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$ &RPSDUDWLYH $QDO\VLV RI )LOP 6 XBMRKWOQHVHIJDQVOD

$ &DVH 6WXG\ RI B3RSXODU $QLPDWLRQ )LOP\

=KXR -LQ

6FKRRO RRQBWOGMD _ 8QLYHUVLW\ RI 6DOIRUG ODQFKHVW

6XEPLWWHG LQ SDUWLDO IXOILOPHQW RI WKH UHTXI

'RFWRU RI 3KLORVRSK\ ODUFK

7KH FDQGLGDWH FRQILUPV WKDW WKH ZRUN VXEPLWWHG LV Kt
EHHQ JLYHQ ZKHUH UHIHUHQFHV KIOPWBVEHHQ PDGH WR WKH ZRI

I



$FNQRZOHGJHPHQWYV

8SRQ WKH FRPSOHWLRQ RI WKLV WKHVLV , ZRXOG OLNH
WKH SHRSOH RHKR/RSBRIHG LQ WKH SURFHVV 7KHUH DUH |
WR WKDQN LQGLYLGXDOO\

J)LUVW Rl DOO , DP PXFK LQGHE WML RWRI FL \DXQEH U L VLROWD
+RSHRU WKHLU LOOXPLQDWLQJ DQG SDWLHQW VXSHUYL)\
VWDHGS/ DQG ILOP VWXGLHYV WKHLU H[SHULHQFH LQ UHVH
FRPPHQWY DQG VXJJHVWLRQV KDYH EHHQ H[WUHPHO\ YI
WKHVLV :LWKRXW WKHLU KHOS LWV FRPSOHWLRQ ZRXOC

6SHFLDO WRKIPONVLHQ®V IURP 0DQBRIGVW HE® 6KIDIQOUK G L
PH YDOXDEOH KHOS LQ WKH SURFHVV RI ZULWLQJ WKLV \
VSHFLDO JUDWLWXGH WR P\ IULHQG 'U 6WHSKHQ *UHJV
JUHDW KHOSWKRVZ WKHMLY )JXUWKHUPRUH , ZRXOG OLN
VWXGHQWYV IURP 6KDQJKDL 8QLYHUVLW\ RI 6SRUWV EHFD
EHHQ DEOH WR FDUU\ RXW P\ GDWD FROOHFWLRQ

IDVW EXW QRW OHDVW , ZRXOG OLNH WRHWX QNWH IDP]|
WKHLU VSLULWXDO DQG SUDFWLFDO VXSSRUW ZKLFK HQ
DORQJ WKH ZD\ LWKRXW WKHLU VXSSRUW , ZRX0OG QRW
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$SEVWUDFW

$VILOPPDNLQJ KDV WHXYER\OIWB®LEHFRPHUDQVODWLRQ SUDFW
FRQVLVWY RI SUHVHQWLQJ D ZULWWHQ WH[W KLF@&HUDOO
VHHN&HWBNV KM RULJLQDO GLDOR ILR#LRMB K HDQEHDHIMHN/O
6XEWLWOHLQUW RN ODMOAR R | $XG KPDYL B WMNQFREHDHNEQD W L f
LQWHUHVW IURP VFKRODUV ZKR EHOLHYH WKDW WKH T
FULWHULRQ ZKHQ HYDOXDWLQJ WKH TORKPDUW)\ RI D ILOP
SRO\V\VW HPQW KHEWWW O LIW\SRORXLY FRPSDUDWLYH VWXG\
WKH VXEWLWOQRQJIJRD (BJDQYRDWUR S UIRQIMYRIZWIKAK PDLQ
IRUHLJQ ILOP JHQUHV LQW U R GIXF HRA G &M R GLFBWHON¥X G L H
VWWHJILHY WR LPSURYH WKH TXDOLW\ Rl WUDQVODWHG V
DZDUHQ$WR/SRVH WKUHH PRQLW KKL\S RM KHUDMNE KV KIH OH Q JW K
ILOP VXEWLWOH WUDQVODWHG LQWR &KLQHVH LV JHQF
RULJLQDOWB W MWKDW HIITHFWLYH WUDQVODWLRQ LV FRQW
LGLRPQ® UDGLWLRQDO H[SUHVVLRQV ZLWKLQ WUDQVOD'
WUDQVODWLRQ LV FR QBRISXIOHDIUW HRBU MNRRGRXQYNIP KRR U D U\
&KLBHRXOWXUH 7 KHHPS\DRREBGREILHYY WKHVH K\SRWKHV
EXLOW SDUDOOHO FRUSXV DV WKH PDLQ UHVHDUFK WRR
VXEWLWOHV D/TUMMVGLRQWBUYMHZY ZLWK UHOHYDQW $9
VFORIY 7KH UHVHDUFKWKB GQIIYWRURXEWLWOH WUDQVO
&KLQHVH LV JHQHUDOO\ JUHDWHU W K DXQH YW\K W KEHR WMIZHRV S R ¢
GLVFXVVHG W\SHV RIIHFSWHA\CL\R@PEOR\ERWBFHVVDU\
HUBREY RU LOQDSSURSULDVEHUH KYJKOPIRIGW R KHUVKH G
IUHTXHQF\ Rl XVLQJ SRSXODU H[SUHVVLRQV LV KLJKHU \
WKHUH LV IUHTXHQW XVH RI WKH W\SRORJ\ VWUDWHJILH\
DOQWUDQVFULSWQRHV DV DRAMDR BWOL]DWLRQ DQG ORFDOL]L

.H\ZRUGV DXGLRYLVXDO WUDQVODWLRQ $97 VXEWLW
WUDGLWLRQDO H[SUHVVLRQV SRSXODU H[SUHVVLRQV

/s



‘._:t._.

, Wd Z i JTEdZKKE XXX XX XXX XXX XXX XXX KKK KKK

iXDKd/s d/KE K&, X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
IXZr z, <ZKhEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
iIXZ~r z ,,zwKd, Jrd EK: d/is XXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXX)>
iX8 Kz d/ & D tkz< ED d,K K>K'/ » K&Zd,/Z XXXXXXXXXXXXXXXXEKXXXXXXXXX
iXfrrE/al E  K&dh AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
iX®zh dhz K&dh XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXMNXXXXXXXXX)

, Wd Z 7 >/d Z dd/Zt XK X X X X X X X XK KR KKK XK X RO OREORCEOEOROBROROE

BCOEOKC KKK X

TXEdzK h d/I XEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXMNXXXXXXXXX]
TXTSAX XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX
TX&>odz E~> d/IXEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXHAXXXXXXXXXX
IXBD/EZr z , JEABd/IE dt "dX XXX XXXXXXXXXXXXXXXXXXXXXXEXXXXXXXXXX
TXOXi EoC W EXXXIAXXEEXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
IXOWI E]} Jv AZ] Z sd "SHUXXEEHDBEPKEEXX XXX XXX XXX XNKXXXXX XXX X
TXB~r z, JEAK d/d>/E" J/IE XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:
IXAXi sd "Suy C WE]J}E S} §Z &}uv JvP }( BZXXWXPUXK KX XXX B X XpX X XK
IXAXT E A ZXXXEXXXXXXXXXXXXXXXXXXXXXXXXXXXXMXXXXXXXXX)>
TXAXT sd "Spu HXEKXZIMEX XX XXX XXX XXX XX XXXXXXXXXXXXXXXXXXXXX
TXoh>dhz #Z E 22 JE "hETEAXX XXX XX XXX XXX XXX XXXXXXXXXHEXXXXXX XXX
TXOXi Z }veSEWM S}V FHXKXSHHE XXX X XXX XXX XXX XX XEXXXXXXX X X X
TXOXT D} J(]1 S11v }( WORKHEXKXKRXXXXXXXXXXXXXXXXBERXXXXX XXX X
TXXT dE ve]S]}v }( HOSHEEXXAXBPXXXXXXXXXXXXXXXXXXRXXXXXXXXX
TX®&h z/E" diz E~> d/KBAMKW BEKhEA /TEAX X X X XXX XX XXX XXX XXX X XKXX XXX XXX X
TIX& E~> d/ETE A /KDA /IBAX XX XXX XXX XXXXXXXXXXXXXXXXXHRXXXXXXXXX
IXd Er> d/Ez , /A"DA JTEAX X X X X XXX XX XXX XXX XXX XXX XXX XXXEXXXX XXX XXX X
TXiNh z/EWKWh>>ZE'h * JEK / EdtKZ<”r EK/E ' ~B t KZ #/E SAX XX XX XEKIX XX XXX XX X
TXithpD 2z K& asd™h z Kd, /EtdAd E /EHE XXXXXXXXXXXXXXXXXEXXXXXXXXXX
TXiIWK > D» Megd/delz E~> d/KE/E XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXX X

, Wd 27 Z d/IEM"WK< d, KZ>d&Z D tKXX XXX XXX X XX XXX X HPOX K XK XXX XX

TXEdzK h d/ XEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:
IXW>zrzrddDKZz E WW>/ dXREX X XXX XXXXXXXXXXXXXXXXXXXXKXXXXXXXXX:
TXTKEA! Z d/IKE” B> E' » &KEZ>/M, dKE A SAX X XXX XXX XXXXXXXXAEXXXXXXXX X
IX0rwW/ D i 2~d, "DWXXXXXXXXXXXXXXXXXXXXXXXXXXXXEKXXXXXXXXXX
TIXOXT tZC %] XAXDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
TIXOXT tZ § Jo IuS %X XKXXDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
IXAA han/KE' KEA> P REWKSKREKX XXX XXX XXX XXX XXX XXXXXXXXXXHXXXXXXXXXX
TXAXT ABXXPERXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
TXAXT W EXBEIXEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXOXXXXXXXXXX
TXAXT dEYKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXX
TXAKDS SKHEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
IXAXA dE vXXEJBEEPUX X XXX XXX XXX XXX XXX XXX XXXXXXNXXXXXXX XX
TXAXO JeoXXEPEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXMFXXXXXXXXX:
IXAXO v WAXEPIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDOXXXXXXX XX
IXAX06 JUXEKPEE X XX XX XXX XXX XXX XXX XXX XXX XXXXXXXHXXXXXX XXX
TXAXO SPIAHXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX



IXAXTT Z o] UK EPEXX XXX XX XX XXX XX XXX XX XXX XXXXXXXXXXXXXXXXX
PXAXTT ARWUXELX XX XX XXX XX XXX XX XX XXX XXX XXXXXXXHXXXXXXXXX!
IXOSAE ">K >/« KEd pAX X XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
IXOXi d}%] 0 }v Eve Jv §Z XDEUXEK KK XX X KOOXKK X X X X X KK XXX X X X X X X
IX0X} 0]1 XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXDOX X X X XXX X X
IXOXF 0]1 XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXEXXXXXXXX XX
TXOKE >ha /KB X X XX XXX XX XXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXX:

, Wd Z 0 Z 7™ Zd,B K>KAXXXXX XXX X XX XXX XK XK OO BGOREORO)

1752887, 2X X X X XX XXX XXX XXXXXXXXXXXXXXXXXXXXXXEKXXXXXXXXX)
56($5&+3$L XXX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXEXXXXXXX XXX
5BWDOH RXERKBEXNXXXXXXXXXXXXXXXXXXXXXXXMXXXXXXXXX:
ERQVWUXFWLQJ R XIDOAMOXOKKEK A XXX X X X XXX XXX XXX XX X X X .
8253886 $6(',19(67,*$7, 2{ X XXX XXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXX)
THVWLQJI WKH HI'THRXXQDV/X R X WRKX & B XX X XXX X XXX XXX XX
&ROOHFW XXX MXOHX XOVKDXX XXX XXX XXXXXXXXXXXMNKXXXXXXXXX
THVWLQJ WKH &R U R XY XA XBOPSOEK XDAX B X X X X X X XXX XXXXXXXXX
)857+(586( 2) 7+&2538BK X X X X X XXX XXX XXXXXXXXXXXXXXXKREXXXXXXXXX
48(67,2118, XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXNEXXXXXXXXXX
.H\ BRLQWYV RI &DUU\LQJ XXWXWM K M XDOEDIRK XXX BIXBXEK X X X X X X X X
'"HVFULSWLRQ RI WX¥XIKEKKW XRKIRDBDXKKX XXX XX XHEXXXXXXX XXX
'"HVFULSWLRQ RXXXX6RRDCHEDHIEK XX XXX XXXXXXXXIXXXXXXXXX:
8VH RI WKH TRV XK XX XXX XXXXXXXXXXMEXXXXXXXXX
1759, XXX XXX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXXKXXXXXXXXX
, QWHHZU ¥ X H X MDLRIQIX X X X X X XXX XXX XX XXX XXX XXX XX XXX XXX XX
L OQWHUYLHZHHAVIX%BRXNIMRXPBEX X XXX XXX XXX XX XXX XXX XXX XX X
8&21&/86, 2K X XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIOXXXXXXXXX:

&+$37(5 ',6&8662U7+( /(1*7+ 2) )0/ 68%7,7/(6 75$16(/$7172
&+, 1 (6 XXX XXX XXX KKK KKK XX EORHOEEOEOHOKOEOROEOBOEOKO! SORTEOBOEOX X X X XK XX

"$73%18/<6,6 25(/$7( 6+257,17(59, (:BX XXX XXX XXXXXXXXXXXMKKXXXXX XXX X
"$73$5135/<6,6 282538AX X X X X X XX XXX XXXXXXXXXXXXXXXXXNXIXXXXXXXXXX
"'$7$513$/<6,6 248(67,2115, XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:

'‘DWD $RRBXKDAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
' 168&866,21 21 B@EG7(" ,668(6 $168** (67,21 XXX XXX XXXXXXXXXBHKXXXXXXXX X
8218&/86, 2 X X XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX]

&+$37(5 ',6&8662117+( 86( 2) 75$,271$/ &+,1(6( (;356621&iRi

)5(48(1&< 2) 7$B3($5%1&( B+,1(6(75%',7,21$/(;35(66,216 ,1 767 $X X KX X X X
'‘DWD S5HVXOWYV KXXXXHOHK ERKBEXMX XXX XXX XXX XN XXXXX XXX X
'LVFXVVLRQ RIXWXKXKEKKKAWH XXX XX XXX XXXXXXXKXXXXXXXXX:
' ,6&866,21 21 B6( 2)75%',7,21%/;35(66,216 ,1 BBE5(17 $7TESXXXXXXHRX XX XXX XX X
2EVHUYDWLRQV DQG 6XJJHVWLRQV 5HJD WGLOXIX WX K XSAKK RX X X
6HYHUDO ,VVXHV $SSHD XIXXX KR XX K B{ XXX XM XEFM/MOX X X X X X X
"$7$51$/<6,6 21 748(67,211%, XX XX XXX XXX XXX XXX XXXXXXHKXXXXXXXX X
"$7$5(68/7 2)17(59,(:BXXXXXXXXXXXXXXXXXXXXXXXXXXXMXXXXXXXXXX
())(&7,9(1(66 2) 786( 2)75%',7,213/(;35(66, 218X XX XXX XXXXXXXXEEXXXXXXXXXX
75$16/$72% 75$16/$7,267537(*,(6 ,1 7HE7TIX XX XXX XXX XXX XXX XXBEXX XXX XXX X
8218&/86, 2 K X XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXNXXXXXXXXX:

s/



&+$37(5 ',6&8662117+( 75$16/$7,2) 2238/$5 (;35(66,@XXNKXX XX

)5(48(1&< 2) 786( 2)3238/%$5(;35(66,216 ,1 7THEZIX XX XXX XXX XXX XM XX XXX XX X X
& RUBXWH G SXHVOMOMMIE X X XX XXX XXX X XXX XXX XXX XXMXXX XXX XXX
,GHQWLI\LQJ WKH (I THFWLYHQHVV & I6X\EMDLIWIRFKG D Q \{ DIUMLVR/C

67587 (*,(6 )2B53$16/$7,18238/$5(;35(66,2I18 X XXX XXX XXXXXXXXXMXXXXXXXXX:

,668(B(*$5",1* 7+(86( 2)3238/35(;35(66,2I8X XXX XXX XXXXXXXXXXKXXXXXXXX:

)857+(5(9%$/8%7,21 2) 7&25386 $7$5(68/7EBX XX XXX XXX XXXXXXXXKKXXXXXXXX X

"$735(68/7 2)17(59, GEX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:

"$7$515/<6,6 248(67,2115, KX XXX XXX XXXXXXXXXXXXXXXXXHNXXXXXX XXX

68** (67,216 2&2//(&7,1* $1% ((3,1*83 72 $7( :,7+3238/$5(;35(66,21 K X AENX XX X

8218&/86, 2 K X XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXX:

&+3$37(5 &21&/862AXXX XXX X XM KKK KK X X ECHOREHORCECROROEOROBEEOICO X XXX

)L IFEX X XXX XXX X XXX XXX XXX XXX XXX XXX XXX XXX XXXNRXXX XXX XXX
5(&200(1'$7, 21X X X X XX XXX XX XXX XXXXXXXXXXXXXXXXXIOXXXXXXXX X
327(17,$82175,%87, XIX XX XXX XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
1,0,7$7,216 $)8785(678' < X X X XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:

%, % /,2*5 %3 XK X X X X X X X KKK KKK KX K HEAAAEEEHOROROROROROKOEOROBOBOKOROIOR
$33(11,; XXX XXX XXX KKK KKK XXX AR OEOROROROBOKOKOROEORROKKOR
$33(11,; XXX XXX XX X KKK KKK XXX AOEEEOKOKOKOBOBOBOBOBOROKOROEOKMOOIOR
$33(11,; XXX XXX XX X KKK KKK KX X EEEEEEOKOKOKOBOEOEOEOROKOKOKOKEOEOKOKOR

s/l



Sfrois o= f— . =<'

7KLV FKDSWHU H[S O EHEWKGH RDRFCEWHREHDIRFE EDONJURXQC
WXUMKH UHNWSRUWFKHOOMND DQG REMHFWLYHV WKHRUHWI
PHWKRGRDBOLEN LQWURIGK FHGQEZIKIE®M) FH RI WKH VWXG\ L

SAS ‘=< f—-<'e " St ——1>

'LWK WKH LQFUHDVLQJ SDFH RI JOREDOL]DWLRQ ERW
LQWHJUDWLRQ DUH LQHYLWDEOH RFFXUUHQHAMXOBOMWXR X
GRPLQDQW FXOWXUHV SUHYDLOLQJ LQ UHJLRQV WKDW

FXOWXUDOO\ PRUH EDODQFHG IRUPV RI LQWHUFXOWXUD
PXWXDO FRPSUHKHQVLRQ EHWZHHQ QDWLRQWPIRVWHUL
SURGXFWV DV D PHDQV RI LQWHUFXOWXUDO FRPPXQLFD
UROH LQ KHOSLQJ SHRSOH IURP WKH ZRUOGYTV GLIIHUHQ
SKLORVRSKLHVY WUDGLWLRQV DQG YDOXH V\VRW\WPV 7KH

RI D JLYHQ FXOWXUH ZLWK DQ LPPHGLDF\ DQG DFFHVV
SRVVHVV ,Q WKLV H[FKDQJH DFWLYLW\ DOWKRXJK WKH
LPSRUWDQW LW KDV IUHTXHQWO\ EHHQ XQGHUYDOXHG
GLEWWLQJ ILOPV IRU FRQVXPSWLRQ E\ DXGLHQFHV DEUR
DFFXUDWMDRLW VXEWLWOHV ZKLFK FRQYH\ WKH HVVHC
PHDQLQJIXO HYRFDWLYH ZD\ IRU WKH WDUJHW FXOWXUF
ILOPLVWULEXWRUV DUH XQZLOOLQJ WR PHHW $00 WRR I
FXOWXUDO SURGXFW LQ DQRWKHU FRXQWU\ LV QHJDWLY!
WDVN FRQFHUQLQJ LQWHUFXOWXUDO FRPPXQLFDWLRQ

Q , PHW ZLWK ERWWOQBR IDR\) DQ WUDQVODWLRQ VW)
=KXKDL &KLQD ,Q WKH FRXUVH RI VSHDNLQJ ZLWK KL
(QJORKKQHVH VXEWLWOLQJ , UHDOL]JHG WKDW WKH vV
WKH FRQWH[W RI KLWWRZHQ S DPWHFQRWH[B0ZD\V DSSOLF
&KLQHVH VKEWH DJ@HDO X&EHUW KHD & VRKEWQOWOKB IJUHVW R
WKH WKHKXM *RWWOLHE UHFRPPHQGHG PH WR EXLOG XSF
UHVHDUFK DQG GHYHWORD WRIUHHWI IHFWHOBDWLRQ WR P\ VV
ZRXOG EH LQHYLWDEO\ KHOSIXO WR WKH \RXQJHU JHQH
EURDGHU UDQJH Rl WKHRUHWLFDO IUDPHZRUNYV

s



7KH LVVXH RI FXOWXUDO FRPSRQHQWV LQ RX®R VRUDQV O
JOREDOL]DWLRQ $FFRUGLQJ WHBDIDMHEQDP 6 G KIHF BIR L
YHKLFOH IRU FULWLTXLQJ DQG UHVLVWLQJ WKH PDVWHU
RI WKH HFRQRPLF DQG FXOWXUDO 'FBD QJHMSWRIHWV\GHILQ
RI JOREDOL]DWLRQ FLWL]JHQV DURXQG WKH ZRUOG FDQ V
XQLI\ XQGHU D VLQJOH pVRFLHW\Y WKDW IXQFWLRQV FR
WHFKQRORJLFDO DVSHFWV EXW DOVR LQWHRROWRDDDQWEH L
OLWHUDU\ ZRUNV $V D IRUP RI LQWHUFXOWXUDO FRPF
FDSDFLW\ WR KLJKOLJKW YDULRXV DFWLYLWLHV FLYLOL
EHLQJY DURXQG WKH ZRUOG $W WKH KLJKHVW OHYHO
VLIQLILFDQW UROH LQ WKH GLVVHPLQDWLRQ RI FXOWXL
LPSRUWHG LQWR &KLQD RU ZKHQ &KLQHVH ILOPV DUH |
HQVXULQJ WKH TXDOLW\ RI $97 ZRUN LQFOXGLQJ VXE!
ORUHRY VXFFHVVIXOO\ WUDQVIHUULQJ DQ\ FXOWXUDO S
ZKROH ILOP LV DOVR QHFHVVDU\ ZLWKLQ $97

&XOWXUDO HOHPHQWY DUH LQFUHDVLQJO\ D FRQFHUQ IR
LQ VXEWLWOLQJ UHVHDUFK )RWW[PWS08LOQWSD IARUMUW
*DUFLD HPSKDVL]HG WKH LPSRUWDQFH RI FXOWXUL
VXEWLWOLQJ )XUWKHUPRUH DW DQ LQWHUQDWLRQDO
WUDQVODWRUV *DYHOD JDYH D OFHRFQORITHX RO WKV W R LA
VKH H[SODLQHG KHU FDVH VWXG\ RQ WKH VXEWLWOLQJ
SDUWLFXODU WKH LQIOXHQFH RI FXOWXUDO GLIIHUHQF
VXEWLTMKOIQNN WR WWKHAZRUMWZR 6SDQLNEBYBFDEHPLENG ,
NQR Z OGO H YLDQQWH WIRXOW XUDO FRPPXQLFDWLRQ LQ VXEWI

6XFFHVVIXO LQWHUFXOWXUDO FRPPXQLFDWLRQ KDV WKF
DV ZHOO DV IDFLOLWDWH D EHWWHU XQGHUVWDQGLQJ E
DQG ZLWK GLIIHUHQW QDWLRQDO LGHQWLWLHV $V VXFKk
(QJOLVK WR &KLQHVH $97 SDUWLFXODUO\ LQ WKH DUHLE
LQWHUFXOWXUDO FRPPXQLFDWLR@SEBDWEZEH G RHRE 0HH L
&KLQD EZBEMNQWHINHOWRWRUPSURYLQJ VXEWLWOH WUDQVO|
LOQHYAMDBEG LPSRUWDQW



sat teff”...S f..e%" —et

6LOQFHQHPD KDV LWV RZQ IRUPV RI ODQJXDJH SROLF\ D
GLFWDWH WKH GHVLJQ DQGOPQDELIBPOHRQEXR] OIRMDHL J Q
VXEWLWOHUV KDYH D NHPXRIHDWR G GIAREG WK U
UHTXLUHG WR KDYH WKH DELOLW\ WR WUDQVODWH RQH
HVVHQFH RI D FXOWXUH LQWR WKH OLPLWHG VSDFH RI
FXOWXUH DUH LQWHUWZLQHG VXEW KW CAXDW XRX\DW ARG WPV
WKH VXEWLWOHYV WKDW WKH\ FUHDWH $SSURSULDWH IF
FXOWXUHVY DQG PRGHV RI H[SUHVVLRQ YLYLGO\ WR WK
VXEWLWOLQJ FDQ DFKLHYH WKLV V) FIBDVFVYOXLOVDOWL B U X O
UHFHSWLRQ LQ DQRWKHU FRXQWU\ 7KH JHQUH RI DQLPI
LOQWHUHVWLQJ VXEMHFW LQ WHUPV RI WKH LQFUHDVLQJ
,Q UHFHQW GHFDGHV DQLPDWHG RMWXKXHU 8 URIGYMF PR YEH G' L
EH\RQG WKHLU RULJLQDO WDUJHW DXGLHQFH RI FKLOGU
ZKRP FODVVLF KIOPG/HUXRKOOMHSLQJ) % HDXA®EH 6ZRUG
LQ WKH 6WRDHHUH DLPHG L'FMQWXPLG %\ WWRIQWBDVSW YV IR
PDQ\ UHFHQW DQLPDWHG ILOPV ZRUN RQ VHYHUDO OHYHC
WKH EHQHILW RI \RXQJHU YLHZHUV ZLWK GLDORJXH ZKRYV
DUH FOHDUO\ DLPHG DW DGXOWV ,Q OWKIMWR GFHRD FRQWHK
ULFKQHVV RI ODQJXDJH FRQWDLQHG LQ WKH VFULSWV F
WKHP WR ORVH PXFK RI WKHLU FRPPXQLFDWLUYH LPSDF
FHQWXU\ DXGLHQFH

YLOP VXEWERPRYQ DVDW LYHLW DD (RAZEDLRLVRIOPQ WUDQVODW
ZULWWHQ UHQGHULQJ ZKLFK LV SURMHFWHG RQ WKE
VIQFKURQL]DWLRQ ZLWK WKH RULJLQDO GLDORJXH 7RC
ZRUN ZLWK VSHFLDOL]HG FRPSXWHU VRIWZDUH DQG G
FXUUHQW ILOP VXEWLWOLQJ VWXGLHV KDYH IRFXVHG PDI
SHUVSHFWLYHV %LWWQHU 3D [PX® IDA&H ) VPROWDRAGRVHAED W L
6FKRODUV LQ WKH ILHOKDRHWWDE QY D MERDK M VWX IGH.
EUDIQV KRI7 Rl ZKRMM PRVW L QKD XH QRWLUEDIP H 'LD]
&LQWDV *DPELHU *RWWOLHE ,YDUVVRQ DQG
KHUWMH VS HFWX EBYW VKKIH® KHRUHWLFDO IUDPHZRU



W U D Q VIDOBREWR OLGDWHG HIIHFWLYH WUDQVODWLRQ VW
UHSUHVHQW D |ILUWPKHR X Q6 BRWRRRU ORAZA BOIH

7KDW VDLG WKHUH LV OLWWOH UHVHDUFK WKDW KDV IR
2FFLGHQW DQG ®WRYW HPLYWL@®J UHVHDUFK KRZHYHU |
SUDFWLFH UDWKHU WKDQ WKHRUHWLFDO EDVHV $FFR
QXPEHU RI VFKRFNDHRZ KHTHIG WKH LPSRUWDQFH RI FXO
$97 LQ SDUW LKERDHDYHGLDRXVVLRQ DW WKH WKHRUHWLFD(
QHZ SHUVSHFWLYH LV VWLOO OLPLWHG &KLQD UHSUHVH
FRPPHUFLDO DQLPDWHG ILOPV ZKLFK SHDHLUIRZREDG |
SDUWLFXODUO\ WKH #6585 R0FXBDRNHUH MUWBUWLRQV DQG
YDVW GLIIHUHQFHV EHWZHHQ WKHVH UHJLRQV RI WKH
WKHUHIRUH SDUWLFXODUO\ LPSRUWDQW LQ WKH FRQWH]
&KLQHVH DXGLHQFHV DW BLQWKWZ RDWDKW V\DEPHIORPH LQ RWK
ZRUOG JOREDOL]HG QI@XRQFHBHBXPWXUDO DQG OLQJIXL)
,Q WKH ODVW GHFDGH DOWKRXJK WKH KDWXGAHRIGYREW L
LQFUHDVHG® X¥RKRWOD UVKD QJ DQG :RRYH VFXVVHG
VXEWLWOH WUDQVRUOBALIRIQ HQWU WMWIA DBW QWSH EL 1 L F
LQYHVWLOMRIER §XEWLWOH WUDQVODW DRMWR.IO(Q DQ PN D@
7KXVLWRR SDUDW L Y & WYEM®HRW ULRQQV YHWHRYHG DQLPDWLE
VKRXOG PDNH D XV BMROWKRYWH LVEKXMRRIQW MR DQG SUDF
VXEWLWOLQJ LQ DQLPDWLRQ ILOPV

sAu Fetf"..8 > ' —Steted f—f fet ,Ef..—<to

+\SRWKHVHV

JURWKH SHUVSHFWLYHV RI ODQJXDJH SHFXOLDULWLHV D
RXW WKHQVWHKX@DWLRQ WR WKH MROXRRDLGIWMHD g Q6 B VWEHGV 2
&EKLQNXEWDWOGHWKHLU FRUUHVSRQGLQJ RULJLQDO WHI[V
WUYD@WHG &KLQHY HWWXPRWRIOGIMQIXLVWLFV DQG FXOWX
7TKHUHRBH GHU WR LGHQWLI\ WKH IHDWXUH GLIITHUHQFHYV
WKH RULJLQDO ODQJXDJH WKH UHVHDUFK K\SRWKHVHYV I
WUDQVODWHG LQWR &KLQHVH LV JHQHUDOO\ JUHDWHU \
WH[WVWKDW HIIHFWLYH WUDQVODWLRQ LV FRQWLQJHQW
HJ&KLQHVH LGLRPV DQG DUFKDLVPV ZLWKLQ WKH WU
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HITHFWLYH WUDQVODWLRQ LV FRQWLQJHQVSRBYOMKH XVt
ODQJXDJH LQ QHWZRUNV QHZ ZRUBMNVKLROD QLK) VERDGQV
VXEWLWOHV

'DW D
7KH SULPDU\ GDWD IRU WKLV UHVHDUFK DUH DQLPDW
VXEWLWOH SKBPHWHQHKEWKG RQ WKH EDVLV WKDW W
SRSXODU ILOP UHOHDVHV LQ WKH &KLQHVH WUDQVODW
GHFDGH DP&AO HQMR\HG KLJKHU WLFNHW VDOHV WKDQ RWH
GDWD LQ WKH VWXG\ FRQWDLQ ERWK (QJOLVK DQG &KL
ZLWKLQEXL\OHISDUDOOHO FRWSKXKRPSDRUWRP IGRWQDL]HG W}
FXOWXUDQONVMOMRDW PLIJKW LQIOXHGQF HO IWXKHX KWW DABVO OR |
FXOWXUDOO\ ZKLOH DLPLQJ WR GLVFXVV WKH PRVW HIIH
7KH PDLQ FXOWXUDO HOHPHQWYV DUH WKH QDPHV RI FI
KLVWRULWYO &KUBHVH LGLRPV DQG DUFKDLVPV FXVWR
YHUQDFXODU VXFK DV QB QEIUNW ISR SX@DU\WENG HDFK F
HOHPHQW LV FROOHFWHG IURP WKH RULJLQDO GDWD DC
(DFK FDWHJRU\ RVGHWEFXYVHABHLGHVFULSWLYH PHWKRG
FXOWXUDO HOHRRBWN\GH@WIULWRWRRQ RI HIIHFWLYH W\S
SHUVSHFWLYH RI FXOWXUDO DZDUHQHVV
$V VWDWHG LQ WKH SUHYLRXV VHFWLRQ WKW RIQLPDW
EHLQJ WKH WRS ILYH KLJKHVW JURVVLQJ (QJOLVK DQLP
UHOHDVH LQ WKH &KLQHVH PDUNHW DV ZHOO DV SXOOLQ
QDUUDWLYH WHUPV WKH\ DOO SURYLGH DQ K®GIPKQUYY W
LQ WKH VWRU\ FHQWULQJ RQ WKH PDLQ FKDUDFWHUVY St
7KH ELOLQJXDO VXEWLWOHYV LQ WKHVH ILOPV KLIKOLJKW
WKLV VWXG\ IDFH (S& DVEMMRMIHUN R | OLVRW FDIQW KW K H L
ELOLQJXDO WLWOHYV DUH SURYLGHG LQ WKH IROORZLQJ V

6RXUFH 7LWOH <HDU RI 3UR( 7UDQVODWHG 7LWOH &KLQH
ODGDJDVFDU EPeEI D R DE

ODGDJDVFDU EPxEI b R DE
ODGDJDVFDU EPeEI D R DE



7KH 6PXUIV E:2i&¥ E

7KH 6PXUIV E;218¥ E
'"HVSLFDEOH OH E+GIA E OE$E $®
'HVSLFDEOH OH E«GIA E
5LR EGu40 W ALEv
5LR EGu40 W ALEv
YJUR]JHQ E aM w5HE
7KH &URRGYV E+ROT0é E
7XUER E +FO=G(<E
&DUV E“E-k@"~ E
&DUV E-E-k@"~ E
$OSKD DQG 2PH EKC96), E
7TDEOH

%XLOGLQJ RQ WKH ILQGLQJV RI SLRQHHULQJ VFKRODUV
VXEWLWOLQJ DQ DXGLRYLVXDO PRGH 7IRK ® LLVQH U LR SR
LQFOXVLRQ LQ P\ VHOHFWLRQ RI WKHVH ILOPV DUH

$ 7KHVH DUH DOO LPSRUWHG RULJLQDO (QJOLVK DQLPD!
SHSXEOLF RI &KLQWVLREE W\SH WUDQVODWHG &KLQHVH
(QJOLVK GXEELQJ

% 7KH \HDUV RI UHOHDVH RI WKHVH ILOPV DUH DOO DIWF
& (DFK RHWKH OPV ZDV LQ WKH WRS ILYH IRU WKH KLJKF
ZDV UHOHDVHG DFFRUGLQJ WR WKH GDWD Rl WKH RIILFLE
' ,ZDWFKHG WKHVH ILOPV DV D PDLQVWUHDP VSHFWDWR
REVHUYHULRKWMWMYS[ ZZZ RQHWRY WKH PRVW SRSXODU YLG
&KLQD ZKLPRKH WKDQ PLOOLRQ XVHUV

( 7KDW DQLPDWLRQ ILOPV DUH LQFUHDVLQJO\ SRSXODU
WKH\ H[SORUH )RU HHMBS8BEWMWKIHO OMOWKH VWRU\ RI D C
VXSHUYLOODLQ *UX ZKR LQLWLDOO\ DGRSWV WKUHH R
REMHFWLYHV (YHQWXDOO\ KRZHYHU WKH JLUOVY LQQRI
WKHP VXFK WKDW E\ WKH XPKVRD WIKMF HDHPU ISBHWHUQD O



WKHPH RI WKH UHGHPSWLRQ RI D FKDUDFWHU ZKRVH
UHVRQDWHG ZLWK DXGLHQFHYVY DQG PRYHG WKHP

7KH REMHFWLYH EHKLQG WKLV VWXG\ LV WR PDNH WKH IR
7RFRQVWUXFW D FRUSXV R SRSXODU (QJOLVK ODQ
ZHUH VXEWLWOHE EQWRX&RMQAUQIHWIQH RARRHAHG® HG G
RXW WKH H[DFW SURSRUWLRQV RDWZEKHORVBINRWW\SLF

SRSXODU H[SUHVVLRQV , IHHO WKDW WKLV QXPEHU
RUGHU WR LGHQWLI\ WKH PDLQ VWUDWHJILHY DQG FXI
7KLV DQDO\VLV RI NH\ ILOPV RXJKW WR VHUYH D

H[WHQVLY HWWHXIKMWHX/U HQ

7R GHHSHQ FXUUHQW $97 WKHRU\ DQG GHYHORS Wk
WKHRUHWLFDO IUDPHZRUN ZKLFK ZLOO HQKDQFH WK
(& DQLPDWLRQ ILOPV IRU H[DPSOH WKH GHYHORSP
VWUDWRIGLHWKHD HIITHFWLYHQHVOAORD GHG Q Bl [ FXEDWWX RE
WUDGLW[LSRQD/Y VRKOK &BEYQHVH LGLRPVSRBXPWLVPV
H[SUHVX\LR® \L. QQ W RFZLIERD REYWRPO YLQJ RXWORIHHYHU\G
VLWXDWLRQV

7R GLVFXVV DQG DQDO\WH WKH XVH Rl FXOWXUDOO\ «
WUDGLWLRQDO H[SUHVVLRQV DV ZHOO DV SRSXODU
PRGHV RI ODQJXDJH ZKLFK DUH XQGHUSLQQHG E\
HOHPHQWYV DRIGV | RIFIEOGEH W ISSHUQMLQHQW SKKKHQRPHQD
UHOHDVHGWRMWKH SBWHRWHG  DRREDWKHRQF ROOPE DHD
LPSURYHG

SAV St UE—<. fZ "fer™ e fot 1-8't'Z % cte " —Sce fof
,Q UHYLWEHQIHY HOR SPHERMIK/ LQ (XURSHDQ FRXQWULHV L
IR X @GH¥WH U\ WKHRUHWLFDO IUDPHZRUN VKRXOG KDYH LW
IXQFWLRQ RI WKH SDUDGLJP LV XVXDOO\ WR FHUWLI\ C
VIVWHP LV UHDVRQDEOH DV WKEKRDWM LIV FRHVQVDNH QWK
FRPSRQHQW $W WKH VDPH WLPH WKLV SDUDGLJP FDQ K
GHYHORS WKHVH WKHRUHWLFDO IUDPHZRUNV LQ RUGHL
REMHFWLYH WUDQVODWLRQ PHWKRG XIXWXWBQEHRRBRXC

)



H[FHSWLRQE¥WWBQWODWLRQ LV FRQFHUQHG $V VXFK , V
WKHRUHWLFDO IUDPHZRUN FRXSOHG ZLWK&HIOFEDFLRXV
VXEWLWOLQJ IURP WKH SHUVSHFWLYH RI FXOWXUDO GLII|

0\ UHDVRRQJKROW K WHRKDUITVSRO\W\VWHP WKHRU\ LV WKDW
WKH VXEWLWOH WUDQVODWLRQ:FRR O(\VJOMWRHKCLE R LWEW LR Q
IHDWXUHV Rl WKH WUDQVODWHG &KLQHVH VXEWLWOHV [
ODQJXDBW ISQFHH DQG OLWHUDF\ OHY DO I ISRIXVEG @V VRX B W |
WKH FRPSDULV\RRMBEHWAMH@D QJXDJH DQG/ RRHMMQDO OD
HITHFWLYH VW UDPVERMDKW KH SRO\W\VW HEBJHORUWRFHU

*RWBIOLH WSRORJ\VHOBEG® HGE DROAV HEGI IHFW LY. & WUDWHJL
VXEWLWOH I\ 2 ECA0 DN BEHED QIGIDVLEOH ¥ WU \I HYILLHHZ/

WRPSURYLQJ W i&H LTQUIXGEMWL\WRD HV/IW UDQV. @ B VDIQR@®DW LRQ ILO

7KH PHWKRGV XVHG LQ WKLV UHVHDUFK PD\ UHIOHFW D
UHVHDUFK 7KH SULP DEXLPMWEKRIED RND B RRABILS YNKH FR U S X
PHWKRG EHFDXVH LW 3ID\WQ FRQ O XEG IQWH® OV R PEBRLUQFDO UHYV
WL VODW LRQ® WHHYVRKWFH IRU HYD @ODWQ G JOWIRD QVODW L
,Q WKH HDUO\ VWDJH RI WKLV FXUUHQW UHVHDUFK
KLJKO\ UHJDUGHG VFKRODEDNHG WWHXGLHY E RV HFR LXK L
) RUGHU WR DVN IRU DGYLFH 2Q KLV DGYLFH , DWWHC
JLYHQ E\ /LDQJ DQG ;X WKHVH WKUHH VFKRODUVY VX
LQ WKH WKHVLV WKH LQWHUYLHZ WUDQVFULSWV DQG
IRXAQLQ $SSHQGL[ 9 ,QVSLUHG E\ WKHVH SURIHVVLRQDO
VXPPHU FRXUVH P\ $IWVMDERALIQMKHGLGHDY IRU HVWDEOLVKL
SDUWLFXODU UHVHDUFK QDPHO\ WR EXLO&NXDP FRUSX)
VXEWLWOLQJ IURP WXWUBHWYBWER@YWRRDHWKHHO\ERUS X
WUDQVODWLRQ FRQVLVWV RI SRGHN QDW K ( @A IP\DKV LORX
WUDQVODWHG IRU WKH PDLQVWUHDP &KLQHVH PDUNHW
WR FRPSDUHG DORQJVLGH WKH WUDQVODWHG VXEWLWOH
3DUDFRQF ([FHO DQG LWV DXWRPDWLFDOO\ JHQHUDWH
UHOLDEOH GDWDBLQZRKLKK PRFNEOWWLRQ RI WKLV UHVHDUFI
VHBDXLOW SDUDOOHO FRUSXV WKH FRPSOHWH FRUSXV L
SDLUV RI ELOLQJXDO VXEWLWOHV IURP WKH VHOHFWH
GHVLJQHG WR EH H[SDQGDEOH LQ WKH FRQWH[W RI IXV
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GHYHORBHD ERUSXV DQG XQFRYHU PRUH ILQGLQJV LQ WK
WKH FXUUHQW FRUSXV , GHDOWIBEW K IMKHRR @RORWY LD H
FDOFXODWE JWHRKEW LW OH WR FDOFXODWH WKH IUH
WUDG®IONHFSQUHVVLRQV WR FDOFXODWH WKH IUHTXHQF\
7KHQREWDWEHGIROORZLQJIJWKRYUONW IURWPKH OHQJWK GL
EHWZHHQ HDFK VXEWLWOHS®DIQUG WKH RRUUHMS® QGLQLUW\
&KLQSIMHU WKH IUHTXHQF\ Rl WKH XVH Rl WUDGLWLRQDO
RI WKH XVH RI SRS X@® DNHKBHYSRWINAWLHRDELRAK! LUBHAFIGR W/ H
K\SRWKHVHV WKH OHQJWK R WLRIHH QVHILDQD/CGD\DIUHH® VE K U G
WH FRUUHVSRQGLQJ RULJLQDO (QJOLVK RQHYV WKH 1L
H[SUHVVLRQV WKH GHJUHHQEK M ISH ULRPPORFTXODIUWWH L
VDOHV DUH LQ GLUHFW SURSRUWLRQ WR HDFK RWKHU
HEUHVVLRQV WKH GHJUHD Q8 KMKSHILIRR BRG XD RU LWKH 1L
VDOHVY DUH LQ GLUHFW SURSRUWLRQ WRRMIDRXGRWKHU
FRQIMJIDWNVH RI WKHVH WZR W HVM A @ WPEWRIYLMQ R QWK H V
TX®LW\ RI WKH UHOHDVHG VXEWLWOH WUDQVODWLRQ 7I
VXEW LWW K DS\D LLWDW IR VAR PR@G SRSXODU IHIEQMMVLR® V
VHYHUDO W\SHV RI LVVXHYVPDGWKKH \(WRNRRBUGDYW.Q JD Q G
LPSHOWBWQVODWHG VXEWLWOHYV

., KDYH DOVR FKRVHQ WR LQFRUSRUDWH D TXHVWLRQQI
FRPSOHWH TXHVWLRQQDLUH IRUPKMN DRQ BSSXRSAHPH QN
PHWKRG $FFRUGLQJ WR ODFNH\ DQG *DVV D

UHVHDUFKHUXDREWGD® DLUMNP DSSURSULDWHO\ VHOHFWH
WKH IXQFWLRQV Rl WKH TXHYWGR Q&PISHH |BAWUREWKHU |
LQ WKH WUDQVODWLRQ RI WKH VHOHF\WBOWLREDWRQ
WKHEMABSHUIHAWYREY DQG  ZKHWKBQV,0DWR REN KW UDW H J
HQKDQFH WKH TXDOLMWIQRSBOWLDRQGDU LQ WWHKHIXWXUH
TXHVW LR QH®H UMRK B /S |\ ISVHVURRIMHH DOWH D LDOA GHW E@ 0 Q H

HITHFWAY B VRIPISHRQW UDQVODWLRQ TXDOLW)\

,Q DGGLWLRQ LQ RUGHU WR VXSSRUW WKH DERYH PHWK
UHVHDUFK K\SRWKHVHV VHYHUDO LQWHUYLHZV WKH F
$SSHQGLEZLWKYHUDO VFKRODUV DQG SUDFWLWLRQHUV P
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TXDOLWDWLYH HYLGHQFH 7KHVH LQWHUY LHZVUHKYHD@SH G F
WR WKH VSHFLILF UHVHDUFK K\SRWKHVHYV

S&w <%oe< <...fe...F 7 — St e——1>

$97 LV D QHZ DUHD RWUDMXY®DWILRRLYWXGLHY 6FKROD
FRXQWULHV ZHUH WKH ILUVW WR XQGHUWDNH WKHRUHWI
LQFOXGHRKM®ODIV SRO\W\WWHP WKHRU\ LQ UHODWLF
.DUDPLWURJORX 0 H D Q ZWKHD H L HVOF& RRO DWX/E WIIRWO H W
VXFK DV *RWWOLHE KDYH SURSRVHG WUDQVODWLRQ VW
EXLOG RQ DQG GHYHORS WKHVH WKHRUHWLFDO SUHFH(
DSSURDFKHY DQG LGHQWLI\ HR(HAWQLKF B/ X¥EWIDMMHIQH V+RHA |
WKH FKDOOHQJHV IDFLQJ D SURMHFW RI WKLV NLQG FDQ
QRW OHDVW LQ OLJKW RI WKH IDFW WKDW (QJOLVK DQG
IDPLOLHYVY WKHURHRXHY MOQGIW L@ EHWZHHQ WKHVH WZR
PXFK PRUH GLIILFXOW WKDQ WZR ODQJXDJHV IURP WKH
DOZD\V FRQVLGHUDEOH FKDOOHQJHV ZKHQ GHOLYHULQJ
WH[W EHFDXVH RI WKH KXJH BDQGWRRA G B 8 VE H WKDHVH QVR H |
FRQWULEXWLRQ RI WKLV WKHVLV ZLOO EH WR HOHYDWF
VXLWDEOH VWUDWHJI(LKRMLD® WXEWIWRFHMV BY ZHOO DV
WKHRU\ LQWR D QHZ DUHD

'KDW LV QRYHO DUEFRXWW WKKIYWJ HWHWHHNY WR SURYLGH V
DQG UHIHUDEOH VWUDWHJLHY LQ RUGHU WR LPSURYH W
UHODWLRQ WR DQLPDWLRQ ILOPV LQ (QJOLVK 7KHUH DU
UHVHDUFK VKRX®G\ DXFRHP\E O LV K

,Q WKH ILUVW LQVWDQFH JLYHQ WKDW VXEWLWOLQJ LV
UHODWHG WKHRUHWLFDO IRXQGDWLRQV DUH VWLOO LQ V
WR WKH H[LVWLQJ ERG\ RI ZRUNWZKHNVE ER LW KH PGILOMA DR X
WKLV ILHOG HVSHFLO®ODXEV)LW & HRWWEQRWY8DMWRRAILOPV

YHU\ OLPDMHHGD VHULHV RI ILQGLQJV WKURXJK WKH FXU!
ZKLFK K\SRWKHVHV FRXOG EH GRYHMORYHGHYKQFE SRLQL
UHIHUHQFH LQ(WKMKXEWNWOHRW DDQ YO WRRQYOPYYLVDIHG
WKDW WKLV VWXG\ ZLOO PDNH D XVHIXO FRQWULEXWLR



FRQWH[W DV ZHOO DV LQIRUP IXVEGLN ZRQ NLEX RMXKMH K R/I
LQVSLUH WKH PXFK EURDGHU EXW QRQHWKHOHVYV UHODYV

$QRWKHU VLJQLILFDQFH RI WKLV VWXG\ FRQFHUQV WKH
WKDW DQLPDWHG ILOPV DUH SUPZPWHKLQ\ F RFFIPHNHWD S O
3URGXFHUV DQG VSRQVRUV RI D ILOP UHJDUG LQFRPH JH
OLJKW RI WKH UDSLG HFRQRPLF JURZWK LQ WKH ODVW F|
RI JDLQLQJ D IRRWKROG LQ WKH LYW HHYSWERQEFBO BDHESb
DV D PDLQ IRUP RI HQWHUWDLQPHQW LV ZHOFRPHG E\ PF
VXFK EHVW SUDFWLFH LQ VXEWLWOLQJ LV D FULWLFDO
EHVW ER[ RIILFH UHFHLSWHGXQHD SRYRAHIULEXK@ILRQJITVEVK
DQLPDWLRQ ILOPV ZKLFK DUH H[SRUWHG LQWR WKH &K
DXGLHQFH FRQVWLWXHQF\ LV LQHYLWDEO\ JRLQJ WR EF
GHPRJUDSKLF JURXS WKDW LV OIKNKHRN W R HYHYCGH FEIH QG XL
DQG WKH\ DUH PRUH DGHSW DW OHDUQLQJ QHZ FXOWXL
WUDQVODWHG ILOP DUH KLJKHU WKDQ WKRVH RI WKH UF
JUHDWHU QHHGV RI WKLV SDUW LEFW D\I O HUX/G L M GFRRHU UM KIS F
KHDYLHU $V VXFK WKH TXDOLW\ RI VXEWLWOLQJ LV FUL
(QJOLVK ODQJXDJH DQLPDWLRQ ILOPRUJEQLHGWK MH WHLF
GXULQJ ZKLFK FROOHJH VAVXOH@WGE MIOMBULQJ LQ (
FRPSOHWHG KHU VSHFLDOO\ GHVLJQHG TXHVWLRQQDLUH
JURXS Rl SHRSOH DV WKH VXEMHFWYV IRIHRXQM HQHWKIWEH
DJH UDQJH DUH FRQVLGHUHG WR EH RQH RI WKH PDLQ D:
DQLPDWLRQ ILOPV LQ &KLQD DFFRUGLQJ WR WKH UHVH
DXGLHQFH FRPSRVLWLRQ IRU (QJOLVK ODQMIMIH DQLP
VWXGHQWY VKRXOG KDYH D JRRG OHYHO RI (QJOLVK SL
EDFNJURXQG PHDQLQJ WKDW WKH\ RXJKW WR EH DEOFH
TXHVWLRQV FHQWULQJ RQ WKHLU SUHIHUHQFHYV IRU FHUYV

7KLUGO\LOWHUFXOWXUDO FRPPXQLFDWLRQ WRRO H[SRL
SEXVLQHVWRFIVMKG ZRUOG 7KHUHIRUH WKH WUDQVODWLR
LQ WKLV UHJDUG JLYHQ WKDW WKH TXDOLW\ RI WKH W
DFFXUFRQLYMH\LQJ WKH RULJLQDO LQIRUPDWLRQ LQ D ILO
WDUJHW DXGLHQFH EHWWHU RU HYHQ IXOO\ FRPSUHKHQCG
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WR HQDEOH WKH WDUJHW DXGLHQFH WR FRUUHFWO\ DSS
VPH WLPH )RUOR[DWBOWYV 8QLYHADMWQWURGXFHG WR &
DXGLHQFHV LQ $XJXVW W GHSLFWV WKH $PHULFDC
XQLYHUVLW\ DV EDVHG RQ PXWXDO WROHUDQFH DQG H
HPSKDVLV RQ Q¥KHRUPISRAIWDGXDO GHYHORSPHQW LQ D K
+RZHYHU LQ &KLQHVH FXOWXUH WKH WUDGLWLRQDO DQ
EH PRGHVW DQG SUXGHQW LDIGLHOGIQWN N N 7 ® 8 UREKINR UOHL NIHQ
RI ZDWFKLQJ W\KDMHU JIHWP DW&HHQFH PD\ HDVLO\ QRWLFH W
7KH ILOPYV VXEWLWOH WUDQVODWRUYV PD\ DOVR KDYH \
GLIIHUHQFHV RQ GLVSOD\ RU HYHQ FKRRVH GLIIHUHQW
YDU\LQJ QHHGVY ®W WKRXSIMIRUDXGLHQFH )RU H[DPSOH Il
VRPH NLQG RI LQWURGXFWLRQ WR WKH RULJLQDO FXOW)
VWUDWHJILHV RI SDUDSKUDVH WUDQVIHU ORFDOL]DWLRC
ZKLOH DW WWPHH VBBRYLGLQJ DQ RSSRUWXQLW\ WR LQW
FXOWXUH WR \RXQJ &KLQHVH SHRSOH 7KH DXGLHQFH RX
DVSHFWV RI $PHULFDQ XQLYHUVLW\ OLIH VXFK DV KRZ
FDPSXV 'XULQJ WKH FRNUWQWDUMWVHDHEK FRPPHUFLD
VXFFHVVIXO (QJOLVK ODQJXDJH DQLPDWLRQ ILOPV FRQ
ILOP EHFDPH WKH PRUH FXOWXUDO HOHPHQWYVY FRXOG EF
GLYHUVH FKDUDFWHUWG ZUWRKIHIU SEOLRDVWOWR JXORVWHRYHU  Zk
LQYROYHV WKH WUDQVODWLRQ RI FXOWXUDO GLIIHUHQF
VWUDWHJI\ QHHG WR EH XVHG WR FRQYH\ SDUWLFXODU
H[SUHVVLRQV DQG W UD®Y EMWH F® IMQHGBN B QIGH G L&V F XV V H
FRUUHVSRQGLQJ FKDSWHUV RI WKLV WKHVLV

,Q OLIJKW RI WKMLWE@UHRRPONBHOMBIDERYH , DP SHUVXDGH
RI WKLV SURMHFW LV VLIJQLILFDQW VXFK WKOW LWV II
DFDGHPLF FRQWULEXWLRQ DW ERWK D WKHRUHWLFDO DQ

S&X —-"—..—-——"% ‘" =St ——1>

7KH DLP RI WKIFR FS\DGEHY EX WRDW KHD@ RBDWIHW OH WUDQVOD
DQLPDWLRQ ILOPV ZLWK SHUVSHE@LWHKLRI FRQQW{ WD CF XC
HOHPHQWY UHODWH WR WKH IRUP IXQFWLRQ DQG LPSHF
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&KLQHVH VODQJ DQG YHUQDFXODU LQWR WUDQVODWH
HITHFWLYHQHVV RI WKHLU FRPSUHKHQVKRQDDPRQWKERPI
SURFHVV WKHUH ZLOO EH D GHWDLOHG LQYHVWLJIDWLRQ
IRUP VRUDGLWKRQ@®DWH LGLRPV DRFXQBYPXRIPEEUQHW
PHPHVY HWF H[SUHVVLRQV LQIRUP WKH BURGFEL\MDR\WQ R
LQ WHFKQLFDO WHUPV DQG DFFHVVLEOH LQ WHUPV RI
DXGLHQFH

7KH FKDSWHUV RI WKLV WKHVLY EULHIO\ UHODWH WR WKI

&EKDSWIHUWKH IRUPDO LQWURGXFWLRQ WR VRKHVKWXG\ |
VWXG\ UHVHDUFK EDFNJURXQG DQG WKHRUHWLFDO |
K\SRWKHVHY REMHFWLYHV PHWKRGRORJLHV DQG VLJQL

&KDSVBHBVHQWY WKH OLWHUDWXUH UHYLHZ IRU $97 LQ 2
SXEOLFDWXBRYHRR DQG &KLQHVH VFKRODUV H[SODLQ\
GHYHORSHG DW GLIIHUHQW VSHHGV LQ (XURSHDQ FRXQ
DQDO\WLQJ WKH UHDVRQV ZK\

&KDSWARQVWUXFWVY D EHVSRNH WKHRUHWLFDO IUDPHZRI
DQWZW\ UHVHDUFK TXHVWLRQV ZKLFK ZHUH FRQFHUQHG
(& VLWXBWLARPO DV OLQIJXLVWLF LVVXHV WKH UHVHDU
LQWHUFXOWXUDO IDFWRUV WKDW RXJKW WR EH UHOHYD
EHHQQVODWHXUWKHUPRUH VKH H[DPLQHG WKH IHDVLEL
VWUDWHJILHV ZLWKLQ DRO/D\W OMKEEN\K BV E ROR DJEWHFKQLT X
VDPSOHHYSPFDEOH OH

&KDSWEBHVFULEHY WKH WKHRUHWLFDO IUDPHZRUN DQG
EHKLQG WKLV VWXG\ $IWHU H[SODLQHG WKH WKHRUHWLI
LQWURGXFLQJ ORQE DAVDINGHD §8 UFRRVISKXWR WUDQVODWLRQ \
GHVFULSWKRQURYHDUFKEMXLIOYWRIDUDIDOHO FRWBSXV FRQW
VXEWLWOHV RI SRSXODU DQLPDWLRQ ILOPV ,Q WKH FI

ILOPV DV D SURILOH , EHIJDQ WR LQWURGXFH WKH GD
HPSLULFDOORHWKRBB®VR XVHG D TXHVWLRQQDLUH ZLWk
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DQLPDWHG ILOPVY DQG VHYHUDO LQWHUYLHZV ZLWK SURI
IXUWKHWD QQGUWHWLGHQFH WR IXUWKHU VXSSRUW WKH UHYV
TXDOLWDWLYHNDQKE DIXPORVOLMKHY DVVLVWHG PH LQ FDUU)
LQYHVWLIDWLQJ LWV K\SRWKHVHV HIITHFWLYHO\

&KDSWIHREFEXVHY RQ WKH GLVFXVVLRQ RI WKH OHQJWK RI
&KLQHVH ,Q WKH SURFHVV WKH GDMMGNRI®HFW HRBQQDLL
LQWHUYLHZ DQG FRUSXV ZDV XVHG WR WHVW WKH ILUVW

&KDSWRBXVHVY RQ WKH XVH Rl WUDGLWLRQDO H[SUHVVLR
WKH SURFHVV DOO WKH WUDGLWLRQDO H[SUHVVLRQV I
AVFXVVHG LQ UHODWLRQ WR WKH IROORZLQJ KRZ PDC
WKH FRUSXV WKH UDWLRQDOH RI WU QANXEDWLRIADH]
WUDQVORWLR@KH HIIHFWLWHQ@HE\LW RR QKGEHPSERY WIORHQ L ¢
WUDQVODWLRQ

&KDSWRBXVHV RQ WKH WUDQVODWLRQ RI SRSXODU H[SU
SRSXODU H[SUHVVLRQV IRXQG LQ WKH FRUSXV VXFK D
PHPHV ZLOO EH H[WUDFWHG IROORZLSUHBAVDR®W KDOW\HL
EHHQ WUDQVODWHG )RU H[DPSOH LW ZDV FRQVLGHUHG
WKH H[LVWLQJ WUDQVODWLRQV DQG LI VR LQ ZKDW Il
WUDQVODWLRQ VWUDWHJILHV XVHG LQ WRIDQY D VWRIZ@J W K
VXJJHVWLRQV IRU PRUH HIIHFWLYH VWUDWHJLF DSSURDF

&KDSWSHOW\V DV D JHQHUDO FRQFOMMYR RZRHG\WM MG ZRRDH W
WKH VWKIGOJ KOWHIBKH OLPLWY WR DQG LVVXHV ZRUWK\ RI
ILHOG RIHMTHFRNEBWLWOLQJ ,Q WKH FORVLQJ VHTXHQFI
SRVVLEOH DUHDV Rl VWXG\ OLQNKS SWR WHEW WWSRLEH SR
DQG DQ RYHUYLHZ Rl WKH UHVHDUZPR X\WUOKOQOM& RI WKH F>
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$JDLQVW WKH EDFNGURS RI JOREDOL]DWLRQ FXOWXUDO
DUH EHFRPLQJ PRUH IUHTXHQW $V ILOP LV D W\SH RI SF
KXPDQ H[SHULHQFH UHOLJLRQV DQG FXVWRPV LW RX
FRPPHUFQGOD FXOWXUDO PHGLXP DQG D NH\ LQWHUFXO
SHRSOHYV GDLO\ OLYHV 7UDQVODWLRQ LQ WKH IRUP RI |
WR DVVLVW DQ DXGLHQFH LQ IXOO\ XQGHUVWDQGLQJ FX
DQG WDBOWW ,QDWHVSRQVH WKH VWXG\ Rl ILOP FDSWLRQ
QHZ EUDWEIR RVODWAKRD IRDEBZHYJ OLWHUDWXUH UHYLHZ
WKDW KDV WDNHQ SODFH LQWR ILOP FDSWLRQ WUDQVOD
RU WXEWQJ LQ :HVWHUQ FRXQWULHV ZKHUH WKH WF
VLIQLILFDQWO\ DW ERWK WKH WKHRUHWLFDO DQG WKH S
WUDQVODWLRQ LQ &KLQD KRZHYHU UHPDLQV DW WKH C
VWUDWMIMHMY WKDQ GHYHORSLQJ UHVHDUFK IURP GLIIHUI
WKH LQFUHDVLQJO\ LPSRUWDQW UROH WKDW ILOP WUL
LQWHUFXOWXUDO FRPPXQLFDWLRQ WKH VWXG\ LQ ILOP
LQWHUFXOWDFADDAOL RRPIPX §XUSULVLQJO\ LQVXIILFLHQW

,Q WKH V HVWHUQ VFKRODUV EHJDQ UHVHDUFK LC
SHUVSHFWLYH Rl WUDQV GBWWRY \WWKBWHNR O,QREKE KD IOH
WUDQVODWLRQ VWXG\ GLYHS UL QMG DIOND @ HAFIDFPIHO DQ WH Y
VWXGLHVY RQ WKLV VXEMHFW DQG WKH PDLQ DFKLHYHPHQ
FRXQWULHV DQG &KLQD VKRXOG KHOS LGHQWLI\ LQYDOXI
VXEWLWOH WUDQVODW LIRIQNV IFURFPX O W B LSIHQ F RIPPW QY A DRV L R

,Q WKLV FKDSWHU , ZLOO ILUVWDQIGEHPPOW U® QWIO-D WRR OH
UHYLHZ WKH PDLQ UHVHDUFK LQWR VXEWLWOLQJ WKDW
WKH :HVW $QG ILQDOO\ , ZKHD O HOMLWFUFK MX B KQ QDL WDWQ R |
LPSRUWDQFH DQG YDOXH RI WKLV FKRUKBDWLWOXQY WR W



tat

$97 HPSKDVL]HV DXGLRYLVXDO GLPHQVLRQV RI WKH F
FRPPXQLFDWLRQ WKURXJK RWKHUPDWBURDGK BXBKRDIV
FRPPXQLFDWLRQ LPSOLHV WKDW ERWK WKH DXUDO DQG
DQG RSWLFDO ZDYHV DUH VLPXOWDQHR9D\WKH®L]HG

VWUHVVHV WKDW VXSSO\LQJ D WUDQWIOTHGMR @ | LW KFFRGW
FKDQQHOV .DUDPLWURJORX

,Q -XQH GXULQJ DQ LQWHUYLBEZQAM DNK A1V LDWINHIG' R &
WHUPV LQ KLV YLHZ ZHUH WKH PRVW DSSURSULDWH LQ ¢
7UDQVODWLRQ 0XOW LUPHIGQ I 7 QDY DAHAR.Q BRE6M-G H U

WR XXNGELRYWDXDWMDWLRQY EHFDXVH DXGLRYLVXDO WUDQ
W\SHV RI SURJUDP EXW LW DOVR HPSKDVL]HV WKH FRPP
SURGXFWV DQG WKWK DV K ILVAIEE BRIQKBUY WR WKH LQIRUPD
WKH VR XQGVWILDAMHZKLV MR WKH PRYLQJ ZKHQ WDNHQ W
EH UHJDUGHG DV FRPPXQLFDWERIY EXDI TRQWVH $XW WHIDW
ZLGH HQRXJK WR HQFRPWDRY BORGWEWYQ® LQFOXGLQJ '9
SURJUDPPHV DQG RQOLQH DQG PRELOH YLGHRV ,Q WKH
LV WKH PDLQ W\SH RI WUDQVODWHG SURGXFW EHFDXVH
7KHUHIRUH LQ WKH EHUUBGLWR WRKR GDWWUFX®DU W\SH
RE&LQHPD 7UDQARIZMWHRQ ZLWK WKH UDSLG GHYHORSPHQ!
DQG PRUH W\SHV RI PHGLD KDYH EHHQ FUHDWHG ,Q UH\
VEKRODUV KDYH PRUH U HWH® WE RDEGHHTE UNHHIBD IWR. X H
VLQFH WKH ODWH V SUDFWLWLRQHUDFKEDYNUREXNVWG |
ZKLFK LV FRQFHUQHG ZLWK VXEW LRVIOHLDU LIRU © KH DEHD |
DXGLR GHVFULSWLRQ $' IRDOWKHYEIKWIBGDQG WKH SDL
WHQGHQF\ WKH GHYHORSPHQW RI $97] EDYWDX\LF B\ RGLH |
RI LWV OHDGLQJ SUDFWLWLRQHUV SXEOLVKLQJ LQYDOXEC

2UHUR EHOMWANFHKQWRRWLFDO GKYHDORSPHKRYM BKEDSHU R
VRFLHW\ WRZDUGV PHGLD RULHQWHG VRFLHW\ KDYH DO\
PRVW G\QDPLF ILHOG RI"7UDQNQODW)RD HWRSQHY LQ WK
GHFDGH VFKRODUV LQ WKLV DUHDNWRKBXVRIG 7% KHKLEIN DWW



WUDQVODWLRQ EXW QRZ WXUQLQJ WKHLU DWWHQWLRQ
ZD\V LQ ZKLFK QHZ WHFKQLTXHV FDQ KHOS WKHP LQ W
VWUDWHJILHVWURFK LM B\®G VFUROOLQHD BFKRWEHQH DRI
ILYH SRVVLEOH DUHDV WKDW FDQ EH UHIH$OFJHG WR IR
VFUHHQSOD\ ILOP DGDSWLRQ DXGLH®RPHWEHHPVWXHRDOG S

6FKRODUV LQ WKH :HVW KDYH ZLGHO\ DQG WBRSLGDVYVEH Y|

\HDUV HYHQ WKRXJK WKH UHVSHFWLYH UHVHDUFK SHU
KDYH GHVFULEHG WKHLU VWXGLHV LQ WHUPV RI EHLQJ
WHFKQRORJ\ ([DPSOHV LQFOXGH % UTXGDRD Q8 VFAWH SRR
ZUMVDXGLR VXEWLWOLQJ DQ HPHUJHQW PRGHDMLWKHRI DX C
3HUVSHPWGYMMWDJIDQYV 3&DQDUMWQFOMHIH WHFKQRORJ\ UH\
VXEWLWOHUYNV GLOHPPD?2% ISHH KPLYHD BN N® XGFOLQHG W
DZDUHQHVV LQ $97 IRU H[DPS@XOWQ KRL® LQW HUFWDRAH D
HITHFWV RI VXEVWLWXWLQJ FX CDADXARD 8 X B®IWISHIEA M BY HY V
3HGHUVHQ GLVFXVYHED BALIOH WAQ RIHBRIOIVXUDO HOHPHQW!
H[SODLQHG WHKH 3BROW XELDOOL WAXGRWX IEWXW/IORHQ WUDQVODW
PHDQZKLOH KDYH JLYHQ VXEMHFWLYH UHDVRQV EHKLQCG
VXEWLWOLQJ IRU H[DPBIBYHG@ BAMEMW OMMOI W KUHH
ODQJXDJHV WUDQVODWLRQ SUREDHPIV6KREB®BRW DLIXEDBW
WKDW PRUH DWWHQWLRQ VKRXOG EH SDLG WR WKH UHTX
RI ORFDO PDQDJHUVUBQ®DMWEWYWQLYKHRKUVXLW RI TX
8VLQJ WKH ILQGLQJV IURP KHU VXUYH\ ZKLFK ZDV EDVH
JUHQFK DQG 5XVVLDQ VXEWLWOHG YOHUDMKEY DKW KK
FRQFOXGHG WKDW WKH VBV IRAW. FSHRO RA L\W K HR IL\ORMN G R\
KDYH EHHQ DQ REVWDFOH WR WKH TXDOQW\HRI VXEWLW
DUWEFEOEWLWOLQJ ZLW WK H DFRDHU RF KBIOGHFQX OFKRVH W
H[DPSOHV WKDW ZHUH IRFXOMHNGRRQZRWGEWVH KXRRXWWNBQG S
UHIHUHQFHV ,Q WKH WUDLQLQJ RI VXEWLWOHUV VKLI
HOHPHQWY DQG FXOWXUDO FRPSRQHQWYV ZLOO KHOS
DFFHSWDEOH WR WKH DXGLHQFH ,QWDQNHFRUGENQW XU
GLIIHUHQFHV (RAMXEWLWRLQJ LV DOVR WKH NH\ GLVFXVV]
, ZLOO WU\ WR LGHQWLI\ HIITHFWLYH VWUDWHJLHV IRU \
FXOWXUDO GLIIHUHQFHV XSRQ VXEWLWOLQJ

io



Q 3HUVSHBWE®HVKHG D VSHFEDROUS XV XH OH G WALWIOH/G T
$XGLRYLVXDO 7UDQVODWLRQ ,Q VHDUFKNRLVDQVVEWHJL
DUWLFOHV ZHUH SXEOLVKHG&ZYKSDW HKEK EAR QBYG ZHUH

S $XGLRYLVXDO 7UKH DG DAKRRNGHRD UWLFOHY GLVFXVVHG WK
LQWR XVLQJ DQG XQGHUVWDQGLQJ RI FRUSXV LQ $97
$97 WUDQVODWLRQ IURP (QJOLVK LQWR WKHLU QDWLYH
W U D Q VORI IYRKQH\OH DIUGFXK X 6FR b SEXD/V ID@G & DQLPDWLRQ ILOP
VXEWLWBURJIHZ VWXGLHYV QAHMXH UR RQG VVER@WV VID UXKLFOND
SDUDOOHO FRUSXV WR FROOHFW DQG DQDO\WH WUDQ
FRUUHVSRQGLQJ RUVJIRQAD @ K B JDRWERDWIMKER U FMX O W V

P\ UHVHDUFK K\SRWKHVHYV

tAu <«Ze "feeZf—c'e

$ QXPEHU RI W HUROV/P WYXKBRALHMIR & U D QREOMAWIGR Q
WUDQVODWH.K¥HG E\ PDQ\ VFKRODUV LQ UHIHUHQFH WR
PDWHWLWHXLY GLVVHUWDWLRQ WKH UHIVGD WRKMHV ROAX VR
DV RQH NLQG RI DXGLRYLVXDO PDWHIULDPY WiHMHQU QVRWDE
NLQGV RI UHFRUGHG DX&LRWHKGXBYLPRWH WM DDQVODWLR
WUDQVODWLRQ DUH VIQRQ\PRXV PHDQLQJ WKH WUDQVOI
DQG FRXOG WKHUHIRUHEHDPQWHR FERR KHDE®IHVVHUWDW |
3ILOP WUDRRXO®EY ERIQPR U H 3B S B E RINIEVW B'QIQNY BII@MKED W L R Q
UHVHDUFKHU LV UHVHDUFKLQJ WKH LVVXHV DQG GLVFXV
VHOHFWLRQ RI DQLPDWLRQ ILOPV

,Q KLV VXUYH\ RI PDUNHWLQJ ZLWKLQ OHLVXUH VHUYLF
H[SHQGLWXUH GDWD DQG IRXQGSMKEFWQW®&K HQSHDFVRP R Q K
SURGXFWV LQFUHDVHV E\ EHWZHHQ SHU FHQW DQG S
OHLVX@QWEIHYHPDYV ZHUH IRXQG WR EH WKH GHVWLQDWLF
)DQJ 6WRQH ,UHQHVIPLBDV B®VE& HR) FHUHE Kk
37KH HDVLHVW DQG FKHDSHVW HQWHWAMWDLQPHQW WR V
$FFRUGLQJ WR D UHFHQW RQOLQH UHVHDUFK LQ %DLGX

WKBMR JR WR RDRL QHKRDWKLUG KL JKRHQY \§ HFRKROLHF HD IBAY HFR R\PK

io



KLIKHVIW R @XUI" RQGOMIH VEWRQBLRWHQ WR WXV
VKRZHG WKDW WKHUH ZHUH SHRSOH SHRSOH YRV
RI ZDWFKLQJ ILOPV LQ FLQHPD ,Q \DLWX WYWHX GH QDVAR QG
PHPEHUV Rl WKH JHQHUDO SXEOLF RIKYBK LRXWRXIHYV
IDYRXULWH HQWHUWDLOQPHQWI XD LR KU VG OY VOXGH'QW V |
FHQW Rl WKH JHQHUZO V8KKELOZD VL @ENFLOVAHH. G K MO F KIRW F
VKRXOG EH DFNQRZOHGJHG WKDW WKHVH VRXUFHV DUH
WKH LQWHUQHW ZDV ZLGHO\ XVHG ILOP QRQHWKHOHV\
HQWHUWDLQPHQW ZKHWKHU ZDWFKHG RQOLQH RU YLD VYV

$FFRUGLQ&KULRDWKHQGXVWU\ 5HSRQWJURXS &KLQDT
ILOP ER[ RIILFH DSSURDFKHG 86" ELOOLRQ DQG DXGLH
PRUH WKDQ FLQHPDV DQG PRUH WKDQ SURMHF
REMHFWY JURZV FR QWLHRROH BR DW G HR X G5 Q DQG

\RXQJVWHUVY EHFDPH WKH PDLQ DXGLHQFHV 7KH EHOF
WUDGLWLRQDO ILOP PDUNHW NHHSV JURZLQJ UDSLGO\ G
DQG PRUH ILOPV ZHUH LPSRUWHG WR &KLQD VLQFH

,PSRUWHG ILOPV IURP WR WR &KLQD
YJLIXUH

io



$FFRUGLQJ WR +ROCBRSXD@PGE IDWP WDV RIWHQ XVHG DV
LQVWDQFH RI PDVV FXOWXUH LW LPSIOR® GFNERMLYGWH
LQWHOOHFWXDO DFWLYLW\ DG® QUMHEZNSWLYHQHIW RUR/ QH :

$JDLQVW WKH EDFNGURS RI JOREDOL]DWLRQ ILOP
FRPPXQLFDWLRQ SOD\V D YHURX.P8RWUND GMWH KR@IH \L QE A
SHRSOH RI GLIIHUHQW QDWLRQV 7KHUHIRUH WKH VWX
VXEVHW RI $97 LQ 7TUDQVODWLRQ 6WXGLHV LV ZRUWK\ RI

tAv fco feff7...S <ot <o =St fe—

7KH VWXG\ Rl $97 RULJLQDWHG LQ RGEW HYVOWQBQG LROQWHKIO
KDYH EHHQ :HVWHUQ VFKRODUV 7KH PDLQ UHDVRQ IRU "
WKH WHFKQLTXHV DVVRFLDWHG ZLWK WKHP GHYHORSH
&KLQD

tavas f"Z> "¢t —— Tt

‘HVWHUQ VFKRODQN IEEPDWYUDWMXGRWLRQ LQ WKH ODWH

V IURP WKH SHUVSHFWLY H7B D GWLWDLGRQD DMK R DIQWW VG L |
DFDGHPLF DUWLFOH RQ WKLV WRSLF ZHBV/ LSXEQMNKHH GHL Q
7DDONX QY&ILYH Z DAH GR OQR ZLWK WKH SXEOLFDWLRQ RI
3@ LQpPD HW "W QDI XS\W ER Q% DHEGIOXZ NR®ZR) DFDGHPLF MRXU
GHGLFDWHG WR WUDQVODWLRQ VWXGLHV 7KHVH SDSHU
VFKRODUVYT ILUVW JDXSNVB REHWZ FW QFEFBO. LQ WKH ILHOG RI
QDPHO\V$9XGLHV

Q WKH ILUVW DUWLFOH WKDW SDUWLFXODUO\ IRFXVI
DQG SXEOWDEH®WEMDPNEEWLWOHV LQ W HOKIMNL \DLRWL SO R
DQDO\WHG DQG GHILQHG WKH HUURU W\SHV WKH WUDQVC
VXEWLWOH WUDQVCFOW LBRPR(IQID ISWKR LQDWPR 'DQLVK PL
PLVUHDG RU RYHUORRNHG D ZRGG AM[ISD W\ DRSIL Q JPHWY VE
FRVUXHG WKH PHDQLQJ R IVWKNH (W UNDNQR/ROZARHRSE H URIPR W K H
(QJOLVK ZRUGV WKH PHDQLQJ IURP WKH H[WUDOLQJXL
DQG XQGHUVWDQ® LENROBOES/MPWWYIIERRF IRUPDWLRQV

PLVWUDQVWEW LGLRPV IDLOXUH WR JHW WKH JLVW



WUDQVODWLRQV GLG QRW XWH H ARRRALR QQVBDQ M/EH [WR W |
ZRUGV DQG WWMUP QWVZBIWRHQAR/QVHQW 'DQLVK RQHV WK |
FKRRVH WKH FRUUHFW HTXLYDOHQW ZKHQ RQH ZRUG LQ
XS LQWR WZR RU PRUH LQ WKH WPAWKRXOR QUKIBYH PLVW
W D ONEE\G' R O ORIFPOE WREWH[W RDQQYBLWKDQV¥ORWLIRQ WK
IRXQQ® & WUDQVODWLRQ DV ZHOO ORUHRYHU 'ROOHUXS

ZKR SDUWLFXODUO\ GLVFXVVHG WKH DERYH UHVHDUFK L'
WKH LPSRUWDQFHKR I PRAEMHWOR QIRIUGHIMW Q ODQJIXDJIH OHD
)LOP VXEWLWOHV DV D PHDQV RI IRUHLJQ ODQJXDJH SHG
VFKRODUV VXFK DV 'DQDQ *RWWOLHE DQG ;LD
KDYH GLVFXVVHG HIVHRW LYY BN\WGRFWY LQ FODVVURRP
OHDUQLQJ 6WXG\LQJ IURP WKH SHUVSHFWLYH RI IRUHL.
VWLOO LQ LWV LQIDQF\ ZLWKLQ ILOP WUDQVODWLRQ VW X
UHVHDUFK LV QHHGHG V,ORHG KL\RIERRNKEOQJ 3KRQHWL
BHPLRWLF (VWKHWLF DQG J3Y¥\EWR QR GIRAD G LAWVSHPMAG W |
SVA\AQFKURQLTDWRR®H FKDUDFWHUL]DWLRQ DQG SHUIRUPEL
WUDQVODWLRQ VXJJHVWLQJO®W K\DRH WHKILD/QW G B WRIIGT XIHO P LI
QDWXUDO DQG UHVXOW LQ KLJKHU DXGLHQFH VDWLVIE
LPSRVVLEOH WR PDNH ILOP WUDQVODWLRQ SHUIHFW LQ
DV KRZ ERG\ ODQJXDJH FKDQJHDFAUW R X®RLG M UFDQM FERD \
ODQJXDJHV HWF )XUWKHUPRUH )RGRU H[SODL
EHKLQG FHUWDLQ NLQGV RI ERG\ ODQJXDJH LQ YDULRXV
YLVXDO HIIHFWV WKDW ZHUH SURGXFMAE\ GODWKRXIW

JRGRUYV DSSURDFK IRFXVHG RQ GXEELQJ UDWKHU WKDQC
FRQWULEXWLRQ LV VWLOO ZRUWK\ Rl FRQVLGHUDWLRQ |
EHFDXVH VXEWLWOLQD EREWR WLHRMEWERIYO WIFRBIGYWIN LQ LWV
QDWXUH 2YHUDOO )RGRU ZDV WKH ILUVW WR VWXG\ ILO
SHUVSHFWLYHV VXFK DV SV\FKRORJ\ OLQJXURWQEV VHP
VWXG\ RIIHUHG D IRXQGDWLRQ WR WKBQAXENWIRB QWKHR!
LQ WKH :HVW BIRH QWMWY HEOLWFK V V H GP I\ W R GARRWD B IURHPIS W X E V
WUDQVODWLRQ DV D PXOWKFROSROMBW WKH NJHFHSWR
SUHIHUHQFH HIIHFWLYH VWUDWHJILHVY DQG DWQWHUFXO
GHWHUPLQW KHK MW IDIY ODWLRQ LV OLQIJXLVIWEGBOO\ FRUU



,Q KLV DWW VRAM UHY X Q P DD UDHIHY ODIWIH O\ GLVF
WKH WHFKQLTXHW RW WXBW LDWOHHWOSBY DQDO\WLQJ WKH
WUDQVODWLRQ IURP LWV WHFKQRORJLFDO OLQJXLVWLF
VW DWHKIBBWH SUREOHPV UIHVOIDRVHA & RD ¥ REKBIRIL G V VZ W R
DWW H QMWKLHR @ FRR) R\RLIGF | LDOFPV RXJE W L W O R QW WD @AKO B WLIRDV L ] L
WKH LPSRUWD QF BKR®WRHEDFZARIXNKLIW, WUDQVODWHG ILO
VWXG\ WKH PHFKDQLFDO OLPLW®XHFRQR PIORD \F R &RRIQ B Q!
WKH WUDQVODWRU VKRXOG EH DZDUH RI LQ WKH SURFH\
WKH VXEWLWOH WUD Q V\OIIPVS DR @ VOIZFVRWH L Y W OWDKRKE® ® W Q
FRQFHUQV RIUDXWWQODPJIXLVOHEINQRZKH UHFHSWRUTV
SUHIHUHQFH D@® IR ANRRLUFKMHDX O H@MHE FRIQLWLRQ R
VRFLDO VXUURXQGLQJV DQG NQRZOHIGUI$HR D WH @ ER WKIDQ\
W KQHH FH W B EK QR U K HYVHIG N Q R D SIBHOGDHD U OKDI I HVWHG WKDW
W U DIQQ/JOIDO/®P QHHGV D JWRRRY R IWSRHRHSAOKH U W RKEEWRLSALQH R Q
WUDQVODWRU VKRXOG KDYH D FHIUQW R BGQ ROGHXYRHO URH D\G\DLEOQC
W U D @GV RPWHULFHKVFDQ PHHW WKH EDVLF PHFKDWRFDO UHT
GHFLGH WKH QXPEHURAHORRHPDND WHEFKHIIHFWLYH OHQJV
V X EW DV OZH/0 (R DN UWD KUFHKTIXQURIMW H Q WV ODW LR @ RIPD NHHD P S O |
WKH W UDQBAVD DWGIKEN HRRFOD RBWDU® D QG \WH B AFSV@IVEXAHH L Q
,Q WXUQ WKH WIDWW BDW RBW VIR ZEGN WR RWKHU WHDP:
FRPSRVRWWROQQVODWHG VXEWZUWBKKY FROLU BYEBRENGVDQEW L\
RUWWLQJ RULEWEHDPHY K

,Q WKH VDPH \HDU 7 BWERWLGV OLLQD K L ¥ RERRMNUQWQ R G XFH® V
KLV FHOHEUDRHBY WEBD QRHIE \WARDQMGHWLRQ ILOP DV D P
FRQVWUDLQHG PHGLD )FR GOURYEVSFDXMMOLVY QEBIGY WR P
UHTXLUHPHQMKBRQIZ]IDWKLBREELQJ DQG PRYLQJ SLFWXUH
7LWIRUGTV WKHRU\ VEKRODUV VXFK DV $VHQVLR .HOO\
SFRQVWUDLQHG LWWKRQVWRMWILWR @DWHU SUDFWLFH RI ILOP
UHVHDUFKHU RI VXEWLWOLQJ , DJUHH ZLWK 7LWIRUGT
XQDYRLGDEO\ HQFRXQWHUV OLPLWDWLRQV DORQJ WKH
FKDUDFWHU R DXI@LARW L MX VX [P\D W iHIW HPBHFFKKD QUL R B GO D R IWAW
W U DIQVEXOMMPHVH VXEWLWOHY DQG RULJLQDO (QJOLVK V
&RQVLGHUDWLRQV Rl WKH SURSHU OHQJWK RI WUDQVQ



VX EW L \WOHH @ HEMWN @ W K\SRWKHVLVY %HIRUH VWDUWLQJ

GLIIHUHQFH EHWZHHQ HDFKVBQGULRN WRDQWYB R 6 G LDXERW
,FROQGXWWRIAQWHUYLHZV [DQ& HAMBRVEX®MOW IMLYWMKH DFFH
QXPEHUV RI ZR UK YOMXQE MONKOEKL @ KLQHVH DQG (QJOLVK

tavatf7<'t <o MSc... S -—1> Z'—"<eStt

7KH \HDU FDQ EH UHJDUGHG DV WKH VWDUW RI D IOR
WKH :HVW 7KH V\PEROLF HYHQW ZDV D FRQIHUHQFH KHC
8QLRQ RQ WKH VXEMHFW Rl GXEELQJ DQG VXEWLWOLQJ
WKLY FRQIHUHQFH D QXPEHU RI RWKHU FRQIHUHQFHV
WUDQVODWLR]® ZHUH RUJDQ

,Q DQ D U % DFEBHEDW RMUMHI O D W L FF® MRXG IPEDAWLRQ ILOP DQ
WUDQVODWLRQ DV HYLGHQFI® REDAXNOWK DO GIRBRVF\G R
HOHPHQWY ZLWKLQ $97 %DVHG RQ KLV HDUO\ VWXG\ RI G
DQG SXQ WUDQVODWHRIOH KIRWU A P SNORMWWXREE VODWLRQ EFt
PRWLYDWHG RWKHU VFKRODUV LQ WKLV DUHD , DJUH
FRPSRQHQWYV LQ $97 ,Q WKH WUDQVODWHG ILOPV WKH
LQHYLWDEOH LQ WKH SUR PHMYOBIQ Y XENAMFOHY WQIEQ B O BIV
FXOWXUH WKH\ DUH KXPDQ LQYHQWLRQV 7KH\ DUH V
LQWHUUHODWHG DD@GWLQVHSDAREWKLY VWXG\ WZR W\S
FXOWXUDOO\ ORDGHG H[®HVYDRIW D E @WW RGRXE @ @ QSU H

SRSXODU H[SWHMYDRYODIWHG &KLQHVH VXEWLWOHV LQ W

UHODWLRQVKLS EHWZHHQ, @ M@KIP MN CRUG BROGAVUX QH W K F
TXDOLW\ RI VXEWLWOLQJ VKRXOG EH GISQUXGVWLFDOO\ FF

6LQFH PRUH DQG PRUH VFKRODUV KDYH FRQWULEXW
VWXG\ Rl ILOP WUDQVODWLRQ W\SLILHG E\ /X\NHQYV FRC
SXEOLFDWLRQ RYHWRKRPERRNDQJXDJH %DUULHUV LQ 79
BXEWLWOLQJ IRU WKH (XURKIHD BRRNG RHIGIFHHG D JUHDW (
VWXG\ RI $97 DW WKH WLPH RI SXEOLFDWLRQ ,Q LW /X\I
XQGHUWDNH FODVVLILHG VWXG\ RQ YDULRXV WUDQVODW
WUDQVODWLRQ PHWKRGV RXKDMNLEDBY RH ®B3CDLHIH LW UDmU



8VLQJ D ODUJH DPRXQW RI GDWD WKDW ZDV FROOHFWHG
DQG DXGLHQFH SUHIHUHQFHV KHOSHG WKLV ERRN EHFR
SRLQWHG RRWOLMWKIDWD U\ WXIPWM® O W MRQD QVODWLRQ LV U
DQG VSHFH XREWLWOHUV VKRXOG FRQVLGHU WKH UHD:
VXEW LW GHD/Z DIUMVQWH VY RI FXOWXUDO HOHPHQWYV LV DOVR
WUDQVODWLRQ EHFOUDBENFBMOW X QDXOQGHUWUDQVODWLRQ
, ZLOO WDNH WKH FRQVLGHUDWLRQ RI WKHAVHBIBWEOH ¢
UHIHUHQFLQJ WKH VWDQGDUG OHQJWK RI &KLQHVH VXE!
DONRQVWEHUUH J X DAXBVALRIJ LQ WKH VHOH&EWONGXDQOPDW
HOHPHQMW DBMRERWP\ VHFR QK \B@GEV MHMI\G

BRRQ DIWHUZDUGV LQ YD BBXERQ VBB EQL V R GWHLHY OFH
+DQGERRN RI7RIQV $#RRN ZDV UHJDU WH & W LWH H RIUNV W QD
VWXG\ Rl VXEWLWOH WUDQVODWLRQ ,Q WKH ERRN ,YDU\
KLVWRU\ RI VXEWLWOH WUDQVODWLRQ DQG LQIRUPHG
VXEWLWOH WUDQVODWRU KH UHFRUWHS OKLW RYQV XIM
WHFKQLTXHV DQG VWUDWHJILHV ,Q ,)YDUVVRQ SXEOL!
ZLWK WKH KHOS RI &DUUROO 6XEWSWQIEA D6 B UGN WIKH PR
WRSLFDO VXEWLWOH WUDQVODW LR QPWEUD WHIEKYRWRD WM
VXFK DV GLJLWDO WHFKQRORJ\ ,Q VR GRBQUDFWDRBHROO
*XLGHOLQHV IRU 6XFFHVVIX@®RZHEWMUW ON WKMHYHO DXLIGRHD
OLPLWHG E\ WKH VFRSH RI WKH VW XBHK DR DR RF 4 1B QVEKWHOC
WHUPV RI RITHULQJ VXJJHVWLRQV DQG VROXWLRQV WR !
PLJKW PHHW LQ KLV RU KHU SUDFWLFDO ZRUN 1RQHWKH
$97 VWXG\ LQ WKH :HVW ,YDUVVRQTW WZR{ HR R Q & [DVULLR QW
WKH GHYHORSPEHDWH 8 I$SOXURE K G \

$IWHU $97 VWXG\ LQ WKH :HVW GHYHORSHG DW D P
FDUU\LQJ RXW PRUH UHVHDUFK RQ WKLV VXEMHFW HVS
LQIOXHQWLDO DPP@EYWUWRRWWOIHHE .DUDPLWURJORX

DQG '&kDQWDV ,Q WKH QH[W VHFWLRQ WKHLU VWXGLHVY
2QH RI WKH OHDGLQJ ILIJXUHV LQ WKH VWXG\ ILHOG RI
SUHVLGHG RYHU DOPRWW b®BVMAHFWMHIUHRRFHWRKGWMAYV DV Z
ZULWWHQ ERRNVY DQG HGLWHG D JUHDW QXPEHU RI DFDG
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KDV FODVVLILHG WKH W\SHV RI VXEWLWOH WUDQVODWL
VWUDWHJILHY DQG DSSHJ/RDNKIE® WKHHDWBEBDRYWORWLRQ ,Q
*RWWOLHE SXEOLVKHG D FROOHFWLRQ @&XOMWRS RWIGLD SD
7UDQVODWLRQ &RQFHSWYV BKIDWF W RPHW PWIGR HE bR X FKW
DUWLFOHV RQ YDULRXV WWRPSLGMD UMOD@M QD WWRQ P KR P
FRQIHUHQFHV ORVW RI WKHVH DUWLFOHV GLVFXVV VXE
GLIIHUHQW UHVHDUFK SHUVSHFWLYHV RQ WKH VWUDWI
HPSKDVLV RQ TXDOLW\ FRQWRQWIOGLLY FXX\EW. RWQORQ F HUBD L
WKH TXDOLW\ Rl VXEWLWOLQJ DQG &HURQYV IRFXV RQ ¢
KLV ERRIWMHHQ 7UDQVDGDSWDWLRQ SBREHSW GR Y FXY & H5GH F
SROLWLFDO LPSDFW RQ ODWIRMIHV XVHG LQ ILOP WUDQV

*RWWOLHE FDQ EH VDLG WR EH RQH Rl WKH SLRQHHUV LC
ZLWK VXEWLWOLQJ +H KDV VWXGLHG VXEWLWOH WUDQYV
PDLQ FRQWULEXWLRQ WR WKLVLIBHD® WRXEWEXCITHY DR QF H
VWUDWHPIBQVLRQ SDUDSKUDVH WUDQVIHU LPLWDWLF
FRQGHQVDWLRQ GHFLPDWLRQ GHOHWLB® ORIG LHVQ JEH
H[SODLQ HEHVODWHEWKDSWHU DV ZHOO DV VPHEWQWRH WUD

IRUHLJQ ODQJXDJH SHGDJRJ\ ,Q K BB YSEX\VE DW DK B G  DQ
QHZ XQLYHUVLWRGOMWEIXSOLQH +H GHVIXENGQMKEY HVHU P
UHVSHFWV ZULWWHQ DGGLWLYH H JRUPHRIYHUED(
VXEWLWOHV LPPHGLDWH VIQFKURQRXV DQG S

FKDQQHOV DUH HPSOR\HG IRUPV Rl WUDQVODWLRQ LI
*RWWOLHE IXQFWLRQV DV D VSHFLDO WUDQVODWLRQ |
DGWLRQDO LQIRUPDWLRQ IRU HQKDQFHG XQGHUVWDQGLC
LQ WKH ORZHU SDUW RI WKH VFUHHQ LPPHGLDWHO\
DXGLRYLVXDO SLFWXUHV DQG WKH FKDUDFWHUVY SHUI
VXEWLWO®Y WUDBVODWRR RWKHU NLQGV RI WUDQVODWL
WHFKQLFDO IDFWRUV DQG VLWXDWLRQDO FRQWH[WV *RYV
WUDQVODWLRQ LQWR WZR FDWHJRULHV IRUPDO TXDQWL
7KH PRIW FDWHJRU\ GHDOV ZLWK WKH SK\WLFDO OLPLWD
ODWWHU KRZHYHU SODFHV DQ HPSKDVLV XSRQ V\QFKUI
DQG WKH PRYLQJ LPDJH ZKHQ VXEWLWOLQJ



$FFRUGLQJ WR *RWWOLHE WKN>XOFEWHS®W B EVORI WH.PIHL © HRUQ
DERXW WZR WR WKUHH VHFRQGVY DV LW JLYHV WKH DXG
,Q WKH FDVH Rl WKH (QJOLVK ODQJXDJH WKH UHFRPPHQ
WKDQ OHWWHUV IRU &KLQHNW HKRVAHYDHNWH GN RW RHY V.
FKDUDFWHUV :D®U WKH LGHDO OHQJWK RI D &KLQHVH
FKDUDFWHBQ®R /L 7KH ZRUGV LQ VXEWLWOHV KDYH
LQVWDQWDQHLW\ WKH\ DUH XQOLNH ZRUGV LQ ERRNV DC
FKDQFH WR UHUHDG WKHP 6R WKH H[SHFWDWLRQV IRU
RWKHU W\SHV Rl WUDQVODWLRQ

2YHU SDR'WW GHFDGH $97 VWXG\ KDV GHYHORSHG UDSLGO
PRUH DQG PRUH LQWHUQDWLRQDO DFDGHPLF FRQIHUHQ]
UHODWHG WR WKLV VXEMHFW ORVW VFKRODUV HPDQDV
ZKHUH WKH DHDRDGLMXEWRWOH WUDQVODWLRQ UDWKHU WK
WKH PDLQ WKHPHV RI WKH DIRUHPHQWLRQHG FRQIHUHQ
VWXG\ RI VXEWLWOH WUDQVODWLRQ )RU LQVWDQFH
FRQIHUHQFH ZDW @HOGVD@ DRIBIEH 7UDQVIHBYRIQ 6FUHHQ
VFKRODUV VXEPLWWHG DQG GLVFXVVHG WKHLU DUWLFC
2FWREHU DQRWKHU LQWHUQDWLRQDO FRQIHUHQFH
%RORJQD ,WDO\ RGO WZHWQDE. ALRDIJHY WKH ODWHVW IL
VWX@RUHRYHU WKHKHOLQWXBDUBDWIEREQDHGHRFH ZKLFK LV I
HYHU\ WZR \HDUV LQ %HUOLQ UHJXODUO\ EULQJV WR
UHVHDUFKHUV DQG VFKRODUV LRURWRBWSLDRIE R VW KR | H) BK(
IURP HDFK RWKHU

7KH ,QWHUQDWLRQDO )HGHUDWLRQ RI )YpGCRpQDODLWREUYV
,QWHUQDWLRQDOH OGH¥ ZDNGWKWMHKXWWWRDFDGHPLF RU.
XQGHUVWDQG WKS$9TWEREGWDQWHHRIHVWDEOLVKHG D FRI
FDOOHGLD 7UDQVODWRUDWDWEH QWHRIODBWERIYIUHVY SD
H[SORUH GHYHORSLQJ LVVXHV LQ OHGLD 7UDQVODWLRQ
$VVRFLDWLRQ IRU 6WXGLHV LQ 6FPUHM XS DIEV U R RVQ REHVF |
WKH PRVW LQIOXHQWLDO DFDGHPLF RUJDQL]DWLRQ IRU
WKH REVHUYDWLRQ WKDW $97 ZDV QRW UHFHLYLQJ HQR>
(6,67 ZDV HVWDEOLVKHG E\  XQLYHUVLWH QWH DFKRISIND G
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FRXQWULHV DOO RI ZKRP ZHUH LQWHUHVWHG LQ WKH V
WKH DVVRFLDWLRQ KDV VRXJKW WR HPSKDVL]H DQG LPSL
DUHD ZLWK WKH SXUSRVH RI RITHULQJ DWW XFEHSRWW XODQ &/
DXGLRYLVXDO WUDQVODWRUV WR FRPPXQLFDWH ZLWK H
DQG SUDFWLFDOLWLHV RI $97
,Q UHFHQW \HDUV SXEOLVKHUV VXFK DV 6W -HURPH DC
QXPEHU RALQWPVYT ZRUNV DV LZARHDO ZDW Kk FROMIOHER WBWR O D
SXEOLFDWLRAGLDQFROXGBO 6XEWISWGOLRJIHRBUWSWL'RIQ| D
6LJQ /DQJIJXDJHKH 'LGDFWLFV RI $XGLRYL$XBQRNID/XD®D W
7UDQVODWLRQ /DQJXDJH 7UDQMPEAUHRGV6EQHBRGLRYLV)
7UDQVODWLR@G/LIKWYV LQWR $XGLRYLVXDO 7UDQVODWLR
,Q DGGLWLRQ &LQWDV AMQPODERUDWXGL R QLWXDBIOW H
7UDQVODWLRQ 6XEWLWOLQJ 7UDDLBBKPWHRQ 73ULD/F &R RM\
KDV VLQFH EHHOQLFAL GKHOD WKPEHU Rl (XURSHDQ FRXQWL
WH[WERRN RI 6XEWLWOH 7UDQVODWLRQ DQG LQFOXGHYV
ZRUNV &LQWDV HPSKDVL]HG WKH ZKSRUMIDYEID RO FX OW )
D QFU HDRWLIQHU W\SHV RI $9 SURGXFWV

,QLHZ 7UHQGV LQ $XGLRYLVXRQQWDQ\DXOBNRREHU OHDGL
WKH ILHOG RI $97 G LVFEXMWIE UIGQ QURR/SIGMEQY KIS Q H Z
LQVLURWRH VWXG\QRD $OI7JKO\ FRQYLQFLQJ ZD\ LW GLVFX
PDLQ OLQJXLVWLF DQG FXOWXUDO FKDOOHQJHV WKDW
ILOPV DQG RWKHU DXGLRYLVXDO SURGXFWLRQV ,Q WKF
SDSHUV WKDW VKDUH:G RVKORRRPOR @ W KBOHADIURP WKH Stk
FXOWXUDO DZDUHQHVV ([SHUWV IURP GLIIHUHQW FRXQ
VWXGLHV IURP WKH YLHZSRLQW RI FXOWXUDO GLIIHUH
S6XEWLWOLQJ DIJDLQVW W K H QFDOLY HQRLRVMENDQ V I EF B QW F)SWW
WKH VWUDWHJILHYV XVHG DQQWXHVWXEWEWOWQU RO G\[W BB}
DQG GLVFRYHUHG WKDW WKH JHQUH RI ILOP SOD\V D SDU
LWKLQ VXEWLWOH W UBQN MIML R & HWKZ HMIKQH &KX QU HQW L
WKDW WKH JHQUH RI ILOP SOD\V DQ LPSRUWDQW UROH V
VXEWLWOLQJ D GRFXPHQWDU\ ILOP DERXW WKH OLIH RI F
&KLQD WKH VXEWLWIOH VP DD W Bl [FRUODWRWHD @RIVEZD UHQHV V |
WUDQVODWLRQ SURFHVV OHDQZKLOH ZKHQ WUDQVODYV

[¢)



&KLQHVH WKH VXEWLWOHU PD\ HPSOR\ YHUQDFXODU H]
LOQWHUQHW LQ RUGHU W RWLWW WU D F K& R QIDUHY VR @E H X GIW R E
FXOWXUDO WUDQVIHU LQ NXEMMWLIDWHDBQW KEXESEHOUILF
UHODWH WR FXOWXUDO IHDWXUHV HPEHGGHG ZLWKLQ D
SDUWLFXODU VWXG\ DUHD DK BDPOR/LBH GL \K FFD X IOHGX R
(QJOLVK DQG )UHQFK LQ WZR $97 PRGHV IURP WKH SH!
VHPLRWLFV 3HYWOW KXW D/ALHYZ $BIM WIXIEW LWOLQJ LV FRQVL
IRUPHU VFKRODUV Z&RQREK QY H GLH/UBDWRIEN HPISKOOW]HG WK
LPSRUWDQFH RI FXOWXUDOO\ ORDGHG ZR&NGVE WQ WXH W L
WUDQVQDWDIR @ OVR HPSKDVL]H 3RXIOHN X B B RUMZIDWHE RV V
SURFHVV Rl WUDQVODWLRQ EHFDXVH KOPGISBWRGXA\DDO
LQHYLWDEO\ EH LQYROYHG LQ FXOWXUDO GLVFRXUVH

Q &LQWDV DOVR HGLWHG D FROOHBWGRRYRVXDPSR'
7UDQVODWLRQ /DQJXDJH T7ALDMKYI$IQGRQPBOUHBEOXGHG
FROOHFWLRQ RI SDSRGVFZRUNXENRLWQLWKHWHVH FRQWU
GHWDLOHG YLHZ RI WUDQVODWLRQ PRGEW LYWHGE® 1L QRIXW
'9'" ,QGXVWMHRUJDNRSRXORX GLVFXVVHG WKH UDSLG GF
PDUNHW DQG WKH ULVH LHUQDEWW RWO I0Q B DZUNHW. Q 6W K HH LK
FRQVWUDLQWY WKDW DUH JHQHUDOO\ LQKHUHQW LQ VX
IURP (QJOLVK LQWR RWKHU ODQJXDJHV LQ SDUWLFXODU

&DSWLRQLQJ ,QVW LEADMWHIBLW®EQD FRPSDQ\ DQG RQH RI \
OHDGHUV LQ PXOWLOLQJXDO '9' VXEWLWOLQJ *HRUJDNR
SRLQW RXW WKH SRWHQWLDO RI VXEWLWOLQJ RIIHUHG

PDVWHU VXE WLWOHV LQ \(QUIOH VR XVQIGIDW/ ILR/QV XELY RVTUKIHG,
DOO ODQJXDJHV LQ D JLYHQ SURMHPFRHQVRZB @BID WLRE X
WKLV DUWLFIOHFREHBRLQW Rl D FRPSQRW RADKQDWHRI $97

SURIHVVLRQDOV

OHDQZKL®BKEWQWOLQJHHRAUFPYQE BBWRQL IRFXVHG RQ QRL
WKH FKRLFHV PDGH E\ VXEWLWOHUV DV PDQLIHVWHG L
UHVSREWHSURSRVHG EULQJLQJ LQ DQ HYDOXDWLYH HOH
HYROXWLRQ RI '76 7KH IROORZLQJ WDEOH VKRZV WKH \



+HU ILQGLQJV IURP WKHHBRBIRMQWIHQ BHU GLVFXVVHG
OHDQZKLOH (U&NVPENELW D H/ WHDQRRERWHIBIRQ LTXH FRQVWUD
WKH H[SHFWDQF\ QRUPV RI FODULW\ DQG XQGHUVWDQ
SUHIHUHQFH IRU VLPSOH ZRUGYV DQG XQHRBSQEERQW H® &
VWXGIQOWKH VHFRQG K\SRWKHVLV Rl WKLV UHVHDUFK W
H JAKLQHVH LGLRPV( ®WEKWY LWROWH \WE DHSAD D @A IDRAF WV Y H
ZDVRVKR UQMAKQH OHDWW B QR0 D W H GR WX EWGMESHERD O G
VLPSOH VWKHKRHYSHFHWHG WKLUG K\SRWKHVLV ZLOO H[SC
H[SUHVWLRIRS XODQJ X QIRIF DBHIOV Z R RIO\R VNP P D NVLIQH)
WUDQVODWHG VXEWLW O H QUQIGH D\DVDD R B.DHE CSHU HDI € G H IDHF W
SHRSOH WKH RARWQ DYGQBEQHE DQLPDWLRQ ILOPV LQ &KL

+RZHYHOLQYKHEHWREDQRDENERQWOLQJ LV KHU ZHDNQHVV
LESPDWHXU 6XEWLWOLQERR® PN K HD VN B 0 ) GRAVHKWM HY.DL O D
WKHUH VRORXPRBUEMZIR QAIQMYXEWRWINBOLW\ DVVHVVPHQW
DSSOLFDWLRQ WR $97 E\ WDN LM IR 8VXE D MAMO M WKUED QADPL
WKH UHDGDEOH QXPEHU RW®RLEBR VP EWKHD Q WRZIRR QVQ B ¥ LIRHG
IUDPKDQJ FLWHG LQ <DQJ 7KHUHIRUH LQ WKL
OHQJWK WKH LGHDO QXPEHUR URDUDRUY®\D \R H GF K X B D/EW I©
GLVFX\Q/HEOD WQBERW R/ XEWLWOHV



,Q VXPPDU\ DV D OHDGLQJ ILJXUH DPRQAVYWHDW KBQW |
PDGH D FRQVLGHUDEOH FRQWULEXWLRQ WR WKH GLVFXV
IURP GLYHUVLILHG DQG PXOWLGLVFLSOLQDU\ SHUVSHFW
VHRWLFV DQG FXOWXUDO VWXGLHV $OWKRXJK KLV UHVH
VFKRODUV QRQH RI WKHP DUH QDWLYH &KLQHVH VSHDN
KDYH OLPLWDWLRQV IRU &KLQHVH VFKRODUV ,Q UHFHQV
WDNS QVKH VWXG\ Rl $97 ZKLOH \RXQJ DFDGHPLFV KDYH I
LQWR $97 DQG 6XEWLWOLQJ ,Q $OWDKUL LQYHVWLJ
LQYROYHG LQ $UDELF VXEWLWOLQ-D B U W3RN/ XIUHDVO U
+H VSHFROO\ DQDOVWHG GLIIHUHQW W\SHV RI FXOWXUDO
P\WWKRORJLFDO FUHDWXUHV PDJLFDO REMHFWYV SODFH
DUH FRQVLGHUHG WR EH WKH EDVLF HOHPHQWYV LQ D ILO
FRPSWH[RI FXOWXUDO LGHRORJLFDO DQG WHFKQLFDO I
VLIQLILFDQW LPSDFW RQ VXEWLWOHUV DQG WKDW WKH
QHFHVVDU\ HVSHFLDOO\ ZKHQ WUDQVODWLQJ IURP (QJO
EDFNJURGQBKHVH WZR ODQJXDJHV DUH YHU\ GLIIHUHQW
$UDELF VXEWLWOHUV WHQG WR XVH PRUH VWUDWHJLI
JOREDOL]DWLRQ DQG ORFDOL]DWLRQ LQ GHDOLQJ ZLW
UHVHDUFK IRAXYBIGVRMUWBHFHH RI (QJOLVK LQWR $UDELF D
DQG FXOWXUH LW VWLOO KDV UHOHYDQFH WR WKLV FXU!
IURP WKH SHUVSHFWLYH Rl FXOWXUDO DZDUHQHYVV +LV
SODFHV GRIREHWQG WUDQMVORWKRQSWWUYUSMANLHN RI F:
DZDUHQKVEORE D ODR [IBX ERQ L D W IGRHY  WEK\DLW KD RIHOH Y D Q
WKHAXUUHQW VW XFD N LOGHB\ORIGNWIR P * FEWW OMMSROR J\ WKH
FRQVLGHUDWLR\Q R) DORSE DRE|PY L BIPW MRIGY/IF XIVE/R R W
HITHFWLYH V(WWDX\EWILMWHYHLWUDQVODWLRQ

W LV FOHDU WKDW WKH ZRUN XQGHUWDNHQ E\ VFKRODU
$97 LQ WKH :HVW KDV GHYHORSHG S@L QD®LYAZDUV RIYHIG D
\HDUV DJR VFKRODUV EHJDQ WR FDUU\ RXW UHVHDUFK R
LQYHQWLRQ RI 79 DQG ILOPV ,Q RUGHU WR EURDGHQ Wt
DXGLHQFHV VXEWLWOH WUDQVODW IKRQ |HP P USIHRG RFL D J
VHFWRU 7KHUHIRUH VFKRODUV DQG SUDFWLWLRQHUV E
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SURGXFLQJ EHWWHU TXDOLW\ WUDQVODWHG SURGXFWV
(XURSHDQ FRXQWULHV KDYH FDUULHGRKW RVHKH YD URHE
SHUVSHFWLYHV 6RPH RI WKHP KDYH LQYHVWLJDWHG \
WUDQVODWLRQ PRGHV IURP WKH YLHZSRLQW RI OLQJXL\
WKHLU VWXG\ IURP WKH SHUVSHFWLYH RI FXWR/XUDO V
XQGHUWDNH UHVHDUFKWERDARIQVRGRAV LRIJPMEBHDXSVXFK DV
GLJLWDO YLGHR ORUHRYHU VWXG\ LQ WKLV DUHD KDV
LQFUHDVLQJ QXPEHU RI $97 DFDGHPLF FRPPLWWHHV EF
FRQIHVHQBK DFDGHPLF MRXUQDOV 7KHUH DUH PRUH DQ
SUDFWLFDO VXEWLWOH WUDQVODWRUV XQLYHUVLW\ WH
LQ WKLV VXEMHFW 7KHLU UHVHDUFK DQG DFKLHYHPHOQ\
&KLQDLFXKKDUH LQ WKH HDUO\ VWDJHV Rl VWXG\LQJ $97 |
DQG LQIRUPDWLRQ 7KH IROORZLQJ VHFWLRQ SURYLGH
GHYHORSPHQW RI $97 LQ &KLQD IROORZHG E\ D GHWD
VXJIJHVWLRQV IRW BWWRBRWLOI7WLQ &KLQD
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7KH SUHYLRXV VHFWLRQ HPSKDVL]HG WKH GHYHORSPHQV

\HDU SHULRG GXULQJ ZKLFK WLPH :HVWHUQ VFKRODU
VIVWHP DQG REWDLIQ[ISE WBIUHDFAMHL 7KH REMHFWYV DQG SHU\
LQ WKH :HVW KDYH LQ WXUQ GLYHUVLILHG DQG EHFRPI
VFKRODUV LQ J)UDQFH *HUPDQ\ ,WDO\ DQG 6SDLQ IRFXV
%HOJLXP )LQODQGFHHQPBURWKHMHQRUWKHUQ (XURSHDC
PRUH HPSKDVLV RQ WKH VWXG\ RI VXEWLWOLQJ 7KHUH
VFKRODUV LQ WKH :HVW HVSHFLDOO\ WKRVH IURP (XURS
GHDO LQ $97 VWXG\ DQW® KHR QMHITE HQW DD @BIDZKHUHDV W
VWDUWHG PXFK ODWHU LQ &KLQD EHFDXVH 79 VHWV DQG
PRUH UHFHQWO\ WKDQ LQ WKH :HVW 7KLV KDV PHDQW
UHPDLQV LQVXIILFLHQW U® WHKOH RKHW YBIR WLLGRHN W& HR Y+
VWXG\ Rl $97 LQ &KLQD
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%HIRUH WKH IRXQGLQJ RI WKH 35& WKHUH ZDV QR V\V\
VLPSO\ EHFDXVH ILOP ZDNQQRMR FBRPR @LOYBNH &LQHPDV
IRXQG LQ ELJ FLWLHV DQG LQ DQ\ FDVH IRUHLJQ ILO
ORUHRYHU WKH 79 VHW ZDV D OX[XU\ SURGXFW IRU WKH
LPSRUWHG IRUHLJQ 79 SURJUSIRRL @\R ZIKWOK BLTWYWX G W
LW ZDV YHU\ OLPLWHG DQG IRFXVHG RQ WKH VWXG\ RI IL¢

$IWHU D JUHDWHU QXPEHU RI IRUHLJQ VLOHQW ILOP\
7KH FRPPRQ PHWKRG Rl WUDQVODWLRQ DWUWKEBWHWLPH
H[SODLQLQJ WKH PDLQ LGHD RI WKH ILOP pOLYHYT WR WK
WKLV ZRUN RQ WKH VSRW WKH WUDQVODWLRQ ZDV RI G»
SORW RPLVVLRQV DQG RWKHU NLQGV Rl WUDQVODWLQJ P

8S XQWLMRUHLJQ ILOPV ZHUH H[SRUWHG WR &KLQD UHJIXC
ILOP SURGXFHUV DSSOLHG &KLQHVH VXEWLWOHV WR W
WUDQVODWLRQ ZDV QRW DOZD\V VDWLVIDFWRU\ 7KHUH Z
LQFR U U HRAWL RVQ\D QAR QJ O\ VSHOOHG FKDUDFWHUYV DQG L
+RZHYHU LQ ILOP WUDQVODWLRQ LQ &KLQD H[SHL
GHYHORSPHQW ZLW R(DKIK R QMHSKRIQRQ HRIXLSPHQW ZDV V
WRGD\TV 6LPXOWDDWRRY &RWHUSHGFH 6\WVWHP 6,&6 (DL
WR D VKLIW IURP WUDQVODWLQJ WKH PDLQ LGHD RI D |
GHWDLOHG ZD\ VXFK DV WUDQVODWLQJ LQ UHODWLRQ W
DQG WKH H[SOBQRWM QRDBEHWLRQ (DUSKRQH ZDV HV\
RI GXEELQJ EHFDXVH RI LWV IXQFWLRQ RI GLVSOD\LQJ
GLDORJXHV $IWHU GXEELQWLRUOPPROGM HIF CLROHP W WD
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7KH SHULRG NQRZQ DV WKH QHZ &KLQD zZzDV HVWDEOLVKH
WKH 35& 7KH VWXG\ RI ILOP WUDQVODWLRQ JUDGXDOO\
LQFUHDVH LQ WKH QXPEHU RI LPSRUWHG IRUHLJQ ILOF
FRQFHU®BHGXEEWQJ EHFDXVH (QJOLVK DV D IRUHLJQ OC
XQGHUVWRRG E\ WKH DYHUDJH SHUVRQ 7KH &KDQJFKXQ



6WXGLR ZHUH WKH WZR PDLQ VLWHV RI ILOP WUDQVODW|
ILUVW WUD @HGD WO YEREWWMEOSH GRPPRQ 6 RDOKAIFHKU

ZDV PDGH E\ WKH &KDQJFKXQ )LOP 6WXGLR LQ ZKLO
FDOBMES E /LWWOH ZKIUFK ZDV SURGXFHG E\ WKH 6KDQUJK
0D %RWK RI WKHYVHDILYOHU V WXSSRLBRW 8D \BIREOH LQ
RI WUDQVODWHG ILOPV LQ &KLQD SDUWLFXODUO\ WKH
UHVSRQVLEOH IRU RI WKH WRWDO DPRXQW RI IRUH
+RZHYHU WKH QXPEHU RI LPSRUWHG GRKHHWRQ WK®IP&KZ DV
JRYHUQPHQWYV VWULFW SROLWLFDO RSLQLRQV ,Q DGGL
LQWR &KLQD LQ QR IRUHLJQ 79 SURJUDPPH ZDV EURTL
WKHVH UHDVRQV WKH VWXG\ RI $9RIGEB YRR SKIWHXD W H(
DGYHQW RI WKH 35&TV XSIRBPLFQ GODPSHQLQJ

1RZDGD\V WKHUH DUH RYHU OHDGLQJ SURIHVVLRQDO
2WKHU WKDQ WKH WZR SUHYLRXVO\ PHQWLRQHG WKH

%HLMLQJ )LOP 6WXGLR WKH /LDRQLQJ 3HRSOHYTV $UWV 7|
Rl &&79 WKH 35& VWDWH EURDGFDVWHU WKH 6KDQJKDI
BWDWLRQ WKH 6KDQJKDL $XGLR DQG 9LGHR $UFKLYH W
7LDQMQOP® 3WXGLR DUH DOO X Q@BHMLVEBINLWKKYH RRIWNLDO L
PRUH DQG PRUH VXEWLWOH WUD@WEDWLHR 6 RIWRXEG/ RIQQW
LQWHUQHW 7KH PDMRULW\ Rl WUDQVODWRUV LQ )DQVXE
ILOPQWODWLRQ IDQV $OWKRXJK WKH TXDOLW\ Rl )DQVXI
SURYLGHG E\ RIILFLDO LQVWLWXWLRQV WKHLU WUDQVO
RIWHRRPSOHWHG ZLWKLQ D IHZ KRXUV

tanau ——T> <o §<.f

&RPSDUHG ZLWK WRH/GWMHORSAFHQWVODWLRQ LQ &KLQD
KDV QRW KLVWRULFDOO\ EHHQ D PDMRU EUDQFK LQ W
DIRUHPHQWLRQHG UHDVRQV 1R V\WWHPLF WKHRULHV K
+RZHYHU LQ WKH VKRUW HKQWWRR ($9 R VW KIG \GIHY BRRGP W K
ILJXUHV DUH ZRUWK\ RI LQWURGXFWLRQ



4LDQ KDV RYHU $97 ZRUNV WR KLV QDPH DV D WUDQV
ZRUNV DUH ZHOO NQRZQ LQ &KLQD VXFK DURRUQWKH SR
3DLRQYTEH 7KRUQ ,®LUGVKH SXEOLVKHGEP@+HBUSLFOH HQW

B ]8¢8Gy?+, Nf E 3$97 VWXG\ LWV JURZLQJ LPSRUWI
WUDQVODW LHRHQVWIDX\GHLE W KDW WKH WUDQVODWLRQ RI ILO
DFWLYLW\ ,W LV QRW RQD\RURHDDVFXOWKHKHELBAW D G
LQWURGXFLQJ ORFDO FXOWXUH WR WKH ZRUOG 7UDQVOI
ILOP LQGXVWU\ YDOXHVY DXGLHQFH SV\FKRORJ\ DQG VF
RUGHU WR EULQJ DERXWRRQ WK X L YIHHGQ W RWEHD QIVIOMKM X O
FRQWHQW DQG IXO0O\ XQGHUVWDQG WKH LQKHUHQW FXO\

$SSHDOLQJ WR UHOHYDQW VFKRODUV DQG SUDFWLWLRQ
$97 KLV DUWLFOH FRQFOXGHG WKDW WKHUH DUH ILYH I}
QDPHO\ FRPSUHKHQVLYH DXGLR L Q@\OWRVDWHHER X 1L QU
$97 SURGXFWV VKRXOG EH UHJDUGHG DV FRPSUHKHQVL
DXGLHQFH FDQ REWDLQ ERWK DXGLR DQG YLVXDO LQIRUF
IURP OLWHUDU\ ZRUNV JLYHQ WKH DXGLR IHDWXUHV LQY
GLDORJKWBHHRE WKH VFUHHQ LQVWDQWDQHRXVO\ WKH )
HTXDOO\ LQVWDQWDQHRXV DV ZHOO 1H[W DXGLHQFHV K
YHUEDO ODQJXDJH LQ $97 SURGXFWV LV LQVWDQWDQH
ODQJXDJH LQ $8D LOMRUPBOHVVLRQ ,Q RWKHU ZRUGV V
VKRXOG EH VLPSOH DQG HDVLO\ XQGHUVWRRG E\ WKH DY
FRQWUDVW WR OLWHUDU\ WUDQVODWLRQ $97 WUDQVODMW

DQG VSDWLDQONVFRQVWU

ORUHRYHU LQIRUPHG E\ KLV ULFK H[SHULHQFH DV D W
DWWHQWLRQ WR VHYHQ IHDWXUHV Rl WUDQVODWLRQ WH
DXGLHQFHV ZRUN RXW REMHFWLYHO\ WKH RHRRKPG LV W
VXEWLWOHY DQG DFWRUVY OLS PRYHPHQWYV WKH WKLUG
ZLWK WUDQVODWRUYV HQFRXUDJHG WR LQWURGXFH D SD»
FKDUDFWHUYV GLDORJXH WKH IRXUWK KW WNKKW LW UDQ
QHFHVVDU\ WR LQFOXGH DQ DQQRWEWEBQ OQ QIXDNH QWb
DV JHVWXUHV E\ WKH DFWRUV WKH ILIWK LV WKDW WUDQ
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LV DQ HTXDO WUDQVIHU LQ WHUPV RNKERW KVRDWY JWD DH DG
KDYH WR WKLQN DERXW GLIILFXOW ODQJXDJH SRLQWV V
VHYHQWK LV WKDW WKH WUDQVODWHG YHUVLRQ VKRXOCG
DYHUDJH DXGLHQFH $PRQJVW WKH 3WUDKQIXODW VR Q
FRPSUHKHQVLYHQHVW¥DIQG DHRMWKHBNLBOV=KDQJ 4
VW DW BFER WKDHK HQ VY YW RH VAR VW LPSRUWDQW FULWHULRC
UHDGDEOH LQIRUPDWLRQ IURP WKH WUDQURGMWHITFNXEWL
ORUH UHFHQWO\ VFKRODUV KDYH GLVFXVVHG 4LDQYV Gt
PRUH ZLGHO\ DQG GHHSO\ 7KHVH LQFOXBi#6+BX ZKR ZURWF
(©°W”" 37KH 6SHFLDOWL@R IK§Y7 E *pRABANB >.D0! E

%DVLF $97 ®WXBGRJ LQ WKH E i?6B OU@RED MM O

$h 3 1]-GIN#6+BC*A E 3%397 ODQJXDJH IHDWXUHV DQG DQ D
GXEELQUORAHYIV $GYHQWXUHYV 6R® H: ROFKHRUWDWYG KDYH FRQ
ALDQYVY VHYHQ IHDWXUHV Rl WHFKQLTXH LODBSOBWLRQ \
=KDQJYV SOFWANQ FIO.H, 6+B " 2 <6 A " 37KH GLIIHUHQFH
EHWZHHQ &KLQHVH DQG (QJOLNRSYPEW]HGO W KU DRS/FOLDW
FXOWXUDO DZDUHQHVV LQ $97 ZRUNV LQ KLV H[SODQDYV
SUDFWLFDO WHFKQVYHGHW KUHHHREXBKP 6RIIRSRY IXQFWLRQDOL
RU RWKH UDXGHVE RIVW KISRVULHSUB WHIQW PQLQVWUHDP LQ ¢
VWXG\ LQ &KLQD +HWKOWR WHKH JMMMUBEWJI WHWDRY ODWLR
WUDQVODWLRQ DQi&! IFHFEQQNAKID W B BLIWHRIUHH ZLWK
SIDXGLAGPMWWHKBRULH VG ZERAS IEWRHKEVW SRO\W\VWHRKWKHR U\
ODWWHU LV PRUH FRQVLGHUDWH WR WKH YDULRXV LQIOX
ZLOO EH GLVFXVVHGWIKH FCROWHG HIWDIWVD RQ WKLV FKDSWH
IUDPHZRUN RI WKLV VWXG\

2YHUDOO 4LDQMV ILYH IHDWXUHV RI1 $97 ODQJXDJH DQG
RITHUHG D \RXQJHU JHQHUDWLRQ RI VFKRODUYV DQ LQYD((
WKHLU BZQ VWX

0DV VSHFLDOLVP LV WUDQVODWLRQ DQG LQWHUFXOWXU
\HDUVY H[SHULHQFH DV D SUDFWLWLRQHU LQ $97 $P
WUDQVODWLRQ IRUSWRjJUBRWQNMFK TBE GLWUH
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,QWHUQPLVOIPR QIR @/ &&79 DV ZHOO DV KLV WUDQVODWL
VHULHV DERXW HSLVRGHV L1BH WRMDIOD KIH @S H® LKV PRI
IRU GXEEHG ILOPV ,Q KH SXEQ@ue+sBEAGIDQ DUWLFOH |
3$ GLVFXVVLRQ RAUMKNHRE BYY KUWDMWLYHUVLW\|V DFDGHP
WKLY DUWLFOH OD OLVWHG ILYH EDVLF IHDWXUHV RI $97
DQG H[WHQVLYH SUDFWLFDO H[SHULHQFH 7KH ILYH IHD
YHUEDO ODQJXDSN\QHFPRWGRSFOIXODWU ORUHRYHU LQ DQR!
KH HASKDVL]HG WKHVH ILYH IHDWXUHV LQ D GHHSHU ZD\
H[DPSOHYV

,Q RXW RI DUWLFOHV ZHUH IRFXVHG RQ WKH SHI
,Q KHU DUWLF @R SXEGLYIKHGY UQW HYQ@OHKW MEKP® WLWOH RI
6+B,D -FOA E 37KH VWXG\ Rl DXGLRYLVXDO WUDQVODWLRC
LOQWHUFXOW XWDPD WMWK SGHUVSHFWLYH RI LQWHUFXOWXUDC
WKH FRQEFB®W UFIXOWXUDOV, QVAMBOMWADWIKREK WR XVH
PHWKRGYVY DQG WKHRULHV LQ WKH VWXG\ RI LQWHUFXOW)
LQ $97 7KH @®PHQQFWVRLQ KHU VWXG\ DUH WKH LPSRU'
3LQIRUPDWLRBHWEZBRY IMKH VRXUFH DQG WDUJHW ODQJX
SWDUJHW PKGCMVWE&BKYVODWLRQ PHWKRIX VO WH RMQ G HRSI

LQWHUFXOWXUDOW VD IQYIXW Y HV VW RREWWXLU MW KDQG WUDQVOD)
WKDW FDQQRW EH VHSDUDWHG , DJWHKMNYVWHWH WHUW M HR ¢
HOHPHQWY DUH WKH HVVHQWMRULDHRY RU VXE@ WWKNLO HD W W DB K
DERXW WKH PDLIPIBDQYXURHNEBD ORTXLDO VLPSOH DQG FK
FXOWXUDO SDUWLDO DQG OLPLWV LQ WLPH DQG VSDFH

7KH OLQJXLVWLF ERVMMKOIL RULWILGNOLQODQJIJXDJIJH DQG WKH
VKRXOG EH VWXGLHG 1) WDKRARIQEWXW LLRGDW DERKMX D J H

IHDWXUHV FORUMHH PDBR WKH SHUVSHFWLYH RKLEKFKDQLF F
HPSKDVL]HV WKRHU B HHERIRNHW X U D O VF RP S\RQW QW X G\ VLG

WKH IRFXV LV R @XOD/OXR/BBR CFQEEVLRA@ EH H[SODLQHG LQ
GHWDLO ,Q P\ XQGHUVWDQGLQJ W KMK/H IIROGRZAIHM FDQ F

&ROORTXLDO



ORVW ILOPV IRFXV RQ WHOOLQJ D VWRU\ WKURXJK D VHU
FKDUDFWHUV 7KH LQWHUDHG® VRIQUWR RUK ®LOZDRYXHR & XK
ODQJXDJH ZLWKLQ WKH GLDORJXH LV FRPPRQO\ UHFRJQL

6LPSOLFLW\
$V PRVW FRPPXQLFDWLRQ LV E\ FROORTXLDO ODQJXDJH
ILOPV VKRXOG EH VERBOUBHKA®@ &EDV\ WR

&KDUDFWHUL]DWLRQ

'LWK GLIITHUHQW UROHYV DQG FKDUDFWHUV LQ D ILOP W]
YHUEDO OBQERMBIMH¥DQIXDJIJH PD\ GLIITHU 7KHUHIRUH SHI
DFFRUGLQJ WR WKH GLITHUHQFHXWK) FKODRBWMHIHL]IDWLRQ

&XOWXUH
&EXOWXUDO HOHPHQWY PD\ DSSHDU DQ\ZKHUH LQ D ILOP
WKH FRPPXQLFDWLRQ RI FXOWXUDOO\ VLIJQLILFDQW LQIR

3DUWLDOLW\

)LOP WUDQVODWLRQ QRUPDOO\ DSSHDUV LQ WKH IRUP R
IRUPV ODQJXDJH WUDQVIHU LV SDUW RI WKH SURFHVV W
PRYLH SLFWXUHV YRLFLQJ DQG RWKHU HOHPHR®WV EHIR
SUHVHQWHG WR WKH DXGLHQFH

ILPLWV LQ 7LPH DQG 6SDFH

$V VXEWLWOHY FDQQRW EH LVRODWHG E\ RWKHU FRPSRQ
E\ WLPH DQG VSDFH FRQVWUDLQWY 2Q WKH RQH KDQG V
WKH VDPH ZD\GI/VLW KM ZRRIN R O [RAMWHKUHWHWIHQ WHKBEH R U
VHWWLQJ LQ D JLYHQ ILOP VHTXHQFH FKDQJHV WKH VXE
+WKDW LV WKH QDWXUH RI WKHLU WHPSRUDO DVSHFW 6
VSDWLDO MWHSHAWWROER FRQVLGHUHG ZKHQ WKH WUDQVO
HDFK SLHFH Rl WUDQVODWHG VXEWLWOH

,Q -XQH 0D SXEOEWKBHGA KEH BRRXKHRU\ Rl $XGLRYLV



7TUDQVORWILRQNKH KHOS RI KLV XQLYHUVLW\FXXEOQLVKLQJ
FRQVLGHUHG WR EH DQ LPSRUWDQW ZRUN LQ WKH DUHD
\HDUV OD DQDO\WVHG WKH HVVHQFH RI $97 H[SODLQHG W
GLVFXVVHG WKH QDWXUH RI WUDQVODWHG IDOWMPMWDQG Wk
GHYHORSPHQW +H IXUWKHU VWDWHG LQ WKLV ERRN KLV
WUDQVODWLRQ DV ZHOO DV RIITHULQJ VROXWLRQV WR VE
SUDFWLFDO H[SHULHQFH )JURP WKH SHUVSHE®GULYHV RI
WKHRU\ 6HPLRORJ\ +HUPHQHXWLFVY DQG $HVWKHWLFYV
YDULRXV FULWLFLVPV DQG DQDO\WHV RI WKH WKHRU\ RI {

%XLOGLQJ RQ ODJV ILYH $97 SULQFLSOHV SRVWJUDGXDW
KDYH GHYHORSHB WKXGUHRZQQFWYXLY VXE®HKAW DUHD )RL
GLVVHUWDWILERR 6XEMIWDHG7UDQVODWLRQ ZLWK WKH 3HL
$ &DVH 6WXG\ Rl *ROBED®RIIOQGMXVVHG WKHX WHI® EYODW LF
WKH IDEBVWESYDQVLRQ H[SODQDWLRQ DQGKWBRESIOMHG Wk
QWHUQHW IDRITEM @QVQG\ XVHG WWBBWVKRWKERBG/RSXODU
H[SUHVV XR/@® DWKH UHOHDVHG VXEWLVRGH UDWNERWILW. R C
FKRVHORBHRWRJILHY WR WHVW P\ |L GOEDNGARDY W H WG\ V F X\

$QRWKHU OHDGLQJ ILJXUH LQ WKH DUHD RI $97 LQ &KL
WUDQVODWLRQ WKHRULHY DQG SUDFWLFH DQG WKH VWX

IRU WUDIQR®BWL HSLVRGHV RI B O/BMOEHYXQAWAHOXGLQJ
EbK'>fE- E $ 6WUHHWFDU 1DP®G&L "BVLUHE :ggZz
DZj _gbgZz

,Q =KDQJ GHILQHG ODQJXDJH LQ $97 DV SRVVHVVLC
LQVWDQWDQHRXVYQDRGV SIREW@EHAIF+BHI QWY EWT KH ILUVW

H[SORUDWLRQZRILF¥ 7ZDV SXEOLVKHG LQ WKHEJHQRZQHG
-6+B E &KLQHVH 7UDQVODMRWKL\RXUWMWIFOH =KDQJ KLJ
GLIIHUHQFHV EHWZHHQ $97 DQG OLWHUDU\ WUDQVODV
XQHUVWDQGLQJ RI WKH QDWXUH SULQFLSOHV DQG WHI

HPSKDVL]HG WKH LPSRUWDQW UROH WKDW FXOWXUDO H!
SUDFWLFDO H[DPSOHV GLVFXVVHG PHWKRGV HVSHFLDOO
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7KH \RXQJHU JHRIHFUDMKIR@D BY KDV RIWHQ UHIHUUHG WR
$97 ODQJXDJH IHDWXUHV LQ WKHLU RZQ UHVHDUFK 2QH
ODVWHUYV GHJUHH G INeY¥BI"6AE DWHeRD...64B E )LOP
6XEWLWOH 7UDQVODWLRQ IURPX®RW LRHQUNBLARWEK H/ IRH * F
FRPELQHG WKH LGHDV RI =KDQJ DQG 4LDQYV GHILQLWLF
ORFDWHG WKHP ZLWKLQ KHU GLVFXVVLRQ E\ DQDO\VLC
IHDWXUHV RI $97 ODQJXDJH DV KHU |IRXQ\GWDDVWLIRIL HYKXVE |
IURP WKH SHUVSHFWLYH RI *HUPDQ )XQFWLRQDOLVP $F
ODQJXDJH IHDWXUHV VXFK DV FROORTXLDO RU LQVWDQ
WKH VSHFLILF FKDUDFWHULVWLFV Rl $97Q8WRERKWVW RHD
SUHVHQFH Rl WKHVH FKDUDFWHULVWLFV LQ WKHLU ZRUN
DQ $97 SURGXFW LV VI\QFKURQL]JHG VR WKDW WKH ILQLV
DFFHSWDEOH WR DXGLHQFHV

7KH DERYH WKUHH VFKR QIRRZ DL QHWEKH PRHHZ RO $97 LQ &
FRQVHTXHQFH Rl WKHLU FRQVLGHUDEOH H[SHULHQFH D)\
SUDFWLFH DQG UHVHDUFK ORUH UHFHQW VFKRODUV KDY
RQ WKH IRXQGDWLRQV RI @ KH\GH SLRIQHH BRYZ Q DXQIEL THWAHRU
WR WKH GLVFXVVLRQ RI $97 LMQ/ DHDUWWROUWGHW DIQEG SAHLIQE
DQDO\WWHG WKH FKDUDFWHULVWLFV Rl VXEWLWOH
VWUDWHJILHV LQ KL\ 5XBORMKHGE OXBWIADOLQJ VWUDWE
'LVFXVVLQJ KLV RZQ SUDFWLFDO H[SHULHQFH IURP WKH ¢
KH RIIHUHG VROXWLRQV IRU DGGUHVVLQJ WKH FRQVWUDI
HPSKDVL]HG WKH IHDWXUHV Rl $8 F 00\ XX DIH | D DS RUK/HL QI
WUDQVODWLRQ ,Q FRQFOXVLRQ KH VWDWHG WKDW VXE\
DV PXFK LQIRUPDWLRQ DV HIIHFWLYHO\ SRVVLEOH ZLW
FRQGLWLRQV WKDW H[LVW

,Q =KDR T\EBDIUWSHBF]O H k?+. - E 3)RXU SDLUV RI FRQIOLF)
WUDQVODWHSGKPMRPRIW\VHG D QXPEHU RI DFWXDO SUDF!
FRQFOXGHG WKDW WKHUH DUH IRXU SDLUV RI FRQIOLFW
FKDUDFWHUYVY PRXWK DQG WKH FROQQUNPAMH V &H /N IHPIQ DUk



SLFWXUHYV IRUHLJQL]DWLRQ DQG GRPHVWLFDWLRQ
WUDQVODWLRQ 6KH RIIHUHG KHU RZQ VROXWLRQV IRU
WKH VWUDWHJILHV Rl VIQFKURQL]DW IQR ¥ K ARKHRFHQ\WRH B R
ILUVW WZR FRQIOLFWV LQ KHU VWXG\ EHORQJ WR WKH F
ZKLOHKH ODVW WIZR HRR IGHRWRMDQYVODWLRQ PWMKDAMGY DQG
FRQVLGHUHG WWRHEH |Z D® H\® \2DACKHILUVWWKEIR@Q Z KR & K
ODQJXDJWUDIRQVNORWBEWKHU WKH @BW KK® \R X WU DQWIRI WD C
LV DOVR FRQFHUQHG

2WKHU VFKRODUV KDYH IRFXVHG WKHLU VWXGLHV IURP R
WUDQVODWLRQ VWXGLHV DQG FXOWXUDO VWXGLHV V>
WUDQVODWLRQ VWUDWHJILHV IRU MRNHV VODQJ YXOJD
‘HVWFKRODUV KDYH DOVR DSSOLHG FHUWDLQ WUDQVOD\
PDLQ WKHRULHV DUH 6NRISRIW DIQKEHIR WAK HRHIMMFULSWLYH W
LQWHUGLVFLSOLQDU\ VWXGLHV 7KH VDPH LV WUXH LQ
FRPELQWB WKHRULHY DQG DSSOLHG WKHP WR WKHLU UH\
IRFXVHG RQ WKH GLVFXVVLRQ RI /HIHYHUHYV SRZHU F
GRPHVWLFDWLRQ WKHRU\ *DPELHU JRU LQVWDQ]
FRPELQDWNRSKRRW\ DQG IXQFWLRQDOLVP LQ H[SODLQLQ
$FFRUGLQJ WR :DQJ WUDQVODWRUV RXJKW WR VHOHFW
RULJLQDO GLDORJXH DQG WKHQ WUDQVODWH WWVLQWR
JXLGHV WKH A/XEBK QYOG H UNNBVINRKG R U LJIVR D/OKHDRD[QV

WKHQ EH LQ DVEBRMEWLREHNVRVVHQWLDO PHDIQHQHERI WK
H[S UHQUWWWLK¥HD UJHW OLYQUXBIJPHFKDQLFDO OLPLWDWLRQV
, DJUHH ZLWHVWWKIRQVXRZHYHU GHFLPDWLRQ RU GHOHWL
WUDQVODWRRQUNRPRFEDER QWKH WUDRWQBWURWYDQGDEOH

7UDQVODWLRQ 3D\Q WHID RGH@ WNUFXOWXUDO FRPPXQLFDYV
LQWHQ KLY MWDV LQ 2UHUR HG 7KURXJK WKH V
WDON FXOWXUH LV FR@DWGXBWRGEGXBFURMHGHNRUH WKFE
DZDUHQHVVY KDV EHHQ GHILQHG DV VHQNQWXFH®\ WR
EHKDYLRXU JRIQXOBQDRGB FRPPXQLFDWLRQ .UDPVFK

BWHPSOHVNL 'KHQ FRQVLGHULQJ WKH WUDQVODW
WR UDLVH DZDUHQHVV RI FXOWXUDO LQIRUPDWLRQ LQ R

oi



WKH PRYLH DSSURKSVY LIDW FOQ G: L WKHNORPWIPBIVNRD\ KHOS

WKH ILOP WUDQVODWRUV LPSURYH WKH TXDOLW\ RI W
UHVHDUFKHU ZLOO IRFXV RQ WKH GLIIHUHQFHV EHWZHH(
WKHVLV ZLWK D YLHZ WR LPSVREW QW QIKH DIEBHRYHNFY G G ||
LQ PDNLQJ WKH VXEWLWOHY FRPSDWLEOH LQ &KLQHVH F)

,Q WKH SDVW IHZ \HDUV VFKRODUV KDYH EHJXQ WR VW
FXOWXUDO VWXGLHV )RUHLJQ ILOPV IRU H[DPSOH DV [
WDUJHW D XG IWHQFW VF VRWEUIMN  ,Q UHVSRQVH VRPH VFKF
LPSDFW RI FXOWXUDO HOHPHQWYV LQ $97 ZRUN ZKLOH RW
IURP WKH YLHZSRLQW RI LQWHUFXOWXUDO FRPPXQLFD)
IRFXVHG RQ WKH PHWHKER®WQ RO \WXBWLMWKH XVH RI OLWHUD
WUDQVODWLRQ DQG FRQGHQVHG WUDQVODWLRQ DQG
WUDQVODWLQJ ODQJXDJHV DQG FXOWXUHV SUHVHQW LG
GLVFXVVHG VRPH W HH KOBISTKHNVG WKD\Y BBIQ ELQJ ZLWK FXC
LQ VXEWLWOLQJ VXFK DV UHE X L\O BHKEW LWFRO i IS HR/Z/Q WZKR
WR WUDQVIHU WKH RULJLQDO FXOW®UKH WK OMKHU V@D U DL
SROLVKLQJ WR \PRIBWH GVRXEWDWQ@KW U H IHEIWK\D DH XQUD F \
DFFHISOWME X®RW XUH DQG WWXF 6N VNVUXMEYIHWRODQJIXDJIHV
FXOWXUHY OHDQZKLOH *RQJ KDV GUDZQ DWWHDQ
WUDQVODWLRQ GRRHYVMWVFDRQLRQ MRGYREJ FXOWXUDO W
, QFUHDAMOL@QH WY FXOWXUDO HOHPHQWYV LQ WUBFRBMOH W UD
LQ WKNW DQG LZKLEKLQDP D UHIOHFWIORERILIDWUR DV 7K
VWUDWHJILHY PHQWLRQHGVHEW &KD ID FOGRMUK HU ERHZRU N
DSSURSULDWH VWUDWHJURW KK YXKEWILMFOH YW BQF¥ROWKR
7KDW VDLG W K HDYRHUO\OCSWPR B/RNGY @PUTEHII L H V

$OWKRXJK WKH VWXG\ RI $97 LQ BWLQWKD®HYBOWSEHG:HV
LQFUHDVLQJ QXPEHUV RI &KLQHVH VFKRODUV DUH QRZ
ILHOG RIWHQ IROORZLQJ D FHUWDLQ GHJUHH RI SHUVRQ
DQG WKHRUHWLFDO V\WWHPDWL]LQJ S$OWRKEDWK WKIDJ
DFKLHYHPHQWY PDGH LQ ERWK WKH :HVW DQG &KLQD W
FRXQWULHV LV VWLOO ZLGH 7KH QH[W VWHS IRU WKH VW
VIVWHPDWLF FRQVWUXFWLRQ Rl WKHRULHWRWLRELRIHVH

oi



WKH VWXG\ Rl $97 LQ D PRUH GLYHUVLILHG DQG LQWHUG
KRSH WR LGHQWLI\ WKH IHDW K& B @ LAPID WXREY WO RA DB QV
GLVFXVV HIIHFWLYH WUDQVODW LRQBAS H DVOHILYW U HIKQH W
$97 VWSOGU VIXQ B K IDWD ERWK D WKHRUHWLFDO DQG SUDFWLI

%HWZHHQ DQG D NHDXRUWE WNXDPKWRDQVODWLR
FRQGXFWHG ZLWK WKH SULPDU\ DFDGHPLF RQOLQH UHI
UHWXUQHG RYHU DUWLFOHVY RQ WKLV VXEMHFW LQ HD
PRUH DQG PRUH VFKRODUV DERXW DUWLFOHV KDYH
GLVFLSOLQDU\ ZzD\ )RU H[DPSOH VRPH VFKRODUV KDYH
SHUVSHFWLYH RI FXOWXUDO GLIIHUHQFH RU LQWHUFXOW.
RXW RI SDSHUV RQ WKLV VXEMHFW ZKLOH LQ \
ORRNLQJ LQWR LW 2WKHU VFKRODUV KDYH IRFXVHG RQ
VWUDWHJILHYVY IURP WKH SHUVSHFWLYH Rl 5HFHSWLRQ ¢
(FRORJLFDO $HVWKHWLFV ,QEpO 540, ®@HY, iBWUWLFOH HQW|
...6+BE 37KH VWXG\ RI DXGLRYLVXDO VXEWLWOH WUDQVQO
UHFHSWLRQ D:MVS\RWHMAE RXW WKDW WKH WDUJHW DXGLHQ
DW WKH FHQWUH RI VXEWLWOH WUDQVODWLRQ 7UDQVO
ZLWK WKH VDPH OHYHO RI DSSUHFLDWLRQ DV WKDW IR
ODQJXDJH SUHIHBHYWIR IRY KMAKBDIDK\D W L QJ DMME WX VANV \ F
WUDQVODWLRQ LW LV QRW WKH RQO\ FULWHULRQ %HVL:
ODQJXDJH WKH UHFHSWRUfV OLWHUDF\ OHYHO DQG WK
IDFWRUVW@H WKEWQVODWLRQ 7KH K\SRWKHVHV HVWDEO
IRFK@RQ DOO WKH DERYHREPWBR@Y RQXBEMEMBUWR UHVXOW
YXUWKHU VRPKD YCHR/FGVVMG W RWKWH YWHZQNVODWDRRQ RI
FRPPR®LQHYVHYVHRMKNVK AVWPQUBUFKDLVPYV $V WKHVH H[SU
DOZD\V UMOR W@ HVH VD\LQJV RDPPRUQOHEGWWRKBERVG
HPERG\ WUDGLWLR Q V& RKH QG-HIH HFKOW X WD WHYV WKDW 11
3IIXQFWLROR\O@RRHR U\ LV IHDVLEOH LQ WKH WUDQVODWLR
KHU RSLQLRQ LQ WKH SURFHVV RI WUDQVODWLQJ DUFKD
WUDQVIRUPDWLRQ R $\O{HKRK XK FHK PIHBOMKHREX GN M. Q WK
RQ &EWUDQYOEWORHYH WKH LGHD RI NHHSLQJ WKH RULJLC
WUDQVODWLQJ (L& WDSE@\DED BMBQL Y KHUHIRUH LQ P\ UHVE

of



W U D Q V O DWLXREQVLRIWARHMKKID X VH R | DOUTRKRRMIRDWN H, V X U H
WKBKMHIRQDO RRQOQVK LV QRKMHOKBEDQJH GLVFXVVHV WKH
1LGDV GHIDXRIYPWHKBRRK\U\YWUDQVOBWRGWWMBRYU\ DQG
9HQXWLTV IRUHLJQL]DWLRQ DQG GRPHVWLFDQVWRQ@ QQ WK
WHHIHWKMWRWUDWHJILHY Rl OLWHUDO WUDQVODWLRQ HJ
WKH WUDQVODWLRQQR N XEWQ W\ON KWEHIRBPODVAIZR R1 W K H
PHFKDQLFDO OLPLWYV B©RWEH QRIDWARRQYEDI/RISRQ VDK W K T
W KRHV KHAR PHW KRGV  \WALVORGWEFHWYNLO LQ WKH GDWD D
GLVFXNKXDRBWHUV

t & _2__”f2 TMf”io:too e o_"_(_Z(O%O

1LGD RQFH SRLQWHG RXW WKDW ODQJXDJH LV D SDUW R
UHODWLYGLENPWAEURU LQGLUHFWO\ DQG IXUWKHUPRUH
DQG SKUDVHVY DUH DOO WR EH IRXQG ILQDOO\ LQ LWV UH
EHWZHHQ FXOWXUHYVY LV QDWXUDOO\ HPERGLHG LQ WKH U

 QKHUHFN@QW ®$FR &KDL UHIHUUMKBUWHR FRQFHSWV IURP
SHUVSHFWLYH RI FXOWXRWNTH BEADXEMQAMAVOLQQ WHKHI UHFRQ
PRGLILFDWLRQ DQG WUDQVLWLRQ RIHEROW XQ/B QVHHR DB H
SRLRDWH RGPAHQWHUHVWWIKHWRSRYWDQFH RI FXOWXUDO
VXEW WUOIQYIODWLRQ

tE&KAS F..'ee—"— . —<‘'e " —Z7-—"f7 ef%i

JRUHLJQ ILOPV QHHG WR EH WUDQVODWHG LQWR &KLQHYV
LQWURGXFHG WR &KLQHVH DXGLHQFHV 7UDQVODWLQJ IL
WA\SHV RI OLWHUDU\ SURGXFWV 7KH\ H[SUHVV SHRSOHT
WKOURXKH XVH RI YLYLG ODQJXDJH 7R VRPH GHJUHH K
GLIIHU IURP RWKHU NLQGV Rl WUDQVODWLRQ EHFDXVH W
XQGHUVWDQGDEOH WR WKH DXGLHQFH

&KLQHVH XVHV D GLIIHUHQW OD Q3XWDK H &K\VOWHVH | UNR FE DWK-
SLFWRJUDSK\ ZKHUHDV (QJOLVK LV EDVHG RQ DOSKDE
GLIIHUHQFH EHWZHHQ ODQJKR JHO P\ VWUIDRW GBI QR QWZAFOWN

5i



GLIILFXOW 7KURXJKRXW WKH KLVWRU\URJHQG R DNULIRZYV AL
WUDQVODWRUV KDV SURGXFHG D VLIJQLILFDQW ERG\ RI }
ILOPV ZKLFK LQ WXUQ SURYLGHV XV ZLWK PDQ\ YDOXI
GLVFXVVLRQ

7KHUH DUH WZR W\SLFDO H[DPSOHW ZRIUWKM\RH GY \WF XM VIL
ILOPDPWHUORR ZKUE®JIHV D WUDJLF ORYH VWRU\ 7KH RULJL
WR D VSHFLILF YHQXH WKH EULGJH WKDW SURYLGHV EF
OLQGIXO WKDW D &KLQHVH DXGLHQFH ZRXOG OLNHO\ K
TXHVWLRQWHW LYW GREROIVUDO /RQGRQ WKH WUDQVODWR
WUDQVODWLRQ RI WKH RULJLQDO WLWOH DV LW PD\ KDY
UHDVRQ WKH WHQQV-OBEWRW WKRVIHOP{V &KLQHVH WLWOF}
S+ HDEWR NHQ PRAU GIKRI H[SODLQ WKH ILUVW WZR &KLQHYV
SKHCBEMRNIRAVWO\ UHODWHG WR ORVV RI ORYHU ZKLFK LP
ORYH VWRU\%®XEHAWKEIBY WR D &KLQHVH WUDGLWLRQEL

J” OHHWLQJ RQHWIOWHRVORGBBHUY PDGH DQ DSSRLQWPHQW
WKH %OXH %G HoWAIRPXHFK IDPLOLDU ZLWK WKH &KLQHVF
RE:DWHUORR QGG IXUWRKIOXPRYBHGOIH ORYHUVY DSSRLQ
OLWHUDOO\ 7KLV &KLQH¥RQWRWOGDWHYVIHWNKH &KLQHVH
$PHULFDQ ILOP

$QRWKHU H[DPS Q4D WK WVOKHZKHLOFKWLY D FRPHG\ DERXW D J
JRRG DW VZLPPLQ3¥d8EN & KD@HVHHFWO\ H[SUHVV WKH PHD

RULJLQDO QDBEU EWAEIKXYW &KLQHVH IRU D ORWXV WKDW
ZKRVH EORRP LV VSRWOHVV ,Q &KLQHVH D VLPSOH EXW
ORW XV

7KH WZR ILOP WLWOHY PHQWLRQHG DERYH GHPRQVWUDW
ORFDWHG VSHFOQWXUDKDL QHHDVYW XFXHYV ZLWKLQ WKHLU WUDQV
UHFRQVWUXFWLQJ D FRPSUHKHQVLEOH IDPLOLDU DQG I
WR WKH WDUJHW DXGLHQFH ,QGHHG WKH PHWKRG RI
I[UHTXHQWO\ X\ QH/® DLW LIRQPEWRIDXVH LW LV UHOLDEOH LQ
SUREOHPV ZLWK FXOWXUDO GLIITHUHQFHYVY DQG DWWUDFW

00
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$V DXGLHQFHVY FRPH IURP KLJKO\ FRQWUDVWLQJ FXOWXU
OHYHOV RI NQRZOHGJH FRPSDUHG ZLWK RWKHU FRXQWU
KHOSLQJ WKH DXGLHQFH WR EHWWHU XQGHUVWDQG WKH
WDW VSHFLILFDOO\ UHFRQFLOH ODQJXDJH ZLWK WKH KL\
WKHQRIUWKH VRXUFH PDWHULDO 7KH UDWLRQDOH EHKL
LPDIJH WKHQ LV WR PDNH WKH FXOWXUDO SKHQRPHQD 1
WKH WDUJHW DXGLHQFH E\ DGGLQJ IRU LQVWDQFH VRP
DGRSWLQJ VLPLODU PHDQLQJV RI H[SUHVVLRQ

JRU H[DPSOH VRPH $PHULFDQ |EOPRS P'DNHBEUWHKHUHEQFH
VFUHHQSOD\V $V VXFK WUDQNOGWRUN YKEOW HBEOD GE
KHOS WKH DYHUDJH &KLQHVH DXGLHQFH PHPEHU NQRZ W
LQFXPEHQW 3UHVLGHQW RI WKH 8QLWHG 6WDWHV 1RW F
WKHUHIRUH LQFOXGLQJ DGGLWALRID 6 Q\OX B H PW WD \WR QWK H
LPDJH RI &DPS 'DYLG LV XQGHUVWRRG E\ D &KLQHVH DXG

‘HVWHUQ ILOPV RIWHQ PDNH UHIHUHQFH WR UHOLJLRQ

UHIHUHQFHV DUH PDGH WR %LEOLFDO ILJXUHVWHIRU FRPS
WUDQVODWRU QHJOHFWV WKHVH SRLQWYV WKH DXGLHQ
XQGHUVWDQGLQJ RI WKH UHODWLYH FXOWXUDO NQRZOHC
OLQN WAL B@HWK WKH QDPHV RU SHUVRQDOLWLHV UHIHL
WDUJHW DXGLHQFH XQGHUVWDQG WKH UHIHUHQFH OR
LQWHUHVWHG LQ NQRZLQJ PRUH DIWHU ZDWFKLQJ WKH

ORGLILFDWLRQ RI WKH FXOWXUDO LPDJH FDQ UHQGHU

ODQJXDJHGFOIPNUOD XQGHUVWRRG DQG KHOS WKH WDU.
DFTXDLQWHG ZLWK WKH FXOWXUDO EDFNJURXQG RI WKH

LEKAU  fooc—c's *° —Z——"f7 of%t

$FFRUGLQJ WR /LQJXLVWLFV FXOWXUHV XVH FRQWUDVWI
WR FAH\EH WKH VDPH WKLQJ )RU H[DPSOH ZKDW LV FRQ
LPDJH LQ RQH FXOWXUH PD\ EH FRQVLGHUHG DV SUREOl

on



2QH QRWDEOH GLIIHUHQFH EHWZHHQ &KLQHVH DQG :HV\
GUDJRQ HYHLRXQWXUH WKH GUDJRQ LV DQ LPDJH RI SF
XVHG WR3UR\VBGM{¥RI OOHMF\ +RZHYHU LQ :HVWHUQ VWRUI
LV RIWHQ GHSLFWHG DV HYLO DQG WKUHDWHQLQJ 7KH P
VLWXDWER@PROLHYHG E\ WUDQVLWLQJ WKH RULJLQDO LP
WKH WDUJHW FXOWXUH HYHQ WKRXJK WKH\ PD\ EH WRW!|
7KHUHIRUH ZKHQ RQH WUDQVODWGHYDWKR DH ¥ WIHUHV HLP L
DXGLHAEHREZ- “"PD\ EH XVHG EHFDXVH LQ &KLQHVH WKH
WKH VDPH PHDQLQJ:BQBJIREDHY\WWUMKHAXOW XUH

,Q WKLV UHVHDUFK WXWMWHAKW KR BH PR DD W
PLQGHGPDWNQDWXEWLWOH WUDQV WHW PRQR WXFFHY \H )X D.QJ
UHTXHUHVPWHFKQL7TKMHY WKH GLVFXVVLR @ @IKP\ XWSRRUKH V
WZR W\SHV RAMORPGWMEBUBPSUHVVLRQV WUDGLWLRQDO H
H[SUHVVLRQ QBLGDVEMNYMD/OKBIYKEIJEFNWHW KR GV

JURWKH SHUVSHFWLYH RI FXOW X U DR OlDZRWH GMBROMW KH Ul
&KLQH VHCFOXROMGHD @ [ISUW R VILIRFRX Q W

t@ __1'9(ywé:l: "foto_(‘o £n ””i" L _ee (o

'DQJ GLVFXVVHV WKH PRWWHXD E V0D WWRI® VR H B HR/S H(
QDPHWHPDQWLF WUDQVODWLRQ DQG WUDQVOLWHUDWLRC
UHJDUGHG DV WKH PRVW IUHTXHQWO\ XVHG PHWKRGV

&KLQH\DH J VXJIJHVWY WZR WUD®VOPHQHR QS /DY D!
WUDQVOLWHUDWLRQ E\ XVLQJ VLPSOH &KLQHVH FKDUDF
XVLQJ FRQYHQWLRQDO &KLQHVH FKDUDRWYHYBYV GUDWRKW U

WUDQVFULSWRRQJRQ D@DQDHEHOLHYHY RQH DGYDQWDJH R
W UDQV OMDKDXE® LW OHYV VKRXOG PDWFK W KWHXFR UNWKDAS R Q C
ZKHQ GLRGRIXWWZHHQ DPRQJ WKH FKDUDFWHFDY RI WKF
FRQQHFW WKHUG DEM/DWBRFWHKIHV LR KBUDQH WKH\WBH QDPI
7KHUHIRWKH UHFRPRWIGH WULRIQVFULSWLRQ RI RULJLQDO
VXEWLWOH WHDQMIDBWDRYLULAH , DIJUHH ZLWKRIKCHJITV W Z

00



WUDQVODWLRQ RIVFKDKHD RIMHNGWIO MRDPMD/WR R PIKHY RO Y HV
WUDGLWLRQDO ZD\ Rl WUDQVODW L QK QDWW WQ DK/ CKA
ZRUMMKLQHVH SHRSOH KDYH BDOWHDGHN H DRV KNHQRIZO IBGJH D
WKLZKLOH WKH VHFRQG VROXWLRQ LV UHOKDVLYEHO\ QF
V\QF KDRVQEEHW ZHHQ WKH VXEWLWQHDGHBQ® L\RRH IRILFVEREF
QDPHV RU IDPRXV SHRSOHTVRUWWPBHYV OERFHIBDAMA D® H HH G
ZHOO NQRH@PSOH DXDBOMI TV ISD SHMMDWHG WKDW W
WUDQVFULSRWULIRIQ QIOW(KQH OLV K QD P BN YORFIF HBRARXE/O 8l H IRRSJO +
&KLQHVH DXG Ui QHF Bl b1 FITRAHB/GHX FEKDWX B B'& F N H @QKRU H

VXIILF ZHOWQBWDKHUH LV O R DIQAHO®MPRI YV S%HVLGHV

IRU FRPPRQO\ XVKBK GIDWPNVRP RU(PPD , EHOLHYH WKH
WUDQVF U LFSWML RS RIDWKY ZBROERERWRBOH PDMRULW)\ R
&KLQHVH DXIGUW®FH QFUHDVLQJEARZAHDLBBEWQR® QG WKH
WKH ZRROBRNMMHWLHZ RI WKH PHFKDQLFDO FR®\WWUDLQW)\

WUDQVFULSWLRQ RI RULYR D\W U D@QMIOLDMX-EQ\DRWNE W V H
HITHFWLYHO\ VKR UWMKHQVW EW LOH@HW K R |

'KHQ WUD@AKGIDZRPHYV RI ODQGPDUN\R P& HBRREVESODF }
W D N$WVQ W KQD/RBVH D OXV\WRFZDWHK GDUWLFXODU RU GUDPDYV
DERXWLWKH QG LR X RMFK\ WKH\WRJMKHRE QIBKH DXGLHQFH X
W K HFR U U K\@OIN H U WHAR SSSRIRDFKHY WRBFMURQYODODWLRQ RI
QDPHMWKH SHUVSHFWLYH RI IXQRWLRYDWBRINYPK LQYROYH
WUDQVODWLQJ VZKVRK MWQEMHR B QISR \DO@ HW LIIRQY KR U G
SODFH RU \EXAIO ®NDIREBED ODFHNRUIH[DPSOH 6DQZHL 6W
9£-{ IURP WKLV WUDQVODWLRQ WKH WDUJHW DXGLHQI
QDPHG 6DQZHL $OWKRXJK WHYHQRMIREMDUWHO QXBLHQF
WKH\ NQRZ WKH IXQFW\LRIWR LW KL W V8 OB HD GSLADIF B Q G
VWXG\KEJIJRWREMWILR XWXIO O &KLQHVH ESXEY \D G GRIRRAWH

IRU H[DPSOH 6DQZHLI GRXKWN@EYHH )RWKLV NLQG RI
WUDQVODWLRQ WKYHAHD GDHEGY VW DFHH LPD \ 3ZHWD W RV IIQR S O D F H
LVDQ@KDW WKH RULJLQDO PHDDRQVYWRR I WKKH SSHWD/FSHH FMD PY-
RITHULQJ LQIRUPDWLRQ WR WKH DXGLHQBFEG WRH H/HFR (
FRPSOHWH +RZHYHU FRQVLGHULQJ WKH PHFKDQLFDO

00



PHWKRIGGEDQQRWH LV QRW DO2ANEWLMFRPBPW @GHHE WR HV
RYHUDOO OHQJWK RI WKH WUD@®D PWHB MKXEWWWWOH DI\C
W UD Q\B@DWH QDPHYV

,Q WKLV VWXG\ VLQFH WKH WUDQVODWLRQ RI SURSHU
HITHFWLYH ZD\V Rl WU D QWRWOWLLQYJ VER) RSKHHI FRFO-OHF W G G |

t& "foto%dé(o:to:l: T(‘(.o

=KD@IQDQJ DQDO\WH WKH DSSOLFDWLRQ RI &KLQ}
WUDQVODWLRQ 7KH\ HPSKDVL]H IRXU DGYDQWDJHV RI
XQGHUVWDQGDEOH LGLRPDWLKHBGDXNBWYXG XV RH K& KL
LGLRPV PD\ PIDUNHH W HOEK GW KW BH WAHDQ V ODWRR G HY ®EWHW O H
UHODDD QJXOIRIHHRYHU WKH XVH RI &KLQHVH EBQRPV LQ
VRPHWLPHVY PDNH WKH VXEWLWOH VKRUWHU WKDQ LW
7KHUHIRUH LDJWH S UG IR LESJOHDW\YEEDW L\Y ORIMGRH BDNH W K H
VXEWLWOHWRQGHUWDNYQG DQG OLPLWHG E\ PHFXDQLFDO
'DQJ UHFRPPESXLQNVH LGLRPV LQ N RWIG/BGMWRINH) YV OD W
SULQFISOHYV ,QWKHLU IXUWKHU GDYESXYBURGRW¥HKDQJ
FULRQRWLKH LGHBRODRMDGQOWMEWZWOKLQ &KLQHVSH FKDUDFYV
IRUFRPS GHWFHXVOM.RIY RGHDO OHQJWK RI D WUDQVODYV
SOHD\BH D/SMAHRZHY HUK MK DQJ DQ®DNABRR WRIRQ
HITHFWLYH ZD\V RI XVLQJ &KLQHVH IFQLRPHHIORLYXEWLW O
LGLRPV LQ Y BMKMWHKOEEY VLS HRYQKRIDJH UDQJH RI WKH D>
IRDQLPDWHG WIROPDNDHQ & KH WUDQVODWHG WKHEWKHW OHV P
IUHTXHQF\ Rl XVLQJ LGLR PIVLDHW R HD V H®LH/FX M & UHL OHPRAV L Y
XVLQJ LGWRKEWQWOH WUDQVODWLRQ RI DQLPDWLRQ ILOF

)XUWKHVPQ@FPH &KLQHVHOIDWRRWRPUBQFLHQW PRUDO VWR
WUDGLWLRQID®P PLOBRIBY WKDW RUKFHX CNMRIDDEME VZR UGV
7KHUHUWRUHMHDUFK LQWR WKH WUDQVODWLEROWRRHFKQWXUD
<DQDQGRQJ UHFRPPH@&HGVWUDWHJILHV RI IRUHLJQ
GRPHVWLRBWDRQQJ ZLWK W KFHX OWUDWVOD\WO RTKGRIG ZR U (
HPSKDVRYFHXWWHXIXD®D OW QIFKH N H 7 K KV W Bl Q \EFRX@WYIXQIID O O \
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ORDGH® ZRUGHD QZ KIXaH U RV QJ WKHVH WZR VWUL
LQ FRPELSDWIZRKQUHDY SODHARSKDVIWMHR®LQJ WKH RULJLC
PHDQL@IWKH SURFHQEKRQWVID @ELEWVLY DOVR&UHOHYDQ'
WUDQVODWLRYH GSAKKDW UDQV ODW L\QKIR XOGEBN D & DHRIS/U LD W |
LGLRIRY RIWGHWUDQVODWH WKH RULJLQDO PHDQLQJ RI W
WKHUHE\ HQV XU LW U DY V-EKERGLIRGH X O SRLWWDRXW KHQ
FKRRVIXQDW XUDOO\ ORDBHG WKEWHWI®H RMUUD QVODWLRQ
DQWLPLRBWMNMHYWHD RI WKH WDUJHW DXGLHQFH VLQFH
YRFDEXMMBRFLDO H[SHULHQFWKDMRXDGOE HD FAKRIMVGHUH G
GHWHUWRIUDLGQMODWLE Q G LDUHFK@WWK WKH DERYH VFKRODL
RQ WKH WUBRUWXWDRQ WRIRDPGE BEE FIRHNG WKH XVH RI &KLC
VXEWLWOH WUDQVODWLRQ LEHDVEMBIQ V FRRX UFRHD WXXQ\D ® UHH[ FE
WDUJHW DXGLHQFH

tg "foeZf%st...Sfcocm

1R SDUWLEXODU VWXG\ RQ WKKH/ VE Y Bl Q VEXOR/DILR/G HRG B U MKKD
$97 DFDGHPLF FRREHYDBMWY KDV SUHNHQ@WHGQVXG\
GLVFXVVLRQ RI WKH WUDQV QDWW R Q QrR/IODKMIRRHTY N WG KDV
D | RRHQ W L R Q H GI RAWWDQWHIDL W VIQW KOLW/F K D SRV DW HUIRND VL E O F
RIVXEWLWOH WU D Q@MODAWIHDQ PRHBAHOFRPPHQGY WZR HII
OLWHUDO WUDQVODWLRQ DQG HTXLY D OG QW DAQWID@DWADLLR
PHWKRG LV NRW KHVWHB@EMO KWK Z RW KRN U CHRWR & LW
WKHDOWKAXWKUDO WUDQXOWMWNLARQUQLY DSSOLFDEOH LQ
FLUFXPVORUQWRHY /L KDV H[SWHBDAGODW LIR@ KLVQUIIW HJLH\
SURYHUEVSDQG® \DDR HJRQL MHIOMW\WRQDD® WUDQVODWLRQ [
HTXLYDOHQFH 7R V)XADXSE K WIVPYV CSDARSBQ &\ DIDQ@G M U L F L
VD\LQVMQH WBHEA P P Q& HGU HOMWISOWRU D Q \ZGIDWLLMRYD |LQ G
DO TXLYDEHMFHHQ WKH VRXUFH ODQJX,mIMW DK GV WIX®IV\® D W.
RI VXEWLWOHV WKHUH VKRXOG EH QR H[RE®SWILRW LRI W K
WKH PHFKDQLFDO OLPL@HVRI| ODXEIWKIDU B HOHBDXGLRKLWLHV
WKH FRQWHYW DRIV CDPWPRQG HBKW KIDIWHFWLYH XVH Rl WKH
WUDGLWLRQDO &KLQWYH WHDRV QDW &GPV NER DWIDHVPR UH
FXOWKWMXWKH VWXGQ RXDNKHSHFROLDULWLHY LV LQHYLWLE
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,Q FRPPR@KILOWMKVH LGLRPV DUFKDLVPV DUH DOVR D V\PE
FXOWXKHUHIR URLHV KRKIOMWMKXUDOO\VORD@ HFG1 ZIRAMR UHIHUH
GXUWXH SURFHVV RI WUDP@WXDLW L\QV XBBUFFEX @WK KHD O O\
ORDGH® 2ARKKE XVH RI WKRKVXIEVWMWIOH WUDQVODWLRQ RI I
ZLOO EH GLVFXVVHG DV ZHOO

7R VXP XS &KL QOO ARIGRLRWPPY DUH VDRERDWOSERUGV
FXOWXUDOO\VORRGW &L YRWIBRMBKVHR U RMFXOWXUDOO\ ORDG
ZRWGDPWUDGLWLR QD O LIQ[SH HYRHBR @QWRQ Y HWQDGLWLRQD O
FXOWXUDO HYSKEHINYHRB\ORQWKEBEJBIDW iF KDEWENO QLR BV W
WKH IUHTXHQF\ Rl WKH XVH RI WUD G L\DVRDHBOOYHPSWMH VV LR
WKH HITHFWLY MR FNSYURIVXWRG@W X DWWWDAH ODWLRQ RI DQLF
ILOPV

LI —— %' — 7" feYhocaf %ot <fZ F—TM'edcoffodote
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,Q WKH ODVW ILYH \HDUV ZLWK WKH IDVW GHYHORSPH
H[SDQGLQJ &KLQHVH GRPHVWLF HFRQRP\ WXTWLPHGLI
SKHQRPHQD KDYH EHFRPH D QHFHVVDU\ FRPSRQHQW LQ
PRGHUQ PHGLRIDMQDOXHQELQJ PHPH KDV DOVR FKDQJHG
FXVWRP RI GDLO\ ODQJXDJH XVH VRPH QHZO\ FUHDWHG
GLIIHUHQW RFFDVLRQV DQG SODFHV EXHWHIRMG FWPPX
SUHYDOHQFH RI QHZ ZRUKVL QHVIFRIQWHAPSORIIHDMWNHG LQ Q
ORDQLQJ ZRUGV SURIHVVLRQ ZRUGV OHDOZAU®HZRWEN I
%X]] :RUG RI WKH <HDU WKH 1HZ :RUG Rl WKH <HDU DQG
ZHUH DOVR UHOHDVHG HYHU\ \HDUG V QQ R/GIPHYIGIQK R\CRO H F W
SRSXODU YRBQHNOIAWBRNRUGLQJ WR -LD EHRA@KW H]MQX\H PD |
DM \RXQJ SHRSOH IRKRQORFQE®ZBYNY DUH FUHDWLYH DQ¢
JRU H[DP-S®H ZKLWH ULFK DQG EHDXWLIXO LV XVHG WR

\RXQJ PHQIVZKEgHWWR HQWGDYHMRPHRMEERR PBNH
WURMAEDKIHLU SBKHDQWW RQU V



%HVLBRWPH LGLRPV ZHUH FKDQJHGHR Y CFRRISFCHDMG RZIL WKF WY
/LXD QEXR )RU HDIDABKOWHG LGLRPV D@GZHBHGV DV
RULJLQDCGQ6<FD O EHEN WUDQVODWLRQ VKUL®XNUERBN IUR
WKH SHULRG R HF R QKRPZH BBHRYSFHOOHR 5 RBIQ WW/&LBLKK LY LGLRP
F° EDFN WU DGWOMWHRHVSLWE U G HEX\ERISSRA W KR UU
VRFLDO UHFRUPWEHOLGLRPV RIFHRW R B XROIDAS IDWWGL \EW LF Z
RU QHZ AHGQW HUWHI W H [H U BARIGEW REDFN WUDQKODWLRQ |
EDNHOGGWHUDO W biDHW ODRV IQRR@EMWMBQJ\EDRWUD QVODWLRQ
VRPHWRKUL QIR P HEKDSNV VKRFNLQJ DOGI® ZAMREH ZRUGV DQG
LG LRAPRKODAWH DFFLGHQW D ODUY i HFRRBOH S RESDFOND W UD QV O D W L |
GR QRW ERWKHU LKNPXGLMEHQR® \§&NFEKY DRWAR® QG LGLR
ZKLEKFDPRISXODU EHRAOXNYWSRBXGOMH<RX $UH WKH 2QH
ZKHQ UHOMHBRKMQ@DLFK DQ6ER®HNNHFERIUQBWH XDJIJH 6LQFH
QHWLIKRVPBNWXQGRXQ®J DQGDRHGG®MPRIUDSKLF JURXSV
WR XVH WWEDWHHXBRUGY LQ WKHLU GDLO\ FRPPXQLFDWLR
IULHQBWX ARG LVFXVVLRQ Rl WUDQVODWRPNGNKEEWLWOHYV
FRQV L ®HRUMEBN DQIWKH PDMWRUENGLRIQFH ZKHQ D WUDQVOD\
UHOHDVHG $\Q \BWHKE D/ XEWLWOHU VKRXOG KDYH FHUWDLQ
DQG VHQVLWLYLW\ UHJDUGLQJ WKLV QHZK B DDXIXIDH @ F\W fi\D
H[SHFWDWLRQV

&DR EHOLHYHV WWdHHMASRI RJHZ ZRUGV LQ VXEWLWOH
HPSKDWIKH FODVVLFDO OLYQHYVILEEVHKOUW K QMDD WEBGBIHW
DV ZHQO&DREIQYRRS WKH XVH RU HGHZHMRQWWSVXEWLWOH
WUDQVODWLRQ LQ WRGD\IW K&R UQ BWE DKV ALV | A BOHKMO
ILOP DQRGXEPNODU LIGI FAGKWRNM QDWLYH ODQJXDJH DXGLHQ
WKH QHZ ZRUGV KHOSV WKR ERUHD Q\GQ B WD LY XE QG WKXHPR
+RZHYHU WKHUH DUH DWXRYY RPNIDSEQ RSB WRWQMN Z
ZRUGV &DR WPRHKDMLEFWLYHQHVV RI WKHGLVIEXMVLORK H
WKUHH WKDMWR WKRXOG EH I FHRFQWLYCHIHBGBEBAREY LQ (QJOLVI
&KLQHVH VXEWLWOH W WHQR O DI IQR/QRL QENHZ WARRURIMV L R Q
ZKLFK MKHY EH XMHGIIHFWV Rl XVRQYUK®GHR YZHRID®WO VXEW
WUDQVODWLRQ 6LPQODUYDHA FDWERPVILOPY DUH DOZD)
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KXPRURXYV POREB HQG ZLWKKKDSBISHBRWYYH XVH RI QHZ ZRUG
GLVFXVVHG LQLRBFOMGHQURKDRYWY YKHVYHVR/ LRQV

,Q WKLV VWXG\ DIWHU GHILQ)UDIGRVRIPR/QBDQBHRIPFKD LV P’
WR W\BHQHZR ZRUGRSXWDU H[SWRWPSDRIGNG ZLWK WUDGL
H[SUHVVLRQY[SBERSXORQV RULJLQDWKLQHRPHFRRQWIKMIRIU D
FDQ WKHUHIRUMHEBWHVBER® WWRGHUQ &KLQBYMF¥XR® XU H
FKDSWHU , ZLOO WHVW WKH IUHTXHQF\ RI WKH XVH RI S
DQG GLVFXVV WKH LPSRURABERFHH FSIU XV WIHIVE KA W O H
WUDQVODWLRQ RQRZPIPMDWLRQ ILOPV

tées —seef”> '° St ——1> ,'=S <o =St Fe— feot <o Scof

,Q WKH HWWRXWWISHXE@RHBY7 VHWRMUGWKH OHDQAIQJ VFKRC
WKLV ILREE@E@HMNVHUQ FRXQWULHVY HVSHFLDOO\ LQ (XURS
WKDW $97 SURGKK®BW® SURJUZRAHVAMEHO\ LQWURGXFHG
(XURIS®#! RUGHU WR PHHW WKH LQFUHDRRYW QNHBSHBIQW |
FRXQWULMNHVKDPH ODQJXDJH VP LO HMNIHENIR-ED @ V
FXOWXUHV WKHHYW®RR®PR®W DT DQG UDSLGO\ ,Q WKH S
VEFKRGBIYWORS WG VWRHEKY LPBPSH WY S HF WWYUHD QVODWLRQ
VWXGLHV OLQJXLVWLFV WR PRUH GWR BUSH\\DFHVE DR GIHU\V ¥
QHZ PHGLIWHERIEQHFWUORSHFLOWION WHEVYWH \HDUV $97
UHV HIOD\F KFKKHDQ DFWHUL]HG E\QWAVAHBWVBXEB® [BQEHUVLILF
DQG LQWHUGLVFLSOLQDULIWQ]DAKM] H[DWV SOW X GLHUH]$97
GLYHUVLILHG DQG LQWHUGLVEQBWVKI® WD\UNHLF\OSHF W Q Y\ R
ELRSROLWLFV QHZ V PHGLD DQG GLJLWDO PH
UHVHDUFK KDV DGGUHVVHG WKH JDS EHWZHHQ WUDGLWL
VFLHQWLILF WHFKQRORJLHV

*HQHUDOO\ W IGN WWKCH/R W) LIHHWHYOKHDAH @ KHHRUPHU SDUW R
F KD SWHHSJU HWKIHD WR X\D GREIOVL RV RGR X Q T RW BB R X Q JH U
JHQHUDWLRQ RI VFKPOYBUFHH® WEOWH IWHROBXLDQGRQ WKH\
DV VR FL DRLHIG H B HROWEGH Y HORLS/ ILHO G

o
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,Q &KLWLQHVH VFKRODUV VWDUWHG WR ZRWWWRQ @97 VV
V F KR OIDUHQ $WK BWR @AW VQW UR G X PA\G DL @XBMER DQW LQ
WLP&KLQHYVHPRMVRWHIBRHY WHU Q $9 7 DN\GCISRMBMGINR U L H V
DQG SUDWWDMHIKKIERK OG EH DG VM@ GORRMK DQG &KLQHYV
$97 7KH WWXHGQ GLPR QO MUIWWHRYWKUQ FRXQWULHV DV ZHOO |
VWDJHRRXHRQMIHD VL RLECHWAVHUQ WKHRULBNJIDQGLQW UDW
(QJOLVK DQG &KRZHYHUSOH @WOWMH \HDUV PRUH DQG PRU
KDYH BWMGH QWY R/ GNFR MKRHP YDULRXV SHUVSHEWLYHV +F
GLIIHUHQFH EHWIHBQOMEKK®DWEMI Q VFKRODUV DUH PRUHI
GHYRWHPVWRYWNKH DFD G HKLLFO H HAKH IDUHSHY HVWFBRKRIO/DX BV
UHVHRXWRRPHYV

t&t ”‘,,Z:t.. ‘e _n_(_z:t "f..Zf—<‘. <e é<.f

,Q WKH FXUUHQW VXEWLWOH WUDQVODWLRQ PDUNHW 'V
UHDVRQ LV PDLQO\ H[SODLQHG E\ WKH ODFN RI WUDC
SFRPPHUFLDO EHQHWMWMBEFEAH LIQUVKH ZRUNSODFH &KHQ

$FFRUGLQJ WK UKHQRWKHU W KDQX FI,KH DX MEREQ SHBWWU R U V
VSHOOLQJ PLVWDNHVY WKH IROORZLQJ IRXU NLQGV RI SU
SURIHVVLRQDO ILOP WUDQVODWRUV WKH ODFN RI XQL
WUDQY ODMVGRLAMWR WUDQVODWH GRFXPHQWDULHV RU ZR!
EHFDXVH Rl WKH ORQJHU DRYQEORWEKEGHE LMWDIRW X H Q WWU D
FRPSDQLHV XQGHUWDNLQJ LQB MK XD® HADMBRIMO BWK DROQ
VKDULQJ WKH ZRUN DV D WHDP

$V D UHVXOW VRPH FRPPRQ HUURUV LQ ILOP WUDQVODYV
&KLQHVH PDUNHW QDPHOWQR WRBADMRGHREDHWVY.DO VRXL

DQG QR SDFH EHWZHHQ WZR VHQWHQFHYV SXQFWXDWL
RI D VLQJOH ILOP WLWOH RYHUORQJ VHQWHQFHV RU \
ODQJXDJH WUDQVODWLQJ OLWHUDOO\ ZLWKRXW UHIHL

WUDQVODWLRQ DQG WRWDOO\ IUHH WUDQVODWLRQ
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,Q SUHYLRXV FKDSWHUV SUDFWLWLRQHUV GLVFRYHUHG
QHZ DUHD RI VWXG\ ZLWKID® UHIDLGNZOR WWKEO ®W RGQB¥ OH
ZDV XQGHUWDNHQ LQ RUXG®WOUUWNR MHOBHWKWRQESWILREEA ZR L
SODFH UHJDUGLQJ WUDQVODWLRQ DV ZHOO DV FRQVLG
WHUPV  )XU\WEBHWRRHD:G\ QRWHG WKDW VFKRODUV IURP

WKH ILUVW WR XQGHUWDISHQW KMEBD®WLE QRAR UNK IL\H JDQ
SDUWLFXODU LPSDFW RQ WKH GHYHORSPHQW RI WUDQV(
IRFXVHG RQ ZRERL@DWAH VOB QIRQDOHVK DQG PRVW (XUR!
ODQJXDJHV DOO EH®RRSHDR WIKBQIYERHWKLY FKDSWHU

UHIOHFW RQ WKH OLWHUDWXUH LQ RUGHU WR LGHQWLI
DQVZHULQJ UHVHDUFK TXHVWLRQV WKDW DUH FRQFHUQF
(QJOLVK LQWR &KLQHVH $OWKRXYKGHHD WS RGRMW RUH E

WUDQVODW LR QRWWHKRMWERRIMMWLFDO ZRUN LV IURP WKH
OLQJXLVWLFV $V VXFK WKLV W\SRORJ\ FDQQRW EH VDL
SDUW WR $97 P\WKHIZHLR WHKDW W K HWKWR ISHDU/ MEH\DW WQ JR R
VWUDWHJILHV LQ WDUMNNERQDU®\$ZKHUH WKH ODQJXDJH\
FRIQDMWHFULWLFDO WR P\ SURMHFW , BQVARHQQWHQ ® L\QEB
FRQVLGHU WKH PDLQ LQWHUFXOW &QWOW RIFSRBENYIEKD W F
IL0WWPWKDW KDYH EH&HQ WUDQVODWHG

,Q RUGHU WR H[DPLQH WKH IHDVLELOLW\ RI HDFK VWUI
DQDO\WH WKH VXEWLWOLQJ WHFKYSTREEORWBERYLHQUD VDI
JLYHQ WKDW ILOPV FDQ EH UHJDUGHG DV FRPPHUFLDO
HQWHUWDLQPHQW PDUNHW JOREDOL]DWLRQ DQG ORFDO
ILOP VXEWLWOLQJ DUH DOVR DQDO\WHG 2WWBEOHOP H]
VWUDW K EWHWNYEWQWOLQJ DV ZHOO DV WKH IUHTXHQF\ RI
ZRUGV ZLWKLQ WKLV FRQWHI[W



,Q FRQFOXVLRQ WKH SXUSRVH RI WKLV FKDSWHU LV WR
EHVSRNH UREXVW DQG DSBURSBWH YWHK GMRRWKHS REXOGINUR(
ODQJXDJH DQLPDWLRQ ILOPV WUDQVODWHG LQWR &KLQH'

UAtL ‘Zsese—te SE'"> feot ""Zc.. f—<'e

,KPFSUHYLRXVO\ VWDWHG WKDW $97 LV QRW RQO\ FRQF
EHWZHHQ WKH VRXUFH DQG IV&WRWPSRUW DOWIWRIBD\ M
DWWHQWLRQ WR WKH P\ULDG OD\HUV RI PHDQLQJ EH\RQ
W\SHV R| GEIDWHGDSWRIGKXFW ILOPV DQG WHOHYLVLRQ VHU
RI VIVWHP ZLWKLQ D FHUWD QW BBAQGRWIR QQ\GLOYRWX H D C
ODQJXDJH HOHPHQWVY RI WKH WDUJHW ODQJXDJH EXW
HFRQRPLF VRFLDO DQG FXOWXUDO IDFWRUV RI WKH W
VFKRODUV GHYLVHG WKH WKHRUHWIFBD\OXNJIDPHZRWM IR L
=RKDUJV SRO\V\VWHP

7KH WHUP SRO\WW\VWHP ZBKIOFRLOQHDG ¥ MWYHQ® RI SDSHUV 7

V ZLWK WKHLU (QJOLVK ODQJXDJH YHUVLRQV SXEOLYV
W UHIHUV WR D JURXS RI NH\WPARGM QD F/AF GGV 2L WIKWQF R
FXOWXUDO VSKHUH W LV FKDUDFWHULVHG E\ FRQWLQX
ZKRVH PDLQ DLP LV WR RFFXS\ WKH FHQWUH SRVLWLRQ
VRFLRVWRULFLORU®W DV

.DUDPLWURJORX (YHORBBPOEMGWKHRU\ WR KLV VWXG\
SURJUDPPHV EURDGFDVW WR D *UHHN FKLOG DXGLHQF
SURJUDPPHV ZHUH VXEWLWOHG$%H \GLAK OWV WE& HV & H RGK
SURJUDPPH GLVWULEXWRU DJHQW WUDQVODWRU VXE
UHFHSWRU WKH SRYE QWEDR PXGLRQPBW DQG VR RQ  $I
KLV UHVHDUFK KH ZDV DEOH WR FRRWOIDG®D\WKHDIWH Q\GHH
IDFWRUV WKDW DIIHFWHG DQG LQIOXHQFHG WKH WUL
SURJUDPPHV IRU FKLOGUHQ 7KHVH LQFOXGH WKH W\SH
GLVWLQFWLYH IHDWXUHV RI WKH VRXUFH H/DIQYXDJH

VWUDWHJILHY WKH DJH Rl WKH DXGLHQFH WKH DXGLHQF

o
o



HOHPHQWY DUH WKH FRPSRQHQWY RI D ILOP SRO\V\VWHI
RXJKW WR EH WKH DVSHFWV WKDW WKH\QWOMHWVW R JEBIQG L
PRUHRYHU WKH PRVW HIIHFWLYH WUDQVODWLRQ VWUDW
WKH PRVW HIILFLHQW RXWSXWYV

LWKLQ WKLNRFRXXG\ (QJOLVK ODQJXDJH DQLPDWLRQ ILO
WUDQVODWHG LQWR &KL QHKWH&KRIQD B \ ¥ WPDLLENKWWAL R Y KLFOWWR |
WKH KLJKHVW ER[ RIILFH UHFHLSWV ZLQWDDNORP LU VFK
SRVVEHMMHUQLEOH PRUDO YDOX®R YBIQWK EQ LWKWLERQBRYU
LPDJHVY DQG H[FHOOHQRHDLQGWAHMEELQD WB\G ZHKE®/ DW OKD Y
WKH PRVW VLJQLILFDQW DXGLHQFHHGRPDWKGJ SHRISROXJ |
LQWHQG WR GHYHORS WKHVH REVHUYDWLRQV LQ WKH Qt
FRPSRQHQWY RI D ILOP SRDS®\WMWHP WWRK DWOE WKBI®E\ T
7KHUHIRUH WKH FXUUHQW VWXG\ IRFXVHV RQ SRWHQW
DFKLHYH D EHWWHU TXDOLW\ RI VXEWLWOLQJ ZKHQ W}
IUDPHZRUN RI WKH ILOP SRO\V\VWHP

5SHVHDUFK KPNHIUVSXOGLAVKHG LQ WKH FRQWH[W RI D UHO
,Q KLV SImMSWBDUFK RI D WKHRUHWLFDO IUDPHZRUN IRU
WUDQVODMRLR®Y DYV SRLQWHG RXW WKDW

3RO\W\VWHP LV VXIILFLHQWO\ [0 H[DPO$RWR LMOORTL &
RU LQ DQ\ RWKHU FRXQWU\ 7KH ILOP SRO\V\VWHP
SURGXFWV DQG W RHGW EDHY RIVAV\DGE ® (HDIOE ZLWK W
UHODWLRQVKLSY WKDW DUH HVWDEOLVKHG DPRQJ O
WUDQY OMWRREY IRU WKH WUDQVODWHG ZRUN WR EH
WKDW LV LQWHJUDWHG LQ WKH WDUJHW SRO\W\VWHP

,Q 'LRLQWDVY RSLQLR Q$9WK S WBIDWVRFH GKYRPH GHILFLHQF
WKH HDUO\ SHULRG Rl VWXG\LQJ WKH WRSLF ZDV EHFDX"
IURP D OLQJXLVWLF SHUVSHFWLYH DQG WKHUHIRUH V
VXIILFLHQW DWWHQWLRQ WR \RWRFALUDBV\FKQWXL® 0DB IR
TXHVWLRQV +H WKHUHIRUH VXUPLVHG WKDW9DSSO\LQJ
VKRXOG EH HDUMWROAGLW EOXUV WKH ERXQGDULHV EHWZ

fi 0



DOORZLQJ WKH UHFODPDWLRQERH QRW UDG LDWFMRLM. @/Q H ¥ D\
LQ WKH DFDGHRALW KJEODELH BY7DY RB$RADH/EH WR OLWHU
SRHWU\ WUDQVODWLRQ 6HFRQGO\ LW KHOSV WR EUR
XQGHUOLQHV WKH QHHG WR LQRRKIRWXGH RV KR Q/HIFDIDNV .
RI DQ\ FRXEWW\

+RZHYHU&LOQMW DY DOVR GLVFXVVHG WKH WZR PDLQ OLPLV
$97 J)LUVW ORRKPMWQPHQWLRQHG WKH SULPDU\ SRVLWLRQ
WKH HOHPHQWYV LQUSRQW \WWHWPLVSBRERLVLRQ WKH RQH!
SRVLWLRQ DUH LQQRYDWLYH WKH RQHV LQ WKH VHFRQC
FKDUDFWHU DDNLQJ WKH H[DPSOH RI KRVQRZIY} FRXQ
H[SODLQHG MRKIDW JWHMZR FRQFHSWLRQV DUH QRW DOZ
SUDFWLFDO ILOP SURGXFWV PDUNHW LQ 6SDLQ

,Q &KLQD IRUHLJQ ILOPV DUH QRW DOZD\RZLQRHQWLYH
HYLGHQFH RI D PRUH FRQVHUYDWLYH QMKW DFWHH U VO
SPXOWLPHXXI@IALRY LRWPOHWODQVODWLRQ SROYMAUWHP UDW
SRO\WW\VRMMWHRQHPDWRJUDSKLFEHROIAVHVWHPWULHY WR HQF
SURGXFWW IDRELRYKLYVXDO ZRUOG ,QRY/BANMRWKWWKHY DO\
VXEWLWOLQJ RI ILOP SURGXFWV &LQWDVY SRLQW RI YLH

7R VXP XS LQ WXH YROXAE\VRVHP RIIHUV D IXQGDPHQWDO
WUDQVODWLRQ RI ILWDRHSTRGEY¥ VWO EBMRQQ SDUWLFXODU
WKLY WKHRU\ DV D XQLYHUVDO WKHRU\ RI FXOWXUH L
DZDUHQHVV LQ ILOP VXEWLWOLQJ E\ H[SODLQLQJ WKH HI
SROLWLFDO IDFWRUVVRI IDOPRVXEWLWBHFDKQFRPSDVV
VHPLRWLFV DQG JLYHQ WKDW SHRSOHTV FRPPXQLFDWI
VHPLRWLFV WDUJHW DXGLHQFHV DUH DEOH WR XQGHU"
IHDWXUHG LQ WKH RULJLQW@UROP ZLWK WKH DLG RI VXE\

,Q WKLV UHVHDUFK , UHD DV WKEDMRMRPHRRO/HED X DIHN LR Q
IHDW X UHV& WQ WKHODWLRQ WKH WUDQVIHU RI WZR FXOW.
GDLO\ ODQJXDJH SUHIHUHQFH WKH QBWWWXUH S BH\EWLIOR.Q
DQG WKH W\SH RI ILOP 7KH IROORZLQHEHGWIOHBIKP VKR Z\

fi 6
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, DFRQFHUQHG ZLWK KRZ WKH ILOP SRO\W\VWHP LV DIIH
UHOLJLRXV DQG RWKHU VHPLRWLFV WKDW LQ WXUQ Ut
DUWLVWLF LQSXW WKHKGILVWXQFWLWW RIUD WXKH G XRIL @/J
PDUNHWLQJ VWUDWHJILHVY WKH GHPRJUDSKLF UDQJH RI
OLWHUDF\ 5HIOHFWLQJ RQ WKH VHOHFWLRQPRI SRSX
FDVH VWDEEEOH WR PDNH W KHWIRROMDR IMIDIVWR BXGIO YIWR U P
RI HIIHFWLYH $90 W UDQWJDMMLRQ

IDQJXDJH 3DUWLFXODULW\

7KH VRXUFH ODQJXDJH (QJOLVK LQ HDFK PRYLH LV QR
&KLQHVH ORUH SUHFLVHOEDVH® IOKQILXDDE ZRSEB BHW
KLHURJO\SKLF ODQJXDJH

o
o



&XOWXUH DQG ORUDOLW\

%HIRUH EHLQJ H[SRURHON W\R WHKOHF K RIRYHHYAHZDV RULJLQDC
"HVWHUQ PDUNHW ZLWK UHJLRQDOO\ VSHFLILF FXOWXUI
GLITHUHQW DQG SRWHQWLDOO\ LQFRPSUHKHQVLEOH WR

6RFLDO '"HPRJUDSKLFV

7KH LQFUHDVLQJ RALGMP ® IGHDYFHIOR YPHQWYV WKDW LPSDI
SHRSOH LQ WKHLU GDLO\ OLIH HQFRXUDJHV WKHP WR VH
,Q SDUWLFXODU LW LV UHDVRQDEOH WR SUHVXPH WKDW
FKLOGUHQ DQG D @WXOQWRD\: EHOBWAKUOGWHG E\ WKH FKDUF
FKDUDFWHHQG IKDBSDQG ZKLPVLFDO PXVLF WKHUH LV DO
VDWLULFDO PDWHULDO WKDW LV DLPHG DW D PRUH DGXO

Uadvie'<...f,Zt fd WSt fe'Z%

$V WKH DERYRQWW KR OOKBHDJIH SDUWLFXODULW\ FXOWXI
GHPRJUDSKLFV DUH LPSRUWDQW FRQVLGHUDWLRQV IRU
VWUDWHILHV , KDYH GHFLGHG WKHUHIRUH WR LQWH!I
RUGHU WR LGR®®QH[ FKWDK O H GQMNXNE WIRHGHE\Y WUDQVODW
WKLV , XVH WKH ELOLQJXDO VN¥®¥LILAMDEDW KGI W-KIH/ \ Q8.O0PUD
RI D SRSXODU DQLPDWLRQ ILOP VHULHVY VWDUWHG LQ

uavas S> te'<..f,Z% £ s

7KHUH DWHIDWERWKRVH WKLV DQLPDWLRQ ILOP DV P\ UHV
WKH GLVFWSRDRQ\RIQG WKH WKHWWL R B QOHWRBHEHG LQ
FKDSWHU UKDV BAEBWY W X G\ R 1 VX E WLWWIDHZ MVWIKB QW O D W L R
DQLPDWLRQ ILOPUHWNRMWKHFROQ®P ZDV ZHO®\NQRZQ DI
TXHVWLRQQDLUH SDUW EMESIDEFM\L Y HQ GFOUWGIH UWUWR WKH TX
IDPLOLDIVMAKH VDPSOW QLIPGRUWDQW U MWKR QGILRY URQ
SDUWLFLSDQWYV

o
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'HVSLFDEQN OHERXW DOVYIIQUFDOOHG *UX ZKR DGRSWV V
RUSKDQDJH DQG KLV ULYDO YLOODLQ FDOOHG 9HFWRU
VWROHQ WKH *UHDW 3\UDPLG RI *L]D WR X WODQVWXY BWRR
%XW *UX LWUDQNQRUWPRLESGIUVRQ EHFDXVH RI KULW QHZ Ol
WKUHH DGRSWHG G D XJK\WHUPWLKIONNR DV B R HH RM VQK@/ LD O O\
EHFDX\EWG PDQ FDQ E LLFHHIR WDHMNE L. FRROBQWQ

%HVLGHY WKHUH DUH P ED HXODWX WO WHKGH PIHIPW VB PR Q.
FXOWXUDO |DEWRRIEYD QG R DUHNW KH ZRU® EWKH *UHDW
3\UDPLG RIZKW]BK ORFDWHGVLIQV (J48DWRQDEOH WR DVVXPH
JOREDO WHF@DRQGPDUNV VXFKRWYHUKL P DIXQIRWHHEN D O 0\
NQRZQ DQG X GISMSIVNWR RGF O X G H

X *UX OLYHV LQ DQ $PHULFDQ WXEXR EQ GHBH EJ KR WHK B
IHQFHV DQG IORZHULQJ URVH EXVKHV ZKGLPOLFDQ EH
UHSUHVHQWDWLRQ RI $PHULFDQ VRFLHW\

x *UX ZDQWV WR VWHDO WKH PRRQ LQ RUGHU WR SURY
VXSHWOODLQ LQ WKH ZRUOG +LV PRWKHUYV GLDORJ
XOLH $QGUHZV ZKR LV NQRZQHM R IWKKH PBDS\RQ\PRH
QDQQOD 3RSBQOWDUIKH IBRXQG EIRWMKEROO\ZRRG
ILOPV

X *UX WULHV WR JHW D ORDQ IURP WKH %DQN RI (YLO
EDQNYV HQWUDQFH DOVR VWDWHV p)RUPHUO\ /HKF
$PHULEDQNLQJ JLDQW /HKPDQ %URWKHUV ILOHG IR
DQ HYHQW ZLGHO\ DFFHSWHG DV D PDMRU FRQWULE
FULVLV

Xx 7TKH %DQN RI (YLO EXLOGLQJ VKDUHV VLPLODULWLH
GHSLFWH®OUQ\ VRMOWH HULHV ERWK LQ WKH VW\OH F
OREE\ DQG XVLQJ WRLOHWY DV D PHWKRG RI HQWU\

oi



x 7TRZDUGV WKH HQG RI WKH ILOP WKHUH LV D GDQFH
FODVVLFDO 5%YUQD/@NWOOHW

,Q VXEWLWOWH WKHEMW GEDAOL RI@HPHQWY QHHG WR EH WUI
GHOLYHU DR/ RWHRHK IDAH B X CORXWR BVOKIH WDUJHIHO®GLHQFH
NQRD@®QGPDUNYV RU SODFHV OLNH WKH *UHDW 3\UDPLG F
W KAHU D G MAULIRGRWD@Y W ORI G DU G & KL GHXY WHRKDUD FWH UV

X LWKH VWDQDOVOCLWRKDWHIRQ®H t, " LWKH OLWHUDO
WUDQVODWKRQ*WRHDW ®HWWDIFAKY ZLWK WKH UDSLG GHY
JOREDOL]DWLRQ , ZLOO WABR H Z\DK XR/IV WDUDRQV IOIDW XGJ W
IDPRXV SODFHV ODQGPDUNV DQG FRPPRQO\ XVHG SHR.
FKDSWHU LQ GHWDLO

JRU WKHPBIRRWLHR Q H GO HR 8 WX RKWIKWH VWHUQ VW\WKHRI OLYL
LGHQWLIG >XREBEWIKIHQ D Q F L DUAH IHUHNR®WHKWHWWRBRSXODU VWRULHYV
DQG IDPRXV EDOOHW PXVLF VXPWWEBUW W@ BWR XV I
HOHPHQWYV HPBHCCHEDHWKH RULIJLQDO (QJOLVK VXEWLWOHYV

JRU HIDPSOHV LQ WKH GLDORJXH EHWZHHQ *UX DQG KLV

|
)<, \RXU GRJ KDV EHHQ OHIMUQ D DA WW DWW LE\RGPHE V
«’)61_XA/ L €GiR&e UHOHDVHG WUDQVODWLRQ
<RXU GRJXDWEWHQJ OLWWOH ERPEV EDFN WUDQVODW
!
DOO RYHU P\ \DUG DQG RUGRIQQWODS%BWEWOMH LW
A=1R3F g UHOHDVHG WUDQVODWLRQ
DOO RYHU P\ \DUG DQG O GRQ W DSSUHFLDWH LW EDF

*UXHIHKYWARKIGFK LQ W XU Q HNHWHHUN W RV VOMHRE QWY L Q J
‘HVWHHRSOH OLYH LQ\DUGR XRY WKWK H[DPSOH WKH OLWE

S\DUBDRUR YAIGHHFW LQOR UFPDWHB@ HR KRXVH WR WKH WDUJF

oi



5HIDUGIDPRRY GXEEHULQGHGQWKBW WKH R WIHIHYNOWRX EW
WKHLU LWGEKHUWHL WY Q R WKHLG LY R DRSIBW DR OMDRY MK H/ X EW LW
'HVSLFDEOHXOHH $QG UHZMWIEBXEE WKH YRBXPHRVWKHU

VXSS R WH DURRMOD W KLIFW X O BHEH X VLV \DRAHY R F LIDDWHWGL 2 UWIKD O
UR OH P DDOHDAVKEK G L B QW K. DU H V \DVRVAP RWAKRUQ RUGHU WR
VKRZ KRZ EBRVUWHD KQRGPOHIG KRZ PXFK KH SER®B OLNH
KLPVHG®IWWRI KLOP GLUHFWRU LRMNUWHRGVEKDS W B ZXKWRK G X E
WKRULJLQDO VXEW LW ORIW KBHARAWD FUEBPWHRS HPSKDVL]F
F KD U D F WHKUFLKV W/ KDWY D U J HVH FORKIER A AHLPLRFAWK HU VKH LV W
V X E W V WFRBRGUR/LWRHLIQ VO DW LR Q

$V IRU WKH UHIHHKRFG WERRWMKKENVELRAXHEUMEGHH V K R U W
QRWH W R I8 O\DKLLQVARLHHD Q@ | R U P D \BWRQ JADA) XEHEMEMFH W R
XQGHUVWDQG WKH FR@WKHVERPGLQJ SLFWXUH

JREXOW XUDO VHXFHFREDQAW YF SORWYV LQ RWKHLIDPRKRXV ILOF
DERWN VXEWLWOHUV FDQ XVH WKH PHWKRI®D BWDRIGALRH D
VFUEKBWKH FRUUBVYBW®GHORISEBWO®HWY WR UHPRMYGHWVKH D X (
SWRIQDQFHV Rl WKHVH HOHPHQWV

+RZHYWHXEWLWOHUV V RRKHD G HIYIWWKKU R | \WAKIDHN® [CESOHMEH Q R W H
UHIHUHQ PH® OWIEKs UHDGDEOH OHQJWK RI VXEWLWOHV |
(QJOLVK LQ WKH OIRVBIG G WX QR WHH YALRI ZH [IS OB PLVQWDR PH F X C
NLQG*HISD QVIL(R Y XEW LWKAL QRUBXW. QV VXEWLWOHV KDYH
LQVWDQWDQHLW\ WKH\ DUH XQOLNH WKRVH LQ ERRNV D
FKDQFH WR U UIQDGLAMKBVAXPDOO QXPEHU 'RIVELFPEOMY 1U
OH LW FDQ EH DUJXHG WKDW WKH PDLQ FKDOOHQJH ID
PHDQLQJ HIIHFWLYHO\ DQG FRPSUHKHQVLYHO\ ZLWKLQ
VXEWDZWOBNIRUH WKHKBOWUEBEWHIVHE LV S KEWRLOWDLQJ
DQLPDWLRYHMR FEHIGLVFXVVHG

,Q WKH OLW H UDH M U BRMBVWORHEE 1V W\SRORJWR KEKRK LV FRC
PRVW FRPBGWREWLWOH WUDQWDOEW LW & W] BANRLY OHHV
W UD Q VEHWARKQ (QJOLV.R WG 'IROLOMRZ XY B\ DIDVDL R QW

of



RI WKH VXEWVY®WICAHXEIOHQORUGHU WR LGHQWLI\ IHDVLEOH
*RWWOLHEfV W\SRORJ\ DQG H[SODLQ WKH OLPLWYV RI RWt

UB <o —oeac'b_—7ZcE Te > "7 %>

,QIKDSWHRUHYLHZHG *RWWOLHEfV ZRUN LQ WKH ILHOG F
'DQLVK VNWKRODRIORJI\ RI VXEWLWOH WUDQVODWLRQ FRQV
SH[SDQVLRQ SDUDSKUDVWUWNQWDRULSWLRGLVGDRWRRBEDWLR!
GHFLPDWLRQ GHOHWLERGD Q®E WKML MHFMAWR@E WKH VDPSC
ILOPHVSLFDEOHD@Q WKHQ XVH WKLV DQDO\VLV WR LGH
*RWWOLHEfV W\SRORJ\ \§ KR WHFWH I(R& ¥ RHE S\DEADGIL QVRHD
GDWD ZDV FROOHFWHG LQ $SSHQGL] ,,

URABS S foeec'e

$V VWDWHG DERYH WKH PDLQ FKDOOHQJH IDFLQJ $97 V:
PHDQLQJ HIIHFWLYHO\ DQG FRPSUHKHQVLYHO\ ZLWKLQ

VXEWLWOHYV 7KLV FKDOOHQJH LV PRUH RQHURXV ZKHQ W
EDVHE YMIH VIVWHP DQG &KLQHVH D KLHURJO\SKLF V\VV

,Q /X\NHQYV ERRN 2YHUFRPLQJ /DQJXDJH %DUULHUV L
6XEWLWOLQJ IRU WKH (XURSHDQ $XGLHQFIYKHDRBIGH W
UHDGLQJ VSHHG LV JHQHUDBQ\ FRIYG G H UZARI ®\R FHHU ERLV
$W WKH 6WRFNKROP (%8 FRQIHUHQFH LQ WKHUH ZDV
WKH GLVSOD\ WLPH HRQUBMOHEMAL WID\H D J UG WRHEHD QVG W KZIDW

WKH RSWLPXP IRU WZR OLQHY DQG \DAWXR B GQ/X PEW R ®H O
FKDUDFWHUV SHU OLQH LV EHWZHHQ W R IRU PP IL
VKRXOG EH QRWHG WKDW WKH QXPEHU RI SHUPLVVLEOI
FLQHPD VFUHHQ GRHV QRW FKDQJH VLOEBW KR QXVGMQIWNR
LELG $FFRUGLQJ WR WKHVH GDWD LW LV DGYLVDEOH W
DERXW FKDUDFWHUV RU ZRUGV LQ D OLQH LQ (QJoL"
GLIIHUHQW KEMWHRG MORKPEHW ODQJXDJMGVOXWHRU VRKH U

o



FKDUDFWHUV SHU OLQH LV DERXW ILYH WR HLJKW EHFC
&KLQHVH

JRU VXEWLW OHU&IZRR BIURIGRPWY WKHUHIRUH WKH RSS]
WUDQVODWLRQ PRUH XQGHUVWDQGDHOR SO H @& LQ KIRQUR
DSSUHFLDWLRQ RI VSHFLILF FXOWXUDO FRQWH[WV LV
VWUDWHJ\ pH[SDQVLRQY DQG LW LV XVXDOO\ HPSOR\F
H[SUHVVLRQ LV EH\RQG WKH FXOWXUDO FR RRWMKHIFH R Q
LQ WKH O@I@IMKIH ILOPV WKDW IHDWXUH :HVWHUQ IHVW
VXEWLWOHU FDQ DGG VHYHUDO ZRUGV WR H[SODLQ WKL
VWUDWHJ\ PD\ KHOS WKH WDUJHW DXGLKE F3D B W\WRXHOD X
IHVWLYDO PHQWLRQHG DQG WKH DWWHQGDQW FXVWRPYV
VWUDWHJI\ LV QRW JHQHUDOO\ VXLWDEOH IRU WUDQVODMW
YHU\ GLIIHUHQW ODQJXDJH V\VWHPV DD@& FRQVWWQH G WK
ILOP VXEWLWOHV 7KH PDLQ UHDVRQ IRU WKLV SKHQRPH
&KLQHVH H[SUHVVLRQ VXFK DV UHSHWLWLYHQHVV DQG
SURIRXQG ZD\ WKDW LQKLELWYV D PRUH HFRQRPQFW RHPR (
SURFHVV RI DQDO\VLQJ WKH VDPSOH ILOPYV VXEWLWOL
WUDQVODWLRQV XVH WKH VWUDWHJ\ Rl FRQGHQVDWLRQ
WKH WUDQVODWHG &KLQHVH VXEWLWOHV BIVH 3XR\QHWKF
DQRWKHU ZD\ WKH GLIIHUHQFH LQ KRZ WKHVH WZR ODQ.
KLJKOLJKWHG E\ WKH JUHDWHU OHQJWK Rl WUDQVODWH
RULJLQDO WH[W

,Q WKH VDPBOSILFDERHRQB\ VL[ VXBEAWLIOHWD FHEGHXVLQJ
VWUDWHJI\ ,Q WKH SURFHVV LW ZDV GLVFRYHUHG Wi
FRQVLGHUDEO\ ORQJHU WKDQ WKH RULJLQDO WH[W $V
KDYH KDG VXIILFLHQW WLPH WR FRPSUHHKHQGQWKRI WUL
RULJLQDO WH[W PD\ KDOHQUWHVXEWHEOIHQ DR WZRLY HQG
H[DPSOHV KLJKOLJKW LQVWDQFHV ZKHUH WKH &KLQHVH
WKH RULJLQDO (QJOLVK WHI[W

00



7LPHIUDHE 6RXUFH 7 1R R|7UDQVODW|[1R RI ZRUGV
ZRUG
)<, \RXU|GRJ GA+0; s
W R KDV EHHQ ) XAzl €
OHDYLQJ OLWWOlHy;- 4 reei
ERPEV DOO RYHU
P\ \DUG
%DFN 7UDQVODWLRQ
_XVW UHPLQG \RX
\RXU GRJ SRR SRR
HYHU\ZKHUH LQ P\
JDUGHOQ
«XQOHVV 2l a=J GXH WR WKH
W R WKH\ UH|GHDG« | ‘4D g «« | QHFHVVLW\ RI
+H ZRQIW | PP CLQJ
IROWARXQPECLWLRQDO
KH GLHG | ZRUGV LQ
&KLQHVH
‘DWFK WKLV \-1  9» B'+% GXH WR WKH
W R /HDYH D @0 > QHFHVVLW\ RI
PHVVDJH| EHHS | | ywHo oG8
PHVVDJH zKRGGIRKLRQDO
KHBEHHS | ZRUGV LQ
&KLQHVH
7KH\ UH VD\LQJ G-B$D -
W R KH PDNHY DOO |+ A F gl
RWKHU YLOODLQV, yo1c 7
ORRN ODJPH
1
7KH\ DOO VDLG
FRPSDUHG |[ZLWK XV
RWKHU EDGDVV DUH

URRNLHYV




W LV LPSRUWDQW WR QRWH WKDW *RWWOLHEYV W\SROR
$97 SHUVSHFWLYH +RZHYHU DV FDQ EH VHHQ LQ UHOI
VWUDWHJI\ LV QRW JHQHUDOOP WXLEMOLENOOH | RSLD WM DFX/GDIDUA
YHU\ GLIIHUHQW ODQJXDJH V\VWHPV DUH FRQFHUQHG EF
ILOP VXEWLWOHV 7KH PDLQ UHDVRQ IRU WKLV SKHQRPH
&KLQHVH H[SUHVVLRQ VXFK H}WUHQSHWR W HYSH@QHMYL QD Q\S K
SURIRXQG ZD\ WKDW LQKLELWVY D PRUH HFRQRPLFDO PR(
SURFHYDWIIRO\WK®JVDPSOH ILOPYV VXEWLWOLQJ LW FDQ
WUDQVODWLRQV XVH WKH VW UMNHWIDQ RU RRR QZKHY\HDW L RIQV
WKH WUDQVODWHG &KLQHVH VXEWLWOHY DUH QRQHWKEF
DQRWKHU ZD\ WKH GLIIHUHQFH LQ KRZ WKHVH WZR ODQ.
KLIJKOLJKWHG E\ WKH JUHDWHU FRHPSDW K GR IZ MANUKD QWKIDDAW R
RULJLQDO WH[W

udat f f'S"fet

7KH ZULWWHQ IRUP RI WKH &KLQHVH FRKDQIDHWHUR LW HRPRLC
ZRUG@¥XLYV OLQJIJXLVWLF SKHQRPHQRQQ&UVOEDWWDRXODWAR
EHFDXVH WKHVH LGLRPV FDQ H[SODLQ RU UAKSIODFH DQ
UHVHDUFKHU ZRXOG DUJXH WKDW WKLV DSSURDFK LV F
SSDUDSK,WQDWHKHHVYSOPFDEOMRHUH D UH VIXE WIRNIDHOW KLV
SDUWLFXODU VWUDWHUQRI $PBWEWOBIWH LV XVHG

7LPHIUDPH 7UDQVODWHG 7H[W 6RXUFH 7H[W
» & EC§ ™3 €|4-8&"A 7KHUSIDIQLF
WR % DFNDQV ODWIYRIQ W FHDKKWUHRXBKRXW WKH JORE
SDQLF DPRQJ SHRSOH| RO AWHUIHWRRPRG FLWL]H
ZRUOG
—#GLYf " 43R 2 7KH OpPMDZ HQIRUFHPHQW VWLC
WR HQIRUFLQJ GHSDUWPH®BW®WVVQR ®H RBYH QR
FOXH
} FC§ «05%> /kB; 7KLV LWIWKWHVSRQVLEOH IRU \
WR PDLQ FOLRLOIKLYV GHVHHPDEH FULRH"
FULPH

00



Y% JAX&E"0 VR QRZ ILUWA YV DERXW W|LPH WKDYV
W R P\ ZD\

a_IlR 4D « 'RJV DUHKH\ 2ZRHUHYHU WKH\
WR IRQG RI UXQQLQJ DURXPERW WR JR

o0 9 ‘LVK \RX KDSS\ | $Q\zD\ KDYH D JRRG
W R RQH

"D8¢=Klz /RRNV JRRG . HYLQ /RRNLQJ JRRG
W R .HYLQ

8 8G-B$F Y FAUxL dx $x 3HRSOH DUH FDOOLQJ L
WR (YHBHUVROQW LV WKH |ZRWU-EBH RI WKHI FHQW XU\

ELJJHVW FULPH VWXII OLNH WKDW

VA Goe ¢C=KI %XW ZH ©EXW ZH KDYH KDG D
WR YHU\ JRRG WKLV \HDU| SUHWW\ JRRG |\HDU

RXUVHOYHV

(R;-O1“?y:/ FAUWxX2 7R | «xWR SXOO RII|WKH WUX

WR GR D UHDO ELJ FULPH| RVWAH RIFW&W)HEGNQW XU\

,QHYLWDEO\

WKH ZLGHVS UHKDAJ CBRWVHH D OIHLRHP VR IL QR YWMK H

ODQJXDJH PHDQV SDUDSKUDVH ZLOO EH D NH\ VWUDWHJ\
VRPH H[SUHVVLRQ HVSHFLDOO\ RQHV IRU ZKLFK LW LV ¢
WKBUWHW ODQJXDJH ,Q WKLV NLQG RI VLWXDWLRQ W}
XQGHUVWDQG LWV DFWXDO PHDQLQJ RU PD\ EH FRQIXVH
WUDQVODWHY D SDUWREBROIBU B [GUW M YDRMQWARRHO DWW LR Q
& ILOPV WUDQVODWHG SDUDSKUDVLQJ WKDW XVHV &KL
HTXLYDOHQW FKDUDFWHULVWLF LQ &KLQHVH EXW DOVR
UHTXLUHPHQWYV LQ ILOP VXEWLWOH PDNLQJ

00



uddu "fee"t”

W FRXOG EH DUJXHG WKW HV KRHU SW bl DHQUWADHDGY REEQM B/ W U D \
WKDW WKH VHQWHQFH PHDQLQJ LV QRW ORVW QRU FKDQ.
WKH VW UEW WHQWROQHHGHG WR FRPSOHWHO\ DQG FRUUHFW
WKURXJK WKH WD UWHSHOR\QRQIKIDPIHOEU GRU HTXLYDOHQW H
WR ERWK ODQJXDJHV )XUWKHUPRUH WKLV VWUDWHJ\ LV
H J(JQJOLVK DQG PRVW RI (XURSHDQ ODXRURB DY DDPLEMO
RI ODQJXDMXFK LW VKRKOBGOMRVWEH VX[ \WNEDHVRD WIVRIQL
JLYHQ WKDW WKH\ EHORQJ WR WZR GLIIHUHQW ODQJXDJH
FORVH UHODWLRQVKLS WR RU PXFK LQ FRPPRQ ZLWK H[

,Q WKH VDPSOH KREEHYYWYH ZH EPW RI VXEWLWOHYV WKE
WKLV PHWKRG )RU LQVWDQFH
7LPHIUDP| 7TUDQVODWHG 7H[W 6RXUFH 7H[W
== o & [\ 1R QR 6WHRS KLP
WR %DFN 7UDQVODWLRQ ERFNQRR@WR & Kl BE
*R EDFN TXLFNO\ 'RQYW FOLPE
1ylyElylyA :DLW ZzZDLW | DLW ZDLW
WR
-1 E1+« E™€1p[@ E= |2ND\ VWRS FKLOG 6WRS
WR 2N VWDQG VWLOO NLIGYKWWHIOREUVMWILBO OR
«9XHft>0e8C T A 7KH| «<WKDW WKH *UHDW 3\UDF
WR 3\UDPLG RI *L]D ZzDV VWIROHRD KDG EAHHQ VWROH
ceydi céydi eyl JUHH]H UD\ )UHH]H UD\
WR JUHH]H UD\ )UHH]H UDYHIAHYR \UD\
ay FoN# )a IR 4 6RUU\ <RX NQR|Z GRJV
WR iD B6RUU\ WKHUH LV |JENRBX&tRGHYHU WKH)
GRJV OLNH UXQQOLQJ DA AR JR




A Q)U1A/ , TP NLGGLQJ , P MRNLQJ

7KLV KLJK QXPEHU RI LQVW D @FHWQ XV F BUX HE B/ \M JSDONDH. D
FKDUDFWHULVWLFV KR WBHFRMG IDBEVHQFHYV IRU WKHVH
FKLOGUHQ \RXQJ SHRSOHY DQOHWXEBWU WBHHQWWDWHJI\ |
DSSOLFDEOH WR VRPH GHJUHH EFHHDIXVH GRH Y\ RMW HJIS Bl 6 W
DQG HGXFDWLRQDO EDFNJURXQG DV ZHOO DV WKH FR(
WUDQVODWRUV FDQ GHSOR\ OLWHUDO WUDQVODWLRQ R
RULJLQDO DQG &KLQHVH VXEWLWOHYV

7KH VWUDWHJ\ RI YSWODQWQIMEG ED Y KHH AFKDUDFWHULVWLFV
7KH H[SHFWHG DXGLHQFHV IRU WKHVH ILOPV DUH PDLQC
SDUHQWYV $V D UHVXOW WKH VWUDWHJI\ Rl WUDQVIHU L
WKH H[SHFWHG D X GIIDHEQLRHVE JWH ®HYD 6 WXEDWLRQDO EDFN
WKH FRQWHQW RI WKH ILOP LWVHOI ,Q WXUQ WUDQVOD
HTXLYDOHQFH EHWZHHQ WKH RULJLQDO (QJOLVK WH[W D¢
7KH VW UDBWWD QMRIHJO VRDBOSOWR WKH WUDQVODWLRQ RI

DOWKRXJK WKLV DSSURDFK LV (VOWIUDQY\ORWM Rl GRW H [D
WKH JLUGIRVE@DPHTXDO WRIWKH BKURKHYY D EHWWHU WUL
WKDQ WKDW RI WKH VRPBODU EH 5 BIRFRMHOFEE H @ HJI H U

WR WKH VDPH NLQG RI EHDXWLIXO IORZHU DQG XQGHUO
SDUHQWY WR WKHLU GDXJRMWRUKRQ QRKH RAKKRHDIQRQGI

LPSOLFDMUMNRQY D ZLGHO\ XV MG CPMMODKRVGL QKHQD PHV R
DFFRUGLQJ WR 'DQJ DQG :DQJ

6RPHWLPHYVY WKH RULJLQDO (QJOLVK KDV D FOHDU FXOW>

7KH KLEKRQWX DU GG VHRDAUIIRILOQDO VXEWLWOH

AFO# YDS 8% 07Q, ®? 5HOHDVHG WUDQVODWLRQ




,Q WKLV H[DPSOH WKH VXEWLWOHU XVHV WKH VWUDWHJ'
KRPRSKRQRXV &KLQHVH FKDUDFWHUV 7KLV LV D WUDG
KLVWRWWUDQVODWLRQ ,QH RAH®HIL QURRU HAYKIHD ® WLK L Q D O
UHVHDUFKHU VXJJHVWVY WKDW WKLV QDPH LV WUDQVODW
WKH RULJLQDO JLYHQ WKDW FRPSDUHG ZLWK LPLWDWI
FRQYH\LQJ WKH LQGLFDWHG PHDQFGQH Q¥ HP RQ HF RPIDSH X B Q
WKH ILOP , @ W KH ELPRID ULHRI H BQVHWRJ R R XWAKHOU H IR U H

LW LV EHWWHU WRSW UDKLWXD PAHD 96 Q DEFMBRFN LV D FRORX
EXW DOVR LPSOLH\WK 8 WXQOHQIBHMORIYHHY LPLWDWLRQ ZKI
WKH RULJLQDO PHDQLQJ E\ XVLQJ D VLPLODU H[SUHVVLR

UBABY e<—f—«c'e

&RQYH\LQJ PHDQLQJ WKURXJK WUDQVODWLRQ LV QRW OL
PD\ DOVR LPSOLFDWH FK®WKLMI0 BK HQRPSHDQ FRXQW UL}
IHVWLYDOV LQ FRPPRQ EHFDXVH WKH\ VKDUH PDQ\ UHOL.
WKH 8QLWHG .LQJGRP ERW K(DWMNIID G RDNQ WX EHKY ERDWKH
S5RPDQLDQ DQG %ULWLVK FKLO G:3@DL\ONMHBPRREQHIHIDO®\ DJH O
&KLQHVH FKLOG ZLOO QHHG WR NQRZ WKH EDFNJURXQCG
(DVWHU %XQQ\3(RWKMNPELVWHU  %ZXQFK DUH VLPSOH WHU
(XURSHDQV PD\ QRW PDNH DQ\ VHQVH WR D &KLQHVH FKI

*RWW O UBDEVIMRWDWLRAQFHUQHG ZLWK UHWDLQLQJ WK
RULJLQDO H[SMXEWLR/@H DV LW LV ZLWIKRMXWUNUDODRY\O D W
H[DPSOH VXJJHVWV WKLV VWUDWHJI\ OLNH WUDQVIHU L
WZR UDRL ODQIXOJHOMLVK DQG 'DQLVK ,QGHHG FRPPXQL
(XURSHDQ FRXQWULHV LV PRUH IUHTXHQW WKDQ WKDW Z
IHHO PRUH FRPIRUWDEOH XQGHUVWDQGLQJ D FHUWDLQ (
$QRWKHU PIDRWOEH (QJOLVK DEEUHYLDWLRQV ZKLFK IUHT
H[SUHVVLRQV VXFK IDW $6BR P BYERWYURSHDQV PD\ KDY}
EHWWHU OHYHO RI (QJOLVK WKDQ &KLQHVH WKLV NLQG
WKDQ LI LW THWR SU&KIHXHVH DXGLHQFH

Oi



,Q WKH VDPSIOHGIMKDW WKHUH LV RQO\ RQH LQVWDQFH :
VWUDWHJI\ RI LPLWDWLRQ QDPHO\ LQ UHODWLRQ WR W|
LQVWDQFH RI D UHF&QWDWMQBOWQRIHZIWHDBEODWRU SUF
LPLWDWH SHRSOHfWQRD®HW RQBDAHD/ODQG FLWLHV VXFK
WKH (LITHO 7RZHU DQG 1HZ <RUN &LW\ ,Q WKLV VLWXDWL
QDPHV DSSHDU LQ WKH &KLQHVH &/IXFEDWLMGD BW TR IV K R XB/R @

7LPHIUDPH 6RXUFH 7H[W 7UDQVODWHG 7H[W
W R -XV \RX JHW ED XV KRHIDN .
ULJKW QRZ %DFN 7UDQVODWLRQ -X

FRPH EDFN

WR +HOQR - )JUHG+HOOR
JUHG

W R ORUQPFQJ z *UX ORUQLQJ
*U X

$V LQGLFDWHG WKH VWUDWHJ\ RI LPLWDWLRQ LV PRUF
EHWZHHQ (QJOLVK DQG RWKHWXURBODD JIBWYLOY WKWMK HY
EHWZHHQ (QJOLMK TKQI® RIRIWHHVWR Q WKLV RFFDVLRQ WKH
DQRWKHU *WWDRQWHUAISWIKRQV WR XVH WKH RULJLQDO (QJ
WDUJHW VXEWLWOHV WUDQVODWLQJ (QJOLVK QDPHV LQ\
WKH WUDQV ODMDH & HV®RW I WD H) DI RN IH G B/Q@ MMYGVH R |
XVW QHB Q®GUXFDQ EH W UBQR'®BWGEDEC DD QR ~ E\

WKH WUDGLWLRQDO Z(D& \RU DQMIDAVOLRMHUDWLRQ LQ

ORUHRYHU DWWHPSWLQJ WR WUDQVODWH HWRH L QIDPHY
(QJOLVK PHDQLQJ DQG LQ SUDFWLFH WKHUH PD\ EH
)XUWKHUPRUH JLYHQ WKH UDSLG GHYHORSPHQW RI JOR
IDPLOLDU ZLWK IRUHLJQ FRXQWULHY DQG WKHL® FXOWX!
QDPHV Rl WKH FKDUDFWHUV LV D ZD\ WR SURPRWH LQWH
WKH RULJLQDO PHDQLQJV LQKHUHQW LQ IRUHLJQ SHRSOF

oi



uaaw < —<'e

7UDQVFULSWLRQ UHIHUV WR FRS\LQJ GLUHFWO\ IURP W
DSSURSULDWH ZKHQ WUDQVODWLQJ EHWZHHQ WZR OD(
EDFNJURXQGV RU DUH IURP WKH VDPH ODQJXDJH IDPLO\
EH HDM\QBRFRUUHVSRQGLQJ H[SUHVVLRQV EHWZHHQ WKH
&WUDQVODWLRQ LW ZLOO EHGRXFFXRR DD HHQFHFXOW WR |

,Q (QJOLVK WR &KLQHVH ILOP W UD @DOW WERID LDX BW HW O
RULJLQDO HISGHVRPR@WLPHV HYHQ XVH UHZULWLQJ LQ F
DXGLHQFH PDNH VHQVH RI WKH VRXUFH WH[W ,Q WKH VC

DUH WUDQVODWHG LQ WKLV ZD\

7LPHIUDP| 7TUDQVODWHG 7H[W 6RXUFH 7H[W

uS6u *0'6& W, aLl+ A | 2XWUDJH LQ (J\SW WRQL.
WR %DFN 7UDQVODWLROQ| BVELW dR¥YVGLVFRYHUHG«

UHOHDVHG LQ (J\SW WRQLJKW

WaG-X)L#H{ A Z We<Q A «OHDYLQJ HYHU\RQH WR
WR 3HRSOH DOO JXHYRQIKRRGHU) EBIGFK| Rl WKH

K HV ZRUOEGLOODLQV«

} FC§+055> kB; «LV WKHY UHVSRQVLEOH IRU W
WR PDLQ FULPLQDO RI WKEKWLERKM EDVEBH"

FULPH

UYA 66 o, , IHHO ED® KDYLQJ D EDG EDG G
WR YHU\ YHU\ EDG WRGD

2+ 1" " AAe =JAA0 A | ., \RX WDNH LW|SHUVRQD
WR ZRQIW IHHO DQJHU L] YWROO WDW R NH

EHFDXVH RI WKLV

08x)UIA :KDW D MRNH<RX YH JRW WR|EH SXOOI
WR P\ OHJ




96G " $Q\ERG\IV KHUH"™*HOOR
WR

AJjF m3WPG"=J $P , | %XW DP , XSVHW" 1R , DI
WR IHHQQHUYRXV" 1R QRW

<'f 9FOx01& A $OWKRXJKR OLWWOH
WR WKHUH LV D ELW

e "=1"G-Aa X 820 :9 A | «DQG \RX JX\V DUH DOO
WR $00 \RXU QDPHV ZLOd EXKWHFR B & BBRN

WKH PHULWYV

+RZHYHU ZLWK&QY FXQUOIRWLQJ SURFHVVHVY SHRSOHYTV Q
VRPH FRPPRQRHE@ ®EEUHYLDWLRWQU\ DURPFR/XIHH G UGUUEB C
ZKLFK PHDQV WKHUH LV QR QHFHVVLW\ WR WUDQVODWH \
VHYHUDO VLPLODUO\ SURQRXQFHG &KLQHVH FKDUDFWHU
LV DSSOLFDEOH ZKHIR BRUHDF RXGWKBUYWNKIH) VDPSOH ILOP

DUH VXEWLWOHV H[FOXGLQJ UHSHWLWLRQV LQYROYL
QDPHV RU FRPPRQ QRXQ IRUPV RI REMHFWV WKDW DUH

VWDQGDUG &KLOEHDM GHXR YDV YWQMHG EHORZ LQ EROG

7LPHIUDP| TUDQVODWHG 7H[W 6RXUFH 7H[W
uS 64 *0'6&E W, aL+ 2XWUDJIME MR QLIIJKW
WR %DFN 7UDQVODWLRQ| DK HWHZDW 53 VFRYHUHG «
H[SORVLYH QHZV LQ (J\SW
9:XH f, FPé8C 7KH 3\UDPWBWWH *UHDW
WR RFL]D KDV EHHQ VWRPORIQ*LKDG EHHQ VWROHQ
<'f  URS$PRFOZF +x, A | «WKH VPDOQIRQH IURP
WR $OWKRXJK LW LV D PLGIINY]HG /DV

9HJDV

6



F}I_A'? %LOOG /DUUN7KDW %LPER\

WR 7KLLQ®HHG P\ OLWW OKDWIYBUSIAR 7
DUH \RX /DUU\"

2 *UXASYTNI1C A +HOOR+HOQOR" , YH EHHQ
WR *UX" , PDGH WKH EXGUHWXQFKLQJ VRRARH QXPEHL

+DWWLHN « A +L +L OLDW :H UH
WR OLVV +DWWLH ZH DUHEDIAN

3HOQR\+L 3HQQ\ +L3HQ

*UX+0 3HUNX+QM X 2 oOu*u OWBHUNIZLOO

WR -1 A OU *UX O0U 3HUNYBW HPQ QR
\RX QRZ

&RPELQHG ZLWK WKH SUHYLRXV WZR GLVFXVVHG VWUDW
WUDQVODWLRQ RI WKH QDPHV LV D VSHFLDO FDVH ZKLF}
WUDQVFULSWLRQ 6XEWLW OHUAMRDWHIR RQHWKRI XV W DD®
WKH\ PD\ XVH WUDQVIHU WR H[SUHVV WKH RULJLQDO PHE
XVH LPLWDWLRQ WR ILQG VLPLODU PHDQLQJV LQ &KLQH"
HYHQ LPLWDWLQJ SURQXQFLDW\LRQV XV HRWIUIDQDFU QW HR
WUDQVODWLRQ RI WKH RULJLQDO QDPHV DV ZHOO +RZ
WUDQVFULSWLRQ LV D GLIILFXOW VWUDWHJ\ ZLWK UHJD
WKHP WR KDYH D FHUWDLQ NQREPHWGJDIRYGFFPRQ (RBPE
SODFHV HWF H J PDLQ FLWLHV LQ GLIIHUHQW FRXQWU|
HQDEOHV WKHP WR PDNH VHQVH Rl WKH GLUHFW WUDQYV
WKH GHYHORSPHQW RI| JORE D QRO VK QQ DAPKH/ W Q D/QR/HF WAL
RI( & VXEWLWOLQJ LV D ZD\ WR SURPRWH FRPPXQLFDWLI
7KHUHIRUH WR IXUWKHU H[SODLQ :DQJYV VXJJHVWLRQ

QDPHV LQ WUDQVODWLRQ , UHFRPPHQG WKDW IXWXUH V;
DQLPDIWQRY XVH D WUDQVFULSWLRQ VWUDWHJ\ WR GHDO
7RP 5RVH $QQD IDPRXV ODQGPDUNV /RQGRRZQH 7LP}H

060



SODFHV 1HZ <RUN /RQGRQ 3DULV ,Q WKH FRXUVH RI |
WUDQVODPMHIMRQ RLAD® UHLQIRUFH WKLV SDUWLFXODU WUI
FKD¥YWHBP YDULHG SHUVSRQFWLYHWQ S LQ

UBBX <oZ' .. f—c's

6RPHWLPHV WKH SURFHVV Rl WUDQVODWLRQ ZLOO QHHG
RI DQ H[SUHVVLRQ UDWKHU WKDQ LWV FRQWHQW VXFK D
ILOP 7R DGGUHVV VLWXDWLRQV RI WKLV NLWGR®RWRVOLH
PDNH WKH WUDQVODWLRQ UHDGV PRUH UK\PH +RZHYHU
SRVVHVV D VLJQLILFDQW JUDVS Rl WKH WDUJHW ODQJXD
LWV FXOWXUH DQG OLWHUDWXUH $FFR UG MWXHWR UIRAVW O |
RI D VRQJ SRHP RU QXUVHU\ UK\PH WKH VXEWLWOHU
ODQJXDJHV LQ RUGHU WR HPSKD V UHISWW¥ WU RHIFW D QRS WS
FKDQJHQRIRQDWH R@®QJINV O\WLFV LQ &KLQHVWBK\MRKIPH[DPS
DQG IHDWXUH UHSHWLWLRQV Rl &KLQHVH H[SUHVVLRQ 7
O\ULF VRXQGV PRUH IDPLOLDU , Q% RVWH HIDP SOH RL GRS WHK
WZR LQVWDQFHV Rl VXEWLWOHY WKDW BUH WKH WIRBADHO | R
QXPEHU RI UHODWHG VXEWLWOHV LV  RXW RI

7KH ILUVW LQVWDQFH LV D VRQJ VXQJ E\ WKH SURWDJRQ!

7LPHIUDP| 7TUDQVODWHG 7H[W 6RXUFH 7H[W

-1}, 077°G-.1&0 %DFN 6WHDPUROOLQJ ZKDWHY'I

WR 7UDQVODWLRQ 6WHDPURDOLQJ HYHUNWKLQJ
LQ P\ H\HV«

jA_We<li A %HFDXVH|,'DWSDFDEOH PH
WR ELJ EDG ZROI

UYAGD A, IHHO YYHRRKDYLQJ D EDG EDG G
WR EDG WRGD\




2+ ""A  EAe=JAA0 A .I[,I \RX WDNH LW|SHUVRQD
WR \RX KDWH PH , ZRQIW YHHHOND\Q RUMD \

jA_We<li A %HFDXVH|,'DVWSDHFDEOH PH
WR ELJ EDG ZROI
JRU WKLV VRQJ WKH VXEWLWOHU XVHV GLVORFDWLRQ
HPSKDPWKH HIIHFW RI H[SUHVVLRQ 7KH VRQJTV O\ULFV L¢
DQG IHDWXUH UHSHWLWLRQV RI &KLQHVH H[SUHVVLRQ 7

OWWVRXQGY PRUH IDPLOLDU WR WKHLU ZD\ RI H[SUHVVLR

7KH RWKHU LQVWDQFH FRQFHUQV WKH UHDGLQJ RI D EHG

/TLPHIUDPH

7TUDQVODWHG 7H[W

6RXUFH 7H[W

Al(@)U6=  ZLc;))UT0=n 7KUHH OLWWOH NLWWHQ
WR YA %DFN 7UDQVODWLROD\ WKW K 1XQ LQ W
KDSSLO\ SOD\LQJ WR IMWKREPO WA\
SOD\H&RDH GD\ XQGHU WKH
VXQVKLQH
,E=+B$ 3CM B-20 ‘A 7KHQ WKHLU PRWKHU FDI
WR OXP FRPHV %R BLHW R XW D Q%G LWHIL R|U
WLWHR EHG NLWWHQV WR JR WR EHG
AW e 7TKWKUHH NZWWHHWLWWOH NLWWHQ
WR VKRXW ORXGO\ WR EDZO
s U =3 »20 A OXPKRZ ORPP\ ZH UH QRW WLUH<
WR FDQ ZH DVOHHS LI ZHDAROPW 1HHO
WLUHG"
UIAY E44$ OXP VPUGKHWLU PRWKHU|[VPLOHG C
WR VDLG ZLWK D SXUU

DQG VD\V«

00



3g'" A +XUU\ EUXVRIRAXRX EUXVK WKH IXU

WR IX U
] E"G-gg- A 7KUHH7KUHH OLWWOH NLWWHQ'

WR OLWWOH NLWWLHV EORYKENEEKRKU|IXU

3-W E8#A°KIG-it A’ HLQH EXW DW PDHDVW \F
WR 2N GULQN WKH PLONYBWOSHBYIWQRN \RXU PLON

23 ((! A '"ULQON WKHLUURZ®PWNH WKHR GULQN W
W R PLON

]  ‘6"51>*c%Q%b 0 t 7KUHHNLWWHIHY ZLWK
WR ! OLWWOH NLWWLHWVUSNEPYE® whkRdu YXREFHG

DQG EHJDQ WRUDQ@RLBIWN P QG VWDUWHG WR

WKHLU PLON

i=p E0&G-= A~ &DQJWH FDQ W VOHHIS ZH FDQ
WR VOHHS EHFDXVH GROHWH@EAMWY W LUHG

Op)..aC8Tw2 A 7KHQ 7KHQ WKHLU PRWKHU VD«
WR PXP EHWIRQVLQJ D OXCOTERDE\

3jcM St EL 20?20 O 3*RRG QLJKW NUWWHQV |

EDELHV &ORVH \RXU NOWA B IBRXVBKVYS

XQWLO WKH VXQ ULWVH

x<'fA 60- E DOWKRX|JW KRIXJK ZKLOH \RX VOHH
WR DUH VOHHSLQJ DSDuUwH DUH DSDUW

3y U"hF (a* A° OXP | 3«\RXU PRPP\ ORYHYV
WR ORWRX DOO IRUHYHU \RX ZLWK DOO KHU KHDU\

00




*LYHQ WKEWGIWLRN DWRU\ IRU ZKLFK WKH RULJLQDOO\ L
\RXQJ FKLOGUHQ WKH WUDQVODWRU DGRSWV UHSHWLWL
WKLV SRLQW LQ RUGHU WR PLUURU D &KLQHVH PRWKHU
ZKLFK LQVWXRODWHKHY WKH WRQH RI WKH RULJLQDO H[SUI
HISUHVVLRQ QRW RQO\ UHSODFHV WKH URURRHDN®VWKH F
UK\PH LQ WKH &KLQHVH VXEWLWORYg-H[DAPEXOHV LQFOXG
8VLQJ WKH \GALVDWHDWRRQ KHOSV WKH WUDQVODWRU WF
WKHLU WUDQVODWLRAQ

ua/ay ‘o'['ioof_(‘o

BKRUWHQLQJ RU FXWWLQJ GRZQ RQ UHGXQGDQW H[SUHYV
ILOP VXEWLWOLQJ 7KH PHFKDQLFDO KW WU DM D VRR
DOZD\V OHDYH QRWKLQJ XQWULHG WR FRQGHQVH WKH |
WKH\ DUH UHGXQGDQW *RWWOLHE UHIHUV, GLRRWKLV NLC
DUH QRUPDOO\ FRPSRVHG RI IRXU FKDUDFWHIKW ZKLOH
FKDUDFWHUV 7KHVH VXEWLWOHY DUH HIIHFWLYHO\ FRQ
6LQFH WKHUH DUH WKH GLIIHUHQFH EHWZHHQ WKH ZRUG
WKH XVH RI FRQGHQVDWLRQ FDQ VKRUWHQ W&H OHQJW
&KLQHVH VXEWLWOHV ZLWK W RHWWKLAR B D & VSIRNHG MQKIH RW U .
YHUVLRQ YLVXDOO\ HDVLHU VFR Q\HDTOVHE®I K H TIXX@IWWH QX W
WKLV VXEWLWOLQJ VWUDWHJI\ LV UHFRPPHQQH® E\ VFKR
FRQGHQVDWLRQ LV D IHDVLEOH VWUDWHJ\ ZKHUH WZR
FRQFHUQMW®&H VDPSOH ILOP RXW RI VXEWLWOHV ZHL
WKLY VWUDWHJI\ ORUHRYHU D IXUWKHU VXEWLWOHYV
&KQHVH LGLRPV DQG DUFKDLVPV ,GLRPV DUH QRUPDOO
ZKLOH DUFKDLVPV FRQWDLQ DERXW HLJKW FKDUDFWHL
FRQGHQVHG LQ WKHLU UHVSHFWLYH H[SUHVVLRQ 7KH
DSSOLFDWLRWHIN WRKARQWGHHQVDWLRQ

7LPHIUDP| 6RXUFH 7TH[W 7TUDQVODWHG 7H[W

$SSDUHQWO\ LW WBIELI SHPOFN 7UDQVODWLR
WR 7KLV LV UHDOO\ DZHVRPH




+HOOR *UX , YH EHHQURNERNKE GJ +L
WR VRPH QXPEHUYV *UX , PDGH WKH EXGJHW

6R KRZ GLG LW JRFOKEUWQV.@CSxgz "
W R ZH PHHW RXU TXRWRV"(&RUMW AW KREZ FDOQ

\RX DFFRPSOLVK \RXU MRE .

W LV FOHDU WKDW WKH W U D QWIBWHG WXEWRWLIHQ OL® (&
WH[W )XUWKADRRHHRI| &KLQHVWWHRAU® Q VEBEIMHIGROHY D UH
YLVXPRON GLWRFXIOMG E\ WKHKID R X(@LIHDQ I IV KRIDLW R H V
DXGLHQPHWRQVHTXHIQFHIUHTXHQW XVH RI WKLV VXEWL
UHFRPPHQGHG E\ VFKRODUV DQG DXGLHQFHV DOLNH OR
VWUDWHJI\ ZKHUH WZR GLIIHUHQW OBRQJWKI UBPGQRHVR
&KLQHNMPA PLQGH®R WKHDAWDWLRQ PD\ KHOS WKHWRUDQVOD)
EWPRUH UHDGDEOH

UBRBZ T...<ef—c'e

7KLV VWUDWHDS $ U LWEHNVEQ\D Q/IDQIMWXRY LKDQ BW Z LW K
*RWW OLHE VW BAI B @ WLEMBH WD WRIUW KH RULJILQDO LQIRUTF
WKRURXJKO\ FRPSDULQJ WKH RULJLQDO GLRORJIJXH ZLWHK
ILQKEDUGO\ DQ\ LQVWDQFHYV ZKHQ D VLJQLILFDQW PRPHQ
VSRNHQ WRR IDVW 7KLV REVHUYDWLRQ ZRXOG DSSHDU
DQLPDM/D®PQ 7R WKLV H[WHQW *RWWOLHEJV VWUDWHJ
DSSURSUIKDRWHS WRMMFW DV & @D GMODPMWLR' RXJKW WR
LQIRUPDWLRQ DQG H[SUHVVLRQV DV VI\VWHPDWLFDOO\ D
WKH RULJLQDO ILOP

%HDULQJ LQ PLQG WKH FXOWXUDO GLIIHUHQFHW EHWZHH
QRW UHFRPPHQGHG& IROPXVMNEIMLW OS$IFFRWIEQWYODWRR @/ K F
REVHU RMKIHR QD P SMOLH/ IV \OLB/D @R\ X VH G



u aa { tZt—<'e

'HOHWLRQ UHIHUV WR JHW ULG Rl WKH RULJLQDO WH[W
H[SUHVVLIW ERQIVHLOP KDUGO\ RFFXUV $V VXFK WKH I
VWUDWEBHORWRRQG QRW EH DSSURSULDWH LQ DQLPDWLF
ZLWK FRQGHQVDWLRQ DQG GHFLPDWLRQ VXEWLWOHUV P
WR FRQYH\ DV PXFK DV SRVVLEOH WKH RULJLQDO LQIRU
WDUJHW DXGLKHQFKH ¥WEZDRWHJ\ RI GHFLPDWLRQ KRZHY
FRQVLGHUHG LQ SUHIHUHQFH WR D PRUH H[WUHPH WHFK(

6LQFH GHOHWLRQ LV VWURQJHU WKDQ GHFLPDWLRQ WK
VEWLWOH WUDQVODWLRQ VKRXOG EH DOVR UDUH

udvdsr Fec%oef—<'e

7KLV VWUDWHJI\ LV VLPLODU WR GHOHWLRQ ,Q ILOP WU
VRPHWLPHV RFFXUV EHFDXVH LW LV FRQWLQJHQW XSR(
ODQJXDJH )RU H[DPSOH FKDUDFWHUV PDLP@®XFKYDULRX
DV VPLOHV IURZQV QRGV VKRZLQJ W.KH RAKGE MU W R | UM K H
WKHLU LQQHU IHHOLQJV SURWWORRERR \DVBSDWHKHBH W
VXEWLWOHU JLYHV XS RQ WKH WUDQVODWILWDRRRI LRKHUW I
VLWXDWLRQV OLNH WKLV ZKHQ WKWDY PRP P XX QDL
DOVR FRPLQJ IURP WKH FKDUDFWHUYV

,Q UHVHDUFKLQJ WKH VDPSOH ILOP LW ZDV IRXQG WKD)
EHWZHHQ WKH RULJLQD® U R QG ER\DQHXGH W XEMNG WEKHY 7 KH
FDQ EH DUJXHG WKDW LW LV QRW UHFRPPHQGHG IRU VXE
WR SUHYHQW ORVLQJ DQ\ PHDQLQJ IURP WKH RULJLQDO
HVVHRIFWKH OLPLWHG RUWJIL@DPRPARQSQDFH WKDW WK}
GHOHWLRQ GHFLPDWLRQ DQGVXEWLWQWARWLRWH UDUHO

JURP RQH VLGH WKH WDUJHW DXGLHQFH PD\ QHHG DV P)
SRVVLEOH IURP WKH W LXODQDAOBRPISRUH KIQQRUW KH WRP )UF
VLGH LQ YLHZ RI WKH QDWXUH RI DQLPDWARMRRLOPV W

oi



GLIILFXOW RU FREBPBY WD QUOXP® BURGXFHUV PD\ FRQVLGH
RI KLV PDMRU DXGLHQFH $V WKH \RXQJ SBHI@ISEIHWRRDW O\
ILOPV DQG WKH VWRULHV DUH DOZD\V VLPSOH LQ SORW)
DQG EULHI +XDQJ LW L¥KBUWXPWIE WKDW WKH FKDQF
GHFLPDWLRQ DQG GWOMHWRRIMIUMPYWERQWOGPY DUH VOLP

+RZHYHU VRPH PDLIDYUXKDWKPOKHY OU M [BODHQ GV KRHLH
PHDQLQJ FDQ ZH FRQVLGHU WKH XVH Rl WKHVH WKU!
GHFLPDWLRQ GHOHWLRQ DQG UHMLDQDIHWR QV LQQV X EMZ
WHKBFW WRDMWQ VDKHRWQBEYVODWHG D QRKXMW LRHR SLAOHP VW H [W
ED¥ LQIRURDWLRIQV ODW MERYOBNDW CRYWW& DV SRVVLEOH
RUGHU WR KHOS WKHP E KANRGHW HQWRGAHKUVUIN DRIGGW K W K HY P
VWUDWHJDKW DIUBER\RW.HZ 2Q WKH FRQWUDU\ LQ VRPH F
WR DBGLHI H[SODQDW.RQYWEWMHREBEBHFLDOLVW WHUPV LC
WR KHOS \RXQW B XGHW QFHH WKHECH VMRDBRIE PHFKDQLFDO
FRQVWAKIHERWNQJ VXEWLW OHRW QRRPAL®ME& DOVR EH E

udss —eef">

7R VXP XS *RWWOLHEYV W\SRORJ\ KDV PDGH D VLJQLILF
$97 EXW RQH VKRXOG EH PLQGIXO WKDW KLW@RWK LV ZL\
7UDQVODWLRQQFMXEKHYHVH LV QRW OXDOPSHXO JHD RIQO W K
KRZHWYH/FKRODUV LQ&WWHKGLH®E @RW FRPSOHWHO\ IROO
VWUDWHJILHY LQ WKHLU VWXG\ DQG ZRUN JLYHQ WKDW ((
ODQJXDJH VI\VWHPV )XUWKHUPRUH KLV W\SRORJ\ ZDV G|
OLQJXM.VWOWKHU WKDQ $97 VXEWLWOLQJ

7KH IROORZLQJ FKDUW FRQFOXGHV WKH REVHUYDWLRQ V
'"HVSLFDEOBO@MHWKH GDWD DUH FODVVLILHG DQG FROOHFYV



6WUDWHIJLUNTXHQRDQ EH XVHGDVPQWHG FOWH WR QLO

RI XVLQILRRVW FDWHVKO\ XVH
VWUDWHJ\ FRQGLWLRQDO XVH
([SDQVLF 1R <HV <HV
3DUDSKUDVH <HV 1R 1R
7UDQVIH <HV 1R 1R
,PLWDWLRQ 7KH VXEWHWOHYV | /LPLWHG
LQYROYH QDPHYV
7UDQVFU <HV 1R 1R
'LVORFDWLRQ 7KH VXEWLWKWY DUHLPLWHG
WKH O\WLFV RI VRQJV
&RQGHQ) <HV 1R 1R
'HFLPDWLRQ 1R <HV
'"HOHW LR 1R <HV
5HVLIJQDWLRQ 1R <HV
7DEOH

$FFRUGLQJ WR WKH DERYH DQDO\VLVY DQG FRQFOXVLRQ
VWUDWHJILHV LQ 8WKAEWRQYWH[WUDQVODWLRQ DUH FOHDL
WUDQVFULSWLRQ DQG FRQGHQVDWLRQ ZKLQR@WVORFD!
LQYROYLQJ VRQJV LPLWDWLRQ LV ZLGHO\ XVHG LQ WK
FKDUDFWHUV DV ZHOO DV WKH SODFHV $QG VLQFH GHF
FRQVLGHUHG DV H[WUHPH PHWKRGYVY WR GHFUHRDVH WKH
LQ VXEWLWOH WUDQVODWLRQV 0R UHDGARNVI LOFDSHD\U MKIF
LQ WKH VXEWLWOHV ZKLFK LQYROYHV WKH XVH RI WUDG
LGLRPV *LYHQ WKH IHDWXUHV Rl ZRUG IRUPDIWLRQ &KL
FKDUDFWHW IRWEEHH WKH XVH RI WKLV W\SH( BRI WUDGLW
VXEWLWOH WUDQVODWLRQ IURP WKH SHUVSHFWLYHV RI
PHFKDQLFDO OLPLWV RI PDNLQJ ILOP VXEWLWOHV W
UHFROBHG WR EH XVHG IUHTXHQWO\ LQ VXEWLWOH WUD
H[SODLQ DQ RULJLQDO (QJOLVK VHQWHQFH RU VHQWHQF
WKH VWUDWHJ\ Rl SDUDSKUDVH IURP WKH SHUVSHFWL"
7KHUHIRUWWWKWHJ\ LV DOVR UHFRPPHQGHG WR EH XVHG

(@)
-



KLJK ITUHTXHQF\ RI XVH RI W WH QMU DW HPX VRV B/HIFDOQOM H UV
WH[W Rl DQLPDW LRIQP SEIRRD RA B WXW KW QJXDJH WKDQ RWK
7KHBMWH DOWKRXJK WKH VWUDWHJ\ RI WUDQVIHU LV PRU
IRU H[DPSOH (QJOLVK DQG PRVW (XURSHDXQURBRDRDJIHV
IDPLO\ RI ODQWXDRYHDWSSOLFDEOH WR VRPH GHJUHH EHF
DXGLHQNDQMWUHBBGLQJ DJH DQG HGXFDWLRQDO EDFNJUF
WKH ILOP LWVHOI ,Q WXUQ WUDQVODWRUV FDQ GHSOR
EHWZHHQ WKH RULJLQDO (QJOLVK WH[W DQG WKH &KLQH
VW UDWGEH INQXVHEWLWOH WUDQVODWLRQ LV WUDQVFULSW
JOREDOL]DWARRFNKEOGXVH RI WKLV VWUDWHJ\ LQ VRPH SD
LQ &VXEWLWOH WUDQVODWLRQ )RU LQVWDQFH IRU DOO
WKH FHDUDODFWG IDPRXV SODFHV LW LV UHFRPPHQGHG WR
DXGLHQFH RI @KGJXQJEBLMKSRUWHG DQLPDWLRQ ILOPV L
PDLQO\ FRPSULVHV \RXQJ SHRSOH ZKR DUH H[SHFWHG W
ODQJXDJH DM @HODODNQRZOHGJH DERXW WKH ZRUOG +
ZKLFK KDYH LQGLFDWHG PHDQLQJV LQ WKH ILOP WKH V;
XVH RWKHU VWUDWHJLHY OLNH WUDQVIHU DQG LPLWDWL
PHDQLQJ RI WRHWKHQD®G VHW F H

u# <o f Z'spFt ‘e—18—

UBAS <. PpZ.t7ee <o =S ——1> 0 — —<—7 <%0

7KH LQQRYDWLYH EDVLV RI P\ UHVHDUFK LV WR SURYL
UHIHUDEOH VWUDWHJLHY LQ RUGHU WR LPSURYH WKH TX
FDUWRRQ ILOPV 7KLV UHVHDUFK SURMHFW ,K@YLVDJHV V
H[SODLQHG WKH LPSDFW LQ WKUHH ZD\V LQ WKH SUHYLR
WKH VWXG\ DUHD RI $97 WKH LPSDFW RI WKH FRPPHUFL
DQG ODVWO\ WKH LPSDFW RI LWV IXQFWLRQ DV DQ LQW|
*HQHUDOO\ LQ OLJKW RI WKH DFRR/FR VIl WHMWCHOLUFKY LR L
VLIQLILFDQW DQG PHDQLQJIXO ERWK DW WKH WKHRUHW
DFFRUGLQJ WR WKH DER YWHZRILIVF X2\DX VRIQD  WHKLHUKH WDKUHH T X I
VXEWOLQJ LV LPSRUWDQW IRU D IRUHLJQ ILOP ERWK DV
LQWHUFXOWXUDO FRPPXQLFDWLRQ WRRMDZRXBDWLWIOQ QW K



VWUDWHILHY UHODWLQJ UHVSHFWLYHO\ SWHVXDRHEDRL]D
HTXLUH DWWHQWLRQ

URAt Z',fZcoef—c'e

'KLOH UHE®RJDW ILOPV DUH XQGHQLDEO\ DQ DUW IRUP C
LQGLYLGXDOV DQG FROOHFWLYHV WKHLU LPSRUWDQFH
XQGHUHVWLPDWHG 7KH DLPYRRBDQKHLO P LSOPRGWRHH@JD .
ZLGHVW SRVVLEOH DXGLHQFH DQG LQ WXUQ ERRVW ER]
RULJLQ DQG DEURDG 7R WKLV H[WHQW WKH TXDOLW\ R
FULWHULRQ LQ WKH VXFFHVUYDRLRQDOPPZUWHKWQ GIDMR Q
3JOREDOLOWRRE PRUH FRQFUHWH XVDJH 'DYLHV VXJJHV
GLVEXVVLRQ RI WKHDVWWD GRABMAMRQ RI WK$HPRQJ WKHVH V
VWUDWHJLHV3JIOR H)SWPAWHRBOQ G RI WUDQVODWLRQ VWUD
SWKH SURFHVV Rl UWSIODIALGJUFHXOWKYPHY ZLWK RQHV 2z
QHXWUDO RU JHQHUDO LQ WKH VHQVH WKDW WKH\ DUH
UDQJH RI FXOWXUDBLEDFNJURXQGYV

*LYHQ WKDW WKH &KLQHVH FXOWXUDO EDFNJURXQG LV
"HVWHUQ FXOWXUHV WKH FXUUHQW VWXG\ ZLOO VKRZ
IXQGDPHQWD O &SPWMQ L@DBRMQ OB YHUVD ,Q WWKHVDPSOH
LP$V Rl JOREDOL]DWLRQ LIM\KXEWUWYQV QD W DRQQRIIX WRIFDHD
WKH WDUJHW DXGLHQFH )RU H[DPSOH WKH WUDQVODWL
WKH *UHDW 3\UDPLG Rl *L]D WKH 6WDWXH RI /LEHUW\

VWDQ®BE &KLQHVH $XGLHQFHV ZLWK D UHDVRQDEOH OH)
DELOLW\ LQ &KLQHVH ZRXOG NQRZ ZKDW WKHVH ODQG!
RULJLQDO ODQJXDJH UHIHUV WR WKH QDPHV RI VRPH QH
VXFK DV IUHKHJHQNDUDV DQEQFKHIG WKH WUDQVODWRU F
WKHVH LWHPV E\ XVLQJ FRPPRQ &KLQHVH ZRUGV WKDW
DXGLHQFH WRZDUGYV WKH LPDJH FRQWDLQHG LQ WKHVH Z

UBAl ‘... fZcoef—c'e



7KLV LV D YHU\ @RKHHO WOAURILQYLHVY GHILQLWLRQ RI V
VWUDWHJILHY ORFDOL]DWLRQ LV WKH RSSRVLWH RI JORI
XVHVDWRKRU D UH IHUH @/KH IWDRIOHW FXOWXUH ([C
FKDQJLQJ WKH (QIZHVEL RRIMNERQ RVK MV &K L QBBHFKDQJLQJ
WKH &KLQIEH WOMURP WKH (QIVONN B PHGU BRSO D UIXHG
WKDW WKLV VWUDWHJ\ ZDQVODHGL QU HAKIHIGNGN\Q 1@ VR N
EHJLQQLQJ WR GHFOLQHZKHQ W UDEBRWWEPHH® XQJOLVK DC
&KLQHVHXOWKXUDO GLIIHUHQFH EHWZHHQ D :HVWHUQ F|
SURQRXQFHG WKDQ LI WKH WUDQVODW MGZFS URGWFHW QZD
FRXQWULHV )RU WKLV UHDVRQ ORFDOL]JDWLRQ LV VWLO
ILOPV EHWZHHQ (QJOLVK DQG &KLQHVH ,Q WKH VDPSOH
XVH Rl &KLQHVH LGLRPV DUFKDLVP KMQGXEMULGDOFLQUD I KL
RXJKW WR EH UHDVVXULQJO\ IDPLOLDU WR D &KLQHVH DX
ILOPV W\SLFDO &KLQHVH PRGHUQ ODQJXDJH H[SUHVVLR
YRU H[DPSHOMVSLIEQEOH OH

7LPHIUDP| 6RXUFH 7TH[W 7TUDQWGIG 7TH[W

BUHWW\ LPSUH VMG
W R %DFN WUDQVODWLR|Q 9HU\ LF

«DQG WXUQHG K|LPpr Z+HORIO HY63 LAHA
WR XSVLGH GRZQ 29gM'< 4RZ2 8 A )URP WKHQ

«$Q\ UHODWLRQ \WRSHUYREY D QJHG WRWDOO\

OLYLQJ RU GHDG JMpFBBBOTWHR RO\ FRLOFLC
FRLQFLGHQWDO

W FDQ W EH GRRQiNa= sPAQRW K2 =1 w
WR PLUDFOH ZRUNHE A WXIQAIHDVLEDEGQRW PDNH
D PLUDFOH

,Q UHVSRQVH WR WKLV REVHUYDWLRQ WKH QH[W FKDSW
PHWKRGRORJLHY NQRZQ DV FRUSXV DQG TXHVWLRQQD
GHPRQVWUDWH ZKHWKHU HIIHFWLYH WUDQVODWLRQ VWU
VXEWOQW DQG DOVR WKH H[WHQW WR ZKLFK WKH XVH R

0n



HQKDQFHV WKH H[SHULHQFH Rl HQJDJLQJ ZLWK WKH WD
DXGLHQFH

,Q DGGLWLRQ LW LV ZRUWK PHQWLRQLQJ D QHZ WHQGHC
\HDUV )RU UHFHQWO\ UH @D \PHWERQPOLVBPOPQOR B FH UV
DGGHG VRPH OLW H B&KILQGN/YHL FEWVER QKMGRULILQDO ILOP
LQ RUGHULMWD RIWLP WKH &KLQHVH PDUKHW®ADFW )RU
$XWXPQ UHIHUHQFH ZDV PDGH LQ WKH WUDQVODW
WDON VKRZ WKH QDPH RI D IDPRXV &KLQHVH EORJJLQJ Z
ILOP ZHEVLWH 7KHVH HOHPHQWY DUH FOHDUO\ LQWHC
IDPLOLDRRAVW WKH WDUJHW D XG LO-REOQPHNV HUQWR W & HYH H L
6XPPHU LQ ZKLFK WKH SURGXTOREBQVOBIRE QMG H Y
LQWR WKH ILOP VXFK OLNHYV XQLYHUVLW\ DSSOLFDWLI
SURIHVVRUTV KIX}IGEODWNERDRUEBG VDOVR EHLQJ LQ &KLQH
HIDPSOHV RQHGREDVHIDOWKRYQ LPSRUWDQW UROH LQ Wi
LOQGXVQ®MMGLY D FULWLFDO DQG LQFUHDVLQJO\ QHFHVVI

UL e Tt

$FFRUGLQJ WR WKH DERYH DQDO\VLV RQ WKH HIIHFWL)Y
UHVHDUFKHU ILQGV WKDW WKHUH DUH IRXU PDLQ VWUD
&KLQHVH VXEWLWOLQJ SDUDSKUDVH WUDQVIHU WUDQ\
GLFOWLRQ LV QHHGHG LQ WKH WUDQVODWLRQ RI D VRQ.
KLJKO\ OLPLWHG XVHV IRU LPLWDWLRQLVIRU® R FRIW W Bl IR
JOREDOD@®W IORFDOL]DWLRQ DUH QRZ LPSRUWDQW VWUD
FXOMWDO DZDUHQHVV 'LVFXVVLRQ RI WKHVH VWUDWHJILHYV
VXEWLWOHYV WR DQ (QJOLVK ODRQUQW YHF RRFPH UG L\B B USPR/\WRH
DQG GHYHORSLQJ LWV IXQFWLRQ DV DQ LQWHUFXOWXUD
DQDO\VLV RI WKH VDPSOH ILOP WKH UHVHDUFKHU ILQGYV

VXEWLWOHV DERXW SHU FHQW RU DERXW SHU
WUDQVODWHG XVLQJ WKHVH HIIHFWLYH VWU]BMWKHILHV OF
XVH Rl &KLQHVH FXOWXUDOO\ ORDGHG H[SUHVVLRQV LQ
VLQJOH LWHUDWLRQ RU SHU FHQW UHSHDWHG LWHL



DWWUDFWLQJ D JUHDWHU DXGLHQFH ZH FDQLYB\ WKHQ
VWUDWHJILHV LV PHDQLQJIXO +HQFH WKH QH[W VWDJH
ILQGLQJ RXW DQVZHUV WR WKH UHVHDUFK TXHVWLRQV
GLITHUHQW W\SHV RI VRXUFHV *D\



Sf' - feff"...S F-S‘t'Z‘%«cte

,QWURGXFWLRQ

,Q RUGHU WR H[DPLQH DQG HYDOXDWH WKH HIIHFWLYH
ODQJXDJH SHFXOWBRIGHMVQ D SDUDOOHO FRUSXV WR FI

OLQJXLVWLF GDWD RI | L O R ULSR WIX LDVU H KIDHSDNHEDUWANL LY IR
SURPLVLQJ UHVHDUFK PHWKRGRORJ\ LB XXHWFLQBS® LLYH
*UDQJHU HW DO % DNHU DQG \

WUDQVODW LR®HXQ GHU VIDKBIMMLR QQDLUHYV KKD® UHVHDU
GDWD RQ UHVSRQVHV IURP JURXSWWI SHRIBHOMWDFNH)
LQWHUYLHZV ZLWK WKHLU IHDWRYHY [RQWRODRWXRDOLZVE
GHHSHU DQG PRUH FRQFUHWH LGHDV IURPZLQ®W HKWWYLHZH
WK NWZR T XD O BWDRDFKIEK HWRAMKYIMVWHG WUDQVODWLRQ
DUH DSSURYHG DQG DFFHSWDEOH E\ WKH UHODWLYH JUR
,ZLOO GLVFXVV WKH DXWKHQWLFLW\ Rl TXHVWLRQQDLUH
UHVSRQGHQ\®W HPHMWKRGWY FROOHFWLRQ DQG DQDO\VLV
LOQWHUYRSZOIURVY RQHUYLHZ TXHVWLRQV 7KHVH WZR DS
WH GLVEXVVHG DQG UHFRP P HQ{EIHG BAXEMLWIOL® B V IVAMD MF
ZHOOXDWKHU VXSSRUW WKH LQYHVWLIJDWLRQV FRQFHUQ
WKH FRUSXV

7KHUHIRUH LQ WKLV, SKBSRWH DI IWHM BRI RXOW®RDRO W I DIW W
UHVHDUFK GHVLJQ DQG H[SODLQ WKH U H VIHDOX\KWNID WHW
WKH FRQFHSW RI SDUDOOHMKRU SRKEXV D BH00 MVHDOKRR
LV LQIRUPHG E\ D FRQVLGHUDWLRM®KR I PKRN H R OGLRZIQV W (
LI LW LV UHSUHVHQWDWLYH WKH ZD\V Rl FROOHFWL
HVVHQWLDO IRUP DQG FRGH Rl WKH VHOHFWHG WH[WV L
VDPSOH DQDO\VLV LI WKHNVKH [WN\ KW B WGHIRHUQHERWY D W

TXHVWLERQBGUHQYHVWLIDWLRQ WR FROOHFW FRQFUHW
DXGLHQFH JURXS IRU (QJOLVK ODQJXDJH D@LMIXWYRQ IL
VHFW,LRIQV FWK¥Y DXWKHQWLFLW\ R HWKKOHW ¥ XE\V W HR ©Q DHEIUG
TXHVWLRQUDALHEGHG UHVBRDRS HYWKHZ WH®ISRQVHY WR T

(@)
(@)



TXHVWLRQ LQ WKH TXHVWLRQQDLUH 7DNLQJ WKLV DSSI
SUDFWLFDELOLW\ RI WKH GLVFXVVHBORRXEWZIMNOKH WKUHD
HITHFWLYHQHVV RI DSSO\LQJ WUDGLWLRQDO( &[SUHVVLR
VXEWLWOH WUDQVODWLRQ ZKLFK VLW DORQJVLGH WKH
WKH WZRHAMHOIUFK PHWKRGV DV UD®G HR B L (BUHRUDASHIB®R/R. Y H
VFKRODUV DQG SUDFWKWHRQBUNGZLWKDEBBRAPLF GLVFXV
IXUWKHU KHOS WR WHVW WKH HITHFWLYHQHVV RI WKHVH

SHVHDUFK 30DAQ

$ UHVHDUFKVIWMDQFOXGH D GHVFULSWLRQ RZMWOKHEWMHFKQ !
XVHG WR DQDO\VYBI\VWW@OEDWD

% D VRI@ WKH UHVHD U FKD K +5 R \SKOHMPOMREI RMMHH WKUHH VHOH |
UH/BF K PHW K R G/RGIRW UIR\G KW ILR Q/ IR WH. RWB HF, IZILE O 0 O\
H[SODLQ WKH HPSLULFDO DSSURDFK WRZDUGV FRUSXV T
DV ZHOO DV WZR PHDQV RRURSBHDOHPW QRPN LW RRIDYG LQC
LQWHUYLHZV , DRRPGRKBIORILFDO |RRGFCIDRELEBYO DQG
RI WKLV VWXG\

$FFRUGLQJ WR 0D DQG OLDR W KH IE VO BI\DS/RDQF B/ ERIHW X
RI VWXG\ UHTXLUHV W KW W DHP/SOLVE EIR @ HIYRMGIBRGNIVE QV K U R X J
REVHUYDWLRQ GHVFULSWLRQ D Q3 M ODDLRIQN IZAKQ K S K M
WKH HPSLULFDO DFFXPXODWLRQ RI NQRZ @H®IH ODWLRQ
VWXGUHVGHVFULSWLYH UDWKHU WKDQ SUHVFULSWLYH I
LQVWDQFH VXEWLWOH W WLOWQO/MWRMREREW B R RS IV X WD\
FRPPXQLFUWKXIGROIN OMYBGLHY DPRQJVW RWKHUV 7KHUHIF
UHVHDUFK PHWKRG QHHGY WR EH XVHG LQ RUGBU WR PH
WKH ILHOG Rl WUDQVODWLRQ

,Q WKLV UHVHDUFK VDKWHBRHWWRSNVUDWODHOGH O WFHRUSXV D TX
VHYHUDO VKRUW LQWHUY IPHHIWR WH¥KRIRHUS XYSRIWOKCHYXH®Y S Z
WKH TXHVWLRQQDLUH DQG LQWHUYLHZV ZLOO EH D VXS
FROQOFUHWHKDQG HNMLBWOEW WHROWKLY HPSLULFDO UHVHDUF

(@)
(@}



SDWLRQDOH RI &RUSXYV

7TRXU\ HEpKWYKH VLIQLILFDQFH RI HPSLULFDO UHVHDUEFK I

WKH LQWURGXFWLRQ RI HPSLULFDO PHWKRGV SURY
HYROXWLRQ RI WKH GWMBMS-OLW HF R QMG EXMH. RQ R H
OLHV SUHFLVHO\ LQ LWV SRWHQWLDO IRU VKHGGLQJ
RI DOO IDFWRUV ZKLFK PD\ DFW DV FRQVWUDLQWYV R
WKHVH LQWHUGHSHQGHQFLHVDRG WKH SX@FW VR Q YV W\
DQ\ RI WKHP PD\ VHUYH LQ WKH UHFLSLHQW FXOW
SUHGLFDWLYH FDSDFLW\

0D DQG OLDR H[SODLQHG WKDW DQ HPSLULFDO PRGHO
LPSURYHG WKURXJK WKHLREVBQEDWQRQ\VGWVRULSHWHQR
WUDQVODWLRQ ZKLFK QRW RQO\ OHDGV WR WKH HPSLUL
PDNHV WUDQVODWLRQ VWXGLHV GHVFULSWLYH DQG PX
FXUUHQW WUDQVODWLRQ VWXGREDUW K DYDH WHKIRZIQD I QQXH
FDUU\LQJ RXW UHVHDU F KRWLLD/QR O\DXF KR QY MEMH VRHDWVIXON

WUDQVODWLRQ )URP RQZDUGYV FRUSXV OLQJXLVWL
VFKRODUV VXFK DV %DNHU /DYLRVD R6KXRWPLEBHDQPDPQYR =
XVH FRUSRUD DV D WRRO WR LQYHVWLJDWH WUDQVODWL
% DNHU IDYLRVD 6KOHVLQJHU =DQHWWLQ HW

,Q FXUUHQW PDQLIHVWDWLRQV RI WUDQVODIWRIRG UHVHI
FRUSRUD WKDW DUH VSHFLILFDOO\ XVHIXO QDPHO\ SD
PRQROLQJXDO FRUSRUD DQG PXOWLOLQJXDO FRUSRUD

$FFRUGLQJ WR %DNHUW FRQ 8 R D I IBRXBEBABROGILFIWLR QV RI WFH
KHOG LQ BEPKGIDEHDH GREDSDEOH RI EHLQJ DQDO\WVHG DXW
DXWRPDWLFNDWQHWQ RI ZD\V

&RUFOWWG QVOUWERK)V LV D QHZO\ GHYHORSHG ILHOG EL
FRSXMQJIXLVR\LPWL VW WUQUQBAXGREY DQG PDLQO\ IRFX!
LOQYHVWLIDWLQJ DXWKHQWLF ELOLQJXDO ODQJXDJH GD\



DQDO\VH DQG FDOFXODWH SUREDELOEWKHD GG YWHWOR/SG IPHD IV
RI FRE®DX¥WHG VWXG\ DQG HIBDQWABFXOBRIUGBRUBVFULSWLY
7TUDQVODWLRQ 6WXGLHV GHYHORS LQ D GHHSHU ZD\

%DNHU LV FRQVLGHUHG WR KDYH EHHQ WKH ILUVW VFKRC
PHWKRGUDQVODW BRE DWSGLHE WKH BRIYSOOQUIRK \PW WAKR G
WX\ WR WKH FROOHFWLRQ RI D JUHDW GHDO RI DXWKHQW
GHVFULEHG WKH QDWXUH RI WWPD@VBDXNARYLEQE HYBQQH
RI WUDQVODWLRQ %DNHU SRLQWHG RXW BWDRMW ZLWK
WUDQVODWVRRRODXIFLAM\ XVH WKH FRPSDULVRQ RI WKH
WKH WUDQVODWHG ODQJXDJH WH[W WR H[SODLQ WKH FRI
WKH QDWXUH Rl WUDRBNBRGEHWQJIJOHG VFKRODWUYW DR FHUW L
FODULI\ WKH QDWXUH RI WUD QE B DWKHR Q DL\ XRIHGRI U VWD @ ¥

%DNHU GLYLGHGW P \FGD\WREBUR RWXUHHPDLQ W\SHV SDU
PXOWLOLQJXDO FRUSRUD DQG FRPSDUDE®B\FRUBFRRMHWDF

3DUDOOHO FRUSRUD KLJKOLJKW WKH GLIIHUHQFH
WKH WUDQVODWHG WH[W DW WKH OHYHO RI OH[LV VHQV
FRUSRUD LV PXOWLOLQJXDO FRUSXVU,RRIUH QRIWKFDRAQV [R
WH[W WKH\ DUH DOO RULJLQDO WH[WV DV RSSRVHG W
FROOHFWLRQ FDQ EH U H 39DUGCHIEO H @ B BNLSIREUHRU \6 X QHR U P D
WR VFKRODUV DQG HQDEOHV WKHP OMR/ \EH®@HMHKHHBLEIKHW
DQG KHOSV WKHP WR VHW XS FULWHULD WR HYDOXDWH
OHDVW FRPSDUDEOH FRUSRUD UHIHU WR WZR LQGHSHQ
ODQJXDJH IRU H[DPSOH WH[WV R QUXDIMHO QY BARXKXF BG
WH[WV WUDQVODWHG LQWR WKH VDPH ODQJXDJH (QJOL
K\SRWKHVHV WKUR XMW RN FRRODHEWHWR QV Rl FRPSDUDE
HDVLO\ UHYHDO WKH GLVWLQFWLWH [@/NQ JIXKBAWAIFQ| HDW R U
OHDUQHUV D EHWWHU FRPSUHKHQVLRQ QRW RQO\ RI WL
WKHP WR FRPSDUH ODQJXDJH DQG FXOWXUHV LQ WHUF
FRQYHQWLRQV &RPSDUDEOH FRUSRUB RDL YXHHWD\SD @ EWR (R
WUDQVODWLRQ ,W LV FOHDU WKDW WKH DSSOLFDWLRQ
VFKRODUV ZLWK HPSLULFDO UHVHDUFK WRROV WR LQY}F



GHVFULEH WKH IHDWXUHV RI WUDQVWDRHI WWH] YWVWO EWW L
DQ LQYDWRMEOR WKHLU SUDFWLFDO ZRUN

$FFRUGDRJDWR OLDR

SDUDOOHO FRUSRUD FRQVLVW RI RULJLQDO WH[WV D
XVHG WR SURYLGH LQIRUPDSVLIRQ VRIQDE}HDWLIRK @DQ J )
WR SRVLW FHUWDLQ HTXLYDOHQFH UHODWLRQVKLS
VWUXFWXUHV LQ WKH WZR ODQJXDJHV FRQFHUQHG

WUDQVODWLRQHVH 7KH\ FDQ DOVR RIIHU WUDQVO!
REVHUYHUDRDW LMW WUDQVODWRUYV DSSHDU WR SUL"
RYHUFRPH VSHFLILF WUDQVODWLRQ SUREOHPV EDVH

7KH DFNQRZOHGJHG DGYDQVDIMHDIRIHBR UBXW X U WK D W
UHVHDUFKHUV FRQGLRQV IWKPIWKHQEFRWWRIDWS XVLQJ FI
PDNH JHQHUDOL]DWLRQX¥KDER W Q ERJIJWBIWWHG UHSHDWF
DYRLG VXEMHFWLYLW\ DQG UDQGRPQHVV LQ WKH SURFF
SDUWLFXODU W KW UO/HWR\DFPRIE®KVDVQLQ UHODWLRQ WR IL
FDQ HQDEOH UHVHDUFKHUV WR ILQG VRPH SHFXOLDU VHF
RI WKH WH[WV RU ODQJXDJH FXVWRPV GLIIHUHQFHV L
YHUVLRQV DQG WKH WIURD@RFADRY H 8 QFHQLARKWWHQFH DQ
GLVWLQFWLYH IHDWXUHV Rl XVLQJ SXQFWXDWLRQ ZLW
GLVDGYDQWDJHY DUH DOVR REYLRXV 2Q WKH RQH KDQG
DQG WLPH LQWHQVLYH $QQHHGWH BVRE K\HULD G R ISH R XWVION IR
VHOHFWHG WH[WV LQ RUGHU WR PHHW WKH UHTXLUHPHGQ
WKH RWKHU KDQG PRVW VFKRODUV WHQG WR SURFHHG Z
RUGHU WR ILQG HYLGHQNAV UQFWWK XSRRIWVK R K MAKHHIIRELL 6 E

WKH XVH RI FRUSXV UHTXLUHV WKH UHVHDUFKHUVY SDW|I
SUHSDUDWLRQ ZRUNV WKHVH GLIILFXOWLHYV DUH UHVRO"

7KH GHYHORSPHQW RI SDUDOOHO FRUSXV VWXGLHV LQ (X
OHDQZKLOH LQ &KLQMR U SEKH XMW WEFWSWY QVODWLRQ KDV
GHYHORSHG YHU\ UDS I VL Q7 K\HK P RWDW VW RPPRQ W\SHV
XQGHUJRYLOORBPHQW DUH JHQHU BRUBSRKWYS XM QFBHRDDE FF

(o]}



GLDFKURQLF FRUSXV DQG OHDUQH BORMRKIBXM VLRORH] RHIWW B
FRUSRUD FDQ EHHRXXQMWBQ®MVWPHIRXS LFW DF FQ FRUSXV
UDUHO\ RHHHGWRHODQJXDJH VFKRODUV EHFDXVH RI WKH
WR WKH SXEOLF 0OR UHRYMHWD QOQNW® FAPISRWRD DUH HYHQ U|
LQ UHODWLRQ WR WKH VXEWLWOLQJ RI DQLPDWLRQ ILOP)\

,Q WKLV UKPHOSWFKG WRVNBXW 8 BRUSXV LQ RUGHU WR
RULJLQDO VXEWLWOHYV D QGPWHKHD MFINDICRAD IRW H G | N BB\ UW
DQLPDWLRQ ILOPV 7KH SXUSRVH EHKLQG WKLV GLVFXVV
LV WR WDNH D VFLHQWHRA RV R SIS&JHROWEKWEG/DK (D) KIQ LY H U \
SDUWLFXODUQ\&\XBEWOWWLAD WR

,Q WKH LQWURGXFWLRQ ,FK[B>®WRBEQHBN MKLFVK WSKKHASIRAV H T
K\SRW KH/®D/Q WR WHVW DQG HYDOXDWH DOO RI WKHVH
PHWKRGR®RJIJEXROW FRUSXV ZLOO KHOS WR HYDOXDWH W
K\SRW KIHE/RXW WKH OHQJWK GLIIHUHQFH EHWZHHQ WKH V
WKHLU FREUPN $QIJOLVK RUEJID QD O\ WHH [WVK/M/ KSH) KYRIURILR Q'
WUDGLWLRQDO RPBEXOIMV HRRWHNYYGRRY LQ WKH GDWD

&RQVWUXFWLQJ D 3DUDOOHO &RUSXYV

7KH FRUSXV UHTXLUHVY VSHFLDO DSSDUDWXV VXFK D\
SURJUDPPHV RU EHVSRNH VRIWZDUH WKDW QHHG WR EF
IRU FRQGXFWLQJ UHVHDUFK LEBGFKRVHQ WKUWYHUNRHDE
SDENDIJHWD WO WH WKHVH K\SRWKHVHV QDPHO\ 8OWUD
SDUDMRRQERUN RXW WKHUHUYKBWNVNF UHVHDUFK

6FUHHQVKRW



SOWUN (GLAMW HGLWLQJ IHDWXUWHMG PRRIGIX FHIBWL WDLA@ JL @W X
HISHULHQFH QRW WKH H[HUFLVH LQ WHBXRRDIUWWXVHG V
HGLWILRIIXPQ EORFN HGIHMIHFWD Q® RXOWYVLPZOBWN H[W HG
WRHOQG D PXOWRIU SRZHU HGLWRR EHKHQ®LRPH BHOHGU DYZWG MA
LGHQWLI\ DOO NLQGV RI VXEWLWOH ILOHV LW LV VXLW
VRIWZDUH LV VLPSOH ZKHQ \RXRGHUDNLBQHBSLW G R IRW K/EXE
ILOH WR WKH 8O0OWUD(GLW WKHZEWXL Q JX\DROP VYW E WL @W@\H Of
VHULDO QXPRHUOM QOHKKH® VLPSOH DULWKPHWLF VNLOOV WHF
VXEWLWOH SDLUV LQ D I1L9ROHEDW BIQGIPFRRDHE WAK-EKK@Q DU OL
VXEWLWOH 8OWUD(GLW FDQ WHIOOWS KALQXP BH QW Rd LDAEL
K\SRWKHVLV LQ WKLV UHVHDUFK LV DERXW WKH WHVWL(
WUDQVODWHG VXEWLWOHY DQG WKHLU FRUUHVSRQGLQJ
ZRUN RXW HDFK OLQH RIWKHHBEWHLEDW DO LLOMVR WIKHHUR BRMWV (|
WKH UHVXOW RI OHQJWK GLITHUHQFHX$ DK UEPHD BRD\OXHKO D W
38 %

OHDQZKLOH OLFURVRIW ([FHO LV DUJXDEO\ WKH PRVW V;
DPRQJVW FRPPRQO\ XVHG FRPSXWHU VRIWZDUH ,Q RUG
GDWD IURP WKH VHOHFWHG ILOPV ([FHO ZLOO QDWXUTL
FWLYLW\ ORUHR Y FBW RISHK MABIWED HOARHW WR REIQW KHU

VSHFLILF UHTXLUHPHQWY LQ WKH FROODWLRQ RI VWDWL
WKH OHQJWK GLIIHUHQFH EHWZHHQ WKH R WL.H GQIP®NFE JOL
&KLQH\DHPEOH WRUFRPBDAYW K WKH\@RRHORRIWKLGLIIHUHQTF
RQH DGGLWLRQDO FROXPQ DGQGXEVH WEKHE SVHRGIM RR WK
SUHVHW IXQFWLRQV LQ ([FHO WR JHW WKRQ@RVMHKH UH
XVH Rl ([FHO LQ WKH FROOHFWLRQ RI GDWD LQ WKH FF
IROORZLQJ VHFWLRQ RI WKLV FKDSWHU ,QHYL&WDEO\ VL«
VXEWLWOLQJ WKH PDLQ OLPLWDWLRQV D/GIG XBISSNR\S U L I
EHFRPH WKH NH\ LQYHVWLJDWLQJ REMHFWLYHV $FFRUG
W\SHV RI FRUSRYD RWDRSDVWEOHBOVFRUSXV WKDW FRPSDL
ZLWK WKH WUDQVODWHG VXEWLWOHV LV WKH PRVW VX
8OWUD (GLWHARQWKHMNOS WKH ILUVW K\SRWKHVLV DERXW Wk
EHLQRJSUHSDUDWLRQ MSRRW KMH QW [VQJ WKH VHFRQG DQG W
WKH XVH RI FXOWXUDOO\ ORDGHG H[SUHVVLRQV LQ &KLQ

00



/IDVWO\ WKH VRIWZPL i LFOLRDIXDORRDE PXOWLOLQJIXDO FRC
EH XVHG LQ FRQW U D XIHL YOH MQDLAD ¥ H BM\QVGDEIUHDQ WAQJDW Q R Q
KWWS ZZZ SDUDERNKL ¥ REBOWDHD WRKWHVW WKH IUHTXHQF
WUDGLWLRQDO H[SUHVVLRQV DV ZHOO DV WKH IUHTXHQF
WKHDQLPDW LR BWRWMBAH ODWLRQ 7KH UHVXOWYV RI WKHV
PHWR LGAQWHIFIRQG DQG W KER G FK\S&RMWHHIHKIKW KHRII WK H V I
WZR W\SHV RI H[SUHVVLRQV FDQ PDNH WKH WUDQVODWH
PRUH DWW UDFW L DK ®PHRWQRHSKFRPQIHS HRSOH LQ SDUWLFX(

$IWHU LGHQWLI\LQJ WKH PRVW VXLWDEOH VRIWZDUH WR
UHVHDUFK WKH GBWREAGBB&UHS/SDUHDMW.RROORZV

D &KRVHQ /LQJXLVWLF 'DWD

7KH FKRVHQ WH[WV FRQVWLWXWH WKH ILUVW HOHPHQW
ODQJXDJH WH[WV DQG WKHLU FRUUHVSRQGLQJ &KLQHV
WRJHWKHU LQ D SDUDOOHO FRUSXV DV WKH OLQJXLV)
UHVSHARWLWHOPY RI WKH W\SHV MIQWUDRBIXOLIRW Bl OS H FBVWWHLY

E &ROOHFWLQJ 'DWD

%HIRUH HVWDEOLYKW®&JWKKIHUHFRPRPWH Q BD W LR IQHERF KIXQ@EH
WR WDON ZLWHKLWQ@RBR beRRODAIVD VX P AHVUWARRXGWH/GE LQ
7TKHVH WZR VFKRQBRUZQY BURIENUORQDOV LQ WKH ILHOG RI

,Q WKH FRXUVH Rl WKH FRQYHUVDWLRQ DERXW KRZ WR
VSHFLILFVKWXBAMHUHG D JUHDW G HIDE @H & WAKXOUBIG ¥ DRH
EXLOG XS KHU FRUSXV LQ D SXUSRVHIXO DQG IRFXVHG
DGYLFH ZHUH DV IROORZV ILUVWO\ WKH\ HQFRXUDJHG V
IURP WKH 6KDQJKDL 7UDQVODWHG )LORUG6WXG DR OBWHQ
H[SRUWHG ILOPV LQ &KLQD VHFRQGO\ WKH\ UHFRPPHQG
D3VHBXLOW SDUDOOHO FRUSXVQIRUW HY \RIHW KBIOX § R UIS RDVQHG
WKH FRUSXV WKLUGO\ LQ WKH QH[W SKDDHHRI WHKH Ul
UHVHDUFKHU WR FRQWLQXH LQSXWWLQJ PRUH GDWD LQ

(@)}
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HITHFWLYH DQG REMHFWLYH GDWD UHVXOWYVY ODVWO\ W
UHVXOWYV IPHWR XVYBCXIKOPWY ZLWK D SUDFWIAHDG DSSOLF
VXEWLWOHUY SURGXFH VXEWLWOHY RI D PRUH HIIHFWLYF

*LYHQ WKDW WKH UHVHDUFK REMHFWLYH LV DQLPDWLRQ
GDWD DUH VSRNHQ ODQJXDJH UDWKHU WKDQ ZULWWHQ C
UDD@IXDJH PDWHUKEG DVOIRI XWKH KIDOPIVD QGDTIYQY HG WR
GRZQORDG DOO WKH UHOHYDQW PDWHULDOV IURP WKH 6
FKDUJH DQG RIIHUV ELOLQJXDO VXEWLWOHYV (QJOLVK DC
ILOPV UHOHDVHG LQ &KLQD LQ WKH LQDMW U D XHPLW HUL V&
WKLV UHVHDUFK ZHUH BADK/HH G5 RIZQM FED.G DIEJSOHIW HCGH @V K H
QDPHV RI WKH ILOPV RQ WK K EAHE\QLVX B O DNSYHRRW MNWQH V
VHDUFK UHTXHVW VKH REWDLQHG WZR HPEWIQN M X R\Y HW O |
FDWHJRU\ ZDV RULJLQDOO\ LQ 3') RU &$- IRUPDW ZKLOH
IRUPDW ,Q WKH VHDUFK RI WKH VHOHWPW5G IROP DAXEW |
, QHHGMRS WUDQVIHU WKLV IRUPDW LQWR SOBLQ WH[W
LQWURGXFHG 8OWUD(GLW KHOSV WR RSHQ HDFK W\SH F
GRFXPHQWY DV WKH IROORZLQJ H[DPSOH VKRZV

6FUHHQVKRW

FSOLIQLQI WKH %LOLQJIJXDO 6XEWLWOHYV

00



7KH DOLJQPHQW RI GXDO ODQJXDJHV LQ D FRUSXV LV X
PHDQV RI FROOHFWLQJ GDWD 7KLV WHFKQRORJ\ KHOSV
ZLWK WKH VDPH PHDQLQJ LQ WKH VRXUFH DQGVWUDQVOD
RI DOLJQPHQW DUH YDULHG QDPHO\ SDVVDJH DOLJQP
DOLJQPHQW ZRUG DOLJQPHQW DQG HYHQ FKDUDFWHU D«
PRVW OLQJXLVWLF WKH LQIRUPDWLRQ LW RIIHUV +RZHY
ZMW WRPYWWKXIG\ K\SRWKHVHV DERXW WKH LPSDFW RI FXC
, KPHFKRVHQ WR XQGHUWDNH VHQWHQFH DOHWR.QJ 6HC
REVHUYH WKH OHQJWK GLIIHUHQFH EHWZHHQ WKH VRXU
WKERYH 8OWUD(GLW VDPSOH VKRZV DIWHU WKH DOLJQL
XQLW RI VHQWHQFH LV DFFRPSOLVKHG WKH XVH RI OLF
IXUWKHU FDOFXODWLRQ ORUHRYHU WKH DPHW®LQJ LQ \
WHNW IWHTXHQF\ RI WKH XVH RI WZR NLQGV FRI FXOWXU
VHFRQG DQG WKLUG K\SRWKHVHV WKHUHIRUH WKH XVFE
DSSURSULD¥WHV EGRYFHV D zZD\ Rl SUHBSDY DWVRQNHIGIG BIX
UDZ PDOWHUQDN KW LPWPFRIGH RULJLQDO (QJOLVK RULJLQ
WUDQVODWHG VXEOWM WDHSLW 7IKI® H/G PV QIMDIIGIV RI1 WDNL
SUHSDUDWRU\ VWHS DUH DV IROORZV WKHWDIOPHD WRIGH |
DIWHUL QLR WKHFRPOE FKHFN DQ\ SDLU RU SDLUV RI ELOLC
RI WKHLU V\QFKURQLVP ZKLFK PHDQV WKDW RQO\ WKH |
LQ WKH DXGLHQFH EHLQJ DEOH WR VHH WKH V\QFKURQL
SXWWLQJ WKKNEWUQHYD GG WKH VRXUFH VXEWLWOHYV
ORFDWLQJ WKHPWEB)WKH) IRHBHG WKH UHVHDUFKHU WR
GLIIHUHQFH EHWZHHQ HDFK SDLU LPPHGLDWHO\ 7KH H
FRUSXV LQYRODHANK RIIZRHAVK ARQW D L Qr/I IRGAH VSTEWWALIW G 19D
7KH RWKHU HGLWLRQ Rl WKH :RUG GRFXPHQW LQ WKH FF
DV EDFNXS ILOHV VHSDUDWHO\ FRQWDLQLQJ WKH  VHOH

7KH IROGHPPGDHVD VKRES HSWVL® WKUHH NLQGV RI VRI
8OWUD(GLWRU ([FHO DQG 1RWHSDG



6FUHHQVKRW

8OWUD(GLW

([FHO

6FUHHQVKRW
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1RWHSDG
6FUHHQVKRW

7DNH WKH WKLUGDYDDQ R[DWSEOMHLWEBH WLPH FRGH VKRZV
VWDDWHEBKH ILUVW PLQXWH DQG VHFRQGYV RI WKH ILO
DERXW WZR VHFRQGVY ZKLOH WKHUH DUH VHYHQ ZRUGYV
FKDUDFWHUYVY LQ WKH WUDQVODWHG VXEWLWOH ,Q D YLV
FRUDFWHUYV LV UHODWLYHO\ FRPSDFW DQG LQGHSHQGHC
ELOLQJXDO VXEWLWOHYV LV QRW YHU\ REYLRXV %XW EH
&KLQHVH FKDUDFWHUV ORRN PRUH FRPSOHIVWKPDWIRJOL
WKB ®HJ WLPH RI &KLQHVH VXEWLWOHY VKRXOG EH ORQ

$V WKH GHVFULSWLRQ DERYH H[SODLQV WKH VRIWZDUH
KH®SUHD GLMAIHVWLQJ RI WKH ILUVW K\SRWKHVLV WKDW
EHWZHHKQSPDB Rl &KLQHVH WUDQVODWHG VXEWLWOHV
RULJLQDO WH[W 7KHQ LQ RUGHU WR WHVW DQG FDOF
H[SUHVVLRQV LQ &KLQHVH WUDQVODWHG VXEWLWOHV W
H[SUHVVLRQ WDRWSRWKHVHY QHHG WR EH WHVWHG ZK
WZR W\SHV RI H[SUHVVLRQV DUH HIIHFWLYH LQ PDNLQ
DWWUDFWLYH DQG LQWHUHVWLQJ WR DXGLHQFHV DQG W

00



H[SUHVVLRQWRFHYWKHQBWKHU VEDWDERKMPFOFENODHEOH WI
DVVRMMW REWDLQLQJ UMW DNHRI BEREERWWWNVEKH R1 H[SUHVVLR
FROOHFWHG GDWD $V WKH |BRW®RW KW CHNERBOHV VR QR D
H[SUHVVERQ SIREXOH[SUHWKIR B@QBWI HDFK WUDQVODWHG
LVHOHYWQWGWWLRQDO H[SUHVVLRQ RU DQG SRSXODU H[S
RI RQHMGDWD LQWRNRBEKEMNFIRDGHV Z K LFLKO O UBH DQKERZ@O H G
VHULDO QXPEHUV

&RUSBDWHG ,QYHVWLJDWLRQ
THYWLQJ WKH HITHFWLYHQHVV RI WKH GDWD

%HIRUH FROOHFWLQJ DOO WKH VHOHFWHG GDWD WHVW
VDPSOH | LIWDWHKBHDAHERZHYHU QHHG WR GHFLGH WKH DSS
FKRRVLQJ D VDPSOH ILUVW 7KH SXUSRVH EHKLQG XQGHL
IRU WKH IROORZLQJ H[SHFWHG SUREOHPYV ZKHWKHU \
ZKHWKHU WKH WHGDEEFRDQDWRGEAYV XQWHMPHVVDU\ VSDFLQJ
SUREOHPV ZKHWKHU WKH WH[W KDV PL[HG SXQFWXD'
&KLQHVH FKDUDFWHUV DQG XQUKHOMNMHPUGWKH WH[W KDV

&ROOHFWLQJ WKH 'DWD

$V WKH SUHYLR@W K B OLUQ/DWV K\ S R W K H.\PIS\O LELGIVK MVH Y MV H [
ZKHWKHU WKH OHQJWK RI &KLQHVH WUDQVODWHG VXEWL
RI WKH FRUUHVSRQGLQJ (QJOLVK RULJLQDO WH[W ,Q NHI
WHUPV QX PEKW RI ZRUGV LQ HDFK SDLU RI VXEWLWOHV E
ZHOO DV WKHLU OHQJWK GLIIHUHQFHV DUH QHHGHG 7KH
GDWD LQ WKH FRUSXYWKMBOISFWR FJND/XIGHSXUSRVH

$VRXWOLQHKE SQHWURGKAWLRQ RQFH WKH ELOLQJXDO V
VHOHFWHG DQLPDWLRQ ILOPVY DUH FROOHFWHG IURP WKI
LQ S8OWUD(GLW ,QWWKIBB\ER REZWBIHQ XPEHUV RI ZRUGV RI
VLQJOHG VXEWLWOMWHKSH@® OLaQ WKKH EQ[MD JXDO VXEW LW C
LQWR D OLFURVRIW ([FHO VSUHDGVKHHW %\ FRPSDULQJ
HDFK VDPSOH RI RULJLQDO WH[W ZLWK WKH QXPEHU RI &



RQ WKH VSUHDGVKHKMW IIMMKM WKHSPRW KA VRV WERXW WKH
EHWZHHQ HDFK SDLU ROEEGLRBEXDOYVWGCEWLWOHV F

7THVWLQJ WKH &RUSXV E\ 6DPSOH 'DWD
D 7THVWLQJ WKH ILUVW K\SRWKHVLV

,ILUVWO\ DSSOLHG RQH ILOP DV D VDPSOH $FFRUGLQJ W
&KLQHVH H[SUHVVLRQV DUH JHQHUDOO\ ORQJWKHNKDQ (G
6FUHHQVKRW EHORZ

6FUHHQVKRW

2QFH SDLUV RI ELOLQJXDO VXEWLWOHYV DUH FROOHFW
ILOW VFUHHQSOD\ LW LV SRVVLEOH WR ZRUN RXW WKH ¢
EHWZHHQ HDFK VXEWLWOH SDLU E\ XVLQJ WKH FDOFXOD
$V D UHVXOW DPRQJ WKRVH H[WUDFWHG VL[W\ SDLUV V
WKH PLQLPXP YDOXH LV PLQXV IRXU 7KHUHIRUH WKH DY
SDLUV LV DEERXWKHIDODPEHG FROXPQ DQG WKHWEK®GXH FLUF
IRROLFIUHHQVKRW



6FUHHQVKRW

$FFRUGLQJ WR WKHVH VWDMWLVXYEW VYW QWU W UFIDQ VSD U FWK |
DWWHQWLRQ WR WKH GLIIHUHQFH LQ OHQJWK EHWZHHQ
WRKDOLW\ Rl VXEWLWOLQJ 6LQFH WKH SUDFWLFH RI &KL
RI (QJOLVK HQVXULQJ WKDW WKH &KLQHVH VXEWLWOHYV
ILOP VXEWLWOHV RXJKW WR EH WKH SULPDU\VFRQFHUQ
WKHQ PD\ SURYLGH HIIHFWLYH DVVLVWDQFH)HQ RUGHU
ZLWKLQ D UHDVRQDEOH OHQJWK

,Q WKH VHFRQG VWHBXWERIXW QRW FRXQWLQJ UHSHDWH
WKH VDPSOH VXEWLW®KW RRU WER MHJWHQVKRW LQ EHOR?Z
WKH VXEWLWOHV LQFOXGLQJ UHSIBWILWWUDWYVDDMW LR QL
VWUDWHJILHV ,1 WKH DSSOLFDWLRQ RI WKHVH VWUDWHJL
EHHQ FULWLFDO LQ PDNLQWKW KHD MIRQAL B F RH VW K E CS-R WRQ \
PRVWO\ \RXQJ SHRSOH WKLV FDQ EH GHPRQVWUDWHG E

WKH TXHVWIQRQAKDEKWKH UHVSRQGHQWY DUH XQLYHUVL)
WKH DJHV RI DQG \HDUV



6FUHHQVKRW

 OWKH FRXUVH RI HPSORKBMR XWKELWKWWDWRPH W\SHV RI V
&KLQHVH H[SUHVVLRQ VXFK DV LGLRPV DUFKDLVPV DQG
VXFK DV W KR VW RU 8 RSXOLD B DDVHGS , RXVCHAUQHW IUHTXHQW O\
WKH VXEWLWOLQJ RI WKHVH ILOPV %\ FRQGXFWLQJ WKH
WKH H[WHQW R RWWH F\RS XODWHWMILR QV

,Q WKH SUHYLRXV FKD®WH{EWRWO LRJJ*RWWODWHELHY ZHU}
EH DSSOLFDEOH WR (WKRAKWUYID QWODDWLRDLHRY DUH SDUDS
WUDQVFULSWLRQ PQGHRIFOHQY MWKIER/G VWUDWHJILHV ZL
FRQGHQVDWLRQ WUDQVO DWRWHQ WHRG WR BRMH PRIDHFYV
H[SUHVVLRQV WR EH XVHG LI WKH OHQJWK RI WUDQVO
$FKLHYLQJ UHDVRQDEOH OHQJWK LV FULWLFDO LI WKH
DXGLHQF HMIZ@ WOKEH



,Q RUGHU LWBWH) YHKWWKHU WKH DERYH ILQGLQJV LQGLFD
QHHGHG WR FROOHFW D ODUJHU DPRXQWKRU GDQ®LQYR/ Y
PD\ DOVR DSSHDU DIWHU FR O OHFN VENLDQG SDYDO\V H Q JFB

E 7THVIWAWRYHFRQG DQG WKH WKLUG K\SRWKHVHV

$V LQGLFDWHG LQ WKH SUHYLRXV VHFWLRQ WKHUH DUH
WKDW HIIHFWLYH WUDQVODWLRQ LV FRQWLQJHQW RQ WI
ZLWKLQ WKH WU D@\ MW BEE WXIEW MWLDH W UD QN XYW LRRIQ LV
SRSXODU H[SUHVVLRQV ZLWKLQ WKH W UPDHIWRO B RIGIGH ¥ XE W
WKHVH WZR NLQGV RI H[SUHVVLRQ $QRWKHU VRIWZDUH
WKH IUHTXHQF\ Rl WKH XVH Rl WKHVH NDRQG VK RJ KFXLOW WU |
WKH PDLQ LVVXHV FRQFHUQLQJ FXUUHQW GDWD VXFK L
LQDGHTXDWH XVH RI WKHVH H[SUHVVLRIQUWDKHBVXZQWNK V
FDQ GLVFXVV VXLWDEOH WUDQVODWLRWQVYRQ RV HFXHWH R
GDWD

, I LUVD/DOOY@QO WKH ELOLQJXDO VXEWLWOHY DQG PDUNV R
LQYRWKH XVH RI WUDGLWLRQDO H[SUHVVLRQV DV ZHOO
XVLQJ SDUDFRQF WKH IUHTXHQF\ RIl MW & H HXWH. RRJ VWALHO/G
FDOFXODWHG LPPHGLDWHO\

6FUHHQVKRW
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6FUHHQVKRW

)JXUWKHU 8VH RI WKH &RUSXYV

,Q WKH LQYHVWLJDWLRQ ,RI Q/® RSKIHN V X DWW WD 5 (SPRKWY F
&KLQHVH VXEWLWOHVY DUH ORQJHU WKDQ WKH FRUUHVSF
WKH PHFKDQLFDO SURFHVV RI PDNLQJ ILOP VXEWLWOHV

LV DERXW ZRUG Y\ LHY SHITWKR QL WKDW WKHUH DUH VF
VWUDWHJILHY WKDW VKRXOG KHOS WKH VXEWLWOHU WR

FDVH DIWHU DFTXLULQJ WKH OBXUEW FRXISWGRINERWD LQ
ILQGLQJV DQG WKW PRWW.,)KHMEMQBWM. Y WKH SURFHVV &R
LI WKH UHVXOWV IURP WKH WRWDO GDWD DUH QRW FRQV
PRUH FRPSRQHQWY ZLOO QHHG WR EH FRQVLGHUHG DQG
FXUUHQW K\SRIWKHNFRQG)RQGVWKLUG K\SRWKHVHV WKH V
WR WKH ILUVW RQH $ ODUJHU DPRXQW RI GDWD DOVR
VRIWZDUH VXFK WKDW WKH PRUH GHWDLOHG HOHPHQWYV
EH WKH DQDO\VUHVXVRIEXW KK PRHVWLRQV SURYLGHG LQ WK

4 XHVWLRQQDLUH

7KH VHFRQG DQG VXSSOHPHQWDU\ UHVHDUFK PHWKR
TXHVWLRQQDLUH IRUPFIVOLG MRGBNXEH TXB QMM WDWLYH P
EHFDXVH LW PD¥MQW K i RISRQIDWKMW DPRXQW RI WKH GDWD .
DQG .KDQ $ UHVHDUFK PHWKRG VKRXOG HQFRPSD
IROORZHG LQ FROOHFWLQJ DQG DQDO\VLQJ GDWD 7KH
UHVHDUFK PHWKRG LV JRQHEMWM BH E\Q WIKKHD GBW Y W D /AW HRD ¢



UHVHDUFK 4XDQWLWERWLYRIOOH¥WLBRKDIQ/G DQDO\VLV RI
RUGHU WR H[SODLQ SUHGLFW DQG RtDWRQWURO SKHQ
+RZHYHU LQ WKH SURFHVV RIWLRNIBXEWL QHGHDE WK FDE
QHHG WR GR PXFK PRUH WKDQ RQO\ XVH QXPHULFDO GD'
WR EH WHVWHG VSHFLI\ WKH UHVHDUFK SURFHGXUHV I
FROOHFWLRQ DQG PDNH VXUH WKSDJUHVLVLBQQWGEH DXQIBW
VXUURJDWHY LQ RUGHU WR SURYLGH VWDWLVWLFDOO\ P}
TXDQWLWDWLYH UHVHDUFK ZLOO JHQH U DSISHIEIE REMHF W
SHIQ RU DRWHUDFWLYH LQVWUXPHQWNJD/\RLRRQGHXDW LW
UHVHDUFK KWEXHYAROQMFWLRQ DQDO\WLV DQG LQWHUS
QDUUDWLYH D@XPHWIXFOD00 QROQVD LQ RUGHU WR JDLQ LQ
SKHQRPHQRQ RUELGWHKBWWVDLG LQ SUDFWLVLQJ UHVHD
XVH ERWK Rl WKHVH WZR PHWKRGV LQ D FRPELQHG ZD
REMHFWLYH DQG FUHG LEXWHUMKN GW U SX W R VVWKMHXBD LQ |
DORQJVLGH D TXHWXSLSROHPIHLQMDDYV MHWKRG LQ RUGHU
V F L H@GWILS S UR\D/FKX S\

$V D VXSSOHPHQWDU\ UHVHDUFK PHWKRG WR EH XVHG
QHHGV WR EH H[DPLQHG LQ GHWDLO LQ WHUPV RI LWV C
DQG MRKMHOHFWLRQ DQG DQDO\WLV RI WKH UHVXOWYVY 7K
GHPRQVWUDWHY WKH YDOLGLW\ RI WKH TXHVWLRQQDLUH
DFFXUDF\ RI WKH FKRVHQ WKHRU\ DQG WKH&HIIHFWLYF}
VXEWLWOLRY VWUDWH

.H\ 3BRLQWYV RI &DUU\LQJ 2XW WKH 4XHVWLRQQDLUH
(WKLFDO &RQVLGHUDWLRQV

(WKLFDO FRQVLGHUDWLRQV SOD\ DQ LQHYLWDEOH URO
UHVHDUFKHUV PXVW FRQVLGHU WKQU HWHREKEMK B QG N WGRG W
QRW MXVWLI\ WKH PHDQV DQG WKH UHVHDUFKHUV PXVW
DERYH WKHLU UHVSRQVLELEHWQIWRI PDKBWDALRGW 5B U\
5HVHDUFK VWXGLHV DUH EXLOW RQ WUXV@WEHWDHHQ D
UHVHDKBXHWWSRQVLELOLW\ WR EHKDYH LQ D WUXVWZRU
SDUWLFLSDQWYV WR



)XUWKHUPRUH UHVHDUFK WKDW LV FRQWLQJHQW RQ WK
WR UHTXLUH HYHQ FRRUH GFHDWHWA®R GUHYHQ WKDW UHVHD
H[SHULHQFH VWUHVV DQ[LHW\ DQG D JUHDW QXPEHU RI

JRU WKLV SDUWLFXODU UHVHDUFK SURMHFW LW LV C
OHJDO LVVXHV DUH FRQVLGHUHG WKURXJKRXW WKH |
FRQVLGHUDWLRQ JLYHQ WR WKH W\SH RI UHVSRQGHQW
VW X PHRYWNO\ PDMRULQJ LQ (QJOLVK

JLUVW RI DOO WKH NH\ HWKLFDO LVVXHV LQ UHVHDUFK |
WR JLYH LQIRUPHG FRQVHQW DQG HQMR\ IUHHGRP IURP
FROOHFWLQJ LQIRUPDWLRQ IURPXQBWWLFDSD QWM UH RWHH
EHJLQQLQJ Rl WKH UHVHDUFK SURFHVV , DP FRPPLWWHG
SDUWLFLSDQWY RI WKH RYHUDOO EXUSHRS H URR FKIHGUX WRIWX (
SDUWLFLSDWLRQ 7KH UHODW HGHYHDW RKH © XGSRVAH QWKWH I
SDUWLFLSDWLRQ SURFHVV DQG WKH SURRI RI (WKLFDO
&RPPLWWHH DW WKH 8QLYHUVLW\ RI 6DOIRUG LV WR EH
UHODWHG GRFXPHQWY ZLWK RIILFLD®DRVRDQ B WXXUHV WDKIDHV
WKH SDUWLFLSDQWYV IX0O0\ XQGHUVWDQG DQG DUH DFTX
SXUSRVHV DV ZHOO DV HQVXUH WKDW WKH\ DYRLG DQ\
LVVXHV ZLOO XQGHUSLQ HYHU\ VMADMH LRIV WAKRHP STOCHIW WR.€
VXEPLVVLRQ WKH GDWD DQDO\VLV DQG WKH SURGXFWL
WDNHQ DV D EDVLF UHTXLUHPHQW E\ HWKLFDO UHVHDUFI
8.1V 'DWD 3URWHFWLRQ $FW ,Q VRU GNRHLIQSLQJ DP
SDUWLFLSDQWVY LGHQWLWLHY DQRQ\PRXV DQG UHPLQGL
TXHVWLRQQDLUH DW WKH EHJLQQLQJ RU DW WKH HQG R
JHQHUDOO\ RXJKW WR EH DEOH WR LGHQGXIFID WLKRH JUR
EDFNJURXQG LQIRUPDWLRQ DJH UDQJH HWF :LWKLQ T.
SDUWLFLSDQWVY LQGLYLGXDOLW\ VXFK DV WKHLU OLNH
JHQHUDO QDWXUH RI TXHVWLRQQDLUHV DW DLVXRQWLW
UHJDUGLQJ DQRQ\PLW\ WKH H[SODQDWLRQ RI WKH Ut}
FRQILGHQWLDO WKH XVH RI WKHVH GDWD LQ WKH VWHS
SDUWLFLSDQWY DW WKH EHJLQQLQJ RI WKH BDXWMWVLRQQI
UHTXLUHPHQWYV RI LQIRUPHG FRQVHQW

s\ 2z



3UHSDUDWLRQ

,Q RUGHU WR PHHW WKH UHTXLUHPHQWY RI WKH (WKLFDC
RI 6DOIRUG DV ZMOOWD/ WRNVBEWLRQ $FW LW ZD
SURYLGH WKH IROOREZOQJIJWIHRWHPDSRIREHYWY EHIRUH DV N
WKH TXHVWLRQQDLUH WKLV ZDV LQGLVSHQVDEOH LQ RU
VXSSRUW )LUVW LW ZDV QHFHVVDU\ WR RXWOLQH WKH L
S UR M HFFALLG HFPR Q WIHKFWUMR SRQGH QW V

5HVHDUFK 7RSLF

7KH FXUUHQW UHVHDWFERWSBUP WY HFDFQDHAVLY RI )LO
7UDQVODWLRQ IURP (® BD\WHK 6VDX&K LRV R SN

7KH UHVHDUW KVBNURHW HIO\WS IRKV KCHV BEMGDVBXVY WKH PDLQ LV
DQG HIIHFWLYH VROXWLRQV UHODWH GH W3R FDKEHD N XOEHW L W «
IURP WKH SHUVSHFWLYH RI FXOWXUDO DZDUHQHVYV

$FDGHPLF &RQWH[W
$97 LV D QHZ DUHD RWUD/QWOBIWSIRRK L Q6 F K RHO/DWHU QUR P
FRXQWULHV ZHUH WKH ILUVW WR XQGHUWDNH WKHRUHWI
LQFOXGH -RUQW DBDYFXVVLRQ DER X @ WHHEEGYR B /WR R Q
WXGLHV '76 -DRKW UYRIQ\V\VWHP WKHRU\ L&IU$PGDWLRQ V
,Q DGGLWLRQ VFKRODUV LQ WKH ILHOG RI VXEWLW
KDYH SURSRVHG WUDQVODWLRQ 7\KW VW DUMHNHIHYF B SSURM
EXLOGVY RQ WKH DIRUHPHQWLRQHG WKHRUHNURMDKHUZRUN
LVVXHV DQG VWUDWHJILF SRVVLELOLWLHV IRU PRYLH FD
&KLQHVH 7KH UHVHDUFK H[SHFWDWLRQV DUH WR GHILQ
HITHFWLYH WUDQVODWLRQ VWUDWHJLHY WR WRBURYH W
FRQWH[W RI PRYLH VXEWLWOHV +RZHYHU WKH LQWULC
WUDQVODWLRE® ZRUKDW (QJOLVK DQG &KLQHVH EHORQJ \
IDPLODHM DOVR WDNHQ LQWR DFFRXQWHTELRWE&HQW RU
WUDQVODWLRQ EHWZHHQ WKHVH WZR ODQJXDJHV PD\ EF
EHWZHHQ (QJOLVK DQG D ODQJXDJH IURP WKH VDPH RU V
WKH KXJH FXOWXUDO GLYLGH EHWZHHQ WKH (DVW DQG
VLIQIWLFEQOOHQJHYV LQ GHOLYHULQJ LQIRUPDWLRQ IUR
7DUJHW 7H[W 77 7KXV WKH UHDOLVWLF FRQWULEXWLR

ii6



RXW WKH FRPPRQ LVVXHV DQG GHYHORS VXLWDEOH VWU
FDSWDRYODWLQJ SURFHVV DQG PRUH EURDGO\ WR H
WUDQVODWLRQ LQWR WKLY XHUW VB FRIQWHPX OML XNV /@ \  V
WR H[DPLQH WKH DGYDQWDJHV RI DSSO\LQGLRWIDGLWLF
DUFKDDQ®WKRVH RI DSSO\ISWHSRERQODUSRSXODU ODQJXDJ
QHZ ZRUGV ORDQLQJ DRUBNOWXE IBAOOEBRWEHG H[SUHVV
&KLQHVH VXEWLWOLQJ ORUHRYHU WKH XVH RI WKHVH
FRPELQHG ZLVDKVHD SBUBRSVODWLRQ VWUDWHJILHV IRXU
*RWWOLHE WZGRYGIPWKMUDWHJILHY XVHG LQ VXEWLWOL
7KH®@V D UHVHDDE®BROUEMXOW) D PHDVXULQJ VFDOH E\ U
UHVXOWVUHNRPDUERAK MM PHDVXULQJ VFDOH ZLOO EH LPSU
E\ FRQWLQXRXVO\ FR O®HRWLSXV PRUMDEDW® GRWFXVVLRQ
GHYHORS WKLV WKHRU\ E\ DQDO\VLQJ WKH PDLQ LVVXH
HITHFWLYH W UD QXI0®™MW ER Q8 VR WIDAHKGI LIYVD ODWHU SDUW R

BHFRQGO\ LW ZDV LPSRUWDQW WR H[SODLQ WR WKH VW:
WR DQVZHU D TXHVWLRQRDQGHL@DR/UWRWERQDW® HQ N RO H
WR VKHG OLJKW VRIQR /\K P MR LRXQHH\G DERYH DQG DOVR X
WKH TXDOLW\ RI VXEWLWOHVY WKDW PLOOLRQV RI RWKF
IRUHLJQ ODQJXDJH ILOP 7KH VWXGHQWY ZHUH WROG WK
EDVHG RQ WKH UHRQRQDEDW DWVKKPERWIP SDUW RI WKH SF
WKHVH WUDQVODWHG ILOPV WKH\ S(R&W HD'Q\DO DRRLAR @ HW ik
ZRXOG DOVR EH IDPLOLDU ZLWK WKH XVH Rl WUDGLWLRQ
DQG DUFKDLVPV HPSUHWRRWDUVXFK DV YHUQDFXODU D
SRSXAPQYHWZRUNBGLWLRQ WKH SXUSRVH RI WKH TXHVW|
WKH GLVFXVVHG WUDQVODWLRQ VWUDWHJLHVIWVZHUH PRU
YLVXDO DWWHQW LR QZ KOH}EK HIX UMKHH BBARQHH VH ODQJXDJH
LGLRPV DUFKDLVPV DQG SRSXODU H[SUHVVLRQV ZHUH Z
LW ZDV H[SODLQHG WKDW WKH TXHVWLRQQDLUH ZRXOG E
RI  SDREKRIGFH TXHVWZIR @OWERXQWWLYH WIDQSODWLRQV
7KH VHFRQG SDUW FRQVLVWHG RI PXOWLSOH FKRLFH

FDOLEUDWH DXGLHQFH SUHIHUHQFHRD @/HRG DELKGE D MWVKH ZRW
7KH ODVW SDUW Rl WKH TXHVWLRQQDLUH ZDV DQ RSHQ 1
WKH VWXGHQWYV D% WXEWMWDWRUY KRUH WKH SDUWLFLSI

iid



ZULWH GRZQ WKHLU RZQ VXJJHVWLRWKHVNR DPBURFH QMKLHk
ILOPV

IDVWO\ LW ZDV QHFHVVDU\ WR JLYH WKH VWXGHQWYV
DQVZHULQJ WKH TXHVWLRQQDLUH 7KH H[SHFWHG WLPH |
PLQXWHV DQG LW ZRXOG EH FRPSO H\WBGVKORTN{ARWILAY
WKLV TXHVWLRQQDLUH LW ZDV DQWLFLSDWHG WKDW Wk
DQG NQRZOHGJH WKDW WKH\ KDG DFTXLUHG RQ WKHLU V
RYHU DHOBRSHULRG DQG VKDUH WX MIKH SHUWNG DD DWYH.G &/
RI UHFHQWO\ UHOHDVHG DQLPDWLRQ ILOPV 7KH VWXG
TXHVWLRQQDLUHY LQWR DQ HQBHMOBSM HG G R XDV VWAKKIHP 1L
WKH FODVVURRP EZRROB W®HB D \WHI WY IOHL BDR\U R H PAMHIF & @D V
RI KHU ZRUN 7KH HOHFWUR Q 5K R\B WWZRGX D Q GE B C5® KDR
WKH FRPSOHWHG TXHVWLRQQDLUH ZRXOG EH VWRUHG LQ
WKH GDWD ZRXOG EH JHGKQGHDO DD GHMMHY \GEKH@ FKD L
8QLYHUVLW\ RI 6SRUW DQG WKH 6RD 8RB \WRUD 8 QLY H
DSSUHFLDWLRQ WR DOO WKH SDUWLFLSDQWY DQG HPSKI
GDWD IURP WKH TXHVWLRQQDLUHV ZRXOG PDNH DQ
GHYHORSPHQW RI WKLY UHVHDUFK SURMHFW )XUWKHUPF
EH PDGH DYDLODEOH WR ILOP VXEWLWOLQJ FRPSDQLHYV
ILOPV WKDW WKH SDUWLFLSDQWY DQG PDQ\ RWKHU VSHF

'"HVFULSWLRQ RI WKH 4XHVWLRQQDLUH

%DVHG RQ WKH LQWURGXFWLRQ RI UHVHDUFK K\SRWHKH
SUHYLRXV FKDSWHUV WKH TXHVWLRQQDLUH LV FRQVLG
HPDQDWLQJ IURP WKH FRUSXV $FFRUGLQJ WR WKH GDW|
FRUSX@PDEOH WR LGHQWLI\ WKH IR O OREDLHIYJI WK URH HWSKKIH
WUDQVODWHG &RRIGHNH ORXEIMIUNVBKYQ WKHLU HTXLYDOHQ
WHWKHUH DUH ROPRYHUZRIWGY LQ &KLQHVERXKDQ LQ (QJC
RI VXEWLWOHY DUH WUDQVODWHG E\ BE\RDQN RAXWIHRRUH QW W
WKH DIRUHPHQWLRWQEWLWOHY DUH WUDQVODWHG XVL(
H[SUHRWQN VXFK DV LGDRPAH MDA PRDYRPW PRGHUQ H[SUHV"
SRIPMOODQIXDJIH LQ QHWZRKNY D\QG QR HZDARFEGIDWWHU QL



VKRZQ:WKBWHRHFWLRQ RI VIQWD[ DQG OH[LV RIWHQ LQYR
VHULHV RIUW RFRV

7TKHUHIRUH RWRB LTKHHYWIGHYLIJQHG DV IROORZ

,Q WKH ILUVWRIIAWFWEKRQUHVSRGERQMH TXH\DWURGY DERX
YHUVLRQ WUDQVOBYDLREY 7RBIUNHGDMAHG FRQWHQW LV W
VDPSOHHVS®PFDEOH IOMK DOO WKH $ FKRLFMVSWDHDMNHQ IUR
UHOHDVH DQG ZKLFK WKH UHVHDUFKHU KDV GRZQORDGH(
$00 WKH WUDQVODWLRQV DUH UHJDUGHG DV D EHWWHU °
WUDQVODWLRQ VWUDWHJILHVY 7KLV UHODWWODWRRBDUOI
VWUDWHJLHV WUWR PS ROWRWOWKD W Q& W UDSB\OLFWERE WRR Z
WUDQVIHU WUDQVFULSWLRQ SDUDSKUDVH DQG FRQGHE
VWUDWHJILHY NQRZQ DV JOREDOL]DWLRQ DQG ORFDOL]L
FRWH[W RI FRQVLGHULQJ WKH ILOP DV D IRUP RI FRPPH
PDNLQJ ILOPV IRU FRPPHUFLDO SXUSRVHV ZLWKLQ LQWH!
ORFDOL]DWLRQ DUH LQWHUBPWDRR QDG Z$WKZRIDWK RW KH
7KHUH/RDMEHOLEHUDWHO\ VHOHFWHG WZR RU WKUHH VXE
LQ RUGHU WR REVHUYH ¥XUbiKVK KB QIFKH DHHS R E HVODWPW D \
WUDQVODWRU RI WKHONDBZRHOH. OPO®RUNRRW6s FKRLFHV I
ZRUBZRUG WUDQVODWLR@IR3 BAKPKR PIHWRRG WIHWW DQVOL
WKH % FKRLFHV JHQHUDOO\ XVHV D VLPLODU HTXLYDOH
RUGHU WR DFKLHYH DQ RSWLPDO WUDQVODWLRQ 6LQF]
PDMRULQJ LQ (QJOLVK WKH\ VKRN0 G EM HH FH FRRHPG HVRH R
ERWK WKH (QJOLYKRWDQQOQXYMIMWWDRRGQ DELOLW\ 7KHUHIRUH
RI WKLV VHFWLRQ LV WKDW PRVW UHVSRQGHQWY VKRXOC

+RZHYHU WKH UHVSRQGHQWY DUH DO\RZQLWHQ QVIOID \R BB
DW & LI WKH\ EHOLHYH WKDW WKH\ FDQ SURYLGH D EH
FKRLFHV *HQHUDOO\ VSHDNLQJ WKH SXUSRVH RI WKH IL
FKHFN ZKHWKHU WKH XVH Rl VWUDWHJIREBYVLGWHWHFB @RZC
LPSRUWDQW LQ WKH SURGXFWLRQ RI(EBQR SWU KD 6 XTOMmWD L



7KH IXQFWLRQ Rl WKH VHFRQG VHFWPRQGRQWEKH FRHWW L
VSHFLILF DQG GHWDLOHG LQIRUPDWLRQ RU HYLGHQFH W
ILUVW BHFWRRGHQW W DK P ROMUSHGHI FKRLFH TXHVWLRQV

JRU WKH ILUVW TXHVWLRQ, QUW X 8§ REFG\HD W YA FOMEHMDNRNKHIG\ H
OLIH DW XQLYHUVLW\ KRZ RIWHQ KDYH \RX ®BNBGVR WK}
RQ WKH GHPRJMBSKILD PIPNDHWWLRQ ILOP DXGLHQFHV LQ Wl
UHVHDUFKHU KDV SUHVXPHG WKDW \RXQJ SHRSOH EHWZ
IRUP WKH PDMRULW\ Rl WKH DXGLHQFH IRU WKLV NLQG
TXHVWLRQ LV WR LQYHVWLJDWH ZKHWKHU WKLV DVVXF
FRQILUPDWLRQ RI ZKDW PDNHV XS WKH PDMRHLWMR RI WK}
TXD@KINWKHU WKLV JURXS RI UHVSRRGHQW VW XGHD OO\

7KH VHFRQG PFRHWXLW®LION WKH OH QDK RO DWKH G& X X @ W\
UHDGDEKIHHZRUGLQJ UHIOHFWYV W KED VIHFRGN GVID KMDW D Q R OWAKLH
UHVKBUFH[SHFWV WR ILQG WKDW WKH WUDQVODWHG VX
RULJLQDO RQHV 7KDW VDLG LW VKRXOG EH FRQVLGHUH(
RI ILOP VFUHHQ OLQHV WKH VXEWLWOHW K RV WXE \FHYO H.
LQ HDFK OLQH

2] FRXUVH &KLQHVH FKDUDFWHUV DUH GLIIHUHQW IU
KLHURJO\SKLF DQG WKHUHIRUH QRUPDOO\ GHPDQG PRL
WKDQ WKRVH UHDGLQJ DOSKDEHWLF ZULWLQJ VXFK DV
(QJOLVK LIOWR WKIHQVXEWLWOHU QHHGV WR SD\ PRUH DV
&KLQHVH *LYHQ WKH SUDFWLFDO OLPLWV LQKHUHQW LQ
YLHZSRLQW RQ UHFHQWO\ WUDQVODWHG &KLQHVH VXE!
UHVSRQVB\LYRRFRWWYH LW VKRZV WKDW WKH UHOHDVHG
TXDOLW\ ,I| WKHLU UHVSRQVH LV PRVWO\ QHJDWLYH KR
JUHDWHU HPSKDVLV LQ XVLQJ WUDQVODWXRNLWXWDR® JL
LQ WKHBWRI WUDQVODWLQJ

7KH QH[W TXHVWLRQ LV FRQFHUQHG ZLWK WKH H[SUHVYV
SHUVSHFWLYH RI OLQJXLVWLF SHFXOEMRULRX FBWHTHKH SD
WUDQVODWLRQV WKDW PDNH XVH RKWVIOLGULWPRQB O RYHWD

s rA



VHQWHQFHV IURP DQFLHQW YRHE MUY DE&H KIDWVBWD'HV ZLW
WKH TXHVWLRQQDLUH LQ RUGHSHUNRS HRRAX.W HWRIQ WHWLY
FRQVLGHUDWLRQ Rl WKH SURIHVVLRQDO OHYHO DWWDLQ]

, ] WKH SDUWLFLSDQWYV EHOLHYH WKDW WKH XVH RI W\SL
ILOP PRUH DWWUDFWLYH WR WKHP WKLV SRVLWLRQ WKH
UHVHDUFKHU ZLOO GHYHORS IXUWKHU VXJJHVWLRQV IR
+RZHYHU LI WKH DQVZHU WR WKLV TXHVWLRQ LV JHQHL
UHVHDUFK RXJKW WKHQ WR EH FRQGXFWHG LQ RUGHU W]
XVH RI SDUWLFXODU &KLQHXEWRW®OV®I WM SQAHPAHAAM\RU L R

.Q WKH VDPH YHLQ WD N H3WRKHR XROLONRZ MQUIDTXHODMLIRRR V W
RI PRGHUQ &KLQHVH H[SUHVVLRQV VXFK DV VSRNHQ YHU
WKH ,QWHWEHWHIDUG WR VSRNHQ &KLQHVH ODQJXDJH
OLQIJXENBUHVVLRQV WKDW DUH XVHG LQ FRPPRQ SDUODC
PHFKDQLVP E\ ZKLFK WKH PDVVHVY EHFRPH DFTXDLQWHG
FRPPXQLFDWLRQ EHWZHHQ WKH &KLQHVH SHRSOH HV
JHQHUDWLRQVRORUMRY PRDBHBLGSBRS$OH DQG HYHQ VHQL
FKRRVH WR SD\ DWWHQWLRQ WR WKLV NLQG Rl FRQWHPE
RUGHU WR EHW W HUDRR® KXQ@LHADWWD DIGVM\R X QJ SHRSOH

7KHUHIRUH WKH XVH RI WKWR WHNSEHRIFAP 8 GXDQ H/ R KWK W C
.l WKH VHOHFWHG JURXS Rl UHVSRQGHQWY DJUHH ZLW
FRQFHUQLQJ WKH DSSOLFDWLRQ RI WKLV W\SH RI H[SUH"
PHDQLQJIXO &RQYHUVHO\ RWWHKH UHR QX VGLLRADN BRBHIKAQ W R

7KH ODVW TXHVWLRQ LQ*R KRXVWKRQE WHHFHWXRIQ RNV WUDC
PRGHUQ &KLQHVH H[SUHVYDR DY HODHTVAL B \F XXERYW /O KU VI
WKLV HDIDLQ \VXBBKW H[DPSOHVLRSWHK W[SODQDWLRQ RI
FRUUHVSRQGLQJ FXOWXUDO SRLQWV WKH SXUSRVH RI
UHVSRQGIHGWKY UKH@PPWLRQ RI WKHVH H[SUHVVLRQV DQG W
YLHZSRLQWY RQ WKH LPSRUWDQFHQRIN W K GW ® WDQ EXKOWF
WR VXEWLWOLQJ $V WKH UHVSRQGHQWY DUH DOO (QJOL
FHUWDLQ DZDUHQHVV PR U DVGMH@DX\IBX BRIQEHL@®J RI WKHLU

s



DQG UHIOH[LYH H[SHULHQFH 7KDWWYBQR®DLWHLWD RKRGIHWGL
UDQJHD RWKHUHNVISIRQVHY WKDW FKDOOHQJH DQ\ SUHFRQI
SDUWLFXODUO\ WQSWHKW UHVHDUFKHU

7KH ODVW VHFWLRQ RI WKHHDBHGWLRQMERDRE RSYLQIQRRSH
ZKDW KDYH EHSURBWEHPRDRQG ZHDNQHVVHV WKDW KDYH H
RI UHFHQWO\ UHOHD\IQE DWW RRAL VWD RV "WKH QDPHV RI |
ZLWK DRXWLAW SDLUV RI ELOLQJXDO VXEWLWOHV IURP V
UHVSRQGHQWKL\D QXAEMWLRQ $SDUBW NJR/K MPK HQT WHWAHWILR @
VHFWLRQV Rl WKH TXHVWLRQQDLUH LW LV H[SHFWHG W|
ILQGLQJV ZLWKLQ WKH OLPLWDWLRQV Rl WKH DQLPDWLR
HYLGHQFN DUPNWKVBRWKHVHY DV ZHOO DYJSDRPSQG PRKH
UHVHDUFK WRSLF

'HVFULSWLRQ RI 5HVSRQGHQWYV

6LQFH WKH DLP Rl WKH UHVHDUFK LV WR HYDOXDWH WKH
WKH HITHFWLYHQHVV LQ XVLQJ VHYHUDO W\SHV RI SUHIH
( &VXEWLWOH WKB QWYBWR OB QWY DUH GUDWE UHR P AKX R V
LQ (QJORYEKXDIJH FDUWRRQ ILOPV XQGHUVWDQG WKH RU
OHYHO RI SHUVRQDO WUDQVIKDHFKR@H D E IWRL RBIL V $IWU LVEXRV
TXHVWLRQQDLUH WR XQGHUJUDGXDWHVY ZKR DUH PDM
DXBHQFH FRQVWLWXHQF\ HQVXUHV WKDW WKH UHVXOWYV
UHSUHVHQWDWLYH DV DYKHWMX OW YRIOWKHR UH\LSIRGE HQ W @ J
DV WKH NQRZOHGJH RI &KLQHVH ODQJXWPJISHYS HRVDMYHU F

7KLV JURXS RI VWXGHQWY DUH FXUUHQWO\ ILQDO \H
6KDQJKDL 8QLYHUVLW\ RI 6SRUWYV DQG WKH )XGDQ 8QL"
\H@l1 WKH UHVSRQGHQOMWRDOH ZKLOH WKH UHVWWUH PDOI
DWQIDWLYH &KLQHVH VSHDNHUV

% H I FOWQH ZHW KB JTXHVW LR Q Q DAL VDRI P A QUMHR S UWLFLS
WRUHSDUH WKHPVHOYHV DV IROORZV

7R ZDWFK WKHEXOPBSWHQLQP WR WKH RUZKLQHO (QJO
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UHDGMIQH WUDQV O/DX\EWGE VB Y H VH

IH[WDUWLEZLOMQBDSUYEFRSG R WWREBVODWHG VXEWLW
WKHLU FRUUHVSRQ®ILRQ U HRIYGE L 2 IDAO WHK WK LIEGIN DV N H C
DERMMH DFFXUDF\ Rl WKH VXEWLWOH WUDQVODWLRQ

$1W HWS WKZBEW LWL WY H[SISPWWGEPLIBYWYR NQRZ WKH VXE
WUDQVODWLRQ RI WKH VDPSOH ILOP ZHOO DQG KDYH \
RSLOLRRWKH TXDOLW\ RIWXKHK W HHDLED\AD HBBVERR VHRK H L U

RZQ FRPPHQWY RQ WKH VXEWLWOH WUDQVODXLICRD RI WK
KDYH OBERRWGOSRBRJI\ DQG VBKHR SWARRUDWZIDALHY RI ORFDO
DQEBOREDOGPOUVPREUHY LR XV W HDVF K HEIDETDW R BDLHONV W H U
HQWEZWKIBEODWHG .QRXBWW IR QRQ DALKIH

8VH RI WKH TXHVWLRQQDLUH

,Q WKH QHZN GOWWKH TXHVWIURQQORNVZHVYHG E\ WKH SDU\
FROOHFW WKH GDWBDQ® GG MWKHKYVDEDBOK RI WKH UHVS
TXHVWLRQQDLUH TXHVWLRQV 7KH H[SHFWDWLRQ FRQFH
WKDW WKH JSHWW BFHESKOWPHW R DWWKH/ HITHFWLYHQHVV R
FXOWXUDOO\ ORDGHG H[SWPHRWWL RHQ M PVQ GY M/ HEAU DR W/J MHK
WUDQVODWERQ |XBVWPKMMFNR 6 GWOLQE K\SRWKHVHV LQ WKLV

y,QWHUYLHZV

%HVLGHYV WKH WZR PDPDLQVRHWKRGROR MHYHUDO FRPPXQLF
ZLWK VRPH VFKRODUYKR®BHWI ZRWQW CRQHQWHUQDW LR QI
DQG GXULQJ DQ LQWHUQVKLS\LUH RKWBHEK VKRS RW KMHAHY S
H[FKDQJHV DUH QRW DV KRHPTHUKDN D QWIHUMGLMEYW LY H

DSSURZEWHYIHDWXUHV RI FROWRBRAMN LD@W WP DFQVA RQFH KL
RIITHU GHHSHU DQG PRUH FRQFUHWH LGHDV IURP WKH VSt

y,(QWHUYLHZ 4XHVWLRQV

7TKH LQWHUYLHZPDALWOW LRQWHVBRQVH WR WKH IROORZLQJ



$FFRUGLQJ WR \RXU SUDFWLFDO H[SHULHQFH SOH
D VLQL®HW VXEWLWOH LQL&RNQRBNVWKQWODWQ ODWHG
VXEWLWOHYV RQO\ ILOPV ZLWK RULJLQDO (QJOLVK VXI

$FRFUGLQJ WR \RXU H[SHULHQFH SOHDVH JLYH \RX
WUDGLWLRQD Q@ &VSKEMNLW.RWUQQVODWLRQV

$FFRUGLQJ WR \RXU H[SHULHQFH SOHDVH JLYH \F
SRSXODU H[S(USMAEWROW O WUDQVODWLRQV

%HW. GMKHVH WKUHHRMHBWRWHKEOWVTXHVWLRQV WR GLIIH
DFFRUGLQJ WR WKHLU YDULHG VWXG\ LQWHUHVWV RU ZR
RI FRUSXV OLQJXLVWLFV D@®WRUDgNB O WIRRQ WHKWXG L HD\
FRQVWUXMHVWLVSHFLILF SDUDOOHO FRUSXV D DSSURDFK
DQG E VXLWDEOH VRIWZDUH WR DQDO\VH WKH K\SRWKH
VFKRODUV LQ WKH, BYR NG KB KHDRU VW XHRFHESWKHHQFH
IRODQZ TXHYWALRQU SUHYLRXV UHVHDUFK GLG \RX NQRZ
WKH DXGLHQFH IRU (QJOLVK ODQJXDJH DQLPDWLRQ IL
LQWHUYLHZHG WKBBNHSJWDE® IRADGHUWL R REWDLQ PRUH C
OHQIJWK RPILQHQVREWLWOHV LQ (QJOLVK DURE HMMLERHMHO T
VXEWLWOHUV WR GLVFXVV WKHLU H[SHULHQFRV RI WUD
&KLQHVH WUDQVODW H GU W XHEWH.QFHHGY D Q RIMWHEBRQNNM S U D EMZ W |
ZLWK VRPH RI WKH VXEW LX\SCSHRUWWH\QH R U 6 K LK W8 R WX BIW K W U

,(QWHUYARBENHYRXQG

*HQHUDOO\ WKH LQWHUYLHZHHV ZHUH VFKRODUV DQG
LOQOWHUHVWY LQFOXGIPONBQ7 WRENEIWVHYLQLAPQG FRUSXV
W XGLHV

JRU VRPH LQWHUYLHZHHVY WKH\ SUHIHUUHG WR UHIHU
FRPPXQLFDWLRQV RQO\ EHFDXVHLWK HMFONGR VR FDWR G|
H[SHULHQFHG VFKRODBV RW ISILADFON UWDR@BYYV LQ WKH G|
RSLQLRQV RI WKH LQWHUYLHZHHV VRPH RI QDPHV ZLOO
JDYH SHUPXVWLR/@HLR IXO0 QDPHV LQ WKLV WRKHVLV ZLO
WKUHH VXEWLWOHUV RXW RI UHVSHFR FIROORW KXHV WRHI



SUDFWLFDO ZRDW BHEOGHHWRWWR DELGH E\ WKHLU ZRUNLQJ
WR UHPDLQXWQRQ\PR

,Q WKH IROORZLQJ GDWD DQDO\WVLV FKDSWHUV WKH GF
VWDWHG DQG FRPPHQWHG RQ UHVSHFWLYHO\ 7KH FRPS
DUH LQ WKH $SSHQGL] ,,,

&RQFOXVLRQ

,Q FRQFOXVLRQ WKLV FWX$HW HU KDD/Q G [DPRBIERIQ R\
PHWKRGRORJLHV XVHG LQ WKLV SUR M MEWW W®\ DW ¥ BHWHW
EXLOW SDUDOOHO FRUSXV PHWKRG ZDV GLVFXVVHG LQ \
WKH ZD\V Rl FROOHFWLQJIRWRHD QDB WIRGW KR MAMMWH @ W@ B PW
KRZ WKH VDPSORKLY ZQBARMERZHG E\ DQ H[DPLQDWLRQ
WKH GHVLJQ RI WKH VHFRQG P3DVWKRLG XVBIG | BFKXHK/DW. K &
WR WKH FRQWHQW R W K/H ITFOO-QMHWIVR R EHLK D Q 6 OLHV W R W
RI WKH URMVHMBUFRKHUHG WUDQVODWLRQ VWUDWHJILHV 7Kt
UHVSRQGHQ@WNQHVH XQGHUJUDGXDWHY ZKRDDUHOPRMRUL
GLVFXVVHG LQ WHUPV RV W/IRH MK HD SISHARSIUL DKV HDQ IRV D
FRQVLGHUDWLRQ Rl WKH HWKLFDO DQG OHJDO LVVXHV L
)XUWKHU VXSSRUW LV SURYLGHG E\ VRPH LQYDOXDEO}
EHWZPHDR G VFIKROFUW.WLRQHUV ZKW HAR VMW X.G\ VB K/ DI O7
RSLQLRQVVKEOEKWRGDWD UHVX\RVNHUDSUDHF®QFD\WO HYLGH
FRQILUP W KHVKBOWRUWHRK\SRWKHVHYV

ORUH HPSLULFDOO\ IRFXVHG FKDSWHUV QRZ IROORZ WK
FROOHFWDRDOQD@MAVEVWWDY ZHOO DV D GLVFXVVLRQ RI KRZ
WR EH GHYHORSHG



&KDSWHVFXVWQWRKHR HQJWK RI )LOP 6 XEWLWOHYV 7
&KLQHVH

,Q WKH SUHYLRKVS ORVEBBIUHVHDUFK SXUSRVH ZDV WR L
HIITHFWLYH VWUDWHJILHV XVHG LQ &LQPSDX EWWHEWATBIUW U D (
GHVFULEHG WKUHH UHVHDUFK K\SRWKHVHV JRUOWKLYV VW
GLVFXVV D QWGRABKQDHH W\ RVLIGKK\DFOWO L QIKIHUH IRU N HMWQ WKLV
RXW WKH VWXG\ SXUVXDQW WR WKH ILUVW K\SRWKHVL
WUDQVODWHG LQWR &KLQHVH LV JHQHUDOO\ JUHDWHU L
LQ WKH RULJLQDO (QJOL\RKLHWLRI PRKISXFHWKRIERQR Q
LQWHUYLHZV ZLWK D VHOHFWLRQ RI VFKRODUV DQG SUD
DQDO\VLQJ DQG LQYHVRX.QDBWLRDVBHAH REDMYY XMV DSSHDL
ZKLFELOO LGHQWLI\ DQG GLVFXVV LQ@KMKFR QU IWGHUD WDR Q
WKH UHDGDEOH OHQJWK R |RQUHBARAHO BRUGRFBHKHI E\W E W OW R WU |
ZKLFK LV D NH\ IDFWRU LQ WKH SRO\W\VWHP RI VXEWLWO

'‘DWD $QDRQV5HODWHG 6KRUW ,QWHUYLHZV

,Q WKH SDVW MWHQFRRKQMDHWHG WKHVH LQWHUYLHZHHV 1
FRQWH[WV VXFK DV LQWHUQDWLRQDO FRQIHUHQFHV V'
GLIIHUHQW VFKRODUV DQG SUDFW LWMRQ H,QV W B UIIR\D\OHRZ
FKDSWHUV RQ GRWDO DEHVAVLEH WKHVH XVHIXO HQFRXC
UHOHYDQFH WR RQH RI WKH VSHFLILF K\SRWKHVHYV

%HIRUH FRPSDULQJ WKH OHQJWK GLIIHUHQFH EHWZHHQ
WKH FRUUHV PQGLIVORVKIEGLDORIXH WKH LGHDO OHQJW
VX EW LW OFHd Y\DKIRODOMHG EDVHG RQ WKH HIIHFWLYHQHVV R
WKDW &KLQHVH VXEWLWOHV DQG (QJOLVK VXEWLWOHYV
EHFDXVH RIUWHKML @) BWNXHH V

JURP WKHRISRH@QWR| ILOP SURGXFLQJ WKHRULVWV DQG S
FULWHULD ZKHQ LW FRPHV WR WKH LG®NOKB FHUIAWK FRX W X
FKDSWHUOLWHUDW RHBWURRIMGODU ZL WK GDKDIF ¥V

UHFRPPHQGOWR IPRURIWKDQ &KLQHVH FKDURBWHUV SHU
SRLQWHG RXW WKDW WKH QXPEHU Rl &KLQHVH FKDUDFW



ZLWK VSDFHV DQG SXQFWXDWLRQV KRZHYHU WKH
ZLWK VSDFHV DQG SXQFWXDWLRQV $FFRU(
SFKDUDFRWHU &KLQHVH ZRUG HTXDWHV WR RQH FKDUDFW
(QJOLVK ZERPSEWHG RI D GLIIHUHQWKBXPEEWH®! OHW)
FDOFXODWLQJ WKH QXPEHU RI (QJOLVK VXEWLWOHV LW |
ZRUGV EXW E\ WKH XQLW Rl OHWWHUV ,Q RWKHU ZRUGYV
QXPEHU RVK(@RUGY EXW D FHUWDLQ QXPEHU RI OHYV
SUDFWLWLRQHUV ZLWK GLIIHUHQW ZRUNLQJ HISHULHQF
VWDQGD WG IRMKPMEHGHDO O HMHE@ K/ REWLLQOEIMU DHQVZHU RI
3+RZ PDQ\ &KLQHVH RXDWILEMHUY DQILROP VXEWLWOH LV
DXGLHQFH WR UHDG"

7KH DFFHSWDEOH DQG UHDGDEOH OHQJWK VKRXOG E
HDFK IUDPH RI D ILOP 7KHQ LI GLYLGHG LQWR OLQH
D VLQJOH OLQH +RZHEWHILW @K HY R KHU &KLQHVH F
WKH VXEWLWOHU QHHGVY WR FUHDWH D OLQH DQG L
)XUWKHUPRUH WKH PD[LPXP QXPEHU RI VXEWLWOH
QR PRUH WKDQ WZR

$QRWKHU SUDFWLWLRQBUHVYILGHZW RH WKWRFKD@IKDL 7U
BWXGLR ,Q RQH RI KLV LQWHUYLHZV KH UHPRPPMHQGHG
VXEWLWOH ZLWKLQ D OLPLW RI &KLQHVH FKDUDFWHU"
PDNH WKH DX@EFRPORHWS\E@IO DV WKH LQYHVWLJIJDWLRQ

OHQJWK RI &KLQHVH VXEWLWOHY WKH UHVHDUFKHU DO\
VXEWLWOHV LQ RUGHU WR PDNH DQ HIIHFWLYH FRPSDUL
(QJOLVK LV WUDQV ODW HIBOL Q W®RJI WKL B Bl § H< HVDISHWRKUHL VIXE W
WKH OHQJWK RI WKH WUDQVODWLRQ VXFK WKDW LW LV |
IURP WKH RULJLQDO WH[W ZLOO EH PRUH DFFHSWDEOH

OHQJWK RI (QJOLVK WKKEN LG BB VS URBRXGMH EY LHDIOG W ZR
SUDFWLWLRQHUV LQ WKH VWXG\ Rl SURGXFLQJ DQLPDWLF

%XQQ\ OWWWLQV \RXQJ SHRSOH LQ PDNLQJ DQLPDWLRQ |
YRFDWXEQWKH WDON ZDWKH® WKHQTXHVWLRQ DERXW WKH
VLQOQ@BH VXEW LWIITHJ WERIE Q VI0Q. ) KV K D WQ RWP R K R XW 6D BH

iid



FKDUDFWHUV ZLWK VSDFHMVQE BRRFWHKWWORQY OLQH Z
SUHVHQWHG E\ ;LDQJ EQ+X&eVtf{¥ ERBNDFWLFDO )LOP

PDNLQJ +DQ®@RRIBHNRYHU VKH DOVR JDYH KHWIRZMWGHVWLF
QXPEHU RI (QJOLVK ZRUGV DV DURXQG DV LWV PD[LPX
VKH JDYH LV WKH VDPH DV <DQJ 3W KFHLMEFHAB 1Q I QIDVKI IR U
D VLQL@QH VXEWLWOH LV QR PRUH WKDQ (QJOLVK ZRUG
RQH IUDFHRZHYHU VKH HPSKDVL]HG WKDW KHU HVWLPDWL
WR H[SHULHQFHG VXEWLWOHUV ZKR PDWMRX\®HEH LIUWR ZYD C
H[SHULHQFH RWKHUZLVH VXEWLWOHUV QHHG WR IRO
FKDUDFWHUV LQ HDFK VLQJOH OLQH VW ERPWHEHDJIXGIRWKH |
IRYHGD\ ZKHQ WDNLQJ WKH DJH RI WKH DXGLHQFH LQ
DGYLVHG WKH LGHD®LQHQOW & LR/IKDVX EQUILOWHOH WR EH ZLW k

7R VXPWISHQHUDO RSLQLRQV DERXW WKH ILUVW K\SRWKH
RI DJVBRQH VXEW KVIDMGLOQ(QRKQQW®E DUH WZR

6RPH LQWHUYLHZHHV LQVLVW RQ DFWLQJ LQ DFFRUGDC
IRU H[D/PSLDH)J =KDIQJ® QJ ¥ WKH\ WKLQN WKLV LV V
ZD\ WR JXDUDQW HN GHD VP HWM KWH WKKHEWHFKDQLFDO UHTX
FRPSRQHQW RI ILOP SURGXFWV ZKHWKHU RU QRW WKH
ODQJXDJH RU WUDQVODWHG )XUWKHUPRUH GLIIHUHQW |
GLIIHULQJ LGHDO QXPERWWWVY PREBVGRQIFMRUIKHLU GL
SHFXOLDULWLHYV %HVLGHV ZKLOH VRPH RI WKHP HPSKD\
KDYH DW RR\OM WXERVLWOHV VXEWLWOHUV VKRXOG FRQ
LQWR RQH DQG D KDOILQHYH\W FUIWEZRHVKRUKHUZLVH WKFE
EH IXOO\ UHDG RU XQGHUVWRRG E\ WKH DXGLHQFH

6RPH SUDFWLWLRQHUVY LGHDV PD\ GLIIHU IURP WKH DE
DPRQJ WKHPVHOYHV 7KHLU YLHZV RQ LG&BDEHOHQJIWK
FKDUDFWHUV LQ D VLQJOH OLQH &KLQHVH FKDUDFWHL
ILQH )RU (QJOLVK ZRUGV WKHLU LGHDOV DUH VLPLODU
EHFDXVH Rl WKH FKDUDFWHULVWLFV Rl DQURDMARIMLOP
VLPSOH DQG EULHI VXFK WKDW WKH H[SHFWHG (QJOLVK
7KH HVWLPDWLRQ FRQFHUQLQJ WKH &KLQHVH WUDQVODYV
WRR ORQJ EXW WKH OHQJWK RI D &KUGIDWH W WKDWQO B



FRUUHVSRQGLQJ RULJLQDO WH[W LQ (QJOLVK ZKHQ FRQ\
VXFK DV FXOWXUDO GLIIHUHQFHV GDRUXOJH[IDRANOLRG
GLIIHUHQFHYV

'LIIHUHQW VFKRODUV DQG SUDFWLWQRQWWDWHG YOUILHG
XQGHUVWDQGLQJY RQ WKH LGHDO OHQJW K RRR WXLEQM LW O F
WR WKH LQWHUYLHZHHVY DQVZHUV WKH LGHDO OHQJWK

FKDUDFWHUV WKH LGHDO OHQJWR URGWDBD QQ WKHNKH VXES
EH VDLG WKDW &KLQHVH VXEWLWOHV DUH QRUPDOO\ JL
RULJLQDO GLIIHUHQFH: LRN KZ RUKG MV RDP B IVQ. B QWOWNLRID IROOF
ZLOO HVWLPDWH WKH SRVVLEOH OHWIWRWVRD@RXLYK!
FRUUHVSRQGLQJ (QJOLVK RULJLQDO VXEWZMD@®HW HQWD Q |
ZKHWKHU WKH IRUPHU VXEWLWOHY DUH JHQHUDOO\ JUHEL
WKH DYHUDJH OHQJWK GLIIHUHQFH EHWZHHQ WKHP DFFR
IDFWRUV WKDW LQKLELW WKH HVWLPDWWRGQH 0SRUDHRWLHW
VXEWLWOH WUDQVODWLRQ ZRUN RQ DQLPDWLRQ ILOPV
WUDQVODWHGFDXQEWXINBWMW WRDRWKHU SUDFWLWLRQHUV"

'DWD $QDO\WLV RQ &RUSXV

,Q WKH IROORQH®E WWRD FIROOHFWWG DWEG R QDM \BH W KB ( G
XVLQJ WKH FDOFXODWLQJ IXQFWLRQ RI OLFURVRIW ([FHO
RUGHU WR HYDOXDWH WKH \DRAKEIIHN OHQJWRWHK RDRRJIR
&KLQHVH LQ WKH ILOPV DV ZHOBWQIFW W KW DHHIQ MIKIH O&H
WUDQVODWHG VXEWLWOHV DQG WK H.IQ RFRRGHB WSR ® G IWDIE
ZKHWKHU WKK\SIRWKHRHY LV SRVLWLYH RU QRW

,Q WKH ODVW FKDSWHU LW ZDV GLVFXVVHG WKDW LQ W
HIWUDFWHG LQ D VDPSOH WKH PD[LPXP YDOXH EHLQJ
EHLQUPLQXV IRXU 7TKHUHIRUH WKH DYHUDJH YDOXH R ¢
DERXW 7KHQ LQ WKLV VWDHHSRQREKE WHKWHDHVKDUFK REMI
WKH VXEWLWOH SDLUV LQ WKH VHOHFWHG IDQBV 7KH
DFFRUGLQJ WR WKH FRPSREM/RY REG WKUHNEDNDLYHO\ PRI
UHVXOW 3WKDZR WEKWH GLIIRHR MMXAH VIDPSOH SDLUV +HU LC
SURFHGXUH LV DV IROORZV



5HIJDUGLQJ WKH XVH RILILFW RV RAMYV WHIEOWKH OHQJWK G
WZR OD@HXNVIRR QHG VXEW LWG®H MV R D& R BIEQNKXK WCGEHQR Z

6FUHHQVKRW
6 X EW LW O H7 8 B LUWRIRIR\P

7KH VXEWLWOH SDLUV LQ HDFK RI WKH ILOPV DUH F
VSUHDGVKHHWY $V WKH DERYH H[DPSOH VKRZV WKH ILU
RI & KLQHVH WUDQVODWHG VXERRINDHAD OOK H\ O UAHH ® U @ K
VHULDOV QXPEHU VKRZV WKH WRWDO QXPEHU RI WKH WU
LQ EOXH VKRZV WKH VHW RI FRUUHVSRQGLQJ (QJOLVK R
WKLV LV WKH FKDUDFWHU Z®UGH QRIPEXEW RW OHDRK MK F&
WKH FRUUHVSRQGLQJ UHODWLRQV

OLFURVRIW ([FPHY KHO®HEODWH WKH QXPEHUV RI WKHVH
ZHOO DV WR ZRUN RXW WKH DYHUDJH YDOXH RI (QJOLVE
FRUUHVSRQGH QWUHKQAVQADWHG VXEWLWOHYV DQG WKHQ LW



GLITHUHQFH EHWZHHQ WKHVH WZR ODQJXDJHV %\ FRPSD
LQ HDFK SDUW RI WKH RULJLQDO WH[W ZLWK WKH QXPE
VXEWLWOH RQWVKMWWVSUHDGEGKEW WKDW &KLQHVH H[SUHYV
WKDQ (QJOLVK H[SUHVVLRQV VHH WKH DPEHU DUHD LQ W

6 XEWLW OH7 8B LYYRIRR\P
6FUHHQVKRW

,Q RUGHU WR VKRZ WKH GROWDGCWHKKX QWOQRRIDFWEQB DX QF W L



YJLIXUH

7KH OLQH JUDSK LV PRUH H[SOLFLW WKDQ WKH ([FHO I
QXPEHU RI FKDUDFWHUV LQ WKH &KLQHVH WUDQVODWF
PD[LPXP QXPEHU LV DERXW FKDUDFWHUV LQ &KLQHVH
LQ PRVWVF®I WKHVH WZHDRMANSIEL RXWZWH® FHQWUH VKDI
OHQJWK RI WKH &KLQHVH VXBWPWIOWWY LK\R DHERKW WKH (
VXEWLWOHV ZHUH FKDUDFWHUL]JHG E\ D PD[LPXP YDOXH |
RI DV WHKIHG GDOM WOOXVWUDWHY DQG LWV FHQWUH VKI

W LV D VLPLODU UHVXOW WR WKDW VKRZQ E\ WKH \
WKH VDPH ZD\ VKRZH S XIW DMOKH VDER YEHL OLQJXDO VXEWLWC
RQH OVRWR ([FHO WKHQ VEKH GDOAN LRI D @IRHFAN W & DIWO P \
WKH &KLQHVH WUDQVODWHG VXEWLWOHY DUH DYHUDJHO
LQ WKHVH VHOHFWHG ILOPV 7KLV UHVXOW VKRZV WKH
WKH OHQJWKV RI &KLQHYVHRDY B QBUHDMWHEK RXKHEK@ WO HV D L
FRUUHMBRQB OLVK RULJLQDO VXEWLWOHV



JH
QFH

'HVSLFDE

'HVSLFDE

JUR]JHQ

$0SIQ
2PHJD

7KH &URR

7TXUER

7TKH 6P XU

7TKH 6P XU

5LR

5LR

ODGDJDVH

ODGDJDVH

ODGDJDVH

&DUYV

&DUYV

7TDEOH

,Q WKH HDUOLHU VHFMQWR QRESWIHEGH G KBSMCHB DLQY/GV
SUDFW LIVEIRRQWH WWKH LGHNDQOQRMOIIJWKERILYOH LQ &KLQHVH
(QJOLKK VWDQGDUD \OIHILAWK. ®RHVH VXEWLWOH VKRXOG
FKDUDFRAKHOM DOLVK VXEWLWOH VKRXOG EH ZLWKLQ  FKI
FRUSXV FROOHFWLR QP BWQRBY MOBHR HV E X RAZHIGBEBIWLDH V X O W
WKDW VDK ®EP@HW R/ KH DER WHQ VW DWEBBRQG U\ WKKDWH V W V
WKH RIILFLDO WUDQVODWHG VXEWLWOHYV SURYLGHG IRU
:KDW LV PRUH WKH UHVWOWKHOVRE WQ @&/ICADHADHID NMNGOH D
WUDQVODWHG ILOPV DUH DZDUH RI DSSURSULDWH OHQJW



DQG VHWRWWH ODQJXDJHXNA® CQDORIKH QLPDWLRQ ILOPV
EULHI DQG VLPSOH )UR P O/MKHDRDHRARLY HH RKIDOXWOLLGQIKIHH
&KLQHVH VWRWELW FOG® IOV FDLW K FKDUDFWHUV FRPSEC
WKH DFEFRQW DMRMDHEG DUG OH ®IW K ALKD B R E QHHWUR/Q SRIW KGILLQ H
ZRUGV DV WKH DW HOUH/MH VOKIMQ W B BIODW B AVWHHWK AWWH G 1L O
&KLQHVH WUDQVRIDQVEB VREW LWRHAH R $IVFOHRQWDEWVH C
DXGLHQFHVY KDYH FRPSOHWHGLSULP YRFBEXERWGRQ DFT
RU VR VXFK VXEWLWOHV ZLOSVOKRRNE @/RKWHOMD \BW RFERICHP @ |
WKH DERYH FKDUW WKH &KLQHVH W U DIQY @DHVDKIEEEV X EW L\
WKRHULJLQDO GLDORPRQ LQNKRIHGNKOEPDW LBQH LLIDIHY W K
OHQJWK GEHWZWRBHWUDQVODWHG &KLQHVH VXEWLWOHYV
RULJLQDO WH[WV UDQJH IURP ,Q5WR WKHFEDHDBWH OW @8
GLIIHUHQFHKL¥KRZY WKDW WKH WUDQVODWHKOBY&KDQHVH \
VLPLODWWHKBJIJRWKLILQDO (QJOLVK VXEWEWDIRWMHWKWKH OL
XVH Rl WUDGLWLRQDO H[SUHVVLRQV BRQGH®RRQODW W KDWA
WKH KIIRKHQF\ XVH RI WKHVH WWH KIVO! HR[ISNY HWDMULRMQRRQD O
LV ZKLFK LV BIQ HERRW W IR WKH VG MBHHSVIH RRVSR S X 0D
H[SUHVVLRQVZKLFK LV DOV RIRMWKKHUWNKBD®HFWHG ILOPV
PDNHW WYHUDJH OHQJWK BLOIH b HSEMHIQIFPEHRMEEWDLO LQ
WKH QH[W W 2R F KDSMSHH

(YHU\RQH KHUHRWL RIQD DL W XEW LW OH

7(™ 62 A UHOHDVHG WQDREWHBWLRWYH Rl LGLRP
ZKLFK LV XQGHUOLQHG

(YHU\WKLQJ KDV KLIJK HQWKXVLDVP EDFN WUDQVC

DQG ZH UH QRW RIUJL RQD WA VKHE®/ LW O H

e=@*fL A UHOHDVHG WUDQVODWLRQ

$QG GR QRW OLNH RQ WUDYHO EDFN WUDQVODW L

+RZHYBWRIHMKH DYHUDJH GLILKHIQQBE B X\WMH QUUDQVODW H
VXEW LW OH V¥ RUQG WERIDIGLL Q D OW(KIWOMRKQG WKDW WKH KLJ
DYHUDJH OHQJWK GLIIHUHQFH L FR KBW HVOHPY R LQXEBWE W (
WKH SUHWHR PHR® WK H | L O PURXIEQ IDMIBHW , WQ*RUGHU WR

H[SODLQ WKH OL@NVZRD @ KHMERUPH RW WIKGV ODWHG O\UL

iTo



WKH VXEWLWOHU XVHG W KHH DVQ\L\QDWHAH DWRR WHD[S DQX PR IQU

FKDUDFWHUV LQ WKH W UDPQX\F® DEN K GHRAK\IRBNBRIHHU YNHHUOVHL R\@ H ¢
ILOPRU H[DPSOH

%RUQ RI FROG D QRAJ IZLIQQNDHDU VIXIEW L W O H

s ¢;,UY A UHOHDVHG WUDQVODWLRQ

LW FRPHV IURE FROFG ZLQMIMODDWLRQ

DQG PRXQWDLQ UDRQDLFRPEWQW@H

20-pi,M%$ A UHOHDVHG WUDQVODWLRQ
FRYHUHG ZLWK UDLQ GEIRFSW WWRPRPAXKYWRQ Q

, Q JH QW KLENO/ X O WV EB\RIYUHWW K\SRWKHVLV LQ WKLV VWXG\ L

)XUWKHUPRUH LQ WKH SURFHVDRMRFDEFRODBWG QW KMKIR @
VXEWLWOH WUDQVODWLRQ SKHQRPHQD

, QXUEWKHUH DUH WZR RYHUORQJ VXEWUIMOLIDOWHVZHWK R

YHUVLRGURXKHGH H[S§RVVRWAIREDRY WEBG/WRU\ UDFLQJ FC
FRPSHWLWLRQ

$V IRU WKH ILUVWFBRAQREGHQRKIDWQDO (QJOLVK ODQJX
(QJOLVK DV WKH VRXUFH ODNQRXDQHO DIPR®MKHD W B U Y HW O (
&KLQHVH DWGLWQFHFWKWRUDGG VHBHHBBVERMHURXQG
LQIRUPDWLRQ WR KHOS WKH DXGLHQFH XQGHUVWDQG P
+RZHYHU LI WWHRFRBQJ WK H W KEW EWEFNORZH OXOQUHDGDEO|
$V DQDO\WHG EHIRUH WKH DHRHIWKD/R@H @G HNHD G DE C
VXEWLWOH VKRXOG EH ZLWKLQ VD) OQRHWRMBPXPLVFEK D |
FKDUDFWHUV ZLOO QRRUBHQROOSHWRPCGH HQHSUDFWLF
W U D Q V O D MR ICRORVE DR\IMXE WX WEROWH VY'Y OLNHO\ WR EH VXFFH)

7UDQVODW AGA V X E\MEAW®RH 9IGi WCs, @ F@)aj F
+9W"-E-C<»{0 1°0 1\ FKDUDFWHUYV



2ULJLQDO VXEWHWOHNSDQW WHH ILQDO VWUHWFK RI WKF

2EVHUYDWLREW WUDQVODWHG VXEWLWOH WKH VXEWLW
EDFNJURXQG LQIRUBMDWWRVQ @1 WKHY LV LPSRUWDQW LQIR
LQ RUGHU WR PHHW WKH UHTXLSUWREQRD®RIVXHERMKIDQ KRB OV
W U D QV XD REOH VKR YWROORZV

AUA °F F+9W"-E-C<{0, 1\ "Caj FKDUDFWHUV
%DFN WUDQVORWMALEDQF N QBW ZRQHV WK WHHH EARUBGW FD
FRPSHW MKIER QGLDQDSROLV

AUA  F+"-E—WC{ 1\ 9IGiC,)aj] %  FKDUD BADHNV
WUDQVHDE WRHD EDFN ZRWIOWKHR KDU FRPSHWKM LR Q
,QGLDQDSROLYV

JRU WKH ILUVW UHFRPPBQGHBW®WUNDGZOBRWHERWH RULJI
SURYLWKIE DXGLMWEFH#QOPDUPDWLRQ DERXW WKH FODVVLI
DEEUHYLDW MG ) FDHJ \R IFR P S H WWMWWKLHR QU H RHEMWIXRIHR BRG W K H

H[SUH\KWLIHRGW KH UHOHDVHG W $BMKHD DW B GHEMNE-W MWVRGH. Y H
WUDQVODW IGREQV RV FKROR DWW HW VI D O OWK HZ LIMKQARZDEOH OH (
DFFRUGLQJ VGR/ XVE KW KUHERQUDLWKHD QISFR PP H QG R WHIVR/QR QRO O

VXEWLWOHUV

JRU WKH VHFR QGWIUHFRPFEY CRIBQ R RRUH DEEUHYLDWLRQ
RULJLQDO WH[W FRPSDUHG ZLWK WKH JLYHQ UHOHDVHG

,OLR WKH DYHUDJHLQXNEHEKRL /R \QHQM LUAK L F K
LRQHKDUDFWHU OHVV WK D @WXIEM W B \D X FEWMKHLR Q O
UHVXOW WKDW LV GLIIHUHQW IURP WKH RWKHU GDWD UH'

SHIDWQAVKLY SKR@Q@RPRBSDUHG ZLWK WKH7RUYEBRXKRQJ VXE
RFFDVLRQD @& KD/WHD ROWWHILQ@IL@HE W VWDFHFHSWDEOKVKRZHYHU

RN SHE]E & HALP\O O IDYRIEOM VEBIFOH SUHYHQWPRERRASUHKHQ

iTo



VHFWLRQV RI WXHK DDAGLR@PH SWLPDU\ VWXGHQWV RU
VSHE]J®DMQRZOHGUJIHH[DRSOH VXFKUFBYW URXV 7TRUWLER
32GRQWRSKRUX\V5 IR M@K Q VEWHMWKWI H

,GKH 6PXUWKH PDMRULW\ RIFFRBFGQJLU WHWMHRMNDH B KD
FRPSDUHG EKW K OBMWHD BMKHU AMRH HV U IRQ WOIORV VK@ W LW O HV
WKHVH VHTXHQFRRUWY GRIWMHQIWWDDQQG FRPSOH]|

&RQFHUDKWBLUG SKHQRPHQRQ ZKHOQRBERXSV¥RWYWOWD)
WUDQVRROH VXEWLWOHUVDKDAHQWRRISD WROWKH OHQJIJWK F
VXEWLWRG WRIQFHU KDQG WKH W UDQV O D WHHISF K/ XFEIWW WD H V
VSHDNHUV S SHKMHULQDPH V\RDKKOUR ERXWHKH RWKHU KDQG
ZD\V WR PD¥NK WSHBNBY RU H[SUHVVLRQV GLIIHUHQW IU
KHOS WKHWRXGROQRE WKH R UL FLKDD FWHHRWU \GR Q G RRIXKMHWARR L
7KHUHIRUH LQ WKH W U DVDHID WALRKD \RX EWHHIMAOH WX BRDIQ X
WUDQWIOWHANG/LRQV WR PDWHVEHBREKKERBRUBIG PRI H G
H[DPSOHKHLGPXUOMHUVL GLIITHUHQW VPXUIV KDYH GLIITHUHQ\
WKHLU QDPHY¥LIKHUHIYABIKLIAH WDRI LR XV XFHKEDKODBOLWLHV
9D QIDVDEPRRWKWKH UHOHDVHG WUDQVODWIR QY HWRWWH QD
HTXLYDOHQXKPHE R LQH[S RH V V VRV HP HFEEW\R R RFKKL Q H V H
SDUHQWHAKHLU FKLOG UW® DONKFNAQEERW MR XX YR PV \

SMFMf 9DQLW\*%MYG6PRRWKHQ LQ RUGHU WR VKRZ WKH
SHUVRQDOLWLHYV WKH VXE W QW®OH W RN W SWRND DYWHH GH DWIK K |
JRU H[DPSOH ZIKOMDKW ZPRIREYOPY\ VLPSOH DQG IXQQ\ H[S
ZHUH XKRDBHYH W WKGYQOKKHNV ZIRWEB RRWK VPDUWHUSUHVVLR
HPSOR\HG

,@DUWQGDQMXUER FRPPRQ GLWKFXNDWVYAMWLRQ LV WK|
IUHD¥M RI XVLQJ PHFKDQLPX&R\MHUPY UHODWHG WR

*HQMHD OO\ WKH WUDQVODWMKE VKU \HJ M HUR/Q RHQY \RKD Q
H[SUHVVDRQHR WHRPGIHR/Y IDWPHORPDUWKH VXEDVUKROMHUY KDG



HISODQDWLRQ WR WKHP LQ D EUDFNHW DOGNWXEW KWXDHH W F
HYHQ ORQJHUXWERQHWKOIHQJIJWK )RU H[DPSOH

7UDQVODWHG WABWIEWEO,/0 A z EFOEY+0OaVs)
L8, "-E— E k_F Gu *FOGii*C
2ULJLQDO VXEWHWRH & DHUPMRWY K DMWU GZRQ N ULJKW

2EVHUYDWLW®&W WUDQVODWHG VXE WIKHDBIH FRKNY \DREW LW C
UHIHU KMKH RMRLJLQDO PHIEXM) LWRILWKH AHRKWQLFDO WH !
DXWRWHIHUWKWFRGHIHFWLYH FDKN 6@XRAMKHIUH LVQD VXEWL
ZKLFK KDV FKDUDFBHADX \LID MWWH GO0 8VODWLRQ RI

VSHEIEWWHUPV

7UDQVODWRHGOZEEWLWEGX i[C"W Fr, Lo:X #vi<a3 A
2ULJLQDO VXEWLWOH 7KUNH.VDDQRBK.IBEUFAN EEXWHBD N

,Q WKH WUDQVODWHG VXEWLWWIKD WK MUKHVIVBUED GRPAD H [
VSHEJ®ZBUGY %HFDXVH WKH UHOHDVHG WUDQVODWLRQ |
VXEWLWOH E\ XVLQHG@KHY IRXHIQR H LWIRQ A MQWDUDIVE IXRACH Y/
FRQVLGHUHGVRNKXO WUDQVODWLRQ ORUWDRRJHHW W& V@ RAXK I
DYHUDJH OHQJWK RI WKH ZKROH QXPEHU RI WUDQVODWF
LQ WKLV OLQH LV ZLWKLQ WKH OLMRZMIYWUR Q W KIHJ BKEWD
VSHFLILF VXEWLWOH WKH UHVHDIKMKHEH WKE B SIW IDERWIEKW
F_0Z4RY'f E ¢,/ Lo:X :#vIi<(3 A FKDUDPAWVANUWUDQVODWLR
7KLV LV D SXUH QDWXUH YHU\ KHDOWK\ DFDL EHUU\ FDN|

,QP\ WUDQVODYWRIR) WKH WUDQV O DWLSHE [EDIOWHRIPVILUVW \
QXWULWLRQDOGFWFEMKYHER L@ RDPERQRIEVRVRVIEH FRPPRQ
DXGLHQFH LQ W/HUMMX E W LDV KOHHD IEXNVAKDM KK\SW RIRNUN LV

D IDLUQWDIOMFLHQWLILF UNBR WV DERQYD®HIXIQFW LRQ RI \
LV QRW QHWHND\QDADWYRV FLHQWLILF ZD\ 7KHUHIRUH WKH
UHFRPPHQGHG WUDQVODWLRQ DUH WR RIIHU WKH DX
IHDWXUHV Rl DFDL EHUU\ FDNH WR VKRUWHQ WKH C



+RZHYHU LQ VRPHI)SOWKHWO GLIIHUHQFHV H[LVW WKH H
QHFHVMINH WKH IROCKRZERIUBRPLQVWDQFH

A7UDQVODWHKG;V&E W IOWMPH

2ULJLQD O, V XEMDLW EHOROHTH

A?27éPB$ A ?™ €G- +aTETOF1 (flyFOGU; 2i&¥ « >UTETOV &+~

(I WU@IRUPDWLRQ

A7UDQV ODW HAGE VIXE PALPARAERE3 I«

2ULJLQDO VXEWLWDEW, WRXHGWKH VWRUN WKDW EURX.

2EVHUYDWHRQ@WHQ VXEWLWOH SDLUV DQG WKH VXEV
LQIRUPDWLRQ WHRY \M HSUGID MEDMEKIDKAL O 6 UGIIDO L YWHRJ FAGK H L U
SDUHQWYV B\W VBRKUWNY 7KLV DGGHG LQIRERFWXKRE LY QH
RUGHU WR X\QGH QWD Q\CNEVAL WOK JHW DXGLHQFH VKRXC
EDFNJURXQG VWRU\ DERXW WKH VWRUNYV

+RZHYHRWWXQDWHO\ WKH DERYH SKHQRPHQD VHOGRP [
H[DPLQDWLRQ DQG FRQVHTXHQWO\ WKH UDULW\ RI WK
RYHUDOO TXDOLW\ Rl WKH WUDQVODWHG ILOP VXEWLWO
GLIIHUHQBHWKLEHWZHHQ (QJOLVK DQG &KLQHVH H[SUHVYV
WUDQVODWLRQ ZRUN E\ UHIHUHQFLQJ WKH DYHUDJH YDO
OHQJIJWKV LQ W K$F MRARG Y €U WREIWLENO®HY YKLFK KDYH PRU
FKDUDNGWIHMRH FRXOG EH FRQVLGHUHG WRR EULHI LQ WUTL
WUDQVIHU WKH PHDQLQJ RI WKH RULJLQDO (QJOLVK VXE
DXGLHQFH ZRXOG QRW XQGHUVWDQG WKH PHDQLQJ RI \
QHFHVVDU\QQIRUPDWLR

JRU WKH RWKHU VXEWLWOHV ZKIBK | KIDWHIQ BH V Z KWK P D
FRQVWLWXWH D YHU\ ORQJ VXEWLWOH LQ WKH &KLQHVI
ORQJHU VXEWLWOH PD\ RIIHU PRUH GHWDLOHG LQIRUPD
VFIH DQG WLPH OLPLWV LQ ZDWFKLQJ ILOP VXEWLWOHYV
UHDGDEOH $V D UHVXOW LQWHUFXOWXUDO FRPPXQLFD\
FDQQRW VXFFHVVIXOO\ KDSSHQ 2QO\ RQH H[FHSWLRQ F



ZRUNDKEIOHLWZKHQ WUDQVODWLRQ FRXUVH WHDFKHUV XV
7KH\ ZLOO QMWHCH WR REEBOXEKWWRQV IUHTXHQWO\ LQ WK
WR JLYH VWXGHQWY HQRXJK WLPH WR ILQLVK UHDGLQJ V
FPH WKH GHWDLOHG H[SODQDWLRQV LQ WKH VXEWLWO
VXFFHVVIXO NQRZOHGJH WUDQVIHU

7R VXP XS WKH UHDGDEOH OHQJWK IRU D ILOP VXEWLWOC
WKH SURFHVV RI PDNLQJ ILOPV ,Q WKH WUDQVODWLRQ
FKDUDFWHULVWLFV Rl &KLQHVH FKDUDFWHUV PHDQ WKL
QHHPRUH VSDFH EXW QRW QHFHVVDULO\ PRUH ZRUGV Wk
D YLVXDO VHQVH &KLQHVH VXEWLWOHV ORRN ORQJHU
WKHUHIRUH WKH VXEWLWOHUV VKRXOG EH DZDUH RI WKI
Rl WBHDEOH &KLQHVH VXEWLWOHYV LQ WKHLU WUDQVODWLF
ZKHQ VXBEPVHWOMEBRHK DRQW EGBRVAVIKKKLQHVH LGLRPV RU X
WUDQVODWLRQ NFWLEDMURIQ WM B RRIPENQ WDKRIVRNHHE D U D S K
OHWKWKHLU WUDQVBBIWHG RXBRKLWBWN LGLRPY LQ WKH V
VXEWLWOHYV FDQ HIIHFWLYHO\ FRQGHQVWRPBRHHGEI QUIWK R
WKH FRUUHVSRQGIQYIKMHRED & UDQVFULSRERRSEQG WUI
QRXQV FDQ DOVR HIIHFWLYHO\ VKR UW H QRW KHH ORHSQDIMV K R |

<HDK LW V DOO DERXW VZDJJHU <RX JRW WR SXII RX
5"D 0Gy?+E «?2+ Udj7( UHOHDVHG WUDQVODWLRQ LQYR
RQH QHDDBURBQH LGLRP

7KH YW LPSRUWDQW LV WR EH FRRO <RX QHHG ULVH
WUDQVODWLRQ

) E?+,Pe, g€ A-CjC8+7(7. % GLUHFW WUDQVODWLRQ
<HDK LW V DOO DERXW VZDJJHU <RX JRW WR SXII RX
6R 'U ORQWHLUR RULJLQDO VXEWLWOH

p E:E@©5tS UHOHDVHG WUDQVODWLRQ

6R 'U ORQWBBRMRDQVODWLRQ

p EORQWSLWR VXJIHVWHG WUDQVODWLRQ ZLWK WKH

WKH RULJLQDO (QJOLVK QDPH RI WKH FKDUDFWHU
6R 'U ORQWBHKRMRDQVODWLRQ
S5LR



, ZLOO GLVFXVV WKH HIIHFWILYWKQ BRVHR I[ DNAKSKDHW\K\W U D W H
QH[W WZR FKDSWHUYV

'DWD $QDO\VLV RQ 4XHVWLRQQDLUH

$V D TXDQWLWDWLYH DSSURDFK WKH TXHVWLRQQDLUH
VHHN DQVZHUV WR VHYHUDO FRQFUHWH TXHVWLRQV
WUDQVODWLRQV DQG XVHIXO VWUDWHJILHYV

, KDFKIRVHQ  SDLUV RI ELOLQJXDORWSEW DWOM\MHKH WKH
GDWD LQ 3DUW , 7KH DGYDQWDJHV RI XVLQJ WKH  SDLL
GLIIHUHQW SDLUV IURP GLIIHUHQW PHACRR Y QW G X ANV W.}
EDFNJURXQG LQIRUPDWLR QDRIORWHKH LIQ® PNKD QUWM KB RQRSIH
KDYH HQRXJK WLPH WR SUHSDUH WKHLU DQVZHUV WR W
ZDWFK WKH ILOP DJDLQ DQG WR UHYLHZ WKH WUDQVODYV
XVH WKH VSHFLILF WUDQROWR/ & QAXEIMHIUN Y K M LNV DV K B HGJ
WZR SDUWV GHDOLQJ ZLWK GHHSHU TXHVWLRQV 7KHYV
QHFHVVDU\ IRU WKH GHVLJQ Rl WKLV TXHVWLRQQDLUH .

UHVSRQGHQWY LV OLPLWHRQ\0FWHR XIDY H DIY FHKHN DK &
GLIILFXOW\ DQG UHTXLUH D FHUWDLQ GHJUHH RI VSHFLII
LW LV LPSRUWDQW WKDW UHVSRQGHGQRYSDUM H HDIOH S
TXHVWLRQQDLUH

'DWD $QDO\VLV

7KH SDEUDLRIXDO VXEWLWOHYV LQ WKLV ILOP DUH FRF
TXHVWLRQQDLUH VHH 3DUW , EHORZ
4XHVWLRQQDLUH

3DUW , 30HDVH LQGLFDWH ZKLFK WUDQVODWLR QU MHOOWRBQLERUMKR RH LW KO DR YV MIE\F

\RX FDQ SURYLGH D PRUH DFFXUDWH WUDQVODWLRQ SOHDVH GR VR LQ WKH VSDFH SU
2XWUDJH LQ (J\SW WRQLJKW DV LW ZDNQRIZVKRYHBRKXGPWYWWEWKHHOHQ@W , WRR KDY

3\UDPLG RI *L]D KDG EHHQ VWROHQ JUHDW GLVDSSRLQWPHQW EXW LQ P\ H\HV \RX Z
$ GS60 (6*©OWaL+ 2 9:XH t,>0e87 A RI WKH JUHDWYV

WUDQ@WRIFMOL]DWLRQ $ A%@ *E jA.0g EI -p W, [CU
%aS 6GTBY 296887 9XH$, A OAvVeXAIGi E'WFG-_0OW, A ORFDOL]DWLRQ
& <RXU RZQ WUDQVODWLRQ %A Ffe,O A jA.0g EFO W, a

BBEBBBEBBBBBEBBBEBEBBBBEBBBBEBEERPBGEEMEERBBRSEBREBEEE B



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBRBERXRBRBEEBBBEBBEBBWLRQ
$QG UHSODFMWGLEAI®@DWMMDEOH UHSORBBB FKBIRBBEEBBBB@GBBBBBBBBBBBBBBBBBBBBBBBB
WKURXJKRXW WKH JOREH DV FRXQWRABBIB/BBBEKEBBBWE BHB@B B/BBB B/FB SBRE®\BBB\B BBBBBBBB

WKHLU EHORYHG ODQGPDUNYV 7KW\H VD\LQJ KH PDNHV DOO RWKHU YLOODLQV O
$ 6< { J1'f_0Z W, u'D/f# Ar»"E $ B$ AU! <0 C .. ORFDOL]DWLRQ
C§*3 € E4-8"AG- Er O 48, -&*i A % B$ “C| e<0-;:& ,D™7J A

FRQGHQVDWLRQ WUDQVFULSWLRQ & <RXU RZQ WUDQVODWLRQ

%6<D+XT0Z W, u'DH f, 3 A">AU BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
“34-1,8"A€| E B .2t G081 -7 A DBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

$VVHPEOH WKH PLQLRQV

& <RXU RZQ WUDQVODWLRQ $ L6 8 i5% 0J 2 ORFDOL]DWLRQ
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBREBEEEBBABBBBBBB BB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBS B38MBBB HRKZEB B/RDPBEBBBBWLRQ

OHDYLQJ HYHU\RQH WRWZRQG®EDLEBBBRIBBEBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBBB

UHVSRQVLEOH IRU WKLY VKHI,TQRXV FUBLéDé—‘BBBBBBBBBBBBBBBBBBBEBEEBEBEEBEBBBBBBBBB
$ WaeG-X)L#{_ ZF+[4x,” We<(S T2 q!

=C— +» A SDUDSKUDVH ORFDOL]DWLRQ3HRSOH DUH FDOOLQJ LW WKH FULPH RI WKH FI
%AUDP9EG-#="0]1 _F F+|:  Ze<(?%) WKDW %XW DP , XSVHW" 1R , DP QRW $ OLWWOH

F !’58>|coCcs U
%2 <RXU RZQ WUDQVODWLROQ SUHWW\ JRRG \HDU RXUVHOYHV DQG \RX JX\V DL

BEBBBBBBBBBBEEEEEEEB8B8BBB8BBBE 5 BEBBBBEBBEBBBEB6
BEEBEBBBBBBEBEEBEBE8E8BBEEEE6666E 6 R Es B YEE Y IF Z3WPG "
P KDYLQJ EDEDGWM\ DERXW WLPH WADWIIFQH QL& EVA Gae ¢C=KI A-
ZD\ 6WHDP UROOLQJ ZKDWHYHU , VHHGYAMH]ERoUD\ A)ORFEDO UIDWLRQ
JUHH]H UD\ % & G- 3\F4U0, 58! {2« AvAJPWG 0
4P KDYLQJ D EDG EDG GD\ | MRRNDD i K LWy, ekViR/QDEO! o WK DW Eo
:DWFK WKLV LV VR IXQ WR VHH 'HVSLEREOH Pi
$ GYA 65 .+ % JAX&E"0 - 10

A
& <RXU RZQ WUDQVODWLRQ

7°G-1& A ceéydi céydi céydl UYAO0 pppRRRRRBBBRBRBBRBBBBBBBBBBBBBBBBBBBBBBBBBB

2+ '"A  Ae=JAa0 A -1 EF BBEBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBR
=)0 A jA_ZWe<t A GLVORFDWLRQ 7KDWRZ , UROO
% GY_33 E33 E33,0Y A)aX_Lg6plb $Fa_A  NplA JOREDOL]DWLRQ
J&IT AlAS?M, 07  Acéddi %hceddi ¢ %F a_ A S A
€44i %GY_33 E33 E33,0Y A «2£20CF & <RXU RZQ WUDQVODWLRQ

A » EFO-WA?26 EF--p.)U A+GI A A BBBBBEBBBBBBBBEBBBBBBBEBBBBBBBBEBBBBBBBBBBBB
BBBBBEBBBBBBBBEBBBBBBBEBBBBBBBBEBBBBBBBBBBBB

& <RXU RZQ WUDQVODWLRQ ‘H VWROH WKH 6WDWXH RIUREHWDOW\ WKH VPD

BBBBBBBBBBB BBBBBBBE?E&BEBBBBBB

BEBBBEBBBBEEBEBBBBEBEEREEBEEREBEREEE Ao ER I EEEEssHeRY BOSDRFOZ
)<, \RXU GRJ KDV EHHQ OHDYLQJFP wwWoMUPRNMEVY LSO RY HIP REDOLIDWLRQ

\DUG Y%A A F 8T8+af£/Zy EDPURSESDREs ?

$ N2aiB$O; E=+) “A’LEGH" 4 LM A
ORFDOL]DWLRQ & <RXU RZQ WUDQVODWLRQ

% NaiB$0; E-«’) XA 'L'€GuU~ E'4G- BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
A

& <RXU RRYOWDWLRQ
BBBBBBBBBBBEBBBBBEBBBBBBEBBBBBEBBBBBBBB3BBBBBB8BBBBB
BBBBBBBBBBBEBBBBBEBBBBBBEBBBBBEBBBBBBBB3BBBBBB8BBBBB

2ND\ ,WDMRLQJ WR WHOO \RX DERXW Q& LRQFHW WEXW PRRIMYHY PLQH WKH ZRUOG

i1o



EHHQ ZRUNLQJ RQ VRPHWKLQJ YHUVKEDRWHERPHWIOLMW WK JWWZL®OEDFN
EORZ WKLV S\UDPLG WKLQJ RXW RI WKH ZD&BHYA, {Gi E#?+AO*s'B Enz

$ -W EAf&F =#B$!TA 1“X1t BONOW F+|G-C% CAA, +..'& SDUDSKUDVH

0; H $,FO»D 3i\"N#" SDUDSKUDVH % 0 8P @YTA°~ EFOF ZF+{C/p9A#2+,
% - EAFO&'N fICD « B$ EA*XS0&W» % (g7.03/ & 1
F&»6°H f, » f C:m8a#q"d A & <RXU RZQ WUDQVODWLRQ
& <RXU RZQ WUDQVODWLRQ BEBBBBBBEBEBBBBBBBBEBEBBBBBBBBEBBBBBBBBBBBBBBEA

BBBBBBBBBBBBBBBBBBBBBBBBBBEBBEBBBBBBEBBBEBBEBEBBBEBBBEBBBEBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBREBWRBBBBBBEBBBBBIRQYV

+® VW\OLQJ $ A_ *UX® 3HUMNE@A JOREDOL]DWLRQ

$- J9» Y% WUDQVFULSWLRQ % IR+ *?fi 3H R x+O A

% XVFP» A & <RXU RZQ WUDQVODWLRQ

& <RXU RZQ WUDQVODWLRQ BEBBBBBBEBEBBBBBBBBEBEBBBBBBBBEBBBBBBBBBBBBBBEA

BBBBBBBBBBBBBBBBBBBBBBBBBBBEBEBBBBBBEBBBEBBEBEBBBEBBBEBBBEBBBBBBBBBBBBBBBBBBB
BBBBBEBBBBBBBEBBBBBBBEBBBEBBBBBEBBBBEBBBBBEBBBBBBBBBBB

SHVXOW RI 3DUW

5HODWHG WR WKH ILUVW K\SRWKHVLVY WKH DERYH FRQW
JUHHQ QXPEHUV RI ZRUGY ODEHOOHG LQ HDFK SDLU LW
WUDQVODWHG VXEWLWOHY DUH JUHDWHU LQWXH@QIWK WK
WKHVH SDLUV, RXQOGEWKW®HHWZR SDLUV RI UHOHDVHG
VXEWLWOHYV FDQ EH LPSURYHG DQG EHFRPH VKRUWHU
IROORZLQJ GLVFXVVLRQ RQ HDFK RI WKHVH SDLUV RI V
wubQvODWLQJ WKHVH VXEWLWOHYV

JRU WKWWVIISDLU

2XWUDJH LQ (J\SW WRQLJKW DV LW ZDV GLVFRYHUHG W
EHHQ VWROHQ ZRUGV 2ULJLQDO VXEWLWOH
uSoéu6G*©@WaL+ 2 9. XH t.>0éesgq A FKDUDFWHUV 5HOHTL
WUDQVODWLRQ

%DFN WUD®RQQDINEBRQQ R XKQFEHG GWRIRM) H KD VWAKWMR O H Q
*UHBWDPLG RI *L]D

2EVHUYDWSWQRQ & JLYHV UHVSRQGHQWY D FKDQFH WF
WUDQVODWLRQ 2QH UHVSRQG¥MR®Wt]D¥B KELATBVUDQVODW
186t »%A$IV8aL+B@OA ,W ZDV IRXQG WKDW WKH *UHDW 3\UL
VWRDXWQUDJH DOO R YMHRUW KOH. N B\ SQWHZ V3 \D DQMKDRIBIGH QW

i1n



KLPVHO!| ®D¥HOWHE ODWLRQWR GEHZIQJIJOPRUKDDONLQ KHUH
WUDQVODWLRQ DFFRUGV ZLWK WKHVEDREWLRXIHG DRSISW B U
VFUEKEQ LW ZDV UHSR,UNUGH WKH. \Q MWD QVODWLRQ LV
UHOHDVHG RQH EHFDXVH WKH UHVSRQGHQW VHSDUDWH
VHQWHQFHV XVLQJ WKH SDVVLYH YRLFH DQG DQ H[FODHI
RUGHU W\DRVHPD MRXRIQHODVWE WRQH IRU HPSKDVL]LQJ W
DSSDOOLQJ WR WKH ZKROH FRXQWU\ 7KH WUDQVODWLRC
ILQLVKHG ZLWK DQ H[FODPDWLRQ PDUN LQ RUGHU WR V
PHGLD SKUDWLQKHPWNI®QVODWLRQ EULHI DQG HYHQ VKR
7KHUHIRUH WKH WUDQVODWLRQ IURP WKLV UHVSRQGHQ'
LQFLVLYH PHGLD SKUDVLQJ

JRU WKH RWKHAXNWXWEWR® OH WIRKH RULJLQDO WH[W KDV
FRUUHVSRQGLQJ RULJLQDO WH[W KDV ZRUGV $OWKRX.
DERXW WKH LGHDO QOHPAHIWXERMLEY VHQJORULIJLQDO ZRUGYV
ZRUGYV DUNWBRIDMNHUH LV D EHWWHU ZD\ WRKWQURMVQVODW
RQO\ PDNHV WKH WUDQVODWHG VXEWLWOH VKRUWHU WK
ODQJXDJH PRUH DSSURSULDWH

7TKMYH VD\LQJ KH PDNHVY DOO RWKHU YLOODLQV ORRN ODF

G-B$D (" | e<0G-1C _Z: 1 A FKDUDFWHUV 5HOHEL
WUDQVODWLRQ
%DFN WUDQVODWLRQ 7KH\ DOO VDLG FRPSDUHG ZLWHE

2EVHUYDWHRUWDY DUH WKUHH H[SDQVLRQV DQG RQH SRSX(
WUDQVODWHG VXEWLWDH RRBKDRMWEWR \RARZ MV KH VSHD
SDGPLUDWRKR® WKDWHAWRMKH PDLQ SURWDJRQLVW RI W
EDFNJURXQG LQ|FOUFMRVROWROWRDDNS\UDPLG ZKLFK VKR
ZRUOG ZLWK SHRSOH UHJDUGLQJ KLP DV WKH QXPEHU F
FULPLQDOV DUH PXFK PRUH LQIHULRU WR KLP 7KHQ WK!
VHQWHQFH SDWWHUQFRPSDR DO M OG HE \WKH XEWLWOH LQV
ILUVW ®SDWWHURPSDUHG ZLWK KLP DQG W KHLQHFRQG S



WKH WUDQVODWLRQ WKH SXUSRVH KHUH LQ VHSDUDWLQ
H[SUHVVLRQ LQ &K LMHWRI F R RIS pAb+0G-n C :

KH PDNHV DOO RWKHU YLOODLQV ORRN ODPH 7KLV WUI
VKRUWHU WKDQ WKH JLYHQ RQH DQG FDQ EH FRQVLGHU
7KHUHIRUH WKH JLYHQ WUDQVODWLR®IZLWBRVH[SDQVLRQ

,Q WKH VHFRQG SDUW RI WKH TXHVWLRQQDLUKHWKHUH I
VHFRQG TMXHWVIMERXOHQJIJWK RI WERQREDWKHL® NV XEKNH. OB 8
RI & KLQHVH WUDQVODWHIGKLIEWDWEHY RM UHDSREGHQ W
DJUHHG WKDW WKH OHQJWK RI WKHDRUHFH@® O VXI
SDUWO\ DQRI RIGI®SRQGHQWY VDLG WKH\ FRXOG QRW UHD
ZDV D VLIJQLILFDQW UHWICGRW EW RKIGX\DNW W K/HK PDHVER WIKH LU |
WKH &KLQHVH VXEWLWOHY DW DQ DGHTXDWH VSHHG D
VNLOOV LQ (QJOLVK )RU VRPH UHDVRQ D PLQRULW\ RI V
LW ZDV GLIILFXOW WR PR ®/ARR 2ZWW KHR WXEWMVWIBH@ LQJ WKD'
WR NHHS XS LQ WLPH 7KH UHDVRQVWHQLDJUVNYRPN VO
PD\ QRW EH GHYHORSHG HQR X JX WK\ RESDIPR Z Q\DKOH OVTRQXIX®V
RWHMBYGLQJ VSHHG VWD\HQRWJEHDQG VRPH RI WKHP PD
XQDEOH WR NHHS XS ZLWK WKH VXEARZWOHQJ W KED XMHV X
JHQHUDOO\ UHIOHFWV WKH SUDFWLFDO (QJOLVK OHYHO
WR WKH UHTXLUHPHQW QMR/ KV RE MRID\G X QWHM Y. B UNLIW \ O H
EDFNJURXQG &KLQH\WUHKGXHADNW VR KW X U HIDR GERWHK YRFD E X
WKDQ ZRUGYB CJ E»4xAy"'w>"E9RFDEXODU\RRIQJE VWK
ODMRIUY® %DQG DQDBDQ@GDWEHLU UWMPR BEERQWKDIHIZIRE GV
SHU PLNWHKDQJITLQJ $V HDFK IUDPH LQ D ILOP DYHUDJF
VHFRQGY WKH DYHUDJH UHDGLQJ VSHHG RI (QJOLVK RU]
LV WKHRUHWRBBUODQG DVHWEHFODPOHKXEAY LWV DYHUDJ
OHQJWK RI (QJOLVK RULJLQDWKY R KW WHRH WK MW T XZHR/WGL\F
UHDVROPEBRIYHU LQ WKH ¥B®BFIWHEGWK HL OPNDWHVW OHC
LQ (QJOLVK RULJLQIZG WFRQMW GWYHVKDMRULW\ Rl UHVSR
DQG WKIMHDMHWYHO RI RWKHU ¥RDQHVWH DPCH HOEHIHW DGF
LQIRUPQRWRRQO\ WKH &KLQHVH WUDQVODWHG VXEWLWC



VXEWLWOHY DPRQJ WKH VHOHFVRPG U HE R QY Y KR \GHOKHRW BRSU
ILOPV ZLOO EH JHQHUDOO\ VXFFHVVIXO

7KH PDLQ ILQGLQJ RI WKLV VHFWLRQ LV WKDW SHRSOH I
WKDW WKH FXUUHQW OHQJWKV RI VXEWLWOHV LQ &KLQ!
WLPHIUDPH 7TKOIORZH® HQFH IURP WKR KDYH GLIILFXOW\
IROORZLQJ WKH VXEWLWOHV LQ &KLQHVH LV WKDW VXE
HQVXUH WKDW VXEWLWOHYV DUH FRQFLVH DQG GR QRW H]
OHQJIWKV

7KHQ WKHI3WKW TXHVWLRQGIIGHG LVREDWRRMR SLQLRQ

ZKDW KDYH EHHQ WKH PDLQ SUREOHPYV DQG ZHDNQHVVH)\
RI UHFHQWO\ UHOHDV,HFG ®MDL\W BW LIRMG | EFEOMHJIRUL]HG WKH
WKH NH\ZRUGVSDRBW WEKBSRWVHY DV VKRZQ LQ WKH IROC

BHFWLRQ

H\ZRUGYV 1XPEHU BHUFHQWDJH
SHRSOH

&XOWXUTL

6SHHG RI WKH Rl ID

"LITHUHQW ZD\V RI WKLQNLQJ L » (QJC 'K DQG|&KLQHVH

3URSHU QRXQV

7TUDQVODWLRQ TXDOLW\

6WRU\ RI WKH ILOP

,Q RUGHU WR VHH HDFK SURSRUWLR® GRHWDKHH & LW KB I DKF
IRUP WR D EDU FKDUW LQ ([FHO



YJLIXUH

$V WKH DERYH FKDUWV VKRZ VL[ PDLQ HOHPHQWYV RU

FRUUHFWO\ FRPSOHWHG TXHVWLRQQDLUHV 7KHVH ZHUH
RULJLQDO NDXYBEMW LWIOHHGLITHUHQW ZD\V RI WKLQNLQJ LQ (C
QRXOGWMIDQVODWLRQ TXDOLW\ DQG WKH VWRU\ RI WKH
GLIIHUHQW ZD\V Rl WKLQNLQV LIO VR GLMKQIEQ B 08 E DY KV H
33URSHU” QRBWKH VWRU\ RIOWRHUHD¥LUH WKH DXGLHQFH
FHUWDLRY OX®WG UD O7 KIQRIZIRHWEGIHZH FD & | VIHHHY BIRK@GH Q W V
GLUHFWO\ UHSRUWHG WKDW WKH PDLQ SUREOHP LQ W
FRQFHUQV FXOWXUDO EDU WRUHR DR R HH O R HQDXVE M/ MAKQ M UN/
HWWMORUPDWLRQ RU H[SODQDWLRQV WR KHOS WKH DXGL
OLPLWHG WLPH WKDW D YLHZHU KDV IRU UHDGLQJ ILOP
ZLOO QRW EH UHDGDEOH ,Q WKH HDUOLHU HYDOXDWLF
VXEWMVDQG WKH OHQJWK GLIIHUHQFH EHWZHHQ WKH Wz
UHVHDUFK WKH UHVHDUFKHU UHFRPPHQGYV WKDW WKH Q
WUDQVODWHG VXEWLWOH VKRXOG EH ZLWKLQ FKDUD|
GLIIHUHQEHMHEQ WKH WZR ODQJXDJH VXEWLWOHMRY VKRXOG
W K H UHVSRQGHQWY VSHFLILFDOO\ IHOW WKDW WKH

WKLQNLQJ LQ (QJOLVK DQG &KLQHVH $V WKH ODUJHVW |
E\ WKH UMMSRIQWBHRHDQV WKLV IDFWRU LV WKH PDLQ IDJ
SURFHVV RI VXEWLWOLQJ )URP WKH SHUVSHFWLYH RI W
DQG EHVW TXDOLW\ WUDQVODWLRQV DUH WKRVH WKDW
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FRQFHSWV LQWRHWKBIUAKW FXOWXUH ,Q WKLV SURFHVYV
QHHG WR UHZULWH DVSHFWV RI WKH RULJLQDO ZRUN DQ
DQG FXOWXUDO DZDUHQHVYV RI D WUDQVODWRU DQ LPSRLU

$SDUW IURP WKHVHVRVFXEW XWHEIDMGH. (VBBHHGF R WKH RUL
VXEWEZWOHHVQRWDEOH SRIREHWMPRIRAHQWY YURP D WHDFKL
WKLV LV VLIQLILFDQW EHFDXVH WKH IDVESRI®EN Q WD MR U
SURJUDKMPMWHIRUH YWHHWKIYWRQHDUO\ KDOI RI WKHP WKL
WKH VXBWHSDWNG IRU FRPPHUFLDO DQLPDWHG ILOPV
FRPSDQVHWRR IDVW VXJJHVWV WKDW WKHLU DXUDO FRPS
VXIITLFWRQDW VLVW ORE H@KHQEE WLV OHV LQ &KLQHVH 7KLV
LQIHUB®BPHLQJ LQ PLQG WKHLU UHVSRQVHV WR WKH VHFI

RI WKH UHVSR QG HmMMNOB WHIGW L WIKIDOW WX EW/ LW OHV LQ &K
DSSURSULDWH 2Q MKKW @H WNQREHGWVKDW PRUH QHHG
LPSURYH WKH ODQJXDJH VNLOOV RI VWXGHQWYV RI (QJO
GRFXPHQWHG WKDW WEMW Y ISEKE®IHY VK G WLILWWWDHYW ZLWK D
YHUEDO FRPPXQLFDWLRQ LQ UHDO OLIH $QLPDWHG ILOP
PDWHULDOV IRU WKHVH VWXGHQWY WR IRVWHU WKHLU S
DQG WKH FRPSUHKHQVLRQ SWREOHRXSORIOED & GXWRHEY VDX
&KLQHVH XQLYHUVLW\ VKHG OLJKW RQ WKH VFDOH RI W
LPSURYH WKH IRUHLJQ ODQJXDJH V N/IDO/AWOR | WAKKHH HBQRHBRXHDX
R FW U D Q V O D WMLIRFOX DXGD D Q WRE UL IQFIRIGRIQWE HQUGHD O OHQJWK
RQH RI WKH VWDQGDUGY ZKHQ RQH FRPPHQWY RQ WKH T

*HQHUMRQWOWKH VXEWLWOHV ZLWK FXOWXUDO HOHPHQWYV
RYHRIFE\ WKH VXEWLWOHUW $KVHIKD PHAKKRBUH LQ W]
H[SODQDWLRQV KRZHYHU WKH GHJUHH WR ZKLFK FXO
HQODUJHG LV D NH\ FKDOOHQJH IRU VXEWLWOHUV 7KH\ |
WKH VXEWLWOH DQG DW WKHWILIRRH D¥FERIS WDENH W/HRH ML
FXOWXUH *LYHQ WKDW QHDUO\ KDOI RW KHK N SHH/GG RO GHKP
RULJLQDO WXEM/LWRGINUPV WKDW PRVW RI WKHP SUHIHU
VXEWLWOHVHYBW R GUQIWNERIY W L QVKDYEWHK EX UUHQW OHQ.
RI WKH UHOHDVHG \UB DY \G:CRAEMHE HWUX ERMRMIRYS AU D Q H

\RXQJ DGXOW SHRSOH ZLWK D KLJKWUKLGHY ME& RW MEXF BW
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OHQJWK PD\ KDYH PRUH SRVVLELOLWLHVY WR EH LPSURY}
LQ WKH WUDQVODWHG VXEWLWOHV LV VWXGLHG PRUH FD
FKDUDFWHUV FKDQJHG WR LQYROYH PRUH VLHPGPHILHG V¢
ZLWK D ZLGHU UDQJH RMRIDGEHFNHRIQUOW DGV WKH WUD
VXEWLWTHVIHUKHHQW ZD\V RI WKLQNLQLW @ QR WKHAK IDE & F
WKDW PD\ DOVR LQIOXHQFH WKH OHQJWK GLIIHUHQFH EF
EADXVH RIL WHKBIKDWRP W RURPNSUHYRURHIDRYOWHUPV RI
IRUPDO H[SUHVVLPGS U R B ERXRGCH WM ULL\E X VE K LORIX Q
WKH (QRUIPHRSEUHVVLRQ IWKBRYPPQ® BIDYRMUDQVODWLRQ
TXDWLY D JHQHUDO FRQFHSW ZKLFK LQGLFDWHV ZKHWKFE
QRWMSLFDWEH OHYHOV RI LIDPFRIGYWD @ BH RD\WIKHD [ROORZL
DYHUDXGLHQFH FDQRRDANH WHIDYWODWHCDIXNEWI WO HYV W K
WUDQVODWLRGHT KW OWWH RDIVX ERRGWKH RIRG HGBBDWLRQ
EDFNJURXQGJEBLMRXQJ SHRBOMFRYD OMNIXGHIQWWDG W KH
WUDQVODW H G LV YEXBIOR \WKRK DI®BUVWDQGDEOHZRQG DFFXU
WKLQN WKH WUDQVODW LR @ K DDOHIQN WK | RAX\E WH \WAH\WQ VD !
RI FRXUVH LQFOXGHG LQ WKLV JHQHUDO LGHD ,Q RWK}
VXEWLWOHV LV DQ LPSRUWDQW FULWHULRQ ZKHQ FUHDW

7KH IROORZQQ4ALOIOFWIIIRPLQH WKH IDFWRUWNUWEDWDWHW H
VXEWDLWDB®Y DFFHSWDEOH OHQJWK

'LVFXVVLRQ RQ WKH 5HODWHG ,VVXHV DQG 6XJJHYV

D ,VVXHV /HDGLQJ WR ,QDSSURSULDWH /HQJWK LQ WKH 5]
$FFRUGLQJ WR WKHR¥X®GBUMRMMGWWHUH DUH WZR W\SLFD!
LPSHUIHFW OHQJWK 7KH IRHMBRIZFUIL BEFfDWXBGHSURIEOS PV T
RITBDUVHUYNYIJRVIWQ®R GRVVLEOH VROXWLRQV

7KH ILUVW NLQG RI LVVXH LQ WKH GDWD LWKHRQFHUQI
H[SDQVLRQ VWUDWHJI\ LQ VXEWLWOH WUDQVODWLRQV

W LV GLVFRYHUHG WKDW WKH WUDQVODWHG VXEWLWOH
WH[W $V D FRQVHTXKHRIFHQ RWK HKK DK IKHD@F VX IILFLHQW WLF
WKH WUDQVODWLRQ IRU LQVWDQFH RQH OLQHQRI RULJL
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VXEWLWOH 7R WKLV HQG WKH IROORZLQJ H[DPSOHV KL
VXEWLWOHYV DUH ORWW KHDE®LJQ R QADK HQ IWKH VK| MHSWQ VLR
WUDQVODWLRQ KRZHYHU WKH LQDSSURSULDWH XVH RI
ORQJ OHQJWKV LQ WKDQN O\MHEGKVUXEWADE OB & E M OUWHR P

WR
XQOHWVNHNBEHD BGRUGV
2ll«fa=J"4iD FKDUDFWHUYV

%DFN WUDQVOWVEERRRHLQR@URXQG LI KH GLH

2EVHUYDWFIERQ\GLQJ WR WKH FRQW H[W K W\K HR ODKHA FRYHLU L (
WKH\ ZD QWWR B HIRROHQO BMNV KW K DM UWHK B MIXEVHTXHQW VXEV
WKH IXQFWLRQ RI FRPSOHPHQWLQJ D FRQGLWLRQ LQ UF
UHOHDVHG WUDQVODW LR BRIP\E DFRNWWDROBM HD WZARS N WEW LW Q
LV DQ DSSURSUUDI ARZFABOMRVRIVHHW RI LQIRUPDWLRQ WR
LW LV QRW W KA EWWWDEDEMBEW KRB LW LQYROYHV WKH XVF
ZKLPONHVY WKH WUDQVODWHG VXEWLWOH ORQJHU LQ OHC
'KHQ FRPSDWZIR WMKPIXDIJH YHUVLRQV Rl WKH GLDORJXH
&KLQHVH WUDQVODWHG VXEWLWOH LV PXFK ORQJHU W
H[SUHVVLRQ Rl WKH KLJKOLJKARRG B \WRRIOLQIEGRORKW G\ F
WKH IXQFWLRQ LRIQWIKH WKHU MMM QVODWHGL YWEVYGWQH L
PHDQLQJ RI WKH VSHDNHU WKDW LV KH LV WKUHDWHQ
FKDUDFWHULVWLF RI *UX WKH PDLQ FKDUDFWHU LV EXL
YLOODLQ LQ WHK®BHDIP WRARWKHUV 7KLV LRNWWRNR D IRL
GHYHORSPHQW RI WK H VY QBIOHIRLIUPH GWE\DKW. V¥ UXF FLGH QW D C
GDXJKWHUV ,Q RUGHU WR KLJK L SKW WRIQH ® EW L BXQ\G FRIDH
SUDLVH IRU WRRGWDQE WWKKH EHD XWILRX@ JILQ CKOWKBHW K H HQ .
VXEWLWOHU QHHGWKMW R GBif HQZ\DIRRHR FRHAUWDHORIH | LDKPH JLY H Q
WUDQVODWLRQ FRQYH\V WKH IXO0 PHDQLQJ RI WKH VS
H[SUHVVLRQ LV ORW HZQRMXKK WQ DQROMDWARIQ PLIKW EH
9" EDFN WUDQVODWLRQ ,|I KFVLERSWWLWF GHWRWK KK 2\
REYLRXV WKUHDW WR WKH OLVWHQHU EXW LW PD\ EH Ut
ORUHRYHU WKH UHFRPPH QUHBK MIDIFQWHIDWM RIQLHHD V
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FKDUDFWHUV OHVV WKDQ WKH JLYHQ RQH 7KHUHIRUH W
LV DFFHSWDEOH EXW WKH WHFKQUITUXH RIEVD\G URDY W R HWQ K
EHIJLQQLQJ RLWERUWWKRER QO WMKIHQYKRKWHU WUDQVODW
EH PRUH UHDGDHE®NKVL QVEKUWDEXWUIFHWWHG WUDQVODWLRQ W
RQ WKH RQH KDQG a3 JFRPBIOHPER®MV GR WKLV WR P
H[SUHVVLRQ FRPSOHWH LQ LVRGOBWY EERDWQ WKM RWKHU

ZRQYW GR WKLV SURYLGHAD DomDLHI PHDQLI®EHWRIR

ZKHUHYHU WKH\ ZDQW WR JR LQ WKLV FRQWH[W LQ WXU
7KHUHIRUH IRU WKLV H[DPSOH WKH VXEWQWKQNU XVH\
WUDQVODWLRQ EXW WKH VXJJHVWHG WUDQVODWLRQ L
WUDQVODWLRQ LQ FRQVLGHUDWLRQ Rl PHFKDQLFDO OLPI

W R
:DWFK WKLV /HDYH D PRIWEDJH EHHS
\-19»B+%@0 2 FKDUDFWHUYV
%DFN WUDQVODWLR®HDMHVERDHUBIRBOVDJIH LI \RX K
SEHHS

2EVHUYDWKHR @Y JKOLIJKWHG SDWWHUQ LQ WKH DERYH LV
VXEWLWOPRT$SWMVLDVPRGDO SDUWLFOH RYME H@DWHKH VY H VY E
W\SLFDO FXVWRP Rl H[SUHVVIEBQ ' LRHB®YQHRKH K VHFR QG
DOQ\WKLQJ QHMWX LR OMDDQ KRQRULILF LQ &KLQHVH ZKLFK
WKH (QJOBYBHIRAMGV LQ WKH RULJLQBESHDMREWHWHIRUWKH U
WKHUH DUH WKHVH WKUHH LQVWDQFHV RI H[SDQGHG ZF
VXEWLWOH 7KHVH H[SDQVLRQV LRWKH MRKQWMD (DI GID W LR
&KLQHVH SHRSOH DUH IDPL®ILDN " ZI0OWK%WMERH BM[SUHVVLRQ
EDFN WUDQVODW LFRHY VDPOW B VH\ FXH BMB D WKHR WKHS +RZ*t
VSHFLILF VXEWLWOH H[SDQVLR@\DVQQRWVYDHEHGJ &R\YY
FDQ EH UMBXF4%@E 2  EDFN WUDQVODWLRQ 30OHDVH Of

EHHS ¥VWIDDIQVODWLRQ LV DOUHDG\ GHOLYHUHG WKH
VX EWLDWORK WKLY Q H[SUHVVLRQ WR PDNH WKH SRWHQWL
WKDW IROORZ LW LV D ILOP HHNWHFWDWRFWH UQNMWIEH WY
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SUHYBRMFHV RI GLDORJXH IRU H[DPS&SQWF)XO\WFHRG® ¢ IXEIVWWR
KDYH DOUHDG\ Hf¥ SKDWVLRH® OUW\ LQ RUGHU WR DYRLG U
OHQJWK LW LV UHFRPPHQGHG WKDW WKH WUDQVODWLRC

WR
7KMUH VD\LQJ KH PDNHVY DOO RWKHU YLOODLQV ORRN O
G-B$D (" l w<0G-1C_Z: T A FKDUDFWHUV

7KH\ DOO VDLG FRPSDUHG ZLWK KLP RWKHU EDGDVV

2EVHUYDWKIRQW[DPSOH KDV EHHQ GLNGXYVHG@®R ®ROIDC
ODQJXDJHZS®QQ®BH/ GLVFXVVHG IURP WKH SHUVSHFWLYFH
H[SUHVVLRQV LQ WKH IROORZLQJ FKDSWHU DV ZHOO

7KH VHFRQG NLQG RI LVVXH UHJDUGLQJ LPSHUIHFW O]
LOQDSSURSULDWH WUDQVODWLRQ RI WKH QDPHV RI WKH F

$V IRU WKH QDPHV RI SODFHV FKDUDFWHUV DFDGHPLF \
XQLILHVGOD/WDRQ VWDQGDUG IRU FXUUHQW ILOP VXEWLWOC
VHOHFWHG ILOPV VRPH ILOPV XVHG WKH RULJLQDO (QJO
DQG WKH ILOP FKDUDFWHUV EXW VRPH GLG QRW 7KF
GLIIHUHQFH ®@PRRJ WKH

2 |
7KLV LV/HDD@G 7XUER
F © /HODQG AXUER

21

, KDYH D IODVK WUDQV@®QVOWVARYVROHSIJHQW

A95 )LQQ OFO K VAVOU# Y A

&DUV

ioo



2 |
"HODH VWRKGOGH7LPHV-SFPERWH R Q
A 8T &7 [We..
'HVSLFDEOH OH
2 |
WKH VPDO @DR/Q¥HH IIDR/P
uprs$bnrR 0?,,0Z
'HVSLFDEOH OH
2 |
$V \RX FDQ VHH LQ WKH ZVROQXKDQGV WKH 3;
2¢p?fi  3; >p$521m <& {Gi
'"HVSLFDHOH O
6RPH ZHUH HYHQ QRW XQLILHG ZLWKLQ RQH VLQJOH ILOP

2 |

7KDQNWQGD
*cET EBR

2 |
EXW ZKR ZRXOG WDNH FDUH RI %OX"
_B1?2+'—N® % @X
5LR

2EVHUYDWNR@YBIPSOH GDWD LW LV FOHDU WR VHH WKDW
WR WKH WUDQVODWLRQ RI WKHVH QDPK¥FRY GXQU MRV |

IXR WKHUH DUH W R WHHD Q/N\AOLDDMLNEULABKPHH VL Y H Q
VWDQGDUG WD RVRDBKBBEMWLRQR XVH WKH JLYHQ WUDQ
QDPH HHZ <R4D R W U D @ \KGERWMBKF H UVGIHLUUQ HH R I

HTXLYDBHQ@FH HIDBBLR 6XJJHVWLRQV IRU WKLV NLQG RI L\
PDN DOO UHOHDVHG ILOPV IROORZ D XQLILHG IRUPDW F|
ZRXOG EH WR NHHS XVLQJ WKH WUDGLWLRQDO WUDQVO
VLPLODU SURQRXQFHG &KLQHVH FKDUDFWHUV WR PDNH
QDPHVLWHFXLY PHWKRG ZRXOG DW OWRWWGPWNKH VRBH LC
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+RZHYHU DV UHJDUGV WKH QDPHV RI VRPH IDPRXV SODF
H[DPSOHLRHV 6TEPRRUGLQJUMRRPPHQG WKH VXEWLWOHU\
WKHP E\ XVLQJ WKH DOUHDG\ JLYHQ YHUVLRQV RI &KLQH
DFFHSWHG VWDQGDUG YHUVLRQ XVHG ZLGS@RWRHWKH W
VROXWLRQ WR WKH DERYHLIQUVWHH RUQGL BB OV RQ NBILHSK XQ
ILUVW DGYDQWDJH RI WKLV LV WKDW WKH DGGLWLRQ R
YHUVLRQ ZLOO VKRUWHQ WKH VXEWLWOH FRPSDUHG ZL)\
GLIIHUHQFH LQ WKH YLVXDOKS$UG& VH §WHDWFLER € HW Z EHH D WK
RI &KLQHVH FKDUDFWHUV DQG (QJOLVK ZRUGV *HQHUD
FRPSOLFDWHG DQG LQWULFDWH LQ WHUPV RI YLVXDO G
VHFWLRQ RI W,KLOUYB BN CLGAHKQ VO IHIQ BV KWRKID @K MWKHHVH W U D
VXEWLWOHV LV QRUPDOO\ JUHDWHU WKDQ WKH RULJLQELC
XVHV (QJOLVK QDPHV LW ZLOO EH D JRRG VROXWLRQ WH
DQG HDVLHU WR UH®MBUVWYRU H[DPSOH LQ

2 |
JUDQFHMVFARPLOLDU ZLWKUWREWMWAHRDFWLRQ WR
G 7R0 _>-FIy) G 7RB0 ,F{ A

2EVHUYDWURQV¥HMFRREYLRXVO\IWD QAIKDHUDBWEUZKHQ LW 2
WUDQVODWHG LQWR &KERBIVBFWWUERR BB\ ® ZKDW LV

PRUH HYHU\ VLQJOH &KLQHVH FKDUDFWHU LV QRW VLP
UHDGLQJ WKLV ZRUG LW ZRXOG WDNH PRUH VHFRQGV W}
$V IRU WKH WDUJHW DXGLHQFH HYHQ WKRXFRZDVKRDOO C
RULJLQDO QDPH WKH\ VKRROBFFRGBUQYW WRGWKH FR QW H |
ZLOO QRW FRPSURPLVH WKHLU FRPSUHKHQVLRQ RI WKH :
WUDQVODWLRQ RI WKH (QJOLVK QDPHV VKRXOG EH DFFHS

7R WKH VXEWLWOHUV WK H\D® HWICH Q R WH\E URD@™\O W W Bl QW K+
LQWR WKH WUDQVODWHG YHUVLRQ 7KLV ZD\ RI WUDQVC
QHZ WHQGHQW\WQDWRGOGDWLRQ ILHOG EHFDXVH RI JORED
ORUH DQG PRUH SHRSOH EHFRWHFRDWXH RO R WKW B PS/H R\&
IDPLOLDULW\ ZLWK WKHLU QDPHV DQG WKH\ SUHIHU WR
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RWKHU 7KHUHIRUH IRU WKHRR® B8RQHRA RP\PH® @ NPKDMW  V
PDLQWRHQQJOLVK ODQJXDJH QDPHV RI WKH FKDUDFWHU\
VRXUFH WH[W +RZHYHU WKLV DSSURDFK GRHV KDYH D

WKDW WKH WDUJHW DXGLHQFH VKRXOG KDYH D VROLG N
VRPH /RWLIRQPHY DQG Rl ZRUOG IDPRXVHYBDMKHOBGVOI
WKLV PHWKRG LV DVVXPHG WR EH ZRUNDEOH LQ (QJOLV
WKH UHVHDUFKHU IRXQG WKDW WKH PDMRULW\ RI WKH D
SHRSOH D@® LY KK \RXQJHU JHQHUDWLRQ DUH XVXDOO\
VDWLVIDFWRU\ OHYHO RI NQRZOHGJH RI WKH UBJOLVK O
DQRWKHU GLVDGYDQWDJH NHHSLQJ RULJLQDO QDPHV L
WUDQVODWLRQ ORVV ZKHQ FRPLF QDPHV KDYH D SDUWLF
DXGLHQFHV ZRXOG QRW XQGHUVWDQG WKH HWKQLF DQG
S0OFOLWERBQWLRQHG LQ DQ HDUOLHU H[DPSOH RU WKH VF
WKH CGDRUWERWXW DJDLQ ZLWK WLPH DQG ZLWK EHWWHE
LQWHUDFWLRQ WKHLU FXOWXUDO DZDUHQHVV ZRXOG L
SUDFWLFDWUDXQEMDWQRRQ ZRUN VXEWLWOHUV QHHG WR

WUDQVODWLRQV DV ZHOO DV VRPHWLPHYV QHHGLQJ WR N
IRU WKH SXUSRVH RI PDNLQJ D VKRUWHU WUDQVODW
FLUFXPVWDQFHV WIRVW.WYWDQNPBWH WKH LQGLFDWHG PHDQ
H[DPSOH DV SUHYLRXVO\| PHQWLHRIQW®REQ WEKKNFWKHVLV
PHDQW %ODEFODFN LV D FRORXU EXW DOVR LPSOLHV HYLO

$QRWKHU VLPLODU ZHDWDHWVWIKDWK H Q IPRAVORGIG/HOHFW
WKDW WKH VXEWLWOHU DSSOLHG IDLUO\ GLIILFXOW &KI
FHUWDLQ IHDWXUHV Rl WKH RULJLQDO VXEWLWOHV 7KH
VSHHG Rl WKH D XG LHHLQJF A REFFSRIDFDMWRGWISHOOLQJV )URP
&KLQHVH MKZRLPNVHRUPDWLRQ LW LV FRQVLGHUHG DV
SUREOHP LQ FXUUHQW GDWD EHFDXVH YLVXDOO\ WKH F
RFFXS\ PRUH WLPH WKDQ RQKH V)LP$ OHDIFRSIRHD WIFQHG

2 |

)ODS&KHFEN
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26, 0 V" A

2EVHUYDWHKHR QMXEWLWOHU W BIDQ\BWR WHGH VEKGH QZHR/UHG
%HFDXOBEY DQ DHURQDXWLFDO WHUP WKH VXEWLWOHU
26, " WR XVH +RZHYHU IRU D FRPPRQ DXGLHQFH DHURQI
EH H[SHFWHG ,W LV DVVXPHG WKDW UHODWLYHO\ IHZ St
RF?6, " LQ WKH ARIQWB[WS®DQH $QG ZKDW LV PRUH WKH
ZRUG DUH GLIILFXOW FKDUDFWHUV ZLWK YHU\ FRPSOLFLC
DUJXDEOH WKDW ZLWK RQH RU WZR VHFRQGV WR UHDG
FDQQRW UHDOWMH RDWHFRBQWZR FKDUDFWHUV DUH 7K
VXEWLWOHU IRXQG DQ HTXLYDOHQW WHUP WR WUDQVOL
VXEFHVVIXO LQ WHUPV Rl FRPPXTBEFDRDLREH EKHRKV WD Q\X
DSSOLFDWLRQ LWOLYJ\NPG®HD LRUWSHROPPRQ ZRUG LQ &
PRVW SHERRESBEBYH D SULPDU\ NQRERMKGGHNIQR ZKMOHPHDQL
SWKH DVVLVWDQFH RI VRPRWHKUIQJIPRU RIREWRQB\ FRQQHFV
RPY6, " WR DQ DLUSODQH

$QRWKHU HPDBROHIQIUR

2 |
%WRUQ RI FROG DQG ZLQWHU DLU
3.8 ¢, UY E
DOQBRXQWDLQ UDLQ FRPELQLQJ
2)0-p il M%$ A

2EVHUYDWMKLR/QW[DPSOH VKRZV WKH XVH RI H[SDQVLRQ LQ
FKDSWGHWFXVVH® "“RVBWORHELQ KHU VWXG\ DQG NHHSLQ
IHDWXUHV EHWZHHQ WKH (QJOLVK , DD @ R L FHR\DH MOEH & D,
WKHUH DUH IRXU HGOHRHORORRY WRWDWODRHE SBUWLFXODU
VXEWLWOLQJ 7KRQD B FREICHQMD WLUDQVFULSWLRQ DQC
XVH [SDQWLRQLOP VXEWLWOLQJ EHFDXVH RI WKH WHFKQL
WKH OHQALQKMD Y VYWBOH 8QOHVV LW LV QHFHVVDU\ WR HJ
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WR RIIHU WKHUBIXGHMWPAKWRVR EHWWHU XQGHUVWDQG V
SXUSRVHV LQ WKH XVH RI ILOP VXEWLWOLQJ IRU H[DPS(
NLQG RI WHDFKLQJ PDWHULDO LQ ODQJXDJH WHDFKLQJ C
HIDPSOH WH{BXYWLRD LV QRW VXFFHVVIXO EHFDXVH RI \
JLUYDM)GEQ (QJOLVK LV D VLPSOHBKERKRAAVIFOIRREY AR U G
VLPLODWWH. Y RMWRH H TR DWQ@HWRRH FDVHY LW GRHV QRW
EH WUDQVODWHG RU H[SODEM@®&D\6 HDRR GG O D OL Y KRWKR. QNHQWR
3%, LQ PRVW FDVHV RI WUDQVODWLRQ WKLSRWEKXLYDOHQ
GLUHFW WUDQVODWLRQ3RD WKLV YWXiBAWWMWOH" FRMXOG E
ERUQ RI FROG ZLQWHU DQG WKH UDLQ RI PRXQWDLQ FRP
PRUH OLNH D VR®J% LWEBDQiMGss" ,W ERUQ RI FROG ZLQ
ZLWK PRXQWDLQ UDLQ

7KH RWKHU SUREOHP LV WKH LGDYISWIEXDIDINVH[SYHVRLI
VXEWLWOLQJNQRZY WKIAM ONKH ODQJXDJH LQ DQLPDWHG
DQG EULHI PRVW RI WKHP IHDWXUH FROORTXLDO ODQJ
VRPH H[SUHVVLRQV DUH WUDQV O DMKHG URIYDHILLAR Q'S FAHKE. WV
DXGLHQFH 7KHUHIRUH WKH FRUUHFW UXOH RI VXEWLW
VLPSOH DQG EULHI LI WKLY GRHV QRW LPSDFW WKH FRQW
JRU H[DPSHIDHB\KDLRQG 2PHJD

2 |
YRUJHW D EROP\S KLWH \
["#3YTu6ty "y G9aA

2EVHUYD®ARRWWGLQJ WR WKH FRQWH[W WKH WUDQVODW
QHFHVVDU\ DOWKRXJK WKH VXEWLWOHU XVHG D YHU\ JR

H[SUHVVLRQ LW LV EHMWIU WKW UD PRUMHWEULWI D\WQG V

FRQYH\V WKH NQPQJ DQG WKH VDPH PDQQHU RI VSHDNLQ
RI UHTXHVW WR VRPHRQH HOVH QRW WR SHUVLVW LQ GRI

2 |

%W WLPH WR ULGH WKH VOLGH DQG WDVWH WKH ZLQG
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_ &1 O 0; OFO%>O0?uf A

2EVHUYDWKULR/QW[DPSOH VKRZV D UHSHWLWLRQ LQ VXEWLV
PLVWDNH LQ &KLQHVHKNVEHMWIOYN WIIHBNAMPIWELRQ FRXOG
FO%, O ¥  ,Q WKH FRYPUHKDN.RMKH VLPLCDM RKBQLQJ DV
30?0° LV D YHUE %RWK RISWRHWH Q@ RWGW RE KPSMWKIHUMHF HY Q|
UHSHWLWLRQ LQ WKH VLQJOH VH@WHUTHEDSNQRMGKRU LPS
KDSS\ IHHIOL QYN PRUH YLYLG W RV HFSHIGIMYI WKKED © K\D K B FA/RY
207 30?0° L@&KLQHVH LV D QHXW¥R®H RULG G PRIDGLHILQJ
GHVFWHEIH NLQG FRSIHIRISIOH XNV XDOO\ QHHG WR3DGG DQ DG
200 7TKHURI®RUBELOO EH VKRUWHU LQ OHQJWK

2WKHU H[DP3OH\6RX R PV

2 |

<HW DQRWKRGIDNIQ Rl LOOXVLRQ
} é> 65 S Kawsll

2 |
IURP WKH PRVW LQ@KHDIRLWYMGFRDW MYHWU VHHQ
2" F+[?20 Gx)af0jCu~#B', «?0- & A

2EVHUYDWUHREWD VKRZ DJDLQ WKH XQQHFHVVDU\ XVH
ZKHQ WKLV VHQWHQFH LV WUDQVODWH® EWB+-RXOG EH VI
0~ 7KH ZRUOG 1R RU WKH ZRUOG RQO\ RQH LQ RUGHL
PDNH LW HDVLHU I® W B K GDHRF HWWR U H D

2|
WKH PDVHEVDWLRQ WKDRB KDV FDSWLYDWHG
FiQ# E @]8Y nz-=&= A

2 |
WKH QDWLRQ IURP 1HZ <RUN WR /DV 9HJDV

ifi



p4i400-$ URSSDR A

2EVHUYDWKIMRQDQVODWLRQ LQ WKLV NRIJRW GW b DIQN O DIR U F
,Q IDFW LW LV QRW QHFHVVBQVDIWYDWY K DDWMIBGW KH Z |
VDPH WLPH LQ RQH &KLQHVH VHQWHQFH EHFDXVH HLWK
H[SODLQ D FRPSDBIWHQ WKLV VHQWHQFH 7KH DSSURSU
VHQWHQFH FP@EEHCVEKE U " R& jQ# ]§T0Z-2

%RWK Rl WKHVH WZR ZD\V Rl VXEWLWOLQJ FDRO®HVFULE]
RYHU WKH FRXQWU\ ,Q WKH ZWRBH 3EPWEW\WD\H R | VKREWD GWi
DZDUHQHVV WKDW WKHLU ZRUN VKRXOG FRPSO\ ZLWK SL
SUHFHGHQFH 7KH HVVHQWLDO FULWHULRQ RI ILOP VXEW
VLPSOH EULHI DQG LQVMWOBRVOD@HREYHI HDW WHKBW RVKH V X
EH VLPSOH EULHI DQG FOHDU DUWLVWU\ DQG KXPRXU °
7KLV SUHFHGHQFH UXOH P ORAB RMW KGN FHW V WK HVRLUFGSHRW W D
WR D VWDQGDUG FRQEUWRY VERBDBLWQO\ OHQHIW K/ KRXOG
DWWHQWLRQ WXUQ WRZDUGV XVLQJ VRPH WUDGLWLRQD
PDNH WKH VXEWLWOLQJ PRUH DFFHSWDEOH WR WKH WD
RUGHU RI WK UKRSOINV BERKAQWHKUDOO\ DFFHSWDEOH

&RQFOXVLRQ

7R VXP XS DOWKRXJK WKH VHOHFWHG DQLPDWLRQ ILC
RQOLQH YLHZHU IHHGEDFN LQ WKHLU \HDU RI UHOHDVH
ZKLFK PD\ LQIOXHQFH WKH K@ IW g GHBALFVD G\DLED. QV. /D W |
'XULQJ WKH SURFHVV RI LQYHVWLJDW LR Q LV&KIWQRWKLIIK. FAGK H
DQG DQDO\VHG WK BHHR PDHF W WERE BIWADK H IS RE O ¥ IPYJ

WKH ODFN RI D XQLILHG WS®QW®D QA Q Q/MD QK DU MWR
FKDUNEWRHY SODFH QDPHV DQ& FBRREXQJOWRGW B H NWLW
UHYLHZ ZH NQRZ WKDRR QKW IHYWH MQVHRIUVWHRQ RI SURS
WKH 1L$IIVGVRMIX GV HWX FKK J JW KW WHWD @ U WUDQVFULSWLRQ |
(QJOLVK QDPHV LQ WKH WUDQMOID WRBHWKPGINVHQDSESW R
H[FHVVLYH XVH RI H[SDQVLRQ LQ VXEWLWOLQJ DQG WKF
H[SUHVVLRQV OLNH DUFKDLVWDWRVY RIOHU Y DWLKQHIWH L[ T b K\
QRW HQKDQFH WKH PHDQLQJ RI D VXEW IV SHR EXKW FRHUH



UHDG,IKBIHGLVFXVVHG WKHVH SUREOHPV E\ H[SODLQLQJ VI
PDNLQJ VXJJHMWRA QN WHRHYHUNDEMER\NY QUK HQUMHR <D Q
FLWHG LQ /LXDQ DQG 7\WOHU FLWHG LQ :DC
SUHFHGHQFH VKRXOWLPISOH YMUBS/ERIRBFK WR VXEWL
ODQJXDJH DQG WKHQ LQ VBBRQGWLEFORNDRERRNFRWRMK YV
DSSURDFK WR ODQJXDJH EOH DVGIIDEXDHD I BRGK WHKEHID &Y ©O\H V
DFFHSWDEGRQVHTXHQWO\ W MHRSWRESVR MG GLRE SFRRDFK[W R
IX@®IQIJWK (QJOLVK ODQJXDJH DQLPIR®PEBZAVYOPYV 7KH UH

$FFRUGLQJ WR WZR SUHYLRXVO\ PHQWLRQHG VFKRO
DXGLWRBHWUDQVODWHG DQLPDWLRQ ILOPV LQ &KLQD
\HDUV 7KH\ KDYH GLIIHU® @ QJCOMOKKD D HRY HD E\LXORKV W K D
RYHUWRQPRVODWHG VXEWLWOHV PD\ LQIOXHQFH WKH
WKHLU FRPSUHKHQVLRQ RI WKH ILOP GLDORJXH WR G
$FFRUGLQJ WR WKHRWXHGH PMKB® GIKWMDORQBRWWHGLQ V
ILOPV LV RULJLQDOO\ VLPSBORI DAKGH ERILIHIL Q\DKOH WPHD[MR |
WR EH WUD GBMDPWEH O ZWHGEDO WUDQVODKHRK IRU G LU
QR QHFHVVLW\ WR PDNH WKLQJV GLIILFXOW DQG FRI
RULJLQDO VXEWLWOHV MXF¥RKBZR BKWRRPHY LYBIU R/UW FIOQLC
&KLQHVH H[SUHVVLRQV

7KHUHIRWUAES EHWEDY VLPSOH DIWSWNKNMLEMHRPPHQGHG DS
ZKHQ WUDQVODWLQJ DQLPDWLRQ ILOPWKIRW WHKWLKDMHYHKD X C



&KDSWHUFXV\VAWRKHRSVH Rl 7ZUDGLWLRQDO &KLQHV

7UDQVODWLRQ 3D\Q WHID RGH@ WNUFXOWXUDO FRPPXQLFDYV
LOQWHQJIXLWVOWDV LQ 2UHUR HG 'KHQ FRQVLGHL
IRUHLJQ ILOPV ZH PD\DKBQH WRRUFIXWVMHVEDDO LQIRUPDW
PDNH WKH DXGLHQFH FRPSUHKHQG WKH PRYLH DSSURSUL
NH\ DQDO\WHG PHPHV PD\ KHOS WKH ILOP WUDQVODWRU\
$V D FRQVHAXMWQPBWH WWHYH B|SHUMYVMMRQV LQ PDNLQJ

FRPSDWLEOH LQ &KLQHVH FXOWXUH IRU H[DPSOH &KLQH
DUFKDLVPV SURYHUEV DQG DQFLHQW SRHPV &DQ FXOW
PDNH (WKAHKEWLWOH WUDQWODYWLRQ E WFRPIS WDIFHFH WR W k
DVVXPH WKH DQVZHU WR WKLV TXHVWLRQ LV SRVLWLYH

WKLV UHVHDUFK, ZIQOW KW B BB 3MWHWMO WKH WUDGLWLRQDO
WKH FRUSXV DQG GLWKKWHWHWIRL QRVWORZIMXKIH TUHTXHQF\

H[SUHVVLRQV DSSHDUMGKH QUDWKIHR G DOHN RW WMDKMH O\DUIDICRQ
VWUDWHJILHY LQ WUDQVODWLQJ WKH ( QX VKI HF SWLY W\QLHR
RI WUDQVODWLQJ WKHQWROWVKR GIUFURQVIOR QKLQHVH H[SL
WUDQVODWLRQ RFZIDHURBW\LR® IWEKPVVWXG\ Rl ODQJXDJH
IHDW XU&VXIEEQVLWOH WUDQVODWLGEWH MWKB QR WWIHEDNH § R
RI P\ VWXG\

JUHTXH@MKHR$SSHDUDQFH RI &KLQHVH ZQDGLWLR
WKH 'DWD

7KH WUDGLWLRQDO H[SUHVVLRQV L®&LRRYQ BVIFKDWN PAD LD
DQFLHQW $SRRBEBALRJ)HQJ &KLQHVH WUDGHWLRQDO
HPEHGGHG ZLWKLQ WUDX®OWXIRDQ SKKLH) HR/UPRLRIKHGXFDV
PRUDO IDEQFN \DQFLHQW KD DGIL RWD/E B (HdY\R ORMVG R |
FXVWRPSUDEGMNAHM OLIH D PRSP UHIDAR QRS QRA S 8 QVIK®! WL R
WHVW WKH IUHTXHQF\ RI WKH XVH RI WUDGLWLRQDO H]|
SXUSRVH RI ZKLFK LV WR WHOO LI WKH VXEWLWOHUV LQ
W\A\SH Rl H[SUHVVLRQ DQG WR GLVFXVV WKH UHVXOWYV U]

'‘DWHBDVXOWYV IURP WKH &RUSXV



, PDUNHG RXW DOO WKH WUDGLWLRQDO H[SUHVVLRQV I
GRFXPHQWY DQG WKHQ H[WUDFWHG WKHP E\ XVLQJ WKH
DIWHU ,DITRKLUHG WKH biN O BXDHYNK B D WIBHERR. MR O MAD\E O H
LQ XVLQJ VXFK FXOWXUDOO\ ORDGHG H[SUHVVLRQV LQ F
HYRFDWLYH DW D FXOWXUDO OHYHO DQG PRUH LQWHUHYV
WKH FROOHFWHG GDWD RQ DYHUDJH DMWOUD RUWWKEDO
H[SUHVVLRQMLNWCKHLWLIJQLILFDQW UHVXOW VLQFH LW VKR?Z
ZLOOLQJ WR FRQVLGHU VXFK H[SUHVVLRQV LQ WKHLU
VFUHHQVKRW VKRZV WKH WHFKQLTXH DSSQLM® QRZVXEW
DUH WUDGLWLRQDO H[SUHVVLRRKD ULDF & KUQER WG\ PWRD W !
&KLQHVH LGLRPV WKLV W\SH RI WUDGLWLRQDO H[SUHVVI
VXEWLWOH W &DIQOFOD WRREDRHG ZLWK ROV HHIPSW HSHAL RRQ WV
DV DUFKDLVP VHQWHQFH SDWWHUQ RI DQFLHQW SRHPV

7XUER
6FUHHQVKRW
7KHQ DV SHU WKH LQWURGXFWLRQ Rl WKH DSSOLFDWLRC
PHR&RORIDYH WKH (ODEWHOWUDGLWLRQDO H[SUHVVLRQV \
H[SUHVVLRQV DQG WKHQ SXW WKHP LQWR 3DUD&RQF LC
XVH RI WUDGLWMNR DO & BIFEUWVH/VYHRWHG ILOP



'LVFXVVLRQ RI WKH 5HVXOW

7KH IROGRALIQH FKDUWV H[SODLQ WKH SURFHGXUH RI FD
XVH RI WUDGLWLRQDO H[SUH VIADREW L WQD HH DARB/DLRIN @/OKW L R
3DUD&RQF ([FHO DQG WKH JH QXMW W & HK G\DWRJ B D P RF K( |

VHSDUBDWBI&RQF DQG DQFHOPRIBMHWQ RYHUDOO ([FHO F
FROOHFW WKH IUHTXHQF\ RI WKH XVH RI WUDGLWLRQDO
VKRZQ LQ WKH VHFRQG D EX LVOKAL F® USDOB KV LWOK$HSBHQG L[

BFUHHQVKRW
7KH VDPSOH VKRZV WKH FDOFXODWLRQ RI WKH IUHTX
H[SUHVVLRQV LQ 3DUD&RQF

7KH IROWROMHRARNZYVY WKH XVH RI WUDGLWLRQDOOWNSUHVVLR (

R
DVH
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$FFRUGLQJ WR WKH DERYH GDWD ILUVWO\ WKH XVH RI W
VXEWLWOHYV LQ &KLQHVH LQ DOO WKH ILOPY LV IRXQ
DZDUHRIHXWLQJ WUDGLWLRQDO H[SUHVVLRQV LQ WKHLU V
RIODGDJDVEWWKRZQ WR XVH WKLV NLQG RI H[SUHVVLRQ

RXW RI 7KLV LV WKH KLJKHVW IUHTXHQF\ RI XVLQJ W
VHOHFWHG ILOP WUDQV®DWILRIEO HWKBHQ X/BIEQWH. WIOH U F
DSSOLHG QMMJBEIWHWVLRQV LQ VXEWLWOHV 7KLUGO\

KLIKHVW ITUHTXHQF\ RI XVLQJ WUDGLWLRQDO H[SUHVVLI
SRLQWYV LQ FRPPRQ DOWRWOD®RIQWRHBENH RIOWPNVEWLWOH SDL
HIFHSW WQH ZL E DOO RI WKH ILOPV XVLQJ WUDGLWL
WUDQVODWLRQV RTX\DKWAHWRRVBYHVUUDQVODWHG VXEWLWO
WKH ODWHVW UHOHDVHG ILOPV FRPSDUHMGSEEWKOWKAH UH?
JURPP QESLRDUH IURFFXUER IURP ODDQGDVIEWUURP

7KH UHDVRQV EHKLQG WKLVODIGHDGRNMEMBR Q ELJEMUERXPEH!
RI VXEWLWOHV DPRQJ RWKBIOZ QR BEHIW GRA WXERHDWE B USD L U V
LV WKNYWLRDEQN OH ZKLFK PD\ LQFUHDVH WKH FKD{(
WUDGLWLRQDO H[SUHVVLRQ LQ WKH WUDQVODWLRQ Fi
WZR ILODFGDJDVENUPRUH FRPSOH[ ZLWK PRUH UHODWLRC
FKDUHDFWW WKH GHY®IRFIXEHOBQERUH VLPSOH DQG EULHI
GLUHFW WUDQVODWLRQ PHWKRG LV XVHG LQ PRVW RI
PHFKDQLFDO OLPLWV RI PDNLQJ VXEWLWOHV IRU D ILO
VWUDWHJDHW 0Q WLKRHQ VRU VLPSOH ODQJXDJH

7KHQ LI FRPSDULQJ WKH VHULHV RI ILOPV LQGLYLGXD
'HVSLFDEMH)GODGDJIJDVFDQG 5LR DQG &DUV DQG D G
6PXUIV  DMIGH IUHTXHQF\ RI XVLQJQW UMG MWKIHR @IUMD QN S
VXEWL@ @KLQHVH LQFUHDVHG REWH RRWOLHRQ HIRY®! R | QK H
HDFK RLOWKNHULRWGHU WR VKRZ D FHUWDLQ GHJUHH RI
LQVWDFROPRIQMP VHWKHVFKDUDFWHUV LQ WKH VWRU\ DUH
SHUVRQDOLW\ ZKLOH WKH VW\OH RI WKH VWRU\ LV VLP
IUHTXHQF\ Rl XVLQJ WUDGLWLRQDO H[SUHVVLRQV LQ WK
ZLWK WKH GHYIORESPHOIMVRRQ VXEWLWOHUV LQ WUDQYV

ino



&KLQD SD\ PRUH DQG PRUH DWWHQWLRQ WR WKH XVH RI
WKH ILOPV PRUH DFFDSXM DEQHHWR WKH WDUJHW

,Q DGGLWLRQ WHKHHRXHMHUWVWRDER® LRISUHVVLRQV LQ

VXEW LW OHDURXOWED R LROPGDRIDVFDU7XUER DQG

W KHILCR ,ILQG WKDW WKHVH WKUHH ILOPV DUH WKH UH¢
VHOHFWHG ILOPNOVIRQ G\VWKHERWO D WHQGHQF\ RI XVLQJ

H[SUHVVLRQVOD®IJQDIDHLVK[SRUWHG DQLRD®GSG DUOPV L

7KHUHIRUH WKLV DOVR FRQILUPV WKDW (V&K EXW HWROJ HW U L

WUDQVODWLRQ RI DQLPDWRBRQILOPV H[LVWV DQG LV GHY

,Q WKH IROORZEZQ® O/ HGFHA IRREYHEH Y DUAHLIDQ G IWQID QVODW H G
VXEWEZWIHRWROYH WKH XVH RI WRXOW LRV LIRWRD FRSSKVVLR
GDW® RUGHU WR GLVFX WM KW KILXY/D DR QMAMRI MKW ZAHRAUH D V
HITHFWLYH WUDIQ \DSBW RS Q W DAKH

'LVFEXVVLRQ RQ WKH 8VH RI 7UDKHKWUR QWO [} M HV \

8VLQJ &KLQHVH WUD GV WHDH QDGR RPBYBKUNYRY LQIRUPHG

ZDWHSUHVHQWYV D W ZD@Q®OW WH R RRAHXNBWRWOLQJ 7KHV
H[SUHVVLRQV RQKDUKH REH SRFEGRDOVWLDO RWR RXWOLQH

WKLQNLQJ RU OZKHOH IMKHADIF HRUHJURXQG DVSHFWYV RI &
RQ WKH RWIQG WKHVH H[SUHVMLROMNRDWK[ XSO O L G/LKRRA
DUH W\S L FFIXOO\D FRXBDK LBRHE VS DWW H FGW DLFHWHUY BRUGV S
OLQNR XVLQJ WKHP ZLOO KH@BLW{HWQW®MWVVRWRD DGHBPM
WHFBQLORPLWVWKDUDFWHUV SHU OLQH ZKHQ PDNLQJ D IL
XVLQHVWKQREI H[SUHVVLRQ UHWXISWHRVLBLMREWOM®HO LQ .
ODQJXDJH DQG FXOW XU D OV H\GKEDWNEL FEQ @ R VEHHG KWKID W W
EDVLAFDM[DQG IXQFWLRQDO OHYHO IRUPV SDUW RI DQ

H[FKDQJH EHWZHHQ WZR OR QN XD OH \J LD/GI® RXIOHV KX BIW X U D
HVSHFLDOO\ ZKHQ WKH VRXUFH FXOWXUH DQG WKH WDU.
ILQG LS HUKREMR PS OFHRWHUHVSRQGLQJ WUDQVODWLRQ SDL!
ORVW RI| WWHPHHVKEWLWOHUYV QHHG WR EH FUHDWLYH LC
WUDQVIHNHGXELQJ RU HWHQGLQJ VRPHKWEKKIDWN\DICR/D 5 W WF



QRW RDVWMWKKH RULJLQDOLPODRLEORIUEKRW DV IDU DV OLQ.
FRQFHUQHG

WDQ EHFRI(KXWPHG WKDW WKH VHFRIKGLAK BQ BIKGENWY LV S
QHHGV WR EH HPSKRWLXEW LM DQN XARU NZ L, QOW RLIEK W HRFQWV L
REVHUYLQJ WKH WUDRBX®@RDODHD W UNDDDN/@OVDIGRIGE WXAVE W L W
DQG VXJVBVRVARRQOW B W H | | HF WXWINIIHY/&/LRILRQDO H[SUHVV
&KLQHVH WUDQVODWHG VXEWLWOHYV

2EVHUYDWLRQV D6BJOXIBMHWNWEANRDRI 7ZUDGLWLRQDO ([SUHVYV

$IWHU FROOHFWLQJ DO OXW.KHY BVGIDMMIEIDAOH B [ & X B WAL MREHA
VHOHFW BIGWIK ONWPR/HF IXWIDSRRFV HIJRUL]HG WKH GHOHWMH LQ W ZF
XVLQJ WUDGLWLR QD G BINVSIUGHH/RR Q@ QW UMEWKHVHFWLYH DC
WUDGLWLRQRUEQJSSHREBRBDWMHULQJ ZLWK WKHLU RULJLQE

JRWKHUNDWHIJRU\ DV UHOHDVHG WUDQVODWHG SURGXF
WUDQVODWHG VXEWLWONWOKRYHWDDQNWDWDFE® REA XO/MH.(
WUDGLWLRQDO H[SUHVVLRQV UDWKHU WKDQDWIHIHFW W
UHSUHVRQWDMWALIYHIIHFWLYH WUMKHVERQ®XOVHEO WDV VLR Q\

%\ FRPSDULYVR®LZWWM B QW GHD WH.- RV DWULIR@ PLHWKKRRXGN XV LQJ
DORWNKNMWDWGOIOWRKNHOMDVHG WUDIQWDPRVR G WEKH W LIV@LHAD W
ILOPV FOHDUO\ VKRZ WKH EHQHILWYV RY *ROQVH\WDGLWLR

2 |
, VLPEDWY VWRS WK LQWKLK JP DVEHRXIHEYDHHIU E WD QWOH PLQXWH
HYHU\ VLQJDBILGIDADO VXEWLWOH
A BL#FOE?L?” Iy&Yyk G-3=8/+ A 5SHOHDVHG 7UDQVODWLRQ
, DOZD\V WKLQN DERXW WKRVH OLWWOH WKLQJV HYHU\
FDI® VWRS WKL MQUDQVODWLRQ

Ay=k_ #pFOE L, ?2L?" Ey&YKG-X#p A 'LUHFW WUDQVODWLRC

, MXVIW FOMRS WKLQNLQJ DERXW WKRVH SRRU OLWWOH W
VLQJOH GD\, DP WKLQNLQJ %DFN WUDQVODWLRQ

s o~

iAo



7TKH 6PXUIV

2EVHUYDWLRKHY OHQJWK LV  FKDUDF¥WHEBUY YIW DQFKDUDF
LGLRP PHDQLQJ LW KDV D VWURQUW BHISHMRYDR 6 HL Q Q&K
&KLQHVH ODQYxXmJH WIRDWKRXIK ERWK DWW WKIOB BHRLQ J
VRPHWKLQJ

2 |
, ZRW@ EH DPR@H.DPMHVWR HYHU\RQH 2ULJLQDO VXEWLWOH
A%=J") EAF=Gp #?i We 5HOHDNVOGODWLRQ

, ZRW@ EH DORWQHEDLWDWR PHHNMNNHQMROWLRQ

A=%0"" EAly=0?+?i " Wea 'LUWPWVODWLRQ

, ZRW@ IHHO DORQH DMP\ZORWJIJWR VHHDBYHU\RQH %DFN WU
JURJHQ

2EVHUY D#MOLVRIQR/XJK WKH WZR WUDQVODWLRQV UHJDUGLQJ
F=0p 'LV DQ LGLRERMKUTDKVMWMHQ DQG PRUH IRLYPDO H[SUH
=0  ORUHRYHU SFEHPBI®WWHU\ PXFK RU H[WUHPHO\ zZDQ
VRPHWKW® LK PIRAULHR LG MRKAIHAAML F

2 |
7KUHH RlI WKHP SUGWHNQEWBE LQIDY VXEWLWOH
'1199ZfA_  LA’8 B5HOHDVHG WOIDEMORWIDRIHFWR. YH LQWR

QRXQ
7KUHH Rl WKHP SUHWHQGHG@PHNDWDRQVIOMOWLRQH PDQ

]99éfA LA’/ 'LUWPWVODWLRQ
7KUHH Rl WKHP BV DWH@GHELEOH PDQ %DFN WUDQVODW
JUR]JHQ
2EVHDUONLRQW KLY SDLU WKH VXEWLWOHU FKDQJHG WKH C
QRXQ ZKLOH NHHSLQJ WKH RULJLQDO PHDQLQJ RI WKH
QRXQ IRUP RI WKLV ZRUG LV PRUFRKRRMEKEEOUKE BGLWR D (

a0y



GHVFULEHVRQS $V WKLV FKD @M SIUH\VRRERE OQMHHD O

VLWXDWKRQWZLOO PDNH WKH DXGLHQFH IHHO LW LV FORV
UHVHDUFK ZRXOG FRQVLGBHRD @LKHY WK\ BRER RHR WEHD Q V |
*RW VMO VN EJMMMDIQE ODWLRQ VWUDWHJILHY LQ VXEWLWOLQJ

2 |
1R GRXEfO EH D FOHYHU 2PHJD 2ULJLQDO VXEWLWOH
" +AL <6 765> 2PHJBHOHWWDHY®¥ ODWLRQ
1R GRXEOWO\EX D FOHY%IBDEN MHIDQVODWLRQ
*0EJ@j02Z65> & 2PHADLUMFDWQ VO DWLR
<RX ZLOO GHILQLWHO\ EH D FOHYHU PDQ 2PHJD %DFN V
$OSKD DQG 2PHJD

2EVHUY DWKIHR QMWQ FYQIRRGRRXE WY KH RULJLQDO VHQWHQFH LV
YRLFH Rl WKH H[SUHVVLRYX WHRBEIC MW KQ MY KW\ PHO BNV H G

WUDQVODWLRQ XVHG WMRY WALD QV DIDMAK DVK HVT YSIXOQ DWUWHD Q V | |
EHWZHHQ WKH WZR © DAL X DIDH ¥ KEIQFHIYX¥VAHD Q¥QRVKH VDPF
GRXEW (QJOLVK +RZHYHU WKHOB L PHDEWWWHRDY ODW LR C
SGHILGLWKDEK LV D FRUUHFW WUDQVODWLRQ EXW LV C
GHVFULSWLRQ

2 |
<RX MDQVQMW LW RXW IURR XIQGROD XWXEWLWOH
+=7-yFOga*s f9yl<+ S5HOHWVH¥ OWWDRYEBREHRYDWLRQ
<RX MDMXVW UXVK RXMDINYLNHR W KEAMD M) BWDRQVODWLRQ
«=7-pA -LlPA;OC © A 'LUMFDMQVODWLRQ
<RX MBRIRERXWRP XQGHU XV %DFN WUDQVODWLRQ
$OSKD DQG 2PHJD

2EVHUYDWUIHRQWVHDUFKHU DVVXPHG WKDW WKH VXEWLWC(
XVH9yu<+ " IRU WKH RUBVQODNBKHRGIGUHFW WUDQVODWLRQ L

IDLWKIXO WR WKH RW(@BNL W DIO FPH X QEREAHARBY W<+ ~ LV

s 7



DOVR VXLWDEOH LQ WHUPV RI WKLV ODQJXDJH VLWXDW
LGLRP WKDWDYRWKRQWDPH PHDWRNHBDXWVEEVARRBBWFKHV
PHDQLQJ LQ WKH RULJLQDO SKUDMH DBKUXOWYU DFRRPED @
WUDQVFULSWLRQ DQG NWRKE@EBGVDBH HRF R K/ WIKILEM L0 WRSE |
ZRUN EHFDXVH UWIGBRWE WK WMWY RWIWDQRZOHGIH RI WK}
ODQJXDWH BRES HW RMQHQVIHUULQJ PHDQLQJV EHWZHHQ W

2 |
'RZ 7KLWHY DHHQUWQJILQDO VXEWLWOH
+ 01Anp z A 5HOHWDHE O DBVENVRVQL W X W H
'RZ$ VLQIJOHWRMRGHIWKURZKDHFX@GHUOLQHG WUDQVODWL
EDFN WUDQV ODW GR &%FDIFWN KHUDERNXODW LR Q
+ EFIQO?20=0gz A 'LUMFBMQVODWLRQ
:RZ 7KLV LV D GLIIHUHQW IHHOLQJ %DFN WUDQVODWLR(
$OSKD DQG 2PHJD

2EVHUYDWL RVX\LV R ULJEI MO 2V XEMEQMEDMHG LITHUHQW IHHOL
IURP WKH ODKW WXEPWLW OH UL R\P\W Y DMKHHI \V WIRV WU W & WO D W +
1Anp ~ 7KLV LGLRP RULJLQDOO\ GRWV¥BLEHG ZKQ AKQFDB QYWY
DQ HQWLUH FLW\ 7KH EDFNJURXQG VWRU\ LV VLPLODU W
LEXUUWHQWHYH ODQJXDJH SHR E6ID XFDLVX @EARMD HHQ G Q\
FKDUPLQJ VPLOH E\ XVLQJ WKLV LGLRP H[FHSW ZKHQ V
FRQVHTXHQFH 6R L:QLAMIKL\F MY B €@ VIDHDM URSGE 6 FIDVX VOID W W H
GHVSLWH WKH ODFN RI FRQW HIOH ZZ HGRMR &M ISRY LYDLGHHU L
WHUPV RI LWV REMHFWLYH

2 |
'KHQ \RX \HOIOHGN KR X FKWRRKG LW URUKWLQYHKE UVAXEWLWOH
B$ o- Y &IA?UCe ©° qCi ' A SHOHWWH¥ ODWLRQ
'KHQ \RX ¥BO®R WKRXJEWH\RMHU\ MRQIL&XGFHVYV  %DFI
WUDQVODWLRQ
eop ‘0 &I EA je)' 90 A 'LUNFDMQVODWLRQ
'KHQ \RX PMBPOH®XSSRYHG \RKU\ VXUH DERXW WKDW %D}

iol



$OSKD DQG 2PHJD

2EVHUYDWERSW IRU WKH OH QJWHK [3 W B BRI BUBHASUDHAHHQ W BH
PRUH YLYLG GHVYBULSW&ROQQWKYBQDOWKRXJK 3YQUAQJOLVK
REDLU®RUHRYHU ZKHQ WKLV H[SUHORXKBOMKY¥HMWOLR RU V
30 qC& LV PRUH HYRFDWLYH 6RPHWLPHV LQ RUGHU W
LPSUHVVLYH OLWHUDU\ HIIHFW RU WR PDNH WKH H[SUF

SRVLWLRQ RI WKH FKDUDFWHU | VKAV AHEDIRIEN W KWV R/QR VW R .
RI DZDUHQHVY IURP WKH UHDGHU ,Q WKLV VXEWLWOH W

WRQH R| BHGRRXQ@PHACADW. WEHWWHU ZD\ Rl LQGLFDWLQJ W
H[SUHVVLRQ

2 |
ZH GRDNKDMDRIUQULQDO VXEWLWOH
Y0 eFOgUEG*E S5HOHDVHG WGHBQWORWLRQ
ZH GR WKLV DV D |D RRKRXR®BPB RN RMUDEHDDW LR Q
y0aeé0gS» 'LUHFW WUDQVODWLRQ
ZH GR WKLV DV D IDPLO\ %DFN WUDQVODWLRQ
7KH &URRGYV

2EVHUYDW)L RVK\H UHOHD \VAED & U DOIBOBWHRQYY DQ DGGLWL
RULJLQDO (QJOLVK VXEWRWG®HVKDRUBR EXWLWEKE HQFGLFD\
REWBR WKLV DWW RERLAXYV ZH VIR K O 6 HOFRPW/MH D
FRQFHUW HD®MKRIWGHU WRRKREKOHWIHUWKLY LGLRP FDQ E
DV D WUDQVODWIGRQWRIHWIHU ERVIB RI ZKLFK LV WR PDNI
VXEW LW OMDP R GIHHU WR XQGHUVWDQG

2 |
IHYRBRW EH DRPWDRUGQDO VXEWLWOH $OWKRXJIK WKLV LV
ILOP WKH DWSHDRDNRU SYWUVRQ ZKRDWKBOZRQY HUYDWGE YWK |
KLV FKLOGUHW RXUKW LQ WKH RXWVLGH ZRUOG $V VXFK
DERXW WKH GDQJHUV RI WKH RWKWLEBAWRHUIOEH tHUBL®H

ol



LQWRYHU 127 EH@ IRRWD&EGBU WR VWUHQJWKHQ KLV HPSKDV|

RXWVLGH ZRUOGUWMR KLV FK
s7=?+3xG- p+* A 5HOHDVHG WUDQVODWLRQ

1HYHU EH WRR IHDUOHVV %DFN WUDQVODWLRQ

"hF =?+=3E A 'LUHFW WUDQVODWLRQ

1HYHU EH WRR IHDUOHVV %DFN WUDQVODWLRQ
7TKH &URRGV

2EVHUYDWHHR RWLILQDO VXEWLWOH LV D VFOEWHQFH VWI
ZKLRAKKJIHWMDW WKHVVBHBNEPUQLMINRQ)J DQ DWWHPSW
SHUVXDYXHR® IRKHQ WUDQVODW L@ D WWHHWWA W GOMHRGREG D

3s7=?+t " DQGp+s ~~DUH BRWHKUWUBN LQ &KLQHVH $OWKR.
UHOHDVHG WKDWQVODWQRYULWKDQ WKH GLUHFW WUDQVC
DIJUHHV ZLWK WKH UHOHDVHG YHUVLRQ LQ WKLV FDVH
VKROG VRPHWLPHV FRRRRYHMW KW OX®ONHRIZRY MEZRZHY\LW VO
QHHG WR PDNH VXUH WKDW WKH OHQJWK LV ZLWKLQ DQ [

2 |

6WD\ IRFWWHGVR UXQ P\ UDFH 2ULJLQDO VXEWLWOH

“/2C # DA/"C< A SHOHDVHG WUDQVODWLRQ

6WD\ IRFXVHG WU\ WR UXQ P\ UDFH %DFN WUDQVODWL
1# ? ELO ] E--0DA™C< A 'LUHFW WUDQVODWLRQ
6WD\ IRFXVHG WU\ WR UXQ P\ UDFH %DFN WUDQVODW|

7TXUER

2EVHUYDWHHR QWBUR®# LV FRQFLVH DQG FRPSUHKHQVLYF
H[SODBEVWOQY IREQVW&LY FRQWH[W 7KH SUHIHUHQFH IRU )
RI D VLPSOH H[SUHVVLRQ LV D UHFHQW WHQGHQF\ ZKLF
LQ WKH ZRUOG RI ILOP WUDQVODW ILRQ KERWSIX V% DWKIHG R

U H V H DRIBFAKHHWYHDAVP HDQ W LRHDFHVWGLRQ W KH XVH R

LGLRPV UDW

VWUDLJKW[BORPRQD® LRQV RI WKH RULJLQDO MXEWLWOHYV

ioo



WUDQVODWHG IZ&BAX YANXRBDW VXEWLWOHUYV DUH SD\LQJ |
WK\ WKHLU ZRWONWDYHDWKH UHFHSWLRQ RI ODQJXDJH D

|
, GRMQOLNH WKLV ERRN 7KLV LV JRLQJ RQ IRUHYHU 2ULJ
AADG ViF \— A'NY'NY, A SHOHWDH) ODWLRQ
, KDWH WKLV ERRN 7KLV LV HQGOHVV %DFN WUDQVODW
A=1IRF\- AF -0-$°;55 E--=5n A 'LUMFOMQVODWLRQ
, KDWH WKLV ERRN 7KLVWVVHH @K B GIFRGCUNQYIHQY GDW LR Q
'HVSLFDEOH OH

2EVHUYDWLW®&W UHOHDVHG W UD @W® B WIBRE&WPIVKWHR VXEW LW
H[SODLQ WKHVHSRREHWHQWHQFH LQ WKHALRGMGHELQDROQV X E W
JLYHQLWQK®OKLQHVH WKMD QBSRW LLHEWZ BRNSRE WX & HOW R U
VRPHERGUHIRINFMH DWWLWXGH RI WKH ZKHI@ MHUE IHQ DADK H
OLYLQJ ZLWK KLV DGR SWHHSD & DN QW HR)W D*SBDMFW EHFL
XQDE®HWWVROHEGR ZQHZ UROH DV D IDWKHQG %MWM KOV LQQH
NLQOXFK MK H LVGHRR GRE PWA QWY | L O PL V BAHLHHY BAMRWEMHU GD G
DQG HYHQ W KDIQHLLEE@M{ SUHWHFWY WKH ROGHVW GDXJKW
DFFHSW WKH GDQFH LQYLWDWLRWHUREDFERKRRH DN QGRS
KH UHDOL]HG WKH SIRPSDUWG ZRQWHURKM UHOHDVHG WUD
WUDQVODWLRQ RI WKLV VXEWLWOH LV PRUH OLNH D QD
LPSDWLHQW DWWLWXGH RI WKH VSHDNHU

|
KR ZRXOG GR WKLV WR VXF R WL VZHMHW VXIBMWL O/ HF K LF N F
B1J) (8, ?2TQ ;M { " 5HOHDVHG 7UDQVODWLRQ
KR ZRXOG ORJIXWERHVV WKLQJ WR OL NFEK WWAKDWINV W OH
WUDQVODWLRQ
B1J)F g (a, ?TQ SF /y »’ U 'LUHFW WUDQVODWLRQ
KR ZRXOMKGR WR VXFK D VZhBDWNOWW IVQWHOBPKALIERI®I Q"

'HVSLFDEOH OH



2EVHUYDSIPROQWU WR WKH SUHYLRXV H[DPISOH "WKH WUD(
LV D &KLQHVHZIOUFKKDHYPLQYBRXWROHVY WKLQJV WR VRP
VRPHWKRQWKLV FDVHVXFMENFORID 1 QI SUFW.VEPHQW RU

UHYHQJH +RZHYHU WKH GLUH FWQY WXQMORBIIRIQ FDQQR
$OWKRXJK WKH DXG LH@BRHUMHDIRWQ BB FR\Q /GIGW RI WKH L

RI WKLV DX & WHBEEBIBPDWMH-R) XCHDON X3V M AR BL Q J

|
P IDVWHU WKDQ IDVW 4XLFPNEHWLWIOMNQ TXLFN 2ULJL
+#:PH1 E :P A 5HOHDVHG 7UDQVODWLRQ
P IDVWHU WKDQ IDVW 4XLFNHU WKDQ TXLFN %DFN
AJCoeCo EC°eC°, A 'LUHFW WUDQVODWLRQ
P IDVWHU WKDQ IDVW )DVWHU WKDQ IDVW %DFN W
&DUV

2EVHUYDWKIHRQWOHDVHG WUDQVODWLRQ LV FRQVLGHUHG
EHFDRMHHR®HDQG LQ WKH JLYHQ@ KHWAKDMAR FKDUDFWH L
VIQRQ\PV ERWK RI3VDK/MP DPG® QRGN KDW WKH RULJLQDC
UHIHUV WR V\QOROMOWT XRENWKH X9 BIQE& LV IX00\

DSSURSULDWH LQ WKH7KMWD QV ODKWDMG WEKH WGLWOBIHFW WUL
HPERG\

%LJ RLO ,W FRVWV D IRUW X QHU L3R Q O OWDREN ILW OHIW W

#'é d E_9Ja A* C»UGYTA 5HOHDVHG 7UDQVODWLRQ

%LJ RLO ,W FRVWYV D IRUW X Q% D B R OMDXMQ\RGED MM B W W

#'¢ d A _WO0LDJaA™ Co«CoUGY A 'LUHFW WUDQVODWLRQ

%LJ RLO ,W FRVWV D IRUWXQH 3ROOXWLRQ LV JHWW
&DUV

2EVHUYDWKHRQBLRP LQ WKH UKDWBRWHEGD WH IPGNDAPRY IR Q
SDWWPHIIQGY LGV IGHLUHFW W UD QV D DWHK. RIG! J EIRFBHW IRHW K A V

ioo



RI WUDQ\I®DGYLRYQ PR G HR PIDAERAP H Z\KORW W RCY+OMK D Q
GY *HQHUDOO\ VSHDNLQJ WIK&HFR Q DLEHGDMWILR&LW LR QD O
H[SUHVVLRQ FDQ VKRUWHQ WKH OHXQMEHFRPMHQGWEDQV O

\RX GRQQRZ DQ\WKLQJ DERXW OLIH RXWVLGH RI WK

YB(™ F'F+ O p. " S5HOHDYWBIGVODWLRQ
\RX GMRQQRZ DQ\WKLQJ DERXW OLIH RXWVLGH RI Wk
)B(™  F, +O#k 8 XG- =. Ff " 'LUHFW WUDQVODWLRQ

\RX GRQQRZ DQ\WKLQJ DERXW OLIH RXWVLGH RI WK
ODGDJDVFDU

2EVHUYDWIIDR®VLQJILWIKRPpPp. ~QRW RQO\ PDNHV WKH WUL
VKRUWHU WKDQ WKH QMRS KD WU B @ VIREDMY\HSIAADENHR |
YRLFH 7KH EDFNUIRMKIQG VIFEMRAHMEDNY WKH SWRW DDILRRQL V W
ZKRV JURZLQJ XS LQ D JRR KH KEWH\RW &S HERY ER X WK W K H
KH LV FXULRXWH DERX WU WQ\GM KWK D U A XKILLR\DLEN \Q R W

ZK\GR WXRHWHDQ@QWH JUSMVV XWKH X0 H.R1 " FDQ EHWWHU HPSKDV
WKH WIXEPW $DWHW BKRYJ GHVLUR KLRKRYRVGLRIPGBIOVR LQGLF
LV JRLQLQDRJEH) RQ WKH E D VQRVWIOIETRW WH ZERAFBAYG

WKH ]JRR )JURP WKHY SRKEWWH Rl WKLV LGLRP DOVR KI
S3VRZLQJ WKH XHYGXW®RGBHVEH HFKDOOHQJHV LW ZLOO HQWI

|

<RX GRELWH WKH KDQGNWRIMVEHIBMWEW \RPULIJLQDO VX

e=7- Mg+zO AFO_), A SHOHDVHG WUDQVODWLRQ

<RX @R ELWH WKH KDQ® HVXDWHIHH®WG QREYV ZLWK H
NQRZ W KDWKW %DFN WUDQVODWLRQ

¢=7-U .4y 2« Ui{ +X|? 6’2 A A.FfFO_), A
'LUHFW WUDQVODWLRQ

<RX @R ELWH WKH KDQ®HNKDWHIHH®\G OR'V ZLWK H
NQRZ W KDWKW %DFN WUDQVODWLRQ

ODGDJDVFDU

ioo



2EVHUYD W)L REHIK GO ORKKQHVH GLFWLRQDU\ KWWS GLI
W KAD \ L €GIRIGE L W HK BVQXGIV W KRDXD QIBIHHG X LW HZ VB QW Q H V V

DUH VDLG WR VKDUH ¥™MeH /D PrHR PHINDHQUL QW KDY GLUHFW W UL
DZRUBHZRUG W U RQWIOHD WQRIL VK BOEWHKHRXIR@WKH PHDQLQJV
GLUHFW WUDQVODWLRQ DUH DOVR HDV\ WRRMIRKPSUHKHQG
4y2«e ‘D& |? 6°? “'DUH HTXDEQJWK

|
<RX MXVW DPXVHVRXUZHOILGRQ VXEWLWOH
ea__8a8€ E_ W" 5HOHDVHG WUDQVODWLRQ
<RX MXVW DPXVHV\RRX'VHODFIERQUDQVODWLRQ
ea_a€8! E_=_ U 'LUHFW WUDQVODWLRQ
<RX MXVW DPXVHHV\RRX'VHEDFIERQUDQVODWLRQ
ODGDJDVFDU

2EVHUYDWQWBRXJK ERWK WKH UHOHDVHG WUDQVODWLF
LQYRIBXH FKDUDFWHUV WR H[SODPXWHKHR RUABBHIOQ DO SDW

€ DQ@™m€8! ~ WKH BEGaR® "LV RUGHUHUPVOWIXFWXUH
ORUHRDHRRUGLQJ WRWRH) XVH RI LGLRPV LVRX@®® QJIJXDJIJH
&KLQHVHWVENRYSOUBB\ W KHUHIRUHD@KKRQYWBHQW I&KLQHVH I
WR H[BOIOLWW LFFEK RDUJE DR ORWRXKLQHVH LGLRP WRRXOG EH
D SULRAKULW\LV FRIQWUGEWDHEVWPLMVR (DVRDLOOLQJ WZR ELUGYV
RQH VWRMHV MVROMQHIW KL ® L R\PRHRWKHH HOY&EBUVWRRG LW ZLO
I[URP WKHLYHURSHEKWOWXUDO DZDUHQHVYV

|
$QRWKHU GD\ ELWHV WKH GXVW 2ULJLQDO VXEWLW
1ICY o <Kd& EWapK,0Y A 7KH WZR XQGHUOLQHG Z
VKDUH WKH VDPH PHDQLQJ 5HOHDVHG WUDQVODWLRQ
<HW W K HOHHDWPH JGHDWWISBRLQWHG %DFN WUDQVOD
@ _ OCU#  0Y A 'LUHFW WUDQVODWLRQ

iood



$QRWKHU GD\ E LADHW WHKH GXOBW LR Q
ODGDJDVFDU

2EVHUYD®AARUWNGLQJ WR WKIM KRR OMBH WV DENOHP VKRR H  E\
SHQIXE@®ZHYKHHQ KHVKKDW WKH SHRWXERFLQIHGIW KH IH
GLVDSSNIQWHGRWKHU GD\ ELWOWWKHIBEMDVHG WUDQV
VXEW LWROAR BR/BRPK " WR H[SOMLQUHDMW GLVDSSRLQWPHQW
LQ WKH GLUHFW W BOCQ# O LWL B QF VEECRNKIRIRYE RQH V' W K H
GXVWW FIXOER@YH\\ YPGG KRBRRBKIVW OU#S ~ LV

PRUH RIWHQ XVHGRRRKONVURWICEAHIDLOHG WRDARVVRPHWK
HPSKDVLM\LRWB W K HUHWIKDKXW ap K ~ LV XEK FORY MK H
RULJLQDO H[SUHVVLRQ ,W BERLMH FRY PKKEU DYEKWIUW OH U
WKDQU# ~ LQGLFDWHKE LG KD WIWKRBWHRQV DQG ILQDOO\ FK
R QWM K D W UBHHWHMIKEHU V $HDMIHIQD O WKRXJKW V

|
:KRD /RRN DW WKDW 7KIW\LYDRBOH XUDIL@RXDO VXEWL
-x FO£é-0 ACUY #QlZ 5SHOHDNME®BGOWW LR Q
IRRN 7KDW ZRPDQMRPANR XWRM XQLYHUVH DQG VFDUI|
DOQEDNHWRMGAMH FU\'  %DFN WUDQVODWLRQ
+ ¥ FOFO 0Z-A ECu4xA ' £é % 'LUHFW WUDQVODWLRQ

:KRD /RRN DW WKDW 7KDM\L®IRAQH ¥IDAN WXI$BIQV OD\
!

7KDW LWUROE®J XJO\ 2ULJLQDO WUDQVODWLRQ
ay]T 00!, M-"MZ %% 5SHOHDVHG WUDQVODWLRQ
W LV OLNH EHLQJYKIUW ED WEERXNUQ®G Rl &KLQHVH

XVKX JHVWKIURXPDK D GHR® OGIRRXW RI DOO UHFRJQLWLR
WUDQVODWLRQ

-O_7-Alk>=2q Y% 'LUHFW WUDQVODWLRQ
7TKDWRDFIKOOLQJ XJO\ %DFN WUDQVODWLRQ
ODGDJDVFDU



2EVHUYDWLREWH SUHYLRXV VHFWLRQ \DMFRH GIHYH IMRF KK
FRQFOXGHG W KRN DANGKOH DARRERML WDOGHW LR QL@ H[SRXWVLRQ

Rl  WUDQVODWH&LWXEW WM 8 HWL LU & HVRW RV TOIHW BD G LW LR
H[SUHVVLRQV DPRQJ WKH VHOHFWHG ILOP WUDQVODW|
ILOPIRXQG WKDW WKHVH WUDQVODWHG VXEWLWOHV J

H[SUHVVLRQV WR PDNH WKH IRY P UTRUM WIDP@\V D Q & LRV R
7KHVH WZR H[DPSOHV DUH UHSUHVHQWDWLYHV RI WKLV V

7KHVH WZR VXEWLWOHE @D S\SHD UL O R FFKNKY LODHW & SOKH
JHEUD ORRNV DW WKBQE QU RD WOV VKRFNH® EERNBRBDW LQJ
DWWIKH WZR UHOHDWYHG VORI RQDMW IR @KLQHVH DUFKDL
LGLRP LQ EROG EXW WKH WRQH REZKBREKH XO@GH W & HQHHX
UHIOMKEW ZQ\ZKEREXODU H/[ DUHVOQ/RE L Q HWHRHY RIQK D Q G
SUY#QIZ LV DQ DUFKPRMWPRILQDO PHRPHRQEHNKDYLRXU
PRYHG WKH ZKRZKLRRLRHMME XVHG WR GHVFULEH D JU
GHYRWLRQ WR VRPHWKAMMHMEH P B DNIDIRROHLQJ UXLQHG RXW
RI DUHFRJQLWRRHYHU NQ&MIRGDAH ODQJXDJH ZKHQ SHRS
VRPHWKLQJ RU VRPHBRBQ XOFEG RUH EDBOH BKRHRIMH WKH
WKHVH WZR H[SUHVVLRQV WR HB[SWKD HQD WKAKIDW ER QW R

KXPRURNXVWR VIDR YRR W X MKHR BIWHQME ~ RG- ~

MZ ,Q DGGLWLRQ LQ WRB VHFRR @G DHMZARSNDER X O D U
H[SUHVAWM® QY WKH UHOHDVHG WUDQVODWLRWLPBV&KLQH\
RI UHSHDWB G\OK R/ YIBUG HGURIHW K H GW\KRWQUERIU SHUVRQ 7
PRUMKRH WKMHDWHU MWKB RRGHQW &KLQHVH WKHUH DUH |
ZD\V LQ RIKRLFPKH PHDGQGYEWE00 DQWO0O "~ UHVSHFWLYHO\
PHDQ®BQHUHUD Q& HUMHUMHU\6LPLOMUOQIRUPDO (BJOLVK V
WKUHH ZD\\BYRIUR@NV@J H[LV W30 KIHW HEBSISR R SRIMWXWA
VSHFWIWLB QWD WHRKK MLMUDYDSSOWUD BHHLQJ GHVFULEH
$QRWKHU HMUMIXILRY REQH EWMXH VXEWLWOHRA ,Q &KLQ
RULJLOBIGIQWDHGL QR R1 &KL QH ¥ KL RBKHN:DO/X XD PWVWHUV OHI
LQ RW®BHUHDW RSSRQHQWYV ¥KWHK IV X &WRE OB UWAR PELQH
2" LQ RUGHAS KERWIKB FW W KD WJ BHVHA QMH XS IHPL |, Q
SRSXODU H[SUHVVLRD "WZKH DR WRDIAP RZIKLFK BISSHDU

s oz



D YHU\ IDPRXYORRMHGJ) 6FKRDGH E\ 6WHSKHQ &KRZ D .
NQRZBQJ .RQOP GLEBHWMBURY¥ PHINEDERWKDIWQ PDNH WKH

UHFHLWEBMOFN KHU EHDX®RLROGLU®REWDQRWKHU NLQG RI &K
PDUWLDO DUWV JHVX\SSRY HWKKDWIRWKHH VXEWLWOHU RI \

WDNHQ QMSHIUDW LR Q U R®V 6 WHIDCH @ [BBURAY WLKR-DD
PDNWMKH &KLQHVH OXGD HIMWADHR UPRUBJHG ZIRVWK MW RLV
ILOP

!

$QG WKDMWZKR OMHK IYWSHALIY. QDO VXEWLWOH

F9 «T-Ty, K11:+WA& 5HOHDVHG WUDQVODWLRQ
$Q0G VOKFWRRYMEDWKH EOXH BDBNRWM QVODWLRQ

Foof  ~ o™y B$EIA 'LUHFW WUDQVODWLRQ
$Q GRWIH P DIUBNRMIL QW KH VS HFRFNV WUDQVODWLRQ
5LR

2EVHUYDWKIFR @PFNJUR X Q GV W@ LR/U PRREMFRIP@Y WWKHIDFW Wi
RUQLWKRORRBRQWWQR@DKRH RZQHU RI D EOXH SDUURW WR
WR PHHW DQRWKHU LEDRM GHW WRWF R B ZH.Q/HSH LM/ VD Y H \
SDUURW +RZHYHU WKHVH WZR SDWRXIWHEKMWUHIRWR OH Q
/LQGD FRM\SKIIDMQY RKRH)REG REY WY LQJ WKKDYREBXMW KHU ELUG
LQ GDQJHU ,Q W KR @GKR-OWAE\PHDA Q\GLIFQWIHXWW K DMR @ K LR
JUHOMQ JWAR/QWIRQGED WR PDNH KWKHD®MAL WRRE YHRJ
DOWKWXKHKUHFW WUDQVODWLRQ H[SODRIW QRW RKRWR$HYD
FRQYHQ®DFRPSODHYSRYVVRDVGWKH UHOHDVHG WUDQVOD
L G LR+ WAE

|
'LWKRXW \RXU SWUQRWRILQRH 2W. JLQDO VXEWLWOH
"N9e>%D 30-=I A 5HOHDVHG WUDQVODWLRQ
'LWKR X\8HB KU PIVQFRIW ZR U W PNFAMQIVQVODWLRQ
"N9e>%D E*8xG-=_ A 'LUHFW WUDQVODWLRQ

s



'LWKRXW \RXU SWUQRWHKDLQBH LW
S5LR

2EVHUYDVOLRWEW UHOHDVHG WUDQVODWLRQ@QWRAYHWH RI
WHKIELRP=| ~ ZKLFK RUERPRQDRWIH FKBLYMRAO = E

4C0-=1 ° PHDGWXH PRVW UHJUHDWDESIDMEKKE) LV W]
LPSHULDO H[DPLQ DMKVYRRQOME RZX UQ\RRGHU GO&KLQHVH

| "LV VWLOO XVHG W RWKDWE KKERWP HV R RHW KIOPNV EHFDXVH
FRQWULYHG UHDVRQ ,Q WKLV VXEWLWOH 3WRKH XVH RI
SHUIRUPD\W EHPIRUH LPSRUWDQW W KRG XWFKH RODNKRWY \§ Q|

6KDNHVSHRQUWKH ILOP RAR{BW HPW MY VR D OFBOHES W
FRPSOLPHQW EHWZHHQ IULHQGY &RPSDUHG ZLWK WKH

WUDQVODW LR R XHDBFHEHBINWERGW KR YRLFH LMBKRPXVH R
30-=1 "LV VW DRVGLIW U HIWMMH YOHH)Y FR RSO LPRWWH VSHDNHU
WR WKH UHFHLYHU

|
LWK ORMHQGQHVV D FRPSZHWIMHQMPINWREW UW OH
+X(a ‘8Y 0IQ#G6M™M'5HOHDVHG WUDQVODWLRQ
'LWK CCRYEHL Q G QVHKKWHV KMICK\R U R W UKD ERHIU V 96MDIF N
WUDQVODWLRQ
+X(aE ‘8Y E 0!Q "M’,” WE@e 'LUHFW WUDQVODWLRQ
'LWK ORMHQGQHVV D FRPS®WBMNHWDNGWRYBIW LR Q
7KH 6PXUIV

2EVHUYDWHRRU/GLQJ WR WKH FRQWH[W DWKLM MIXEWQW O
FKDQJB 8D UWLPRXI B WIMHR BKEVDWDWHG E\ WKH EDG ZL]D
VHQW WR WKH VPXUIV LQ RUGHU WM QR QN WHK HZLY DO IGI H
+RZHYHU XW§{BWEHVUFRKHUHWLGGE KB@EHG KHU WR FKDQJH

UHDO YRRUKIRYH DQGIRRYWEBNHVYV 7 KNX WRKFEESNO MW NDLHWU



EHWWHU WKDQ WKH SIONHRE WBDHGWOID'WLRQHRN WR
S3VRPHRARF KD QUHRPHLBYLD® @WROH7KH OLWHUDO PHDQLQJ
LG LRPNVRO H DMQMH K H D U WWDHQRED Ut FRAHAWEde * LR QDEOH

WR[SODLQ VRPHRQW RIMWBRBW QX IVWKIORXIWEHLQJ VSHFLILF
WK WRIUWMKH FKDQJH H J JRRG WR EDG EDG WR JRRG |

|
7KLV P\WWHULRXV PDVWHU KDV JRQH IURP XQNQR2ZQ
8 pX4i40?F>0 )a> EF }/Z20, W8 0&pP6<4CE
7KLV P\VWHULRXRQMD MVRHPUXIOINQRZQ WR XQVWRSSDE
8 pX4i40?F>0 )a> EF }Z20, W8 OLD4OE
7KLV P\ WWHULRXV PDVWHU KDVSIFDEOHURP XQNQRZC

|
DIWHU D VXUSULVH GLVFRYHU\ LQ 1HZ <RUN 2ULJL!
fo ==?4yP,” 20" = W_ A 5HOHDVHG WUDQVODWLRQ
DIWHU EHLQJ XQLQWHQWLRQDOO\ GLVFRYHUHG LQ 1
f a"N éAOABE)aX+C i= Q A 'WHFW WUDQVODWLRQ
DIWHU EHLQJ XQLQWHQW LR Q DXDANGWVPRWHIIDHWGLRQ 1
7KH 6PXUIV

2EVHUYDIKLR QW DV ORWMKADEBIYWKUHD JH O H QW W@ \RH QUHKUEINO
7KHUHIRUH WKH RULJLQDO VXEWNMOKHLVQG HYIVGIH G HIQQWF
RUGHUV LQ (QJOLVK DQG &KLQHVH WKH R®@QGQDO VX
GLVV\P P AKX FF OHHRMEW HU Y RQL M RID OLG LR QR IKIHY H
P\WWWHULRXV PDVWHU KDV JRQH IURP XQNQRZQ WR XQVW

LQ 1HZ <RWNUHOHDVHGSBWXQ YEeDWLR E E VY70,

W 80&P6<4CE fo ==?f4yP, 20" = W_ A" LQ ZKMUKH VXEWLWOHL
XWHWKUHH WUDGLWLRQDUOWHSRBNVNLRRON WQ MRQMIHDWLRQ
PDNH WKH WRORURI DNREBRUNGKATHLY DQ MBKIRW UHIHUV WF

o1



VRPHERG\ RUWRBDWWMRRBHOQRZQ RU SRSXODU LQ D YHU\
7KLV LGLRP FRPHV IURP BRHRBAR BGRHEWEMN MW RPXFFHVYV
IROORW K@ JGHEXWRR EDW)L \WREKHHU BO&Xre<40 $GGLW EBRQD OO\

UH I H BN UM U DFKRLHFKY D DOQR). H QW HMHPHAMBE D V\PERO RI
JRRG OXFN D Q@ ISHBRRISHBKHMONP\HD @M FR@WD P R B MARHQH
SHUIRUPDB=GRPMyP LV DQ DUFKDL/@X@NQRERWWHULRXV
SHUVRQ RUKEOIMDJ "LV DQRWKHU L@WILR/P FHD/AB LG H V
WKH GLUHFW ¥/ piadomW)arQ BV Y720, W8 O0OLD40OE

f "N eAQASE)aX+C 1= Q A ,Q WKLV WUDQUGDWILRQ@D ® GIHISWHV
DQG RQH SRSXODUNHHBUBIAOY LIRGXB&P6<40 VKDDMLPLODU
PHDQLQJ +RZHYBR<AXNCGOIDMD LV QRW DQ LGLRP EXW D
H[SUHVRXKR@® PRGHUQ ZKK IFpHHMPRPHR®REHFR BDNW DU

R Y H U Q § ORWK RXLIMK HYS LIPFDIVQRR H[SODLQ WKH RQWLBHYDO VX
PRUHP SKMRVQ WKH 3YSHMNG& KR UWQWIORIBE<40 ZKLFB®DFHV
PRUHPSKDRIQ WKH FHFRPNDPRXV $FFRUGLQJ WR WKH FRC
ILOM&P6<40 LV PR W ULWD WR W KSR VGW DRIB®LIZO W KD Q

7KH RWKHU HHSHHMQERD® ~ ZKLFK LV D WGUR G LMHIR@LOYY

X QVW RS STKEHOHHUWUFDQ EH DWH DU BREHSW D ROMKMW UDQV Ol
RULJLQDO H[SUHVVLRQ

7R VXP XS KHURERNH JLYHQ H[DPSOHV LW LV FOHDU Wtk
HISUHVVLRQV LQ WKH GDWD KDV JHQHUDOO\ WKUHH PDLC

JLUVWO\ WKH OHQJWK RI WKH WUDQVODWHG VXEWLWO
VKRUWHU WKDQ WKH RQHWVZLWKRXWVVRBK D[SQIHAVDVEO H
VXEWLWOH WUDQVODWLRQ IURP WKH SHUVSHFWLYH RI
$FFRUGLQJ WR WKH GDWD &KLQHVH LGLRPV DUH WKH
WUDGLWLRQDO H[SUHVVLRQ *LY HAQKW KN HHDIWXKLLID RV HZ R G
JHQHUDOO\ FRQGHQVHV WKH H[SHFWHG OHQJWK RI WKH
WKHP ZL®KXBDWLWOH WUDQVODWLRQ FDQ PDNH WKH OHC
PRUH UHDGDEOH
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BHFRQGO\ GLUHFW W UDWQWXHMHVRERJD@ZO\FHBKWQRYHIUQ D
KRZHYHU WKH IXQFWLRQ RI WKH XVH RI WUDGLWLRQDO
VXEWLWOHY ORRN PRUH TKMW KVBURIDW G DIGY.RAIRWWDYOH H[S
VXEW LW OHV WU FR\Q/D W HREDAS QOFMH QW BHW KRG EIHF D XV H
LQ Y R @/\UHD\Q V O\ WRFFDPOUNLKLAN @ DOHD Q J XA\DKIBIW LV IWRHOLDU W
WDUJHW DXGLHQFH

7KLUGO\ IURP WKH SHUVSHFWLYH RI FXOWXUDO DZDUHQ
LQ & VXEWLWOH WQDRNOW WA RIEIENR DWHQ WHE H VGZNM®D Q FH
WKH ILOP DQG WKH WDUJHW DXGLHQFH 7KLV LV DOVR D |
RUGHU WR HQVXUH WKDW WKH LQWHUFXOWXUDO FRPP
DXGLHQFH LV VXFFHVVIXO

+RZHYHU KRZ GLIILFXOW LV LW WR XVH WUDGLWLRQDO +
7KLV UHTXLUH M SWDHF W XFEMNCL W [SHHONM MI@E HOD Q GBXPUHKD QG F)
NQRZOHGJH WR OD\ WKH IRXQGDWLRQ $Q\ HPPHVVLYH

H[SUHVVLRQV ZLOO PDNH WKH RYHUDOO TXDOLW\ RI VXE\

6HYHUDO ,VVXHV $SSHDULQJ LQ WKH &XUUHQW 'DWD

$FFRUGLQJ WR WRBUBRRI®KHURPVHDUFKHU IRXQG WKD
LOQDSSURSULDWH XVHV RI WKIB G/XEMRGDIH HY SUDHWNOLIRVD VR
ILOPV

¢ 7TRWDO RI V TRWIL
VXEWLWOHYV ,QDSSURSULDWH XVISHPDUNYV
WUDGLWLRQDO ([SWUDGIRQMRQDO
H[SUHVVLRQV

'HVSLFDEO 7TKH WRWDO QXP
WUDGLWLRQDO WKH HVVLF
VPDOOHVW DPRQJ WKH
ILOPV

'HVSLFDEOH OH

JURIHQ 7KH VDPH WUDGLW

DUH FRQWLQXDOO\ XVHG L¢
$OSKD DQG
2PHJD



7TKH &URRG
7TXUER

7TKH 6P XUI\
7TKH 6PXUIV

5LR

5LR

ODGDJDVFL

ODGDJDVFDU

ODGDJDVFL
&DUV

&DUV

7TDEOH

,Q JHQHUDO WKH
WUDQVODWHG VXEWLWOHYV
PDNHV WKH WWUWBIVODWLRQ
7KH PRVW WUDGLYV

DUH XVHG LQ WKH O\LF
HQVXUH WKDW WKH WU
UK\PHV

*LY WKH LQIOXHQF
OHQIJWK RQ WKH WUDQVOD
WKLV VSHFLILF wWubDQVOD
SUHYLRXVO\ GLVFXVVHG L!
FKDSWHU

$V WKH DERYH FKBVUSL AMXRZWEHQPH DUH WKUHH WUDQVO
LQYROYLQJ LQDSSURSULDWH WUDGLWLRQDO H[SUHVVLR
JLYHQ E\ WKH UHVHDUFKHU DV IROORZYV

21

$K SLQV DYPG DBIHEGEQBO VXEWLWOH
z AO6P6iz 5HOHDVHG WUDQVODWLRQ

$K VR ZRUULHG

%DFN WUDQVODWLRQ

6XJIHVWRESAWQV DQG QHKHILOHVY D VWDQGBEIG WUDQVODW
VHHPV WR §L®VRIQ® KRG YY DOVR DQ LGLRP LQ &KL
PHDQRPHR®HULVD Q[LRXRPBIEWRM\WJ RU VRPHERG\ 7R DGKH!
LPSRUWDQW FULWHMLRQ LY WRDKVDDMWKIK@ WR WKH RUL
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DQG DSSURSULDWH WR LWWRRQWHPWRWKHUHLGVYRPRZ QW
PHDQLQJ

2 |
8P UHFHQWO\ DHFHABWLOMEWRGSLILQDO VXEWLWOH
OF 0ZQ4xj6iPaO0 B5HOHDVHG WUDQVODWLRQ
GLVDSSHDUHG IURP WKH $UFWLF &LUFOH
pbG+8U=#ayY 5HOHDVHG WUDQVODWLRQ
8P UHFHQWWL\U WONFRI$IW ODE GLVDSSHDUHG LQH[S(
$UFWLF 90FRN QHJDQVODWLRQ

6XJIJHVWIKRYVDOWZR VXEWLWOH LQ WKH ILOP ZKLFK LQG
RSWHGLQVW XVDQDW WXBWQWOH WR FRQYH\ WKH VDPH L
RI OHQJWK ,Q WKLV VLWXDWLRQ LW LV EHWWHU WR

WUDQVODWLRQ ,Q WKH JBYH®D UH OMIDH HDG G\HID QRO BW LIR
RULJL QWIONDXE 0 IQBI QI QUARBMFROAHHW LWHKWHVH FKDUDFWHUV ED
DEEUHYLDWLRQ RI WK+ E& KLDKHL\FHK IPBIBRRDYH QR LGHD DE|
VRPHWKLQJ RU PDNH VRPHERG\ IHHO FRRZKYHG D QGWXIW
VSHFLILF VX EWLODOHZIMVEGEG SRDNTHA Y DIAH @ KHQHVH WKDW

#,a  ZKLFK FDQ IXOO\ H[SODLQ WKH RULJLGIU@® PHDQLQJ
#.2a LV QRW QHFHVVDU\ $QRWKHU LPSWBWIHQWUEHLWIQGL
VLPSOHN DOVR LPSRUWDQW

2 |

<RX NQRZ WHDKIDMNKDS SHHH Z2 2ULIJLQDO VXEWLWOF
f.dh?6 N2.8°f SHOHDVHG WUDQVODWLRQ

%UHDNLQJ WKH UXOHV OHW LW EH %DFN WUDQVO

6XJIJHVWOR@YKH ILOP DFFRUGEYHDWR LW KW SHRY B/HDW H U

VXJIJHVWLRQ WR FKDQJH WKH RULJLQDO SODQ 7KHUHIRU
WRVHDU XS WKH RODIQQDOPROBQHQHUNFXDRIM&LKQOLNH
DUH PRUH VHULRXV DQG QHHG WR EH VWULFWO\ IROOF
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FRPPLWWLQJ D FUSOBFRDR EHYBIQ LQGLYLGXDO SODQ VXF
FKDQJHG LW ZLOO QRW KXUW RSWKBIOA BYQRBYBUO\ LQ

VWBDUG HTXLYDOHG®WE BQWIHVIYWBRQVKHUHIRUH WUDQVOI
SWHDU LQWRANB RB ANB ~ZLOO UHWDLQ WKH RULJLQDO |
DFFHSWDEOH GHJUHH

, QQURIH&W KHUH DUH WZR WUDQVODWHG VXEWLWOHV ZK
WUDGLWLRQDO H[SUHVVLRQV

2 |
7KLV LF\ IRUFH ERWK IRXO DQG IDLU 2ULJLQDO VX
aM, EGYAUEéLT y v5 )ce £ A 5GHOHDVHG WUDQVODWLRQ
7KLV LF\ IRUFH VYYBERWEGRBPVUWNPHO\ IDLU %DFN W

6XJIHVWKRQWXEWLWOH LV RQH RI WKH O\ULFV LQ WKH V
$ VXJJHVWHG WUDQVODWLRQ LQ FRIWIEGHUBGELRQ RI Wk
g el 7KLV LF\ IRUFH ERWK FUXHO DQG IDLU )LUVWO\

FKDUDFWHU H[SUHVVLRQV WR UHSODFH WKH JLYHQ WZR
VKRUWHU 1WHFROQBIOD QIRBISUHVYVYBQ LQGLUHFW H[SUHVV
RULJLQDUORXQUWRZHY¢GEE PHDQBERUWKXHDV PXFK FORVHU WR
RULJLQDO ZRUG 7KLUFGEOWUD¥KWHXVIHG RRRRXW DQ H[SDQVLI
WHSWeE " FRPSDUHMeZLWHOWKRXJK LW VRXQGV PRUH VHL

VSHOWHBDWWLWXGH MK RVKIDMSUBIVWHRQ LV QRW QHFHV\
FRQWH[W ,Q RUGHU WR PDLQWDLQ D EDODQFH EHWZHH

RULJLQBP®OLEMHNWDWFKEGS ZPMRQLQJ WKDW WKH QXPEHU R
UHWDLQV WKH VDPH UK\WWKFR DV LWV FRUUHODWLYH O

2

%XW VKM BROHPEHU , KDYH SRZHUV" 2ULJLQDO WUI
©=JAACA9Q,E " 5HOHDVHG WUDQVODWLRQ
6KH ZRQHPHPEHU , KDYH PDJLF SRZHUV" %DFN WU

%W IRU WKH EHVW 2ULJLQDO WUDQVODWLRQ



F jfLbO6zf A 5HOHWVUIM®VODWLRQ
% IRU QLSSLQJ WKH EXG %DFN WUDQVODWLRQ

6XJIHVWKRIQVQGHUOLQHG LGLRP LV WKH UHOMBRVUHG WUD(
WKH BElOWf "LV FRPPRQO\ XVHG WR UHIHU WR SUHYHQWL
IURP KDSSHQLQJ WH FRAMOH[W AR WKH ILOP 3WKKH VSHDN
ZDQWY WR SURWHEFW KHU VLVW HBPHRRE B HRR B KIS B NE UK |
SRZHU PD\ KXUW KHU XQLQWHQWLRQDOO\ JURP WKLV SR

+RZHYHU WKH HTXLYDROW QUK H EEDEMWQIHRH? LV |, Q

WHUPV Rl WKH ZKROH VXEWLWOH D VLFS@P&HU DQG VKRU\
W JRRG IRU KHU 7KLV WUDQVODWLRQ LV RQ WKH RQH
RQ WKH RWKHU KDQG XQOLNH LGLRPV ZKLFK VRXQG Ol

HISUHVVHV WKW WHOGHHW N IPMROHFBHUQ IRU DQG SURWHFWLF
MVLVWHU

7KHQ$Q®KD DQGVERHIMB LV RQH LPSHUIHFWQW HORWWH DG L
UHOHDVHG WUDQVODWLRQ

21

7DLOV DQG HDUV DUH IDOOLQJ RII OLWHUDOO\ 2U
n$¥%6ce0 =20 -0 A GHOHDVHG WUDQVODWLRQ

7DLO DQG HDUV EHFRPH ZRUVH DQG ZRUVH GD\ E\ G
WUDQVODWLRQ

6XJIHVWQRWNLY ILOP WKH PDLQ FKDUDFWHBWIDML®VZROI

DQG HDUV DUBDWXOD@WRHMERDY EHFRPHY ROG RU XQKHLC
7KHUHIRUH WKH VXEWLWOHU WWL+20 WR’ ¥WRH HYK®ID&IQL Q H
WKH LQGLFDWHG PHDQLQJ RI WKL QRN LW K@ D®L WHAW WRZE
WKLV VSHFLILF VXEWLWGHP AD QLRMINMRW K HY VMEGQN QG W H D
14,6ceG-006g0 T  WDLOV DQG HDUV36PUHLW OOEROORITXLDO
H[SUHVVLRQ WR GHVFULEH VRPHWKLQJ GURRSLQJ )URP

H[SUHVVLRQV LV QRW DOZD\V EHW WEW LW IOMQ \@ KH G\ WHRF
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RYHU DQG FRPSDUH WKH IXQFWLRQV RI HDFK RI WKH WU
WKH WUDQVODWLRQ EHWWHU

,Q7XUER/KH VXEWLWOHUFX®W LGLRP LQ WKH WUDQVODW
GLIILEFEXOW)\ IRU PDLEVWEVWR®YXHVE VHQFIHW KH ODVW WZR F
WKLV EBME®PKLIJK DQG ORZ EHFDXVH WKH\ DUH DQFLHQW
IRXQG ZLWKLQ PRGHUQ &KLQHVH XVDJH

7KMUH QHFN DQG QHFN 2ULJLQDO VXEWLWOH
LI6GE™ME® A 5SHOHDVHG WUDQVODWLRQ

7TKMYH GLIILFXOW WR WHOO WKH KLJK RU ORZ %DFN

6XJIHVVBORMIRXIK WKLY LV D FRUUHFW LGLRP ZLWK ZKLF
WKH ODVW WZR FKDUDFWHKHGE LQ WKGIHIUGL R R LIQUHY i D JGIROW
WKDW PD\ EH EHWWHU WR XVH KHUH BHBQ@XVH RI LWV
'LIILFXOW WR WHOO WKH KEMEEGRQ ~-ORY D&RPSH FRE® R @ K

LGLRP ZLWKLQ HYHU\GD\ OLIH LQ &KERMBS UMKHWDHIREOH WE
DFFHSWDEOH WR PDLQVWUHDP DXGLHQFHYV

,QODGDJDVFWKHUH LV DQ LGLRP XVHG LQ WKH WUDQVOI
SUREOHP DV WKH DERYH

‘H PDNH D JUHDW WHDP 7KH WZR RI XV :H VXUH GR 1
WUDQVODWLRQ

A _0ZOW, LO AA A ff AlGe52+A% 5HOHDVHG WUDQVOD

‘H DUH D JUHDW WHMBRUHDMAR 1R GRXEW DERXW LW 9



6 XJJIHVWKRIQ¥\A#eR+A LV FRUUHFW IRU H[SUHVVLQJ WKH R
S.QR GRXEW DKERZHWYHW WKH IRXU FKDUDFWHUV LQ WKLV
FRPSOH[ 7KLV LGLRP LV FRPPRQO\ XVHG LQ OLWHUDU\
$QRWKHUZL®/KRD VLPLODU PHDQLQJ EXW ZKLFK LV FRPS
FKDUDFWMUY LV PRUH VXLWDEOH IRU XVH LQ D VXEWLWC
D VLWXDWLRQ RU FRQWHI[W

$IJDLQOD®DJIDVFDQRWKHU XVH RI D WUDGLWLIRIQMDKOLGLRF
HISUHVV WKH RULJLQDO PHDQLQJ RI WKH WH[W

.9 OLNH ELOOLRQV DQG ELOOLRQV Rl KHOLFRSWHUYV
y _AeAeJJ $wOj A 5HOHDVHG WUDQVODWLRQ

2% OLNH ORWYV RI X MULFGREWHUIVR Q%D F

6XJIJHVWUR®VWKH EDFN WUDQVGORMW DWELD QLR DO HDQGW
ELOOIGRRQWQRW H[SUHVV WKH VDPH GHJUHH LQ TXDQWL\
VXJIJHVWHG WUDQVODWLR® RNWKH GUUHE Y DWW UDKQU/IDDHN L

37 7 XQFRXQWDEOH ZKLFK LV FORVHU WR WKH RULJLQ

 &DUVWKHUH LV RQH LQDSSURSUDLY B H RVQ\DHYNXOHIQI¥ HR R L C
D WUDGLWLRQDO H[SUHVVLRQ

+HMvV JRWLDQ WKH EDJ &DOO LQ WKH GRJV DQG SXW RXW )\

SDE"MY{ .1 A ©°——LO *IR=TW % SGHOHDVHG
WUDQVODWLRQ

+HMV QHDUO\ JRW WKH FKDPSLRQ DOUHDG\ &DOO LQ WKF
WUDQVODWLRQ



6XJIHVWLIKRDVILYHDV O DUWLRQ H[SODLQHG WKH PHDQLQJ F
KRZHYHU WKHUH LV DQRWKHU WUDGLWLRQDO H[SUHVVL

IRU WKH RULJLQIRQV SIDW W® BMERI EDJG]{(™ ~ 7KH
XQGHUOLQHG ZRUG LV DQ LGMR®’ IDIRPKDWRHHQW V&K LFKHD
ODQJXDJH PHDQLQJ D EDJ RU D SRENHW 7KLV FRXOG |
RULJLQDO WH[W ZLWK WRKEDFR KHH NMERGQHGLIQI ZHRINH R |
WK™ "LQ WKLV WUDQVODWLRQ

7KH ODVW LPSHUIHFWLRQ LQ WKH VHOHFWHG GDWD RI W
HISUHVVLRQV LQ D WUDQWDWWHG VXEWLWOH LV IRXQG L

$ ZLVH FDU KHDUV RQH ZRUG DQG XQGHUVWDQGV WZI
OEf65 > "-E-k "% @0?08¢ A 5HOHDVHG WUDQVODWLRQ

$ ZLVH FDU DOZD\V FDUHIXOO\ ZDWFKHV ZKDW SHRSO}
WUDQVODWLRQ

6XJIJHVWURGVWKH EDBWWUDQLW LV FOHDU WKDW WKLV &
WZR DVSREWY DQGNKD\IEHKDYLRXU DQG WKH UHPDUNV +FR
WH[W RQO\ FRQYH\W BMMKB IPYRRBHLWKIRRQH GLUHFW PHDQLQ
LQGLFDWHG PHDQLRUH VWAKHOPRUKMHBEWI WRID®VODWLRQ F

WKLV FRPHV IURP D &KB Q\¥ VHSURON Z&DEBK PBID\QNHQ

IRU WKH PHDQLQJ BEW KIRUSFYRY HER € RMRV KON HWHEBG VLPLOD
PHDQLEKHWRY RQH ZRUG DQJGE QX Y& HURWDQGN ONER [W

*HQHUDOO\ DFFRUGLQJ LVRWARMK H RIDSHHR XEMBRW DV R\Y K H
PDMRULWKUBRIOHDVHG W UD QMDRONGE QY X BW HWRWN RI WU
H[SUHV VOUIRES U R DU DWKHPR DHHL QW HWHV PAIRRIHVQLRQ DQG
PRUH DFFHEWDEGBWRU H



,Q DGG,IDWOMRQH[DPLQHG D QIGYIHRWPSILUGHG XDIGH & D W W K H
WRWDO QXPEHD QRH KWX EMHTWGID¥F\ RI WKH XVHVWRI WUDGL
PDLQO\ LOPUHDVKS®RUUHVVHG

$PRQJ WKH V H COHDFGADH B VIRBRWY RQO\ KDV WKH KLJKHVW
FRQFHUQLQJWWIDH XWHRRIDO H[SUHVVLRQV LQ WKH WUDQ\
LQ WKH SUHYL8XV EMWWLARWOR FRYM LYGRGH HJI WHAHWK
TXDQIKMQVLQJ WUDGLWLRQDO H[BUMR WIDROQW LLIQ V O IR WGF
VXEWLWOHV

7R VXP XS WUDGLW MXFEEONI BV H VV@DRRED DMFR/ PDLQ
WA\SHV Rl WUDGLWLR QD@L Q[ BAKHHV \J L RIFFTREEIMBU W K H

LQY HVW EDIDM LENQFIG & L REDDEW XKWV K HQPRRIGIHUQ &KLQHVFH
ODQJIJXDHNKHVH WZR W\SHV RI WUDGLWLRQDARH[BUHVVLR
EXW D®AKRM IHY AR OGIRVRVDRI WKH JH QWU D ODERBIGWL BV K H
XVH RI WKHVH WZR W\SHV RI W UBIGULWRKR\Q Bl @ HI/SHRBWOMH. R
ODQJXDJHDRXWKRP FRQGXFW TAKKHILHJI RGJML OW IOH. IKVH RI W |
H[SUHVVLRQV LQ IRUHLJQ ILOPHNMNEW LWHPHZ MHURX\HO D W L
WUDQVODWHG VXEWLWOHV PRVHZHQW HIM VWRLQW \B Q GFBVF F
WR ZDWFK WKH ILOPV

7KHQ LQ WHUPV RI DYDMWWALMDXGHEXGWHREPWWGY WKH XVH
H[SUHVVEBRQWLHG RXW D PRUH GHXWLIQOHD TRNWWWRQDWL
WKH QH[W, ¥HFW IR FULEH DQG GLVFXVV WKH GDWD UH
VXUYH\

'‘DWD $QDO\WLV RQ WKH 4XHVWLRQQDLUH

$VGHVFULWKE BQHYLRXV LQWURGXFWLRQ LQ WKH ODVW
DQVZHUHG E\ \RXQJ DGXOWWRZKIR I BB GARHIRFLHG HRIW G
(QJODWKJIXDJH DQLPDWLRQ ILOPV LQ WKH &KLQHVH PDU!
SURYHG WR BIiQ GDIEMEHMIKHVKH UHVXOWYV IURP HDFK SDUW
VKRZQ LQ WKH IROORZLQJ WDEOH

AXHVWLRQQUVYNMHVRRQG 6WUDWHJILHV Rl ORYLH &DSWLRC
(QJOLVK DQG &KLQHVH



6 HFW L RIQ $ % &
6HFWL 4

6HFWL

hbbbgbhbbbhbhbhbbbb

BHFWLRQ

&XOWXUDO EDUULHUV

6SHHG RI RULJLQDO ILOP

"LYHUVLWLHV RI WKRXJKW SO QG (QJOLVK
&KLQHVH

3URSHU QRXQV

7TUDQVODWLRQ TXDOLW\

6WRU\ RI WKH ILOP




$PRQJ WKH VHOHFWHG 3DJUW YV, RW RAXHEMV WMUDHW QRQW H G
WuUuDGIHYEBRDWLRQV WKH\ DUDQ&HVWHKRIXOLIJKWHG LQ W
FKDUW

JRUXHVWLRQ WKH3BRQGIJUGBODFHWELD JLDQW LQIODWD
LV SDQLF WKURXJKRXW WKH JOREH DV FRXQWULHV DQG
ODQGPDWNVUHOHDVHG WUDQVODWLRQ LV $ ZKLOH % LV
XVLQJ DQ\ WUDGLWLRQDO H[SUHVVLRQV

$ 6< {/1'f_0Z W, u'D/fi A" »"EC§ ™3 €| E4-
e"AG-E"r 048, -&* | A FRQGHQVDWLRQ WUDQVFULSWL
%DFN WUDQVODWLRQ ,W KDV EHHRLWBSQRBH & KN FIK
KDV FDXVHG JOREDO SDQLF ZLWK SHRSOH LQ GLIIH
WKHLU RZQ QDWLRQDO WUHDVXUHYV

% 6<D+XT0Z W, uDH t,s 3 A" »AU ™3 4 - Y, 8"A € | E
B.2+ 08! -&"7 A
%DFN WUDQVODWLRQ $ KXJH LQIODWDEOH S\UDPLG
KDRDGH WKH ZKROH ZRUOG IHHO SDQLF ZLWK SHRSC
QDWLRQDO ODQGPDUNYV

& <RXU RZQ WBBGBEZBBBBMRERBBBEBBEBBBBBBBBBBBBBBBBBE

2EVHUYDMKIHRGBWD UHVXOW RI WKLV TXHVWLRRRMHWKDW
RSW LRZK L$O H RXW RIFKRVH RSWRAGB Bl IHURHG KLV KHU |
WUDQVODWLRQ LQ ER[ & ,W VKRZV WKDW WKH PDMRUL
LQYROYLQJ WKH XVH Rl WUDGLWLRQDO &KLQHVH H[SUH
LWHPV  $OW KIRWINK RMKMKOINE® WZR YHUVLRQV DUH VLPLOD
LQ OLQH ZLWK WKH WRXOHBN LIHQKDBMWMR QW KH XVH RI LG
EHFDXVH WKH\ DUH PRUH YLY LG \IRGE QIHROH DXEAG D\ $ IRFFDUDG
H[SUHVAMMWRIQFRDUDFWHU ZRUGYV PDNHV WKH ZKROH WUDQ
FRPSUHKHQVLE®H { 9LVXBD®O®DFHG E\ L3 VKRUWHU WKDQ

WHWSODFHG Y KPLWHKH VHQWHQFH VWUXFWXUH 7KH VDPH

RF*3€] "LQ WKH VHFRQG VHQN HP®REHH SW MVHWQ D QADAD W L R

IXOO\ HTXDO WR WX B REDO LIBD@LIWKH W RLUE"H[SUHVVLRQ



O WU\TREHVW WR SURWHFW LW H[SWR/VHBDUWRKKH W UR
WKLHVKEH VSHDNHU WKDQ WKH.EBVH RQ MRGAPRQ ZQVYGDWLR (
/IDVWO\ IRU WRGIDQDPIWWARMU G UDQVO-RWLRQD QG VKM
WUDQVODWLRQ7LQ %KHVIRUPHU RQH LV D PRUH DUWLVW
QDWLRQDO KLVDAFGUEFD® QOWWBHVWDGLWLRQDO H[SUHVV
227 "LV WKH GLUHFWKLQNQWRBVWIRMWHU WUDQVODW LR
EXW7 "LV DQ DEEUHYLDAMWRQ MRPEROLF FRQVWUXFWLRQV
EHORQJV WR DFDGHPLF H[SUHVVLRQV LQ WKH NQRZOHGJ!
QRW HYHU\ SHUVR QFRB QUIHWAHEE® B V®IEQ7 RLQ RQH RU
WZR VHFRQGV:-@KHUMWHBVLHU WR ILRD-WKHH QVMER UW WLP|
SHULRG

JRUXHVWLRQ WKH RUIOHDDIOQY XHEWHIUNRBGHZWWRVZRQGHU L
YLOODLQV DUH UHVSRQVLE&MURDWWKW KHY8 R XW UDUQL\PGIL
VXEWLWOHYV ZHUH

' WaG- X)L ZF+[4x, We<a S 72"q! =C—, *» A
YFWUDQVODWLRQ (YHU\RQH LV J¥HYNQQD LZX\R ¥ RO®
VXFK KHLQR X YS[CEDIES WIKRYH @ RFDOL]DWLRQ

( AUpP9éG-#="01 F F+|:  Z+<(?+)F !’55>|COCS U
%DFN WUDQVODWLRQ 1R RQH FDQ WKLQN RXW ZKR
SD\ UHVSRQWREW®ILY KDWHIXO FULPH"

2EVHUYDWWKIRQBWWD UHVXOW IRU WKLV TXHWVHWISR® GY QWKD \
FKRVH $ ZKLOH SHRSOH FKRVH % RQH RWKHU SURYLG

& 7KH ZRHICORXVSDUDSKUDVHG DWgDP=GKLQH+HRZHY.BURP
RSWLRQ % XVHV D UKHWRULFD QV TEKRHR/PAHLR/QV VVRR) HAPIS IK\D WAL
DJUHIHWWKKH XVH RI WKLV LGLRP LQ3QWHCEV MWMURQPMGDWR R Q

GHVFULEYL 0BEHHMVMR Q L19 SHR/S OMKFDRQQRUV.PEH IRUJLYDEOH
XVLQJ RI WKLV LGLRP FD @V YRX\\RE/ONUKH SW KN MVSRIRWRHLU Q



ODQGPDUN 7KXV DOWKRXJK WKH UHVXOW VKRZV WKDW
&KLQHVH WUDGLW QRQPHUM[B UGN WWIR.YY HQFHYV LQ WUDQ\
QRWLFHG WKH LPSRUWDQFH RI WKH VSHDNLQJ WRQH L
FRPPHQWY RQ VRPH SRLQWV 2QH UHV®HREGKDRW WUDQVO
#_ ZIi24x 1y I)W% YW55COCS U7 (YHU\ERG\ LV KX/ \RUQW KH

KLIKHD@NLQJ YLOODLQV LV UHVSRQ VI GHK IR UV S\HALM L R
WUDQVODWLRQ WKH FHOMRXWE&HUROLRHG BRBKE®IO H[SUL
WKH UHVHDUEYHEH @KIQGNEDWLWOH WUDQVOD®GRQ EHW
&KLQ@HIRISXODU H[BKHWIN HROUHUYLRY\GLVFXVVHG ODWHU
FKDSWHU 7KH VHFR®O WIS UNVD LEKL@HVH LGLRP ZKLFK
VHULRXV FULPHV $OWKRXJK WHFKQLFDCO®\=®-SHDNLQJ W
LV KLJKHWD WeES @58 WKH ODWWHU H[SUFW WLBRRQMOD®VR Q
WKLV VWKW LWHO/HDUFKHU DOVR DJUHHV ZLWK WKLV WUDQ

7KH QH[W T®BBVWLRORVLDXHVWLRQ WKH VXEWLWOH ZDV
WKH OWIKDYLQJ D ED\GV, WBE& XW WLPH WKDW , JHW P\ ZD\
ZKDWHYHU , VHH )UHH]H UD\P)UBNHQUD\EPLEHHIEQUBD), ,
WDNH LW SHWWADDO :DWKIKW WKLV LV VR IXQ7KRHR VHH '
DOWHUQDWLYH WUDQRDDWLRQV ZHUH DV IR

) GYAGD,s,e Y% )aX& E~“0 -1}, 07°G-1&0 Acéy
4 céydi  céydi GYAOGD, e, e 2+ I""AAe=JAA
OA--f EF = 0U A jA_ZWe<i0 A GLVORFDWLRQ
%DFN WUDQVODWLRQ 7RGD\ , IHHO YHU\ EDG YHU\
ILUH , ZLOO GHVWUR\ DOO WKH)WHKH.IU YV D\Q RAHHAHHV U |
7RGD\ , IHHO YHU\ EDG YHU\ EDG LI \RX RDQWG PH E}
/IRRN FDUHIXOO\ WKLV LV QRW IXQ %HFDXVH , DP D

* 0Y _33 E33 E33,0Y A)aX _L¢oplb, &1 A1y A-
20,07 Acéddi Y%géddi cé44i %aY_ 33 E33 E33/
O0Y A2+2UCF _A’» EFO-WA?06 EF--p, -)U AGI,A A
%DFN WUDQVODWLRQ 7RGD\ LV D EDBBROED\® XEDG GD
SOHDVHALOO FUXVK DOO WKDW , VHH )UHH]H UD\ )UH



EDG EDG EDG GD\ ,I \RX WKLQN LW LV P\ RZQ EXVL
WKARRNV IXQQ\ 'HVSLFDEOH PH

2EVHUYD3LWRWMLSDQWY JDYH GLIIHUHQW UHVSRQVHV Wi
SHU FHQW SHRSOH FKRVH RSWLRQ $ WKH RIILFLDO
SHRSOH FKRVH RSWLRQ % DW K& GGG MRV LW IHUQ WEDW LW & H
PRUH SHRSOH FKRVH WKH VHFRQG RSWLRQ UDWKHU WKD
WKH VHFRQG WUDQVODWLRQ 7K\D W R{EH. (& DS D\E O B QLVGD WK
PDUNHGGRV MR FDRALEROMW U DWW RPPH QG HEE B\QIR W \Wa L
DSSOLWBRK®HWUDQV O DWER BWRUIDVRRUM GHWFXYNGRQ RQ
WKLV SRLQWS LQ+RZHYWKHUH LV VWLOO RYHU D KDOI RI U
WKHLU SUHIHUHQFH IRU O\DKWLR BF RRG HYHW X UWDROP WAUKDHD '8 H
XVLQJ WUDGLWLRQDO H[SUHVVLRQV WKH DERYH WZR W
WUDGLWLRQDO H[SUHVVLRQV ,Q WKH ILUVAW UHOHDVHG \
« LV D NLQG RI WUDGLWILLGRQPDHD HWS UV \DV URIG HVPLEW.YH DG
SYHU\ YHUWEKBIGVHFRQG WUDGLWLRQDO ®[EBWHVVLRQ LV I
ZKLFK PXWIQQJ IXOWRSRZIKW 7KHQOWKH ZRWHISUHVVLRQ F
&KLQHVH DUFKDLV®V R EHDKU PLHOUBHIRHG FRHUU V\ERY K iHI DXO/M
RI WKLV ZRUG PDNHV WKH WUDQVODWLRQ PRUH OLNH D
W UDQ\WODWKIR QVWBRQY SDWIWHYUQ RI D VRQJ LQ WKH ILOP W
E\ WKLY WUDGLWLRQDO H[SWHH MRQD R V IZHVDIORQ QL \R P\R VR
ZRUG WUDQVODWLRQ 7KHUH LV RQHSHWLYHYKLFELRP LQ
HTXDOOVGRBYROHDD/MS/ D JRRG XVH RI WUDGLWLRQDO H]

JRU WKHXHVWLRQ W KBINDXE WEWORILDDWR WHOO \RX DER X
EXW , KDYH EHHQ ZRUNLQJ RQ VRPHWKLQJ YHU\ ELJ 6
S\UDPLG WKLQJ RXWHD®KHUIZPMHIUYHY LQ &KLQHVH ZHUH

+ -WEAf&F =#B$!TA" X1t BONOW O0; H £, FO»D 3i\
"N#" 3DUDSKUDVH %DFN, WDWQACIOLRRQVRNVHOO \R

WKLV \HW EXW , KDYH EHHQ SODQQLQJ D ELJ SURMH
FDNH FRPSDUHG WR WKLV SURMHFW



, -WEAFO&NfICD « B} EA“XS0&W>» ¥ &»6°H f,
U »fCm8a#g'd A %DFN WUDQV ODW LRI QINWR ZDNWQO \RX W
EXWP,GRLQJ D ELJ WKLQJ 7KLV WKLQJ ZLOO VKDWWH

2EVHUYDMWKIHROROOHFWHG GDWD IRU WKLV TXHVWLRQ VKR
RI UHVSRQGHQWYV SUHIHUUHG $ ZRX®HRRQO'SMWRROFK R
7THFKQLWIXBONLUVW VXEWLWOHG WUDQVODWLRQ XVHV
VHFRQG KDV FKDUDFWHUV *LYHQ W KHWGKIHP WWKRHJRM HAB D F
EHWWHU 6HFRQGO\ WKH XQGHUOLQHG SDWWHUQ LQ WK
DXWKHRQ RUDO ODQJXDJH LQ &KLQHVH ZKLOH WKH H[SUH
3i\"N#" ~ WKPBPQ fC:m8a#q'd” ZKLEW D WUDGLWLRQDO H[SU]
&KLQHVH ORUHRYHU DFFRUGLQJ WERmB&#YJdOLWKHMDO PH
UHVHDUFKHU FRQFOXG W VDK\DHWIRW XV HPRQ HD DVSSWFD W LR C
RU FRPSHWLWLRQ UDWKHU WKDQ WR FRPSDUH VL]H RU L
H[DPSICHELO ° \&+.65 fC:m8a#q'dE 04 AL} A %DFN
WUDQVODWLRQ 7KH &KLQHVH DUP\ FUXVKHG WKH -DSDQI
ILQDOO\ VXOHBQBKIUGHKN#I'RU  ZH PLJKRAGLOB)\LO, 1

Ei\"N#" " 7TKH VWUHQJWK RI WKH UHG WHDP GRHV QRW

WKH EOXHKMHPHDQLQJ RI WKHVH ZRUGV LV WKDW WKH E¢
VWUHQIJWK QHHGHG WR ZLQ D JDPH ZKHQ LW FRPSHWHYV
ILUVW LQVWDQFH RI VXEWLWOLQJ LV PRUH DSSURSULDWF

7KHQ3DUWDRI, WKH TXHYDMR® DILYH PRUH VSHFLILF TXHVWL
RSWLRQV IRU WKH UHVSRQGHQWY WR FKRRVH 7KH WK!
H[SUHVVLRQ Rl WUDQVODWHG VXEWLWOHV IURP WKH SH
ILJXUHV KI®RSHHF OLNH WUDQVODWLRQV WKDW PDNH X\
H[SUHVVLRQV VXFK DV LGLRPV SURYHUEV VHQWHQFHYV
RXW RI RI UHVSRQGHQWY EHOLHYHG WKDW W|I
H[SUHVVLRQV ZD\G HIVHEXQYH KBIQ UHPRQVZHYHG PRUH
FRQVHUYDWLYHO\ VWDWLQJ WKDW WR VRPH GHJUHH V
&KLQHVH H[SUHVVLRQV DQG ILIXUHV RI VSHHFK IXQFWLR
UHVXOWYVY IURP WKH ILUWWRYBPWURQ JRY MK IMWKDWHY FOFL
UHVSRQGHQWY SUHIHUUHG WKH HYRFDWLYH ODQJXDJH U



XVHG LQ WKH RSWLRQ $ VXEWLWOHV DV RSSRVHG WR W
RSWLRQ % LQ RXW RIUVIWXNWWWRRYQ LBRWHKHRILWKHVH W
WKDW F>XORDGHIBO B[S ( & WXIERMQW DQQJ DUH SUHIHUUHG E\
W\SLFDO DQLPDWHG ILOP DXGLHQFH 7KHVH H[SUHVVLR:
DXGLHQFH EHFDXVH WKH\LQHHDLW K HWKXHEW LR\ZH K XIOQ\IDU H
$JDLP\ K\SRWKHVLV DERXW WKH HIIHFWLYHQHVV RI XVLC
&KLQHVH H[SUBVXERQWQRQJ ZDV YHULILHG

7KHQ LQ WKH ODBBWWT X,HRW MRKH LTXKL\I\K ORKIHMK MWHH R
WUDGLWLRQDO H[SUHVVLRQV DQG SRSXODWYZRKSIIHVVLRQ
O LN H HDR/ WK U H VEIRADAHH@MMY V D R BV O SXVRKYLB/O W\S LF D O
H[SUHWMRXOWXUDOO\ ORDGHG RQHV LQ VXEWLWOH W
&KLQHVH 6LQFH WKH UHVXOW DOVR LQYROYHV DQRWKH
H[SUHVVLRQ WKH GDWD DQDO\VLV RQ WKLV VSHFLILF T.
QH[W FROGPMHHIMK MK GLVFXVVLRQ Rl WKH XVH Rl SRSXODU H

/IDVWL@) 3DUW QPVWISHDUW RI WKH TXHVWLRQQDLUH WKH
TXHVWIOQRM®XU RSLQLRQ ZKDW KDYH EHHQ WKH PDLQ SUJ
KDYH HPHUJHG L\Q RWKWHHFKXEW OW O O H D VPR @IQ MPKCHW LR Q
VXPPDWIUHGEH\ZRUGY KDYH DOUHDGKOMW¥XNY® H®D U Q LFHKID/
GLIIHUHQW ZD\V Rl WKLQNLQJ LQ (QJOLVK DQG &KLQHV
TXDOLW\ DU KV KED® IDEWHRDWK E\ XVLQJ VSHFELILF WUDGL)
DQG VWUDWHJILHYV )RU H[DPSOH WKH ILUVW WZR HOHPH
VXEWLWOHUV QRWLFH WKH FXOWXUDO GLIIHUHQFHV EH\
FXOWXUH WKH XVHURVWL/ER® LML EX MBEHLU RQH RI F
WUDGLWLRQDO H[SUHVVLRQV LQ &KLQHVH DWHIHR®PRQO
VWUDQJH ZKHQ WKH\ VHH WKHVH H[SUHVVLRQV LQ WKH
&RQYHUVHO\ VDKH\HBIWHEDIM KH\ VHH D ILOP WKHVH WUDC
XVH Rl &KLQHVH WUDGLWLRQDO H[SUHVVLRQV PD\ KHOS
ORUHRYHU OLNH WKEBURPVMWHU LKEXRPYV WKH WUDQVODW
YLVXDOO\ VKRUWHU EUURU DAH UHDHFDHEOM RTKHODRSHU
VXEWLWOHU FDQ ILQG IDLUO\ HTXLY D OFHHQUAS DAY 6 UWJ LR QL
RI VXEWLWOHV IURP WKH SHUVSHFWLYH Rl WUDQVODWL
EH PRUHLFODWEWWK UHWEHGWWRQVODWLRQ TXDOLW\ WKH

ioi



LV D JHQHUD OL¥RQFHOVMDRHEDVSMRFWY RI ODQJXDJH WUDQV
.l WKH DXGLWQPH) SOBWLIRQV WKDW |IHDWKUWH 2\ 0 DGE MARR)
RQH FWRR FULMMXIGRQQJ WKH TXDOLW\ RILYNOMWKHOOM W U
PDMRRILWKRVH WKWVFKL®UD QV 0ODIWPHRGE DORRDAV ISRI@® S O H
ZKR KDYH D JRRG OHYHO RI (QJOLVK DQG XVH &KLQHVH L
ODQJXDKH\ PD\ WRWQNY{WHWK RI WUDGLWLRQDO H[SUHVVLI
W UDQVIOD WEARRPDWLF DRZ EOIRVHU WR WKHLU

'‘DWD 5HVXOW RI QWHUYLHZV

ORUHRYHU IURP 6HSWHPEHIUFDUUWRGOBMAKDLRBUQRAYV R |
YLVLWYV DQG LQWHUYLHZV DW 6KDQJKDL 7UDQVODWHG )L
RIILFLDO WUDQVODWHG ILOP ZRUNVKRS LQ &KLQD ,Q V
UHYLHZHG WUDQVODWHG VREWLM OHWHO UV MRY/G |1 U R W FIKY
DFWLYH VXEWLWOHUYVY :KHQ GLVFXVVLQJ DZDUHQHVV UH
HISUHVVLRQV LY RWKN WVWOEW LRMOMKNP UHODWHG GHWDLOV
HI[SHULHQFH $OWKRXJK WKKHNLDUHARKNE®I VRRS MKHH @ F WV
EHQHIMKHRIFXUUHQW UHVHDUFK WKH\ ZHRXWG WRNHHWK
DQRQ\PRXVO\EHHFEAYGHBKH\ WKRXJKW WKHLU ZRUNV DUFE
WRIEHR Q\RRXWKLY WKHVLV 7KHLU MRSHFRZVF FRPPHQWYV D

2QH VDLG KH EHJDQ XVLQJ WKLV NLQG RI H[SUHVVLRQ L«
RI ZRUNLQJ LQ WKLV FRPSDQ\ +H FDUULHG RXW D VXUYlI
DXGLHQFHV KDG D PRUH HQMR\DEOH H[SHULHQFH ZKHC
WGEDWLRQDO H[SUHVVLRQV LQ D IRUHLJQ ILOP 7KH VHFI
IHHGEDFN IURP DXGLHQFHYV DERXW WUDQVODWHG ILOP \
SRLQW LQ WKH GHYHORSPHQW RI WUD@WODMOHG ILOP VX
,QVKLV ILOP WKH WUDQVODWHG VRKEW[LSNVUGINV LFFRRP\E WK/DHVS
FXOWXUDOO\ ORDGHG &KLQHVH ZRUGV LQFOXGLQJ WU
 QWHUQHWQZRNGY¥G Rl SRSXODU H[SUHVVLRQV ZKLFK ZLC
FKDSWHW U RXW RI RI QHWL]HQV QHW FLWL]HQV
QRWLFHG WKHVH H[SUHVREKRQRI| ZKLDOIGLFDWHG WKHLU S
WKHVH NLQGV RI H[SUHVVLRQV



W DOVR QHHGV WR EH PHQWLRQHG RIQOH QWKIRQ W KIS XWH
&KLQHVH DFDGHPLF ZZE QXY A M QTR REZF VG B W L Z&HW H

VKH IRXQG SDSHUV IURP WKH SDVW ILYH \HDUV ZKLI
*DUILHAKGHUHE\ WKH WZR PDLQ GLVFXVVLRR@RD@QWV ZHL
SRSXODU ,QWHHAYQRWVH[SRU LQV®IDQFHU WIDW L. RIDR TV

HPSKDVL]HG WKH VXFFHVV RI XVLQJ FXOWXUDOO\ ORD
*DUILHQAG MIYQHZ WKH SXUSRVH RI VXEWLWOH WH
WDUJHW DXGLHQFH FRPSUHKHQG WKH ILQ® WIRHWXBIURXOW
ODQJXDJH ZWW BHWREHJVSHFLILF VWUDWHJDER VL@V WKH VX
HITHRWWHERQO RUQJ VD KIG VAIRFEHW WHU XQGHUVWDQG WKH |

JRU H[DPS®DH LDHWVVWR D AWARWXUDOO\ ORDGHG ZRUGV &KLQF
HISUHWRW@PHWULFDO DY GWBRRWWUBDWHG LQ WKH IROO

6DPELIIHUHQFH , UXOH \HV" 2ULJLQDO VXEWLWOH
W<?2 EAB$TICE)WU 5HOHDVHG WUDQVODWLRQ

6DPGILIIHUHQFH , %WIX®N DQVDOMWLRQ

7KH XQGHUOLQHG LGLRP H[S\ODRK\G MW KEHQ B QFBIN VWL R/G R |
VWUXFWXUH VI\PPHWULFDO ORWH®KHUXVIRRI&EKQE WM HD X
PD\ PDNH ZDWFKLQPRRHHLI(MWEBBWBEOKVH WXFKXVH RI
LG LR P VREIFKH)OWHNH W\IED HQ G HIHGE) SRLQWIBG RXW WK
JRRG TXDUKWWIRNVOH ADOD GHODWIMRHO\ KHOS WKH H[SRI
SRSXODULW\ LQ LW V7KRHURWIKH B DWXNEHWW OHU VDLG WKDW
SDUWLFXODU UHIHUHQFH ERRNV E\ KK MLE\HH ZKIRL H/G\A
3RHPE\ =HQJ SXEOLVKHG LQ E\ WKH 3XEOLVKLQJ +RX\
&KLQHVH ,GLRR @WRUGKINOMKDLQIHBUWY 3XEOLVKLQJ +RX

SXEOLVKHG LQ 6KH VDLG WKDW DOWKRXJK W}
WHHQDJH UHDGHU JURXS LQ &KLQD WKH\ DUH YHU\ KHOS
WKH\ DUH VXLWDEOH IRU KNW\BHIFBXWVUN XU VIV R DOQIN EDXW
H[SUHVVLRQV



%HVLGHV WKH WISWHDHF \WLFDPPBRMVHQWY WKH OHDGHUV
VXEWLWOHUV L@ [SKHVVFREPSBADV VLPLOHDLP WR REKHRIWH R
RQFH WKH\ DFFHSWHG DQOL@®EBUYUBDVORWERDRIK /WG
OHDGHWRXAUWWKK KLY WIHQPPRMGI W KH VXEMDIUNVIOHOW UD QV O
+LV LGHD RI SXWWLQJ PDQ\WKRYXWDIH HRS HHBVHR/YVYR Q
GLVFXVVHG LQ W KM VORI [WKHKDISMWPHWUDQVODWLRQ PDGH
EHFRPH D KRW WR SILEG KLVQEFFRD\G L QL BAERL H GFHAH
FRPPHQWHMCGKMWKBWDQVODWLRQ RI WKH ILOP UHDOO\ PRY]|
RI WKHLUXHBPWMHG LQ :(PRBYHU KH DOVR MPSHKIHH]HG W
RI WKLR H[ISQG \EWLRQ XY WEEWLWOH ZDYRUWEBWKR Q +H
H[FHVVLYH XVH Rl WKLARXDQ® RR D HRXWHHVWIKRIQGLVOLNH R
$QRWKHU SUDFWLFDO VXEWLWOHU QDPHG /X VKDUHG K
VXEWLWOLQJ VKRXOG REH\ WKH R U EXGVINOUMNH/DXE MQLIV RIH W
QHIQRMR VBRR RXFAU LW LQJQR U 7WKHHE UHKIRMKD G ILQG WKH HTX
PXFK DV SRPGLWBHQ FRQVLGHKY KRDWRUDDWCHUMWRDGHG HJ
KLIKOLJKW WKH VXEWLWOLQJ

*HQHUDOO\ IRU WKH VHFRQG K\SRWKHVLV LQ WKLV UHVF
XQGHUVWDQGLQJ RI WKH XVH Rl WUDGLWLRQDO H[SUHV
WKHP KDG DOUHDG\ QRWLFHG WKH LPSRUWDQFH RI XVL
WDQVODWLRQ E\ FHUWDLQ VSHFLILF VWUDWHJLHV )RU L
RI WUDGLWLRQDO H[SUHVVLRQV VXFK DV &KLQHVH LGLI
VXEWLWOH VKRUWHU WKLV LV D W\SLFDO PDQIMHVWDWL
WKLQN WKDW WKH H[SDQVLRQ LQYROYHG LQ XVLQJ &K
LQIRUPDWLRQ WR WKH DXGLHQFH EXW WKDW WKH VXEWI
VXFK H[SDQVLRQ RQ WKH RQH KDQG WKH\ KDYH WR FRQ
WKRWKHU WKH\ QHHG WR HQVXUH WKDW WKH XVH RI
DSSURSULDWH ZKHQ WUDQVIHUULQJ RQH FXOWXUH WR [
LQDSSURSULDWH SODFH PD\ LQIOXHQFHKWKHPRHBLYHU\
VXJIJHVWALRLY LRRQWH[W LV WR XVH WUDGLWLRQDO H[SUF
WKLV UHIOHFWV FXUUHQW SURIHVVLRQDO SUDFWLFH C
VXEWLWOLQJ LV DSSURSULDWH WR WKH DXGLHQFH ZKLO
DQG PHRQLWRI WKH WDUJHW FXOWXUH $V VXFK WKH XV
QHFHVVDU\



7KXWKH TXHVWLRQQDLUH VXUYH\ BBRR QUKHIF VEFRSY ARIQFW
GDWRIB\ UHVHBVYFKRU WKH VHFRRG WKIR WY K OWHF WIRR Q
GLVFXVV WKH LPSRUWDQFH RI XVLQJ WUDGLWLRQDO H]
(QJOLVK DQG &KLQHVH

,Q WKH QH[W VHFWLRQ PR OKFESIDMFARVH & KO SQHWUH QW
VHOHFWHZLLOMWREVHUYH WKHP DIHG\VBLR OX VR WHKH MWPSBIQ V
RUGHU WR VXJJHVW WKH HIIHFWLYH ZD\WW RURMHQJ WUD
TXDOLW\ RI &KLQHVH WUDQVODWHG VXEWLWOHYV

(INTIHFWLYHQHVYVY RI WKH 8VH RI 7TUDGLWLRQDO ([SUH

$FFRUGLQJ WR WKH D QDG V\M KVRILRMAKWMKER T8 X YW LW DWLY F
WKH TXHVWLRQQDLUH LQYHVWLIJDWLRQ LW BRWROQUYHYPH
DQG LW LV D SRLQW WKDW QHH®W X\ERV EW CHREIK DR UM G, Q
VHFWLRQ VRPH VSHFROGHFDIRPS AHR MWRIEN HUY BRIDLGROQN D

DQG GLVRXWRHWRK) H[DPSOHV ZLOO KHOS WR FHUWLI\ WKH
WUDGLWLRQDO H[SUHVVLRQV LQ &KLQHVH WUDQVODWHG

TUDQVYDWPRQVODWLR@WEWUDWBJLHY LQ

,Q WKH AFRKIWKWRUHWLFDO IUDPHZRUN , H[SODLQHG P\

DSSOLFDEOH VWUDWHJLHV IRU WKH VXEBN LMQDHOWURQVOI
WKH VDPSOKHMWPANVNUDQVODWLRQ VWUDWHJILHY DUH HIIHF
DS®\LQJ FXOWXUDO ORDGHG H[SUHVVLRQV VXFK DV WUDG

D 7\SRORJ\ 5GHIOHFWV RQ WKH 'DWD

7KMV\SRORJ\ Rl VXEWLWOH WUDQVODWLRAB[§BQVLRQYV RI
SDUDSKUDVH WUDQVIHU LPLWRWER®Q GWQ\WDHMW ER QS VEIHFQ
GHOHWLRQ DQG UHVLJQDWLRQ

7KHUHTXHQFLHWVKRNSRWIRY) DQG WKH WRORQG HIZQ VW KIHD W R UISH
DUWKREZQ WKH IROORZLQJ WDEOH
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( H[SDQVISDWDBSKUDVH 7 WUDQVIHU , LPLWDWLRQ 7 W
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7TDEOH



$FFRUGLQJ WR WKH DERYH UHVXOMBHWLKHDWVYRY REGMOHB R
DQG UHVLIQREOLIJIBR ER Q DKV LREIQEKH FROOWHFRMHG GDW
H[SD QW.RHUWL P UEDKFHU H L WP K ¥ RRWHHG | U H TWXKHD@MWX\H U V
EHFDXVH WKH VXEWLWOH WUDD®S B YIL@DIMRRICGW KXW HR UL O
VSHE]ED @ HIRVY.YV PMIDEYXNE W LW O H UV QGRH HVB KWW RHOHE SO D W H J\
RI HISDQW.RKWULY MR PDNH WKH OLQHV RIUK\WK@®RIURWRD SUR
H[SODLQLMSHFHD@®VPRUH JRWWWEK® XVHV RI SDUDSKUDVFE
WUDQVFULSWLRQ DQG FR QG HWNKDWDERHWKKIH PHDQ W LV UG DV
LQ WRHWXEWLWOH WUDQVODW,IQRRHR 6 PXQOWBWLRGEHLOPV
WUDQ\RMMH R/@ XU VY] QDWHIW RV RUEBQBYWHWORBFRWLRQ
WKH UHVW RI WKB WHK®H®W B G VIQ D PALRXF RARFWD S MH QRIX Q
QDPHVHWRFEWLWOHUYV GLUHFWO\ WUDQVIHU WKH RULJLQ
V X EW Z WLOOHY R W K HIUS SV K W/ WVUIDHERLAWAY LDROQARBHIMIK IRREY KLH M
WUDQVOLWH U D WH DA\QVHRQSRIAGEW BRW KH WUDQVODWLRC
QDRHKRZHYWHKH XVH RI LPLWDWS$R QRN @RFD \WULHIQVH,QMR X Q G
VXEWLWOHUV SUHIHU WR XVH WKLV WW B WHKBVWRRUWKH W
HSLVRVGKHNW HRIUHH ILQP  WAKKH KT XHRHQUAKKWH RI WKLV VWUDWH
DOVR QRWLFHG WKDW WKHUH DUH DOZD\V RYHU HSLVI
H[DPSOHV WKHUH DUNSLADEWVHR GHHS/L . ROIDHEWD LV FD U

DQG HSLVR®BGDL®VERUPRVW RI WKH VHOWEWDWG J\LEPV
GLVORFDWLRQ LV XVHG LQ WXHIALYKREZHYWURQR| WKH C
7KH 6PXQSA R WKH WURGMKGDLW LRRISHQLQJ VRQJIJV PDLQO\ X\
RI HTERQ@KLYV PHDQWR WKBRWMWIH/ ODWHG E\ GHOHWLRQ (
UHVLIJQRW LMRHXH UHDERE®Q FIDAVH WKH RULJLQDO (QJOLVK \
VLPSOH DQG WKH RULJLQDO OHQQWRU B W WERIQONKHHY LV
HIWHQWRRILWI®D O L §XEWIDW MKRXOG XVH WKHVH WKUHH
FDUHIXHDID\UGRFPOL]DWLRQ DQG JOREDOL]DWLRQ DOWKR
VWUDWHIXMM LQKWKH JLY FMOWSEWDR WKRZY RI (QJOLVK W
DQLPDW LR QHI LLOHPDIY REDWDKERES X F L\@ U [DQ V OCCRABLKR QRIED OL]H G
DQORFDOL]HG ZD\

Q WIOHDRRJ VHFWLRQ , ZLOO DQDO\VH VRPH VSHFLILF H
RGEHU WR IXUWKHU ONVIRX@RPIAN WH HX WHAR RQ HVE KW¥8V UDW H J L H
VXEWLWOHRWDRQRDORR® Q



([ISDQVLRQ

7KH IROORZLQJ H[DPSOHV IURP WKH FRUSXV LQYROYH W]
WKH UHOHDVHG VXEWLWOHV DOWKRXJK QRW QHFHVVL

7TKHUHIRUH VRPH VXJIJHVWLRQDVWLYH@EDOW DLWHW DDV DAV
!

8QOHVV WKH\fUH GHDG« 2ULJLQDO VXEWLWOH
2ll«fa=J"4iD « S5HOHDVHG WUDQVODWLRQ

7KH\ JR ZKHUHYHU WKH\ ZDQW WR JR XQOHVV WKH\TUH G
l«Ta=31 6XJJHVWHG WUDQVODWLRQ

7TKH\ ZROQFW GRWHVYVY WKH\TUH GHDG %DFN WUDQVODWLI
'"HVSLFDEOH OH

7KLV H[DPSOH KDV EHHQ DQDO\VHG D®G GLVFXVVHG LQ W

7KH\YfUH VD\LQJ KH PDNHY DOO RWKHU YLOODLQV ORRN O
G-B$D -(" AF E! «<0G-1C_Z: | A GHOHDVHG WUDQVODWLR

7KH\YUH VD\LQJ FRPSDUHG WR KLP DOO XV RWKHU YLOO
%DFN WUDQVODWLRQ

'"HVSLFDEOH OH

7KLV H[DPSOH KDV EHHQ DQDO\VHG D®G GLVFXVVHG LQ W

!
%RUQ RI FROG DQG ZLQWHU MRRELDQGJ PRXWQIWDQD
WUDQVODWLRQ

38 ¢ UY E?0pilM%$ A 5SHOHDVHG WUDQVODWLRQ

W FRPHD FRRPO®G ZLQWHUYV GD\ FRPELQHG ZLWK WKH
WUDQVODWLRQ




7KLV LF\ IRUFH ERWWLIRXQO®D ® YZEHWLW OH
aM, EGy AUéLl y v 5) cc£EA 5HOHDVHG WUDQVODWLRQ
L WXQYEUHDNBPBOWHP¥HW\ %DFN WUDQVODWLRQ

|
+DV D IURJHQ KHDUW ZRUWK PLQLQJ 2ULJLQDO VXEV
3 9ONCICO3R, 26,6 A 5HOHDVHG WUDQVODWLRQ
WDV D IURJHQ KHDUW ZRUWK H[SORULQJ %DFN WUD
!
BRFXW WKURXFARWEH RBDAOW DU 2ULJLQDO VXEWLWO
A+ 103 u6 3 ¢$6<F?> A 5HOHDVHG WUDQVODWLRQ
‘H FRPH XYWR W KUR X JKARRIOHS KHDG WOHDU %DEN WUDQV
JURJHQ

7KH DERYH IRXU H[DPSOHV DUH SDBYH® WKH RISEGBODQYH
WUDQVODWLRQ RILWMKCHO\KMYAV WWKdHH WIXEBW HJI\ RI H[SDQ\
XQGHUOLQHG 7KH WUDQVODWLRQ RI O\WLFV UHTXLUHV
WUDQVODWRUV QHHG PDNH WKH WUDQVODWLRQ VRXQC
WUDQVODWLRQ VHHNLSRIQBR PIDRHKWYKH FRUUH

7R VXP XS WKH XVH RI H[SDQVLRQ LV QRW IUHTXHQWO\ F
,Q VRPH VSHFLILF FDVHV KRZHYHU WKH XVH RI H[SDQVL
WKH WUDQVODWLRQ VW URIDJH B WRLE MEH\XXRHD M K\HJ B @M O D
ZRUN

3DUDSKUDVH

$FFRUGLQJ WR WKHFRVYSXKH GRWOR ALPI VXEWLWOHV DL
HITHFWLYHO\ XVLQJ WKH VWUDWHJ\ RI SDUDSKUDVH

!
+HYV EHHQ JROBHDIER\ | RWLNKENDL W O H
OAG- (6484, h7 6E A 5HOHDVHG WUDQVODWLRQ

+HYV EHHQ HORERWR WLRIXV %BEBON WDUD QVODWLRQ




&KLFN WKRXJKW WKLV ZDV KLV \HDU 2ULJLQDO VXEV
w{AOjins &j"° A 5HOHDVHG WUDQVODWLRQ
&KLFN W K RKKLNK W WP KIDKVYAD FRPHMUD QVODWLR Q

7KHVH H[DPSOHV UHIOHFW WKH XVH RI SDUDSKUDVH LQ
LOQWR &KLQHVH [F®HG LWVINDNYEHMRHIY HY D &KLQHVH LGLR
WKH VHFRQG LQYROYHV D &KLQHVH DUFKDLVP 7KHVH Wz
Rl WUDGLWLRQDO H[SUHVVLRQV LQ &KLQHVH $V SHU W
WUDQVODWLRQV IUBRV(H JOKHK XMHWRI S KKHVH WZR NLQGV
H[SODLQ WKH RULJLQDO PHDQLQJV LQ D PRUH DUWIXO Z|
&KLQHVH WDUJHW DXGLHQFHV ,I WKH WZR H[DPSOHV DL
WKH WDUJHW DXGLHQEHIIPPXONM{SHW HRRFHHYHQ KDYH C
XQGHUVWDQGLQJ ZKDW LV PHDQW E\ WKHVH WZR VHQWH{
GLUHFW WUDROGHW®W LIRR) RRFUabHEDd M é ~ IRU WKH VHFRQG
H[DPSOH WKH GLUFMFNML W UR R UMBDENWE RDYR10 o

ZKLFK GXH WR D ODFN RI IXO0 LQIRUPDWLRQ QHHGV !
HI[SUHVVLR® 0¥ XF¥% ,DOw E OEJC ~ 7KLV \HDU LV KLV \HDL
PXVW EH D ZLQQHU )URP WKLV DQDO\WLV WKH XVH RI ¢
ROFRUUHFWO\ H[SUHVVHV WKH RULJLQDO PHDQLQJ EX\
SDUDSKUDVH LQ WKH VHFRQG H[DPSOH SURKDLDGBIFWMNOO L
DUFKDLVP 7KHUHIRUH WKH VWUDWHJ\ RI SDUDSKUDVH
&KLQHBEWLWKOHV IRU (QJOLVK ODQJXDJH ILOPV

7KHUH DUH PRUH H[DPSOHV KLJKOLJKWLQJ WKH EHQHILW
FUHDWH EULHI DQG YLYLG WUDQVODWHG VXEWLWOHYV

i3
7KUHH ZHHNV DQRS ZOIRYHUVWIRONLID DDIOQY X EW LW OH
G-"4y9"7 AF_ " d5 A 5HOHDVHG WUDQVODWLRQ

7KUHH ZHHNV KDV SIH WHEGRQ DWW GK Y %D AND X H
WUDQVODWLRQ

7KLV LV WKH EH2WL 9 MIDVDO\ WYEWLW OH




F_ 9"« 0 /#n) 5HOHDVHG WUDQVODWLRQ
7KLWIK\H EBIWAWH W% DFN WUDQVODWLRQ

'HVSLFDEOH OH
!
'HOO , DJHG ZHOO EXW WHUHURE B QRD QRXKX 8 R'R WIDG!
A6LIF j5 G- C =y-© % 5HOHDVHG WUDQVODWLRQ
, DJHG EXW VWLOO KDQGVRPWRRXWHMKHEOH WR DR
%DFN WUDQVODWLRDQ

!
+H\ )LIWK $ZHWKHR VeUuDILGFDO VXEWLWOH
NAWFf« +uFJ Lk %4 56HOHDVHG WUDQVODWLRQ

JLIWK $YHQKPSH®BBEN WUDQVODWLRQ

ODGDJDVFDU

$00 LQ DOO WKH XY K \R{ES\DLWDGH UDNHBIOUQ@DW LROQEW VR
W\SLFDO &KLQHVH H[SUHVVLRQV OLNH LGLRPV DQG DUFI
SHTXLYDVORH @WH RULJLQDO PHDQLQJ LQ D WDUJHW FXOW X
OHQJWK

7TUDQVIHU

FRPSDUHG ZLWK WKH SUHYLRXV VWUDWHJ\ WUDQVIHU |
%HVLGHYV ILQGLQJ HTXLYDOHQW H[SUHVVLRQV VXFK DV I
VWUDWHJ\ RI WUDQVIHU PD\ FRQWDLQ PRUH IRUPV RI H[S
RH[SUHVVLRQ

W R

6RUMRX NQRZ BRHWVJIR ZKHUHYHU W2HKUH\ ZQD®V WR
VXEWLWOH

ay FNi# )a IR 4iD A SBHOHDVHG WUDQVODWLF




BRUWKHUH LV Q&RUROXMNLR Q X Q@LENI VDWIRWDED W L F
'HVSLFDEOH OH

,Q WKLV H{iRRXS®ORZ L&W/RWKH (QJOLVK ZD\ WR H[SUHVV WK
3\RX DUH VXSSRVHG NE)RZ GRJIXKZIQBI®H WKHFFRPPRQ H[SL
"NT# ° ZKRVH LQGLFDWWYXHWHD @QUIWXWH ZH KDYH QR VRC

LW7KH VWUDWHJI\ Rl W{URQXENML WD H MHDHY CQWLRQ LQ R
WDUJHW DXGLHQFH EHWWHU XQGHUVWDQG WKH ILOPTV V
HSUHVVLRQ LQ (QJOLVK DQG &KLQHVH

!
7KH \RXUHIOFK &DDDIGLRQ O VXEWLWOH
F loE«,” #? D/WE SHOHDVHG WUDQVODWLRAQ
7KH \RXUHIQFK &DBDBENDMUDQVODWLRQ

!
« LYDNLQJ TXLWH DQ LPSUHVVLRQ
X 1\C<E-j,” 4€/0
« LV PDNLQJ TXLWH DQ DPD]LQJ GHEXW

A
« LQ kHVHKHWH DW WKH ORWRU 6SHHGZD\ 2ULJLQ
a*fZ U8£«j A 5SHOHDVHG WUDQVODWLRQ

« KHUW DWW ORSWHRIWG ZD\ % DFN WUDQVODWLRQ

7TXUER



,Q WKH DERYH WKUHH H[DPSOHV WKH ILUVW RQH LQYRO
DERXWUBQFK &DQDHB?DBYWE °~ ZKLFK LV FRQVLGHUHG W]
DSSURSULDWH HTXLYDOHQW LQ WUDQVODWLRQ DQG D FF
PRUH WUDQVIHUV LQ WKH VHFR Q& €& GHW &K D & LHH N P\S R Bl W

LW LV WKH ILUVW VKRZ ORQDGK D GEBE Qjl OM FSQAK/ &HV WKH

IDFW WKDW KLV ILUVW VKRZ LV LPSUHVVLYH %\ XVLQJ V
WKH VXEWLWOHU GLG QRW WUDQVODWH WKH RULJLQD(
WUDQVODWLRQ FRQYH\V WKH WHHWP HX® VPJI VRZ RW K D RSJQ B |
WKDW WKH EHQHILWYV RI XVLQJ WUDQVIHU DUH PDNLQ.
QDWXUDO DQG DFFHSWDEOH DQG VHL]LQJ WKH PDLQ L

,PLWDWLRQ

$SWWHPSWLQJ WR WLLDMON GEWHHWKH DDPRVH WKH RULJLQI
DQG LQ SUDFWLFH WKHUH PD\ EH QR UHDVRQDEOH HTXL
GHYHORSPHQW RI JOREDOL]DWLRQ SHRSOH DUH LQFUHD
DQG WKHLU FXOWQWHWHHS MXLWKHWULILQDO QDPHV RI \
WR SURPRWH LQWHUFXOWXUDO FRPPXQLFDWLRQ DQG UH
IRUHLJQ SHRSDKHMVHO®WPHYVLQ YLHZ RI WKH UHDGDEOH ¢
W R ZDIORED OD|QPBPISURYHG OHYHOV R8K(L@HIOY KS IDPRQH
VXJJHVWX BMLWOHUYV XVH WKH RULJLQDO (QJOLVK QDPHYV

,Q WKH REVHUYDWLRQ RI WKH FRUSXV GDWD , IRXQG WK
FKDUDFWHUVY QD P HVYWLARRS B/S/S D RADIFIXQIV\D DWVNHLLR G R1 LPLW
LPLWDWLRQ LV RQO\ SDUWLD Q@ KHPQWDKHL RO P K R ZBiLY H UV UED
LQWR XQLVRQDQW &KLQHVH FKDUDFWHUV WKH\ DFWXDO«
WKH QDPHVY DQG HRFHDROLDYH. QR KIHPHOVH )YRU PRUH H[DPS

]
*RRG PRUWOQLQULILQDO VXEWLWOH

% EBX* A SHOHWVUBM®VODWLRQ

BSEE * A 8QLVRQDQW &KLQHVH FKDUDFWHUYV

5LR



$OH[R QRW LQWHUUXSW PH ZKH®@ QTN XEDNGWBBPL
ET{B AS- O, &I=2+f A A 5GHOHDVHG WUDQVODW

ODGDJDVFDU

$00 UVILIKMGYP JRQQD UDFH \RX 2ULJLQDO VXEWL
AAU-pe’ EO»O» 5SGHOHDVHG WUDQVODWLRQ
!
1R SUREBOMKPWRX NHHS PHHGHPBWRLQDO VXEWLWO
"N £3+ WE1IXIXE "AUA 9k ¢Y % 5SHOHDVHG WUDQVODWLRQ
!

KHWKHUD DWW IV6WRWXWI EXLOGHU , FDQYW VWD\ 5HKH
2ULQDO VXEWLWOH

COCS*1AA=7-C; AF A46&L$ %» 5SHOHDVHG
WUDQVODWLRQ

7TKH 6PXUIV

7KH ILUVW WZR H[DPSOHV VKRZ DWKHQG LZ LMWKH QWJIRD G/ R
UHOHDVHG WUDQVODWLIRR VRK W K XEWZRV OHOPWHSQV WKH R
WKH OHDGLQJ UROH %OX LQ KLV WUDQVODWLRQ DQG D
ZLOO EH GLVFXVVHG LQ WHKHWRDQRZPLAWDWHRDL RHQR ZHI Y W
P\ WUDQVODWLRQ E\ XVLQJ WKH®BOKREBE HJL R RUBIHUDWR R
PDNH WKH IROORZLQJ FRPSDULVRQ

[RKs)



$W ILUVW , DJUHH ZLWK WKH PHWKRG Rl WUDQVFULSWLR
D VFDW®DFDZ ZLWK ERORWWHCG IBOWHKHUYV W LV DVVXPH
DXWKRU RI WKLV VWRU\ ZDQWHG WR HPSKDVL]H WKH IHD
IHDWKHUV ZKLFK LV ZK\ KH FKRVH WR XVH WKH QDPH RI

H[ODLQLQJ WKH SKRPRBMRHDWIQMEIOKH, Q &KLQD WKH (QJOl
ZRUTEOXHVY UHJDUGHGNQRZQ ZROQG LQ &KLQHVH SHRSOI
YRFDEXODU\ &KLOGUHQ LQ NLQGHUJDUWHFRORDID® OHDUH¢
(QJOLVK LEFMXHBKBUHIRUH WKLV NLQG Rl WUDQVFULSWI
DFFHSWHG E\ &PXCHWOPMNURRPSDUHG ZLWK WKLV PHWK
WKLV QDPH E\ XVLQJ LPLWDWLRQ %XW WKLV LPLWDWLRC
SURQXQFLDWLRQ LW FDQQRW FRQYH\ WKH RWOXLQDO DX
7KHUHIRUH , WYXHGNWWJ IR WOIMDWMLRQ ZKLFK XVHV WUDQVF
+RZHYHODAMIDVFDIRXQG WKDW PRVW RI WKH FKDUDFWHU
LQWR XQLVRQDQW &KLQHVH FKDUDFWHUV ,Q WKH SDVW
RULJLQDO QDPHRQKDGHEHIKEQDY D VWDQGDUG WUDQVODMW
VW\OHG GRFXPHQWY +RZHYHU DV D SDWWHUQ ZLWKLQ |
KDV WZR LQHYLWDEOH ZHDNQHVVHV LQ WHUPV RI WKH
GLIIHUHQFH DQG WHKHKIQQAXH FKDWRBWHRUV LQ ZRUG IRU
XVH RI XQLVRQDQW &KLQHVH FKDUDFWHUV PD\ DOZD\V
QDPHV HJ WKH VHFRQG H[DPSOH KH YSHPQDEIRWKH OHDQZ
VXEWLWOHU XVHG QHLW KKRG R | WARK KV IDEERW®GID W B R WRKHHW V F
JROORZHG E\ WKH WUIKH BPRWIVRHOWYQMLRIQ VHULHV WK
RZTKH 6PXUIV DQG XVHG WKH VWUDWHJ\ Rl LPLWDWLRC
RI WKH QDPHV 7KH DERYHZBD MW RCKQUHHVH® PSRP WKH F
7KH 6PXWIMNVK DOO WKH VPXUIVY] QDPHE X8 RGN QW HG E\
&KLQHVH URKMEHZWHMGQRW RQO\ KDYH VLPLODU PHDQLQJ
QDPHV HDFK RULJLQDO QDPH VKRZV YDULHG FKDUDFWH!
DOZD\V XVH FKLOGKRRG QDPHV IURP &KLQHVH FXOWXUH

*HQHUDO Q\& U REWKMW OH WUDQVODWLRQ LPLWDWLRQ LV X
LW LV XVHG LQ WUDQNPRRPHIIGWIKPH.\QDWHQJ WKH RULJLQI
QDPHV UDWKHU WKDQ LPLWDWLQJ WKH RULJLQDO SUR
LPLWDW LR Q XEMUDIWOH WIERHY §¥ DYOMUMAD® RV DQRWKHU UHFR
ZD\ Rl WUDQVODWLQ@EHODBNYQWDJH RI WKLV NLQG RI LI
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VWULNLQJ D EDODQFH EHWZHHQ OR\DOW\ WR WKH RULJL
WDUJHW FXOWXUH

7UDQYWURQ

7KH XVH RI WKLV VWUDWHJ\ LV GLVFXVVHG LQ WKH WUDQ

'LVORFDWLRQ

6LPLODU WR WKH WILFQEOBRMMKHU RBDWD LQ WKH FRUSXV
RSHQLQJ VRQJV DBE HBXMWBGHEYRMAKADGD JD VIFQE
DQ®R]BQO XVH WKH VWUDWHJI\ RI GLVORFDWLRQ LQ RUGI
VRQJV VRXQGV PHWULFDO 7KXV DOWKRXJK GLVORFDWLI
ILOP WUDQVODWLRQ LW LV DSSOLFDEIOWERHE SSHDWHQD
RI VXEWLWOHV VXFK DV WKH DERYH VLWXDWLRQV

&RQGHQVDWLRQ

'KHQ REVHUYLQJ WKH VHOHFWHG DQLPDWLRQ ILOPV
IUHTXHQWO\ XVHG E\ VXEWLWOHUV IRU WZR PDLQ UHDVF
H[SUHVVLRQV HJ LGLRPV DQG DUFKDLVPV FRQGHQV
VXEWLRSIHM ERWR WKH FRIREPRWSR @/G&IDRIV 2R WGER Q WK F
WRZDUGV FROORTXLDO H[SUHVVLRQ KHOSV WR FUHDWH
DQG EULHI

!
I1RWKLQJ ,TP HIFLWHG
,IP HI[FL®BRD)GN DOO WKH FRQFHSW LGHDV 2ULJLQDO
"Ne AAo{ A

JFOEWME#a{=" A 5HOHDVHG WUDQVODWLRQ
%DFN WUDQVODWLRQ ([IFRWHKIGQ D E RPPWHPFOV W& H DPD]L
"Nox AAa_o{ A

P9, ## ¥i?20&6G- Aa{ A 'LUHFW WUDQVODWLRQ
%DFN WUDQVODWLRQ 1RWKLQJ ,fP MXVW H[FLWHG
PH IHHO H[FLWHG



7TKH 6PXUIV

,Q WKLV H[DPSOH WKH ILUVW WZR XQGHUOLQHG ZRUG
HBUHVVLRQ LQ &KLQHVH FRPSDUHG ZLWK WKH GLUHFW
FORVHU WR WKH ZULWWHQ H[SUHVVLRQ DV LW LV VLPS
FKDUDFWHUVY WKDQ WKH GLUHFW RQH ,Q WKROMHFRQG O
WZR LGLRPV*WQIERH®Q®{=" °~ 7KH XVH Rl WKHVH WZR L
IXUWKHU UHVXOWV LQ FRQGHQVDWLRQ ZLWK UHJDUG W
ORUHRWHWE#  FDQ LQGLFDWH W R KH LIGN IBR WDWIHY R 1D Q G
LPSDFWIXO XHY MK WIGR UHFWpWUBQVOBWHRY® KRR VXFK

LQGLFDWLRQ )RU WKEH"RWKMUPRGHRFPLYLG DKHQ VWURQ.

GHVFULELQJ DQG H[SIHHOLQDI ¥Y&KEXF O H KIHWHH IRUH WKH X\
RI FRQGHQVDWLRQ LQ WKLYV GYDIVGV DL R Q M DLW LIDI RVRYVEL

,Q YLHZ Rl WKH PHFKDQLFDO OLPLWDWLRQV RI PDNLQ.
FRQGHQVDWLRQ LV UHFRPPHQGHG WR EH XVHG ,Q SDI
KLHURJO\SKLF FKDUDFWHUV LQ ZRUG IRWRDUWLRQ WX P
WUDQVODWHG VXEWLWOHY ZLOO EH HDVLHU IRU WKH DX
WLPH IUDPH

7KHVH VWRU DGWHLIPHDVWQ B QUERRVL JQDWLRQ DUH QRW VHHQ LQ

E 7ZR ORUH 6WUDWHJILHV

)XUWKHUPRUH LQ UHFRJQLWLRQ RI VHYHUDO UHFHQW G
UHODWHG WKHRULHV DQG VFKRODUNGDWIG \WEARNKSH G L Q
VWUDW HPILHWVMRUFK DQDO\WLY QDPHO\ ORFDOL]J]DWLRQ
FRQWHBRIPSOHPHQW DQG FRUUHODWH ZLWK HDFK RWKHU
ZRUOG KDYH FRXQWOHVV RSSRUWXQLWLHV WR FRPPXQ
IUHTXHQWO\ ([SRUWHG DQG LPSRUWHG ILOPV UHSUHVH
H[FKDQJH EXVWRXXE® KWPIHUNKW DZDUHQHVV QHHGHG WR
PRUH FRPSUHKHQVLEOH WR WKH WDUORWDPXDPRKLRD RQH
H[DPSOH WUDQVODWLRQV XVLQJ WUDGLWLRQDO &KLQH
SDWWHUQV RI DQFRBQWVBRIPRV DQE DVSHFWV RI ZKD\

[RKe)



SORFDOLIDRW.RKXH SHUVSHFWLYH RI LQWHUFXOWXUDO FRF
DXGLHQFH PRVWO\ FRPSULVHV &KLQHVH QDWLYHV 8VLQ
H[SUHVVLRQ WKDW FRQ@WDBLPRERHQYFR 8 W IS UFHDOXLIRY WKDW
&KLQHVH FXOWXUH PDNHV WKH VXEWLWOLQJ PRUH XQGH!

!
1LJKW DIWHU QLJKW GD\ DIWHU GD\ 2ULJLQDO VXEW]
=0 EL=0L A 5SHOHDVHG WUDQVODWLRQ XVHV DUFKD]|

OYs OY EOLgOL A 'LUHFW WUDQVODWLRQ

!
‘H GR WKLV DMDJIDPDLO@WXEWLWOH
y0eéFOgUEGE 5HOHDVHG WUDQVODWLRQ XVHV LGLRI

A ye80C8+¢W E 'LUHFW WUDQVODWLRQ

7KH &URRGV
|
JRUJHW DERXW RW L HXPHEEWKEWLWOH
["#3YTu6'] E "yG9AA 5HOHDVHG WUDQVODWLRQ XVHV I

ICTYWE"yG9aA 'LUHFW WUDQVODWLRQ

|
6FUDSY DQG ERQHV L\ QR NG RX BALRWEH
- 56 c&E ¥ ™MP@d>x7- O A SHOHDVHG WUDQVODWLRQ XVH)
™Qe ™MPFd>x7- O’ A 'LUHFW WUDQVODWLRQ

$OSKD DQG 2PHJD

$FFRUGLQJ WR WKH FRUSXV GDWD LQ WKH DERYH IRXU H
&KLQHVH LGLRPV DQG DUFKDLVPV LQ WKHLU WUDQVODW|
LQ &KLQHVH SHRSOHYV GDLO\ FRQYHQYNDX\AHR® VE\ WKKH VI
WUDQVODWHG VXEWLWOHV LQ WKH SURFHVV Rl ZDWFKLC
GHVFULEH WKH XVH RI ORFDOL]DWLRQ LQ WKH VXEWLWO
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ZKHQ FRPSDULQJ WKH UHOHDVHG WQUID® MWHRMW. RAQUD Q @ G DV
WKH EDFN WUDQVODWLRQV DUH DOPRVW WKH VDPH DV
H[SUHVVLRQV KDYH D FHUWDLQ OHYHO RI GLIIHUHQFH

$OSKD DQG PRWXDRI WKH GLUHFW WUDQVODWLRQV EHO
&KLQHVH EHFDXVH WKH\ DUH VKRUWHU WKDQ WKH UHOHE
RI YRLFH DQG WKH PRGH Rl H[SUHVVLRQ WKH UHOHDVH
DUFKDLVPV PDQWOWKHRM) PRUH DUWIXO DQG LGLRPDWLF
DUFKDLVPV PDNHV WKH UHOHDVHG WUDQVODWLRQ VKRU'
VHFRQG H[DPSOH WKMEXVH RDMWHW WEHRWUDQVODWLRQ
H[SUHVVLRQ LG RRN@HWMS KDY L]HV WKH LPSRUWDQFH RI I

$QRWKHU H[DPSOH RI WKH WUDQVODWLRQ RI QDPHV IU
FRPPXQLFDWLRQ LQYROYHV WKH GLUHFW WUDQVIHU RI V
ZKLFK LV DOVRORIER@E&RRYDWHJI\ DLPHG DW WKH WDUJHW
EHFDXVH JLYHQ WKH H[WHQW RI JOREDOL]DWLRQ LW L
EHFRPH DFTXDLQWHG ZLWK FRPPRQ VGHDINKY O FRKD W Y HI
WKLVGZDE¥XVVHG ZLVQKSH[IDHP YXKH¥KRLQ WHKRRIPEWLD O

DFFHVNRIEECOLH)BIXE LHDKEIHRMR Q IRUPY ZLWK 'DYLHVY GHILQLW
3JOREDOL]DQNVWRHQU PV Rl WKH REVHUYDWLRQ UHJDUGLQJ
UHVHDUFKHU FRQFOXGHV VKBWYVLRKQVQ DWH DBV W& R Q\DKH
LQYROYHG DUH PDLQO\ FRQGHQVDWLRQ WUDQVIHU WU
DOO WKH XVHV Rl WUDGLWLRQDO H[SUHVVLRQV DQG SRS
QH[W FKDSWHU DUH LQWHOQGHGSG| WRK H DMOFKI MWK HD SE LHH 19
JHQHUDMBED OL MKMW QXVHY WKHVH W\SHV RI H[SUHVVLF
WUDQVFULSWLRQ KDSSHQV H J GLUHFWO\ FRS\LQJ DFUT
YHUVAR@EDOCULWWHRBUDOO\ XVHG )XUWKHUPRUH WKHVI
SLQWHUFXOW XU D QURRPPRKGILEBE WY RIFWLYH RI LQWHUFXOW
WKH QHZ VWUDWHJILHV LQ VXEWLWOH WUDQVODWLRQ I
ORFDOL]DWLR QX EQ IMMOOHQN BD® P®NH WKH WDUJHW DXGLF
ILOPV DUH PRUH DFFHVVLEOH ZKLOH WKH XVH RI JOREL
FXOWXUH UHIHUHQFHVY WR WKH WDUJHW DXGLHQFH OHDC
NLQGV RI LQWIRUPXEGWWURQ FAKLFK RFFXU LQ WKH WUDQYV



&RQFOXVLRQ

,Q WKLV FKDSWHU WUDGLWLRQDO H [BRIHRAD/QB QW K/HK\F R U
IRXAKDUDFWHU ZRUGV DUFKDLVPV DUH GLVFXVVHG DV
H[SUHVVU( @Y XEWLWOH WUDQVODWLRQV $V IRUPV RI FXC
WUDGLWLRQDO &KLQHVH H[SUHVVLRQV HPERG\ &KLQHVH
WKDQ \HDUV (DFK H[SUHVVLRQ LV W\SLFDOO\ D VXPF
ZKR KDYHFD® IHRIQO® O EDFNJURXQG WR SULPDU\ OHYHO DQ
PHDQLQJ Rl WKHVH H[SUHVVLRQV DQG IHHO HQJDJHG E\
WKHPVHOYHV \LRY KK ZIDQ EH SHUIHFWO\ JRRG WUDQVO!
RQ IRUPDO DAMKIX®DZW LGLRPV SURYHUEV HWF GR L\
WKH YLHZHU DQG EHFRPH PRUH VXEMHFWLYHO\ PHDQLQ.
VHFRQG K\SRWKHVLV LQ WKLV VWXG\ WKH XVH Rl WUD
WUDQVODWLRBRQGREKQQBIMHKLY DSSURYHG DQG HIIHFWLYH
DOVR VXJJPNMWHG [EODQDWLRQ RI WKH UHVXOWV RI FRU:
ZHOO DV LQWHUYLHZV ORUH GHWDLOHG H[DPSOHV RIIHUI
LPSRUWDQFH HY® RIINFWQYMQUDGLWLRQDO H[SUHVVLRQ\
(QJODWKJIXDJH DQLPDWLRQ ILOPV LQ WKH PDUNHW ,Q W
W\SHV Rl H[SUHVVLRQ XVHG ZLWKLQ WUDQVODWLRQ LQ
H[SUHVVLRQV



&KDSWHVYFXVVLRQ RQ WKH 7UDQVODWLRQ RI 3RS)>

L QWKIWBUDWXUH UHYLHZ , LGYRISCOFH GI\E @ RMMRG BVS W
UHVHDUKIKEX D QHZ HR® QRP PRGHURX @ WIXQWKHWKH IDVW
GHYHORSPHQW RI| JOR BDMNOIRQWLRFKQRORUQIFPRRJH DQG PR
DUMS SHQUO KH FR@KHQMWH SHRSOHYV GDLOL@AONGHKHVH
SRSX®IPWDVHV ERPPR@OWZRUNYV ORDQ XRERIQDGHB OHFW
7KHUHIRUH LQ WK LYMVIHX/G\ZVSERBW B DRIUHT DOHV Z LR QV
WHVQO\WG HYDOXDWH W KHX VBIHIQ HADKEN  EDLWAHKEEDGEID BABK H
HITHFWLYHQHVV RI WKLV XVH LQ WY WK\L®DRKIDS VDU PDW U
RI FXOWXUDOO\ ORDHJISGHARULBRYVSRSN CAIRQVLGHUHG DV [
H[SUHVVLRQV LQ WKH GO BRKQLRSIKHQOD R I RIRKBHD® & HF X O W X
LGHQWLILHG DQG GLVFXVVHG LQ WKH IROORZLQJ DVSHF
H[SUHVVLRQV LQ WKH WOV ¥R WLR® RW WVRIQH VIO P V W
DQG zZD\V RI WUDQVODWLQJ WKH SRSXODU H[SUHVVLRQV
LQ WKH WUDQVODWLRQ RR\¥YKSXOWW LR[GWY HFRDLFEQ\Q DQL W
WKH ODVW G KDLSQWEU BOHD QSDWRQJIJXDJH SHFXOLDULW\ R
&KLQHVH VXEWLWOHV DV WKH XVH Rl &KLQHVH LGLRPV
H[SUHVVLRQV LQ WUDGLW LGOI &R MKHVOHQFARYDNI RWH
H[SUHVNQR@Q DV SRSXODU H[SUHVVAR®NU @ KLKLKQ H I B RRXLC
,DP PLQGHMKWKIDWZR W\SHV Rl ODQJXDJH IHDWXUHV LQ
LQ WKH JLY MO RoDKWDULHI® R W FBSIRD \V\V W H PV R H VI KDWY IXW € QR |
VX EW LW O HVIVWPUSDIQQLAPIDW/ILARR@ | LFOFP W RE) G HUVSHFWLYH RI W
RI WKHVH ILOPV SW KHH UDHIBEHIIXWD JHFHYHO R1 HGXFDWLRQ L
LQ (QJOLVK

JUHTXHQF\ RI WKH 8VH RI 3BRSXODU ([SUHVVLRQV L«

,Q WKLV VHFROMOLBQVFXVV WKH GD®W DL @DNUBGLRDVFRVKIXY IC
H[ISODLQ VRPH FRQFUHWH SRLQWYV RI WKH VWXG\ E\ DQDC



&RUEBYVHG 5HVXOWYV

,Q WKH FEXWXWKH IIMYFOXKPY HODQIXDIH VXEWLWOHYV WKI
SDLUV DQG WKDBKFIERRDAORWIKHIITUHTXHQF\ RM WRBMXWODU F
DSSHDUHG LQ HDFK RI WKH VHOHFWHG DQLPDWLRQ ILO

$ VDPSOH FDOFXODWLRQ LQ 3DUD&RQF
6FUHHQVKRW

7KH DERYH VFUHHQVKRW LOOXVWUDWHVY WKH ZD\ RI FDC
SRSXODU H[SUHVVLRQV LQ WKH VHOHFWHG ILOPV 6L}
WUDGLWLRQDO H[SUHVVURGHW MO HR/EHIOD/E EFUKRSIVDRML R Q
SRSXODU H[SUHVVLRQ WR HDFK RILYXRWWHK DQMO RW HG
SRSXODU H[SQUBVWKRQWKHP LQWR D 3DUD&RQF WKH IUH"
$IWHU JHWWLQJ DOO WKH GPWNH WK K HRDBGRIHGIRUG | L O
DDO WKH GDWD

JLOP I1XPEHU RBRSXODUYUHTXHQFXHDU RI
VXEWLWEBHRWHVVLRQ@( UHOHDVH

'HVSLFDEOH
'HVSLFDEOH OH
JURJHQ



$OSBIG 2PHJD
7KH &URRGYV
7XUER
7KBPXUIV

7KH 6PXUIV
5LR

5LR
ODGDJDVFDL
ODGDJDVFDU
ODGDJDVFDL
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,Q WKH DERYH JUDSKSLRILQE WFD\W MAK WV KIHORLIJKHVW [TUHT >
SRSXODU H[SUHVVLRQV LQ W WKG®VEODWKRQGV KRIZH YOHREZ HW K
IUHTXHQF\ RI XVLQJ SRSXODU H[SUHVVLRQV DPRQJ WKH
ILOPV ZKLFK KDYH WKH WRS X\RHE RIB BV VW [ISJUHITKHLGRFQ \R L
WUDQVODWLRQ KDYH WKUHH SRLQWV LQ FRPPRQ D DOO
ELOLQJXDO VXEWLWOHV H[FHSW RQH ZLWK E DOO R
H[SUHVVRRRX¥WRQ WKH WRWIRO WXPEHVODWHG VXEWLWOHV
DUH UHODWLYH QHZO\ UHOHDVHG ILOPV FRP3RHHG ZLWk
6PXUINQTXUPRIWNRP ODGDJDVEWWRP G5LR $OSKD DQG
2PHJDUHRP

7KH UHDVRQV IRU DSSO\LQJ SRS KRB BENHG WHHMERDQWD PR |
ILOPQG ILQGV WKDQJ DAKKE RULWOBDY ®UH FRPPRQO\ VKRUW
WKDW WKHU H XARKD @FHQRR XVH WKHVH W\SLFDO H[SUH\
+REYHU 2\KHH@WMRW VHTKH \6 RXIDQGW R FRPSDQ@E WKDW WKH
IUHTXHQF\ Rl XVLQJ YRGK B I ¥LM\GHDWDRQLFDOO\ LQFUHD

%HVLGHY WKH WHQGHQF\ RIVXQLQQ JSHRIEKX-HO\DH V(B W H W\C

WUDQVODWLRQ QRZ H[LVWV LQ WKUHH VHULHV RI UHOHD'
7TKH 6PXHULHY RXW RI ILYH LQ WKH VHOHFWHG ILOPV D

ODGDJDVFI

ODGDJDVFI

ODGDJDVFI

'"HVSLFDEQO

'"HVSLFDEQO

7TKBPXUIV

7TKH 6P XUIY

7TDEOH



$OWKRXJK WKH RWKH &DWXRQ GHIURMYGCRKRZEBVWKH UHYHU\
VLWXDWLRQ WKH GLIIHUHQFH YD OZIMYRUWWRMDIQU® TXE8QEN
WKDW RI WKH DIRRYBPWK UG WWYHUDLERYH WKUHH VHULHV RI
WHQGW®F YW XODU H[SWVHEWIRMVH KPYDPROWWLR/EKRZQ T
GUDPDWLF WREWRWDNGO\ WKHO RFWKW U GLRPIE B /W F KSR H
DSSHDIUHG HFHQW \HDUYWIKQ WeKkkH. Q®H Y HOR S PHIQRMK RI1 WK
LQIRUPDWLRQDO PHGLD SDUWLFXODUO\ WKH ,QWHUQHW
SRSXODU HISURRGIHRI® &KL QHWW KHY® @B HOH[SUHVVLRQ
LQ WKHLU GDLO\ OLIH ,Q QWK MWD WRWD RIH W HGR G DWKDV W \ S
EHFRPHV PRUH DQG PRUH IUHTXHQW ,QVWHIHURHYH VHUL
ILOPV VKRZ WKLY WHQGHQF\ FRQVLGHULGOWRWMN VLPLOD!
SKHQRPHQRQ RI WKH LQFUHDVLQJ IUHVPOYDP\LEBRMAML QJ ST
UHVHDUFK K\SRW K HRIQF H QQW® L WKW XYW HDOMA R R SRS ¥ ® D
H[SUHVNV@RQXEWLWOH WUDQVODWLRQ LV KHHEM[MYH 7K
VHFWLRQ WR WKH VHULHV RI |ZIOHY HAIDQWKAV B HOAWR RH MR K
JURJHQ HOGKRPHID 7KBEEXRE®KHUH DUH WKUHH RXW R
W KDRARIZK LIK TUHTXHQF\ RlI XVLQJ SRSXODU H[SUHVVLRQV
DURXQGWKH FRPPRQ SRLQW DPRQJ WKHP LV DOO RI WKH
\HDJWWHOHDVH& QERBVHQWO\ LQ WKH SDVW WKUHH \HDUV
DQG PRUWHQWLRQ WR WKH FUHDWLRQ RIWQRG X D®\UOQ DH J X
7KH\ UHJDUG WKH XVH RI WKLV NLQG PIGDmNVQHUIDIB\LWFRD |
FRPPXQLFDWH ZLWK \RXQJ SHRSOH 7KHUHIRUH WKH 1
SRSXODXDOH QQ VXEWLWOH \WDROX¥DIHVHRSR UY HGIDQYRDYV
LQ &KLQD FDQ EH VHHQ DV D NLQG RI DWWLWXGH WR VKR
LWV WDUJHMN DIXVG LWRAHHIRUH HIITHFW LVHQ WHUIW\RW V L Q J
WHKHVLORM YV KUBRKXMPA\SRSXODU H[SUHVVLRQV LQ WKH J
KLIKOKRRWNV KH FKRLFHV D Q G/ )SEM LMOHQURH B GRG WXEW LW O L
RI WKHVH NHMHSV XFDBQWXDJIJH GHYHORSPHQW

+RZHYHU EHFDXVH \QRKW FRWWHQQWLRIGLKHUHQW DQG WKF
VFUHHQ FKDUDFWHUV LV QRW VDPH LW FDQQRW QHFHVYV
ORDGHG H[SUHVVLRQV LQFOXGLQJ WUDGLWLRQDO RQHV
H[SUHVVLYH OQBURGPWML ITHYHUWKHOHVVY WR XVH HYR
ORDGHG H[SUHVVLRQV OLNH SRSXODU RQHV ZKHUHYHU

s o~



DQLPDWHG ILOP LV VXUHO\ WKH FRUUHFW FKRLFH EHF
UHVRQDQFH IRU WKH DX®RIKXHQF B X GILMEMFFH. D @VBR-DAKKAD @V K L \
ODQJXDJH WKH\ XVH LQ GDLO\ FRPPXQLFDWLRQ ZLWK WK
ZKDW WKH\ KDYH UHJXODUO\ KHDUG DQG XVHG 7KLV VR
UHVSRQVH IURP DXGLHQFHVOWKQ® GHRWYNUH YPRRADHN O AV HAL
DSSURDFKHVY D SHUVSHFWLYH UHLWHUDWHG E\ WKH UHV.

7DNLQJ LQWR BDIFFRXNQW KMKDWVW ILOP LQ DQ7HWWDEOLV K
6PXUIZDV D UHODWLYHO\ X QING@HRZH) FX® IQR\LAM\Y W R/ KK/ G R |
TXHVWLRQ RI KRZ LPSRUWDQW WKH TXDOLW\ RI WKH
LQIOXHQFLQJ WKH DFFHSWDQFH RI D ILOP LQ D IRUHLJQ
ZKLFK WKH XVH GRR DFXHOGN XIPDOHOMY LR BN WA\GHFHO RG VQU D G L W
H[SUHVVLRQV GLVFXV\RYXEWALIDNN FKEZEDGI DI IHFW WKH ¢
ILOP

+RZHYHU VRPH FRQWUDGLFWRU\ SKHQBRHJIEF BIOWHRGD S St
WKH KLJKHVW DSSURYDO RO WIKI BDRIPV QRIWLLQHRWP DW LR
IROORZLQ@HBMIMHHYH[W VHFWLRQ KRZHYHU WKH JUDSK
SRSXODU H[SUHVVLRQV LV WKH VHFRQG ORZHVW IUHTXH
DV WKH VWRU\OLQH WKH |ILOLFORV\SW KMV KIK\D ULIVF I HRXN L P
FKDUDFWHUV DUH WZR JLUOV LW LV DUJXDEOH WKDW W
LQIOXHQFHG E\ WKHVH RWKHU HOHPHQWY DV ZHOO $V

HYDOXDWHG WKH &KLQH\HWKHLGY DWW B G HOAEW BEWREVH P
LQ WKHP WKH RQO\ IODZ EHLQJ WKH UHSHWLWLYH &KLC
PDNHV VRPH Rl WKH VXEWLWOLQJ XQQHFHVRDWKB\ ORQJ
ILOP ZKLFK KDG WKH KLJKHV DWHAMSHFIVR R ®V L QUK 8 R\BW
JUR]HQ UHODWLYHO\ VLPSOH DV D PXVLFDO DQLPDWHG |
KDV RQH RU WZR VRQJV WR SHUIRUP LQ WKH ILOP )RU

PD\ VOLJKWO\ LQWHUIHUHQFHDL L WRH KRWR FHHAHU RR DAMW F
FKDUDFWHU V 5\ R D)@ WWKKRFBHRRPHG SRSXODU H[SUHVVLRQV
RI LWV VX\ERWHLWIOHKWHVW IUHTXHQF\ RXW RI WKH ILOPV IHE
VXEWLWWLGLIG DOVR RFFXS\ ILUVW SODFH LQ WKH UDQU
,QWHUQHW XVHUV VHH WKH FKDUW LQ WKH QH[W VHFWL
VXJIJHVWWKW KDAWWOLW\ RI WKH WUDQVODWHG ODQJXDJH
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FULWHULRQ LQ HYDOXDWLQJ D ILOP WKH TXDOLW\ RI W
DIIHFW WKH UHFHSWLRQ RI DWVI LR/ UDHI® LEXGKH MW RLIDRQ
LQGLYLGXRBQMRPIR GHPRQVWUDEO\ ZHDN FRPSDUHG Z
YLHRMHWHQMR\PHQW RI WKH ILOP ZLOO SUREDEO\ EH FF
WUDQVODWHG ILOPV LI WWHKHOW Q DXQD/JAHDARHESRRINE \J RR/ @ H
HQRXJK ZLWK PDQ\ WHMD QUOPIWIRIG PLYB@WODWLRQV LQ
SRSXODULW\ RI WKLV WUDQVODWHG ILOW HMK&MHBHHLQIO
ZLQAW FRPSUHKHQG WKH ILOP ZLWKRXW JHWWLQJ HQRX
VXEW )LRWO MAK H CPXHPIEHIMERI KD D FHUWDLQ OHWHAL RO EH OL
H[DVSHBBRMQ GIXWWKH LQDSSURSULDWH WUDQVODWLRQV

,GHQWLI\LQJ WKH (IIHFWLYHQHVV R( 8¥XBDWBWROXODU ([SUH
7UDQVODWLRQ

$ORQJWIKGHH W U D G LW L RGH\OF WHL[E MNEBKM LARODWW FKDSWHU WK
UHJDUGV WUDGLWLRQDO H[SUH WVIRRUPAXIBNGX SR 60O MR HE:
ZRUGV LQ WKH VXEWILWXH W U REOPIQW URGUD GAMWMIR QD O
H[SUHVWIHRSQUHVHQWDWLYH R$RSXD®ILW H RSQUIHD EQROGWX UDHY |
LQ WKH SUHY IHRPERWKHAWLRQJ X D JIHP W6 BEGE Q FDWHN
FRQWDLQV HDMPRIQMAWRRIH H[DPSOHV ZLOsE8 FBMLB QVF XV VH(
QHZ\FUHDWHG ZRUGV H[DLAS$GMHW RHOMR EHRZLQJ VHFWLI
UHLQW HUGLWRHPW HEEQ G DU WKIBILDPS®H J 7KHUHIRUH SRSXO|
H[SUHVVLR QW KHR S BH\DH EDMCHAURWADKERK). Q H VH - OXD@A XIDH H
WUDGLWLRQNOZKHL[SK HVWHR @R Q F H U Q HXGU DZOLISVRRS XRARDQR F X O\
H[S UH VI H RIH/PW OWVKIF X RW XWUIN®RKBO DORDQZRUGY LQWHU (
PHPHV GLD GRIGOR/T OLP®D WHKRH IR OO RWK®J HVM HFFWLIRYH QH V V
XVLQJ SRSXODU H[SUHVVLRQV LQ WKH SWH\H/OW WGE RLED R
UHODWULRB® WRQLPDWHG ILOPKHERWRRGEDHEQWDWE&DQVODYV
KLIKOLJKWLQJ W KMHQ ISHMFQ LIFFD WVILRDQD \ROM\WRLERVGH LY YADUADLVR HDM. +
FRQFH WXL M [DIPSHO HQWNBGHIG WHRH SRVLWLYWHH IRQFWLRQ
SRSXODU HLSUWXWLRIQ'HQ GDWD

!
9HU\ IXQQ\ 5HDO PDWXUH 2ULJLQDO VXEWLWOH
-1AA90 @1 A 5 HOHDVHG WUDQVODWLRQ



IHUX Q @\DW XQRIXHK %DFN WUDQVODWLRQ

MZh9CAA-0, @1 A 'LUHFW WUDQVODWLRQ

9HU\ IXQQRDWIUBFN WUDQVODWLRQ

5LR

2EVHUYDWIRRQRSXODU H[SUHWQVWK®GVUDB O DRMGGWIYDQVOD
WKH WUDRWEBBWLRYW VHQWHQFH  RHBRPBO\ & KON VH
LOQWHUHVWLQJ &RGPISDABNREQ Y DI W IFREMHIOID QVRKRNXV KPR U H
VIPPHWULFDO L@ YRQNRRW BUHHULVRXY WRQMIR!T YRLFH X
ZKLAMMRXQGYV PRIUBIQGHD®IRUPDOZKHRRHRNGMHKH LGHDO
OHQIJWK WKH UHOHDWHGER W IBDQ WOKIDML RMKHLVGLUHFW RQH
SRSXODU H[S'O®VVERPSDVHGIELWWKLY H[SUHVVLRQ GRH
RULJQWPOQDWRRUDO & KOIDDHNXMDD WIKWM ULY EHOLHYHG WKD)
H[SUHRWY FRPHV IURP W K H/RJ D& @ BOREEEH B WHRR, W LV D

WHQGHQF\ WKDW VRPH H[SUHV YV ILRQWH JUD@BEEADRIQIQV H K I
DIWH S URKHR UPLBIR®UR G X&KGQDQVLQFH 'LWK PRUH DQ

FRPPXQLFDWLRRQHHW®@IGHPDLQ ODQE OXRIQII. RQIP V

EHLQJ GLRWQUEBKQYE®MQE&DY EHFRPH IDVKLRQDEOH IRU PDI
LPLWWMKH ODQJXINVFH EBRDWRRG VIHQ WHKHIWR WKHLU GDLC
ODQJXDJHREHWKEOPRE QG ZLW WKHKARBWINH WKLY NLQG R
H[SUHKDERBRPH SDUW RI PRGH UIR &K IQHRAHIWHIRN YWKIH
SRSXODU HJeSU H\QMHIRKDD Q V O D W H G Q/GKHE BMEL MV @VHK K6 RVHMD Q V O D \
PRUH LQWHUHVW WQUDWKYDQWMRQGLUHFW

|
&ODVV\| WUDQYDO®WLRQ
p-%A 5SHOHDVHG WUDQVODWLRQ
7RR VKIRQ) OR BN UDHFWBEN WUDQVODWLRQ
MZh%2H 'LUHFW WUDQVODWLRQ
9HU\ SUHWW\ %DFN WUDQVODWLRQ
5LR



2EVHUYDWURQM[DPSOH DOBRRFRAHK IWMWRWKH WP WKDW
KLIKHVW IUNVXREX®RDU HISRRHYN MRKHH G V HXQUHWFKH UPR U H
WKH VXESWRYIOYWKRILPSWHKDWLRD KXPRURXV SREXODU H[S!
WKMWUOH RI WeH-BLQ® D\IDWPHIREE U LJXKWE OLQG7KH LQGLFDWHG
PHDQLQJ RI WKLV ZRUG LV VL P LODDRWXRAPRI W K HQ @QRBHD LWRPHI[ S
EHLWBERLIKW HYHOREORRIG BEFMZHYHU LQ PRGHUQ &KLQH
NLQG RI H[DJIJHUDWHG GHVFULSWWRKBHDXWLOXO \\8 KXV HFED

DSSHDBD WRHPHRQH RU VRIR¥WKLIDIU @ZH ® KO VOWKHOK RIKH VV
G H\ELWEH D X WKH U HBPRAUALOO PDNH WKH UHPWILhY%EE KDSSLHU
,Q DGGL® ER@PRWKH.\WERYH H[D PSAheh2 B IOWKPPIHW ULFD O

LQ VW PRFWKEWKH DGYEMPWOQIMKRIUWHU LQ OHQJIWK

|
$ZHVRPRULJLQDO VXEWLWOH
-+ 5v ] 5HOHDVHG WUDQVODWLRQ
'RZ VR KDQWGKRBNMVN PH GXPEIRXQGHG %DFN WUDQ\
F03 zZ5Y 'LUHFW WUDQVODWLRQ
7KLV VKRRW LV URFN %DFN WUDQVODWLRQ

%XVWHG  7LPHLWIRQDR VXEWLWOH

. +0'DY AL A 5HOHDVHG WUDQVODWLRQ

OXP LV DQJU\ 4XLENO\ JR %DFN WUDQVODWLRQ

_+0'DY ABC T A 'LUHFW WUDQVODWLRQ

OXP LV DQJU\ 7LPH WR JR %DFN WUDQVODWLRQ
5LR

2EVHUYD&®RRDUHG ZLWK WKH FREBPHY HDASYOWOLIXVHG
GHVFULEAKRVIEBOXW LIXD WKLV H[DIPCSDWLYDN B[YUHVVLRQ
EH QRUPDW@HXHB EERKRYV KDQGMRPMKHUKRR XPWH RI

ii0



LQGLFDWHVWRKRWQ &N R NHRDWH GXPEQR WEGHWBSHFLILF
V X EW LWHO H WKW K ISRAMAWEWR DRIPH FDQ JLYH WR VRIPHRQH ZKI
JRDO LQ D EDOO JDPH

,Q[DPSOH  WKH \D)XQFRWKHUHBRSKHODU H[SUHVWLRB LQ WK
WR PR ~ 3 "PHIV@R EH TXLFRKEOHDMWYR OHDYRWXLFNO\
LQ D IORMKLQGLFDWHBSGL PHPRW QR QRIRJ R HIDXY. FEKGVO V R
WKORWHRQH GLG VRPHWHKUQW R DR ®L A E HRLEIIWS K 'Q L WKKHG
HVFOBXYLFHOKWY LQGLFDWHG PHDQLQJ LV UHOHYDQW WR V
WKH XVH RI WKLV SRSXODU MRSV HVWQLRQ L DWW IRF DWHRR QY H
DXGLHOHFGHUDOO\ LW WGH RISCSR WHHER QMR HY WKH WUDQ
VW L@ R KKIPE@E\ X VWEMNMYRRE SRSXODU H[SUHVVLRQ

|
/D OD OD OD OD OD 2WIKI\W DWW WRUDQRQDW LR Q
————— F 9% =MBa 5HOHDVHG WUDQVODWLRQ
/D OD OD OD OD OD WKLV LV QRW UHOLDEOH %DFN
————— Fo9&é=)a 'LUHFW WUDQVODWLRQ

/ID OD OD OD OD O D% WRKN. W U\D @ R ODURLRIQ
7TKH 6PXUIV

2EVHUYDWMB®HYQ &KLQHVHURUHULHEMMUQWDOLVW ZKR L

VR VNLDWHK B\ VGG MR W HDIQY RERBIERZKHEH U IRQUF K H
ODVW FKDUDFWHU LV WKH FRUH *PRUBSEQ@ UMREZW YHSUHV VL

WKH ILUWW LARWREY SWKLHY PW DYHA@RIZKL®H LV D VKBUWHQ
YHUWIRIGHSUH Ve R ® HD QiILQHIO Y RAXNW) WRGEKLQHVH WKH
PHDQLQJ Rl WKH BRUH) AKPOMEMBAHRDY EHHQ FKDQJHG LC
SUH O L DEKOWHBHH P D LWPZ R JF K DUIDWANMH@LY RULJLQDO PHDQLQJ
WKH FXUUHQW PHP-0BEQILKIQWRHDEBHPRU XQUHDOLVWLF
VXEWLMWY/IOH VSHDNHU WKLQNV VRPHVKKVQLVLYRQRMR QLJKW
V X E WK DWOUHDUQ YZQUIRIIGEM-Ba” IR U R QUHZIRHAOYV  R\G K\DLWL V
H[SUHVVIRK@ ERQORTXLDO OD QIXTBHHI H.LQV KW RQRAMIN H U
VFHS\DUWADOXZXGHBRWRWKLQJ WKKDFRPISBWHG ZLWK WKH G

AN



W UDQVEDEWLRRLF K IDIDWRRD YHVIDW LY Z DWBRV/PWW & HQWRD Q G
LV DOVR D FROORT=MEa0 DIOSRIRIZW LR QMY VGHA\D RS

UHFNOHVVY DWWLWXGH ,Q WKH FRQWH[W RPXKH ILOP D
HQHP\ WKH EWM¥XYDMBREUY WKUHDW +HQFH LQ RUGHU W
PRWEMeBa LV PRUH UHOHYDQW

1R 1R 2K P\ JRRGQHVV 2K P\ JRVK 2ULJLQDO VXE

—E=E’ EY ' ASlZz 5HOHDWBIGYVODWLRQ
1R 1R 2K P\ JRRGQRGV %ABBERQVODWLRQ
"E=E=EY Y 'LUHFW WUDQVODWLRQ

1R 1R 2K P\ JRRGQHVW R2KN MUWRYKODWLRQ
7TKH 6PXUIV

2EVHUYDWLWREYV H[DPSOH 3M\KHR R S@HENBY LIRQER W K
LQGLFDWH D VLJWKH W&®BDNRG RORRRWGLIIHUHQFH EHWZF
WKHELPLODWO W KEBYHVHDQ®A, /Zz ~ VKDUH WKH VDPH PHDQ
7KHUHIRURR QUIWWRKBBN LQ WKH GLUHFW WUIYQVODWLRQ
DSSWDILFH +RZHYHU WKH VXEWLMWNRIERME RYAV/KH UHOHDVE
z° UDWKHWRMWEES VDPH WHUP WZLFH ZLWW KDAMRRIOD\HU YV
DYRULGSHWLWIVNRQJ VIQRQ\PV WR H[SODLQ RQBVREWQLQJ L
3AIZz LV D SHDWSKUDYRIP ZHNWQRZQ WHOHYHVDRQ

2ZQ 6ZRUGIMPIREKLQD 7KSHU PW DIGRIEWWD VA, /Z z
SHRSOWKMIWW H[SUHMEXRQ\VRKMQIBUWRKVDIRQLVW FRQFHUQ
LW WR VKRZ DOO KHU VLJKVVKF K WRWHRBRIGE BEHEB S®IHD O F
EHJLQ PLRKHBHX VQWKLY H[SUHVVLRQ LQ WKHLU GDLO\ FF
VX EWDRLWIOHEOMW KLY H[SUHVVLRQ LQ RUGBHUWFFRPEINH DXG
IXQ LQ WKLV ILOP

!
2YHU KHUH *HWQWL® VXEM LW OH
« NE % 5HOHDVHG WUDQVODWLRQ

~ s



2YHU KHUH 'HIHDW KLP %DFN WUDQVODWLRQ
e %fB Y 'LUHFW WUDQVODWLRQ

2YHU KHUKL PYHIWFN WUDQVODWLRQ
7TKH 6PXUIV

2EVHUYDWKIRQVYV RQH PRIKL FH{ DIPS O/ OTHEW BBX LU R P
ZKHUWEKWH VXEWLWOHU RN KMILYQMOPWEDRI@WWASOH E\ XVLQ
SRSXODU HIQURUV G BRIGWR XV LQJ DQGMBIDESQHY HQWV
QHZ W\SH RI FROORTXLQGDOMMENRXIH ISHRSOH 7KLV Wt
RULWHMRP D MOUIRYJ&D QWRKIHWKHLQDBEEDRHUMKH VSHDNHU
ZKHWKBFFRP SY®RPHW KLQ R WKGXUKRX QW RRPELRFFDVLRQV
SWRE VRPHERGGHRDKDW WKH VSHDNUSIS REQHOLLH X AR NV X
WKWWBRRN GRZDRBGRMPKDELODLWHPIRE WKHRVR GHIHDW

W KHD VL O\ ,Q WKLV VSHFLILF WUDQVODWHG VXEWLW
7KHUHEREBH VKRZV PRUH FRQILGHQPHBWKRQWWKHGXWYH FRV
WUDQVODWLRQ

/HW VHH 2ULJLQDO VXEWLWOH
Ae -xx A BHOHDVHG WUDQVODWLRQ

/HW KDYH D ORRN %DFN WUDQVODWLRQ
AUA - A 'LUHFW WUDQVODWLRQ

/HW VHH %DFN WUDQVODWLRQ
7TKH 6PXUIV

E !
6HH WKH OLRQ ORRN DW WHHIDQRQ WREKWIHWOW KH C
=?f) €1G - F)€ <A €p A 5HOHDVHG WUDQVODWLR
6HH WKH OLRQ ORRN DW WKH OLRQ \RX JHW WKH
=?f) €1G -F )€ +A)€p A 'LUHFW WUDQVODWLRQ

6HH WKH OLRQ ORRN DW WBIF N WRUD QREADMMR Y KH O

bl
bl
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ODGDJDVFDU

F !
/IRRN RQ WKH EULJKW VLGH =XED $IWHU , GHIHDW \R}
2ULJLQDO VXEWLWOH
--; - FOOMK A XA°«fCUY /+SNYd) €{> E SHOHDVHG
WUDQVODWLRQ
IRRN RQ WKH EULJKW VLGH =XED $IWHU , GHIHDW \R}
%DFN WUDQVODWLRQ
?2+- -  OMK AXA°«fCUT [+ SNYd) €{> E 'LUHFW
WUDQVODWLRQ
/IRRN RQ WKH EULJKW VLGH =XED $IWHU
%DFN WUDQVODWLRQ

, GHIHDW \F

ODGDJDVFDU

2EVHUYDWLR\KLY HPOPSOWH UHSUHVHQWSMFIDYH YYHUQDF X O
SKUDVH LQ &KLQHVH 7KH GLIIHUHQFH EHWZHHQ ZULWWFE
YHUBAXFR; DWR ORRNWR OIBSWMW®R VDWL+DO®R VRWOO
VROHGDXVAHILWWHQ OB QJXDNMBIE RUDO ODBIJXBSHDWHGO\
XVHB X- ~ VHHDPSOHV E DR®HKH UHOHDVHG WUDQVODWL
FKDUDRWHWRNV\QRXAPWK ~ ERWHKKRPKIDPGYR KDYH D ORRN
REWRHHORUHRXHER PSQW-x " ZLWK ~ WKH IRUPHU LV HYHQ |
LQIRUPDO WK D@ HWUKW REDHW RIHYRILGH $V ZH NQRZ ILOP VX
LQYRW KGILD O RVIKRIVS S BOR QJ F K D WERFW HIRAMU DIQYJ0 D W

IRUHLJQ ILOPV LQWR &KL Q@H\LID¥MWHOBDRKISXE RV WLYLEQBY L
%HVLGHY DQRWKHU NLQG RI IRUPDWLRQ RI WKLV W\SH R

D JHQHUDO IRUP LQ WKH WOHXQ RBIOW LR @ KHWHR F&RKXLAGH E Hi
RQH PRUH EKDBRFWHQ EHWZHHQ W KH UMDRN KR X B WHKE VF K

NLQG RI IRUPDWLRQ LV FRPPRQ D @XHEHAMEWREBY WR RL
VXEW LW O H/ WWKHQW KORDWWAL IR QMK K HE WW BVGINUOBKARILEG LQ PRV W

bl
bl



|
+L +RO\ PRO\ 2lLIMNOHQDO VXEW
AA’aH 9 5HOHDVHG WUDQVODWLRQ
+L OBELRORRRWHKBU %DFN WUDQVODWLRQ
AA’Yz A 'LUHFW WUDQVODWLRQ
+L +RO\ PRO\ %DFN WUDQVODWLRQ
7KH 6PXUIV

2EVHUYDWLRQWH UHOHDVHG W U D QWMCKEHR/SR@D UV K 5 VB E WLLR
SAAH ~ ZKLFK FRPHV IURP WKH FROOHFWLRQ RI SRSXOD!I
W K H &&709 6SULQJ JHVWLYDO *|
ZZZ KLQHZV FQ QHZV V\VWHP VKWP3RSXODU HYSUHVVLRQ
ZKLPKSSHDU LQ HYHU\ &&79 6 DU FRVDO\E B WHEQDE®

P X OW L PRHGPLEIMDY W WH D) QB W PWVR D/VAD UW B KRHREOH | W
EHFRFAH KLR@B &KWEMWKVNLYBI H[SUHMSLRROQ\ WKHVH
SRSXODU H |8 BRWVOARRIGP H QOMIMIRUEHIEH U D O O \ CKX® RZUL RVXWA
FRPSOHPHQWDIG HEADWHG SHKURXHIDYGF DV GHHS LPSUHVVL
DXGLHRFAFRUGLQJ WR W KB R KRDHMEV.QDRDIVR QR KB DKV H
SRSXODU H[BSQERSHRORWKHU V HERIUFAV H D PLISIOPHW ZLOO EH
LQ WKH ODWWHU VHFWLRQ Rl WKLV FKDSWHU

D !
*X\V" 2ULJLQDO VXEWLWOH
IAN * 5HOHDVHG WUDQVODWLRQ
JULHQGV" %DFN WUDQVODWLRQ
0 U 'LUHFW WUDQVODWLRQ
JULHQGV" %DFN WUDQVODWLRQ
ODGDJDVFDU

G !
:HOO GRQRUHER WXE® LW OH
¢tC- EIAN A 5SHOHDVHG WUDQVODWLRQ

[RKe)



‘HOO GRIHQGY %DFN WUDQVODWLRQ

¢C- E™€ A 'LUHFW WUDQVODWLRQ

'HOO GRQMERNVWUDQVODWLRQ
ODGDJDVFDU

H !
+H\ PDP@KDQNV 2ULJLQDO VXEWLWOH
IAN BRBR 5HOHDVHG WUDQVODWLRQ
+H\ IULBHWBVQNY %DFN WUDQVODWLRQ
BRBRW#& 'LUHFW WUDQVODWLRQ

7KDQNV HYHU\RQH %DFN WUDQVODWLRQ
ODGDJDVFDU

2EVHUYDWLR/ELYV ILOP VHULHV EHFBXXFHKHOM] PBKE FKD
OLRQ DQG ODUWDSWHBUAHBUDVW WR W KHVRHLWE&H\Q VW D C
UHIHWDWR RWKHU DQG W K FIHU UMMBHHYOR I7KEHBNRIQH LQ W
LQ VW VO R\HKHNV D P H 3 \RU DDBVSHIDQ WVRKOH UHOHDVHG WUDQVOTL
ZRUWK UHFRPPHQGLQJ WR DMKHOPXWMNUHHVXEMEWDRWH WK
HIITHFWLYHWRNBDRMIGH DXGLHQFHV RI WKH ILUVW LQVYV
IDPLOERQWLQXLW\ DV WKH\ ZDW FKURRHWKE 8 HUXS € RWLLY
SV\FKRORJ\ SHRSOHNZH 0 OFRDIVWCHRNSIN\D ® PDQLRHVWDWLR
FRQWLQXLW\ DV RSSRVHG WR HQFRXQWHULQJ XQVH
)XUWKHBRRWHDRULILQDOO\ XVESDWW @HPROREHH RI D
SULYDWH FRAS@QPHY RIBEEHFARPH DQ RUDDKHEXKUHWVLRQ
PDLQOAAXY 1RIUWKLQD PRVWO\ DPRQJ PDOH IULHQGV W
W U D Q \ROVDRAR. @ RHILFQ MGEW LW OHV EHFDXVH WKH PODHQ UROH
UHVSHMRDOHOWIDRQ DHFHEUD VEULKM H[GKHD DQQFW LR Q
DQG GMNUR HZHKLFRDWRHEDRK KWW VVKRD¥ORVH UHODWLRQV
DPRQJ PDOH IULHQGYV )RU |H@D OHZEHEH[BEW V WIKRHQ VD B/\RR
VKRZ WKHLU FOR¥H IVLWWB UKL DERVRP IHPDOH IULHQGYV
PRGHUQ &HANG BDDAB=L° DUH PRUH SRSXODQGW KBRH Q

XVH WR VKRZ WKH UHODWLRQV DPRQJ \RXPMIHROSOH ,Q

1A



LQYHQWHG DQRWG®BPRQZ ZRDGH ERVRRAVRUGHYGEULEH D
FORVH IULHQGVKLS EHWZHHQ D ER\ DQG D JLUO 7KHLU L
EHLROR VIHY FMRPPRQ BXWHQIBWY WKDQ FRXSOHV 7KHVH DSS
D FXODMPQUMWKH DFFRPSDQ\LQRI MD OH XML @ XHWWOR P7 KH U H IR
WKHVH H[SUHVVLRQV DUH XV HGW.KH PIEGRRRVNAHE Q/IXWDIH W U D
FXVWRP RILWEHHU®HF

<HDK WHKHKBWUREDEO\ ERUHG RXW RI WKHLU PLQGYV

"KL 7- 626 ' 5HOHDVHG WUDQVODWLRQ
([DFWO\ WKH\ SUR EDERU HBIDG NH WWULHPHAD W L R Q
L E T 6zC (® ' % 'LUHFW WUDQVODWLRQ

<HDK WHKKBWUREDEO\ ERUHG ROWNRWWEQGVOIPWQRBY
ODGDJDVFDU

2EVHUY DWH QXD H UKD[ISQUHE VLR QV VKDUH WKH VDPH PHD
WKDWKHA PERQHG RXKWMLRI PLRBWYHBz (6Q° WKH OLWHUDO
PHDQLQJ RI WKH 8D WWHFXKORIBHFWHULQ WKLV VSHFLILF VH
PHD QWWKWH GH EBHGIRRIOW EAS HDINHDW W KHIXHUWKHBRRUH
36° DV D SRSXODU HYSWHMXRRERGRRRG RU HPRWLRQ
DSSURDFIHRQBYWUHPH 7KLV EHORQJV WR D NLQG RI H[DJ
&KLQKRNMQJ SHRSOH SWKHMHRWIRY®VHHUDWHG H[SUHVVLRC
ODQJXOLALODU H[SUHVVLRQV ZH WRHOREWR! IGYLNE XNV [\DHPG AH)V
VXFKBW H[WUHPHO\ EG®WXWHIOUHPHO\ KQ Q\GKAR BH U HF W

W UDQVIOMAIHIYREAC (0 LV FRQVLGHUHGHDMUW ZRQGORWW K H

RULJLQDO RRIUHH W VK@D IR KH KW R Q H KR-DQV R(BE & (0
LV ZHDN H8z (& KD Q

I
, DP EHWWHU ORRNLQJ , KSOWRYBEHRDWMUDKDA. U ,2DPJC
VXEWLWOH
AK C"E3 5 »"E3 G§ A-;C8¢+"E36S> SHOHDVHG WUDQVODW
, DP PRUH KDQGVRPH , KDYHGRHSAIDYW RDUW \DW\® H

AN
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%DFN WUDQVODWLRQ
AS$-; »$-  A-C§ee"E365> 'LURFWDQVODWLRQ
, DP EHWWHU ORRNLQJ , KDISWWDEHWWIMHW%BREEU , DP

WUDQVODWLRQ
ODGDJDVFDU

2EVHUYDWLW®M DERYH H[DPS OW Z R/ ISR /XEDWL \M P8HIH XV HR Q
WUDQVODWLRQ 7KHVH WZR H[SUHVVURRYEEKARQHWAR QF
WKHLU SURWVR W KIHYGYRIF&Q D&GE VW \OLYKVKLVLFR QW H[W
VSHFLILFDODKDLKWINWWIOMR &R P SDR H G LIALWHKQOW RKWPHN WA K H
35" DQGS PRUH RIWHQ DSSHDU LQ RBIDO ODQJXDJH DQG DU

|
, VWLOO WKLQN KH LV NLQG RI D VKRZ RIl 2ULJLQ
AF 20C Z nv YA 5HOHDVHG WUDQVODWLRQ
, VWLOO WKLQN KH L% INAN) &/ BRD QV\DKRZLRQ
AF 20C z&U60Y A 'LUHFWDQVODWLRQ
, VWLOO WKLQN KH L% INAN) ®VBDR)YVKR Z R |

ODGDJDVFDU

2EVHUY DWKHR XW3Hh VR IQ Y R O HD/OBIR PR UW RKU QR G KDV
EHFRPH ZLGHO\ XVHG LQ FROORTXLDO OWGHVFIH HEI) PR (
VRPHERKR OZDQUWMWKHLU RZ® \8 KB L&/IHVH BU60W V DK D D W L R

ZULWWHQ DQG IRUNK® HRWRHWK IRIQWVKIHVH H[SUHVVLRQV 1
QHIDWLYH @QRREVRMKALRMKLILQDO IXQFWLRQ RI WKH SKUD

|
:DNH XS 5MKH Q@G 2ULIJLQDO VXEWLWOH
GAGAZLc, q6N - 5SHOHDVHG WUDQVODWLRQ
:DNH XS 7KH VXQ DOUHDG\ VKLQHV RQ \RXU ERWWRP
GAGAZLcG-wC8+ % 'LUHFW WUDQVODWLRQ
:DNH XS 5LVH DQG VKLQH %DFN WUDQVODWLRQ

A 7
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ODGDJDVFDU

2EVHUYDWLRHWH UHOHDVHG WUDQVODWLR@QDRZHODIKOLY VXE
NQREZRBLQSBKWDXHE,gsNT ~ ,W LV D KXPRURXV ZD\ WR SHUVX

WR JHW XS TXLFNO\ EHFDXVH LW LV QHDUO\ ODWH PRL
HISUHVVLRQ LV XVXDOO\ XVHG E\ SDUHQWYVY WR WKHLU FK

|
'RZ $UWQRX MXVW DXQUWMQMH WRALBRLADO VXEWLWOH
F-O JB$Bz " 5HOHDVHG WUDQVODWLRQ
$UMMD \RX UHDOO\ SXWWLQJ D JRRG ZRUG RQ PH" %DF
+' ALIFfe= OFf?,cy U 'LUHRFWDQVODWLRQ
'RZ $UWQRX MXVW D OLWWOH UD\ RI VXQVKLQH" %DF
7XUER

2EVHUYD®M/RIQUVW IURP WKH & DBDFHIEGHIDQ WBHBIWL R Q L
VXEWLWOHU RI WKH UMHWDHHD WHID QAUDIMW DRV WRRQH{8BDLQ W
WKH VHQWHQFH 1 WKID GG [EWHHFW BMKMEE § @ CKEDARIBRID
FRQIXVHGSRULQFIHMEX®PW QGHUVWDQGLQJ WKLV VXEWLW
UHOHDVHG WUDQVODPWRR QRRIL W KALRQWHX R W YRICHHQ 1 QY KRHUGG H
WKH VBHRRSOHEDBWRRWKH IRUPHDDURRRHQVRPVRWKHUYV
$FFRUGLQJ WR WKH FR QIVMDHH[WD WALR PRI BV M LVWABRDEMD F W H U
7XUBR ZOUG@BDYWLFILGDWIR@J FRPSHWLWLRQ +H GRHV
VQDLO FDQ ZLQ WKH UD KN WIRBY HQ R D R WEKHZLN bl

7XUER WR JLYH XS UMK/IS RDPFHUNERKVBAOWHQFH ,Q &KLQH
FXVWRP WR XVH D UHYH U VR DD LANWIMEHMDVRIOD M/SRRUE WR\Y H V W
DWWLWXGH 7KHEOIFBYBz DOWKBRXKDUH UHDD@®\ SXWWLC
JRRG ZRPBK LWV UHD O\RKDMWIDQRW D QDWW DR QI R QW
PHRBRX DUH QRW UHDOO\,8 QFREUWUIRQJ PHFDXVH WKLYV
LURBLFUHVVLRQ WRV VX®KEDSBEEBIWWDVRILVIDFWLRQ DERXW
HOVHZRUGYV LQWRZGKWGY ZIHKODeD VW R ELT XDQL R Q

-
-
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PDUN +RZHYHU LQ WKLV VSHFLILF H[DPSOH LQ RUGHU
VX EW LW O HZL WARKHWXDDHK HRY W L R QV R/IWID Q QODW LR Q

I
‘HIUH JRLQJ WR GLH 2ULJLQDO VXEWLWOH
A ?+ ¥%<0dY %% 5HOHDVHG WUDQVODWLRQ
‘HIUH JRLQJ WR GLH %DFN WUDQVODWLRQ
A l«T Y 'LUHFW WUDQVODWLRQ
‘HIUH JRLQJ WR GLH %DFN WUDQVODWLRQ
$OSKD DQG 2PHJD

2EVHUYDYOLRQXH UHOHDVHG W UB<QYVD\D\WOR R U DWK H [$\WH VRV
PHDQIWR GLE &KLQHVH LMMWBHRR ZRUG SHBBOGHRDUH DC
IDFLQJ GHDWHYDVUKHGFH[SDWVVLRQV WR $\Q GQB O UMK WKLV
SWR“®LONVRLWY HXS DORLYWBRY SDVWRBWR\JR WR KHDYHQ

7KH HTXLYDOHQFHV Rl WKHVH WZR HXSKRPLWRWPP GI[SUHV
ZRUG ®DYQRG’° IRUWRRG SHEKSOH "LV XVHG IRU EDG SHRSOH
PHDQR WR KHOO

|
:KDW ZDV , WKLQNLQJ" 2ULJLQDO VXEWLWOH
AJJ W7A.D fGU 5HOHDVHG WUDQVODWLRQ
DV , MXVW VKRUWLQJ RXW" %DFN WUDQVODWLRQ
AJ IX#6x' U 'LUHFW WUDQVODWLRQ

:KDW ZDV , WKLQNLQJ" %DFN WUDQVODWLRAQ
$OSKD DQG 2PHJD

2EVHUYDMWERDVLYV D KXPRURXW RRRMRDHHGC GHK@R X I KW V

&RPSDUHG ZLWK W KH3\EAUMH FRD @ WD RO O IDAN BRHE QLQUGIL FD W

RI WKLV VSHDNHU KRZHY HUQ RWK @ HRQRAHWWW UD Q QGD WD R
7TKHUHIRUH WKLV LV DRMAK HH ¥ WH K HI W U\D>XQENVOIDIWALHR Q

-_—
-_—
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|
7KH URRNLH ILUHG KLV FUHZ FKLHI 7KH WKLUG WKLV
Fzaé &AT /NJLO FC«“'1\9Zf % 5HOHDVHG WUDQVODWLRC
7KH URRNLH ILUHG KLV FUHZ FKLHI 7KH WKLUG WKLV
FZae@L+9 /'NILO FC«“'1\9ZT % 'LUHFW WUDQVODWLRQ
7KH URRNLH ILUHG KLV FUHZ F%DHWN TZWHDQ¥XOD® MRKQL V

&DUV

!
5LJKW ZKHUH WK BOLGJPHRX 2ULJLQDO VXEWLWOH
Fa +*Ja L+tAVee "¢ A 5HOHDVHG WUDQVODWLRQ
7KLV LV WKH SODFH \RX SDLG PH WR EULQJ \RX WR
Fa_ «8aJAAUAV e FOZ é A 'LUHFW WUDQVODWLRQ
5LJKW ZKHUH \RX SDLG PH WR EULQJ \RX %DFN WUD

&DUV

2EVHUY D WHIRQVUD Q \CODWHMRQ-RIWR GLVPLVV VRPHERG\ |
HPSOR\PHQW LQ &KLQHVH 7KDQBNVPSIBIYV XR/G GL V. Q R LRALD
GRFXPMQWQ FRQWUDFW DV ZULWWHQ ODQJXDJH +RZHY
®ARRA 3WR U\ EKKMQVOHUHFW PWRQIR®H ERIGY LQGLFDWLRQ

LV PRUH LQIRUPDO DQG KXPRURXMDP® OHKLY UMIOH VX HG LW
XWMW KH D EHEG HSYWLHDWMBARRQYEBA EHFDXVH WKLV H[SUHVVLRQ L\
XVHG LQ RUD G GKLQHMWHIUTLEHDRRQRXQG WKH DQWRQ\P RI
H[SUHWALR® WR KLUH WR HPSOR\ 7KH IRUPDO IRUP R
ZULWWHQ &KLQHWHWRH UHOHDBBSWH MXHO BWH. RRQ

VDPH DV W& W RRUH LQIRUPDO DQG RIWHQ XVHG LQ RUI

D !
<HDK {UZAHVRGIEBURXG Rl KLP BXMXUUZLWXIS DG JHW EL
2ULJLQDO VXEWLWOH

_Z EA j P a2« EVA<K 7- & 5HOHDVHG
WUDQVODWLRQ



<HDK fUZH VR GHDGBLBURXW RE KKK KHXS DQG JHW EL
%DFN WUDQVODWLRQ

_z EA-OZjPafY EVA<K 7- & 'LUHFW WUDQVODWI
<HDK fUAH YHU\ SURXG RI| KIGPKXXW XZLV®GKBHHW EDFN
WUDQVODWLRQ

E !
7KLV LV JRLQJ WR EH JRRG 2ULJLQDO VXEWLWOH
0EJ (m6+Y% 5HOHDVHG WUDQVODWLRQ
7KLV LV JRLQJ WR EH GHDG JRRG %DFN WUDQVOD\
0OEJ,- % 'LUHFW WUDQVODWLRQ
7KLV LV JRLQJ %WMIRF EHWIRREGY ODWLRQ

F !
7KLV WRRHRLQJ WRXBEWR R\ GHDG 2ULJLQDO VXEWL
FIQEAJAU«!l««A 1% 5SHOHDVHG WUDQVODWLRQ
7KLV WRRHRLQJ WR WBRMRREXBEG\ %DFN WUDQVODWL

FIQ E A?+.7 4l«s 'LUHFW WUDQVODWLRQ
7KLY WRPHRLQJNWRXBEWRR\ GHDG %DFN WUDQVODW
&DUV

2EVHUYDYWHL@RQUD OO0\ WKHE&WW\R Y VIRPMRGERP RURXV ZLWK
PDQ\ H[DJIJHUDWHGVXFEUBWAY2RQV  PHDQLQJ WKH KLJKH\
GHJUHH RI IHHOLQJ Sh&¥G AR DVRIRHRWRPHW KLQUWLY VR JR
PDNHV SHRSOHDB&AR FUMNV OLWHUDWRPIBDA LWEKRWRXJKO)
ZKLOQEKMW JLYHQ ILOP FRQWH[W?3WH IP\D NHSUXYNQRRPRRDA K
FKD@QABLQL@UDFH +RZHYHU WKH XVH RLIJWRMIKM[SUHVV
VSHOWHUDJJHUDWH G DD ®WMNWXEIR QHQWY IDLO 8VXDOO!
H[DJJHUDWHG GHVFULSWLRQV DUH XVHG LQ R®DO &KLQH
WRQH RI YRLAMKEQW®R/EKRHEPRWLRQ ,ODHIOH R4 WKLY HNTLXQ
RI H[SUHVWHRG D'E NRKFNMED® Q G BFEWLY H

!
$Q\WKLQJ QHZ LV EDG &XULRVLW\ LV EDG 2ULJLQDC

A s



aRI -CW E-wal) A 5HOHDVHG WUDQVODWLRQ
$Q\WKLQJ QHZ LV EDG &XULRVLW\ NLOOHG WKH FDW
+..a»(™G-=- E-wée=- A 'LUHFW WUDQVODWLRQ
$Q\WKLQUVQHYG &XULRAVDMN WWEQ@ODWLRQ

7KH &URRGYV

2EVHUYDWRPQWKH EDFN WUDQVODWLRQ RI WKH UHOHDVH
VXEWLW®HZHM®RIZMHVWHUQ VD\LQJ WR WUDQVODWH WK
SIXULRVLW)\ N L COuHa«)W K H. VF DWK HI RZZRRUUGG WU DR WXL W LR Q

VD\LQJ $V LOXW RHE \SHIUNIW URQQH [B A8 @FHRIQF OXGHG WKDW
DEVRUEDRPM UHOD@JIXDJH WHUPV LQWRJPRAMMQ DLIKLQHV
GHYHWORWHQGHQF\ 7KHUH VKRXOG EH D FHUWDLQ QXPEH

LQWHUHWW WG LQ DOMGIRDWXUW VD\LQJ YHUXIKHOO +RZHY
) - KDEFHFRPH SRSXODU EHFDX\DHE RW aW)K HE | L&A HROWL.MN O H G
.LOOV WKH &DWKLWHQIMRPAHG VWURQJ ER[ RMKLF D UHE HQ $ W
DFWUHVV QRPHDDAWRIQH R OG HRQ WH $ZRQIB RW WHRUY H H
KLJKHVWDPRBKGDHOMRPSHWLWILRMK WKH SRSXODULW\ RI
s-walk) ~ KDEHPHDSRSXBBWHVVERKQQISHRHOBDLO\
FRPPXQLFDWLRQ ORUHRYHU WKMKN XENQN@®HU RIOWRK HF
VHQWHQFHV LOPO/NLY WWEWVWDWLRQ RI WKHVH WZR VHQV
LQ VW U BDNMWIHIKDOPIZEHODHD G LQ J

,JYH KDG DQ RIIHU RI HPSOR\PHQW HOVHZKHUH 2ULJ

[6AA Eeqt’l A 5HOHDVHG WUDQVODWLRQ
6RPHRQH HOVH WKUHZ PH WKH ROLYH EUDQFK %DFN
[5 A «T EjJ A '"LUHFW WUDQVODWLRQ

,JYH KDG DQ RIIHU RI HPSOR\PHQW HOVHZKHUH %DFN
'"HVSLFDEOH OH



2EVHUR@QWKH UHOHDVHG WEOIQVODMIRQGCKMVREGHENLQJ

DQ RIIHU Rl HPSORDRONMRND 7KILYG RI ORKLF KX LSAG VV LR Q
DFFRUGDR QQHWRGHILQLWLRQ LQ PRGHUQ &KALKWVHRF KLV H
" HVWOHLBEQH YO ZKWRK JRRHORK WKH ROLYHVEUD®EE PHDQ
WKH ROLYH EUDW®RK NI\RERBQWHNMDE)L @POFKVR VRPHRQH

RU VRPH ERIXQUWRMREK DFHIXO NG MK RGMREBYHU LQ
PRGHUQ &KLQHVH W.IKQHCULH DAK LIR@HV RRUW H D MRE RSSRUW
VRPHERG\ &RPSDUHG ZLWK WKH GIEUMEW WUWRVODWLR
GHVFUHEH IDY MRIE RS PRADQX QUKAID WHFH LY H W/ \SOWVRIEWDIEB G | HH
ZLWK WKLV SRW H® /S B DRM D OME HH® RWKHU FRQGLWLR

|
, GRMQFDUH %HDW LW 2ULJLQDO VXEWLWOH
A=1NA% 5HOHDVHG WUDQVODWLRQ
, GRMQFDUH *HW RXW RI KHUH %DFN WUDQVODWLRQ
A=1NAC 0% 'LUHFW WUDQVODWLRQ
, GRMQFDUH 9%DHFDNWNVIUWQWODWLRQ
'HVSLFDEOH OH

2EVHUY DWW BRIFSMOWNWEH H[SUMVVVRQNLQG RI WDERR H[SU
LQ ILOP W WKQWRKHWLREMW L\R (VR LE LEHWWRZAHYHU WKH XV
ZRURDDRSSURSUQBWHIDN H W K3H V 8 REYD U MX\L R WWHRSG X F
E\WKLV ILOP WKH OHD GK®KDWR O BLDAIUGKL VVERREIE P
'UXPLQHHVSLFDEOH OHZKRV XQIULHQGOKMW®R RKMHKHUVOV
LQWURGXPN BQBHWUF RFRWVORITKKQ P KH VYW SHOHVGR SO LOIR W
FDUH DVERD@\G UXGMEIHBVARAEBDYH KLV IURQW GRRU 7KH
VSHOWWWURQJHVW WRQH RI YRLFH DQG.LQXMADMHVE D WV
XVLQJD/XBROHDVDQW H[SUHVVLRQ

%LJ VXPPHU EORZ RXW 2ULJLQDO VXEWLWOH



? D#-W+YtA 5HOHDVHG WUDQVODWLRQ

%LJ VXPPHUDBML. EWVBDBMGREZ Q%DFN WUDQVODWLRQ

?2 W+Yt A 'LUHFW WUDQVODWLRQ

%LJ VXPPHU ELJ VDOH %DFN WUDQVODWLRQ
JURJHQ

2EVHUYDWLRWQKH UHOHDVHG W UDHQWGDW LRQD WKEGXRH R
H[DJJHUDMQRQ WKRERBGBGPHDQLQJ RI WKLV H[SUHVVLRQ L
SULWKIRWFHV WKH RZ@HUSBMIRNGHDW WRBQR DM WHPIDWY LV
DOZD\V VPDUWKYWREKHWNXORZ WKH UHDO UERW®/@RIPQ $ULF
SUR G X\AWHY B RTEHG DN GRIZGEHYWKH UHDO EUHDKIGRZQ SUL
WKH SXUSRVH RI ODEHOOLQJ DOOH6N WV KLKH LXVW R 1J DKL \D |
H[DJJHUDWHG H[SUHVVLRQ L@ GH HQBHRU \PREWHWOH PDN
W KDIQV K UHLW Y G MURFHFW WUDQVODWLRQ

!

2K GHDW QWKDRRG2WHHQDO VXEWLWOH
OEWF => A>-G 5 HOHDVHG WUDQVODWLRQ
'HDU FXVW®RPER JRRBWBHN WUDQVODWLRQ

a(@,’N®eO EF =- A>-G "'LUHFW WUDQVODWLRQ
'"HDU FXVWRPER JRRBWBHAN WUDQVODWLRQ
JURJHQ

2EVHUYDWERQRY D A LRGIGUHVVLQJ AX\HW\RE K HRVP

DUFKY LARZ HYHDWHIMKLY H[SUHVVLRQ LQ WKLRUWPSRFLILF
SRSXOBWHVVLRQLEHFOXNBWQ &KLQHVH HVSHFLDOO\ DPR
XVLRQFLRQWVDRGUNVSUHIHRDWKIBU WKDQ WKH FRUUHVSRH
WHUIPY RUGHUWRRHRDKIHQDPXRKQEBE WKLY UHOHDVHG WUDQ)
VXEWLWOHU LV UHJDU GHIE \D I QM KRVQLD @\KQ B WNLIRQEG DV ZH
RUGHU WRBR PWIN®FWQFH HMVSH DIARKQE\ FRIQYY X RH UV

WUDQVODWHG DWKBBYWQRGAIROEBEUWMHLU ODQJXDJH FXVWR
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QHFHVVDU\ VW U DWHHV X EMRIAZMG HU VW R XK O BKE D B B3 ONLR 1
LW WZARK RVGH ILOP W B DHE/ROQWHVRAH@WW H DQIGN \

$00 LQ D O OBHAIDWKE RQVHH BVXIHQB R U S XWK B BWOHRWHG ILOPV
WKH UHVHDUFKHU |RXIQGHWHIDB RISV HVRILRQ LQ VXEW
WUDQVIODWQRQLWDEOH 7KHVH H[SUKXYRRBRWNRPNHRW KH G
ODQJXDJH DQG PRUW HUPERXRAMLQW E®LQHVHDBXGWWXUH
GHYHORSLQJ FRPEMAR P 8 KRLEHDQ WD IQFVORHX 0D QJIXDJH WHQG
UHIGHWWLY EKIDRERM®WKH IRODRIXQDU H[BURDWLR Q

YH U QD F X O/D RBUSIKQHDREM/Q W R Q HYBIE ILQLWLRQ RI ROG WHUP\
SKUDVHV IURP GLHHUMNSDND HFXWHHWHMHW ODQUKRYH LQFC
WDNUWRP SRSXODHOHVEWILLRY |D PR XWHS D REEGHDTIG
6SULQJ )HVWLYWEHFDIIB UDWHBYEZOJSERHVVQRQKLQH VH
LQFOXWR@WDERR WHUPV +RZHYHU WKHVH YDULHG DQG
WKHRGHUQ &KLQHVH ODQJXXHG WRHWHSWSKIOERDFK[SUHVV
HPERWKH QHR KIU@PDH XVHG LQ WUDQMOMMHG [EHPLF WAHKCH \
E\WKHVH ILOPV &XUUHQWO\ LQ VRPH &KDEH¥RPHQLYH U\
SDUW RX VWK HK@XP LV KVRDXMRRUWVKHVH VW XGHQAWY WUDQ
SRSXODU DQG WUDGLWLRQDO H[SUMWVVXRQWURDAD®E OW
GHYHORSPHQW RI &KLQH \(H WWIOH) GOIYWOR S PHIAV WVRKH G H Y
&KLQD

+RZHYHU XVLQJ HDFK WUDGLWLRQDO H[SUHV&LRQ RU ¢
VXEWLWOLQ)PR DV QRWSIREHAMY VXEWLWOHUVY VKRXOG FRC(
WKHVH VRPHWLPHVY SHFXOLDU H[SUHVVLRQV LV WHFKQ
DFFHSWDEOH 7KHUHIRUH WKH FRQVLGHUDWLRQ DQG \
VWUDWHJLHV ZKLFK FD QSHHYVY WRR) ¥ FDQUY-H M XW\KW V H. HHG

6WUDWHJILHV IRU 7UDQVODWLQJ 3RSXODU ([SUHVVL

,Q DQ HDUOLBOQDRX\WHWHQ G GLVFXWWGES ROXKRI RV WRWW 6 1
DV ZHW@RWKHU UHFHQWO\ XVHG V,WR)XOQNEH MKHN H QVW B g VO
VW HJLHW RMRI K HF D O O \S\RXNLMOANE DINODIEREFX EQY LWOLQJ ,Q WI
VHFWLRQ DIWHU REWDLQLQJ WKHFG® WD VERRD®KG D WX
K\ SRWKHVLV UHJDUGLQJ ZKHWKHU SRSXODU ,QWHUQHW

T7A



GLIIHUHQW VXLWDEOH W U D Q V GIDR DROQ] ® RYEIRAM H D MH\R Q ¥ D
W\SLFDOO\ UHIOHFW WKH FXUUHQW WUDQVODWLRQ REM
SURGXFWLRQ ZKLFK VKRXOG EH LQWURG XPMGHDIGHY/ RYH U
WKH VXEWLWOHUV SLFNHG XS VXLWDEOH SRSXODU H[SUH
RULJLQDO VXEWLWOHV WR PDNH WKH GRHDOOE GW LROUQ\
JOREDOL]JHG

D 2EVHUYDWLRQV RQ WKH 8VHG 6WRIOPWHJILHY DQG 3RSXC
$FFRUGLQJ WR WKH FROOHFWHG GDWD LQ WKH VHOHF\
RI VXEWLWOHY DUH WUDQVODWHG E\ XVLQJ SRSXODU ,Q\
GLITHUHQW VLWXDWLRQV DQG LQVXKEGHW WHRUFNHBIOW B X MHJU
WUDQVODWHRQHYWVXFK DV ORFDOL]DWLRQRUGRED/OR |RW
SRSXODU H[SUHVVLRQV EDVHG RQ WKHLU RZQ NQRZOHGJ
,H[SODLQ WKH XVH RI SRS¥ODU H[SUHVVLRQV LQ GHWDLGO

21

5, DP PDNLQJLRPAURIZQVWLEWOWKH BRRWIUIRIMWWHO VXEWLWOH

SA?+tFP0ZZ%8 ! 06—~ ;éé A3 5HOHDVHG WUDQVODWLRQ
3, ZLOO PDNH P\ RZQ VHFUH Wb ZFN S\RID BPXDWHWR @ H
SA?+fFP0Z 72 %8 !, [é= &N, KFP > . 66 A 'LUHFW

WUDQVODWLRQ
3, DP FUHDWLQJ P\ RZQ VHFUHW/6:DR N SIRQD GAKAD BWPLRUI HW W
7KH 6PXUIV

2EVHUNLRY ZH FDQ 8WHH LQ (QJOLVH HPHDHW ZHBSR Q

WKH VXEWLWOHU W UBLQMODM WG L\EER HX B K®ID WHKRBON X EV W L
ZRU®GG-" ~ 7DNHQ L Q6FRXQWHIMWHYVHQWLDOO\ D ZHDSRQ F
WKH ZL]DUG RUHDWmOWR FDWFK WKH 6PXUI IDPLO\ 7KH!
-~ "LV SRVLWLYH DXYWKHUPRWPRUH SRSXODU H[SUHVVLI
GLUHFW WUDQVUOINWLWQERHA R UKFPWLRQ 7R FRPSDUH
WKHVH WZR WUDQVODWLRQV SHRSOHIBWH PRKUHQIUHTXHGC

WKH\ GHVFULEH VRPHWKLQJ WKDW ZLOO EH UHYHDOHG
DWWUDFWLYH RU RI LQWHUHVW WR WKH WDAWHE HW O0OX G HH C
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