERDNQLD
1L&U%GL L :@QYR]DZD ,QVW\WXW OHFKDQL

7 %DEXO = 2EXFKRZLF] 6 .RBBRVWE -
Z\WZDU]DQLD VWUXNWXU Z JORZ\FK ]DZl
SURVINDFK PLHG]L ] Z\NRU]\V WDRIHF QRBEV
=J4ARV]SIDWHQWRZH QU 3

= 2EXFKRZLF] O %DUDQRZVNL 7 %Dl
. RPSR]\WYWXH@?® ',Q*\QLHULD 3RZLHWRKQL

SS+

7 %DEXO O 7U]JDVND - -HOH NRZVNL
3RWHQFMDA& *UDRHQWWYNDRQ SS +

7 %DEXO 0 %DUDQRZVNL 1 BREF]DN O
7KHUPRSK\VLFDO SRIRBUIUWARRSRVIEWHY PD
XVLQJ FX SRZGHU FRDW HI® WHW K (DUD SBKIHIQ

YRO QR = 3S

7 %DEXO DQG $ 20EU\FKW



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

*12%$/ (2/87,21 2) 7+( &200(5&,%$/
(;3/26,21 0(7%/:25.,1* ,1'8675< 3%$67
35(6(17 $1' )8785(

- * %DQNHU

&0DG OHWDO &RQVXOWLQJ 86$
HPDLEDQNHUFODGPHWDO#JPDLO FRP
‘2, (310

7KH SUHVHQWDWLRQ ORRNV EDFN DW WKFE
H[SORVLRQ PHWDOZRUNLQJ SURGXFWLRQ RS
WKURXJK WRGD\ ,W SUHVHQWVY D EULHI ORF
DVSHFWV GULYLQJ WKH PDMRQ 8KNDHOZRRJ
LOGXVWU\ ZKLFK LQFOXGH LQ VRPHZKDW F
+DUGHQLQJ GHYHORSPHQW RI ZHOGLQJ FOTL
SURGXFWLRQ GHYHORSPHQW RI WKH FKHPL
GHYHORSPHQW RI WUDWYLWQRBD®RLIMWLMR @ L
SURFHVV WHFKQRORJ\ WKH %DQJ DQG 5RO
FRPSHWLWLPHWDIOP EODG PDQXIDFWXULQJ LG
RI WKH HDVWHUQ (XURSHDQ 5XVVLDQ FRP
HPHUJHQFH RI WSHIRIQHESORVLRQ FODGG
&KLQD 7KH SUHVHQWDWLRQ PRYHV WR D IR
QHHGV Rl WKH LQGXVWU\ WR DVVXUH FRQW|
RI WKH PDQ\ FKDOOHQJHV ZLOO EH OHDUQL
LOGXM\WUD ZD\ WKDW LW UHPDLQV D UHO
DFFHSWDEOH DQG FRPPHUFLDOO\ YLDEOH V
HPHUJLQJ IXWXUH QHHGV

* %DQNHU



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

683(5+,*+ &22/,1* 5$7(6 $1' )250%$7,21 2
6758&785( $7 7+( ,17(5)$&( 2) (;3/26,9(/
(/'(" 0%7(5,%/6

, $ %DWDHY

1RYRVLELUVN 6WDWH 7THFKQLFDO 8QL
1RYRVLELUVN 52

HPDULO'DQEDWDHY#QJ
‘2, (310

7KH SURSHUWLHV RI H[SORVLYHO\ ZHOGH!
FRPSRVLWHV GH®RHOF RDWOWUXFWXUHV  ZK
LOWHUIDFH EHWZHHQ WKH SODWHV 7KLV
IRUPDWLRQ RI WKHVH VWUXFWXUHV LQ GHWLE

7KH VWXG\ FRQVLVWYV Rl WZR PXWXDOO\ LC
VLPXODWLRQ RI KLJK YIHRIRF IDW\G RHE[SIHTULHP HF @
RI PDWHULDO VWUXFWXUHV XVLQJ YDULRXYV

7KH QXPHULFDO VLPXODWLRQ ZDV FDUULF
VRIWZDUH XVLQJ VPRRWK SDUWLFOH K\G
VLPXODWLRQV DOORZHG WR XS GRENWHYG QE
WKH LOQWHUIDFH Rl H[SORVLYEBY HORSHE PR
ZDV SURSRVHG WR DQDO\H WKH FRROLQJ
%DVHG RQ WKH VLPXODWLRQ LW ZDV FROQI
GHIRUPDWLRQ LV ORFRD D]BIED W BV HWHW R QDK
8QGHU VSHFLILF FROOLVLRQ SDUDPHWHUYV
IRUPDWLRQ SKHQRPHQRQ DQG YRUWH[HV IF
REVHUYHG 7KH VLPXODWLRQ SUHGLFWHG \
LOQWHUIDFH PD\WH[FHHG

' QWKH H[SHULPHQWDO VHFWLRQ D QXPE
FRPELQDWLRQV ZHUH VWXGLHG 1DPHO\ VWE
VWHHO 7D VWHHO $0 $0 7L $0 0J $0O 1l
LOYHVWLIJDWHG 7KH VWUXFWXUH RILMWIGH ZF
XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ ¢

, $ %DWDHY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

PLFURVFRS\ 7(0 HQHUWD\GISHEFHNUWRY FRS\ (
VRPH RWKHU WHFKQLTXHYV

7KH KLJK YHORFLW\ FROOLVLRQ OHG W
GHIRUPDWLRQ RI PDWHHLB®VVR®HWXRFDQ W
WHPSHUDWXUH DW WKH LQWHUIDFH H[FHHC
PL[LQJ JRQH ZHUH IRUPHG 'XH WR WKH VSHI
WKHVH JRQHV DUH IUHTXHQWO\ UHIHUUHG W
YRUWH[HV NWBPWKGXBLTXLG VWDWH PL[LQJ
VROLGLILFDWLRQ ,W ZDV IRXQG WKDW LOQ
PHWDVWDEOH VWUXFWXUHV DSSHDUHG LOQ
QHJDWLYH KHDW RI PL[LQJ WKH IRUPDWLRC
TXDVLFU\WWDOV ZDV REVHUYHG )RU PDWHU
PL[LQJ SRVVHVVLQJ PLYBDRPHWHUIJNEDOH
PL[WXUH ZDV REVHUYHG DW WKH LQWHUIDFI
H[SODLQHG E\ VXSHUKLJK FRROLGLIUPDWAL
VWDJH

7KH PDWHULDO ZKLFK ZDV DGMDFHQW W
KRZHYHU LW ZDV DOVR VLJQLILFDQWO\ K
VWUXFWXUH ZDV H[SODLQHG XVLQJ FODVVL]
WHPSHUDWXUH GHIRUPDWWRK® KILJFHW QW L
PDWHULDO QHDU WKH LQWHUIDFH LV VLJQLI
WKH KLJK WHPSHUDWXUHV WKH VRIWHQLQ
UHFU\WWDOOL]DWLRQ SRO\JRQL]DWLRQ DQ
ILQDO VWUXFWXUB S3WDW K HL Q QWVKIH PR PIS HW
KDUGHQLQJ DQG WHPSHUDWXUH VRIWHQLQJ

7KH VWUXFWXUH RI PDWHULDOV DW D GLV
FKDQJHG GXH WR WKH SURSDJDWLRQ RI WKI
GHIRUPDWLRQ WZLQV VR FRIW® 3 Ul DXID\M ¥ W
REVHUYHG LQ WKLV DUHD

'Q FRQWUDVW WR FRQYHQLHQW ZHOGLQJ
IXVLRQ DUF ZHOGLQJ SODVPD ZHOGLQJ
H[SORVLYHO\ ZHOGHG PDWHULDOV LV ORFD(
KHDW DBIIHRRMHLY H[WUHPHO\ QDUURZRI +RZ}
DIIHFWHG JRQH LV KLJK 9LUWXDOO\ DOO PD
GXULQJ WKH H[SORVLRQ ZHOGLQJ

, $ %DWDHY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD
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3 0 %DKQ® $ 0 6WROI

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLO ROLPS#LVP |
‘2, (310

7KH WHFKQRGRRSPIIUWRBE SHUBWXUH V\QWK
PDNHVY LW SRVVLEOH WR REWDLQ YDULRX
LOWHUPHWDOOLF FRPSRXQGV LQ D IHZ VHI
HIRWKHUPLF V\QWKHVLV UHDRBWROQQLTKH KIS
TXDOLW\ SURGXFW DQG WKH VSHHG DQG VLF
WHFKQRORJ\ DWWUDFWLYH IRU WKH XVH LQ
SURGXFWY > @ B5HFHQWO\ QHZ PHWKRGV E
6+6 DQG WUDGLWLRQDO PRHHMDKR®EW JR| KDR/H
GHYHORBHGY HU MWHBKOGRORJ\ DV ZHOO DV
PHWDOOXUJ\ WKH PRVW SURJUHVVLYH PHWK
KLMHPSHUDWXUH VKHDU GHIRUPDWLRQ RI
IRXQG ZLGH DSSOLFDWLRQ LEXGEXFBWIRUPDQ
OHDGLQJ WR DQ LQFUHDVH LQ WKH KDUGQH
> @ 7KH FRPELQHG DFWLRQ RI VKHDU GHIR
6+6 SURFHVV ZDV ILUVADOBBGURHES LQJWSKIHR F
WR SUHSDUH WBHRIUGHWRWRI FRPSRXQGV > @
SURFHVV OLHV LQ WKH IDFW WKDW KRW FR
VIQWKHVLY DUH UHILQHG GXH WR WKH DSS
DFWLRQV > @ 8QGHU VXFK DQ DSSURDF}
FRPSRXQG\SEBODEMG LQ RQH WHFKQRORJLF
GLIILFXOWLHVY DVVRFLDWHG ZLWK WKH FRF
VIQWKHVL]HG SURGXFWYV

3 0 %D]KLQ DQG $ 0 6WROLQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KH LQLWLDO SRZGHU UHDJHQWV RI PRC
ERURQ DQG FDUERQ EODFN ZHWH X% @ DM
RI 646 PDWHULDOV HD%H@@G DRGLZHUH IRL
7KHVH PDWHULDOV DUH VXSSRVHG WR EH
UHVLVWDQW FRPSRVLWH PDWHEUDNMNOYHDW G HG
RI VXUIDFHV Rl JDV WXUELQH HQJLQHV EODC

7ZR W\SHV Rl LQVWDOODWLRQ FRPELQLQJ
6+6 UHJLPH DQG VKHDU GHIRUPDWLRQ DUH
LOQVWDOODWLRQ UHIHUV WR WKH RSHQ W\S
GLITHULQJ LQ HTXDOL]JLQJ RI \IRW DRRQWV H®\
HQWROMAMHH VHFRQG RQH UHIHUV WR WKH |
FROWLQXRXV DFWLRQ PL[LQJ UHDFWRU ZK
H[SRVXUH WLPH WR WKH V\QWKHVLV SURGX
FRQVLGHULQ&XWHPOIOIOON LRGWDKH SUDFWLFL
FDUU\LQJ RXW Rl WKH 6+6 WHFKQRORJLFDC
SUHVVXUH ZLWK VKHDU PDNHV LW SRVVLE
UHIUDFWRU\ PHWDOV DQG WKH JULQGLQJ R
KDYH WLRHGRZERWRR URRP WHPSHUDWXUH L
F\FOH ,W KDV EHHQ HVWDEOLVKHG WKDW
XQIRUPHG \HW XSRQ V\QWKHVLV FDQ VLJQL
PRUSKRORJ\ DQG PXWXDO DUUDQJHPHQW RI
7KH TXDOLW\ RI WKH REWDLQHG SRZGHU ZI
REWDLQHG GLVSHUVLRQ DQG PLFURVWUXFW
DQG PLFURVWUXFWXUH RI SRZGHUV SURGX
PHFKDQLFDO HIIHFWV 7KH UHVXOMWWKREZ MX |
WKDW WKH SRZGHU REWDLQHG E\ 6+6 ZLW
ELPRGDO DQG FRQWDLQV D KLJKHU DPRXQW
REWDLQHG E\ WKH WUDGLWLRQDO 6+6 PHWK

* OHU]KDQRY +LVWRU\ DQG UHFHQW
HUDP ,QWRO QR * SS

0 %D]KLQ $ 0O B6WROLQ O , $O\PRY
HFXOLDULWLHY Rl WKH SURGXFWLRQ RI
DWHULDO ZLWK QDQRVFDOH VWUXFWXUF
,QRUJ ODW $SSO YRMV QS+

* OHU]JKDQRY $ 0 B6WROLQ J$L®GLOID]!
RNO $FDG 1DXXRO QRt SS
$
SKHL

T W W RN

O

0 %D]KLQ
URSDJDWNQ
| SUHVVXUH' PN

0O 6WROLQ O 9 OLNKHHY
KHUBWXUH VIQWKHVIWLRQGF
@G YKHPU YRO SS =+

PUNOPNCY

3 0 %D]KLQ DQG $ 0 6



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD
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$ ) WHOLNRYDOXUDYRYD 9 3HWU

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLMOYEXUDYRYDWHADQG
‘2, (310

' PSXOVH ORDGLQJ Rl WKH VDPSOH KDV FHOQ
NQRZQ VFKHPH RI LPSDFW ZLWK D WKLOQ
DFFHOHUDWHG E\ D VXSHULPSRVHG H[SORVL
XQORDGLQJ ZDYHV IRUPV D VSDOO FUDFN |
GHVWUXFWLRQ LQVLGH WKH VHD[FSEB VLIWW
G\QDPLF VWUHQJWK RI WKH PDWHULDO :KHC
GHFUHDVHV WKH F DRAFF\D G D\M\GH & D IGRIFYR DAMKLHR
LV\QRQRPWKH DGKBEDVEDRG 1XPHURXV H[S]
KDYH VXEVWDQWLDWRIGWWNKHGWS®ORD ¥ DR U
XQGHU SXOVH ORFGENVYDU\ FRQGELRULRONUR
ORFDOL]DWLRQ LV WKH SUHVHQFH RI WZR
XQORDGLQS$QZDYWALY RI ZDYH SDWWHUQ RI /'
WKH IHDWXUHV RDWKBOG HD R/UWRDWILURFF H V V

)L J :DYH SDWWHUQ RI WKH /"% IRUPDWLRQ

7ZR RSSRVLQJ XQORO@®UMI VZHDHG\LQ )LI W
RYHU WKH HQWLUH WUDQVYHUVH VHFWLRQ
VWDUWLQJ SRVLWLRQ B6XFK F\POMJV UHSHD

- - -DUH ZDYHV Rl XQORDGLQJ-DH]BDZADWLIHRQ R

$ ) 9%HGOHLW PYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

FRPSUHVVLRQ ORDGLQJ D®G DNHG |ROHVRE
LOQWHUIHUHQFH Rl XQORDGLQJ DQG MRFRSUH!
DUH UHVW JRQHW WIKHW H WIK® WREW VWUHWF
VWDWH UHVSHWWHYHILRQ RI UHIOHFWLRQV
WKH VLGHV Rl WKH VDPSOH ,W LV NQRZC
XQORDGLQJ ZDKHHWIZP®®EH VLGHYV DQG EHW:
VWUHVIVWR\RFQMO OZKLFK FRPH LQ WKH IRUP RI
ZDYHV 8OWUDVRQLF RVFE OID®HSEIHRIG VURDX
WKLFNQHVV RIDIVEE WHPISOSHHGQRW KR XM[G V
VIPPHWU\ ZKHUH SDUWLFOH YHORFLW\ LV
IRUPHG DW WKH\ IUBDHZYXKUHD MHKH VWUHVV
DQWLQRGH RI WKH VWDQGLQJ ZDYH LV IRUF
ZDYH DV7IKH GXUDWLRQ RI LOWHUDFWLRQ R
FRPSUHVVLRQ RQ WKH D[LV LVFW[WENPHO\
ZKHEBHY WKH FRHIILFLHQW LQ WKH GHSHQGH
RQ WKH EXONVYHKORFRWWPHWDOV WKH PD[LP
VWUDLQ DW ZKLFK GHIRUPDWLRQ ORFDOL]L
WKH VSDOO VWUHQHMKURI ROKNWMEND O DB R H
DUH VPDOO ZKLOH WKH GXDDWERQ RI W
V@ +HUH LQ WKH VWDQGLQJ ZDYH QRC
HYROYH WRBLWEVZIS®WR\VLY RI WKH ZDYH S
WKDW /'% LV LQ D UHWW PHWV DVWOIR RRW B DR QS
VWDQGLQJ ZDYH DW PD[LPXP WRI\DMURRQRI
)LJ DQG GXULQJ WKLV WLPH DW WSRV P\ LK
LQ )LJ 7KH UHVXOW ZDV XQH[SHFWHG
FROWLQXHV DWKHOR@YHW GR QRW GDPS D\
LUUHYHUVLEOH ORVVHV 7KH HVWLPDWLRQ |
LV EDVHG RQ WKH JHRPHWULF LQWHUSUHW
VKRZV D ZHDN DWWHQXDWLRQ 7KH GXUDWL
WKH VRL®S®HKH VWDQGLQJ ZDYHVRUGHLDF WD
FRPSDUHG WR WKH GXUDWLRQ RI LQLWLDO L

$ ) %HOLNRYD 6 1 %XUDYRYD <X $
ORFDOL]DWLRQ DQG LWV FRQQHFWLRQ Z
PDWHUHEKD 3K\V YRO QR+ SS

6 1 %XUDWR®SBIY RQ WKH WRSLF RI ORFI
GHIRUPDWLRQ D VSDOOLQJ PRGHO IRU
GHIRUPDSWDR@U+FNHQ 3DOPDULXP $FDGHF
* 9 GWHSODRMUIFVGHIRUPDWLRQ RI PDWHL
DFWLRQ RI LPSXQWW ORDGWRYD GXPND

$ ) %HGOHLW PYD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

"(7(&7,21 2) ,17(5/%$<(5 '()(&76 ,1
%,0(7%//,& 0$7(5,%$/6 %< (/(&75,852%85
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9 2 %HGBNR %RQGDYHQMNRILQ
DQG $ ' /XN\DQFKLN

SHWHU WKBHWHDWE&WJ 3RO\WHFKQ
6VBHWHUVEXUJ 5)

HPDLO YREHONR#JPDLO FRP ERQSE
‘2, (310

7KH IBRBH PHWKRG LV ZLGHO\ XVHG LQ PHD
FROGXFWRU LQ WKH IRUP RI OLQHDU SURGC
VHFWLRQ DQG VHPLFRQGXFWRU AMWHULDO
EXON ERGLED\RU WKLWHL Q7IWH PHWKRGEHV NQ
DOVR DSSOLHG LQ JHRORJLFDO SURVSHFW!
DQRPDOLHY LQ WKH SRWHQWLDO SURILOH
PHDVXUHPHQW FDQ EH PDGH DW '& RU $& °
H[SHULPHQWY KDYH VKRZQ WKH PHD\ZXWHKP F
D IUHTXHQF\ Rl +] LV RSWLPDO LQ DSSOLFI
$ YDULDQW RI WKH WHVW LQVWDOGRMWLRGC
REMHFW RI LQYHVWLIJDWLRQ LV D ELPHWDO
WHFKQRORJ\ DQG FRQVGVW L Q@ZRR FODUHOW OF
DUH DSSOLHG RRY VKMHVIVUE SVHUPLQDO FR(
FXUUHQW IORZV WKURXJK WKH VWULS D SR
FRQWDFW DSSHDUV DQG LW FDQ EH PHDVXU
WKH PRYDEOH BREWWD DM D@G VWKH VXUIDFH
SRVVLEOH WR REWDLQ D SRWHQWLDO GLV\
VDPSTKH &2062/ OXOWLSK\VLFV VRIWZDUH ZI
WKH SRWHQWLDO GLVWULEXWLRQ DORQJ W
VWDLGHMHO/D QY DQ $0J DOOR\ %HWZWHER WK
GHIHFWV DLU JDSV RI GLIIHUHQW VL]HV D
UHVXOWV RI WKH VLPXODWLRQ ,W FDQ E}
FRUUHVSRQGY WR D GHIHFW RI D ODUJHU DU

9 2 %HWNRO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

Voltmeter
Vetal Mo»:[ablte
eta Probes Gonac
Metal2 [J/OKI;] \IT'_
I |
| 7 !
= S—
. )
Fixed contact Defects m

)L 7HVW WQRWDOFEDB P H

Stainless steel - AMg, COMSOL
1000

800

600

U, uv

400 | S—— T—
200

0
0 50 100 150
X, mm

)L 6LPXODWLRQ RI WKH SRWHQWLDO GLVW
ZLWK GHIHFWYV

$ SK\WLFDO PRGHOOLQJ RI D \SQDRPOR| W
RI FRSSHU DQG VWDLQOHVYV VWHHO ZDV DO
VWULSV ZKWRK D PPGDWH ODLG EHWZHHQ WKF
EHWZHHQ WKRP/WHHSYHWXOW Rl VEFDQQLQJ |
W FDQ EH VHHQ WKDW DL G FAFHKVBHHDR R/IH WY Wi
REVHUYHG DQG FRQYHUVHO\ IRQ ONVKW ULGBW
SRWHQWLDO ULVHV VKDUSO\

Model, stainless steel - copper
2000

0 50 100 150
X, mm

- theory - experiment

)L 6 FDQQLQJ RI WKH SK\WVLFDO PRGHO

9 2 %HWNRO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

Titanum - copper, real sample
2000

1500

U, uv

0 200 400 600 800 1000

X,mm

)L 6FDQQLQJ RI WKH UHDO REMHFW

)LIXUH KKRUM WK @ILVERPRBWDOOLF VWULS
KH SUHVHQFH RI GHIHFWV LQ WKH UHD
FRUHVSRQGHQFH RI WKHLU SRVLWLRQ WR W
XOWUDVRQLF IODZ GHWHFWLRQ

*267 + 6LOLFRQ DQG JHUPDQLXP P
OHDVXUHPHQW RI WKH WHMNIBHVEMUWKREB\ WK
1 $ SBRNORQVNLRXBWRESG PHWKRQGLQRUWKHD
UHVLVWLYLW\ RI VHPLEFIRQVINKFWROJR B XWLUY

$ * 6RNRORY EKHUBONIRSK\VLFDO PHWKF

SURVSHFWLQJ DQG H[SORUDW2BRQRXUBLC(
2*8

9 2 %HWNRO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU
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0 %ODNHO\

1REHO&ODG %RXOGHU &RORUDGR 86$%
HPDLO®6/$.(/<#G\QDPLFPDWHULDOV FRP
‘2, (310

&0DG PDWHULDOV DUH UHJXODUO\ XVHG LQ
SHVVXUH SURFHVV HQYLURQPHQWYV :KHQ W
RI K\GURJHQ DUH DOVR SUHVHQW DV LV ZL'
WKH VWDNHVY DUH UDLVHG FRQVLGHUDEO
FROGLWLRQV DUH SUHVHQW DQG WSEGHT)
FRROLQJ DUH FRQVLGHUHG GLVERQGLQJ E
DELOLW\ RI FODG PDWHULDO WR UHVLVW C
ZKHQ VHOHFWLQJ DSSURSULDWH PDWHULD
SURFHVV HTXLSPHQW ,Q WKIGDWDSWKDW XD
JHQHUDWHG RYHU PDQ\ \HDUV ZLOO EH UHY]I
WKDW GLVFXVVLRQ D EULHI H[DP NVOVDQIGROY
SUDFWLFH IRU HYDOXDWLQJ FODG PDWH
GLVERQGLQJ ZLOO EH RQ G WW§KW DINHSH U, @ LODE
UHYLHZ Rl WKH FKRLFHV IRU SURGXFLQJ FO
UHVXOWY JLYH HTXLSPHQW GHVLJQHUV DQG
JXLGDQFH RQ DSSURSULDWH FODGGLQJ Wt
FRQVW UXFWLHRWY L OHVKGIVIHURQPHQW V

0 %ODNHO\



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

=60 6833257(' &$7$/<676 352'8&(' %< /2:
7(03(5%$785( &20%867,21

9 1 %WRWWKEK O '"HPHQWTF

OHU]JKDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XWRDRIBFLHQFHV &KHUQRJIRC
5XVVLD

HPDLERUVFK#LVP DF
‘2, (310

7UDGLWLRQDO SURFHVVHV RI VXSSRUWHG F
DQG SRZHU FRRZXHPRHHUTRPEUNMM RID) QHZ
DSSURDWKHWRGXFWLRQ RI VXSSRUWHG FDWLE
VXSSRUWY DUH LPSUHJQDWHV E\ PL[WXUF
FDWDO\WLFDOO\ E/AKMLLYGD W W DIQG DWRPH KF
RUJDQLF FRPSRXQGV DV UHGIWHU ®UHQW
LPSUHJQDWHG VXSSRUW WKH FRPEXVWLRQ
DFWLYH SKDVH $3 +LJK WHPSHUDWXUH R
VXSSRUW WKHUHIRUH WR UHGXFH WKH W
FDWDO\WWV VKRXQGG DWW HIBENRKGK FDWDO)
FRQVLVWHG RI KLJKO\ GLVSHUVHG PHWDOV L
OHVRSRURXV JHROWW HD=GDDPHWHU RIPSRUH
DQG D VSHFLILF VXUZIDFKNWHG DP VXSSRUW &
DQG PDQJDQHVH QLWUDWHYV RDLIED @WK DD DHU
UHVSHFWLYHO\ 3DWWHIW Q PREIUHEIQ DW IR Q Z D\
DQG KHDWHG LQ DUJRQ |0RZHPS IR D®EKIIHHQ C
FRPEXVWLRQ SURFHVV LV VKRZQ LQ )LJ
7HPSHUDWXUH RIaLJGERWISRWHID¥RPEXVWL
FDWDOA ZHUH VWDELOL]HG E\WR BROXWORQ
R[ILGDWLRQ RI $3 PHWDO RQ DLU ZDVKHG E
&DWDO\WWWV ZLWIQ$3 &R®R DQG &R +
0Q ZHUH VI\QWKHVL]HG

91 RUVBPRIKG , 0 '"HPHQWSYHYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

350 4

T, =306°C
E— 200 -
100
50 -
001é 11|Jr115'210'215 E:IJY?:S
Time, min
)L J THPSHUDWXUH YV WWHPHDRIDYWQYWK&R L

1L =60

)LIXUH VKRZV WKH 6(0 LPDJH DQG ('6 ¢
&R #1L =60

Spot. 0% Al% Si% | Co% | Ni%
wt. wt. wt, wt. wt

1 49.2 10.5 31.8 3.7 48

591 87 | 265 | 30 | 27

56.9 9.9 23.7 5.0 44

13.7 | 247 9.1 10.1

55.1 6.1 333 29 26

= th| e W (]
-
=]
E=S

535 78 | 330 | 26 | 34

)LJ  6(0 LPDJH DQG ('6 GDWD+IRI W46 FDWD

% (7VSHFLILF VXUIDFH RI WKE FRWB®&\VWV
0Q =60 DQGPJX¥ IRU &RIL =60

3IDWWHUQV RI WKH FDWDO\WWV ZHUH Wt
R[ILGDWLRQ Rl &2 DQG SURSDOQH DIQG URNG L
FDWDO\WLF IORZ UHDFWRU ZDV XVHG *DVH
FRQWDLQHG YRO &2SURSIDMMGEIHLQJ WKF
UHVW DOQG &2+ DQG +H EHLQJ WKH
K\GURJHQDWLRQ G5HVXOWV RI WKHVH H[SH
YLIV DQG &RPSOHWH FRQYHUVRRRDORI &
FRQYHUVLRQ RI SUYRSDWH&UBDERHIIJRGXFW |
K\GURJHQDWLRQ ZDV PHWKDQH&LWK PD[LP X

91 RUVBPRIG , 0 '"HPHQWTTH



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J &RQYHUVLRQ LQ GHHS R[LGDWLRQ RI &
1L =60 FDWDO\VW DV D IXQFWLRQ RI WHPSH

yLJ &SRQFHQWUPMWRDOH SPQSHEDWXUMHP
K\ GURJHQDWLRQ RI &2

&DWDOWWY¥6QRHUH PRUH DFWLYH ERWK L«
DQG LQ K\GURJHQWWDRQ® RI6® D Q G +1&R
0Q =60 2Q WKH FRERVQUDDLQOLDJ FDWDO\VWV |
DV VUG DB XPLQD DEBORWHKWU ZHUH OHVV D
SURFHVVHYV

7KXV WKH FDWDO\WWSSRQW=6BURGXFHG
WHPSHUDWXUH FRPEXVWLRQ GHPRQVWUDWH
UHGXFWLRQ SURFHVVHYV

91 RUVBPRIKG , 0 '"HPHQWSYHYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

6758&785( )($785(6 2) 6+6 ,17(50(7$//,&6
35(&856256 )25 +,*&/%,9( 32/<0(7$//,&
&$7$/<676

9 1 %WRUVYKBK3XJDFKHXD =RXN 6DQLQ
Y $QGUIPBKYG 9 , <XNKYLG

OHUDIQRY ,QVWLWXWH RI 6WUXFWXUDO ODFU
6FLHOGKHMVLDQ $FDGHP\&RHNHUFQROFEGIRYND OR\
5XVVLD

HPDLERUVFK#LVP DF UX
‘2, (310

1RYAODVV Rl KLJKORHWB/QIHFSRDWDO\VWYV :
LOYHVWERRPBBOE[ PXOWLFRPSRQHFRMS RXDWEH !
DOXPLQLGHV SURGXFHMEHERRRAXE ZHUH XVH
SUHFXUVRUV IRU WKHVH FDWDO\WWV 7K}
FDWDO\WLFDOW\VERFW LDAH LRHRQDDUR XS PHWD!
PDLQ FRPSRQHQWWWRGVREXGMKEHBHPHQW V
&X =U OR /D D¥HSHWERWHHUWPHWDOOLF FRP
VIQWKHVL]HG E\ KLJKO\ HIRWKHUPLF OLTXL(
PHWIFORUGLQJ WR WKH IROORZLQJ UHDFWLR
60H2, DS® 60H$O ESQ

7KH WHPSHUDWXUH RI WKI& 8(0RERNYHHD}
('6 UHVXOWRRRIESDL LQWHUPHWDOOLF DUH S|
JLJIXUH VKRZV WKH :5' SDVOWHREPS RX WKLV L

$V VKRZQ LQ )LJ WKH PLFURVWUXFW
FRPSRXQG FRQWQMV RIVORIZHUDE RRSHRRIHBED D 0P |
PHWDO 1L ZKLFK DUH VXUURXGBPGSREQRKL.
RI SURPRWHU PHWDOV &RsHMW RI9DLU L& VDO
ZHUH GHWHFWHG E\ :5'7RQDFD\WDW\YMWV ZHU}
E\ OHDFKLQJ Rl LQWHUPHWDOOLF DOOR\V :
ZHUH VWDELQL|HRRZHUWKWHUPHWDOOLFV ZL
OHVV WKDQ ZW YHHUMOREZDAKHABH\ VHUYH
IRU KLJKO\ GLVRUGHUHBH /D@ RW.\W IDXFFMWMLYUHH €

91 RWRUVKFK HW DC



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

FRQVLVWHG PDLQO\ RI SURPRWHUV $V D
FRPSRVLWH PDWHULDOV 6SHFLQWHPPHYRD/Q®
UHVXOWHG LHDWXWNDU XFWXUH RI EDWDMNXKNW
PDLQ UHDVRQ RI WKHLU KLJK DFWLYLW\ ER
SURFHM¥\GHV >

yLJ 6(0 LPDJH ZLWK{ROGBO DL ERWHUPHWDO ¢
VXUIDFH

yLJ UD\ GLITUDFW LR&QRS 3/ WHQWYHUPHWDOOI

7KH IRUPDW LR RO QAR RR/QV WXFV$3 VX UID
WKH PRVW SURPLVLQJ IHDW X U B QR [ CDRCSGD H QRY
WKLV VWVKREQUMHJILY +LIJK DFWLYLW\ RI &R
GHHS R[LGDMWBREBPFRQVWUDWHG LQ )LJ
&RQVHTXHQWO\ SHFXOLDULWILGWHRUIPHWDR
DV D UHVXOW RI KLJK WHPSHUDWXUH RI SUF
DQG FU\WWDOOL]DWLRQ DOORZ WR XVH WKF
KLIJKO\ DFRHMWB G®RIOAR FDWDO\VWYV IRU YDULR>

91 WRUVKFK HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

)L 6(0 LPDJH REMEEROYHFDWDO\WVW VXUIDFH

)L J 'HHS R[LGR® KRQF BHAV®WRWYMWQ PL[WXUH
ZLWK GROORZ UDWH

( 9 3XIJDFKHYD 9 1 %RUVKFK 6 <D =K;
$QGUHHY 9 | <XMKHGCE SRORRHWDOOLF FI
QDQRVWUXFWXUHG VXUIDFH IR1D @GRIWHFK]|
SXVYV YROSS =+

9 1 %YRUVKFK ( 9 3XJDFKHYD 6 <D =K>

$QGUHHY 9 |, <XNKYLG 2 [/ (OLVHHY &
.ROHVQLNRY , O .ROHVQLNRY $ [/ /C
FDWDO\VWYV IRU +WRIBVFKLVRKIQWKHYVL)Y

K\GURGHVXOIXWUBW LR LSUWRHSHDIWLQJ
WHPSHUDW X UHQ ¥W) WeKIHWDY)RO  +SS

9 1 %RUVKFK ( 9 3XJDFKHYD 6 <D =K.
$QGUHHY 9 , <XNKYLG 'HHS R[LEHBWLRQ
SURGXFHG FRPSOH][QV W-FHWBRIB\W D 06LEFRY
6\Q WK YRO  £SS

91 RWRUVKFK HW DC



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7+( (:3/26,21 :(/',1* 2)L766 L75,0(7$/
)25 0$18)$&785,1* /,1($5 &2//,'(5
$'$37256

$ * %U\]IDOLQ3IHNBU6 6KORQVNEKLUNRY
<X $ BXGCIHDhRF % 0 6DELU

(2 3DWRQ (OHFWULF :HOGLQJ ,QV'
-,15 'XEQD 5XVVI

HPDLO EDJ #PDLO
‘2, (310

7KH DGDSWHU RI WKH FU\RJHQLF PRGXOH RI
E\ D VWDLQOHVV VWHHO 66 GLVN LQ WKH F
ZHOGHG 7KH MRLQ RI QLRELXP ZLWK 66 VKI
KHOLXP WLJKWQHVXQIEHE K RIDEGD FULERIQWH @RF \ K
HOHFWURPDJQHWLF ORDGYV DW FU\RJHQLF W

)XVLRQ ZHOGLQJ IRU MRLQLQJ QLRELXP
VROYLQJ WKH SUREOHP DVVRFLDWHG ZLWK
FRPSRXQGV MXH KZRNF KERE WIVUHXAH Y H MHIKQHV R
UHTXLUHG WLJKWQHVV RI DGDSWHUV

'H PDGH DQ DGDSWHU XVLQJ H[SORVLRQ Z
LQWR WKH 66 GLVN $Q DPRXQW RI LQWHUPH
WR EH VLJQLILFDQWO\ ORZHU WKDQ WKDW X
ORZHU KHDWLQJ DQG WKH\ ZRXOG QRW EUHEL
DUHD Rl WKH MRLQW > @ ,Q RUGHU WR SUH®
SLSH GXULQJ H[SORVLRQ WKH ZLGWK RI WK
WKDQ WKDW RI 1E SOBBHVYQLGLFDWHGWKH V
ELOOHW EHIRUH WKH H[SORVLRQ EODFN OLC
DGDSWHU

7KH ZHOGHG DGDSWHU LV VKDSHG E\ PLC
UHTXLUHG JHRPHWULF GLPHQVLRQV RI WKH
LOHYLWBERMHDWLRQV RI 1E SLSH XSRQ HJ
QHFHVVDU\ WR XVH 1E SLSH ZLWK D VPDOOI
ZDOO WKLFNQHVV +RZHYHU WKLV LV QRW V

$ * %U\]HBORQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GXH WR KLEKQORERWI KLJK FRVW DQG KLJ
VFDUFH QLRELXP ,Q WKLV FDVH WKH KHOI
ZDV QRW LQYHVWLJDWHG

(DUOLHU H[SHULPHQWYV \EKFD/AHGZHWIGDWJ
QLRELXP WR WLWDQLXP GRHV QRW IRUP L
HQVXUHV WKH QHFHVVDU\ KHOR R N LEBHELYXDF ;
WKH IROORZLQJ DGDSWHU PDQXIDFWXUH SU

JLUVW WKH 66 GLVF LV FODG ZLWK WLWD
ZHOGLQJ WKHQ DIWHU PDFKLQLQJ WR
VWUDLJKWHQLQJ DQG WX B RWORXMWR I R H B/ IS]L
SLSH LV LOQVHUWHG L QWRH WK HZ HKAR®HHG D\Q B ¥
)LJ E 7KH SRVVLEOH IRUPDWLRQ RI LQW
H[SORVLYH ZHOGHG MRLQW EHWZHHQ WLWD
RSHUDELOLW\WRIEWMEB XD/GIDEMMLXP LV ORFDYV
SLSH DQG FDQQRW JHW LQWR LW

D E
)L J 'HVLIJQ RI DGDSWHU PDQXIDFWXUHG E
1E WR 66 E H[SORVLRQ ZHOGLQJ EEFHHANDAHH Q
ZHOGLQJ RI 7L WR 1E

$SGYDQWDWKWH SURSRVHG PHWKRG RI PDQ X
DUH DV IROORZV

KHOLXP WLJKWQHVYVY LV SURYLGHG E\ 7
WLWDQLXP ZKLFK KDYH JRRG ZHOGDELOLW\

$ *%U\]JBIOL QO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

1E SLSH LV XVHG LQ WKH IDFWRU\ GHOLYH

SRVVLEOH IRUPDWIERBRRS RRRWEHW R IQWW IOKD |
ZHOGH&eWLWIBIPQXP MRLQW GRHV QRW DIIHFW

HISORVLRQ ZHOGLQJ RI IODW VDPSOHV
VLPSOHU WKDQ ZHOGLQJ RI SLSVY DQG PDNF
ZLWK WKH JUHDWHWNYN RBRWWIDEIOHW\VWIKEIEF® |
SUREDELOLW\ RI UHMHFWLRQ

DIWHU H[SORVLRQ ZHOGLQJ W LQ\HFGQIVAH
ELOOHWY ZLOO EH UHMHFWHG

VWHRHWDQLXP IODQJH FDQ EH KHDW WU

VWUHVVHV LQ D PRIEFXK@WDRD DO QRQ
H[SHQGLWXUH Rl VWHHO DQG QLRELXP GH

% 6DELURY ([SORVLRQ ZHOGLQJ 1HZ

&U\RPRGXOHL(:6 S
9 , /DN 6 9 (KYPR¥LRQ :HOGLQJ
ODVKLQRVWURHQLH LQ 5XVVLDQ

$ * %U\]HBORQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

352%/(06 2) (:3/26;2/1,1* 2) [21*
[(1*7+ &2%;,$/X $B2'6 :,7+ $ 7+,1
&1$'",1* /$<(5

$ * %WU\]IBOBQG6KORBQVNIHQW®BY( ' 3HNDU

( 2 3DWRQ (OHFQUWEWXWGL R®J 1$6 RI 8NUDL
.DJLPLUD ODOHYLFKD ALY SNUDLQH

HPDLO VKOHQVN#XNU QHW
‘2, (310

$ SUDFWLFDO VROXWLRQ WR WKH ®WUWRBEWHP
PRUH WKDQ WHQD[G&IDooP HEWPIKHW D & RD © OB DILRW
DLUFUDIW EXLOGLQJ FXUUHQW FRQGXFWRL
DQG WKH PHWDOOXUJLFDO LQGXVWU\ FDWEk
FRSSHU

7R VWXG\ WKH SRVVLELOLW\ RI SURGXFW
DOXPLQXP FRD[LDO WHKGWRIZLWKZBUGBGH®QIEM
H[ISORVLRQ ZHOGLQJ &RSSHU FODGGLQJ Sl
ZLWK DQ RXWHU GLDPHWHU RI PP )LJ

JRU XQLIRUP GLVWULEXWLRQ RI H[SORVLY
WKH FRQWDLQHU IRU WKH HI[BORSMWIHYAHY DR B

z E
)L J D ([ WHQGHG ELOOHWYV IRU H[SORVLR
H[SORVLYHV LQWR D FRPSRXQG FRQWDLQHU

$ *%U\]JBIOL QO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

'Q WKH ZHOGLQJ SURFHVV WKH DLU LQ W
RXWOHW DW WKH HQG RI WKHI[FBIW\GHREO W |
GHWRQDWLRQ YKBRALWYLOO EH FRQVLGHUD
KHDWHG DQG D VKRFN ZDYH ZLOO IRUP LQ L
WKH TXDOLW\ RI WKH ZHOGHG MRLQW ,Q C
FRD[LDO DVVHPEO\ WKWIURRAHGRP WKW JD
GHSHQGVY RQ WKH DUHD RI WKH H[LW RSHOQ
VSHENG EHFRPHV ORDHU WKDRHUWDLQ YROXP
UHPDLQV EHWZHHQ WKH ZHOGLQJ VXUIDFHYV
EXEEOHV 7R FXRIPG QUKRV WK ZHOGLQJ JDS

([SHULPHQWY ZHUH FDUULHG RXW XVLQJ V
PRGHV ZLWK YDFXXPLQJ RI WKH ZHOGLQJ JD
SUHVVXUH XSRQ YDRPEXXWPQJ ZDV i

$IWHU WKH H[SORVLRQ QHQGLELORIHW
YDFXXPLQJ WKH GHIHFWY DSSHDUHG EHJLQ

PP IURP WKH VWDUW Rl GHWRQDWLRQ D U
DQG GDPDJH WR WKH DOXPLQXP VXUIDFH ZHlI
VLWXDWLRQ LV BEMHRIYBIGFNQRW KB FFXXPLQJ
DSSHDUHG FORVHU WR WKH VWDUW RI G
DSSUR[LPDWHO\ PP

)L J IRRDIWK FRD[LDO ELOOHWY DIWHU HJ?
DERYHWK YDFXXP IUJRPKREKORYDFXXRIWKH G
GHWRQDWLRQ IURP OHIW WR ULJKW

$ FKDUDFWHULVWLF IHDWXUH RI ERWK VDI
DOO GHIHFWV LQ WKH IRUP RI GLVFRQWLQ
JHQHUDWUL[ 7KLV LV GXH WR WKH IDFW W
QRQOXQLIRUPHDRORWEHRQHQHUDWUL[ LW ZLOC
FUHDWLQJ RI D FXPXODWLQJ HIIHFW DW WK
6XFK QRQXQLIRUPIRQ\ WKOIOGGWSEBREBHPHQW R
LOLWLDWLRQ RI WKH H[SORVLYH FKDUJH IL

$ * %U\]HBORQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

DVVEHH®\ DV ZHOO DV RQ WKH QRQXQLIRUPLYV
DQG WKLFNQHVV RI WKH FKDUJH DORQJ WKH

,W LV DOVR FKDUDFWHULVWLF WKDW GXUI
JDS LQWHUPHWDOOLF FRPSRXQGV DYH IRL
VPDOOHU VL]H

TKHUHIRUH WRORGWDK QFROIRIQDO ELPHWDC(
VPDOO GLDPHWHU DQG WKLQ FODGGLQJ OD
PHDVXUHYVY PXVW EH DSSOLHG LQ SDUWLFXC
WR HQVXUH

PD[LPXP XQLRRUFPHWRQDWLRQ IURQW DOl
VHFWLRQ RI WKH FRD[LDO DVVHPEO\ IRU ZH(

VWDELOLW\ RI WKH GHWRQDWLRQ YHORFL

XQLIRUPLW\ RI JHRPHWULF FKDUDFWHUL
KHLIJKW DORQJ WKH OHQJWK RI WKH DVVHPI

UHPRYDMXR DLU IURP WKH JDS LI SRVVLE

$ *%U\]JBIOL QO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

',662/87,21 2) 675(1*7+(1,1* 3+%$6(
3$57,&/(6 ,1 7+( /12&$/,=(" '()250%$7,21
%$1'6

6 1 %XUDYRYBHWURYOXNKDLQ@Q® $ 6 6KFKXN

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLO VYEXUDYBXD#\D
‘2, (310

7KLV ZRUN VWXG VM HRLIWBRGHRYE R DDKHO R \
VWUXFWXUH RI WKH VDPSOHV DIWHU H[SORV
D 1HRSKRWWLFDO PLFURVFRSH D /(2 V
PLFURVFRSH DQG D =HLVV 80OWUD 30XV HOF
UHVROXWLRQ 7KH HMNIPRHW LOR WKIHQ IRR P
ZDOOHG KROORZ RU VROLG F\OLQGHU ZDV FI
DOXPLQXP SODWH DFFHOHUDWHG E\ D FKO
KH[RJHQ RI SRXU GHQVLW\ 7KH ¥KRED ZDY
$OOR\LQJ DGGLWIPYDHYOHRXWD IPPLIDQHVH I
ZHUH ORFDWHG LQ FRORQLHV IRUPHG GXUL
GLVWDQFH EHWZHHQ WKH FRORQLHV RI LQV
IURP  WR P 7KH LQGLYLGXD® VAL]HEXW ST
PDQ\ SDUWISH®BHMV RAOPAURJ FRQJORPHUDWHYV R
D VL]HtRIP &RDUVH SDUWLFOHV )LJ FRC
LOWHUPHWDOOLFV EDVHG RQ LURQ DQG VL
VROXEOHEBRBSHUQWHUPHWDOOLFVY )LQH VF
LWXMDU SRO\JRQ VKDSH

$V D UHVXQM VRH RIHRVLRQ LQ WKH JRQH R
XQORDGLQJ ZDORIAD TKJHHEH GHIRUPDW LBQH E D
IRUPHG WKH PDWHULDO LV UHILQHG WKH S
FRPSRXQGV ZDV FKO@MHHERPXEOH LQWHUPH\

+ —P L\QL]JH ZLWARPBRROHQMK BQG WKUH
FRPSRQH@W06 $PRPSRVLWLRQV ZKLFK KDG C

6 1 % XUHDW RDY®D



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

SRO\JRQV LQ WKH LQLWLDO DOOR\ EHFRPH
$Q DPRXQW RI SDUWLFOHV LQ %/'" ZLWK D
VLIQLNLEQRWHDVHG DV FRPSDUHG WR WKH )
LOQGLFDWHY SDUWLDO GLVVROXWLRQ RI LQW

)L J OLFURVWUXFWXUH RI WKH DOOR\LQJ S

)L OLFURVWUXFWXUUHDROXWKRXP DOOR\ QHD!
R WUDQVLWLRQ RI WKH VSDOO FUDFN LQWR

6 1 % XUHDW RDY@®D



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

(/',1* 67$,1/(66 67((/ $1' $/80,1,80 %<
(:3/26,21 :(/',1* ())(&7 2) 7+( 0$7(5,$/6
326,7,21

*+ 6 ) /| &DUYDOOR®RO /HD® OHQGHYV
- % SLEHILQ@®R $ /RXUHLL

&(0035( 'HSDUWPHQW RI OHFKDQLFDO (QJL
&RLPEUD 5XD /XtV 5HLV&RDO@WRY 3RUW

6(/ '"HSDURMPH{PXDQLFDO (QJLQHHULQJ 3R

RI /LVERQ 5XD &RQVHOKHLUR (RMELRD1D
3RUWXJDO

(6$' &5 3RO\WHFKQLF ,QVWLWXWH RI /HLUL
GH &DUYDOKR.DOGDV GD 5DLQKD

$'$, /('$3 'HRPWQW RI OHFKDQLFDO (QJLQH
RI &RLPEUD 5XD /XtV 5HL&RAPEWRV3RUW

HPDLDDOWLQR ORXUHLUR#
‘2, (310

$XVWHQLWLF VWDLQOHVY VWHHO 66 KDV EI
ZKLFK UHTPRAELQDWLRQ RI VWUHQJWK KLJ
WHPSHUDWXUH DQG FRUURVLRQ UHVLVWDOQF
DOOR\V KDYH EHHQ XVHG IRU DSSOLFDWLRQ
RI UHVLVWDQFH DQG ORZ ZHLJKW GXH WR L
DO®RLY JURZLQJ FRQVLGHUDEO\ IRU DSSC
FRPELQDWLRQ RI WKHLU SURSHUWLHV +R
FRPSRQHQWY FRPELQLQJ WKHVH WZR PDWH!
WKHVH DOOR\V SRVVHVV H[WUHPHO\ GLIIH
GLLFXOW WKH ZHOGLQJ WKURXJK FRQYHQW
7KXV WKH MRLQLQJ EHWZHHQ WKHVH PDWF
WKURXJK VROLG VWDWH ZHOGLQJ SURFHVVH

([SORVLRQ ZHOGLQJ (;: LV DQ LQWHUH
PDWHULDOV ZLWKF [BQ | BHURSGW WSIKHV ,W LV FI
LPSDFW EHWZHHQ PDWHULDOV DV WKH UHVX
H[SORVLYH > @ 3URJUHVV KDV EHHQ DF

* + 6 ) / &DUDKDOKR



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GLVVLPLODU H[SORVLYH ZHOGLQJ > @ DC
MRLQLDHHBHBOXPLQXP DQG 66 KDYH DOVR
+RZHYHU IHZ ZRUNV DGGUHVV ZHOGDELOL'
WKDW VKRXOG EH FRQVLGHUHG ZKHQ F
FRQILIXUDWLRQV IRU WKLV FRPELQDWLRQ

7KH REMHFWLYH RI WKLV ZRHJ W DL\Q VDR SHH
UHJDUGLQJ WKH ZHOGDELOLW\ RI 66 WR |
'LITHUHQW SRVLWLRQ RI WKH DOOR\V DV
GLITHUHQW ZHOGLQJ SDUDPHWHUV H[SORVL
RI $,6, VWDLQOHVY DWMHKIBODQGR\ ZHUH W

W ZDV YHULILHG WKDW ZHOGLQJ 66 ZLWK
EH DFKLHYHG ZLWK WKH VWHHO SRVLWLRQF
IO\HU SODWH WKH SODWHV VHSDUDWH D
LOWHUPHWDOOLF FRPEREQREY W B NHWXUDDFHI
yLJ 7KH VHSDUDWLRQ KDSSHQHG IRU DC
WKH TXDQWLW\ RI LQWHUPHWDOOLF FRPSR
SDUDPHWHUV 7KH ZHOGLQJ IDLOXUH VHHPYV
QHHGHGLYWHNWKBIFH VROLGLI\ ZLWK WKH VK
LOQWHUIDFH EHIRUH WKH FRPSOHWH VROLGL

+RZHYHU FKDQJLQJ WKH SODWH SRVLWLR
WKH I0O\HU LW ZDV SRVVLEOH WR [DFKH HYH
SDUDPHWHUV ZHUH XVHG IRU WKLV FRQILJX
DFKLHYHG 7KIHJ ZHOG GLVSOD\HG JRRG DSSH
OHQJWK DMKREZY EXW WKH LQWHUIDFH LV ¢
XVHG DQ H[SORVLYH RI OR&RBH WRWMDHNLPRLY
FRPSRXQGV FDQ EH VHHQ DW WKH LQWHUIL
LOQWHUPHWDOOLF OD\HU

)L J $SSHDUDQFH RIIWKH WSVHAW) BRHWWKH D
VWHDKDXPLQLXP IDLOM® ZIHODWHNY VWHHO ZHO

* + 6 ) /| &DW DOKR



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

W FDQ EH WRKO@MD X88GLQJ VWDLQOHVYV VW
E\ (;: FRXOG RQO\ EH DFKLHYHG LI WKH VWD
/KH IDLOXUH LQ ZHOGLQJ VWDLQOHVYV VWHH
WR EH UHODWHG WR WKH WHQVLOBYWW UDHKR/D/V
buuLyH bw WKH LOQWHUIDFH EHIRUH WKH
ORFDOL]J]HG PHOWLQJ

+ (ORENODHFKDQLFV RI ([SORVLYBGRVHOIEI
'HOGLQJ )RUPLQJ DQG &BBSDFWLRQ
$ $ 'HULEDV 9 0 .XGLQRY ) BLPRWOQRNHC

([SORVLYH HDPGRUMHQ 9]U\YD YRO Q S
+

* + 6 ) |/ &DUYDOKR , *DOYmMR 5 OHQ
/IRXUHLUR ,QIOXHQFH Rl EDVH PDWHULDC
DOXPLEORPSHU H[SORGMALYH7EAARQRBO -RLQLQ.
LQ SUHVYV
* + 6 ) /| &DUYDOKR 5 OHQGHV 50 /I
/IRXUHLUR (IITHFW Rl WKH IO\HU PDWHULDO
DOXPLQLXP DQG FRSSHWLD WD R H RZGI O C
SS +
. +RNDPRWRXPD 0 )XMLWD 1HZ ([SORV
7HFKQLTXH WR :HOG $OXPLQLXP $0OOR\ DC
8VLQJ D 6WDLQOHVV 6WBH\WW D,Q® HUPIHBM DM
YRO S8

* + 6 ) / &DUDKDOKR



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

%21',1* ,17(5)$&( &+$5%$&7(5,67,&6 2) 67
72$/80,1,80 (;826,21 :(/'6

*+ 6 ) /| &DUYDOKORBRO /HD® OHQGHYV
- % S5LEHA@@®R $ /RXUHLUR

&(0035( '"HSDUWPHQW RI OHFKDQLFDO (QJLQ
&RLPEUD 5XD /XtV 5HLV&RDL@WRY 3RUWXJIDO
6(/ '"HSDUWPHQW RI OHFKDQLFDO (QJLQHHL
RI /LVERQ 5XD &RQVHOKHLUR (RMERDIDYDU
3RUWXJDO

(6$'&5 3RO\WHFKQLF ,QVWLWXWH RI /HLULL
GH &DUYDOKR.DOGDYV GD 5DLQKD 3RUWXJDC
$'$, /('$3 'HSDUWPHQW RI OHFKDQLFDO (QJ
RI &RLPEUD 5XD /XtV 5HL&RAPEWRYV3RUWXJD

HPDLBDOWL @ RURRGB P XF SW
‘2, (310

7KH ZHOGLQJ RI GLVVLPLODU PDWHULDOV
$O KDV KLJK LQWHUHVW IRU WUDQVSRUW
ZHOGLQJ WHFKQRORJLHY DUH QRW DSSURSL
RWMKHSURFHVVHVY VXFK DV H[SORVLRQ ZHC
SRWHQWLDO > @ (YHQ VR WKH GLIIHUHQW
DQG WKH KLJK VXVFHSWLELOLW\ WR WKH |
DOVR EHFRPH WKHLU MRLQLQJ E\WVOQWGRQLRE
WKH LQWHUIDFLDO ZHHIE LIRYHWDEWHEE §
PDQGDWRU\ WR XQGHUVWDQG WKH PHWDC
GXULQJ ZHOGLQJ

7KLV UHVHDUFK LV DLPHG WR FKDUDFWH
H[SORVLRQ ZHOG\WL AN SOEPEHVVRMHHO WR
WKLFN SODWHV RKB$ZHOGV ZHUH SURGXFHG
MRLQW FRQILIXUDWLRQ XVIE@VNHA)H[DBQRYV
PL[WXUHV 6HYHUDO H[SORVLYH UDWLRV ZI
ZLWK $1)2 ZHUH LGHQWIKIHH B DNV WK BHHDHO/G V
ZLWK WKH H[SORVLYH HPXOVLRQ ZHUH LGHOQ

* + 6 ) /| &DW DOKR



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7KH VXUIDFH DSSHDUDQFH Rl WKH ZHOGV
VKRZV WKDW QR HIIHFWLYH MRLQLQJ RFFXULI
XERQGHG VXUIDFHV BQBVGEXQMO D IR HDUDIKF F
WKH IRUPDWLRQ RI D OD\HU RI D QHZ PDWH
XQOLNH WR WKH ( ZHOGV HIIHFWLYH MRLQL
ZKLFK ZHUH SURGXFHG XVLQJ D PXFK ORZH
YHORFLW\

D E
)L J 6XUIDFH DSSHDUDQFH D ( ZHOG E

JLJXUH LOOXVWUDWHYV PLFURJUDSKV RI
VHEWLRQV $V VKRZQ LQ )LJ D D FRQWLQ)>
ZDV IRUPHG DW WKH LQWHUIDFH RI KALKH ( .
PROWHQ OD\HU ZKLF K HHQX\HUBDEWUR®@ $D\
LOWHUIDFLDO ERQGLQJ > @ 7KH ILIJXUH DO\
SUHVHQW LQ WKLV OD\HU ZKLFK LQGLFDWH
PDWHULDO 7KH 6(0 ('6 DQDWWH VP RGIWHRO E
FRQVLVWY RI D GLVSHUVLRQ RI SDUWLFOHYV
DQG WKH PDWUL[ ZHUH IRXQG) MW FKHPHY¥DQ
FRPSRVLWLRQ ,W FDQ EH LQIHUUHG WKDW \
DQG WKH WHPSHUDWRH H LDRWP RWKHHG LV KVHH U R
LOQWHUPHWDOOLF SKDVHV > @

$V LOOXVWUDWHG LQ )LJ E WKH LQWH
FROWLQXRXV ,Q DGGLWLRQ QHZ PDWHULD
XQLIRUPO\ LQWHUFDODWHG ZLWK WKH KLJ
LOGLFEWWQQRNFRQWLQXRXV PHOWLQJ RFFXL
DQDO\VLYV LW ZDV REVHUYHG WKDW WKH QH
K\EUL#H$SPRPSRVLWLRQ

IRFDOLVHG KDUGQHVYV PHDVXUHPHQWYV ZHL
OD\HU Rl WKH ( ZHOGV ZKHQ DERMNWDLPE&DIH G
DERXW ZKLFK DDERZHOW/KH YDOXHV UH

* + 6 ) / &DUDKDOKR



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GHIRUPHG EDVH PHWDOVZHKMVAH W OXKIH/ K
XVXDOO\ UHHRUNVDMEH WRHSD OOLF SKDVHV > (

W FDQ EH FRQFOXGHG WKDWOWRQW LAIX\
SUHYHQWHG E\ XVLQJ DQ H[SORVLYH P
GHWRQDWLRQ FROOLVLRQ SRLQW VSHHG ¢
ZHOGLQJ FRQGLWLRQV 7KH GHWULPHQWDO
RQ WKH ZHOG VWUXFWXUH ZDVOR XXPAVWBRHJIF
SK\WVLFDO SURSHUWLHV Rl WKHVH SKDVHV Z
WKH SKHQRPHQD WKDW JRYHUQ WKH LQWHU

D E
)L J OLFURJUDSKV RI WKH ZHOG LQWHUIDF
) JLQGLN S5HFHQW G HR\HO/RIS P | QW/INQU Q HY/ S
YRO QR * SS
* + 6 ) /| &DUYDOKR , *DOYmMR 5 OHCQ

IRXUHLUR ,QIOXHQFH RI EDVH PDWHULD¢

DOXPLHERSBHU H[SOROHALY HTHARIOGKRO :HOG
LQ SUHVYV

*+ 6 ) /| &DUYDOKR 5 OHQGHV 5 O

IRXUHLUR (IITHFW RI WKH IO\HU PDWHULDO

DOXPLQLXP DQG FRSSHM WISW RVWHLVY Y RZBI O (

SS +
0 - 5DWKRG 0 .XWRIXDOXPRQ®EPQDOOR\
OREDUERQ VWHHO E\ ODWGU-URGB ZHO GS$ §
6+ 6

* + 6 ) /| &DW DOKR



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6+28&. 6<17+(6,6 2)/B<(5 *5$3+(1( $1°
1,752*(123(" *5$3+(1( 0$7(5,$/6

3 &KH® X+ <LQ*DR4 =KRDNQG / 4X

6WDWH .H\ /DERUDWRU\ RI ([SORVLRQ 6FLHC

QVWLWXWH RI 7THFKQRORJ\ %H

.H\ /DERUDWRU\ RI &0XVWHU 6FLH®EKQDOLQ

6FKRRO RI & KHPLVWU\ %HLMLQJ ,QVWLWXWFE
&KLQD

HPDLO SZFKHQ#ELW
‘2, (310

6KRFN ZDYH DFWLRQ LRRPEAHGE FXKNRRFDO UH
FDXVH D VHULHV Rl FKDQJHV RILFIDONSUR BB US
> ® WKLVINXW®G\HU JUDSKHGQRSHEGJIJQODWKR
PDWHULDOV ZHUH SUHSDUHG WKURXJK WKH
PDJQHVLXP LQGXFHG E\ UMKARRFNHUZB® HV DIKIHO |
FKDUDFWHUL]JHG XVLQXHNKD WM YW DVAFKIQAVTDR
PLFURVFRS\ VFDQQLQJ HOHFWURQ PLFUR
VSHFWURVFRSDN DSKRWRHOHFWURQ VSHFWU
VIQWKHVLY Rl JUDSKHQH PDWHULDOV UHTXL
UDWH RI JUDSKHQH P DWHBODONMWHORIVFRM ER
SUHVVXUH DQG WHPSHUDWXUH ZHUH WZR L
VIQWKHVLY Rl JUDSKHQH PDWHULDOV
6LPLODUO\ IHZ OD\HU JUDSKHQH QDQR
VIQWKHVL]HG E\ UH GOLRMKL RF OFEIL X8F2 K\G U L C
GHWRIEDMYRQ IO\HU LPSDFW ORDGLQJ $ VF
RI JUDSKHQH PDWIHULOOXWWB®REHG LQ )LJ
DGGLQJ DPPRQLXP QLWUDWH WR WRBHGHD
JUDSKHQH PDWHULDOV FRXOG DOVRWEH SL
VKREDYH WUHDWPHQW ,Q BRSHWGLROD SKKI H
GHPRQVWUDWHG W RU HH WH @HNVF\BURBWDDL W K
HOHFWURFDWDO\WLF DFWLYLW\ WRZDUG RJ[\

3 &KHW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

VROXWLRQ yLJ WKHUHR PHONVXUHPHIP®& H
HOVHZK@UH

,Q FRQFOXVLRQ VKRFN ZDYH WHFVFKREODOKH
URXWH WR WHRMBPWRRODWH LQWR XVHIXO J
6LIQLILFDQWO\ WKH IRUPDWLRQ RI KLJKO\
IURP &D\ SURYLGH D\ OWZ RIDMWLKDW H WKLV JLU

)L J 7(0 LPDJHV RI D W\SLFDO ILOPV 7KH

SDWWHUQ +57(0 LPDJHV RI E PRQROD\HU
WKWHHIRXU OD\HUV

)L J 6FKHPDWLF UHSUHVHQWDWUWRONKHD 6
VIOQOWKHVLY RI JUDSKHQH PDWHULDO IURP G

ORDGLQJ DSSDUDW X\ S HU LPKHHRIWD R | VLHHD)OS V

3 &KHW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J 255 SHUIRUPDQFH RI YKRSFKHDD \BRIGV L
FRPPHUFLDO 3W & LQ 0 .2+ VRO DOWDRMH D
RI P9 VE /69 FXUYHWRISWH®OHLDW GLIIHUHGQ

VSHHGVY F 7KMHYREWISEONRWY GHULYHG IURP
GLIITHIRVWMQWEDOWRURP G S$PRGXFWLRQ DQC
FRUUHVSRROGLYBIG IURP 55(WPHDVXUHPHQ

1 1 7KDGKDQIQGEKRFAN FKHPLFDO UHDFWLI
RI PDWBURDOWDWHU B¥RO +S'S

- - JLX < 1 %DL 3 : &KHQ 1 ) &XL
VIQWKHVLD RG6ZESLE POOOLQJ DQG VIGRFN O
WKHLU SKRWRFDW DS@ORVWDERPLYROLHY SS

+

< =KDR & +X [/ 6RQJ / :DQJ * 6KL /
)XQFWLRQDQIDQRBKHHWRGRDP (QYLURQ 6FL
YRO S8

3 &KHW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

(:3/26,9( +$5'(1,1* $1' ¥>H3/,&%$7,21 ,1
352'8&7,21 2) 5%$,/52%' 6:,7&+ )52*6

$ $ HULBDSY G6KWHDWGHU ( =XENRY

-RLQW ,QVWLWXWH IRU +LJK 7THPSHUDWXUH
XQ]KR D VN %OG ORVFRZ 5SXVVLD
IDYUHQWYTHY ,QVWLWXWH RI +\GURG\QDPLF\
$FDGHP\ RI 6FLHQFHVY SU /DYUHQWSYHYD
SXVVLD

-6& 1RYRVLELUVN 5DLOURDG 6ZLWFK 30DQW
1RYRVLELUVN 5XVVLD

HPDLDOWWHU]JHU#PDLO UX
‘2, (310

7KH ILUVW SDWHQW RQ H[SORVLYH KDUGHQ
LVVXHG LQ > @ ,0Q WKH ZRUNV RQ (+
WKH /DYUHQWHRH¥\GQMNGLYXMMHEY W ZDV IR)
VKRFN ZDYHV JHQHUDWHG E\ H[SORVLRQ FD
PHOWLQJ SRLQW LQGXFH SKDVH WUDQVLW
LPSURYH WKH PHFKDQLFDO SURSHUWLHV V
VWUHQ@WKQ>WKH PRVW FRPPRQO\ XVHG (+
H[SORVLYH OD\HU LV ODLG GLUHFWO\ RQ W|
KLJK H{SORVLYHV ZLWK GHWRQDWLRQ YHOR
DQG WKHVH DUH WKH SODVWLFL]RG (H[SDRVL
EH H[SDQGHG E\ XVH RI OHVV EULVDQW KLJ
SRURXV OD\HU EHWZHHQ WKH H[SORVLYH Fk
7KLV PHWKRG LV EDVMESRQI MFKOW HRIGI FRV WKt
JHQHUDWHG LQ D WUKIBW B & HPWOH H UDW KZKH
VR WKDW WKH SULPDU\ VKRFN ZDYH DULVLQ
IDGH RQ D GLVWDQFH EHWZHHQ WKH H[SOF
VDPSOH )LIJXUH VKRZV WKH KDUGQHVV FK
VWHHO IRWHGBIORVULNEW DQG XVLQJ WZR PH\
GLUHFW DQG YLD WKH VDQG OD\HU ([SORVL
SURSHUWLHY DUH OLVWHG LQ 7DEOH

$ $ 'HULEDV HW I



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

"HWRODWLROWRQDWLRQ
(ISORVLYHQVLWI FP /o R F NP VS UHVY X3B
3( *3

5"

$PDWRO

3(/99
I1RWHtS8ODVWLFL]J]HG H[SORVLYH

(YLGHQWO\ SRZGHU\ DPDWRO DQG R FKD!
DQG PP UHVSHFWLYHO\ DQG ZLWK DQ
VDQG HQVXUH WKH VDPH KDUGQHVV RQ WKF
SODVWLFL]HG H[SORVLYH *3 ,W ZDV IRXQG \
KDUGHQLQJ HIIHFW LV DFKLHYQIGE @BRWHY WK H
RI WKH H[SORVLYH FKDUJH WKLFNQHVV I
7KXV ZH FDQ VHH WKDW QRW RQO\ KLJK HI!
GHWRQDWLRQ Y HORPLIWM\ BRI GBRIZ H[SORVL
GHWRQDWLRQ YHORYVWYKIXEVWB QWD DD &XO0\

)L J 'HSHQGHQFH RI KDUGQHVV RQ GLVWDC
H[SORVKFHOHQHG PHDMHIDRHBKOVWWLFL]HG H[
*3

$ $ '"HULEDV HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

/KH ILUVW VWHNEFD WRLWEKMWOODO DSSOL
PDGH LQZKHWY $GPLQLVWUDWLRQ RI 1RYRVL
30DQW KDV DSSOLHG WR /DYUHQWTHY ,QVW
SUREOHP RI LQFUHDVLQJ RI WKH VHUYLFH
)LJ KH PRVW ZHDU SODFHV DUHFRQHNK
)LJ E $W WKLV WKH ZHDU RIWLKPH YU RJIHDF
WKDQ WKDW RI WKH UDLOURDG VZLWFK DV
IDYUHQWYfHY ,QVWLWXWH RI +\GURG\QDPLF
5XVVLDQ ,QVWLWXWH RI ¥+DMHOZ DNKHJ D@V SR U
GHYHORSHG WKH WHFKQRORJ\ GHVLJQHG
FKDPEHUVY DQG SHUIRUPHG WKH VHUYLFH W
EHHQ SURYHQ WKDW (+ LQFUHDVH& WKH O
)LQDOO\V LQ WKH YVSOGRVYDOHVKRGGIHRQL € J
IURJV KDV VWDUWHG ZRUNLQJ LQ 1RYRVLEL!
ILUVW \HDUV WKH SURWKRWYRQGURBW K DAV
SHU \HDU 3UHVHQWO\ WKH SURGXFWLRQ Y
6ZLWFK 3GDQWKRXVDQG KDUGHQHG SLHFHV ¢
WKH KDUGHQLQJ VKRS KDV SURGXFHG PRU
IURJV 1RZ PRUH WKDQ RI SURGXFHG 5

DUH H[SORVLYHO\ KDUGHQHG

D E
yLJ D S5DLOURDGWYXHLWPE KOIUIRJWUIDFN DQ
IRU KDUGHQLQJ RQ WKH IURJ JXDUGUDLOV D

6RPH HOHPHQWY RI H[SORVLR G XKD®E MAKWF
HI[SWOMDWLRQ FKDPEHU FRYHU WUXFN ZRUN
WUDFN LQ RUGHWKMR SURBKXHDMYLW\ +RZ
FKDPEHU SDUWV ERG\ DQG FRYHU ZLWK)
HISORVLRQV LQ HYHU\ FKDPEHU DQG FXUUHC(

$ $ 'HULEDV HW I



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

(+ SURFHVV LQFOXGHV WKH XWRGRFHI E
1RYRVLELUVN 30DQW IRQ SWKWL IRRIPD @1 ) DE WD\
WKLFNQHVV RI PP DQG D ZLGWK RI PP &l

DUH JLYHQ LQ 7DEOH JRU WKH KDUGHQ
FKDUJH ZLWK D WKLFENQHVV RI PP LV IRUP
OD\HUV RI /TY9DZKHUHDV WKH FRUH ZHGJH L'

PP WKLFN 3( FKDUJH OWbBHY RKE/OQFUHD?
VXUIDFH KDUGQHYWNVRURP +% WKH GHSWK F
KDUGHQHG PRWRBLD&RLMW SUHYHQWY WKH LQ
WKH ITURJ FRODUBGDQGOY GXULQJ RSHUDWLRQ
JURZV

,PSRUWDQW WR QRWH LWVYDNVNXIDW HY¥ HRV\W HHX
+DGILHOG VWHHO LV XVHIXO ZKHQ WKH LC

KLV LV GXH WR D VXEVWDQWLDOWGHW¥UL
QHFHVVDU\ WR DYRLG WKH ORVV RI SODVWL
FKLSSLQJ RI PHWDO GXULQJ WKH IURJ RSHU
FDQ EH LQFUHDVHG XVLQJ WKH VHFRQG HJ[S(C
PRUH WKBPRDUH DFKLHYD/EHOMH DFHHFRUGLQJ WR
UHDVRQVORDKGLQH LY SRVVLEOH RQO\ ZKH(
SODVWLFLW\ UHVHUYH

1 $ OF/HRG OHWKRG RI KDUG 86 L3DIWMHIQW

1R SDWHQWHG ODUFK

$ $ 'HULEHDVLFV Rl KDUGHRWLIQYIH DAHO Gl ¢
1RYRVLELUVN 1DXND LQ 5XVVLDAQ

$ $ 6KWHUWVHU $ $ 'HULEDV , 1 *DYL
7KH PHWKRG IRU LQFUHDVH PH3WD®WBQW®/C
1R SDWHQWHG 0D\

$ $ '"HULEDV HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

1,7,$7,21 $1' &20%867,21 2)
0(&+$12%$&7,9$7(' 0,:785(6 2) $/80,180
$1' &233(5 2:,'(

$ <X 'ROJRERURGR%DQNRYVNLLULOHQNR
$ 1 BWUHOGHWXNBDDQ, HY .ROEDQHY
DQG * $ 9RURE HYD

“RLQ ,QVWLWXWH IRU +LJK 7HPSHUDWXUH
XO ,]JKRUVND\D %OG ORVFRZ 5XVVLD

BHPHQRY ,QVWLWXWH LFEIV 8 KHRVEDQ 3KD G
6FLHQFHV XO .RV\JLQD ORVFRZ 5XVVLD
ORVFRZ ,QVWLWXWH RI 3KRQFRSD®GE FWIFK Q |

HPDLO #DBERBOUDV UX
‘2, (310

7KHUPLWH PL[WXUHV EDVHG RQ PHWDOV DQ
DVLJQLILFDQW H[RWKHUPLF HIIHFW GXULQJ |
WKH EXUQLQJ UDWH RI PL[WXUHV RI PLFUI
H[FHHG VHYHUDO WHQV RI PPV ZKLFK C
DSSOLFDWLRQ 7KLV LV GXH WR WWHRIQFRI
FKHPLFDO UHDFWLRQV LQ VROLG PL[WXUHYV
HITHFWLYH FRQWDFW VXUIDFH RI WKH UHDI
YDULRXV PHWKRGV DUH XVHG XOWUDVRQL
HOHFWURFKHPLFDO GHSRUBWLRLJHRI OXERL
> @ 2QH RI WKH UHODWLYHO\ QHZX POMXIR
WKHUPLWH FRPSRXQGV LV WKH SUHOLPLQDL
PL[WXUHV RALPHLG UKD W L FIOHW HIQQY/ HYQHH B D\O O
WKH VDPH WLPH WWKB UFHRRNKRQIEGHG DQG
VXEPLFURQ DQG QDQR OHYHOV DQG QHZ GH
IRUPHG ZKLFK PDNHV LW SRVVLEOH WR L
UHDFWLRQ RQ WKH VXUIDFH RI WKH UHDJHQ
WR FROVBWREHWNKHY RI HQHUJ\ UHOHDVH G
VKRFN ZDYH DFWLRQ ,Q 5XVVLD WKH PHW
VROLG RHWDQWXHO PL[WXUHV KDV EHHQ [

$ <XROJRERURGBGRY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

EHIJLQQLQJ RI WAH DQ® WKH UHVXOWLQJ PD
PHFEDFDOO\ HFWLYDWHG HQHUJHWLF FRPSR

$PRQJ WKH YDULHW\ Rl WKHUPLWH PL[WXU
WR WKH FRPSRVLWLRQ RI $O &X2 ZKLFK PD
RI WKH KLIJKHVW H[RWKHUPLF HIIHFWV SHU >
'Q WKLV SDSHU QHZ UHVHDUFK UHVXOWYV R
0$(& $0 &X2 EDVHG RQ PLFURQ DQG QDQRVL
PHFKDQRDFWLYDWLRQ DUH SUHVHQWHG

$V WKH LQLWLDO FRPSRQHQWY PLFURQ L
XVHG LQGXVWULEZG HIAUFROWN BIPIOQHF PRu

P &X2- P OQODQRVL]JHG Q$0 QSO HDQG

Q&X2 . QP $0 ZHLJKW FRQWHQW ZDV IU
DQG DFWLYDWLRQ ZHUH FDUULHG RXW LQ V
GHVLJQ RU LQ PQ $P\WQHIWDRHOP GO ® PAL N R G/ \&
$ URXJK HVWLPDWH RI WKH HQHUJ\ LQWHQ\
EDVHG RQ WKH JURZWK RI WKH VSHFLILF VX
OR?2 - - J IRU $W.O DWRD WRWDO SRZHU D
IRU WKH $URQRY PG RO SRAG KWVDRYKH PDVYV
EDOOV ZDVJ +H[DQH ZDV DGGHG WR UHGXFI
7KH VWDUWLQJ SRZGHUV DQG 0BI&GZHIWHD VL
HOHFWURQ PLFURVEDY\LPBW UK HUPRO\V LV
VKRZV WKDMNOOWDRI DFWLYDWLRQ WKH RE
SRO\GLVSHUVH PL[WXUH RI IDLUO\ ODUJH FR
$O SDUWRFORV ZEWK VXEPLFURQ &X2 SDUWL
7KH SURGXFWSHRGKEXKQLQJ RI 0$(& $0 &X2
)L E 7KHUR USKHURFODUWOLFOHV FRQVLVW
VXEPLFURQ SDUWKFOHY REXODVIHQVPHDUHG
VXUIDFR RIUSIOQ WKH IRUP Rl QDQRVL]HG SDL
WKH JDV SKDVH

$ OXPEHU Rl WKH GHK$HBRRHEXAHVLRQ SDUDF
DFWLYDWLRQZH®RVHEHWHUPLQHG LQ H[SHU
WHPSHUDWXUH E\ KRW VXUIDFH EULJKWQ
SURGXFWYV EXUQLQJ UDWH LQ F\OLQGULFDO
LQ FORXG RI SGRGXFWY RKMWKH H[SDQVLRQ
IUHH VSDFH GXULQJ HOHFWULF VSDUN DOQ:
DQDO\]HG

7KH EXUQLQJ UDWH ZDV PHDVXUHG LQ SOD
RI+ PP E\ UHFRUGLQJ RI SURGXFW HPLVVLF

$ <X 'ROJRHRWURBRGRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

VSHB&RWRJUDSK\ 7KH SRURVLW\ RTIKHKDU
LOQLWLDWLRQ ZDV FDUULHG RXW E\ KHDWLQ
VSDUN 7KH VSDUN HQHUJ\ ZDV UHJXODWFE
DPSOLWXGH LQ WKHPUDBQDNHGRUDWLRQ RI WK
R V. ([SHULPHQWDO VHWXS ZLWK HOHF
LQGLYLGXDO IUDPHVY DW GLITHUHQW VSDUN
YULIKWQHVYV WHPSHUDWXUH RI SHRBXE WY
S\URPHWHU

D E
)L 6(0 LPDJHV RI 0$(& $W &RP2Q DQG E EXLUL
SURGXFW&X OJUHBRY

D E
)L J D 6FKHPDWLF RI HGODHWMLE B QW RO VDM
QR FRPEXV@ODRY YHVVHOOZUWW ZDWWURI WX
FRPEXVWIRR@GDU\ ENWZHHQ LGBEW SDUWV R
VSDUN HDSHEFWURGHYV E 7KH SKRWRV RI LQK
OXPLOQHVFHQFH DW GLIIHUHQW VSDUN HQHU.

'HSHQGLQD®® LQLWLDWLRQ PHWKRG WKH
YDULHV IURP  WR PV DQG WK SWKRG X B'
RI . ,Q FDVHHRUHOROHFWULF VSDUN

WKH FRPEXVWLRQ KDV D SURQRXQ@KHRGV K H\

$ <XROJRERURGBGRY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

UHJLVWUDWLRQ VKRZV WKDW JRQHV RI EULJ
ZLWK GDUN JRQHV $V WHKBVWHS/D UNKH QHULINR U(
JORZ LQFUHDVHYVY 7KH KLJKHVW UHDFWLYLW)
SURGXFWYV IRU 0%$(& $0 &X' ZHUH NREWDLQKC
LQFUHDWKMHUH LV D SDUWLDO UHDFWLRQ RI
SURFHVYV

, QKW FDVH RADYKREQLWLDWLRQ RI FRPSRYV
HQFORVHG YROXPH WKH PDLQ SURFHVV RI |
IORZ RI SURGXFWYV GLVSHUVHG LQ WKH XQOF
RI WKH SURGXFWYVY LV PRUH WKDQ HVWY V
WHPSHUDWXUH LQ WKH FORXG RI SDUWLDOO
WKH UHVLVWLYLW\ LVPDERIHM)PHU D& P WHH UH)\
ZRUN KDYH VKRZQ WKH SURPLVH RI SUHO
DFWLYDWLRQ IRU W KK WbBQR@GXNAM EHRBE@ SRR VIIDW MW
$0O0 &X2 7KH XVH RI WKH RULJLQDO QDQRVED
VLOQFH LW GRHV QRW JLYH DSSUHFLDEOH
WKHUPLWH PLIWXUHY EDVHG RQ &X2 FDQ EH
PHWDOV KDYLQJ FDWDO\WLF DFWLRQ

7/TKLV ZRUNMXBBWRUWHKG BEXVVLDQ )RKGLIFW L
SHVHDWUW FKQW QR DQG WKH 3URJUDP RI %D
RI WKH BUHVLGLXP RI 5XVVLDQ $FDGHP\ RI 61

9 ( =DUNR $ $(Q'HWBPHWLAEPD W6 QWKW LV
&KDUDFWHDQFPINAIRFRPWYRPLHU

<X 'ROJRERURGRY 0 ) *RJXO\D 0 1
'HWRQDWMNRQSKHQRPHQD L3Q RO & P QW XU H
' QWHUQ 3\URWHFKQLSS #HPLQDU

<X 'ROJRERURGRY 0 1 ODNKRY , 9

6WHOHWVNLL OHFKDQLFDOO\ DFWLSDWHG
3DWHQW 1R

<X 'ROJRERURGRY OHFKDQLHRBO\HDHNLIE
FRPSR\WWRWPHY ([SORV 6KRFN YRODHV SG3R

+

1 6WUHOHWVNLL <X 'ROGIREIRURERY 1DWX
UHDFWLYLW\ RI PHWDO VROLG R[LGL]JHU
PHFKDQRDFWUHDWHRQOWHU 6FLYRGOSS

$ <X 'ROJRHRWURBRGRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

(;3/26,9( /$%25%$725< ,167%$//%7,21 )25
&</,1'5,&%/ &2035(66,21

6 9 'XG2Q$ G6RVDRBY6 , 7TRUXQRY

,QVWLWXWH RI SBUREOHPV RI &KHPLFDO 3K\V
6FLHQFHY &KHUQRJRORYND ORVFRZ )

HPDLO GXGLQVY#ILFS DF UX
‘2, (310

7KH LQYHVWLJDWLRQ RI WKH F\OLQGULFDO
DV ZHOO DV WKH DFWLRQ RI VWURQJ FRQYF
ERWK IURP WKH SRLQW RI YLHZ RI WKH SUL
DQG WR VROYH FHUWDLQ SWIRE/O HPX\F KR IS WKE
LQFOXGH WKH SUREOHP RI WKH IRUPDW
F\OLQGULFDO GHWRAIYDWIKR @ XDIWLSRLQW L
F\OLQGULFDRQFRPISUMXEHYV WKH GHY!
LOKRPRJHQHLWLHY LQ OLTXLGV XQGHU WKH
VKRFN ZDYHYV HMHFWLRQ RI ILQH SDU\
F\OLQGULFDO VXUIDFH XSRQ WKH HPHUJHQF
SUREOHP Rl RQMMKHUWPR@XFOHDU IXVLRQ XS
SODVPD LQ D PDJYRWOF H[EOI® L PHIDW YV ZKH
GHWRQDWLRQ ZDYH LV IRUPHG DUH TXLWI
DGGLWLRQ WKH\ UHTXLUH @QHODWU BHSDRRX A
WKXLLQ WXUQ HQWDLOV WKH QHHG IRU HJ[!
DUHDV

$ FRPSDFW ODERUDWRU\ LQVWDOODWLRQ
ZDYH LV IRUPHG E\ WKIRPBW KRG RL P DRV L
'3&3 5$6 7KH ZHLJKW RI VWHRH AKIODQH XV HG
HTXLYDOHQW 7KH DSSHDUDQFH RI WKH GH
XSSHU SDUW VKRZV WKH IURQW YLHZ RI Wt
YLHZ 7R IRUP D F\OLQGULFDO GHWRQDWLRC
DUH X\LIQG)LJ 7EHFWPDUJH LQ WKH IRUP RI I
DQ H[SORVLMHH FROQDUEHWZHHQ WKH FKD
LOLWLDWLRQ SRLQWYV ,W LV GHVLJQHG WR

6 9 'XBWQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

ZDYHV IURP QHLJKERULQJ LQLWLDWLRQ SRL
PDWIHDOLY LQ ZDWEBEHQ PHWD® @ ISRHQYWV DUH
VLPXOWDQHRXVO\ [URFPZKMKHK GMWRFDWRIG D
RI WKH XQLW

yLJ IDERUDWRU\ ) QYWDOKOHD WWERDUDQFH
FDPHUD 1$12%3 (

20H RH WHKWKRGV XVHG WR PRQLWRU WKH
YLVXDOL]H WKH SURFHVVHV Rl F\OS®EGLFI
SKRWRJJFOBKMKLY SXUSRVH WKH GRPHVWLF
%3 )JLLV XVHG

7KH PDLQ FKDUDFWHULVWLFV Rl WKH FDPH

t 1XPEHIWDRFRBIWRFDO FKDQGHOV LQ FKDPE!

t 7KH VSHFWUDO UDQJH RI WKH+SKRWRFDW

f "RUNLQJ GLDPHWHU RI WKH SKRWRFDWKR

t 7KH GXUDWLRQ RI WKH JDWLQJ SXOVH LV

t 7KH WHPSRUDO L QNKWD BN UMR MWK F
WKDQ QV

f 6SDWLDO UHVROXWORE R DWORWOW URE F
OLQHV SHU PP

f GHVROXWLRQ SL[HOV

f 7KH H[SHULPHQWY ZHUH SHUIRUPHG XV
| * OHQVY) $)6 95 =RRIPNNRU

'LWK WKH KHOS RI WKLV FRPSOH[ ZKLFI
ODERUDWRU\ LQVW NG & B ® LRI DBAVAEHKDH K
IROORZLQJ H[SHULPHQWDO LQYHVWLJDWLRQ

IRUPDWLRQ RI D F\OLQGULFDO GHWRQDW
PXOWLSRLQWLIQLIWR. DWLRQ

FRPSUHVVLRZIDROBGVREQED O OLQHU

6 9 'XBWQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

WKH RXWSXW RI D VWURQJ VKRFN ZDYH |
HMHFWLRQ RI PLFURSDUWLFOHY DQG SODVP

LOLWLDWLRQ Rl FRQGHQVHG DQGFDOTXL
VKRFN ZDYH )LJ

)L J 7KH IRUPDWLRQ RI D F\AOLQGULFDO GH
RI PXOWLSRLQW LQLWLDWLRQ VXFFHVVLYH
LOQWGBGIWRYD V

V V

)L J ' OQLWLDWLRQ RI D OLTXLG H[SORVLYH
PLFURVHNRGEN ZDYH DSSURDFK WR WKH FX)
H[SORVLYH P+G HRRIQIERLARQ ZDYH LQ OLT

7KLV ZRUN ZDVEVWXKFRIWRHIWDP RI WKH 3U
5XVVLDQ $FDGHP\ QR BFLHQFHRDO SK\VLFV
HQHUJ\ GHQVLW\ 7KH ZRUN FDWWHGURXYWR
([SORVLYH &HQWHU IRU &ROOHFWLYH 8VH

< % =HOGRYLWK QRQFRQVHUYDWLRQ LQ F

LQ RWKHU HIIHFWV LQ WKH ILUVW RUGHU
FRQVWI§WBHR)U] YRO S

6 9 'XBWQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6

/| $OTWVKXOHU 6 .RUPHU $ %RXRWQRRY
$ *XENLQ ,UUHJXODU FRQGLWLRQV RI R
ZDYHV LQ VRCK(S VEBRIRWH V YRO

/| *XHUUL $ 7DURQL &RPSXWDWLRQ RI W
GHWRQDWLRQ ZDYH LQ F\OLQG XUBDAR R U
5HS(XU H -

6 9 'XGLQ 9 $ B6RVLNRY 6 , T7RUXC
LOYHVWLJIJDWLRQ RI F\OLQGUBKFD 0&8 B W R
YRO S

$ 9 O6KXWRY 9 * 6XOWDQRY 6 9 'Xi
PRGHOLROWHUWLQJ GHWRQDWLRQ ZDYHV D
- 3K\WV &RQI 6HYRO QR S

6 9 'XGLQ 9 $ 6RVLNRY 6 , 7RUXQRY
F\OLQGULFDO GHWRQDWLRQ ZDY¥K\N\DWRFD'
6HU YRO S

6 9 'XGLQ 9 $ 6RVLNRY 6 , 7RUXQRY

ZDYH RQ WKH LQQHU VXUIDFBKRY D&R\@IL BE
LQ SUHVYV

O , . XOLVK 6 9 'XGLQ OLFURSDUWLEFO

UHJLVWWRWIRQOEGRNGHU FRPSUHVVBRQVRI L
&RQI B6HU LQ SUHVV

9 'XBWQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7+( 0(&+$1,60 2) '(721$7,21 1$12',$021'6
*5$3+,7,6$7,21 81'(5 +($7,1* $1°
,55%',%$7,21

9 3 (IUHPRGE ( , =DNDWLORYD

-RLQW ,QVWLWXWH IRU +LJK 7THPSHUDWXUHYV
XO ,]JKRUVND\D % 0G ORVFRZ SXVV

HPDLHOL ]DNDWLORYD#PDLO UX
‘2, (310

&U\WWDO VWUXFWXUHDPRB® RQNMWLRQP HID Q
GHWRQDWLRQ SURGXFWV XSRQ XWLOL]DWLF
EDVH ZLWK QHJDWLYH R[\JHQ EDODQFH %R
FDQ IRUP LQ WKH GHWRQDWLRQ SURGXFWV
RQ WKH H[SORVLRQ FRQGLWLRQ

$VWKLV WLPH WKH DSSOLFDWLRQ RI WKL)
GXH WR D KHWHURJHQHRXV SDUWLFOH VWU
ZKLFK DIIHFWV LWV SURSHUWLHV $FFRUGLC
VFDWWHU DQG VRPHWLPHW HYKID DD GRBOW
QDQRGLDPRQG SURSHUWLHV )RU H[DPSOH
JUDSKLWLVDWLRQ RI GHWRQDWLRQ QDQRGL
IURP f@ WR @&+RZHYHU WKLV VFDWWHU
PLFUR DQG EXON GLDPRQGV 7KH SUR!
PLFURGLDPRQGY DUH FORVH WR WKRVH RI D

7KH VWDELOLW\ RI GHWRQDWLRQ QDQRG
LOQIOXHQFH EXVLOUNWNHQWR SK\VLED@®D LQ YH@W
WKH LQIOXHQFH RI LUUDGLDWLRQ E\ KHDY)\
FU\WWWDO GLDPRQG KDV EHH QG VIVPRQGE G KO/
DPRUSKRXV FDUERQ LQ WKH LRQ WUDFN RF
WKUHVKROG L@ H[KHHGH®/ I>FDO GDPDJH WKI
ZKHQ QDQRGLDPRQG LV LUUD @ DWDBI\GHE\ RQ\
UHVXOWY Rl QXPHULFDO VLPXODWLRQ LW :
RI DPRUSKRXV WUDFN LQ WKH QDQRSDUWL
RFFXUV XSRQ LUUDGLDWLRQ RI QDPRGHDMR

9 3 (IUHPRY DQG ( , =DND



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

WUDQVLWLRQ Rl GLDPRQG SDUWLFOH LQWR
WKLV @WL]HHWHUPLQDWLRQ RI FULWLFDO VL]F
WKHUH LSYKDVWZBLDPRQG DQG JUDSKIONH X
DOORZ WR FUHDWH PDWHULDO ZLWK XQLTX
WKUHVKROG Rl GDPDJH LQ QDQRGLDPRQGV
UHVXOW RI KHDW WUHDWPHQW Rl LUUDGLE
UHOHDVHG DQG WKH FU\VW DOHV W B FHIBS®RMH F
DQQHDOLQJ RI QDQRGLDPRQGYV LUUDGLDWHC
HQHUJ\ ZDV - J ZKLOH WKH :LJQHU HQHL
ZDV RQO\ @ - KXV WKH PHFKDQLVP RI JUL
GLDPRQG SKDVH XSRQ LUUDGLDWLRQ GHSHQ
7R IDEULFDWH WKH WDUJHW IRU LUUDGLD\
WKHUPDO VWDELOLW\ RI GHWR QD VKIHDQW QOO F
7KH V\QFKURQRXV WKHUPDO DQDOWDV 5
GLIIUDFWLRQ DQDO\VLYV DQG VFDQQLQJ HOF
VWXG\ VDPSOHV DIWHU KHDW WUHDWPHQW
7KH KHDW WUHDWPHQW RI GHWRQDWLRQ Q
RXW LQ FRUKBDGKPZIEWKFD FORVHG OLG DW |
IURP URRP WHPSH& DWXUBWHY RIf&PMRLQDC
D G\QDPLF DUJRQ DWPRVSKHUH 7KH LQYHV
WKHUD\ GLIIUDFWLRQ DQDO\VLV )LJ VKF
IUDFWLRGLIRPRRQG SKDVH ZLWK LQFUHDVL!
WHPSHUBWXWHUWH LV D GLIIHUHQFH LQ WKH
GHWRQDWLRQ VQDORR LPPRLRS DQG EXON G
SDUWLFXODU WKHDRDIURE WK EWVYRG SBQH
ZLGHU IRU QDQRGLDPRQ® Q'K [EX OWK BWD FRRQ
HITHFW Rl WKH UDWH Rl KHDW WUHDWPHQV
SRZGHU SDUWLFOHV ZDV DOVR UHYHDOHG
FRQJORPHWIUMHNE GRHVS ZLWK B VQPH RUIJDERX)\
SUHGRPLQDWHG LQ WKH VDPSOH ,Q WKH F
f& PLQ SODQDU FDUERQ VWUXFWXUHV ZHU
VL]H Rl WKH VSKHULFDO+*SRQBPWLDEDOHW ZDW I
HVWREGLWKDW HYHQ XQGHU QRUPDO WKHUF
VWDUW DQG ILQLVK RI JUDSKLWL]DWLRQ L
fé&
7KH UHVXOWV Rl WKH WKHUPDO VWDELOLYV
UHFRPPHQG WKH WHPSHUDWXUH HRU | WM 3
PL[WXUH RI FKURPLXP QDQRGLDPRQGV ZKI

93 (IUHPRYY DQEDNDWLORYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

DV D VRXUFH Rl PDWHULDO IRU FRDWLQJ VYV
FDUULHGWRIW DRWVN\ 6FLHQWLILF &HQWHU
SURFHVVLQJ Rl GHWDLOWK®HGXWIFD PHKDQG HX
LQ WKH ZRUNLQJ OLIH $IWHU LQYHVWL
QDQRGLDPRQGYV ZHUH IRXQG LQ WKH VXE
FKURPLXP QDQRGLDPRQGV PL[WXUH DW Wtk
QRW OHDG WR DQ DQQLKQGDWLUIR®D RK HVR H[\
LPSDFWHG RQ WKH VWHHO VXUIDFH WR EH F
\LHOG VWUHQJWK RI FKURPLXP ZKLFK OHD
SDUWLFOHV ZLWK PLFURQ VL]H $W WKH VD
GHVWUR\HG 7KXNRQGLOH. IR GMOR/IPDR@HSRV L
SRZGHU QDQRSDUWLFOHV XQGHUJR QR VWU.

)LJ UD\ GLIIUDFWLRQ SDWWHUQV RI WKH S
QDQRGLDRRQWKH LQLWLDO VWDWH ODQG DIW
f& DQIBWH Rl f& PLQf& DQG UDWH RI f&

7 f& DQG UDWH RI 7T& PL&E& DQG UDWH R
f& PLQ

D E F
)L J OLFURVWUXFWXUH RI QDQRGLDPRQG S

WUHDWPHQW E DIWHU KfK D\WGVUBWWFRHQW
fK PLQ F DIWHU KHDWUGNVD® 0 WHEMEHNRD W

9 3 (IUHPRY DQG ( , =DND\



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

yLJ 6DPFOWQHVVHVWRFEN PRGHO ZLWK D S
FRDWLQJ LQFOXGLQJ GHWRQDWLRQ QDQRGLI
RXW DW 3HWURY\VNN BB LB QPG L I-I6R &

$XWKRUV DUH JUDWHIXO FROOHDJXHV 'HU
DQG GHSDUWPHQW RI &KHPLFDO 3K\VLFV RI
DQG GLVFXVVLRQV

1 6 ;X - &KHQ 6§IIHFWH®I KHDW WUHDW
SURSHUWLHMMORARQBOQRQGHU R[\JHQ DQG I
'LDPPHOODMWHU YRO 5S

9 $ 3RSRY $ 9 (JRURY 6 9 6DYLORY
LULFKHQNR 9 1 'HQDR®RY 290' 9%DVHOHY
% 6DJDORYD )HDWXUHV RI WKH WUDQ
QDQRGLDPRQGYV LQWR RQLRQOG&XUYI FDQUERG
- UD\ 6\QFKURWURQ 1HXRORQ QRFK=:*SS

' 3 +LFNH\ . 6 -RQOI®LPDQ* $PRUSKL]D)

JUDSKLWL]DWLROQ\WRID Y LGLBRRQD QVPLVVL

HOHFWURGQ PLFUPPFRBS\O\DWX O\DY\ROU SS
+

) 9DOHQFLD - ' OHOOD 5 , *RQJDOH] O

&RQILQHPHQW HIIHFWV LQ LUUDGLDWLRQ

&DUERQ YRO £S

) &DWDOGR * $QJHOLQL = 5pYD\ ( ¢VE

HQHUJ\ RI QDQRGLDPRQGHERRRIUV/GRG Z U\

ZLWK UDGOMMURQADQRWXE &DUERYRODQF
SS +

9 3 (IUHPRY ( , =DNDWLORYD 7KH DQDO

GHWRQDWLRQ ©DORGLDPRQIG 6HYR

93 (IUHPRYY DQEDNDWLORYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

*52:7+ 2)'()(&76 2) ',6&217,18,7< 2)
%,0(7$//,& 67({27,7$1,80 3/$7( %,//(7
-2,17 '85,1* 0$18)$&785,1* (48,30(17 $1°
76 23(5%$7,21

$ 0 )HGRURY 6FKDVWOLR YOHDKRQRY
DQG(" 2GHU\VKHY

15& 3.MFKDWRY |Q@WHWMWNXOWHSHVHDUFK ,QVWL
ODWHULDOV 33URPHWH\" 6W 3HWHUVEXUJ !

HPDLRDLO#FULVP UX
‘2, (310

7KH SDSHU SUHVHQWY WKH UHVXO&5/6RI 15&
SURPHWH\ RQ WKH VWXG\ RI FKDQJH LQ
GLVFRQWLQXLW\ RWERLWBDWDO® L LFOVWHHBLOC
WHFKQRORJLFDO RSHUDWLRQY LQ PDQXIL
RSHUDWLRQ 7KH\ DUH DV IROORZV

JURZWK RI D BHWIFOWORF BODWH ELOOHW
F\FOLF EHQGLQJ ORDG

JURZWK RI D GHIHFW LQ WKH DVVHPEO\
F\FOLF ORDGLQJ DORQJ WKH WXEH DJ[LV

JURZWK RI D GHIHFW GXULQJ KRW UROOL(

$ 0 )HGRWRDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

19(67,*$7,21 2) 6758&785( )250%$7,21 $7 *
'<1%$0,& &2/' 635%$< 2) $/80,480¢&
32:'(5

69 *DOQL® * =RWRBY, 6KDPVKXULEPDUNRY
DQ%$ 6RNRORYD

3HWHU WK HHAKHDLW SROYW U

6W 3HWHUVEXXMVLD
.LURY 6W 3HWHU\REMEK\GLVEDO 8QLYH
6VBHWHUVEXUJ 5

HPDLBO9 *DQLQ#JPDLO F
‘2, (310

*DV G\QDPVBWFRORKG PHWDO VXUIDFHV LV D Sl
PHWDO FRDWIQQJJUPSDEWLROHYV Rl SODVWLF |
DFFHOHUDWHG LQ D VXSHUVRQLF JDV MHW \
PHWHUV SHU VHFRQG DN WAKH RVSHU IVWIRY W U D
PHOWLQJ ®RHMWM RBERQLDESDKWPHOWHG P
SDUWLFOHV ZLWK WKH VXEVWUDWH SDUWLF
WKH NLQHWLF HQHUJ\ RI WKH SDUWLFOHV L\
LOQWR ERQGLQJ HQHUJ\ ZXWKQW KMK M XIRWP D B\
FRQWLQXRXV OD\SFNRHGGRAOWHO®\ SBXWK FOH
WHFKQRORJ\ LV XVHGGWRQUWXYWRBH DQTR WG
ZHDU UHVLVWDQFH GXH WR KDUGHQLQJ RI V.
'Q WKH SUHVHQW ZRUN ZHWKHXBRBE LK H
DIWHU FROG VSUD\ RSUFRZGHEG $£\ WKH 2EQL
IRU 3RZGHU 6SUD\LQJ XGHYLMPH' ,BGRZGHV $
D PL[WXUH FRQWDLQLQJ DOXPLQXP SRZG
FRUXQGXP ZLWK D SDUWLSOM MIQB RDV FD
RXW DW WHPSHUDWXUHV RI DQG f& X
SUHVVXUH RI DWP 7KH VWXGLHV RI WKH
RXW IURP WKH FRDWLQJ OD\HU ZHUH FDUUL
HOHFWURQLF VFDQQLQJ PLFURVFRSH

% *RG L ENGDHD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KMHVXOWYV Rl ORFDO FKHPLFDO DQDO\VL
WKH VXUIDFH OD\HUV LV PXOWLSKDVH 7KH
)LJV DQG LV JLOQF DQG WKH GDUN RQH L
FOHDUO\ GLIIHUHQFH EHWZHHQ WXHMG SWRM !
YROMRHGFOXRLROVGH BIOH DQDO\VLV RI WKF
VKRZV WKDW ]JLQF EHLQJ GHSRVLWHG PHOV
LOQFOXVLRQV RI DOXPLQXP DOBUWRBREEXHF
LOWHUHVWLQJ WR QRWH WKDW W KM WSNWDX |
WHPSHUDWXUH RI f& KAKRRAKRWLQ EHFRRD W
f& LV VLPLODU WR WKH VWUXFWXUH RI
ZKHQ JLQF SDUWLFOHY DUH GHSRVLWHG LQ
WKDW WKH GHIRUPDWERGVKEBXWLQJ RPSHDI
VXEVWUDWH XQLTXHO\ H[FHHGV  f&

)L J 6(0 LPDJHV Rl WKH FRDWLQJ OD\HU VS
6( UHJLPHYV

)L J 6(0 LPDJHV Rl WKH FRDWLQJ OD\HU VS
6( UHJLPHYV

$ 33ONKLPRY) .RWDBHDLQNRYO )REBRQ@G

*DVIQDPBBUD\ZLRHRU\3DQEWRNIFRZ )L]PDWC
LO 5XVVLDO

$ 33ONKLPRY .RVOPUIBDSXEBRODBV\QODPLF

6SUD\LOR ®AKMH MRLQW UHSRUW RI SK\VLF

JQV W L WKW HFR| £S

% *RG L EDNGDHD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

'(9(/230(17 2) 683(5&21'8&7,9( 0J%
+<%5," &20326,7(6 $1' ,19(67,*$7,21 7+(
6758&785( 3523(57< 5(/$7,216+,:

% *RGLEDIG]HHLNULVKYHOHFKNRUL
DQG * ODPQLDVKYI

7TVXOPINLGQLQJ . QVWLWXWH 7ELO
7TDYDG]H ,QVWLWXWH RI OHWDOOXUJ
TELOLVL *HRU

-DYDNKLVKYLOL 7ELQEVYIO 6BWDWH 8@RY

HPDLEJRGLEDG]H#JPDLO
‘2, (310

'H DSSOLHG WKH RUDRYNQU @ HGR W RQKRON G D
FRPELQLQJ D KLJK WHPSNWDWHK UH S RWK WHK
ZLWKRXW DQ\ IXUWKHBKVBEQWEKYNEBG VXSHIL
PDWHULDOV ZLWK KLJK GHQVLW\ DQG LQWH.
ELOOHWYV ZDV PDGH DW WHPSHUDWXUHV DEF

R& LQ SDUWLDOO\ OLTX%GEPRQGLWRRQHRN
LOQIOXHQFH R4 ERRWRSBHWLRQ RQ FULWLFDC
VXSHUFRQGXFWLYH SURSHUWLHV ZDV HYD
VXFFHVVIXO DSSOLFDWLRQ Rl WKLV PHWKRC
WUDQVPLVVLRQ OLQHV IRU VLPXOWDQHRXV '
HQHUJGEPRQVWUDWHG

7KH QRYHOW)\ RI SURSRVHG QRQFRQYHQW
IDFW WKDW WKH FRQVROLGDWLR® R+FPVKH \
0J+% EOHQG SRZGHUV ZDV SHUIRUPHG LQ W
SUHGHQVLILFDWLRQ RI WKH SRHBSIMWYD DM K
VRPH FDVHV EHIRUH G\QDPLF SUHGHQVLILFI
LOWR WKH FRQWDLQHUV ZDV SHUIRUPHG E
GHQVLILFDWLRQ ,Q DOO FDVHV WKH VHFR
H[SORVLYH FRPSDFW&RQ W& QMM QVLW\ RI O
DERXW *3D &\OLQGULFDO FRPSDFWLRQ JHI
+(& H[SHULHHQWLMQJ GDWD RI WKH DSSOLFD

% *RG L ENGDHD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

FROQVROLGDWLRQ WHFKQRORJ\ VEROIDEWNVF D!
KLJKHMHPSHUDW®ON SONDH WIKFDVDPH @GHVXO!
. VWLOO LV PD[LPDO $GGLWLRQDOO\ DV
SURFHVVHV DIWHU WKH VKRFN ZDYH FRPSUHI
SURYLGLQJ IXO0O WUDQVIRUPDWLRQ RI FRQ
0J%FR®RVLWHYV 7DNLQJ LOQWR DFFRXQW WK
DQDO\VLYV UHVXOWY ZH PD\ EH % SUWHH FKKUDAR |
EDVHG RQ FKHPLFDO UHDFWLRQV XQGHU
WUDQVIRUPDWLRQ Rl VWDUWKQYH{IGRPERW
IUROJ¥D QG 0J2 WDNHV SODFH 7KH REVHUYD
LQ WKH PLFURVWUXFWXUH FRQILUPV WKH
SURFHVVHV EHKLQG RI VKRFN ZDYH IURQW
7KH OLTXLG SKDVH G¥buLRUHFXU\RRW&I DW
SURYLGHV WKH IRSKDWHRRYRU OW%H HQWLUH
ZLWK PDELPDO . 7KH W\SH RI DSSOLHG % Si
WKH ILQDO UHVXOW RI VXSHUFR @®G WQ YWK
FDVH RI DPRUSKMRUW % HWMBXYUVYHVXOWYV D
DIDLQVW . 7KH SXULW\ Rl SUHFXUVRL
H[LVWLQJ RI R[\JHQ LQ WKH IRUP RI R[LGL]F
WR D GHFYEDRGHRB@ RUPLW\ RI +(& ELOOHW
PRGLILFDWWP@WUIQJ ERURQ SRZGHUV LV L
DSSOLFDWARWRRVRSH LQt % WIDUHFXQNRPUV S|
KLIKHU FULWLFDO WHP SHRMIRYUMHY IRUP H

L E F
)L J ODJQHWMAHPBPHOWXUH GHSHQGHQFHYV

ILHEPRSROHG =)& FRROHGHOQ& PRGHV VKRZLQ
VXSHUFRQGXFWLQJ WUDQVLWLRQ GHSHQGLC
RI ERURQ SUHFXUVRUV D +(&&LQEVWHHOQFF
FRSSHU FROWDODLYRWREWK F + (&LLYHBRESHU
%% LVRWRSH

7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH
6KRWD 5XVWDYHOL 1DWLRQDD@Q@WLHQFH )R.

% *RG L EDNGDHD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

19(67,*$7,21 2) 675(1*7+ 2) 0$7(5,$/¢
2067%$,1(" %< (/(&75,& 38/6( &2162/,'$7,21
32:'(56

9 <X YWRMAHY * *ULJRWUWITHYULERY
/[ $ 'HIDGQISNRYWLQWWVH)NYG $ 6 30RWQL

IDWLRROMHDBFK 1XFOHDU 8QLYHUVLW
5XVVLD

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLO JY\ #JPDLO F
‘2, (310

7KH NW) RI WKH RSHUDWLRQ RI WKH FULWLF
RQ WDNLQJ LQWR DFFRXQW DOO WKH IDFWI
SDWWHUQV RI GDPDJH DFFXPXODWLRQ DQG I
RI FUDFNV LQ WKH PDWHULDO DIDQSURIBBWHWR |
WKH PDWHULDO 7KH PRGHUQ WHVW HTXLSPI
FRPSOH[ ZLWK HIIHFWLYH PHWKRGVY Rl YLVXI
RI VDPSOHV ZKLFK DUH EDVHG RQ WKH XVH
LPDJH FRUUHODWEBQ YLKGHRRSMWVWHP GHMW
GLVSODFHPHQW RI SRLQWYVY RQ DQ REMHFW!
XQGHU ORDG UHODWLYH WR WKH LQLWLDO S
SURFHVVLQJ RI SKRWRV DUH FRQWUROOHG
VRIWZDUHKHARBWIDAMDO DSSDUDWXV RI WKH V
GLJLWDO LPDJH FRUUHODWLRQ PHWKRGV RI
RI ZKLFK WKH GHIRUPDWLRQ RI SRLQWYV |
GHWHUPLQHG IURP WKH PHDVXUHG GLVSODI
PHWKFRGLQMWKH IDFW WKDW LW LV VXFFHVVIX
SURFHVYV Rl GHVWVKXHWLROPRIONY DROIOQ XIDFW
PHWKRG RI HOHFWULF SXOVH FRQVROLGDWL

([SHULPHQWYV ZHUH FDUULHG RXW DW WKH
RI D WHVWL@QGPREKHBRVDRQDO GLIJLWDO RS!

9 <X VRE®W DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

" ([ DPSOHV RI WKH XVH RI WKH '",& PHWKRC(
VLIHG GLVN VDPSOHV RI FDVW LURQ DQG JU
ZKLFK DUH GHVWUR\HG DFFRUGLQJ WRY) WKF
DGGLWLRQ WKH HIIHFW RI WKH VDPSOH VL]
LOQYHVWEBKBIWAHSHQGHQFH RI WKH VWUHQJW I
WKH GHJUHH RI EULWWOHQHVYV RI WKH PDWE
IRUPXOD UHFRPPHQGHG BG WKKIHS$BR O UW/HFINQC
$670 VWDQGDUG IRUPXOD LV SURSRVHG WD
RI WKH VWUDLQ GLDJUDP RI WKH VDPSOH Ol
WHVW 7KH SRVVLELOLW\ RI GHWHUPLQDW
REWDLQHG BEXAOWAMHFRVQLROL GDWLRQ RI SRZG
/KH SURFHVVHY DQG VWDJHV RI GHVWUXFW
JHRPHWU\ DQG GLIITHUHQW W\SHV RI ORDGL
PHWKRG RI VDPSOHV VLPXODWLQJ QXFOHDU
KM EHHQ ZRUNHG RXW XVLQJ ',& PHWKRG
VDPSOHV LV FDUULHG RXW DFFRUGLQJ WR W
GLITHUHQFH EHWZHHQ IXHO VDPSOHY DQG V
FHQWUDO KRRIDHOERQOWWHRQ HP MKW PIHW K\RHS
XVHG WR FRPSDUH WKH SUREOHPV RI WKH
GLVN VDPSOH ZLWK D FHQWUDO KROH DQG
GLVNV ZHUH DVVXPHG WR EH WKH VDPH D '
R PP /{KH GLDPHWHWRILWKRMHQHHRWW K ©

PP 7KH ILUVW DQG WKLUG SULQFLSDO D
ERWK VDPSOHVY DUH FRPSDUHG W LV VKRZ
WKH ORDGLQJ JRQH IRU GLVN ZLWK KROH D¢
VWUHVYV IRMKGKROHZLY VLPLODU WR D SLFW
ZLWK SHUWXUEDWLRQV LOQWURGXFHG E\ WK
WHQVLOH VWUHVVHYV LQ WKH GLDPHWHU SO
KLIKHU WKDQ WKRVH LQ WKH VROWSGGIRMN
GLVFV LQ WKH H[SHULPHQW RFFXUV DORC
GHVWUXFWLRQ RI VROLG GLVN VWDUWYV IUF
FHQWHU ,Q WKH GLVN ZLWK KROH D FUDEFN
FHQWUDO KROH DW WKH YUWAUANMHS WELLRDQP H
SURSDJDWHYVY DORQJ WKLV GLDPHWHU XQV
VHSDUDWHG 7KH IUDFWXUH VWUHVV IRU EI
6DPSOHYV RAH&2 GLVFV KDYH EHHQ WHVWHG
SHVXOWYV RI WHVWYV RIRQ&DPSIDGKM VRH  IDXNH QN
FKDUDFWHU DQG WKH OHYHO RI VWUHQJW|

9 <X *RIOW \DHDY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

LQIOXHQFH RI PREBAGWIRIHKHOKFWULF SXOVH
VWUXFWXUDO DQG PHFKDQLFDO SURSHUWLH
1x)H ZDV LQYHWIW MDHKWREQ@ WKDW ZLWK LQF
RI D "R&wWbJH GLVFKDUJH WKH WHQVLOH V)
PRGH RI DFWLRQ ZDV GHWHUPLQHG DW ZK
VWUHQJWK DQG SODVWLFLW\ RI WKH VLQWHL

9 <X VRE®W DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

6+60(7$//85*< 2) &F62;,'( 0$7(5,%/6
9 $ *RUVEKQ@EBY3 $ OLORVHUGRY

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

HPDLIRUVK#LVP DF UX
‘2, (310

Q ,60$1 LQYHVWLJDWLRQV RI VIQWKHVLV
FHUDPLFV KDYH EHHQ UHFHQWO\ SHUIRUPH¢
WKH 6+6 WRXWHK LV DSSURMNK DORORZAH XYLV
FROWDLQLQ:R[RGHRFIRPSRXQGY DQG PDWHUI
FDVW VWDWHW\SHOKLWKEUR[LRWHKHUPLF PLJ[

2[\QLWULGH FBUKUIFVSUHYZHQ W MRHPNS W H
VIQWKHDMW DOXPLOXP R[\QLWULGRYHED O
UHDFWLRQ VFKHPHV

JH2 $0 $01 $@+1 )H$O
OR2 $0$01 $@+1 ORSO

'Q WKH ILUZWs®3\OHL FRPSRVLWLRQV DGGH
6l1 FDQ EXUQ DW WKH DGGLWLYH FRQWHQW
UHJLRQ DIWHWWILRK SUURFHVV D FRPEXV
SURSDJDWHV RYHU WKH PL[WXUH 7KH FR
GHWHUPLQHG E\ WKH FRQWHQW RI DGGLW
FRPEXVWLRQ OLPLW: LWPLV HTWMNKAMIBO1 DC
FROWHQW QR PRWH WHKMQFRPEXVWLRQ SUR
SURGXFWY FRQVLVWLQJ RI LOQGLYLGXDO PHYV

'5' DQDO\VLV RI WKH ILQDO FDVW R[\QLWL
IROORZLQJ PDBQ 2SKDVH¥®1 $©01 DQG
$02 1 FDEGH V\QWKIBMIGORQ WSHILHBWDO
FROGLWLRQV 2SWHPLDAVRICRI)L \WL QYWD Q FF
IRUPDWLRQ RISKBUHMW UKOIQNP R[\QLWULGH

JRU WKH VHFRQG UHDFWLRQ PRO\EGHOQ}
QLWUQG HDOXPLQXP ZHUH XVHG DV UDZ PDWHF

9% *RVKNRY DQG 3 $ OLOR



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

IRU REWDLQLQJ WKH B RVIW RAADED K OSLK DWHHHE
PL[WXUH ZHUH GHWHUPLQHG *UHHQ PL[WXL
ZDV EXUQHG LQ TXDUWPEG RU+JUDP 8K LPW HW DRUHP
KHLJKW ZDWP LQ BHOFWRUYV DQG I L
XQGHU QLWURJHQ LQLWLDO WHWHV¥RBEXRW I
WHPSHUDWXUH LQ DOO H[SHULPHQWV H[F}
SURG X F\WOD Q®R2$0 WKH SURFHVV RI VHSDUD
7KH FRPEXVWLRQ SURGXFW ZDV V$3DY® W H (
$@1 $P1 LQJRW XSSHU OD\WWH G ZDYWRR BRI
ZLWK D JUDLQ VL]H RI WR P DQG VLQWH
636 ,Q0 WKH H[SHULPHQWY WKH IROORZI
VLOQWHULQJ ZHUH GHWHDPKROIGLQJ PLIQP HD R |
KHDWLQJ UDWH RI fK V D FRROLQJ UDWH
RI' 03D 8QGHU WKHVH FRQGLWLRQV ZH SU
ZLWK D GHQVLW\ RI DQ DYHWM®PIJH PLFURKLEL
“  *37Z DQEGDQEIHVWUHQJIJWK RI  “ F3Z
7KHLU SKDVH FRPSRVLWLRQ FRUUHVSROQ(
FRPSRVLWLRQ 7KH UHVXOWV RI WKH ZRUN
UDWLR RI FRPSRQHQWY . DUH WKH PDLC
PLFURVWUXFWXUH DQGRBKWKNH $BRSRKRWWWL:
FROGLWLRQV ZHUH GHWHUPNQHIG QBW K6 FR P
FHUDPLFV ZLWK VSHFLILHG PLFURVWUXFWX
LOQLWLDO SRZGHUV FDQ EH SURGXFHG
2[LGH FHUDWRLNWWXGLHG KLJKO\ H[RWKHUTF
FKURPLXP OX®GQP®P R[LGHV ZLWK JLUFRQLX
WKHUPRG\QDPLF FDOFXODWLRQV 7KHUPR
FDUULHG RXWHDFWRH &€6GHU JDV SUHVVXU}
RSWLPDO FRQGLWLRQV RI VIQWKHVLV DQG F
SURGXFH.EBIVRDWHULDOV ZLWK VSHFLILHG FI
ODWHULDOV EDVHG RQ FRUXQGXP DQG FKU
LQ DHURVSDFH SRZHU HQJLQHHULQJ PLF
FHUDPLFV DQG JODVVHV =LUFRQLXP R[LGF
VROXWLRQ RI PRUDXQGXPVFDYW D VHSDUDYV
FRPSRVLWLRQ VHHPV SURPLVLQJ IRU SURG
UHVLVWDQW FHUDPLFV 3UHYLRXVO\ ZH UF
$@ &2 VROLG VROXWLRQV E\ XVLQJ WKH PH\

9% *RVKNRY DQG 3 $ OLORVHUGRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

'Q WKLV ZRUN G ZW KH[ SFO-RVMIHO ORW KH#U P L F

& +=U2FDVW PDWHULDOV WKURXJK WKH IRO
GURL $O .=0JRU$O 286U2

3UHOLPLQDU\ WKHUPRG\QDPLFV FDOFXOI
DGLDEDWLF FRPEXVWtRQRWHPSHUD WIXW K
LQFUHDVLQJ . IURPhbdWR/ HHQZWR EH DERYH
SRLOQW RI SURGXFWV DQG VWDUWLQWKWHHD
FROQOFHQWUDWLRQ RI PHWDOOLF SKDD/QGGHEF
R[LGH SKDVH LQFUHDVHG

&RPEXVWLRQ ZDW EQ WODRMHE UHDFWRUYV
YROXPH XQGHU LQHUW DWPRXS® HRIEHV HELY R
YLGHR UHFRUGV VKRZHG VWDELOLDRWPLRQ |
DSDUW IURP WKH SRLQW RI LJQLWLRQ $Q L
EXUQLRBLWENQG FRPEXVWLRQ IWHHR/SYEKWBIWOQUFH
"3 UHPDLQHG FRQVWDQW IRU . DQG WKF
RXWSXW Rl WKH R[LGH SKDVH H[FHHGV WKF
RQH GXH WR WKH SUHYH@FW KRH RQUGEHD E QY HS/

' QDFVH RI VPDOO FKDUJH J WKH SURG
FROQVLGHUDEOH DPRXQW Rl &U$0 WKDW KDG
PHWDOOLF LQJRW 7R LPSURYH SKDVH VHJLU
VDPSOHV XS WR 7B\ D@FUHUDVYR@GRD] KHDFN
JHQHUDWLQJ LQJUBGISIOQW PL[WXUH &U

7TKH ZRUN ZDV VXSSRUWHG E\ WKH 5XVVLD
QR

9 $ *RUVKNRY $ * 7DUDVRY 9 , <X
VIOWKHVLY RI FDVW DOXPLQXP R[\QLWUL
FROHEW YV - 3K\V &KHNR® QR+ SS

6 / 6LO\DNRY 9 $ *RUVKNRY 9 , <XNI

(IITHFW Rl QLWULGH DGGLRQ WHKH FRP BXQG
JH2 $0 PL[WXUHV DQG WKH IRUPDWLRQ R
RI WKH FRPEXVVBXRY SUREGXFWAKHPFR®

OR S

9 $ *RUVKNRY 3 $ OLORVHUGRY 9, <
VIQWKHVLV RI FDVW $RIL&E® 1EH2 DPREBY
0D W H$5 S8 V YRO QRt SS

9% *RVKNRY DQG 3 $ OLOR



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

1129%$7,9( 62/87,21 ,1 7+( $5($ 2)
0$18)$&785,1* 08/7,/$<(5(' &20326,7(
0$7(5,$/6 %< (:3/26,21 :(/',1* )25 7+(

$720,8& &+(0,&$/ 2,/ $1' *$6 ,1'8675<

9 $ *UDFEHEY 5R]HR 9 'XEX 3HUHO\JILQ
. $ B6DIRQRY( .RUQHHXDUL®D<X .LUHHY
$ $§ 5R]JHRDQG 1 1 5DWV>

JUXPNLQ ,QVWLWXWH RI 3K\ WVLFDO &KHPL
5XVVLDQ $FDGHP\ RI 6FLHQPHW LR VF
S3HQ]D 6WDWH 8QLYHUVLW\ 3HC
1IDWLRQDO 8QLYHUVLW\ RI 6FLHQFH

ORVFRZ SXVVL
5) 6WDWH 5HVHD UBB&& HQWPBH -6&
ORVFRZ SXVVL

520(7 /I WG O6NROOWRRYORVLRQ KHQWHU ORVFRZ

HPDWDHUR]JHQ#EN U
‘2, (310

2Q0 D JOREDO VFDOH FRUURYVLRIQWXRV QW DR
LOFRPH LQ WKH GHYHORSHG FRXQWULHV 7t
VWUXFWXUH SUBHISUWWKOXWGREDRQ RI DQ F
JUHDWHU HFRQRPLF DQG HFRORJLFDO GHYV
PHWKRGV RI FRUURVLRQ SUHYHQWLRQ QHF
FRUURVLRQ UHVLVWDQW PDWHULDOV DQG S
SUREOHP RI PRWWRD/QRK LUH HVBWHPLR B D WRF
FKHPLFDO HQHUJ\ RLIXID XF LIDN RIQ\E X U & UW
DOOR\ VWHHOV ZLWK DQ LQFUHDVHG FKUR
FRQVLGHUDEO\ LQFUHDVHVY WKH FRVW RI VX
LOWHYH JURZWK RI FRUURVLRQ SLWRD\SLWW
UHDFK XS WR  P®HSRU WHKBIUZD\V WR VROYH
XVLQJ D QHZP >XOWNVODRHUHG F R PESROWL WZH WD W
DQ LQWHUQDO SURWHFWRU WKDW WZRMU\FU I
3UHOLPLQDU\ UHVXOWV IURP WKH ODERUDW|
PXOWLSOH LQFUHDVLQJ LQ D UHVRXUFH Lt

9 $ *UDHWWHDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

PDWHULDOV 7KH PDLQ PHWKRGV RI PDQX
LOQWHUQDO SURWHFWRU DUH FR Q\RGMHIUHC
H[SORVLRQ ZHOGRPELQDWLRMRWRLRQ ZHOGL
UROOLQJ (:;: 5 DUF ZHOGLQJ HOHFWUR\
VSUD\LQJ WKHUPDO VSUD\LQJ H@EHNGDABRISO
PDQXIDFWXULQJ $GYDQW D JHRQ\G ROD & X Bl QXX
FRVW RI WKHVH WHFKQRORJLHV DUH FRQV
WHFKQRORJ\ (:: 5 DUH PRWMHAWIEY H PN W
RI SURGXFLQ®D 04RKM DUHD RI QXFOHDU SRZ
VIVWHPV Rl WKH SUHVVXGE H KHBLD O Q/G ZHRWC
FRPSOH[ RI SURWHFWLYH FDPHUDV &3& PD:
SURWHFWRU DUH FDUULHG RXW E\ WKH ,QV
SHVHDUFK &BQWHIBGRBHQ]D 6WDWH 8QLYHUYV
IWG 7KH XVH Rl 0&R0DQ QQ FAUUHDY WLQ D VHU
UDGLRDFWLYH ZDVWH WUHDWPHQW V\VWHP)\
ZRUNV LV SODQQHG WKH GHYHORSPHQW RI
LQ WKH 6WDWH $WRPLF (QHUJ\ &RUSRUDWL|
(QYLURQPBRWWOLDOQ DQG 1XFOHDU 6XSHUYL
&RPSOHWH UHSODFHPHQWKRI K&LI&K HWWL QW W
FRUURVLRQ RFFXU LQ WKH FKHPLFDO LQGXYV
DONDOLV DQG DFLGV LQ HQYLURQPH@®&V Z
LQ D ZLGH UDQJH RI WHPSHUDWXUHV DQG
HVWDEOLVKHG ZKHQ XVLQJ 0&0 ZLWK DQ LQ
VWRSV IRU FXUUHQW DQG FDSLWDO UHSDLL
7KH UHVRXUFH RI RSHUDWERQR®IRD LED®HHIDX
LV GHWHQPERB®IGHFWLRQ ZLWK WKH GHYHOR
WKH H[WUDFWLRQ RI JDV DQG RLO IURP JUH
RI RLOILHOGY HQYLURQPHQWY LQFUHDVHV
SURGXFWLRQ WHKELQRPERIYBIWKELQJ KDV VL
GHFUHDVHG 7KH PDLQ FDXVH RI SUHPDW
PHFKDQLFDO GHVWUXFWLRQ FDXVHG E\ LQ
HIWUDFWHG IOXLG ,W LV HVYWDEOLVKHG WK
0&0V ZLWIKQ @ULSURWHFWRU WKH VHUYLFF
LQFUHDVHG E\ W LW HNMV RUK PRQY HWVKDW W
UHVLVWDQFH RI FRPSRVLWH PDWHULDO LV |
SODWLQXP DQG LQ WKMHWSWIKFH OHYIHPGI QRV
FKURPQKNYHO VWDLQOHWYRQVWRHIWDVYDMKH F
PXOWLSOLHG

9 $ *UDHWWHDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

38/6(" +,*492/7$*( :(/',1* 2) 0$*1(7,&
&25(6 )520 0$*1(7,&$//< 62)7 $//2<

( * *ULHRUY <XROWVHY6 .DVKEUQQ2VLQWVH®
<X 2FKNRY6 3O0ORWODMRY 9 <XGLC(

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC

6FLHQFH S5XVVLDE BHFQBHW\ RAIHUQRJRORY
5XVVLD

I1DWLRQDO 5HVHDUFK 1XFOHDU 8QLY
5XVVLD

HPDUHHOXJHQJULJ#PDLC

‘2, (310
7KLV UHVHDUFK DQDO\WHV WKH LQVY®RONXFIH F
HOHFWU IZH®XIOQH RQ WKH PLFURVWUXFWXU
PHFKDQLFDO SDUDPHWHUV Rl VDPSOHV 6SH
WKH SURFHYRORIDKIHIKHOHFWULF SXOVH ZHOC
RI ULQJ VDPSOHV 7KH PHWKRG RI GHWH
FKDUDEMM BLWWRURLGDO VDPSOHV ZDV GHYI
SDUDPHWHUR ®RWIXIHKHOHFWULF SXOVH ZHO
GHQVLW\ DQG DSSOLHG SUHVVXUH RQ WKH
DQG GHQVLW\ RI D ZHOG MRLQW LV HVWDE
SDUDPHWHUV RI VDPSOHV LV FRQGXFWHG
7KH KYBOWDJH SXOVH ZHOGLQJ RRWWRG HX
SURFHVV HTXLSPHQW ZKLFK DOORZV SURYL
SRZHU LPSDFW RQ WKH MRLQHG SDUWV 7KL
DQG FUHDWHGWHQGWEBUWPHQWDO ODERU
WHFKQRORJLHV IRU FUHDWLRQ RI QHZ PDWH
HOHFWULF SXOVH WHFKQRORJLHV RI GHYH
SURGXFWYV PDGH WKHP ZLWK XQLTXH VWUXF
E\ RWKHGWHWRRUH GHWDLOHG GHVFULSWLF
EH IRXQ& @Q7KH REMHFWLYH RI WKLV SDSH
LQIOXHQFH Rl WHFKQRORJLF Y@ OS\DDUIHP H\® H |
SXOVH ZHOGLQJ FXUUHQW SXOVH DPSOLWX
MRLQW HIILFLHQF\ Rl WKH HOHPHQWYV LQ Wk

( * *ULJRIWMI PO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

WKH FKDUDFWHULVWLFV RI PDJQHWLF FLUJ
PDJQHWLF DOOR\ .)$ ZLWK FKDUDFWHULV
FRUHV

7KH VWXG\ Rl PDIJQHWLF SUR SHURZIHEGY VRK
WKLV PHWKRG RI MRLQLQJ ULQJV LQWR W
GHWHULRUDWLRQ RI WKH PDJQHWLF FKDUD
WKH VDPSOH SURGXFHG E\ WZR SXOVHV ZLV
IROORZLQJ PDJQHWYF ZAKBIU REMDWQWEL
tf $P * 2 H

7KH PHWKRG RI EHQG WHVWLQJ RI DQQXOI
KLMROWDJH UHVLVWDQFH ZHOGLQJ RI D S|
PDGH RI .)$ DOOR\ LV GHVFULEHG 7KH
FRPSUHVVLYH IRUFH DSSHOUHGJIJWRKWKIHHEROY
RI IRXU DQQXODU VDPSOHV ZLWK WKH VLF
PHWKRG RI GLJLWDO FRUUHODWLRQ RI W
GLVSODFHPHQW ILHOG DQG YLVXDOL]LQJ WK
DUH SUHVHQWWGO WK HL @GIVRDWH WKDW WKH
LQGLYLGXDO HOHPHQWYV SULRU WR IDLOXU|
VWDJH RI HODVWRSODVWLF ORDGLQJ 7KH S
KLJK OHYHO RI VWUHQJWK DQG UHWWWDQ|
ORDGLQJ VWDJH DUH LQGLFDWHG 7KH SUR
VROYHG E\ WKH ILQLWH HOHPHQW PHWKRG
VKRZQ WKDW WKH H[SHULPHQWDO UHVXOWYV
JRRG DJUHHPHQW

( * *ULJRU\HY 9 LHOWBYDWAEYFXUUHQW SX
WLWDQLXRLIWK VWBHQOHOVGYRNFRZ 6WDW
SQLYHUVLW)\ RI (GXFDWLRQ - QRWX530 6

* *ULJRU\HY 9 1 %D]DQRY (OHFWULF
LWDQLXP 2MWHKLQOBEY OWMHIQ 5HAROYV
+ SS
(* *ULJRUNBGLQJ RI WLWDQLXP ZLWK VW]
YROWDJH FNOHAQWLFSRONHGLQJV RI WK
' QWHUQDWLRQDO &RQIHUHQFH RQ 3RZGH!
ODWHULDOWS =

( * *ULJRIWI PO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

(:3/26,21 :(/',1* 2) ® &%,0(7%$//,&
22176 )25 (/(&75,8%/ &217$&76

5 ' .DSXVWBPQ HQIDMERS', 9 O6DLNI

OHU]JKDQRY ,QVWLWXWH RI 6BWUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RNBFQRQFRIX
5XVVLD

HPDLO NSRPDQHEDLO U
"2, (310

7KH PDQXIDFWXUH RI DOXPLQXP FRSSHU
ELPHWDOOLF PDWHULDOV IRU HOHFWULFDO
ZHOGLQJ ZDV LQYHVWLJDWHG

ODWHUUDHOOVHIRNVULF FRQWDFWV IRU WKH SU
KDYH KLJK HOHFWULFDO DQG KHDW FRQGXF!
UHVLVWDQFH 7KH HOHFWULFDO H EQ@W BBEWQ
FRSSHU DQG (DRXRPYDK® ZHOGLQJUGPHWHWR GV
RI SURGXFWLRQ Rl ELPHWDOV LQ WKDW WKH
VSHHG FROOLVLRQ RI WKH PHWDOV DQG WKt#
WKH ZHOGHG HOHPHQWY WDNH SODFH XQG
H[SORVLRQ SURGXFWYV

([SORVLRQ ZHWGEGROIDIOLHG E\ WKH KHDW
VXUIDFHV ZIFWRRSUPH\D\FMG JDVHV IRUPHG LQ W
ZHOGHG PDWHULDOV 7KH VWUHQJWK RI WK
KLJKHU WKDQ WKDW RI WKH LQGLYLGXDO FR

7KH SURGXRWLFRRBRHUN DOXPLQXP ELPHWI
H[SORVLRQ ZHOGLQJ LV FKDUDFWHUL]JHG E\
IRUPV DW WKH MRLQW ERXQGDU\ 7KLV P
LOWHUPHWDOOLF FRPSRXQGV DQG FRQVHT
KLJK VKHBQAOL.@G@ EWUHQJWK DQG KLJK HOHF!
SURGXFHG ELPHWDO 7KLV LW SWKHIG UHH\SXO®RW
EDVHG RQ WKH PL[WXUH RI PLFURSRURXV D
$1)2 +RZHYHU WKLV H[SORVLYH PD\ GDP|

5 ' .DSXH/W D@



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

FO®IGQJ OD\HU+ PRAOLYQLGHQWDWLRQV HTXDO V
WKH JUDQXOHV RI DPPRQLXP QLWUDWH

7KH DLP Rl WKH SUHVHQW ZRUN LV WKH
SURGXFLQJ DQ $O &X ELPHWDO ZLWK ¢
LOQWHUPHWDOOLF FRPSRMXRLOW LXVIWVOKIH DDH ®
VXEVWDQFH EDVHG RRQRXPURS&RWUMBXWH DFALRN K
7KH IROORZLQJ VKHHWYV ZHUH XVHG LQ H[S}
DGDSWRSISHU YIKBIG M 0 i i DOBPDOXPLQ
VKHHWNGH $' i PP

7KH H[SORVLYH XVHG LQ WKH H[SHULPI
PLFURSRURXV DPPRQLXP QLWUDWH ZLWK Rl
UDWLR RKH VXUIDFH RI WKH FODGGLQJ OD\H
DIJDLQVW PHFKDQLFDO GDPDJH E\R®HWRRZOOW
GDPSLQJ OD\HU

+ELWXPLQRXV PDVWLF ZLWK D WKLENQHV\V

+PLOOHG DPPRQLXP QLWUDWH ZLWK WKH \

$IWHU H[SORVLRQ ZHOGLQJ WKH H[SHULP
KHDW WUHDWPHQW Rl WKH SURGXFHGWRLPH\
D WHPSHUDWXUH RI f& KROGLQJ IRU
VWUHVVHY 7KH KHDW WUHDWPHQW FRQGL!
IRUPDWLRQ RI LQWHUPHWDOOLF SKDVHV LC
WHPSHUDWXUH

7KH IROORZLQJ FRQFOXVHBQRQFWRHEH[BHEC
UHVXOWV

7KH H[SORVLRQ ZHOGLQJ SDUDPHWHUV X
WKH HOHFWULFDOO\ FRQGXFWLQJ 0 $' EL
DUHD UHVXOWLQJ LQ WKH DEVHQFH RI WK]
LOQWHUIDFHURHQHGEHW

7KH UHVXOWV VKRZ WKDW WKH SUHVHOQF
WKLFNQHVV VPDOOHU WKDQ PP SURWHFW
PHFKDQLFDO GDPDJH E\ WKH SURGXFWV F
VXEVWDQFH FRQVLVWLQJ RI $1)2

7KH H[SHW UMNVXWID'V DOVR VKRZ WKDW WK
RI WKH ZHOGHG MRLQW LQ WKH ELPHWDO D
LQLWLDO PDWHULDO DOXPLQXP WKH UHVX
FROGXFWLYLW\ RI WKH 0 $' ELPFHQWD Q VZ
KLJKHU WKDQ WKDW Rl WKH LGHQWLFDO EL
DOXPLQXP

5 ' .DSXH/W D@



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

0$7+(0$7,&$/ 02'(/,1* 2) 1BT$7,21$5<
+($7 352&(66(6 '85,1* )5(( 6+6 &2035(66,
2) 0$7(5,%/6

6 9 .DUSKRY0D 6WROGQ6WHOPQGEKS 2 *OHER

DPERY 6WDWH 7THFKQLFDO 8QLYHUVLW

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RID6BRVFREZV
5XVVLD

HPDLO NDUSRY VY#PDL
‘2, (310

7KH GHYHORSPHORSRIDWHQU KLJK WHPSHU
6+6 LV UHODWHG WR UHVHDUFK RI SRV
FRPEXVWLRQ SURGXFWV > @V RdHIRURMNW DR
6+6PDWHULDOVY KDYH QRW EHHQ VXIILFLHO
LPSRUWDQW XSRQ GHYHORSPHQW RI HIILFLF
SURGXFWV ZLWK FRPSOH[ VKDSH )RU WKH
IRUPDWLRQ RI VRPH FRPPRQHHO®N FRIP B D WV
PHWKRG ZDV SURSRVHG > @ ,W LV WKH FI
PDWHULDO XQGHU KLIK WO 6 SHHWHWXQWDY S UH
03D LQ FRQGLWLRQV Rl XQLD[LDO FRPSU}
([SHULPHQWDO VWXG\ VKRZHG W R B @/L ALK
DOORZ WR REWDLQ PDFUR OD\HUHG JUDGLHC
ZHOO DV WR DSSO\ WKH FRDWLQJV RQ PHWD
PHWKRG LV WKH XVH RI WKH PRVW IDYRU
WHPSHUDWXUH VKHDU SIODVRAQL RV KB \KRHITEBLR)R))
RPDFUR FUDFNV DQG SRUHV LQ GHIRUPHG PI
7KH PHWKRG Rl IUHH 6+6 FRPSUHVVLRQ L
GHVHUYHV D GHWDLOHG UHVHDUFK RQ WKH
7KDW DSSURDFK LV HVSHFLDOOSURFSHRWW X
GLVWLQJXLVKHG E\ ULJLG FRQGLWLRQV 7
GHYHORSPHQW RI WKHUPDO PRGHOV IRU °
GHVFULSWIVRDWLRRMU\ KHDW H[FKDQJH RI

6 9 .DUBHS\RDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GXULQJ WKHRPSUHMVELRQ DV HIFG@PPHOQ EDWU
IRU RSWLPL]DWLRQ RI WKHUPDO SURFHVVHYV

7KH F\OLQGULFDO VDPSOH ORFDWHG RQ
KHLJKW ZDV FRQVLGHUHG DV D FRPSXWDWL
SDUWLFXODU FDVHV WKH KHDWHU RI D VTX
ZDV ORFDWHG LQ D SODWH 3UHVVLQJ RI P
FRPEXVWLRQ DQG IROORZLQJ H[SRVXUH Zl
SOXQJHU PRYHG GRZQZDUG ZLWK D FRQVWD
WKH WDVN ZDV IRUPXODWHG LQ D F\OLQGUL

JRU WKH PRGHOLQJ RI PRYLQJ FRPEXVWL
UHDOL]H D SDUW L\VWIHROQ RH @QWWYIIR FOELWR H U
ERXQGDU\ FRQGLWLRQV FRPEXVWLRQ WHPS
RI HOHPHQWDU\ F\OLQGHUV 7RROW GSRVYD.
DSSURSULDWH ERXQGDULHV RI OD\HUV DU
FRPEXVWLRQ RI PDWHULDO OD\HUV LV LPL\
F\OLQGHUV ZDV LPSOHPHQWHG DFFRUGLQJ
SURYLGH D SDVVDJH Rl FRMEWVYWHRODHDM HR

V

7KH SURFHVV Rl IUHH 6+6 FRPSUHVVLRQ
LOFOXGHG VWDJHV RI FRPEXVWLRQ RI LQL
VKRXOG EH QRWHG WKDW WKHVH VWDJHV
SUHVV 7KH IROORZLQ1LR® RIHP BWHRPBOHNV
FRQWDFW EHWZHHQ SOXQJHU DQG PDWHULL
WKLQ WKHUPDOO\ UHVLVWLYH OD\HU ZDV D'
SHFXOLDULWMNVDGW RIQDIUQ REIDW SURFHVVH)\

9HUWLFDO ERXQGDULBUEXHGQR| WPHOHV M/ LP |
LPSRUWDQW WRSABFDIKEH DSKALRIHG H[SHL
DQDOVWLFDOO\ 7KH ILUVW DSSURDFK LV G|
DVVXPSWLRQ RI OLQHDU GHSHQGHQFH EHW
GHQVLW\ GXVIWDIOWKHSHARG RI SOXQJHU ,Q
ROZHUH IRXQG H[SHULPHQWDOO\ )LJ

7KH ILQLWH HOHPHQW PHWKRG LV DFFHS)
WKH IRUPLQJ SURFHVVHV )URP WKH EDVLFV
NQRZQ WKDW WHKEWHZDUH RILUHBUHVHQWD!
SDUWLFOHV Rl PDWWHU DFFRUGLQJ WR GL
SDSHU DQ DUELWXDWULDIYDRUPXQDWLRQ
PRGHOLQJ ODUJH SODVWLF GHIRUPDWLRQYV

6 9 .DUBHS\RDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

XVLQJ RI WDKAK/ WDISBURQLWH HOHPHQW PHVK
VSHFLILHG SDWK WKDW SURYLGHV SRVVLELO

7HPSHUDWXUH FXUYHV f& Rl GLIIHUHQW
SOXQJHU GXULQX PRPEXSRMRWH SUHVNVLQJ

V DOG FRRO®LQY DUH VKRZQ LQ )LJ

1XPHULFDO VLPXODWLRQ VKRZHG WKDW
SURYLGHV FRPSHQVDWLRQ IRU KHDW ORYV
JUDGLHQWY LQ WKH EXON RI PDWHULDO DW
7KHUHIRUH RIKKHDWLQJ SODWHV IRU 6+6
SURPLVLQJ GLUHFWLRQ

)L J ([SHULPHQWDO WLPH GHSHQGHQFH RI
)L J &DOF X 0D W HKRI HFFEBWM DMDXAU BY\HUV S (
SOXQJHU

6 9 .DUBHS\RDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

3 0 %D]KLQ $ 0 6WRQMQ/HY %BWOG\ RI W
IRUPDELOLW)\ RI FRPSRRISWH 6RD/QURPH UDKIN
3UDN 8QLYHUVLWHW LP 9QROHUSSBGVNRJ
LQ 5XVVLD
$ 0 BWROLQ 9 9 .RJORY $ 9 .DOXJLQ :
SURGXFWV RI FRPPXWKREQRERWHEN BVYELRQ
'RNO $NDG 1DXRO QR + SS
$ 3 $PRVRY $ ) )HERMARYQWLQWGOH PRG]
WKHUPDO FRQGUWRBRQNWAQDR SKAWBRW X UH V\C
RI EODQNV LQ B I(WLBEBOH KKHPRSKWRO

QR StS
6 9 .DUSRYDWWHPOWLFDO PRGHOLQJ RI P
ZLWK UHJDUG WROLWWXERPSBREWDRQJ SUR!
LOGXVWULDDPERYLJQ +3 LQ 5XVVLD
3 9 %MURY$S SVOWYXDNSSURDFKHV WR PDW
PRGHOLQJ Rl WHFKQRORJLFDO SURFHVVHYV
$OFKHYVN LQ 5XVVLD

6 9 .DUBHS\RDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

%$6,8& 02'(/6 2) 92/80( 6<17+(6,6 2)
7L%$6(' &20326,7(6

$ * .Q\D]JHYD

, QVWLWIXMHIWKEIK\VLFV DQG ODWHULDOV 6F
5XVVLDQ $FDGHP\ RI 6FLHQFHV 7RP
7TRPVN 3RO\WHFKQLF 8QLYHUVLW\ 7

HPDLDDQ Q@ \D]HYD#PDLO
"2, (310

7KH YROXPH VIQWKHVLV RU WKH V\QWKHVL\
VRPH SUHIHUHQFH LQ FRPSDULVRQ ZLWK
FRPEXVWLRQ VLQFH WKHUH LV WKH PRVW
SURGXFW LQ D ILUVW VLWXDWLRQDREHVW E
PHDQV RI WKH FKDQJH LQ WKH WKHUPDO FR
VIVWHP ZLWK WKH HQYLURQPHQW DQG ZLWK
FRQWUROODEOH ZKHQ WKH LQLWLDO PL[W>
SDUWLFOHV DUH XV HGI DW LODFPWU PWXHI B GWKHK
DUH FKDQJHG H[WHUQDO PHFK@®QLFDO ORDG

'Q WKH FDVH RI WKHUPDO H[SORVLRQ PRG
YROXPH KRPRJHQHRXVO\ RU OQRW YHU\ K
DFFRPSDQLHG E\ KLJK KPDQLVKHHYH BXH WR
DGPL[WXUHV RWVBRIHFKLRPHRMQULFDO LQLWLD
ILQDO FRPSRVLWLRQ RI WKH VI\QWKHVLV SU
GHSHQGV RQ QXPHURXV IDFWRUV 7KH UHI
SUHVHQFH LQLWLDQ@DSR BSRWHMW L QKHWDIWHQD Q C
DQG HWF EHORQJ WR LPSRUWDQW IDFWRUYV
WR SUHGLFW WKH LUUHYHUVLEOH FRPSRVL!
YDULRXV VI\QWKHVLV FRQGLWLRQV ZHUH D
PRGHOV ZDWGVXNDMVY®@J LQWR DFFRXQW W
FROQOYHUVLRQ TEXOWHGLWRPERFLWHY VIQWKH\
VWRLFKLRPHWULF PL[WXUHV 7L $0 & %
FKRVHQ IRU LQYHVWLJDWLRQ

$ * .Q\D]JHYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KH VLPSOHVW PRGHO > @ FRUUWPDSRD GV
ZKHQ WHPSHUDWXUH GLVWULEXWLRQ DEYV
FRUUHVSRQGLQJO\ WR FODVVLFDO QRWLRC
UHDFWLRQ WDNHV D SODFH LQ WKHVH V\\
SURGXFWYV 7DQGBIMKDW F R UUHWPPRQG \U MORE W
VFKHPH
SHDJHQWRG XFW

'Q FRQWUDVW WR FODVVLFDO ZRUNV ZH
REVHUYHG LQ VRPH WHPSHUDWXUH LQWHL
OLTXLGXV WHPSHUDWXUHV ZKHUH WKH OLT
NLOQHWLFDOUBGINY LDKHKHDWLQJ LV FDUULHG |
YDFXXP FKDPEHU ZDOOV IURP WKH KHDW
FRQWUROOHG E\ KHDWHYG WEH P S/HKWID W B WHH
WHPSHUDWXUH FKDQJH WR VRPH JLYHQ YDC
LV JLYHQ DOVR

'KHQ WKH VWDJLQJ Rl FKHPLFDO FRQYHUYV
PDWKHPDWLFDO PRGHO LV DGGHG E\ NLQHW
UHDFWLRQ VFKHPH )RU H[DPSOH LQ WKH
UHDFWLRQV > @ DUH SRVVLEOH

7L &7L& 7L && TAL 7UI&&
71&: 7L& 7L 7L & TZR&&TL7L&

7L & &7L7L& 7L&7L 7L& &L 7L& 7L
$OXPLQXP DGGLWLRQ FRPSOLFDWHYV WKH UF

$V D UXOH WKH UHVLG XM FRDPHE® US RMV E
SRZGHU PL[WXUH KHQFH WKH FRPSRVLWH
R[LGH SKDVH IRUPDWLRQ $V D UHVXOW W
REWDLQHG DQG LW FDQ FKDQJH GXULQJ G
SRZGHUV DUH PDGH D@ GQAXULIQYJI RQ O\RZH. @
FKDPEHU RQ WKH VXUIDFH RI VROLG VXEVW
WKH FRPSRVLWH SRZGHU LV VXSSOLHG LQ
WUHDW P H @W PRHY WKRQHDHD REMHFWY FUHDWLI
EHDP HQHUDWDBSOLMNLQJ LQWR DFFRXQ
GLVWULEXWLRQ DORQJ WKH SUHVVLQJ WKL
RI QRW XQLIRUP KHDWLQJ RU QRW XQLIRUF
G\QDPLFV RI WKH V\QW KMARLF K+ RPHIY\HILL F QR
GRHRWQIJXDUDQWHH WKH H[SORVLRQ PRGH IR

&RPSRVLWH VIQWKHVLYV FDQ EH FDUULHG
FRQWDLQHU ZLWK ZDOOV RI ILQLWH WKLFN

$ * .Q\D]JHYD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

GHPDQG WKH DGGLWLRQDO KHDW IRUQWKH |
WKH RWKHU KDQG WKH ZDOOV VWRUH WKH
WKH H[WHUQDO KHDWLQJ LV FHDVHG RU FK}
IRU UHDFWLRQ DFFRPSOLVKPHQW ,Q WKL\
H[FKDQJH WKH KHDW ZLWK VKW KFDW I$D U\W |
SUREOHP LV VLPLODU WR SUHYLRXV RQH 7
LOOXVWUDWHG LQ > @ IR WKHDQGWHP BIOH
DFFRXQWLQJ WKH LQHUW DGPL[WXUHV LQ W
WKH VSHFLILF REH HDBHUWDWBEQFH > @ 7KH IH
WKHEDVHG V\VWHP DOVR

7KH FRPELQDWLRQ RI WKH KHDWLQJ ZLWK
H[DPSOH DW WKH FRQGLWLRQV RI +,3 KR\
VSDUN SODVPD VLQWHULQGH (DQORR & XAEEW D
VSHFLDO SURSHUWLHV 7KH G\QDPLFV RI WK
RQ D PRUH QXPEHU RI SDUDPHWHUV O0DWK
DFFRXQW WKH GLIIHUHQW ZD\V Rl WKH KHD\
WKH YROXPH WKH SIOKKDWHQ KWBRWRRIK WKB F
VIPPHWULFDW\PRWQOREDO FRQGLWLRQV RI
VIQWKHVLY PRGH GHSHQGY DGGLWLRQDOO\ |
UHDFWRU 9DULRXV PRGLILFDWLRQV RI WKH
@ 6LPLODU FIRD ®HDIRG\R LUUHYHUVLEOH
SURGXFW +RZHYHU SRZGHUV REWDLQLQJ L

7KH ZRUN ZD\G EXSBRWWM BQ 6FLHQMH QRXQ
QR

9 9 %DUJLNLQ 7KHUPDO H[SORMMREXXW®WG}
([DRV 6KRFN :DYWRO QR * SX

% )
$ * OHU]JKDQRY % * %DU]JLNLQ 9 * $E
WKHUPDO H[SORVLRQ IURP &SKPMFKY WR
X KHP 3&\V YRO OR LQSBXVVLDQ
99 (YVWLJQHHY ( 9 B6PLUQRY $ 9 $IDOQL
WKHUPDO H[SORVLRQ LQ PHIEGKLQPEDWRUH
3RO]JXQRYVNLY KH \AXODHW L@ RI 3RQKQRY
SS + LQ 5XVVLDQ

$ * .Q\D]JHYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

( $ /HYDVKRY $ 6 OXNDRNNQ' $9 66 KSVRD IR
6HSURSDJDWABB SKHUBWXUH VIQWKHVLV R
DQG FRDOWLQOBWHU 5¥RO QR+ SS
$ 0 6WROLQ $ * OHU]JKDQRY &ULWLFD
H[SORVLRQ LQ WKH S UG \PHHF KD @IL FFIKH K HADDy
&RPEXVW ([SORV 6KRFRODYH®R+ SS
< XNWD $ * .Q\DJHYD ORGHOLQJ RI FRP
FROGLWLRQV RI FROQWUROD BB QVKBIWRMD O H
YRO 3 '2, RUJ
$ * .Q\DJHYD ( 1 .RURVWHOHYD 2 1
SULE\WNRY <X $ &KXPDNRY 3K\VLFDO |
EDVHG FRPSRVLWH SRZGHU V\QWKHVLV |
WHFKQRIODRMHWWHU - ,QG'ROQJ SR
LQ 5XVVLDQ
$ * .Q\DJHYD 1 7UDYLW]N\ ORGHOLQJ R
RI FRPSRVLWH ZLWKORT(& HHIEQERQV LRRY
SS "2, PDWHFFROQI
$ * .Q\DJHYD $ $ &KDVKFKLQD WIKKH HL
SUREOHP Rl WKHUPD D O0@HEL RRREEDDQM K
(ISORV 6KRFNROYHVQR + SS
6 1 B6RURNRYD $ * .Q\DJHYD ORGHOL«
VIQWKHVLY RQ WKH VXEVWWKDW HO IRV RFR @ E €
YRO QR $S
$ * .Q\DJHYD 6 1 B6RURNRYD ORGHC
FROQVROLGDWLRQ XVLQJ HOHFWUR KHDWLC
- 3K\V &RQI B6HWRO QR
»
$ * .Q\DJHYD ®NRYHXODWKHPDWLFDO PI
OD\HU FRPSRVLWH VI\QWKHVLV $8ULRQIKR
3URF YRO

$ * .Q\D]JHYD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

0212&/,1,& %2521 &%$5%,'( )520 6+

6 9 .ROQRYDOGLNKBROAQRPDUWUKY . RYDOHY
DQG:6 *XGD

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

6RXWKHUQ JHGHYRWOWRIIRQYHUVLW\I\SXVVLL

HPDLNOVY #LVP DF U.
‘2, (310

%RURQ FDUELGH LV D VXLWDEOH PDWHULL
DSSOLFDWLRQV VXFK DV QXFOHDU LQGXVWU
VDIHW\ URFNHW SU® S H R B DRGHW K IR WD RE [ERH
VIQWKHVLY DUH FDUERWKHUPLF UHGXFWLRQ
SKDVH UHDFWLRQV KRW LVRVWDWLF SUHVYV
@ 7KH PRVW ZLGHO\ DFFHSWHG FU\VWDO
KH[DJRQDG PMBR JU )LIJXUH VKRZV WKH FL
RKH[DJRQDO ERURQ FDUELGH

%RURQ FDUELGH SUHSDUHG E\ 6+6 Rl VWRI
0J DQG & KDV EHHQ VWXGLHG ,W KDV EHHOQ
FU\WWWDOV DUH @HDQIEF®RQRF WDEOH )LJV
ORQRFOLQLF ERURQ FDUELGH FU\WWDOV ZHL
$PRQJ RWKHU VI\QWKHVLY PHWKRGV QR PRQ
LV IRXQG

$FFRUGLQJUDR GMKHUDFWLRQ GDWD KH[DJR
FU\WWRIOERURQ FDUELGH KDYH DQPRAW WKH
> @KH\ GLIIHU E\ WKH LFRVDKH G URGG VI UX A\
PRQRFOLQLFKAUGLWWBUWLRQV LQ LFRVDKHG
WKH DSSHDUDQFH RI UHIOHFWLRIXIX L \ZKH. G K
KH[DJRQDO FU\WVWDOV +RZHYHU WKH GLIIHI
- UD\ GLIIUDFWLRQ VWXGVKRIUNM LR IGU-DWFKH V
GLIIUDFWLRQ SDWWHUQV RI PRQRFOLQLF DQ
yLJ

6 9 .RQRYHWLNKLQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

yLJ &SU\WWWDRO KWIIDXIRWBPOHERURQ FDUELGH

SDUDPHWHUYV RI PRQRFOLQLF DQG KH[DJRQD
6+6

3DUDPF
5HI > @ > @ > @ > @ > @

&RPSRV % & % & % & % & % &
Dc
Ec
Fc
GHJ
GHJ
GHJ
9 cn

6SDFH . 5P < P & P 5P 5P
Q

Q LWKH QXPEHU RI YDOHQFH HOHFWURQV LQ

yLJ &U\WWWDO MWUXRWXVYWIR VWUXFWXU!
FU\VWDO

6 9 .RQRYHWWLNKLQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J UD\ GLITUDFWLRW)\S\BWNOWHUQV RI

'H XVHG WKH GHQVLW\ |IXQFW L& DFDHYKHRI
WKH WRW DRRrFFHUIMDOM FRQVWUXFWHG D Y
[ [ VXSHUFHOOV 7KH DLP RI FD@:H¥ODWL
KH[DJRQDO DQG PRQRFOLQLFFEUYVWDEOYH 7K F
GLITHUHQW QXPEHUV RI DW R RMULIKHHIG | FRUH
FRPSDULVRQ ,W KD \rERdFD VIR QB HWW R M/ \0D F
DQG HTXDO WR DQG NFDO PRO U}
ORQRFOLQLF FU\WWDO ZDV SUHSDUHG E\
PHWKRG LV FKDUDFWHUL]JHG E\ KLXXLQa] RI G
WKH PHOW ,W LV SRVVLEOH WKDW WKHUPR
VWUXFWXUHV ZHUH IRUPHG DQG UHWDLQHG
KDYH VPDOOHU FRROLQJ UDWHV a GHJ K
WKH WKHUPRG\QDPLF X & WMDE@H RWPHGE W X U
7KXV PRQRFOLQLF ERURQ FDUELGH FU\VW
GLVFRYHUHG 7KH IRUPDWLRQ RI PRQRFOLOQL
FDXVHG E\ WKH FRQGLWLRQ RI UHDFWLRQ

) 7TKHYHQRRMRQ &DDELRKMHSUHKHQVLYHKUBHYL|
&HUDP 6RF YRO QRi SS

9 'RPQLFK 6 5H\QDXG 5 $ +DEHU 0 ¢
&DUELGH O6WUXFWXUH 3URSHUW-LH3P DQG
&HUDP 6RF YRO QR i SS

+ 'HUKHLW %RURQ FDUELGH &RQVLVWH«(
SDUDPHWHUV ILQH VWUXFWXUH DQG FKH

6 9 .RQRYHWLNKLQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

FRPSOH[ VWUXFWSRIH G HMWRQHD BEHRQ F HV
SS

$ . 6XUL & G6XEUDPDOQOLD® 5 &KG6REHMK
6\QWKHVLYVY DQG FRQVROLGDWLRQOWHEQU
ODW S5HYLHZMRO QR SS

9 , 3RQRPDUHY , ' .RYDOHY 6 9 .F
O9HUVKLQQLNRY 2UGHULQJ RI FDUERQ
&U\WWDOORJUDB®\ QRi S%$0Q 5XVVLD@
., ' _RYDOHY 9 , 3RQRPDUHY 9 , 9F
.RORYDOLNKIURGEFHG ERURQ FDUELGH V
FU\WWWDO VWU X-RWROBJ 7HPRX 6\QWKYRO

QR StS
6 9 .RQRYDOLNKLQ 9 , 3RQRPDUHY &D
7KH &U\WWDO 6W8XFWXUH ,RR%J &KMRO
QR StS

$ 6 O6KWHLQEHUJ 9 $ B5DGXFKHY 9 O
3RQRPDUHY 6 6 ODP\D@RURQ .ODQDEM® H
&U\WWWDO *URZLQJ 8V)UHIT XIHGHRWO HQ WKL Q J
9HVVREO $NDG 1DXN &®RED QR+ SS

6 9 .RQRYDOLNKLQ 9 , 3RQRPDUHY * 9
ORQRFOLQLF ERURQSKNWEGWH XFWV\ERB K
YRO QR Ss

I+

6 9 .RQRYHWWLNKLQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7+( ,1)/8(1&( 2) 7+( +($7 /2% 21 7+(
0,8&526758&785( $1' 0(&+$1,&$/ 3523(57,(
2) &+26(1 1,2% &G 67((/6 $1' 1,&.(/
$//12<6 2% 7%,1(" %< (;3/26,9( :(/',1*

5 .RVWXUHNBPKRZVNL QLH*HQG $ *DaND

OLOLWDU\ 8QLYHUVLW\ RI THFKQRORJ)\
(QIJILQHHULQ.
(;3/20(7 +LIJQHUJ\ THFKQLTXHYV

HPDLUREHUW N R B X USHON #:
‘2, (310

7KLV VWXG\ SUHVHQWY WKH UHVXOWV RI WK
WUHDWPHQW DQG XWLOL]DWLRQ LQ KQDI WF
SODWHV 'XULQJ WKLV UHVHDUFK QLRELXP
H[SORMLYMOGHG ZLWK WKUHH GLIIHUHQW
WHPSHUDW X DHD @ RAHHWHIDBR @ QG LQFRDWID DC
H[SORVLYH PDWHULDO XVHG LQ WKH H[SC
GHWRQDWLRQ YHORFLW\ DERXW PV 7KH
EHWQ@EMHFWHG WR WKH GLITHUHQW WHOHMIRI
DQQHDOI&JIK DQG QRUPMOLIPRYE ,Q RUGHU
H[DPLQH WKH LQIOXHQFH Rl WKH KHDW WUH
REWDLQHG MRLQWV WKH P HMKDXA¥BOH WHYL
KDYH EHHQ SHUIRUPHG $GGLWLRQDOO\ WK
DOOR\ DQG QLRELXWNRSMHLIDOMYWH KV WKHH O
HI[DPLQHG LQ WKH VWDWH/&DIWKU KK OL
PLFURVWUXFWXUH Rl WKH MRXYWEJKDNDEB
HOHFWURQ PLFURVFRSH 7KH TXDOLW\ RI MF
WHVW W KDV EHHQ VWDWHG WKDW REWDL
VKDSH DQG ORZ SDUWLFLSDWLRQ RI WKH PH
LPDJHV RI| Y WREHEGWRHLOQNIFH OHIW DQG PHC
DUH VKRZQ EHORZ )LJ

5 . RVWHXW HDND



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

)L J ILRNEWKIHAHO MRLQW LQWHUIDFH DQG WK

7KH YHU\ LPSRUWDQW DVSHFW RI WKLV |
UHDVRQ RI WKH KXJH GHFUH D WHQIFGIEHIR \V
MRLQW DIWHU RWLOK]DWKRQUHVXOWV RI W
LOQGLFDWH DV WKH HIIHFW Rl WKH XW+OL]D
LOQFRQHO DOOR\ MRLQW GHR0BBGHYWD VDHE R X
DIWHU XWLOL]DWLRQ RI Q& B+ DRPRQHOD DOV R’
LOQWHUIDFH DIWHU XWLOL]DWLRQ DUH VKRZC

)L J 1LREQKPQHO MRLQW LQWHUIDFH DIWH!

7KH DQDO\VLV Rl WKH FKHPLFDO FRPSRVL
LOWHUPHWDOOLF SHDLVKVIEQ® FWHRPLXPNVK |
7KH UHVXOWV RI WKH OLQH VFDQ RI FKHF
HOHPHQWDO PDSSLQJ ULJKW DUH VKRZQ EI

W KDV EHHQ VW DWHGN MWHKDWH &K HIKW QO R Y
FDXVHG E\ GLIIXVLRQ RI QL REUXPXJ® L WNKHIO
LOWHUIDFH 7KH SUHFLSLWDWHV DQG LQWH
DV WKH PDLQ UHDVRQ RI WKH GHFUHDVH L
LQFRQHO DOOR\ MRLQW $00 W\SHV RI WK
WUHDWPHQW LQ WRVVVLOYEDWQYDDNIUIRW][HEG
FKDQJHV LQ WKHLU FKHPLFDO FRPSRVLW

5 . RVWXUHN HW D



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

LOWHUPHWDOOLF SKDVHV 7KH REWDLQHG
DFFXUDWHO\ WKH UHODWLRQV EHWZHHQ FK
DQG LWV PHRSHULVEDKVS SHHO VWUHQJWK 7
QLREERPG SODWHV FRXOG KDYH QHJDWLYH
MRLQW HVSHFLDOO\ LQ WKHURBKXHDRIOWWH &
WHQGHQF\ IRU LQWHUPHWDOOLF SKDG&/H IR
QLFNHO

)L J 7KH UHVXOWYV RI WKH DQDO\VLV RI WK
QLREHRRFRQHO MRLOQW LQWHUIDFH DIWHU XW

5 . RVWHXW HDND



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

' $*1267,86 2) 6+46 7,0( 5(62BWL :
',))5%$&7,21 0(7+2"

' <X .RYDQBY9 , 3RQRPDUHY

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FREHRQRIIRBRBIRHYWNBHW RV
SXVVLD

HPDINRYDOHY#LVP DF UX
‘2, (310

6WG\ Rl WKH VDWGBXBWDXVH IRUPDWLRQ RI P
FKHPLFDO UHDFWLRQV UHTXLUHV HIIHFWLY
XQGHUVWDQGLQJ WKH PDWHULDOV WUDQV]I
KLMSHHGD\ GHWHFWRU LV D IXQGIDPH®WD
GLIIUDFWLRQ PHWKRGV IRU G\QDPLFV RI ID
GXULQJ FKHPLFDO UHDFWDR @WL | MLPHWWLRDR G
LV D XQLTXH H[SHULPHQWDO PHWKRG IRU V!
VWUXFWXUH GXULQJ WKH ISUREGY V 7KIH SLKDF
PHWKRG FRQVLVWY LQ WKH UHJLVWUDWLRC
WLPH H[SRVXUH IURP PDWHULDO LQ WKH SL
GLIIUDFWLRQ FLQHPD 7KH PHWKRG DOORZ
FROQGLWLRQV RIWK SFHRASGIMWH ZLQIRUPDWLR
FKDQJHV LQ SKDVH FRPSRVLWLRQ SUHVHO
KLMHPSHUDWXUH FRPEXVWLRQ IURQW DQG
WR VWXG\ LQIOXHQFH RI VHSDUDWH SDUD
LPSXULWN RRPEBMVWLRQ SURFHVV 7KLV VW
UHVXOWY REWDLQHG XVLQJ WKH 75:5"

75:5' 6WXG\ Rl ODJQHVLXP 'LERULGH 2EW
75:5' ZDV XVHG WR VWXG\ WKH G\QDPLFV
PDJQHVLXP GLERULGHRSDXIDWLIQYVHRINKH W
VIQWKHVLY 6+6 LQ WKH WKHUPDO H[SORV
SKDVH ZDV HPHUJHG ZLWKRXW WKH IRUPDW
7KH HIIHFW Rl WKH KHDWLQJ UDWH RQ WK
0J%SKDVH ZDV HVWDEOLVKHG 7XUILSWHWHIQD

<X .RYDOHY DQG 9 , 3R



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

VLIJQLILFDQW LPSDFW RQ WKH NLQHWLFV DOQ
| WKH KHDWLQJ UDWH H[FHHGYV GHJ PLC
IRUPHG DURXQG WKH PDJQHVLXP SDUWLFOF
SKDVH UHDFWLRQ O0JWKURXJBBBLYH GLIIXV
PHFKDQLVP ORUHRNHW LRRQHWHPSIHUDWXUH |
ORZHU WKDQ WKH PHOWLQJ SRLQW IRU PDJQ
WKH PL[WXUH OHDGV WR YDULDWRIREDWLRQ\
VLIQLILFDQWO\ LQRUMDRXOWDIKGHHB KV LHRGV W F
0J% DQG UHGXFHV WKH WHPSHUDWXUH DW Z

0, Q
4 44 L.
03 03
03%
0J ] 03
0J N ) Mm.
] % 0J
g 03% OJ)gl
x |
= - i j‘\ 03% 7
03 ] Wj’»i# W mewj Bt
03 0% ] & §P~
. 1) | =
EEE] GHJ
)L J 'LITZUDFWLRQ SDWWHUQ DQG WKHUPRJU

REWDLQHG LQ WKH EDOO PLOO DQG KHDWHG
RI a GHJ PLQ

75:5' 6WXG\ Rl 7KHUPRFKHPLFDO &RQYHUV
7KHUPRFKHPLFDO FRQYHUVLRQ RI FRPSRXOQ
IRUPDWLR@RURKIMIKRPSRVLWH PDWHULDO |
SDUWLFOHV Rl WKHVH PHWDOV FDQZRNMKHXU L
RI HQMUBX PDWHULDOV ZLWK WKH 7XRHO\PH!
GLVWLQFWLYH IHDWXUHV RI WKLV SURFHVYV
FRPEXVWLRQ WHPSRUDWRUHJRSDIJDWIHRQ YH

PPV RI WKH FRPEXVWQRBYV AN BSWHDG/ HV
IRUPDWLRQ LQ PL[WXUH RH[RURQ RQOL®HQLMW
DWPRVSKHURHWKRG VKRZHG WKDW WKH SUR
LURQ R[LGH ,,, LQ WKH ZDYH RI IODPHOHV\
E\WWDJH PDQQHU )LJ 7KBIO OERPSYR @H Q.

<X .RYDOHY DQG 9 , 3RQRPDUHY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GLVDSSHDUHG ZKHQ WKH FRPEXVWLRQ IURQ
PD\ REVHUYH WKH DSSHDUDQFH RI OLQH RI
SKDVH DUH UHFRUGHG GXULQJ VHFRQGV L
WLPH WKH QXFOHDWLRQWMH®E LIWR BBIKK/NRH YV
OLQHV RI DQG DUH REVHUYH
GLITUDFWLRQ SDWWHUQV UHYHDOV WKDW \
RFFXUV WKURXJK WKH LOQOWHUPH@LSHSKWMHY BKD
7TKH SURFHVV RHEBXULY MKW VROLG SKDVH ZL
RI VWUXFWXUH ©6L]H RI WRHLVR KU HEWVG DR
D UHVXOW RI WKH IODPHOHVV FRPEXVWLRQ
SUHFXUVRUSRURXWIXRO\PHU PDWUL[ ILOOH
QORVL]IHG LURQ FRPSRXQGV LV IRUPHG

)L J 'LIIUDFWLRQ SDWWHUQ RI WKH2FRPEX
+KH[RJHQ

([RWKHUPRRFVOMDALIQHG :DYHV ZLWK $ARUSKI
LOQYHVWLIDVVBHE SWEBWLIAI HIRWKHUPLF ZDY
FU\WVOWPIONLRQ RI 1L TURP WKH DPRUSKRXYV
LQGLFDWH WKDW DPRUSKRXYVY QLFNHO FU\VW

+ f& 7KH UHVXOWYV )LJY D VIPRD WXKDQM
UDQJH RUGHU EHJLQV WR GHYHORSLVW @ DV
JRRG DJUHHPHQW ZLWKE'®&FGVRNRY Y HNHIUHD/O
SDWWHUQV DFTXLUHG DW GLITHUHQW VWDJI
LOQWHQVLW\ IRU 1L GLITUDFWLRQ SHDI
FU\WWWDOOL]I|DWLRQ FRPSOHWHWVBORQGYVf&ANF

<X .RYDOHY DQG 9 , 3R



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

GHWHUPLQHG E\ '6& 7KH UHVXOWV RI '6& D¢
WR VXJJHVW WKDW WKH H[RWKHUPLF FU\V
EHWZHHQ a f DQG f& GXULQJ H[WHUQD
FKDUDFWHULVWLF WLPH WFRQIE \B Q8 MIH RRU 8
. 1L DWRPV LOLWKWLOIWHNVDJIH IRU FU\WWWDOC
DPRUSKRXV PHWDO DV D UHDFWDQW VLJQLIL
VWDWH UHDFWLRQV )JRU H[DPSOH LQ UH
VIVWHPV VXF&ODWK¥XVWOLQLQJ UHDFWLRC
YHORFLWALZLWRKNVZLFH KLJKHU WKDQ WKDW Z
VDPH PRUSKRORJ\

yLJ 75;5"' GXULQJ FU\WVWDOOL]DWLRQ RI 1L |
SUHFXUVRU D G\QDPLF RI FGWWWDG WLL]DQVLI
SDWWHUQV DQG F NLQHWLFV RI FU\WWDOO

&RPSOHWHG WR GDWH 75;5" VWXGLHV KDY
YDOXH PHWKRG WR GHWHUPLQH WKH PHFKD!
WUDQVIRUPDWLRQV

7KLV ZRUN KDV EHHQ VXSSRUWHGEXR RIKW K
5XVVLDQ $FDGHP\ RI 6FR HQPHYG SRIRMWMB®W EIL

<X .RYDOHY DQG 9 , 3RQRPDUHY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GXBYWH WHFKQRORJLHY LQ LQWHUHVWYVY RI Q
RI SURFHVVHYV RI EXUQLQJ DQG H[SORVLRQ

' <X .RYDOHY $ <X 3RWDQLQ ( $ /HYD
3KDVH IRUPDWLRQ G\QDPLFV XSRQ WKHU
PDJQHVLXP GHERPPLGAWHUWYRO QR 3L
SS &

<X 0 OLNKDLORY 9 9 $OHVKLQ

7KHUPRFKHPLFDO FRQYHUVLRQ RI ,URQ 2]
FREXVWLROQHQGHOHHY &RQJUHVV RQ JHQ
FKHPLMWDWHULQEXUJ 8UDO %UDQFK RI W
6FLHQFHV

. 9 ODOQOXN\DQ & ( 6KXFN O - &KHUXND
<X .RYDOHY $ 6WUDFKDQ $ 6 OXNDV)
WWVWDLQHG ZDYHV ZLWK BRRUSKRKXR @LFN
YRO QR +SS

<X .RYDOHY DQG 9 , 3R



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

180(5,& 6,08/$7,216 2) 7+( #780,1,80
75$16,67,21 -2,17 81'(5 0212721,& /2$',1

0O .RZDOVINL% |KFPD QG $ NXUH

)DEXOW\ Rl OHFKDQLFDO (QJLQHHULQJ 'HS
ODFKLQH 'HVLJQ 2SROH 8QLYHUV
+LIJK (QHUJTXHWFKAUNV (;3/20(7 *DaND

HPDLO P NRZDOVNL#SR
‘2, (310

' QFUHDVLQJ UHTXLUHPHQWYVY IRU HQJLQH
LPSURYHPHQWY RI PDFKLQH DQG HTXLSPHC
VDIHW\ HIILFLHQF\ DQGXIPHR@KRKLFDF WIRAUN UL
WKH RYHUDOO VKDSH RI FRQVWUXFWLRQ D
DVSHFWV UHODWHG WR WKH EURDGO\ XQGH*t
HQYLURQPHQW 1HZ UHFRPPHQGDWLRQV D¢
SRVVLEOH WR PHHWFRP S BSIOWHYWLQRE® RRGHU
MRLQLQJ FRQVWUXFWLRQ PDWHULDOV 2QH
SURGXFWLRQ Rl WKH FRPSRVLWH PDWHULD
H[SORVLYH ZMOGRQWKH SURFHVV RI MRLQLC
HQHUJ\ RWGRQY RQM[SORVLYHV LV XVHG WR ¢
REWDLQ D VROLG FRQQHFWLRQ EHWZHHQ

SDUDPHWHUV RI FKDUJHV PXVW EH SUHVHU)
FXUUHQWO\ XVHG LQ WKH SURFHVV RIGSURG:
HQHUJ\ DSSDUDWXV 7KH SURJUHVVLYH GHY
WHFKQRORJLHY FDXVHV D FRQVWDQW LQFU
DSSOLFDWLRQ VFRSH $Q H[DPSOH LV WKH
PXOWLOD\HU FRPSRQHQWYV D,QHFDWHIGRD W WILN
W\SH ZKLFK FRQWDLQV ZHOG MRLQWV DQG
WKH SUHGLFWLRQ RI FRQVWUXFWLRQ EHKDY
LV YHU\ LPSRUWDQW ,GHQWLILFDWLRQ DOQC
EHKDYLRXU LVDDOWRURPJQUKHHF SHUVSHFWLY
SKHQRPHQD ,Q WKH VSHFLDOLVW OLWHUDW
PLFURVWUXFWXUDO DQG VWUHQJWK SURSHU

0 .RZDGIWNDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

WKHUH DUH QR SXEOLFDWLRQV DERXW QRQ
WUDWIMVRQ MBLOWD GVLWLRQ MRLQW LQYHVW
FRQVLVWHG Rl WKH IROORZLQJ OD\HUV DO
WLWDQLXP *UDGH VWHHO *UDGH ' )LJ

)L J &RPSRVLWH FRQILIJXUDWLRQ

TUDQVLWLRQ MRLQW DONHLW SHEHAYH BHWGY L

)L J 7UDQVLWLRQ MRLQW

ODWHULDO SURSHUWLHV XVHG LQ VLPXOD
WHQVLRQ WHVWV SHUIRUPHG IRU VSHFLPHQ
XVHG LQ H[SORVLYH ZHOGLQJ SURFHVYV
HWMRPHWHU

BWUDLQV DQG VWUHVVHV UHJLVWHUHG G
PDWHULDO SURSHUWLHV LQ ILQLWH HOHP}
DQDO\VLYV UHVXOWV ZHUH SUHVHQWHG LQ I
VWUHVV GLVWULEXWDRRQY LEHWAKHH Q Q8WNHHUH DT
WLWDQLXP *UDGH ZHUH SUHVHQWHG LQ )L.

0 .RZDOHWW LD O



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J ([IDPSOH WHQVLRQ WHVW UHVXOWYV RI
DHQJLQHHULQJ YV WUXH VWUHVY E SODVW

)L J 1RUPDO VWUHVV XQGHU WMHH®R @ L Q5|
1*WLWDQLXP *UDGH

6LPXODWHG WHVWV FRQGLWLRQV FRLQFLG
VKLSEXLOGLQJ LQGXVWU\ VWDQGDUGV > ¢
UHTXYWHWQJIJWK WHVRRQRW REHF I R RLOH W
DQG GHWDRQQWHVW 3XEOLFDWLRQ SUHVHOQ
FDOFXODWLRQ DQG FRPSDULVRQ EHWZHHOQ
GDWD

6 $ $ SNRXWDYL / 0 %DUUHMDWYV BQLY
([SORVLYH ZHOGLQJ RQODPVWRAMD C3 IS RBNWHN 7H
YR O SS

/ yLAHN ' 2VWURXVKNR = 6]XOF 5 OR
3URSHUWLHV Rl VDQGZLFK PHWDOV MRL
PHWIBRIGK ODWHU 6FLYRQ + SS

0 .RZDGIWNDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

) J)LOGLN 5HFHQW GHYHORSPHDMIM DQVH[S

'HVLJQ YRO SS

5 .DFDU 0 $FDUHU $Q LQYHVWLJDWLRQ |
/| VWDLQOGIMY VWHWMAHHIDWHU 3URFHVYV

YRO +S S

0 .RZDOVNL ,GHQWLILFDWLRQ OQRFDI®W

FKDUDFWHULVWLFV RI H\SOWURYNO\ FRPS

JUDWWXUD HG ,QWHJULWR @ W UXS\SW XUD O H

+ 3DXO / [REUYWWND 0 OLV]F]\N 0 3UC

OLFURVWUXFWXUH DQG SKDVH WUDQVIRUP

DO FX FODG PDQXIDFWXUHGS$EFEKH[®E RADLO

ODWHU  YRO LV \& SS

< :DQJ + * %H®PQ 06 /LQ 1XPHULFDO V

H[SORVLYH ZHOGLQJ XVLQJ WQ@EW H\D W H LA

(QJ YRO + SS

$%6 5XOHV IRU PDWHWDDXWPLDRBE ZEQGI

UHLQIRUFHG SODVWLFV IUS $PHUQFDQ

0 .RZDOHWW LD O



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7+( 8167($'< &(//8/%$5 02'(6 2) ),/75%$7,21
&20%867,21

3 0 .ULVKHQILN .RVWLQ2]HUNRYVND\
DQG . * 6KNDGLQV

OHU]JKDQWYW@WH RI 6WUXFWXUDO ODFUFR

6FLHOGKHMVLDQ $FDGHP\ &R HUFQROAEGIRY ND

, QVWLWXWH RI BUREOHPRXWRY LKIKHBEPGG B
6FLHQEKRWRIRORYND 5X

HPDLO SHWU#LVP
‘2, (310

7KH SRVVLELOLW\ RI VWUXFWXULQJ RI WKF
GHPRQVWUDM HEHEBYGRYLFK DV ORQJ DJR DV
\HDV LQFUHDVHG DWWHQWLRQ KDV EHHQ Gl
RI WKH FRPEXVWLRQ IURQW RI KHWHURJH(
5HJDUGOHVV Rl WKH HIIHFW RI LQLWLDO
FROQYHUVLRQ RI VXFK V\VWHPV FD@ GEHIRRWFF F
IRUPDWLRQ RI UHJXODU VWUXFWXUHV WKH
IURP WKH V\PPHWU\ RI LQLWLDO SHUWXUEDMW
7KH VWUXFWXULQJ RI WKH LQILOWUDWLRQ
SRZGHUV LQ WKH PRGH RI QDWXUDODIDOA LQ
DQG H[SHULPHQWDOO\ LQYHVWLIJDWHG LQ >
PRGHV RI WKH FRPEXVWLRQ RI SRURXV PH(
G\QDPLFV RI LQLWLDWLRQ RI FHOOXODU ZDY
7KH DLP RI WKH SUHVHQW VEBR)GQ GD/U MWRY
HILVWHQFH Rl WKH VWHDG\ DQG XQVWHDG)
LOILOWUDWLRQ IURQW 7KH IRFXV LV RQ HVV
FRPEXVWLRQ SURSDJDWLRQ LQ WKH SDUDP
FRPEXVWLRQ IURQW LD/UXSXOWDENLH D G & PR/
DULVH DQG SURSDJDWH ([DPLQLQJ WKH HYR
ZLWKLQ D SXOVDWLRQ SHULRG PDNHV LW
SDUDPHWHUV RI KHDW DQG PDVV WUDQVIH
UHODWHG WR V@G SWDELBLOWWRI FRPEXVWL]

3 0 .ULVKHQLN HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KH UHSRUWHG UHVXOWV RQ WKH QRQOLOQ
SURSDJDWLRQ RI D FHOOXODU SXOVDWLQJ
DSSURDFK WR VWXG\LQJ QRQOLQHDU HIIHFYV
HIRWKMUPEWLRQ LQ FKHPLFDOO\ DFWLYH P}t
RI YLHZ DQDO\VLV Rl WKH FRPEXVWLRQ RI
HQDEOHV WR GHWHUPLQH RSWLPDO FRQGLW
RI SRURXV PHGLD IRU REWDLOQLQ JUWMXOKH R
WKH VWXG\ LV WR HVWDEOLVK WKH ODZV R
DQG WKH GLVFORVXUH Rl WKH SK\VLFDO PF
SURSDJDWLRQ RI D VWUXFWXUHG IURQW
FRPEXVWLRQ

'KHQ D SODQDU LQILOWRDWLR® VAHR/P E YW\WW
EUHDNV LOQWR LQGLYLGXDO FHOWGXVWRLBKC
SXOVDWLRQ PRGH $ FRPEXVWLRQ FHOO KD
DQG D FRPSOH[ SURSDJDWLRQ G\QDPLFV E|
FKDUDFWHWKWHWERWPRFDO LQWHUDFWLRQ R
UHDFWLYH JDV ZLWK WKH FRQGHQVHG UH
FRPEXVWLRQUHY YKV RHMOIUHILPH WKH FROQ
KHDW WUDQVIHU PD\ YDU\ FDXVLQJ WKH F|
PRYHPHDRMH RWPLOODWRU\ SURSDJDWLRQ R
DVVRFLDWHG ZLWK WKH WKHUPDO LQVWDEL:
SRURXV PHGLD 7KH SDWWHUQ RI WKH GHYF
LOQVWDELOLW\ LV GHWHUPLQHG E\P KWL FSt
FKDUDFWHULVWLFV RI WKH EXUQLQJ VDP!
WUDQVSRUW DQG KHDW ORVV SRZHU LQWR
IUHTXHQF\ RI RVFLOODWLRQV RI WKH IURQ
FURMFWLRQDO GLPHQVLRQV RRIWKMKHFMBO
RVFLOODWRU\ FRPEXVWLRQ RI WKH FHOOV |
ZKHQ FKHPLFDO LQWHUDFWLRQ SURFHHGV D

7KH H[LVWHQFH RI WKH FHOOXODU FR
PDQLIHVWDWLRQV DUH RI LQWHUHVW IRIRGHV
VHWY LQ XQGHU FRQGEMPHRMWLZRBOHDWR B \R
WKH SRVVLELOLW\ RI EXUQLQJ 7KLV PHDQ\
SURYLGLQJ FRPEXVWLRQ FDQ EH H[SHQGHG
VXVWDLQHG SURSDJDWLRQRVRKHKRWK SRRQG
VIVWHPV ZLWK D UHODWLYHO\ VORZ LQILOW

3 0 .ULVKHQLN HW



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7KLV ZRUN ZDV VXSSRUWHG E\ WKBIVREEKVV

SHVHDUFK SURMHFW QR

3

<D % =HOY&RRUFKRI FRPEXVWLRQ DQG GH
ORVFRADG 1DXN 6685 5XVVLDOQ

1 , 2]JHUNRYVND\D $ 1 )LUVRY . * B6KN
RI VSDWLDO VWUXFWXUHV GX&RPHXVMOW
(ISORV 6KRFN :DWRI®QR SS +

6 9 .RVWLQ 3 0 .2INKNRYNMNND\D $ Q IL
J VKNDGLQVNLL FHOOXODU ILOWUDWLRQ
&RPEXVW ([SORV 6KRFROQ@R &Sk

0O .ULVKHQLN HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7+()250%7,21 2) &2%$7,1%6 86,1* 6<17+(6,>
02',)<,1* 32:'(56 $1' 7+( (1(5*< 2)
(/(&7521 %($0

2 1 .U\XNB®DB $ * .Q\D]JHYD

, QVWLWXWH RI 6WUHQJWK 3K\VLFV DQG 0DV
RI WKH 5XVVLDQ $FDGHP\ RI 6FLHQFHV 7RP\
7TRPVN 3RO\WHFKQLF 8QLYBXVYWD 7RPVN

HPDLRNUXN#LVSPV WVF UX
‘2, (310

&XUUHQWO\ WKHUH LV DQ LQFUHDVHG LQW
$GGLWLYH PDQXIDFWXULQJ LV SHUVSHFWL)
PHDQV RI JUDGSXBD BX\HQE 7KH SUBREGWHYV
XVLQJ VHOHFWLYH ODVHU PHOWHLHIP DQ
WHFKQRORJLHV RI PHOWLQJ DQG WDIGCHBIWULLE
PDQXIDFWHFK@QIROIRIMHWQ WKH ZD\ RI SRZG
OHYHO RI LOSXW HQHUJ\UQEE BKSQIEMIDN LLF
WKH DFFRPSDQ\LQJ SK\WLFDO SKHQRPHQD :
KDV EHHQ DQ LQWHUHVW LQ WKH GHYHORSL
IRU YDULRXV DSSOLFDWLRQV DHURVSDFH F

7KH GHYHORSPHQW DQG XIVMOR| LFRR R S RIVR MW
WUHQGY LQ WKH HYROXWLRQ RI PRGHUQ P
&RPSRVLWHV FRQVLVW RI D PDWUL[ DQG
GLVWULEXWHG LQ LW DQG H[KLELW TXDC
DSSOLFDWLR@EHDP BDIGOEBEWMHGRRDRILHY FRPS
PHWDOOLF PDWULFHVY FRQGXFWLYH HOHFW!

ODWKHPDWLFDO PRGHOLQJ PDNHV LW SRV
SKHQRPHQD DFFRPSDQ\LQJ WKH VIQWKHVLV
OD\EN\OD\HU IRBEPBWRR®FWY DV ZHOO DV WK
IRUPDWLRQ Rl SURSHUWLHV ZKHUHDV PRGH

7KLV ZRUN S UGILVAHINVY RDZRD PR G HRI RUKMR C
VXUIDFH RI WKH VWHHO ELOOHW DQG WK
VIQWKHVRRIELI\LQJ SRZGHUV DQG HOHFWUTF

2 1 .U\XNRYD DQG $ * .Q\



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

PDWKHPDWLFDO PRGHO WDNHV LQWR DFFRX
WKH SRZGHU OD\HU WKH FKDQJH LQ SRUR
ORGLI\LQJ SRZGHU LV D PDWUL[ EDVHG RQ
DOXPL@GLWLYHV ZLWK UHLQIRUFLQJ HOHP
VLOLFRQ FRPSRXQGV & % 6L ZLWK WLWD
QRQHTXLOLEULXP FRQGLWLRQV RI FRPSRVL
LOWHUPHWDOOLF 7L DQG $0 SKDVHV RV ZH¢
VLOLFLGHV Rl WLWDQLXP LV SRVVLEOH LG
SUHVHQFH RI WKH UHVLGXDO R[\JHQ ZKLFI
R[ILGHVY Rl WLWDQLXP DQG DOXPLQXP 3R
FRPSRVLWLRQ LV XVHG IRU FRDWUQRZVQUID
" REMHFWV

ODWKHPDWLFDO PRGHO RI FRDWLQJ LV U}
LOQWR DFFRXQW WKH IORZ Rl SRZGHU LQWR
PRYLQJ HOHFWURQ EHDP RU RQWR D KDUG
DOJRULWKP DUH VLPLODUFWEBDRQRQ VLY KR 2
PXOWLSKDVH FRDWLQJV IRUP GXULQJ SURF}
RI WKH FRDWLQJ FDQ EH FRQWUROOHG E\ F
LQLWLDO SRZGHUV DQG SURFHVVLQJ SDUD
QXPHULFDOO\ 7KH HRHRPWKHY ARDWRSIHIU BV \H
WKH TYWIVWLRQDU\ VWDJH ZKLFK LV TXLEN
SDVVDJH Rl WKH HOHFWURQ EHDP $V D UHV:
VXUIDFH OD\HU DQG WKH HIIHFWLYH SURSHL
WKH WHFKDQRGROGLWLRQV )RU RWKHU V\VV
GHVFULEHG LQ > @

7KH PDWKHPDWLFDO PRGHO DOORZV FKI
SDUDPHWHUV WKDW SURYLGH D PLQLPXP SH
UHOLHI

7KLV ZRUN ZDV VXSSRUWHG RQWRW 5K VLU

X

. *RQJ 7 $QGHUVRQ . &KRX ETHMGIZ
HOHFEMHDRPQDGGLWLYH PDQXIDBWXUDLRW XWH ¢
5HY YRO '2QR PIUHYLHZ

7 'HES5R\ + / :HL - 6 =XHEHDFN 7 (QOMKHU
2 OLOHZVNL $ 0 %HHMMHG $$:LBVRQ=KDQ
$GGLWLYDIFRDX@XIQJ RI PHWSBOGEF \FR PBWR QM
DQG SURBWHRIWIOBW 6FYRO +S'S

2 1 .U\XNRY¥D*D@GD]HYD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

/| ( OXUMWDOOXUJ\ RI DGGLWLYH PDQXIDF

HOHFWURQ E$®6 LR§IXONMDE YJY RO £S

/ ( 0OXUU ( ODUWLQH] . 1 $PDWR 6 0 *

' ¢ B5DPLUH] 3 : B6KLQGR ) OHGLQD

)DEULFDWLRQ RI PHWDO DQG DOOR\ F

PDQXIDFWXULQJ H[DPSOHV RI 008 WP HUHL

7HFKQRO YR@MR 8S

$ * .Q\DJHYD , / 3RERO $ , *R&RLHDNEF

1 .U\XNRYD , * 20HVFKXN G6LPXODWLRC

SK\VEKRIPLFDO SURFHVVHV RFFXUULQJ D

HOHFEMHDRPQ WHFKQRORJLHY RI VXUIDFH PF

PDWHBKDOWHVRPHFK ROSS =

2 1 .U\XNRYD $ * .Q\D]JHYD &ULWLFDO

GLVVROXWLRQ LQ WKHERBPW XGXNDESQOHO|

OHFK 73HER YRO QRt SS

$ * .Q\DJHYD 2 1 OBW®RLY®J RI FRQV

VIQWKHVLV Rl LQW HUBKWD RLF FKRIDWR DQ J
3

2 1 .U\XNRYD . $ .ROHVQLNRIYPHULFDO

DQG H[SHVUDL B RIMOGRENHDRPRD W L Q PR @LLIWLKD J
SDUWHPOBQG,3BBRQlI 6HU ODWHU BRIO ((

2 1 .U\XNRYD DQG $ * .Q\



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

21 7+( $33/,&$7,216 2) 3+2721,& '233/
9(/28&,0(75<

0 .QJH®QG 3 1HVYDGE

, QVWLWXWH RI (QHUJHWLF ODWHULDOV 8Ql

&KHPLFDO 7THFKQRONRD\ 6 BXGEXQE
&IHPKSXEOLF

2=0 5SHVHDUFK V U R +QYrFOAHKRRYLEOH
&IHPKSXEOLF

HPDLO NXQ]HO#R]P
‘2, (310

3KRWRQLF 'RSSOHU YHORFLPHWU\ 3'9 KDG |
LQ WKH 86$ > @ 6LQFH WKDW WLPH 3'9 KDV
LWV XVDJH KDV VSUHDG ZLWKLQ VHYHUDO FI
5XVVLD 8QLWHG .LQJGKM DODRDRAWULIPHD)\
YHORFLW\ SURWDORMY GHISGIRFEIWFLHY RI PRY
KLJK WLPH UHVROXWLRQ RI XS WR QV DQ
YHORFLW\ R{ DERBW

'Q UHFHQW \HDUV YDULRXV XVHV RIG'9 KD
DW WKH ,QVWLWXWH RI (QHUJHWLF ODWHULL
GLITHUHQW 3'9 LOQVWUXPHQWY KDG EHHQ HP
DELOLWLHV VLQJOH FK D QRXD®M GH® WKW WSRIP
3'9 DQG DW WKH HQG FKRPEPHOF2D0 DRX U
5HVHDUFK 7KH YROWDJH VLJQDOV ZHUH UH
7HNWURQL[ RVFLOORVFRSH 7KH RVFLOORVF
VKRUMPH YRXULHU WUDQVIRUP 67)7 ZLWK D
XVH RI 3'9 IRU VHOHFWHBHIES BQ WFOMWL RRY WY

7KH IDOOLQJ KDPPHU EHKDYLRXU ZDV RE
LPSDFW RQ D KLJK H[SORVLYH VDPSOH 3'9
WKH KDPPHU GLUHFWO\ EHIRUH WKH PRPHC
ZKLFK H[KLELWV DV D VIXRHWRYWHID®REH W DGR
RI UHIOHFWHG KDPPHU YHORFLW\ SURILOH"

0 .»Q]JHO DQG 3 1HVYDGED



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

H[SORVLYHY DQG GHSHQGLQJ RQ W\SH RI W
LWV LQLWLDWLRQ

$ ODUJH EODVWLQJ FKDPEHU ZDV ORDGHC
SODFHG QQWHWV7RH 3'9 DOORZHG WR PHDV
FKDPEHU ZDOO DV LW ZDV DFFHOHUDWHG E
H[SORVLRQ 5LQJLQJ RI WKH ZDOO FRQWLQ
WLPH ZLQGRZ 'LVSODFHPHQW ZDV REWDLQ]
SURH IRU WKH PRVW LQWHQVLYH SDLU |
GLVSODFHPHQW DJUHHG ZHOO ZLWK SUH
SUHGLFWLRQV

$ FRQFUHWH VODE P WKLFN ZDV VXEMH
H[SORVLYH FKDUJH RI NJ Rl 717 SODFHG
IUDFWXUH RFFXUUHG RQ WKH VRIILW RI WKF
DFFHOHUDWHG WRZDUGV D 3'9 SUREH ZKLFK
PRYHPHQW LQFOXGLQJ LWV HDUO\ VWDJHV
SURYLGHV LQSXW GDWD IREHODQXRHUHNB® P\R
PDWHULDO > @

(ISORVLRQ ZHOGLQJ DOORZV WR ZHOG SU
PHWDOOLF PDWHULDOV ZLWK H[FHOOHQW M}
WKH H[SORVLYH DQG VSDWLDO UHODWLRQYV
FRUUHFWOQURKH SODFHG DJDLQVW WKH Fi
GHWHUPLQH WKH ZKROH YHORFLW\ SURILOH
YHORFLW\ DW ZKLFK WKH LPSDFW ZLWK WK
SURYHG WR EH DSSOLFDEOH HYHQ LQ D IX
ZHOGLQJ > @

yLJ &ODGGHU SODWH YHORFLW\ SURILOH |
RSHUDWLRQ

0 .»Q]JHO DQG 3 1HVYD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

&\OLQGHU H[SDQVLRQ WHVW LV D FODVVL
XVHG VLQFH ¢ IRU GHWHUPLQDWLRQ RI P
H[SORVLYHV $QODMWPSORVLNRQFKQHG LQ D FR
H[SDQVLRQ RI WKH H[SORVLYHO\ DFFHOHUD
WLPH 7KH 3'9 LOQVWUXPHQWDWLRQ LV VXSH
PHWKRGV Rl ZDOO H[SDQVLRQ WUDFNLQJ E\
FDPHUDY RQ DXEFXUDF\ UHVROXWLRQ DQG VL
@

2QH Rl WKH PHWKRGV IRU GHWHUPLQDWLF
GHWRQDWLRQ ZDYHV LV WKH LPSHGDQFH :
WUDQVSDUHQW PDWHULDO VXFK DV SRO\PI
DOXRIXP OD\HU DW WKH LQWHUIDFH LV DWW
DQG WKH LQWHUIDFH YHORFLW\ LV UHFRUC
YHORFLW\ SURILOH RI WKH LQWHUIDFH PD\ \
SUHVVXUH SURILOH XVLQJ LPSHGD®RH PD
&KDSPR®JXHW &- GHWRQDWLRQ SUHVVXUH
GHWHUPLQHG > @

$QRWKHU ZD\ WR REWDLQ GHWRQDWLRC
PHDVXUHPHQW RI LQLWLDO YHORFLW\ RI HJ[S
GLVF 7KH YHORFLW)\ VWHSVDADXR/GIN\G LE) WHKRIF
DOVR EH XVHG WR GHWHUPLQH H[SDQVLRQ
LVHQWURSH ZKLFK LV DQ LPSRUWDQW LQIR
RI EODVW ORDGLQJ SURFHVVHV 7KH OLPLWL
SURILOH FRWRHWRBRQHSQHUJ\ WUDQVIHUUHG \
GHWRQDWLRWKSUBREBXHF@®HUDWLRQ DELOLW)\ RI

7 6WUDQG ' 5 *RRVPDQ & ODUWLQH] 7

. XKORZ &RPSDFW V\WWHHGIRWHGORHBIKPHW U

KHWHURG\QH MWHHF KQQRLT X HQ V W WWXRFO SS
GRL

'+ 'RODQ $FFXUDF\ DQG SUHFLVLRQ

YHORFLPHWUGFL ,QVWUYRD SSGRL

0 . Q]JHO 0 )RJODU - 3DFEFOBU IKRWRFEQE
LOVWUXPHQWDWLRQ LQ UHDO VFDOH FI
H[SHULPHQWY ZLWK DQ DWWHPSW WR PHD\
FROQFUHWH RQ WKH GHEMWVVJ®HDRE LMWAD OO\
SURWHFWLYHS$8W UGRWIDSRUH

0 .»Q]JHO DQG 3 1HVYDGED



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

- XFHUD $ & $QDVWDFLR 3 1HVYD
BHOHVRYVN\ - 3DFKPDQ ([SHULPHQW!
DFFHOHUDWLRQ RI H[SORVLYHO\ GULYHQ
YHORFLPHWU\ LQ WKH SURFHBURSRI HBIRR
3\URWHFK FBISWHG IRU SXEOLFDWLRQ@
& * 5XPFKLN 5 1HS * & %XWOHU % %
7KH PLQLDWXUL]DWLRQ DQG UHSURGXFLE
WHVW R 3SEROIHUHQFH 3URFMRGLQJV SS
GRL
0 .Q]JHO - B6HOHVRYVN\ - 3DFKPDQ )LL
H[SDQVLRQ WHMVWEZQIUHQ®WRE 5HVHDUFK
ODWHULTEQY 3DUGXELFH &]JHFKLD
- 3DFKPDQ 0 ..Q]JHO 2 1 PHF - 0DM]OL
PHWKRGV IRU GHWRQDW L RB®& RSANA VD/YXHM\H P H
>SXEOLVKHEZRRQOLQH®
7 I/RUHQ] ( / /HH 5 &KDPEHUV $ \
HYDOXDWLRQHRB HUISROUFPWMEFRHGLVF DFFHO
H[SHULBURSHOODQWY ([SORWR®D URWBRK
SS + GRL SUHS

0 .»Q]JHO DQG 3 1HVYD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

$33/,&$7,21 2) 7+( 9$1%$',80 %$55,(5 /$<(5
67((H7,7$1,800,0(7$/ ,1 +,*+ 7(03(5%$785(
&21',7,216

9 9 JAONLQ 9 6DLNRX ODODNKRY
DQG: BWHUG\FKHQNF

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC

6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQ
5XVVLD

SRO]XQRY $OWDL &SQUDNM HNMHFE QX 6D O 5 X!

HPDLUOHYDQ #PDLO |
‘2, (310

$Q DFWXDO SUREOHP LQ WKH FUHDWLRQ RI
WHQGHQF\ RI WKHLU FRPSRQHQWV OIF WK
FRPSRXQGV ZKLFK FRQVLGHUDEO\ UHGXFH
SURSHUWLHY RI ELPHWDOV $Q HREWAS\TH) RXR
ELPHWDO $Q HIIHFWLYH VROXWLRQ WR WKL
OD\HU WKDW VHSDUDWH VDWK HR \& B ¥ UF HY B O/H®I
PXWXDO GLIIKKWHRQIIMFGWLYHQHVY Rl WKH D
YDQDGLXP EDUULHU OD\HU LQ RUGHU WR SU|
LOWHUPHWDOOLF FRPSRXQGV LQ WKH ZHOC
WLWDQLXP JUDGH) Y HMWHWMNWHGY 7KH ELPHW
KHDWHG WR WHPSHUDWXUHM.RKROGLQJ IRD:

DQ X

+HDWLQJ RI VDPSOHV WR f& DW DOO KR
K DW f& GLG QRW OHDG WR D VLRQLWIKRDQ
ZHOGHG MRLQW DQG WR WKH DSSHDUDQFH
OD\HUV 7KH ILUVW GLIIXVLRQ OD\HU ZKLF
GLIIXVLRQ RI WLWDQLXP LQWR YDQDGLXP Z
WR KHDWLQJ WR  f& IRU OD\HKHLW K L-FR @H
WLWDQLXP FROWHQW $@® ULWAWHDVH LQ WKH

K OHDGV WR DQ LQFUHDVH LQ WKH RVKLFN
DQG LQ WKH WLWDQLXPWRQWHRW WRJIK FR

9 9 . XULONLQ HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

WLWDQLXP LQ WKH LQWHUOD\HU LQGLFDW
GLIIXVLRQ 7KH SUHYDLOLQJ SURFHVV ZDV
WLWDIKHKRHDWLQJ DW D& H GR&lIXFWRQDS
DW WKH LQWHUIDFH EHWZHHQ WLWDQLXP DG
GLIIXVLRQ OD\HU ZDV QRWHG DOUHDG\ DIWF
WLPH WR KRXUV IDYRUV DQ LQFUHDVH LC
OD\HU EHW ZHUHLQ QWK H LD W H

'LIIXVLRQ SURFHVVHV DW WKH ERXQGDU\
DUH H[FLWHG DW f& 7KH GLIIXVLRQ OD
YDQDGLXP KDV DSSUR[LPDWHO\ WKH VDPH
WKH ERXQGDU\ 7KH LQWHUZOLHE UY DQDW KXPI
VWHHO LV IRUPHG DV D UHVXOW RI WKH GLI
LOQWHUJUDQXODU ERXQGDULHV RI YDQDGL:
FDUERQ DQG LURQ LQ+YDOPG$ )XGHED UEX WIR F
ZLWK D GHSWK-RILV IRQPW&H VWHHO DOQG
JHQHUDWHG DORQJ WKLV L Q& HRIDKMWKMH U
LQFUHDVH LQ WKH KROGLQJ WLPH OHDGV W
SDUWLDO GHVWUXFWLRQ Rl WKH FRPSRXQG

)L J LQHWLFV RI JURZWK RI WKH WKLFNQF
WLWBYOQPGLXP ICQ@HISHDBH QJ RQ WUKIHWKKHUDHW
DQG WKH KRWGLQJ WLPH

$V D UHVXOW RI VWXGLHV LW KDV EHHQ S
OD\HU DW KLJK WHPSHUDWXUHY UHOLDEO\
EHWZHHQ VWHHO DQG WLWDQLXP H[FOXC
LOQWHUPHWDOONL AWKRIPS®RWE@ G M BH

7KH H[SORVLYH ZHOGLQJ H[SHULPHQWYV Z
L QWHUQDWLRQDO /WG 7KLV ZRUN ZDV SHI
PRGHUQ VFLHQWLILF LQVWUXPHQWY DYDLOL

9 9 .XULONLQ HW



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)250$7,21 2)+80O7L08/7,/$<(5 &20326,7(6
7+ 7(75$*21$/ $1' &8%,& 6758&785(6 ¢
17(50(7$//,& %< (:3/26,9( :(/',1* $1°

68%6(48(17 $11($/,1*

' 9 /D]XUHG®NR O0DPL$ .DVKLPEHWR®
0 $ (VLNRY$ %DSVDSHWD DG ) 3\F]DN

1RYRVLELUVN 6WDWH 7HFKQLFDO 8QL

1RYRVLELUVN 5)

IDYUHQWTHY ,QVWLWXWH RI +\GURG\QDPL

$FDGHP\ Rl 6FLHQFHV SU /DYUHQW:!
5XVVLD

+HOPKROW] =HQW U X F3 ® D B\RNKOBE H WW B D [F K W
*HUPDOQ\

HPDLSDYO\XNRYDB #PDL
‘2, (310

SHFHQW@XL7ERPSRVLWHY DUHWHD WIKRIQI| RF XP/
UHVHDUFKHUV 7KHVH PDWHULDOV SRVVHV
SURSHUWLHY VXFK DV KLJK VSHFLILF VWLIIC
WKDW Rl VWHHO DQG VSHFLILF KDW@QHVYV
$OVR PXOWLOD\HU PDWHULDOV ZLWKWHQW H
KLJK ITUDFWXUH WRXJKQHVV @ QRZED DO L WKL
SODVWLFLW\ LV VWLOO ORZ ,W LV RALSODL
FRPSRXQ@G LIWORQ WULDOXPLQLGH KDWVU WHMXL
ZKLFK FDQ EH IRUPHG E\ VWDIDIN/QLFWYRZ
IRUPDWLRQ Rl SHULRGLF D@WQSKH K EWRXFNVEG
DV WKH GLVSWHRJUL\RBGFORXELF VWUXFWXUH 7K
LQ WKAWUXFWXUH LV YHU\ ORZ DQG WKH

PHFKDQLVP LV WZLQQLQJ 7R LPSURYH WKH
VWUXFWXUH LW LV UHDVRQDEOH WR WUDC
UHDOL]HG Ex@ QO R\KIOW VWXG\ ZH FRQVLGHU
WUDQVIRUP WKH \BVFUXIEQWIX DN R FREBSRQH QW
FRPSRVLWH SURGXFHG E\ H[SORVLYH ZHOGL

9 /D]X UHMD NDRO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

>S@OQG GLVFXVEXWRHLS\OLWW RI LQWHUPHWDO
DQG WHUQDU\ V\VWHPL VWR XRGYXUHS$FRSSH
JRUW/D\HU HG. M G O DL\HH H7G& SOFRPSRVLWHYV

IDEULFDWHG E\ H[SORVLYH ZHOGLQJ DW

+\GURG\QDP IVIX\E MDHFGVHG WR KHDWLQJ XS
DQQHDOLQJ WHPSHUDWXUH RI WKH E& QDU\
7KH FKRLFH Rl WKH KHDWLKEX \WWRPSRUYDW M L
PDGH EDVHG RQ WKH UHVXOWV Rl VIQFKURV
*HUPDQ (@HRYRKRURWURQ 'H XV VFKKWR POUHRG
'(6< LQ WKH +LJK (QHUJ\ ODWHULDOV 6F
RSHUDWHG E\=H B Q/RKKPO WHHE WK DKW IR X Q G
$OFL ZLWK WKH FXELF VWUXFWXUH IRUPV WK
ZLWK SDUWLFLSDWILRQ QR ECRPIRIQGYV W
GHPRQVW UDMHAGK WH DWR XJKQHVV RI WHUQDU
FRPSDUHG WR ELQDU\ RQH GXH WR D KLJKH
ZLWK FXELF ODWWLFH

7KLV ZRUN KDV EHHQ VXSSRUWHG E\ W
(GXFDWLRQ DQG 6FLHQFH &ROQWUDFW 1R '

. 6 9HFBKQR/ KHWLF PXOWLIXQMMUPG DD
ODPLQDWH FR®SRVLWRY L V4V SS
$ S5RKDWJL ' - +DUDFK . 6 9HFFKLR .
FXUYH DQG IUDFW X W$r E HKIDRLIRWH B P HW D
ODPLQDWH 0,/ FRPSRDMHIWR O LVV
+
* GDXW/IORMHUPHWDRDQRHEY 9&+
5 $ 9DULQ ,QWHUPHWDOOILBW¥\FORSW®IOD
ODWHULDOV 6FLHQ F H M\QHEATHHIBKEGIR ORG \
SS o+
' 9 /D]XUHQNR , $ %DWDHY 9 , 0DOL
ODOLXWLQD 9 6 J/R]JKNLQ 0 $ (VLNR)
([SORVLYHO\ ZHOG H$0 PIFOPSIRVD WKV 7 L6 W U
WUDQVIRUPDWLRQ GXWDAHU K MWL M) UHROIDW P
SS +
1 6FKHOO $ .LQJ ) %HFNPDQQ 7 )LV
6FKUH\HU 7KH KLJK HQHUJ\ PDWHULDOV \
3(75% ,,,0DQYHULDOV 6FLHQFSISHRUXP

9 /D]X UHMD NDRO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

1,7,$7,21 2) 7+(50$/ (;3/26,21 $0
5($&7,21 08/7,/$<(5 )2,/6 %< (/(&75,¢
&855(17 38/6(

, /IHOQGBHOKORDYBLE &KHUNDF

(2 3DWRQ (OHFWULF :HOGLQJ ,QVWL!
XO .DJLPLUD ODOMHYLFKDSNUDLOQ!

HPDLADHQ GBHOM XN U
‘2, (310

$ VAOXIVWDLQLQJ H[RWKHUPLF V\QWKHVLYV
PXOWLOD\HU IRLO 50) ZKLFK FRORLYWYV
HOHPHQWY FDQ EH LQLWLDWHG EPDWRERQ K|
D VBORSDJDWW® P SKHUBWXUH V\QWKHVLV 6+
UHVXOWLRQLWH®RIQ RI WKH HQWLUH YROXPH
H[SORVLRQ ZKHQ LW LV KHDWHG WR D FHL
VSHHG > @ ([RWKHUPUP M DFYQLROLRQ WK
SURYLGHV D KLJK LQWRQVRW)\FR P XHDMG | R/&RF
PRGHKH UHDOL]DWLRQ Rl WKH H[RWKHUPLF V
ZLWK D KLJK LQWHQVLW\ Rl KHDW JHQHUDMW
ZKHQ XVLQJ 500QDW RXKHBWRU ORFDO KHDWL
FROQWDFW ZLWK )RQ) WKH @GUDFWLFDO DSSC
DSSURDFK LW LV LPSRUWDQW WR VWXG\ WK
WKH 7( LQ WKH 50) (DUOLHU LW ZDV VKRZQ
DFKIHG IRU H[DPSOH E\ KHDWLQJ D IRLO Z
SXOVH RI PLFURZDYH UDGLDWLRQ > @

'Q WKLV ZRUN LW LV FRQVLGHUHG WR L
HOHFWULF FXUUHQW SXOVH WKURXJK 50) XV

7R LQLWLDWHVWK®J7D EXSDHQW SXOVH WK
VSHFLDO VHWXS ZDV XVHG ZKLFK LV DYDL
'HOGLQJ ,QVWLWXWH )LJ W &ERQVLVWYV
) LQGXFWDQFHQ+ DFWLYHS5UHVLVWDQFH
FROQWURQOHIGDDUHUG &$' 5RJRZVNYRF®RWO JF
VRXUFH QRW VKRZQ RQ WKH GLDJUDP

/JHQEWHDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

)L J (OHFWULFDO GLDJUDP RI WKH VHWXS
WKH 50)

&RQGH&YBY FKDUJHG IURP D KLJK YROWL
UHTXLUHG YRRODWDJ® WUMHIUHW SXOVH ZDV D
ZKLFK OHG WR WKH GLVFKDUJH RI WKH FD
ZKHUHE\ WKH 7( ZDV LQLWLDWHG $V D UHV)
50) D EULJKW IODVK DQG GLVSHUVLRQ RI
REVHSUYIHD\ VWXGLHYV Rl WKH SRZGHU IRUPH
VKRZHG WKDW 1L$0 LQWHUPHWDOOLK ZDV IF

JRU VWXG\ Rl WKH LQIOXHQFH RI HQHUJ\ ¢
RI LQOWHUPHWDOOLF SDUWLFOHV WKH 50) ZI
SROHW K\OPHWKDFU\ODWH 300$ ZLWK GLPHC
)LJ D 7KH WUDQVSDUHQF\ RI 300$ PDNHV
WKH PDFURVWUXFWXUH Rl WKH UHDFWLRQ
GLVWULEXWLRQ RI LQWHUPHWDQDLF SD/UK\WL
LOYHVWLIJDWLRQV ZHUH FDUULHG RXW DW
ZLWE&XUJDWLRQ RI V

7KH REWDLQHG GDWD VKRZ WKDW LQ WKH
LV SRVVLEOMW KMHRLTGQNWH DBWH ZKLFK LV DFFF
LOQWHQVH KHDW JHQHUDWLRQ LQ WKH IRUP |
RI WKH IRLO 7KWMKHOPEWDLMORG UHVXOWYV VK
RI FUXVKLQJ Rl WKH IRLO LV GHWHUPLQHG ¢
HOHFWULF FXUUHQW DV WKH FXUUHQW SXt
SDUWLFOHV RI WKH UHVXOWLQJ LQWHUPHWLE

7KHRYSVLELOLWLHV Rl WKH V&KLY WKHD 50 5
LOQLWLDWHG E\ WKH FXUUHQW SXOVH DUH EF

/JHQEWHDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J D 6FKHPH RI LQY HDWVW RIVDIWWIKEWOPIS R
SODWHV ZKLFK ZDV REWDLQHG DV D UHVXO
SXOVHV RI D GLITHUHQW FXUUHQW E f
LPDJH

( %HVQRLQ 6 &HUXWWL 2 .QLR 7 3 :HL
SURGXFW PHGWRGD RDNVNVEOOIUHDFWLRQV LQ
$SSO 3K\V YRO QR + SS

$ **DVSDUWDWQBEKWHLQ@PHURNLQHWLFV DQGC
H[SORVLRQ LQ PL[WXUHV R3KAIV &FREXVID S
([SORV  YRO QR SS

7 =DNXVVORHOQLFK$ QWRVLQRMQGLHO
X]PHONRLQLQJ RI WKMUKRSQDVW $O Ut
PXOWLODWHK LEWAHUQDWLRQDO FRQIHUHQF
ZHOGLQJ DQG UHODWHG \WHFE®RORJILHV

$ ,8VWLQRY.X]JPHQRRO9.UDYFK®N "RURO

' QLWLDWLRQ RI WKHUPDIDQRI[8D®W LR QHOI
3URSDJ 7HPIKX 6\QWKYRO QR SS

/JHQEWHDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

&+$5$&7(5,=$7,21 2) 7(03(5%$785( (;&856,2
1 (:3/26,9( 67¢&233(5 %21'6

6 /LX9 3HWU»WDQMHIG & 3URWKH

$GYDQFHG ([SORVLYH 3URFHVVLQJ 5HVHDUFTF
&RORUDGR 6FKRRO RI OLQHYV *ROGHQ &ROR
5HWLUHG '\QDPLF ODWHULDOV &RUSRUDWL
8 6 %

1REHO&ODG %RXOGHU &RORUDGR 8 6

HPDQVOLX#PLQHV HGX
‘2, (310

'XH WR WKH UDSLG DQG G\QDPLF QDWXUH R
LY YHU\ GLIILFXOW WR PHDVXUH SK\VLFDO
,QLWLDO GHWRQDWLR@YHEBKR¥DRDW VK@ FINV
WHPSHUDWXUH HYROXWLRQ WKURXJKRXW W
HVVHQWLDO LQIRUPDWLRQ GHVLUHG IR U
XQGHUVWDQGLQJ RI WKH SURFHVYV DQG ILC
PDLQ REMHFWLYH RI WHKIIPM @RUIN WIH RMYR A
LOWHUIDFH WHPSHUDWXUH EHWZHHQ WKH |
(;: SURFHVY .QRZOHGJH RI LQWHUIDFLDO W
OHDG WR SURSHU VHOHFWLRQ DQG VDIH GH
2Q D EURDGHU VPDUOUHRWYWKHRXQGRDOVR DOOR
GHVLJQ ZLWK RSWLPL]J]HG H[SORVLYHV DQG
EHWZHHQ WKH EDVH DQG IO\HU SODWHYV

/R GHWHUPLQH WKH ERQG LQWHUIDFH WHI
ZLWK GLITHUHQW PHOWLQUWWKP EHWIZWNQ HV |
|IO\HU DQG VWHHO EDVH SODWHV IRU H[SHU
LQ HLWKHU IRLO RU SRZGHU IRUP ©6RPH RI
ERQGLQJ WR IL] WKHP RQWR WKH EDXK SOD
VROGHU ZLUMW )$06 IBRZGHUYV DQG : Ul
7TKH\ ZHUH VHOHFWHG DFFRUGLQJ WR WKHL
IURP DURRQWR RYRR 7KH WUDFHUV ZHUH S
DFURVVY ITURP WKH GLUHFWLRQ RI ZDYH SU

6 /W DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

WUDFHUDWWEYPBWHG WR PLQLPL]H WKH GLV
SUHVHQFH Rl WKH WUDFHUV $IWHUUBI\SOR
UDGLRJUDSK\ ZHUH SHUIRUPHG RQ WKH ERQ!
EHWZHHQ WKH GLIIHUHQW WUDFHU PDWHUL
VRZHG HYLGHQFH RI SRURVLW\ PHOWLQJ D
WXQJVWHQ 7KH VD?SPWVURDHEGH FURXQG S
HWFKHG DQG H[DPLQHG IROORZLQJ VWDOQGI
/ILJKW RSWLFDO DQG HOHFWURQ PLFHRVF
VSHFWURVFRS\ ('6 ZHUH XVHG WR FKDUDF
PL[LQJ RI PROWHQ PDWHULDOV

/IRFDOL]HG PHOWLQJ ZDV REVHUYHG LQ WK
DQG WLWDQLXP WUDFHUV ,Q WKH FDVH RI \
LOGLFDWLQJQYRBRWHADWRRGHU DOOR\ 9DS
H[SHFWHG EHFDXVH RI WKH ORZ PHOWLQJ D
DQG 6Q $W WREBERSESOWHUIDFH D ZDY\ LQV
ZKLFK FRQILUPV WKH SURSDJDWLRQ RI WKH
LOLOMLBRMQGHG WR WKH IO\HU SODWH E\ H[SC
DQG FRSSHU SDUWLFOHV VXEVWDQWLDWHG
MHW 5DSLG WHPSHUDWXUH H[FXUVLRQ FD
YDSRUL]DWLRQ Rl WKH VROGHU PDWHULDO

7KH [[[ VHULBV Z®¥ IRRW FOHDUO\ GLVWL
UDGLRJUDSK\ EHFDXVH RI WKH ORZ GHQV
PLFURJUDSKY FOHDUO\ VKRZHG WKH SUHVHOQ
WKH FKDUDFWHULVWLF RI DQ H[SORVLYH ER
GLG RFFXULMOROII DWKH 7KHUH ZDV FOHDU HY
WKH SUHVHQFH RI SRURVLW)\ LQGIISBOWHG Y
WUDFHUV ZHUH XVHG D UHODWLYHO\ WKL
SUHVHQW 2Q WKH FRSSHU VLGH KRZHYHU
REVHUNRIGLGLILFDWLRQ FUDFNLQJ DSSHDUF
WKHUPRPHFKDQLFDOO\ PL[HG UHJLRQYV

7KH PRVW LQWHUHVWLQJ ILQGLQJV ZHUH L
WKH KLJK VWUHQJWK DQG ORZ GXFWLOLW\
VPDOO SLHFHV GXRO®LUQH[IORVENEGWLI\LQJ W
WKH VKRFN ZDYH RQ WKH EDFNVLGH VSDO
SDUWLFOHV HYLGHQFH RI PHOWLQJ ZDV REV
WKH VXUIDFH Rl WXQJVWHQ IUDJPHQWY WKD
LOQFOWLQJ WKDW WHPSHUDWXUH H[FXUVLRQ
WKH PHOWLQJ WHPSHUDWXUH RI WXQJVWHOQ

6 MXMHW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

EDVH DQG IO\HU SODWH LQWHUDFWHG ZLW
PDWHULDOV LQ WKH SRFNHWYVY DW WKH LQWE
TKHUPRDPLF FDOFXODWLRQV HVWLPDWH
PD[LPXP LQ WKH FRSSHU VWHHO V\A&WMHPGZD \
26 ,Q ORFDWLRQV ZKHUH MHW LQWHUD
HI[FHHGLQJ WKH PHOWLQJ WHPSHUDWXUH
TKHUPRG\Q@QMREL AMQHUJ\ FDOFXODWLRQV PXV)
WHPSHUDWXUH DV PDWHULDO SURSHUWLHYV
YDU\ LQ HDFK PDWHULDO V\VWHP DQG WKH
HISORVLYH XVHG LQ WKH V\VWHP

6 /W DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

1)/8(1&( 2) (:3/26,9( &+$5*( '(16,7< $1°
6,=( 2) 35,//6 21 7+( 9(/2&,7< 2) '(721%7,:
2) $1)2 (:3/26,9(6

6 /LX9 3HWU»WDQMHIG & 3URWK

$GYDQFHG ([SORVLYH 3URFHVVLQJ 5HV

&RORUDGR GIEFKRWRO*ROGHQ &RORUDGR

SHWLUHG '\QDPLF ODWHULDOV &RUSRUDWL
8 6 %

1REHO&ODG %WRXOGHU &RORL

HPDLYSSHWU#PLQHV F
‘2, (310

7KH PIHWRMUDPPRQLXP QLWUDWH DQG IXHO F
QRIOQGHDO KHWHURJHQHRXV H[SORVLYH WKI
FODGGLQJISPPRQQLWR\1EWUDWH LV SURGXFHG
QHXWUDOL]LQJ QLWWWK DFRRR QLEP PRIQLXP
QLWUDRWN SODNKH 8QLWHG 6WDWHV SURGXF
RI DPPRQLXP QLWUDWH DQG DSSUR[LPDWH
DPRXQW LV XVHG IRU H[SORVLYHV 3ULOOV F
ORGHQVLW\ IRUP WKLV GHSHQGV RQ+WXH FR
GHQVLW\ +' SULOOV DUH W\SLFDOGB®\X\WHG
/' SULOOV DUH XVHG DV H[SORVLYHV /' S
VSHFLILF JUDYLW\ DUH IRUPHG IURP D |
QLWUDWH VROXWLRQ DOQRS +' SUSBPWVILEQ W
DUH IRUPHG IURP D W R SHUFHQW DPP
,Q HDUO\ D UHVHDUFK SURJUDP DW \
3URFHVVLQJ 5HVHDUFK *URXS $:352 DW &R
&60 ZDV HVWDEOLVKH®ZRWR GG HW HWRRILH H FLR (
IRU WKH PLQLQJ LQGXVWU\ WR XVH +' SULC
SDSHU SUHVHQWY D FRPSDULVRQ EHWZHHQ -
H[SORVLYHV XVLQJ WKH HYDOXDWLRQ RI Y]
FKDUJHV FRQILOW G \OJL @ WHW\D WHH /' SULOO
WHVWLQJ ZHWISKHUW.FPOJUWDPSSHARSUYBOV DSSL

6 MXMHW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

PP LQ GLDPHWHU PDQXIDFWXUHG E\ "\Q
ZHUH NQ ®XVWDGBIOPLQLDWXUH SULOOV
PP LOODBHWHU DQG PDQXIDFWXUHG E\ $JUL>
WKDW FKDUDFWHUL]J]HG WKH SK\WVLFDO SURS
ORDGLQJ GHQVLW\ VKHOI OLIH DQG IXHO
XQGHUVWDQG WKH HIIHFW RI $1 FKMIUDFW
GHWRQDWLRQ

W ZDV IRXQG WKDW WKH +' SLOOV KDG
GHWRQDWLRQ YHORFLWLHV RI $1)2 ,Q WKF
ZKLFK ZHUH SUHSDUHG ZLWK $1 WKDW KDG
GHWRQDWLRQ YHORFLW)\ NP VPZOUHRE
SDUWLFOH GLDPHWHU PP ZDV XVHG
FRUUHVSRQGHG WR RI WKH LGHDO GHW
WKHRUHWLFDOO\ SUHGLFWHG E\ WKH &+ ((7°
FRGH 7KH GD\V DJLQJ VKHOI OLIM VK
GHWRQDWLRQ YHORFLWLHV RI $1)2 DQG Wk
LQIOXHQFHG IXHO RLO FRQWHQWYV /' SLOC
WKH VWRUDJH SHULRG

6 /W DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

(9$/8$7,21 2) 0(&+$1,&$/ 3523(57,(6 $1°
8&25526,21 5(6,67$1&( 2) (;3/2&/$"
08/7,/$<(5 0$7(5,$/6

, 6/RVE <X .LUHGPGE $ 9 3U\VKEFK

3HQ]D 6WDWH 8QLYHUVLW\ 3HC
5SHVHDUFK DQG 'HRV L5JIG LRHOIHVEXWR QLF (
=DUHFKQ\ 3HQ]D 5

HPDLO VLOYHUHON#U
‘2, (310

7KH DLP RI WKLV ZRUN LV VWXG\ RI WKH ER
UHVLVWDQFH RI PXOWLOD\HU PHWDOOLF PD
@ 7KH REMHFWYV RI OBDYHD WAKXO XHRAMNAHW KD O Y
KH GHVWUXFWLYH PHFKDQLFDO WHVWYV ZHL
*267 + 7KH\ LQYROYHG VKHDU WHVW E
VWUHQJWK WHVW 7KH IROORZLQJ OD\HUHC
K 1 7 VWHHO DQDORJ RI &J Rl : 6W [

K1 7 6W K 1 7 DQDORJ RI $,6,
DQDORJ RI $670 $K 1 7 *6 DQDORJ RI $
; *UDGH DQG K1 7 6 WHHO/

%HIRUH WKH VKHDU WHVW WKH PLEGRDQDC
ZDV FDUULHG RXW WR HYDOXDWH PROWHQ ]
ZLWK WBBWSURMHFWLRQ RQ LQWHUOD\HU E
H[SORVLYH ZHOGLQJ (;: DQG DIWHU QRUPD!
DUH VKRZQ LQ )LJ 7KH EMPFELQQ VWHNIDH
ERXQGDU\ H[FHHGHG WKH SHUPLVVLEOH PL
03D LQ ERWK VHULHV RI WHVWYV

7KH EHQG WHVWV ZHUH OIHH LR DRBES\ HRBXW
PDWHULDOV ZLWK D WKLFNQHVV RI DQG
EHQGLQJ DQJ®OHJUZEBEWM 1R VHSDUDWLRQ FUDF
ZHUH GHWHFWHG

7KH LPSDFW VWUHQJWK WHVWV ZHUH FDU
IRXAD\HU PDWHULDOV 8 §¥&BBHEH GWR QFALHAKWV U D

6 /MRWIDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

WHVWHG DW URRP WHFS HU P W XOU W H UYf i [ SDE
ZHOGLQJ (;: DQG QRUPDOLILQJ (:: 1 5
VWUHQJWK WHVW ZHUH VDWLVIDFWRU\ )LJ

7KH RULJLQDO FRUURVLRQ WHVW SURFHC
MRLQWY DQG VHSDUDEOH MRLQWY ZHUH XVF
ZHUH FDUQLHRBURRWLYH HQYLURGRHQRP/ ZLV
W R 7KH SURWHFWLYH HIIHFW SHUIRUPDQ
FRUURVLRQ LQGH[ RI SURWHFWHG OD\HU
PRQRPHWDOOLF PDWHULDO ,W ZDV FDOFXC
PXOWLOD\HU .K 1 7 B6WHHO K 1 7
H[FHVV Rl FRUURVLRQ UHVLVWDQFH RI VWD
E\ PRUH WKDQ  WLPHYV

yLJ 6KHDU VWDHW RIKIRIXU/ 6W K1
6W PDWHULDO

)LJ PSWBWQJWK RI EDVLF PDWHULDOV DW
DQG + fK

6 /MRWIDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

$ ( 5R]JHQ , 6 /RV [/ % 3HUYXNKLQ <X
*RUGRSRORY * 9 .LULL 3 , S$EUDPRY
JU\XNRY 2 / 3HUYXNKLQD , 9 'HOQLVF

OXWLOD\HU PDWHULDO ZLWK HQKDQFHG
PHWKRGV IRU SUHSDOMIDIQVDIP\WH Q W

$ ( 5R]JHQ F <X 3 3HUHO\JLQ 6 <X .LU
UHVLVWDQW PXGWRAD\AHW DWKNVLBRHP 6
YRO R Q SsSt

6 <X .LUHHY , 6 J/RVY $ ( B5RVHOQ
3URFHGXUHV IRU FRUURVLRQ WHVWV RI
.RUUR]JL\D ODWHULDO\ GRS/KEKLWD

6 /MRWIDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

1752'8&,1* '$,&(/16 $&7,9,7,(6 5(/$7(" 72
"(721$7,21 1%1,$021'6

7 ODKLNR +LGD'NDVKLPRWR VKLIQRRXXFKL
DQG 7 ,QD

' QQRYDWLRQ 3DUN 'DLFH®K& Q| O\RMXVE ERQ
+LPHML +\RJR-DSDOQ

+DULPD 30DQW 'DLFHG RIRASS R, BERORIR. R
7DWVXQR +\RJRDSDOQ

HPDLMOPBPDIKMSBLFHO FRP
‘2, (310

1DQRGLDPRQ®W H[$HBPWHG WR SURYLGH LOQ
DPRQJ YDULRRVERDQRDWHULDOV EHFDXVH
SURSHUWRRIKSRV IYWWH LIRIXWHUY D[S HFWHG WHR
LPSURYHFHIQWLFDO SURSHUW)\ D'QGFRDMXQF
EHHPDNLQJ WIIRUWLQWHJUDW H GG HSURGX\W W
QDQRGLDPRQYGNMRP GHWRQDWLRQ@ W\QQGHV
GHYHORSPHQWGEGIXFWY GHVLJQHG IRU YDULR;

$PRQU'VPDGH E\ YDULKERWWKRGARUZAHW K
'1'V )LJ PDGH IURP HIBORWPIRYHY VWUXFW XUH
IURP FDUERQ DWRPV LQ WKH H[SORVLYH
WHPSHUDWXUH DQG SUHVVXUH JHQHUDWHG
DQG 5'; LQ D FOR$ABCGDEBKNDEEHMIH RI WKLV Pl
FDQ SUR'XFH OWDIXIML W LAHR/ZIBW FRVW 1W KD Q
SURGXFWLRQ 7R HWKRGVHAH | MVXW XZHHP D G H
GHYHOR SWHKEHW RGD\WR BRRHVQ HGDBWP RQG VW U X
RI1'V$V D UENXZHW H DBGHEWDR A D WLKHD OLCH O C
RI 1' REWDLQHG QURWPLYXIHDZ GKS[ISW'ILR\WQ K BRHK U
FKDUDFWHKFKDEYPPYO SDUWWROP ULOHDUURZ
SDUWLFOH VL]DDBUYMW WISENW LLRFEQV XJFFD PH D U |
KLJK FKHPLBEODE®SDEOH RIL[EHMLILWK YDU
PDWHULDOV

70DKLNR HW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

1RZZH KDYH VWDUWHGVRDBBUDGH\YR @D I ®F
yLJ DQG D SXULILFDWLRQ IDFLOLW\ FRPP
FDSDFLW\ ERWK LQNVFDQOSAGRYQGH YIDQY LR XV
VDPSOHWEZIMJEXVWULDO TXDOLW\ FRQWURO

)L 7(0 LPRJH'YV )L 3LOKRFAWOH GHYIRREHVUL R (
9 9 'DQLOHQNR ©6SHFLILF )HDWXUHV RI

'LDPRQIRP EXNVIVORBRKRFN :DYHYRO @R
SS +#

70DKLNR HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

(:3/26,9( :(/',1* 2) 67$,1/(66 67((/ 3,3( 72
&5 %21 67((/

$ <X ODODNKRYSDUINRY , 9 'HQLVRY

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

HPDLO VLU PDODKRY #\DQGH[ UX
‘2, (310

7KH DLP RI WKLV UHVHDUFK LV WKH VWXG\
SDUDPHWHUV DQG H[SHULPHQWDO VFKHPH
SURSHUWLHVY Rl WKH ZHOGHG ROQWHWDIQ¥WHI
GHIRUPDWLRQ ,Q WKLV FRQWH[W ZH FDU
H[SORVLYH ZHOGLQJ (: RIZBNSHWHRRWHU) O
PP LQQHU FODG OD\HU ZDV VWHHO .K
OHQJWK RI WKH SLSHV ZDV ZHBH AOHUBIIEB
DFFRUGLQJ WR WKUHH GHYHORSHG VFKHPH\
6FKHPHDMGDVVXPHG WKH ILOOLQJ RI WKH
DVVHPEOHG SLSHV ZLWK DQ HOQYLURQPHQW
RI WUDQVYHUVH GHIRUPDWLRQ RI WKH SLS}
SHYHQW WKH GHVWUXEDQE B GRD DAKHH F aD @&/ K/
DQ DGGLWLRQDO FKDUJH RI H[SORVLYHV ZD
7KH LOQHU DQG RXWHU FKDUJHV ZHUH LQL\
=K9 $V D UHVXOW RI H[SHUDRHQWD\WP XOH Y JR
ELPHWDOOLF SLSH ELOOHWY ZLWK D OHQJW
IDLOHG WR REWDLQ D VROLG F\OLQGULFDO
VIQFKURQLFEKMDWRIIHD QMG DV D FRQVHTXHQ
LQ SUHVVXUHM YBIGRFKWRZAHY Rl WKH LQQHU
SOWQDWRVWL QUEKHO QHRELQW VKRZHG WKH ¢
FROQWLQXLVDWGWKHF VEXWWWERGM RILSH REW
DFFRUGLQJ WRZWWHK YFE&HPHWR RQ WKH FDV
VFKHPM KMWER®RLW\ GHIHFWV ZHUH GHWHFWF
WKH MHIQSIZEMW K WKH OHQJWK RI XS WR DQ(

$ <X 0D ODM RY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7KH SODFHV Rl LQFRPSOHWH SHQHWUDWLRC
OHQJWK RI WKH SLSH (GJH GHIHFWVLBMUH FD
WRU RHZAH3 G L EH N7 I ¥ H OOOMBK H FODG ELOOH

7R HVWLPDWH WKH GHJUHH GRD\EHIRUSID \EL]
SURGXFHG E\ ZHOGLQJ WKH PHDVXUHPHQW)\
SLSHY DORQJ WKHLU |IX®8 OXDHE@QNVK ZOG HVKL
RXW $V PHQWLRQHG DERYH WKH LQLWLDO
ZDOOHG SLSH zZDV PP $IWHU WKH (: LW .
ZLWK QRDXGG ILOOHU DQG PP ZLWK ILOOH
7KH LQYHVWLJDMWFURY WU XWWKUPH RI WKH MR
VHEFWLRQV RI WKH SLSH REWD L QH® DG RURG
FUDFNV DQG VHSDUDWLRQV LQ WKH FODG O
WKH OD\HUV 7KH MRLQW ERXQGDU\ WKURX.
KDV D ZROWR ZLWK ORFDO UHJLRQV RI FDVW L¢

7TKH ZRUN ZDV VXSSRUWHG E\ WKH 5XVVL
SHVHDIUFKMHFW QR D

$ <X 0DODM KRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

)($785(6 2) +,587( '()250$7,21 2)
&233(57,7$1,80 52'6 '85,1* (:3/26,21
(], 1%

$ <X ODODNKRYSDUINRY 3 $ 1LNRODHQNR

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

HPDLO VLU PBIDKRY] UX
‘2, (310

([SORVLYH ZHOGLQJ RI ORQJ F\OLQGULFDO
XQUHVROYHG SUREOHPV WRGD\ 7KH PDLQ
VWUHQJWK FKDUDFWHULVWLFV RI WKH MRL
GLDPHWHUV D@ @IMK®O GBHMYRUPDWLRQ RI W
ORQJLWXGLQDO DQG WUDQVYHUVH GLUHFV
VKRFN ZDYHV SDVV WKURXJK WKH ZHOGHG |
HODVWLF SHUWXUEDWLRQV LQ WKH PHWDO
GHJUHGHRRUPDWLRQ VLJQLILFDQWO\ GHSHOQ
ZKLFK LQ WXUQ DUH FDOFXODWHG GHSHOQ
WKURZLQJ HOHPHQW DQG SURSHUWLHV RI V
H[SORVLRQ ZHOGLQJ RI F\OLQGULFD®W SUF
SUREOHPVY LQ WKH FDOFXODWLRQ RI ZHOGL
DGGLWLRQDO HTXLSPHQW WR UHGXFH YDUL
EHFDXVH WKH SURFHVV Rl WKURZLQJ RI D
PRUH FRPSOLFDWHG WKDQ WKO®LDQ WIKWKFD

7KH SXUSRVH RI WKLV SDSHU ZDV WR GF
GHJUHH Rl ORQJLWXGLQDO DQG WUDQVYHU
97+ GXULQJ LWV H[SORVLRQ ZHOGGQWRL\
GHWHUPLQH WK HIHVIHH M | RIWRDINML B RROR\D MVH. R
WKURZLQJ SLSH

,Q WKH URG D FRUH ZDV FRSSHU PP LQ
D VKHO®7 ZDWLWDQLSPSBIORPRLOLDPHWHU 7
PHWKRG RI UHIHUHQFH SRLQWV DQG VWDW

$ <X 0D ODM RY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

UHYHDOHG WKH GHSHQGHQFH RI WK D HORWQK
R P RQ WKH GHWRQDSQRWYL YH ORFILGW\Q .
FRSSHU URG ZLWK WLWDQLXP SLSH ZDV St
GLITHUHQW UHJLPHV GLIIHUHQ®BWN GRW®G DMK
WKH KLJKHU WKH GHWRQDWKRQ®RQRBFWWR Q
YHORRLRRUH WKDQ NP V WKH WLWDQLXP S
HORQJD'WHGJUHDWHVW LQFUHDVH LQ WKH ¢t
REVHUYHG RYHU D OHQJWK PRUH WKDQ PF

$ <X 0DODM KRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

(;3/26,9( :(/',1* 2) O(7%$/B1' 352&(66
[,0,7%7,216

5 OHQGHV6HQD 5LEHSEURDPSRQYG $ /RXUHLUI

$'$, /('$3 '0O( 8QLYHUVLW\ RI &RLPEUD 5X
6DQWRYV 3ROR&RPEUD 3RUWXJDO

&(0035( '0( 8QLYHUVLW\ RI &RLPEUD 5XD /
3ROR ,, &RLPEUD 3RUWXJDO

HPDLO ULFDUGR PHQGHV#GHP XF SW
‘2, (310

$OXPLQXP LV RQH RI WKH PRVW XVHG PHW|
XQLTXH FKWDMIDFFW HAKH XVH RI FRPELQDWLR
RWKHU PHWDOV OLNH FRSSHU VWDLQOHVYV
FRQVLGHUDEO\ IRU HOHFWULFDO DSSOLFDW
WKH FRPELQDWLRQ RI WKHLU UHVSHKMNRYH
DOXPL®XP @RZHYHU DV WKH PDWHULDOV
SK\VLFDO SURSHUWLHVY OLNH WKH PHOWL
FRPELQDWLRQV E\ DUF ZHOGLQJ SURFHVVH
MRLQLQJ EHWZHHQ WKHVH PDWWKIUIRXM KXV RI
VWDWH ZHOGLQJ SURFHVVHY OLNH WKH H[S(

(;: LV XVXDOO\ FRQVWIHVH EHOGRQUGURF
WKH GHWRQDWLRQ SURGXFWY RI DQ H[SORYV
WKH PDWHULDOV WR EH ZHRGGIKUDWRL QV R/P
KLIMHORFLW\ REOLTXH FROOLVLRQ VHH )L
ORFDOL]HG SODVWLF IORZ DW WKH LQWHUD

'LITHUHQW H[SORVLYHV PL[WXUH FDQ EH
GHVLUHG GHWRQDMIKRXYHORRDWBEVYIWVRQEHW

DQG PPPEULQJY DERXW SUHVVXUHV FRQV
VWUHQJWKYV RI DQ\ NQRzZQ PDWHULDO 7KL
GHIRUPDWLRQ DQG WKH PL[LQJ RI WKH VXUI
ERQGHG ZKLFK KDQ@Q HBYVXROWDLDDY\ LQWHUID|

5 OHQIBW\WDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J 6FKHPDWLF UHSUHVHQWDWLRQ RI H[SC

3K\WLFDO SURSHUWLHY OLNH GHQVLW)\ PH
FROQGXFWLYLW\ SOD\ LPSRUWDQW UROH IRU
PHWDOV KDYLQJVRDWMLRDYBUDGWEBQGHQF\ W
LOWHUIDFH KDYLQJ ELJJHU ZDYHV 'HVSLWF
ORZ9F VKRZ QR ZDYH LQ WKH MRLQLQJ ]RQ
GHQVHU WKDQ WKH EDVH SODWH DQG KDV D
LW LV SRVVLEOH WKDW DERYH D FHUWDLQ U
ZDY\ LQWHUIDFH > @

7KH REMHFWLYH RWRVKL\D ZREAMHUVY]H VRI
UHJDUGLQJ WKH ZHOGDELOLW)\ Rl DOXPLQXP
'LITHUHQW ZHOGLQJ SDUDPHWHUV DQG HJ
SURFHVVLQJ $0 GLVVLPLODU ZHOGV ZHUH W
66 $O V\VWHPV W KH ZIHRQUGWHZHRUGH SDUDOOHO
XVLQJ $1)2 DQG HPXOVLRQ H[SORVLYH ((
VHQVLWL]JHUV KROORZ JODVV PLFURVSKH!
SRO\WW\UHQH VSKHUHV (36 > @ 7KH HIIHF
UDWLR DQG WKH H[ESQOWRVYMBYVEWRPBHRY L WLW |
DGGLWLYHV RQ WKH LQWHUIDFH PRUSKROR
GLVFXVVHG

'KLOH IRU WKH 66 $O0 ZDV QRW SRVVLEOF
ZHOGLQJ IRU &X $0 D VXFFHVVIXO MRLQL
SUHVHQWLQJ QR ZPIYGI® RDYWNUD KLJKHU ZC
ZDV REVHUYHG LQ ZHOGV SURGXFHG ZLW
VHQVLWL]HG ZLWK (36 )LJ QO WXUQ WK
SREFNHWV ZDV LQIOXHQFHG E\ WKH H[SORVL)
LOQFUHDVHVHMRW KK YW GO UDPHWHU 7KH LQ\
WKHVH JRQHV YDULHG DFFRUGLQJ WR WKH V

5 OHQKBW\WDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

yLJ ORUSKRORJ\ RI WKH ZHOG LQWHUIDF
FRPSRVLWLRQ VHQVLWL]HG ZLWK D +*06

7TKH ZHOGDELOLW\ ZLQUEBEZEBWBOQY BRI WHRF
ZKLFK VKRZV WKH VHW R|I SDUDPHWHUV WKI
WR DFKLHYH D VXFFHVW X0 @GVRAHMH BA K(H:U
FDVHV LQ ZKLFK GHVSLWH XVLQJ WKH SI
ZHOGDELOLW\ ZLQGRZ WKHLB®SDMMHV7KHBBU
DSSURDFK PXVW EH FRQVLGHUHG WR H[SODL

$V WKH (;: SURFHVV LV D KLJK YHORFLW\
ZDYH LV JHQHUDWHG LQ WKH IO\HU DQG ED\
SODWH LV UHIOHHHWHK RHONVEIKHQL QW H GHWRC
|IO\HU SODWH DQG DWWDLQV DJDLQ WKH LQYV

&RQVLGHULQJ WKH UHODWLYH VKRFEN LPS
SODWH DQG FRPSDULQJ WKH WLPH WR VROL
GXULQUVERQOSURFHVY ZLWK WKH WLPH QHI
WUDYHOOLQJ LQVLGH WKH IO\HU DWWDLQV |
VHFRQG WRRO FDQ EH XVHG WR FRPSOHP
DSSURDEFK

*+ 6 ) /| &DUYDOKR , *DOYmMHRDG® PHC

IRXUHLUR ,QIOXHQFH RI EDVH PDWHULD¢

DOXPLRSESBHU H[SORWVENH 7THHFBBQRO :HOG
LQ SUHVV GRL

*+ 6 ) /| &DUYDOKR 5 OHQGHV 5 0

IRXUHLWHFW RI WKH IO\HU PDWHULDO RQ W

DOXPLQLXP DQG FRSSHM WISW RVWHLVY Y RZBI O (
SS ¢ GRL M PDWGHYV

5 OHQGHV - OSLEHLUR , 3ODNVLQ -

'LITHUHQFHYVY EHVWWWAHRHID WRKEY E&HKDYLRU

5 OHQIBW\WDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

HISORVLYHVY VHQVLWL]HG ZLWK BEDOUR RQV .
- 3K\V &RQI 6HYRO + SGRL

$ $ 'HULEDV , ' =DNKDUHQNR B6XUIDFFE
FROOLVZRIDY EHWD GRPE SOWWHSORY 6KRF
YRO £S GRL % )

O 0 +RVHLQL $WKDU % 7RODPLQHMDG :H
HITHFW RI LQWHUIDFH PRUSKRORJ\ RQ W
ODPLQDWHG FRMESRNGWHEHAV HI[BDPRIVEDXYW HXH O (
‘HV YRO S S

- % S5LEHLUR 5 OHQGHV $ /RXUHLUR 51
ZLQGRZ FRQFHSW DQG HTXDWLRQYKARU H
&RQI 6HU YRO GRL

' =DNKDUHQNR &ULWLFDO FRQGLWLRQ\
*RUI-\IIZDIJ_ 9JU\YD YRO S S

5 OHQKBW\WDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

19(67,*$7,21 2) 7+( &DIBASD & 6<67 (0
)25 7+( 352'8&7,21 2) 7,7%2+%20,80
&$5%,'( %< 7+( 6+6 0(7%$//85*< 0(7+2"

3 $ 0VBBGRYS *RUVHENRY<XNKYLG
DQG 2 0 OLORVHUGRYD

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $ADGGHKMURIRIRICHRYMND OR
5XVVLD

HPDL®BJURXS#LVP DF UX
‘2, (310

KH FUHDWLRQ RI QHZ PDWHULDOV ZLWK LC
WHFKQRORJLHYVY IRU WKHLU SURGXFRGRQOQOL
WHFKQRORJ\ ,Q WKLV SDSHU ZH VWXG\ WK
FHUDPLFV IURP PLIWXUHV EDVHG EQ WRBFL
6+6 PHWDOOXUJ\ PHWKRG OS5HIUDFWRU\ FKL
&& DQG&&SRVVHVV XVHIXO SWURBHWWAHIEH\Y L
SUREOHPV KLJK KDUGQHVYV VWUHQJWK DQ
DQG DUH ZLGHO\ XVHG LQ SUDFWLFH WR |
VROXELO&WD RIIL&UD W [& LV $W WKH FK
FRQWHQW RI WKHWILWDRKRP GOMEVY GH
LQFUHDVHV WR+@ NJ PP

'H VWXGLHG WZR JUHHQ PL[WXUHV 7KH R
EH UHSUHVHQWHG LQ WKH IRUP

&D&U2S0O @& &&) $Q &D2
7L2 $0 &D & 728& &BD

TKHUPRG\QDPLF DQDO\WLV ZDV FDUULHG
SURJUDP ,Q V\VWHP WKH FDUERQ FRQ)\
YDULRXV FKURPLXR FO& DIQGH UBUH DQDO\V
VKRZHG WKDW WKH DGLDEDWLF WHPERQDW:?
RI WKH PLEWXBHHGV . DQG WKH SURGXF

3 $ OLORWWUIBLRY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

WUDQVIRUPDWLRG®RIR&PEURXUH DW WKLV W
FRQVLVAM/@RIPHWOWY PHWDOOLF SKDVH WKF
$@ +&D2 R[LGH SKDVH VODJWHKIHR GRFW L[BNX L
PHWDO YDSRUV $0 &U2 &$D VDER[LRH $KC
LOQOFUHDVH LQ WKH FDUERQ FRRPNVHW R LQ WKI
WR D GHFUADRGHZHQJKW IUDFWLRQ RI WKH R
LQFUHDVH LQ WKHVFRQWIHQWQRS JDRHSKDVHV

_7DG ' [[_

&
)L J ' QIOXHQFH Rl WKH FDUERQ FRQWHQW
FDOFXODWHG DGLDEOWEPD WH PSBIEW MWRQW RI
D DQOHRXV FKHPERQOHUVLRQ SURGXFWV

([SHULPHQWYV R Q KRKZING2AMWKWMP WEH tUD Q J +
WKH PL[WXUH UHWDLQV WKH DELOLW\ WF
WKH IURQWDO PR GH @RFRIRVPE KR QN R D BNV R G X F
PROGHG DSSHDUDQFH DQG DUH HDVLO\ GL
WDUJHW HD@®RI[LGY WKH FDUERQ FRQWHQ
LQFUHDVHV  WHKHO RIPAQYVR) L QH O D WA REX PR QV
FRPEXVWLRQ GHFUHDVH DQG WKH \LHOG RI
LQFUHDVHV )LJ
7KH UHVXOWV Rl WKH DQDO®URIGX VWRZFWR R ¥

GLIITHUHQW FIKUWERREL\P OLEQ FOODR/EDIE

3 $ OLORWWUIGLRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

8 PP V F_z

& ZW

)L %XUQLQJ & MOFO.G R PHW D OQ@ISFU R G VR
FRPEXVWLRQ SURGXBWYW IXIQUESSHURYY R U H
AV WKH KMHRHKWYRNHWKH WLPHK RPEXUQLQJ
>0 0 0 @7 O LV WKH PDVV Rl WRHLVQAMH D
PDVV RI WKH ILODO FRPEXW WIKRMQP®W R GRI FWWK/
LOJRW

7KH UHVXOWV Rl WKH WKHUPRGKQPBRLFHD®
FFAODWHG IURP GLIITHUHQW UDWRL BV RRAXFEH
W LW BRKUXPPLXP FDUELGH JDUW VRRZEHIQHHOQ
LQFUHDVH LQ WKH IUDFWLR QORID'E ¥ HVIRL PW\XR
GHFUHDWKH LKRPEXVWLRQ WHPSUDQWXUH :L

WKH FRPEXVWLFCQUWBRP SHUIRDMW XXBQWLW
JDVHRXV FRPERGXERGMRI LRV . 7KH \LH
RI WKH GHVLWDHIGQSURBXHAW ZL W K SLHQUALLPHHOIDW
SHUIRUPHG DW . LRQ G\ KIJ\N HE YWUKE W \B)RVR
SKDVH VHSDUDWLRQ 7R LQWHQVLI\ WKH ¥
H[RWKHUPL$O&DBGLWLYH ZDV DGGHG WR WK
WKH SURGXFWLRQ ;R DQFIDWL SWKRRGRZWK H S U

FRQVLVWYV S\URIG\WR R7HLOBDS K\MDJU B

3 $ OLORWWUIBLRY



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

he - D

L
)L J (ITHFW RI . RQ WKH FDOFXODWHG DG
PDVV IUDFWLRQD/ RIJBHRXD/OPKHPLFDO FRQYF
SURGXFWV 0. 0 1 ZKHOHLY WKH PDVV RI
PLIWXUHLY WKH PDVV RI WKH PL[WXUH

o ®7L&U&
maUBO&
¢ &8
o) °
E
[
- ®

4 GHJ

)L 5" SDWWHUQ RI WKH SURGXFW REWDLC

7KH UHSRUWHGX®WREAWIF &b U R \DHRF W

5 .LIIHU ) %HERIOREVRDMRNBERZIOWYHWDOOX
LQ 5XVVLDQ

9 9 5XGQHYD * 9 *DOHYVNLH FRUNUHRMUE
UHVLVWDQFH RI QDQRSRZGHUV RI UHIUDF
VROXWLRQV R|]¥O& HEW UR/GHWHYD\D PHWDOC
QR SS+ LQ 5XVVLDOQ

9 9 5XGQHYD * 9 *DOHYVN\ 7KHUPRR]
QDQRSRZGWWINUDEIWRU\ FDUELGIWWNBYG EF
&KHUQDHIW DOOXUJL\OR £S LQ 5XVVLDQ

3 $ OLORWWUIGLRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

6,17(5,1* % (+$9,25 247 =R&R61&(5$0, &
£&20326,7(

7 OLODV\®Q$\GLQYDQL X6&\JDQ
DQG , +XVVDLQRYD

7DOOLQQ 8QLYHUVLW\ RI 7THFKQRORJ\ (KLW

(VWRQLD

QVWLWXWH Rl $GYDQFHG ODQXIDFWXULQJ "
.UDNyZ 3RODQG

HPDLO VRIL\D D\GLERBQ#JPDL
‘2, (310

=LUFRQLXP FDUELGH =U& EHKQRIQWHRNKHL F
FHUDPLFV DQG LV XVHG DV D FDQGLGDWH F
UHVLVWDQFH FRPSRQHQWY DQG QXFOHDU |
KLJK WHPSWDBMOUWW VURRP WHPSHUDWXUH
FURMFWLRQ DQG KLJK <RXQJ PRGXOXV D
XVHIXO +RZHYHU VFRSH RI SRVVLEOH DSSC
VLIQLILFDQWO\ H[SDQGHG GXH WR WKH LPS
KLK WHPSHUDWXUH KDUGQHVV VLQWHUDELC
7L& UHLQIRUFLQJ DELOLW)\ ZDV LQYHVWLJL
WRXJKQHVV RI UHODWLYH GHQVLW)\ VDPES
SUHVVLQJ +,3S UHYY XXWHHKKS BIK B WX UMHL QAW H U L
> @ +RZHYHU IXUWKHU VWXGLHV DUH QHH
RI =U& ZLWK LPSURYHG SK\VLFRPHFKDQLF
SUHVHQW VSWDHGAV XAMHKKSHBK DWXUH +3+7 VL
XVHG DV DQ LQQRY DWLLYHWIHSIS QR DFEIK Ul IR IW DK
LQ WKH SUHVHQFH RI PRO\EGHQXP GLVLOLFI
&RPPHUFLDOO\ DYDLODEOH =U& SRZGHU
7L& DQG IRRBL K LQ D VWDLQOHVV VWHHO Pl
SRZGHU UDWLR LRKH SGWHREWMVY FDIW FDUULHC
%ULGIMWBMH WRURLGDBQO+D SEIBUNWKK/QLTXH 8
LQIOXHQFH RI D VLPXOWDQHRXV*DFWDRG
WHPSHUDWXUW® WKH VLQWHULQJ SURFHVV F

7 OLQDNW®QO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

WKDQ LQ WKRIQFBHQMWLRQPO VLQWHULQJ $
VLQWHULQJ SURFHVV ZLWK +3+7 PHWKRG LQ
ZKLFK FROQWULEXWHV WR WKH JUDLQ JURZW !
GLIITHUHQW WKHUPRG\QDPLF FRQGLWLRQV R
PWHULDOV REWDLQHG ZLWK +3+7 PHWKRG
GHQVLW\ LVRWURS\ Rl SURSHUWLHV DQG
GLITHUHQW SKDVH &P 3R RIQN WRQWWKIHQ MRHAMHC
PDWHULDOV 'XH WR WKH H[WHQGHGRE D VWI
SUHVVXUH DIWHU WKH SURFHVVY PDWHULDOV
PHFKDQLFDO SURSHUWLHYV <RXQJ PRGXOXV
7KH EXON GHQVLWLHV RI WKH VLQWHUHC
S$UFKLPHGHV WHFKQLTXH XVLQJ ®UNMIKOOH
GHQVLW\ QHDU WR WKHRUHWLFDO RQH 7KH
9LFNHUV LQGHQWDWLRQ PHWKRG DSSO\LQJ
GZHOO WLPH RI V XVLQJ DQ ,1'(17(& KDUC
7KH FRPSDULVRQ RI PLFURKD®IG& HVV 1BV X O
DQG sfU&R6L *3D V\VWHPV VKRZHG WKDW
LOQFUHDVHV E\ WKH DGGLWLRQ RI PRO\EGHC
HQKDQFHG GHQVLW\ Rl WKH VDPSOHYV
7DNLQJ LQWR FRQVLGHUDWLRQ WKH SKD
GXULQJ WKHQVYLOWRFHVV KLJKDW HALS HIDIFWA
DQDO\VLYV ZDV SHUIRUWPLHRER 6L/ \WWKHHP =IU@ C
WHPSHUDWXUH UDQX® IJLRP WRGDWLRQ V
R& OHDGLQJ WR WKH IRUPDWLRQ RI GLIIHU
DQG WLWHOLOKPRD\EGHQXP GLVLOLFLGH ZD!
VWXGLHG WHPSHUDWXUH LQWHUYDO 6(0 ('€
VLQWHUDELOLW\ RI FRPSRVLWH DV ZHOO DV
DQG OB&DVHY WKURXJK WKH =U& SDUWLFOH\

7 OLQDNW®QO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

yLJ 5" SDWWKHQM GWIHO RGIEFRPS RVLWH D
R& E R& F R& G R&

/[ YJ)HQJ / O6HDKRRQ / VIHHERIRUBRRQIRXP F
SRZGHU 6\QWKHVLYVY DQG GHQVLILFDWLRQ
DSSDUDRWXV 5HI+DH® ODWHWRO +S S

&K 1DFKLD S5O BUDM DSIDW\DUB\®WKHVL
DQG GHQVLILFDWLRQ RI PRQROLWKLF JLUF
SUHVVL®RHU &HU B6R¥FROR QS +

0 8PDODV , +%VBBHTRYBRXQJ&X B3
+DQQXPD/}IKPXY¥ /}KPXWRPELQ HIG OVR® G
FDUERWKHUPDO VDMK ISRIZAGHUV =URU FRP
ODWHU &KHP 3ROV SS

'] <XQe &\JDQ $QWRQRBZRUVNIXVVDLQRY
SOWUDSKHYK/ XUH VSDUN S &RV PO GAEQRRH U F

FRERVLWNV - S5HI +DHW ODWHU YRO SS
+

7 OLQDNW®QO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6<17+(6,6 $1' &2162/,'$7,21 +&XO0R
&20326,7( 1$1232:'(5

7 OLQDV\DQ.LUDNRW\DBOGLQ\DQLX
., +XVVDLQRE®.KDUDW\DQ

/IDERUDWRU\ Rl .LQHWLFV Rl 6+6 3URFHVV|
&KHPLFDO 3K\VLFV 1%$6 5% 3 6HYI

$UPHQLD

'HSDUWPHQW RI$QROJWOEBDRQKHPLVWU\
SQLYHUVLW\ $ ODQRRJLDQ 6WU <H
'HSDUWPHQW RI OHFKDQLFDO DQG ,QGX\
SQLYHUVLW\ Rl THFKQRORJ\ (KLWDMDWH
702 8QLYHUVLW\ .URGNWHNVEKUJ 6W 5

HPDLO WDWPLQDV#JP
‘2, (310

7KH WHFKQRORJLFDO GHYHORSPHQW RIWHOQ
SURSHUWLHV \DXF&RDW BIVARSKRHU DQG PRO\
PHFKDQLFDO BQBFWKHEBRRVSDBEBHULIJKO\ LQI
SHUFHQWDJH RI WKH FRPSRXQGV DQ&XIDEU
PDWHULDOV FRPELQH WKH SURSHUWLHV R
RSWLPL]DWLRQ RI DOORKLBK RSHI/PDHV D Q@ BF
FRQG XFVDIWILIXH FHBRZVIMD® DOWHUDEOH WK
FRHIILFLHQW ORZ ZHLJKW QROQWEPSHWDRW®W)D
EHKDYLRU,® YL®Z RI WKHVHILOBWWHEHY U W}
DSSOLFDWHREQVQJ HPHFWRRBYH FDUULHUYV
SRZHU SDRNDWWLQNY PLFUR HOHFWULFDC
SDFNDJHV IRU WHOHFRP VA\VWHPV

+HUH ZH WKBR3JWHS D URW LFRRP RRWOIRVH PDWH
VHOURSDJIJDWLQJ KLJK WHPSHUDAVRPEK VW DR
VIOWKHVLY &6 PHWKRG XVIGQ0JF® FRPE LRRC
UHGXFHU DV SUHFXUVRUV )RU WKH FRQVRO
VSDUN SODVPD VLQWHULQJ 636 &RHFHKDLT
PRO\EGDWH ZDV SUHSD U0 E L QIIARP BVEK ZD

7 OLQDNW®QO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

&X2 SRZGHUV PL[WXRAHIRQ DKBXDXVRDQG
FKHPLFBOHFRSLWDWLRQ RI PRO\EGHQXP DQ
VDOWKVR?Z,

TKHUPRG\QDPLF FDOFXODW MRR) VU ZHHHUIHO S
SRVVLELOLW\ RI FRPEXVWLR®OJHH &WK\N V&K B R
DV ZHOO DV WR BEMWWPPWRPEKMWLARQ WHP S
HTXLOLEULXP TXDQWLWLHYVY RI SRVVLEOH
WKHUPRG\QDPLF FDOFXODWLRQ WKH FRPEX
ZLWK D UHODWLYHO\ ORZ DPRXQWRRI IRDJ
&X0R2, DOQOG PRO IRU &XO0ORRU WKH FRP
UHGXFWLRQ RI FRSSHU PRO\EGDWHY DW PRC

7TKH RSWLPXP FRPSRVLWLRQ RI PLIWXUHYV
DPRXQW RI FDUERQ LQ WKH LQLWLDO PL[WX
RI WK#HR2 ,+ OXH&DQG &XOR2 0JH& VI\VWHPV
ZHUH LQYHVWLJDWHG LQ WKH ZLGH UDQJH |
$V. D UHVXOW WKH PL[WXWHY &I DKKBOR
&X0R2,+ O &ZHUH IRXQG DV RSWLPXP |
UHGXFWLRQ RI ERWK WKH PHWDOVHDRKDRZL
ZDV SHUIRUPHG WR JHW ULG RI E\SURGXF
L QGLFDOWMEXYWK@RN LIHGQPFRPSRVLWISY HZUW MAD (
SDUWLFOHV RI QDUURZ VL]H GLVWULEXWLRC

)LJ 6(0 PLFURJUD#SRV ,RID @GHRR &X
SRZGHUV

L, OQWHUUXSWLRQ RI WKH FRPEXVWLRQ SUR
SHUIRUPHG WR HYDOXDWH WKH LQWHIMH WL
DQRQG PLFURVWUXFWXUDO FRPSRVLWLRQ RI
VHFWLRQV RITWKHRHEISHH[EHGUAHQWY UHYH

7 OLQDNW®QO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

WKH RAWDNH LOWHUDFWLRQV DW B4 FRPE
VI\VWHPV VWDUW ZLWK D ORZ FDORULF FL
SUHOLPLQDU\ VDOW GHFRPSRVLWERQRDDRK
PDIJIQHVLRWKHUPLF UHGXFWLRQ

$IWHU FKDPOWERXUFRPSRVLWH ZDV VXEMHEFE
D WHPSHUDWXUH UDQJXH I®$RPH[SHFMWRHG D
GZHOOLQJ WLPH UHVXOWY LQ JUDLQ FRDUVHI
LQ KDUGQHVY %DVHG RQ SDUDPHWULF VWXC
FRPEWLRQ ZDV FRRDEBE@OLHG GXUL®R PL(
FRPSDFW VDPSOHV VKRZHG LPSURYHG C
PLFURKDUGQHW YDB®BXHV

6 9 $\GLQ\DQ + 9 .LUDNRV\I\DQ HO®R / .K
FRPSRVLWH SRZGHUV REWRURE&FRMH\RWRP & D
, QW - 5LHI OHW +DUGR O DW H&JS

6 1 $ODP 6\QWKHVLY DQG FIXUDFW
QDQRFRPSRVLWHY GHYHORSHG®GDBHRH F&HLC
(QJ% YRO QR SS #

7 OLQDNW®QO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

3+(120(1$ 2) :(/',1* )25 6,/85 $1°
', 66,0,/$5 0$7(5,$/6 ,1 7+( 2%/,48(
&2/11,6,21

$ ORUIB 7DQDINDG . +RNDPRWR

OHFKDQLFDO (QJLQHHULQJ ,a6RMDSPLYKIUUVL
XPDPRWR -DSDQ

, QVWLBWXWHRBIZSRZHU 6FLHQFH . XPDPRWR 8
XURNDPLNZKXRPDPRWR -DSDQ

HPDLRDNLKLVD#PHBF/RB R
‘2, (310

,Q WKH H[SORVLYH ZHOGLQJ WHFKQLTXH W
YHORFLW\ DUH WIDHHWSRVWDRWFKDHYH WK
LV NQRZQ ZHOO WKDW D PHWDO MHW DQG W
FKDUDFWHULVWLF SKHQRPHQD LQ H[SORVL?
WKH FROOLVLRQ DQJOH DQG WKH YHORFLW\
WKBUDPHWHUY DQG WKH FROOLVLRQ FRQG
DQG WKH QXPHULFDO VLPXODWLRQ IRU WKH
JXQ ZHUH GRQH E\ DXWKRUV > @ ,Q WKLV I
RSWLFDO REVHUYDWLRQV DQ® WKIMPL QX HR
GLVVLPLODU PDWHULDO FRPELQDWLRQV ZHL

$ SXUH FRSSHU GLVF DQG D PDJQHVLXP
GLDPHWHU ZHUH XVHG IRU PDWHULDO FRP
HISHULPHQWDO UHVXOWYV IRU GLVVLPLODU
FRSSRG WKH $= GLVF ZHUH XVHG DV WKH
GLVF UHVSHFWLYWROLFSOARRSSHARB SODWH ZD\
SURMHFWLOH SODWH WR FRQWURO WKH LP
PHWDO MHW zZDV REVHUYHG FOHDUOBOHWQ OV
+RZHYHU WKH ZHOGLQJ FRXOG QRW EH DFK
XVHG

$ ORWW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

yLJ JUDPLQJ SKRWRJUDSKV RI WKH REOLT?
PDJQHVLXP DOOR\ FRPELQDWLRQ 7KH FROOL
FROOLVLRQ DQJOH GHJ

,Q J)LIWKH H[DPSOH RI WKH QXPHULFDO VL
WKH FRQGLWLRQ RI )LJ /KH JHQHUDWLRQ |
LOQWHUIDFH ZDV VLPXODWHG E\ XVLQURB+ VF
WKLV QXPHULFDO UHVXOW WKH PHVD® \MHW
DQG WKH WHPSHUDWXUH LQ WKH FROOLGHG

a . $Q®DQ\ REOLTXH OLQHV OLNH VKH
REVHUYHG LQ WKLV FRPELQDWLRQV 7KH D
FDOFXODWHG E\ WKH HTXDW| W QDLW W KR X IDKM
WKH EDUGWOH UHDFWLRQ OD\HU ZDV JHQHL
RFFXUUHG DORQJ WKBJQ®WHURDFOGORN &RU K
HQHUJ\ FRQGLWLRQY 7KHQ WR GHFUHDVH
PHWKRG WR PDNH DXPHDRDIW OGS SOGEIHMS KY D U
PHWKRG WKH ZHOGLQJ RI VLPLODU DQG GL
DOOR\ ZDV DFKLHYHG DV VKRZQ LQ )LJ

)L J /HPSHUDWXUH FRQWRXU'VLPRBEODWHG |
DQG BP ZLWK WRBFN & GLVHV. f

$ ORWW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

yLJ 'HOGHG LQWHUIDBEH RI/NIWLODRG GEVYV
$= & X 5S5LIJKW FRPELQDWLRQ

$ ORUL 6 7DQDND . +RNDPRWR 2SWLFD

JHQHUDWHG E\ KLJK VSHHBGREQFGLQHG FI
4

3 ODQLNDQGDQ . +RNDPRWR $ $ 'HULEC

7RPRVKLJH ([SORVLYH :HOGLQJ RI 7LWD

&RQWUROOLQJ (QHUDMMWUF ZRDGYR\ RQVQR
SS +

$ ORWW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7+( ,1)/8(1&( 2) 6(9(5( 3/$67,& '()250%$7,21
21 7+( 3523(57,(6 2) 0(7%/6 $1' $//2<6

5 5 O0XO\XNRY

, QVWLWXWH IRU OHWDOV 6 XSHUSODVWLFL\
6FLHQFHYV 8ID 5)

HPDLO UDGLN#LPV
‘2, (310

BHYHUH SHORVWDW LR PHAWFK DUVHKVYIKH WRU
HTXDO FKDQQHO DQJXODU SUHVVLQJ DQG P
XVHG WR FRQUBUQWHFERBPHWID OV D QG DIDLARAEG |
8)* DOG QDQRVWUXFWXUHG 16 PDWHULD
PDWHULDOVPBEKD@QWAHDLA) DQG SK\WLFDO SU|
REVHUYHG D GHFUHDVH LQ WKH HODVW
WUDQVIRUPDWLRQ WHPSHUDWXUH PDJQHW
VDWXUDWLRQ PDJQHWL]DWLRQ DQG HOHFWU
\LHOG VWQUMWK VRE@EMWSHEGGHQOW LQWHUQDC
LVREDULF KHDW FDSDFLW\ VSHFLILF HOF
FRHIILFLHQW DQG LRQ LOQGXFHG HOHFWURQ
WKH H[WUDRUGLQDU\ VXSHUSODVWLFHW\ FI
SUHVHOFH RI QRQHTXLOLEULXP JUDLQ ER
PDWHULDOV FDQ OHDG QRW RQO\ WR TXD:
TXDOLWDWLYH RQHV LQ WKH EHKDYLRU RI P

([DPSOHV RI SUDFWLFDO D SS®ILRHGL RIC
QDQRVW PORMNDULID®Y SURGXFHG E\ VHYHUH
DOVR SUHVHQWHG

5 5 O0OXO\XNRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

'"(7(50,1%$7,21 2) 7+( /1(9(/ 2) 7+( 675(66 ("
'()250(" &21',7,21 2) %,0(7%/6 352'8&("
%< (;3/26,21 :(/',1* 86,1* 0(7%/ 0%*1(7,&
0(025< 0(7+2'

9 1RQ\DEN / BHUXNKLDOG / % 3HUYXNKLQ

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO 0D

6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

%»DUGLQ 5HVHDUFK RXVWIHWOOK XRIU\) DRV F R
5XVVLD

HPDLO QRQ\DN#EN UX
‘2, (310

%LPHWDOV REWDLQHG E\ H[SORVLRQ ZHOGL
FRPELQLQJ GLIIHUHQW SK\VLFDO DQG PHFK
PDWHULDOV $W.DHGXOUHR OFWW XVHG LQ FR
DUH SURGXFHG RI WKHVH PDWHULDOV 7KH
WKH LOQWHUIDFH ZKHUH WKH WDW® WLVDDW HD [
H[SORVLRQ ORDGLQJ KHDW WUHDWPHQW I

$FFRUGLQJ WR WKH OLWHUDWXUH RQ WKH
DQG WKH SURSHUWLHYV RI VKHHW ELPHWDOV
WKH EDVLV Rl VWUXFWXUDO VWHHO VWDL!
DOOR\V LW KDV EHHQ |RX®&GH WXDOWL L Q\FRHU
WUHDWPHQW DQG ZDV GHIRUPHG GHIHFWV
IURP WKH ZHOGLQJ ]JRQH FDQ SRVVLEO\ DSES
LWHPV IURP LW > @ :KHQ UHVLGXDO VWUHV
VDPSOHV Rl PHWRIOHS®HYW XXEWILYH PHWKR (
UHVLGXDO VWUHVVHV FORVH WR WKH \LHC
ZHOGLQJ ]JRQH $IWHU WKH KHDW WUHDWP
UHVLGXDO VWUHVVHVY WKH VWUXFWXUH DQ
WKHEWRRI XVLQJ SURGXFWY PDGH RI ELPH!
WR RSHUDWLQJ WHPSHUDWXUWW WDIDL@E W KHDQ\
FKDQJHV 7KLV FDQ OHDG WR WKH VWUXF\

9 1RQHIVNDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

SURFHVVHY DQG DV D FRQVHTXHWEHY WR G
GXUDELOLW\ Rl WKH SURGXFW 1RZDGD\V W
WKH FRPSOH[ HIIHFW RI WKH PHQWLRQHG II
VWUHWWDLQ VWDWH LQ WKH SURFHVV RI SU
PDGH RI LW 7KXV WHKWMWWEREGQ RIWLKWH \DWU
FUHDWLQJ PDWHULDO DQG HTXLSPHQW RI LW

7KH VWUDWHJI\ RI GHWHUPL QYW I DALKQH VOWDW
WKH ZHOGLQJ JRQOH RI EGRNWDG®¥WHLY MV KHH \
PDJQHWLF PHPRU\ RISPHWBOWHG QQ@ BHLV L
FRPSOH[ RI VWXGLHV RI PDWHULDOV ZLWK
PDGH LW SRVVLEOH WR UHYHDO WKH UHJXC
ZDYH ORDGV DQG WHFKQRORJLFDO UHGLVW
GHIRUPDWLHR GBURSQHWWLHY RI PDWHULDO PL
GLVWULEXWLRQ RI SRWHQWLDOO\ GDQJHUTF
&RPSDULVRQ Rl WKH UHVXOWYV RI PHFKDQLF
DQG FRQWLQXLW\ RI WKH MRLQW PDGRIQLW S
DQG WKHLU FRQQHFWLRQ ZLWK WKH OHYHO
DQG WKH IROORZLQJ WHFKQRORJLFDO DOWH

&RPSOH[ VWXGLHV RI WKH FROOQBEQLRWI
VWUXFWXUDO FKDQJHV DQG SDUDPHWHUV R
PDNHRWWISEOH WR FUHDWH PDWHULDOV ZLW
UHVLGXDO VWUHVVHV VWUXFWXUH DQG SL
IRUPDWLRQ RI WKHVH SDUDPHWHUV LQ WKE
ELPHWDO WKDW ZLOO LQFUHDVH WKHRIVWKNX
ELPHWDO HTXLSPHQW SURGXFHG E\ H[SORVL

([SHULPHQWDO VWX8IWHMAD IRQ WW B WHV BHWWL
VWDJHYVY RI SURGXFWLRQ DUH FDUULHG RXW
IDFLOLWLHY RI %LWUXP QWHUQDWLRQDO //é§

/| % 3HUYXNELQ@DOWVHY <X $ .ROROQ
7VHPDKRYLFK $ ' &KXGOQRYVN\ 'LVWULE X
LQ ELPHWDO VWHHO . ; 1 7 REWDLQHG
OHW 6FL +HDW 7QRDW=SS
<X $ .RQRQ / % 3HUYXNKLQH®GLQIKKG
H[SORWLRIMVKLQRVWURHQLH

9 1RQHIVNDO
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678'< 2) 7(&+12/2*, &%/ 3$5$0(7 (56 H 7L
&+67 ((/ 7% HPROH 6<6760)25 2%7$,1,1*
352'8&76 %< K@ 75,&$/ 52//,1*

* 2QLDVKYLSMODPD]|DVEKYPOEKHEVKIXYLDG]H
= OHODVRYIZXRWEHDQG]H =DNKDURY

7TDYDG]H ,QVWLWXWH RI OHWDOOXUJ\ DQG OI
*HRUJLD

HPDLO RQLDVK#JWX JH
‘2, (310

'Q WKH SDSHU WKH LQQRYDBWREBO JRHERQ R:
WHPSHUDWXUH YNOWRKWUL¥DG+BROOLQJ (5
UHDOL]LQJ WKH SURFHVV LW LV PLDAQLEOIDNV
FRPSRQHQWY DIWHU LQLWLDWLRQ E\ WKHUP
KHDW HPLVVLRQ ZKLFKRSOQVRWHRQVRH MO
OLHX Rl KHDW WUDQVIHU RYHU WKH HQWLUF
%\ XVLQJ WKH HOHFWULFDO FR QMEDIEQV W KH
KHDUW Rl GHIRUPDWLRQ DUHD ZLWK WKH X\
JHQHUDWHG LQ WKH LQLWLDO VHFWLRQ RI
SURFHVV $V D UHVXOW WKH IURQW RI V\Q
PRYH ZLWK FHUWBLQDFSBHGORGDWHKG LQ F
FHUWDLQ WLPH WKH UROOV LQVWDQWO\ VW
WKH V\QFKURQL]JDWLRQ RI YHORFLW\ RI |
GLVSODFHPHQW DORQJ WKH PDWHULDO 7}
SODVWLF IPRGGIONYRQHG WR WKH UROOV LQ
GHIRUPDWLRQ JRQH VLPXOWDQHRXVO\ ¢
GHIRUPDWLRQ ]JRQH LQ RUGHU WR FRROWQV |
RI XVLQJ WKH LQGGRWBWKQRO®RIE ZH SURGX
PHWDIPLF SURGXFW RUIJDQ\ OHQJWK

*  2QL D WKW DAL
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)L J SURGXFWLRQ RI FRPSRWYIHW¥ W B DRMDHOU U B
UROKQMDWLQJ HOHFAWRQW DFRIHWUR HWWH RI FKD
VIOWKHVLY FRPEXRWQRG VIDROWH

Q FAWR6W H H® D QIGH92Q HV\VWHPV WKH KLJK
LPSRURVLW\ RU ORRISRDWHUWDOV DQG SUR
GHSHQGV RQ WKH OLTXLG SKDVH FRQWHQW
VIQWKHVLY IURQW LQ WKH VDPSOH 7KH KL
SURYLGHVKHKHTXDOLW\ RI PDWHULDO 7KH F
GHSHQGVY RQ WKH V\QWKHVLV SDUDPHWHU
VIQWKHVLY 7KH KLJKHU DUH WKH VSHHG DC
KLJKHU LV WKH OLTXLG SKDVH FRQWHQW

JRU REWDLJXQDURMIKHG VDPSOHV LQ DG
VIQWKHVLY SDUDPHWHUV LW LV DOVR LPSR
FDOOHG FRPSDFWLRQ SDUDPHWHUV DQG \
SDUDPHWHUV WLPH SUHVVXUH DQG WHPSHI
RI VIQWKHVGWYWKWBPDQHG H[SHULPHQWDOO\
DV IROORZV WLPH RI GHOD\ IURP LQLWLDWL
UROWLQROOLW L YLWHD O URD QRMIOSE Q BNGWXHIH
FXUUHQW IRU WKH FRPSH QUFOMWHREFOMIKGH D W
VIQWKHV L\ YHKORFHL VB HVFULEHG SDUDPHWHU
RSWLPDO YDOXHV RI WKH SDUDPHWHUV Z
GHQVLW\ KDUGQHVV DQG VWUHQJIWK ZHUI
VWDWLVWLFV

7KLV ZRUN ZDV VXSSRYWHY HDL6KRWDR 6 D
JRXQGDWLRQ 6516) >*UDQW 1R *UD Q
3URGXFLQJ RXBSRWVHD®RP SRW NV WHE\(BHBFGKU L F
5RO0OLQJ@

*  2QL D WKW DAL
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19(67,%$7,21 2) 7+( ,1)/8(1&( 2) 6+2&.
$&7,9$7,21 21 0$,1 3523(57,(6 2)
3,(=2(/(&75,& &05&6

&K * 33N 9 3U\WKBF®&ON $ .RVKNLQ
3HQ]D 6WDWH 8QLYHUVLW\ XO .UDVQD\D
HPDLO PHWDO#SQJ]JX UX

‘2, (310

/KH DSSDUDWAUIWPDRVULRQYRPWHFKDQLFDO YLE
LOQOWR HOHFWULFDO VLJQDO LV EDVHG RQ
SRVVHVVLQJ SLH]JRHOHFWULF SURSHUWLH
FROQFHQWUDWLRQ RI VXUSOXV HOHFWULFDC
RSSRWWWBIFWYVY RI FU\WVWDO XQGHU WKH DSS((
HITHFW RFFXUV GXH WR GHIRUPDWLRQV RI \
WR WKH FKDQJH LQ WKH GLSROH PRPHQWX|
WKH PLFURVWUXFWXUH RI PDWHULDRI 7KF
SLHIRHOHFWULF PDWHULDOV IRU LQGXVWU
FHUDPLFV RI GLITHUHQW W\SHYV

/KH JRDO RI SUHVHQW ZRUN LV WR LQYH)
DFWLYDWLRQ RQ HOHFWULFDO DQG PHFKD
FHUDPLFV I WKFROQBWH WLWDQDWH 3=7 II
PDLQ JRDO WKH IROORZLQJ LOQWHUPHGLD\
GHYHORS D SULQFLSDO VFKHPH RI VKRFN
GHWHUPLQH RSWLPDO SDUDPHWHUV RI KLJI
LQYHVWQBPBWHLFDO DQG PHFKDQLFDO SURS|
ZLWK DFWLYDWHG SRZGHUYV

%DVLF VFKHPH RI VKRFN DFWLYDWLRQ SU
7TKH XVHG VFKHPH LV WASLFDO RI VKRFN DFW

&K * IHDWDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J 6FKHPDWLF R SAKRRFFHIVOIFPWL Y DRV GRIGV R Q
H[SORVLYH FIRQMD EQBWRRQWDSQHAGHU
EDVH SORRGIFKLS ¥RD® G

8SRQ GHWHUPLQDWLRQ RI SDUDPHWHUV R
JHRPHWULFDO SURSHUWLHV WKKH LD WHLDEO S
VIVWHP ZHUH DOVR WDNHQ LQWR DFFRXQW
DOUHDG)\ VIQWKHVL]HG 3=7 SRZGHUV ZLWK
FROWUROOHG LOSXW SDUDPHWHUV RI SRZG]I
PRUSKRORJ\ DQG BHEKDGIMFDOWIBRIWK P
GHQVLW)\

$IWHU WKH VKRFN DFWLYDWLRQ JUHHQ F
SODQHWDU\ PLOO ZLWK VWDELOL]HG JLUFRQ
D WHPSRUDU\ RUJDQUFHEL Q@Y D QGITUMN V>

03D &RPSIZFWH VLQWUHUMHG H®@Y DUHDGP HQ W
GHYLDWLRQV IURP VWRLFKLRPHWULF FRPSF
FXW LQWR GLVNV DQG FRDWHG ZLWK PHW
PHWDOOL]HG VDPSOHV ZHUH VXEMHFWHG WF
HOMFWO DQG PHFKDOQIBEBIQR HQRBWMUBA HAV/R G |
SHUPLWWLYLW\ 0 WD Q JM@® %I RF VGR B OB 6 & WELH
VWUHQJWK 1 RI REWDLQHG VDPSOHV ZHUH G

% -DBIH]RHOHFWU([GVAHYUDBIRLFY YRO
-/ -RUGDR®Q 1DUHVK (IIHF&F\WRLYDKRRN
SR&¥WRFN UHDFWLRQ VOQWK H¥,BV&RIQ WHIHDIF
3URFHHGLQJYRO QR

$ ( S5R]HHYHORSPHQW RI VFLHQWLILF ED
SURFHVV Rl H[SORVLYH SUHWDODAJISUR BHXHK
RI IHUURHOHFWULF FREWRWUF RA DWH K QIORD
WKHVLV 9ROJRJUDG LQ 5XVVLDQ

&K * IHDWDO
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2%7$,1,1* &/2%87)5$&7,21 63+(5,&$/
0,&5232:'(56 2) +($76,67$17 $//2< %$6("
21 1,&.(/ 0212%$/80,1,'(

( , 3DWVHLD .XUEDWN$ QM YDVKRY
<X <X .DSODIYMISL 9 6DPRNKLQ

1IDWLRQDO 8QLYHUVLW\ RI 6FEHIFRAHFRRPG 7H
5XVVLD

%DLNRY ,QVWLD/OXOWH R IDOHG 0DWRMHARDZAOV 6FL
5XVVLD

HPDLO 3DWVHUDB\HYJHQL\#PDLO UX
‘2, (310

$GRSWLRQ RI DGGLWLYH WHFKQRORJLHV $
WUHQG LQ SURGXFWLRQ PRGHUQL]PWDRB
GHYHORSPHQW 8VH RI VSKHULFDO SRZGHU
IOXLGLW\ DQG ORRVH EXON GHQVLW\ DV ZI
FRPSRVLWLRQ LV D SHFXOLDULW\ RI PDQ
WKURXJK $7 'HYHORSHUVURDODNOORIVDDQGEF
FRPSOLFDWHG VKDSHV VKRZ WKH ODUJHVW
WKLV ILHOG WKDW W HKWHRBRWBDGWDROORRM W
LQWHURDNVBIGODPOR\V FDQ EH IXOILOOHG
1L$0 ZKLFK SRVXH VAVRP/S OHK RRASK\D/Q ERD
SURSHUWLHY LV D SURPLVLQJ EDWHW LR/DVWDI
DOOR\V RI QHZ JHQHUDWLRQ DEOH WR V
+RZHYHU LWV SUDFWLFDOO\ JHUR YLVFRVL)\
DV ZHOO DMILWMM QY VWUHQJWK DQG ORZ |
WHPSHUDWXUH RI PRUH WKDQ f& SUHYHQ
1L$DDVHG DOOR\V 7KH VWUHQJWK FKDUDI|
HQKDQFHG E\ VHOHFWLQJ DQ RSWLPDO DOO
SRALEOH WR VWUHQJWK HP® WDHY AMFK DNIED
7L +1 HWF

7KLV UHVHDUFK KDV EHHQ DLPHG DW GHY
RI REWDL QRXQW DFFO/RRMVRHQ PLF URS R Z GHUAL V WDR,

( , 3DWVWWHDD
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DOOR\V EDVHG RQ QLFNHO DOXPLQLGH LQ
FRPSOLFDWHW&WWWIODBUVSDFH P OLFKLYQH U
SURGXFWLRQ WHFKQRORJLHYV
7KH SURPLVEQWKRIL$ERPSR1L$O [FOOR\
FRPSRVLWLRQ > @ ZDV FKRVHOQFX\WDEWGLRQ
PLFURSRZGHUV IURP PDWHULDOV RI WKH
WHFKQRORIHPRHQWDO V\QWKHVLV ZLWK DGC
DGGLWLYH 1D&0O ZDV XVHG DV D zZD\ RI REV
UHVLVWDQW RQORLFEDBDWH®OXPLQLIGH &RP
FRPSRVLWLRQ $FFRUGLQJ WR WKH UHVXOW
LW KHWQEHVWDEOLVKHG WKDW DGGLWLRQ R
1L $O0 PL[WXUH GHFUHDVHV WKH KHDW UHOF
FRPEXVWLRQ GXULQJ WKH HOHPHQWDO V\QW
' QIOXHQFH RI WKH LQLWLDO WHPSHUDWXU|
FRPEXYWLRVKH FRPSRVLWLRQ ZLWK WKH VDQ
ZRUNKH FRPEXVWLRQ WHPSHUDWXUHDRIO&RP
PLIWXUH"WKV ZKLFK LV ORZHU WKDQ WKH PH
QLFNHO $V WKH LQLWLDO WHPSHUDWXUH
LOQFUHDVHV EXW WKH WHPSHUDWXUHVUHPDI
FKDUDFWHULVWLF Rl LQWHUPHWDOOLF V\VW
7KH VWDJHV RI WKH SKDVH IRUPDWLRQ LC
EHHQ VWXGLHG WKURXJK WKH VWRSSHG F
DQDO\][LQJ WKH VWDJHV Rl WKH UHDFWLRC
VIQWKHVLVY Rl &RPSR1L$O 1D&0O FRPS
FROQFOXGHG WKDW GLVVROXWLRQ RI QLFNHC
IRUFH RI WKH VI\QWKHVLY SURFHVV $W WKH
WKH 1L$0 1D&O V\VWHP VWXGKHMGPHDWO L
EXW LQ WKH DIWHUFRPEXVWLRQ JRQH DV D U
7KH UHVHDUFK RI WKH NLQHWLFV DQG VV
&RPSRIL$O F 1D&O PL[WXUHV KDV VKRZQ \
VIQWKHVL]H DOOR\ Rl WKH VOHFHNWTUF R\PS
PHFKDQLFDO DFWLYDWLRQ 0$ DLPHG DW
KHWHURJHQHLW\ DQG HQKDQFLQJ WKH UHDF
SRZGHUV Rl UHIUDFWRU\ FKURPLXP DQG KDI
DUH SRO\GLVSHUVH HDQGRW®RWE KD BB UH/DLREXC
GLVVROYH FRPSOHWHO\ GXULQJ WKH V\(
LOKRPRJHQHLW\ Rl WKH FKHPLFDO DQG S
VIQWKHVL]HG SURGXFWYV

( , 3DWVWWHDD
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7KH RSWLPDO PRGH RI WKH 0$ ZDV UHVHD
3XOYHULVHWWRH *HUPDOWYV FBHFKQLFV D¢
7HFKQRORJ\ RI 'LVLQWHJUDWLRQ$BWVYDWR
5XVVLD 7KH FHOQWULIXJDO DFFHOHUDWLR
UHVSHFWLYHO\ 7KH UHDFWLRQ PL[WXUH F
DFWLYDWHG DW B TEIF®O®BUDPOIWBWLR R
ILOOLQJ FRHIILFLHAQXWM BRPSDUDWLYH UHVH
VWUXFWXUH DQG GLVWULEXWLRQ RI FRPSF
VIQWKHVL]HG VDPSOHV KDYH VKRZQ WKDW
PLIWXUH LQ W/RWM IREWLYPLQ LV WKH RSWI
([SHULPHQWDO UBBHOQU MK \RQWKHY H]HG &

FRPSRVLWLRQ DOOR\ VDPSOHV REWDLQHG
DQG ZDVKLQJ WKHP IURP WKH VDOW KDYH
PRGH RI WKHDGVRQWHKDW HQVXUHV WKH PLC

PIUDFWDRQEIRKQERZGHUV RI WKLV IUDFWI
WHVWHG ZKHQ UHVHDUFKLQJ LQWR WKH
HOHFWURDUF SODVPDWURQ UHDFWRU

7KH SODVPDWLF WUHDWPHQW ZDV WKH P
HOHFWURDUF SODVFOWURP ZQWKPD[WRU R |
IRUPLQJ JDVHV $XMSZUWRX YG 7KH GHJUHH
VSKHURLGL]DWLRQ Rl WKH SDUWLFOHV WUH
UHVHDUFK UHVXOWV KDYH EHHRXWD FG L RR
VSKHULFDO PLFURSRYGHWUQRI KXGIORA EDVI
PRQRDOXPLQLGHOAHWHIO X PIHXUDVIEKLF VWUXF
ODQRGLVSHUVH HPDQDWLRQV RI WKH H[FHV
PHWKRG IURP WKH HOHPHQWDO SRZGHUV LQ

7KLV ZRUN ZDV FDUULHXRXRWU WL WIR PLOEE
RI (GXFDWLRQ DQG 6FLHQFH RI WKH 5XVVLE

3URMHFW QR 5)0(), YHG
3URJUDP 5HVHDUFK DQG 'HYHORSPHQW LQ
$UHDV RI WKH 5XVVLDQRAFK HFMHR QB U7 HF K Q

$ $ =DLWVHY = $ 6HQW\XULQD ( $ /H)Y
9 1 6DQLQ 3 $ /RJLQRY 0 , 3HWU]
SURSHUWL#W RRI14I$SCDOOR\V SUHSDUHG E\
FDVWLQJ 3DUW  5RRPDWLREMHUNBEH LQ
$ YRO +SS GRL M PVHD

( , 3DWVWWHDD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6<17+(6,6 2) 683(55()5%$&725< 62/,
62/87,216 %$6(' 21 %25,'(6 2) =,5&21,8
+$)1,80 $1' 7$17$/80

( , 3DWVHLD .XUEDWN$ QM YDVKRY
DQG 1 $ .RFKHWF

IDWLRQDO 8QLYHUVLW\ RI 6FLHQFH DQG 7
5XVVLD

L QVWLWXWH RI 6WUXFWXUDO ODFURNLQHWL

$SFDGHA\6FLHQFHYV &KHUQRJRORYND ORYV

HPDLO SDWVHUDB\HYJHQ
‘2, (310

&RPSRVLWHY EDVHG RQ GLERULGHV RI WDQ
DUH SURPLVLQJ PDWHULDOV IRU RSHUDWLF

hK /KH FRPELOQDWLRQ KLJK WKHUPDO
FRHIILFLHQW RI WKHUPDO H[SDQVLRQ RI
SUHUHTXLVLWHYV IRU WKHLU KLJK UHVLVWD
HIWUHPHO\ LPSRUWDQW IRU PDWHULDOV DS?®

6HSGURSDJDWLRB SKHUBWXUH VIQWKHVLV 6+
VIOWKHVL]LQJ XQL¥XH @GRRYRVLWHHWKRG IRL
UHIUDFWRU\ PDWHULDOV 7KDW LW HWYHMKFK
LOWR WKH SRVVLELOLW\ RI REWEDYIH®) R/X:
VROLG VROXWLRQV RI JLUFRQLXP GLERULGH
GLERULGH WKURXJK WKH 6+6 PHWKRG

({KH DGLDEDWLF WHPSHUDWXUH ZDV FDOF.

ZKLFK DPRXQWHG WR . IRU WKH =U
D% FRPSRYLWHUHLROONHU . IRU WKH =U
/7D < =U% 7TD%FRPSRVLWLRQ KNW WIKDIN

WHPSHUDWXUH WKH LQLWLDO UHJHQWY DQ ¢
WKH/8% V\VWHP DQG WKH SURFHVYV ZEOO W
LPSHGLPHQWYV /KH UHVXOWV RI WKH FD
WHPSHUDWXUH RI FR#B%VRLLW® URHVWHKR #H G
HTXDOV I RU WK +1 % +1%

( , 3DWVWWHDD
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7D% FRPSRVLWLRQ BEGHLQDIMRMUWKH B |
% +1% 7D%FRPSRVLWLRQ KMNUBLQ
WHPSHUDWXUH RI . WKH LQLWLDO UHDJ
ZHOO DV WKH LQWHUPHGLDWH ERULGHV RI
DQG LQ WKH FDVH RI WKH VHFRERAIRKRHWSRVL
DQG KDMREXP . ZLOO PHOW
7KH DWWHPSWYVY WR PHDVXUH WKH VSHHG
RI WKH FRPSRVLIBMWR®L AHWHQM LQLWZBOHW H
XQVXFFHVVIXO +RZHYHU ZKHQ WKRI PAKWMX L
HQG SURGXFWWKMH ERPEXVWLRQ VSHHG DPR}
DQG WKH WHPSHUDWXUH ZDV . ZKRIFRP
WKH PL[®DAMWH .LDW . ,W KDV EHHQ VKRZ
GHSHQGHQFH RI WKH ARIPEXYMWDL R QBRZYVHIH® R
. WR . WKH VSHHG LQFUHDVHV IURP
+RZHYHUKDMHU WKDQ . WKH FRPEXVWLF
QRW EH PHDVXUHG VLQFH LW H[FHHGHG
WKHUPRFRXSOH $ VSLQ PHAKIDRQ VEKRF K KN
WKH OLPLWLQJ UROH RI YDSRU PDVV WUD
LQIOXHQFH RQ WKH FRPEXVWLRQ PHFKDQL
V\VWHP
&RPEXVWLRQ WRP®HMWXHM KDV DOVR EH
WKH78< VIVWHP DWIYRP LRXWR . 7KH FRPE
SURFHVV FRXOG QRW EH LQLWLDMWGIRRP F
WHPSHUDWXUH 7KLV LV GXH WR IRUPDWLR
ZLWK JLUFRQLXP R[LGH ILOP RQ WKH KDIQL
EH GHVWURKH® ROOWHG XS WR L YDDKHHWH
SURYHG WR EH ORZHU WKDQ WKH RDPRNKED\
WKDQ . WKH FRPEXVWLRQ WHPSHUDWXU
GHSHQGWDW®® DPRXQWHG WR . DQG WDN
PHDWRHQW HUURU LW PD\ EH FRQVLGHUH:
UHODWHG WR IRUPDWLRQ RI D ODUJH DP
FRPSRVLWLRBQG ZDV REVHUYHG IRQDIWKH GH
. JRUPDWLRQ Rl WDQWDOXP ERULGH DW
POWLQJ SRLQW RI ERURQ LV D SHEXOLDU
SRVVLEOH ZLWK WKH SDUWLFLSDWLRQ RI YL
+DIQLXP GLERULGH IRUPV IURP WKH PHOW D
8VLQJ WKH VWRSSHG FRPE XYW XRIQLFLR QQV
D FRSSHU ZHGJH DQG IXUWKHU ('6 DQDO\VLV

( , 3DWVWWHDD
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FRPEXVWLRQ ZDYH LQ WKHWKK) IRODBRQALE
SKHQRPHQRORJLFDO VFKHPH RI WKHARNWUXF
FRPEXVWLRQ ZDYH KDV BEEHE®Q SURSRVHG )LJ

)L J /KH VFKHPH RI WKH VWUXFWXUH IRUPI
RI WKHB<WPL[WXUH

7KH UHVHDUFK Rl WKH VDPS€B% PIL\WKXW KM
KDV SHUPLWWHG PDNLQJ DH) EHKIXPLRWL RO
UHDFWLRQV LQ WKH FRPEXVWLRQ ZIRYH ,QlI
IRUPV LQ WKISHIRQHPDW WKH WHP\8KH DM ERIL €
LV FKHPRVRUEHG RQ WKH VXUIDFH RI WKH V
ZLWK WKH IRUPDWLR®HRD QVSD RVIDOQXP ERULG
WHPSHUDWXUH .UB\WWFWKW SODFHV ZKHUH WK
FROQWDFW WKH YRDLWK/RORVUIRRD FRQWHQW F
PDVV WKH HXWHFWLH : UHWBDWHRQS®D&FEH D (
PHOW DSSHDUV 7KH ERURQ PHOWV DW
DSSBODBPRVW DW WHKKHI @ D WH MV K DHQ L X PDRHEO W V
VWDUWV WR LQWHUDFW DFWLYHO\ ZLWK W
WHPSHUDWXUH UHVXOWY LQ ODUJH WKHUPD
WKHUH LV SUDFWLFDOO\ QR DIW H UWAR PEXDAW
LV ZK\ WKH ILQDO FRPSRVLWLRQ RI WKH SUR
JRQH FKDQJHV IHHEO\ LI FRROHG IDVW

8VLQJ WKH XQSUHVVXUL]JHG 6+6 WHFKQRO
DQG WKHQ JURXQG LQWR SRZGHU PLWK D J
FRPSRVLUWLRIQDULIHSRBVH VROLG VR QXWLRHD

( , 3DWVWWHDD
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VIOQOWKHVLY SURGXFW DLQ/G FKID B RFPG R WLKAHL. R
SURGXFWHINNVW/AHRPSRVLWLRQ WKDW FRQWD|

=U 7DD® G RI 7D SURGHFWWORIKWYLYV 11U
PLIWXBBOFXODWHG WR TRUPROMADLQ VROLG
+1 7D % +1< DQG +I< 1R LOQGHSHQ!

SKDVH KDV EHHQ IRXQG 7KH FRPSRVLWLRQ
WKH PL[WOWHRXODWHG WRBzIRUBD%LY PRUH
FRPSOH[ DQG FRQWDLQV SKDVRN+I< RI +I
RI 7D +IDRQG RI LZ<

7TKXV WKH SRVVLELOLW\ RI REWDLQLQJ VI
Rl JLUFRQLXP KNI@DX® HDQO®G WDQWDOXP 7
KDV EHHQ VKRZQ %RULGH FHWDWIPRLFYI HDV®H (
ZLWK UHFRUG KDUGQHVYV YDOXHV RI*3D*3D
DQG HODVWLF UHFRYHU\ RI KDV EHHQ
SRZGHUV WKURXJK WKH KRW SUHVVL@ WH
FRQGXFWLYLW\ FRHIILFYRQWGRYROKHKNVLRW 7D

+ : PA. ZKLFK LV KLJKHBZ<®XW QO WXHDW VRK [
WKHUPDO FRQGXFAMIHY LANA\VRP®O0WY ZHUH WH
ILUH UHVLVWDQFH DW WXKH "KVHWSK DD WEXHMH
HVWDEOLVKHG WKDW WKH R[LGL]JHG VXUIDF
DQG WKH IRUPLQJ PHOW KHDOV WKH FUDF
DFWLYLW\

7KH ZRUN KDV EHHQ GRQH ZLWK WKH ILC
OLQLVWU\ RI (GXFDWLRKQ QD QX Hs A UHD® FEZ RZLN
SURMHFW SDUW Rl 6WDWH DMQLJQPHQW 1R

( $ /HYDVKRY $ 6 OXNDV\DQ $ 6 5RJDF
BHSURSDJDWALBB SKHUBWXUH VIQWKHVLV R
DQG FRDOW.BUV ODWHU I5WHW YR SS

., %RURYLQVND\D $ *WRPRYX (0DMNYDRKY
OXNDV\DQ $ G5&BDFKMM (QF\FORSHGLD RI
6\QWKHVLV +LVWRU\ 7KHRU\ 7HBKQROR
(OVHYLHU

9 9 .XUEDWNLQD ( , 3DWVHUD ( $ /HY
6HSURSDJDWWE P SHUBWXWBNLW RI UHIUDFYV
FHUDPLFV ZIUWK WKSHULRU (SWR SHHUM PH \6 F

YRO SS

( , 3DWVWWHDD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

1)/8(1&( 2) 0(&+$1,8%/ $&7,9%$7,21
3$5$0(7(56 21 BH6 2)DL%$6(' 6,1*/(
3+$6( 68369)5%$&725< 62/,' 62/87,216

( , 3DMDVH 9 . XUEDWNLQGIYDVKRY$ 9RURWLO
DQG 1 $ .RFKHWF

1DWLRQDO 8QLYHUVLW\ RI 6FLHQFH DOQ

SHVHDUFK (GXFDWLRQ@ ®IHQPRWERZ,6,
5XVVLD

OHU]KDQRWLWXWH Rl 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ Rl 6FLHQFHYV
5XVVLD

HPDLO SDWVHUDB\HYJHQ
‘2, (310

&DUELGHV +1& LD& DQG =U& SRVVHVV KL,
FRUURVLRQ UHVLVWDQFH KDUGQHVV DQG
VROLG VROXWLRQV DUH FKDUDFWHUL]JHG E\
VWDELOLW\ DV FRPSDUHG WR WKH FREWHW L
H[WUDRUGQLUED PHOWLQJ WHPSHUDWXUH RI
FDUELGHV KLQGHUV WK KDWRGXRWLRBQVRD X
UHIUDFWRU\ FDUELGHV E\ WKH FROYHQWLRQ
7KHUHIRUH WKH SRVVLELOR®XWLBQR KX MWL
FDUELGHV ESURKP JDMWIG P SKHUBWXUH V\QWK
ZDV LOQYHVWLJDWHG LQ WKLV ZRUN 7KH I
PHFKDQLFDO DFWLYDWLRQ RQ WKH SKDVH FF
UHDJHQWY DQG V\QMXK MMLH HGNSEER B\E E\IAD
++& ZDEHPRQVWUDWHG

OHFKDQLFDO DFWLYDWLRQ ZDNVQSH$SNRWLF/HDG
6 SODQHWDU\ EDOO PLOOV 7KH IROORZLQJ
UHDFWLRQ PL[WXUHV ZHUH LQYHVWLJDWHG
UDWLR URW DWLURTQORD MEKHHEBRRMSROHQW TV Ol
PLOOYV MDUV WKH DWPRVSKHUH RI DFWLYLC
FRPEXVWLRQ ZDV PHDVXUHG XVLQJ WKH UL

( , 3DWVWWHDD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

3RZGHUV RI FDUELGH VROLGEVREHWVERQY Pt
RI FRPEXVWLRQ SURGXFWV 3KDVH FRPSRVL
DQDO\VLY OLFURVWUXFWXUH DQG FKHPLFD
ZHUKMYHVWLIDWHG XVLQJ 6(0 DQG ('6

'XULQJ WKH PHFKDQLFDO DFWLYDWLRQ 7
IRUP VFDOHV 6PDOOHU SDUWLFOHV RI & DQ
&RQVHTXHQWO\ DJJORPHUDWHG JUDB YOWHHV
IRUPHG $Q LQFUHDVH I0Q MERHD@S LEXFWIHD VR
PLFURGH | RRUPWHH\RWDVOW LF 6 RVR7TD GO FUHDV
FRKHUHQW GRPDLQV &'V VLJOQLI\LQJ WKH
 QYHVWLIJDWLRQ Rl WKH LQIOXHQFH RI WKH
DUJRQ GHPRQVWUDWHG W K DWW KHWFKRHP EXW\
SURGXFWYV FRIBKDANH RIRVLGIMR @AWIKRD PLI)

DGPL[WXUH ,Rl WKR FDVH RRI[\0BQHH DQ

DWPRVSKHUH DUJRQ YDFXXP WKUHH SKD
DQG =A® $Q RSWLPDO WHSLPBHVRGWSLVHG H
WKH VIQWKHNIHHRILEUDH SKDVH=WRIL® K BO
ODWWLFHZSDUDRHPWHBUUHVSRQ GM®RI WRE&W K
LQ WKH VROLG VROXWLRQ

0$ RI UHDFWLRQG+RR[WDXVWHRFOXFWHG LQ W
EDOO PLOO ZLWK D Y DIKH & QARG DVW H R QD D\
VSHHG E\ WLPHY OHG WR D GHFUHDVH LQ
DV ZHOQ @AMUBRVH LQ GHIRWKNOMDORQ FRI RIKF

+ WLPH$HULPHQWDO LQYHVWLJDWLRQV
UHDFWLRQ PL[WXUH DFWLYDWHG DW URW
EH LJQLWHG DW OVHPS WEKDWXUHY +RDEYHU
DW USP WKH PL[WXUHV FRXOG EH LJQLV
GLIIHUHQWLDWHG 0$ OHG WR WKH LQFUHDYV
FRPEXVWLRQ SURIGX¥M VR OLEGIEE DLWIKR Q127
FROQWHQW OHVV WKDQ ZBMW BRBRGWERG Z
FKDUDFWHUL]HG E\ WKH FUWAVWDO O®RVWLI
FRUUHVSRQ ®W:HI 8VIRQ WKH VROXWLRQ

KLV ZRUN ZDV FRQGXFWHG ZLWK D ILQ
5XVVLDQ 6FLHQFH SURMHFOWLRR) S6HOI
SURSDJDWWG@EIP SHUBWXUH V\Q@AKONHLKLOW UDL
WHPSHWUHDWDUELGHY ZLWK D YDUREHG-M&RLFK
VA\VWHP~

( , 3DWVWWHDD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

17(5)$&,$/ 5($&7,216 '85,1* $11($/,1* 2)
(:3/26,9(/< :(/'(" 6+((76

+ 3DX®M 0 OLV]FON3UD*PRZVNDAND
= B6]XQF%REURDWNIE &4 ODM

,QVWLWXWH RI OHWDOOXUJ\ DQG ODWHULLI
6FLHQFHV .UDNRZ :

2SROH 8QLYHUVLW\ RI 7THFKQR®RJ\ )
2SROH 3RODC

=7: ((SORPHW 2SROH :

HPDLKOSDXO#LPLP S
‘2, (310

IDV\HUHG SURGXFWV DUH RIWHQ XVHG LQ LQ
7KHLU SURGXFWLRQ LV MXRMQRPHED Q R\ FRVR
DOVR E\ WKH QHFHVVLW\ WR IXOILO SDUWLF
XVXDOO\ VXIILFLHQW WR DSSO\ D WKLQ OD\I
RU FRWURVLYH SURSHUWLHY WR PHHW WKH
WKH ZD\VDIBUWKIHWLRQ R KIOIK\WW BRBSRKLW,
ZKLFK WKH EDVH PDWHULDO LV VHSDUDWH
SKDVHV RI D YHU\ KLJK KDUGQHVV

7KH KDUG SKDVHV RFEQUWHDWHGFED VEKH
GLIIXVLRQ GXULQJ KHDWL QS DIUR®WW R HWIDGN
+RZHYHU WKH NH\ IDFWRU ZKLFK GHWHUPLC
GLIIXVLRQ SURFHVVHV LV WKH TXDODMA\ RI S
WR SURSHUWLHV WKH VL]H RI W KMK BDR/ILFK F
GLITHUHQFHNWOMQ QUK SRR QW YV HR[IS ®IRY QWS ZPHHON
(;: LV DW SUHVHQW WKH RQO\ SHI DIVIDIMR) W
WKH DVVHPEOHGG6PQRHHULBID VWA XFWXUH R
H[SORVLYHO\ ZHOGHG FODGV FDQ EH HDVLO
WHDWPHQW RSHUDWLRQV E\ FUHDWLQJ OD\I
SKDVHV 7KH PDLQ GUDZEDFN RI WKH LQW
FRPSRVLWLRQV LV WKHLU KLJK KDUGQHVV I
SRVVLELOLW\ WR IDEULFDWH PDWBQEDOV

+ 3DXW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

VLIJQLILFDQWO\ LPSURYHG SURSHUWLHV 9D
LOWHUPHWDOOLF DUH XVXDOO\ VXJJHVWHG
VWUXFWXUDO DUPRXU PDWHULDOV ZKLFK O
KLJK PDWHULDO VWUMWG®RJIERODQE WLHV L P WD
PDQ\ SK\WLFDO DQG FKHPLFDO DVSHFWV R
GXULQJ KHDWLQJ DOQHDOLWHRWANUDEGJ WE
VWURQJO\ XQUHFRJQL]HG

)LJ OLFURVWUXFWXUH RI PHOW
DQG SDUHQWVSE DIVQMM Q HDRH L Q
VWDWH D E pDIWHU ERQGLQJT
F G DIWHU DQRRHROLQJ DW

K 7KH 7L FDUERQ VWHHO F(
7(0 +$$') %) ') LPDJHV DQG
FRUUHVSRQGLQJ SDUWLEXODU
VHOHFWHG DUHD GLIIUDFWLRQV

7KH FODG V\WWHPV ZKLFIKQKWKH SHHQHQOW
FRPSULVH $$% $$ 7L *U 7L *U  &X
$$ &X VWDLQOHVV RU FDUERQ VWHHO
PHWDOV FRASRWRWERDE PDQXIDFWXULQJ ZC
+LJK (QHUJ\ 7THFKQRORJLHV :@M N ¥RQ DR PX
FKDUJHV IURP WKRK$LRODWERXZHUH REWDLQ}
WKH FRQVWDQWSWRNIQGH FODGGLQJ WHFKOQL
ORFDWHG LQ WKH PLGGOH RI WKH KHG@R WWKHL
VDPSOHMIFDMRP H[SDHROGHWOELU PXOWLUHG
PHWDOOLF FODGV ZHUH DQQHDOHG DW GLII
PHOWLQJ SRLQWV RI| WIRR\H GJ PHIMMIBO E H WRZU
K)YRU PLFURVWUXFWXUH LQYHVWLJDWLR(
DQDO\WHG QXWRIQUVMRELD 7(0 DQG VFDQQLQJ
PLFURVFRGRVEBDWHUYDWLRQV Rl WKH VHOHF)
RXW HPSQOR\LZBFKQDL 6XSHU)(7:,1 * NO
PLFURVFRSH HTXLSSHBQJOHN KD QR XIOIDIK GLC
VFDQQLQJ WUDQVPHES$SDREY (GHWEBEWRQ HQF

+ 3DXW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

GLVSHUWDAH ('; PLFURDQDO\VLV V\VWHP
REVHUYDWLRQV FRPELQHG ZLWXD @RsDIDGF H
FKHPLFDO FRPSRVLWLRQ DQDO\WHV ZHUH IF
HOHPHQWY LQ DUH DY HYHRME DO VW HAH D A H
E\ 6(0 ZLWK WKH )XVHXRQWD ' HTXIDSSHG
EDFNVFDWWHUHG HOHRNVURQALJ B L RN WRH FW
SURGXFWYVY IRUPHG DW IWKUHH FRODDUEUA IHEE) ROQWY BX
OLQH DQG PDSSLQHHOQB\W X\ ;G DWOIDUVHY
9DULRXV W\SHV RI FKDQJHV ZHUH REVHUYF
RI (;: FODGVY GXH WR DSSOLHG DQQHDOLQJ |
RI ORZ WHPSHUDWXUH DQQHDOLQJ DQG IR
EHIRUH WKH WHRKWRRRM FRIO VRVSIHD LWHQLQ
FKDQJHV ZHUH RQO\ REVHUYHG LQVLGH WKH
WHPSHUDWXUHV ZHUH KLJKHU WKDQ WKH RC
WUDQVLWLRQ RI JLYHQ DOOR\ WKHQ WKH W
LOWR JUDQHQHG RQH ZDV REVHUYHG ,Q WK
PLFURVWUXFWXUDO FKDQJHV ZHUH REVHUY
OD\HUV Rl MRLQHG SODWHYV LQ DUHDV QHDU
IRU 7L FDUERQ VWHHO FODG 6LPLVWIOHW EH
PHOWHG ]JRQHV RI FDUERQ RU VWDLQOHVYV
7L *U  $% DQG 7L *U &X PHWDOV FRPSRYV
SURFHVVHV DFURVV WKH LQWHUIDFH DUH G|
DQQHDOLQJ WHPSHUDWXUHV TRLEGWRSRIUMGK!
PDWHULDOV DQG IRU ORQJHU DQQHDOLQJ
PHWDO FRPSRVLWLRQV WKH DSSHDUDQFH
GLVDSSHDUDQFH JURZWK RU WUDQVIRUPD)
REVHUYHG 7KH SKDVHV IRUPBIZD\@XKDYH D
FKDUDFWHU RI FRQWLQXRXV GLIIXVLRQ OO
FKHPLFDO FRPSRVLWLRQ RI SKDVHV FDQ E
LHFODVVLFDOY SKDVH HTXLOLEULXP GLDJUDTF
SKDVHV RFFXUUHQFH LV VWAWRQFMW OV RFH GIXWM -
SODWHV DV SUHVHQWHG LQ )LJ IRU $0 &X
W LV FRQFOXGHG WKDW DSSOLFDMWRXQ F
KHDWLQJ LQ 6(0 DQG 7(0 IRU LQYHVWLJDWLF
WKH FKHPLFDO FRPSRVLWQWO LARBEJRN (QHDI
DOORZHG WR H[SODLQ WKH PHFKDQLVP RI JF
RI VXFK PDWHULDOV %RWK WKH DPRUSKF
FU\WWWDOOLWHY ZHUH LGHQWLILHG QHDU WK

+ 3DXW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

'XULQJ DQQHDOL@RI WRH PGILQ WKW IDRFQU RVV WK H
VWURQJ FKDQJHV LQVLGH PHOWHG ]JRQHYV
HOHPHQWY PLJUDWLRQ DFURVYV WKH LQWHU/|

)L J &KHPLFDO FRPSRVLWLRQ FKDQJHV QH
$0 &X FODG REVHUYHGW QVHP B SO B \BXQWHND O F
EHWZHBQODQG®E IRU PLQ IRU HDFK \LIOWHUY
KHDWLQJ DQG 6(0 ('; FKHPLFDO FRPSRVLWLR
VDPSOH DQQRRDOHG DW

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLR
I1DURGRZHUX&HQMD XN L DEEU 1&1 SUF

0 67 % 67 DQG
% 67
7 = %ODJ(\@GORIVLYH :HOGLQJ )RUPLQJ D

1HZ <RUN $SSOLHG 6FLHQFH 3XEOLVKHUYV
. B6NX]LHORPWYD FKDUDNWHU\VW\ND SR&
7L &X VSDMDQ\FK PHWREK' WWHKFLK\RZ,006

.UDNRZ 6% 1 LQ SROLVK

' 0 JURQBIHFNRVWUXFWXUDO DQG NLQHW
WKH SKHQRPHQD RFFXUUD®B \DWD\WW K HD F @/IXt
H[SORVLYH ZHOBKIQVILY ,006 3$6 .UDNRZ

+ 3DXW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

[,48," 3+$6( 6+2&. :$9( &2162/,'$7,21 2)
1$126758&785('+§D &20326,7 (6

$ % 3HLNULWMKSKLOSLKDJH@L VK YMRIALEDG]F
*x  ODPQLDVKYL@XKUGID®E $ $ 'JHEXDG

7TDYDG]H ,QVWLWXWH RI OHWDOEGKOUOUVDQ
*HRUJLD
7TVXOXNLG]H OLQLQJ ,QVWLWXWH
-DYDNKLVKYLOL 7ELOLVL 6WDWH 8QLYF

HPDDSHLNULVKYLOLL#\D
‘2, (310

7TKHLBHUHQW FRPSRMIWEGKHYGRI RIDSRZGHL
FRQVROLGDWHG QHDU DQG DERYH RI WKH P
VWDJH F\OLQGULFDO JHRPHWU\ RI ORDGLQJ
DQRQG WR PDLQWDLQ FRQVROLGDWHG ELOOL
SUHFXUVRUV ILUVW ZHUH FRQVROLGDWHG L
WKHLU GHQVLW\ DQG WR SUHYHQW WKH VW
VWDJH ORDGLQJ DW KLJK WHPSHUDWXdUHYV
FRPSRVLWLRQV XQGHU WKH GLIIHKH Q3K UHQ
DPPRQLXP QLWUDWH DQG WKH PL[WXUH ZLW
XVHG GXULQJ WKH H[SHULPHQWV WR FRQV
LOWHQVLW\ RI ORDGLQJ RI DQG UHVSH
FRQVROLGDWLRQ GXULQJAWMWMKH ¥YFKPRQBGYXWDPA
DERYH RI PHOWLQJ SRL@W RI VLOYHU XS WR
$V WKHUH ZDV HVWDEOLVKHG WKH DSSOLF
DERYH RI PHOWLQJ SRLQW RI VL@YHW DQG
OHDGV WR IRUPDWLRQ RI WKHUPDYHVWEBRW
GXULQJ WKH FRROLQJ SURFHVVLQJ 7KH FL
ZKROH YROXPH RI REWDLQHG VDPSOHV 7K
WHPSHUDWXUH DQG RERD\WRAHFXNWERRE RHD!
HVVHQWLDOO\ UHGXFHV WKH FRRWYHQW\W WK
FUDFNLQJ LQ ZKROH YROXPH RI FRQVROLGDYV

$ % 3HLNHMMXIYLOL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

$V LQYHVWLIJDWLRQ VKRZHG WKH ORZ L
LQFUHDVHG SXOVH GXUDWLRKY LE\R FPSRRML WM LIF
SURYLGLQJ REWDLQLQJ VDPSOHV ZLWK KL
PHQWGRPD\ EH REVHUYHG RQO\ IRU FRPSRYV
RI WDQWDOXP DQG PD\ EH H[SODLQHG E\ WK
'LWK LQFUHDVLQJ VLOYHU FRQWHQW WKH ¢
ERWK FDVHV RI ORDGLQJ SUDFWLFDOO\ EHF]

7KH LQYHVWLJDWDRG RLFRIRFURUXFWXUH\
VKRZHG WKDW FR@MROUBPXMLRRURIQHD U WR
RI VLOYHU SURYLGHVY REWDLQLQJ RI KLJK G
XQLIRUP GLVWULEXWLRQ RI FRQVLVWLQJ SK

Y)LIXUH URWHQW YV DMXG PIDFFURRV WU XFWAX UH R
$J FRPSRVLWHY REWDLQHG RIWHU FRQVROL

/DEOH 7KH GLVWULEXWLR QR KPMRJISROH.WWH
FRQVROLGPEWHONBWSLITHUHQW LQWHQVLW\ R

DUG@BNJ PP +DUG@BINY PP
&RPSRVLV)TF%éjéﬁQJ XBOHWURDGLQJ XM H U

T4 $J
T4 $J
T4 $J
P4 $J
[4E: $J

)LJ ODPQR PLFURVWUXFWXUHV RI OLTXLG
FRQVROLGDWRERYDWHY REWDLQHGEGVQK DU WR
IQWHQVLW\ Rl ORBGLQJ XQGHU

/KH FXUUHQW LQYHVWLJDWLRQ ZDV FRQG

6K516) RI (25*,$ 7KH SURMHFW 1XPEHU '
+

$ % 3HLNHMMXYLOL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6+2&. $66,67(' /,48+$6( &2162/,'$7,21
2) 7D 1E:$90 &20326,7(6

$ % 3HLNULNKYLBOEVNHV7DYDG]H
% $ *RGLEDQXH( 6K &KDJHOL'

7DYDG]M XQWHNVRI OHWDOOXUJ\ DO LODWH
*HRUJLD
ODWV\V ,QF G6WHUOLQJ ¢
7VXOXNLG]H OLQOLQJ ,QVWLWXWH
-DYDNKLVKYLOL 7ELOLVL 6WDWH 8QLY}

HPDIDDSHLNULVKYLOL#\DK
‘2, (310

7KH PDLQ SXUSRVH RI WKH ZRUN SUHVHQW
H[SORVLYH FRQVROLGDWLRQ WHFKRQRIDRVLQ
+LJRHPSHUDWXUH 6\QWKHVHV SURFHVAEHV 6
$O RHOIKGHQOVLW) F\OLQGULFDO ELOOHWYV :
LPSURYHG SURSHUWLHYV

'Q WKH ILUVW VWDJH Rl WKH LQYHVWLJDW
WR GHBVLI\ WKH SUHFXUVRUV DW URRP WH
FRQVROLGPWDRRQ BMR RHWYV ZLWK LQFUHDVHC
SDUWLFOH VXUIDFHV IRU IXUWKHU VLQWHUL
WKH LQYHVWLDIPH HRRH UL RH Q W \K R HHYHH U H SWK
FRQVROLGDWLRQV ZHUH FRQGXFW HG! DWK KR
6+6 UHDFWLRQ WHPSHUDWXUHV RI WKH SUF
WKHVH FRPSRVLWH PDWHULDOV 7KH ORDGL(

*3D 7KH WHPSHUDWXUH IRU WKH VHFRQG
KRW FRQGLWLRQ ZDV XQQHW EHIR UK B RKH®L
XQGHU PLQXWHV

W ZDV HVWDEOLVKHG WKDW WKH LQLWLDW
UHDFWLRQ$IOQ SREEHWD FRPSRVLWHY VWDUWV
RUGHU WR IDEULFDWH ELOOHWY DW RU QHD!
SHIHFW VWUXFWXUH FRUUHFW F\OLQGULF
FUDFNLQJ LW ZDV QHEBRVIVEMOER ODRHWGY S

$ % 3HLNHMMXIYLOL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

UHDFKLQJ f& &RQVROLGDWLRQ RI WKH
FUDFNLQJ WKURXJKRXW WKH HQWL TN H@RW X
- UD\ GLIIUDFWLRQ LQYHVW :$DW #SED RJ V9K H
$O0 VDPSOHV VKRZV WKDW WKH LQLWLDWLRC
ZDYH IURQW GLUHFWO\ GHSHQGHG RQ Sl
VIQWKHVLV L H FROYHUVGRQS WRGWB\®
WKHS$STD UHDFWLRQ PL[WXUH ZLWK IRUPDWLR
EHFRPHV SRVVLEOH RQO\ DIWHU FRQVROL(
FRQWUDVW LQYHYML DOMEORDHR F W IKRIQLEL[W
WKH WWZRIH +(& SURFHV\REWKRZGILE W KDWMO \
VDPSOHV ZLWK WKH IRUPDWLRQ RI WKHLI
SUDFWLFDOO\ LPSRVVLEOH XQGHU WKH VDF
6+6 UHDFWLRQ=$CR WD QIO SIEFHFXUVRUV LQF!I
WHPSHUDWXUH GXULQGDWDRQQD OXDGY FRIQW
LQ WKH HQWLUH YROXPH RI WKH UHVXOWDQ
FROQVLGHULQJ WKH GHQVLW)\ GLIIHUHQFHV E
LQ FRQWUDVW WR WKH ORZHU GHQVLW\ RI 1
WZLFH GSIWRFD LPSHWXV IRU WKH IRUPDWL
VKRFN ZDYH GXULQJ WKH SRQE®BQ G DRI LRRZ
UHVXOWLQJ LQ WKH IXO0 VIQWKHVLYV DQG I}
WKH HQWLUH YROXPH RI WKHH AN &S RHDLAQWYO
FRPSRXQGV ZDV IRXQG WR GHSHQG RQ W
HOHPHQWY LQ WKH VWDUWLQJ FRPSRVLWLR!

7KH DIRUHPHQWLRQHG REVHUYDWLRQV R
SURSSURARHVVLQJ UHODWLRQVK#$SV ODRE WK H
$0O EDVHBVERAS/ GHSHQOGLQJ RQ WKH ORD(
ZHOO DVXWKHQ@GHRSHUDWLRQ RI WKH +(& GH
DQG GLVFXVVHG

$ % 3HLNHMMXYLOL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)LJ UD\ GLIIUDFWRIUDPDRWLIZ®Q PL[WXUHV
f& DQG f& VKRZV WKH VFRDKHWVML RIX ODC
IRUPDWLRQ Rl WDQWDOXP DOXPLQLGHV DW F

$ % 3HLNHMMXIYLOL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

+27 6+2&. :$9( &2162/7,,31 2)
1$1267588&785(' 781*6 (46 (' &20326,7(6

$ % 3HLNULNKYLBEVNHYV 7DYDG]H
% $ *RGLEDGKH &KDJHODRDYKYLOGLKK 2QLDVKYL

7DYDG]H ,QVWLWXWH RI 0HMDFMHX TELDQ &LO
*HRUJLD

ODWWV\,QF B6WHUOLQJ 9% 86$%

7VXOXNLG]H OLQLQJ ,QVWLWXWH 7ELOLVL

-DYDNKLVKYLOL 7ELOLVL 6WDWH 8SQLYHUVL\

HPDIOSHLNULVKYLOLL#\DKRR FRP
‘2, (310

8VLQJ +RW ([SORVLYH &RQVROLGDWLRQ +
IDEULFDWHG DQG FRQVROLGDWHG G$IIHUHC
. +& X DQ®BD: SRZGHUV EDVHG RQ D QDQRVFD(
EXON QDQRVWUXFWXUHG ELOOHWVY WR Q
QIRYFDOH : SRZGHUV DQG RQH QDQRVFDO

SRZGHUV KDG JUDLQ VL]HV RI DQG C
SRZGHU KDG D JUDLQ VL]H RI QP 7KH $J D
VLIHV RI DURXQG —P ZHUH XVHG WR SU}

SUHRYUBRZGHUV 7KH KHDWLQJ WHPSHUDW
UDQJHG IURP EHORZ WR DERYH WKH PHOWL
f& 7KH +(& ORDGLQJ LQWHQVLW\ ZDV
LOYHVWLIJDWLRQV VKRZHG WKDW WKH XVF
QDQRVWUXRWGEREIBG: B\ WKHLU H[SORVLYH F
PHOWLQJ SRLQW RI &X RU $J SUHVHUYHG W
DQG HQDEOHG WKH IDEULFDWLRQ RI IX0O0 C
QRWDEOH FRDUVHQLQJ Rl WKH JUDLQ ®L]H
JRRG LOQWHJULW\ DQG LPSURYHG SK\VLFDO
7DEOHV DQG IRU WKH KDUGQHVV RI WKH

$ % 3HLNHMMXYLOL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

DEOH +DUGQHVYV GLVWULESWNVNRO® SKOHVKH |
&RPSDFWBBPSDFWRPGLQJILFNHUV
&RPSRVLWHIPSHUDWYWUH OLFURKDUGQHVV

>fa@ >NJ R®

$J

$J

$J

$J

+ o+ g

/DEOH +DUGQHVY GLVWULEBXIVNRE® SRKOHVKH

&RPSDFWEBPSDFWRRGQGLQJILFNHUYV
&RPSRVLWHHPSHUDWXUHOLBRKDUGQHVYV

>f&@ >NJ R®
+x 7D
QP QP
.+ 7D

QP QP
+x 7D
QP QP
+x 7D
QP QP

7KH VWUXFWXUH DQG FKDUDFWHULVWLFV |
RQ WKH SKDVBLVRQWEXQW.RQ RI SKDVHV
SDUDPHWHUV XVHG GXULQJ WKH H[SORVLYH
WKH FDVH Rl WKH D QFRRPBBXEW KV HAH :IRXQ C
LPSRUWDQW WR KDYH D GHILQLWH PDWFKLQ
WR YSHUHW WKH FUDFNLQJ LQ WKH +(& ELOO}
VDPSOHV ZLWKRXW YLVLEOH VWUXFWXUDO G

D E F G
)L J /KH PDOFGRPLFURVWUXFWXUHYV RI
QDQRVWUXFWXUHG FRPSRVLWHN =D 7DQG
E DQGxG7D 7KH JUDLQ VL]HV RI : DQG 7D
QP UHVSHFWLYHO\

$ % 3HLNHMMXIYLOL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

D E F G
)L J /KH PDFGEGRPLFURVWUXFWXUH RI V
QDOQRVWUXFWXUHG FRPSRVLWHYVY +D 7DQG F
E DQGx+G 7D 7KH JUDLQ VL]JHV RI : DQG 7I
QP UHVSHFWLYHO\

$GGLWLRQDOO\ ZH REVHUYHG WKDW WK
UHVLVWDQFH DQG GHSHQGHQFH RI WKH VX
. +&X $J FRPSRVLWHV ZHUH GHSHQHEGW VD QX
WKH GHQVLW\ RI WKH FRQVROLGDWHG VDPS
WKH SURFHVVLQJ RI WKH SUHFXUVRUV D
QDQRVWUXFWXUHG : EDVHG FRPSRVLWHV L
RI WKH +(& WHFKQLTXH

$ % 3HLNHMMXYLOL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

1)/8(1&( 2) 7+(50%/ REB6,1* 21
6758&785%/ &+$1*(6 2) 67((/ 7,7%$1,8
%,0(7$/ 2%7$,1(" %< (:3/26,9( :(/',1* ,1
$5*%21 0(',80

2 | 3HUYXNKLQ

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ORIYNLL HRRAHAR 2
5XVVLD

HPDLRSHUYXNKLQD#PD
‘2, (310

/IRFDO DUHIPRRSOHWEH MNWHRQ E MPIHAWBGE X P
DSSHDUZ®EBKRFDXVHG E\ WKHLURSREMHR Y E
ZHOGLQDIWHU KHDW H\WW R @/PHIEMH DUHDV
FRPSDUHG HAMBMEL PHWIDRDSOHY FXW RXW IUR
VHFWLRQW RIN@BMWHHU KHD W 7 WH HIEWIRHHF QWY R
VWXG\ ZDV6 ®7 + ELPHWDO VYKHHW PP
ZHO@EHGH[SORVLRQ LLYH DIBW RIWHRYD 7H®OYLUR
TXDOLW\ RI WKH MRLQWX®BAU BAHRURNYAG U QM IGH |
HQWLWKHHW JWK DORQJ WKH GLUHRWHROQKRI (
QRLVH GZDNWHFRGH\GE GHHUHBWRLY HD D UH D

5HVXOWVRRI V8N DBV VWHIRVE HIVHA IQ RMANWKHRRIL Q
GLITHUHQW WHH. @YHREI YKHHW 03DIQ WKH
GHIHFW LYBIHYVYHBK D Q 03D

+HDW WUHDWPSHMYY ROYWHG D®Q H®IRILQ J
GLITHUHQW GXUDWQEB &V RO OR DHER R O1LIOH
VWXGLHV Rl WKWWAHDCEGH G QR EQWHROXWLRQ
ZHUFHRQGXFWRS WMDY DQG VFDQQLQJ HOHFW
DYHUDJH WK LFNROHW N QR P MEKDIY WKH LQWHU |
OD\HD¥DOFXODWHGL RVRIRWIHD O DUHD RI FDVW
WKH OHQJWK RI WKH PHDVXUHG VHFWLRQ

W KDV EHHQ UHYHDOHG WKDW WKH ELPHW
VWDEOH VWUXFWXUH Dr&RQ\IUWK\N XEIBIOEH @& KC

2 /| 3HUYXNKLQD



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

MRHGVELWY WKH ZDZYWKKDRBEZWHKY S DUD® HW
LOGLYEDRID)®QFOXVYRRAVWIKZHDYH IR UPQ WLRHD
GHIHFIVUMBGLVWX$VEHBKH MRLQW RMMLHUXR R
LOQWHUOD\HU FRQVLVWDQJJ)RILQM HURY BM)BIO C
IRUPHG

$V VKRZQ LQ WHDW WKHDWPHQW OBDGV \
7KNMLYRI LOQFOGNERQ® KRRD B/IIKWJ WLPH DQG H
LQ WKH ZHOGLQJ JDRBU XZIRQLRW\ ZHOGHG ]F
WKLFN@HNWY LQVDIRQUFDMBKHOD\I WK &UDFN
SRUBIWHLWKLQ WKH LQFOXVHBQYHIDYHQ JDIVQ
GHIHFW L WH HIR\Q KGEQRHVIWHN O\ DIWHRUDQQF
K*URZWKRIGBRMHUHVSRQGY WR WKH GDWD ROQ
RI LQWHUPHWSR® DEEOMY AMMEEVBLD QLXP LQ D

)L $YHUDJH WKLFNQHVV RI| LOQWWKMH® DO OL
W LW D QL XM VOVIKQ DWW BRIQVRIF®B) | &

2 /| 3HUYXNKLQD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

19(67,*$7,21 2) ,1,7,$7,21 2) =Q
672,&+,20(75,& 0,:785( %< 38/6( ,03%!

(9 SHWURYGDUINRY * 5 6DLNRY

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLO SHIZMUIRZ#PDLO L
‘2, (310

&UHDWLRQ RI QHZ PDWHULDOV ZLWK XOQlL
LOYHVWLIJDWLRQ XQGHU H[WUHPH FRQGLWLF
XUJHQW WDVNV RI PRGHUQ VFLHQFH 6XFK S
DV VKFMNH FRPSDFWVR@WK KV IDQGQLWLDWHG
ZLUH > @

7KH H[RWKHUPLF V\VWHP RI JLQF DQG VXO
RI VWXG\ ,W UHDFWV ZLWK WKH IRUPDWLR
UHDFWLRQ SURGXFWV DQG VDWLVILHV D
WKHUPRG\QDPIRUFWHWRQDRQRQ DELOLW)\ > @

6KRE®MYH FRPSDFWLRQ RI SRZGHU PL[WX
UHFRYHU\ IL[WXUH RFFXUUHG XVLQJ D GHW|
URXQG XQLIRUP FRPSUHVVLRQ Rl WKH UHFR
VIQWKHVLY LQLWLDWHG ZB\V HESORGH Q J RXIW
F\OLQGULFO®BHUHDHWWULF SXOVH ZDV DSSC
FRQWDFWY ZKLFK H[SORGHG WKH ZLUH DQ
SRZGHU PL[WXUH 6DPSOLQJ RI WKH ILQDO
FDUULHG RXW RQRIF DHDWRLRXWHKH OHQJIJWK RI V
DQG UHDFWRU

'5' DQDO\VLV Rl SURGXFWV REWDLQHG LQ
WKH UHDFWRU VKRZHG WKDW LQ ERWK FDVI
JLQF VXOILGH +RZHYHU JLQF VXOIL@HMZAR W
PRGLILFDWLRQV KH[DJRQDO DQG FXELF 7K
WKHVH WZR SKDVHV LQ WKH SURGXFW IRUP
DQG 6 SRZGHUV LQGLFDWHY WKH FU\WWDOO

( 9 3HAWD®RY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

QHDU WKH SKDVH WUDQVLWILRQ@\WHKRZHGDWK
JLQF VXOILGH SURGXFW UHVXOWLQJ XSRQ |
HISHULPHQWYV FRUUHVSRQGV WR KH[DJRQDO

TKXWKH VWXGLHY FDUULHG RXW LQGLFDW
VWRLFKLRPHWULF PL[WXUH LAD $¥RP\SLUEHOMY ER
RI WKH UHFRYHU\ ILIWXUH DQG XSRQ LQL
HISORGLQJ ZLUH 7KH UHVXOWLQJ SURGXF
VWUXFWXUH

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 5XVVLI

9 ' B5RJRILORVLYHVISUWRMRHVSRZGHU PD
9ROJRJIJUDG 3RO\WHFKQLF LQ 5XVVLD
9 6 7URILPRY ( 9 3HWURYS E® G@®ARQD YV
RI 6BORSDJ 7HPX 6\QWK YRO QR+ SS

<X $ *RUGRSRORY 9 6 7URIYPRYQ WKH

SRVVLELOUWHHRIGHWRQDWLRQ RI'"'RRQGHQ
$NDG 1DXNYRO QR+ SS

( 9 3HKWW RO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)250%$7,21 2) *5%$',(17 6758&785(6 2)
)81&7,21$/ &2%$7,1%6 $)7(5 7+( ,03%$&7 :
+.*+63((' 3$57,&/(6 )/2:

(9 3HWOQRY9 6 T7URILPF

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLSHWHRZHQL#BRLO
‘2, (310

7KH PDLQ REMHFWLYH RI KDUGHQLQJ WHFK!
RUJDQL]DWLRQ RI VXUIDFH SKHQRPHQD ZLW
VWUXFWXUHV RI IXQFWLRQDO VXUIDFH OD\H
VWUXFWXHHWRDQE ROKRI SURSHUWLHV RI W]
YDULHW\ RI SMAMPEBODILYKH DQG IRUFH LPS
WLPH WKH NH\ HOREHIQN |DAWV WK RIHOX UIDF H
WKH VWDEOH IRUPDWLRQ RI WKH OD\HU RI
VWUXFWXUH RU SKDVH FRPSRVLWLRQ $Q LI
SURFHVVHV RI WKH VWUXFWXUDO IRUPDWLR(

'Q WKLV SDSHU ZH LQYHVWLJDWHG WKH
JUDGLHQW VWUXFWXUHV RI IXQFWLRQDO F
WHFKORJ\ Rl WKH IORZ LPSDFW RI VROLG UH
E\ GLUHFWLRQDO H[SORVLRQ EDVHG RQ WKH

'KHQ H[SHULPHQWY WKH VKRFN ZDYH D¢
H[SORVLRQ DFFHOHUDWH WKH GLVSHFOHGYW
RI + P DQG DORQJ ZLWK LW DIIHFW WKH
VDPSOH ZLWK D GLDPHWHU RI PP DQG D Kk
SDUWLFOHV ZHUH GHWHFWHG E\ 6(0 DW D
VXUIDFH RI LPSDFW ZKLFK HFNMHGY WXQH M
SDUWLFOH P E\ WLPHV

JLJXUH VKRZV WKH 6(0 LPDJH RI WKH VWL
UHOHYDQW ('6 GDWD 7KH FHOOXODU VWUXF
WXQJVWHQ FDUELGH DDUGNHQFOXVWREUHRI :

(9 3HW@ERBYW 6 7URILPRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

)LJ $Q HYDOXDWLRQ RI WKH QDWXUH RI
SURFHVVHV VKRZV WKDW &Q SXOSARHDG DR F H W2
WHPSHUDWXUH LQ IXQFWLRQDO OD\HUV ZLW
H[FHHGV D WHPSHUDWXUH RI f & WZAKAWF R LFS
UHDFWLRQ 7KH SRO\PRUSKLF WUDQVIRUPD!
RI DXVWHQLWH DQG WKH GLVVROXWLRQ R
SURFHHG DW WKLV WHPSHUDWXUH 'XULQJ |
VXSHUVDWXUDWHG E\ WERRYWNKQWKHE FRRI
VWUXFWXUH RI WKH VWDELOL]HG VXSHUFRI
H[FHVV RI WXQJVWHQ LV SUHFLSLWDWHG DV
RI DXVWHQLWLF JUDLQV ZHDNO\ DOOR\HG ZL

7KXV GXULQJ WKMPMRW IRAHVWHHO 8 VDPS
RI WXQJVWHQ SRZGHU SDUWLFOHV DFFHO
H[SORVLRQ D FHOOXODU VXSHUFRROHG DX
JULG DORQJ WKH JUDLQ ERXQGDULHV LV IF
ZKLFK LVDIOG WRWWERH VW U XFWSHHHG RY WH A DV
FRPSOH[ FDUELGH HXWHFWLF UHVHPEOLQJ C
ERXQGDULHV RI DXVWHQLWH

$UHD & )H

I+

yLJ 6(0 LPDIJHLRIRWHHD BDHWVKH IORZ RI W)
DFFHOHUDWHG E\ WKH HQHUJ\ RI WKH H[SOR
Z\WN

(9 3HWQ@ERYW 6 7URILPR



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6+6 2) $'9%1& (' +(B76,67$17 &(5%$0,&6 ,1
7+( OR+0H 61% & 6<67(0

$ <X 3RWDQILQ<DWSXINRURWLOR 3RIJR]KHY
' <X .RYDOWG ( $ /HYDVKI

IDWLRQDO 8QLYHUVLW\ RI 6FLHQFH DQG 7
5XVVLD

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLD SRWDQLQ#LQEF
"2, (310

7KH NH\ UHVHDUFK SUREOHP DVVRFLDWHG 2
JHQHUDWLRQ VSDFH WUDQVSRUWDWLRQ V\V
ZRXOG EH UHVLVWDQW WR R[LGDWLRQ DW W
H[SRVXUH FMMORVKDOK\ JDV IORZ FRQWDLQLQ.
7KHVH PDWHULDOV VKRZ D \KXS K USARRFALF W U
> @ ZLWK VKDUS ZLQJ DQG IDLULQJ HGJHV I
WKH QR]]JOH W KXUHED WQLIQ QMR ¥ W\GW HP V

7KH SURPLVLQJ PDWHULDOV LQFOXGH KD
EDVHG RQ JLUFRQ MX¢DBRKD ®H SARKID \F HRCRWLHQ W/

f& DQG DUH FKDUDFWHUL]JHG E\ KLJK VW
ZHDU UHVLVWDQFH DQG WKHUPDO VWDELO
—U%DVHG FRPSRVLWHYV LV KLJK WKHUPDO F
KHDW WUDQVIHU DZD\DBER FZ WKK OF RQBMICARW R\ !
JDV

$OOR\LQJ RO G UWERIPRDLQLQJ FRPSRXQGV
OR6L =U&6k @ JLYHV ULVH WR D SURWHFWLYF
XSRQ R[LGDWLRQ 2 FREOMNWLEXVRHWWR HIILF
PLFURFUBGFNRUBQ WKDW LQHYLWDEO\ HPHUJ
GXULQJ LWV RSHUDWLRQ

+LJWHPSHUDWXUH FRPSRVLWH FHUIDPDRBV
ERULGHV DQG VLOLFLGHV DUH IDEULFDWHC

$ <X 3RAWD@IOQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

SODVPD VLQWHU Q@s ¥6H O PG DICHFWHRQ R K|
SXULW\ UHIUDFWRU\ FRPSRXQGYV DQG YDULI
DOWHUQDWL®H PHWKRG

7KLV VWXG\ IRFXVHV RQ WKH NLQHWLFV T
DQG RQ VWDJHV Rl FKHPLFD QY8 U DR UP D \
& OBt DQE&HIAREYS PL[WXUHV LQ WKH FRPE X\
VWDJLQJ RI VWUXFWXUDO SKDVH WUDQVIRU
UD\ GLIIUDFWLRQ ';5' DQDO\VLV DQG FRP
&)4 SHUIRUPHG LQ D EXON FRSSHU ZHGJH
RI WKH PRIREDXWRQW ZHUH DVVHVVHG XVLQJ
PLFURD\ VSHFWURPHWU\ DQDO\VLV

JLIXUH VKRZV WKH FKDU DPW HRLLVOOLFW
SDWWHUQV RI FRPRXoME LIRLQWRA UW KHL WK FRP
FDOFXODWHG VR BUY®WR 6R&E WDWIQP D UV B UG
FU\WWWDOOL]H IURBS W RH CHX WS\ UN DW X U D W
6LOLFRQ FDUELGH 6L& DOVR FU\WWDOOL]HV
ORQJHU WKDQ V

)L J 6HOHFWLYH VHULHYV RI WKH ";5"SDWW
%6 t& PL[WXUH ZLWK FRPSRVLWLR@GUWROFXOD
6L&

$ <X 3RAWD@IOQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

$FFRUGLQJ WR WKH UHVXOWV RI FRPSUHI
&)4 RI FRPEXVWLBRQ6SH WKMRXBHY ZH VXJJ
IROORZLQJ PHFKDQLVP RI VWUXHFWRRERQWLKRX
ZDYH +NM6LQLWLDOO\ |RUP HREQHQYWH WV K H DR |
RI VREKID&/H LQWHUDFWLR® WHMY\RORUL\Y JUW R A
JLIXUH VKRZV WKH PLFURVWUXFWXUH RI W
FROWDLQLQJ VXEPLFUWRIEWH]WHG L+ IPHOWHG
VSUHDGV RYHU WKH VXUIDFH Rl QRDEQWOQGH!
IRUPHG GXH WR UHDFWLRQDU\ GLIIXVLRQ R
LOWHUIDFH > @ 'LIIXVLRQ FRXQWHUIORZ RI
6L PHOW XQWRLO GHLAADNVWD OVDURY%S DBEL $ L%/
7KH ILOQDO SURGXFW LORPO XIEHS/KAYWHVOR 6 L

)L J OLFURVWUXFWXUH RI WKH TXHOFKHG F
+1H9%6L PL[WXUB UWRSWRAH

/KH UHVXOWLQJ FHUDPLF FRPSRVLWHYV V
WKHVMWRIDLQHG SDUWYV QRW RQO\ DV FRQVW
GHVLJQ DQ HIILFLHQW V\VWtHDB UIRRRJQ SFRJRPNEHRFY
PDWHULDOV &&&0W HPBIHUDSWOMH BIODR/UU RV LR
HURVLRQ $Q HIIHFWLYH PHRWIGRIG \§ B R&SUXKAEEW!
IRUPDWLRQ RQ VKKN NXKREBURNWRRKPANV LY RUFRDW
HIDPSOHVOKWBSRVLWLRQ VXUIDFLQJ RU LF
SRZGHU SUHFXUVRU

7TKH ZRUN ZDV ILQDQFLDOO\ VXHBRBNK H® C
GHYHORSPHQW LQ SULRULW\ DUHDV IRU WKH
WHFKQRORJLFDO FRPSOH{ RI SXAVWVHP HRW F
JUDQWLQJ VXEVLG\ 1R BQLTXH L«

5)0(), :

$ <X 3RAWD@IOQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

$ 3DXO ' ' ODMVBEHHIHQXIRSBROYDWDSI
%LQQHU % 9DLGK\DQDWKDQ $ +HDWRQ
8+78& FRPSRVLWH IRU K\SH®R RQHE DIPS SERF
%X0O0 YRO QR SS

( :XFKLQD ( 2SLOD 0O 2SHND : )DKUF
8+7&V SOMWWDWHPSHUDWXUH FHUDPLF PIL
HQYLURQPHQW (DSEWIFDAKHPQ\WRF ,9%HU
' B6FLWL 6 *XLFFLDUGBURSHUWHE®R\R
SUHVV ¥ULHWHUAIR 6 EDE®RIDF FRPSRVLI$WH
&HUDP 6RF YRO QR + SS

6 4 *XR . <XWDND 1 7RVKRWHVL XTHOL
VLQWHULQJ DQG SK\VLFDIVISG RFERHRUS/RIVH W |
=UBDG G LEFLLIHS WD 0D WHRIO +S'S

. . :X * - =ZKDQJ < 0 .DQ 3 / :DQJ .
- 9OHXJHOV B\QWBKHWVWDQG PLFURVWUX
—U¥LEDVHG FRPSRVLWHYV E\ UHDFWLYH V¢
UHDFWLYH K@RWLSWHDVYDQYNBO QR+ SS

( $ /HYDVKRY $ 6 OXNDV\DQ $ 6 5RJDF
6HSURSDJDWALBB SHUBRWXUH VIQWKHVLV R
DQG FRDOWLQOBWHU 5¥RO QRt SS

9 9 .KDWNLQD ( , 3DWVHUD ( $ /HYDV
BHSURSDJDWWEP SKHUBWXUH VI\QWKHVLV R
FHUDPLFV ZWUWKD WKXSHULRU (SWR SHHUM PH \6 F

YRO SS
( $ /HYDVKRY <X 6 S3RBRWBOLG kX
.RFKHWRY ' <X .RYDOHY 1 9 6KY\QGL

6HGURSDJIJDWLRB SKHUBWXUH VIQWKHVLV RI
LQ WKHEBRV\VWHP .LQHWLFV DQG PHFKDC
DQG VWUXFWXWHHW DRUPOWYRQ 5S

$ <X 3RAWD@IOQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

$33/,&$7,21 2) 6+6 )25 352'8&7,21 :
$'9$1& (" OH® +61k% &(5$0,&6 )25 39' 2)
+,*+7(03(5%$785( 3527(&7,9( &2%$7,1*6

$ <X 3RWDQLOQ<DVBYXN .LU\XNKIODMHYY
<X 6 3RJRIKAYBKYL®GRQDRYLNRY
DQG ( $ /HYDVKF

1IDWLRQDO 9 BLPLHHWDWFLIHVD ®G 7HFHW@RORZ\ 0,
5XVD

HPDLD SRWDQLQ#LQEF
"2, (310

7KLV ZRUN LV VXSSRVHG WR FDUU\ RXW H[S
KLMHPSHUDWXUH FHUDPLF PDWHULDOV EDV
WUDQVLWLRQ UHIUDFWR UJURK\S D OR/L REKW KS
HOHPHQWYV WSLERSD FD WAHIBI SKHUBW X UH V\Q WK
WHFKQR@SOVR WKH PHFKDQLVPV RI WKH
IRUPDWLRQ DV ZHOO DV WKH VWDJHV RI
VIQWKHVLV946Q \AeKbES= U0 1% D QR&+ B6 1%
VIVWHPV ZHUH VW X\GHASHUDKHX K JRHUDPLF
VDPSOHV LQFOPOGNIQRGWD UZHWH SURGXFHG
SUHVVLQJ WHFKQRORJ\ 7KH FRDWLQJV ZH
VSXWWHULQJ 7KH FRPSOH[ PDWHVKDWKUH\
UHODWLRQVKLS EHWZHHQ WKH FRPSRVLWLF
PDWHULDOV WKH SDUDPHWHUV RI VSXWWHU
FDUULHG RXW

© ZLGH UDQJH RI| FRADS/RK/R @/HIVWEDWHGVRQ F.
LOQWHUPHWDOOLF FRRSRRXQG\KW R URRIQ RW
PXOWLFRPSRQHQW QDQRVWUXFWXUHG FRDW
IRUFHG 6+6 SUHVV:O® BWXFKKQ@ROQOABJIRI FRPSR\
WDUJHWYV SRVVHVV D KLJK UHODWLYH GHQV
RU JUDGLHQW MWK XFKMPUAB O QBUKW\ DORQ.
PHFKDQLFDO SURSHUWLHY WKHUPDO DQG ¢}
WKH PDJOQHWURQ VSXWWHULQJ ZLWK XVLQJ

$ <X 3RAWD@IOQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

6+6WDUJHWY WKH VXEVWDQFH LV WUDQVIH
PHWDOGDF & OR $0 =U PHWDODDRKB B6RQ&
DWRPV DQG LRQV VLQFH D WDUJHW FRQWL
WKH IRUPDWLRQ RI VBKHVNROQWLWB FKGROR
REWDLQLQJ GLNWEQGHSOBPADRHQWHG WDUJ
FDQ EH XVHG LQ ERWK ODERUDWRU\ VFD
LOVWDOODWLRQV

7KH UHVXOWV VKRZ WKDW WKH WHPSHUDYV
RI FRPSRXQG¥u#HhQ WINM EP KDYH OLQHDU GH¢
LQLWLDO WMHP S KHDMWMXUHK R IGILEFRIQAH DQG C
FKHPLFDO UHDFWLRQ IRUPDWLRQ GLGKIRW
FDOFXODWHG YDOXHV RI WKH HIIHFWLYH D
LOQGLFDWH WKH OHDGLQJ UROH RI WKH UHDF
DQG ERURR®QG DLPHEW (YROXWLRQ RI FKF
LQ WKH FRPEXVWLFB@®WZBYHMVRUW KID\EWWXGLF
—U%W U\WWDOV ZHUH |RUDPBRGLG PWM RWR X XKJ WVKKHHU =
SKDVH ZDV DSSHDUHG ZLWK D GHOD\ RI
FUAWDOOL]HG IRU V ODWHU

D E
)L &RPSRVLWH WDUJHW REWDLQHG YLD IRU
D GLVN DQ&H W HRGMHGDVHIPHQWHG

7KH GHQVH VDPSOHYVY FKDUDFWHUL]HG E\ K
SRURVLW\ ZHUH SURGXKFUHEBY ELQRUNFHIKQ@R O
FRPSRVLWLRQ ZDV LQYHVWLJDWHG W ZDV
=U%V D PDLQ SKDVH G63KDWHVZ#WELFRQWDL
GHSHQGLQJ RQ WKH LQLWLDO PL[WXUH F
FRPSRVLWLRQV DUH DMGHPDSHUWHDIW XRU BISIKO
RI[LGL]JLQJ FRQGLWLRQ RZLQJ WR WKH IRUF
6L2=U2%2 DORQJ ZLWK WKH FRPHXEKHFR[LBUY
DV DQ HIITHFWLYH GLIIXVLRQ EDUULHU DQG L

$ <X 3RAWD@IOQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

+DUGH6HY 1 ILOPV ZHUWHE GEN INIDRQ VSXWW
RI 646DUJEBVBY 1 DQA 7KH VWUXFW
DQG FKHPLFDO DQG SKDVH FRPSRVLWLRQ
GLIITHUHQW VXEVWUDWHYV KDYH EHHQ VWXG
UHVROXWLRQ WUDQVPLVVHRWURQGP WUBDR\DAF
GLIIUDFWDR@WKRWRHOHFWURQ VSHFWURVFR
VSHFWURVFRIWSHUVUY\H DQDO\WLY DQG JO
HPLVVLRQ VSHFWURVFRS\ &RDWLQJV ZHUH
KDUGQHVV HODWOLIFVRREXWHFRYHU\ UHVLV\
ORDGLQJ IULFWLRQ FRHIILFLHQW ZHDU |
SURSHUWLHV RI ILOPV ZHUH DOVR HIQBLQH
OR®HUP R[LGDWLRQ UHEWIUMW B Q F3HU RSH WL R
W WKH WKRHOURR DQG WKHUPDO VWDELOL
DQQHDOHG LQ DLU DWPRVSKHUH DW WKH W
fé&

yLJ OLFURVWUXFWXUH RI FRERE&®BEW 6+6 FH
VI\VWHP

W ZDV FRQFOXGHG WKDW RVAK I UWOQRN HE&H S
SUHVVXUH FRQVLVW RI QDQRF B\WIMVHO QLW K \
VLIH RIQP DQG DPRUSKRXV WHFKRRQD PYL WKF
;5" PRUSKRXV VWUXFWXUH 6SHFLILF RSWLF
IRU WK ¥t EFUFRDWLQMUDIKWLRQ LQGH[ FR
WUDQVPLWWDQFH DQG UHIOHFWDQFH ZHUH |
IURP W R QP 7KH PD[LPXP KDUGQHVYV
PRGXOXV RI *3Db DQG HODVWLF UHFRYHU
IRU ILOPV GHSRVLWHG RWHRBYHU WWKIHFKQ LW
FRDWLQJY GHPRQVWUDWH KLJK ZHDU UHVL
FRQGLWLRQV ORZ IULFWLRQ BRHALGHLWRBMS F

$ <X 3RAWD@IOQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

UDQJH*RIf& $00 ILOPV VKRZHG JRRG R[LGD

f& OD[LPBOWURQ UHVLVWDRZEHRH 1Q LW U
ILOPM ! f& ZDV DFKLHYHG +LJK SURWEF
H[SODLQHG E\ WKH IRUPWWHEREURUNMURQF}
—U2Q0DQRSDUWLFOHV ZKLFK LPSHGHV SHQH
GHSWK RI ILOPV

7TKH UHSRUWHG VWXG\ ZDV IXQGHG E\ 5)%!
SURMHFW «

( $ /HYDVKRY $ 6 OXNDV\DQ $ 6 5RJDF
6HSURSDJDWALBB SHUBRWXUH VIQWKHVLV R

DQG FRDOWLQOBWHU BRI QR + SS
( $ /HYDVKRY <X 6 3RJR]JKHY $ <X
.RFKHWRY ' <X .RYDOHY 1 9 6KY\QGL

BHGURSDJDWLBB SHUBWXUH VIQWKHVLV RI
LQ WKHEBRV\VWHP .LQHWLFV | DRR® PXMAK DR
DQG VWUXFWXWH DRUPOWYRQ 5S

<X 6 3RJR]JKHY ( $ /HYDVKRY ( , =I
3RWDQLQ $ <X O9ODVRYD $ 9 1RYLNF
&RPEXVWLRQ V\QWKHVLV RI PXOWLFRPS
FHUPWPILLQ Y368 UW/\VWHP IRU 30 VRV KWW
ILOPUOYDQRWHFKQR® +SS

<X 6 3RJR]JKHY , 9 ,DWV\XN ( $ /HYDVk
$ .RFKHWRY ' <X .RYDOHY 7KH NLQHW
FRPEXVW®GL =RKDMV DQG WKH VWUXFWX
FHUDPLFV EDVHG RQ ]JLUFRQ &HR ER ULGWM

YRO SE
( $ /HYDVKRY <X 6 3RJR]JKHY $ 6
.RFKHWRY ' 9 6K®BDRYNIDWWO P SKLUBW X

VIQWKRIVERPSRVLWH WDUJHWV EDVHG RC
VLOLFLGH DQG D®GPVBDGHHIFRNLRQRQ RI F
FRDWEXMV -)HBQRXV OHWRO + SS

$ ) J)HGRWRY $ 3 $PRVRY $ $ (UPRVKN
SOWXNKR, /DWXNKLQ ' 0 'DY\GRWUXRFXSI
DQG SURSHUVWIRH\GE DRFIWGH® FDW KRS @OL RV
VIVWHP DQ® YD FRORVLQJIJV REWOVQHG 1BRF
JHUURXV OHWRO +S S

$ <X 3RAWD@IOQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

03257$1&( 2) 0253+2/2*< 2)(32;1
(;3/26,9( &203$&7,21 )25 352'8&7,21 2
17(50(7$//,& $//2<6

5 3UPPHQUG ' .RFKVLHD
(;7(& 6WXWWJIDUW *]

HPDLURO|I SUXPPHU#L&OR.
‘2, (310

7R LPSURYH WKH PHEWDBRY FROIOD®WOWR\Y WKH P/
WR EH UHILQHG 'XH WR KLJK SUHVVXUH DQ¢
WHPSHUDWXUH GXULQJ IDEULFDWLRQ H[SOR
QRW RQO\ WRGRIEWDWQ® KRPEDFWYV EXW DOV
PLFURMWKH XFW VROYH WKLV WDVN LQYHVWL
SURGXFH LQWHUPHWDOOLF DOOR\V 7L$0 DQ((
([SORVLYH FRPSDFWLRQ (& KRW H[SORVL
WKHLU FRPELQDWLRQ ZLWK 6+6 DQG VKRFN |
WR DFKLHYH WWHQRH PBRDMNHULERORGSIRIAGS V
7L$O0OQG 1SBDGHUV DUH SURGXPEBOREL@HFXWDL
DQ DWWULWRU PLOO DQG IURP WKH PHOW
VKRFN ZDYH V\QWKHVLVY LV XQGHUWDNHQ
PLIWXUH$OBRRZGHUV PBEBZXAIHUV LQ RUGHU W
7L$0QG ILGWHUPHWDE S HD/OIOMRAG
([SORVLYH FRPSDFWLRQ DQG KRW HJ[SO
SHUIRUPHG ZLWK F\OLQGULFDO VDPSOHV 7K
UHIHUHQFH > @ 7KHIBRZICHWD IPHWRQ®DR W >
WXUQ LV VXUURXQGHG E\ D XQLIRUP OD\HU
HISORVLYH FRQVLVWY RI SRZGHUHG H[SORYV
7TKHLU PL[WXUHV DOORZ WR DGMXVW GH\
SHUIRUPDQFH RI RRWDHMORY UWHDFKLHYHG I
FDSVXOH ZLWK FROQWDLQHG PHWDO SRZGHU
f& DQG VXEVHTXHQWO\ GURSSLQJ LW LQ\
DQG WKH GHWRQDWLRQ LQLWLDWHG DW WK
GLUHFWGARWFUDLEHG LQ > @ O0HNVDD G RIJUUDR/XKL

5 3UPPHU DQG ' .RFKVLHN



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

PHWKRGY DUH WKH PDLQ WRROV WR LQYHVW
PRVW FDVH FRPSUHVVLYH VDPSOHV VHUYH
SURSHUWLHYVY (OHFWUR VSDUN HURVRRQ ZD\
WKH FRPSDFWV 2QO\ VDPSOHV ZLWK XQLI
FURVV VHFWLRQ RI F\OLQGULFDO VKDSH VH
LY GHVFULEHG LQ > @ fKH EHVW PHFKD
WHPSHUDWXUH DUH REWDLQHG IURB RWDPSO
KRW H[SORVLYH FRPSDFWLRQ RI PHFKDQLFI
FDVH RI 7L$0 DQG 1L$O 7KH YDOXHV REW
WHPSHUDWXUH YD)MX HMGRHUOPHAWDOOLFV KLY
E\ PRUH WKDQ

5 3UPPHYORVLYYHUGUHKW 6XE \S\WBHIPAQ Q
6SULQJHU 9HUODJ SXVVLDQ WUDQ\
ORVFRZ &EKLQHVH WUDQVODWLRQ %DEF

5 3UPPHU DQG ' .RFK\



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6&,(17,),& %$6,6 2) &5($7,21 2) 1(: 0$7(5,
%< (:3/26,21 :(/',1* 72 3529,'( 6%$)(
+$1'/,1* 2) 5%$',2%$&7,9( :$67(

$ (5R]JHQ$ 9 'XE 9 .R]JORY, .DP\WKDQVNL
$ 9 .KRUL® 6DIR®RY 5R]H® ODPRQWRY
DQG ( ) /H]KQHYI

3HQ]D 6WDWH 8QLYHUVLW\ 3HC

1IDWLRQDO 8QLYHUVLW\ RI 6FLHQFH DQG
5XVVLD

JHGHUDO 5HVHDUFK DQG 'H YRGS/ IHRQ)

$VVRFLDWLRQ =DUHFKQ\ 3HQ]

-6& 53% &1,,70$6+ ORVFRZ 5

HPDWOHUR]JHQ#EN U
‘2, (310

7KH UDGLRDFWLYH ZDVWH 5: PDQDJHPHQW
IRURFBIVVLQJ) FRQGLWLRQLQJ WUDQVSRUW
WHUP LVRODWLRQ GLVSRVDO 7KH RSHUDV
XVHG DW YDULRXV VWDJHV RI 5: PDQDJHPH
FDSDFLWLHY UHDFWRUV VHSDUDWRSRUWS
SDFNDJLQJ HWF GRHV QRW H[FHHG JHQHULI
FUHDWLRQ RI WKH QHZ FRQVWUXFWLRQDO
VWDELOLW\ PHFKDQLFDO DQG LVRODWLQJ F
UDGLDWLRQ PHFKDQPPDMO OREEPQBDOD QMIGK H
ZKLFK FDQ DULVH DW DOO VWDJHV RI WUH
UHOHYDQW
+LIJKWUHQJIJWK FDVW LURQ ZLWK VSKHURLG
JRRG UDGLDWLRQ SURWHFWLRQ GXH WR JL
FRQVWUPHDWLIROD® IRU UDGLRDFWLYH ZDVV
GHJUHH RI DFWLYLW\ %HVLGHV WKLV PDWI
SK\WLFRPHFKDQLFDO SURSHUWLHV FRPEL
FKDUDFWHULVWLFV IURP W R 03D DQG
ZWK IHUULWLF RU DXVWHQLWLF VWUXFW

$ ( S5RHMQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KH PDMRU OLPLWLQJ IDFWRU RI LWV RSH
FRUURVLRONUHQXWK FDVW LURQ ZLWK VS
SDUWLFXODU ZLWK DXVWHQLWLF VWUXFW
WUDGDBSREDEN HVW I EFRMWRRQRRI UHVLVWDC
QXPEHU RI DJJUHVVLYH HQYLUR® PH@G\D O
FRUURMLREG OHVV WKDQ PP \HDU EHORQ
FODVV ZLWK D PDVV LQGH[ Rl FRUURVLRQ |
\HDUV +RZHYHU LQ WKH QXFOHDU LQG)>
VWRUHG IRU WKRXVDQGV RI \HDUV DQG PRL
VR UHOLDEOH IRU WKH HOWLUH OLIH F\FOH
20H ZD\ WR VROYH WKH SUREOHP LWRIDQ D
VWUDWLILHG/ FR®SRVYWK DQ LQWAKLEERODSHY
FUHDWHG E\ WKH JURXS RI DXWKRUV 3UH
UHVHDUFKHV LQGLFDWH KLJKHU E\  WLPH\
RI WKHVH FRPSRVLWHV DV FRPSDUHG WR ¥
VR ROWLY SURWHFWHG E\ WKH LQWHUQDWLR(
W LV GLVSOD\HG WKDW WKH PRVW HIILFLI
PDWHULDOV LV WKH H[SORVLRQ ZHOGLQJ E
VKHHW UROOV ZLWK DQ DQEBD®PRIYPSR UMRD (
WHFKQRORJLED SDIMVIXFHRODU VFKHPHV RI H
KLMWUHQJWK FDVW LUR/KHH/G U HE WKL D@
SURWHFHWRUVROWDG RQ VXFK LQGH[HV RI TX
SURSHUWLHV RI PXOWLWD\B O DPRPISRIMLW LIRS
FUDFN UHNQRERMIUJRAH. RQ GHVWUXFWLRQ DUH
QO WKH ZRUN WKH WKHRUHWLFDO DSSUF
PHWKRG RI IUDFWDO GLPHQVLRQ ZLWK
FKDUDFWHULVWLFV RI LRQQVWWKGDPRQDW FEIRXI
WKH KBHKHG SURFHVVHV ZDV XVHIE0 OREREI | F
FDUU\ RXW WKH V\VWHP DQDO\VLV RI WKH V
LQWHUODPLQDU ERXQGDULHV RI FRPSRVLW
HIWHUQDO LQIDWXHDPFLWMRODW IKKF VLIJQLILFD
PXOWLOD\HU VWUXFWXUHV ZLWK WKH RSHUL
7KH WKHRUHWLFDO DSSURDFK EDVHG
PRUSKRORJLFDO PHWKRGV RI V\WVWHP DQLI
HOHPHQWYV RI WKH JUD S KNWKHRRIZ HG/ \& R YGIH
VFLHQWLILF SULQFLSOHV RI FUHDWLRQ RI
PDWHULDO ZKLFK KDV QRS\DLIDIORUW K QVWKD

$ ( S5RHMQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

ZLAQOHDWO\ SQROGRBMUHDW LR QDIOO O LIN RV G H
KDQGOLQJ RYWDDMVDROOOLIH F\FOH

$ ( 5R]JHQ , 6 /RVYJ <OXXCGWBEDHWHIAIRDW H L
HQKDQFHG FRUURVLRQ UHVLVWDQFH YDUL
VDPEKUDVLDQ 3D W HQWH

$ ( 5R]JHQ , 6 /RVY <OXCGW BRIDAMANIIDD ZL
HOQKDQFHG FRUURVLRQ UHVLVWDQFH YDUL
VDP3IDWHQW  .,32$XJIXVW

$ ( S5RHMQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

67588785,1* 2) 7+( ,17(5/$<(5 %281'$5,(6
'85,1*(;3/26,21 :(/',1*2)/$<(5("
&20326(70$7(5,$/61' 02'(/,1* 2) :$9(
)250$721 &21',7,216

$ ( 5R]KR 33HUHO\BLO 8VDW\Z .KRULQ
., $ B6DIRQRYL /RIJLORY¥ 5R]HQ
DQG ( 9 =BYDUWYV

3HQ]D 6 WDWH 8QLYHUVLW\ 3HQ]D S XV

-6& 53%1,,70$6+ ORVFRZ 5XVVLD

IDWLRQDO 8QLYHUVLW\ RI 6FLHQFH DQG 7H
5XVVLD

HPDDOHUR]JHQ#EN UX
‘2, (310

'LGH GLVWULEYWIHR FRRIPSRVEO\H BBW HRW HL
WKLQJV LV OLPLWHG E\ GLIILFXOWLHV OLQN
FRQGLWLRQV DW DOO LQVEXMW®DLW WHEKNBLED0.
IRQHZ /&0 ZLWK DQ LQWHUQDO SURWHFWRU
PDQ\ LQGXVWULHV WU KN PHE®WHX WR UHDFK
WKRXVDQGV RI VIXDUH PHWHUYV SHU \HDU
LWK WKH VARRHS IBMRRIPYVRMLR@WHUOD\HU EF
EHWZHHQ ILUVSWOD®MEVZHERQ GV EHWZHHQ VI
RQHEYOO EH GLITHUHQW G.LIQHWH @ FBIY GD WQW K
ERXQGDULHV YDU\ D VEWR IR % ERAR WLHY DR\
OXPEHU FDQ UHDFK XSRQ UHFHLYLQJ RI /&
ROWLGHG HIIHFW Rl DJJUHVVLYH HQYLURQP
UHFHLYLQJ RW/ZRR ZURWHFW RVNGHGG BEWGE R XQE
DJJUHVVLYH HOYLURQPHQW 7KH SDSHU ZL
YHUVLRQ RI WKH PXOWLOD\HUHG PDWHULDO
$V WKH FRQGLWLRQ RI HTXDO VWUHQJWK
LGHQWLFDO SRQFMWVLIEFRGNIRUPDWLRQ GXULCGC
VKRFN ZEDYBHRWH UHOLDELOLW)\ RI WKLV FRQ
E\ WKH LOWHUOD\HU ERXQGDULHV SURILOH

$ ( S5RHMQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

DQG LWV SURILOH ,I| WKHVH FKDUDRWUBIWLV\
WKHQ ZLWK KLJK UHOLDELOLW\ LW LV SRVVI
PHFKDQLFDO VWUHQJWK SHHO VKHDU

8QGHU LQGLFDWHG ERXQGDU\ FRQGLWLR
SDUDPHWHUV IRU H[SORVLRQ ZHOGLQJ UHPD
DQG WKHORHE DW HDFK LQWHUOD\HU ERXQG
RI WKH SURFHVV PRGHOLQJ LV WKH GHWHUF
IDFWBMMD Q& K K SURYLGLQJ D JLYHQ DPS!
ZDYHOHQJWK DQG DOVR D VSHFLILRU\SURIL
7R DVVHVV WKH ZDYH IRUPDWLRQ FRQGL
PDWRDWLFDO PRGHOLQJ MHWISRE RNIWVIDUH |
SURGXB®W

7KH IROORZLQJ PRGHOV RI PDWHULDOV D
XVHG LQ WKH FDOFXODWLRQ

(ISORVLYH

+PDWHULDQRRGMICOM\UR XK

+HTXDWLR@OQR VW-DWH

OHWDO SODWH

+PDWHULDQ PR G HRLRRRIQ

+HTXDWLRAQORR YMHOUWBAHLVHQ

JLOQOLWH HOHPHQW PHVK FKDUDFWHULVWLF\

+DPRXQW RIHOHPHQWYV

+QXPEHU Rt QRGHYV

+PD[LPXP HOHRPHQ®W VL]H

JHDWXUHV RI WKH VROXWLROQ

+WKH XVH RI D PXOWLFRKOMOUHO QY PBHIIWKRG

+/DJUDQJLDQ GHVFULSWLRQ RI WKH SURMH

+WKH XVH RI {DXOHW FRXGOLQJ

JRU WKH FDOFXODWLRQ WR GIROICRY\L QL
DVVXPSWLRQV ZHUH DGRSWHG

+GHWRQDWLRQ ZDYH SURSDJDWLRQ RFFXL
OHQIJWKFfIKWKHH ZLWK D FRQVWDQW VSHHG

+ VWDEOH ZDYH IRUPDWLRQ DW WKH LQW!
GLVWDQFH RI PPRIQBRW LVRIQHSRH Q W

+FRQGLWLRQV Rl ZDYH IRUPDWLRQ DW WK
VKHHWY UHPDLQ VWDEOH XS WR D OHQJWK R

7KH REWDLQHG UHVXOWY LQGLFDWH D JRR
H[SHULPHQWDO YDOXHV RI WKH D®I$AQDWWGEGH

$ ( S5RHMQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

LQFOXGLQJ PXOWLOD\HUHG FRPSRVLWLRQV
VXUIDFH LQWHUOD\HU ERXQGDULHV LQ WKI
OD\HUHG PDWHULDO UHVXOWYV DUH SUHVHQ
H[FHHG

yLJ /KH GLVWKHEXWYRQVRUIDFEH DW W
ERXQGDULHYVY LQ WKH FDOFXODWHG UHJLRQ

7KH DERYH FDOFXODWLRQ VI\VWHP DOORZ\V
ZKHQKH H[SORVLRQYLIAHQGQQIDUDPHWHUYV
GHWHUPLQH WKH ZDYH SDWWHUQ RI WKH LQ

/R VROYH WKH LQYHUVH SUREOHP ZKHQ 1
ZDYH SDWWHUQ FKDUDFWHULVWLFV IRU GH
LQLWLDO SDUDPHWHUV D GLUHMVRREODMUNRV!
DOWHUQDWLQJ RQH YDULDHBH®H & LWKD B/ FR\HKU-
UHPDLQ FRQVWDQW 7KH VHDUFK SHUIRUPYV
RI WKH REMHFWLYH IXQFWLRQ ZLOO EH UHD|

7TKH FDOFXODWHG DQG H[SHULPHQWDO
GLVFUHSDQF\ EHWZHHQ WKHP GRHV QRW HJI
WRKLHYH WKH FRQGLWLRQ MX®E® MIXAK YXIDO
GLIITHU IURP HDFK RWKHU)LEN QRKHR®GLH MKHSIJX
EHWZHHQ WKH EDVLF YDOXHV RI WKH PHFKI
OD\HUV LV DOVR LQ WKH LQGLFDWHG OLPLW

7KH FUHDWHG FDOFXODWLRQ V\VWHP I
SDUDPHWHUY RI HISORVLRQ ZHOGLQJ SURYL
DW DOO LQWHUOD\HU ERXQGDULHY DQG FD(
[& 0V

$ ( S5RHMQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)LJ :HOGHG MRLQW SOBYHOH RWB W.HWHBIIW H L
SDUDPHWHUV RI H[BPORRURBQQZHWR LMPKH SURS

V\VWHP
$ ( 5R]JHQ , 6 /RVYT $ < OX\]JHPQHN ' 9%
&KRULQ , 9 ODWMQKNRIWLFDO PRGHOLQJ R

$

H[SORVLYH SURFHVVHV RFFXU U L/@X O®¥WLICX
RI WKH 9@ OMRDWMH 7HFKQLFDO 8QLYHUVLW
DQG SURSHUWLHV RI ZHOGKB® MR+ QWSS

$ ( 5R]HQ , 6 /RVT / % 3HUYXNKLQ <
SVDW\L ' % .U\XNRY $[SHBULKHRIFK LQ

GHYHORSPHQW. ADQAGL FEGDUBNH B X PRUMNRMAVR D Q
PDWHULDOV ZLWK 36HRVOHFFWARWU RSLW WK}
HGXFDWLRQDO LQVWLWXWLRQV 7KH 9RO.
3HQ]D 368 3XEOLVKLQJ +RX&H QR S

( 5RHMQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

1,7,$7,21 2) &20%867,21 2}7qj7$1
6<67(06 :,7+ (:3/26,9( $&7,21

, 9 6DLNRY $O\HRYG 6 * 9DGFKHQNR

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO 0D
6FLHQFH 5XVVLDQ $FDEHPQRIRGRNQAPHWVRY|
5XVVLD

HPDLUHYDQ #PDLO UX
‘2, (310

7KH LQYHVWLIJDWLRQ LV DLPHG DW WKH VW
LOQLWLDWLRQ UHDFWLRQ DQG ILQDO SKD
FROQGHQVHGZH IPRWD & \\DWGHRY VKRFN ZDYH
7KHUPRG\QDPLF FDOFXODWLRQV ZHUH FDU
SURJUDP > @ %DVHG RQ WKHVH FDOFXODW
PDGH 7KH DGLDEDWLF FRPEXVWLRQ WHPSH
TXDQWLW\ Rl FRQGHQWHRD %P R &N FIDW HDRMGV V
ZHUH FDOFXODWHG 7R LQFUHDVH WKH FR
SRZGHU ZDV XVHG DV RQH Rl WKH FRPSRQH
WKDW WKH FRPSRVLWLRQV SURYLGHG D VX
FRPEXVWLRQ WHPSHUSO WXi$®K) I BRPSRVLWLR
W R f& A& )+1 7KH FRPSRVLWLRRY EBDO/HG
DQG+$@8 ZLWK 7HIORQ GLIIHUHG LQ SUHGRP
WKH SURGXFWV DW UHODWLYHO\ ORZ FRP

K DQG K UHWIHRWL7KHZIVKRFONRDGLQJ R
VDPSOHV ZDV FDUUEHGORKBDWLL DER XDRMILR Z L (
DFFHOHUDWLRQ RI WKH IO\HU ZDV FDUUL
H[SORVLYH 7KH GHWRQDWLRQ ZDV LQLWL
ORFDWHG HQ WERQRHHWWH DVVHPEO\ D[LV 7k
UHFRYHU\ IL[WXUH SURYLGHG WKH VDPH OR
1E$01H$ @) 7HOM&) +Ho4&) V\VWHPV UHDFWH
FRPSOHWXW\WKH VI\VWHPV EDVHG RQ PHWDC
ZWK DGGLWLYHV RI ERURQ DQG 7HIORQ DUF
XVHG DV D UHDFWLRQ PDWHULDO IURP Wi

9 6DHANRYD



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

VIQWKHVLY WHPSHUDWXUZDYHQDWWDRWRQR Q QF
UHDFWLRQ FRP®OHWHQHVV >

7KH ZRUN ZDV VXSSRWYWDBQ HXW&BWLRAQ
SHVHDUFK SURMHFW QR

$ 6KLU\DHY SURJUDP IRU 7KHUPRG\

&DOFXODWERDV ZZZ LVP DF UX WKHUPR
, 9 B6DLNRY 0 , $O\PRY 6 * 9DGFKHQ
QYHVWLIDWLRDYRILQKRED WLRDRQ® PRINGE
PLIWXHMMYWHU YRO QR+ SS

0O , $O\PRY 6 * 9DGFKHQNR , 9 6DLN
6KRE®MYH WUHDWPHQW RI WXQJVWHQ I
FRPSRVLQRBDWHSSEHV YRO QR S

9 6DHWRIO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

5(6,'8%/ 675(66(6 ,1 9%/03B(3$5(' %<
(:3/26,21 :(/',1*

. 6DNV@ OLFKDOQN)URQF]HAX RYi
0 AXOLNBYIDFKRXi6]XOF)HMHUpIN
= OROpPDQRYG ' 'DLVHQEHUJHU

QVAMWLWRI| ODWHULDOV 5HVHDUFK B6ORYDN §
:DWVRQRYD _.RALFH 60ORYDN 5HSXEO!
)DEXOW\ Rl 6FLHQFH ,QVWLWXWH RI 3K\VLF
SQLYHUVLW)\ LQ .Ra4LFH .R&LFH 6ORYDN
'LDPRQG /LJKW 6RXUFHH@EH D:P® ZE QR YAFW L
&DPSXV 'LGFRW 2[IRUGVKLUH 2: '( 8.
OVWLWXWH RI OHWDOOXUJ\ DQG 0DWHULDGC
6FLHQEHYV SH\PRQWDFRZ 3RODQG
)DEXOW\ Rl ODWHULDOV PHWDOOXUJ\ DQG 5
RI .RALMHWQD _.RALFH B60ORYDN 5HSXEC
+LJK (QHUJ\ 7THFK Q@R QRPIGIR P:HRW
+2VZLHFLBAWND 2SROH 3RODQG

HPDLO NVDNVO#VDVNH VN
‘2, (310

([SORVLYH ZHOGLQJ LV D PHWKRG DSSOLHG
VLPDU RU IXQGDPHQWDOO\ GLVVLPLODU PD!
DQ\ RWKHU ZHOGLQJ RU ERQGLQJ WHFKQ
FROQWUROOHEZIR[ROURRRBEY PDWHULDOV FDQ E
JHQHUDWHG E\ GHWRQDWLRQ RI B[ 6 RGLHG
PDWHULDO ,PSDFW RQ SODWHV DW WKHLU |
ODZV RI LGHDO IOXLG ZKHUH VKRFN ZDYH Z|
W R *3D SURSDJDWHV WKURXJK PDWHULDC
SURQRXQFHG PDLQO\ DWHDW H, E\R B G Y IGW\RRIH
VXEVWDQWLDOO\ H[FHHGV \LHOG VWUHQJWk
LOQWHUIDFH RIWHQ VHHQ ZLWK VSLNHV RU

DQRWKHU RQH 6XFK MRLQLQJ SURFHVV KR
KLJK UHVN&HNYO WWUWHIVVHY WKDW H[LVW LQ
WKH SUHVHQFH RI DQ\ H{WHUQDO ORDGV 7}

6DMWODO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

DSSDUHQW DQG VR WKH\ PD\ EH RYHUORRNF
RI HQJLQHHULQJ GHVLJQ 7KLV KRZHWHU |
EHFDXVH WKH\ FDQ KDYH SURIRXQG LPSD
GLPHQVLRQDO VWDELOLW\ DQG IDWLJXH O
SURFHVVHV FUHDWH UHVLGXDO VWUHVVHYV
VHUYLFH OLIH RI WKH PDQXIDFWXUHIBE FRPS
TXDOLWDWLYH DQG TXDQWLWDWLYH PHWKR(
DSSOLHG LQ HQJLQHHULQUB\U®I LN DFPRICRIQWL
WKH PRVW XVHG DQG GHYHORSHG RYHU WKH
GHVFULEH QRYHOGEREBENESRODPGWZIBRDFWLRQ

> @ DQG ZH GHPRQVWUDWH LWV DSSOLFDEL
VWUDLQV DQG VWUHVVHV LQ D ELPHWDOOL
SUHSDUHG E\ H[SORVLRQ ZHOGLQJ PDWHUI
JHRWKHUPDO DRSSODODWLRIOW LWEDPHBURQ
GLIITUDFWLRQ H[SHULPHQWY XWUOLYLRIFKDH (
GRZQ WR PLFURPHWHUEVPHWDOQ WXLEXAN\ I
DQDO\]HG DQG PLFURVWUXFWXUDO GLIIHUHG
DQG WKHEW ZOWHGHWHUPLQHG

)L J D 2ULHQWDWLRQ RI ODERUDWRU\ GLI
VI\VWHP 6 6 6 E 7KH GXSOH[ VWHHO IHULI
UHSUHVHERWIWRWKRMADQ DORQJ D VWUDLJKW SI
ZLWK —P EWHKRW.RKY EHDP ZLWK DQ HQHUJ
IRFXVHG GRZQ WR —P 7KH VFDQ ZDV GRQF
VWHHO WRS WR I[IHUULWLF VWHHO ERWWRP

2 5 %HUJPDQQ * 5 &RZDQ $ + +ROW]I
HYLGHQFH RI MHW IRUP DWG&R@UB®XQWL QOH M/
6RF $,0( SS
% % AHRGLPHQVLWRMD®L|IUDPWIHRQ 1HZ -HU
“RKQ :LOH\ 6RQV

6 DMWODO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

5(352&(66,1* 2) 0,// 6&BB7T (6 %< 6+6
0(7$//85*< )25 352'8&7,21 2) &$67
)(5526,/,&21 )(5526,/,&2 $890$1"
)(552%2521

9 1 6DQLQ ,NRUQLNRYSQGUHHYRESRRYD
DQG 9 , <XNKYLG

OHU]JKDQRWRWW WXPWKURDEMMAWIWWHULD OV
6FLHOKHMVEPMGHRHBFLHEAHHWQRIRRRKFRD
SXVVLD

HPDLO VYQ#LVP DF UX
‘2, (310

7KH PHWDOOXUJLFDO LQGXVWU\ LV RQH R
IRUPLQJ LQGXVWULHYV S#¥IRIKX BWRX IO R IRE \P
VFDOH VOXGJH LV JHQHUDWHG HYHU\ \HDU
SODQWYV GXH WR KRW UROOHG PHWDO SUR
OLOO VFDOH RIWHQ FDOOHG DV VFDOH LV
LURQ ,, R[LGH,,)HR[LGBRQBIQG LURQ ,, ,,,
)2 PDJQHWLWH ,W FDQ EH FRQVLGHUHG
UDZ PDWHULDO IRU LURQ DQG VWHHO PDN
HQYLURQPHQWDO UHJXODWLRQV DV ZHOO |
FDXVHDRBIKMHL.W\ WR UHF\FOH PLOO VFDOHV E
&XUUHQWO\ PDQSY ®BRDVBOXFEXFRODWHG OD
RIPLOO VMEDOKH GXPSV FROQWDIQE @R IRAVDXU F
$IWHU WKH UHPRYDO RI RLO DQ& XBWAR
RI LURQ ZLWK WKH PLQLPXP DPRXQW RI
EH HITHFWLYHO\ XVHG LQ ERWK EODVW DOQC
VROXWLRQ RI WKLV WDVN LV EHFRPLQJ PR
GHILFLW DQG WKH FRQVWDURD FRIRY WKV RIWN
UHGXFH UDZ PDWHULDOV GHSHQGHQFH DQG
KDV EHHQ D ELJ WHQGHQF\ WR UHFRYHU W
SURG XFWLRSF BRIREHYM\ WKH PRVW XVHG |
LURQQWHOQWL QUXHMNMWHW DEUWLFKDUJHG LQWR

9 1 6IMQL®O



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

LWV UHGXFLQJ DWPRVSKHUH RU LQWR WKH
WKH PHOWLQJ RI VWD LQIOHHWHN S/WWRFHY WHAU [@
SURFHVV PLOO VFDOH LQ WKH PHWDO SURG
UHPQV DW D VXIILFLHQWO\ ORZ OHYHO

7KH PRVW HIIHFWLYH DSSURDFK LV WKH
WHFKQRORJLHY DQG WKH H[SDQVLRQ RI QI
REWDLQHG IURP WK®M WKEVFOHEDVYED QK H S U
FROGXFWHG WRWAMEQRDWH WKHFERQF\ DQG
WKH UHGXFWLRQ RI PLOO $FDORP L ¥ VFRRP EXR/)
WKH SURGXFWLRQ RI FDVW IHUURDOX®RQW ZL'
WHFKQLTXH ZKLFK ZDV FDOOHGWHRIS HU B WK
PHOWRU WKH 6+6>PHVEOIOW XY IDYDHQBYUIWHFKQ
GXH WR WKH XVH RI LQWHU® D O RHQ IFURIR REHXO
UHDFWLRQV S®WOLRIMEWHSDUDWLRQ RQ FI
FRDWLQJV LQVLGH PHWDOOLFESWIS S VRFHW VLI
RI PLOO \@ DOH

'Q WKH ZRUN WKH VFDOHV JHQHUDWHG Il
FROOHFWHG DQG XVHG IRWPLWSDYDNWZIRQK
UHGXFLQJ DJHQW $0O DQG DOOR\LQJ DGG
SDUWLFOH ¥L]HPZIRWWFRIBG OHVV WKDQ
DOXPLQXP EUDQ@BH3EHLIJKW RI WKH LQLWI
FRPEXVWLRQ ZDV FRQVWDQW L QRPEX\HIERQL
FDUULHG RXW LQ JUDSKLWH PROGV PP LOQ
WKH JUDSKLWH PROGV ZDV ODXPLQRWHGV X I\
PLQLPDO UHDFWLYH L QW HRULPFW DRVH LELHD/DZ DK
PHOWU SUHYLRXV VRRXG\LWVYDIWDHG BKDW WK
FDUULHG RXW XQGHU KLJK JUDYLW\ FRQGLW
WKH WDUJHW SURGXFW 2L QDQW®W FIRIRPHWW H Y\
RI DOO DOOR\ FRPSRQHQWY ZKLFK EHFRPH\
LOFUHWYKH IQXPEHU DQG FRQFHQWUDWLRQ RI
7KHUHIRUH WKH V\QWKHVLV RI WKH DV FDV
RXW LQ D FHQWULIXKMOP®LAE VGIWKE RQAW KH ¢
RI RSWLPDO FKHPLFDO DQG WHBKAR®&RWLLARIXL
FDVW IHUURDIGORYAIQ )&U 0B S @ VIVWHPYV
ZLOO EH SUHVHQWHG XOUM S WID\OHKYWD\D WRHY F
WKH PLFURVWUXPBWRGKFRGV®@N6IHUURDOOR
UHSURFHVVLQZBRVWHUO VFDOH

9 1 6MQL@O



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

$0 6L 0Q )H $0 6L &UO0Q )H
6S 6S
D E

)L J 6(1 LPDJHV DQG ('6 UHVXOWYV RI V\Q\
IUDFW X)b#8 k3 ODE ) H6 £SO & U 0Q

7KBURGXFWLRQ Rl FRPSOHFD® EM HHDOU U
FRPEXVWLRQ PRGH 6+6 IRU SRZGHU PL[WX
7KH SURFHVV Rl PRPWRBLQHQURKROKR\V LV FR
LOGHSHQGHQW ZKLFK PDNHV LW DWWUDFW.L

7KH ZRUN ZDV VXSSRUWHGXBD\GWRH@WROUD
RI WKH 3UHVLGLXP RI 5XVVLDQ $FDGHP\ RI 6

9 , 6KDWRNKD 2 2 *RJHQNR 6 0 .ULSD
UROOLQJ PLOOV VFDOH LQ5HYR@RQW BHEY
YRO +S S

' &DWZULJKW - &OD\WRQ 5HF\FOLQJ RL
LOMHFWLRQ B@QWRMWERHPH YEW + SS

4 <DQJ 1 +ROPEHUJ % %MRUN
EULTXHWWHVY DW $YHVWD ZRUNV
\FOL®PL®QOVFDOH VOXGJH IUR

'U'U(n

HO 5HV ,QR\O +S'S
6DQLQ ' 0 ,NRUQLNR

WULIXJDO 6+6 PHWDOOX

RXVV -)ABRQ OHWDQAO

6DQLQ 9 , <XNK

N R

P
KDWO O M PY RO SS
H

Y SURSXNKWLGJ 6
Q VLV P HWDHQXWID G
WLQJ ZLWK WKH XVH RI
Q OHWDO®RO QR

I T

9 1 6IMQL®O



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6<17+(6,6 2) &SRRU)H1BGQ(' +,*+
(17523< $//2<%al' &2$7,1*%6 2) 7+(0 %<
&(175,)8*$/ 0(7$//27+(50,& 6+6

9 1 6DQLQO0 ,NRUQLNRWQGUHHY
6 9 =KHUHBWBRY<XNKYLG

OHU]JKDQRWRWBWWWXPRWKURRN LAY WHWU L D O\
6FLHOGKHMVEPMGHRBFLHEAHHWQRIRRRKFRD
SXVVLD
YHOJRDWGRM\DHOB QE K H BVHAORIR U 5SXVVLD

HPDLO VYQ#LVP D
‘2, (310

+LJHQWURS\ DOOR\V +($V KDYH UHFHQWO\
DGYDQFHG PHWDOOLF PDWHULDOV SURPLVL(
7TKHLU PDLQ IHDWXUH LV KLJK FRPSOH[LW\
DFFRUGLQJ WR RULJLQDO GHILQLWLRQ +($\
ILYH SULQFLSDO HOHPHQWY LQ FOR¥H WR |
DW > @

2Q0H Rl WKH SURPLVLQJ FODVVHV RI WK
SDUWLFXODU DWW HGWHOROD QY RVF & KH YHD O |
XQLTXH PHFKDQLFDO SURSHUWLHYV YHU\ KLJ
EHFRPHY HYHQ KLJKHU ZKHQ WKH WHPSHUDYV
LOWHUYDO $0WKR WIKXE BRIV WW IURMMDDWLRQ
EREYHIEOQ DOOR\V DUH XQGEAYHWMIWALHEDQ WILYR C
DVSHFWV RI EHKDYLRU RI WKHVH DOOR\V
DWWHQWLRQ \HW

/KH SUREOHPDWLF DVSHFW LV WKH SURG>
IUHH VWIKKGEWHKQOWLRQDO FDVWLQJ SURFHVVH
DUH WKH PYORAXBEBWDRBH LQGXFWLRQ SXXHHAHOW
JUDGH HOHPHQWY 7R DFKLHYH WHKHAH®NANL WPH
EH UHTXLUHG GHSHQGLQJ RQ WKH FRPSRVLYV
FRPSRQHQWY 7KHUHIRUH WKH FRQYHQWLR
DUHUDWKHU H[SHQVERMVMXPEHQHHUH PHWKRG

9 1 6MQL@O



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

WKH BM6F KQROR W HPISKIUIKW X UH P MIOWVO0 XU |
> @ ISWMPLVVRU\ URXW H (WR7 8UWR GXF B QF BIQW
VDYLQJ WHFKQLTXH GXH WR WKH XY HK LRIK L C
FDORULF FRPEXVWLRQ UHDFWLRQV 5HFH
GHPRQVW U D WHIBY W RBUGBHOUWUDQVEBWARRQ P
3RZHBU PL[WXUHV Rl PHWD&® R)EGHYL2&R
0Q2 ZLWK PHWDO UHGXFHU $0ODWO® ORAUE
HOHPHQWY ZHUH XVHG DV WKH VWDUWLQJ
&R&EWHIHOQ DOOR\ 7KH SURFHGXUH RI IDEL
DOOR\QIY®SWLIDWLRQ KDYH EHHQ GHVFULEH
LOOXVWUDWHY WKH SKDVH FRPSRMLR\AREH OB
D¥DVW &R&U)H1ILOQ DOOR\ ZLWKRXW DGGLW
7KH :5' SDWWHUQ DQG PLFURVWUXFWXUH
VLQJOH SKDAWH ODWWKLFH $FFRUGLQJ WR ;!
SDUDPBIWHU QP ,Q0 DGGLWLRQ :5' DQG (%
VWURQJ FU\WWDOORJUDSKLF WH[WXUH W\SL
KDV D PRDUQHM G VWUXFWXUH ZL WK-P JAKDHL Q
JUDRXEGDULHY DUH RIWHQ FXUYHG DQG WK
1R VHFRQG SKDVHV ZHUH UHYHDOHG E\ 6(0 [

D E F
)L J S3KDVH FRPSRVLWLRQ DQG FRLWVWWRYV

&R&U)H1ILO0Q MOGR\SDWWFREB P E 6(0 F
(%6' ,3) PDS

$OOR\HG FRPSRQHQWYVY LQWURGXFHG L
&R&U)H1ILOQ DOOR\ DOVR WRRN SDUW LQ
FRPSRVLWLRQ GLUHFWO\ LQ WKHZE RHBE YARW L

Z\WN & DIITHFWD/Q WO LWEH LFKDVH FRPSRV
EXW OHDGV WR DQ LQFUHDVH LQ WKH KDUC
REVHUYHG XSROWIKOORHQUOWURGXFWLRQ F

9 1 6IMQL®O



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

FRPSRVLWLRQ RI WKH DOOR)\ PDUNHGO\ UH¢
FRQFHQWUDRHWQ®OLBWHS$O SKDVH LV IRUPH
WKH SODVWLFLW\ LV REVHUYHG

'Q WKH ZRUN ZH LQYHVWLJDWHG WKH SR
FRDWMLIWXFRIBWLQJ IRU +($V RQ D PHWDO
IRU WKH ILUVW WLPH UDQXUW L RQK RRZYH WHKMU \
GHSRVLWHG FRDWLQJ OD\HU 7L VXEVWUDWF
WKH GHSRVLWHG OD\HU UHYHDOHG WKH SU
ZKHUH WKH EDVH PDWHULDO 7L JUDGLHQW
GHSRVOWHG)DJXUH E GHPRQVWUDWHY WKH
RI WKH VXEVWUDWH DQG FRDWLQJ LW LV PR

7KXV ZH FDQ FRQFOXGH RQ WKH SURVSH
LOYHVWLIJDWLRQ DQG WKH PHWKRG RI WKHL
YROXPHPMOWHULDOV DQG FRDWLQJ RI WKHP
FRPSRVLWH PDWHULDOV EDVHG RQ WKH Ql
SRO\PHWDOOLF DOOR\V FDQ VLJQLILFDQWO\
RI QHZ PDWHULDOV DQG IDFLOLWDWH\D QVKF
PRGHOV

D E
)L J D OLFURVWUXFWXUH RI WKH 6+6 VXUI
PLFURKDUGQHVY RQ KHLJKW RI FRDWLQJ

7TKH ZRUN ZDV VXSSRUWHG E\ WKH 5XVVL
SHVHDBBRMHFW QR

' % % OLUDFQHG6RQNRY $ FULWLFDO UF
HQWURS\ DOOR\V DQ&GFWHBHOODMNWHEU FRQFHSW
+ ‘2, M DFWDPDW

9 1 6MQL@O



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

0 + 7VDL - : <HM@E&WWRBK DOOR\V $ FUL
ODWHU 5HV /IHWWYRO SS +

|2’

' OLUDFOH - OLOOHU 2 B6HQNRY & :RI
7LOH\ ([SORUDWLRQ DQG GHYHORSPHQW
VWUXFWXUDO (Q®S®ISK D WIRROQ V sS

"2, H

$ * OHUJKD&MRPEXVWLRQ SURFHVVHV WKD\
- ODWHU 3URFHVVYRWOFKRG®S

9 1 6DQLQ ' 0 ,NRUQLNRY ' ( $QGUF

&HQWULIXJDO 6+6 PHWDOOXUJ\ RI QLFNH

DOORXWV -)HBGHWDOO YRO QR + SS
"2, 6

9 1 6DOLQ 9 , <XNKYLG ' 0 ,NRUQLNR)

6DFKNRYD 0 , $O\PRY 6+6 PHYWDWCRSBAL

WUDQVLWLRQ RNWDOAOKDWOWORAMPYROSS
+ ‘2, 6 :
9 1 6DQLQ ' O ,NRUQLNRY " ( $QGUHH
, <XNKYLG 6\QWKHVLV RI FDVW KLJK H(
VSHFLILF JUDYLW\ E\ FHOWU PIKKWB®GXH W D ¢
ODWHU 7THFK R SS + ‘2,
DPW SS

9 1 6IMQL®O



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

35(3%$5%7,21 2) +&X $//2< %< 6+6
0(7$//85*< $1' 68%6(48(17 0(&+$1,&8$/
+($7 75($70(17

9 9 6DQIQ5 )LORQRWQLNLOQ
' 0 ,NRUQLMNRG 9 , <XNKYL

IDWLRQDO 8QLYHUVLW\ RI 6FLHQFH DQG 7
5XVVLD

L QVWLWXWH RI 6WUXFWXUDO ODFURNLQHWL

$FDGHP\ RI 6FLHQPRYNOKHRBRYRRE 57

HPDLMDQLQ#PLVLV
‘2, (310

$OOR\V ZLWK OLPLWHG VRO 2BV ORKN BNHQE X/ R C
DOGMWVYH GLIILFXOW WR IDEULFDWH E\ FRQY
IUH QRUPDOO\ SURGXFHG E\ PHOWLQJ LQ PL
HOHFWURPDJQHWLF ILHOGY PHFKDQLFDO L¢
DOOR\LQJ DQG RWKHU WHFKQLTXHV WKDW |
LOKRPRJHQHRXV SURGXFWV

'Q WKLV ZRUN HGH ¥DFH LIFOOR\V V@ DIHW Z
SURFHVV LQ@YRPOWMAORWKHUPLF 6+6 RI FD
DUWLIFLDO JEDVYK®WYHDRBQSH SIROUOLQY DW
IROORZHG E\ FROG GUDZLQJ 7KH DOOR\ XQC
DSSOLFDWLR@®DOQGMALIEDQO@QJKDUG PDWHULD

&RPEXVWLRQ V\@MWEBYLRRQGKFWHHG LQ WK
PDFKLQH GHVULEHG Qi ODJHZ K HUHK BAUBY | R/ W H
FHQWULJXJDO DB RHGH Db PHRBMUDDAA®R Q7KH Pl
SURFHVYV SDUIXRHFWHDBRRDUERNY SUHVHQWHG LQ )L.

$V IROORZV IURP )LSURGWHKHG 6BOOR\ H[K
KHLUDUFKDFHDY®I VN WHIKFWXUH 7KH ILUVW Ol
FKDUDFWHUL]JHG E\ XQLIRUP G VPR WLE X¥W]HR Q
RYHU WKH HQWRW YROXPH $W WKH VHFRQG
FDQ GLVFHUQ WKH &X PPDUQILFROP®\HGLVW
ZLWKLQ WKH )H JUDLQV

99 6DGMQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

yLJ % X UQLXIPCHORWALIOD QASRMMHO G RI FDVW
DV D IXQBWLRQ RI

D DY
E E1 E
— —
F F
yLJ 7(0 ('6 UHVXGWRGRBHEG)E &XO O R\

$W VWLOO ODUJHU PDJQLILFDWLRQ )LJV
VWUXFWXUDO OHYHO WKDW LV +tWK}X VXE]
XQLIRUPO\ GLVWWKBXWBW UALWRBKRK D VWUX

99 6DGMQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

H[SODLQHG E\ VSHFLILF FRQGLWLRQVKRI
FRPEXVWLRQ WHPSHUDWXUH DERYH .
VROXELOLW\ RI &X LQ )H 7KHQ DW WKH V
GHFUHDVLQJ WHPSHUDWXUH IDFLOLWDWHV \
RI ILQH SDUWLFOHV

$W VWDEHBURGXFHGHIRHBRW®Y GXUQDF& WR
DQG VXEMHFWHNSH WRU SXQ@D WP RIRWGDL QW K H
VWUXFWXUH LV VKRZQ LQ J)LJ ¥ DQB WKHC
VHSDUDWLRQ EHWRHH@PR UDR REDWWHY D ZL|

GLDPHWHU HRI PLPJ E RUH PP )LJ F
D E F
)L J OLFURVWUXFWXUH RI PD®XOQOQDHO FURV

IRUJLQJ DQG FREE GUDQEQJ WR

TKHUPRPHFKDQLFDO SSUWRAGRAHHR RARD RB\V6 F D
EH UKHODGXVHG WR UHJXODWH WKHLU VWUX
PDWHULDOV ZLWK ORQJLWXGLQDOO\ RULHQ
RSHQV XS QHZ KRUL]JRQV IRU GHVLJQLQJ PD.
VI\VWHPV ZLWK OLPLWHG VROXELOLW\

7KH UHVHDUFK& BV WKSBRDWMKLS RI WKH
5XVVLDQ HGHUDWLRQ IRU \RXDG X\DRA H QMY
JUDQM QR

<X 6 $YUDDPRY $ '$GBEBROADXSEMXQOLPLWH
LQ WKH OLDRNVG RRKWNHNRQWDNW QBXN B

0 (O *KDQQDPL 3RORyPH] 5LYHUR $ +H
(XURSK\V /HWWOSS =+

9 1 6DQLQ ' 0O ,NRUQLNRY ' ( $QGUH
&HQWULIXJDO 6+6 PHWDOOXUJ\ RI QLFNH(
DOORMY 1RGUU OHWYROSS +

99 6DGMQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

1L$®$6(' $//2< %< 6+6 0(7$/85%< $1°
68%6(48(17 5(0(/7,1* $1' &$67,1* ,1 67((/
3,3(

9 9 6DQIQ5 )LORQRYHYDWKREY3RJIR]KHY
9 , <XNKIXQGO ,NRUQLNRY

IDWLRQDO 8QLYHUVLW\ RI 6FLHQFH DQG 7H
5XVVLD

OHU]KDQRY ,QVWLWXWH RI 6 WUWHWXDOW 0D

6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

HPDLMDQLQ#PLVLV UX
‘2, (310

+LJROOR\HG 1L &R RU )H SUHVHQWO\ DUH |
PDQ\ PDWRBLKHWIDOWHG LQ H[WUHPH FRQGLWLRC(
ORDGV XVHG LQ VXFK LQGXVWULHYV DV DLU
URFNHW DQG VSDFH YHKLFOH WHFKQRORJ\
IRU FUHDWLQJ QXFOHDU SRZHU SRDQRWN\WH YV
LQ WKLVYVDUWRARHDG DW VROYLQJ SUREOHPV F
GHYHORSPHQW RI QHZ DOOR\V ZLWK DQ LQF
FKDUDFWHULVWLFVY DQG WHFKQRORJLHV |
DWWHQWLRQ LV SDLG WR DOEKNHO DBODWHRG QF
ZKLFK KDYH XQLTXH FRPELQDWLRQV RI
RSHUDWLRQDOKLIKHRPHOWILKDNY [SRLEBWHPLFDC
VWDELOLW\ ORZ GHQVLW\ KLJK KHDW DQG
DERYH DGYDQWDJHVY WKHVH.P®OMHRRW KDH G
ODWHDOH ZKLFK LV GXH WR WKHLU ODEFN
GXFWLOLWN\ DQG VWUHQJIJWK DW URRP WHPSFH
&RPPRQ SURGXFWLRQ WHFKQRORJLHV IRU
DOORZ DFKLHYLQJ WKH UHTXLUHG VBIWHRI
FRPSOH[ VRVHBWLHQWWHBIIDVLYH 7KH FRPELQZC
IDFWRUY GRHV QRW DOORZ IRU WKH FRPPH
20H RI WKH HIILFLHQW GLUHFWLRQV LQ VR

99 6DGMQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

LOQFUHDVH SURGXFW TXDOLWGRFMWXHWK H B\
DQG PDWHULDOQUHODmWXHGEF WRYMY LV WKH G
FRPSUHKHQVLYH WHFKQRORJ\ |IFEDW KGHFSWE
PDWHULDOV
7KH SUHVHQW SDSHU VXJJHVWV D FRPS
SURGXFWLRQ Rl EOHQG EQRPIHW\G EDYKIGFRQ
VIQWKHVLY Rl FDVW FKDUJH PDWHULDOV
FKHPLFDO FRPSRVLWLRQ $UR$BIDWLLQ X J DK
WHPSHUDWXUH ¥ eV WVR@NW PHWRRWDOOXUJLFD
LOQGXFWLRQ UHPHOWL@HYOGHHUGYRFEXRR R\
6+6 PDWHULDOV 6&&0 ZLWK VXEVHTXHQW S
FOHQG ELOOHWYV RJQY WD GHRP HAHW RI H[S
SHUIRUPHG WR RSWLPL]H WKH VI\QWKHVLV F
LOWHUPHWDOOQM O\WQR\RFVFKMHKH VDPSOHV L
UDQJH RMDOXHV VKRZHG WKDW WKH PDVV R
VIQWKHVIJHG DW ZDV FORVH WR WKH FDOFX
DQG LWV ORVV VSUWDRQ LU RFKHV ¥ RGPLEX
N ZHLJKW $00 VDPSOHV REWDLQHG DW V
VKDSH DQG D WILRHD U QWHFS D UDD \ HW Y HZ DWD B ER
DOOR\ DQG WKH R[LGWM DD \HYLGHOQOW WKDW L
ZDV QRW GHWHFWHG RQ WK HL QU VXYQHGH/ W
FROGLWLRQ RI VIQWKHMLN Rl PRUH WKDQ

J J J J

)L 2YHUDORIW.HREBPDWDLQHG ZLWK YDULRXV
DIWHU WUDQVYHUVH FOHDYDJH

'XULQJ WKH QH[W VWD JHHRH®WH QURRIN D Y FF
VIQWKHVL]HG 6&&HPOHN KWXKH W50FRPWW H |
SHUIRUPHG WR ILQG WKH H[DFW R&OMNILMR\ S
ZKLFK HTXDOH® WRIOWLQJ ZDV FDUULHG |
DWPRVSKHUH ZLWK DQ H[FH\KWH SQUHNNOMD JR |
YDFEXXP LQGXFWLRQ UHPHOWLQDO®DRB\ ED WX
DQG $DYWYRQORZHG E\ FU\WWDOOL]DWLRQ D
DOOR\ LQ WKLV F%ONVHEGEUREODWKRUPDWD REW
VWXGLHV Rl WK YXH BDD®W /RN VAV X G\ WK H

99 6DGMQDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GLDPHWHU RI WKH F\OLQGULFDO FU\WWDOO
VHULHV RI PHOWLQJ DQG FDVWLQJ LQ YDULTF
VWHHOV ZDV FDUULHG RXW 7KH RSWLPXI
FUMDOOL]HU PDGBIGRILWWHBI ZDOO WKLFNQH
JLIXUBM VKRZV WKH UBWROOWKQYDE®BQH 7KF
FKHPLFDO LQWHEDVWGRIMORRYLIZHAVK LQ WKH
SLSH ZDOO 7KH DOOR\ LV UHWDLQHG LQ Wk
RI WKOIUHHBDQVLRQ &7( DQG PHFKDQLFDO L
LOQFLVLRQV SUHYLRXVO\ VKRZQ)RQENKH LQC

D E F

)L D7KH UHVXOMWLQR\ILGOEK H- YW HEHH 1L$O
DOOR\

$IWHU FDVWLQJ PQ GWHHVILBE ANDB®Y GR (
F VKRZV VDPSOHV WDNHQ IURP WKH EDVH
ORQMHQJIWK VDPSOH 7KXV LW LV WKH SRVVL
WKH HQWLUH VXUIDFH

7KXV DSRHAH GARBIDVLRQDOPP F\CADXGUL
VDPSGH PP ZDV REWDLQHGEDMFG WIO-DRYL
VXEVHTXHQW SODVPD FHQWULIXJDO VSXW)
SHOOHWY EDVHG RQ )H 1L$0 DOOR\ ZLWK L

7KH UHVHDUFK ZDV VXSSRUWHG E\ WKH 5
SWHDUFBKRMHFW QR

91 6DQLQ '0 ,NRUQLNRY ' ( $QGUHF
&HQWULIXJDO 6+6 PHWDOOXUJ\ RI QLFNH
DOORXVV -)HBQ OHW YRO QR+ SS

99 6DOQLQ $QLNEIQ sXNKYLG DQG 0 5 )L
BWUXFWXUDO +HUHGLW\ RI $0O0OR\V 3URC
JQOXHQFH Rl 5SHPHOWLQW BHRB8REBWXUH
7HPB\QWK YRO R S St

99 6DGMQDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

&+(0,&%$/ 5($&7,216 &I &8/$7,216 $1°
0(&+$1,8&$/ %$9,25 2) 6+2&.(' 325286
781*67(1 &$5%,'( ,1 7+( 6%BY

7 6FKORWIKDWHHKLPSHHL®KG ( .URNH

, QVWLWXWH RI QRUJDQLF &KHPLWWGHPIHF K

JUHLEHUJ /HLS]JLJHU 6WUDVYHUPD)YQ\HL

,QVWLWXWH RI ODWHULDOV 6FLHQFH 7HFK
JUHLEHUJ =HX\@WWOXYD VVH JUHLEHUBD Q\

, QVWLWXWH RI OLQHUDORJ\ 7THFKQLFD!

JUHLEHUJ %UHQQKDXVJDVVHUPDWHLE

HPDWMDKRPDV VFKORW KDXHEAHRLQGE |
‘2, (310

7KH VKRFN FRPSDFWLRQ RI KDUWGNBUD® WO H
OLQNHG ZLWK ODUJH SUREOHPV )HZ H[DPS
DUH FUDFNLQJ RI WKH VDPSOHV FKHPLFDO
RIWHQ D VDPSOH ORVV DW KLJKHU SUHVV
LOYHVWLIJDWLRQV ZLWK SOPBE\ ZBLYIH.L BXRW]
RYHUFRPH WKHVH SUREOHPV GLIIHUHQW PH
SODWHV IRU GLDPRQG FRPSDFWLRQ > @ S
VKRZQ IRU VLOLFRQ QLWULGH > @ DQG IRL
H[SORVLYH OLTXLG SIGDWHK LFINQ AMHQQBG K KD C
> @ )RU WKH VKRFN FRPSDFWLRQ RI WXQJV
WKLV PDWHULDO FDXVH SUREOHPV LWV KL.
UHVXOWLQJ LQ DQ H[WUHPHO\ KLJK LPSHGD
EULWWOHX®OGMWWHWIKREN LQIOXHQFH LV QRW
VKRFN UHFRYHU\ H[SHULPHQWY XQGHU Sl
FDOFXODWHG SUHVVXUHV DUH UHTXLUHG
SURSHUWLHY Rl WKHVH LQWHUHVWLQJ PDWH

JRU WKH IROORZLQJ N}SH MBDFPHS@®WY WRVHHF
WUHDWPHQW DW FDIFXODYBG VBKH VIXIHHYI
FRUUHFWHG VDPSOH UHFRYHU\ VA\VWHP ZLWtE

7 6FKORNWK DOH U



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

ZKLFK KDV EHHQ GHYHORSHG DW WKH )UHL
&HQWHU )+3 ZDV XVHG > @

,Q WYXHWXS HYHU\ VDPSOH ORVV E\ WK
LPSRVVLEOH WKXV IRU DOO SUREOHPV WK
IDLOXUH MHWWLQJ VDPSOH EORZ RXW LV
VFKHPH RI WKH XVHG DSSDURW XW KIAL (RIORDAR
HI[ISHULPHQWY PDWHULDO SDBD®HXMLW L RJG
GHQVLW\ PHOWLQJ SRLQW VRXQG YHORFL
OLWHUDWXUH GDWD ZHHWYH@W DRI QV K@ WH SHR
GHVFULEHG DV IROORZV Y¥DP3O GCDWWHQYD
5';y, DQG IO\HU SODWH PDVVHV IURP W R
VDPSOH UHFRYHU\ FDSVXOH DQG IO\HU SOI
&1L VWHHO

)L J *HQHUDO VHWXS RI WKH VWDQGDUG G
WUHDWPHQW DW 78 1 YcHHWIDNDGHPLH )U

7KH (RPUDPHWHUV LQ WKH VDPSOH ZHU
GHYHORSHGRIDMW/DE@ XVLQJ WKH EDVLF GD\
XQGHU ORZ DQG KLJK SUHVVXUH VKRFN WUF
DUH JLYHQ LQ )LJ W LV H&K EBAHWKDW
DSSUR[LPDWHO\ *3D ZzDV UHDFKHG )LJ
RI WKH WUXH H[SHULPHQWDO SUHVVXUH LV

7 6FKORNWKDOH U



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

> @ LQ WKH FDVH Rl SODQH FROOLVLRQ HJ[!
GLUHFWLRQ RI WKH\VWFEBHQW IVKREN [PYRL(
XQGHVLUHG HIIHFWV OLNH VKRFN UHIOHFWL
ZLOO RFFXU 7KLV PD\ UHVXOW LQ D SUHVVX
LWV KLJK LPSHGDQFH ZKLFK LV QRW FOHD!
HVSHFLBBOLPHQWY XQGHU XVLQJ RI WKLQQ
WKLFNQHVV RI PP IO\HU SODWH WKLFNQHYV

)L J JHZ JUD SKHEDBOVHRGWDWLRQV IRU WKH
3 18S SORW IRU WKH IO\HU DQG FRQWDLQHU
SUHGHQWLI(REBDWD LQ 3 I® +9 ESORW ZLWK
SUHFRPSDFWLRQ RI WKH VNDPSO®KGLQLWLDO ¢
FRPSUHVVLRQ RI WKH VDPSOH XS WR SHDN S
GDWD LQ SUBVXXUK GDWD3ALGORW®W ZIFWK WKH
PHOWLQXQSRHWWEDU 'DWD ZHUH FDORXODWF
R - .J > @ PHOWLQJ SRLQW LQ > @

7 6FKORNWK DOH U



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

$IWHU VKRFN H[SHULPHQWYVY WKH VDPSOH
DQG ;5" LQ WKH FDVH RI SRZGHUHG VDPSOF
YHU\ ODUJH VWLWRCPFRWXYUDO YDULDRYV FRPSOHYV
WXQJVWHQ FDUELGH RYHU D SDUWLDOO\ Gt
FKHPLFDO UHDFWLRQV 1HDU WKH VDPSOH
LOQGLFDWLRQV RDQ@OOGV IKDNVWR WUXFWXUHYV
FHOQwWWWDY DRI WKH VDPSOH WKH :& JUDL(
FRPSDFWLRQ ZLWK IUHH LOQWHUJUDQXODU
VWUXFWXUHY DV VKRZQ LQ )LJ D DUH RIWI
& JUDLQV EXW LQ WKLV FDVH WKH LQWHU
PDVV ZLWK D OLJKWHU FRORXU LQ WKH 6(0
LGHQWLILHG XVL&JIGHEWOYIVWHQPRQRFDUEL
HITHFW ZDV GHVFULEHG HDUOLHU LQ > @
LGHQWLI\ VLQJOH & JUDLQV ZLWR WKWHWDO
KHIDJRQDO SKDVH GLWX®&JVWHQRR QFREF®LEL.I
RQ IHZ SODFHV WKH VWDUWLQJ PDWHULDO :
UHSODFH& EAKLFK VKRZV LQGLFDWLRQV RI
YDFXROHYV DQG DGGLW LR@LINGHO L QWKHHU @Y DSOL
)LJ I 7KH ;5 DQDO\WLV UHVXOWY DUH
VSDFH JLYHV D FRPSRVLWLRQ RI & YRO &

JRU WKLV UHDVRQ WKH UHDO H[SHULPHQV
GHVFULEHG KHUH PDP GALKIHH & D/VOFXRO@INDH G URRC
LQ )LJ D 7TKH GHFD\ RI PROQRWXQJVYV
GLWXQJVWHQPRQRFDUELGH IROORZV WKH U]

&L & &

HFDXVH WKLV UHDFWLRQ WDNHV SODFH
IUHH FDUERQ DV D UHDFWERQ@ EQHR GXFW®LDPRW
;9

,Q WKH FDVH RI RQO\ SRRUO\ FRPSDFWHC
VLPLODU H[SHULPHQWYV GLDPRQG YDOXHV
WRIJHWKHU ZLWK ODUJH DPRXQWYV RI JUDS
SURGXFW RI GLDPRABHXO® &KH UKWWHPI$HWUW W X
VKRFN H[SHULPHQW ZLFK UHVXOWYV IURP W

LQLWLDO SRURVLW\ RI WR WKH IXOO0\ Gl
ZLWK WKH YHU\ ORZ KHDW FDSDFLW\ RI
- . J> @

/KH EHRDYRI WKH VDPSOH SURYLGHVY GDW
DQG H[FHHGV WKH WKUHVKROG SUHVVXUH F

7 6FKORNWKDOH U



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

WHPSHUDWXUH PXVW EH KLJKHU &V KQG HUKF
SUHVVXUH WKH ILOOHG LQWHUJUDQXODU
SHVVXUH DORQJ WKH ORDGLQJ SDWK DQG \
PHOWLQJ SRLQW RI :& DORQJ WKH UHOHDVI
PHOWLQJ SRLOQW XQGHU VWDQGDUG SUHVYVXI
ORZ SUHVVXUH FRQGLWICRQW RN KIMEWRRMKODRUKH)
VLPLO@U

)L J 6(0 LPDJHV RI VKRFNHG WXQJVWHQ FD
DW VFDWMHF REQGDU\ HOHFWADRFN YIFOWXWNHHU 1966
D VWUXFWXUDO RYHUYLHZ ZLWK GLITHUHQW
SDUWLDO PHOWIHQVD PSS OMDPERDWNK ROGHU ZL
VWUXFWXUHY LQGLFDWLQJ IRUPHU PROWHAQ
JUDLQV ZLWK HPSW\ VSDFHY EHWZHHQ WKHP
IRUPHU PROMHYP KH LOWHUJUDQXODU VSDFH)
r & ZLWKO®@HNES LQWHUQDO VWUXF& XUWK | I
YDFXROHYV

7 6FKORNWK DOH U



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

9RJOHU HW DO > @ PHDVXUHG WKH FRP:
WKDQ ®EIPU+t9 WRJIHWKHU ZLWK FDOFXODW
OPRGHO > @ $W WKLV HOHYDWHG \BKIRZ/ DX |
VWURQJO\ UHGXFHG GHQVLW\ DV FRPSDUHC
DFFRXQW WKH H[SHULPHQWDO UHVXOWV D\
ORZHU GHQVLW)\ PD\ EH WK& XAHFIDY RIHBWLG
WKH IRUPDWLRQ Rl GLDPRQG RP S/IXUB GO R/ZRH |
FDUELGHV ,Q WKLV FDVH FDOFXODWLRQV IR

JRU IXWXUH UHVHDUFK WKLV NLQG RI UH]
UHIUDFWRU\ FDUELGHV PD\ RSHQ QHZ LQWI
QRYHO FRPSRVLWHEXIL WW L@ KQONQWRZQJISUF

' ( *UDG\ '\QDPLF SURSHUWLHWIRI FHUD
S 6DQGLD 1DWLRQDO /DEV
$OEXFXHUTXH KWWSV ZZZ RVWL JRY VFL
, .RQGR 6 6DzZDL )DEULADWLDRRQO
FHUDPLFV E\ D VKRFN FRESBDEWUR®O PHRWKF
YRO QR SS +
., .RQGR 6 6RJD $ 6DZDRND 0 $UDNL
VLOLFRQ FDUELEHNSBREGHRY QR SS +
GRL %)
) ' 6 ODUTXLV $ ODKDMDQ $ % ODPDOL
GHQVLILFDWLRQ RI WXQJVWHQD®D VHIR AKH
7HFKQ YRO + SS #
5 3UXHPPHU ([SORVLYH FRPSDFWLRQ RI
SURVSHFWHDOZLVVHQVFKDIW XQG YHRINVW
QR SS * GRL PDZH
9 ) 1HVWHWHDPNRY RI KHWHURJHQHBR XV
SUHVVXUH VKRFN FRPSUHVVLRI®ZR K FERN G

6SULQJHU YRO S

7 - 9RJOHU - : *OXWK ' ( ""QOD®GLF&
FRPSDFWLRQ RI WXQJVWHOL'FDUELGH S
SOEXTXHUTXH 1HZ OHJ[LFR DQG /LY

7 6FKORWKDXHU $XIEDX GHV 6FKRENZH!
JRUVFKXQBVYBRHWBHLFKH =HFKH3 GHU 78
JUHLEHUJ XQG GLH (QWZLENOXQJ

7 6FKORNWKDOH U



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

+|FKVWGUXFNV\QWKHVMPHWKRGHQ,QV VWBIKW X
OLQHUDORWHHIDOEDGHPLH JUHLEHUJ )UHLE]
' 3 'DQGHNDU B6KRFN HTXDWLRQ RI VWDW
WXQHQ FDUBLBEHROQHUHQFH 3URFHHGLQ.
7RSLFDO &R{BHUR@IFHUHQFH HIRAMHIG [EQ OV
)XUQLVK HWS® Ot
7 - 9RJOHU 6 5RRW 0 ' .QXGMR® :
SUHVVXUH VKRFN EHKDYLRU\A$1& DQG 7D
$OEXTXHUTXH 1HZ OH[LFR DQG /LY

5 - / $OGRQ - ) ODUWLQ . & O0OLOOV
FDSDFLW\ DQG HQWURS\ RK MRKQIYRRHE OF D
YRO QR SS + GRL

5 5 S5HHEHU . :DQJ 7KHUPRSKNXIGFID/AVISQ
FDUEL GMH®HUDBRF YRO QR SS =

GRL M W E [

3 6 'H&DUOL 0 'HVQBQH®Y XQLD[LNO VW
UHFRYHU\ H[SH®KRFHDWNYHY DQG 5DWHK 6V
3KHQRPHQD LQ OHWDOV &RQFEBWNGDBDGO0S$:
OH\HUV DQG / ( OXUU 30HQXP 3UHWV 1H:

+ - BKLQ - . $Q 6 + 3DUN ' 1 /RG 7Kt

ULGJLQJ RI IHUULWEW IV 0 D WHMRIY VQWRW HH O

SS o+ GRL 6

* § $GDGXURY 2 1 %UHXVRY $ 1 'UHPL

RI VKRFN ZDYHV RQ UHIBR®BRRGH F RABRIXC

OHW&HUDP YRO QR SS

GRL %)

' ( *UDG\ 1 $ :LQIUHH * , .HUOH\ /

XKQV &RPSXWDWLRQDO PRGHOLQJ DQG Z

ZLWK LOQHODVWLF GHIRUBK®V P2FWM\OWHXF
35 3U3U GRL M S

7 6FKORNWK DOH U



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

5(*8/$5,7,(6 2) 6<17+(6,6 2) 24&1(("
7,7$1,80 &$5%,'( )520 ',))(5(17 7,7$1,80
*5%$" (6

%6 6HSO\DEBVNAKHWDR® 7/LVLQD

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
5XVVLD

HPDL@XPHQRU#OLVW UX
‘2, (310

7LW D GDXFEMBHHPDWHULDOV ZLWK D PHWDOO!
UDQJH RI DSSOLFDWLRQV GXH WR WKHLU
SODVWLFWHUPRBHULHQFH LQ VWXG\LQJ
VKRZQ WKDW WKH JUDGH RI LQLWLDO UHD.:
SDWW HWRPEXRIWLRQ DQG SKDVH FRPSRVLWL
7KH SUHV WOWX @RV HIXODULWLHV RR /GRIW K
WLWDQLXP FDUELGH IURP SRZGHUHG DQG J
370 JUDGHV Rl WLWIRZLRP LQQHDWRDQG DFWL
7KH H[SHULPHQWDO VHWXS DQG PHWKRG |
GLOXWHG PL[WXUHV DUH GHVFULEHG LQ >
SRZGHUV RI GLITHUHQW JUDGHV KDG WKH V
GLIHMED VKDSH DQG VLW W/XGIL X RS O\N QPQH
VKDSH ZLWK OHVV GBGHOREB® BRYMVD FHWLP
JUHDWHKH VSHFLILF VXUIDFH \WUWDQRIX RV ISR
GHWHURYDGERDELVSHFLILF VXUIDFH PHWHU
P JIRU 370 JUDGH WLWD/QILMNPG LV WHJ [SEDXUN
GHWHUPLQHG RQ DSOWUWIRBQHHDQDO\]HU
7KH FROQGXFWHG VWXGLHV UHYHDOHG W
JUDDWEG 6+6 7L 1RPL[WXUWK 370 WLWDQLXP
D ORQJ DIWHUJORZ IROORZLQJ WKH 3RMWDJ
HITHFW ZDV GLVFRYHUHG LQ JUDQXOQWHG
SRZGHUHG PL[WXUHWL7IRI BXON GHQVLW\ H
FRQILUPHG WKH H[LVWHQFH Rl WKH DIWHUJ

% 6 6HSEGVDWONLL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

FRPEXVWLRSOZDYHKB[ E\ WKH KDFWQ W KD WRQE
PHOWLQJ SRLQWKDQ WLWDQIPHOWHG LQ V
FRPEXVWLRQ IURQW DQG VSUHDG RYHU WL\
LOWHUDFWLRQ Rl WLWDQLXP ZLWK EODFN 7
OD\HU RQ WKH VXUIDFH X3 RW L WDREXX\PW B R Q
PL[WXUH RI 7L & 1L ZDV SUHYLRXVO\ V
GXH WR WKH ORZ YROXPH FRQWHQWWRI QLF
RQO\ D SRUWLRQ RI WKH WLWDQLXP SDUWL
PHOW 7KH UHPDLQEQHWRWOWHEGPLYDW WH FR
DQG VSUHDG RYHU WKH EODFN IRUPLQJ WL\
W ZDV WKLV UHDFWLRQ WKDW ZDV WKH OHI
EHFDXVH WKH FRPEXVWLRQ ZDYH LQ D 7L 1
ZLWKRXMMDBUGK %HKLQG WKH FRPEXVWLRQ
GLVSODFHG IURP LWV PHOW ZLWK WLWDOQL
DFFRPSDQLHG E\ WKH UHOHDVH RI KHDW
$FFRUGLQJ SWRGDWKBI WKH SKDVH FRPSRVLW
SURGXE& 11 ERWK IRU SRZGHUHG DQG J
FRUUHV S RIKGHEGHWRBIWRRFG\QDPLF FDOFXODW
XVLQJ 7+(502 SURJUDP 7KH H[SHULPHQWYV
FRPEXVWLRQ RTLIURQXOIDWH® XUHV WKH JU
XQOLNHVSBR@MWLQHG WK HZWWER\W HOCOLVRIOW D Q
7KH PLFURVWUXFWXUH Rl WKH FRQGHQVHC
ZDV VWXGLGEHDYOWUDVBRRYJ HOPHFWBRBORSH
7KH DYHUDJH JUDLQ VL]H RE WA WZKQIEXP ZBIVL
VPDOROBOY RUGHU RI WHDQ LWHEIGE HROQ LMLLW DQ Y K
SDUWLFOHY LQPNKH FRPEXVWLRQ SURFHVYV
ZHUH GLVSHUVHG DQG WKH QLFN MO &WD@G&NB
FDUELWETH. QV DIWHSWAMWMEDWLGEUDZQ WR WK
GHVSLWH WKH VPDOO YROXPH IUDFWLRQ LC
GLVWULEXWHG RYHU WKH JUDQXOH DIWHU V\
7KH YLGHR UHFRUGLQJ RI WKH FRPEXVWL
JUDQXODWHG PL[WXUH LQ WWF FDQFIRIDU HID\G |
QLWURJHQ JDV VKRZHG WKH SUHVHUYLQ
DVVRFLDWHG ZLWK WKH SUHVHQFH RI 1L
DQDO\VLVEXWKMHL RRPSURGXFWM RPILTWXWRHYV LQ
QLWURJHQ IORZ FRQWILWGYERS': D QD OANRY V
QRQWHUPINWEIDXOHOWR FORVH ¥LSHDVYMW\DRWGH&
WKH WLWDQLXP FDUELGH SKDVH DQJXODU SF

% 6 6HSEGVDWONLL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

W WXUQHGRREWVWHKIHWXUH EDVHG UDE B 7C
WLWDQHGP WREKW®BH LQ WKH FRERXV\IDRX
FRPSRVLWLRQ RDWRKAHSBURG XWRDW KB 3VI0W D (
EOHQG ,Q WKH FRPEXVWLRQ GRIW K H JORZQXY
ZDV REVHUYHBXDI® WXHIRFWWWRQLXP PL
GHFUHDVHG IURP W R PP:\p' SMRRDIGH Q.
FRPEXVWLRQ SURGXFWV KDG D PRUH FRPSC
TULLQWHURHWH QL & 1LJUDQXEMADLQHG W
GLPHQVLRQV DIWH ZHVEBRWK HVGYVRE QWG VW W
K\SRWKHVLY WKDW UHS OWEWQRDLICFO MD & | B}
GHFUHDVH LQ WKH FRQWHQW RI LQWHUPHW
H[SHULPHQWY ZHUH FRQGXFWHG WRLEX&Q S

1LPL[WXUHV LQRAKIFKWLWDQLXP ZDV U
ZLWK 370 WLWDOQLXP 7KH WWWGELNVPYKRZHY
FRPEXVWLRQ SURFHVV SURFHHE HBQ ROWKL\C
VKRZHG WKH SUHVHRYFIHQRG XKOWWUP @ WWPRE D
LVPDOONUKEWDBZWLWDQLXP PL[WXUH

8SRIEORPEXVWICRQV URJHOK HORD WK MV EZD VS DR
SRURXV VDPSOH RI VOLJKWO\ VLQWHUHG JI
FXWWLQJ ,W VKRXOG EH QRWHG WKDW ILO\
FKDQJH WKH FRPSRVLWLRQ RIRWEH0 PRFE XV
370370 WLWDQLXP PL[WXUHV HBOHIBQDDR
LOWHUP FRPOROADIGXY JUDQXODWITRQ RI WK

1L IROORZHG E\ FRPEXVWLRQ LQ D QLWUF
QHXWUDOL]H WKH LQIOXHQFH RI WKH WL
FRPSRVLWLRQ RI WKH ILQDO SURGXFWV RI V

7Kd VIQWKHVLY SURGXFWVY SUHSDUHG IURF
JDV I10RZX @HWUGWHBDWDHK® HY WKDW IDFLHLWD W |
SURFHVVLQJ LOQWRZSRUGIEU V)\RWHE LQ WKH
DEVHQBFMRIIORZ DQG IRU JUDQNXORW N & WPHD
WKH FRPEXVW LRXG HMJHRGEWND ROGEHIUH D
VLQWHUHG PDVV WKDW ZDV LPSRVVLEOH
FROQGLWLRQV

%6 6HSO\DWNREKBWHNRYD GFKHQNR %X UC

WKH 7L [& ! SRZGHU DQ\H G UPIQWXD
&RPEXVIOBYRFN :DYHVYRO SIS/ \¢
GRL 6 :

% 6 6HSEGVDWONLL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

%

1% .RFKHW&RYS5RAUDFKHY 3RIR]KHHITHRKW RI
PHFKDQLFDO DFWLYDWLRQ RI D UHDFWLRC
ZDYH SURQDRDWKY UHDFWLRQV DQ@G&LFUF
1LKDUGOBXVV1IRQHUWHW YRO YV

+
%6 O6HSO\DUVNDUD¥RRY.RFKHWNRRYDOHY
&RPEXVWLRQ EHKDYLRU RI D 7L 7L& PL[W
SRPEXVSORBWKRFN :DYHVYRO SISYA" .=
GRL 6 6

6 6HSEVDWONLL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7+( ,1)/8(1&( 2) *$6 )/2: 21 7+(
0$1,)(67%$7,21 2) 7+( 3(5&2/$7,21 3+$6(
75$16,7,21 ,1 *5$18/$5 0,;785(6 7L &

%6 6HSO\DEBVNAKHWDR® 7/LVLQD

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH S5XVVLDE BHFQBHW\ RAHUQRJRORYNLE
SXVVLD

HPDL®VLQD#LVP DF UX
‘2, (310

7KH VWXG\ Rl FULWUFRPEXKWQRPHIOD RQH R
LPBUWDQW DQG VWIRDOFRREKNQWLEBQRERHRU\
LOYHVWLIJDWHG WKH FRPEXMWE RIL ®XWH B Q2
$Q@ SHYQHWKRXW JDV,WORDV> \BKR E QL WILKD/
FRPEXVWLRQ SDUDPHWHUV QHDU WKH FRQF
GHJUHH Rl GLOXWLE®U QMKGO R DIWLRHR O/IKRH. \
ZLWKRXW GLOXWLRQ WRR SSOHW HRERRNGLGMK |
DUARQVLVWHQW ZLWK WSKIHH G HEVERRQWLRQ W |
'Q WKH SUHNM QMW LPRHNVDO UHVHDUEKHYV F
FRPEXWWPLRWYXROW LVWLQJ R COFMA YRHUIW  $
JUDQXOHV LQ D IORZ RI LQHWWR IHQJRID\WDNRG
RXW &RPSDUEXRQ@ LR JWKED RALIW DHWURJHQ
IORZ DOORZV WR GLYLGH WKH LQIOXHQFH R
ILOWHUHG JDV DQG WKH FKHPLFDO LQWHUD
WKH FRPEXWWLRBDSUWRKHM SURSDJIJDWLRQ OLF
7KH LQLWLDO VXEVWDQFHV XVHG LQ WK
SUHSDUDWLRQ RI JUD QXY \D DK G5 HB\LFOXLVE HC
([SHULPHQW DDODKRRY 5 Xt) @MWXK®H WIK[H JDV 10F
ZLWKRXW MRZPBRBXIORIIOQG SUHVVXUH R
FRPEXVWLRQ FXRFEH\OM YB@®RFHWHUPLQHG ZI
ODSVH SURFHVVLQJ RI YLGHR UHFRUGLQJV
JDV VXSSO\ ZDV FDUULHG RXWVIRPOW KH &
SUHVVXUH RWKH WR 2ZMKHHRWBHVVXUH ZDV HT

% 6 6HSEGVDWONLL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

%HIRUH HDFK B[EHULFRHDWXUJH WKURXJK \
SHUIRUPHG WR DYRLG VK WEMDIK R F RKEX V@

,Q WKH JDFWQRE DQ® MQHUWQ \E L QHNRWIDRQY H
WKHQLWLDO JUDNQEGD\YHGJ PYIHQRUFRR\GH B U H
KLJKHU E\ VHY\MHUID®D WKHHDOXH FDOFXODW !}
ILOWUDWLRQ7F RPHEW VWP RQH RWKLHY W KDIFWURI@W
YHORFLIHWHMW HOWY RQ FRPEXVWURIDSRIUDWKH (
E\ D FRQWLQXRXV OD\HU RI LQHUW +JUDQX:
SDUWLFOHV ZHUH FDUULHG RROMV V WG DX U\
ORZHU SDUW RI WKH EDFNILOO GLG QRW LJ
EXUQHG GRZQ FRPSOHWHIDODERW LW R HWH RIL
ORZHU SDUW E\ V LQ QLWURJHQ DQG E\
FRPSDUDEOH WR RU H[FHHGV WKH FRPEXVW
WKH DEVHQFH RI WKH LQHUW MXPSHU 7K
FRPEXVWLRQ ZD\GH CGOWMSEBMWKKHIDY IORZ F
H[SODLQUHMFMHDV EXYQURH YHRRAYWU WK
H[SHULPHQWY VKRZ WKH SRVVLELOLW\ RI D!
DFWLYH JUDQXOHV DIWHU SDVVLQJ WKH FRP
ILQDO ®RMJWHBQVIRUPDW DR QU HIRW HHDOM. Q Q
EXUQLQJ YWG®RF DWW K RVUKYWINRIX BK/GHD\FWY L Y H
JUDQROHFWYV WWHRQIDN H[FKDQJH SURFHVYV
ZKLFK FDQ OHDG WR WKHLU UDSLG ORFDO Kt

AXDQWLWDWLYH DQDO\WLV RI FRPEXVWLRC
RXW E\ WKH PHWKRG Rl FRUXQGXP QXPEHU\
IUHH WLWDQLXP LQ FRPEXVWLRQ SURGXFWYV
FRQFHQWUDWLRQ RYHU ZKLFKI WKB FEKRQ
SURSDJDWLRQ WKBRRDIWMIQH FOXVWRU 3R
LOFRPSOHWH FRPEXVWLRQ RI WKHL®FWHKNH
FRPEXVWLRQ BWHOBHUDKHXBHOWLQJ SRLQW R
DOXPLQXP R[LGH FRQWHQW RWPRQW ZHKIDH F L
RXW XVLQJ 7+(502 SURJUDP

$® FRQFHQWUXIRYOR LV ZRQFHQWRBEDWLR
FRPEXWEMMHQ YHG LQ HS HULFPHOQUWEX B 0 WQ R
YHORAFRIWXBI®LOXWHG PL[WRWHR DWLRKWN RU
FRUUHVWRQ®W¥XH SUHGLFWLRQV RI SHUFROL
FRQFHQWUDWLRQ OLPLW RI FRPEXVWLRQ LQ
ZLWKRXW WKH IORZ LQGIWRWHRRE R PRRA QU }
SHUFRODWLRQ SKDVH WUDQVLWLRQ

% 6 6HSEGVDWONLL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KH UHVXOWYV VKRXOG ZKH @ VR IO LLAQIVWR KIDiF
RI ILUH H[SORVLRQ VDIHW)\ ZKNQY K BIQEGROH. QU
SHUFRODWLRQ PRGHO LV H/{SORDWHGE VRRJ WV
> @ WKH FRPEXVWLRQXUD DIUERZXED WD FPLLYH
FRXOG EH D XN\RHWJIXWREBAMAI WKLV SKHQRPHQ

7TKH ZRDWY S SRG W\WWHNWS SURRNRHFW

/| $ $QGUHHYVNLNK <X % "WEHOQWRRY $2
OLNKDLORY 7UWRWD 'MULEDV ([SORVLYH P
H[SORVLYH ZHOGLR®URBIHERRY |RBRULRWHFK
YRO QR+ SS

9 0 $XOFKHRNR%RQGDU .XGU\DYWWVHY
ILNROBGN® SXVKBEBUXXHOSDFKHI$ 7HQ

90 7LWRB 7TRORFXNMRKLO2PK=KXODIQRY
BKHNKWPDEBBH® GHWHFWRUV IRU 65 LPD.
WUDFNLQYWUXP YRO QR SS

(5 3UXXHMO7HQ3 %WRORFENBHU]JKLHYVNLL
IXNI\DQFKLNRY$SXDIFKHQNR=KXODQRY /
BKHNKWPDQ 7OWRY ,PSORPHQKMHD\WDBRELO
VIQFKURWURQ UDGLDWLRQ LQ D "RWMXG\ R
3K\V YR QR+ SS

90 7LWRY JUXXBOT7HQS$ //XNJY\DQFKENRY
OHUJKLHYWBN LR 2R FIONR KX ODQREKHNKWP D (
([SSULHQFH RI XVLQJ VI\QFKURWURQ UDGLI
SURFH&RPEXVW ([SORV 6KRFWRMYHVQR
SS +

% 6 6HSEGVDWONLL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

+$5'(1,1* 2) $/80,180 ,&.(/ 5($&7,9(
0%$7(5,%/6

6 $ 6HURS\DQG6DIGNRY ODGFKIHQAIR , $O\PR®

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLUOHYDQ #PDLO |
‘2, (310

7KH FUHDWLRQ DQG WHVWLQJ RI UHDFWLYH
RI SK\PHFKDQLFDO FKDUDFWHULVWLFV DQG
DVVRFLDWHG ZLWK D OKREHRD®RI OSRWNBW
WHFKQRORJLFDO GLIODWFKIOWDMY D 6X¥®H U HA
H[SHULPHQWDO DQG DUH GLVWLQJXLVKHG E\
DFWLQJ SK\WLFRFKHPLFDO SURFHVVHV GLUH
ORDGLQJ RI WKH UHDFWLRQ PL[WXUH ZKL
GHIRUPDDWIREHVYY DQG WHPSHUDWXUHV >

7KH DLP Rl WKLV LQYHVWLJDWLRQ LV WKH
PDWHULDOV ZLWK KLJK VWUXFWXUDO VWUHZC
SRZGHUV LV GHWHUPLQHG E\ WKHLU FRPSRYV
SDUWWHPBWNUH PHIMKIRSG RI DSSOLFDWLRQ
SUHVVUDWHYR ®XPH DQG VKHDU FRPSRQHQWYV
SDUWLFOMWDWHDBI®G RWKHU IDFWRUV 7KX
GHYHORS PHWKRGV Rl FRQVROLGDWLRQ ZK|
UHDFWLYLW\ RI WKH JLYHQ FRPSRVLWLRQV
EHWZHHQ WKH SRZGHU SDUWLFOHV LV UH
VWUXFWXUDO VWUHQJWK RI WKH PDWHULDO
ZDV D SRZGHU PL[WXUH EDVHGFOM MLIHORBI &K
WKDQ PLQ WKH HTXLDWRPLF UDWNRQIKH
FRPSDFW VDPSOHV LQ WKH IRUP RI D F\OLQC
UHODWLYH GHQVLWWIRASOHD QA WK WKHQDGG
LOHUW FRPSRQ VB LOYMRUFMHELWK WXQJIV\
ERURQ ILEHUV ZHUH PDGH

6 $ 6HURW\DQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

$v D UHVXOW WKH GDWD RQ WKH VWUH
SDUDPHWHUYV DPOQOGREXKWRPERVLWH PDWHULL
QLFNHO DQG DOXPLQXP ZLWK LQHUW DGGL
WIQWHQ ZLUHV DQG DFWLYH ILOOHUV LQ
REWDLQHG

7KLY ZRUWXZBRUWHG E\ WKH 5XVVLDQ $F
SURMHFW QR

1 $ ,PNKRYLN6YEGLQWNBPEUQ®RY <DVKLQ
JRUHLJQ LQYHVWLJIJDGHROMVRIUBBEVWKILYHK P
GLIIHUHQW DGYDQFHG PXQLWLRQV+ *RUF
&RPEXVWLRQ DQG (DPSFORVLRQR* SS

., 9 B6DLNRY $0\PRY¥ ODGFKHONRRYDOHY

QYHVWLIMVWRRDYHRILQLWLDWIRIDR® PRI
PLIWXUHV /HWWHUV RQ PDWHULDOV Y

6 $ 6HURW\DQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

3266,%,/,7< 2) 35(3$59F2 18B6$ 1"
7D+18 +&\96& 20326 ,7(6 % <3BH66,1*

9 $ 6KFKHDBEMBNKRY1 XQRXG

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLYWODGLPLU#LVP D
‘2, (310

'"HY®BIRSPHQWHIRD FPMRDPLF FRPSRVLWHV UH
IXQFWLRQQIEHMWWHPH FRQGLWLRQV DW KLJ
FRUURVLYH HQYLURQPHQWYVY LV DQ LPSRUW
WHFKQRORJLHV Rl PDFERQN LEXL CPGLVOD O @ K W.
HQHHULQJ DOQIGQGXKVAWRPWYLQJ PDWHULDOV
WKHVH SUREOWR\NP SHUHD WKWK FHUDPLF FRPS
7D =D @GD +IVROLG VROXWLRQV 7EHKDIKH F
PHOWLQ KHRWQWHNDVWG §¥@/MMDJBRZRHIILFLHQ\
RI WKHUPDO H[SDQVLRQ DQG FRUURVLRQ
FRQGLWLRQV

6+6 LV D SURPWWER®B SURGXFH FHUDPLF |
$GYDQWDWHRWRVKRG DUH VLPSOLFLW\ RI Gl
FROQVXPSWLRQ DQG KLJK SXULW\ RI WKH WDL
7KH DLP Rl WKH SDSHU LV WR LQYHVWLJD
DQG FRQVROLGWMRRUBWKUHK FHUDPLF FRP:
VROLG VROXUNDRGV+TRE\ 6+SUHVVLQJ

7R GHWHUPLQH RSWLPXP V\QWKHVLV FR
DQDO\WKVHRRBR DQG+BR FKHPLFDO V\VWHPV ZF
RXWHSHQGLQJ RQ UHDFWLRQ PL[WXUH FF
WHPSHUMW EKBASRVLWLRQV RI HTXLOLEULXP
DGLDEDWLF FRPEXVWLRQ WHPSHUDWXUHV I
DQDOWRXH® WKDW WKH HTXLOLEULXP V\QW
UHIUDFWRU\ FRPSRX@&V 7D& =U&

9 $ 6KFKHUEDNRY DQG $ 1 *U\DGXQRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

&KURPLXP PRQRERULGHRHDWDSUR FR\QHH D"
6+6 SURGXFW WR LPSURYH FRQVROLGDWL!
FROGLIVORRAYLQJ WR 6SWREKFHL W & W DLRO L
FDUELGHV 7D& =U& +1& D ZH BEROMMNG LELHG

W FDQ EH FRESBOXLENB PRK@GLWLRQ WR FD
RI 7N & U% DQGI &®DU% FRPSRVLWHV LV Wk
H[SORVLRQ XQGHU SUHVVXUH

TKERUN ¥YRSSRUWRBG RE\NRBRHVLF SHVWMBRMH FK
SUHVLGLXP RI 5XVVLDQ $&D GHP\ RI 6FLHQFH

9 $ 6KFKHUEDNRY DQG $ 1



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6+635(66,1* $1' 3523(57,(6&2J1W@B 1"
%&+=196 &20326,7(6

9 $ 6KFKHDBEMBNKRY1 XQRXG

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLYWODGLPLU#LVP D
‘2, (310

7KLV SDSHU SUHVH®KNUW RMNOIER/CE O W &:XFEIH
7LD QG U%RPSRVLWHWEVEE ]

%DVHG RQ WKHUPRTGXQO PE B LGFERIEIR\GDUF MR (
DQG DGLDEDWLF FRPERIN %R Q QNEPHRS 646D W X U
VIVWHEARMVAD OFXODWHG ,W KDQ EOFUBOMKRZQ
FRWHQW LQ WKH ILDW QDYWRRIGXHWWER WRSHFUHL
DGLDEDWLF FRPEXVWLRQ WHPSHUDWXUH IL
FROGLWLRWKHVL]HG SURGXFW DFR® WDWQV V
GLVSHUVHG SKD\WHDD/QBEHPREB®WHEL®Y GHU

7KH LQIOXHQMHDFRLRQ PL[WXUH WHKRH SR
PLFWRUXFWXUH PIOFEKDRK\WRLEGR FKDUDHFBWHU L'
FRPSRVLWHV ZDV VWXKBRHAG WWDKDGXAHHJ |
VIQWKHVLY DQ HTXLOLEULXP 6+6 &URIGKFW
DQG =W IRUPKHE 843 FRQVEHZDN IRXQG WR D!
VLQJQLILFPQMWMURVWKKFWXUH RBVE+6 RER PSR\
FROQWHRPWJIHQHRXV 6+6 FRPSRVLWHY PLWK D
DUH IRUPHBG FRPSRYLWHKYV Kh&K FR QWHIHW
LOQKRPRJIM@BRRVH UH SKRHO/OIRIVSBUBLFOHYV F
7LD QG =)o

7KH IRUPDWLRQ RI KHFEOGRHA B EWWL KO WV DL
LOLWLDO VWDJH RI LQWHUDFWLRQ DW WHF
WLWDQLXP RUD ] LSUAR®LKIWR @W DHMD MWDIQL X P F
JLKRQLXP GLERULGHWKH VRUBEFHNVLFOHV K
FRPEXVWLRQ WHPSHUDWXUH UHDFKHV WKH

9 $ 6KFKHUEDNRY DQG $ 1 *U\DGXQRY



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

JLUFRQLXP WKH LQQHU SDUW RI WKH SDUW
RU J[LUFRQQWHWH PROWHQ PHWDO IORZRWYHUR
RXW VXUIDFH RI WKH SURGXFW ODKHW KD W
SDUWIWOMHKWRXOG EH QRWHG WKDW WKH PHO
WKH SURGXFW OD\HU DQG GLG QRW LQILOV
ERURQ DQG VRRW PWWWERFRGE VZHIWWKWLQJ ZKLF
DOORZ WKH PROWHQ PHWDO OHDYH RIl WKH
SLFNHUVKPUB@RMEHQGLQJ VWUREGIWK RI
FRPSRVLWHYV REWDLQHG Z& WKID EWQGBUWH FFk
+ *3D DQ& O3 DUHVSHFWLYHO\

)L J OLFURVWWDXHWX ®WE ROEG 7L% %&
FRPSRVLWHY 7KH OMWKHWGIKDY 8 KLNVVHA %V %

)L J OLFURVW DX WX b DIRQGE =U% %&
FRPSRVLWHY 7KH OMKHN GXWDN & KLKVHU RV %

TKERUN ZDV VXSSRUWHG E\ WKH 5XVVLD
5 HV H DU BKRW

9 $ 6KFKHUEDNRY DQG $ 1



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

(/(&7527+(50%/ (;3/26,21 ,HLHE$O 6<67(0

$ 6 BKFKXNL*Q ODGFKH QNRKHUEDNRY
$ ( B\WVFXKHIKFKHUEDDNRE 1 6YRERGRY

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6RVHFREHYV
5XVVLD

SULERU 639RMRRZ SXVVI

HPDIMKFKXNLQ#LVP DI
‘2, (310

W LV NQRZQ W MDHWPSWKBWXKUHK VWUHQJIWK
FRPSRVLWHV EIDVNBORG MROXWLRQV LV DFk
IRUPDWLRQ RI DQSKDNHURHS®OQTKEFK LV Fl
E\ DQ DQRPDORXV GHSHQGHQFH RI WKH VYV
,QYHVWLJIDWLR® RK D @FERIQDVWHP ZDVHE R X
LQ D QXPEHUW QRA RAINDI WKRVH SHUIR@PHG L
7KH SRVVLELOLW\ Rl BDRB& FVOIMRHU R H WIDSADO L
FRQWDLQLQJ PRUH WKDQ PRO\EGHQXP RL
SUHQV Rl SRZGHUV LVXOKRZIHQQD® GR\V > @
XVHG IRU WKH PDQXIDFWXUH RI YDULRXV
HOHFWULFDO FRQWDFWV GHYLFHV IRU WK
FRPSRQHQWYV IRU WKH GHIHQVH LGB/HDUEK >
ZDV WR SURGXFH W KIH $FR P DROWR\WEHWIKG! UHRODHT !
H[SORVLRQ (7( XQGHU SUHVVXUH
3UHOLPLQDU\ VWXGLHV Rl WKH FRPEXVWL
XVLQJ ZW ZW 1L  $O0 VDPSOF
DWPRVSKHUH DW GDWHVHQW WHOBWQYHO\ OF
WKH PL[WXP&/ DOXPLQXP PHOWLQJ LV R
H[SHULPHQWDOEWWHQRRIUIRARWLRQ RFFXUUHG
RI VDPSOH& GWRHY QRW OHDG WR WKH LQLWLI
$Q LQFURKWH KHDWLQJ UDWHEVUBRD G VWRR
LQFUHDVH LQ WKH LJQLWLRQ WHPSHUDWXUF
+HDWLQJ RI WKH PL[WXUH IURP WKH LJQLWLI

$ 6 BKFHWNRQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

LV DERXW  f& )LIJXUH VKRZV WKH GHSHQ
LQ WKH HOHFWULFDO UHVLVWDQFHGRIUWEH
(7( ,W FDQ EH VHHQ WKDW (7( HJEOR&HYH
KHDWL@IL ®KRPRHRXV PL[WWUH VV WKHUP]
H[SORVLRQV VV DQGSSRVWVVW W$WKH
SUH[SORVLYH KHIBWE QB UMDY 8B LWRWKH FXUU
YDOXH5 DGWKH LQLWLDO YDOXH RI WKH H
VDPSOH

)L Jd KHUPRJUDPV RI ; 1L $O0 PL[WXI
KHDWLQJ UDWHYV DQG [& V
)L Jd '"HSHQGHQFHV RI WKH UHODWLYH FKDC(

SUHVVLQJ SUHVVXUH GXULQJ (7(

$W WKH WKHUPDO H[SORVLRQ VWBJH WK
GXH WR WKH IRUPDWLRQ RIGRAKW RLVHD B OLHFPMWH
UHVLVWDQFH LV VOLJKWO\ KLIJKHU WKDQ W
VWDJH DV D UHVXOW RI WKH VKULQNDJH RI

$ 6 BKFHWNRQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

LQ WKH SUHVVLQJ SUHSVREHVWRFFWDV H7RFFXI
FRPSOHWUILRKE R[RWKHUPLF UHDFWLRQ DQG F
FRROV FRPSOHWHO\ 8QGHBUGWRKWNDIYVHARQBE\L\
ZKLFKEDXVHG EKULRQMDJIH RI WKH KRW V\QWK
SUHVVXUH

$FFRUGLQJ WR WKIHUDFWLRQ GDFRP SWRW \
VDPSOH FRQWDLQV WXQJVWHQ DQG D VPDO
SRZGHUHG VDPSOH VKRZHG DOVR WKH SUHV
1R $0 WUDFHV DQG LQWHUPHWDOOLF FRP
PLFURVWUXFWXUH RI WKH V\QWK KWL]HRGE PFR
GLVWULEXWHG WXQJVWHQ JUDLQV DERXW
E\ ELQGHU LQ WKH IRUP RI ILQH LQWHUJUDQ
VROXWLRQ EDVHG RQ QLFNHO DQG DOXPLQX
6L ZLWK D VL]H RJUXS WKH VDPSOH FRQWDLQ
RI VLOLFR@OEDJABVLXP ZKLFK DUH WKH FF
$63 $06L 0J DOXPLQXP DOOR\

7KH PLFURVWUXFWXUH RI WKH IUDFWXUH
DQLVRWURS\ RI : JUDLQV )LJ E 7KH GH
RFFXUUHG XQGHU DSSOLHG ORDG FRPSUHV\
(7( 7KH IUDFWXUH VXUIDFH KDV DQ HVVHQW
)L E

7KH VI\AQWKHVL]HG DOOR\ LV SUDFWLFDOO!

NJ PDQ RSHQ SRURVLIQ RI QR FRBIIS UMK

VWUHQJWK RI - 03D DO@Q®XRD PLPGRKDUG!
D E
yLJ OLFURVWUXFWXUH RI WKH D FRPSRV]I

WKH VIOQOWKHVL]HG VDPSOH

$ 6 BKFHWNRQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

1 0 ODWYHHYD ( 92UGHE®R3DVHV LQ OH
B\ WVWHPMZ <RUN 1RYD 6FLHQFH 3XEOLVKHU
<X 5 .RORERXV&ERQWUROOHG 3URFHVVE
%RXQGDULHV DQG 30DVWLFLWI\RRR0HRLO
1IDXNV LQ 5XVVLDQ

<X 5 .RORERY ( 1 .DEORBWWUXPWXRHDF
3URSHUWLHY Rl ,QWHUPHWDOOLF O0ODW
6WUHQJWIRMFIRYI 0,6L6 LQ 5XVVLDQ

- 3RSRYLp 3 %UR& - 9%XU&tN OLFUR
HTXLOLEULXRV@LQ\WKHPWHUPHWD®RO

OR Ss

6 OLOHQNRYLF $ 6FKQHLSERQNWLWYRRRIK
PLFURVWUXFWXUDO LQYHVELQDUSBRQ RI
VI\VWIORVHUPHW I & O QR + SS

7 7DNDKDVKL ' & 'XQDQG 1LFNHO D
UHIUDFMMRDO GLVSHUVRLGV 0L FUFRWHIKFYV
6FL (QJ $ YRO¥ SS +

9 1 &KXYLO GIHRHNK UL Q9 $ 9 ORVNYLFKHYL
RI WKH VWUXFWXUH DQG PHFKDRQEDO
XOWUDGLVSHUVHG PHFKDQLFDOO\ DFWLY
1D@RFK 5XV  YRO * KQR

(0 6DYLWVNLL . % 3RYDWRYWDCS 6BLIHON
7XQJVWRYQYFRZ OHWDOOXUJL\D LQ 5XV

$ 6 B6KFHWNRQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

0,&526758&785( $1' '<1%0,& O(&HH1,
3523(57,(6 2) 08/7,/$4BQ73/26,9 (/<
(1 3/%7(

= 6KHQE&KH®QG 4 =KRX

6WDWH .H\ / DERUDWRU\ RI ([SORVLRQ 6FLHC
,QVWLWXWH RI THFKQRORJ\ %H

HP D LFO # FRBZFKHQ#ELW HGX
#TT FRP

‘2, (310

2Y HMISD VWY HHD @Y U LRXYWH VW EZHDSMHIRQVWPHG R
/E$OH[SORPOWMHBGIGHG FODG EHFDXVH LW KDV I
IHDWXUHV VXFK DRVYKORZUGHAHWIMNIRRG FRUUF
DQG KLIMVNWOHW® KLY ZRUN H[SORVLYH ZHO
REWDLRXOWLODXZKUFEODWHRQVLVW Rl SXUH
DOXPL@QBIBY 7KH ZHOGHG VDPSOHVIRHKH DQ
DQGK 7KPFALRY WU OEMEXUGWHU P AWK © H MG KIDM
E\RSWPEBORVFRS\ VFDQQLQJ HOHFWURQ PL
G\QDPLF FRPSUHVVLRQ WHVWYV ZHUH FDUUL
SUHVVXUH %DU 6+3% V\VWHPV DW URRP WH

(KH ZHOO ZHO G H{&x L QQMWMHWHDODFWR WKH GLUH
GHWRQDWLRQ ZHDWH®YH\VLWD RSWLFDO PLF

)LIXUI VKRZVRBQLFDO PRFURKHDSKPSRVLWH
LOWHUIDFH DIWHU H[SORVLYH ZHOGLQJ

GHPRQVWUDWH WKDW $@OKMHGFTAD ® 6K QH YRIG E)\
WKH H[SORVLYH ZHOmBY\QPRWBRRQRDXHZLWK

DSSHDUWKHRERQGLQJ LQWHUQRQFD O% QVHDW
XQLIRUP LOQWHUPHWDAQRUPHD\MW WHEW LQWH

ZKLFK LV PDLQO\ FRQWLVVWRI 7L$0
7R LQYHWWKIHIDMWHHFW RRQ Q\KHD PLEURVW
YDULDWRIWRMH[ DQG LQWHUIDFHV ZHUH REVHU

LQ )LBV FDQ EH VHHQVRRP VYRDGV F ZBEMV

= BKH®JIDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

IRUPHG LQVLGH WKH LQWHUPHWDOOLF OD)

> @

7KH G\QDPRBHNWRRRQ WHVWV ZHUH FDUUL
VSOLW +RSNLQVRQ SUHMNVEKDRB EBUVWHE WUWR\
DIWHU WKH FRPSUHVVLRQ WKH VDPSOH KD’
DOXPLQXWMWYVYH) REYLRXVO\ SODVWLF GHIRUP
LWPLFURVWUXFWXUH WUDQVIRUPDWLRQ ZLO

)L 7KH JURZIWKKH LOQWHUPHWDGPQAF DW WKF
FRPSRVIOWHUIODFHD IWHU H[SORVLR® ZHOGLQ
DQQHDOLQJ GXULQJ K

)LJ DRLGV PRWDFND QOMB®/LQJR UK

yLJ 6DPSOHV IRUUG\D\MDLRR G WRIRKSVYYV EHIRUH
FRPSUHVYV

. $%DWDHY$ %DWD®HY, O0DOL ' XNRBDFO\
BWUXFWXUDO DQG PHFKDQLFID@DWISURISWD

= BKH®JIDO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

ODPLQDWH FRPSRVLWHSO RWLR/GIX FHBE6 GA\Q.
DQQHDOMWHULDOV 'HWRQ QR SS

) )RDGLO GBROWDDI$EHOL (WPLQDQEDNKVK
NQHWLFV RRUABWLRSORYLIHOGHSBO 7L
PXOWLOD\H H WG D W BHYRYO O AU D @V

YRO R QSS+

0 )DQ <X: :DQJ; *XR. -LG OLDR 7DR
OLFURVW UX FPHX KB @MLF DO S URSHUMA HY RO
ODPLQDWHYV SUWSEB H{ SO RYVQMB VERINGLQ
3HUPRU YRO QR+ SS

' 0 JRQF]BMKXO/LWIVW\QWRND ]\Q ¥ N DX C3F
=LHED:RMHZRMXOEND OLFURKDQXHFEWOUHE St
JURZWK RFFXUULQJ D W QVKIHS DRW HYUH DK HZ HR:
DQG DQQHDWWE®WHRU (QJ 3HWROP QR
SS  +

6 K H®UJ DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7232/2* &%/ 67$7(6 2) 6758&785%/ &+(0,67
2) 1(: 68%67$1&(6 $1' 0$7(5,$/6

9 <D 6KHYFKHQNR

*UHEHQVKFKLNRY ,QVWLWXWH RI 6LOLFDWH
6FLHQFHY 6W 3HWHUVEXUJ SXVVLD

HPDWBIKHYFKHQNR#LVF QZ UX
‘2, (310

BWUDQJH WRSRORJLFDO HIIHFWV PLJKW E
RUGLQDU\ PDWHULDOV 8QWLO UHFHQWO\
DWWHQWLRQ@ W/ HW R BW/BARDRD VW XG\ Rl REMH
DUUDQJHPHQW LQ VSDFH 7KH WHUP *WRSRF
ZDV XVHG XQOLNH LQRUJDQLF RQH DQG H\
GHVFULEH DQG SUHGLFW D QXPEHU RI IXQG
SHFHQWO\ FKHPRXWSG KOKDW WRSRORJ\ SUR
LOWR WKH SK\WLFDO FKHPLVWU\ DQG VWUXF
KDV WUHQGHG WR IRFXV RQ WDQJLEOH SUF
UHVHDUFKHUV VD\ WKDW WKH UHDO UMZDUG
ZLOO EH D GHHSHU XQGHUVWDQGLQJ RI WKF

+HUH PHQWLRQ VKRXOG EH PDGH RI WZI
VWDWHV RI VXEVWDQFHVY QDQRVWDWH LPS
VWUDQJH HIIHFWV FHQWDXU SDUWSRDWM
UXOH DQG PDFURVWDWH ZKHUH LW LV UH
SK\WLFDO SURSHUWLHY WULSO\ SHULRGLF F

,Q WKH HDUO\ vV - *HUJRQQH GHULYH
SHULRGLF PLQLPDO VXUIDFH ,Q VXL
SLHDQQ ,Q WKH V + 6FKZDU] FRQVWU)

VXUIDFIHW VWX GHQWHRYLXV IRXQG QHZ VXUI
UHYHDOHG WKDWDLUBQGIONVNWH®RAMHR HDFK RW
WUDQVIRUPDWLRQ

/R JHQHUDWH SHULRGLF VRW DARUH D¥MPFH
XQLWV KBILWKQWHRQDO VSDFH JURXSYV 7KHVI
NDOHLGRVFRSLF FHOOV ZLWK IODW IDFHV R

9 <D 6KHYFKHQN



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

JURXSV ZKLFK ZHUH XVHG E\' $ 6FKRHQ WR
LOQILQLWH SHUKXRGREBBEQLPDO V

7KH IDPLOLHV RI VXUIDFHV REWDLQHG E!
7KHUH LV DQ LQGHILQLWH QXPEHU RI XQEDC
ZKLFK DOWKRXJK HYHU\ZKHUH PLQLPDO G
XQHTXDO UHJLRQV $Q BIFBRSIOW VRKH X HK PUX \
WKH FRLQDJH PHWDO DOOR\V

7KXV E\ WKH PLGGOH RI SDVW FHQWXU'
IUDPHZRUN IRU WULSO\ SHULRGLF PLQLPDO
WKH DGYHQW RI FRPSXWHU JUDSKLFV LW L
VWRIHWKLY SUREOHP ZKLFK FDQ EH IRUPX
QDWXUH SURYLGH SHULRGLF PLQLPDO VXUID
WKH VXUIDFH LQ ZKLFK WKHUH DUH DWRPV
SODFH LQ D UHDO FU\WWDO" $UH WIKKMIKH
VWUXFWXUH"

7KH PDLQ LGHD RQ WKH XVH RI WKHVH FF
SURSHUWLHY RI WKHVH VXUIDFHV LQ PROHF
SURYLGH XV WKH LQIRUPDWLRQ RQ WKH UHC
DQG WKH FKHPLFDONRR®KBVFIWHEHLWKH FKHF
GLIITHUHQWLDO JHRPHWU\ 7KLV ZLOO KHOS
VWDQG RU PRYH LQ VROLGYV DQG KRZ SRURX
OLNH SURWHL@NKD DHGEG PRBAMPXOHY FHOOXO
VWDUFK @E&EWRUERMYHUW RWKHU PROHFXOH
7KH VWUXFWXUH LQ LWV ERQG DQG UHODW
VXUIDFH ,W LV NQRZQ WKDW FRPSOH[ VWL
VLPSOH VWUXFWXUHV FRQVWUXFWHG IURP V

7KH IROORZLORQNREOBOXH GUDZQ 3HU
VXUIDFHV 316V RI )RXULHU VHULHV DUH
VWUXFWXUHG PDWWHU ZKLFK DUH RUJDQLF
VXUIDFHVY 306V DQG SHULRGLF ]JHUR SRV

QWHUSHQWQRGRVHUDODSSLQI VWUXFWX
E\ VXUIDFHV SDUDOOHO WR PLQLPDO VXUIDI
DQG 3 36V DOORZ WR GHVFULEH WKH FKH
JHRPHWU\

7KH VWXG\ ZDV VXSSRUWHG E\ WKH 5XV'
SURBRFW

9 <D 6KHYFKHQNR



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

(:3/26,9( 6<17+(6,6 2) 1$1268&%$/(
(721$7,21 &$5%21

$ $ 6KWHWWYNKUSOT\DQLBW %M. UDH Y
DQG ' . 5\ELQ

IDYUHQWIWMHY RIVWGWRG\QDPLFV G6LEHULDQ ¢
$FDGHP\ RI 6FLHQFHY 1RYRVLELUVN 5

HPDLDOWWHU]JHU#PDLO UX
‘2, (310

9DULRXV IRUPV Rl WHFKQLFDO FDUERD FDU
WKH EXUQLQJ RU E\ WKH WKHUPDO GHFRPE
7KHUH DUH PHWKRGV IRU WKH SURGXFWLF
DFHW\OHQH EODFN EDVHG RQ WKH H[SORV
> @ $W WKLV WKH SURGXFW\BDGHRDE\EGH!
DQG R[\JHQ JDVHRXV PL[WXUHV LV RI NHF
SDUWLFXODU SURSHUWGHWRQ®WIZRE SKIUVF
GHYHORSHG LQ /DYUHQWYHY ,QVWLWXWH R
GHWRQDWLRQ VSUD\LQL YBINL® ISR\E& 6L O L W |
PDQXIDFWXULQJ RI D NLOQDRIRV¥PNERQGH®
FDUERQ 1'& > @ 3*' ZRUNV LQ D FRQWLQ
DXWRPDWLF UHSHWLWLRQ RI F\FOHV VR WK
RI D VHTXHQFH RI VKRWAM VHV |XHTKH RVIHX
QLWURJHQ SDVV IURP JDGLEDNOQRRWVR®Y RX
HYHU\ F\FOH VKRW VRAXG&VFRREXMROWURO
YDOYHV LQ WKH JDV BOBGWWEKBRWLR QVKE LRS |
IXHO DQG R[VHISD SDWWO\ L QWR WIKRIQ PE KIDPE
ZKHUH WKH VDLG JDVHV DUH PL[HG 7KHQ V
ILOOV WKHZEDRKJISOD\V WKH UROH RI D UHDH
LOLWLDWHY WKH SURFHVV Rl GHWRQDWLRC

$ $ 6KWHUWOHU



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J 3X O'WAV RBD WHY LFIHLQJQLWLRQ FKDPEH
ZDWAHRIROHG HEDWUWWULEXWRRQWHILW[SORVLY
FKDUPDLQ H[SORVLFRQAMKDROH\RPHBEXN B O X J
UHFHLYHU *DV YX5S3®AIXBOMRMIHOQ 1
QLWURJHQ

$IWHLQLWLDWLRQ WKH GHWRQDWLRQ IUR
ILQDOO\ WKH F\FOH HQGV ZLWK WKH HMHFWI
UHFHLMEG SXUJLQJ RI WKH EDUUHO ZLWK QI
SDVV WKURXJK WIRHWKHF HHL X B/ K/ \W\W H PV R
SKDVH FDUERQ DFFXPXODWHY WKHUH
3*''" FDQ ZRUN RQ YDULRXV JDVHRXV K\GL
)L J DV DQ H[DPSOH WKH H[SORVLYH PL[W)
&+ N LV SLFWXUHG :KHQ R[\JHQ FRQWHQW
ORK WKH VSDUN SOXJ &L VFKDLWIHQMWXH LLF
IRU LQLWLDWLRQ RI GHWRQDWLRQ ,Q WKLV
OD\HU H[SORVLYH FKDUJH FRQVDWNW®&H FEIDW
EUHHFK HQG DQG W IQHWKH \QHOKWREINP H $Q\
LOLWLDWHG H[SORVLYH PL[WXUH L H DF}
FRPSRVAWLREDQ EH HMSOR\EHRBRVWHU H[SOR\
VHH )LJ S@OLMWHKH SURFHVV LQ 3*"' SU
IORZUIDRY PRGH VR WKDYF PPSQH\DAHIMH RHQH L
03D DQG D JDV SUHWHKNHWIRY WKXH EDBD I
SDUDPHWHUV PHHW WKH H[SORVLRQ VDIHW
FRPPRQ JDV ZHOGLQJ DQG FXWWLQJ WHFKOQL
'Q WKH H[SHULPHQWY RQ 1'& VUMDKBANWK
OHQJWK RI PP DQG D GLDPHWHU RI PP
KDG D YROXPH RKH UEFK DFHW\@HQHYDQG R]
PLIWXUHNY BUWIKQJ IURP WR VHUYHG D
7KHVH OLPLWFRDOKNSRQ®&R RI WKH R[\JH
PRODU FRQWHQW LQ WKH PL[WXUH UHVSF

$ $ 6KWHUWOHU



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

GHWRQDWLRQ SURFHVV LQ ULFK K\GURFD
GHVFULEHG LQ > @ 7KH GHWRQDWLRQ YHOTF
PLIWXUHYV DUH JLYHR LQ 7WEBHPL[VHWUH GF
GHWRQDWH DQWKBWRXWSXW RI VROLGNFDUE
. WKH R[\JHQ FRQWHQW LV VXIILFLHQW |
FDUERQ DQG WKHUH LV D ODFN RI VROLG \
JLIXIDHVKRZVRWKB FDUERQ HPLVVLRQ IURP
VKRW )EIJXKRZV WKH LPDJH RIN1'& SURGXFF
SURGXFWLYLW\ RI 3*"'" DW WKH RSHUDWLRAQ

PD[LPDNO DWDQG LV NJ K
D E
)L J D 6R@QLEPHIVVERQ IURP WKH 3*'" EDUL

PRUSKRORJ\ RI 1'& SDUWLFOHYV

7KH LOQYHVWLJDWLRQ RI 1'&N\BKIRDVX FHKD I \
PRUSKRORJ\ Rl SDUWLFOHVY GHSHQGWWLJQ]|
N WKH SDUWLFOHV KDYB WDLHRRQ GIREHQ
QDQRPHWHUVN ZKHWHOCHA BDABNH D VFDOH VKD
PRUH WKDQ QP DQG WKLFNQHVV RI DERX
PDWHULDO FDQ EH FODVVLILHG DV FDUERQ
7DEOH WKH GHKBHFGHWPH @®H WR[\JHQ PL[W
YHORFLW\ DQG 1'ML\GHRQPRORWRQLF 7KLV
WKH FRPSOH[LW\ RI WKH GHWRQDWLRQ SL
R[\JHQ PL[WXUHV

DEOH '"HSHQGHQFH RI DFHW\OHQ'HD QR5[\J H
1'& EXON GHQVLW\ ! RQ RI\JHQ DFHW\OHQH P
N
PV
| J FP

$ $ 6KWHUWOHU



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7KH DFHW\OHQH EODFN FRPPHUFLDOO\ SU
-DSDQ EKO® DYHUDJH GDUWLF ®H) & LDHEXON G
! J FPDQG WKH SURGXFW RI B6ROWH][ ¢
FKDUDFWIBULMGQP\DQG !+ J FPTKH GHQVLV
RI 1'& SURGXFHG RWQD®IURW W R DQG
WR LV PXFK ORZHU WKDQ GHQVLWLHV
SURGXFWY 7KHUHIRUH ZH FDQ H[SHFW WK
VSHFLILF VXUIDFH DUHD HOHFWULF FR
FKDUDFWHULVWLFVY HWF ZLOO GLIIHU IUF
SURGXFWV
3UHVHQWO\ WKH SURSHUWLHV RI 1'& DUH
GHWHUPLQH WKH DSSOLFDWLRQV RI WKLV SL

* 0% . LVWLDNRVWNRQBWLRQ SURFHVV RI F
EODFAN3IDWHQW 1RGDWH RI SXEOLFDWLRQ 2
9 * .QRUUHLLIRYWVHY ( $ 3U\DGNLQD ¢
OHWKRG RI ,QGXVWULDB®8&ITDVNERQW3URG XFW
GDWH Rl SXEOLFDWLRQ 0D\

& B6RUHQVHQ $ 1HSDO * 3 BLOQHRG 3U
SURGXFWLRQ Rl JUDSKHQH YERQGIDWRDC
PDWH&G BB®WHQW 1R GDWH RI SXEOLFDWLF

, 6 %DWUDHY $ $ 9DVLOTHY $ 9 3LQ
QDQRFDUERQ TBUBCWHWWR®SSOLFDWLRQ 1F
WKH GHFLVLRQ RQ WKH JUDQW RI 3DWHQW
, 6%DWUDHY $ $ 9DVLOTHY 9 <X 8O0f9\D
' . B\ELQ 7KH VWXG\ RI JDV GHWRQDWL
K\GURFDUERQV ZRWEKXRWJIJH{SORY B6KRFN :L
YRO 1R DFFHSWHG IRU SXEOLFDWLRC

$ $ 6KWHUWOHU



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

5(*8/$5,7,(6 2) &20%BBBL' &+(0,&$/
£219(56,21 2) $ 2O &D & 0,;785(

6 /| 6INRY® , <XNRYLG,HXYDWT9 6DFKNRYD
1 <X .KRVRI® )%HOLMRYD3 $ OLORVHUGRY

OHU]JKDQRY ,QVWLW XVRH IRQ HW/IUPX\F W & G DO \0/BiF
6FLHOG$H &KHUQRJRORYND ORVFRZ 5 X\

HPDLO/O#LVP DF UX
‘2, (310

7XQJVWHQ FDUELGHV DUH ZLGHO\ XVHG LQ
FRDWLQJYV RQ SDUWV RI P D FAKLIMBI\ \DXEG R F'
WR LQWHQVLYH ZHDU DQG VWURQJ LPSDFW
WKHVH PDWHULPBWDAMHX SR BPRBHKDIKXUH F
LQ IXUQDFHV 7KLV UHSRUW SUHVHQWYV WK
VIQWKHVLY RI WKHVH PDWHULDOV E\ WKH P}

*UHKQIMKRWKHUPLF PL[WXUHYV FRR QW K M \WWHIKGH
WXQJVWEB, BRZGHU DOXPLQ¥P SRIGMHE
FDOFLXP J&PQXOHV SXUBIQG JUDSKLWH
JUDLQGVL]H P Y%HIRUH P LWKEHRMS R @ZHUWMV
GULHKMH JUHROKIPUPARUHWG EXON GHQVLW

J FPSODFHEDBE®LWH DQG TXDQ®@] JB8PVVH

GLDPHWHMS HFWLYHO\ L QXQIE J RANPEX U QLHG
FROQOVWDQW EHREV@HEURIBEQY LQLWLDO JDV
YDU\LQJ ZLWKLQ WKH IDQHIHQRW XUH ZDV LJ(
ZLWKXQJIJNRIHID H[SHU LIZAMH QURPGHUD JHERUQHQU
YHOR& L W\HODDNOR MY DQG UHODWLYH DL\HOG F
LQ WKHKLQ@PRWMHVVLRQV IR URGSH K HDWQRELOXDHV L R
JLYH® @BH VI\QWKHVLY SURGXFWV ZHWBH FKD
DQG ;*KHDOFXODWLRQ RI DGLDEDWEZB\¥RPE
FDUULHG RXW XSAULRITBF KSHUMHER\PWKHUPRG\Q
DQDO\VRPRRVLWRRQY &. + :2 $0 & @ VKRZ
WKDW WKH FDOFXODWHG DGLDEDWLF FRPEX
DUH LQ WRAH WDQ.JHLJ

6 / 6LONDWNB®



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)LJ &DOFXODWHG DGLDEDWLF76R®E W\D\O LRBRWX
RI JDVHRXV UHDBW LRERBEIRGXWIUWR/Q Rl FRQGF
UHDFWLR Q@ % DRGOOFNMEE® RY IUDFWLRQV . IF
.2 &D & DQG $0 &

3 O3DQLWLDOXMHE &D & + :2 $0 & @

$W WKH VDPH WLPH WKH WRWDO DPRXQW
D GRHY QRWW[FHHHSORZ FDOFXQDWBER ZY V@
H[SHFW UHODWLYHO\ ORZ UDQJH RI YDOXHV
DGLDEDWLF FRPEXVW LOR® .\WHRSXHM WDEWHHH\G 1A
S R LIV Q W KSHMRLG/ X FE V&V . 7&D2
75 . ZKLFK HQVXUHV WKH V\QWKHV
SURGXFWY LQ D FDWWHROQRLIRZHWDWOW GLII
WKH FDOFXODWHGH FEBWEKXWHW LRQGWMRIS PHOW
VIQWKHVLY SURGXFWV FRPSOL FDWMM\Q WKWH §
FDUELO@MANKHH[SHULPHQW WKLV GLIIHUHQFH
UHGXFRIGPSURYH \LHOG Rl WDUJHW SURGXF
SURFH\ORRO DD+&@2 VHSDUDWLRQ $FFRUGLQ
GLDJUDP #8@&DP2 YLWUHRXV HXWHFWLF ZLWk

+ . IRUPV DWREDNHQW RI W R 7K X\
FROQGLWLRQV IRU LPSURYLQJ SKDVH VHSDUD
VIQWKHVLV REFRDYIW WBIQEP GWHDWMEBY ZHUH

7KH H[RWKHUPLF PL[WX{2H &PREEXVWLRQ
. 12 $0 8S@RFHHGV DW DQ\ UDWLR . DQG
FDUEWEBJVWHQ PDWHULDOV LV SRVVLEOH R
)L J 7KH DYHUDENUQLQHDYRORWKWY VHULI
H[SHULPHQWY YDULHV IURP WR6 GHFWDI $
WRKMHR WD OFRDWERDN LQ WKH FDVW LQJRWYV YD
DQG WKH ARINPHIPEPRULW\ GHFUHWBRHV UMRP
)L J

6 / 6LONDWNB®



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

)LJ ,QIOXHQFH RIPWKMXUBWILIR/RIIUDFWLRQV
>:2 $0 & + 2 &D &K@ WKH UHODWLY¥H \LHO
WXQJVWHQ PDWHUL NG OHDNARMMVDIEVDYHUD J
OLQEMOURLQJ BHORFLWSG POr J

)LJ $OXPLQXP LPSXULW)\ DIQWG VWK ERXY W RFOW E
WXQJVWHQ DY PRWMDFWLRQY $0 &

DQG@ &D & ,QLWLDO
PLIWXUR $0 &+ :2 &D & @ 03D
G P Or J

7TKHS5] DQDOYKIRZYV RMDRA/DMD WHQWHXKOIWL]IHG 1L
2 $&DR PLIWXUH” LRU FROQWDLQ WZR PDL(
& DQG 7KH PLFURVWUXFWXUH RI WKH V\Q
FRQVLVWY R& JODGOMXWHEVWLF+DUGQHVV IF
& JUDLQV= *3ID RIHXWHFWLF 3N DG
PLIWXUH RI VPDOO JUDL&QV RQGW KK WSHK DM
+ *3D

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 5XVV
SHVHDUFKQBURMHFW

6 / G6LO\DNRY <)9NKI¥RBEXVWLRQDCR(IP QR Q
WKHUPLWH ZLWK DPPRQL FKORULBH DQ
&RPE[SORXRFN :DYHVRO QR SS+

6 / 6LONDWNB®



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6L$SO24$6(' &(5$0,& &20326,7(6 )520
£20%867,BK17+(6,=(' 5$: 035($/6 %<
63$5. 3/$60% 6,17(5,1*

/| 6PLUQRY *ULJRDODDHY( 9 1HIHGR®

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD
IDWLRHMHD B FK IXIFYOHD/UW W\ 0(3K, OR
SXVVLD

HPDLNRVP#LVP DF U
‘2, (310

6ROVBO X \R LIR@WUDO 6 RPN Q D + DUH
NQRZQ IRU WKHLU H[FHONMHQWQ & DIHSIH ¥ R L
UHVLVWDQFH ZKLFK H[SODLQV WKHLU ZLG
DSSOLFDWLRQV VXFK DV UHIUDFWRU\ PDW
LQVWUXYRIQEWVYRQDQABWFIRUDPLFV FDQ EH PI
LPSURYHG XSRQ DGGLRUWRBRRISRWEEG Y DIHVKL
GLIITHUHQW SK\VLFDO SDUDPHWHUV VXF¥
WKHUPDO HOHFWULFDO FRQGXFAWHYDWGLWKF
RI KH[DJRQDO ERURIQ QLWULDGH BL& WR |
FRPSRVLWHV LV NQRZQ W RWSIKRYHV W KM K|
VKRFN UHVLVWDOQFH W ULERORKOFHF® ULF
FROGXFWLYLW\ DQG PDFKLQDELOLW\
&RPEXVWLRQ VIQWKHVLYV &6 LV D UDSLGC
RULHQWHG RQ IDVW DQG HQHUJ\PHIOMWLL
FRPSRXQ®VWKWELDOV )RU H[PRSQBWHG L&BW
QLWURJHQ LV D FRQYHQLHQW WHEEKGODXH IR
SRZGHUV ZLWK GLIIHUHQW SKDVH DQG HOHP
DQG PRUSKRORJ\ 6SDUN SODVPD VLGWHULDQ
SURFHVV WKDW XVHV GF SXOVHV IRU VDI
FROYHQWLRQDO KRW SUHVVLQJ 636 HQVXUEL
VKRUW KROGLQJ WLPHV DQG KDV EHHQ ZLG

/| 6PLBIGRDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

HITHFWLYH PHWKRG IRU GIRPQWHURKDW YV R\K HR
FRPELQDWLRQ RI &6 DQG 636 WHFKQLTXHV
IDEULFBWSHDEDVHG FHUDPLF FRPSRVLWHYV
IXQFWLRQDO SURSHUWLHYV

'QILOWUDGA DRWH G 6850 RIDQG%H SRZGHUV L
QLWURJHQ JDV ZDV FDUQLNGKRIPWM\E\ WKH IR

6L $O 6L2: 613021
% 1 K%1

*UHHQ PL[WXUHV DOVR FRQWDLQHG VRF
GLOXHOM®21DQG%H UHVSHFWLYHO\ LQ RUC
HIWHQW RI RRRPEXVWIRRY ZDV SHBWREHWRG D
31 + 03D 7&HRIGL& ZDV FDUULHG RXW X\
FKHPLFDO UHDFAHIRD\YV W BPWKQIG6ZLL ILQH SF
DGGH&®Q@+DV D JDVLI\LQJ DJHQW $OLTXRW
VIOWKHMERBEGHUYV ZHUH LQWHQPUHGS DO @H
VWHEOO PLOO %DOO PLOOLQJ WLPH Usl
PLQ 7KHQ PLOOHG SRZGHUV DERXW J Z
636lDFLOLW\ XQGHU YDFXXP EHORZ 3D
GHJ PLQ 7KH VLOQW WUWHKHDRPSE® FWRPZURRP
W R f& ZLWKRXW DSSOLHG ©ORF& DWGDW
FRPSUHVVLYH VWUHVV RI 03D 7KH FRPSE
WHPSHUDWXUH IRU PLQ EHIRUH WKH SRZHL

$FFRUGLQJ WR :5' UHVXOW\6L$ORBKADZ SR Z
DQG 7L1 GLG QRW FRQWDLQ &lP& XKILGV \WSIHD
DPRXQWVL RI$BERUGLQJ WR 6(0 WBWKMWVV]H
SRZGHUV DSSHDUHG ODUJHO\ DV DJJORPHUI
DERXW J IRBI$SO2ISRZGHUMJRIPQG WR J IRB
K%l 6L& DQG 7L1 ILQH SRZGHUV $IWHU EL
VXUIDFH LQFUHDVHG ENJBX WKREZRUURDDWLYH
WueB! VLQWHUHG VDPSOHV DV D 7IKHD MW QRVGH I
RI SXBK$021ZDV DFFRPSDQLHG E\ PDUNHG LQ
FRQVROLGDWLRQ SURFHVV DW WHPSHUDWX
IRUPDWLRD®®BG BA@XWHFWLFV 8SRQ IXUWKH
UHODWLYH GHQVEWO R WDGWHUMGIURZV XS
FXUYLH) )LJ 7KH DB GULWBRA YHVKWKH FRP:
RI VLQWHUHG SRZGHU PL[WXUHV 8QGHU D F

f& WKH LQLWUD@H[FBBOEW Rl IRU WKH F
FROQWDLQLQJ ZW %1 DQG 6l$@Y1 WKDW

/| 6PLBIGRTO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

SDDOOHO DQ EQJFBRDWHQW KXSSUHVVHV W
SURFHVVHV GXH WR IRUPDWLRQ RI OLTXLG
LOFUHDWVWEHE®RPHY LQVLJQLILFDQW DWK WHPS
'Q FDVH RI DQG%1 2MWKH ISURFHVYZHWKDVYV
IRUPDWLRQ RI OLTXLG HXWHFWLFV DUH PRUHI
UHODWLYH GHQVLW\ FORVH WR WKHRUHWLF
LQ )LJ 7KH DGG&MEL PQ RI7TLILQSRZGHUV ZR
FRPSDFWLELOLW\ RI \XKWHVHUNGHSRZ GRE PU Y
DW WKH LQLWLDO VWDJH $V D UHVXOW WKEF
VL QWHWH® LF FRRSRVD 6MHEPRQ M DFKLHYHG

f& FXWOH)LJ OHDQZKLOH WKH DBGGLW
VHHQDWROLWDWH WKH HIIDERNGFK RRVEHQWF
KLIKHVW Y:ZBPXGVERIDBOWUHDIMG f & F X ULYH
)L J

JLJXUH D LOOXVWUDWBHBYV DO H{® BMNEBREWR IH C
PHWKRG DIIRUGY WR SURGXF H [EHUBP DRV E RHK
GHQVLW\ DQG IOH[XUDO VWUHQJWK XS WR
VWUHQJIJWK RHWIRRWSRWGWHY ZDV IRXQG WR
%1 FRQWHQW RQO\ VOLJKWO\ )L¥Y XB WRPD

FDQ EH DFKLHYHBH®R @ IUH SEYHE 2RI Q
VL QWHWHERESRVLVWHY BOG 7LILEXUYXYHD

)L 5HODWLYWHIHD VKW FWLREY REL$021
| 6L$02%%1 + ZW z 6l1$502%7L1

ZW %1 Z\t ’ 6L502%7L1 ZWh 1
Z\WN X 6LFO2%6L & ZMh 1 ZW 7
6LSO02%6L & Z3¥h 1 Z\WN

/| 6PLBIGRDO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

YL J JOH[XUDND®VWUNQFWKRQ RI DHJUW ODW
| 6Ll$021%1 £+ ZW Z 6L$02%7L1 Z\W

00 1 ZW '’ 6L$02%7L1 Z\W% 1 Z\W

X 6L502%6L & ZWno 1l ZW 6L5021%
6L& ZWhl ZW DOG E %1 FRQMDR@W LOQ
%1 =+ ZW lyno =

/| 6PLBIGRTO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

+*+ 7(03(5%$785( 6<17+(6,6 ,1 0(&+%$1,&%//<
$&7,9%$7('HBB2:'(5 0,:785( ,55%',$7(' %<
*$00% 48%179%

$ 9 6REDFRNERQ/RIJLOQRYP 6LWQLNR"
9 , <DNRYWOKX )LOLBRORYDQRY
$ <X O\DVQDNR¥$ 9 *UDGRER

SRO]XQRY $OWDL 6WDWH 7THFKQLFDO 8QLYt
IDWLRHDDHODUFK 7RPVN 3RO\WHFKQLF 8
SXVVLD

HPDLDDQLFSW#UDPEOF
‘2, (310

OHFKDQLFDO DFWLYDWLRQ LV RQH RI WKH
PL[WXUH ,W PDNHV LW SRVVLEOH WR LPSOF}
UHDYHD@G WR LQFUHDVH WKH PL[WXUH UHI
GLIIXVLRQ UDWH LQ VROLGVY SUHYHQWV
FROQOFHQWUDWLRQ RI FRPSRQHQWYVY DQG WK
SURGXFWY &KHPLFDO KHWHURJHQHLW\ RI P
VWDJIRIQFKHPLFDO WUDQVIRUPDWLRQV DQG
SURGXFW GXULQJ UDSLG KHDWLQJ DQG FRI
7KHUHIRUH WKH DQQHDOLQJ RI VDPSOHV D
GXH WR UDSLG GLIIXVLRQ UHFU\VWDO/MR]DW!
PRQRSKDVLF > @ QRWNGRWRBWEMKH GXUDW
GXULQJ PHFKDQRDFWLYDWLRQ LV PHDVXUHG
RI ILQH VWUXFWXUH FRQWURO DUH OLPLW
LUUDGLDWLRQ V\NTWHPV ELD XP YRVOWH IRU
VWUXFQWURGCFRV Rl SDUWLFXODU LQWHUHVW
6\QWKHVLVY LQ PHFKDQLFDOO\ DFWLYDWH (
PL[WXUH ZDV DFKLHYHG WKURXJK WKHUPDO
ZLWK YDU\LQJ WKH WLPH RI LVRWKHUPDO
PD[LPXP WHPSHWBWEKBURH W@ 2SWLPDO
PHFKDQLFDO DFWLYDWLRQ RI WKH 7L $0O SF
E\ WKH IRUPDWLRQ Rl WKH KLJKHVW SRVVL

$ 9 6REMHAMKNDIOQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

HPHUJLQJ PHFKDQLFDOO\ DOOR\HG SURGXFV
7KHQ PHFKDQWEFYDIDVOMGDRBSRZGHU PL[WXUH Z
LUUDGLDWLRQ E\&PRZRPW K XXILQWDHQW DEVRL
7KH VV\QWKHVLV ZDV FRQGXFWHG XQGHU
PHFKDQLFDOO\ DFWLYDWHG SRZGHU PL[WXL
LUUDGLDWHGXBRYGRIUWKHWDPH 7L $0O FRI
UHDFKLQJ WKH PD[LPXP VI\QWKHVLV WHPSH
ZDV QRW GLVFRQQHFWHG WKH SURFHVV RI
VKLIWLQJ WR LVRWKHUPDO DQQHDOLQJ SU
VZLWFKHE BRHIIXODU LQWHUYDOV

JLJIXUH D MKIRZ@LIIUDFWLRQ SDWWHUQV |
IRU GLIITHUHQW DQQHDOLQJ WLPHVPL® PL
PHFKDQLFDO DFWLYDWLRQ

'KHQ WXUQLQJ WKH V\WWHP RIlI LPPHGLD
FKHPLFDO UHDAWORQ RWWKH VIQWKHVLY LQ
LV D PXOWLSKDVH SHIRGOEWULRPDVWRQYH
VWDELOL]HV ZLWK LQFUHDVLQJ H[SRYRUH
DQQHDOLQJUDYKEBLEIUDFWLRQ SDWWHUQV \
UHIOHFWLR@Q WG D VPDOO DPR XXD8K®IVAHW
7KH PDLQ 7L$0 SKDVH GHFD\V DW D IXUWK
WLPH

D E
yLJ UD\ GLITUDFWLRQ SDWWHUQV RI VIQWK
PLIWXUH 7L $0O D PHFKDQRAKD®@ICADIDFON LY D
DFWLYDWHG DQG LUUDGLDWHG

J)LIXUH E VKRZV WKHBKBDUDPWHWLRW LFD;W
SURGXFWYVY REWWH HGUBPBWKIUIK VIQWKHVLV R
PLIWXUH SUHOLPLQDULO\ PHFKDQLFDOO\ D
LUUDGLDWHGXB\QIWDmP AW *\ 7KHUD\ GLIIUDFW

$ 9 6REMHAMKNDIOQ
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SDWWHUQV RI WKH SRZGHU PL[WXUH DIWHU
DQG PLQ DUH7SHHV/M@WIHEQJ IRU 2 PL
PXOWLSKDVH V\QWKHVLV SURGXFW PZ®H V\
DQQHDOLQJH® BHBEARSKAD/NVH 7L$0 LQWHUP]
WKH VWDELOL]DWLRQ RI VIVWHP LV REVHUY}
LQFUHDVH LQ WKH DQQHDOLQJ WLPH WR P
7L$0 SKDVH DV LW ZDV REVHUYHG XSRQ
DFWILW® 7L $O PL[WXUHV ZLWKRXW H[SRVX
7KXV ZLWK WKH LQFUHDVH LQ WKH DQQHDO
RI WKH VIQWKHVLV SURGXFW WHR DG&IQIVU PG AK
SDWWHUQ WKH PRQRSKDVLF 7L$©US WDR/GRKB Q
EH VHHQ LQ )LJ E WKH LQWHQVLW\ RI SK
QDUURZ SHDNV DQG WKH GLIIXVH EDFNJUTF
LOGLFDWHY WKH VWDELOL]DWLRWHRP 7HI$IK
WHPSHUDWXUH DQQHDOLQJFBRSRVQWRMR® HD
FRPSRXQG DQG WKH IRUPDWLRQ RI DQ LQW
VHW DW WKH DQQHDOLQJ WHPSHUDWXUH 2¢
DQQHDOLQJ WLPH SURPRWHY WKH VWDELOL]
LQIOXHQFH Rl JDPPWKWDGQDWLRQ RIGWXUH
FROGLWLRQV OHDGV WR WKH IRUPDWLRQ |
SURGXFW RI 7L$0 FRPSRVLWLRQ

JLJXUH SUHVHQWY FKDUDFWHULVWLF FRF
WKH YROXPH RI WKH FARP PRFIKD D LFMAOH D F W |
LUUDGLDWILRO\IWG DQQHDOLQJ IRU 2 PLC
FKDUDFWHUL]JHG E\ D KLJK GHJUHH RI XOQLI
FRPSRQHQWY LQ WKH YROXPH RI WKH PHFKD
ZLWK WKH VWRLFKLRPHWU\ RIHWKRP IR Y OWH
FKDQJHV DUH “ DW ZKLFK DUH LQ WKH
KRPRJHQHLW\ UHJLRQ 7KXV WKH PRQRSKD
VIQWKHVL]HG LQ PHFKDQLFDOO\ DFWLYDWH
LUUDGLDWLRQ

)L J 3IDWWHURY RIl GRPWRDQEXOMLY LQ WKH Y
SURG XFWWRIPISHIKDW XUH VI\QWKHVLYV

$ 9 6REMHAMKNDIOQ
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7KLV ZRUN ZDV VXSSRUWHG E\ OLQLVWU\ F
5XVVLDQ JHGHUDWLRQ =DGDQLH QR

$ 6 S5RIJDFKHY 1 ) B6KNRGLFK %DUDYDG
<X .RYDOHY 6 5RXYLPRY $ $ 1HSDSXV
'QIOXHQFH Rl WKH KLJK HQHUJ\ EDOO PLO
RI WKH 1L $0 SRZG$QORLVYWERMER O

SS +

$ $ 3RSRYD $ NLQGREDFKD]DURY 9 , <D
9 /RIJLQRYD $ $ B6LWOQLNRY 0 5 6KDUDI
'\QDPLF GLIIUDFWRPHWU\ Rl SKDVH WUD(
WHPSHUDWXUH VIQWKHVLYV LQ PHFKDQLFD
WKH WKHUPDO H¥SORVLRXOQVFPRGFDG 6FL
YRO QR + SS

0 $ .RUFKDJLQ 7 ) *ULJRULHYD % %
6KDUDIXWGLQRY $ 3 %DULQRY®KDWVH =
FRPEXVWLRQ LQ PHFKDQLFDOO\ DFWLYDW|
GXUQWRIRPHFKDQLFDO DFWLYDWLRQ RQ W
DQG WKH FRPSRVLWLR@RPEWKW FRPERVW

DYHYV YRO QR SsS

$ 0 6KDGDBYDWALRRXODWHG GLIIXWLRQ
$WRPL]GDW S

9 <X PRORY $ $ O6LWQLNRY $ 9 $ID
/IRIJILQRYD 9 , <DNRYOHY $ = 1HJRG\DHY

BRORYTHY OLFURZDYH $VVVVQWHKCHVERPI
PHFKDQLFDOO\7IDFW$SROAGHE P L BNV X |
IRUPDWLRQQUW VX3IBR®DJ 7#HRBE 6\QWK
YRO QR+ SS

0 9 /RJLQRYD 9 <X )LOLPRQRY 9 |,
6LWQLNRY $ = 1HMIJRGADHNKIHU $QDO\V
LOQIOXHQFH RI KLJK WHPSHUDWXUH V\QWKH
IRUPDW IKRQ PIHF KD Q L F D 0T\ {BRVE GHWRILG W X

$SSO OHFK ODWRO 58S
0O 9 /RILQRYD 9 , <DNRYOHY $ $ 6LWQ
6 * ,YDQRY $ = 1HJRG\DHY KBYROXWILAGRRX

VWUXFWXUDO RQG/SWDQHXPNVDONPU QE GBIW L
LQ VPDOGKGRVBNW OHWDO®RIU QR |
+

$ 9 6REMHAMKNDIOQ
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03/(0(17$7,21 2) 1(: 23325781,7,(6 )25
2067$,1,1* /$56(=(' &203$&7 3/$7(6 )520
&(5$0, & 32:'(5 0$7(5,%$/6 %< )5((
6+682035(66,21

$0 BWRGLQWD]KL@E6 .RQVWDQWLQ

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHYV
5XVVLD

HPDLDIOPVWROLQ#LVP C
‘2, (310

20H RI WKH PRVW LPSRUWDQW SUREOHPV L
SURGXFWLRQ LQ RQH WHFKQRORJLFDO VW
SURGXFWV ZLWK D JLYHQ VKDSH VRQBIOGRP S
ZLWK SUHGHWHUPLQHG SHUIRUPDQFH SURS
GHIRUPDEOH SRZGHUV Rl UHIUDFWRU\ LQRUJ

Q VWXGLHYVY UHODWLQJ WR WKH GHYH
FRPELQHS/URSIDIDWLQJ KLJK WHPSHUDWXUH
FRPSUHVVLRQ Rl WKH FRPEXVWLRQ SURGXF
DGYDQWDJHV RI 6+6 DULVLQJ IURP WKH QD
PRVW HYLGHQW ZKHQ SURGXFLQJ ODUJH
GLPHQVLRQV DUH PRUH WKDQ PP

W LV GLIILFXOW W R URIBQOEND ¥ WEX UM KWVXIE K W
VLQWHULQJ 7KH PHWKRG Rl KRW SUHVVLQJ
PROGV LV DOVR H[ERQVKPHQIQG WLPH

6LQFH WKH SRZGHUV RI UHIUDFWRULFRP®\SF
WR GHIRUP NWHRHSGW REOHVSWR/VPSOHPHQW
SUHVVLQJ PHWKRPEHGRBUBGYFAVY RQO\ RQ S
XVLQJ VSHFLDO SUHVV HTXLSPHQW +RZH
VSHFLDOL]HG HTXLSPHQW ZDV DQ REVWDFC
WHFKQRORJ\ LQ WKH LQGXVWU\

1HZ RSSRWMHQ LQ REWDLQLQJ SURGXFW
UHIUDFWRU\ LQRUJDQLF FRPSRXQGV DUH R

$ 0 6WR\DQ
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DFWLRQ VVHKEAKDWXUH VKHDU GHIRUPDWLRC
SURFHVYVY 7KLV LGHD ZDV XVHG LQ WKH PH\
> @ 7KKFHVWVH WKLV PHWKRG LV WR FRP
VIQOWKHVL]HG PDWHULDO XQGHU WKH LQIOX!

+ 03D ZLWKRXW XVLQJ VSHFLDO PROGYV
DGYDQWDJH RI WKH PHWKRG RI IUHH 6+6 FR
ODUJHNMSODW

,Q WKLV SDSHU ZH SUMXKHQVWNVWI®&H HU I8V &
FRPSUHYYVYRRRUVWKH SURGXWVWHE QF RP RN H
ZLWK GLPHQVLRQV RI PRUH WKDQ PP 11U
LOQRUJDQLF FRPSRXQGV IURP D PRWHGHDO @&
JRU WKLY SXUSRVH D K\GUDXOLF SUHVV ZL
WKDW LV WLPHYV OHVV WKDQ WKH IRUFH |
IRU 6FB6HVVLQJIVR]IHID BUR G X FUNHW HDOWKF K UMW X (
WKH REWDLQHG SODWIIBYV RKW HD (EG1 DK IH DW X
PHFKDQLFDO SURSHUWLHY KDYH EHHQ VWX
VWDEOHPBWUW MK WHIM& XS WR f

$ 06WROLOQHO I*DO\VISHM QGDBRX6D]KLQ
$ (6\WVFKRIVRUJIJLQS$;RARBRXQGVIBRGXFHG L
WKHS$SBRV\VW,KRV6 HOURSBLUIIRHPB\QWK
YRO QR SS =
$6 .RQVWDQIWLARKXL® &SWROLQ. RVWLWV\Q
$ 6 ,JODMREDVHG FRPSRVLWR SHWH U LVD Q
IDEULFDWGRQ POMIDIGR’ RI DSSOLERWSRYQ L
3DUW$SSOFLODQX| YRO SS + '2,

M FRPSRVLWHVD

$ 0 6WHR\DQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6(/)3523%$*$7,1* +,7€03(5%$785(
6<17+(6,6 20$O%$6 (" $//2< :, 7+
1$12/$0,1$7( &$5%&217$,1,1*

£20321(176

$ ( 6\WVHAKKBY .RFKBEWRYDGFKHQNI
DQG $ 6 6KFKXN

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDC
6FLHQFH 5XVVLDQKBEPEB8WMPERHBORJIRORYN
5XVVLD

HPDLMOWVFEKHY#LVP DI
‘2, (310

1E$CEDVHBN HUPHWIHY/GILWH WKHHL[K LEERYWD Q W
LOQVLJQLILFD GIWSBREMLOL VDWWXRRIP TWKHHRISHH L
YDULRXV PHWKRGV IRU UHGXFLQJ WKH WHQ
DOOR4\@7PKH DGGLWLRQ RI D QHJOLJLEOH D
VLJQLILFDQWON DH QHIFVK WKRG X DQYEL R F RINOLDNAWF
PDWHU+@OVKH SUFRDHERE RHOWKHORL ZHL.
SSP OHDGV WR DAMXH QEWEB\H WK E\ > @
IRUPDWLRQ RI D FKHPLFDO ERQG EHWZHHC
VWURQJO\ DIIHFWV WKH PHFKDQLFDO SURS
FKDQGHSHQGLQJ Q9 FRDBEWDRQLQJ,WKWH PD
SRVVLEOH WR SURGXFH HXWHFWLF DOOR\V
OHVV WKDOQ QP LQ VL]H > @ 7KH SUHV
DFFHOHUDWHY WKH SURFHVV RI PXWXDO GLI
DQG LOHFWHDWKH FRQWDFW DUHD GXH WR WK
OLTXLG RYHU WKH VROLG S\DHHWQ WOLHIS O/ 1l
VIVWHP LV HDVLO\ UHDOL]JHG GXULQJ 6+6 ¢
LPSRUWDQW VWDJH LQ WKH SUHSDUDMLREB
PHFKDQLFDO DFWLYDWLRQ 0$ WKH SDUDPF
WKH NLQHWILKNVRI MRROEDGVWLRQ@VLQWHULQJ

'Q WKLV SDSHUWKBHPXW®@XBUH®LHY RI IRUF
VWUXAVQX QMW HUPHWIDOODGORLY PRGRUEHR® E

$ ( 6\WMRKE®
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FRPSRQHQWY QDOQRILEHUV SRRWDJIMWW® B F
WHPSHUDWXUH VI\QWKHVL\RI 656 H O QRELRWIKU €
WKH VWUXFWXUH

6+6 H[SHULPHQAY @&LQ\WKHPIVKRZHG WKH S
REWDLQLQJ D PDWHWRMSRENWQYY ADUBRKH F
UHJLPH 7KH UHDFRQM\RQYMBHGADRIXPLQXP SRZ(
FROQWDLQLQJ DERXW Rl PFERAMBQEBLYL]H
PMWDOOLF FDUERQ\O GH\FN MOZBA RG HDE RQ B/
PLQO WDHWERQ ZW LXKMW IRUP RI FZDNRDGGRRS
WR WKH PL[WXUH RI 1L7RBCGUIDFSRR®HBY[
H[SRVHG WR O0XVYRQ$7PQQWWULWRU &\OLQG!
ZLWK D GLDPHWHU RI  FP ZHUH SUHVVHG IU
SUHV¥R®EXVWLIRROVMDIPG OHV ZDV FDUULHG R»
SUHVVXUH F&DIREHWWL QWP RV SKMBDUSIURIN BXUR

DWP 7KH FRPEXVWLRQ SURFHVV ZDV UHI
%XUQYBORFLW\ RI VDPSOHV ZDV GHVSNUPL
SURFHVVLQ@QL GHGRFWGHR UHERUGKEDRF LWV
GHFUHDVHG QRWLFHDEO\ ZLWK LQFUHDVLQJ

5" DQDO\VLV RI WKH V\QWKHVL]HG PDW
SUHVHQFH RI WKAHEDXOYEERRRDDRRXQW RI VRR
JUHPIQWXYHZW QRO BERD WKH VI\QWKHWDIMHG
GHWHRWHGSKRWWDLQLQJ VDPSOH D ZHDNO

f f ZDV UHYHDOHG +RZHYHU WKH ID

FDUERQWDLQLQJ SKDVH LV FORVH WR WKH ¢
QRW DOORZ REVHUYLQJ WKLV UHIOHFWLRQ |

7KH PLFURIMDMUXWWGLHY VKRZHG WKDW DV
D FORWANHG LOPRFBWRHWEDOHG RQ 1L$0O ZLW
DERXW P ZDV IRUPHG ,Q WKH FDRRQRWXML
VIQWKHVLY SURGXFW WKH FDUERQ SUHG
ERQGDULHV RI LQWEUBHWDDWOLIRUPY D F
FROQWLQXRXV PXOWLOB\HW RRIDNV L\DOIWIKD FH
WKLFNQHVV RI DERXW QP )LJ Q> @
VXSHUVDWXUDWHG FDEBDRG QRQRWERQWRO d
LOGLFDWHG

W FDQ EH DVVXPHG WKDW WKH IRUPDV
QDQRILOPV RFFXUUHG DV D UHVXOWVRRINOO
L@WR JUDSKLWH RQO\ DW WKH SHI0QWHRMWGZ UV
VRRW )LJ

$ ( 6\WMRKE®
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7TKBUDSIOIDVMBNKLQ HQRXJK WR VHUYH DV D
HOHFWURQ 80VYVY DORQJ

7KH FRPSUHVVLYH VWUHQJWK RI 1L$0O & °
FDUERQ VRRW FRQWHQW RI Z\W LV 03D
ILOPV RQ WKH VXUIDFH RI LQWWK IR HS\MOON
SURSHUWLHV RI VIQWKHVL]HG PDWHULDOV D

yLJ &URVV VHFW)LJ JRUPDWLRQ RI D FIL
DOOR\ ILOP RQ WKH 1L$0O VXUID|

)L 7TUDQVSDUHQF\ JUDSKLWLF OD\HU RQ 1L#%

7KH ZRUN ZDV VXSSRUWHD® BRXWMXEFDWLRQ
SHV HDURMRFW ?

$ 9 3ROQRPDUIKYDHNLORYSEULNRMRW RI
SH FRQWHQW RQ HODVWLF SURSHUWLHYV
FDOFXODWQORRV &RPS®BRO SS =

$ ( 6\WMRKE®
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$ 9 3RQRPDUHYD <K ,.K,VOHHINLORY , $ S$E

6LWH SUHIHUHQFH DQG HIIHFW RI DOOR\

WHUQDU\ BAGELBBXRBHY % YRO
3DUOLQ@VNRFE\P FKRBHU $ -LDQX - 'X

/IRFDO PRGHV Rl )H DQG &R DWRKVYVLGHYS$C

% YRO

. | +X < =KD®J /X 7 :B®&DH Rl WKH DO

HOHPHQW LQ VXSSUHVVROQZ2 W HL QI D& Y

HIDPSSTW ODWHUYRO

3 /D]DU 5 3REHDRQOANILR VWXG\ RI WKI

SURSHUWLHV RI 1L$0 RIUF WRD O@RYBBYE\ :

% YRO

</ /LX + 'DL 7 :DQXRIOXHQFH {IRDFDQEWRC

LOQWHUDFWLR QYR G DRDAVEGRLE YR QLG &R R Q X VWW H

ODWHU 6FLYROSSt

</ JLX % =KRX=KDQJ & 'XDQ 3RLOW

FROFHQWUDWLRQV RI LPSX&RWS XFIDVIER Q

6FL YRO

</ /LX % =KRX %=KDQJ1 */XXR ,QWHUDFV

RI & ZLWK YQFDQFISUNQF LS O&HR/PSWW GO D W F

6FL YRG®S +

. +X-0D +RX 4LX =KDQJ 6RQUIHFWV RI &

LPSXULWLHV RQ@ S\HKULHV HIBDW VRW LIAL @ ULROIW H U

1 D &/F DD W HUW YROSS +

55 %RZPDQOXHQFH RI ,QWHUIDFLDO &KI

OHFKDQLFDO 3URSHUWLHVY Rl &RQWLQXR

&RPSRVODMMULDOV 5HVHDUFK BRFLHW)\ 6

JUDQFLVFR &$

' )JUDQNHOL®BHQNRYLF6PEWK: $+DVVHO

1DQRVWUXFW X0R QK XRIH EMEWF VIHODHEW LY H

GLVVRQOMARQFRFAKDP YRO SS  +

( $ /HYDVKRY $ 6 B5RJDFKHY 9 9 .X

ODNVLPRY 9 , SIUXRKMNEBQWHULDOV DQC

3URSDJDWUIZGIP SHURLWXUHOBRMWPREH\DL6/L 6

LQ 5XVVLDQ

$ 6 5RIJDFKHY $ 6 OXNDV\DQ &RPEXVW

ODWHULDOV %RFD 5DWRQ /RQGRQ 1HZ <

JUDQFLV *URXS

$ ( 6\WMRKE®



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

$

9 . 3RUWQRUHRBQRY 9 , )DGHHYD 6
OHFKDQRFKHPLEBOLV H45@& WKHNBIX GRV V
$FDEFBK\V YRO R SS +

1 $ .RFKHWRY 6 *0MDKFXEBRBNRODWHG 6 +6
1L$0 (IIHFRR RS KRO FPH KDIDIERD FWR Y BWWRRQ
QWG6HOURSBUJRHPS\QWK YRO R Ss

"

$ (6\WVFKHY ODGFKHRNRG6KFKXME® LQ
PHFKDQRDF¥$@®YEWHGGVY VRPH VWQXFWXUTL
6HOURSPLIRHPB\QWK YRO QRSS +

1 $ .RFKHWRY &RPEXVWLRQ DQG FKDUDF
DFWLYDWHG 1L $0 PL[WXUH (IIHFWV RI

PLOOLQIBXWDWO OV 3K\Wo &KHPYRO QR
+

$ ( 6\WVFKHYYDGEFKHQNR 2 ' %BR\®UFKH
BKFKXNLQ & &RPSRMWMWHM)OORYQWQ - 6HOI
3URSDJ 7HPX 6\QWRKRO QR SiS 2,

6

( 6\WMRAKHBD®
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7+( ,1)/8(1&( 2) +($7 75($70(17 21 &+$1*(¢
1 7+( 6758&7%5(0,8&%/ &20326,7,21 $1°
0(&+$1,8&$/ 3523(57,(6 2) (;3/26,9(/<
&/$'" (" 7,7$1,80 21 67((/ 3/$7(

0 6]PX0$ &KXGHSRXOBQG - :RMPHXREGID

JQVWLWXWN WRI\ CHWGD ODWHULDOV 6FLHQFH

6FLHGAHFRQWD 6WU .BRNRDG

)$0(7 6 $ 6]JNROQD 6WU .RDDOHHGRRQD\®G

= 7 : (;3/20(7 62VZEHPVND 6WU + 2SROH
3RODQG

HPDLO PDUFLQ ®]PXO#ZS S
‘2, (310

JRU WKH FRQVWUXFWLRQ RI DSSDUDWXV D
FROGHQVHUV KHDW H[FKDQJHUV SUHVVX
UHVLVWDQFH PDWHULDOV DUH XV HGNHH®O
ELPHWDO EHORQJV VR HVKIOWJBR XK H$W[S O |
SURFHVV JRQHV RI VWUHVV FRQFHQWUDWL
ERWK WKH EDVH PDWHULDO DQG WKH FODG
GHFUHDVH LQ SODVWLF SURSHUWLHYV LQ WI
GLVTXDONKN WKELPHWDO IRU IXUWKHU SURG
SODVWLF ZRUNLQJ 7KH LPSURYHPHQW RI
UHGXFLQJ WKH LOQWHUQDO VWUHVVHV E\ DS
DQG RQO\ VXFK SUHSDUHG PDWHULDRN DU
SODVWLF IRUPLQJ DQG RU ZHOGLQJ ,Q DC
QHFHVVDU\ WR SHUIRUP DQRWKHU KHDW WU
LQ RUGHU WR UHGXFH WKH UHVXOWDQW L
GHVLUHG VWUXFWXUDO FKDQJH\DOS$QQM[DWY
PLFURVWUXFW X UH VRH W K EFSHIIRMMYHPD GH LQ
(:3/20(7LV VKRZQ LQ )LJ , QV WHOAHH S ©HDUAL HP\
WKWREMHFWHG WR DQ DQQHDOLQJ WUHDWP
SURFHVV SDUDPHWHBV DR WD G/KRPWLRQ WX HK H
ZDV DOVR SHUIRUPHG WR VLPXODWH WKH L

0 6]PNW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

UHOLHI DQQHDOLQJ DIWHU ZHOGLQJ RI HI[S
LQIOXHQFH RI DQQHDOLQJ LQ WKH SUHVHQF|I
SURSHUWHHWORGEANKI PDWHULDO WLWDQLXH
GHSHQGLQJ RQ WKH PHWKRG RI VXUIDFH Sl
ZKLFK LV VFKHPDWLFDOO\ VKRZQ LQ )LJ

,Q DGGLWLRQ WKH PLFURVWUXFWXUH DQC
RI WKH H[SORVLYHOMVXIOWMLIDPE RODRGWKH GLII
RFFXUULQJ GXH WR WKH YDULRXV KHDW WU
UHVXOWY RI PHFKDQLFDO SURSHUWLHYV
PLFURKDUGQHVY WHVWYV

)L J 7KH FKDUDFWHULVWLF ZDY\ LHWHUFRC
OHIW DQG WKH HQODUJHG YLHZ RI WKH PHC

)L J ODULDQWYV RI 7L VXUIDFH SUHSDUDWLF
VXUIDFH LQ WKH VWDWH DUWROGH{JS\WORMD¥FH Z
VXUIDFH ZLWK WKH SURWHFWLYH FRDWLQJ

OLFUWUXFWXUH DQG FKHPLFDO FRPSRVL

SHUIRUPHG LQ WKH $FFUHGLWHG 7HVWLQJ |,
OHWDOOXUJ\ DQG ODWHULDOV 6FLHQFH RI W

0 6]PNW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

LQ &UDFRZ 7KH ZRUN ZDV ILQDQFHG E\ WK
+LJKHGXFDWLRQ XSRQ GHFLVLRQ QU ':

+ -LDQJ <DQ-/LX: 'XDQ(IIHFW RI KHDW WU}
PLFURVWUXFWXUH DQG P HR/DHH G DIO[ SRR
UROOLQJ FQAJD®\8E ODRMHHUURXV O0OHW Y&RROF
SS i
7 1 3UDVDQWKL & B6XGKD 5DYLNLUDQTL
FODGGLQJ D& KR\DW WUHDWPHQW RI PL(
ODWHULDOV DQG WRQI® +
0 :DFKRZVNL*ORF ©D *DN 3&aRFL VNL .
XUJ\GARZVMNLIHFMBHRW WUHDWPHQW RQ Wtk
DQG SURSHUWLHV Rl H[SORVWHHOD IZOID
~0(3(* YRO SS =

0 6]PNW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

352&(66 2) 781*67(1 :,5( (:3/26,21 $1°
6<17+(6,6 2) &$5%,'( %< 3,%H/6 ("
' B&+$5*(

6 /DQDNDWDHY 2GIDDQG . +RNDPRW

L QVWLWXWH RI 3XOVHG 3RZHU 6FLHQFH
XURNDPL X&KXRDPRWR -DSDQ

1RYRVLELUVN 6WDWH 7THFKQLFDRYRYILEHUV
5XVVLD

*UDGXDWH 6FKRRO RI 6FLHQFH DQG 7THFKQR
XURNDPL X&KXRDPRWR -DSDQ

HPDLO WDQDND#PEKFEFNMBD |
‘2, (310

& LV ZLGHO\ XVHG IRU P DWRRIDRW XPLH\VQD OF X!
WRROV PLQLQJ WRROV DQG ZHDU UHVLVWLE
DSSOLFDWLRQV 7KHUH DUH D QXPEHU RI SU
SRZGHUV LQFOXGLQJ GLUHFW FDUE XN DDWHL F
PHWDWKHVLMUEKXK®XFIMLRRQ PHFKDQLFDO PL
SUHFXUVRU URXWHV XVLQJ PHWDOOLF DOV
SRZGHUV ZLWK GLIIHUHM@W KD PDEY HRW I 1A
WKHVH PHWKRGV DUH KLJK SURGXFWLRQ FR
LDQJ<DA/BLKDYH GHPRQWVIRWHE WK BAR 5
QDQRPHWHI® SDUWLFGIHNH FVDL YH FARDAWE\ XV L
H[SORVLRQ SURFHVV ZRNNPEWRAXEGBYV \FIK !
VIQWKHVL]HG VOIHGR PIHW HSIRZGHU XVLQJ ZL
SURFHVY XI@GBWLYHO\ KLJK HQHUJ\ DW N
XVHG WR UHDFW ZLWK WKH H[SORGHG WLV
H[SORVLRQ SURFHVV 7KH SUHVHQW SDSHU
VIQWKHVL]LQJ WXQJVWHQ FDUELGH WKURX
WXQNHQ XQGHU D VWRUHG HQHUJ\ RI N- L
NQRZQ WR EH KDUPOHVV IRU KXPDQ ERG\ D
FDUERQ VRXUFH KDV QHYHU EHHQ LQYHVWL.
UDWLR RI FDUERQ LV UHODWILERI@M ORZHU Wk

6 7DQHDW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7KH H[SHULPHQWY ZHUH SHUIRUPHG LQ D
LQ )LJ 7KH WXQJVWHQ ZLUH XVHG IRU WK
1LUDFR &R /WG PDVV  WXQJVWHQ
SURYLGHG E\ 1DNDUDL 7HVTXHPOR $/WGJIK
FDSDFLW\ RLO FRQ M@RWHD F BIHEAM XS WR
N9 PDGH E\ 1LFKLFRQ &RUSRUDWLRQ DQ
3XOVHG 3RZHU 6FLHQFH .XPDPRWR 8QLYHU
H[SHULPHQWY 7KH OHQJWK DQG WKH GLDP
PP DQG BRFWHYHO\

)L J 6FKHPDWLF LOOXVWUDWLRQ RI DVVHP

$ VPDOO DPRXQW RI SRZGHU ZDV UHFRYF
ZDV SURFHVVHG E\ GLHWK\O HWKHU GLVVRC
DW URRP WHPSMHUDWXDHWISDQYWHUQ RI WKH
UHIOHFWHG WKH SHDWNERH AXEQB VRWHIOD FD U
DPRXQW RI WXQJVWHQ ZKLFK LV VKRZQ LQ
& 4y LV D VXSHUFRQG XFa@VLALIW R DBV HFAXIED. G
VWUXFWXUH ZKUHAK MWKURGMKHVAHQFKLQJ
FRQGLWLRQ

6 7DQHDW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)LJ ; UD\ GLITUDFWLRQ SDWWHUQ IRU UHFRY|

7KH TXDQWLW\ Rl FRBERQEHQHWWHP:BWHG

IROORZLQJI>KITXDWLRQ
D\ \ + \

ZKHDH LV WKH OW DMWY PMKFHRPNYUERQ TXDQWL )\
[ %DVHG RQ DYHUDJH YDOXHV RI WKH PDLQ
ZDV QP DQG WKH FDADBRQ TXDQWLW\

7KH :LOOHDPO/R GORW E\ S\HCHNY LV VKRZQ |
7KH SORW LV ®/KBIZRAYRZLAI HTXDWLRQ >

ZKHUH LV WKH KDOI KHLJKW ZLGWK RI WKF
WKHJDP\ 0 LV FU\VWDOOLQH VL]H DQG LV FU
DUH DOPRVW RQ WKH VWUDLJKW OLQH

yLJ 'L O Gt DPORKO R W HA&UHIFRAGIH U

6 7DQHDW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

7TKH FDOFXODWHG FU\WWWDOOLQH VL]H DQ
& 4 SDUWLFOH ZHUH OPVBRAEBEWLYHO\ $V
WKH 48 DUWLFOH REWDLQHG E\ WWUW LQUHF |
VXJIHVWHG IRU HISORYGLEHDP FQ @\SRIIGGD) V

) + BS5LEHLUR 5 $ ' %HWWD * - *X\
3UHSDUDWLRQ DQG VXUIDFH FRPSRVLWLR
ZLWK KLJK VSHFLI&RHPXUIDWHH WD U HSB+

5 .RF 6 . .RGDPEDWWHR FRV\EBIMGEGKHVLV IL
QRYHO SUHAXUVRBWDPYRO 5S
5 .RF 6 . .RGDIREDBNRFHVV IRU SWRRGXFL

WXQJVWHQ PRQRFDWHDMHUS BEG H MWR/QV

SS &

) ) 3 OHGHLURXOLGYHLUD & 3 ' 6RX]D ¢
6LOYD 8 8 *RPHV - ) ' 6RX]D 6\QWKHV
WKURXYIRODE UHDFWLRQ DO VORZ VBHP S HQU

S St

. -LDQJ . <DWVXL 3XOVHG ZLUH GALVFKI
VIQWKHKHMLYUDQV 30DVPD RO +S S

. +RNDPRWR 1 :DGD 5 7RPRVKLJH ©6
6\QWKHVLYV RI 7L1 SRZGHUV WKURXJK HO
OLTXLG QLWOBRMHQ&RPSGERO +SS

$6 .XUORY $ , *XVHY 3KD¥&d \H\VXMHOR WL
WXQJVWHQXDVE&EGHKE 5HYRO QR+ SS

* . LOOLDPVRQ DQGUD\HOL¥KD-HOBURDGHAQ
ILOHG DOXPLQLX®FODWDGOHRMD ODROSS +

+RNDPRWR 5 $ 3UXHPPHU 5 . QLWWHU

FRPSDFWLRQ RI GLDPRQG SRZGHU -XVLQJ
ODWHU ©6FL YRO QRt SS

6 7DQHDW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

3,&26(&21"32685( '<1%$0,&
0($685(0(176 2) )250%$7,21 2) 8/75%$
' 63(56' ',$021'6 ,1 '(721%$7,21 :$9(6

$ 7THQ@ 5 3UXXHD .DVKNDBRBXE]RY
[, 6BKHNKWPDQEKXODIRY % 3 7RORFI

IDYUHQWTHY ,QVWLWXWH RI +\GURG\QDPL
$FDGHPAFRHQFHV 1RYRVLELUVN

%XGNHU ,QVWLWXWH RI 1XFOHDU 3K\VLF
$FDGHPAFRHQFHYVY NRYRVLBXWWVLD

OVWLWXWH RI 6ROLG 6WDWH &KEHEMM DQL

%UDQFK 5XVVLDQ $FDIRWRVREBBVMNQFHV 5)

HPDLO WHQ#K\GUR
‘2, (310

'HWRQDWLRQ SURFHVVHV LQ FRQGEADVWGOK
WKDQ —V D Q& YWWXNQ BB BNRIDVDWHY G\QDP
ZLWK QDQRVHFRQG H[SRVXUHV 7KLV LV SDU
RI FDUERQ FRQGHQVDWLRQ XSKMIIFHWRQ
H[SORVLYHV 6XFK DFWLYLWY EGVNQWRWE
+\GURG\QDPLFV LQ LQ FRQQHFWLRQ ZLW]
GHWRQDWLRQ QDQRGLDPRQGV 7KHVH ZRUI
VFLHQWLILF FHQWHUV DQG WR GDWH WKHU
WR WKLV WRSLF LQ WKHREZRQY E VW @J DTKHHG Z|
FKDUJHV ZDV YDULHG IURP J WR KXQGUF
GLDPHWHU ZDV PP DQG PRUH 7KH REMH
PDLQO\ WKH UHWDLQHG GHWRQDWLRQ SUF
H[OSRVLRQ FKDPEHU PWEAY WLPHRVULMRZDV LP:
VWXG\ H[SHULPHQWDOO\ WKH NLQHWLFV

FROGHQVDWLRQ SURFHVV 7KHUHIRUH WKH
ZHUH FRQVLGHUHG WR FRLQFLGH ZLWK WKH
SDUDPHWHUV RIHVUKHFRMEHXYBSREKGHG WR WK
WKH GLDPRQ GNVYXW DAVDK O\ V | DU QVHVE KEEM WQKR ¢
SURFHVVHMQ@HU K\L D FZADEHHU XY RMUR/ GHYHORS

LOWHQVLW\ RI V\QFKURWQREOHOGGUBWREGQG L

$ 7THW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

G\QDPLFVGRIIWEHWLRQ VFDW WIHWK QQIQGH NSRY |
QV TKgH LQWHQVIDM)DJBUDAPDPDWWHULQJ ¢
SURSRUWLRQDO WR WKH IOXFWXDWLRQV LQ
RQ WKH FDUERQ FRQGHQVDWLRQGHKISWQHGF
H[SORVLYHY ORGHO FDOFXODWLRQV VKR
GLVWULEXWLRQV FDQ SURYLGH WKH GDWD F
ZKLFK DUH FRQGHQVHG LQ WKH FKHPLFDO U
D QHZ LQVOAB®)OMYLRQFKURWURQ 5D
)DFLOLW)\ IRU ([SORULQJ HQWHGHRQ FZ 0EBW H |
FRPPLVVLRQHG DW %,1FRO@LGKH K38 DQ H¢
*H9 DQG D SXOVH OHQJWK RI SV 7KH 6%
DSSOLHG DW WKLV LQVWDOODWLRQ HQDE
QDQRSDUWLFOHVY ZLWK D VL]H IURP WR '
'Q WKLV SDSHU ZH 6458 Y(H QN[ B HYVXPMQWR/I
WKH G\QDPLFV Rl FDUERQ+PR O G[FMQMIBWVLRQ |
QHZ 7$E®VHG IRUPXODWLRQVIUBB®G+(D RK\
EHRWULIXUR[DQH %7) 7KH JHRPHWULF GLF
LOYHVWLIJDWHG LQ WKHVH H[SHULPHQWV ?
JHRPHWULF GLPHQVLRQV RI DOO H[SHULPH
HQVXUH LGHQWLFDO H[SDQVLRQ RI HWDRHXGH
RI WKHVH H[SHULPHQWV LV WKH VPDOO VL]
PP OHQJWK RI PP DQG ZHLJKW RI a
KRZHYHU WKHUH DUH GDWD RQO\ IRU ODU
FRPSDULVRQ WKH VDPH +(WHHRIHMORGHBHBHL!
H[SORVLRQ FKDPEHU LQ DQ LFH VKHOO W
UHWDLQHG DQG WKHQ VXEMHFWHG WR DQDC
PHWKRGYV
9 9 'DQLOHQWRHVLILQJ DQG VLQWHULQ
H[SORYRRPRZ (QHUJRDWRPL$GDW

9 0 7LWRY ( 5 3UXXHO . $ 7HQ ([
VIOFKURWURQ UDGLDWLRQ IRU &RPEXY QI
([SORV 6KRFN :DYRU QR SsS

(5 3UXXHO . $ 7HQ % 3 7RORFKNR

FBDELOLW\ RI VI\QFKURWURQ UDGLDWLRC
SURFHRWI®Y 3K\V YRO QR SS

% 3 7RORFKNR $ 9 .RVRYMQFK®RWIUR
WGLDEMDRQLDBW 9(BBOOLGHU IRU 6$:6 :$:
PLFUWURPRJUDSMMVLIDWIDR@QURFHVVHY DW H
FRQGLWLRQ RI KLJK WHPSHUDWXUH DQG ¢
UROXWIRQEGLFV 3URFHGYRO StS

$ 7THW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)81&7,21$/ 3523(57,(6 2) 6,17(5(" 32:'(5
)HE&W&RS$//2< 2% 7$,1(" %< /2(03(5%$785(
6,17(5,1*7+ 68%6(48(17 627/,1*

$ 6 SB8VWI\XHEK®%Q $QNXGLBERY¥HOHQVNL
DQG , 0 OLO\DH"

%DLNRY ,QVWLWXWH RI OHWDOXWXVULID ® Q
$FDGHP\ RI 6FLHQFHY ORVFRZ

HPDLO IFEQHR#\DQG
‘2, (310

 QFRQYHQWLRQDO SURGXFWLRQ REHRBRIJQHW
VIVWHP E\ SRZGHU PHWDOOXUJ\ PHWKRGV
FRPSDFWV LV KLJK& DE®XW/KH KLJK VLQ\
WHPSHUDWXUH UHTXLUHV KLJK SRZHU FRQ\
WKH FRPSRQHQWVY RI WKH LQLWLDO PL[W:
HYDSRUDWH IURP WKH VXUIDFH RI WKH FR
FRPSRVLWLRQ FKX®MR| WEEH WEWHULDO EHF
KHWHURJHQHRXV > @ 7KLV SURFHVV PD\ LP
VPDOO VDPSWHKW EDKGIN HR | WKRHQ WDW & H GDIOQ LW
OD\HUV

'Q SUHVHQW ZRUN ZH VKRZHG WKDW DGC
DIWMVKH VLQWHULQJ VWDJH DOORZV RQH WR
W R f& 7KH SURFHVV ZDV FDUULHG RXW I

f& %HFDXVH RI WKH UHGXFHG VLQWHULQ
WKH VLQWHUHG PDWHULDO EDVHLE EX MK ENHIQ
KRW UROOLQJ DW f& $V D UHVXOW WKH
ZDV UDLVHG WRLFK LV FRPSDUDEOH WR WKH
ZLWK WKH VDPH FRPSRVLWLRQV WKDW ZHUH

fé&

7DEOH S UHVWHIOWOWWKRI PHDVXULQJ WKH
SURSHUWLHY RI WKH VWXGLHG DOOR\ VDF
VLQWHULQJ ZLWKRE VD IR WKE Y HDM H Y W KIRG
WKDW WKH PDJQHWLF SURSHUWLHV RI DOO

$ 6 8VWHNYWBIOQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

ORzZz ZKHWKHU WKH\ ZHUH UROOHG RU QRW
VDPSOHV DOPRVW LQFOXVLYHO\ LPSDLUHG
RQO\ WKH GHQVLW\ RI WKH PDWHULDO LQFU
WKH VDPSOHYVY VLOQWHUHG WWFKQL&E W D YXQ
/KH UROOLQJ LPSURY®WEKW&H UHWDQRQ®O!H
FRHUFR:YZMWNVK WKH GHQVLW\ RI WKH PDWHUL

TDEOHQVLW\N DQG PDIJQHWLF SURSHUWLHV R
VDPSOHYV

6LQWHUL% QQ?J % +pp|

WHPSW@@WMUR%% LW\ L NP NP
LWRXW
UROOLQJ™
'LWK UROO£Q]J

LWRXW
UROOLQJ"™

'LWK UROOLQJ

I+

+ +

I+

+ +

I+

+ +

I+

+ +

7KHUD\ SRZGHUR®LOQDPW LY RI WKH VDP S
SUHVHQFHSRDWHKHQ WKH UROOHG VDPSOHYV

PLQ )LJ ORVW SUREDEO\ XQGHU WKEFH
HQRXJK WLPH IRU UHGLVWULEXWLRQ RI F
TXHQFKLYUQBBED/MROLG VROXWLRQ D VLJQL
QRQPDJQSKDMVH UHPDLQV LQ WKH DOOR\ 7K
RI WIKSHKDVH LQIOXHQ RMR/H WKRIP BXIUNMIMMEH Q W
OHDGVY WR D FRQVLGHUDEOH GHFUHDWHH\Q
RI WKH DOOR\

7KH WHQVLOH VWUHQJWK WHVWV RI W
GHPRQVWUDWHG D VXEVWDQWLDO HIIHFW R
VWUHQJWK RI WKH VDPSOHV 7KH WHQVLOH

f& + 03D H[FHHGHRI WKB VDPSOHV \

f& + 03D 7KH GHFUHDVH LQ WKH VWL
VLQWHUHG DW f& LV OLNHO\ WR EH H[S(
PDWHULDO LQ ZKLFK JUDLQ JURZWK LV REV

$ 6 8VWHNYWBIOQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

yLJ UD\ SREGHUDFWLRQ SDWWHUQV RI URO
RI FRPSRVALAWEKRIQ &R ORt

7KLV ZRUN ZDV VXSSRUWHG E\ WKH VXEVL
RI OHWDOOXUJ\ DQG ODWHULDOV 6FLHQFHF
DVVLIQPHQW S5HIJLVWUDWLRIQGRE\ WKH 5XV
JRXQGDWLRQ VRID UHAKXV LFURM HFWD QR

0 / *UHH®6KHUZRR®@ :RGRZGHU PHWDOO
SURFHVVLQJ Rl &U&R)H SHUPDQHQMW PDJQ
ZW &R $SSO 3K\V YRO QR+ SS

$ $6KDWYRXGHU ODWHU +R BAR F6I\ WWKHHR/) H
6FL +HDW 7UHDRWO  +SS

0 , G\PRY Y%BQNXGLOQRE¥HOHQVNDLO\DHY

9 6<XVXSRY6 8VW\KINKEW RI DOOR\LQJ DQ
UHJLPH RQ PDJQHWLF KRV)ME HHREIRZ GHR S+
DOQR) .KLP 2EUDE ODWRU #SS

6 6FKLOOHWLJIS 6+HOBFNMUWURQ %HDPLIHEFKQF
<RUN :LOH\

$ 6 8VWHNYWBIOQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

0$18)$&785,1* $1' 7(67,1* 2) %,0(7%$//,&
%/$1.6 )25 ,7(5 3) &2,/ -2,176

9 6 9DRQE ( / ODUXVKLQ

$2 (1(5*20(7%$//6DLIHWHUVEXUIXVVLD
(IUHPRY ,QVWLUWRSWKH RFOIOHRSDUDWXV 1,,(
OHWDOORVWUR\ 6DLQW 3HWHUVEXUJ 5

HPDLO HJRU PDUXVKLQ#PDLO UX
‘2, (310

7KH 3) FRLO > @ LV LQFRUSRUDWHG LQWR
WKH ,708iFRWURPDJQHWLF V\VWHP (06 DQG
XQLW FRQVLVWLQJ RI HLJKW SDQFDNHV LQV
FRQVLVW RI+WZHR RDOXWNVRQ ER[HV ZKLFK DI
VWHH@FREEHU VWUXFWXUDO FRPSR®HQWYV
ZHOGLQJ 7KH MRLQWY VKDOO HQVXUH WKEF
HOHFWULFDO SHUIRUPDQFH LQ WKH UDQJH |
WKH DSSOLHG PDJQHWLF ILHOGV 7KH LQLW
ZDV XSGDWHG RQ WKH EDWIV RI WHKWLDWA
2UJDQL]DWLRQ ,2 $V D UHVXOW WKH SUF
> @ IRU ELPHWDOOLF EODQNV PDQXIDFWXUL

7KH PDLQ GHVLJQ PRGLIAHWDW FKQWJILDI |
UDGLXV SURILOH RI PP \RR WK HP PP DMKHDULT
DQG FKDQJLQJ RI DFFHSWDQFH FULWHULD
WKH PDWHULDO JUDGH RI WKH WHUPLQDWL
IURP 2)( FRSSHB WRN&X555 @ 5HGXFLQJ WKH
555 GHFUHDVHV LWV WHPBHUDWXWHUURW R
ILHOG YDULDWLRQ XQGHU D VFHQDULR IRL
SODVPD SXOVH 7KH DFFHSWDQFH FULWHUL
XOWUDVRQLF WHFKQLTXH 87 SHQHWUDQW
LQ RUGHU R WIKHD UDHIWFW IUHH LQWHUIDF
FROQQHFWLRQ

9 6 9DNLQ DQG ( / ODU



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J -RLQW DQG WHUPLQDWLRQ ER[ GHVLJC

SUHOLPLQDU\ FDOFXODWLRQV SHUIRUPHG
VRIWZDUH SDFNDJH > @ PDGH LW SRVVLEO
SURSHUWLHYV RIDWNXBIJEZH®GLIQRII SVKH ERQGL
FRUUHFW WKH WHFKQRORJLFDO SURFHVYV
DGMXVWPHQWYV ZHUH PDGH ZKLFK PDGH L\
YDFXXP WLIKWQHVV RI WKH SURGXFW XQGHL

7R TXDOLI\ WEBHRXFFHGXWHG WZR1SE6DWHVWRI
& X PP ZHUH H[SORVLRQ ZHOGHG
SODWHY ZHUH XOWUDYVR QA DOOW WHRMWWAREP
FDOLEUDWLRQ WR GHWHFW WKH ERQG |J]RQH
WKDW WKH Q&RBIG-FDMNWHBKDQUMDPHWHUY SURYLGH
VXIILFLHQW IRU WKH IXWXUH WHVWY DQG RI
KHLIJKW RI WKH ZDYH LV OHVV WKDQ PP Z
87 FDOLEUDWLRB XS WR

JRXU VSHFLPHQV ZHUH WRHINW R HD D REHS WIIDE
RI WKH SODWH DQG HI[DPLQHG XQGHU D PHW!
[ PDJQLILFDWLRQ 7KH UHVXOW VKRZHG
RI[LGHY SRUHV DQG LQWHUPHWDOOLF FRPSI

)L J /KH ELAHHUWDPHOLF LQW

{KUHH VDPSOHV ZHUH WDNHQ IRU WHQVLC
SODWH 3ULRU WR WHVW WKH VDPSOHV ZHU
IURP . WR . (KH VDPSOHV ZHUH PDEFK
WHQVLOH WHVWHG DW URRP WHHP\SIHWHD WK U K C

9 6 9DNLQ DQG ( / ODUXVKLQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

DFFHSWDQFH FULWHULRQ WR EH,®RNGGWWD
WZR NLQGV Rl VSHFLPHQV ZHUH WDNHQ
SDUDOOHO WR ZDYH IURQW 3ULRU WR WH)
WKUHH WKHUPDO MYROHV IUKRP VDPSOHV ZHU
DQG WHVWHG DFFRUGLQJ WR $670 % DV
REWDLQHG WHQVLOH UHVXOWV PHW WKH DF

03D 7KH VKHDU WHVW UHVXOWV RI VDF
WUDQVYHUVH DG LAURGEWMRQLQDKLY IDFW
PHFKDQLFDO VWUHQJWK RI WKH ELPHWDOOL

$IWHU WKH VXFFHVVIXOO\ SDVVHG WHVW
UHTXLUHG UDGLXV 7KH UDGLXV FRQWURO
WHPSODWH 7KH ILQLVKHG E OMINWZED W KHJ 1L
ZLGWK RI PP )LJ 7KHQ 37 ZDV SHUIR
ODWHUDO VXUIDFHVY LQFOXGLQJ WKH ERQC
EODQN DFFRUGLRJI$WR LOGLFDWLRQV DUH Q|
UHVXOWYV GHPRQVWUWWRIGEWRHWDROIO ITK D Q W

)L J /KH GRWWHG OLQH VKRZV WKH ILQDO

)L J 7KH ELPHWDOOLF EODQN WHVWHG E\ ¢

7TKH XSGDWHG WHFKQRORJ\ DQG SDUDPHW
TXDOLILHG RQ WKHD EQONGVVRFRAHKNIREGWNHYV
UHTXLUHG 4% GRFXPHQWDWLRQ ZDV LVVXHC
ZDV QHFHVVDU\ WR VWDUW PDQXIDFWXULQ
ELPHWDOOLF EODQNY IRU WHUPLQDWLRQ ER

9 6 9DNLQ DQG ( / ODU



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

% /LP 6LPRQ,0\& Q< ®X- B6PLWK+ +¥&X
IXRQER -RQJOLWFKNODQ RI WKH ,7,(%(3) FRL
7UDQV $SSO 6XSHYRRQG QR+ SS

9 9DNI$SQ .UDVLOQLNRY&ROBRORWKIR®D DQG
RI WKH SURILOHG VXUQJBKIHAWLIQW KR LOX SH
FRQWOEMRHWDDWHU YRO LWVV S

I+

<X,0\LOSROD WG RUBNLLMKXBYPR®@/LP1
OLWFISIDO®\VLY RIFRLD 3JRLOQW GHVLJIQ XQ
RSHUDWDQIR/(FAQDQV $SSO 6XSROFRQG

QR

9 6 9DNLQ DQG ( / ODUXVKLQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

1)/8(1&( 2) 675%$,1 5$7( 21 7+( 5$7( 2)
&+(0,&%/ 75%$16)250%7,21 :,7+,18& 6+2
:$9 (

9 $ 9HUHWBQGLNRY 7URILPRY

OHU]KDQRY ,QVWLWXWH RI 6WUXFWXUDO ODF
6FLHQFH 5XVVLDQ $FDGHP\ RI 6FLHQFHV &k
SXVVLD

HPDLO Y H WDHWULV P
‘2, (310

$YDLODEOH H[SHULPHQ IMD®X EHGE X®HNWR R D W
DQG SUHVVHG 717 > @ ZHUH DQDO\]JHG ZLW
REVHUYHG PDUNHG GLIIHUHQFH LQ WKH S
LOLWLDWLQJ VKRBN ZDYWRROOWDEEHG GHW
SURSDJDWLQJ RYHU WKH FKDUJH

'Q WKLV ZRUN ZH GHPRQVWUDWHG WKDW
DIIHFW WKH UDWH RI FKHPLFDO WUDQVIRUP
HIWHQW H[FHHGLQJ WKDW RI W HAKRNXIDAN EH
WDNHQ LQWR DFFRXQW LQ PRGHOLQJ WKH S

7KH ZRUN ZDV VXSSRUWHG E\ WKH 3URJUL
3UHVLGLXP RI 5XVVLDQ $FDGHP\ Rl 6FLHQFH

$ '"UHPIBQROGXQRY 6KRFN LQLWLEDWMR Q@ RG

FRPSDFWH® JULY QIRMH([SKRR'LYH %XVLQHVV
1HGUD QR = SS

9 $ 9HUHWHQQLNRY DQG 9



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

0,8&52:$9( $%62537,21 3523(57,(6 2) 7-
£$5%2(11&$368/$7(" ,524$6 ("
1$123%$57,&/(6

+ <LQ4 'X3 &KHIXQG 0 &DR

QVWLWXWH RI 6\WWHPV (QJLQHHULQJ &K

3K\WLFV OLDQ\DQJ 6LFKXDQ 3

6WDWH .H\ /DERUDWRU\ RI ([SORVLRQ 6FLHC

QVWLWXWH Rl 7THFKQR@RLYQ M H

6FKRRO RI ODWHULDO 6F I%HLAVH. Q D GQ ML
7HFKQRORJ\ %HLMLQJ

HPDLO\LGHEDHS FQ
‘2, (310

&DUBRIFDSVXOEWWEBG LORQRSDUWLFOHV ZHI
GHWRQDWLRQ RIKPIHMBORWY YRII KQGE LURQ W
YDFXXP FKIKRERDVV UDWLR RI KRIX VUS U R
OHDGIGLI I WBHYWQDWLRQ SUHVVXUHV DQG W
DQ LPSRUWDQW UROH LQ WKH IRUPDWLR
ODQRSDUWMFAOHVY. QAU VH RI WKH PDVV UDYV
JUDSKLWLF FRDWLQJ OD\HUV DQG WKH V
ODQRSDUWLFOHY GHFUHDVHV 7KH QXPEHU F
RI QDQRSDUWLFHV DUH WZR LP SRIHOBIEGEW Ul
SHURLWLW\ DQG UHIONFGW RBYV DJR\&D VBIR 8 U H
HQFDSVXOMEWNBEG LQPQRSDUWLFOHVZDH[HLEL
DEVRUSWLRQ5 SURSHUWLIWKH] UDQOKS D
PLOLPXP UHIOHFWLR®Q ORWVV *B] ZPRKNVKLFN
OD\HU

+ <HW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

6+60(7$//85%< 25()5$&7258$7(5,$/6
%$6(' 21 02/<%'(180

9 , <XNKYLG'RUVKNRY 6DQLGQGUHHY
DQG <X 6 9GRYLQ

OHWKIDQRY ,QVWLWXWH RI 6WQ&FO/MDXWUHUD DO WU
6FLHOGKHMVLDQ $FDGHP\&RHNHUFQROFEGIRYND OR\
5XVVLD

HPDLENK#LVP DF UX
‘2, (310

ORLVWHIUDFWRU\ P HPW D@/ IDQUGSIRD@MPBRXQ GV
RORZLWK & % DQG 6L KDYH XQLTXH SURSHU
HQJLQHHULQJ IRU PDQXIDFWNKVYLQW KPW GF ®F
PDWHULDWNP KHURWXUH KGDMKH QW RSN \& ¢
EDVHG PDWHURRWOW RIWHQ PDGH E\ SRZGHU
> @Q WKLV UHSRUW LEHHHBGXWKRUYRWVR QELC
PHWDOOXUJ\ IRU WKH SURGXFWLRQ RI FD
PRO\EGHQXP DV ZHOO DV FRPSRVLWH PDWH

+LIJH[RWKHUAWKUHY Rl PRO\EGHQXP RJ[LC
UHGXFHUV $0 DQG 0J DQG QR QPHWDHG W
VIOQWKHVL]H FRRSRXHSDUH PXOWLFRPSRQHC
PHWDOV PABWDPRQRU WKHLU R[LGHV ZHUH I
LOWR WKH BNV HXFKWXYWXUHV DUH FDSDEC¢
ILQDO SURGXFWV RI WKHLU FRPEXVWLRQ DL
FRPSRVLWH PDWHULDOV UTKMXBRPEKWW[\RR!
HIFHHG: f& > @ +LJK \DHCPCORRXDWOXLUH FD UE |
ERULGBYFIMGHV Rl PRGRPGHRYX W HEMDW B UR D ¢
PRO\EGHQXP LQ FDVW IRUP 7KH KLJK WHPS
WR JDV IRUPDWLRQ 7KH UHOHDVH RI JDV IL
OHDGV WR LWV VSWWMW ISWIRFEH VW K M URH DRUMH P |
FDUULHG RXW XQGHU JDV SRWVNXEHU LF}MQ
D F WL RAQ

9 , <XMNRN ID®



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6+6PHWDOOXUJ\ RI PRO\ESIHQNX PP FEO\EELHQ
FDUELGH REWDLQHG IURP D VWRLWKLRRRW WD
$O KDV D FDUERQ GHILF+W BD\QZH EIREMPD IQX\WP X

DV DQ LPBRWHNEWRE LPSXULW\ LV ORFDOL
ERXQGRWIUIBYRDPRO\EGHQXP FDUELGH

'"HILFLW RI| DOXH[E®IXF BQGERQ LQ WKH L
UHSODFH RIREBAMMW RUIUTIKQXVOHE D UMQ ®1 \§ & HL
PLIWXUH ZLWK DQ HTXLY D D\EPQ@ WF D PI@XBBAH R | (
FROFHQWQ  PWVYWQPRO\EGHQXP FDUELGH ,W L
FDUERQ FRQWHOQW LQZWKH L QQJ®REG WURRR E WDR (
OR& DQG&R\ YDU\LQJ WK HRIFRODMEHKQWH LQ V
PL[WXUH FRQWDLQLQJ $0 DQG 0J DV UHGXFL

D zZw

)L J 'QIOXHQFH RI WKH FDUERQ[FRQWHQW
FRPSRVLWLRQ Rl PRADEGHQ@XP OFPUPX K HH
OR2 $0 0J[&P & P& POR2 P$0O P0J @

P J3 03D

6+6PHWDOOXUJ\ RI PRO\EIGH @RF VERBKXGHWY
FDQ EH REWDLPRIBES RURPQWER\VWHRKNHUH % L\
UHGXFLQJ D EFHRQW GHMQIR P L DKHHO RI\PE XRW. ¢ J
V\Q W K PR\ RG HROWXIPGERP W K H ORI W@ H L%
VPDOMKHUHIRUH VWRLFKLRPHWULFORI%WXUH
OR% DQG ®WR $QRWLFHDEOH DPRXQW RI $0 D
ERULGH ZKHQ % LY UBSOBFHG E\ %

7DEOM LW L D/OYODRER P SRVRED R RO\EGHQXP
ERULGHYV

Quwioo puwRBHEETES, TP S BKDRBSRThw Lng

OR % $0
OR2 $0 % UHVW OR%
OR2 $0 2% UHVW OR% OR% ORS$O%

9 , <XMNRN ID®



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

6+6PHWDOOXRO\ERGBIHQ XP 7WZIROERH®H¥DO VFK
ZHUH XVHG WR SUHSDUH PROVEGHQXP GLVLC
OR2 $0 :6802 ORGL
OR?2 6L 6L2 ORG6L
7KH H[SHULPHQWY VKRZHG WKDW WRH FRF
6L PL[WYRARPSDE\FRREEHWH VSXWWHULQJ R
SURGXBOWHMY LQLWLDO JDV SUHVVXUH LQ D |
LOQFUHDVHG SUHVVXUH RI QLWURJHQ RU D
VSXWWHULQJ RI WKH PL[WXUH ZKLOH WKH
WKH LQJRW RIHDFPKH/MWMAIGHY D O X H
&RPEXVWLRQ RI WEH PRPEBWXQRW SRIW\SLLENCH
WKH RDDE XFORDPEKXGWLRQ WHPSHWRPEXVWLRR:
UHDOZKHII FRPELQDWLR QDRIGPY [ WNANGBROOR Z\
IURP WKH FKHPLFDO \BB DFIK\NP VF G DWIR RSKFOM.
ORt6L LQJRW VAKDQ IHE DWW K O D UQ® MH. RWD W L R
PLIWXDBG)LJ

D zZwW

6 fimoo

$0

[

)L J ,QIOXHQFH RI WKBQU@WIL®R WKRL[WXUH
FRPSRVLWLRQ RI FDVW PROPEBH®XBLWLOLFL
WKH FROQWHQW RI WKH HOHPHQW LQ WKH DO
QLWURJHQ SUHVVXUH LV 03D

W ZDV VKRZQ LQ RQSPUEREGQ@WLIXWRDW. Q
RYHUORDG VV XSG HFASKHVWHULQJ)LRI WEE PL
VLIQLILFDQWO\ PKBROHNRRAKMRYERMMYW PRO\E
VLOLFDEBOW

6+6 PHWDOOXUJ\ Rl FRPYIRWLWHORL\YH US P
FRPSRVLWH PDWHULDOV EDVHG RQ PRO\EC
DGGLWLYHV 1E % & HMEHSHDDWH[FHMEHPS

9 , <XMNRN ID®



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

RIWKH FRPORVIKBAK & WKIVEDWYLRNHO VXSHUD
DQG KDYH D ODUJH SRWHQWLDO IRU LPSOHP

/KH UHSRUW SUHVHQWY WKH UHVXOWYV RI

PDWHULDOV E\ WHGR HHMDW@X UXJ IPGI W KR G

X FP V K

D J

)L J (I ITHFW RD RRQU R B & XX QRL QN KUHD R W X L
DQG WKH \LHOG RI PRO\EGHR X© LWL IOD & LFALHW_X
OR2 $0 0J[& P J
7DEOHIHFW RI RYHUORDG RQWWLRH FRA B \F\D O
6L ,QRMWMWDUH P J
D J OR 6 kr $0 2
UHVW
UHVW

9

6 'UDZLRQ -XVBGEOVDQFHIXKWZHLIJKW VLOLFLG
EDVHG PDWHULBQVL QRO IDMDAWHEERA YV SDFH/DE
S+
3 -pKDQQR 0 +HHWEGBUHUO %|QLQJ $ 9HC
% 3 %HZ®D\5 -DFN$YRQHVVPHQWRZARGHD
PHWDOOXUJLFDO SURFHVVLQJ URXRNMW IRU
OHWDOO ODWHU YBD®S =+
, 6 *RUGRSRORY®KLULDHY<XNKYUGHFW RI
SUHVVXUH RQ WKH &RPSRVLWLRQ RI &F
&RPEXVWLRQ 3URG XEHO/XPQRIRPNEIRQ B[\VGNHH |
SUHSULQW ,60%1Q 5XVVLDQ
9 <XNKWLGWHPSHUDWXDH BSIFBL\GVHY QHZ
WUHQGY DQGVPRNMMWIDROOMR SS + LOQ
5XVVLDQ

< X NHRAY ID®



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

6<17+(6,6 2¥11$1232:'(56 )520 2:,'(
$1' 6$/7 35(&856256 ,1 &20%867,24<02"(
86,1* 7+(502,1(7,& &283/,1* $3352$&+

0O . =DNDU\BQ9 $\GL@OQG 6 / .KDUDW\DQ

1DOEDQG\DQ ,QVWLWXWH RI &KHPLFDO 3K\V
<HUHYDHRQLIUP

<HUHYDQ 6WDWH 8QLYHUVLW\ $ ODQXN\DQ

'HSDUWPHQW RI OHFKDQLFDO DQG ,QGXVWU

SQLYHUVLW\ Rl 7THFKQRORJ\ (KLWDMDWH WH

HPDLUDNDU\DQ #JPDLO FRP
‘2, (310

QWHU DV RS JVW-H@OOR\V KDV H[SDQGHG
UDSLGO\ LQ GHMFHWR WHMHLY X Q LWXH FR®ELICF
PDJQHWLF HOHFWULEDIOR Q QSH R DHHGINKHRUHH
VWUHQJWK DQG SUHPLXP KDUGQHVV DV
UHVLVIWRRGFHHVLVWDQFH WR VWURQJ R[LGL]
WHPSHUDWEM HDOOR\V VXFFHVVIXOO\ FRPS
FHUDPLFV DQG JUDSKLWH EN WILVERWOUBLFRID \K LD §
SRVVLEOH IXWXUH D DOMAENVWLERRO/X 8 H 15D U U
FDSSLQJ OD\HUV LQ FRSSHWDRAM DE OLQBDAMUE
8/6, GHYLFHVHRUWFYBRRHFKDQLFDO V\VWH
FDQ EH DOVR DSSOLHBDIQHWROGKHDE MU
EHDULQJY UHVLVWRUV HOHFWURGHV DFFF
DONDOLQH VROXWLRQV HQYLURQPHQWDOO\
SODWLQJ LQ WKH DHWR@%D FAHO 0OQBX \DWH\ X M
HOHFWURSODXWREBROMRPLPRYY FROWDLIQ®J
1D:2 +2 DV WKH HOHFWURDFWLYH VSHFLH
FRPSOH[LQJ ®JHQWYV

+HUH ZH UHSRUW WKH#H S$BRSRYDWHRERRGEG
HQHVDY VHPURSDIDWWEP SHUBWXUH V\QWKH
FRPEXVWLRQ V\QWKHY@S5\ %6L PHWKBREWLRQ\
NLQHWLF FRXSO®@MWVDISBSVURQFK FRQVLVWV L

0 . =D NDHVDIO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

ORZ H[RWKHUPLF UH@GHEFVLRA WK IDIFWLRIQ FLC
O 0J RQH ZLWK SRVVLEOH FKDQWH QRO UH
DOORZ SHUIRUPLQJ WKH SURFHVVHV LQ PLO
IRU SUHSDULQJ RO RPDAVIRQUD ®Y FRPELQHG
UHGXFHU AR FPOQWBRO WKH UWKDBWLR® WHE
DW V\QW K+ \FIRP 8 R\LLW HYB\BIGXFUW PDJQHVLD
UHPRYHG MUPBPW® HQWREKWR WKLMF DFLG &

'H KDYH HQYLVDJHG WIKHFRROIRVHWH SRR ZG |
QLNWEQJVWDWH WR SURYLGH FRQVLGHUDE
FKHPLFDO KRPRJHQHLW\ RI WKH ILQDO SURGC
ERWK PHWDOV LQ WK WWDPHW KUW VRD OQLLFN
7KHUHIRUH H[FHSW RJL RINHGH WRQ WKW B/ HD \
SUHF X UVIR B NRRWZIM \SWBIWBUHG E\ FDOFLQ|
DQG :BRZGHUV PL[WXUHB&LRWLYLEWW RI DC
WKHUPRGRAROPX EZBWHRERNUULHG RXW WR UHY
RI FRPEXVWLRQ #AWMQIH& , DQGL2 #0JH& ,,
VIVWBI@Z IRU GHWHUPLQLQJ RSWLPDO FRQGL
UHGXFWLRQ DLERHGOWR\REWDAMVHG RQ WKH
WKHUPRGEQDFX® DW L RI/U P R WEKRMLERXF W LR Q
QLFNHO DQG WXQJVWHQ R[LGHV SHDCORUPHBEN
ZLWK VXFK DPRXQW RI PDJQHVLXP FRUUHVS
DUND + PRORLQGVRKMVHIIHFW RI FDUERQ D
EHKDRERPEXVWLRQ WHEBBSPHWYWMN VY HDWDHUEL MY O
RI H[SHWIZHUBWUIRUPHGEKRRQWKQJ FDUERQ T
$FFRUGLQJ WR WKH UHVXOWV WKH JURZWK
GHFUHDVH ERWHKROKXKW HFRPEXDWXUH DQG YHO

)L J TKHUPRG\QDPLF DQDOX2LMOUHE XOWYV ||
VI\VWHP ®BD

0 . =D NDHJNVDIO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

;& PROH

)L J &RPEXVWLRQ WHPS HUDDWERQHDPRE YW A
1L2:2 = 0JH&VI\VWHP 03D

$FFRUGLQJDWRLAAM V XAOKWVY DU L DWDR & XRJ W D
PDNHV SRVVLERRP SIREWHEXBHMRUY DWS WR
GHVLUHG PHWOWWHU DFLG WUHDWPHQW R
VDPSEMSURGXFW PDJQHVLD ZDV UHFRRWHGL Q
RQO\ WDUJHW PHWDOYV

1L
0J7

,QWHQVLW\ D X

g Y WPV A

| EHIRUH DFLG ?E“HDWPH[EW

T

)L ;5" 8WWHUQ RI WKH FRPEXWR2LRQ SURG?
0Jx &PL[WXUH DIWHU DFLG WUHDWPHQW

1 (OLMQ B6ULGKDU ( *LOHDGL 6\QWKHVL\
RI QLFNHO WXQJVWHQ DO Q@8 HF \E U RPNV
YRO SS

2 <RXQHV ( *LOHDGL (OHFUDORSODWL
(OHFWURFKHP ERP QRx SS

7 UXQD6 $OXNDVIDQ &RPEXVWLRQ V
DQRPD\&NUUDQ\ELQ BROLG 6WDWYRODWH |
S +

/| .KDNIDQ* $0HU]KDQRY &RXSOHG 6+6 5
VHIXO WRRO IRU VI\QWKHVLV,@W PHBAV6 UL
URSDJ 7HIRIX 6\QWK YRO QR SS

0 . =D NDHVDIO
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6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

&+520,80 /266 '85,1* 9$&880 6,17(5,1* 2)
521%$6(' $//2<6

9 $ =HOHQVNLSO\PRY * *QHGRYHW
DQG $ 6 8VW\IXNK

%DLNRY ,QVWLWXWH RI OHWDOOXUJ\ DQ
$FDGHP\ RI 6FLHQFHY ORMFRZ

OHU]KDQRY ,QVWLWXWH RI B®/®& XBWXXWD C

6FLHQGKHMVLDQ $FDGHP\ RI 6FLHQFHV &KHU
5XVVLD

HPDLO ]JHOHQVN\ #E
‘2, (310

O9DFXXP VLQWHULQJ RI VWDLQOHVV VVREXMOHV
FDXVHG WKH VXUIDFHV Rl VLQWHUHG SDUW
EHFDXVH RI WKH KLJK YDSRU SUHVVXUH
WHPSHUDWXUH > @ 9DFXXP VLQWHULQJ JL
EHFDXVH RI FKURPLXP ORVVHV 2JIDWWAHWDH S
DSSOLHG GXULQJ VLOQWHULQJ WR7KHDOLPL:
FRPPHUFLDOO\ BY®BODROW RU VROLG RI[LC
62)& LQWHUFRQQHFWY DUH EHVW FKDUDFW
DOOR\HG ZLWK D &U FROQWHQW IUISDW WU PAK
&WLFK R[LGH OD\HU DQG WKHUHE\ VHFXU}
UHVLVWDQFH > @ ESPWDBOWREGX ARWIJVWROLG R[L
62)& LQWHUFRQQHFWV &U FDQ SDUWLDOO\
WKH 62)& WKH RYHUWRYQ VFKRE@ LFKOODQ FRY D Q
WKH PDWHULDO EHFRPHV FRWHEDNDDOV K HRX]
FKURPLXP HYDSRUDWLRQ IURP WKH VSHFL!
VLQWHULQJ RI KB&HE R DDIOHRVYF 2KLFK UHVX
ORVVHV DQG QRQKDQIFERP SRV WLRQ DQG K
LPSDFW RQ WKH PDJQHWLF SURSHUWLHV RI \
7KLV ZRUN LV DLPHG DW VWXG\LQJ WKH HI
WKH FKURPLXP GLVWULXEYMJERQ ODQH VKRl @H
DOOR\ *UHH®RIFRRERBW\RPSRVLWLRQ ZLWK O

9 $ =HOHM\D\OLL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

PP DD&HLJKWREZHUH SURGXFHG IURP LQ
KLJXULW\ PHWDO SRZGHUV RI LURQ DQG F
—P 7KH\ ZHUH EOHQGHG LQ DQ &6 \
FRPSDFWHG DXXDRQ® BUHVVY LQ D FRPSRVLW!

GLDPHWHU RI PP XQGHU D SUHYYV XWDH R
FDUULHG RXW LQ D ¢&KDIW IXUQDFH XQGHU
a *+ * 3D IRU K DW WHPSHUDWXUHYV

FRPSDULVRQ BGELWILRIYIHO O\ ZDV FRYHUHG
DGLDPHWHU RID KPR JXW®R )L J

$V VHHQ LQVKWH] VDPSOHV GLIIHU PDUNHG
GLITHUHQW VLQWHULQJ FRQGLWKUIR @M LD WWVK
\DPS@O®WW DOVRVGLIJRWHQDPSOH VLOQWHUHG
DQG J ZLWKRXW D FUXFLEOH

7KISHFUH@AKMKURPLXP FRQFHQWUDWLRQ D\
WKH Q¥DIWFH OD\HU RI WKH VDPSOH GXUL
DVVRFLDWHG ZLWK HYDSRUDOWALRQFRG SR
7KH FKDQJHV LQ WKH FKURPLXP FRQFHQW!
VLQWHULQJ DUH JRYHUQHG E\ WZR IDFWRL
VXUIDFH YLD GLIIXVLRQ DQG HYDSRUDWLR(
VXUIDFH

'Q D YDFXXP IUHH HYRPSREDDWRRVRIURR W
RFEFXUV $V D UHVXOW RI PHDVXUHPHQWYV
GXULQJ VRDWWAEAD®JINJ PTKH XVH RI D FUXFLE
WR FKDQJHV LQ HYDSRUDIONVY RQWHLFHK® QR QPD
RI VDWXUDWHG FKURPEXMHDWHG XQGHU WK
UHYHUVH IORZ Rl FKURPLXP DWRPV FRPSHQ
WKH VXUIDFH

)L J &\OL QG BWFIFOHN VLQWHUHG E& YDFXX
ZLWKRXW D FUXFLEOH OHIW DQG XQGHU D

9 $ =HOHM\D\OLL



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7KLV ZDYWNVXSSRMKMHGEGXE\WWLGY JLYHQ WR %
RI OHWDOOXUJ\ DQG ODWHULDOV O6MHIQFHF
DVVLIQPHQW OSHIJLVWUDWLROQ®QGR WKH 5XV\
JRXQGDWLRQ VRID UHKXV L3FU RN HFWDQR

( .ODU 3 . GREZGE®HWDOOGXDUQEWHMM V
SURFHVVLERURVWUXFWRGHWED AR WHUQDWL|
. .LP ""LP .. <I&RUURVLRQ 6FLMR®GH

SS #

$ 68VWI\XNKLOO\PRY O0.ULVKHQIONHYLQVN\

$ 6 TRKRWKURPLXP FRQFHQWUDWLRQ SU
VLQW H# &R )BHO ORRWD W B ESHH V YRO

QR SS

9 $ =HOHM\D\OLL



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

0,8526758&785( $1' '<1$0,8& % (+$9,25 2)
(;3/26,9(/< &2162/,'$7 (1280 20326,7 (6

4 =KRX : &KHQO 6KH@QG < < /L

6WDWH .H\ / DERUDWRU\ RI ([SORVLRQ 6FLHQ
L QVWLWXWH RI THFKQRORJ\ %HLMLQJ .

HPDLO ]TSFJP#JPDLO FRP
‘2, (310

(QHWFHWWUXFW X U0 VIARQNWILDNOMVH D QHZ
PDWHULDOV WKDW SURYLGH GXDO IXQFWL
FKDUDFWHULVWLFV > @ 7KH UHDFWLYH SUF
DQG FRPELQHG LQ VRPH ZD\ VR DV WKRLGMRY
ORW FRPSURPLVLQJ RQ WKH FKHPLFDO |
ORDGL®J
Q WKLV ZRi$X0 WHIHFWLYH PL[WXUH ZLWK

UDWZALRY H[SORVLYHO\ FRQVROLGDGHIBY LWR
FRPSDFWV DV VKRZQSU®QKF H GZHIRO WKW R X
KHDW WUHDWPHQW +7 WR DKKLPNFKEQLKE
UHVSRQVH DQG IDLOXUH PHFKDQLVPV RI 1L
VWXGLHG XVLQJ D VSOLW +RSNNVGWRG BLULFR
SKRWRJUDSK 7KH 1L $0 FFOFSNRVUMGI LIEHWRU S
D \LHOG VWUHQJWK RI a* VEBZLDW REYL
EULWWOHQHYV$O7KRPSRVLWH PDLQWDLQHG L
\LHOG VWUHQJWK RI* DIB® WKNRZHGVDSSDU
KDUGHQLQJ GXULQJRZQIQG YMIDJIH, W L£YELFL
$O ERQGLQJ ZDV HQKDQFHG WKURXJK KHD
FRPSRVLWH IDEULFDWHG LQ WKLV ZRUN ER
FRQWLQXRXV DV VKRZQ LQ )LJ 7ZR GLVWI
VSOLWWLQUDDQBUWKHMHWH REVHUYHG IRU WI
DIWHU +7 UHVSHFWLYHO\ ,W ZDV IRXQG

GHWHUPLQHG E\ WKH ERQGLQJ VWUHQJWK :
UHVXOWYV RIKHQ WKai ERQGLQJ LV VWURQJ |
RWKHUZDWHV®OLWWLQJ 7KH '6& DQG :5' D

4 =KRW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

FRQGXFWHG VKRZLQJ QR LQWHUPHWDOOLF
WUHDWPHQW DQG WKH FKHPLFDO UHDFWLYI
WUHDWPHQW DV VKRZQ LQ )LJ

)L J D $V UHFRYHUHGUNRPLODK WHG XRHANG
DQG E WKH VSHFLPHQ PDFKLQHG RXW IURP

WHW 0 3D

VDIQ
yLJ 6SOLW +RSNLQVRQ SURVVXBWH EDU WH?®
yLJ D 7KH 6(0 tBDIJHRPBRRYLWHY DQG E

YLHZ

4 =KRW DO



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

| 1 +7 4XDVL VWDW 7H ‘:

- M
k—«_/k

| 1L $O0 3RZGHU

+HDW IORZ :JA

7HPSHUD® XUH

)L J +HDWLQJ FXEY BV IREWDQL\@HDO VFDQQL
'6& RULJLQDO SRZGHUW UMD W H/SRDIWIDAVEO @
DQG G\QDPLFD0\RRIPGWRWIGWIHYV

' . S5HGBRBFN LQGXFHG FKHPLFDO UHDF
VWUXFWXUDO PDWHULDOV

0 *RQ]DDHMHFKDQRFKHPLVWU\ LQ KHWHU
SRZGHU PL[WXUHWWUDGEWYH KORIXGLQJ DQ
FRPSUHVVLRQ

& 7 :HL ( 9LWDOL ) -LDQJ 6 : 'X
9HFFKLR 1 1 7KDGKDQL & WD VW HEHDYG 43
UHVSRQNFSCRRVLYHO\ FR QADROXIPGDMW H GS RHAG
PLIWXU$IMWD ODWHU SS +
GRL M DFWDPDW

4 =KRW DO



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

6+6 7(&+12/2*< 2) &20326,7( $//2<6
0O . K =LDWGLQR
IDWLRQDO 5HVHDUFK 7RPRNWN6WDWH BQYYDB
HPDUODWGLQRYP#PDL
‘2 (310

7KHERUNGGUMANRVMANKH SUDFWLFD® YAHORFOHR/S/P R (
SURGXFWLRQ RI 8+6 HMWDOWHIXDAW¥DO7KHGE S
HSOPEW KUBXULW\ VWDUWLQJ BRIGHUNH ZD G\
DFFHVVLEOH DAWR\DQNVURWUBEAURP H[LVWLQJ
VFDOH IDEULFDWLRQ RI 6+6 PDWHUL®®WLWR
UHFHQWO\ WKH PDLQ CRZY B QMIDIHIM RH GBW 6/
UDWH DQG&G UHPBIOQHEWLPHG LQ PHWDOOXU
UHDVRQV 2QH LV WKH DEVHQFH RI FRPPHUF
SURSHUO\ GHVLJQHG SURFHVV WHFKQRORJLH
WKH LQGXVW ULDIOWKHR QARARM B +BRYBIR G X F W V
WKH XVH Rl KLJKO\ UHDFWLYH SRZGHUV DV LU
KLJK SUHVVXUH WHPSHUDWXUH LQ VRPH FDVF
)LQDOO\ WXK/HAVINHPUQJ SURFHVV RI FRFFEDYXO/N L
KDV QR PHDQV Rl FRQWURO LQ WKH FRXUVH F
UHDVRQ IRU WKH UHMHFWLRQ Rl PHWDOOXU:
WKHLU KLJK SURGXFWLRQ FRVW EHFDXVH RI |
WKH PDLQ DGYDQKIR®RRY 64+@HWHBFVDYLQJ L
KLJK FRVW Rl ILQH UDZ SRZGWRDQ DMRHUBRPBQ
PHWDOOXUJLFDO LQGXVWU\ IRU SRWHQWLD
LQFRPSDWLEOH ZLWK WKH RXWSXW YROXPH F
$ VROXWRRQOKH SUREOHP ZDV IRXQGDPOBGEY
PHWDOOXUJLFDO 6+6 WHFKQRORJ\ IRU SURGX
LQ VWAHHINLQJIRQGDEBDYWRGXFWLRQ $ GLV!
WKLY WHFKQLTXH LV WKDW X.RG XBAHR/HW 01D QXL
LQGXWKMIW LV DOOR\LQJ DIJHQWYV DQG PDVWHL
OHWDOOHBILKBOPXOWLWXGH RI HIRWKHUPL
FDQ EH VXEGLYLGHG LQWR WKUHH JURXSV

0 .K =LRWGLQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

PHWDOORWKHUPLF UHDFWLRQ@WLRQS® PHWDC
RQHV DUH WKH H[FKDQJH UHDFWLRQV PRVW
UHDJHQWY WKHVH UHDFWLRQV DUH FORVH L
UHDFWLRQV 7KH UHDFW B QWU RRD CPGHRAN D CDOXGJ
DIH@OVUW LQRBPBEXM GV VXFK DV VLOQBELGHYV
LQWHUPHWDOCQERW 9BERULZG)HV, )B% 2)HHEWO DV |
VROXWLRQV VXFK DV &U )H OHWDOOXUJLFD
PHWIDONUL[ FRPSRVLWHYV FDQ QMORARVDEKIOHV X E
DEVRUELQJUHMHED VDY JI7 VEVWHBY 7KH FRPEXV
PRGHV WDNLQJ SODFH LQ PHWDOOXUJLFDO
7DEOH

fDEOH 6+6 UHDFWLRQV
B\QWKHVLV IURP BAKQMWKBWPWHQWRP DOOR\V

*DVOHVV VA\VWHRV & +1& JH% 7IL% )H
*DODEVRUELQJ VaVWH®BY JH7L :17L1 )H
*DWHOHDVLQJ URVWEHWPR/6 &U1l 7¥L1 &U

&KHPLFDORMHQUHTXHQWO\ PHWDOOXUJLI
QHHG SUHOLPLQDU\ KHBWSB U DMKKWFERH FBIQU E
DFKLHYHG E\ KROGLQJ LQ IXUQDFH $QRWKH
FDOOHG FKHPLFDO RYHQ > @ 7KLV SULQFLSC
6+6 UHDFWLRQV LQ > @ ,Q YLHZ RI WKLV L\
PHWKREGHALFDO RYHQ 7DEOH WR WKH V\Q
DIJHQWV DRRQBEMURQQJ PDVWHU DOOR\V ([W
XVHG LQ WKH FDVH Rl FKHPLFDO LQFRPSI
FRPSRQMK®WY XVH PDNHV LW SRVWKEGHI MR I
QLWURJHQ FRQWHQW YIKU\LKQ JOHVMRPO®RE WRV
DUH HQYUURB®EQW )RU WKLV UHDVR@® QWK H
0Q DOOR\V ZLWRKQQ@IDWQORQHQHUURDOOR\V UH
SURFHVV LQ PRGHUQ PHWDOOXUJ\

/DEOH 6\QWKHVHV LQ FKHPLFDO RYHQ
6+6 SURFHVVQWHUQDO RYHQ ([WHUQDO RYHQ

&RQYHQWLIRQDO : &: >7L : 7L >% % &@
7L& & >7L (& L&@>1E :&
1E&@

OHWDOOXWILFDO)H7L )H®HH7L: 7L&
- 7L% 716L )H >)H7L )HWN )H@
JH7L )HOQ :1 >)H6L.: 61 )H@
7L1 01Q )H >)H&U : &U1 )H@

&KHPLFDO IXUQDFHV DUH KLIJKOLJKWHG LQ E

0 .K =LDWGLQRN)




6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

SRPEXVWLRQ RI THHUWRYWQYRGHROPSUHVVXUHYV
FRPEXVWLRQ ZDPHGQDMWHGU DOW HRBRXBURIL /K H HC
PRGHO DQG FRPPHUFLDOO\ OYD\VHRDERHAGHFHRIZG
PLIWX2ZHYYH HVVHQWLDOO\ WKH VDPH &2Q JRL
VSDVPRGLFDOO\ LQFUHDVHYVY 7KLV LV DFFRF
QLWURJIJHQ FROWHQW RI FRPEXVWLRQ RBWIURGX
SURGXFW DKM WHDKEXIBYYRIHUH + K IRU
YH9 + K IRU JH9 DOQG DQG + K IRU
YH9 DQG )H9 UHVSHFWLYHO\ 7KH ODUJHU
fpD]

SRPEXVWLRQ RI ITHYR'RRFKURPLXB3D WKH
FRPEXVWLRQ WHPSHUDWXUH YD UKH @WQ WKFE

f K 7KH VPDOOHU WKH&IDIRAGIDW WALKH T
EXUQLQJ $HORFKAWKH JUHDWHU QLWURJHQ
FROQGLWLRQV FDQ EH LPSURYHG E\ HLWKH!I
FROQGXFWLQJ FRPEXVWLRQHDF W EFRH @R WIKHQ
IHUURFKURPLXP VWXGLHG WKH QLWURJHQ
QRPLQDO WKH H[WH QR UR IL QGWADNOGL D
LPSOHPHOQW BRVHRQ@ J SODDRUNHG RXW IRXU P
7DEOH THHRDWDLRDLQJ PDVWHU DOOR\V
VHYHUDO VWHHO SODQWYVY RI 5XVVLD DQG DEL

TDEOH SUOR&GXFHG QLWULGH DOOR\V IRU LPS

PDNLQJ SODQWYV
JHUURFKURPLXP QEREWURBHXP QLWULGH

OHWHG 6LOWHUHGHOWHGLQWHUHG

1
(OHPHQ@WV
ZW &

2
3KDVH FRPSRWWWBURQ )H &U &U1 &UW &U1 &U
)H )H
"HQVLW\ J FP = + + +

+
+
+
+

&RPEXVWHBQRAEBRPPGIUFLDO SRZGHUV RI IHL
SRZGHUV RI GLIIHUHQW JUDQXORPHWU\ ZHUH
IRU 5H D PWIGRBH D FAD ER® $W 7L % W K H
WHPSHDDWYOWXI®BZHDRE LQ FDVH RI SUHKHDW

f& ZLWKRXW SUHKHDWLQJ 7,QH® &/ RDVADU

0 .K =LRWGLQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

LQFUHB®BVIWLKDY EHHQ IRXQG WKDW ¥y UHODW
f& FDQ EH XVHG LQ RUGHU WRBR!ILQYR®YH F
LOQWRHFIRMVVWWLYH DQG VDIH 6+6 UHDFWLRQ ZLYV
VFDOH SURGXFWRRWDRDIERURQ@VWHU DOOR\
PDI[LPDO ERURQ FRQWHQW FDQ EH UHREBRPPH(
% DQ& 7L FDQ EH DHADGFIDOWNHG XSRQ YDU!
UDWLR

DEOH &DOFXODWHG FRPSRVLWLRQ RI FRPE
GLITHUHDWPHW XUHYV

~ SHDFWLRQ SHDFWLRQ
&§F§§étn9§%%fgghﬂb 7TL% )H )H% :7ZL% )H7L
IHUURER URW® “&DOFXODWHG FRPSRVLWLRQ RI FRPEX
% 7L YH % 7L YH
) H%

YH %
JHH) H &

$ * OHU]J]KDQRYIODBFRROLBRPEXVWLRQ )XQ
DGYDQFH DQG]YSURRAS\HFHWDG 1DXN 6HU
YRO QR+ SS
9 0 ODVORY , 3 %RURYLQVNRPE XXV WL R
RI WKH V\VW HP\WO XPLRXIPX D Q8 HQ RRBL X P
&RPEXVW ([SORV 6KRR® R/SE +
0 .K =LDWGLQRY ,6986 6KIDFMKRNRORI\ RI IH
QLWUBGRGJ ,QW &RQJUHVWHDWWEQNL ,,

+

0 .K =LDWGLQRY &R PE XWX\ DIRDLRP WR NG H |
ZLWK IRUFHGBVYQWUDWNL RPS RQ WKH &K
JURQHMD P D W\ + SS

0 .K =L DWSKUORPERP E X VW RIQN URR HOR Z
&RPEXVW ([SORV 6KRFRODYHWR: SS

0 .K =LDWGLQRN)



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

7+( 3(&8/$5(B,2) :$9( )250$7,21 $7
(:3/26,9( :(/',1* 9,$ 7+,1 ,17(5/$<(5

% 6 =ORELD .LVHOKBY 6KWHUWVH!
DQG $ 9 30DVWL

'HVLIJQ DQG 7HRII@HFBRRN /I DYUHQWITHY

+\GURG\QDPLFVY G6LEHULDQ %UDQFK 5XVYV

1RYRVLELUVN 57

IDYUHQWYfHY ,QVWLWXWH RI +\GURG\QDPL
$FDGHPSRLHQFHV 1RYRWXKEMLWDN

HPDLDOVWHU]JHU#PDL
‘2, (310

7KH ZDYH IRUPDWLRQ SKHQRPHQRQ XSRQ H
ZHOO NQRZQ DQG WKHUH DUH PRUH WKDQ I
GHVFULSWLRQ > @ +RZHYHU WXMWHRY\ DR
SUHGLFWLRQ RI ZDYH VL]H FRQVLGHULQJ
SURSHUWLHV RI FROOLGLQJ PDWHULDOV Z}
KDUGQHVV DQG GHQVLW)\ DIIHFW WKH OHQJ
ZDYH > @ 1RWH WKDW WHKH KQQW UROLRL ZHR
ZHOGLQJSPODWRVAFLW\ PHWDOV ZKHQ WKH SU
2XU H[SHULPHQWY VKRZ WKDW WKH ZDYH VI
SODWH LV LQ DGYDQFH FODG ZLWK D WKLQ
HITHFWLYH ZD\QURZUWWREKRWQ EUDFNLQJ )XUWE
H[SHULPHQWY KDYH VKRZQ WKH H[LVWHOF
RFFXUULQJ LQ WKH ERQG J]RQH DQG GLIIHUL
DPSOLDMXGH> @

7KH SRVVLEOH H[LVWHQFH RI WZR RMHOHV F
GLVFXVVHG LQ > @ EXW H[SHULPHQWDOO\
7KH ZHOG JRQH LQ )LJ KDV DSSHDUHG LQ
SHUIRUPHG LQ WZR VWHSV )LUVW WKH
KDUG@HRNV 03D ZDV FODG RRWHKLPNKHRSSH
EDQG Z&EWK 03D 7KHQ WKH FRSSHU OD\HU :
WKH SDUW Rl WKH VXUIDFH Rl ELPHWDO E\ P

% 6 =GIREDQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

ZHOGHG RQWR WKHOYWHHO3BODWWIE HQWR\ )
LOOXVWUDWHY WKDWHW KD XN RW VSKRIY ILEO\
VL]H Rl ZDYHV

)L J 6PDOO OHIW DQG ODUJH ULJKW ZD)Y
SODWHV ZHOGHG YLD FRSSHU LQWHUOD\HU
H[SHULPHQW DW D FR®OLVINNFQEGSBROWLYH AR
DQJOH 8§

2XU IXUWKHU H[SHULPHQWV ZLWK WKH XV
LOWHUOD\HUV KDYH VKRZQ WKDW WKHUH DI
ZDV GLVFRYHUHG WKDW WKH H[SHGURSQWD
WKH LQWHUYBDOXEBWZBOG WKH pORERXQGYV
GHILQHG E\ WKH IROORZLQJ HTXDWLRQV

Q G 5 vI/Q

Q, G 5 vi/Q

U Uy

¥9  +9
ZKHUHV/WKH IO\HU SODWH GDOJA WKIH- SO WYY
IO\HU DWW FODWHV YWLNVSE KAWIROMHWVOD FW SRLQ
WKH FROOIMNILRQ@QDDUEBHNVKH 9LFNHUYV KDUGQ
EDVH SODWH 5UHN $WKRHWAHANHIOR O G VVQXPEHIIWE
DPRQJ VSHFLDOLVWY LQ H[SORKHYIKODVHOGQC(
FODG ZLWK DQ LQWHUOUDNKWUD WWY HWRX BAKAHJ
PDWHULDO /HWITV LOWURGXHFH) WKIHQSDD®PC
HISHULPHQWDO SRLQWYV DQG WKHRY H/WLGD O
sLd RQ WKGLDJUDP )

W IROORZV IURP (TV DQG WKDW XS
GHVFUWQLBAWKSGLDIJUDP E\ WKH) SBWUDREJKW OLQ|
D Q)G5 5= UHVSHMRNMLWEKA SURSHWE XVH

XSRQ FDOPRXWKWLAR® @R XIUPI XFH- WV VKRXO
NJ ARU GHQVLW\ P V IRU YHORFLW\ DQG 3D

% 6 =GIREDQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

)L J 'HSHQGMQFH /RILQ R® 7KH SRLQW
FRUUHVSRQGLQJ WR H[SHQDRV HEQWZ B HQD O/XH
UHSUHVHQWLQJ WKH XSSHU DQG ORZHU ERX!

$V IRU WKH ZDYMH WIRISOHWXGHLQHTXDOLWIL
SUHYLRXVO\ VXJIJHVWHG LRXQ >H@ES DL HEQ
ZKHQDIQGGLG QRW GLIIHU PXFK +RZHYHU L
VWURQJ ERQG FDQ EH REWDLQHG HYHQ LQ V
ZKHQ SODWHV ZLWK GLIIHUHQW GHQVLW\ FR
DPSOLWX@KHQ! RU!: GHSHQGLQJ RQ ZKDW
LV OHWEHF®EBHY OHVV WKDQ FDQ EH PHDVXL
WKH PHDVXUHPHQW PHWKRG 2XU H[SHULPH(
QHZ H[SHULPHQWDO GDWD RQ H[SORVLYH Z
DERYH LQHTURPOLWAHNWDOQ EH XSGDWHG DOQC
IROORZLQJ IRUP

%%/L(%D[i dP/Od (%u’/L{LAD[i

ZKHWHLYV WKH ORZHU YDOXH DPRQJ WKH WZ
FROOLGLQJ SQINVWHWH BQEKHU RQH

6R ZH FDQ FRQFOXGH WKDW LWLW@®@R&SRVYV
DEHFDXVH WKHUH LV D ZDYH VL]JH VSHFWUX]|
DQG +RZHYHU WKH XVH RI WKLQ LOQWHU
WKH IO\HU SODWH HQDEOHY WR JHW DDYHV
VR WKDW WKH FRUWHVY S RRDORMH WRLWKH ORZE
)L 7KLV LV LRSRHO\DWDODLW RODYRMAFLW\N PHW
DOOR\V

% 6 =GIREDQ



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

$W RXU JODQFH WKH XQFHUWDLQW\ LQ W
WKH XQFHUWDLQW\ LQ WKH WKLFNQHVV RI |
FRO@LGAXUIDFHV EHFD@RW MROIMHVEXWVGL

f>@

., 9 <DNRYOHY 3®D([SORVLYH :HOGLQJ RI
1RYRVLELUVN ,]G 62 5$6 LQ 5XVVLDQ
% 6 =ORELQ $ $ 6KWHUWVHU 9 9 .L
%RQGLQJ DQG ZDYH IRUPDWLRD RDWO RVK H
SODVWLF PD@WS@RDOWH 3URGXFWLRQ RI
6FLHQFH 7HFKQRORJ\ %XVLRUVRN D@BQG |,
6\PS $ $ 'HULEDV <X % 6FKHFN (G
SS +
% 6 =ORELQ 9 9 .LVHOHY 9% 330 D5\KW/LHQLVD
HPXOVLRQ H[SORVLYHV LQ H[SHULPHQWDC
ERQGLQJ JRQH DW H[&8BREXYW ZHOGRY)J

:DYHYV YRO QR DFFHSWHG IRU SXE
$ $ 'HULEHDVLFV Rl H[SORVLYHHOLU®HQ
1RYRVLELUVN 1DXND LQ 5XVVLDAQ

% &URVUVSGDR®¥LYH :HOGLQJ RI OHWDOV D
2[IRUG &ODUHQGRQ 3UHVYV

$ $ 6KWHUWVHU % 6 =0ORELQ )ORZV V
MRLQWY LQ REOLTXH FROOIS/IRQORF K HWH
3K\V YRO QR £ SS

% 6 =GIREDQ



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

$33/,8&$7,21 2) 7+( ,'(17$7,21 O(7+2"' 72 7+
(9$/8$7,21 2) 7,7$1,80 6758&785(6

)yUDZVNL ODNUH@HNyUDA®G 6 .RZDOVL

.LHOFH 8QLYHUVLW\ RI THFKQRORJ\ /DVHU
DO 7\VL FOHFLD 3D VWZDL3ROMEMNIIHA R
.LHOFH 8QLYHUVLW\ RI THFKQRORJ\ )DF
&RPSXWHU ORGHO LIS YWANL3IROMN
.LHOFH 3ROD(

, QVWLWXWH RI OHWDOOXUJ\ DQG ODWHUL
6FLHQFH S5H\PRQWDDFRZ 3ROD

HPDLNOW U Z]#WX NLHOI
‘2, (310

ILWDQLXP VWUXFWXUHV ZHUH GHSRVLWHG
VSUD\LQJ WHFKQLTXH RQWR WLWDQLXP VXE
FROG VSUD\LQJ LV HOLPLQDWLRQ RI LQIO?>
SDUAM®HYV RI WKH VSUD\LQJ PDWHULDO DQG
FRQYHQWLRQDO WKHUPDO VSUD\LQJ PHWKR
VXFK TIRUPHG VWUXFWXUHY DUH QRW DYDLO
FROG VSUD\ SURWKVHX IWKEHGVRYXWRHGSRYZ QH
KLWWLQJ ZLWK VXSHWVR®®LF ROOMRREMWKH VXI
WKH VXEY@®UDOWHVH JUDLQV XQGHUJR JUHD\
FRQVHTXHQWO\ FDXVHV WKH GHIRUPHG SDU
RWKHU $V D UHVXOWLRIGWKRUPWULIRIY WL
YHORFLW\ ERQGLQJ PHFKDQLVP LV FUHDWF
DQG DGLDEDWLF VKHDU LQVWDELOLW\ 7KLV
RFFXUUHQFH DW KLJK\ SWQHWWOWHH IRIOWREIBA |
KLIJK VWUDLQDWRWEH GHKIHRUPRZ WHPSHUDWX
SURFHVVY SUHYHQWV WKH KDUPIXO HIIHFW\
FKDQJH JUDLQ JURZWK DQG RWKHU SUREOH
VXSHUVRQLF RU DUF +SQ7BH @QE SQRWHRY FB\D U
SODBWIRRUPDWLRQ GHSHQGYVY RQ WKHLU PHFK
DQG WKHUPDO SURSHUWLHY HJ PHOWLQJ S

)y UD ZHAM LD O



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

WKH VSUD\LQJ SURFHVV JDV WHPSHUDWXUF
ORZ WHPSHUDWXUH RI WKHSBHRAMYDWLRQ®
RULJLQDO FKHPLFDO DQG SKDVH FRPSRVL
UHVXOWLQJ VWUXFWXUH ZKLFK LV QRW SR\
SURFHVVHYV

7LWDQLXP VWUXFWXUHV ZHUH VSUD\HG R
PHDQV Rl FROKPV,PSDFW\V@/QRYDWLRQV H
)DQXF 0% URERW DW .LHOFH 8QLYHUVLW\
WLWDQLXP SRZGHUV ZLWK GLIIHUHQW PRUS
DQG WKH VDPH JUDLQyY VLM ZHUMHIHD RSOLH
H[SHULPHQW )LJ

yLJ /L SRZFISWHER IDEDAODU

7KH PLFURVWUXFWXUH RI WKH 7L SRZGHL
H[SORVLYH VWUXFWXUHVY ZHUH DQDO\VHG
1RYD 1DQRG6(0 7KH SIKPY H F\R PVYS\RYGEMH G
'LVFRYHU %UXNHU DV VSUD\HG GHSRVLWYV
SRZGHU IHHGVWRFN GLIIUDFUWRPHIWMWHRYD
ZDYHOHQJWK ¢ 7KH PLFURPHFKDQLFDO WH"
VWUXFWXUHV ZDV FDUUWLMEQ R KQ/GHQWKD W K R
1DQRYHD ZLWK] ILQBHQMRMLROLYLHU DQC
PHWKRGRORJ\ )RUZXHUMHL QD NUHHQ GRQ WD FK V!

JLIXUH VKRZV WKH RUKEH FPRODGX VX DH ®
VWUXFWXUH ZLWK QR D®DUK@W SUSOEBE® &
SDUWLFOHV IRUPHG D YHU\ GHQVH VWUXFV
VWURQJO\ DGKHUHG WR WKH VXEVWUDWH D¢

$V LQ H[SORVLYH ZHOGLQJ LQ FROG VSUD
LPSDFW YHORFLW\ RI VSUTHE ® SOULWILFOOVY
LV QHFHVVDU\ WR FUHDWH SKHQRPHQRQ RI

)y UD ZHAM LD O



6FLHQFH 7HFKQRORJ\ %XVLQHVV DQG ,QQRYD

ERQG LQWHUIDFH 9HORFIVWQ® PILEDRWWE®HRW
PHFKDQLFDO EHKDYLRXU RI FROG VSUD\HG V

JLIXUSIUHVHQWYV W KN W § GH QUKDAWW RRYQE® L X P
VSUD\HG ZLWK D @QIX@PKDBERDEHWY DQG <RXQJ
ZDV REVHUYHG WKH FKDQJH Rl WKHVH SUR
FDXVHG E\ YDU\LQJ GHIRUPDWLRQ GHJUHH F
RI DUQV ZL\WR VG MILHHIVW 2ZKKAKWLPH RI LPSDFW
VSHHGV 7HVWV FDUULHG RXW RQWR H[SOR
VSKHURLGDO VWUXFWXUHV VKRZHG VLJQ
PHFKDQLFDO SURSHUWLHYV

)L J OLFURVWUXFWXUHVRIQWXM \F& 0% FWSULH
VSKHURLGDE® ®PRIEZBDU SRZGHU

)L J 'LVWULEXWLRQ RI WLWDQLXP VWUXFW.
SRZGBUKDUGQHVWKBDGEQHVYVY KLVWRJIWBEDP DQC
<RXQJYIV PRGXOXRROIIY PRGXOBV KLVWRJIUI
SUREDELOLW\

)y UD ZHAM LD O



.9 ,QWHUQDWLRQDO 6\PIS BUIRPXR®Y RHORNVLHZ ODWHU

$ SDS\WKIRPG 6SUOD\NVKYPILHU /WG

- 9LOODORHELHWKY &ROG 6SUD\ ODWHULD
$SSOLFBWURQWM U

7 .ODVMWQ BB®OG VSHMHBDJIGHYHDMRG PDQC

DSSOLFDWLRQ SROMWORYWLEP +32) §8GDQJ
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