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ILFHQVH&RXQOWUYH &RPPRQV $WWULEXWLRQ 1}
I1R'HULYDWLYHYV

<RXDUHIUHHWR VKDUH + WR FRS\DQG UHGLVWU
PHGLXP RUIRUPDW XQGHU WKHIROORZLQJFRQCG

FSWWULEBEXMRXRRXVW JLYH DSSURSULDWH FUH
OLQN WR WKH OLFHQVH DQG LQGLFDWH LI Fk
PD\GRVRLQDQ\UHDVRQDEOHPDQQHU EXW
VXJIJHVWV WKH OLFHQVRU HQGRUVHV \RX RU

IIRQ&RPPHUERBR®D\ QRW XVH WKH PDWHULDC
PHUFLDO SXUSRVHYV

FIR'"HULYDWLYWRXYWUHPL[ WUDQVIRUP RUEXLO
PDWHULDO \RXPD\QRW GLVWULEXWH WKHP

OXVLF THFKQRORUIV*URXEMT7X2/MSDUWPHQW RI ,QIRUPD
WLRQDQG &RPPXQLFDWiiRQf7T HKKQIR ® R/ @QRA H U
VLWDW 3RPQHX )DEUOMT7X2UMUFHORQD 6SDLQ
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7TR WKHUK\WKPVLQ WKHQDWXUDO ZRUOC
UK\WKPV LQ PXVLFHPHUJH




YL

7KLV WKHVLV KDV EHHQ FDUULHG RXW EHWZHHQ 2FW
OXVLF 7THFKQRORJ\*URXS 07* RI8QLYHUVLWDW 3RP:
%DUFHORQD 6SDLQ VXSHUYLVHGE\'U ;DYLHU 6HU
&KDSWHIG &KDEBMWHEHHQ FRQGXFWHG LQ FROODERU|
$QGUH +ROJDSIHO .7+ 5R\DO ,QVWLWXWH RI 7THFKQR(
GHQ DQG'U $0OL 7D\ODQ &HPJLO %R+D]LoL 8QLYHUYV
7KH ZRUN LQ &KDSE WKBSDMEPHHQ FRQGXFWHG LQ FRO
WLRQ ZLWK WKH &RPSOXVLF WHDP DW 07* DQG UHVHD
OXUWK\ ,QGLDQ ,QVWLWXWHRI7HFKQRORJ\0DGUDV
3UHHWL5DR ,QGLDQ,QVWLWXWHRI7HFKQRORJ\%RP
ZRUN KDV EHHQ VXSSRUWHG E\ WKH '"HSW RI ,QIRUPL
WLRQ 7HFKQRORJLHV '7,& 3K'IHOORZVKLS 8 C
)DEUD DQG WKH (XURSHDQ 5HVHDUFK &RXQFLO XQGF
BHYHQWK )UDPHZRUN 3UR&RBRP B0 RYUFMHNFE W \6K&H
JUDQW DJUHHPHQW



+FMQrH2/:2K2Mi

BRPHRQH VDLG IRXU\HDUV LV D ORQJWLPH EXW
LODEOLQNDQG KDV OHIWPHZDQWLQJPRUH 7KI
IRUWKDW LV WKHJURXSRISHRSOH,KDYHEHHQ |
DP H{(WUHPHO\JUDWHIXOWRP\DGYLVRU ;DYLHU
JXLGDQFH PHQWRULQJ VXSSRUW DQG IUHHGRF
UHVHDUFK YLVLRQ LQLWLDWLYH SHUVSHFWLYF
TXDOLWLHV WKDW OHDYHPHLQDZH HYHU\ WLPH
LQLWLDWLYH RI FRQFHLYLQJDQG OHDGLQJ WKF
WKHRSSRUWXQLW\KHJDYHPHWREHDSDUW RI

, ZLVK WR H[SUHVV D GHHS VHQVH RI JUDWLW X
ZKR KDV JXLGHG PH WKURXJKRXW RXU FRQWLQ:
KDYH JUHDWO\ EHQHILWHG IURP KLV PXOWLGLYV
KLV GHHS XQGHUVWDQGLQJ RI UK\WKP LQ PXVL
ZRUOG ,WLVDJUHDW MR\WR ZRUN ZLWK KLP DQ
XORXV DSSURDFK WR UHVHDUFK VSDQQLQJ GLY
VWXFNLQDUHVHDUFK SUREOHP KHZRXOG VXUHL
GRQH QH[W +LV VHFRQG 3K'LVDVLJQRIKLV VW
JUHDW LQVSLUDWLRQ IRUPH ,ZRXOG OLNH WR
WKH FUXFLDOO\ LPSRUWDQW LGHDV VWHPPLQJ
ZLWK %D\HVLDQ PHWKRGV DQG LQIHUHQFH , DO
DQG $QGUH +RO]JDSIHO IRU LQYLWLQJ PH IRU D \
%R+D]LoL 8QLYHUVLW\WR ZRUN ZLWK WKHP

, WKDQN +HPD OXUWK\DQG 3UHHWL 5DR IRU WK
WULEXWLRQVLQ &RPSOXVLF DQG IRU WKHLU JXI
ODERUDWLRQ RQ VHYHUDO UHVHDUFK WRSLFV

YLL
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IRUKLVLGHDV DQG IUXLWIXO GLVFXVVLRQV , VI
ODERUDWRUV DQG FR DXWKRUV ODUN 6DQGOHU
DQG +DUVKDYDUGKDQ IRUWKHLU FRQWULEXWLF
WLQ &0D\WRQ IRUKLVLQWHUHVW LQ WHFKQROR
JXLGDQFH RQ PXVLFRORJLFDO DVSHFWV RI WKH
SDUWV RI WKH GLVVHUWDWLRQ WR SURYLGH PXV

, KDYH KDG WKH EHVW H[SHULHQFH ZRUNLQJ Z
WHDP P\FXOWXUDOO\GLYHUVHUHVHDUFKIDPL
SURIHVVLRQDOO\DQG SHUVRQDOO\ 0\ SHUVRQ
*XODWL WKHGHSHQGDEOHJX\QH[WVHDW ZKR F
ZRRG VRXQG JRRGDQGHYHQ D OXPS RIVDOW WD
LVKQD .RGXUL WKHJXUXRIGLVFLSOLQHDQG SC
2WRPRELO 9LJQHVK ,VKZDU FRRNLQJDQG VL
.DXVWXY .DQWL *DQJXOL EHVW .HGDUDQG .HVD
&DUR ZKRVSUHDGV ODXJKWHU FRQWDJLRXVO\
ORWFRPSDQLRQ ORKDPHG 6RUGR WKH ZDONLQ
HQFH 5RQJ*RQJ FKHIGHFXLVLQH *HRUJL 'IKLE
ORZJUDSKLFDOPRGHOVH[SORUHU $ODVWDLU :
QRERG\HOVH ZLOO $QGUHV)HUUDUR <LOH<DQ
ZLQ %HOOXU 6KXR =KDQJ 6KUH\'XWWD 3DGL 6
$WOO %XUDN 8\DU -RH &KHUL 5RVV BULGKDUL
$QDQWDSDGPDQDEKDQ -RP .XULDNRVH -LOW 6
9LGZDQV ,DOVR WKDQN WKH FROODERUDWRUYV
LVKQD $PLQ &KDFKRR 6XYDUQDODWD 5DR IRU |
UHVHDUFK SUREOHPVDQG FRUUHFWLQJ XV ZLWEk

07* KDV EHHQ DQ LQFXEDWRU IRU VHYHUDO R
LGHDV IXHOHG E\ HQFRXUDJLQJ FRQYHUVDWLR
PDQ\RILWV SDVWDQG SUHVHQW PHPEHUV 6HUJ
5DIDHO 5DPtUH] -RUGL %RQDGD 3HUIHFWR +H!
WRUHOO ODULXV OLURQ 2VFDU OD\RU )UHGH
OHDOOD 3DQRV3DSLRWLYV 6HUJLR*LUDOGR 6H!
'PLWU\ %RJGDQRY (VWHEDQ ODHVWUH &DUOHYV -
1DGLQH .URKHU &iUWKDFK I 1XDQiLQ EOYDUR ¢
9DPYDNRXVLV -XOLR &DUDELDV *LXVHSSH %DC
DQG 'DQLHO *RPH] ODQ\WKDQNV WR DOO PHQWL
, PLJKW KDYH PLVVHG 6SHFLDO WKDQNV WR 5DI
KHOSLQ WUDQVODWLQJWKHDEVWUDFW DQG VK
DQG 6SDQLVK FDQ EHLPSURYHG 7KDQNV WR &U



L

(VSt $OED 5RVDGR 9DQHVVD -LPHQH] -DQD 6DI
*DUFtD IRUWKHLU UHDVVXULQJVXSSRUW LQ KRF
SHUZRUN

, JUDWHIXOO\ DFNQRZOHGJH )ORULDQ .UHEV
*HUKDUG :LGPHU IRU WKHLU LQSXWV RQ WKLYV Z
PHDFFHVV WR WKHLU FRGHDQG GDWD 6SHFLDO
&DUORV *XHGHV IRUWKH RSSRUWXQLW\WR DWW
DW 1<8$%$" DQG EURDGHQ P\ KRUL]JRQV ZLWK I
SHUVSHFWLYHV RQ UK\WKP 2Q P\ MRXUQH\ VR |
DQG OHDUQHG IURP VHYHUDO PRUH UHVHDUFKH
WR JLYH WKHLU LQSXWV DQG VKDUH LGHDV R
ODVW QDPH -HDQ -XOLDQ $XFRXWXULHU (PPDQ
'DYLHV 6LPRQ 'L[RQ 6LPRQ 'XUDQG *\RUJ\)D]*t
*DUDQL )DELHQ *RX\RQ 6KDQWDOD +HJGH 5RE
/JHZLQ 5LFKWHU OHLQDUG 0OOHU *DXWKDP 0\V
8UL 1ILHWR ODULD 3DQWHOL *HRIIUR\ 3HHWHUV
+* SREHUW5HLJOH ODUWLQ5RFDPRUD *HUDUG
PRQ -RDQ6HUUj :LOOLDP 6HWKDUHYV 8PXW ULP(
%REGB6WXUP -XOLIiQ8B8UEDQR $QMD 9RON )UDQV :l
DWD O0\ZRUN KDV EHHQ LQIOXHQFHG E\WKHPLQ
PDQ\WKDQNVWRDOORIWKHPDQG RWKHUV LQ W
VSHFLDOO\ JUDWHIXO WR 'DQ (OOLV $QVVL .OD
ODWWKHZ 'DYLHV DQG -DVRQ +RFNPDQ IRU SURY
LPSOHPHQWDWLRQ RIWKHDOJRULWKPV IRUHYEC

$QRWHRIWKDQNV WR (5& '7,& 83)DQG (UDVPX
SDUWV RI WKH WKHVLVY ZRUN +XPEOH WKDQNV W
ZKRKDYHNHSWWKH ,QGLDQ PXVLF FXOWXUHYV D¢
DQG WKHSUHVHQW GD\PXVLF FRPPXQLW\IRUEH
YLGLQJD FRQWH[WIRU WKLV ZRUN 6SHFLDO WKI
8PD\DOSXUDP . 6LYDUDPDQDQG 3W 3$UYLQG 0X
YLGLQIJ WKHLU PXVLFWREXLOG SHUFXVVLRQ GD
JRWRO9LG *61DJDUDM WR ZKRP,RZHDOO P\ PX

, ZKROHKHDUWHGO\ WKDQN P\ IODWPDWHV RY
ORUFD $ODVWDLU *RSDO 6DQNDOSDQG 6KHI
ZRUGV DUH FROOHFWDEOHV DOO RIZKRP FDQ E
IODWPDWH DZDUGV 6SHFLDO WKDQNV WR (YD 2
FRQFHUQ JRHV EH\RQG P\ FRPSUHKHQVLRQ 7K



*HRUGLH ODQRM .DOSDQL :LQGK\D :DTDV 3UD
ODELDQG6ULQLEDVIRUPDNLQJVXQQ\%DUFHOI

,DPGHHSO\WKDQNIXOWRP\SDUHQWVLQ,QGL
VXSSRUW GDLO\UHPLQGHUV WRZDUGV RYHUDO
LQJZLWKPHHYHQRQWKHZHHNYV ORQJFRPPXQL
LQJVXEPLVVLRQ GHDGOLQHY 7KDQNV WR 6XQD
OHQW GHYLOYVDGYRFDWH RIP\ZRUN 5DVKPLDLD
BULQLYDV IRU WKHLU SDWLHQW HIIRUWV WR XQ
FLDO WKDQNV WR P\ JXLGH IULHQG EURWKHU 6K
DKHDG RI PHWR VKLHOG DQG JXLGH PH WKURXJK
$QG WR 6RXP\D ZKR ZLOO EH WKH FR DXWKRU R (
FDWLRQVLQ WKHWLPH WR FRPH

8QOLNHVRPHMRXUQH\VWKDWHQG :WKHUHVHD!
$MD\G6ULQLYDVDPXUWK\
WKEXQH
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/I DUJHDQGJURZLQJFROOHFWLRQVRIDZLGH YD
DYDLODEOHRQGHPDQGWRPXVLFOLVWHQHUV (
DXWRPDWLFDOO\ VWUXFWXULQJ WKHVH FROOHI
VLRQV RI PXVLF 5K\WKP LV RQHRIWKHEDVLF P>
LWV DXWRPDWLF DQDO\VLVY ZKLFK DLPV WR H[W
IXO UK\WKP UHODWHG LQIRUPDWLRQ IURP PXVLF
, QIRUPDWLRQ SHVHDUFK 0,5

OXVLFDO UK\WKP VLPLODUWRPRVWPXVLFDO
VSHFLILFDQG KHQFH LWV DQDO\VLVY UHTXLUHV F
,QGLDQ DUW PXVLF LV RQHRIWKHPDMRU PXVLF
DQG KDV FRPSOH[LWLHYVY LQ UK\WKP WKDW KDYH
WKH FXUUHQW VWDWH RI WKH DUW LQ 0,5 PRWL
WKH SULPDU\ PXVLF WUDGLWLRQ IRUVWXG\ 2XlL
H[ISORUHG UK\WKP DQDO\VLY SUREOHPV LQ ,QGL
ERXQGDULHVRIWKHFXUUHQWO,5DSSURDFKHV I
DZDUHDQG JHQHUDOL]DEOH WR RWKHU PXVLF W

7KH WKHVLV DLPVWR EXLOG GDWD GULYHQ VL
FKLQH OHDUQLQJDSSURDFKHV IRUDXWRPDWLF
GLVFRYHU\ RI UK\WKPLF VWUXFWXUHV DQG SDW
OHFWLRQV RI ,QGLDQ DUW PXVLF $IWHULGHQW
SRUWXQLWLHYV ZHSUHVHQW VHYHUDO UHOHYDC
WKH ILHOG RI DXWRPDWLF UK\WKP DQDO\VLV RI
GULYHQ DSSURDFKHV UHTXLUH ZHOO FXUDWHG
DQG HIIRUWYV WRZDUGV FUHDWLQJ VXFK FRUSRL
PHQWHGLQ GHWDLO :HWKHQIRFXVRQWKHWRS

[L
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SHUFXVVLRQ SDWWHUQ GLVFRYHU\LQ ,QGLDQ D

OHWHUDQDO\WVLVDLPVWRDOLJQVHYHUDOKLE
ZLWKDQDXGLRUHFRUGLQJ OHWHUDQDO\VLV W
HQFH PHWHU WUDFNLQJDQG LQIRUPHG PHWHU
IRU,QGLDQ DUW PXVLF 'LITHUHQW %D\HVLDQ PR
LOQOFRUSRUDWH KLJKHU OHYHO PHWULFDO VWUX
DWHGIRUWKHWDVNVDQG QRYHO H[WHQVLRQVLEL
PHWKRGV RYHUFRPH WKHOLPLWDWLRQV RIH[LV
SHUIRUPDQFHLQGLFDWH WKHHIITHFWLYHQHVV R

SHUFXVVLRQ LQ ,QGLDQ DUW PXVLE XVHV F
PQHPRQLF VIOODEOHYV IRU WKH WUDQVPLVVLRQ
QLTXH SURYLGLQJD ODQJXDJHIRU SHUFXVVLR!
VLRQ VIOODEOHV WR GHILQH UHSUHVHQW DQG C
LQDXGLR UHFRUGLQJV RI SHUFXVVLRQ VRORYV
RISHUFXVVLRQ SDWWHUQ GLVFRYHU\ XVLQJKLG
DXWRPDWLF WUDQVFULSWLRQ IROORZHG E\ DQ |
XVLQJ D GDWD GHULYHG SHUFXVVLRQ SDWWHUC
SHULPHQWY RQ %HLMLQJ RSHUD SHUFXVVLRQ SI
DQG PULGDQJDP VROR UHFRUGLQJV LQ ,QGLDQ
WKH XWLOLW\RISHUFXVVLRQ VIOODEOHV LGHQ
EXLOGLQJSUDFWLFDO GLVFRYHU\ V\VWHPYV

TKHWHFKQRORJLHV UHVXOWLQJIURP WKH UH"
SDUWRIWKHFRPSOHWHVHWRIWRROVEHLQJGFH
OXVLFSURMHFWIRUD EHWWHU XQGHUVWDQGLQ.
DUWPXVLF DLPHGDW SURYLGLQJDQHQULFKHG
DQG GLVFRYHU\RIPXVLF 7KHGDWDDQG WRROV
IRUGDWD GULYHQ PXVLFRORJLFDO VWXGLHYV DC
EHQHILWIURP DXWRPDWLF UK\WKP DQDO\VLV
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/IHV FRHFFLRQV GH P~VLFD VyQ FDGD YHJDGD Pp\
IHW TXHID QHFHVVDUL EXVFDUQRYHVIYUPXOHYV
WLFDPHQW DOEKKHAMWRIQW FROWULWPH pV XQD GH OH'
EJ VLTXHV GHODP~VLFD LHOVHXDQjOLVL DXWR
FLSDOV jJUHHV GTLQYHVWLJDFLY HQ OD GLVFLSC
LQIRUPDFLY PXVLFDO 0,5 DFUzQLP GH OD WUDG

(O ULWPH FRP OD PDMRULD GH OHV GLPHQVL
SHFtILF SHU D FDGD FXOWXUD L SHU WDQW HO
PGWRGHYV TXH LQFORJXLQ HO FRQWH[W EXOWXU
FD GH OD P~VLFD FOjVVLFD GH OTEQGLD XQD G
FDOV PpV JUDQV DO PyQ QR KD HVWDW HQFDUD
GILQYHVWLJDFLYGHO,5 PRWLX SHO TXDO OfHV
PDWHULDO GfHVWXGL /D QRVWUDLQWHQFLYpV
TXHSUHVHQWD OYDQjOLVL UtWPLEGHODP~VLFC
QR WUDFWDGHV HQO0,5 DPEODILQDOLWDW GH F
DPE QRXV PRGHOV VHQVLEOHY DO FRQWH[W FXC
DOWUHV WUDGLFLRQV PXVLFDOV

/fREMHFWLX GH OD WHVL FRQVLVWHL[ HQ GH\
SURFHVVDPHQW GH VHQ\DO L GIDSUHQHQWDWJ]I
GHVFULSFLYy L GHVFREULPHQW DXWRPjWLF GYH
PLFV HOHWRFKLRQV GH P~VLFD FOjVVLFD GH OfE
GILGHQWLILFDU HOV UHSWHV LOHVY RSRUWXQLYV
TXHV GILQYHVWLJIJDFLY UHOOHYDQWY SHU D DT
SURFpV GTHODERUDFLY GHO FRUSXV GH GDGHYV
WRGHV EDVDWV HQ GDGHV $ FRQWLQXDFLY HQ

[LLL
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GYIDQjOLVLVY PQWULFL GHVFREULPHQW GH SDWU

/TDQjOLVL PGJWULF FRQVLVWHL[ HQ DOLQHDU
PHQWYV PgWULFV D GLIHUHQWY QLYHOOV TXH H
YDFLY GTjXGLR (Q DTXHVWD WHVL IRUPXOHP OH
VHIXLPHQW L VHIJXLPHQW LQIRUPDW GH OD PqW L
GLFLY PXVLFDO HVWXGLDGD VIDYDOXHQ GLIHU
SRGHQ LQFRUSRUDU H[SOtFLWDPHQW HVWUXFW
HV SURSRVHQ QRYHV H[WHQVLRQV SHUDO PqWRZ
VXSHUHQ OHV OLPLWDFLRQV GHOV PqQWRGHV MD
LQGLFD OfHIHFWLYLWDW GHOV PqWRGHV LQIRU|

/ID SHUFXVVLY HQ OD P~VLFD FOjVVLFD GH OfE
WRSHLHV SHU D OD WUDQVPLVVLY GHO UHSHUW
FRQVWUXHL[XQ OOHQJXDWJH SHU D OD SHUFXV\
ODEHV SHUFXVVLYHV SHU D GHILQLU UHSUHVH(
HQUHJLVWUDPHQWY GHVRORY GH SHUFXVVLY (
GHVFREULPHQW GH SDWURQV SHUFXVVLXV DPE
DXWRPjWLFD EDVDW HQ PRGHOV RFXOWV GH 0D
FHUFD DSUR[LPDGD GH VWULQJV XWLOLW]DQW >
SHUFXVVLRQV GHULYDGD GH GDGHV ([SHULPHC
WURQV GH SHUFXVVLY GJzSHUD GH 3HTXtQ L DP
GH WDEOD L PULGDQJDP GHP FOWEBNGB8DRXWLOL
VLYHV ,GHQWLILFDQW DL[t QRXV KRULW]RQV S
VLVWHPHV SUjJFWLFV GH GHVFREULPHQW

/[HV WHFQRORJLHV UHVXOWDQWY GfDTXHVWD
QHV GHVHQYROXSDGHV GLQV HO SURMHFWH GH |
REMHFWLXPLOORUDUOYH[SHULgQQFLD GYfHVFRO
PLOORU FRPSUHQVLY L RUJDQLW]DFLY GH OD P~"
HOQWUH GIDOWUHYV $TXHVWHV GDGHV L HLQHYV
HVWXGLYVY PXVLFROzJLFVY EDVDWV HQ GDGHV L W
SRGHQ EHQHILFLDU VHGHOYfDQjOLVLDXWRPjWL

7TUDQVODWHG IURP (QJOLVK E\-RUGL 3RQV 3XLJ
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/IDV FROHFFLRQHV GH P~VLFD VRQ FDGD YH] PD\F
KDFLHQGR QHFHVDULDV QXHYDV IyUPXODV SDUL
WLFD (O DQiOLVLV DXWRPiIWLFR GHO ULWPR WL
GH LQIRUPDFLYQ UtWPLFD GH JUDEDFLRQHV PX\
SULQFLSDOHV iUHDV GHLQYHVWLJDFLYQ HQ OD
GHODLQIRUPDFLYQ PXVLFDO 0,5 SRUVXV VLJOL

/IDGLPHQVLYQ UtWPLFD GHODP~VLFD HV HVSH
SRUWDQWRVXDQIOLVLVUHTXLHUHPpPpWRGRYV TX
wWXubO /DVFRPSOHMLGDGHV UtWPLFDV GH OD P
XQD GH ODV PD\RUHV WUDGLFLRQHV PXVLFDOH\
WUDWDGDV KDVWD ODIHFKDHQO,5 PRWLYR SRU
QXHVWUR SULQFLSDO REMHWR GH HVWXGLR 1X
FXHVWLRQHV GHDQiIOLVLV UtWPLFRD~Q QR WUD
FRQWULEXLUD OD GLVFLSOLQD FRQ QXHYRV PpW
FXOWXUDO\JHQHUDOL]DEOHV D RWUDV WUDGLF

(OREMHWLYR GHODWHVLVHVHO GHVDUUROO
HQWR GHVHXDOHV\DSUHQGL]DMHDXWRPiWLFR
DQiOLVLYVY GHVFULSFLYQ\GHVFXEULPLHQWR DX
\SDWURQHV UtWPLFRVHQ FROHFFLRQHV GH DXG
,QGLD 7UDVLGHQWLILFDUUHWRV\SRVLELOLGE
GHLQYHVWLIJDFLYQ UHOHYDQWHYV SDUD HVWH RI
UDFLYQ GHO FRUSXV GH HVWXGLR \ FRQMXQWRYV
SDUD PpWRGRV GLULJLGRY SRUGDWRV $ FRQW
HQ ODV WDUHDV GH DQiOLVLVY PpWULFR \ GHVFX.
SHUFXVLYQ

[Y
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(ODQiOLVLVPPWULFRFRQVLVWHHQODDOLQH
DGLIHUHQWHYV QLYHOHV FRQ XQD JUDEDFLYQ GH
ODPRV ODV WDUHDV GH GHGXFFLYQ GH PHWUR
VHIXLPLHQWR LQIRUPDGR GHPHWUR GHDFXHUC
GD VHHYDO~DQ GLIHUHQWHY PRGHORV ED\HVL]
UDU H[SOtFLWDPHQWH LQIRUPDFLYQ GH HVWUXF
VXSHULRUHV \ VH SURSRQHQ QXHYDV H[WHQVLF
SXHVWRV VXSHUDQ ODV OLPLWDFLRQHV GH ODV
UHVXOWDGRV LQGLFDQ ODHIHFWLYLGDG GHO D¢

/D SHUFXVLYQ HQ OD P~VLFD FOiVLFD GH OD ¢
WRSH\DV SDUD OD WUDQVPLVLYQ GHO UHSHUWR
HVWDV VtODEDV SDUD GHILQLU UHSUHVHQWDU \
FLRQHV GHVRORV GHSHUFXVLYQ $WDOILQJHQI
DXWRPiIWLFD EDVDGD HQ XQ PRGHOR RFXOWR GH
E~VTXHGD DSUR[LPDGD GH VXEFDGHQDV XVDQG
WURQHV GH SHUFXVLYQ GHULYDGD GH GDWRV (]
HQ SDWURQHV GHSHUFXVLYQ GHYSHUD GH 3HNtQC
ORV GH WDEOD \PULGDQJDP GHPXHVWUDQ OD X
LGHQWLILFDQGR QXHYRV UHWRYV SDUD HO GHVD!|
GH GHVFXEULPLHQWR

/IDVWHFQRORJtDVUHVXOWDQWHY GHHVWDLQ
FRQMXQWR GH KHUUDPLHQWDY GHVDUUROODGR
SDUDHO PHMRUHQWHQGLPLHQWR\RUJDQL]DFL
OD ,QGLD FRQ HO REMHWLYR GH SURYHHU XQD |
HVFXFKD\ GHVFXEULPLHQWR GH P~VLFD (VWR)
SXHGHQ VHU WDPELpQ UHOHYDQWHY SDUD HVW >
GRV SRU GDWRV \ RWUDV WDUHDV GH 0,5 TXH SX
DQiOLVLV DXWRPiWLFRV GH ULWPR

7TUDQVODWHG IURP (QJOLVK E\5DIDHO &DUR 5HSHWW



*QMi2Mib

$SEVWUDFW [L
5HVXP [LLL
S5HVXPHQ [Y
&RQWHQWYV [YLL
/ILVW RI 6\PEROV [[L
ILVW RI)LIXUHYV [[Y
/ILVW RI 7TDEOHYV [[L]

 QWURGXFWLRQ
&RQWH[W DQG UHOHYDQFH
ORWLYDWLRQ
6FRSHDQG REMHFWLYHYV
2UJDQL]DWLRQ DQG WKHVLV RXWOLQH

%DFNJURXQG
5K\WKP WHUPLQRORJ\
OXVLFEDFNJURXQG
,QGLDQ DUW PXVLF
5K\WKP DQG SHUFXVVLRQLQ &DUQDW

[YLL
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5K\WKP DQG SHUFXVVLRQLQ +LQGXVW
&DUQDWLFDQG +LQGXVWDQL PXVLF ¢
3HUFXVVLRQLQ %HLMLQJRSHUD
$ UHYLHZ RIDXWRPDWLF UK\WKP DQDO\VL\
2QVHW GHWHFWLRQ
7HPSR HVWLPDWLRQ
%HDW WUDFNLQJ
7LPH VLJQDWXUH HVWLPDWLRQ
'RZQEHDW WUDFNLQJ
OHWHU WUDFNLQJ
(YDOXDWLRQ PHDVXUHYV
5K\WKP VLPLODULW\PHDVXUHV
'RPDLQ VSHFLILFDSSURDFKHV
3HUFXVVLRQ SDWWHUQ DQDO\VLV
5SHOHYDQW WHFKQLFDO FRQFHSWV
%D\HVLDQ PRGHOV
6SHHFK UHFRJQLWLRQ WHFKQRORJLH

$XWRPDWLF UK\WKP DQDO\VLV RI ,QGLDQ DUW

&KDOOHQJHVDQG 2SSRUWXQLWLHYV
&KDOOHQJIHV
2SSRUWXQLWLHYV
&KDUDFWHULVWLFV RI,QGLDQ DUW P>

5HVHDUFK SUREOHPV LQ UK\WKP DQDO\VL\
%XLOGLQJ GDWD FRUSRUD
$XWRPDWLF UK\WKP DQQRWDWLRQ
5K\WKP DQG SHUFXVVLRQ SDWWHUQ D
5K\WKP EDVHG DXGLR VHIJPHQWDWLRC
2QWRORJLHV IRUUK\WKP FRQFHSWYV
5K\WKP VLPLODULW\PHDVXUHYV
6\PEROLF PXVLF DQDO\VLV
(YDOXDWLRQ DQG ,QWHJUDWLRQ
([ WHQVLRQV WR RWKHU PXVLF FXOWX

7KHVLV SUREOHPV $IRUPXODWLRQ
OHWHU LQIHUHQFH DQG WUDFNLQJ
3HUFXVVLRQ SDWWHUQ GLVFRYHU\
'DWDVHWYV IRUUHVHDUFK

,Q VHDUFK RIDXWRPDWLF UK\WKP DQDO\VL
&\FOH OHQJWK HVWLPDWLRQ
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'RZQEHDW WUDFNLQJ
'LVFEXVVLRQ

‘DWD FRUSRUD IRUUHVHDUFK
&RPSOXVLFUHVHDUFK FRUSRUD
&ULWHULD IRUFUHDWLRQ RIUHVHDUF
&DUQDWLF PXVLFUHVHDUFK FRUSXV
+LQGXVWDQLPXVLFUHVHDUFK FRUSX
&UHDWLYH &RPPRQV PXVLF FROOHFW|
THVW GDWDVHWYV
&DUQDWLF PXVLF UK\WKP GDWDVHW
+LQGXVWDQLPXVLF UK\WKP GDWDVHY
7TDEOD VROR GDWDVHW
OULGDQJDP GDWDVHWYV
-LQIMX SHUFXVVLRQ LQVWUXPHQW GL
-LQIMX SHUFXVVLRQ SDWWHUQ GDWD
2ZWKHUHYDOXDWLRQ GDWDVHWYV

OHWHU LQIHUHQFH DQG WUDFNLQJ
7KHPHWHU DQDO\VLV WDVNYV
3UHOLPLQDU\H[SHULPHQWYV

OHWHU WUDFNLQJ XVLQJG\QDPLF SUR
%D\HVLDQ PRGHOV IRUPHWHU DQDO\VLV

7KH EDU SRLQWHU PRGHO

ORGHO H[WHQVLRQV

,QIHUHQFH H[WHQVLRQV
([SHULPHQWV DQG UHVXOWYV

([SHULPHQWDO VHWXS

OHWHU LQIHUHQFH

OHWHU WUDFNLQJ

,QIRUPHG PHWHU WUDFNLQJ

6XPPDU\RIUHVXOWYV
&RQFOXVLRQV

3HUFXVVLRQ SDWWHUQ WUDQVFULSWLRQ DQG
$SSURDFKHYV
7KH FDVHRI %HLMLQJ RSHUD
3HUFXVVLRQ SDWWHUQ FODVVLILFDW
5HVXOWV DQG GLVFXVVLRQ



[l

7KH FDVHRI ,QGLDQ DUW PXVLF
3DWWHUQ OLEUDU\JHQHUDWLRQ
$XWRPDWLF WUDQVFULSWLRQ
$SSUR[LPDWH SDWWHUQ VHDUFK
5HVXOWV DQG GLVFXVVLRQ
&RQFOXVLRQV

$SSOLFDWLRQV 6XPPDU\DQG &RQFOXVLRQV
$SSOLFDWLRQV
'XQ\D
6DU—JD
&RQWULEXWLRQV
&RQFOXVLRQVDQG VXPPDU\
)XWXUH GLUHFWLRQV

$SSHQGL[$ /LVWRI3SXEOLFDWLRQV
$SSHQGL[ % 5HVRXUFHV
$SSHQGL[ & *ORVVDU\
%LEOLRJUDSK\

,QGH]



GBbi Q7 avK#0Q

7TKHIROORZLQJLVDOLVWRIGLIITHUHQW V\PERO'
DORQJZLWK D VKRUW GHVFULSWLRQ RIHDFK V\P

6\PERO 'HVFULSWLRQ

$XGLR 6LJQDODQG OXVLF

t 7LPH YDULDEOH LQVHFRQGYV
k 7TLPHIUDPHLQGH]

f [n] 'LVFUHWHDXGLR VLJIQDO

fpln] SHUFXVVLRQ HQKDQFHG DXGLR PXVLF VL
Ts 7LPH GXUDWLRQRIDQDXGLR UHFRUGLQ.
h +RS VL]H XVHG IRUDXGLR DQDO\VLV

K IXPEHURIDQDO\VLVIUDPHVLQDQDXGL
z $XGLRPXVLFUHFRUGLQJLQGH]
B, 6HW RIDOO EHDWV LQ DQzDXGLR PXVLF U

S, 6HW RUDPB®RZQEHDWY LQDQ DXGLR PXVL
UHFRBEGLQJ

O, 6HW RDD®OOWDWXP SXOVHV LQDQDXGLRF
UHFRBEGLQJ

s , QWWHDWH.WHUYDO
b L QWHW EMIOMWHUYDO
o , QWOHNADQW H WIDWEB ROVH SHULRG

[[L
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6\PERO 'HVFULSWLRQ

Fo

%30

030
B

\
[k

oNSEZLPrT><<-D

Ts
N(;

)

)JXQGDPHQWDO IUHTXHQF\
%HDWY SHUPLQXWH

0 —WIIHWPLQXWH

IXPEHU RIEHDWWL-YlPEBU RU D

OHWHU $QDO\VLYV

$XGLRIHDWXUH XHFWRUDW IUDPH

$ YHFWRURIODWHQW YDULDEOHV DW IUI
7KHWHPSRJUDP PDWUL]

TRWDO PHWULFDO SRVLWLRQ VWDWHYV
SRVLWLRQLQEDU VHFWLRQ PHWULFDO
SRVLWLRQLQ EDU VHFWLRQ PHWULFDO
TRWDO WHPSR VWDWHYV

5DWH RI FKDQJHRISRVLWLRQLQEDU VH
F\FOH

SDWHRIFKDQJH RI SRVLWLRQLQ EDU VH
F\FOH GLVFUHWL]HG

1XPEHU RI UK\WKP SDWWHUQV

5K\WKP SDWWHUQ LQGLFDWRU YDULDEO
1XPEHU RIPHWULFDO VHFWLRQV
6HFWYREXD-AJDQGLFDWRU YDULDEOH
5K\WKPLF SDWWHUQ WUDQVLWLRQ PDWL
BHFWLRQ WUDQVLWLRQ PDWUL]J
 QGLFDWRU IXQFWLRQ

1XPEHU RI SDUWLFOHV LQ WKH SDUWLFO
7KH ZHLJKW RI D SDUWLFOH

$ YHFWRURI SDUWLFOH ZHLJKWYV

&OXVWHUDVVLIQPHQW YDULDEOH LQ PL
ILOWHUYV

SHVDPSOLQJLQWHUYDO IRUV\VWHPDWL

1RUPDO GLVWULEXWQRJ RIY\N K IPHPRH
PDWULJ
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6\PERO 'HVFULSWLRQ

Trego >Z2 >

TOX

3HUFXVVLRQ 3DWWHUQ $QDO\VLV

7KHVHW RIDOO SHUFXVVLRQ VIOODEOH
7KH WRWDO QXPEHU RI SHUFXVVLRQ V\O«
$ SHUFXVVLRQ VIQMODEOHLQ WKH VHW
$QLQVWDQFHRID SHUFXVVLRQ VIOODEC
$ VIOODELF SHUFXVVLRQ SDWWHUQ
JHQJWK RID SHUFXVVLRQ SDWWHUQ LQ
7KHVHW RIDOO VIOODELF SHUFXVVLRQ ¢
7KH WRWDO QXPEHU RI SHUFXVVLRQ SDW
7KHVHW RIDOO +00 SDUDPHWHUV
5/&6:LGWK $FURVV 55 HRIOAMD B H]
5/&6:LGWK $FURV$4 XRW UL
5/&60HQJWK RI PDWFK PDWUL]
5/&6ZHLJKW PDWUL]J
5/&6ZDUSLQJIXQFWLRQ

5/&6ZDUSLQJ SDUDPHWHU
5/&6PLQLPXP IUDFWLRQ RIPDWFK WKUHYV
5/&6VFRUH WKUHVKROG

5/&6V\OODEOH GLVWDQFH WKUHVKROG
5/&6PL[LQJ SDUDPHWHU

(YDOXDWLRQ PHDVXUHYV

7KHELJ2 QRWDWLRQ 2UGHURIWKH IXQF
7KRYHWPODY XUH IRUGDWD FRUSRUD
BUHFLVLRQ

5HFDOO

| PHDVXUH

,QIRUPDWLRQ *DLQ

&RUUHFW OHWULFDO /HYHO 1R FRQWLQ)
$0O0 OHWULFDO /HYHOV 1R FRQWLQXLW\
&RUUHFWQHVV PHDVXUH IRUDXWRPDWL



[[LY

6\PERO 'HVFULSWLRQ

A $FFXUDF\PHDVXUH IRUDXWRPDWLF WUD
A  B6WULQJLQVHUWLRQ HUURU

. BWULQJ GHOHWLRQ HUURU

a BWULQJ VXEVWLWXWLRQ HUURU

h BWULQJWUDQVSRVLWLRQ HUURU




GBbi Q7 6B:m’

$XWRPDWLF UK\WKP DQDO\VLVIURP DXGLR
'"HSHQGHQFLHVY EHWZHHQ WKH  FKDSWHUV RI

JRXU SRSXODU &DUQDWLF W—9qDV
BWUXFWXUHRIWL UDQDEH —GL W—1D

JRXU SRSXODU +LQGXVWDQL W—OV

e N W -M0Q.m)\ G U

3HUFXVVLRQ SDWWHUQV LQ %HLMLQJRSHUD
)XQFWLRQDO XQLWV RI D UK\WKP GHVFULSWL

$XGLRVLIQDO FKDUDFWHULVWLFV RI ,QGLDC(
SHOHYDQWDXWRPDWLFUK\WKPDQDO\VLV SL
DUW PXVLF

7KH QXPEHU RI DUWLVWY E\ WKH QXPEHU RI
PDQFHV LQ WKH &DUQDWLF PXVLF UHVHDUFK
&RYHUDJHRIWKH &DUQDWLF DUWLVWYV
+LVWRJIUD® BKFHDWDVHW

+LVWRJIYD® WKHDWDVHW

+LVWRJUDP RI PHG L D Q @RMFPD\W D MHW
+LVWRJUDP RI PHG |, D Q @RBFP DWW D MHIN
&RPSXWDWLRQRIWKHVSHFWUDO IOX[ IHDW>
5K\WKP SDWWHUQV LQ $-GGWW-IDHOWMDUQHG |
5K\WKP SDWWHUQV LQ $.GG& DWA-DINDHOH DU QH G |
5K\WKP SDWWHUQV LQ Ui$3cDWHYEWHDUQF

[[Y
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5K\WKP SDWWHUQV LQ UI$DICDWBVMBVWHDUQF
5K\WKP SDWWHUQV LQPL UBFKXK—SXW—TD OH
GDWDVHW

5K\WKP SDWWHUQV LQ PL UDSEXK—SX W—9D OF
GDWDVHW

5K\WKP SDWWHUQV LQ NKDAED FK—SX W—F¢
$.3GDWDVHW

5K\WKP SDWWHUQV LQ NKDAED FK—SX W—1
$.3GDWDVHW

+LVWRJIUD® WKSGDWDVHW

+LVWRJIYD® WIRGGDWDVHW

+LVWRJIUD® WIKHGDWDVHW

+LVWRJIYD® WIKBHEDWDVHW
+LVWRJUDP RI PHGL DQ QRWFPMD\W® D MHIN
+LVWRJUDP RIPHG |, DQ QYRWFPDW D MHIN
+LVWRJUDP RI PHG ;D Q QYRWP DWW DMHIN
+LVWRJUDP RI PHG |, DQ QYRpPD\W DMHIV
5K\WKP SDWWHUQV LQ VBs®MNWMDY BWDUQHG U
5K\WKP SDWWHUQV LQ V3, @DMWW-DO/EWDUQHG U]
5K\WKP SDWWHUQV LQ 3NGDWDYHWUQHG IURF
5K\WKP SDWWHUQV LQ -N&DBDWDYHM QHG IURF
5K\WKP SDWWHUQV LQ MBGHPW-BQOHOMDUQHG |
5K\WKP SDWWHUQV LQ MEGHPW-BDHOW DUQHG |
5K\WKP SDWWHUQV LQ U) 353\ DW-BOHW DUQHG
5K\WKP SDWWHUQV LQ U) SSPA\DIMW-DU KW DUQHG

%ORFN GLDJUDP RI WKHW—9YD WUDFNLQJ DO.
E\6ULQLYDVDPXUWK\DQG 6HUUD
$QLOOXVWUDWLRQ RI SHUFXVVLRQ HQKDQF|
(VWLPDWHG WLPH YDU\LQJWHPSRFXUYH ZLV
7KHPHWHU DQDO\VLV PRGHOV XVHG LQ WKH ¢
$Q LOOXVWUDWLRQRIWKHEDU SRLQWHU PR
$Q LOOXVWUDWLRQ RI WKH VHFWLRQ SRLQW
PDWULFHYV

5HVXOWV RI VWDWLVWLFDO VLIJQLILFDQFH W
\WLV UHVXOWV RQ ,QGLDQ DUW PXVLF GDWDYV

:DYHIRUPDQG VSHFWURJUDP RIMLQJMX SHU
‘DYHIRUPDQG VSHFWURJUDP RI WKH SDWWH !



[[YLL

%ORFNGLDJUDP -LQIJMX SHUFXVVLRQ SDWW
%ORFNGLDJUDP 3HUFXVVLRQ SDWWHUQ GL\
DUW PXVLF

$QH[DPSOHRIDWDEOD SHUFXVVLRQ SDWWH
$QH[DPSOHRIDPULGDQJDP SHUFXVVLRQ SD

$ VFUHHQVKRW RI WKHUHFRUGLQJSDJH RI "X
6FUHHQVKRWYVY RI6DU—JD






GBbi Q7 h #H:

BWUXFWXUH RI &DUQDWLF W—YDV
7KH VIOODEOHV XVHG LQ &DUQDWLF PXVLF S|
BWUXFWXUHRI+LQGXVWDQL W—O0V

7KH WDEOD EAOV XVHG LQ +LQGXVWDQL PXVL
7KH1K*N—V IRU SRSXODU +LQGXVWDQL W—0O"
6\OODEOHV XVHG LQ %YHLMLQJRSHUD MLQJM

SHUIRUPDQFH RI PHWHLUGBOWRBDWKRQ XVLQJ
SHUIRUPDQFH RI F\FOH OH®RAR® HVWLPDWLR
JRULWKP

$FFXUDF\RIF\FOH OH Q JWEGDUWHRRILINK\PLRQ XV
$FFXUDF\RIF\FOH OHQ J 8 KBOHRRILQLKWPLRQ XV
$FFXUDF\RI F\AFOH OHQJWK UHFRJQLWLRQ X'
WLYHDSSURDFKHYV

$FFXUDF\RIGRZQEHDW WUDFNLQJLQ &DUQTL
DOQRWDWHG GDWDVHW

&RYHUDJH RI WKH &DUQDWLF PXVLF UHVHDUL
&RPSOHWHQHVV RIWKH &DUQDWLF PXVLF UH
&RYHUDJH RIWKH +LQGXVWDQL PXVLF UHVHL
&RPSOHWHQHVV RIWKH +LQGXVWDQLPXVLF
$.3GDWDVHW GHVFULSWLRQ

7—YID F\FOH OHQJWKRGOQ®WIDALHWR UV IRU
$.3GDWDVHW GHVFULSWLRQ

7—YD F\FOH OHQJW.RKEGEQRWDNVNBHWRUV IRU

[[LI
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). 3 GDWDVHW GHVFULSWLRQ

7—O F\FOH OHQJWIICDGNLFYMMR UV IR U

). 3%GDWDVHW GHVFULSWLRQ

7—O F\FOH OHQJ W KJCDALFVAWR UV IR U

). 3y GDWDVHW GHVFULSWLRQ

7—O F\FOH OHQJWKJICDGNLFVYMVMR UV IRU
7TKHWDEOD VROR GDWDVHW

7TKHPULGDQJDP VWURNHY GDWDVHW
7TKHPULGDQJDP VROR GDWDVHW
TKHMLQIMX SHUFXVVLRQLQVWUXPHQW GDW
TKHMLQIMX SHUFXVVLRQ SDWWHUQ GDWDVFE

5HVXOWV RIDNaADUD$®.BGDROWHWFNLQJ RQ
5HVXOWYV RI VD RD 3GIDIMFIN KW R Q
6XPPDU\ RI WKH PHWHU DQDO\VLV PRGHOV D
DOJRULWKPYV

5HVXOWV RIPHWHU LQIHUHQFH ZLWK WKH ED
5HVXOWV RI PHWHU WUDFNLQJ ZLWK WKH ED L
5HVXOWV RI PHWHU WUDFNLQJZLWK WKH PL[
PRGHO

5HVXOWV RIPHWHU WUDFNLQJ ZLWK WKH VHF
5HVXOWV RI PHWHU WUDFNLQJ ZLWK LQIHUH (
WKHEDU SRLQWHU PRGHO

7HPSR LQIRUPHG PHWHU WUDFENLQJUHVXOW
VLF GDWDVHWYV

7HPSR VDPD LQIRUPHG PHWHU WUDFNLQJ U
GLDQ PXVLF GDWDVHWV

6XPPDU\RI PHWHU DQDO\VLY SHUIRUPDQFH |
PXVLF GDWDVHWYV

6XPPDU\ RI PHWHU WUDFNLQJ SHUIRUPDQFH
HIWHQVLRQV

&RPSDULQJWKH PHWHU WS$DENLQJ SHUIRUP
DQ¥D3) DOJRULWKPV

TUDQVFULSWLRQDQG FODEDWDNBHWLRQ UHV
&RQIXVLRQ PDWUL[IRU SHUFXVVLRQ SDWWH
L@R1IGDWDVHW

4XHU\WDEOD SHUFXVVLRQ SDWWHUQV
4XHU\PULGDQJDP SHUFXVVLRQ SDWWHUQV



[[IL

$XWRPDWLF WUDQVFULSWLRQ UHVXOWYV RQ
)ODW VWDUW +00

$XWRPDWLF WUDQVFULSWLRQ UHVXOWYV RQ
,VRODWHG VWDUW +00

SHUIRUPDQFH RI DSSUR[LPDWH SDWWHUQ V
VROR GDWDVHW
$XWRPDWLFWUDQVFULSWLRQ UHVXOWYV RQ \
GDWDVHW

SHUIRUPDQFHRIDSSUR[LPDWH SDWWHUQ VH
JDP VROR GDWDVHW






&KDS\:RL.

AMI Q/m+iBC(C

WKH PRVW QHFHVVDU\ PRVW GLIILFXC
WKLQJLQPXVLF WKDW LV WLPH

$ OR]DUWOIRJPRJIW 7KHODQ DQG WKH
$UWLVW DV 5HYHDOHG LWLKIGWRER :RUG
.HUVW WUDQV +HQU\ (GZDUG .UHKE

‘HOLYHLQDPXOWLFXOWXUDO ZRUOG WKDW LV L
GDWDDQGLQIRUPDWLRQ ZKLFKNHHSLQFUHDVL
SUHVHQW RWRDWLRQ DQG &RPPXQLFDWLRQ 7HFI
DQG WRROV KHOS XV WR JHQHUDWH RUJDQL]H
VXPH DVVLPLODWH WKHVH GDWD DQG LQIRUPD)V
ULHQFH ZLWK WKH GDWD LQIRUPDWLRQDQG NQI
WHFKQRORJ\QHHGV LQ D PXOWLFXOWXUDO ZRU
WKHFRPSOH[VRFLRFXOWXUDO FRQWH[WV LQ ZK
WRROV DUHEHLQJEXLOWDQG XVHG
OXVLELVDQLQWHJUDO SDUWRIRXUOLYHVDQ
FRQVXPHG DW DQ HYHU LQFUHDVLQJ UDWH 7KH
DQG SUDFWLFHV RIPXVLFKDYHFKDQJHG VLJQLI
GHFDGHV :LWK PXVLFJRLQJ GLJLWDO WKHUH |
PXVLF DYDLODEOH RQ GHPDQG WR XVHUV QHFH
DXWRPDWLFDOO\ VWUXFWXULQJ WKHVH FROOH|
PXVLFKDVJURZQEH\RQG MXVW OLVWHQLQJLQW
LQJH[SHULHQFH ZLWK WKH PXVLF FRQWHQW 6X
JUHDWRSSRUWXQLW\WRHQKDQFHRXUH[SHULH



,QWURGXFWLRQ

TKHUHDUHVLIQLILFDQW HIITRUWYV WR EXLOG DXV
JLHV WKDW HQKDQFH RXU H[SHULHQFH ZLWK ODL
VLIH PXVLF FROOHFWLRQV OXVLFEHLQJD VRFL
QHHGV WKHVH DXWRPDWLF WRROV WR EH DZDU'
FRQWH[WDQG FDWHU WR VSHFLILF PXVLF FXOWX
VLFLDQVDQG DUWLVWYV DQG WKHZLGHO\GLYHLU

OXVLF ,QIRUPDWLRQ 5WDHNSWFK DO E]HG DUHD F
VHDUFK ZLWKLQ PXVLF WHFKQRORJ\WKDW DLPV
SOLFDWLRQVIRUUHSUHVHQWDWLRQ XQGHUVW
RIPXVLF 7KRXJKD QHZDQGLQWHUGLVFLSOLQE
KDV D VLIQLILFDQW FRPPXQLW\ZRUNLQJRQ YD
WKH SXUYLHZ,BIRFXVHVY RQ XQGHUVWDQGLQJ D
LQJ ZKDW PXVLF LV DQG KRZ LW IXQFWLRQV ,W
YHORS YHULGLFDO DQG HIIHFWLYH FRPSXWDWL
PXVLF XQGHUVWDQGLQJFKDLQ IURPVRXQGDQC
WKH NLQGV RI KLJK OHYHO FRQFHSWV WKDW KX
VLF VXFK DV PHORG\ UK\WKP KDUPRQ\ VWUXF
SRVVLEO\VXEMHFWLYHDWWULEXWHVDQG FKDU
DQDO\VISWILE®YV WR pPDNH VHQVHY RI PXVLF DQG
PXVLFDOO\UHOHYDQW DQG VHPDQWLFDOO\ PHD
PXVLF SLHFHVDQG PXVLF FROOHFWLRQV

OXVLFLVPXOWL GLPHQVLRQDODQG UK\WKP L\
GLPHQVLRQVRIPXVLF OXVLFPDQLIHVWYV DV PXV
LQWLPH DQGWKHDUUDQJHPHQW RIWKHVHHYH
RIDPXVLF SLHFH 7KHVHHYHQWY FDQ EH JURX
VHYHUDO OD\HUV LQWR UK\WKPLF VWUXFWXUH\
EHVWXGLHGIURP PDQ\ G L%WHOOIR VBB B V*XHHFOMLVY
7RXVVDLQW QG WKLV ZRUSYWEBRSRIDQN DLPLQJ
DW DXWRPDWLF UK\WKP DQDO\VLVY WR HVWLPD
UK\WKPLF VWUXFWXUHVY DQG SDWWHUQV IURP P
PHDQLQJIXO UK\WKP UHODWHG LQIRUPDWLRQ IU

7KHZRUN SUHVHQWHG LQ WKLV GLVVHUWDWL
PXVLF WHFKQRORJ\ DQG DXWRPDWLF DQDO\VLYV
UK\WKP DQDO\VLY DLPLQJ DW GRPDLQ VSHFLIL
ZLWKLQ D PXOWLFXOWXUDO FRQWH[W :HQRZ G
PRWLYDWLRQ IRUWKH WKHVLVY 7KH VFRSHDQG
DUH WKHQ FOHDUO\LGHQWLILHG 7KHFRQFOXG
GHVFULEHV WKH RUJDQL]DWLRQ RIWKH GLVVHU



&RQWH[W DQG UHOHYDQFH

RXR *QMi2ti M/ "2H2p M+2

,QWKHODVW W,ERBHEBBHIVYHG VLIQLILFDQW DW
WKHUHVHDUFKFRPPXQLW\DQGKDVDGGUHVVHG
SUREOHPVDGYDQFLQJWKHILHOGRIVRXQGDQG
HYHU WKH FXUU6,GWIMEHBQPKUQHO\ OLPLWHC
URJHQHWLF SRBXOWNUPXVLEG GR QRW JHQHUD!
PXVLF FXOWXUHV RI WKH ZRUOG 7KHDSSURDFK
RSHG ZLWKLQ D PXOWLFXOWXUDO FRQWH[W DQG
WR WKH ZLGH YDULHW\ RIPXVLF FXOWXUHV ZH H

7KHUHLVY VWLOODZLGHJDSEHWZHHQ ZKDW FI
QLVHG DQG H[WUDFWHG IURP PXVLF DXGLR VLJC
VHPDQWLFDOO\ PHDQLQJIXO FRQFHSWV WKDW |
ZLWK PXVLF &XUUHQW DWWHPSWV DW QDUURZ|
RQO\ SURGXFLQJVPDOO LQFUHPHQWDO SURJUH
VRQV IRUWKLV ODFNRIPDMRU SURJUHVV VHHPV
SURDFK FXUUHQWO\EHLQJ XVHG LQ ZKLFK IHDW
DXGLRVLJQDOVDQGKLJKHU OHYHO IHDWXUHV R
E\DQDO\VLQJDQG DJJUHJDWLQJ WKHVH IHDW X L
EHLQJWKHODFNRILQIXVLRQRIKLIJKHUOHYHOP
LQWRDXWRPDWLFDQDO\VLVWHWKHERPSOXVLF SU
FRQFHLYHG LQ VXFKD FRQWH[WWRDGGUHVV WK

&RPSOXVERPSXWDWLRQDO ORGHOV IRU WKH 'L
'RUOGTV OXVLF LVIRFXVHGRQ WKHDPSGYDQFHPH
E\ DSSURDFKLQJ D QXPEHU RI FXUUHQW UHVHDI
FXOWXUH VSHFLILF SHUVSHFWLYH WR EXLOG GF
&RPSOXVLFDLPVWR GHYHORS LQIRUPDWLRQ PR
UHOHYDQFH WR VHYHUDO QRQ :HVWHUQ PXVLF
FHVV FRQWULEXWLQJ WR WKHHRY H UHWDHQ WHOXXY R
FXOWXUHV DUHEHLQJVWXGLHGLQ WKH SURMHF

7KH WHUP (XURJHQHWLF PXVLBUADM YIDOMDPRGWHH G |
+RO]DSIHO DQGWHRWIWMRLG WKHPLVOHDGLQJ GLFKRWRP\F
QRQ :HVWHUQ PXVLF 7KHGLVFXVVHG WKHRUHWLFDO FRC
PRWLYDWHG E\ PXVLF RIWKH (XURSHDQ FRPPRQ SUDFWLF
S3JHQHWLF  UDWKHU ZLWK LWV FRQQRWDWLRQ DV 3SHUWD
E\&DUO\OH IURP *N JHQHWLNRV3JHQLWLYH ™ IURP JHQHYV
ELRORJLFDO VHQVHDV ILUVWDISTS I LrH & 2H v KBQUZH BM. 2)
X+QK7KH WHUP ZzDV SURSRVHG E\ 3URI 5REHUW 5HLJOH
SHUVRQDO FRPPXQLFDWLRQ

20T, ff+QKTKmMbB+XmT7X2/m



,QWURGXFWLRQ

&DUQDWLF 6RXWK,QGLD 7XUNLVK PDNDP 7XU]
ODJKUHE DQG %HLMLQJRSHUD &KLQD

&RPSOXVLFDLPVWRFKDOOHQJHWKHFXUUHQ!
IRUPDWLRQ SDUDGLJPV DGYDQFHRXULQIRUPD\
DQG FRQWULEXWHWRRXUULFKPXOWLFXOWXUD
KLQG &RPSOXVLFLV WKDW WKHLQIRUPDWLRQ Wt
VLF SURFHVVLQJKDYH W\SLFDOO\WDUJHWHG W
DQG FXUUHQW UHVHDUFK LV HPSKDVL]LQJ WKL\
HYHU WR GHYHORS WHFKQRORJLHV WKDW FDQ G
ZRUOGYV PXVLF WKHUH LV D QHHG WR VWXG\ DQ
SHFWV RIRWKHU PXVLFDO FXOWXUHV

&RPSOXVLF IXUWKHU LGHQWLILHVY WKDW pPDN
PXFKPRUHWKDQ GHFRGLQJDQG SDUVLQJDQLQF
ZDYHVLQWRKLJKHU OHYHOPXVLFDO REMHFWV \
PHORGLHV DQG KDUPRQLHV OXVLFLVHPEHGGH
WXUDO KLVWRULFDO FRPPHUFLDODQGVRFLDO
LWLVLQWHUSUHWHG DQG FDWHJRUL]JHG 7KRXJ
FRPPRQ FKDUDFWHULVWLFV HDFK RQHFDQ EH L
IHDWXUHV WKDW QHHG WR EHLGHQWLILHG DQG
DWWULEXWHG WR D SLHFH RI PXVLF E\ OLVWHOQI
VROHO\ EH H[SODLQHG E\ WKH FRQWHQW RI WKH
FOHDUWKDWKLJK TXDOLW\DXWRPDWLFPXVLF G
LQJFDQRQO\VEHDFKLHYHG E\DOVR WDNLQJLQMW
IRUPDWLRQ H[WHUQDO WR WKH PXVLF

JRRNLQJ DW WKH SUREOHPV HPHUJLQJ IURP Y|
WXUHV ZLOO QRW RQO\ KHOS WKRVH VSHFLILF F
XS RXU H[LVWLQJ FRPSXWDWLRQDO PHWKRGROF
PRUH YHUVDWLOH ,W ZLOO HPSKDVL]H WKH OL
PHWKRGRORJLHV DQG SUHVHQW RSHQ LVVXHV
SUHVHUYH WKH GLYHUVLW\ RIRXU ZRUOGTYV FXO
RI & RPSOXVLF DUH LQWH3BDWHG LERWR RX Q64 U U

ZKLFK LV D ZHE EDVHG VRIWZDUH DSSOLFD

LOQWHUDFW ZLWK DQ DXGLR PXVLF FROOHFWLRQC
FDO FRQFHSWVY WKDW DUH GHULYHG IURP D VSH
XVHUV FDQ DOVR DFFHVV DOO WKH UHVHDUFK UH
WKURXJK 'XQ\D

'LWKLQ WKB,B\IOURI DUH PDQ\ UHVHDUFK SUR
FDQ EHQHILW IURP D FXOWXUH VSHFLILF SHUVS
FXVHV RQ WKH HI[WUDFWLRQ RI IHDWXUHV IURP



ORWLYDWLRQ

UHODWHG WR PHORG\DQG UK\WKP DQG RQ WKH
FRQWH[WXDO LQIRUPDWLRQ RI WKRVH UHFRUGL
DFWHUL]H FXOWXUH VSHFLILF PXVLFDO IDFHWYV
GHYHORS PXVLFDOO\PHDQLQJIXO VLPLODULW\TF
UHVHDUFKLQ &RPSOXVLF LV GDWD GULYHQ WKX
SRUD 2QH RI WKH JRDOV RI &RPSOXVLF LV WR F
FRUSXV IRU HDFK PWULBMWUDKHWLRBRBY RI GDWD
JDWKHUHGDUHPDLQO\DXGLRUHFRUGLQJVDQG
DUHWKHQ FRPSOHPHQWHG ZLWK GHVFULSWLYH
ULDO PHWDGDWD VFRUHV DQG RUO\ULFVDVDY

7TKHZRUN SUHVHQWHG LQ WKLY GLVVHUWDW L
WKH FRQWH[W RI WKH &RPSOXVLF SURMHFW EXW
UK\WKPDQDO\VLVUHVHDUFKSUREOHPVIRU ,QGI
GULYHQ SHUVSHFWLYH XVLQJ VLJQDO SURFHVYV
DSSURDFKHV 7KHGLVVHUWDWLRQLPELEHV DQ((
FRQWH[W RI &RPSOXVLF SURMHFW DV DSSOLHG '
PHDQLQJIXO DXWRPDWLF UK\WKP DQDO\VLV KHC
WXUDO DVSHFW&HUWW HAMKBBKWR XWK D FXOWXUH
DZDUHDQGGRPDLQVSHFLILFDSSURDFKWRFRP S
HOLQJ RI ,QGLDQ DUW PXVLF ZH ZLOO DOVR JHW
FXUWHEIWR ROV ZKLFK ZRXOG LPSURYH WKHLU S}
ZLOO EH DEOH WR GHYHORS EHWWHU DOJRULW|
DQG WHFKQLTXHV IRU WKH VWXG\RI ZRUOGYV P.
PXFK ODUJHU SDUW RI RXU PXOWLFXOWXUDO ZR
WKHVH PRGHOV ZRXOG DOVR DOORZ FURVYV FXO\
EHWZHHQ GLIIHUHQW PXVLFDO VA\VWHPV HQULF
HGJHRIZRUOGYVPXVLFDQG SURYLGHLQWHUHV
WLYH DQG PXVLFDO SHUVSHFWLYHV 6XFKDQ D
LWDLPV WR SXVK DKHDG WKHERXQGDULHV RI D
VLVWRDGGUHVY FXUUHQW FKDOOHQJHV DQG E'
YDULHG QHHGV RI GLITHUHQW PXVLF FXOWXUHYV |

RXk JQiBp iBQM

S5K\WKPLVDIXQGDPHQWDO GLPHQVLRQRIPXVLF
VWUXFWXUHVY DQG SDWWHUQV ZLWK VHYHUDO |
WLPH ,WLVSULPDULO\DQHYHQW EDVHG SKHQR
FKDUDFWHUL]LQJPXVLFDO HYHQWV DQG WKHLU



,QWURGXFWLRQ

WDVN 7KH DXWRPDWLF DQDO\VLV RI WKHVH P X\
XV XVHIXO LQVLJKWYV LQWR PXVLF DQG KHOS XV
PHDQLQJIXO KLIKHUOHYHO FRQFHSWV
OXVLFDO HYHQWYV DUH RIWHQ RUJDQL]JHG LQ V|
HUVOHDGLQJWRPHWULFDO VWUXFWXUHV 7KH |
IXQGDPHQWDO IUDPHZRUN LQ WLPH WR RUJDQL]
DSLYRWDOUROHLQPXVLF ORVWPHORGLFDQG |
OLQHVY DQG KDUPRQLF FKDQJHV DUH RUJDQL]HC
WXUHV DQG KHQFH WKH HVWLPDWLRQ RI GLIITHU|
DQ LPSRUSWDDWWN (VWLPDWLQJ WKH QRWH RQVH
DQG GRZQEHDWYV DUH XVHIXODQG QHFHVVDU\ IR
PXVLF 7KRXJK HDFK Rl WKHVH DVSHFWYV FDQ EF
ODWHG IDVKLRQ WKHUH LV VLIQLILFDQW LQWH
DQG KHQFHDKROLVWLFDSSURDFKWR GHVFULEI
WHU LV DQDSSURDFKWKDW QHHGV WR EH H[SOR
7KHUH DUH DGGLWLRQDO VWUXFWXUHV RIWHC
VFDOH WKDQ WKHPHWULFDO VWUXFWXUHV 7KH
HJ YHUVH FKRUXV EULGJH LQWUR RXWUR V
LQ PDQ\PXVLFIRUPV DV GLITHUHQW VHFWLRQV F
PHQWLQJDVRQJDW WKHVHVHFWLRQ ERXQGDUL
VXPPDUL]LQJ WKH DXGLR RUIRU VWUXFWXUDO I
6XFK D VWUXFWXUDO DQDO\VLV FDQ EHQHILW IU
PXVLF SLHFH VLQFH PRVW RI WKHVH VHFWLRQV [
ERXQGDULHVLQDVRQJ
OXVLF LV DOVR UHSOHWH ZLWK UK\WKPLF SDW
HQW OHYHOV OXVLF LV H[SUHVVHG WKURXJK D .
UK\WKPLF SDWWHUQV DQG KHQFH WKHVH SDWW
GHUVWDQGLQJUK\WKP 7KH UK\WKPLF SDWWHU
RI WKH XQGHUO\LQJ PXVLEFDO VWUXFWXUH 8QG
RIWKHVH SDWWHUQV ZRXOG KHOSLQ D FRPSUHK
VFULSWLRQ RIWKH PXVLF SLHFHDQG FDQ EH IXL
SOLFDWLRQV
$QDO\WLVRIUK\WKPLFVWUXFWXUHVDQG SDW
WDQW UHVHD B FRROVEHYHORSHG IRU UK\WKP D
EH XVHIXOLQ D PXOWLWXGH RI DSSOLFDWLRQV
DUFKLYDO HQKDQFHG QDYLJDWLRQ RIPXVLF FR
PXVLF UHWULHYDO DQG IRUDQ HQULFKHG DQG L
VLF 7KH WDUJHW DXGLHQFH IRU VXFK WRROV V.
OLVWHQHUV ZKR ZLVK IRUDQ HQKDQFHG H[SHUL



ORWLYDWLRQ

VWXGHQWY ZKR ZLVK WR OHDUQ PRUH DERXW WK
WR PXVLFLDQV ZKR FDQ XVH WKHVH WRROV WR |
VLF PXVLFRORJLVWYV ZKRFDQ XVHWKHVHWRRO
FROOHFWRUV DQG UHFRUG ODEHOV ZKR FDQ XV
DUFKLYHDQG SUHVHQW WKHLU PXVLFEHWWHU
'LWK ODUJHDQG HYHU JURZLQJPXVLE FROOHF
KRXUDUHLQQRYDWLYH ZD\VIRUPHDQLQJIXO RL
WLRQ WKURXJKWKHVHODUJHFROOHFWLRQV /D
PHDQ DQ DXWRPDWLF DQDO\VLV LV GHVLUHG RY]|
FDQ EHWHGLRXV WLPHFRQVXPLQJDQG KLJKO\
DGGLWLRQ WR WKH PHWDGDWD DVVRELDWHG ZL
WKH XQGHUO\LQJ PXVLFDO FRQFHSWV WR RUJD
WKH EHVW DSSURDFK LQ VXFK D FDVH IRU EHWW
ZLWKLQ WKH FROOHFWLRQ 7KLV QHFHVVLWDWH
WDQFH PHDVXUHVEHWZHHQ WKHVHUHFRUGLQJ
DQG FROODWH UHFRUGLQJY ,Q DGGLWLRQ WR W
WKDW XVHV PDLQO\HGLWRULDO PHWDGDWD Wk
GD\ WKHUHLVD QHHG WR GHYHORS FRQWHQW E|
VLF FRQWHQW RI WKH DXGLR UHFRUGLQJV )XU
UHFRUGLQJZRXOG DOVRPHDQ WKDW WKHVH VLP
WLRQDOO\QHHGHG LQWUD SLHFHL H IRUGLIIH
$V VSHFLILHG HDUOLHU D PHDQLQJIXO QDYLJ
EHEHWWHUDFKLHYHG XVLQJWKHVRFELRFXOWXL
DOO LWV XQLTXHIHDWXUHV DQG VSHFLILFLWLH\
LODULW\PHDVXUHV 5K\WKPLFIHDWXUHV DUH D
VLPLODULW\PHDVXUHVIRUVXFEKDWDVNDQG UK
FDQ KXJHO\ EHQHILW IURP DXWRPDWLF UK\WKP
VWUXFWXUHY DQG SDWWHUQV 7KH FXOWXUH V
OHYHOV LW DSSOLHV WRLGHQWLI\LQJ XQLTXH
GDK7WNDNLQJWKHP VSHFLILFDQGPHDQLQJIXO T
DSSURDFKHV IRUDXWRPDWLFDQDO\VLV RIPXVL
JLHV RIFRPELQLQJLQIRUPDWLRQ IURP VHYHUD(
PHDQLQJIXO VLPLODULW\PHDVXUHV
'LWK D VLJQLILFDQWO\VRSKLVWLFDWHG UK\W
DUW PXVLF SRVHV D ELJ FKDOOHQJH WR WKH FX
DXWRPDWLF UK\GWKRDYDWVDPXW WK\ +RO]DSIHO
7KHUHDUHVHYHUDOLPSRUWDQW DXWRPDW
LQ,QGLDQDUWPXVLEWKDWKDYHQRWEHHQ VW)
WLHVY GHYHORSLQJDSSURDFKHVIRUUK\WKP DQ



,QWURGXFWLRQ

FDQKHOSWRLGHQWLI\WKHOLPLWDWLRQV RIEX
WKHLU SHUIRUPDQFHDQG PDNH WKHP EHWWHU C
SKDVL]JHGHDUOLHU WKHUHLVDVLJQLILFDQW JE
ELOLWLHV RIWKHPXVLF WHFKQRORJLHV XVHG L
WKH QHHGV RI RXU FXOWXUDOO\GLYHUVH ZRUO
DUW PXVLF ZKHUH WKH H[LVWLQJ WHFKQRORJL
HYHQ WKH EDVLFPXVLEDO FKDUDFWHULVWLFV D
H[SHULHQFH %HLQJZHOOHVWDEOLVKHG DUW P
QLILFDQW DXGLHQFH DURXQG WKH ZRUOG ,QGL]
LGHDO FDQGLGDWHY WR GHYHORS FXOWXUH DZI
VLV PHWKRGYV

WLVLPSRUWDQW WRFRPPHQW WKDW LQ WKH .
PHWKRGRORJLHY LW LV LOOXVLRQDU\ WR EHOL
FDQ EH GHYHORSHG IRU HDFK RI WKH PXVLFV RI
DPRUHUDWLRQDO DSSURDFKLVWR GHYHORS F»
DUHDOVR JHQHUDOL]DEOHDQG DGDSWDEOH WR

7KHPRWLYDWLRQIRUFXOWXUH DZDUH DXWRF
,QGLDQ DUW PXVLF VWHPV I[URP DOO WKH DERY}
DGGLWLRQ WR WKHDERYH WR WKHEHVW RIRXU
WKHVLVY WR FRPSUHKHQVLYHO\DGGUHVV DXWRP
OHPVLQ,QGLDQDUWPXVLFDQG KHQFH ZRXOG R
WKHU UHVHDUFK RQ WKH WRSLF %HLQJDQ XQH
ZLWK PDQ\ GLIIHUHQW RSHQ SUREOHPV LW LV L
WR FOHDUO\LGHQWLI\WKH VFRSHDQG REMHFW|

RXj a+QT2 M/ Q#D2+iBp2b

7KHZRUN SUHVHQWHG LQ WKH GLVVHUWDWLRQ
\VLV VWDQGV DW WKHLQWHUVHFWLRQ RIDXGLR
OHDUQLQJ PXVLFWKHRU\ PXVLFRORJ\ DQG WKl
PXVLFOLVWHQLQJ $XWRPDWLFUK\WKPDQDO\V
UHVHDUFK DQG KHQFH LW LV TXLWH QHFHVVDU\
VFRSHRIWKHUHVHDUFK SUHVHQWHG LQ WKH Gl
LQJWKHUHVHDUFK TXHVWLRQV DQG WKH REMHF
7TKHEURDG REMHFWLYHV RI WKHSUHVHQWHG UH

F7TRLGHQWLIV\FKDOOHQJHVDQGRSSRUWXQLWLH
\WLVRI,QGLDQDUWPXVLFDQGIRUPXODWH UHC



6FRSHDQG REMHFWLYHYV

DQDO\VLV SUREOHPV &RQYHUW PXVLFDO GHIL
IRUPXODWLRQV DPHQDEOH WR TXDQWLWDWLY
FHVVLQJDQG PDFKLQH OHDUQLQJDSSURDFKH)\

F7TR EXLOG XVHIXODQQRWDWHG PXVLF FROOHFV
ERWKDXGLRDQG VIPEROLF ZLWK D IRFXV RQL
VHDUFKLQ DXWRPDWLF UK\WKP DQDO\VLYV

F7TRFUHDWHDQGFRQVWUXFWFXOWXUH DZDUHF
HOV IRU +LQGXVWDQLDQG &DUQDWLF PXVLF

F7TRGHYHORS QRYHO VLIJQDO SURFHVVLQJDQGF
RGVIRUUK\WKP DQDO\VLV RI,QGLDQ DUW PXVL

7R GHYLVH DQG GHYHORS PXVLFDOO\PHDQLQJ
PHDVXUHVIRUD EHWWHU VWUXFWXULQJDQG G
VLF FROOHFWLRQV

$+7R H[SORUH H[WHQVLRQVDQG JHQHUDOL]DWLR

WR RWKHU UHOHYDQW PXVLF FXOWXUHV EHLQ.
&RPSOXVLF SURMHFW VXFK DV %HLMLQJRSHU|I
PXVLF

7R H[SODLQ WKH VFRSH RI WKH WKHVLVY D ORQJ
WKDW GHILQHVY WKHVFRSHRIWKHZRUN SUHVHQ

&XOWXUH DZDUH DQG GDWD GULYHQ VLJQDO
PDFKLQH OHDUQLQJDSSURDFKHV IRU DXWRF
GHVFULSWLRQ DQG GLVFRYHU\ RI UK\WKPLF
SDWWHUQVLQDXGLRPXVLFFROOHFWLRQV R

,QDOLIQPHQW ZLWK WKH JRDOV RI &RPSOXVLF
DQDQDO\WLV LVWRGHILQHFXOWXUH VSHFLILF
UK\WKP VLPLODULW\ PHDVXUHV ZLWKLQ D PXVLI
IRFXV Rl WKH WKHVLV LV RQ ,QGLDQ DUW PXVLF
RWKHUPXVLFWUDGLWLRQVXQGHUVWXG\LQ &RF
RQO\DLPV WR H[SORUHH[WHQVLRQV WR VRPH U
SUREOHPVLQ %HLMLQJRSHUD
7TKHWKHVLVH[SORUHVGDWD GULYHQHQJLQHI
\WLVRIDXGLRPXVLFUHFRUGLQJV $QDXGLRUHF
PDU\VRXUFHRILQIRUPDWLRQDQGLVDWWKHFH
HUDO W\SHVRIUK\WKPUHODWHGLQIRUPDWLRQ |



,QWURGXFWLRQ

JLIXUH([DPSOHRIDXWRPDWLFUK\WKPDQDO\VLVIUR
HVWLPDWLQJ PHWHU UK\WKPLF SDWWHUQV DQG VWL
7KH DSSURDFKHV LQ WKH GLVVHUWDWLRQ IROORZ D
UHFRUGLQJEHLQJDW WKHFHQWUHRIDQDO\VLV

JLIXUWKRZV DQ H[DPSOH RI VXFK D SDUDGLJP V
SDWWHUQV DQG VWUXFWXUH HIWUDFWHG IURP [
VLF SLHFH 2WKHU SRVVLEOH PHGLD RI PXVLF C
VFRUHV O\ULFVDQGFRQWH[WXDOLQIRUPDWLR
VRXUFHV LQ WKH VFRSHRIWKH WKHVLV WKRXJk
DSSURDFKHVY WDNHQ LQ WKH WKHVLV DUH SULPTE
LQJDQG %D\HVLDQ PDFKLQH OHDUQLQJPHWKRG
SHUYLVHG OHDUQLQJPHWKRGYV WR GHYHORS QR
ULWKPV 6HPDQWLFDQDO\VLYVY ZKLFKLV WKHRW
&RPSOXVLF LY QRW WKH IRFXV RIWKLV WKHVLV

7KH WKHVLV DLPV WR EULQJLQ DV PXFK PXVLE
PHWKRGV DV SRVVLEOH LQFOXGLQJDQG XVLQJ
RIPXVLF 7KHJRDOLV WREXLOGGRPDLQ VSHFLI
SURFHVVLQJDQG PDFKLQHOHDUQLQJPHWKRGYV
IRUPDWLRQ LV PXVLFDOO\UHOHYDQW DQG XVHI
PHWKRGY SURYLGH DQ HIIHFWLYH IUDPHZRUN W
PXVLFNQRZOHGJHLQWRPRGHOV LQWHUPVRIP
RUV %D\HVLDQ PRGHOV DUH KHQFH D FHQWUDC



6FRSHDQG REMHFWLYHYV

DSSURDFKHV LQ WKH WKHVLV

7KH HPSKDVLV RI WKH WKHVLV LV RQ GDWD DQ
GULYHQ DSSURDFKHVY QHHG JRRG TXDOLW\ GDW
FDUHIXO FRPSLOHG DQG DQQRWDWHG ZLWKLQ \
7KHDOJRULWKPVDUHEXLOWWRZRUNRQUHDO Z
FROOHFWLRQV RUJDQL]JHG FXUDWHG FROOHFW
VLEOH

7KHWKHVLVIREXVHVRQO\RQPXVLFDQDO\VLV
HUDWLRQ FRPSRVLWLRQDQGV\QWKHVLV 7KHJ
DQDO\WLVLQWKHWKHVLVYFDQKRZHYHUEH XVHG
WKRXJK LW LV QRW WKH IRFXV RI WKH WKHVLV
DQG H[SHULHQFH ZLWK PXVLFE WKH WKHVLV IRFX
PXVLFOLVWHQLQJ 7KRXJKVRPHRIWKHWRROV I
IXO WR ERWK WHDFKHUV DQG VWXGHQWYV RI PXVL
WKHVLV

7KH ZRUN SUHVHQWHG LV GRQH RQ ZHOO VW XC
RI ,QGLD DQG ERUURZV IURP WKH VLJQLILFDQW F
DOUHDG\DYDLODEOH 7KH WKHVLV KRZHYHU DL
IXUWKHULQ WKHLU ZRUN ZLWK WKHVH UK\WKP DC
WKH PHWKRGY SUHVHQWHG LQ WKH WKHVLV FDQC
IRUODUJHVFDOHFRUSXVOHYHOPXVLFRORJLFD
WUDWLYH H[DPSOHV RIVXFKDQDO\WHV LQ WKH C
GRHV QRW DLP WR PDNH DQ\VLJQLILFDQW PXVLF

7KH ZRUN LQ WKH WKHVLVY DOVR ERUURZV IUF
VHYHUDO PXVLFLDQ FROODERUDWRUVY RYHU WK]|
SURMHFW 7KHDQDO\WLVPHWKRGV GHYHORSHG
UHSODFHH[SHUW PXVLFLDQ RSLQLRQV EXW RQ(
ZRUN SURYLGHG E\PXVLFLDQV PXVLFRORJLVW)\
WR HQKDQFH RXU H[SHULHQFH ZLWK PXVLF 7KH
DQGDGGUHVVHG LQ WKHWKHVLVDUHRQFRQFHS
GHILQLWLRQV DQG DJUHHPHQW DPRQJ WKH PXV
FRPPXQLW\

,QDGGLWLRQ WR H[SORULQJQRYHO DSSURDF|
DQDO\VLV WKHWKHVLVDLPVWRDQVZHU WKH IR
ZLWKLQ WKH FRQWH[W RI UK\WKP DQDO\VLV

,WLVK\SRWKHVL]HG WKDW DXWRPDWLFDQDO\
DQG SDWWHUQV IURP DXGLR VLIQDOV QHHGYV
WKDW PDNH XVH RI WKH NQRZOHGJH DERXW W



,QWURGXFWLRQ

PLF VWUXFWXUHY 7R ZKDW H[WHQW GRHV LQF
NQRZOHGJH DIITHFW WKH SHUIRUPDQFH RI DXW
ULWKPV" :KDW NLQGV RI KLJKHU OHYHO LQIRU
OHDG WR D EHWWHU SHUIRUPDQFH" +RZ FDQ \
IRUPDWLRQ EHLQFOXGHG LQ WKHIUDPHZRUN |
GHYHORS QRYHO UK\WKP DQDO\VLV DOJRULWK

+RZGRWKHH[LVWLQJUK\WKPDQDO\VLV PHWKI
IHUHQW UK\WKPLF VWUXFWXUHV H[WHQG WR FF
LQ.QGLDQDUWPXVLF" :KDWOLPLWDWLRQV FD
LVWLQJ VWDWH RIWKHDUW"™

WLV K\SRWKHVL]HG WKDW LQVWHDG RID FRPS
SURDFK WR HVWLPDWLQJ GLITHUHQW FRPSRQF
EHXVHIXOWRMRLQWO\HVWLPDWHDOO WKH UF
LQDVLQJOH IUDPHZRUN 7KH PHWKRGV FDQ \
WHUSOD\ EHWZHHQ WKH FRPSRQHQWYV IRU EHV
KROLVWLFDSSURDFK ZRUN EHWWHU RU LV LW |
XDO FRPSRQHQWYV VHSDUDWHO\" :KLFK FRPSR
EHWWHUHVWLPDWHG MRLQWO\ DQG ZKLFK FR
GHQWO\HVWLPDWHG"

W VWLOO UHPDLQVDQ RSHQ TXHVWLRQ LI ZH C
SURDFKHVY RUPRUHJHQHUDO DSSURDFKHV Wk
ODUJH YDULHW\ RI PXVLF *HQHUDOO\ LW DSS
JHQHULF DSSURDFKHVY WKDW FDQ EH DGDSWHC
PDFKLQH OHDUQLQJ PHWKRGV :KDW DUH VRPI
KRZFDQ WKH\EH XVHIXOWRDGDSW LW WR GLII

,QGLDQDUWPXVLFDQG VHYHUDO RWKHU PXVL
KDYHGHYHORSHG VIOODELF SHUFXVVLRQ V\VYV
WKHLUUHSHUWRLUHDQG WHFKQLTXH ZKLFK S
FXVVLRQLQ WKRVHPXVLFFXOWXUHY KDW LV
ODELF SHUFXVVLRQ VI\VWHPV LQDXWRPDWLFS
VLV"

*LYHQ WKH DYDLODELOLW\ RI XVHIXO DQQRWD
TXHVWLRQV WR DVN LV LI WKHDQQRWDWLRQV
IRUD FRUSXVOHYHODQDO\VLVY OHDGLQJ WR Pl
VLFRORJLFDO FRQFOXVLRQV



2UJDQL]DWLRQ DQG WKHVLV RXWOLQH

%URDGO\ WKHWKHVLVLGHQWLILHVWKHFKDO
DXWRPDWLF UK\WKP DQDO\VLV RI ,QGLDQ DUW P
UK\WKP DQDO\VLVY WDVNV DGGUHVVHV WKH LVV
IRU UK\WKP DQDO\VLY DQG WKHQ IRFXVHV RQ V
SHUFXVVLRQ SDWWHUQDQDO\VLYV

7KHVFRSHRIWKHWKHVLV ZLWKLQ &RPSOXVLF
DQDO\WLV WRROVDQGPHWKRGV WREHD SDUW R
FRQWHQW EDVHG DQDO\VLV PHWKRGV IRUWKH P
ZLWKWKHILQDOJRDORIXWLOL]JLQJWKHVHDQD(
VLFDOO\UHOHYDQW VLPLODULW\PHDVXUHV

$ PDMRU VWUDWHJ\ Rl &RPSOXVLF LV RSHQ DQ
VHDUFK WR EHRSHQLQ VKDULQJLGHDV JRDO\
DV ZLGHO\ DV SRVVLEOH $00 WKH GDWD FRGH
WKH WKHVLV ZLOO EH DYDLODEOH RSHQO\ RU EH
FRPPXQLW\ :KHQHYHU SRVVLEOH UHVRXUFHYV Z
SURGXFH WKHUHVXOWV RI WKHWKHVLV 7KH GD
ZLWK WKH FRPPXQLW\WKURXJK RSHQ VRXUFH S¢
FHQVHV $Q RSHQ GLVVHPLQDWLRQ VWUDWHJ\ L
MHFWLYHV RIWKH WKHVLYV

RX9 P ; MBx iBQM M/ i?2bBb Qmi

7KH GLVVHUWDWLRQ KDV VHYHQ FKDSWHUV (DF
PDMRU WRSLF RI WKH WKHVLV DQG LV DLPHG WF
D VKRUW LQWURGXFWLRQ FRQWHQW DQG D VX
IROORZHG LQ WKH WKHVLV LVDPL[WXUHRIERWK
ORVW RI WKH GLVVHUWDWLRQ GHULYHV FRQWH(
SDSHUV GHVFULELQJ WKH ZRUN GRQH E\ FROOD
WKHZRUG HZHTUHIHUVWRWKHDXWKRUDQG ZKH
LOQFOXGHV WKHFR DXWKRUVDQGFROODERUDWEF
SUHVHQWLQJUHVXOWVY DQG PDNLQJ REVHUYDW
LOFOXGHVWKHUHDGHU ZKRFDQHTXDOO\PDNH \
WKHUHVXOWYV +RZHYHU WKHPDLQRULJLQDOF
RIWKHWKHVLY DUHHPSKDVL]HG DSSURSULDWH

$IWHUDQLQWURGXFWLRQ V&R WKHHRKHVLV LQ
YLGHV DQ RYHUYLHZ RI WKH PXVLF EDFNJURXQC
VWDWH RI WKH DUW DV QHH G HG IIRE XWHHGWRKCH V L
LGHQWLI\LQJDQG GLVFXVVLQJVHYHUDO QRYHC



,QWURGXFWLRQ

VLV SUREOHPV LQ ,QG LD QSIWHW B WINFW & K SHW H C
FRUSRUD DQG DOO WKH UK\WKP UHODWHG GDWL
&RPSOXVLF SURMHFW WKDW ZLOO EH XVHG IRU Y
WDVNV &BQGSWHKDBWHMKHPDLQ FKDSWHUV RI WK
WLRQ GLVFXVVLQJWKH WRSLFV RIPHWHU DQDO!
GLVFRYHU\ UHVSHF®UMMBOW\KDEBMWHEI WKH DS
WLRQV DQG FRQFOXVLRQV ZLWK SRLQWHUV IRU
WKH OLQNV WR UHVRXUFHV IURP WKH WKHVLV
OLVWHG LQ®WS8EHQBIUH VHYHUDO QHZ QRQ VWI
LQ WKH GLVVHUWDWLRQ LQFOXGLQJ XQIDPLOLD
PXVLF ZKLFK DUHDOO OLVWHG ZLWK D VKRUW G
$SSHEGTLKH JORVVDU\DOVR OLVWV WKH DFURQ\F
DQG DQDO\VLV PHWKRGV LQ WKH GLVVHUWDWLR
&KDSWSHURYLGHY DQ RYHUYLHZ RI WKH EDFNJ
QHFHVVDU\ IRUWKH WKHVLVY ,WLQWURGXFHV C
UK\WKP FRQFHSWV DQGDEDVLFLQWURGXFWLRC
LQ,QGLDQDUWPXVLFDQG %HLMLQJRSHUD ,W W
RI WKH VWDWH RI WKH DUW IRU DXSVRRPHD WLF UK\
FKDSWHUHQGV ZLWK D EULHIRYHUYLHZ RI WKH V
WR XQGHUVWDQG WKH WKHVLV ZRUN EHWWHU 7
FRPSLOHG DQG SUHVHQWHG IURP VHYHUDO H[WF
SULDWHO\ZKHQ QHFHVVDU\
&KDSWBHQWLILHVY VHYHUDO FKDOOHQJHV DQC
WRPDWLF UK\WKP DQDO\VLV LQ ,QGLDQ DUW P X\
SUHVHQW DOO LGHQWLILHG UHOHYDQW UHVHDU
VHW Rl WKHP DUH DGGUHVVHG LQ WKH WKHVLYV
FKDSWHUDOVR SUHVHQWV DQ RYHUYLHZ RI WKH
DEOH ,WIXUWKHU HODERUDWHY DQG IRUPXODYV
DUHDGGUHVVHG LQ GHWDLO LQ WKH QH[W FKDS
SUHVHQWV DQHYDOXDWLRQRIWKHVWDWH RI W]
RQ,QGLDQDUWPXVLF $0ODUJHSDUWRIWKH FRCQ
ULYHG IURP VHYHUDO GLVFXVVLRQV ZLWK FROO
PXVLFLDQV PXVLFRORJLVWY DQG OLVWHQHUYV |
LPSRUWDQW UK\WKP DQDO\VLY SUREOHPV ZLWK
IURP RXU SXEOLVKHGUMRXY QU DMUIMLK\OHRO]DS
6HUUD
&KDSWEHHNFULEHV WKH HITRUWYV Rl &RPSOXVL]
DQG DQQRWDWLQJWKHUHVHDUFK FRUSRUD DQC
SUHVHQWY D VIVWHPDWLF IUDPHZRUN WR HOXF1



2UJDQL]DWLRQ DQG WKHVLV RXWOLQH

FLSOHV WR EXLOG GDWD FRUSRUDGRUWBIVHDUFI
$00 WKH DQQRWDWHG UK\WKP UHODWHG G
GHWDLO HPSKDVL]LQJRQ WKHUHVHDUFK SUREO
IXO 2WKHU VWDWH RIWKHDUW GDWDVHWYV WKD\
GHVFULEHG $SDUWIURPEHLQJXVHIXODV WHVW
ULWKPV DQG DSSURDFKHY DQQRWDWHG GDWDV
PXVLFDOO\ PHDQLQJIXO REVHUYDWLRQV +HQF
OHYHO VWDWLVWLFDO DQDO\VLV RIUHOHYDQW
WR SRLQW RXW VRPH LQWHUHVWLQJ REVHUYDW
GDWDVHWY GHVFULEHG LQ WKH FKDSWHU KDYH
WKH DXWKRU EXW VWLOO DUH FROOHFWLYH HIII
DV LQGLFDWHG ZLWK HDFK GDWDVHW 6RPH RI V
WHU LV IURP RXU SYEHQRLNPG SPSHWK\ .RGXUL °
,VKZDU B6HUGWLQLYDVDPXUWKALBBUGWL QL
YDVDPXUWK\ 6DQGOKBULQANWDWDPXUWK\ &DUR
GDU 6HUUBXSWD 6ULQLYDVDPXUWK\ .XPDU (
6HUUD BULQLYDVDPXUWK\ +RO]JDSIHO &HPJLO
ZKLOH VRPHRILW LY XQSXEOLVKHG FRQWHQW
&KDSWHHVHQWY WKHSULPDU\FRQWULEXWLR
VFULEHV RQHRIWKH PDLQ UHVHDUFK SUREOHP\
IRFXVHV RQ WKH SUREOHP RIPHWHU DQDO\VLV D
SURDFKHV WR WKH WDVNLQ WKHFRQWH[W RI ER)
PXVLF RI,QGLD 7KHFKDSWHU SURSRVHYV QRYHC
QRYHO LQIHUHQFH DOJRULWKPV IRU GLITHUHQW
DQDO\WLV ZLWK D FRPSUHKHQVLYH HYDOXDWLF
7KH FRQWHQW RI WKH FKDSWHU LV GHULYHG IUR
DUWLQ EHDW DQG G RIHEEH BWFWNMUDES PO U
.UHEV +RO]DSIHO &HPJLODORGRHUWK VRPH RI
RXUUHFHQWO\ SYEQQULKBDEBPIHWYAUGRUUD
YDVDPXUWK\ +RO]JDSIHO &HWPRLIQQ Y DEWDIRXII W K\
HWDO +RO]J]DSIHO .UHEV 6ULQ IDYD3/DUAREU W K\
ODWHVW XQSXEOLVKHG ZRUN
&KDSWHHVHQWYV WKHRWKHULPSRUWDQW FRQ
DQG GHVFULEHV WKH WDVN RI SHUFXVVLRQ SDW!
PXVLF 7KH ZRUN SUHVHQWHG LQ WKH FKDSWHU
SORUDWRU\ EXW GHPRQVWUDWHY WKH HIITHFWL
VIVWHPV LQ UHSUHVHQWDWLRQ WUDQVFULSWL
SDWWHUQV LQ SHUFXVVLRQ VROR UHFRUGLQJV
H[SHULPHQWVY RQ SHUFXVVLRQ SDWWHUQ FODV"



,QWURGXFWLRQ

JLIXUH'HSHQGHQFLHV EHWZHHQ WKH FKDSWHUV RI W
LQGLFDWLQJD VXJIJHVWHG UHDGLQJRUGHU IRU WKH

DUH SUHVHQWHG 7KH DSSURDFKHV DUH H[WHQ
DOQOGDQHYDOXDWLRQLY SURYLGHG RQ GUXP VR(
UHVXOWY SUHVHQWHG LQ WKH FKDSWHU DUH GH
SHUXSWD HW BOLQLYDVDPXUWK\ ZKURHHW DO
PDQ\UHVXOWY DUH \HW XQ@8XEFBOIOWKWHGRRKRS WK
DSSOLFDWLRQVDQG FRQFOXVLRQV 7KH FKDSW
IURP GLITHUHQW FKDSWHUV DQG SUHVHQWYV SRL

(DFKFKDSWHURIWKHGLVVHUWDWLRQLVVHOI



2UJDQL]DWLRQ DQG WKHVLV RXWOLQH

LQ LVRODWLRQ ZLWK VXIILFLHQW EDFNJURXQG
GHSHQGHQFLHV H[LVWEHWZHHQ FKDSWHUV ZK|
RI WKH UHFRPPHQGHG RUGHU IRU UHDGLQJ DQG
LQ )LIXUBWDUWLQJ ZLWKVEKID SWEBGHU KDV VXIIL
EDFNJURXQG RQ UK\WKP LQ ,QGLDQ PXVLFDQG L
OHPV |5Q& KDSWRIXYOG EHD UHFDS )RUD UHVHDUF
RXW DQG H[SORULQJQHZ SUREOHPVDQG UHVRXI
&KDSWIPWG &K DSMWHKW EH PRUHLQWHDBG@WLQJ &K
&KDSWRIFXVY RQ VHSDUDWH UHVHDUFK SUREOHP\
GHSHQGHQW®\LBKW EWBHFHVVDU\WR XQGHUVW
XDWLRQV SUHVH QD\OHGELKD SIMOBESVHHIK W E H
XVHIXO WR XQGHUVWDQG VRPH RI WKH DSSOLFD
SHQ®BDPRG $SSHMIBQAEH XVHG DV TXLFNJXLGHV IRU
DQG WHUP GHILQLWLRQV UHVSHFWLYHO\

7R WKHEHVW RIRXUNQRZOHGJH WKLV GLVVH
SUHKHQVLYH DWWHPSW DW UK\WKP DQDO\VLV R
GUHVVLQJWKH SUREOHPV GLVFXVVHG LQ WKLV C
WH[W RI &RPSOXVLF SURMHFW ZH DLP WR GHYH
DOJRULWKPV IRUDXWRPDWLF UK\WKP DQDO\VL\
WHJUDWHG LQWR 'XQ\D ZH KRSH WKDW WKHVH V
ULFKHG H[SHULHQFH WR D PXVLF OLVWHQHU HQ
FRQWH[W ,Q WKHSURFHVV ZHDOVRKRSH WR RE
LQJDQG SURYLGH GHHSHULQVLJKWY LQWR WKH
DUW PXVLF DQG FRQWULEXWH WRQBSURYLQJ W






&KDS\K—(L.

" +F; QmM/

PHUHPHWULFDO PWBDAVRMULYVPEHIOMWUL V Q R
PRQLRXV FRUUHODWLRQRIGLVFLSOLQH

6KDQNDUS IURP $UWDQG 6FLHQFH RI
&DUQDWLBDXNDPSDUD 3XEOLFDWLR

7KHFKDSWHUSURYLGHVWKHQHFHVVDU\PXVLF I
IRUXQGHUVWDQGLQJWKHZRUN SUHVHQWHG LQ
DLPV RI WKLV FKDSWHU DUH

7TRHVWDEOLVKD FRQVLVWHQW WHUPLQRORIJ\I
PXVLFFRQFHSWYV

7TRGHVFULEHUHOHYDQW UK\WKPUHODWHG FR
DQG %HLMLQJRSHUD

7R SUHVHQW DQ RYHUYLHZ RI WKH VWDWH RI W
UK\WKP DQDO\VLY SUREOHPVDGGUHVVHG LQ V

7R EULHIO\ GHVFULEH WKH WHFKQLFDO FRQFH
VWDQG WKHDOJRULWKPVDQG PHWKRGV SUHV

kXR _?vi?K, 12 KBMQHQ ;v

$V REVHUYHG DOUHDG\ PDQ\GHFDGHV DJR GLVF
WHQG WR VXIIHU I[URP LQFRQVLVWEBRIKYHYV LQ W
/IHW XV WKHUHIRUH WU\ WR ORFDWH GHILQ
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WHUPV LQ RUGHU WR HVWDEOLVK D FRQVLVWH{
VHUWDWLRQ *\|UJ\/LJHWL D (XURSHDQFRPSRYV
LQWHUHVW LQ UK\WKPLFVWUXFWXUHV LQPXVLF
UK\WKP DV 3HYHU\WHPSRUDO VHTXHQFH RI QRW
*HVWD OWKHQH KH UHIHUUHG WR PHWHU DV 3D PR
VWUXFWXULQJ RI WHP $RUHDML G HYFHFRRISA QI W
WR WKDW GHILQLWLRQ UK\WKP LV FRQWDLQHG |
SXOVDWLQJUK\WKP ZKLFK LV VXERUGLQDWHG W
DOO PXR/QEQVNLGHVFULEHV WKH UHJXODU VWUXF
E\PHWHU DV RUJDQL]HG SXOVDWLRQ ZKLFK IXQ
IRUUK\WKPLF GHVLJQ

3XOVDWLRQVLQ PHWHUDUHRUJDQL]HG LQWR
IHULQJ WLPH VSDQV XVXDOO\GHPDQGLQJWKH
OHDVW RQWKUHHOHYHOV WKHVHOHYHOV DUH L
FDOOW®WERDW DOVWBB®™WIMGPMPONXUH RUEDU
IURP VKRUW WR O/RQI\R QP B RFDWQ/HG -XQH
7KH SXOVDWLRQ DW WKH EHDW OHYHO ZDV UHIHL
OHYHRRRSHUDQG OH\H@G WKH\GHILQH LW DV WK
OHYHO RQ ZKLFK D FRPSOHWH UK\WKPLF JURXS
DXWKRUV LGHQWLI\ WKLV OHYHO ZLWK D VXEMH
IHUULQJWR LW DV WKH OHYHO DW ZKLFK WKH EH|
OLVWHQHUV WHQG WR FRXQ V8 IMKIFEKMDW V DW Y D
0eOOHU (OOLV .ODSXUL 5LFKDQG ZKDWDRD®OD
EH FRQVLGHUHG D FRPSOHWH UK\WKPLF JURXS
ZHDUH FRQIURQWHG ZLWK D VLIJQLILFDQW DPRX
PLQLQJ WKLV OHYHO IRU D SLHFH RI PXVLF )LQ
RJ\LV IXUWKHU KDPSHUHG E\ WKH IDFW WKDW W
OHYHO LV FRPPRQO\DOVRUHIHUUHG WR DV 3EHD
EVVRQGRQ $ VKRUWFRPLQJRIPRVW DWWHPSW
UK\WKPDQGPHWHULVWKHDVVXPSWLRQDERXW
FXUULQJ SUHFLVHO\HTXLYDOHQWDQGHTXDOO
XOMHUGDKO -DFNHQ&RAK SUHFRQGLWLRQV FDX\
FXOWLHV ZKHQ DQDO\]LQJPXVLFRIRWKHU FXOW
PXWXDO HTXLGLVWDQFHEHFRPHVDQH[FHSWLR
LQJWKHLPSRUWDQWUROHRIDGGLWLYHPHWHU
LVK PXVLF DV RQHH[DPSOH

,Q RUGHU WR REWDLQ D FRQVLVWHQW WHUPLC
DV EHLQJDQ RUJDQL]DWLRQ RI SXOVDWLRQ LQV
WR WKH WLPH VSDQV RI WKH LQGLYLGXDO SXOV
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LQFOXGH DQ LUUHJXODU SDWWHUQ RI XQHTXDO
HJ GXHWRWKH SUHVHQFH RIDQ DGGLWLYH P}
SXOVDWLRQV RQ WKUHH OHYHOV 2Q WKH ORZI
ZLOO UHIHUWRVXEGLYLVLRQ SXOVDWLRQ RU VX
RQLIZHUHIHUWR WKHWLPHVHULHY WKDW FRQ'
WKHLQGLYLGXDO LQVWDQFHV RI WKH SXOVDWL]
OHYHO ZH ZLOO GLIIHUHQWLDWH EHWZHHQ WK
DVLWVLQVWDQFHV LQVWHDG RIWKHLQFRQYHC
2Q WKH EDU OHYHO WKH WHUP SXOVDWLRQ LV C
RIWHQ ODUJHU WLPH VSDQ DW WKLV OHYHO 7KF
RIEDUOHQJWKWRGHVFULEHWKHWLPH VSDQ DV
WKH EHJLQQLQJRIDEDU 7KHRYHUDOO VWUXFV
E\ WKH WLPH VSDQ UHODWLRQV EHWZHHQ WKHYV
WKHWLPH VSDQ UHODWLRQ EHWZHHQ EDUDQG E
EDUOHQJWK LQEHDWY DQGWKHUHODWLRQ E}
OHYHO DV WKHVXEGLYLVLRQ PHWHU LQ VXEGLY

W ZDV REVHU RO® BNRQWKDW PHWHU LQ PXVL
FDXVHVDWUDQVIRUPDWLRQRIWLPHIURP OLQHI
LWLYHDQG F\FOLFVWUXFWXUH 7KLV KDSSHQV E
WLRQ FRQVWLWXWH ZKDW ZH ZDQW WR UHIHU DV
RXW WKH WH[W ZH SXW HPSKDVLV RQ WHUPV FR
F\FOH VXFK DV WKH PHDVXUH F\FOH IRU WKH F\F
GRZQEHDW D QRWLRQ VXLWDEOHLQ WKH PXVL
PXVLF ,Q DGGLWLRQ LQ ,QGLDQ DUW PXVLF W
VLRQV RI D EDU FDQ EH JURXSHG WR IRUP PXVLF
VWUXFWXUHY EURDGO\FDOOHG VHFWLRQV RIV
WXUHVLQ ,QGLDQPXVLFDUHGLVFXVVHG QH[W 2
,QGLDQ DUW PXVLF WUDGLWLRQV RI+LQGXVWDQ

kXk JmbB+ # +F:"QmM/

7KLVVHFWLRQGHVFULEHVY WKH SULPDU\PXVLFF
RIVWXG\LQ WKLVGLVVHUWDWLRQ 7KHIRFXV LV
UHODWHG FRQFHSWV LQ WKHVHPXVLFFXOWXUH
SUHKHQVLYH WUHDWPHQW RI WKH VXEMHFW DQ
WKHUHVW RIWKHFKDSWHUV RI WKHGLVVHUWD\
HQFHV WKDW FRQWDLQDQLQ GHSWK GLVFXVVLEF
DUH SURYLGHG ZKHQ QHFHVVDU\
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kXkXR AM/B M i KmbB+

+LQGXVWDQL +LQGXVW—QL DQG &DUQDWLF .C
RI WKH PRVW SUHGRPLQDQW DUW PXVLF WUDGL\
PXVLF LV VSUHDG PDLQO\RYHU WKH QRUWKHUQ
FROQWLQHQW QRUWKHUQDQGFHQWUDO SDUW YV |
%DQJODGHVK ZKLFKLVDKXJHJHRJUDSKLFDUF
WKDW LQIOXHQFH WKH PXVLF &DUQDWLF PXVL]
LQ VRXWKHUQ SDUWV RI WKH ,QGLDQ VXEFRQWL
IDQND %RWKWKHVHPXVLFVKDYHDORQJKLVW
FROQWLQXH WR H[LVW DQG HYROYH LQ WKH FXUU
%RWK RI WKHP KDYH D ODUJH DXGLHQFH DQG VL.
OLWHUDWXUH WKDW &5 ¥R EGHWPR (IRWPD IO YVHH P
VLFV 7KH SUHVHQFH RID ODUJH GHGLFDWHG DX
PXVLFRORJLFDO OLWHUDWXUH DUH D JRRG PRW
VLF FXOWXUHV IURP D FRPSXWDWLRQDO SHUVSH
PHWKRGV IRUDXWRPDWLF PHORG\DQG UK\WKP L
FXOWXUHV

‘KLOHWKHWZRPXVLFVGLIIHULQ SHUIRUPDQF
VLPLODUPHORGLFDQG UK\WKPLFFRQFHSWV 7K
EDVHGROQ +LQGXVWD QLBPRWIFUDDAWLF PXVLF 7K
UK\WKPLF IUDPHZRUN LV EDVHG RQ F\FOLF PHW!

W KAHE@+ L Q G X VW D QPR DRIRQ®/LF PXVLF

7KHUH DUH VHYHUDO XQIDPLOLDU WHUPV WKL
VHFWLRQ DQG KHQFH EHIRUH SUHVHQWLQJ WKR
ELIXDWLQJ WHUPLQRORJ\LVLQ RUGHU 7KH OD
,QGLDQ DUW PXVLF WHUPV DUHDFFRUGLQJWR W
DWLRQRI'HYDQDJDULDQG UHODWHG ,QGLF VFU
VWD QGR UG % RW K W KHDZWBMBNMH 6 DQVNULWLF
LQ RULJILQDQG KDYHWKH VDPHOLWHUDO PHDQL
GLIIHUHQFH DSSDUHQW LQ WUDQVOLWHUDWLRGC
GXVWDQL DQG &DUQDWLF PXVLF :H XVH WKH OD!
WHUPV RI+LQGXVWDQLPXVLF DQG WKHBRXWK |«
IRUDOO WKH WHUPV RI &DUQDWLF PXVLF +HQF}
RIWHUPV FKDQJH DFFRUGLQJO\

‘HZLOO XVH WKH WHUP ,QGLDQ DUW PXVLF RL
WR UHIHU FROOHFWLYHO\WR &DUQDWLF DQG +L
WHQF\DQG FRQYHQLHQFH ZKHQ LW LV FOHDU IL
XVH WK NZREBG HD QVBRMBEKZKP Q ZH UHIHU FROOHF



OXVLFEDFNJURXQG

WLYHO\WR WKHWZR ,QGLDQ PXVLFV DQG XVH W
UHIHUULQJWRHDFKPXVLFFXOWXUHLQGLYLGXI

,Q &DUQDWLF PXVLF DNPEERWUMK H QO ®/KE DO
XQLW RI &DUQDWLF PXVLF DQG XVHG DV WKH PD
EXWLRQ $FRQFHUW KDV RQHRUPRUHOHDG DU\
FRPPRQO\ VSHOOHG YHHQD YLROLQ RU IOXW
PHQW PDLQO\YLROLQ DQGRQHRUPRUHSHUFX
PDLE@DAJIWSHOOHG FRPPRQO\DV PULGDQJDP
PXVLF LV SUHGRPLQDQWO\ FRPSRVLWLRQ EDVH
UHOHDVHV DUH FRQFHUWYV FRPSULVLQJRIVHYF
YLVHG UHQGHULQJV RI FRPSRVLWLRQV 9RFDO F
&DUQDWLF PXVLFDQG PRVW RI WKH FRPSRVLWL
VXQJ (YHQLQLQVWUXPHQWDOPXVLF WKHOHD
FDOVLQJLQJ-FDIXLEGLVOKHWZIDHD WKDQ $O0O0HQ

7KWH—DDRW-DIUH WKH PRVW LPSRUWDQW PHWI
DWHG ZLWK D FRPSRVLWLRQ DQG KHQFH D UHFR L
(DFK FRPSRVLWLRQ LV FRPSR\DED@LJRQH RU PRU

'XHWR WKHZLGHU JHRJUDSKLFH[WHQW RI +LQ
RYHU WKH ,QGLDQ VXEFRQWLQHQW LW LV GLYF
PXVLF VW\OHV IDOOLQJ XQGHU LWV JDPXW 6H)
+LQGXVWDQLPXVLF H[LVW EXWLQ WKH GLVVHU
NK\-WKH PRVW SRSXODU VW\OH RI+LQGXVWDQL

$ W\SINFDGWUIRUPDQFH KDV OHDG YRFDOV RU
PHQW VXEWBVYVAGXMWDKWIPHORGLF DFFRPSDQLPI
DKDUPRQUXPUPBMIG D SHUFXVVLR QDERORPSDQLT
, QG KU X\B\W\®MMN K EWWKH PDLQ SHUFXVVLRQ DFFRP
7KHDUWLVWV LQ +LQGXVWDQL PXNDB-E®ORQJI WF
RU VW\OLVWLF VFKRR®D UXYRX\ KHD\DIP\W KK V L F
FRQFHSWV DQGEDVLFVW\OH HDFKRIWKHP KDY
DUH ZHOO GLVWLQJXLVKHGOMDQG GRFXPHQWHG

SK\WKP LQ ,QGLDQ DUW PXVLF UHYROYHV DUR:
RI WKHDI®DG KHQFH LW LV WKH SULPDU\ IRFXV RI1"
7TKRXJK WKH LGHD DW & BDER0NRKWVPIXRMIIF FXOWXUHV
VDPH WKHUHDUHVLIQLILFDQWIXQGDPHQWDO (
SUDFWLFHVDQG WHUPLQRORJ\ $QLQ GHSWK GF
FHSWVLQ , QGLDQDUWPXVLFLY SURYLGHG LQ Wi
OLIJIKWLQJ WKHVHVLPLODULWLHVDQG GLITHUHQ
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kXkXk _?vi?K M/ T2 +mbbBQM BM * "M iB

6DPEDPRRUWRBURYLGHV D GHWD L\W@HBQHVFULS\
&DUQDWLF PXVLF ,Q &WLSWRWLE AX\DLEURBE VW L
WXUH IRUUHSHWLWLRQ RIPXVLF SKUDVHV PRW
FRQVLVWV RIIL[HG OH Q3W K WKDDDFIOHEHDI® OH
IHUUHG WRENDW/K H-QYDQRN BIQESPUDVH UHIUDLQV
PHORGLF DQG UK\WKPLF FKDQJHV RFFXU XVXDO
WKH F\FOH DIV IBQYLGHG LQWR EDVLF HTXLGLV\
F D OMNAD TN IDMYBNOVH R-MDENW FQDOHG WKH

VDPRBKLFK PDUNV WKH EHJLQQLQJ RI WKH F\FOH
SUHYLRXV F\FOH GXH WR W\K-H JIOXHDIPEQ DW X U H F
RIWHQ DFFHQWHG ZLWK QRWDEOH PHORGLF DQ
W-DFTIVR KDV D GLVWLQFW SRVVLEO\QRQ UHJXC
SHULRG LQWR VHBWULRKBHABDROHEWRKIHQ GLFDWH !
FXUUHQW S RMV-WDILB/QIEIDMWEKWKH PXVLFLDQ WR NF
RI WKH PRYHPHQW WED®KXJI$ WRHHPHQW WKURX.
W—F§POH LV H[SOLFLWO\VKRZQ E\WKHPXVLFLDQ
EDVHG PG YRHMMH 1 D

7KH FRPPRQ GHILQLWLRQ RI DQ LVRFKURQRX\
WLPH EHDW SXOVDWLRQ DVWKHWLPHLQVWDQT
OLNHO\WR WDS KLV KHUIRRW WR WKH PXVLF LV
&DUQDWLEPXVLF 'XHWKHH[SOLFLWKDQG JHVW
&DUQDWLFPXVLFWHQG WRWDSWRDQQRQ LVRF
LQ FHWWIHMYFH ZH XVHDQDGDSWHG GHILQLWLR
SXUSRVHRID FRPPRQ JURXQG GHILQHG DV D XQ
WREHQRWHGKRZHYHU WKDWDQHTXLGLVWDQW
LQREWDLQLQJWKHPXVLFDOO\UHOHYDQW SRVV
WKDW LV D VXEVHW RI WKH HTRNGDMN®@W EHDW
— YDUWBQPDRXSHG LQWR HTXDO OHQJWK XQLWYV
DVWKHEHWWYIBH ¥KBFHSWXDOO\UHOHYDQW KD
WLPHS3EHDWY DUHDVXEVHW RI WKLV XQLIRUP E

7KHVXEGLYLVLRQ JURXBNQ@ IZM BWK X © W XEUHHD R W
LV FD O QIENMXMR V@B XIRBOIGNVNIKH PRVW FRPPRQ
QDEHDWXUIDQUKLFK D EHDW LVMNADU@ES LQWR
SOHV HTXLYNOBHGEWRWKHU LPSRUWDQW DVSHFV
LQ &DUQDWLF RXVIWHKHN BKBVH" RURIIVHW RI W
PHORG\ UHODWHRY WWARMAM K D Q RHIEPDHRMRH
FRPSRVLWLRQ GRHYV DQREXWNEHIRURAD OM KHH U
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7—19D EHDWODEKNAaADUD

-GL

5ISDND

OL UD FK—SX
.KDEED FK—SX

7DEOH 6WUXFWXUH WI-NDKRDVPUFWKH QXPEHU RI EHI
DNaSHAWWEHDW D QQQ@HEB\WBRWIMD FK F\FOH

D-GW—-LOOXVWUDWHG

E.KDEEDWKIHFXISDWB-TD GOL UD FW—9IX®

JLIXUH $Q—YDURNDRBU SR SXO WNSDARZDLW I FV K H
DNaDDO® WLPH WLENV EHDWDNAQIDWREH DHGGVEIRFCHGW L F
WLPH WLFNV DQG GWHYIDRO/R LOOXVWUDWHG XVLQJ
QRORJ\XVHG LQ WKH GLVVHUWDWLRQ

DQ—JOWEB EHILQQL-FIBORMKHKLY RIITVHW LV SUH(
QDQWO\IRU WKH FRQYHQLHQFH RI WKH PXVLFLD
RI WKHQIFHUWDLQ FRP SR WENRD 0 VRRZOHYG LR U
RUQDPHQWDWLRQLQ PDQ\FDVHV 7KRXJK WKHU
HQFHV LQ WHUPV RI VFDOH DQG OHQJWK DV DQ |
DNAaDWRH EHDW- DIWBWBIOH QDWLF PXVLF EHDU DG
WR WKH VXEGLYLVLRQ EHDW DQG WKH EDU PHW
PXVLF )XDAVEBKH WKH SRVVLEO\ XQHTXDO OHQJ!
W KH—IRIUPHG E\ JURXSLQJ RI EHDWYV

&DUQDWLF PXVLF KDMW-DIVORSHKPLW WD WOLWHEB USR L
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WKH FRQFHSWY GHVFULEHG D BARYGB MIQHHGH DUH
ZLWK G LDIAIHQRMK ZLWK ILYH YDULDQWY OHDGLQ
W-VIDWHPPEDPRRUWKDFK RI WWHADY
EHVHWLQ IL QD GHHIPIGHRMVR GLIIHUHQW FRPE
+RZHYHU PRVW-RYOWKHMWHUHPHO\ UDUH LQ SHUIF
ZLWK MXVWVRYWRIDWVHBQ EH UHJXODUO\ VHHQ LC
PDMRULW\RISLHFHV DUH F R\R-SROBAIG DODR XU SR S
PL UD F HD-QBXD £ E D FKHASWUXFWXUH RIWKRVH IR X
W—I@EDUQDWLF PXVLF DUH G®\GFUQ BN EW QDN B
LQ )LIXUBOGRWXQD@E®RYLVLRQ RI D EHDW LQWR
IR ADUMKWH GLITHUHQW FR Q WH-SNDXYOUHDIDMLHG W |
PXVLF DUH DOVRQ PIOXVDMUKDHVIHGX UH VKRZV WK+
DNaDALDWK WLPH WLFNV EHDWV Rl WKH F\FOH ZL
WLPH WLFNV DQG WKH VD FBRMQERX-QFEB O HHKW L Q.
DUH KLJKOLJKWHG XVLQJ ERO-G ®IQKIPDWRQJ WLPH
EHDWV LQ D FOAGRHLW@IHMP KK EHDW DN ®EBWYORVY W R
D F\FOH WiiSIDMHKX P DN & D@D/ F\F O HD & BMKD V
LQ HDFK RI LWV EHDWV

7KHFDVHRIQRQ LWRFK D RDREBONEKID A/ E D
FK—BXHGDVSHFLDO PHQWY RRZAHWB FK-—3 %X H
WR FRQWNABLDY F\FOH DNGHKILDAH D GHILQLWH
XQHTXDO JURXSLQJ VWUXFWXUH RI RU L
WKHERXQGDULHV RIWKHVH JURXSV DUH VKRZQ :
KHQFH IRUP W K HVE-HYDR & IRR RVAKW W K\R ZH'Y H U
LQ FRPPRQ SRUDBWERBEROVR EH GLYLGHG LQW
HTXDO EHDWV ,Q WKLV GLPAVHD WRRERQ@ ZH FRC
VLVW RIVHYHQ XQLIRUP EHDW\GZ VWK EEBDWHG LC
DQG EHLQJYLVXDOO\ GNKISEIEK®KSELFPL ODU
DNaDWDD/F\FOH JURXSHG LQWR WZR JURXSV DV
RIWKLV GLWKHDUENDPRIQRESHX QWHUSUHWHG WR FR
HTXDO OHQJWK EHDWV ,Q WKH GLVVHUWDWLRQ
XOWU-IRIWVDQDO\VLYV DOO RI Z KLDFERMXWH IIRQY FDW X
FRPSOHWHQHVVWLQUEIERESOH RDFK EHDW LV GLY
LQWR [RUADYDOOXVWGDWPDA IRWH FDQ
FOHDUO\ WHIHQWKIGM-BPD/ E H D VNARHIDAK
OHDG L QUNERLIQDD/F\F O H

6RPHDXGLR H[DPSOHVWOR@E W WDW E QVMX-WIHWRY ARUH
20T, ff+QKTKmbB+XmT7X2/mf2t KTH2b@i H @+ "M iB+
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JLIXUH7KH VWUXW WXIDHE®BIL-WR FRQWUDVW ZLWK WKH
ODUO WOV D @HRWH W IO WKWV D Q@ENRQ@O\D
F\FOH DV FRPSDONE@®EWEDWER\WWYDERMXQWHUSDUW

ORVW SHUIRUPDQFHV RI & DUQDWLF PXVLF DUH
SHUFXVVLRQLQVW UPE B QDR GRXEQHDPLGHG ED
UHO GUXP 7KHUH FRXOG KRZHYHU EH RWKHU S
PHQWYV UXPKIMRKH FORK®RWWKID, QGLDQ WDPERXU
WKHYLO DWZR VPGHGMAKKPQBQDBQ MDZ KDUS  Z|
IROORZ WKH PULGDQJDP FORVHO\ $00 WKHVH |
NKDXMLUD DUH SLWFKHG SHUFXVVLRQ LQVWUX
WRQLF RI WKH OHDG YRLFH 6LQFWWEKB SURJUH)
FOHV LV H[SOLFLWO\VKRZQ WKURXJK KDQG JHV
SURYLGHG ZLWK VXEVWDQWLDO IUHHGRP RI UK\
LQJ WKH SHUIRWRPRTDENSURNLGHY D PHWULFDO F
ZLWKLQ ZKLFKVHYHUDO GLIIHUHQW UK\WKPLF S
LPSURYLVHG

7KHVRORSHUIRUPHG ZLWK WKH SHUFXVVLRQTL
DWDQL — GHPWRYWUDWHY WKH ZLGH YDULHW\ R
EHSOD\HG LQ WSHOPMWYROARBHUIRUPDQFH E\ WKH
VLRQ HQVHPEOH IROORZV WKH PDLQ SLHFH RI W
DQ HODERUDWH UK\WKPLF LPSURYLVDWLRQ ZLW
W—BPW ZLWK PXFK LPSURYLVDWLRQ RQ WKH SHL
WDWQLULYHV WR SUHVH QWWZY. BWHKRY ¥ D U H HRW WRKIHS H L
FXVVLRQ DQG UK\WKPLF SDWWHUQV WKDW FDQ |
SHUFXVVLRQLQVWUXPHQWY GXHODQGFRPSOHF
HDFK LQVWUXPHQW ZLWK DOO LQVWUXPHQWYV F
WLDO HQG 7KH SDWWHUQV S O B\HISUREDIMYDD VW O F
VWD\ZLWKLQ WKH W-BHBZQ U N-RAVDBJNMIRYT D V H
RI'WKHVNLOO DQG WDOHQW RI WKH SHUFXVVLRC
YDULHW\RI SHUFXVVLRQ SDWWHUQV DQG KHQFH
RI SHUFXVVLRQ SDWWHUQV 7KH WDQL LV RIWHZC
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,' 6\OODEOH 'HVFULSWLRQ

$& $ VHPLULQJLQJVWURNHRQ WKH ULJK
$&7 $RLWK70
&+ $ULQIJLQIJVWURNHRQ WKH ULJKW KHI
&+7 &ALWK7O0
‘0 $ VWURQJULQILQJVWURNHRQ WKH U
'+ $ FORVHG VWURNHRQ WKHULJKW KHD
"+ 7 '+ ZLWK
'+ 0 '+ ZLWK
'+ $ FORVHG VWURNHRQ WKHULJKW KHD

'+ 7 '+ ZLWK70

"1 $ SLWFKHG UHVRQDQW VWURNH RQ W
17 '1ZLWK70
/) /RQJILQJHU VWURNH RQ WKH ULJKW K
17 /) ZLWK70
10 $ VKDUS SLWFKHG VWURNH RQ WKH UL
107 1@LWK70
7+ $ FORVHG EDVV VWURNHRQ WKH OHIW
7% $ FORVHG VKDUS VWURNH RQ WKH ULJ
7$7 7ELWK70
70 $Q RSHQ EDVV VWURNH RQ WKH OHIW ¥
7% 3LWFK PRGXODWHG EDVV VWURNH RQ

7TDEOH7KH V\OOMREXONHMYXNG LQ PULGDQJDP JURXSHG
RQ WLPEUH DORQJ ZLWK WKH VI\PERO ZH XVH IRU WK
GLVVHUWDWLRQ 7KH ODVW FROXPQ DOVR SURYLGH
VWURNHY DUHFRPELQDWLRQV RIOHIW ULJKW VWURI

RI WKH SHUFXVVLRQ LQVWUXPHQWY 7KH PULGD
ZKLOH WKHRWKHU LQVWUXPHQWY DUH RSWLRQI

3HUFXVVLRQLQ&DUQDWLFPXVLFLVRUJDQL]H
ZLWKWKHXVHRIRQRPDWRSRHLF RUPONIMHPRQL
iTXUHSUHVHQWDWLYH RI WKH GLITHUHQW VWUR!
RUDO UHFLWDWLRQ RI WKHVH VIOONDRE®HV LV LW
QDNBQG LV RIWH® DGID WNWEBHW DAMDEOHY XVHG E
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ORQIJWRPULGDQJDP EXWLVZLGHO\XVHG ZLWK
PHQWYV XVHG LQ &DUQDWLF PXVLF 7KHVHV\OOD|
EXW SURYLGH DJRRG UHSUHVHQWDWLRQ V\VWF
GLVFRYHU SHUFXVVLRQ SDWWHUQV :HH[SORUH
IROU,5WDVNV IXUWKHU LQ WKH GLVVHUWDWLRQ
‘HFRQVXOWHG D VHQLRU SURIHVVLRQDO &DU
WKH FRPSOHWH VHW RI VWURNHY WKDW FDQ EH
JDP 7KH VWURNH VIOODEOHV RI WKH PULGDQJE
ELQHG WLPEUH RI WKH OHIWDQG ULJKW GUXP KI
GLIIHUHQW VWURNHV FDQ EHSOD\HG RQ WKH PUI
RI WKH WLPEUDOO\ VLPLODU VWURNHYV FDQ EH J
ODEOH JURXSV DVVXPLQJ WKDW VXFK D WLPEU|
IRUGLVFRYHU\RIWLPEUDOO\VLPLODU SHUFXV\
EDVHG JURXSLQJ IXUWKHU HQDEOHV XV WR ZRU
VIOODEOHV DFURVV GLITHUHQW VFKRROV 7KH \
ERO ZH XVH IRU WKHP LQ WKLY GLVVHUWDWLRQ
VKRZQLQ 7TDEBOHGLITHUHQW VWURNHQDPHYV DUH
WKHWDEOH VLQFH WKH\ YDU\ )RUVLPSOLFLW\L
WR WKH VIOODEOH JURXSV DV MXVW VIOODEOHYV
QR DPELJXLW\ )LQDOO\KRZHYHU ZH FDUHIXOC
EOHVDOVR KDYHD ORRVHO\GHILQHG IXQFWLRQ
EDVHGJIJURXSLQIJXVHGLQWKHWKHVLVLVDQDSS
FRPSXWDWLRQDODQDO\WLVDSSURDFKHV

KXkXj _?vi?K M/ T2 +mbbBQM BM
>BM/mbi MB KmbB +

&OD\WRQSURYLGHV D FRPSUHKHQVLYH LQWURG
LQ +LQGXVWDQL PXVLFWEZRH GOGXYWDL@RIQPRAIV L F
VLPLODUNAMRNEOH QD W L FWAKDM FL[1$G OHQJWK F\
FOHV HDFK RI ZKLFKYIDWRB®DW® DL GHG LQWR
LVRFKURQRXV EDV L P W WHKMN-O WRIVBRD O H G
JURXSHG LQWR VHFWLRQV VRPHWLPHV ZLWK XC
WKHEK-QUEKDUW LQGLFDWHG WKURXJK WKH KD ¢
DWK-FODS NRGADYH 7 KP-+VRW/EMY DW KH
GRZQEHDW LV UHIPPLDWHNG QRWKH HQG RI WKH SU
F\FOH DQG WKH EHJLQQLQJ RI RK¥RQWRWF\FOH
F\FOMDPLV KLJKO\VLJQLILFDQW VWUXFWXUDOO\
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7—0 YLEK—R—WWP—WURXSLQJ
7 QW—O

eNW—O0O

-KDSW—0O

5I1SDN W—O0

7DEOH6WUXFWXUH RW +H@\G XNOVHRBOH. Q X PYELHEU R |
K—DQG WKH QRPBEHQRBFOUYWKRZQ 7KH ODVW FROXP(
WKH WDEOH VKRZV WK-H \MURWSNHDQ WRVKKBIO\G

WKH OHQJWKRKHHDFK D F K D YIODUNVBRA- WYKLLEHKH— J V
FRQVLVWLQJ RI W KUNUH-ES BR WAL X R O\

D7 QWOOXVWUDWHG5ISDN W—O

FeeNW—-O G-KDSW—O

JLIXUH$Q—YRUMRXU SRS X O DW -0 XIV@RIDAKHLH—
DOOWLPHWKBNRWJIDQGEROGWLPH WEZFQW-D®@G WKH
LV DOVR LOOXVWUDWHG XVLQJWKH WHUPLQRORJ\ XV

PHORGLFDQG UK\WKPLFHYHQWY KDSSHQLQJDYV
IUHTXHQWO\ PDUNV WKH FRPLQJ WRJHWKHU RI1 V
VRORLVWDQGDFFRPSDQLVW DQG WKHUHVROX'
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JLIXUH$Q DOWHUQDW LoY M\W@MD BF W XUH R

VLRQD D\WR QS

7KHUH DUH DOVR WHRSRT®DYGNKVWFDQOREVL
ZKLFK FDQ YDU\EHWZHHQ DWIL OD &/EURZIL W YHU\
PDGKWHGL)XGWIDVW WHWRDYHUGKIWW 'HSHQGLQJ
WIOHDWRHWDVEH IXUWKHU VXEGLYLGHG LQWR VK
SXOVDWLRQV LQGLFDWHG WKURXWKBGBLWLRQ
+RZHYHU VLQFH WKHVH SXOVHV DUH QRW ZHOO
ZHFRQPLOMWB-EH ORZHVW OHYHO SXOVH LQ WKH
VHUWDWLRQ

$V ZLWK &DUQDWLF PXVLF HYHQ LQ +LQGXVW
VLIJQLILFDQW GLIIHUHQFHV WR WKH WHUPLQROF
URJHQHWLF PXVLF 7KH GHILQLWLRQ RI EHDW S
LQVWDQFHV LQ WLPH LV DOVR D SUREOHP ZLWK
SHQGLQJRQ WKNWOBM\EWIGHILQHG WR EH WKH VXE
|IRGMD D\ RU DV EYHDW KGR KOD\7R PDLQWDLQ
FRQVLVWHQF\ XVLQJDFFHSWHG FRQYHQWLRQV
RP—\WQGWKBUWQGXVWDQLPXVLFEHDUDQDOR
DQG WKHEDUPHWULFDO OHYHOV RI (XURJHQHW |
WKHUHLV QR ZHOO GHILQHG VXEGLYLVLRQ SXOV
PXVLF 7KH SRV VY EBKDQM WXBIO/ H FW-LRQV R1 WK F

7KHUHDUHRYHU GLINWHE®\Y H GQ BIVOHDIER X
W-DOW SHUIRUPHG LQ SUDKERZW HR X)L HREBX O D U
+L QG X WW-INVR WM WIBKD SINBSS DN TK-H O WU X FW X U H
RI WKM¥WO@®WY DOVR GHVFULEKB LLJXDEMHVR VKRZ
W K/HD PV KR Z Q IDWQ G YMLKEHK —£.DVG L F D WWHKGHEDLVOK
SDWWHUQ XVLONIKQXPNKRQYZBWIKOMW WK D ~
DUHVKRZQ ZLWK QRQ |WHR@GKRS DN O/ UIKRI D
WGSKMFLGHYV WKH MFHB@IVR/DR/ WIKH VWURQJIJHVW DF
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. %AOV 6\PERO '"HVFULSWLRQ
'S '$S '$ $FORVHG VWGRNH RIKWKH
GUXP

1 1$ 7$$ 1$ $ULQJILQJVWOGBRNHBQ WKH
‘o'l 1% 1 $Q RSHQ VWURNMR® WKH

$ .$7 .( ., $ FORVHG VWUERNHORQW KH

L | LS I | GUXP

*$ *+( *( *( $PRGXODWHGVWURNHRQWKH
*+l *1

'$ 5% .'$ 7ZR TXLFN VXFFHVVLYH VWL
.5, .58 SOD\HG DV D IODP RQH HDF

G—\BQEB—\—0Q
7$ 7, 58 7% $FORVHG VWGBRNHBQ WKH
&+$3 7,7 7,7 $FORVHG VWGBRNHBQ WKH

+$ '+$ $ UHVRQDQW FRPELQHG VWUR
1$D QG
"+ ( '+( $ FORVHG FRPELQHG VWURNH
ZLWK WKH I X0 G S BVKQ WK H
DFORVYHG
7DEOH 7KBA®VHOVIDEOB VKRZQ LQ WKH VHFRQG FR

JURXSHGE\VLPLODULW\RIWLPEUH 7KHV\PERO ZH X'
LQ WKHGLVVHUWDWLRQ LV VKRZQLQ WKHWKLUG FRC
WKH WEPHEWRIQMILY VKRZQ LQ WKH IRXUWK FROXPQ .
VWURNH KDV VWURNHY RQ OHIW DQG ULJKW GUXP SOI
FRQWG

ZLWK FHUWDLQ H[ARHSW N RRI/OR X A BVEVVOK H

LQVWD QWMKM=-QKWDQWY KDYH WKH OHDVW DFFHQV
$ MKD SWEBDWP —WALWX | R X U KICEKPXINO

XUH G ZKL@WH@W-RO WP —\WU-WX | R XYLHETKX-DIV

)LIXUBD :HFDQ DOVR QRWH EW R B WIDBXAHD

NK— O LIMNZK-ELPK RBAMWALWK WKUHH. ERHTXDO

7KH VSHFLD® WPHBHGM DGGLWLRQ®OWHOQWLRQ
KDV VL[ HTXDYLG KBRMQE&PLRQW-DVF\FOH DV VKRZQ LG
JLIXUHF +RZHYHMDD® Q DOWHUQDWLYH VWUXFW X
ZKLFK LV UHSUHVHQW H GYDL\E KRX WKBXMO -G X U D W L



OXVLFEDFNJURXQG

! %AOV 6\PERO '"HVFULSWLRQ
(7 '+(7 $ FRPELQHG VWURNH SOD\HG :
FORVHG VO RARFR Q
Ly '+, $FORVHG FRPELQHG VWURNH 2
DQG D VRIW UHV RRRDQGWIVWURN|
'+ o1 '+,1 $Q RSHQ FRPELQHG®(VWURNH ZL
DQG D VRIW UHVRRRDQWVWURN|
5 ( 5( $FORVHG VWG RNHODOHNK H
ZLWK WKH SDOP
7 ( 7( $FORVHG VWG RNHODOHNGK H
ZLWK WKH SDOP
7., 7,, $ FRPELQHG VWURQEG RLWK
VRIW FORVHG UHGRQDB®W VWUR
7,1 7,1 $ FRPELQHG VWURQE RLWK
VRIWRSHQ UHVR®BDGQWOVWURNF
75% 75$ 7ZR TXLFN VXFFHVVLYH FOF
VWURMNHWRB@D\HG DV D IODP
7DEOH 7 KEHA GV H GMOPOB VKRZQ LQ VHFRQG FROX

JURXSHGE\VLPLODULW\RIWLPEUH 7KHV\PERO ZH X!
LOQWKHGLVVHUWDWLRQLY VKRZQLQ WKHWKLUG FRC
WKH WIPHWRIQMOY VKRZQ LQ WKH IRXUWK FROXPQ
VWURNH KDV VWURNHV RQOHIWDQG ULJKW GUXP SOI

HDFKDV VKRZQ LQRUPRUIHNVLVWHQF\ ZH XVH WKH
DVVKRZQLQ AOQXWKLY GLVVHUWDWLRQ

+LQGXVWDQL PWDIEF®W KN MIXIHQ SHUFXVVLRQ D
SDQLPHQW ,W FRQVLVWV RI WZR GUXPV D OHIV
W KEH-\R®L JDOG D ULJKW KD Q GG-UWPIDMOMHE WK
SURGXFH D YDULHW\ RI SLWFKHG VRXQGV 6LPL
WDBEBHUWRLUHLY WUDQVPLWWHG XVLQJ RQRF
VIOODEOHVERMDOOHG WKH

6LPLODU WR OHDG PHORGWIDE& &BE@EAXMWMHQWP X
VW\OLVWLF VAKRRO¥K-AHWEGSHGW RIKLHMV-RQ RPD/MR U
RWDBQDHU LQ DVSHFWV VXFKEAOWKH &@VH RI VS
QDPLFVRIVWURNHY RUQDPHQW®BWURQ D G UK\

S %XWWKHUHDUHDOVRPDQ\VLPLODULMW
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WKH VDPH IRUPV DQG VWDQGDUG SKUDVHV UHD
W R LARHVW O L HE

7KEARMWKBIEDD\ PDUJLQDOO\ ZLMXLO DO DFU
DQG VHEYAHAEDPDUHSUHVHQW W K MADERRDY @ URNH R G
GUHVVWKLVLVVXH ZHJURXSHG WKHIX0OOVHW R
VLPLODU JURXSV UHVXOWLQJLQWRD UHGXFHG \
VKRZQ LQ 7DEKORIXJK HDFK VIOODEOH RQ LWV RZC
WLRQDO UROH WKLV WLPEUDO JURXSLQJLV SUI
GLVFRYHU\RI SHUFXVVLRQ SDWWHUQV )RU WKH
WDWLRQ ZHOLPLW RXUVHOYHV WR WKH UHGXFH
XVH WKHP WR UHSUHVHQW SDWWHUQV )RU FRQ
IURP WKH FRQWH[W ZHFDOO WKH VI\OODEOH JUI
GHQRWH WKHP E\WKH V\PEROH/I IGHMFEQRBSWLRQ R
WLPEUH LV DOVR SURYLGHG IRUHDFK VIOODEOH

7DEDPWY DV WKH WLPHNHHSHU GXULQJWKH SF
WKH SURJUHVVLRBG\WRHR XM YKEUH GHILQHG U
SDWW H U Q Vi Kr-DIGFOH BB¥FKKH OHDG PXVLFLDQ LPSH
YLVHVRYHUWKHVHF\FOHV ZLWK OLPLWHG UK\W
WKH PDLQ SLKFRB-UWHKHS HF L | LW B B @DV WBHIO Q V
GHILQHG MRBE DGR XVWUDW HRBZH)Y HLE QMK H P X
VLFLDQ S\ODEP®URYLVHYV WKHVH SDWWHUQV SOLC
DWLRQV ZLWK ILOOHU VWURNHYV DOIGJRIQRUW LP S

&OD\WRQS$ ( 'XWWD %HURQMDDQG

1IDLPSDOOSURYLGHD PRUH GHWWL@HGEGLVFXVV
GXVWDQL P XV LK NGRAD KSR DR QUDAOWH G

7R VKRZFDVH WKHVQEDZFHOWRIWWKH VNLOO R
SHUFXVVLRQWDE+ZM/GK WWEQL PXVLF SHUIRUPD
WXWB F®DRWDER®DR LV LQWULFDWH DQG HODE!
YDULHW\ Rl SUH FRPSRVHG IRUPV XVHG IRU GHY
RUDWLRQV 7KHUH DUH VSHFLILF SULQFLSOHV \
WLR®WWOLHSE OXVLFDOWRERBWKRDV WKH
TKeNN—\DSDODGS= NDQI®DUH D SDUW RI WKH VROR
IRUPDQFHDQG KDYHGLIITHUHQW IXQFWLRQDO DC
SHUIRUPDQFH $ SHUFXVVLRQ VROR VKRZV D YD
SRVVLEOH LQ WKH W EZNMZKRWK R URRH RI WLPHNE
WDNHQ XS E\WKH OHDG PXVLFLDQ GXULQJ WKH V

6RPH DXGLR H[DP SO H W!I-BQ\& WWNUDXYF MQUUBIRH PR UH
2T, ff+QKTKmMbB+XmT7X2/mf2t KTH2b@i H@?BM/mbi MB
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'+$ '+,1 '+,1 '+F5'+$ '+,1 '+,1 '+9%

'+$ 7.1 7,1 1$1$ '+,1 '+,1 '+9%
D7 QW—O0O

+,1 '+,1 '+$ *( 7,5%.,7$781 1%

.$7 7% '+$ *( 7,5%.,7%'+,1 1%
EeNW—-O

7,1 7,1 1%+, 1% '+, 1%
G5ISDN W—O0O

7DEOH7KHK+sNFRY IRXU SRS X O DW—MKRE X ERDE H
IRU HPFKVOKWUDPRPV VKRZQ DIQWKE KERIXQGDULHYV DUH
VHSDUDWHG ZLWK D F-HURWIBFD6 @H & BV (FXDO GXUDW

,Q+LQOGXVWDQLPXVLF WKHW\SPP-SPLQ R WDV X U
030 7KHPXVLFKDVDZLGHUDQJHRIWHPSR GL
FODVVH®QBED/OEOHMFULEHG EHIRUH 7KH PDLQO\ St
DUH WKH W K®G VAR LXIPG K\DQ G GBWFW DV V HV

7KHERXQGDU\EHWZHHQ WKHVH WHPSR FODVVH\
SRVVLEOHRYHUODSV ,Q WKLV GLVVHUWDWLRQ
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IHVVLRQDO +LQGXVWDQLPXVLFLDQ ZHXVHWKH
UDQJHV IRUWKHOBDBEBRWWHPHGLDQ WHPSR EHWZ
030 PDGKODIRU 030 CHPE RY

030 7KLV ODUJHUDQJHRIDOORZHG WHPSLPHDQ
DWFBOHLQ +LQGXVWDQL PXVLFUDQJHV IURP OF
RYHU D PLOXWHY+$ODABKMOFH FDQ ODVW DERXW
RQGV DQG WR PDLQWDLQ D FRQWLQXRXV UK\WE
VWURNHY DUH\§ O BHHG RIOWWKHHY X UIDFH UK\WKP D
IURP DXGLR UHFRUGLQJV FDQ EH TXLWH GLIIHU}
PHWULFDO VWUXFWXUH

kXkX9 * "M iB+ M/ >BM/mbi MB KmbB+,
+QKT 'BbQM

‘H FRPSDUH DQG FRQWUDVW VRPH RI WKH UK\WK
&DUQDWLF DQG +LQGXVWDQL PXVLF VR WKDW L
FRPSDULNMBOSSIURDFKHY IRUWKHVH PXVLFV

%RWK WKH PXVLF WUDGLWLRQV DUH RUDO WU
ORZHG VFRSH IRULPSURYLVDWLRQ (YHQD IL[HC
SUHWHG ZLWK VLIJQLILFDQW IUHHGRP E\ WKH PX
DGKHUH WR WKH | UD-BDHERIMR FRRIFHSW RI F\FOL
FDO PHWULFDO VWUXFWXUHV LV VKDUHG E\ ERW
FRPSRQHQWVERIMWEMYV VLPLODU 7KH ILUVW SX
FOHLV LPSRUWDQW LQ ERWK FXOWXUHV DQG KI
UK\WKPLF HYHQWYV 7WHPfBOW IQRIGNGRIRWKEH HT X
LQ GXUDWWREFRHK®RW FKDQJH RYHU VLQJOH SLI
H[FHSWLRQV EXW VLQFH +LQGXVWDQLPXVLF U
DVIXOO FRQFHUWY WKHUHLV DSRVVLEOHFKDQ
DUHFRUGLQJ ZLWRQ@GOEWNQJH R

1IHLWKHU RI WKH PXVLF FXOWXUHV XVH D PHW
PDQFH ZKLFK PHDQV WKDW WKH UHVSRQVLELOL
XODU SXOVH UHVWV ZLWK WKH PXVLFLDQV 7KL\
YDU\LQJQDWXUHRIWHPSR ZLWKPRVWRIWHQ W
WKH SLHFH JHWWLQJ3IDVWHU" ZLWK WLPH T7KFH
GXVWDQL PXVLF LV ODUJH IURP 030 WR RYHU
&DUQDWLF PXVLFLV SHUIRUPHGLQDVPDOOHU L
WKH LPSOLRDRAE BB WKIDWEH TXLWH ORQJLQ +LQ
VLF ZKLOH &D WQBWWOHRXOWHFVKRUWHU RIWHQ V
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VHFRQG

,Q +LOQGXVWDQL DQG &DUQDWLF PXVLF WKH S
PHQWIVBQDB PULGDQJDP DUHWXQHG WR WKH WRQ
FLDQ %RWKWKHVHLQVWUXPHQWYDUHFDSDEO
RI WLPEUHV 7KH SOD\LQJ VW\OH GHSHQGV RQ V
OHDG PHORG\EHLQJ UHQGHUHG DQG ERWK DUH
IRUPDQFH %RWKIKPNHRWY SWKAHL H[BERWLWIBRQ RI WK
WKRXKISNBWH D OLWWOH PRUH IOH[LEO\ GHILQHC
VLF %RV/BIQB PULGDQJDP KDYHWKHLURZQ VHW R
PQHPRQLF RUDO VIOODEOHY WKDW SURYLGH D |
ZKLFKHYHQ KDYHHYROYHG LQWR DUW IRUPV R
LQD SHUIRUPDQFH 5HSUHVHQWLQJSHUFXVVLR
ODEOHV LV PXVLFDOO\ZHOO GHILQHG DQG DQ D
WKRVH SDWWHUQV

7KH VXUIDFH UK\WKP LQ ERWK WKH PXVLF FXO'
WKH XQGWWIUQFWXUHV ,Q +WOGWDWBIQL PXVLF
LPSRUWDQW FXH W\R-SMGRY ¥ 8 & WWRKIR D D
GHILQLWH DVIFEHEDVRINGIGS DW W H UK IHLLRXH G E\ W K
LV PRVWO\IROORZHG H[FHSW LQ LPSURYLVDWRI
UK\WKP FRQVLVWV Rl WKHVH DFFHQWY DQG VSH
UHSOHWH ZLWK RWKHU VWURNHYV ILOOHUV DQG
VWURNHY DUH HPSOR\HG LQ VORZ SLHFHV ZLWk
QDWLFPXVLF DVGLVFXVVHG HDUQU#MYDWKH SUF
VKRZQWKURXJKYLVXDOJHVWXUHVDQGKHQFH YV
WLYH FXHV LQ WKH VXUIDFH UK\WKP +RZHYHU
SOD\HG RQ WKH PULGDQJDP WKH PHORGLF SKU
WKH FRPSRVLWLRQ SURYLGW-FX8 QWREWROH XQG |
VWURNHY PULGDQJDP VWURNHV DUH OHVV LQG!
WLRQLQ WKWF\FDH RI D

8QPHWHUHG IRUPVRIPXVLFH[LVWLQERWK WK
PRVW LPSRUWDQW XQPHWHUHG IRUPOLQS+LQG X\
DQG LQ &DUQDW LF QP-X FIHYDK/ RMKZHKLFK DUH PHOR
LPSURYLVDWLRQDOURUPY XQEHGWODMGLQJ RI
UK\WKPLFEHKDYLRURIXQPHWHUHG IRUPV LV ID
FRORJLVWV DQG HYHQ SUOTRAWRFLQGB8KVNFLDQV

SUHVHQWHG DQ LQWHUHVWLQJ GLVFXVVLR

WLRO O®G8 D GLVDJUHHPHQW DERXW LW DPRQJ
WKLV UHDVRQ ZHEHOLHYH WKDW UK\WKPLF DQI
VKRXOGEHUHVHUYHGIRUD VWXG\PRUHIURP D |



%DFNJURXQG

WLYHDQG KHQFHZH GR QRW FRQVLGHU LW LQ Wk

kXkX8 S2 +mbbBQM BM "2BDBM; QT2"

7KH PDLQ IRFXV RI WKLV GLVVHUWDWLRQ LV ,QC
ZLWKLQ WKH FRQWH[W Rl &RPSOXVLF WKHUH DL
WKDW VKDUH VLPLODUPXVLFFRQFHSWVDQG KH
IRUWHVWDQG H[WHQG RXUDSSURDFKHV WR WKF
RQHVXFKPXVLFFXOWXUHWKDW VKDUHV WKH FR
VLRQ VIVWHP VLPLODUWR ,QGLDQDUWPXVLF +
FXVVLRQ VIVWHP LQ %HLMLQJ RSHUD LV VLPSOH
WKDQ ,QGLDQ DUW PXVLF DQG KHQFH LV D WHV\
SURDFKHV WR SHUFXVVLRQ SDWWHUQ WUDQVFU
LOWURGXFWLRQ WR SHUFXVVLRQLQ %HLMLQJR
RIRXUDSSURDFKHVY WR SHUFXVVLRQ SDWWHUQ
%HLMLQJ RSHUD DQG WKHQ HI[WHQGHG WR ,QGLD
%HLMLQJ RSHUD DLOMRIKDOOHG 3HNLQJ RSHU
RI WKH PRVW UHSUHVHQWDWLYH JHQUHV RI &KL
LQJDUWY LQWHJUDWLQJWKHDWULFDO DFWLQJ
DFFRPSDQLPHQW ,W LV DQDFWLYHDUW IRUPD
VRFLDO DQG FXOWXUDO FRQWH[WV ZLWK D ODU
PXVLFRORJLFDO OLWHUDWXUH 2QHRIWKHPDLC
RSHUD DHVWKHWLFV LV WKHUHPDUNDEOH UK\WHI
LQJRYHUDOO )URP WKH VW\OL]HG UHFLWDWLYF
PHQWV RQVWDJIJHDQGWKHVHTXHQFHRIVFHQHYV
LVLQWHIJUDWHG LQWR DQ RYHUDOO UK\WKPLF I¢
NHHSV WKLV UK\WKPLFLW\ LV WKH SHUFXVVLRQ
PHDQV WR IXOILO WKLV WDVN LV DVHW RI SUHGF
VLRQ SDWWHUQV
7KHSHUFXVVLRQHQVHPEOHLQMLQJMX HVWDE
UK\WKP LQ D SHUIRUPDQFHDQG JXLGHV WKH SUF
DQDULD )LUVWO\ WKHSHUFXVVLRQ SURYLGHYV |
PLF PRGHV FHOD@WBKQ® RAFRPSDQLHYV WKH VLQJL
BHFRQGO\ WKH SHUFXVVLRQ HQVHPEOH SOD\V C
ILQHG IL[HG ODEHOHG SDWWHUQV WKDW FUHDYV
RIWKHDULD 7KH\VLJQDO LPSRUWDQW VWUXFW
SHUIRUPDQFH VWDUWY DQG HQGV ZLWK SHUFXV
DOO\LQWURGXFHDQGFRQFOXGHDULDV DQGPD



OXVLFEDFNJURXQG

6\OODEOHYV| ,QVWUXPHG@W\ERO
E-E ? EYQ G EDQJX '$
Gjd GA@In GXA
§ oyQu \>7

OiB WAL OuQJ [LDROXR 79,
T x Si% ODRER 4,
TLO QDREIFDROXR4, (
F—@J NX—0QJNAQGDOXRDRER &$1*
ON <[LDROXR

7TDEOH6\OODEOHYV XVHG LQ %HLMLQJRSHUD SHUFXVV
XVHG LQ WKLY GLVVHUWDWLRQ &ROXPQ VKRZV WK
XVHG WR SURGXFH WKH V\OODEOH ZEWEMWKHLQVWU,:
LQJRSWLRQDO &ROXPQ VKRZV WKH V\PERO XVHG IF
WKLY GLVVHUWDWLRQ

WKHP 7KH\DFFRPSDQ\WKHDFWRUVYJPRYHPHQV
PRRG RI WKH SOD\ WKHVFHQH WKHDULD RU D V|

7KH SHUFXVVLRQ SDWWHUQV LQ MLQJMX PXVL
TXHQFHV RIVWURNHY SOD\HG E\GLIIHUHQW FRP
VLRQ LQVWUXPHQWY DQG WKHUHVXOWLQJYDU
WHG XVLQJRUDO VIOODEOHV DV PQHPRQLFV 7K
IRUPHG PDLQO\VE\ILYHLQVWUXPHQWY SOD\HG E
ED® ZRRGHQ FODSGHQSDIER WEHQ GUXP VWUXF
E\WZR ZRRGHQ VWLFNV DUH SOD\HG E\RQH VLQ
WKHUHIRUH NQRZQ E\ DDRERBOMRLSHN QDPXP  7KH
RWKHU WKUHH LQVW UXP HQMRODABIHOLAGS LIRS KR Q H \
WIGDOKRRJ JRQJ DOBBRPHEDOMN 6KHQ
'LFKPDQQ

%DQKRV D KLJK SLWFKHG GUXP OLNH VRXQG :
WKUHH LQVWUXPHQWY DUH PHWDO@RXKRQHV Z|
RI'WKHGLIITHUHQW VRXQGV WKDW WKHVH LQVWU
XDOO\ HLWKHU WKURXJK GLIITHUHQW SOD\LQJ W
HQW G\QDPLFV DV ZHOO DV WKH VRXQGV WKDW L
QDWLRQRIGLITHUHQWLQVWUXPHQWV KDYHDQ L
UHVHQVOXOKHP ,Q MLQJMX VHYHUDO V\OOTL

$1HZ DQQRWDWHG DXGLR H[DPSOHV RI WKHVH LQVWU
2T, ff+QKTKmMbB+XmT7X2/mf2t KTH2b@T2 +mbbBQM@#Q



%DFNJURXQG

DGDREDI® % ®X

EPDQ FKD QOKHxXR

FGXRWRX

J)LIXUH 6FRUHVIRUSHUFXVVLRQ SDWWHUQV LQ MI
VWUXPHQWVDQGD V\OODELFUHSUHVHQWDWLRQ RIV
VIOODEOHVY DQG WKHPDSSHG VIOOPEQWGURXSV VKF

EHPDSSHG WR D VLQJOH WLPEUH 7KLV PDQ\ V\
PDSSLQJ LV XVHIXO WR UHGXFH WKH VIOODEOH
DQRDO\WLVRISHUFXVVLRQ SDWWHUQYV

‘HILUVW PDSSHG HDFK VIOODEOH WR RQH RU
PHQW FDWHJRULHV FRQVLGHUHG7IIRIQDHD O\V LV
DO ZLWKRXW FRQVLGHULQJ GLIIHUHQFHV L«
RU G\QDPLFV %DVHG RQLQSXWV IURP H[SHUW P
JURXSHG WKH VIOODEOHV ZLWK VLPLODU WLPEU
'$ 7$,4, 4,( D@B1*DV VKRZQ LQ TBPHOHLQ

GLYLGXDO VWDRNBRRIKWXWHXP DQG FODSSHUV KI



OXVLFEDFNJURXQG

G[LDROXR IGXRWR X

HV K D Q KB.3a.D
J)LIXUH 6FRUHVIRUSHUFXVVLRQ SDWWHUQV LQ MI

VWUXPHQWVDQGD V\OODELFUHSUHVHQWDWLRQRIYV
VIOODEOHYVY DQG WKHPDSSHG VIOODEOH JURXSYV VKF

JURXSHE PYWKH UHVW RI WKH \EDODE@H JURXS
EH SOD\HG VLPXOWDQHRXVO\RU QIFEOVR OXFH VLQJ
DQG WHKRERBH FD O DKWE& UHVSHFWLYHO\ DQG WKH
ELQHG VWURNHRIWKHVHWZRLQVWUXPHQWYV W|
)LQDOO\ DQ\ VWDENRDRJ\WRIPELQDWLRQ WKDW 1
GDOKIR/ EHHQ QRSID WKIG/ PDSSLQJ WR D UHGXFH
RI VIOODEOH JURXSV LV RQO\IRU WKH SXUSRVH
VLV )RUWKHUHPDLQGHU RIWKHGLVVHUWDWLR
UHGXFHG VHW RI VIOODEOH JURXSV DQG XVH WK
WHUQV )RUFRQYHQLHQFH ZKHQ LW LV FOHDU I
WKH VIOODEOH JURXSV DV MXVW VIOODEOHV DC
PRQ VIPERO LQ FROXP Q+ HRJIFHD EQHWKH FXUUHQW
WKHUH DUH ILYH VIOODEOH JURXSYV

(DFK SHUFXVVLRQ SDWWHUQ LV D VHTXHQFH R
HVWDEOLVKHG RUGHU DORQJ ZLWK WKHLU VSHF
G\QDPLF IHDWXUHV $ SDUWLEXODU IHDWXUH RI
IRU %HLMLQJRSHUD SHUFXVVLRQ WKDW PDNHYV |



%DFNJURXQG

WKDW WKH VIOODEOHV WKDW IRUP D SDWWHUQ
ZKROH DQG QRW WR SDUWLFXODU LQVWUXPHQ\
WKXV KDV D VLQJOH XQLTXH VIOODELF UHSUHVF
SHUIRUPHUV

,Q SUDFWLFH WKHUH LV D OLEUDU\ RI OLPLWF
F D OOXRG) XIMIICAEJW KDW DUH SOD\HG LQ D SHUIRUF
HDFK RI WKHVH KDYLQJ D VSHFLILF UROH LQ WKF
QLWHDJUHHG QXPEHUIRUWKHWRWDO QXPEHU R
VRPH HVWLPDWQROQYV H J EWXJIHVW WKH H[LV
WHQFH RI DURXQG QLQHWXKRZWKWRH MEIRUHV IR
ILYH SUHGRPLQDQWO\XVHG SHUFXVVLRQ SDWW
PDQ FKDQJFKXL GXRWRX [LDROMRIAXKRXWRIX DQ
DOVR VKRZV KRZ D SRVVLEOH WUDQVFULSWLRQ
IURP WKH VFRUHUXURYLGHG EDQ EH VLPSOL
ILHG LQ DVLQJOH OLQH E\WKH RUDO VIOODELF \
WKHVH RUDO VIOODELF VHTXHQFHV VLPSOLI\DQ
RIWKHVH SDWWHUQV SOD\HG E\DQ HQVHPEOH

6LQFHRQHRIWKHPDLQ IXQFWLRQV RIWKH SD\
WKHPRYHPHQWV RIDFWRUVRQVWDJH WKHRYH!
GXUDWLRQ RI HDFK VWURNH FDQ YDU\ QRWDEO\
WR VHW D VWDEOH SXOVH RUD GHILQLWH PHWH
WKH PHDVXUH EDUV XYW G XDIHMWHE E\

DUH RQO\LQGLFDWLYH DQG IDLO WR FRQY|
ELOLW\RIWKHSDWWHUQ )XUWKHUPRUH PDQ\S
VKRZQ LQ )LARBARPSDQ\VFHQLFPRYHPHQWYV RI
GXUDWLRQ ,Q WKHVHFDVHV FHUWDLQ V\OODE
WHUQ DUHUHSHDWHG LQGHILQLWHO\ H J WKH\
LQ VKDQFKXL FDQ EHUHSHDWHG LQGHILQLWHO\

JURPWKLVEULHILQWURGXFWLRQ LWFDQEHYV
LWLHVY EHWZHHQ WKH SHUFXVVLRQ V\VWHPV LQ M
%HLQJVLPSOHU MLQJMX FDQEH XVHG D WHVW F
FXVVLRQ SDWWHUQ WUDQVFULSWLRQ DQG GLVF
VIVWHPVY D WRSLFWKDW LV H[SORUHG IXUWKHU
FXVRQO\RQWKHDXUDO GLPHQVLRQRI%HLMLQJ
ZHXVHWKHWHUP %HLMLQJRSHUD WR UHIHU WR \
LJQRULQJWKH WKHDWULFDO DVSHFW LQ LW

7TKHVH SDWWHUQ VFRRPHY DD R DK/MR b@LHKWH GXX2Wm f # Q
@T2 +@T ii2 °Mb



$UHYLHZ RIDXWRPDWLF UK\WKP DQDO\VLYV

k Xj "2pB2r Q7 miQK iB+ "?vi?K
M HvbBD

$XWRPDWLF UK\WKP DQDO\VLY KDV EHHQ DQ LP
ZLWRIRRZLWK RYHU D GHFDGH RI UHVHDUFK RQ
UK\WKP DQG SHUFXVVLRQ UHODWHG SUREOHPV
WKH DUW RI WKH UHOHYDQW UK\WKP UHVHDUFK
SURYLGHD EDVLV IRUIXUWKHU ZRUN SURSRVHG
UHYLHZ RISUHYLRXV ZRUNV LQ WKLV VHFWLRQL
WR ,QGLDQ DUW PXVLF $ PRUH GHWDLOHG UHY
FLILFWR , QGLDQDUWPXVLF DQGDQHYDOXDWL
,QGLDQDUWPXVLFLVGLVFXVVHGLQ &KDSWHU

6HYHUDO UHVHDUFKHUYVY KDYH VXJIJHVWHG D C
PDWLF UK\WKP GHVFULSWLRQ LQWR FRPSOHPHC
VLGHULQJ D VSHFLILF WDVN DQG SRVVLEO\ XVL
SXWV IURP RWKRY\RRG XRKXVRQ 'L[RQ
$QH[DPSOHRIVXFKD UK\WKP GHVFULSWLRQ V\\
XUH 6WDUWLQJIURPDXGLRDQG RUPXVLFVFRU
VHYHUDO UK\WKP DQDO\VLVY PRGXOHV WKDW JL°
DQDO\WLV RXWSXWV VXFK DV WHPSR EHDWYV VZ
UK\WKPLF SDWWHUQV 7KRXJKVXFKDUK\WKP GF
PXVLFZRXOGLQYROYHVLIQLILFDQW FKDQJHV
SURYLGHV D VXLWDEOH EDVLFIUDPHZRUN WR V!
SUREOHPYV

kX]XR PMb2i/2i2+iBQM

OXVLEDO QRWH VWURNH RQVHW GHWHFWLRQ LV
SURFHVVLQJWDVNIRUPRVWUK\WKPDQDO\VLV S
RI RQVHW GHWHFWLRQ ZH FDQ LQFOXGH WKH W
IURP DXGLR WKDW DUHLQGLFDWLYHRIRQVHWYV
WDLQ WKHRQVHWY IURP WKRVH IHDWXUHYV

$ PXVLFDO QRWH VWURNHRQVHW LV GHILQHG
PDUNVD GHWHFWDEOH VWDUW RIDQ H[WHQGHG |
ZKHQ WKH PXVLF DXGLR VLIQDO HYROYHV TXLFN
QHU RYHU D WKHRQUAOWWIW BQ VLPSOHU ZRUGV RQV
PDUN WKH VWDUW RI D PHORGLF QRWH RU D SHL
PDUNLPSRUWDQW PXVLFDOHYHQWY LQ WLPH DQ



%DFNJURXQG

JLIXUH)XQFWLRQDO XQLWV RID UK\WKP GHVFULSWLF
EVVRX\RQ JLIXUHUHSURGXFHG ZLWK SHUPLVVLRQ



$UHYLHZ RIDXWRPDWLF UK\WKP DQDO\VLYV

RIRQVHW HYHQWV LV DQ HVVHQWLDO SDUW RI P
DOJRULWKPV 2QVHW GHWHFWLRQ KDV YDULRXYV
WLRQ UHWULHYDO PXVLFRORJLFDO DQDO\VLV
FRQWHQW EDVHG SURFHVVLQJDQG PDQ\RWKHU

$ GHWDLOHG WXWRULDO RQ RQVHW GHWHFWL
%HOOR HW DOLWK DGGLWLRQDO LPSURYHPHQW
'L[RQ 2QVHW GHWHFWLRQ QHHGY WUDQVLHQ
VLIQDOV 7KH WUDQVLHQWY FDQ EH PHDVXUHG
HUJ\ SKDVH IUHTXHQF\ DQG VHYHUDO RWKHU V
DSSURDFKHV WR RQVHW GHWHFWLRQLQYROYHTE
IROORZHG E\D VLJQDO UHGXFWLRQ H[WUDFWLC
WLYH RI WUDQVLHQWY LQWR DQ RQVHW GHWHF
SLENLQJVWHS WKDW HVWLPDWHYVY WKHRQVHW W
GHWHFWLRQ IXQFWLRQ

7KH SUH SURFHVVLQJ VWHS LV RSWLRQDO DQ
YDQW SDUWV RIWKHVLJQDO 6LJQDOUHGXFWLR
6KRUW 7LPH )RXULHU 7EIDVHG WD G\MEZV RI VLJIQ
RIWHQLQPXOWLSOHIUHTXHQF\EDQGV XVLQJIL
TXHQF\LQIRUPDWLRQ IURP GLITHUHQW LQVWUXF
7KH UHVXOW RI VXFK D IHDWXUH H[WUDFWLRQ L
WLRQ DOVR VRPHWLPHY FDOOHG D QRYHOW\ IX
RQVHW GHWHFWLRQ IXQFWLRQ DUH WKHQ WKH R

7KHUHDUHVHYHUDO PHWKRGV WR FRPSXWH W
WLRQ EDVHG RQ VLJQDO IHDWXUHV DQG SUREDE
IHDWXUHV LQFOXGH WLPH GRPDLQ IHDWXUHYV VX
WKDW ZRUNV ZHOO IRU SHUEXVVLYH RQVHWYV 0
VSHFWUDO IHDWXUHV WKDW PHDVXUH VRPH IRU
SOLWXGHV DQG HQHUJ\ 7KH VSHFWUDO IOX][ IH
XVHG RQH ZKLFK PHDVXUHV D SRVLWLYH FKDQJ
FKDQJH ZRXOG LQGLFDWH RIIVHWY RIVSHFWUD
DXGLR 7KHVSHFWUDO IOX[FDQEHFRPSXWHG E
RB7)RU WKH FRPSORURVV DGMDFHQW IUDPHV R
ORFDO VHW RI IUDPHV 7KHUH DUH VHYHUDO ZD\
FRPSXWHG GHMFQQEHGVEDR G IXUWKHU LPSURY
E\PDQ\ UHVHDUFKHUV HJ D%|/RN)LOMEESHF)O
DQG 6FKHGO

7KHGHILQLWLRQRIDQRQVHW FRXOG EHFRPH
RILQVWUXPHQWY KDYLQJ ORQJHU WUDQVLHQW
RIHQHUJYRY\DHMNG 5DVAKSSURDFKHG WKLV LVVXH



%DFNJURXQG

WURGXFLQIWKHFRQFHSWRISHUFHSWXDO RQVF
VDOLHQW PHWULFDO IHDWXUH RI WKH PXVLF VLJ
LWV SK\VLFIDDBRQVHWPLQHG DQG SURSRVHG LPS
PHQWV WR WKH WKHQ VWDWH.RDWKHIDUW VSHFW
SURSRVHG D PHWKRG XWLOL]JLQJEDQG ZLVH SUI
FRXVWLFPRGHORILQWHQVLW\FRGLQJWR GHWI

,QVWUXPHQW ZLVHRQVHW GHWHFWLRQ

,QVWUXPHQW ZLVH RQVHW GHWHFWLRQ UHIHUYV
VSHFLILFLQVWUXPHQWV IURPDQDXGLRVLJQDO
PXVLFLQVWUXPHQWY %\GHWHFWLQJRQVHWV R
FDQIRFXVRQFKDUDFWHUL]JLQJWKHDVSHFW RI |
GRPLQDWHV HJ WKHRQVHWYVY RIWKH SHUFXVV
PRUH XVHIXO IRU UK\WKPLF DQDO\VLYV 2QH DSS
ZLVHRQVHW GHWHFWLRQLVWRVHSDUDWHRXW"
WKHLQIRUPDWLRQIURP WKH VSHFLILELQVWUXP
VHWV IURP 7R GHWHFW SHUFXVVLRQ RQVHWYV |
WR HQKDQFH WKH SHUFXVVLYH SDUWV RI WKH VL
PRQLF FRPSRQHQW

+DUPRQLF 3HUFXVVLYH 6 RXDERVGWRDAHBWLR Q
UDWHDQDXGLR VLIQDO LQWR KDUPRQLF PHOR!
FXVVLYH GUXPV FRPSRQHQWV 7KRXJK DQ DFF
WLRQIRUKXPDQ OLVWH©I68BRIUM B GW K HBEXQRWE WO \
WDWLRQDO DQDO\VLV LV VLPIEEHILR OHRWWWDIKSE U R
VSHFWURJUDP XVLQJ FKDUDFWHULVWLFV VKRZ(
VLYHPXVLFVRXUFHV 7KHEDVLFLGHDLV WKDW
DVKRULJRQWDOOLQHY RZLQJWRDOO WKHLUKD
ZKLOH SHUFXVVLYH VRXUFHV GXHWR WKHLU VK
VSHFWUD DV Y)i WWILHUDIMO@KQNWHQDEOHV XV WR F
KDQFHWKHYHUWLFDOVSHFWUDO OLQHV RU VX
OLQHV WRHQKDQFH WKH SHUFXVVLYH FRPSRQF
YHUVD WR HQKDQFH WKH PHORGLF FRPSRQHQW
E\KRVKNDKQD DQG 5D P DNRE N KIDQPRWR /H
5RX[ .DPHRND DQG 6DJD\DPD

$ PRUHLQIRUPHG DSSURDFK XVHV D SUHGRPLC
WLRQ DOJRULWKP ZKLFK WUDFNY WKWKXQGDPH
DXGLR VLJQDO WR XVHV VLJQDO DQDO\VLV WRR
PRQLFVRIWKHPHORGLFVRXUFH 7KHUHVLGXDC



$UHYLHZ RIDXWRPDWLF UK\WKP DQDO\VLYV

FRUUHVSRQGY WR WKH SHUFXVVLYH FRPSRQHQ!
PRQLF SOXV UHVLGXDWOP PORQ EZLWK D PHORG\
H[WUDFWLRQ DOSRQDWK® BIQIG ExPHYH VRPH

RI WKH WRROV WKDW FRXOG EH XVHG IRU WKH W
SHUFXVVLRQ HQKDQFHG VLJQDO ZRXOG JLYH XV

kXjXk h2KTQ 2biBK iBQM

7HPSR HVWLPDWLRQ UHIHUV WR HVWLPDWLQJ W
QDQW SXOVH LQ WKH PXVLF UHFRUGLQJ DW WKF
WKHEHDW RUDWDGLIIHUHQW PHWULFDO OHYH
7KH GHILQLWLRQ RI VXFK D WHPSR LV QRW FOHD
DJUHHPHQW RQ WKH FRUUHFW PHWULFDO OHYH
WHPSRFDQ FKDQJHRYHUWLPH LWLV QHFHVVDU
LQJWHPSRFXUYHWKURXJKWKHSLHFHLQVWHD
IRUD PXVLF SLHFH 'HVSLWH WKH PHWULFDO DP
WLRQLVDXVHIXOWDVNIRUIXUWKHUDQDO\VLV
WUDFNLQJ

7HPSR HVWLPDWLRQ DOJRULWKPV XVH VRPH I
WLPDWLRQ XVLQJPLG OHYHO IHDWXUHV H[WUDF
RQVHW GHWHFWLRQ IXQFWLRQV $Q DXWRFRUL
IXQFWLRQ LV D EDVLF PHDVXUH RI SHULRGLFLW
GHWHFWLRQ IXQFWLRQV WKHUH DUH GLVWLQF!
WKDW KDYH EHHQ XVHG IRUWHPSR LQGXFWLRQ
WKH %HDW5RRW V\VWRP SURBR\BKX®EH VHOHFW L
PHWKRGV WK D WRHDN X Q WMWK BIMEHWYHDVOK HP W R
HVWLPDWH WK, K\LWRSRI WP KDV SHDNV DW WKH |
RI WKH EHDW SHULRG ZKLFK FDQ WKHQ EH PHD
QLILFDQW PHWULFDO DPELJXLW\H[L¥WV LQ VXFI
KLVWRJUDPVDUHRIWHQPXOWLPRGDO 7KHRWK
RQHVEDSXUL (URQHQ DQDWWHWRIDDG 30XPEOH)\

(OOLV GHULYHDSHULRGLFLW\IXQFWLRQ IU

IXQFWLRQ ZKLFK SURYLGHVDQHVWLPDWHRIW

BHYHUDO PLG OHYHO DXGLR IHDWXUHV KDYH
PDWHDWLPH YDU\LQJWHPSRFXUYH DIHZH[DP:
LQFOXGH QRYHOW\ IXQFWLRQV XVHHR&RVRW VW UXF

7HPSRJUDPVFKH 0<OGHWQG 3UHGRPLQDQW

JRFDO 3XURMFKH 0+0ODHU



%DFNJURXQG

kKXjXj "2 ii +FBM;

,Q WKH FRQWH{MDRNY WUDENLQJ LY FRPPRQO\ GHI
WHUPLQLQJWKHWLPHLQVWDQFHVLQ WKHDXGL
OLVWHQHU LV OLNHO\ WR WDS KLV KHU IRRW WR
WDQW DQG,5MWODNWKNDQMYHUDO DSSURDFKHV KDYH
IRUEHDW WUDFNLQJRQ DXGLR PXVLF UHFRUGL
JHQUHV &RQYHQWLRQDO EHDW WUDENLQJ DOJF
PDLQ VXE FRPSRQHQWY IHDWXUH H[WUDFWLRC
EHDW LQGXFWLRQ 7KH UK\WKP IHDWXUHV H[WU
RQRQVHWV DQG RQVHW GHWHFWLRQ IXQFWLRQ’
HUDO EHDW WUDFNLQJ DG RO DWIKROV LIVYSLIHR/Y EG F
SDWD 20LYHLUD DQG *RX\RQ

'L[RQ XVHV D PXOWLSOH DJHQW DUFKLWHF
OHFWLRQ RIWHPSR K\SRWKHVHV ZKLFK DUHDO
REWDLQ WKHVHWRIEGHD VG BRADWERGY EHDW WU
LQJDOJRULWKP EDVHG RQ G\QDPLF SURJUDPPLC(
JOREDO VHW RI RSWLPDO EHDW FDQGLGDWHV JI
WHPSRHVWLPDWH 7KHDOJRULWKP SXUVXHV DV
SRUDO FRQWLQXLW\RIEHDWVY DQG WKH VDOLHQ
XVLQJWKH G\QDPLF SURJUDPPLQJDSSURDFK 71
WKHDOJRULWKP LV WKHDVVXPSWLRQRIDFRQV
SUREOHPV IRUPXVLE ZLWK YDU\LQJ WHPSR )XU
HVWLPDWLRQWUDQVODWHWRDQX.BWRWUHFW H\

DOVR SURSRVHG D VLPLODU G\QDPLF SURJU
EHDW WUDFNLQJ EXW ZLWK H{IWHQVLRQV WR KD/
'DYLHVY DQG 30XPEORSRVHG D FRQWH[W GHSHQ!
WUDFNLQJ DOJRULWKP ZKLFK KDQGOHV YDU\LQ.
WZRVWDWHPRGHOLQ ZKLFKWKHILUVW VWDWH V
SURYLGHVY FRQWLQXLW\ ZKLOH WKH VHFRQG VW
PDLQWDLQLQJFRQWH[WXDO FRQWLQXLW\ DVVX

7KH DOJRULWKP.ODBXRV MG/ BOWLPDWHYV WKH
PXVLFDO PHWHU MRLQWO\DW WKUHH PHWULFDC
GLYLVLRQ ZKLFK DUH UHIHUUHG WR DV PHDVXU
VSHFWLYHO\ $ WLPHIUHTXHQF\DQDO\VLV FRPS
IRXU IUHTXHQF\ EDQGV ZKLFK DUH DLPHG DW H
GXH WR QRWH RQVHWYV LQ WKH VLIJQDO $ EDQN |
LV DSSOLHG IRU SHULRGLFLW\ DQDO\VLV WR HD
QDOV 7KH SHULRGLFLWLHV WKXV IRXQG DUH SU
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PRGHO WKDW LQFRUSRUDWHV PXVLFDO NQRZOH
PDWLRQ RI WKH WDWXP WDFW 8WHIMHG W HDIMGX U F
3DSDGRSRXORWHVHQW DQRWKHU DSSURDFK IRU
EHDW DQG GRZQEHDW WUDFNLQJ XVLQJD SURED
EHDW WHPSODWHY EXLOW XVLQJOLQHDU GLVFU
ULWKP WKDW HVWLPDWHY WKH EHDW SRVLWLRQ
WLRQRQVL[GLIIHUHQW GDWDVHWY B6RPHHDUO\
SDUWLFOH ILOWHULQJDQG DSSUR[LPDWH LQIHL
+DLQVZRUWK ODFDKIR®H SUREDELOLVWLFJUDS
HOV VHH 6HFKMLRYQDOVR EHHQ H[SORUHG IRU WK
WUDFNLQ@QW /DQJ )UHLWDYV

%|FN DQG 6FKHSWRSRVHG D GDWD GULYHQ DS
EHDW WUDFNLQJ XVLQJ FRQWH[®WHBXDUHG@WMXUD
1HXUDO 1HWZRUWRKRUI6KRUW 7HUP OHPRU\ /670
FHOKRFKUHLWHU 6FKPLF®OKXEBHDUQ FRQWH[WXD
IRUPDWLRQ DQG FDQ FODVVLI\DQG SUHGLFW WL
ORQJ WLPH ODJV RI XQNQRZQ VL]H EHWZHHQ LP
VSHFWURJUDP EDVHG VSHFWUDO IHDWXUHV DQ
ZHUH XVHG WR W U D b Q0 EMGARIUHNF WRBGIDORUP D I U
E\ IUDPH EHDW FODVVLILFDWLRQ RI D VLJQDO
EHDW DFWLYDWLRQ IXQFWLRQ GLUHFWO\ XVLQJ
WRFRUUHODWLRQ IXQFWLRQ ZDV WKHQ XVHG WR
WHPSRWRHOLPLQDWH WKHHUURQHRXVO\GHWF
WKHPLVVLQJEHDWY 5HFHQWO\ QHXUDO QHWZ
QLILFDQWO\LPSURYHG EHDW WUDFNLQJ VWDW F
WRZDUGV MRLQW EHDW DQG GRZQEHDW WUDFNL

(QVHPEOH DSSURDFKHV KDYH DOVR EHHQ SUR
LQJ ZKLFK XVHV PXWXDO DJUHHPHQW EHWZHHC
WR LPSURYHEHDW WUBR S LIS | $IOUH RIIRE Q F H
DSSURDFKLV XVHIXOWRLGHQWLI\SLHFHV WKDW
LQJ DQG DOVR WR FUHDWH D GDWDVHW RI VXFK
DJUHHPHQW EHWZHHQ EHDW WUDFNHUV LQGLFD
WR WUDFN IRUWKHDXWRPDWLFEHDW WUDFNHU
IXUWKHU EH XVHG WR LPSURYH EHDW WUDFNLQ.
EHDW WUDFNHUV

%HDW WUDFNLQJALBWR\LIR OSRGVWDYVEHHQ D SD|
OXVLF ,QIRUPDWLRQ 5HW UL HNDDO OFHKDIPHIVL Q P ;
LWV LQFHSWLRQ 7KHUH DUH DOVR VHYHUDO GD
IRUHYDOXDWLQJ EHDW WUDFNLQJ DOJRULWKP\
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+RO]DSIHO HW % DO O UR R PRXDR/@ YAMWD O
'L[RQ *XR\RQ :LGP®WUFN 6FKHGO5:&
GDWDHOVR +DLQVZRUWRIGOWRWHWWK ODFOHRG
OF.LQQH\ ORWDVKW YV OF.LQREG PRUH
UHFHQWO\ WKH *7=$1 05KI WKPEG® WDNWHQWHO 3HH
WKDW DGGV WKH EHDW GRZQEHDW DQG VZL
*7=$1 GDWIOIDAWWDNLY &RRMVH WKH %DOOURRI
GDWDVHW WR HYDOXDWH RXUDSSURDFKHV LQ W
'HVSLWH D VLIJQLILFDQW HIIRUW EHDW WUDFN
WR EH VLIJQLILFDQWO\ LPSURYHG IRU XVH LQ SU
VXIITHU IURP PHWULFDO OHYHO DPELJXLWLHV DQ
RWKHU PXVLFDO JHQUHV 7KH EHDWV DUH DVVX
ZKLFK LV DQRWKHU OLPLWDWLRQ RI WKH EHDW \
+RZHYHU VHYHUDO LPSURYHPHQWY KDYH EHHQ
WKH SHUIRUPSIMWE DQG *YyRHBORUH WKH XVH RI
YRLFH VXSSUHVVLRQ WR LPSURYH EHDW WUDFN
WXDO DJUHHPHQW RI VHYHUDO EHDW WUDFNHU\
D FRQILGHQFH OHYHO WR WKH EHDW WUDFNLQJ
VDPSOHV GLIILFXOW+IRQ] B B DHAD W WDV
+RO]DSIHO 'DYLHV 20LYHLUD *RX\RQ

kXjX9 hBK2 bB;M im 2 2biBK iBQM

$XWRPDWLF UK\WKP DQQRWDWLRQ SUREOHPV D!
EHDWDQG WHPSR WUDFNLQJKDYHEHHQ OHVYV H|
PXQLWMLQ]D XVHG EHDW WUDFNLQJWR SHUIRUF
WHU GHWHFWLRQIRU ZHVWHUQ PXVLF XVLQJD E|
DSSURDFRFR/MMEDQG 8FKLKXVEHVWHG D QHZ EHD
VSHFWUXP IRU UKSW®IR DQG @ MHIYWHQGHG WKH
WHPSR WUDFNLQJIUDPHZRUN IRUWLPH VLJQDW
PDWLRQ RQ SHUFXVVLYHPXVLF

L QWKHPHWKRGSNRORYMGEAWRQRSRXORYV DQC
LGLY WLPHVLJQDWXUHLV HVWLPDWHG IURP D
FRPSXWHGIQRPHTXHQF\&HSVWUDOR[R HIILFLHC
WUDFWHG IURP WKH DXGLR VLIJQDO 7R WKLV HQ
PDWUL[DUHDVVXPHG WR EH FDXVHG E\ UHSHWL'
ULFDO VWUXFWXUH RI WKH SLHFH +HQFH WKL)\
SXOVDWLRQVLQ DSLHFH EXW UHOLHV RQ H[LVW
JHQHUDO UH S 19 Y\RLAM. R\Y ¥ W 19 WU K& F-DDXW KU H V
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FDSWXUH WLPEUDO FKDUDFWHULVWLFV LW FDQ
ORFDO WLPEUH DUH XVHG E\ WKH DOJRULWKP 7
RQ (DVW (XURSHDQ PXVLF VW\OHV LQFOXGLQJ*
PXVLF

kXjX8 .QrM#2 ii +FBM;

'RZQEHDW WUDFNLQJLVY WKHHVWLPDWLRQ RI W|
WKH EDU 7KHPHWKRGV GHVFULEHG LQ WKLV VH
WKHLGHQWLILFDWLRQ RI GRZQEHDWY ZLWKLQ \
PDLQO\ PXVAF WLWK DLIQDWXUH KDV EHHQ WKH |
XDWLRQV XVXDOO\LQ WKH IRUP RI FROOHFWLR
DQG RUFODVVLFDO PXVLF

7KH DSSURD F K SHMHVQDAHEGIE\X ALE/GEHD\V H G
RQ WKH DVVXPSWLRQ WKDW SHUFXVVLYH HYHQ'
WHQG WR EH FRUUHODWHG ZLWK WKH GRZQEHD\
SDUWLWLRQ DQ DXGLR VLIJQDO LQWR EHDW VHJF
RIHDFK VHIJPHQW QHJOHFWLQJIUHTXHQFLHV D
PDJQLWXGH GLIIHUHQFHVY EHWZHHQ DOO QHLJK
SXWHG 6XEVHTXHQWO\ IRUD JLYHQ EDU OHQJV
RIEDUOHQJWK GLVWDQW VHIJPHQWY WKDW LV U}
WUDO FKDQJH LV FKRVHQ DV GRZQEHDWYV

+RFNPDQ 'DYLHV DQGSX¥MNORWHG DQ DOJRUI
IRUGHWHFWLQJ GRZQEHDWV LQ PXVLFVLJQDOV
MXQJOH DQG GUXP DQG EDVV JHQUHV RI PXVLF
ELQHV LQIRUPDWLRQ IURP ORZOHYHO RQVHW H°
LFLW\ LQIRUPDWLRQ IURP EHDW WUDFNLQJ DQf
IURP D UHJUHVVLRQ PRGHO WUDLQHG ZLWK FOD
SURDFKLVDQH[WHQVLRQRIDGRZQEHDW GHWH|
-HKDQ WKDWDSSOLHVVXSSRUWYHFWRUUHJUF
WKHUHJUHVVLRQ FRQVLVW RIOHO IUHTXHQF\ VS
QHVV GHVFULSWRUV DQG FKURPD IHDWXUHV D
DUDWH EHDW VHIJPHQWYV 7 KHRFNADI/HRQDHUR S
FRPSULVHV D SRVW SURFHVVLQJRIWKHUHJUHV
DORZ IUHTXHQF\RQVHW GHWHFWLRQ DQGD EH]|
WKH SRVW SURFHVVLQJFRPSHQVDWHV IRUVSXU
WKH FRPELQDWLRQ RI WKH UHJUHVVLRQ ZLWK D
WXUH LV PRWLYDWHG E\ WKH IDFW WKDW VWURQ
FDWHG DW WKH GRZQEHDW IRUWKH IRUP RI PXVL
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'RZQEHDW HVWLPDWLRQKDVEHHQDGGUHVVH
LQJODSXUL HW3BIGIWHUYV 3D SD G RBRWORVL QJ
LOQDMRLQWHVWLPDWLRQRIEHDWVDQG GRZQEH
ELOLVWLFIUDPHZRUNLV XVHGWRHVWLPDWH WK

kXjXe J2i2 i +FBM;

ORVWRIWKHDSSURDFKHY SUHVHQWHG VR IDU FF
WUDFNLQJDQG GRZQEHDW WUDFNLQJDV VHSDU
WLPDWLQJ WKH WHPSR EHDWV DQG WKH GRZQE
DVPHWHU WUDFNLQJ 5HFHQW DSSURDFKHV LQ
FHVVIXOO\ DSSOLHG %D\HVLDQ PRGHOV WKDW |
GRZQEHDWY WRIJHWKHU XVLQJ UK\WKPLF SDWV
GHWHFWLRQ IXQFWULRRBY BDW CHDWNX U.RI\HE V
'LGPHU .UHEV +RO]DSIHO W BOQW LQWHUHV
KDV DOVR EHHQ WR H[SORUH GHHS QHXUDO QHW
ZKHUH PXOWLSOH PXVLFDOO\LQVSLUHG IHDW X
SHFWV RI PXVLF KDXWBEHEH QoXMHIR 'DYLG SLFK

ZLWKH[WHQVLRQVWKDW XVHGIHDWXUHDG
UDO QHWXZRDNE %HOOR 'DYLG S5LFKDUG

kXjXd 1p Hm iBQM K2 bm 2b

7KHUH DUH VHYHUDO PHDVXUHV WKDW KDYH EH
LQJ WKH DFFXUDF\ RI SHUIRUPDQFH RI EHDW DC
'‘DYLHV 'HJDUD 3O0OXPEMMHYWLQJ ZLWK DQ DQQTF
GDWDVHW ZLWK EHDW PDUNHG DXGLR WKHVH PF
UDF\RI EHDW ORFDWLRQV HVWLPDWHG FRQWLC
ULFDO OHYHO DW ZKLFK WKH EHDWV ZHUH WUDF
LQIRUPDWLRQ WKHRUHWLF PHDVXUHY SURSRVH
EHDW WUDFNLQJ HUURUV ZKLFK PHDVXUHV WKF
WZHHQ WKHDQQRWDWLRQV DQ®M K& QNWLPDWH
ORHODQWY 'DYLHV DGGHYBI®XWD VXUYH\ RI WKF
IRUPDQFH RIVHYHUDO EHDW WUDFNLQJDOJRUL
UDF\ PHDV)RWHR/XU HYDOXDWLRQ ZH XVH WKH I F
PDWLRQ JOLDQ &REPHDVXUHV 7KHVHPHDVXUHV D
DFWHUL]JHG E\D VHW RI GLYHUVH SURSHUWLHV I

$Q LPSOHPHQWDWLRQ RI WKH HYDO XDIWIfRQ PHDVXUH'
+Q/2XbQMM/bQ7ir "2X +XmFfT ' QD2+ibf#2 i@2p Hm iBQMf
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WUDFNLQJHYDB®XDWHIROMDYXUHYV DUH QRZ H[SO
IRUWKH WDVN RI EHDW WUDFNLQJ EXW H[WHQC
ZHOO ZLWK WKHVDPHWROHUDQFHV
JRUDPXVLFSLHFH JLYHQWKHJURXQG WUXWK
PDWHG EHDW VHTXHQFH DEHDWLVPDUNHGDVF
LQVLGH D WROHUDQFH ZLQGRZ DURXQG D JURXG
| PHDVXUH GHQ@QRMKH® BLVVHUWDWLRQ LV D QX
0 DQGFRPSXWHG DV WKH KDUPRQLF PHDQ RI WKH
WLRQ UHWULHYDO SI$UHRURQEFHEOBW UV ER Q
p LVWKHUDWLREHWZHHQ WKH QXPEHU RIFRUU
DOO GHWHFWHG EHDWW KZHK UOM UR EBIGMZ HH Q WK |
RI FRUUHFWO\ GHWHFWHG EHDWV DQG WKH WRV
PHDVXUHFDQ WDNH D PD[LPXP YDOXHRI ZKLOH
RIIl EHDW UHODWLYH WR DQQRWDWLRQV ZLOO E*t
(VWLPDWHG EHDWV ZLWK WLPH VSDQV HLWKHU K
WLPH VSDQ DUH SHQDOL]JHG ZLWK D YDOXH RI
7KH &QPHDVXUH &RUUHFW OHWULFDO /HYHOV
DQXPEHUEHWZHHQ DQG LVWKHUDWLREHWZ
UHFWO\HVWLPDWHG EHDWYV GLYLGHG E\ WKH QX
WDNHV WKH YDOXH RI RQO\IRUVHTXHQFHV WK
QRWDWLRQV ,W GRHV QRW SHQDOL]H GLVFRQW
WKH 08 RUUHFW OHWULFDO /HYHOV FRQWLQXLV
EXW SHQDOL]HV DQ\EHDWV WUDFNHG DW KDOI R
DQQRWDWHG PHWULEO R ZHE/HHOW BQFDO /HYHOV .
FRQWLQXLW\UHTXLUHG LO/IDAG/ZRKBI QX EEBDWE H W
VHTXHQFHV DUH FRQVLGHUHG DV FRUUHFW LI W
EHDW RUDUH GRXEOH RU KDOI RI WKH DQQRWTC
PHWULFDODPELJXLWLHY 7KHYDOXHRIWKLV PH
WZHHQ WKH QXPEHU RIFRUUHFWO\HVWLPDWHG
EHURIDQQRWDWHG EHDWV 6LPLODU WR | PHDV
LQ WKH HVWLPDWHG EHDWV DUH DOORZHG E\ DS
EHIRUH FRP S XWDQGVSEPHHO/X UH V
,QIRUPDWIL RO PIVLIQN GHWHUPLQLQJLIWKHUH F
RIUHODWLRQ EHWZHHQ WKH HVWLPDWHG EHDW\
GLFDWHV KRZ PXFK LQIRUPDWLRQ WKH HVWLPD'
WKH DQOQRWDWLRQV ,W XVHV WKH HQWURS\ RI"

HJ 0,5( 20iT,ffrrrXKmbB+@B XQ ;fKB 2tfrBFBfkyRKk,
m/BQn"2 inh® +FBM;
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DQG FDQ EH LQWHUSUHWHG DV DQ LQIRUPDWLR
PHDVXUH LV D QXPHULFDO VFRUH WKDW WDNHV
FRPSOHWHO\ XQUHODWHG VHTXHQFHV DQG E\ X
RI ELQV LQ WKHEHDW HUURU KLVWRJUDP D P
ELWV IRUKLJKO\UHODWHG EHDW VHTXHQFHV 7L
EHWZHHQ DQ DQQRWDWLRQ DQG DOO EHDW HVW
OHQJWK ZLQGRZDURXQG WKHDQQRWDWLRQ 7K
LV IRUPHG IURP WKH UHVXOWLQJ WLPLQJ HUURL
VFRUH LV GHULYHG E\PHDVXULQJWKH . /GLYHU.
VHUYHG HUURU KLVWRJUDP DQG WKH XQLIRUP G

kXjX3 _?vi?K bBKBH "Biv K2 bm 2b

'"HILQLQJ DQG H[WUDFWLQJPXVLFVLPLODULW\ L
HDVORS $QLPSRUWDQW FRPSRQHQW RIGHILQLQJ
EHWZHHQ WZR PXVLF SLHFHV LV UK\WKPLF VLPL:
VXUHV WR FRPSDUH UK\WKPV KDYHEHHQ H[SORU
VIPEROLFVFRUHV 7KHVHUK\WKPVLPLODULW\P
LQ FRPSXWDWLRQDO PXVLFRORJ\WR FRPSDUH U
5K\WKPVLPLODULW\PHDVXUHV KDYHEHHQ XV}
SDUH UK\WKPV WUDFHDQFHVWU\RIUK\WKPV XV
VHV WRPDWFKSURWRW\SLFDO UK\WKP SDWWHU
7RXVVDLQWLVFXVVHV VHYHUDO PHDVXUHV DQG
EDVHGRQKRZPXFKLQVLJKWWKH\SURYLGHDER!
WKDW H[LVW DPRQJIDPLOLHV RI UK\WKP

2QH DSSURDFK WR FRPSDUH UK\WKPLF FRQWH
LQJRQVHW SDWWHUQV 23 TRKIOHL \EE R Q DW SHRIW \
6FKHGO DQG .QHHWDUWLQJ IURP D PDJQLWXGH
REWDLQHGGBITURPI WKHR QRSKRQLF SLHFH RI PXVLI
RI HQHUJ\ FRHIILFLHQWY DUH FRPSXWHG LQ O
IUHTXHQF\EDQGY $EDQG ZLVHDFFHQW VLJQDC
SO\LQJD PRYLQJDYHUDJHILOWHUDQG KDOI ZD"
RIWKH EDQGW?79) RSHR@®LQJRQ ORQJHU WLPH
VHFRQG ZLQGRZ ZLWK VHFRQG KRS LV DSSOLH
DFFHQW VLJQDO 7KLV ZD\ D GHVFULSWLRQ RI S
DV 23 IHDWRQJBSIHO )OH[HU LNVGAEWDLQHG IRU
EDQGYV SHURFWDYH DQG SHULRGLFLW\RFWD"
%30 7KHUK\WKPRIDZKROHVDPSOHLVGHVFULE
23 REWDLQHG IURP WKH YDULRX3RKIDHPHW WO RI W\
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VKRZHG WKDW FRPELQLQJ UK\WKPLF GHVFU
FRPSRQHQW LPSURYHG WKH SHUIRUPDQFH RI Wtk
ODULW\FRPSXWDWLRQRQWKH3%DOOURRP'DQF
GDWDVHW

+RO]DSIHODQG 6 WXQHMIRXVFDOH WUDQVIRUP
SXWH UK\WKP GHVFULSWRUV WR FODVVLI\ *UHH
7XUNLVK WUDGLWLRQDO VRQJV 7KHILUVW VWH
FHQW VLJQDO 7R WKLV HQG WKH VXP RI WKH
QDOV XVHG IRUWKH 23 IHDWXUHV DUH DSSOLHG
GHVFULELQJ WKH QRWH RQVHW FKDUDFWHULVW
LQJ ZLQGRZV RI HLJKW VHFRQGY OHQJWK DXWR
DUHFRPSXWHG IURP WKLV DFFHQW VLJQDODQG
VFDOH GRPDLQ E\ DSSO\LQJ D GLVFUHWH B6FDOH
SLHFH WKH PHDQ RI WKH 6FDOH 7UDQVIRUP 0D.
WDLQHGIURPDOOWKHDQDO\VLV ZLQGRZV DUH V
UK\WKPLF FRQWHQW RI WKH SLHFH %RWK WKH F
PLFD[LVRIWKHPDJQLWXGEHY WXW B Bl NHDRVRXQUEH V
DQG WKH DSSOLFDWLRQRID6FDOH WUDQVIRUP
YLGH YDU\LQJ GHJUHHV RI UREXMR\OQBISMWR WH
DQG 6W\OLDGRRYLGH PRUH GHWDLOV DQG WKH }
WLRQ RI SDUDPHWHUV RI WKH WZR GHVFULSWRL
DOVR VKRZQ WR FDSW XUV K © HWD Q RDSUIRIDHPUHW |
ZRUN LQ 7XUNLVK PDNDP PXVLF DQG KDV EHHQ )
VIPEROLFWUDGLWLRQDO 7XXWX®KFP|PBLA®FRUH
BW\OLDQRXRO]DSIHO HWSDOFXVV LPSURYHG G
VFULSWRUV IRUUK\WKP VLPLODULW\

JRXORXOLYV 3DSDGHOLY 3DVWLBGHVY HIQN 3D S
D VI\VWHP FRQWDLQLQJ WZR DUWLILFLDO QHXUL
VHOI RUJDQL]LQJ QHXUDO QHWZRUN FDOOHG 6
/ID\HU 3BHUFHSWURQ WKDW UHFHLYHV D VHTXHQ
SHUIRUPHG UK\WKP SDWWHUQ DV LQSXW DQG |
RI SURWRW\SLFDO UK\WKP SDWWHUQV VKRZLQJ
W\SHRIQHWZRUNDUFKLWHFWXUHPD\EH VXFFH®
LW\EHWZHHQ D SURWRW\SLFDO UK\WKP SDWWH L
3DUU\DQG (VSDRSRVHG D VLPLODULW\PHWULFE
PLFHODERUDWLRQ WKDW PDWFKHV UK\WKPV WK
JDUGOHVVRIWHPSRRULGHQWLFDOQHVYV 5K\WE
DQDSSOLFDWLRQ GHFLGH ZKHUH WR WUDQVLWL
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kKXjXN .QK BM@bT2+B}+ TT Q +?2b

,QFOXGLQJGRPDLQVSHFLILFPXVLFNQRZOHGJH
DOJRULWKPV LVDQLPSRUWDQW IRFXV RI WKH G
WUDFWHG ORZ OHYHO DXGLR IHDWXUHV ZHFDQ
NQRZOHGJH WR GHULYH PLG OHYHO UHSUHVHQMW
OLHU DIHZH[DPSOHV RIVXFKPLG OHYHO UHSUF
HOW\IXQFWLRQV XVHG IR UNVRWYFWHXHPDO VHIPH
SRJUDP DQG 3UHGRP L ®ODRWF KRF DG G&® 8 V H
7KRXJK WKHVH IXQFWLRQV DUH QRW JHQHUDOO!
FLILF SDUDPHWHUV ZH FDQ HDVLO\ H[WHQG WK
EDVHG RQ WKH PXVLF FXOWXUH H J WKHNHUQH
WDWLRQ

7KHUHDUH VHYHUDO PDFKLQH OHDUQLQJDOJI
GRPDLQ VSHFLILF SULRUVLQWR WKHLUPRGHOL
DELOLVWLF JUDSKLFDO PRGHOV DOORZ IRU LQF(
DQG HQFRGH FRPSOH[ UHODWLRQVKLSV B6LPSO
FOXGHWKHNLQGV RI SULRUVDQG UHODWLRQVK
LQ}¥DGGHQODUNRY PRGBG HQ@OUHPL ODUNRY PRG
DOORZ XV WR HQFRGH H[SOLFLW WLPLQJLQIRUP
ZKLFK PLJKW EH YHU\ XVHIXO IRU WUDFNLQJ UK
SORUHG ZLWK VRPH SURPLVH KRUHBOK BHKE QHFRJ!
BULQLYDVDPXUWK\ DQGBRRAUBDDHVLDQ 1HWZRU
‘%1 OXUSK\ EDVHG PRGHOV KDYH EHHQ VXFFH
SOLHG IRUEHDWDQG GRZQEHDW WUDFNLQJ DQC
&RQWH[W DZDUHQHXUDO QHWZRUNWJEKWGLVFXV
DOVR EH XVHIXOWREULQJWKHPRGHOLQJFDSDE
WR PRGHOLQJVWUXFWXUHG GDWD VXFK DV PXVL

kX]XRy S2 +mbbBQM T ii2M M HvbBb

2QHRIWKHPDLQ SHUFXVVLRQ SDWWHUQDQDO\V
VFULSWLRQIURPDXGLR OXVLFWUDQVFULSWLR
DOQODFRXVWLFPXVLFDOVLIQDOVRDVWRZULWH ¢
GXUDWLRQ DQG VRXUFH RI HDFK. ORSQKGWKDW F
'DY\ SHUFXVVLRQ WUDQVFULSWLRQ IRFX\
DQG DLPV WR WUDQVFULEH DQ DXGLR UHFRUGL(
VROR LQWR D VHTXHQFH RIV\PEROLF GUXP VWU
SURPLVLQJ UHVXOWY KDYH EHHQ DFKLHYHG LQ
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*LOOHW S5LFEBDEOXV 9LUWDIQWMIIJHUDOG
3DXOXV VWDWHRIWKHDUW PXVLF WUDQVFULS
FOHDUO\LQIHULRU WR VNLOOHG KXPDQ DQQRWTI

ORVW ZRUNVRQPXVLFWUDQVFULSWLRQKDYH
SLWFKHGLQVWUXPHQWY +RZHYHU UHFHQW\HC
LQJ LQWHUHVW IRU WUDQVFULELQJ QRQ SLWFK
7KH SHUFXVVLRQ LQVWUXPHQWY LQYHVWLJDWH
WDVNVIDOOLQWRWZRPDLQFDWHJRULHV PHPE
WKDW KDYH D VWUHWFKHG PHPEUDQH RU VNLQ
F\PEDOV WKDW SURGXFH VRXQOHMWPKMKHLU Rz
5RVVLQJ

7RDGGUHVVWKHSUREOHPRISHUFXVVLRQ WU
EDVHG VW.WBPRAW 5LFEPRXG\RQ +HUUHUD &DQR

*RWR OXUDRNROOHW 5LFKRDGHEHHQ
SURSRVHG WKDW VHIJPHQW WKH LQSXW VLJQDO L
SHUFXVVLRQ DQG WKHQ H[WUDFW DQG FODVVLI
PHQWVY WR XQFRYHU LWV PXVLFDOO\ PHDQLQJI}
VHWV $Q DOWHUQDWLYH WR WKLV DSSURDFK L
WLRQ EDVHG PHWKRGV WR GHFRPSRVH WKH LQS
VLV IXQFWLRQV WKDW FDSWXUH WKH RYHUDOO \
VRXUFHV &RPPRQO\XVHG VRXUFH VHSDUDWLR
VXFKDVLQGHSHQGHQW FRPSRR® @W DIMDIOXML V
ODWUL[)DFWRULDWHBQRYHQ WR EH XVHIXOLQ S
RQVHW GHWHFWLRQ WDVNV HVSHFLDOO\ZKHQT
HQW SHUFXVVLRIDXQXWUIPH\WB&EQDIGLV

D ES$EGDOODK 30XPEOH\

$ SDUDOOHO WR QDWXUDO ODQJXDJH FDQ EH G
GUXP SDWWHUQV SDWWHUQV FRPSRVHG XVLQJ
DQDORJRXV WR ZRUGV $ FRUSXV ZLGH DQDO\V
XVLQJD GDWD GULYHQ QDWXUDO ODQJXDJH SUR
VHQWHEDBXRK DQG 'L[RAGHQWLI\LQJ WKH DQDOR
WZHHQ UK\WKP SDWWHUQV DQG QDWXUDO ODQJ:

1IDNDQR 2JDWD *RWR BIQSSOHRWHG B UXP SDW W |
UHWULHYDO XVLQJ YRFD:D G HEDNX\GVRERU RVER J |
7KH\ XVHG RQRPDWRSRHLD DV WKH LQWHUQDO
SDWWHUQV ZLWKDIRFXVRQUHWULHYLQJNQR?Z
OLEUDU\ RI GUXP SDWWHUQV ZID/8K YV QBH® DQG E
QLQJ DQG 7]DQHWSNARVYHG TXHU\E\EHDWERI[LQJ
WR PDSWKHEHDWER[LQJVRXQGVLQWR WKH FRU



%DFNJURXQG

$ GLVWLQFWLRQ WR EH QRWHG KHUH LV WKDW L
VXFKDVEHDWER[LQJ WKHYRFDOL]DWLRQV IRUTF
DPHDQV IRUWUDQVPLVVLRQ ZKLFK LV WKH FDV
,QGLDQ DUW PXVLF SHUFXVVLRQ

ORUH UHBI®DQWRYV DQG .ODKDXYH. SURSRVHG WKF
XVHRIFRQQHHAWHGUXP WUDQVFULSWLRQ LQ SR
VLFKRPSVRQ 'L[RQ DQG APXFRUHG WKH WDVN
GUXP WUDQVFULSWLRQE\FODVVLI\LQJEDUOHQ
LQJORZOHYHO WLPEUH IHDWXUHV DQG ORQJ WH
SDWWHUQV %RWKWKHVHDSSURDFKHV DLP WR V
DQG QRW RYHUDOO WLPEUHV GXH WR FRPELQDMW
VIOODELF SHUFXVVLRQ LV PDGH +RZHYHU DOO
LQGLUHFWO\DQG LPSOLFLWO\ XVHG VRPH IRUP
WLRQV IRUGUXP SDWWHUQV

KX9 2H2p Mii2+?MB+ H +QM+2Ti

7KHWKHVLVY XVHVVHYHUDO ZHOO HVWDEOLVKHG
FHVVLQJDQGPDFKLQHOHDUQLQJDOJRULWKPYV |
DXWRPDWLFUK\WKP DQDO\VLY SUREOHPV 7KHU
DYDLODEOH WR VWXG\DQG XQGHUVWDQG WKRV|
GHSWK DQG KHQFHRQO\DEULHIPHQWLRQ RI WK
UHIHUHQFHVWRWKHUHVRXUFHVDUHSURYLGHG
LVWR OLVW WKHDOJRULWKPV DQG WHFKQLTXHV
HQFHV IRUD EDFNJURXQG VWXG\ DQG KHQFH WK
KHQVLYHLQ GHVFULSWLRQ

kX9XR " v2bB M KQ/2HDb

$ SUREDELOLVWLF JUDSKLFDO PRGHO LV D SURI
SUHVVHVY FRQGLWLRQDO GHSHQGHQFH EHWZHH
JUDSK $ %D\HVLDQ PRGHO RUD %D\HVLDQ QHW
WLF JUDSKLFDO PRGHO WKDW UHSUHVHQWYV D VF
DQG WKHLU FRQGLWLRQDO GHSHQGHQFLHV ZL\
*UDSKLFDOPRGHOVDUHJHQHULFPRGHOVDQGP
WLYDULDWH SUREDELOLVWLF WOOWB@G H J PL
.DOPDQILOWHUV DUHVSHFLDO FDVHV RIJUDSK



SHOHYDQW WHFKQLFDO FRQFHSWYV

'LWK D IXQGDPHQWDO GHSHQGHQFH RQ WLPH
WR DFFXUDWHO\UHSUHVHQW UK\WKP DQG PHWU
RQ VHTXHQWLDO GDWD IURP DXGLR IHDWXUHV [
SRUDWH VHYHUDO GLIIHUHQW YDULDEOHV ZLWEK
ZRUN '\®DPLF %D\HVLD @LHOWZRIMK LV

ZHOOVXLWHGLQVXFKFDVHV VLQFHLWUHODWH
FRQGLWLRQDO LQ G H S¥ QLG/HQFAHUHUDIOW LR VR §
WKH WUDGLWLRQDO OLQHDU VWDWH VSDFH PRG
VWRFKDVWLF PRGHAO YD §BFRURY WEHV D JHQHUDO
DELOLVWLF UHSUHVHQWDWLRQ DQG LQIHUHQF#
OLQHDUDQG QRQ JDXVVLDQ WLPH GHSHQGHQW

"% 1WHQFH SURYLGH DQ HIITHFWLYH DQG H[SOL
GHSHQGHQFH UHODWLRQVKLSY EHWZHHQ GLIIHL
LQPXVLFDQGDUH IXUWKHU H[SORWHG IRU PHWH
DVSHFLDO'BOWKBILY XVHG IRUPRGHOLQJ SHUF!
ODEOHV LQ WKH WKHROLWVH 7 M) ER R N HE® DD Q
FRPSUHKHQVLYH JXLGH IRU SUREDELOLVWLF JU
SUDFWLFDO D}YOUKBEPMWER®Q H[WHQVLYHO\ XVH(
FKLQH OHDUQLQJ UH YV H-DIDFIXO B Q G ZIDW K FWKRI /DRU
SUREOHPV DUH GLVEXVVHG LQ D EBHELQ®HU IULH
$ FRPSUHKHQVLYH UHVRXUFHWMR XQGHUVW
LQWKHRU\DQG WR SUDFWLFDRWSK\OLFDWLRQV |

,QIHUHQFHLQ %D\HVLDQ PRGHOV

,QIHUHQFH ZLWK D EXLOW %D\HVLDQ PRGHO UH
ZKLFK ZHHVWLPDWH WKH SUREDELOLW\ GLVWUL
NQRZQ YDULDEOHV RUDWWULEXWHY JLYHQ W
RWKHU YDULDEOHYVY ,Q WKH FRQWH[W RI UK\WKI
UHIHU WR XVLQJ WKH:*REVHUYHG  DXGLR IHDWX
WR HVWLPDWH WKH XQNQRZQ UK\WKP DQG PHWH

([IDFW LQIHUHQFH LQ %D\HVLDQ PRGHOV LQ L
YROYHV PDUJLQDOL]LQJRYHU YDULDEOHV WR R
WKH UHTXLUHG VHW RI YDULDEOHV DFKLHYHG I
IDFWRULQJ YDULDEOH HOLPLQI3WEBRWLRG RWK |

'LWK WKH H[FHSWLRQ RI VRPH WR\ H[DPSOH
LV FRPSOH[ ZLWKRXW FORVHG IRUP VROXWLRQ\
PRGHOVDQG KHQFH ZH UHVRUW WR DSSUR[LPDW



%DFNJURXQG

7KHUH DUH HIILFLHQW LQIHUHQFH DOJRULWKI
SUREOHMBY IRQH VXFKEHLQJ WKH®D®IHUEWL DOJR
WR GHFRGH WKH PRVW OLNHO\ VHTXHQFH R
DQREVHUYHG IHDWXUH VHT %H @FHT X8 @RUB GRP |
ORQWH &DUCPRHVERRGYV DUH RIBORP® HWKR®Y Y H
DOVR FDOOHG SDUWLFOHILOWHUV DUHDFODV
JRULWKPV WKDW KDYHEHHQHIIHFWLYHO\DSSOL
GHQVLWAHWIDUWLFOH ILOWHUYV DUH XVHG IRU H
PDWH LQIHUHQFH LQ %D\HVLDQ PRGHOV DQG DU
WKH W XWRUAHDW BEQG -RKDQVHQ

kX9Xk aT22+? 2+Q:MBiBQMi2+?MQHQ:B

$XWRPDWLF VSHHFK UHFRJQLWLRQ DLPV WR EX|
IRUDXWRPDWLF XQGHUVWDQGLQJRIVSHHFK Sl
VFULELQJVSRNHQ XWWHUDQFHV LQWR ZULWWH
,&MRU QDWXUDO ODQJXDJH SURFHVVLQJ LW KD\
D ODUJH UHVHDUFK FRPPXQLW\ RYHU WKH SDVW
HYROYHG LQWR D PDWXUH UHVHDUFK DUHD ZLW
IRUWKHWDYN 'HQJ :KLOH UHVHDUFK FRQWLQ
VSHHFK UHFRJQLWLRQ RQ VHYHUDO RSHQ SURE
WR XWLOL]JH VRPHRILWY SURYHQ WHFKQRORJLH
RIRXV WOMNMMHUH LY H{TWHQVLYH OLWHUDWXUH
QLWLRQ ZLWK FRPSUHKHQVLYH GHDRULSWLRQ
$ULNL DQG -DFDNELQHU DQG - OmMEBIUHFHQWO\ E\
+XDQJDQG 'HQBHUFXVVLRQ VIOODEOHV SURYLC
IRU SHUFXVVLRQ ZLWK D VLJQLILFDQW DQDORJ
H[SORUH WKH XVH RI VSHHFK UHFRJQLWLRQ WRHF
WUDQVFULSWLRQDQG GLVFRYHU\
3HUFXVVLRQWUDQVFULSWLRQIROORZV WKH V
UHFRJQLWLRQ DLPLQJWRWUDQVFULEHDQDXGI
RI VIOODEOHV $ VWULQJVHDUFK RQ WUDQVFUL
XVHG WR VHDUFK IRUSDWWHUQV XVLQJVWULQJ
WUDQVFULSWLRQ LV RIWHQLQDFFXUDWH ZLWK |
VHDUFK RQ WUDQVFULEHG GDWD QHHGV WR XVH
ULWKPYDUUR 7KHUH DUH VHYHUDO RWKHU DW YV
ZLWK VHDUFKLQ VIPEROLFVHTXHQFHV PDQ\DUI
7\SNH :LHULQJ DQG 9HOMDNODHP[SORUHG WHFKQL
IRUPXODWH S D WRVHIHY WHSCRIPFRKRIQV6 X EVHTXHQFH



SHOHYDQW WHFKQLFDO FRQFHSWYV

SUREOHP +RBBRHY QRW FRQVLGHU WKH ORFD(
ZKLOH VHDUFKLQJ IRU® VXEV-BDXYHQFR
RYHUFRPH WKLV@®HMIISWRB® VHGBXIRY HO
JRQJHVW &RPPRQ 6XEV IPHX\HKRGI BULBXVLF PDWF
LQJ WKDW ZH DGDSW IRUWKH SUREOHP RI DSSU
WKH WKHVLYV






&KDS\J]HL.

MiQK iB+ ?vi?K
M HvbBb Q7 AM
1T KmbB +

$ SUREOHP ZHOO VWDWHG LV D SUREOHP

&KDUOHV . HWWHULQJ

7TKHIRUPXODWLRQRIWKHSUREOHPLVRI
WLDO WKDQ LWV VROXWLRQ ZKLFK PD\ E|
RIPDWKHPDWLFDO RUH[SHULPHQWDO V!

$OEHUW (LQVWHLQ

$XWRPDWLF UK\WKP DQDO\VLV RI ,QGLDQ DUW F
SORUHG V\VWHPDWLFDOO\ ZKLFKIXUWKHU PHD
SRUWXQLWLHVDQGUHOHYDQW UHVHDUFK SURE
VWXGLHG 7KH FKDSWHU SUHVHQWY WKH HIITRU\V
DUHD E\LQWURGXFLQJ VHYHUDO UHOHYDQW UH'
YLHZ RI WKHVWDWHRIWKHDUWLQ WKHVH SURE
'LWK WKHEDFNJURXQG IURP DOO WKH UHOHYDQ
GHILQHDQGIRUPXODWH WKHWKHVLY SUREOHPV
FXVVLRQ SDWWHUQ GLVFRYHU\ 7KH PDLQ REMHI

7RLGHQWLI\ SUHVHQW DQG GLVFXVV PDLQ Fl
UK\WKP DQDO\VLV LQ ,QGLDQ DUW PXVLF



$XWRPDWLF UK\WKP DQDO\VLV RI ,QG

7RLGHQWLI\ SUHVHQW DQGGLVFXVVPDLQRS
UK\WKP DQDO\VLV LQ ,QGLDQ DUW PXVLF

7RLGHQWLI\VHYHUDO LQWHUHVWLQJ LPSRUV
SUREOHPV ZLWKLQ WKHFRQWH[WRI,QGLDQ DL
FKDOOHQJHV LQ DGGUHVVLQJ WKHP DV D PHD
IRUIXUWKHU IXWXUH ZRUN LQ UK\WKP DQDO\VI

JURP WKHUHOHYDQW SUREOHPV LGHQWLI\D YV
OHPVDQGIRUPXODWHWKHP LQ GHWDLO WR E|
RI WKLY GLVVHUWDWLRQ

7JRSUHVHQWDQRYHUYLHZRIWKHVWDWHRIWK
DQDO\VLV Rl ,QGLDQ DUW PXVLF DQG SUHVHQ
H[LVWLQJVWDWHRIWKHDUWDSSOLHG WR UK\\
DUW PXVLF

jJXR *? HH2M;2b M/ PTTQ imMBIiB:

7TKHUHDUHVLIQLILFDQWFKDOOHQJHV WRDXWR
GLDQDUWPXVLF :HHODERUDWHDQG GLVFXVVF
WLHV I[URP WKH VWDQGSRLQWYV RI VWDWH RI WKt
6RPH RI WKHVH FKDOOHQJHYVY ZLOO KHOS XV WR |
WKHH[LVWLQJ SUREOHPV WR EHPRUHLQFOXVL)
SHUIRUPDQFH 7KHRSSRUWXQLWLHV LQ WXUQ K
UHFWLRQV ROUHVHDUFK LQ

JXRXR *? HH2M;2Db

7KH PRVW LPSRUWDQW FKDOOHQJH ZKHQ DGGUF
DQDO\VLV LQ ,QGLDQ DUW PXVLF LV WKH LQFRQ
UK\WKPLF FRQFHSWV 7KRXJK ZH FDQ GUDZ DQLE
KLHUDUFKLFDO PHWULFDO SXOVDWLRQ VWUXFW
VLRQV W R DKADDELEM-WWIG-G DWEGHR UM GLDQ DUW

PXVLF WKHVHDQDORJLHVDUHPRVWO\DSSURJL
ILWWKHVHFRQFHSWYV WRBARHFRW $IRDAVDOW\HR XD
DOHQW 7KRXJK IRUWKHHDVHRIUHDGDELOLW
WLRQ ZHZLOOVWLOO XVHWKHFRPPRQO\XVHG
WR EH DZDUH RIWKH GLITHUHQFHV DQG KDQGOH



&KDOOHQJHVDQG 2SSRUWXQLWLHYV

GHILQLWLRQV RUHYHQDSSUR[LPDWH GHILQLW!I
DQHQJLQHHULQJSHUVSHFWLYHDUHDEVHQW D
ILUVW GHYHORS FRQVLVWHQW HQJLQHHULQJ GF
SULRUWR GHYHORSLQJDOJRULWKPV IRUDQDO\

‘HLGHQW IWLH®W/HWH D W W-KYHD QRASOMIIDRW
WKHPRVW LPSRUWDQW DQG PXVLFDOO\UHOHYD
VLF %XW WKH WKHR UHWLEBLY FWD EH BRIUNAYR R K
DOVR VKRZ F\FOLFDO VWUXFWXUHVVWDWITWLPH VS
F\FOH 7KHUH H[LVW VXE F\FOHV WKDW FDQ EH ¢
OHYH®LBHMHY HO L QVFHWVQWA® EH VHHQ WR KD YH
IRXU VXE F\FOWDRIY® D HDKFEKIP LODUO\ &DUQDW
PXVLF KDV VXE F\FO HVAD YQVKIIK OWKHO RW WKH |
OHYHO GH I LEQDHIBIHED VS RVA-BEIHDH ) LI XEFD Q EH
VHHQ WR EHFRPSULVHG R| \WK & BRDWKE 7REWVHV R |
LPSOLHVY WKDW GHSHQGLQJ RQ WKH PHWULFDO
PHWULFDO VWUXFWXUH LV GHWHUPLQHG E\ HLW
'KLOHWKLVLVQRWDGLVWLQFW IHDWXUHRIPHV
FRXQWHUHG TXLWH IUHTXHQWO\ KHUH )XUWKH
WKH JURXSLQJ VWUXFWXUH PLJKW DOVR YDU\ ZL
WDLQLQJWKWRDWHHPSOMI SIMREYEHQHUDOO\
GHILQHG ZD WADIRDOVE HDW D QG W KUYHDHU EVDOQDV L Q
LW PLJKW FKDQJH ZLWKLQ D SLHF D WRDEMIWUR X St
JLYLQJ WKH 3IHHO" RI D WHUQDU\ PHWHU ZLWK
OHQJWK )RUWKHSXUSRVHRIDQDO\VLVLQ WKL\
UISDIMB KDYH WKH VW UXFW XE HKK/R XQ WE HLLI XQ H
GLFDWHV WKDW LGHDOO\ WKH PHWULFDO VWU X
HVWLPDWHG DW DOO OHYHOV WDNLQJLQWR DFF
PHWULFDO VWUXFWXUH 7KLV IOWEPDED®D LW\ LQ L
WKH SUHVHQFH RIDGGLWLRQDO PHWULFDO VXE
FKDOOHKWQSMSBRRDFKHV

$ VSHFLILFFRPSRVLWLRQ FD@EH{BMQGHUHG L
WKRXJK WKH PHORG\ LV WKNMATIUDA/ R § & R WH W R
VDPH YDOXH WKH OLVWHQHU H[S\WYLRWFH YDUL
&DUQDWLB YPXVKF QDS RQBIDNLFK IRUP RI VLQJLC
FRPSRVLWLRQ VHW W RIW RVE R GHLD BE@MAHD W
OHDG PXVLFLDQ XVHV KDQG JH WASIWBHAY KR L QG L
VDPH WLPH D GLIILFXOW WDVN IRU WKH PXVLFL
DUH UDUH EXW ZRUWK D PHQWLRQ LQ WKLV FRQV
WKDWVRKB PXVLFDO SLHFHLV D SHUFHLYHG QRW



$XWRPDWLF UK\WKP DQDO\VLV RI ,QG

DQGDQREMHFWLYHWRSEDRODWHR R ROWKHQFRPS
SLEWXUH $V ZLWK PRVW RWKHU PXWLFPD FRQF
LQYROYHV D VLIJQLILFDQW DPRXQW RIVXEMHFW
$QLPSRUWDQWDVSHFWRIPHWHULQ ,QGLDQD
RI SXOVDWLRQ DW VRPH PHWULFDO OHYHO ZLWK
YLEKEQIVLQGXVWD @ABRRY BDDQGWLE PXVLF DUH
DPSOHV RI VXFK SRVVLEO\ QRQ LVRFKURQRXV S
RIDGGLWLYHPHWHU KDYH VR IDUQRW EHHQ ZLG
SXWDWLRQDO DQDO\VLVDQG SUHVHQW DGGLWL
1IHLWKHU RI &DUQDWLF DQG +LQGXVWDQL PXV
QRWLRQRIDQDEVROXWHWHPSR $Q H[SUHVVLY
PHWURQRPH FRXSOHG ZLWKD ODFNRIDQQRWD\
OHDG WR D VLQJOH FRPSRVLWLRQ EHLQJ SHUIR
DWWKHFRQYHQLHQFH RI WKH PXVLFLDQ 7KLV C
YDOXHDQGWKHFKRLFHRIDZLGH YDULHW\RIWH
SOLFDWH WKH FKRLFH RI D UHOW YIY®@HWLPHVFED
FDXVLQJIXUWKHU PHWULFDO OHYHO DPELJXLW\
,Q +LQGXVWDQLPEVABHVBKKWDWLRQV YDU\ IUR
VHFRQG LWy DVIU B RAMAR— O/HFRQG LQ DWL YLODAE
VO REA W&OD\WR QS /IRQJWLPHVFDOHV VXFK D
DUH IDUWRR ORQJ WR EH SH&OHDLWR®DY VLQJO+H
VLQFH WKH\DUH EH\RQG WKH UDQJH RI WKH SKH(
FHSWXDO SUHVHQW ZKLFK&UDERKXWWHFRQGV
VXFK ORQJWLPH VFDOHV WKH UK\WKP RI WKH S|
L]JHG E\WKH JURXSLQJ VWHXBEW KO H IANKI) SIRHF |
6XFK ORQJ F\FOHV DUH UHSOHWH ZLWK ILOC
DFRQWLQXLW\LQ SXOVH ZKLFK OHDGV D GHQV'
RIDWLPHPVSBNEWDWLRQ 7KLV LPSOLHV WKDW [
SURDFKHV IRUUK\WKP DQDO\VLY WKDW DUH VRO
RI SXOVDWLRQ IURP VXUIDFH UK\WKP PLJKW QR
LQJWKHWHPSRUDO VWUXFWXUHLQWKH SUHVHC
QDWLF PXVLF KDV D VP DO OH UNJ-IBDMPRUMHHP SR |
FRQFUHWHO\GHILQHG DQG KHQFH WKH FKRLFH
SUREOHP :LWKD ZLGHUDQJHRIWHPSR F\FOHYV
DQGQRQ LVRFKURQRXVVXEGLYLVLRQV RIWKHF
VXLWDEOH FDVH IRU H[SHULPHQWDWLRQ WR H[W
RIWKHDUWLQ PHWHU DQDO\VLV
0,5DOJRULWKPVKDYHGLIILEXOW\WUDENLQJP
KDYHH[SUHVVLYH WLPLQ-RIDQ B SBO\HQIDMDHP S R



&KDOOHQJHVDQG 2SSRUWXQLWLHYV

'XHWRWKHIUHHGRPRILPSURYLVDWLRQDQG WK
WKHUHDUHORFDOWHPSRYDULDWLRQV DQGDS
WHPSRWKURXJKWKHSLHFHRYHUWLPH %RWKR
EXWDFFHSWHG FKDUDFWHULVWLFVRI,QGLDQ D!
WLDO VRXUFH RO PDORKWQWMKFRWU ZLWK UHSHUEX
WHPSR WUDENLQJ PXVLFVLPLODULW\PDWFKLQ
WDVNV

,Q&DUQDWLMRRWDEFSWRNLGHVY D EDVLFVWUXF
WRQ WR SOD\UK\WKPLF SDWWHUQV ZLWK VLJQL
WLRQ 6HYHUDO GLIIHUHQW UK\WKPLF SDWWHUC
FDO VWU XWVFPHERISHUIRUPHG DVORQJDV WKH
VWUXFWXUHDQG OHQJWK LV PDLQWDLQHG H J
SOD\D UK\WKPLF SDWWHUQ W INK FD®EW R XSHG
XSWRNADUQD F\FOBLREVBYHUDO VXFK UK\WKPLF F
ELQDWLRQV DUHDOORZHG DQG LV D SDUW RI WK
ULHW\RIUK\WKPV SOD\HG ZLWKLQ WKHIBDVLE VN
+LQGXVWDQL PXVLF H[FHSW ZLWKLQ D GUXP VR
KDV OHVV UK\WKPLF LPSURYLVDWLRQ FRPSDUH!
LV VWLOO VLIJQLILFDQW

$ SHUIRUPDQFH RI &DUQDWLF RU +LQGXVWDQ
DQ\IRUPRIPXVLFVFRUHV ZKLOHVRPHVNHOHWTE
LQ WHDFKLQJ DQG PXVLF WUDLQLQJ 7KLV LPS(
DJUHHG VIVWHP RI ZULWWHQ PXVLF GRHV QRW H|
HUDO HIIRUWV WR VWDQGDUGL]H PHORGLF QRW
VLRQ LQ +LQG X%WDW N R & Q35D DQG &DU
QDWLF BRYLRLUDQ 7KHUH DUH DOVR UHFHQW H
FUHDWLQJ PDFKLQH UHD@REOE ULHILBOYHQWDW
YDVDPXUWK\ &KRUARZIHYHU WKH XVH RI VFRUH
LVOLPLWHGDVWKHVFRUHVDUHRQO\LQGLFDW.L
UHSUHVHQWDWLRQ RI SHUFXVVLRDEBMIWHUQV |
PULGDQJDP V\OODEOHVLVDQDFEXUDWHZD\WR
WHUQV EXW WKH V\OODEOHVY WKHPVHOYHV YDU\
UHJLRQV DQG ODQJXDJHV 7KLV LVDSRWHQWL]
VIOODELF VI\VWHP WR UHSUHVHQW SHUFXVVLRQ

,QVXPPDU\ WKHUHLVDQHHGIRUFRQFUHWH H
IRUUK\WKP FRQFHSWV LQ ,QGLDQ DUW PXVLF 7
GLDQPXVLFFDQEHPHDQLQJIXOO\WUDENHG DW
GLVWLQJIXLVKLQJEHWZHHQ WKHVHPXOWLSOH W
WKH ZLGH YDULHW\ RI WHPSR FODVVHV 7KHDEV



$XWRPDWLF UK\WKP DQDO\VLV RI ,QG

QRWDWHG WHPSR DQG H[SUHVVLYH WHPSR DUH
SUHVHQFHRIDGGLWLYHPHWHUV LV H[SHFWHG W
LQJDQDO\WVLV DSSURDFKHV HVSHFLDOO\IRU +L
QLILFDQW VFRSHIRULPSURYLVDWLRQ OHDGV W
SDWWHUQV LQWHUSUHWHG | UMHOWIZKE®KX DH DV
LV PDLQWDLQHG 6LQFH WKH VFRUHV DUH RQO\
VWDQGDUGL]HG UHSUHVHQWDWLRQ V\VWHPV IR
SDWWHUQV ZKLFKLVDQHFHVVLW\WREHDGGUF
IRUJHW WKDW ZH D WW-HBREDMWWKRI R/WHDW N ADIOHF R Q F
PXVLFSHUIRUPDQFH +RZHYHU LQERWKPXVLFF
DVVXPHG WR GHYLDWH IURP VXFK FRQFHSWV Ul
EHWZHHQ VXUIDFH UK\WKP DQG WKHRUHWLFDO
FRQFHLYHLQDQ\NLQG RIUK\WKP DQDO\VLV XVL

JXRXk PTTQ imMBiB2b

7KHUH DUH VHYHUDO XQLTXH IHDWXUHV LQ ,QGL
QHZ RSSRUWXQLWLHY WR SXUVXH@QBYHO GLUHF
7KHFKDOOHQJHV RXWOLQHG DOVRRSHQ XS QHZ
QRYHO PHWKRGRORJLHV IRUDXWRPDWLF UK\WK
WKH FXUUHQW VW DBWHKRII FVRIPE O H WUIKQW KPLF IUD
ZRUN RWWOHEFHVVLWDWHV D KROLVWLF DSSURDF
WLRQ DQG ZLOO EH XVHIXO LQ UK\WKP DQDO\VL
FXOWXUHY EDVHG RQ VLPLODU PKWN¥RQFDO VWU
7XUNLVK PDNDP PXVLF

,OQWKLVYGLVVHUWDWLRQ ZHPDLQO\FRQVLGH!
\VLV %XWWKHDVVRFLDWHG QRWDWLRQV O\ULT
PXVLFDOIRUPDOVRFDUU\UK\WKP LQIRUPDWLR:
DFRPELQHG DSSURDFK WR UK\WKP DQDO\VLV 7
GLFDWLYH FDQ EH XVHG WR SURYLGH SULRU LQ
KHQFHDUH XVHIXO

7KH RQRPDWR SR HW P FEEEDIMEOWMK IRV R1 PULGD Q
JDPVRONBHK.L.QH D ODQJXDJH IRU ,QGLDQ SHUFX!
YHU\LPSRUWDQW UROHLQGHILQLQJUK\WKPLF \
SDWWHUQVLQ,QGLDQDUWPXVLF 7KHVHV\OODE
FRQVLGHUHGDVWKH3VROIHJH RI| SYH{DIEFOXV VLR Q |
ZKLOH OHVV VR IRUPULGDQJDP DQG IRUP DQ HV)\
VLRQ WUDLQLQJ ,Q +LQI>XNBPWBH GIHPIXYHE WK J
WKEWXOQG KHQPEAWBE ¥ XVHG WR WUDFEN WKH P



&KDOOHQJHVDQG 2SSRUWXQLWLHYV

WKURXIK'OMA RUDO UHFLWDWLRQ RI SHUFXVVL
WKHVH V\OODEOH VNRQEFRIMNKR® PIUQ®XWVFD QL PX VI
DUHDQ LPSRUWDQW SDUW RI SHUFXVVLRQ VROF
WKH SHUIRUPDQFHV RI ,QGLDQ DUW GDQFH IRUP
+LOQGXEWDQG %KDUDWD Q-RODBT KM QW WHP
RI VIOODELF SHUFXVVLRQ LV VRSKLVWLFDWHG L
RI'WKH V\OODEOHV UHTXLUHV KLJK VNLOOV
7KHVH VIOODEOHY WDNH DQ LPSRUWDQW URC
WDVNV DQHZZD\RIDGGUHVVLQJSHUFXVVLRQ S
LFDQWDQDORJ\H[LVWV WRVSHHFKDQG ODQJXD
RORJLHVY DQG DSSURDFKHV IURP WKH PDWXUH LU
WHFKQRORJLHVWRDGGUHVV SHUFXVVLRQ SDWYV
HU\ 7KH SHUFXVVLRQ VROR SHUIRUPDQFH LQ E
GXVWDQL PXVLF DUH D ULFK VRXUFH RI W\SLFDC
SDWWHUQV IRU W KNHBTRG DIQVIERMG\VQY R1 WKHVH
FDQ EH YHU\ XVHIXO IRUH[WUDFWLQJWKHVH SD!
$QRWKHULPSRUWDQW DVSHFW RI &DUQDWLF F
VLRQ WKURXDKIWRHY)POLFLWO\ VKRZQ WKURXJK Y
JHVWXUHV ,QDSHUIRUPDQFH FRQWH[W WKHVI
SRUWDQWUROHLQFRPPXQLFDWLRQRIUK\WKP
ZHOO DV EHWZHHQ WKH SHUIRUPHUV DQG WKH D
DUHDEOHWRWUDFWVWKB®RXVY ERRPSOHRI WKHVH
WXUHV ,Q IDFW LQ PDQ\FRQFHUWYVY WKHVH YL
RIH[SUHVVLYHQHVV RIWKHPXVLFLDQDQG WKH |
HQFH DQG KHQFH LV D SDUWRIWKHFRPSOHWH |
6LQFHWKHVHFXHVFRQVLVWPDLQO\RIFODSV W
DQGLWLVQRWVYHU\VXUSULVLQJWKDW WKH\FDZC
LQJV $PXOWL PRGDODSSURDFKWRUK\WKP DQTL
YLGHR UHFRUGLQJV Rl &DUQDWLF PXVLF FRQFH!I
WHUHVWLQJ EXW EH\RQG WKH VFRSHRI WKLV Gl
,Q VXPPDU\ WKH FRPSOH[PHWULFDO VWUXFW
FXVVLRQ VIVWHPV RSHQ XS VHYHUDO RSSRUW X
RI DXWRPDWLF UK\WKP DQDO\VLV LQ ,QGLDQ DU
FRPSOHWHGHVFULSWLRQ RIUK\WKP IRUHIIHFW
HQFH RIPXVLFLQYROYHV LQWHJUDWLQJYDULR:
VXFKDVDXGLR VFRUHV O\ULFV YLVXDOFXHV L
IRUP DQG RWKHU FXOWXUH VSHFLILF DVSHFWYV
VLY QHHG WR FRPELQH WKHVH GDWD VRXUFHV L
FRQVLVWHQWDQDO\WLVWKDQE\MXVWWDNLQJL
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JXRXj *? ° +i2 BbiB+b Q7 AM/B M i KmbE

W LV QHFHVVDU\ WR LOOXVWUDWH VRPH EDVLF
GLDQ DUW PXVLF WKDW ZLOO EH XVHIXO WR H[W L
IRU UK\WKP DQDO\VIK\RZM. DXQUIHD OXVWUDWLYH HJ
WKH VSHFWURJUDP RI DXGLR H[FHUSWV RI ERW|
XUHDDQG +LQGXVWDROXWPKVIRFIRFXVRQPHORG)
DQG SHUFXVVLRQ WKH VSHFWURJUDP LV SORW\
RI N+] WKRXJK WKHUH LV LQIRUPDWLRQ IURP K
SHUFXVVLRQ VWURNHV DW KLJKHU IUHTXHQFLH)\
H[FHUSWV DUH DOVR GLIIHUHQW ZLWK WKH &DU
VKRUWHU LQ GXUDWLRQ

,QGLDQ DUW PXVLF LV SUHGRPLQDQWO\ PHOR
ZLWK XVXDOO\WZR VRPHWLPHV PRUH VLPXOW
DOHDG PHORG\DQG D PHORGLF DFFRPSDQLPH!
DQG LWV KDUPRQLFV FDQ EH FOHDUO\ VHHQ LQ
ZLWK WKHFRQWLQXRXVO\FKDQRLQUKNQBDPHQW
LV D GURQH LQ WKH EDFNJURXQG WKDW SURYLG
IRUPDQFH SUR WL-GQISXENBXWHN D QW BRELFEDR U
&DUQDWLF PXVLF 7KHGURQHFDQDOVREHHQ"
VHW RI VSHFWUDO IUHTXHQFLHV LQ ERWK WKH V
DFFRPSDQLPHQW YLROLQ LQ &DUQDWLF PXVLF
YRLFHDQG FDQ EH VHHQ ZLWK D ORZBWDPSOLW)>
PRQLXP LV WKH PHORGLF DFFRPSDQLPHQW LQ V
H[FHUSW ZKLFK FDQ DOVR EHHQ VHHQ ZLWK D O
XUHE

7KH SHUFXVVLR @ D®QE PAPLHEDWQMI DP KDYH D EL
GUXP KHDG DQG D WUHEOH GUXP KHDG WKDW L
GUXP KHDG LV WXQHG WR WKH WRQLF Rl OHDG |
VWURNHV FDQ EH VKDUS RU VXVWDLQHG %RWK
FXVVLRQ VWURNHV DV YHUWLFDO OLQHV VKRZL(
FDQLGHQWLI\WKH VWURNHV IURP WKH OHIW DQ
GLIIHUHQW IUHTXHQF\UDQJHV LQ ERWK FDVHV

$ VKRUW H[FHUSW | U RIBM6® H-@MR\DIPE \BUD EDDIND- 1 D
IURP WKH. BAPXQRBLQL EW.SUNDQGLAQLffKmbB+#" BMx
XQ ;f 2+Q /BM;f88N#RN+d@k/jy@9d/#@3 #@e29993/3ed7#
$ VKRUW H[FHUSW IURP %KIRQGH.-$KHHWPLRQDIDURQ
LMKDSWRPWKH BBEBWXPDQGDR SWDUMIR\ &KDNUDEDUW\
2iiT,ffKmbB+#" BMxXQ ;f ' 2+Q /BM;f8Re8e#tky@kN8+@9y7NC
@yy8#N#Ny7 N3
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D&DUQDWLF PXVLF

E+LQGXVWDQLPXVLF

JLIXUH$XGLR VLIJQDO FKDUDFWHULVWLFV RI,QGLDQ
ILIXUH VKRZV WKH VSHFWURJUDP RI WKH DXGLR H[FF
GXVWDQLPXVLF VKRZLQIJWKHIUHTXHQFLHYV XS WR

VRPH RI WKH KDUPRQLFV RI WKH SLWFKHG SHUF
TXLFN GHFD\ RI WKH SHUFXVVLRQ VWURNHYV 7K!
WDNHQ RIRPKODSLHFH DQG ZH FDQ VHH WKH ORQ
DQG VSWDNHDRNHY LQGLFDWLQJORZHU UK\WKI
ORZHU WHPSR

j Xk _2b2 "+?2 T"Q#H2Kb BM ?vi?K
M HvbBb Q7 AM/IB M i KmbB+

'LWK WKH EDFNJURXQG SURYLGHG VR IDU VHYH
HVWLQJDXWRPDWLF UK\WKP DQDO\VLV SUREOH
LGHQWLILHG DQG GLVFXVVHG )RU HDFK SUREO
WKHSUREOHP H[SODLQLWVUHOHYDQFH LGHQV
GLVFXVV SRVVLEOH DSSURDFKHYVY DQG UHYLHZ
IRUWKH SUREOHP 6RPHDOOLHG UHVHDUFK SUR
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JLIXUHS5HOHYDQW DXWRPDWLF UK\WKP DQDO\VLV WR
LQ ,QGLDQ DUW PXVLF 7KHVROLG OLQHV LQGLFDWH
7KH GRW GDVK OLQHV LQGLFDWH WKH IORZ RI KLJK ¢
SDUDPHWHUVDQG SULRUV 7KHVXEVHWRISUREOHP\
DUHVKRZQLQ JUD\

VFRSH RI UK\WKP DQDO\VLVY EXW KDYH UHODW F
EHQHILWIURP UK\WKPDQDO\VLVDUHDOVRGLVF
SOHWHQHVYVY O0DQ\RIWKH UK\WKP DQDO\VLV SU
DGGUHVVHG EHIRUH ZKLOH WRHMHWHLRDYH EHHQ
WR VROYH VLPLODU SUREOHPV LQ (XURJHQHWLF
UK\WKPLFIHDWXUHH[WUDFWLRQ PHWKRGV VXFEF
HDVLO\H[WHQGHG WR ,QGLDQ DUW PXVLF PRUH
UHIRUPXODWHG ZLWK WKHFRQWH[W +HQFH VR]
UK\WKP GHVFULSWRUV VXFK DV RQVHW GHWHFW
DUH GHHPHG WR EH XVHIXO WR GHYHORS VSHFLI

5K\WKP LV FKDUDFWHUL]HG E\ VWUXFWXUHV D
WXUHV SURYLGH WKH EDVLV IRU SDWWHUQV W
SOD\HG 7KH SUREOHPY SUHVHQWHG KHUH UHYR
WZR FRQFHSWYV DQG DUH FDWHJRUL]JHG LQWR V|
QDO JRDO RI XVLQJ DOO WKHVH FRPSRQHQWYV W]
LQJIXODQG XVHIXO UK\WKP VLPLODULW\ PHDVXI
7KHUH DUH VHYHUDO VXE SUREOHPV WKDW OHD
7KH SUREOHPV VSDQ WKH ZKROH UDQJH RI EFRPS
EDVLF WDVNV SURFHVVLQJ WKH DXGLR VLJQDO \
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HIWHQVLYH PXVLE NQRZOHGJH 7KH FDWHJRUL]
VHQWHG KHUH LV RQO\ IRU WKH SXUSRVH RI SUH
OHPV LQ HDFK FDWHJRU\ FDQQRW EH DGGUHVVH
VLIJQLILFDQW LQWHUSOD\DQG RYHUODS EHWZH
OHPVEHQHILWLQJIURPRXWSXWV RIRWKHU SURI
HJ RQVHWGHWHFWLRQFDQKHOSLQERWKPHW
FRYHU\WDVNYV

$W WKH RXWVHW IURP D OLWHUDWXUH UHYLH
UK\WKP DQDO\VLV RI,QGLDQ PXVLF KDV EHHQ DV
DOQGFRQFUHWHPHWKRGVIRU+LQGXVWDQL PXVI
QRW H[LVWVRBYXUHWOLURQ 6HUUD DBOQ/®R ¢HIMJ D
FLGDWH VHYHUDO XQVROYHG SUREOHPV LQ UK\
PXVLF )LIXBRZV DQ RYHUYLHZ RI WKH UK\WKP
VHDUFK WRSLFVDQG DSSOLFDWLRQV ,QGLDQ DL
IORZ RI GDWD DQG LQIRUPDWLRQ DFURVYV WKH L
RI'WRSLFVDGGUHVVHG LQ WKH GLVVHUWDWLRQ
WKRVH WRSLFV XVHV LQIRUPDWLRQ DQG NQRZO
ULYHG IURP PXVLFWKHRU\DQG SUDFWLFH PDNL
DQG FXOWXUH DZDUH 7KH GDWD GULYHQ DSSU
ZLWK UK\WKP VLPLODULW\ PHDVXUHV FRPSXWH ¢
IURP GLITHUHQW DXWRPDWLF DQDO\VHV (DFK F
GHVFULEHG LQ GHWDLO ZLWKVXE SUREOHPV ZL

iXkXR "mBH/BM: /i +Q'TQ"

$ VLIJQLILFDQW SDUW RI GDWD GULYHQ UHVHDU
DQG PDFKLQH OHDUQLQJ DSSURDFKHV QHHGV J
FRUSRUD WKDW DUH UHSUHVHQWDWLYH RI WKH
DUH HVVHQWLDO IRUEXLOGLQJDQG WHVWLQJ \
VRXUFHV FRPSULVH RIDXGLR PHWDGDWD DFFR
VFRUHV O\ULFV PDQXDO DQG DXWRPDWLF DQQ
PDQWLF GDWD 2QHRIWKHPDLQ SUREOHPV DGC
WLRQ LV EXLOGLQJVXLWDEOH GDWD FRUSRUD IF
DSUREOHP WKDW LV GHVFULE®GUEGWXHUVHI X8 F
GDWDVHWV DOVRLQYROYHV EXLOGLQJWRROV IF
YHORSLQJPDFKLQH UHDGDEOH UHSUHVHQWDW.L
PHWDGDWD IRUHIIHFWLYHOLQNLQJDQGLQWHJL
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iXkXk miQK iB+ "?vi?K MMQi iBQM

$XWRPDWLFUK\WKPDQQRWDWLRQHQFRPSDVVH
WKDW DLP WR DQQRWDWH DQG WDJ DXGLR UHFR!
UHODWHG PHWDGDWD DQG WDJV 7KH WDJV FRX
DUHQRW WLPHDOLJQHG ZLWK DXGLR VXFKDV W
SRQHQWW FOTKPMHGLDQ WHPSR GHVFULSWRUV
RQHRUPRUHVXFKWDJVDVVRFLDWHG ZLWK HDF
DQQRWDWLRQV FRXOG DOVR EH WLPH DOLJQHG
VHYHUDO UK\WKPLFHYHQWVLQDXGLRUHFRUGL
WHPSR EHDWYV D\ GRIQERMPRRQ WDVNV RI WHP
EHDW DQG GRZQEHDW WUDFNLQJFDQ EH FODV VI
DQQRWDWLRQ SUREOHPYV

$XWRPDWLF UK\WKP DQQRWDWLRQ LQ WKH FR
VLF FDQ EH GHILQHG DV WKH HVWLPDWLRQ RI W
QHQWVWRHWERP DXGLR )RU &DUQDWLF PXVLF WK
WDQW UK\WKP UHODWHG WDJV LQFOXGH HVWLP
WKH SLIBDRRADBHEINPLQXWH RUEHDWY SHU PLQXWH
WKH F\FOH LQ QX PEMADRITRMOTIEHRU DQG KHQFH
LPSOLFLWO\WKH XQGHUO\LQ D @)\ KAR® W W U X
WKH VXEGLYLVLRQ VMEXSHMXWMHHS LB OB WRH +LQ
GXVWDQL PXVLF WKHPRVWLPSRUWDQW UK\WK]|
PHGLDQ WHPSR R | PAKWEBBHIMAFLHQ X \@ BR O B\KH
WKH F\FOH @ HQDKS WOEBEHO (VWLPDWLQJ WKF
YDU\LQJ WHPSBNXANOVMWERFDWLRRKXIJWKH EHDYV
VHFWLRQ ERXQGDRMNWDQG®WBMH WKH LPSRU\
DOLJQHG DQQRWDWLRQ SUREOHPV LQ &DUQDWL
WDQW SUREOHPV LQ +LQGXVWDQLPXWILFDUH Wt
SX OV D WY RRERXG G D UL HAD BBQQGWD QY V

$XWRPDWLF UK\WKP DQQRWDWLRQ LV DQ LPS
VLV WRSLF DQG WKHUH DUH VHYHUDO DSSOLFD)
DQQRWDWLRQV DUH XVHIXO VXFK DV PXVLF DX\
VHIPHQWDWLRQ RI DXGLR EHDW DOLJQHG SUR
VXPPDUL]DWLRQ PXVLFWUDQVFULSWLRQ DQG
DQDO\VHV 7UDFNLQJ W K\ -FRIPLSARQIHK QDVR/XR/IL W K |
SLHFH LV HVYVHQWLDO IRUPRVW RWKHU UK\WKP
VHIPHQWDWLRQDQG H[WUDFWLRQRIUK\WKPLF
LW\ (DFKRIWKHVH SUREOHPVY DUH QRZ GHVFULE
QRWHG DJDLQ WKDW PDQ\ UK\WKP DQQRWDWLRG
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DGGUHVVHG HVWLPDWLQJ VHYHUDO+RPSRQHQ
WHPSR EHDWHMPAERG BEMKMRLQWO\ HVWLPDWHG L
ZHFDOODVPHWHULQIHUHQFH

7T—VHFRIQLWLRQ

7—9YBFRJQLWLRQ GHILQHGDVWDJJLQJDQDXGL
VLEO\PRUH WHXANIURYW FHQWUDO UHVHDUFK SUR
DUW PXWDI LV WKH PRVW EDVLF LQIRUPDWLR
IROORZ WKH UK\WKPLF VWUXFWXUHRIWKH PXVL
SRUWDQW UK\WKP UHODWHG PHWDGDWD DVVRFL
LQJ WKHYDXVHIXO IRUDUFKLYDO QDYLJDWLRQ D
ZLWK ODUJHDXGLR PXVLF FROOHFWLRQV RI,QGI|

6LQFHWKHUH DUH R®Y OATDAQ @ L VG BAAM B XRM L F
UHFRJQLWLRQFDQEHIRUPXODWHG DV D FODVVL
WXUHVWHHHWBH. PDWHG IURP DXGLR %DUULQJD |
PRVW FRPSRVLWLRQV DUH \WRMBRRVKIEQALRHRIO )\ R
DXGLR UHFRUGLQJ ZLWK WKH SHUIRUPDQFH RI W
RQW-WDJ +RZHYHU DXGLR UHFRUGLQJV ZLWK C
PXOWLSOH FRPSRVLWLRQV SHUMDPHZEW® KDY
WKHDGGLWLRQDO SUREOHP RIPDUNLQJWKH UH.
FRPSRVLWLRQV DUH SHUIRUPHG )XUWKHU PDC
DQ-O0—ZKQBK LV DQ XQPHWHUHG VHFEWIRQ DQG |
+HQMHYUHFRIJQLWLRQ KDV WR ILUVW EH SUHFHG
WDWLRQ RI DXGLR UHFRUGLQJLQWR-SPDWV WKI
([FHSWLRQV FDQ RFFXU GHVSLWH WKDW ZKHQ \
FDQ EH SHUIRUPHG MQ-VIDRRDG/IH W KBWWYV XQFRPP
DQG RQO\KDV HVRWHULFLPSRUWDQFH 6XFKPD
WKH VFRSHRIHQJLQHHULQJDSSURDFKHV LQ WK

7—9BFRJQLWLRQLVDVXEMHFWLYHWDVNWKD
HGJH ,WFDQEHDFKLHYHG WKURXJK D VHW RI Sl
KHOS LQ LGH QMW-LYRIHOROXKIY WR WGBIEMW UHLQJ D
ODWHG WR LWV VWUXFWXUH DQG WKH UK\WKPLF
SDWWHUQV MXNREON\WEIKDUH LQOLFEWWYH RI Wk
PDQ\ SDWWHUQV DUH DOWRYRIWRPA®®FURVV PD
SHUVSHFWLYH LWLV KDUGHU WR UHFRJQL]H WK
LVHDVLHU WR UHFRJQLMW-WWNYRZQ WWHD QY QD \
FLUFXODU GHSHQGHQF\
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7KH VWUXFWXUH DWAMKODL\E XX\ B \E R I XWKIKGE WR LG
W KAH-DYUH WKH F\FOH OHQJWK DQG ZKHQ GHILQHG
WHU LQ &DUQDWLF PXVLF (VWLPDWLQJ WKH F
P—WBBKHOS VLJQLILFD QW-&RW®IRYLHGH QWKIHIU W K
DUH VHWHEI®BPRWK &DUQDWLF DQG +LQGXVWDQL
WKH VDPH O HQIM-RGHF D X W — O FPRVWWKUB-DN H
F\FRQD\WRQ DQG KHQFHDGGLWLRQDO LQIRUPD
WR GLVDPELJXDWH WKHP 1HYHUWKHOHVV F\FC
LPSRUWDQW WDVN WKDW KDV UHFHLYHG VRPH D
FRPPXQLW\ ZLWK WKH DQDORJRXV WDVNV LQ (X
WLPHVLIJQDWXUH HVWLPDWLRQ DQG PHWHU HVV
,Q,QGLDQPXVLF ZHFDQWUDFN ZHOO GHILQH
HOV RIWKHPHWHU $V GHVFULEHG HDUOLHU WK
WR HVWLPDW HWKHDO H QGO MEJIRBKRE ID\WADKQHD
DOJRULWKPV PLJKW WUDFN D GLITHUHQW WLPH \
UHVSRQGWRBOKH 2QH VXFK RWKHU VSHFLILF OH
DSDUW |WRPYB®H LV WKH GLYLVLRQ ZLWKLQ WKF
LH WKHSHULRGLFVWUXFWXUHGRPLQDWLQJW
WKHEHDW LQVWDQFHV ,Q &DUQDWQAF®MVLF WK
HVWLPDWLRQ )XUWKHU ZH QHHG WR SRLQW RX
GHILQLWLRQ RI WKH VXEGLY QYUEFMEDH\NDBDWLE W K
PXVLF +RZHYHU VXFKDQH[SOLFLWVXEGLYLVLI
PXVLFLVY QRW FOHDUO\JLYHQ E\WKH WKHRUHW|L
7KRXJKWMRHPOH LV DQ LPSRUWDQW SDUW RI U
QL]DWLRQ LW LV QRW QHFHVVDU\ WKDW DOO Sk
VDPDQ-GM—+BD H[DPSOH PRVW RI WKH SKUDVH FI
DWWKHHQG RI WKH EHDW F\FOH WKHUH DUH F|
SKUDVH FKDQJHVDQG VWURQJDFFHQWYV RFFXU I
WKH SKUDVH PLJKW VSDQ RYHU WZR F\FOHV  E}
6LQF MWATBOHY KDYH D SHULRGLFLW\ SULRU D
GLDQ DUW PXVLF WUDFN WK HXSMHUWRGLFRWO QG S
5DR DQEODWL 5DR DQ&WOFRRVHG D PHWKRG IF
PHWHU GHWHFWLRQ IURP DXGLR IRU ,QGLDQ P X\
DVEHORQJLQJWR GXSOH WULSOH RU
PHO VFDOH IUHTXHQF\GHFRPSRVLWLRQ RI WKH
WZR VWDJH FRPE ILOWHU EDQN 7KH ILOWHU ED(
PDWH WKH VXEGLYLVLRQ WLPH VSDQV DQG WKH
WHVWHG RQ DQ ,QGLDQ ILOP PXVLF GDWDVHW Z
7KLV LV RQH Rl WKH ILUVW SURSRVHG DSSURDF|
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DSSOLHG VSHFLILFDOO\WR ,QGLDQ PXVLF +RZ}
WHVWHG RQD GLIITHUHQW UHSHUWRLUH WKDQ +L
7KHDOJRULWKP RQO\DLPV WR FODVVLI\LQWR W
DQG GRHV QRW D W W HPFSEAH W RZIKLVE KIKQVIPRUH FRP !
WKDQ VXFK D FODVVLILFDWLRQ 7KRXJK SURSRYV
DOJRULWKP LV JHQHUDO LQ DSSURDFK DQG GRF
FLILF FKDUDFWHULVWLFV ROUKRWKMIGY ,QGLDQ
GUHVVHG WK WSMIFROBPWLRQ LQ +LQGXVWDQL P
RQ UHFRJIQIKLIGOWKHE WQEEKMQJ D ODEHOHG FR L
SXV RI +LQGXVWDWDPBEBRP SDWKPHQW KH H[SO]
VHIPHQWDWLRQ DQG VWURNH UHFRJQLWLRQ LQ
FRQFOXGHG WKDW UH RREQ N F®.D-OLOHIXN\Y D ID V

BULQLYDVDPXUWK\ 6XEUDPDQLDQONMJRQHO D
SURSRVHG D FXOWXUH VSHFLILF BMMBRDWUDFNLQ
VFULSWLRQ DQG DSSOLHG LW WR &DUQDWLF PX
WHP WR GHVFULEH PHWHU LQ WHUPV RI WKH WLF
SXOVDWLRQV DINREDWEHDW DREWHPSR HVWLPE
WKH DOJRULWKP ZKLFK LV DGD'®WHIEBV DRFBWKH I
30XPEOH\ LVPRGLILHG WR SHDN DW %30 DOOF
UDQJHRIWHPSL IURP ESPWR ESP WREHHV
JRULWKP DSSOLHV WKH EHODWLWUDEWK WSHWR SRV
HVWLPDWHG WHPSR DV LQSXW 7KHDOJRULWKP
LW\ PDW{2LKDQWRJUDP WR DXWRPDWLFDOO\ H[W
VWUXFWXUH DQG WKH ORQJ WHUP SHULRGLFLW
ZKLFK D VHW RI UDQN RUGHUHG FDQGLGDWHYV Fi
QD@EAGYDUWIWK 7KH DOJRULWKP ZDV WHVW
DOO\DQQRWDWHG &DUQDWLF PXVLF GDWDVHW
RQGVRQJVQLSSHWVRIERWKYRFDODQGLQVWU
HQW LQVWUXPHQW D W LRIQED IEM\N D G 1 R Y UW R RV
ZDV DOVR WHVWHG RQ DQ ,QGLDQ OLJKW FODV V]
LQJRI VHPL FODVVLFDO VRQJV EDMBBWQ SRS
7KRXJK IRUPXODWHG XV L Q JWA-KH N DROZIGRHGE WK R |
GRHVQRWPDNHDQHIIRUWWRUHVROYHPHWULF
FDQ VHYHUHO\DIIHFW WKH DFFXUDF\VLQFH WKH
ULWKP GHSHQGYV PDLQO\RQ UHOLDEOH EHDW W L
ULFDO OHYHO

5K\WKPLF VLPLODULW)\ WBAHFRVR EW DR/ & L Q/ |
WKH DVVXPSWLRQ WKDW WKH UW\BREB RN S%DWW H
UHFRUGLQJV DUH VLPLODU 5K\WKPLF VLPLODU
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WDVNE\DVVLIJQLQJDQXQNQRZQSLHFHWRDFOD
WR EH PRVW VLPLODU WR EDVHG RQ VRPH ORZ
*LY QDO RWDWHG DXGLR H[DPSOHV UK\WKPLF
WUDFWHG IURP DXGLR DQG XVHG WR OHDUQ PRC
WKDW FD QWFOMWKH\FODVVHV Rl UK\WKP SUHVHQ
WLRQKDYHGLVWLQFW F\FOHOHQJWKY ZHFDQD
F\FOHIRUDQ XQNQRZQ SLHFH WKURXJK WKLV FO

3UDFWLFDOO\ PRVW FRPPHUFLDOO\UHOHDVH
YLGHW-RHHDFK SLHFH DV HGLWRULDO PHWDGDW
W-LYBUHVHQW LQ PRVW SLHFHV LQ WKH FROOHF
QRW SUHVHQW LQ DUFKLYHG UHFRUGLQJV SHU\
RSHQ PXVLF FROOHFWLRQV 6LQFHPRVW RIWKH
LV ZLWK FRPPHUFLDO PXVLF UHFRUGLQJV ZH D
W-WDIV RIWKHVHPXVLFUHFRUGL-QHFBQG KHQF!|
QLWLRQLVUHGXQGDQWDQG QRWUHOHYDQW ZL
PDQXDOO\FXUDWLQJ DXGWRDER QD B FHW VR\QL\P B LAR
VXPLQJDQG OHVV UHVRXUFH LQWHQVLYH WKDQ
EHDW WUDFNLQJ +HQFH ZH GWR-QRWRZIRUN H[SO
WLRQ SUREOHP LQ WKLY GLVVHUWDWLRQ EXW K
D E\SURGXFW RIRWKHU DXWRPDWLF UK\WKP DQ

/D\FODVVLILFDLRQLQ +LQGXVWDQL PXVLF

'LWKWKHZLGHUDQJHRIWHPSR OINQBWGLLQWR V
ILFDW LRIQOLDORPBWD Q@YD QG SRVVLEO\PRUH H[WH
UDQJIVFODVVHY LV D XVHIXO SUREOHP 6LQFH"
QRW DQ DFFXUDWH LQGLFDWRU RIWKH XQGHUO\
WIOHFODVV FDQ VLJQLILFDQWO\KHOSLQ UHGXFL
LQWUDFNLQJWKWVBEOBER DROGIWVKH UK\WKP FDQ E
OHDGLMODVVLILFDWLRQ QHHGY WR FRPELQH IH|
DQG LGHQW IWDW®DHFRNHF WLPEUHY WR GHWHUP L (
XQGHUO\LQJWHPSR FODVYV

(EXSXWWLPDWLRQLQ &DUQDWLF PXVLF

(EXSIX¥WLPDWLRQ LQ &DUQDWLF PXVLFLV D XQL"
W KHHE XLSXD PHWDGDWD RI WKH F RAP-ORMNEIHVDOLRQ X C
LWLV QHYHU UHFRUGHG DV VWDQGDUG PHWDGD
WLRQ :KHQ QRW DY D LHODXfMWD ¥ BW WG Q WHG V W
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DGGUHVVHG EDVHGRQDFFHQWVDQGVDOLHQFH
ODWLRQ ZLWK WKH O\ULFV D Q GHEX®RGK\W SKUD V F
EHQHFHVVDU\IRU FR U WIDPWNQFH Q@ B QRVFRIMZK M
DQRQ HKEIXEW LV OLNHO\ WKDW WKH PHORGLF FK
FXU DMWEMERLQW UDWKHU W K DM)-PWDOMK K DPD R\
PLIJKW OHDG WR FRQIXVLRQ LQ VDPD WUDFNLQJ
WLFHG WK DMEQIRGH FHVYRVHQG WR JLYH SRRUHU SH
WDVNV VXFK DV F\FOH®HQIWIO VB P R QLKW LRRD ] D
BHUUD +RZHYHU ZLWIO PMUDEXN\YJ DOJRULW
ZKLFKFDQKDQGOHGLIIHUHQW UK\WKPLF SDWW
HEXSXOHVV 7R WKH EHVW RI RXUNQRZOHGJH V
EHHQ DGGUHVVHG E\WKH UHVHDUFK FRPPXQLW)\
OHPHREXBWLPDWLRQ LV YHU\VSHFLILF WR &DUQ
OLPLWHG LQWHUHVW DQG LV QRW DGGUHVVHG L
UHTXLUHG ZH ZLOO H[DPLQHMHVEKBERWRWWRI QR
UK\WKP DQDO\VLV WDVNV

7T—YWDUDFNLQJ

7—WIUDFNLQJ RUJHQHUDOO\PHWHU WUDFNLQJ
OHPV WKDW DLP WR HVWLPDWH WKHWEHHUHQW
PHWULFDO VWUXFWXUH RYHU WLPH LQ DQ DXGL
VHYHUDO WLPH DOLJQHG DQQRWDWLRQV UHODYV
WK MMVFRPSRQHQWY DFRPSOHWHGHVFULSWLRQ
WXUH Rl WKH SLHFH DW GLIIHUHQW KLHUDUFKLF
WUDFNLQJ WKH F\FOHV DV GHVFULEHG E\ WKH W
WLPH )URPVXFKDWDVN DOO W KBINFEFPBIRQ HQ W \
EHDWVF-BQ®HMWLROFDQEH RETW-DWI B EN
LQJLVDQLPSRUWDQWDXWRPDWLFUK\WKPDQQT
VWHS WRZDUGV DQ\ IXUWKHU VWUXFWXUDO DQD
7—WUDFNLQJFDQ EH GRQH ZLWKRXW DQ\ SULTF
PXVLF SLHFH LQ ZKLFK F\lMM/DDIHIQPSLA LIEQ WWK\HH
LQ WKH SURFHVV :HFDOO VXFKDQ XQLQIRUPHCG
IHUHQFH WRLGHQWLI\WKHPHWHU W\SH DQG H
WHPSR EHDWWBD®RE QEKHD WYV DOW WRIDHFMKHU 7K
LQJDOJRULWKPV FDQ JUHDW OW EM@HDIEMLIQRP N (¢
DNQRZQ PHWULFDO VWUXFWXUH :HFDOO VXFK
LQFRQWUDVW WR PHW HU-LI®DML IF Q AH. Q J WYKHHOWAL
YDU\LQJ WHPSR EHDWV DQG GRZQEHDWV :H FLC
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WDV NWIIWDFNLQJ DV WHPSR WUDFWRP®D EHDW V
WUDFNLQJ

7HPSR WUDFMR®R WUDFNLQJ DLPV WR HVWLPLC
YDU\LQJ WHPSR RYHU WKH DXGLR UHFRUGLQJ R
V X U HIBNLAQEHDEBW-WSHUW LQXWH 7KH NQRZOHGJH F
YDU\LQJ WHPSR LV XVHIXO WR WUDFN WKH EHDW
RIPHGLDQ WHPSR KHOSV LQ WUDFNLQJWKH EHD
OHYHO OHGLDQ WHPSRLVDJRRGLQGLFDWRUR
DV D UK\WKP WDJRQD PXVLF SLHFH $V GHVFULE
FKDQJHVERWK ORFDOO\DQG RYHUORQJHU SHUL
ULWKPVIRUWHPSRHVWLPDWLRQ QHHG WR EH Ul

%HDW WUDENKQH FROQ,WHDWERIWHG HDUOLHU E
WUDFNLQJ LV FRPPRQO\ GHILQHG DV GHWHUPLC
ZKHUH D KXPDQ OLVWHQHUV DUH OLNHO\ WR WD
7KLV GHILQLWLRQLV OLNHO\WR FDXVH SUREOHF
DPSOH LQ &KDEIEMWFKIDYWHQHUV IDPLOLDU WR \
WHQG WRWDSDQLUUHJXODU VHTXHQFH RI SXO\
VWHDG Rl WKH IDVWHU UHJXODU SXOMDWLRQ $
OLVWHQHUV RI +LQGXVW D (PL.—PRWYHWIDBIRQ HLW
ODAE QWD GKAIDRU D W LVEKHHY H@WE& O D\W R Q

S ,Q VXFKDFDVH WKHPRUHDSSURSULD

WKH SRVVLEO\LUUHJXODUO\VSDFHG EHDWV LV |
PXVLF

'"HVSLWH WKHVH DPELJXLWLHY ZH SXUVXH W|
FRQWH[W XVLQJDPRUHDGDSWHG GHILQLWLRQ F
FRQVLVWHQF\ GHILQHG DV D XQLIRUP SXOVDWLF
GHILQHG LQ 6HEWY.RQ IRU &DUQDWPFPRXWLF DQG
OHYHO IRU +LQGXVWDQL PXVLE 7KLV GHILQLWL
SXOVDWLRQ FDQ ODWHU KHOSLQ GHULYLQJ WKH
QRQ LVRFKURQRXV EHDW VHTXHQFH WKDW LV D
SXOVHV 7KHSRVVLEO\LUUHJXODU SXOVHVHTX|
IRUP SXOVDWLRQ HVWLPDWHG IURP WKH DOJRUL
LV IXUWKHU LQFRQVHTXHQWLDO LNWRE ZKROH F
DUHWUDFNHG XVLQJZKLFKDQ\SXOVDWLRQ ZLV
QRQ XQLIRUPFDQEHGHULYHG RKWVE RISUKDW LQI
DAHRXQGDULHV DOVR FRLQFLGH ZLWK D VXEVHYV
FDQ EH GHULYHG IURP WKH HVWLPDWHG EHDW C
VSHFLILF WR &D DQNAB NP R KW BDRFNLQJ HVWLPD!
VXEGLYLVLRQV RI WKH EHDW DQ DOJRULWKP IR
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6HFWLRQ

6DPD GRZQEHDW7WHDEONRQRDWLRQ DERXW Z|
W-—F§POH EHJLQV SURYLGHV XV ZLWK WKH DELOL
RIPHORGLF UK\WKPLEDQG VWUXFWXUDO GHYH¢
LV W\SLFDOO\V\QFKURQL]WGFAPOK WKH\BRRVH R
UHVSRQGV WR GBIRMBADNPL QY WVEKGW \F RDAWK H
,Q +LQGXVWDQWIPPWKEJKVKH/ LIQLILFDQW VWU XF
LW IUHTXHQWO\PDUNV WKHFRPLQJWRJHWKHU F
VRORLVW DQG DFFRPSDQLVW DQG WKH UHVROX'
VLR@D\WRQS ,Q&DUQDWLFPXVLF PRVWRIW
DQG LPSURYLVDWLRQV ERWK PHORGLF DQG UK\
VDR G KHQFH LWV UHOHYDQW DQG PHDQLQJIXO
VDFOV D SULPDU\ SUREOHP LQ DXWRPDWLF UK\WH

1RWH WKDW ZKLOH WKH WHUP GRZQEHDW KDV
HXURJHQHWLF PXVLF ZH DSSO\LW KHUH DV ZHC
GHQRWHYV WKH SXOVH DW WKH EHJLQQLQJ RI D E
QRW QHFHVVDULO\ FRUUHVSRQG WR WKH VWURGC
WKLV VHQVH GRZQEHDWLQ ,QGLDQDUW PXVLED
OLNHO\WR EH FRQFHSWV ZLWK GLIITHUHQW PHDQ

W LVWREHQRWHG WKDW DOO WKH DERYH FR
WRJHWKHU MRLQWO\ LQVWHDG RILQGLYLGXDO
ULWKPVDUHDQLPSRUWDQW IRFXVRIWKHGLVVH
DQQRWDWLRQ RQH WKH PDLQ WRSLFV RI WKLV G|
WKH SUREOHPV GHVFULEHG DERYH IRUP WKH VXE
7RWKHEHVW RIRXUNQRZOHGJH WKHSUREOHP |
GLDQ DUW PXVLF LV DGGUHVVHG IRU WKH ILUVW
VXEVHW RI SUREOHPV WKDW ZLOO EHH[SORUHG
DUHEHWWHU IRUPXODWHG LQ 6HFWLRQ

iXkXj _?vi?K M/ T2 +mbbBQM T ii2"M M

KLOHSYRYLGHVDIUDPHZRUNDQG VWUXFWXUH
FXVVLRQ SDWWHUQVIRUP WKHFRQWHQW WKUR X
WXUHVY DQG UK\WKPV DUH LOOXVWUDWHG DQG
FRPSRQHQW RI UK\WKP DQDO\VLV 5K\WKP SDW!'
WKHWHPSRUDODUUDQJHPHQW RIGLITHUHQW HY
ZKLOH SHUFXVVLRQ SDWWHUQVLQFOXGHD WHP
HQW SHUFXVVLRQ WLPEUHV 7R FRQWUDVW SHU
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PLF SDWWHUQV EXW UK\WKPLF SDWWHUQV QHH
VLRQ DQGFDQEHIRUPHGE\PHORGLFDQG RU St

$SDWWHUQLVGHILQHGDVDWHPSRUDO VHTXF
LWLV QHFHVVDU\ WR HVWLPDWH RQVHWYV RI1 YDL
VLQFH WKDW FUHDWHYV WKH WLPH DOLJQHG VHT
WKDW FDQ EH IXUWKHU XVHG WR REWDLQ ERWK
SDWWHUQV 6RPHLPSRUWDQW VXE SUREOHPYV Z
LOQVWUXPHQW ZLVH RQVHW GHWHFWLRQ SDWWI
GLVFRYHU\ HDFK RI ZKLFK LV GHVFULEHG IXUW
WRPDSDQDXGLRUHFRUGLQJLQWRD WLPHDOLJ
VWURNHY DFFHQWV H J 7KH SUREOHP RI GL
HQGHG DQG DLPV WR DXWRPDWLFDOO\ UHWULH®
LOQVLIKWY DERXW WKRVH SDWWHUQV LQD GDWL

 QVWUXPHQW ZLVHRQVHW GHWHFWLRQ

7KH WDVN RILQVWUXPHQW ZLVH RQVHW GHWHF\
RQVHWV RIVSHFLILFLQVWUXPHQWV IURP DQ DXC
RIPDQ\PXVLFLQVWUXPHQWVY DQG ZDRWGHVFULEH
UK\WKP DQDO\VLV LQ ,QGLDQ DUW PXVLF LQVW!L
WLRQ FDQ KHOS WR REWDLQ FXHV IRU ERWK PHW
\WLV RI SHUFXVVLRQ SDWWHUQV 7KH RQVHWYV R
PULGDQJWHDBQAYLGH FX\HDIMR GHKOLPLW SHUF X\
VLRQ SDWWHUQV $ GLIIHUHQWLDWLRQ EHWZH}
GUXP RQVHWV LQ ERWK LQVWUXPHQWV LV DGGL\
IXO ,QVWUXPHQW VSHFLILF RQVHWYV DUH RIWH
EXWDUHHVWLPDWHGDV D SDUWRIDELJJHU WD\
VFULSWLRQ

) WLVDGLIILFXOWWDVNWRH[WUDFW RXW SHU
DFFXUDF\ JLYHQ WKDW WKH SHUFXVVLRQLQ,QG
DQG VKDUHVY WKH VDPHIUHTXHQF\UDQJHDV WK F
OXVLF LQVWUXPHQW ZLVHRQVHW GHWHFWLRQ
MLQJ REHUDPHW D@36FDQ KHOS WR LPSURYH RQV
WHFWLRQ RI SHUFXVVLRQ L (DQGUKPWH BMHQ ®HF W
SOLHG WR &DU W QE PXVDP EUWK\ ZQW K HUUD
OLPLWHG VXFFHVV *LYHQ WKHFRPSOH[LW\RI W]
EXLOG PRGHOV WKDW DUH UREXVW WR HUURUV L
LQVWUXPHQWYV
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SK\WKP SDWWHUQ DQDO\VLV

5K\WKP SDWWHUQV H[WUDFWHGIURPDXGLRUHF
SDWWHURQMROB KHQFH XVHIXO |WUPHFFRK DXWRP
QLWLRQDQG PHWHU WUDFNLQJ 7KHPRVW UHOH
F\FOH OHQJWK UK\WKPLF SDWWHUQV SDWWHUC
F\FOH RV WEBRUWHU SDWWHUQV SOD\HG ZLWKLG
DV UK\WKPLFDWRPVWRPDNHXSWKHZKROH F\FC(
RIWHQ +RZHYHU WKHUH DUH ORQJ UK\WKPLF S
GDQMWPPQDB DFFHQWXDWHG WKURXJK PHORG\ W
F\FOHV $XWRPDWLF GLVFRYHU\RIUK\WKP SDW\
ILQH FRQWHQW EDVHG UK\WKPLF VLPLODULW\ E
ZKLFKLVH[SHFWHG WREHPRUHUHOHYDQW WKD
LW\ $XWRPDWLF HIWUDFWLRQ RI UK\WKP SDWW|
PXVLFRORJLVWY WR VWXG\YDULRXV UK\WKP SD\

5K\WKPLF SDWWHUQV DWH-BQ 8 \ZH O/\ADDG WR V
F\FOHWRWKHVHFWLRQVRIWKHF\FOH +HQFH D
FDQ VLIJQLILFDQWO\ EH Q WIHUDODRWPHISORHIR D 8 U \R
&RQVHTXHQWO\ UK\WKP SB/\WBADBOQRWEWH & YZHLUN K
WLPH DODRBDMPGEHDWY GDWDVHWYV IRUD EHWWF
VIVWHPDWLF VWXG\RI UK\WKP SDWWHUQV LQ ,Q
DQG DQ LOOXVWUDWLYH HIIRUW WRZDUGV WKD)\
6HFWLRQ

3HUFXVVLRQ SDWWHUQ WUDQVFULSWLRQDQG G

SHUFXVVLRQ SDWWHUQ WUDQVFULSWLRQLVPDL
LQJVZLWK SHUFXVVLRQ VROR DQGDLPV WR WULI
LQJLQWR DWLPH DOLIJIQHG VHTXHQFH RI GUXP V
FDVHRI , QGLDQDUWPXVLF LQWR SHUFXVVLRQ V
VFULSWLRQLVDVXE SUREOHP RIWKHPRUHJHQ
7TUDQVFULSWLRQRIDVRORLQWRV\PEROLF V\OC
GLRVHIPHQWDWLRQDWDILQHJUDLQ OHYHO 7U
PDQFHV DUH XVHIXO IRU SHUFXVVLRQ WUDLQLQ
LV PRVWO\LPSURYLVHG WKH QHHG IRU VXFK D
WLRQ VIVWHP LVOLPLWHG H[FHSWIRUPXVLFHG
DQRDO\WLVY DSSOLFDWLRQV +RZHYHU D WUDQVF
WRPDWLFDOO\GLVFRYHU SHUFXVVLRQ SDWWHU
LODULW\PHDVXUHV XVLQJVXFKGLVFRYHUHG SL
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7KH XVH RI RUDO PQHPRQLFV LV QRW XQLTXH
ODQ\PXVLF WUDGLWLRQVDURXQG WKH ZRUOG K|
VIVWHPV RI RUDO PQHPRQLFV IRUWUDQVPLVVLF
WKH WHFK@XTKHY FRLQHG VDKRMWHWIPF LFRQLF
PQHPRQVMWHPY IRUWKHVH SKHQRPHQD DQG GH
LQ GLIIHUHQW JHQUHV RIWUDGLWLRQDO -DSDQ*
WKH FRUHDVSHFW RI WKHVH V\VWHPV LV WKDW \
WKHVLPLODULW\RIWKHLU SKRQHWLF IHDW XU H\
RIWKHVRXQGV WKH\DUHUHSUHVHQWLQJ HVWD
VKLS ZLWK WKHP 7KHUHIRUH WKHVH V\VWHPV I
IURP WKRVH RI WRORLKBIWLRBUVRQ .RDEL
FHVVHG -XQH OLNHIRULQVWDQFH WKH V\OC
,QGLDQ VYDUDV QRWHV RU WKH &KLQHVH JRQJ
QRQVHQVLFDOLQ UHODWLRQ WR WKH DFRXVWLF

7KH XVH Rl WKH DIRUHPHQWLRQHG V\VWHPV |
RI SHUFXVVLRQ LV ZLGH H[WHQGHG DPRQJ PDQ)\
" +XJKHV PHOQWLRGWAIWKHS IRUWKH VHW RI GUXTF
IRWKHDWUH ,Q .RUHD WIKMXA RGHBILHXWN BRR Q
TXDUWHW RIGUXPVDQGJRQJV GUDZVRQWUDGLI
LFV IRUWKH WUDQVPLVVLRQ RI WKH UHSHUWRL!
WHPV DUH DOVR NQRZQ WR EH XVHG LQ 7XUNLVK
-DYDQHVH PXVLF

7KH EHQHILWV RI XVLQJ RUDO O/, 8HRELF V\VW
VSHFWLYH DUH ERWK WKH FXOWXUDO VSHFLILF!
DFFXUDF\RI WKH UHSUHVHQWDWLRQ RI WLPEUH
LFV 7KHFKDUDFWHUL]DWLRQRIWKHVHSHUFXV'
VLGHU HOHPHQWY WKDW DUH HVVHQWLDO WR W
WKHLU SDOHWWHV RI WLPEUHV VXEWOHWLHV R
HQW GHJUHHV DQG WUDQVLWLRQV RI G\QDPLFV
WUDQVPLWWHG E\WKHRUDO VIOODEOHYV

$V GLVEXVVHG HDUOLHU WKH RQRPDWRSRHL
,QGLDQ DUW PXVLF SURYLGHV D ODQJXDJH IRU S
WKHPRVWPXVLFDOO\PHDQLQJIXOZD\WRUHSUF
RWDPBQB PULGDQJDP 6XFK D OLQN EHWZHHQ G
QDWXUDO ODQJXDJH KONXFKHIQM SIJRQHG E\
+RZHYHU WKHUH DUH VRPH FKDOOHQJHV WR SH|
,QGLDQ DUW PXVLF WRHQDPDE®HYI®P DUH QR
XQLTXHDFURVV DOO WKH VFKRROV B6LQFH WKH\
WKH WLPEUHDQG G\QDPLFV RIWKH GUXP VWURN
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WKH VWURNHY WR VIOODEOHV LV QRW XQLTXH D
GLIIHUHQW VIOODEOHV PDSSLQJWR RQH VWURN
SHUFXVVLRQ VROR D VI\OODELF SDWWHUQ FDQ L
OHDGLQJWR IXUWKHU FRPSOH[LW\
3HUFXVVLRQ SDWWHUQ WUDQVFULSWLRQ FDQ
YLVHG OHDUQLQJ WDVN XVLQJ ODEHOHG WUDL
VWURNH PRGHOV ZKLFK FDQ WKHQ EH XVHG WR "
LQJ 3HUFXVVLRQ SDWWHUQ GLVFRYHU\LV DQ X
WR H[WUDFW SHUFXVVLRQ SDWWHUQV IURP DXG
VXSHUYLVHG ZD\ WKRXJK VRPH SULRUV FDQ EH
SHUFXVVLRQ VRORV UHSUHVHQWHG E\VI\OODEQ
WUDLQLQJ 6XFKVFRUHV FDQ EH XVHG IRU V\PER
VLRQ SDWWHUQV DQG XVHG WR GLVFRYHU SHUF
FRUSRUD D WDVN WKDW PXFK OHVV FRPSOH[ WK
DXGLR :HFDQWKHQ XVHWKHVHSDWWHUQVDQG
SHUFXVVLRQ VROR UHFRUGLQJV 6XFKDQDSSUF
HU\ IURP VFRUHV IROORZHG E\ SDWWHUQ VHDUF
IXUWKHU LQ WKLV GLVVHUWDWLRQ
$VFLHQWLILFVWXG\RI,QGLDQ SHUFXVVLRQ L
EDFNWR WKH VWXG\RIDFRXVWLFV RI,QGLDQ GL
5DPDQ .XPDUS5DPDQ ,Q WKH ODVW GHFDGH F
RIWKBHZRUN ZLWK +LQGXVWDQL PXVLF SHUFXVVL
GUXP VWURNH WUDQVFULSWLRQ FUHDWLYH PRC
YLVDWWR®®B SUHGLFW L YWHDRFEMX O REHR | 7 KH
ILUVW DWMWDHSFEEMVRINW W U D Q V F U L*S \8 DRIQV ZIDQ/GG R Q
5LFKDU® ZLWK WKHLU PRUH UHFHQW ZRUN PDL
PRGHOLQJ RI UK\W KIPO\OHHTWX H § EFHR/D BB U D J
&KRUGKRUGLD E IRFXVHG RQ DXWRPDWLF WU
WLRQRIVWURWHE®WRP VMRORHYHORSHG D QHZ HQ
VFKHPH IRU W U D\D\ERRUD\S MDLGREDRE WKDBIW ED V H G
RQ WKH KXPGUXPUWRQWDBDH DQG &KRUGLD
GHYHORSHG D\§ DERERRYWY AU ([WHQGLQJ IXUW
RI ZRUN YADLEDRIDXHQFHV KDV EHHQ LQ D SUHGLFV
VHWXS XVLQJ WKH PXOWLSOH YLRESRRIGQW PRGH
6DVWU\ S$OE&KRUGLD 6DVWU\ &IKIRUNG IUN
6DVWU\ ODOOLNDUM»Q@NMW$OEBELQRQ
H[SORUHG VHJPHQWDWLROQ D@D RNHVQAMFNWK ISQVWY F
FRQWMWPHRIQLWLRQLQ +LQGXVWDQL PXVLF
7KHZRUN ZLWK &DUQDWLF SHUFXVVLRQ KDV E}
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WLYDWHG E\ WERPIXRUNMRBDQWDSDGPDQDEKDQ %
OXU DQG OXUWKHGOD EDVHG DSSURDFK WR GHF
SRVLWLRQ RI PULGDQJDP VWURNHV LQWR LWV P
WUDQVFULSWLRQ 7KHZRUN ZDV IXUWKHU H[WH (
EDVHG IHDWXUHV WR PDNH WKH WUDQVFULSWLF
WKH WR@IFWVDSDGPDQDEKDQ %HOOR .ULVKQDQ
ORUH UHEFXQMDOW\RVH .XPDU 6DUDOD OXUWK\ DC

SURSRVHG DQ DOJRULWKP IRUPULGDQJDP \
DQG HYDOXDWHG LWRQDQ DQQRWDWHG GDWDV
BHFWLRIRU WKH GDWDVHW 3HUFXVVLRQ SDWW
GLVFRYHU\LQ ERW KVPWER®RYIDPROGHER | WKH SURE
DGGUHVVHG LQ WKH GLVVHUWDWLRQ DQG LV IR
VLYHO\LQ 6HFWLRQ

iXkX9 _?vi?K # b2/ m/BQ b2:K2Mi iBQM

6HIPHQWDWLRQ SUREOHPVUHIHUWRDEURDG FL
LQYROYH WKH ODEHOLQJ VHIJPHQWVY RIDXGLR ZI
WDWLRQ FDQ EH GRQH DW VHYHUDO OHYHOV ED
FHSWV 6HJPHQWDWLRQ SUREOHPV DUH XVHIXO
WLRQDO PHWDGDWD WR QDYLJDWH WKURXJK P X\
VLQJOH UHFRUGLQJ DQG WRIXUWKHU GHYHOR!
GLRVHIJPHQWDWLRQLY QRWWKHPDLQ IRFXV RI
HUDO UK\WKP UHODWHG VHIPHQWDWLRQ SUREO]|
FRPSOHWHQHVV

$ PXVLF UHFRUGLQJFDQEHVHJPHQWHG EDVH
WKDW DUH SOD\LQJ DSUREOHP WKDW FDQ DOVR
WUDFNLQJLQ DXGLR ,Q ,QGLDQ DUW PXVLF Wt
D SLHFH LQWR VWUXFWXUDO VHIPHQWY WKDW [
LQVWUXPHQWV—RQQDKDPY PHORGLFLQVWUXPHQ)\
ZKLOH D SHUFXVVLRQ VROR RQO\ KDV SHUFXV VI
FRQWH[W RI,QGEDQNDNGLAXYE B U WG HQDWO \
SURSRVHGDQDSSURDFKWRWUDFNGLIIHUHQW L

6HIJPHQWDWLRQFDQDOVREHUHIHU WR VHJPH
SLHFHV WKDW ZHUH SHUIRUPHG LQ LW ZKLFK LV
PHQWDWLRQ DW D VWUXFWXUDO OHYHO ZLWKLQ
SLHFHLQWR GLIIHUHQW VHEWLRQV RI WKH SLHF
WLRQ DQG VLPLODULW\ $Q DSSODXVH EDVHG V
PXVLF FRQFHUWYV ZEDWDDROSIRY G G XEW K KK K
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ZDV DOVR H{WHQGHG WR LQWUD SLHFH VHJPHQ
SLHFH +LQNKX®WWIFLFRQFHUW UHFRUGLQJV DU
VHQWHGDVDVLQJOHUHFRUGLQJZLWKPXOWLSC
VLEO\ GLOMBQWOa® JPHQWLQJ +LQGXVWDQL FRQF
LQJVEDVHG PDLQO\RQ UK\WKP IHDWXUHV XVLQJ
ZDV SURSBIV®)GVEKD DQG IDRG VWUXFWXUDO VHJP
WLRQ XVLQJDGGLWLRQDO DX®HIMHDWXQHYV ZD)\
XWKD 3DQGLW DQ@AHFRIQW DSSURDFK WR HVWL
DEOHWHPSRWKDWDLGV LQ UK\WKRDRWRIBIPHQW |
FROQFHOWYXENKD 6DQNDJLUL $SDUKGVBROREDVHG
VHIPHQWDWLRQRIVXFKDQDXGMRWIDPRNGLQJ L
LQJRQ WKH UHFRUGIF®DID M ESR HRR& VHIPHQWD W |
XVH D QRYHOW\ IXQFWLRQ IRURQVHW GHWHFW|I
WHPSR WR VHIJPHQW DXGLR
6HIJPHQWDWLRQRIUHFRUGLQJV DW WKH WLPH
ILQH PHDQLQJIXO UK\WKPLF SKUDVHV LV UHOHY
SKUDVHV DUH FORVHO\WLHG WRVWI§B®PHIWULFDC
7KHVH SKUDVHV FDQ FKDUDFWHUL]JH WKH UK\WK
EHLQVWUXPHQWDO WRPHDVXUHUK\WKPLFVLPL
RIPXVLF *LYHQ VRPHIRUPRIDXWRPDWLF UK\W k
DVWKHVDPDDQG WKHEHDWY H[WUDFWLQJ UK\\
SKUDVHERXQGDULHV L QKY R/HHPE XM QRVDLMIERIQ HD LIP \
WR VHIPHQW WKk NS DIQFH DY WORUH JHQHUDOO\ LW
SDVVHV WKH WDVN RI VHIJPHQWDWLRQ DW UK\W
WKHU WKRXBKDOWKRQJ LV IQHBRX\OKHFKD QJH
WKURXJK WK VEBVHBQAHIPHQWDWLRQ RI DXGLF
IXUWKHU XVHIXO IRUVWUXFWXUH VHIPHQWDWL
ERWK &DUQDWLF DQG +LQGXVWDQL PXVLF LV KL
SRVVLELOLW\RIZLGH YDULHW\RIUK\WKPV +RZ
LQ WKH PXVLF SLHFH ZLWK ZHOO GHILQHG VWU X|
PLF SKUDVHV FKDURDFWIBY IQWWWLFLRNWHKHH VH 3UHJ
RI VWDEOH UK\WKP”~ ZRXOG EH KHOSIXO LQ UK\\
)XUWKHU WKHVH VWDEOH UHJLRQV FDQ EH XVH
UK\WKP WHPSODWHV IRUPHDVXULQJUK\WKPLF \

jXkX8 PMiQHQ:B2b 7Q" "?vi?K +QM+2Tib

7KRXJKQRWDWRSLFDGGUHVVHGLQWKHGLVVH!
LQJ DOVRFDOOHGDVNQRZOHGJHHQJLQHHULQ.
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NQRZOHGJHLQWR FRPSXWHU VI\VWHPV WR VROY
UHTXLUH KXPD@ WIDEKBWQVHHYHVYRH]
3pUH] )HUQIQGH] /ySH] %&RIUFHKRY /HH +HQGOH
/IDVVLOD $Q RQWRORJ\VSHFL;HV FRQFHSWV
ODWLRQV FRQVWUDLQWY DQG LQVWDQFHV LQ
FRPSOH[DQG YDULHG SKHQRPHQRQ ZLWK PDQ\
WXUDO GRPDLQ VSHFLILFRQWRORJ\LVQHHGHG
WKDW SHUWDLQ WR D VSHFLILF W\SHRIPXVLF
7—RQWRORJLHVDUHNQRZOHGJHUHSUHVHQW
HQFRGHWKHUHODWLRQVKLSVWKDWH[LVWDPR
GLDQDUWPXVLF %XLOWXVLQJWKHNQRZOHGJH
WLFH WKHRQWRORJLHV ZRXOG EH XVHIXO IRU T
UHODWLRQVKLSY EHWZHHQ WKH SLHFHV 7KH R(
IHDWXUHV GHULYHG IURP WKH GDWD ZLWK PXVL
WLRQVKLSV WKDW FDQ EH XVHG IRUGHILQLQJ UK
LQIMD-RTDNVRORJ\DQG WKH NQRZOHGJH RI F\FOH C
HDVLHU WR IMGHDBPLDYXEKR )XUWKHU WKH RQWHF
DOVR EH XVHIXO WR FUHDWH VSHFLILF PRGHOV :
WKH RQWRORJ\ ,Q VXPPDU\ RQWRORJLHV FDQE
XVHLQ QDYLJDWLRQ DQG LQIHUHQFH DQG IRU E
PDFKLQH OHDUQLQJDOJRULWKPYV

3UHYLRXV ZRUN RQ RQWRORJLHV KDYH EHHQ |
PXVLF DQG PGPADD@®DVEDLPRQG 7KH &RPS
OXVLF SURMHFW DLPV WR GHYHORS RQWRORJL}
WXUHV XQGHU VWXG\ VRPH H[D.MRSOHM IDFFD X G H
BHUUD DQBGXUL %XLOGLQJFRPSUHKHQVLYH
JLHV QHHGV H[SHUWLVHLQPXVLFWKHRU\DQG R
IRUW WKDW LV EH\RQG WKHVFRSHRIWKLV GLVV}
KRZHYHU ZH XVH EDVLF NQRZOHGJH UHSUHVHQ
SULRULQIRUPDWLRQLQVHYHUDO UK\WKP DQDO

jXkXe _?vi?K bBKBH "Biv K2 bm 2b

5K\WKP VLPLODULW\ PHDVXUHYV DLP WR XVH UK\\
GDWD DQG VHIJPHQWDWLRQLQIRUPDWLRQ WR SU
LW\ YDOXH EHWZHHQ WZR SKUDVHV WZR PXVLF
WKH VDPH SLHFH 'HYHORSLQJ FXOWXUH DZDUH
RQHRIWKHILQDO JRDOV RI WKH &RPSOXVLF SUR
ODULW\LVDPDMRUFRPSRQHQWRILW B6LQFH UK
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YHU\FRQFUHWH QRWLRQ ZHQHHG GHILQLWLYH
VLPLODULW\ HVSHFLDOO\LQ D PXOWLFXOWXUD
VLWDWH WKH XVHRINQRZOHGJHEDVHG DSSURD
LQJ $QLQ GHSWK VWXG\RIUK\WKP VLPLODULW
RIWKHGLVVHUWDWLRQ +RZHYHU VRPH SRVVLE
WRZDUGV WKHJRDODUH GLVFXVVHG

7TKHRQXV RIGHYHORSLQJQHZ VLPLODULW\PH
WKH FKRLFH RIPHWULFV WKDW FRUUHVSRQG WF
FHLYHG WKURXJK PXVLFDOO\ UWOBYD QWHRQFH
UK\WKPLF SDWWRfDOQR/OREHHY SURYWLSUBIIWKH HP S
RWPXVLF WKHRU\EDVHG PRGHOV IRU VLPLODULW
LGHQFHIRUWKH SULRU IURP PHWDGDWD DQG DX
OHYHO IHDWXUHVY REWDLQHG IURP ERWK WKH D
WLRQVDQG WKHUK\WKPLFSKUDVHV H[WUDFWHC
TKHVHPLG OHYHO IHDWXUHYV SURYLGH D VHPDQ
EHWZHHQ WKHZHOOGHILQHGEXWOHVV GHILQLW
WKHDEVWUDFW KLIKOHYHO PXVLFWKHRU\EDVE
FDQ WKHQ EH XVHG WR GHILQH REMHFWLYH PHD
LW\ 7KHVH IHDWXUHV DUHD FRPELQDWLRQ RI' W
RQ WKH ZKROH SLHFH DV ZHOO DV WKRVH FRPSX
SKUDVH WKDW KDV EHHQ HIWUDFWHG IURP WKH
EHDEOHWRGHILQHPHDVXUHV DQG FRPSXWH VL
PLF SKUDVHV EHWZHHQ PXVLF SLHFHV DQG EHW
PXVLF SLHFH

'LWKWKHDXWRPDWLF UK\WKPDQQRWDWLRQV
WDWLRQ WDVNV FDQ EH XVHG WR HI[WUDFW FKD
SLHFH LWKMKRUPDWLRQ ZH FDQ WKHQ PDNH |
UK\WKP SDWWHUQV WKDW FDQ EH XVHG IRU PHD
LW\ 6LQFH PHORGLF DQG UK\WKPLWSKHODDVHV D
F\FOHV ZH FD/@ RMHCWEHDW PDUNHUYV WR VHJIPHC
GLRLQWR UHOHYDQW SKUDVHV (DFK SKUDVH F
XVLQI WKH QRWHYV VWURNHYVY GXUDWLRQDQG W
LQWUD SLHFHVLPLODULW\NEHWZHHQ WKHVH SKL
VWUXFWXUDO VHIPHQWDWLRQ RIWKH SLHFH

'LWK WKH UK\WKPLF SKUDVHVY HIWUDFWHG IUF
FOXVWHU WKH SLHFHVY EDVHG RQ HPSLULFDO Gl
IDPLOLHV RI SKUDVHV ZLWK SK\ORJHQHWLF UHOI
FKDUDFWHULVWLEHHRIBKWDRXOREBD WKHLQLWLDO D
GHILQLQJPHDVXUHVRIVLPLODULW\IURP GDWD
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GLVWDQFH PHDVXUHVY EDVHG RQ PXWELFIWKHRUH
QD EGBIODVVHY 7KHPHDVXUHV REWDLQHG IUR|
WR IXUWKHU UHILQH WKHVH HPSLULFDO PHDV XU
WKH GDWD GHULYHG PHDVXUHV DQG HPSLULFDO
XDWHDQG LPSURYH WKHLU SHUIRUPDQFH 7KH |
WKH GDWD GHULYHG PHDVXUHV FDQ EH FRPELQH
WDLQHG IURP RQWRORJLHVDQG WKHQ XVHG WR
VXUHV RI UK\WKP VLPLODULW\ 7KHVH FXOWXUH
QDOO\KDYHWREHHYDOXDWHG ZLWK OLVWHQLG
DQG ERWK H[SHULHQFHG DQG QRQ H[SHULHQFHC

jXkXd avK#QHB+ KmbB+ M HvbBD

6\PEROLF PXVLF VFRUHV LQ ,QGLDQ DUW PXVLFI
DQGDUHRQO\LQGLFDWLYH 7KH\DUH VHOGRP X
XVHGWRDOLPLWHGH[WHQWLQPXVLFWUDLQLQ
VWDQGDUG QRWDWLRQ VI\VWHPV IRU PHORG\ RU
GXVWDQLDQG &4DUQDWLF PXVLF ZKLFKDUH ZLG

5K\WKPUHODWHGLQIRUPDWLRQHQFRGHGLQ
LVOLPLWW-®MNIENEGRBB-WXUYUDWLRQV ,Q&DUQDWL
VLF ZLWKDNQRZOHGJH RIWKHFRPSRVLWLRQ V
IROORZV WKH FRPSRVLWLRQ 7KRXJK WKH SHUF
LVODUJHO\LPSURYLVHG WKH VFRUH LPSOLFLW
WLRQVDQG WKHIXHNgBDSRY GXBIAIYI WKH FRPSRY
7KXV D UK\WKPLF DQDO\VLVRQ VIPEROLF VFRUH
DOGDPFHRXQGDULHY SURYLGH D JRRG VWDUWLQJ
DVDXGLRWRVFRUHDOLJQPHQW DQG VWUXFWX
VIOODELF WHORWHVARILGDQJDP DUH XVHIXO WR GL
FXVVLRQ SDWWHUQV IURP V\PEROLF GDWD D SU
GUHVVHG

‘XHWR WKHODUJHGHYLDWLRQRISHUIRUPHG |
WLYH VFRUHV VFRUH DQDO\VLVY FDQ DW EHVW E
ZDUGV UK\WKP DQDO\VLV )XUWKHU WKHUH LV Q
WLRQ RIPDFKLQH UHDGDEOH PXVLFVFRUHV LQ ,
QRWWKHUHIRUHH[SOLFLWO\ZRUNRQ V\PEROLF
XVHRIWKHDYDLODEOH VFRUHVY ZKHQ WKH\ SUR)

$XWRPDWLF VFRUH DQDO\VLV UHVHDUFK LQ VW
UK\WKP DQG SHUFXVVLRQ IRU ,QGLDQ DUW PXV
VFRUHVY KDYH EHHQ XVHG IRU GLILIRNGXQYW PHORC
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,VKZDU BHUUi DQGGRWMDQL DQG 6UHHQLYDYV
IRU &DUQDWLF FBX\LIQA IDQU®EXUWK\ DIDG & KRUGL
IRU+LQGXVWDQLPXVLFYRFDOFRPSRVLWLRQV
DEOH +LQGXVWDQLPHORGLFPXVLFVFRUH GDWEL
WDEMHTXHQFHV KDYHEHHQ XVHG IRUSUHGLFW
WDBEDIRUPDQFHV XVLQJ WKH PXOWLSOH YLHZS
ZRU&KRUGLD 6DVWU\ 0DOOLNKRWGQRD 6HOELQ
WU\ $OELQ

jXkX3 1p Hm iBQM M/ AMi2;" iBQM

7KHDOJRULWKPVDQGPHDVXUHV GHYHORSHG DV
QHHG FRPSUHKHQVLYHHYDOXDWLRQ ORVWRI W
QRWDWLRQ WDVNV DUH ZHOO GHILQHG KDYH D JI
DQG OLVWHQHUV ODUJHO\ DJUHH XSRQ DQG KH
PDWLF HYDOXDWLRQ XVLQJ LQIRUPDWLRQ UHW L
WKH\UHTXLUH VXEVWDQWLDO DPRXQW RIJRRG T
ZKLFK QHHG WR EH EXLOW 3HUFXVVLRQ SDWWF
EHHYDOXDWHG XVLQJ PHDVXUHV ERUURZHG IRL
VHDUFK $XGLR VHJPHQWDWLRQ IRUUK\WKPLF S
GHILQHG DQG REMHFWLYH SHUIRUPDQFH PHDV X
EDVHG RQ WKHLU XVHIXOQHVV LQ GHILQLQJ UK\V

5K\WKP VLPLODULW\LVWKHKDUGHVWWRIRUP
DVLIJQLILFDQW DPRXQW RI KXPDQ VXEMHFWLYL!
HYDOXDWLRQ IRUUK\WKP VLPLODULW\LV WKUR?
GHILQHG PHDVXUHV DQG WKH WDUJHW DXGLHQF
WLPH FRQVXPLQJDQG QHHG D ORW RI UHVSRQV#
FUHWH FRQFOXVLRQV 6LQFHWKHVHPHDVXUHYV
HITHFWLYH VWUDWHJ\ ZRXOG EH WR LWHUDWLYF
ZLWK IHHGEDFN IURP OLVWHQLQJWHVWV RU XV
RIUK\WKP VLPLODULW\

L, QWHJUDXQ\BRUWHU HWLIVGD ZHE EDVHG VRIW
ZDUH DSSOLFDWLRQ WKDW OHWV XVHUV LQWHU
OHFWLRQ WKURXJK WKH XVH RI PXVLFDO FRQFH:
D VSHFLILF PXVLF FXOWXUH 'XQ\D LV WKH EHVW
UHVXOWLQJIURP WKLY GLVVHUWDWLRQ 'XQ\DF
WKH DXWRPDWLFDOO\JHQHUDWHG UK\WKP DQQ
RIDPXVLFSLHFH 7KLV OHDGVWRDQHQULFKHG
ZLWK D EHWWHU XQGHUVWDQGLQJ RI WKH XQGH
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LQ WKHSLHFH )XUWKHU '"XQ\D SURYLGHV DQ LQ
ROQOWRORJLHVDQGGDWD GHULYHG PHDVXUHV RI’
DQLQWHUIDFH WR LQWHJUDWH UK\WKP VLPLOD!
WKH WKHVLVY WR RWKHU VLPLODULW\ PHDVXUHYV
EUDO WREHGHYHORSHGLQ WKH&RPSOXVLF SUF
DFRPSOHWH V\VWHP IRUVLPLODULW\EDVHG QD
WLRQV 7KHUK\WKP VLPLODULW\PHDVXUHYV DUH
LODULW\ PHDVXUHVY EHLQJGHYHORSHG DV D SDL
7KHVH PHDVXUHVY QHHG WR EH FRPELQHG WR SU
ODULW\ PHDVXUH ZKLFK ZLOO EH WKH EDVLYV IR
PXVLF FROOHFWLRQV RI'XQ\D

iXKXN 1ti2MbBQMb iQ Qi?2  KmbB+ +mHir

7KHDOJRULWKPV LQ WKH GLVVHUWDWLRQ DUH G
LW\ RI HHWHQVLRQV WR UK\WKP DQDO\VLV Rl RWk
WKHFRQWH[W RI &RPSOXVLF SURMHFW 7XUNLVK
RQ UK\WKPLF FYAOXPQ KVYROHGE D UK\WKPLF SDWW
FHUWDLQ OHQJWK WKDW GHILQHV D VHTXHQFH F
FHQW $Q XVXO LWB-@RW®RIRXNWHRE RWSOMHMW] WKDQ
VIVWHP +HQFH PRVWRIWKHDOJRULWKPV GHYF
ZRXOG H[WHQG WR PDNDP PXBDGUKBWBHVMD®I RS
WKH PHWULFDO SDWWHUQV WR VHW O\ULFDO FR:
DQDO\VLV RI %HLMLQJ RSHUD VXFK DV WUDFNL
DULD LV D WDV N\BWMDO RNRRY WRHLMLQJ RSHUD S
VKDUHV WKH FRQFHSW RI D VIOODELF SHUFXVVL
SOHUDQG EHWWHU GHILQHG WKDQ ,QGLDQ DUW
SLORW FDVH IRU SHUFXVVLRQ WUDQVFULSWLRQ
RI SHUFXVVLRQ SDWWHUQV D WRSLFRIVWXG\ L

iXj h?2bBb T'Q#H2Kb, 7Q KmH iE

'LWKDQ RYHUYLHZ RI WKH UHOHYDQW UHVHDUF
OHQJHVLQWKHP SRVVLEOHDSSURDFKHVDQGW
SUREOHPV DVXEVHWRIWKRVHSUREOHPYVY WKDYV
VHUWDWLRQ DUHIRUPDOO\GHILQHG DQG GLVFX
ZHIRUPXODWH WKHUHVHDUFK TXHVWLRQ GLVF
MXVWLILFDWLRQ GLVFXVV WKH WHUPLQRORJ\ >
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DERXW WKH DSSURDFKHVY 7KH SUREOHPV DFUR
QDWLF PXVLF DUH TXLWH DQDORJRXV EXW DOO
VHSDUDWHO\IRUHDFKPXVLFFXOWXUH LPSOLF
VLF FXOWXUH RI W KOHSSIJLHRAGHHIW DNNQ@ORHAG LV F XV VL F
WKHDSSURDFKHV H[SHULPHQWVDQG UHVXOWYV
FKDSWHUV

iXjXR J2i2° BM72'2M+2 M/ i +FBM;

7KH PDLQ SUREOHP DGGUHVVHG LQ WKH WKHVLYV
GLR UHFRUGLQJY OHWHU DQDO\VLV LV DQ XPEL
SUREOHPV RI PHWHU LQIHUHQFH DQG PHWHU W!
RXUNQRZOHGJH DFRPSUHKHQVLYHDXWRPDWL
EHHQ UHVHDUFKHGLQ ,QGLDQ DUW PXVLFDQG K
WKHGLVVHUWDWLRQLVWRSURSRVHDQG SUHVF
IRU,QGLDQDUWPXVLF ,QDGGLWLRQ ZHDOVRD
TXHVWLRQ WR ZKDW H[WHQW GRHV EXLOGLQJF
W-DG LQIRUPHG PHWHU DQDO\VLY WKDW SURY
WLRQ DEWRXONBN KRWR DOJRULWKPY LPSURYH SH
OHDGLQJWRPRUHDFFXUDWH WUDVFNMERJ RI WKH

7RDGGUHVV WKHSUREOHP ZHIRUPXODWH WD
DGGLWLRQDO NQRZQ UK\WKP LQIRUPDWLRQ LG
7KHDGGLWLRQDOLQIRUPDWLRQ SURYLGHG WR \
YDULRXV OHYHOV IURP WKH OHDVW LQIRUPHG P
LQIRUPHG PHWHU WUDFNLQJ :HWKHQEXLOG %C
H[SOLFLWO\LQFRUSRUDWH KLJKHU OHYHO PHW!
DQG VWXG\ WKHLU HITHFWLYHQHVYV DQG DSSOLF
LQ ,QGLDQ DUW PXVLF )LQDOO\ ZH XVH GDWD
LQGLFDWLYH RI UK\WKPLF HYHQWV LQ PXVLF $
IRFXV SRLQWY OHDG WR GDWD GULYHQLQIRUPH
PHWHU DQDO\VLV

,Q WKHVFRSHRIWKHZRUN SUHVHQWHG LQ WK
VLF FXOWXUH WR ZKLFK WKH DXGLR UHFRUGLQJ
+LQGXVWDQL PXNISKH LRKM@XTQLR UHFRUGLQJV DI
VXPHG WR KDYH D SHUFXVVLRQ LOQVWUXPHQW S
GDQJDP LQ &D U QDMOLEGPEHIMVQGEXDVWQMBED QL PXVLF 7KL
SOLHV WKDW RQO\ PHWHUHG IRUPV RI PXVLF DU
WKH XQPHWHUHG PHOR G LF Q P-SIDRWHWDMULLEEQW  F
RXU VFRSH LQ +LQGNXKWVSBQLRPXAVLEMHR/ 7KH P X V|



$XWRPDWLF UK\WKP DQDO\VLV RI ,QG

UHFRUGLQJ LV DVVXPHG WR KDYHEHHQ DOUHDG
WKDWDUHWOWMNVLQRQHUHFRUGLQJV ZLWK PXOW|
VHIPHQWHG L QW RAS-B RBSHSVUZH WAHKQR\GHHG WR WKH DO
‘HGRQIYWPDNHDQDVVXPSWLRQ WKDW WKHDXGL
WKHEHJLQQLQJRIWKHSLHFH DQ\H[FHUSW RICL
EHSUHVHQWHG IRUDQDO\VLYO DXV QBRVWD QW LV
PXVLF WQ@BLY DVVXPSWLRQ PDLQO\ VWHPV IUF
WLRQ RI RXU DSSURD F K H W-OMBMMERKO K @ISAKIFGIJ L
ORVW FRPPHUFLDO UHOHDVHV DOUHDG\ DUH VH.
KHQFH VXFKDQDVVXPSWLRQDIDLUDVVXPSWLR
VLFFROOHFWLRQV DPDQXDORUDVHPL DXWRPI
UHFRUGLQJV LQWR H[MHUBM M \ZV WK PHVERQUMP L
WKDQ PHWHU WUDFNLQJ DQGKHQFHVXFKDQDV
‘HGR QRWDVVXPHDQ\UHVWULFWLRQV RQ WHPS
LW\LQ WLPHRYHU WKH SLHFH

'HUHVWULFW RXU ZRWN-WRDRXWSHRSXODMR U L
RIUHFRUGLQJV LQ ,QGLDQ DUW PXVLF )RU &DUC
RXU ZRUNBIVRDNID UD F KD-QEXD /£ E DVFK PEBX
IRU +L QG XV W DD 1Q#MNV@RINSRNISS DN SM-Q 6 H
RXU DSSURDFKHVY DUH VXSHUYLVHG DQG GDWD
PDLQO\GXH WR WKHODFNRIDYDLODELOLW\RIELC
OHVV S R/SXmBY W BMBYH YHU\ IHZ HIDPSOHV DYDL
HYHQ LQ ODUJH PXVLF DUFKLYHV 7KH SHUIRUPEL
LV OLNHO\ WR HJW-HYYGZWR R VGKIHRY LGHG ZH KDYH
FLHQW WUDLQLQJ GDWD )URP D SWBDFWWILWDO VV
ZLOOFRYHUDPDMRULW\RIFRPSRVLWLRQVLQE
WDQL PXVLF DQG KHQFH VXFKDUHVWULFWLRQ |

/HW D PXVLF Y BRRWHGUPNHQWHG O DQ DXGLR
DQG FDQ EH UHGXFHG E\IUDPH ZLVHDQDO\VLV \
TXHQF HRW& f1;2;3;, ;Kg ZKHUHVY WKH WRWDO QXPE]|
RIDXGLRIUDPHV /HW WKH VHR-RWMIM-PUHAKE WD Q
ZLWK WKHLU SRV L VBL RIQLEOQWKHAIBGR E H
LQVWDQWYV B4 GE QRS HE IDRM N WEMOMHY RQ D
&DUQDWLF PXVLF UHFR G% QW E HVGEHIDIR @ HE LIRQ
KD$HB, O, 7TKHEHDWVDUHODEHOHG ZLWK WKH
F\FOH *LYHQ WKDWRMHEWKBRWQBQULHYVY DUH D VX
VHW RI WKH VHW RI EHDWV WKHEHDW QXPEHU D
WR REWDLQ WKHVHFWLRQ ERXQGDULHVLQDVW
RQO\WKRVHEHDWVY ZLWK ODEHOV FRUUHVSRQG
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7KHWLPH YDU\LQJVHTXHQFH RIWHPSR YDOXF
IUDPHDOOHG DWHPSRFXUYHFDQREHWHDBVXUHG
L QW HyJ YRADUDH T X L 6@ QHHD® X U H G PL-Q VISHHRW V

PLQ RU DADIP@MEQW HM Y)RO &DUQDWLF PXVLF WH
FDQDGGLWLRQDOO\ DH B BQWXWNBUDIDTQW H U
DOHEMWOEPHDVXWHNGADBHWPLQXWH 7KH DSSURDI
H[SHULPHQWV DQG UHVXOWV IRUPHWHU LQIHUH
DUH SUHVHQWHG LQ &KDSWHU

iXjXk S2+mbbBQM T ii2 M i Mb+ BTiBQN
/IBb+Qp2 v

7KH SUREOHP RIGLVFRYHU\RISHUFXVVLRQ SDW
UHFRUGLQJV LV WKH VHFRQG SUREOHP WKDW L\
1RWEHLQJWKH SULPDU\SUREOHP LWLV H[SORL
PRVW H[SHULPHQWY SUHVHQWHG FRQWDLQ SUH
IXUWKHU ZRUN 7KHDSSURDFK ZHH[SORUH LQ W
VIOODEOHV WR GHILQH WUDQVFULEH DQG VHD
7KHJRDOLQWKHGLVVHUWDWLRQLVWRWHVW W
RI SHUFXVVLRQ VIOODEOHV LQ UHSUHVHQWDWL
VLRQ SDWWHUQV IRUDXWRPDWLFWUDQVFULSW
VIOODEOHV KDYH D FOHDU DQDORJ\ WR VSHHFK |
DVSHHFKUHFRJQLWLRQEDVHGDSSURDFK WR W
WHUQLQWR D VHTXHQFHRIV\OODEOHV
‘HDVVXPH WKDW WKH SHUFXVVLRQ VRORV KDY
RI WKH FRQFHUW SHUIRUPDQFH VLQFH VWUXFW
SUREOHP WKDW LVDGGUHVVHG LQ WKLV GLVVHU
RGV FDQ EH XV HG6IRUWDWBH WOUMKM IRF XV
RQOWRMBEQD PULGDQJDP VRORVLQ +LQGXVWDQL
VLF UHVSHFWLYHO\ VLQFH WKH\IRUPDPDMRUL
FXVVLRQ VRORV ZLWK RWKHDX MQU DDPPRBHQW YV H
PAUVILAJ&DUQDWLF PXVLFLV OHIW IRUIXWXUH Z
7KH VIOODELF SHUFXVVLRQ VI\VWHP LQ ERWK
WDQL PXVLF SURYLGHV D PXVLFDOO\UHOHYDQW
SHUFXVVLRQ SDWWHUQV +RZHYHU WKHUH DUF
LQ QDPHV RI VIOODEOHVY WKDW UHSUHVHQW D VS
YDU\DFURVV UHJLRQV DQG VFKRROV +HQFH ZK
UHSUHVHQWDWLRQ ZH DLP WR EDVH SHUFXVVL
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VWURNHWLPEUHVDQGQRWRQVSHFLILFV\OODE
JURXS VIOODEOHV WKDW UHSUHVHQW VLPLODU \
JURXSVWRUHSUHVHQW SHUFXVVLRQ SDWWHUQ"
RZQ KDVD IXQFWLRQDO UROH WKLV WLPEUDO Jl
VXIILFLHQW IRU GLVFRYHU\ RI SHUFXVVLRQ SDW
VRPHIRUP RIUHGXFHG UHSUHVHQWDWLRQ DQG
XVLQJ WKH ZKROH VHW RI SHUFXVVLRQ VV\OODE (
VXEVHW RI VIOODEOHV DQG KHQFH FDQ EH WUD
RIWUDLQLQJ GDWD )XUWKHU LW PDNHV WKH G
FRQFUHWH IURP WLPEUDO SHUVSHFWLYH UHPR!
VRXQGLQJ SDWWHUQV ZLOO KDYH WKH VDPH UH
EOH JURXSLQJIRU WWDIEHDDRQPDZDWK WKH GDWDVH
ZHUH FUHDWHG IRU SHUFXVVLRQ WUDQVFULSWL
6HFWLRRQG 6HFWLRIQVSHFWLYHO\ ,W LV WR EH ¢
WKLV VIOODEOH JURXSLQJLV RQO\IRUWKH HDV
WDVN RIDXWRPDWLF WUDQVFULSWLRQDQG GLV

/HW WKH VHW RI VIOOBEGA,VAEH BHRRWHG DV
ZKHUHARVK VIOODEOHN; QWWHKINW\RWQRG QXPEH L
VIOODEOHV $ SHUFXVVLRQ SDWWHUQ LV QRW ZF
QLWLRQV FDQ H[LVW ,Q WKLV ZRUN ZH XVHD VL
FXVVLRQ SDWWHUQ DV DVHTXHQFHRIV\OODEC
$ SDWWHUGH [HIO/EA H I LRH[EGRY ;a.] ZKHUH
a 2A DQAGLY WKH OHQIWRXRK IRU GHILQLQJ SDW!
LWLVLPSRUWDQW WR FRQVLGHU WKHUHODWLY
FRQVWLWXHQW VIOODEOHYV DV ZHOO DV WKH PH
LQ WKHAXVH D VLPSOH GHILQLWLRQDQG OHDYH
VLYHGHILQLWLRQ IRUIXWXUH ZRUN

7KH SDWWHUQ WUDQVFULSWLRQ DQG GLVFRY
XVLQJERWKDXGLRDQG V\OODELFVFRUHV )URP
VFRUHV ZH EXP GG DXGILE WDOODELF SDWWHUQV F
OHQPWK®;$;, .0 ZKHJHYV WKH QXPEHU RITXHU
SDWWHUQV 'LITHUHQW VWUDWHJILHY FDQ EH X V|
SHUFXVVLRQ SDWWHUQV EXW ZH H{WUDFW WKH
FRQVLGHU WKHP DV UHSUHVHQWDWLYH

*LYHQ DQ DXG LU HRRINGILQYW WUDQVFULEHG
TXHQFH RI WLPH DG XYHGNVOOOEBGIN OHYHO W
PRGHOV $HQRHa);(tya); (t;a )] ZKHUH
LV WKH RQ VaH YQMGLIPHVRKH OHQJWK RI WKH WUDQ\
TXHQFH 7KHWDVNRIV\OODELFWUDQVFULSWLR
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WR FRQQHFWHG ZRUG VSHHFK UHFRJQLWLRQ XV
EOHVDUHDQDORJRXV WR ZRUGV DQG D SHUFXV\
DVHTXHQFHRIZRUGYV

*LYHQ D TXH ) BDO/MGUMERP WRHAHSH U
IRUP DQ DSSUR[LPDWH VHDUFK IRU WKH SDWWH
W UDQV BUWRVRIERAD L Q it i FO RAFIDIVERWWHUQV LQ
DXGLRUHFRUGLQJ 6\OODELFWUDQVFULSWLRQ
KDYHFRPPRQ WUDQVFULSWLRQ HUURUV VXFK D"
DQG GHOHWLRQV WR KDQGOH ZKLFK ZH QHHG D¢
JRULWKP $Q DQDORJRXV WDVN IRU WKLV VHDUTF
UHVHDUFK LV NH\ZRUG VSRWWLQJ ZKHUHD NQR
VHDUFKHG LQ D ORQJHU SLHEB KRR @ SHMHEFLKQWHIF R |
/JHH *ROGPDQ

7KH ZKROH DSSURDFK FDQ EH IRUPXODWHG D
OHP ZLWK SHUFXVVLRQ VRORUHFRUGLQJVDQG S
FRYHU FKDUDFWHULVWLF DXGLR SHUFXVVLRQ S
LQJV 7KH FKDUDFWHULVWLF SDWWHUQV DUH IL!
IURPVFRUHYVY DQGWKHDXGLRWUDLQLQJGDWD L
HOVIRUWKHV\OODEOHV *LYHQDQHZWHVW UHF
DUH XVHG WR WUDQVFULEH WKHUHFRUGLQJ DQ
WHUQV DUH WKHQ VHDUFKHG LQ WKH WUDQVFUL
H[SHULPHQW YV D Q GMDH\QGORM. IREIDW K/ RORYV DU
VHQWHG LQ &KDSWHU

iXjXj . i b2ib7Q “2b2 “+?
%WXLOGLQJVXFKGDWD FRW,SRWN NG L HWQWW H\MHDODWL
SUREGHPUD 3HHWHUV )RBWWWLQJ XS FULWHUL
VHOHFWLRQDQGFXUDWLRQRIPXVLF DQGGHVL.
DUHWREHGRQH ZLWK REMHFWLYH SDUDPHWHU
PHDVXUH WKH JRRGQHVYV RI D FRUSXV IRU D SDL
2QHRIWKHSULPDU\DLPVRIWKH&RPSOXVLF SUR
GDWD FRUSRUDDQGPDNHLWDYDLODEOHIRU UH
TXDOLW\GDWDDQGHDV\DFFHVVWRERWKDXGLI
IRUUHSURGXFLELOLW\RIUHVHDUFKDQG WR IXU
WKHGLVVHUWDWLRQ
JRUGHYHORSLQJDOJRULWKPV ZHIRFXV RQ FF
GLR IURP &'V ZLWK PDQXDOO\ HGLWHG PHWDGD
DXGLR FROOHFWLRQ LY FRPSUHKHQVLYH IRU ER
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WDQL PXVLF DQG LQFOXGHV UK\WKWUYHODWHG F
UK\WKPLF IR OPPRIGWKWNY VXFK DV DXWRPDWLF
QRWDWLRQ DQG UK\WKP VHIPHQWDWLRQ ZH QH
GLR GDWD 6WDUWLQJIURP WKH YDVW &RPSO0OXVL
UHSUHVHQWDWLYH UK\WKP DQQRWDWPHG VXE FR
OHYHO DQQRWDWLRQV )RU UK\WKP EDVHG VHJ
VHIPHQW ERXQGDULHYV DUH QHHGHG DV DSSURS

JRU ERWK &DUQDWLF DQG +LQGXVWDQL PXVLF
DQQRWDWHG DXGLR VXE FROOHFWLRQ WKDW UH
SHUIRUPDQFH SUDFWLFHV 7KHSLMFHYIPKRVHQ
OD\ DQG IRUPV DV QHHGHG IRUH[SHULPHQWV 7
FRQWH[W RI WKLV WKHVLV DUH IX$WKIQU HODER
WHUHVWLQJFRUSXV OHYHO F\FOH OHQJWK UK\W
WKH UK\WKP DQQRWDWHG GDWDVHWRUV DOVR S
&DUQDWLFPXVLFDQ®UGBEBWYRQ@QLPXVLF ,QV
LQJPXVLFRORJLFDO LQIHUHQFHV FDQ EH GUDZC
VKRZLQJWKH SRWHQWLDO RIVXFKDPHWKRGRO

$ QRWHRQWHUPLQRORJ\DQG VW\OH

:KHQ FOHDU IURP FRQWH[W ZH XVH WKH FRPPRQ
PXVLF WHUPLQRORJ\DQG WKH VSHFLILF ,QGLDQ
WHUFKDQJHDEO\ SULPDULO\ WR HQKDQFH UHD
UHDGHU (J WKH WHUPARMWIWDD B MLQD ANLLH Bl DXQLOY
DOHQW WKH WHEAD\HIOPW BH KPR IJHDEOH LQ +|
PXVLF D EDURUD F\FOH W RVUMBQRBEUBHD Q D Q
W—$XFK LQWHUFKDQJHDEOH XVH KRZHYHU DV
LWHG HTXLYDOHQFH EHWZHHQ WKHVH WHUPV D
DQG KHQFH WKH GLVWLQFWLRQ VWLOO LV WR EH
JRULWKPVDQG GDWDVHWY SUHVHQWHG LQ WKH ¢
XVLQJDFURQ\PV EXWDFRQVLVWHQF\LVPDLQW
VHUWDWLRQ

iX9 AM b2 “+?2 Q7 miQK iB+ “?2vi?K
M HvbBb K2i?Q/b

TR FRQFOXGH WKH FKDSWHU ZH SUHVHQW DQ H
PDQFH RI VRPH H[LVWL@R I3 DSSORDE KVHRVDLXQW RP D\
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UK\WKP DQQRWDWLRQ WDVNVLQ,QGLDQDUW PX
WKLV VHFWLRQ FRP H\6 ULRR. WIKHDPXSNUKE \+ R O]D
DQG 6HUUD7KH HYDOXDWLRQ SUHVHQWHG KHUH
XDWLRQ RI WKH DOJRULWKPV DQG WKH JRDO RI
WR FRPSDUH SHUIRUPDQFH RIWKHVH DOJRULWK
SURDFKHV 7KHJRDOLV WRREWDLQLQVLJKWV I
LQWKHVHFXOWXUHVDQGWKHFKDOOHQJHV WR |
DERXW WKH FDSDELOLWLHYV DQG OLPLWDWLRQ\
ZKHQ DSSOLHG WR ,QGLDQ DUW PXVLF WR IXUWI
SURSRVLQJQRYHO DSSURDFKHV
ODQ\RIWKHVHDSSURDFKHV ZHUH QRW SURSR\
PLFVWUXFWXUHVHQFRXQWHUHGLQ ,QGLDQ DUV
IRUPDQFH LV DW EHVW VXE RSWLPDO 7KH DOJR
WREHDGDSWHG WRDFRPPRQJURXQGLQ ZKLFK |
GRQH +HQFH WKHHYDOXDWLRQVDUH QRW VWU
VWLOO SURYLGHLQVLJKWY LQWR WKH DSSURDF|
‘HIRFXV RQ WKH SUREOHPV WKDW DUH QRW H]
VXEVHTXHQW FKDSWHUV ,Q VSHFLILF PHWHU |
HVWLPDWLRQ DQG GRZQEHDW WUDFNLQJDUH H
WDVNV KRZHYHU DUH LPSOLFLWO\ DGGUHVVHG
LQIHUHQFH LQ&KDSVOH®YIWK HVWLPDWLRQ WDV
SUR[\WRUHFRJIJQLWLRQ 'RZQEHDW WUDFNLQJ LV
FXVRIWKLY GLVVHUWDWLRQ EXW ZHDSSURDFK
WHUDQDO\VLYV ZKLOHWKHDSSURDFKHV HYDOXI
WUDFNLQJDVDQLQGHSHQGHQW WDVN
JH[LVWLQJ PHIWWKRGW FODBPEOH RI KDQGOLQJ \
ORZLQJWDVNV LQ D VDWLVI\LQJ ZD\IRU ,QGLDQ
DEOH WR DXWRPDWLFDOO\DQDO\]HWKH FRQWH:
DZHOO VWUXFWXUHG ZD\ +RZHYHU DV UHFHOQ\
+RO]DSIHO HWWDKOHVH WDVNV DUH IDU IURP EHLQ.
IRUWKH (XURJHQHWLF IRUPV RI PXVLF IRU ZKLF
EHHQ SUHVHQWHG :H HYDOXDWH VHYHUDO DSS
WKUHH WDVNVDQGDQDO\HZKLFKRIWKRVHDUH
DQGFDQ SURYLGH GLUHFWLRQVIRUIXWXUH ZRU
KHUH WKDW WKHUH DUH DOJRULWKPLF DSSURDF
RQH WDVN LQ D FRPESRUIGH\D W Q ‘H ZLOO
UHSRUW WKH DFFXUDF\RILQGLYLGXDO WDVNYV |
SHULPHQWV DV ZHOO )XUWKHU LW LV DOVR WR
DXGLR DQG LWV DVVRFLDWHG PHWDGDWD LQ WK
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WKHDYDLODEOH PHWKRGV DUH FDSDEOH RI FRP
ZLWK WKHVHYHUDO RWKHU FXHV WKDW ZHUH VS

'‘DWDVHWV IRUHYDOXDWLRQ

7KHUHFRUGLQJV XVHGIRUHYDOXDWLRQLQ WKL
ELJJHU &RPSOXVLF FROOHFWLRQ WKDW LV GHVF
WHU7KH &RPSOXVLF FROOHFWLRQ LV D FRPSUH
UHSUHVHQWDWLYH RI ,QGLDQ DUW PXVLF DQG I
WLRQ ZHXVHRQO\DVXEVHW RIWKHDXGLRFROC
UK\WKP PHWDGDWD IURP FRPPHUFLDOO\DYDLOTE
UHFRUGLQJV DUH VKRUW FOLSV H[WUDFWHG IUR
,QRUGHUWRHYDOXDWHWKHDOJRULWKPV ZH
UHFRUGLQJVY WKDW DUH DQQRWDWHG LQ YDULR;
UHFRJQLWLRQ ZH RQO\ QHHG KLJKVWHYBO LQIR
ZKLFK GHFLGHV WKM-ORQUIWKHRWBNNY RI GRZQE
WUDFNLQJ KRZHYHU ZH QHHG ORZ OHYHO DQQR
DOLJQPHQWEHWZHHQRUJDQL]HG SXOVDWLRQD
QR VXFK DQQRWDWHG PXVLF FROOHFWLRQ ZDV |
VDPSOHV KDG WR EH PDQXDOO\DQQRWDWHG $\
DQQRWDWLRQLV YHU\WLPHFRQVXPLQJ ZHGHF
VHW RIUHFRUGLQJV ZLWK KLJK OHYHO DQQRWD'
VHW RIUHFRUGLQJV IRUWKHHYDOXDWLRQDQG
JRUERWK +LQGXVWDQL DQG &DUQDWLF PXVLF
SRS XOEAMYH VHOHFWHG IRUHYDOXDWLRQ 7KH &
DQG SLHBHWDRID UD FK-Q&KD £ ED
FK—\8X% UUHWSHFWLYHO\ 7KH +LQGXVWDQL GDWE
DQG  SL HWHQAMM-WEKD SIGESG DN WHYSHFWLYHO\
7KH +LQGXVWDQL GDWDVHW GAOPRFE&RVLWLRQ'
ODAPIDVc KDND@Y ,Q WKH GDWDVHWY WKH SLHFHV
ORQJH[FHUSWV VDPSOHG DW +] 7KRXJK WK
DUH VWHUHR WKH\DUH GRZQ PL[HG WR PRQR V|
ULWKPV HYDOXDWHG LQ WKLV VWXG\PDNH XVH ¥
IURP VWHUHR DXGLR DQG SULPDULO\ ZRUN RQ P/
VWUXPHQWDO DV ZHOO D WY-RIAEDD B MARNIGR@ RV
WKHVH SLHFHV ZHUH GLUHFWO\ REWDLQHG IURP
ULDO PHWDGDWD FRQWDLQHG LQ WKH &RPSOXVL
7KH GRZQEHDW UHFRJQLWLRQ WDVN LV HYDO
PXVLF ZLWK S EHEFEUE\S DAL UW\ WZR H[DPSOH\
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LO- @-DNG WKLUW)\ IRXUSHIMBIBRIEBYQQWLF PXVLF
KDYHEHDWDQG VDPDLQVWDQWY PDQXDOO\DQQ
DVWKH&DUQDWLFORZ OHYHO DQQRWDWHG GD\
GDWDVHW &DUQDWLF ORZ OHYHO DQQRWDWHG
PLQXWH ORQJ H[FHUSWV $00 DQQRWDWLRQV Z
6RQLF YLVXD®QDPHPU/DQGRQH 6D\QEHISLQJ

DORQJWRD SLHFHDQG WKHQ PDQXDOO\FRUUHF

JX9XR *v+H2 H2M;i? 2biBK iBQM

7KH DOJRULWKPV WKDW DUHHYDOXDWHG IRU F\
EHGLYLGHGLQWRWZRVXEVWDQWLDOO\GLIIHULI
ZHKDYHDSSURDFKHVY WKDW H[DPLQH WKH FKDU|
UK\WKP RIDSLHFHRIPXVLF DQG WU\ WR GHULY
OHQIJWK VROHO\EDVHG RQ WKH SXOVDWLRQV IR
FDOOHG VHOI FRQWDLQHGDSSURDFKHV LQ WKL\
DSSURDFKHV HYDOXDWHG DUH

'IGDOJRULWKPPHWHU HVWLPDWKRQ WD HRWD W K P

WKDW IRFXVHG RQ PXVLF ZLWK D UHJXODU ¢
WKHU WKH DOJRULWKP RQO\ FRQVLGHUV D FO
WULSOH RUDVHSWXSOHPHWHU 7KHUHIRUH Z
DWLRQ WR WKRVH FODVVHVY WKDW DUH EDVHG R
PXVLFGLISD®MOFA UD FW—BBYH D GRXEOH WULS
DQG VHSWXSOH PHWHU UHVSHFWIQMMO0O ,Q +LQ
W —DbaU3 SD N\ZWUHODQQRWDWHG WR EHORQJ WR GF
VHSWXSOH PHWHU FODVVHV

SABOJRULWKPRVLPHVLIQDWXUHHVWLPDWLRQDC
E\BLNUDNLV HW DIOH DSSURDFK SUHVHQWYVY WZR
GLDJRQDO SURFHVVLQJ WHFKQLTXHV DQG ZH L
IRUERWK PHWKRGV OHWKRG $DQG OHWKRG %
SLNUDNLYHID/OVWR UHSRUW WKH SHUIRUPDQFH X
WLRQ RI WKHWZR PHWKRGYV

EGDOJRUIMWKPHWHUDQDO\VLYDOORBKWKP SUR:
HWDO FDQEHXVHGIRUF\FOHOHQJWKUHFRJQL
WKH EDU EHDW DQG VXEGLYLVLRQLQWHUYDO
LQJ WKHLQWHU GRZQEHDW LQWHUYDO E\ WKH
SUHVHQW XV ZLWK WKH EDU OHQJWK LQ EHDWYV
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XVH RI WKH EDU EHDW EHDW VXEGLYLVLRQ D
YDO UHODWLRQV WR HVWLPDWH F\FOH OHQJWK
FRLQFLGH ZLWK WKHNQRZQ F\FOH OHQJWKYV RI

a_dPMOIJRUIBWRPOPGDMRRULWKP WKHORQJWHUP
LW\DQG WKHVXE EHDWVWUXFWXUHHVWLPDWH
EWULQLYDVDPXUWRDQRWHIXOVHGIRUF\FOHOHQJV
QLWLRQ DQG ZH H[SORUH WKH XVH RI WKH EDU
DQGEDU VXEGLYLVLRQLQWHUYDOUHODWLRQV
WKHSUHVHQWHYDOXDWLRQ WKHWHPSRHVWLEF
LVDGDSWBGLIWWRPQG 3SOXPEVWIRRGLILHG WR SHDI
DW %30 )XUWKHU WKHWHPSRDQDO\VLV ZDV |
ZLGHUDQJHRIWHPSL IURP %30 WR %30

2Q WKH RWKHU KDQG WKHUH DUH UK\WKPLF VLF
FDQJLYHDQLQVLIJKWLQWR WKH UK\WKPLF SURS
SDULQJ ZLWK RWKHU SLHFHV RINQRZQ UK\WKPL
ZH ZLOO XVH WKH PXVLF FROOHFWLRQV WKDW F|
F\FOH OHQJWKV 7KHUH ZHFDQ GHWHUPLQH WK
DQ XQNQRZQ SLHFH WR DOO WKH SLHFHV LQ RXU
DVVLJQ D F\FOH OHQJWK WR WKH SLHFH DFFRUG
WKH F\FOH OHQJWKYV RIRWKHU VLPLODU SLHFHYV
UK\WKP VLPLODULW\PHDVXUHV FDOOHG &RPSD
VHFWLRQ HYDOXDWHG DUH

PDOIJRUIMKMEMSSURDFK SBRSRVH/G IWOK D W
XVHV 2QVHW 3IDWWHUQV 23 DV WKH UK\WKP VLI

ahDOJRUIMWKMSSURDFK $REFRMHG BP\QG 6 W\OLD
WKDW XVHVG6FDOH7UDQVIRUPODJQLWXGHYV
VLPLODULW\PHDVXUH

(YDOXDWLRQ FULWHULD

JRUFRPSDUDWLYH DSSURDFKHV ZH DSSO\D Q
VLILFDWLRQLQDOHDYH RQH RXW VFKHPH DQG
GDWDVHW )RU VHOI FRQWDLQHG DSSURDFKHYV
RI WKHRXWSXWV REWDLQHG IURP YDULRXV DOJF

‘HQRWH WKDW WHKAPMGERBOWKB8WMU VKRUW WL
VFDOHVIRUF\FOHOHQJIJWKV DQG PD\WUDFN F\FC
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WKH PHDVXUH F\FOH +HQFH DV MMEB DIOJRG LQ ¢
ULWKPV PD\WUDFN PHWHU DW WKH VXEGLYLVLR
ZHUH QRW VSHFLILFDOO\ GHVLJQHG WR SHUIRUF
UHFRJQLWLRQ DV GHILQMIGHLIQYEHFXDVRIOR Q KDV \
DGDSWHG WR WKH DOJRUGREKPWV DIRUY Y WRIS OKX G
SLHFHLQWR WKUHH FODVVHV GXSOH WULSOH
UHDVRQ VDPSOHV LQ WKH GDWDVHW DUH ODEHC
VHSWXSOH EVDM-R B R QDAKGIEW L\GE P FODVVHYV LQ W
GDWDVHWV WKDW GR QRW EHORQJ WR DQ\ Rl WK}
IURPHYDOXDWLRQ

‘H DUH SULPDULO\ LQWHUHVWHG LQ HVWLPDW
W K-HY B-U'\D UWHDYQID D SUREOHP UHODWHG WR HVW
VXUH OHQJWK LQ (XURJHQHWLF PXVLF +RZHYHLI
WLRQ F\FOHV PD\ H[LVW DW VHYHUDO PHWULFD
FLDOO\ &N U@GDWILEJ HTXDO VXEGLYLVLRQV DW O
OHYHOV LQ PDQ\FDVHV ,Q FRQQHFWLRQ ZLWK W
F\FOHV PLJKW H[WHQGRYHUD ORQJSHULRGRIW
FRQWULEXWHDQLPSRUWDQW DVSHFW WRIRUPL
EHDWV )RU WKH HYDOXDWLRQV RQ &DUQDWLF
ZLOO UHIHU WR WKH VXEGLYLVLRQ PHWHU DQG W
7DEOH6LQFHWKHUHLVY QR ZHOO GHILQHG VXEGL
GXVWDQL PXVLF ZH ZLOO UHIHU WR RQO\ WKH F\
P—WURRK7DEOH

JREGD QG MOJRULWKPV ZH UHSRUW WKH DFFXU
LQJWKHDQQRWDWH&RUEG KW 19 8 WUK PBVOVKMH O
‘HDOVR UHSMRORZWE&HHW ULFDDHFHXHDF BRO
VLGHULQJF\FOHOHQJWK HVWLPDWHY E\ WKH DO
DUH UHODWHG WR WKH DQQRWDWHG F\FOH OHQ
ZKLFK LV UHIHUUHG WR DV GRXEOLQJRUKDOYLQ
OHQJWKV ZKLFK DUH RGG ZH RQO\ FRQVLGHU GR
HVWLPBWHWRQYLQJDQG GRXEOLQJ RI F\FOH OFH
LQWHUSUHWHG DV HVWLPDWLQJVXE F\FOHV DQ!
DQQRWDWHG F\FOH OHQJWK E\D PXOWLSOH DOQ
WHPSRHVWLPDWLRQ HUURUV FRPPLWWHG E\ WK
W-—-F§fPOH LV DQ LPSRUWDQW SDUW RI UK\WKPLF |
QHFHVVDU\ WKDW DOO SKUDDR FGDILIHND RF F X U
IRUH[DPSOH PRVW RI WKH SKUDVH FKDQJHV RF|
EHDW F\FOH WKHUHDUHFRPSRVLWLRQV ZKHUH
VWURQJ DFFHQWY RFFXU DW WKH HQG RI KDOI F
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'‘DWDVHW $FFXUDF\

&DUQDWL N KD ¥ RFOXFK — S X
+LQGXVWD QUK B SW/KRX W

7TDEOH3HUIRUPDQFH RI PHWHUGDWON RRLDWKRQ XVLQJ

VSDQRYHU WZR F\FOHYV EHDWY +HQFH LQ Wt
R RU ZRXOGEHDFFHSWDEOH GHSHQGLQJ
7TKLVQHHGV WR EHFRQVLGHUHG ZKHQ ZH HYDOX
DOJRULWKPV

6HOlI FRQWDLQHG DSSURDFKHYV

‘HGLITHUHQWLDWHEHWZHHQVHOI FRQWDLQHG |
DQG WKH VHOI FRQWDLQHG DSSURDFKHV DUH G
PHWKRGY 7KHILUVW W\SHDWWHPSWYV WR HVWL
VLIQDWXUH EDVHG RQ UHSHWLWLRQV REVHUYH
VHFRQG W\SHDLPV DW WUDFNLQJ WKH SXOVDWI
WLWLRQV ‘HVWDUWRXUHYDOXDWLRQV ZLWK F
ILUVW.WB\SAEDQG HYDOXDWH WKHQ W&H WUDFNL
a_A

TDEOHWKRZV WKHDFFXUDFLHV IRU WKH WZR GI
W\SHV RI UK\WKPV WKDW FDQ EH SURFHVVHG E\V
IRUPDQFHRQ &DUQDWLFPXVLFLVEHWWHU WKD (
GXVWDQLPXVLF $GHWDLOHGDQDO\WLVUHYHDC
UISDWBYDRQO\ ZKLFK OHDGV WR FRQVLGHL
LQ WKH SHUIRUPDQFH RQ &DUQDWLF PXVLF 7Kl
FDQEHDWWULEXWHG WR WKHDPELJXLW\EHWZI
WKDW LVDQLQWULQNLNBH BEHWWRRIUWKLYV
WKHUPRUH WKH SHUIRUPDQFH RQ +LQGXVWDQL
SRR UWR®KD DWW 07k DOH WKH SHUIRWPQWFKRQ M X

7KLVFDQEHDWWULEXWHG WR WKH IDFW W

F\FOHV LQ +L QG XYMWTIDQEBEY ¥MIUHLWPKH ORQJ VXEGL
VLRQ WLPH VSDQV UHVWUDLQV WKHDOJRULWKF
,QPRVW RI VXFKVWBIGHSY D \QDMWKHHVWLPDWHG PHW
DGXSOHPHWHU ZKLFKPLIJKWEHUHODWHG WR YV
P—WAOMV+LEQRJILOOHU VWURNHYV

SLNUDNLYV DS AR RIRWKARU PHDVXUH OHQJWKYV |
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'‘DWDVHW OHWKRG $ OHWKRG % &RPELC(

&DUQDWLF
+LQGXVWDOQL

7TDEOH3HUIRUPDQFH RI F\FOH OHAW® IR MWACPW LR Q
7KH OHWKRG $ DQG OHWKRG % UHIHU WR WKH WZR P
SLNUDNLV HW$D® YDOXHV DUHLQ SHUFHQWDJH

DQG ‘HUHSRUW WKHDFFXUDF\DFFHSWLQJDQ
DWRQH RI WKH PHWULFDO OHMHINXE YRW-HPDP SO
DUHDOOHYDOXDWHG WR EH FRUUHT
LV WKH VXEGLYLVLRQ PHWHU—IQG WDWQWKH OH (
FOHOHQJWK )XUWKHU WKHDOJRULWKP RXWS X
VHFRQGIUDPHRIDXGLR DQGWKHUHIRUHWLPH
WDLQHG E\XVLQJD PDMRULW\YRWH IRUD ZKROH
LV UHSRUWHG DV WKH DFFXUDF\ RI HYWLPDWLR
IRUERWK WKH GLDJRQDO SURFHVVLQJPHWKRG YV
% LQ 7DEGN VXJJHWBWNGDENLYH VODUR XVH ERWK
PHWKRGV WR FRPELQH WKH GHFLVLRQDQG LW LF
DVFDQEHVHHQIURP WKHWDEOH 7KH SHUIRUPLE
LV EHWWHU WKDQ WKDW RQ +LQGXVWDQL PXVLF
RQ+LQGXVWDQL GDWDVHW LV SRRW QMWWRHU DC
WKHDFFXUDFSIABOJRULWKP SHUIRUPV EHWWHU
ZKHUH WKH PHWHU LV D VLPSOH GXSOH RU WULS
LV ZRUVH ZLWK RWKHU PRWHD \F KG-REXHJBEP SO H
KDVDQDGGLWLYHPHWHUDQG WKH F\FOH FDQ ElI
ELQDWLRQ RI DQG AB\® K R WLFAOKTPVIY VIWKLHP D W
PRVWRIUD FELHFHV WR KDYHHLWKHUD PHWHU

7R HYDOXDWH WKH WUDFNLQJ PHWKRGV ZH F|
WLRQV HVWLPDWHG E\ WKH DOJRULWKPV ZLWK
WLRQV DW DOO WKUHH PHWULFDO OHYHOV WR (
EOHWHPSR UDQJHV FDXVH WKH EHDW WR EH WUL
WKH PHWHU )YURP WKH HV\EGPRWGR ZREMDMM G
EHDWV DQG VXEGLYLVLRQ SXOVHV RQ D VSHFLIL
ORZLQJWLPH.\GSDGRWBMWH PHGLDQ F\FOH GXUL
GRZQEHDWT, ®\WH PYBQ D Q E H DTWVEKK PMWGERMQ D Q G
VXEGLYLVLRQ GXUDWLRQ :H XVHD GLIITHUHQW \
FRPSDUHG WRGHILQHG LQ 6 MFRVKLIRIKOLJKW WKH
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&0/ $0/
'DWDVHWch Lca Lba ch Lca Lba
&DUQDWLF
+LQGXVWDOQL
7TDEOH $FFXUDF\ RI F\FOH OHQ IJWEKGDKHRIUQMWMNKIPRQ XV

6XEGLYLVLRYR ROWHQPGCGXVWDQL PXVLF LV QRW ZHOO
KHQFH RPLWWHG

&0/ $0/
IDWDVHWLCb Lca Lba ch Lca Lba
&DUQDWLF
+LQGXVWDQL
7DEOH $FFXUDF\ Rl F\FOH OHQJWK DOFRLUQMWKIPRQ XV

6XEGLYLVLRYR RIOWHIPGCXVWDQL PXVLF LV QRW ZHOO
KHQFH RPLWWHG

GLITHUHQFH WKDW WKHVH DSSURDFKHYV HYDOXEL
FDOO\ GHVLJQHG IRU ,QGLDQ DUW PXVLF :H WK
OHQIWK HVWLPDWHV DV

Te T Ty
Lap= Lea = — Lpa = —
cb ca Ta ba Ta

Th

ZKHRWEHLQGLFDWHY URXQGLQJ WR WKH QHDUHVW
LOQH ZKLFK RIWKHWKUHH HVWLPDWHY PRUH FOR
OHQJIJWK :H UH SR UDQIRMDKE WXWHD F\ RI F\FOH OHQJ
UHFRIQLWLRWOWKRDEWHKH UHFRIJQLWLRQ DFFXUDF
DJH RGDOJRULWKP VHS DN DRMEHDVIWRKH F\FOH
OHQJWK HVWLPDWHYV

‘HVHHLQ 7DEKOCHV WKHUHLV D ODWIMH GLIITHUHQF
DQ®»/ SHUIRUPDQFH ZKLFKLQGLFDWHY WKDW L(
OHYHOLVUHODWHG WR WKHDQQRWDWHG OHYH
VHH WKDW IRU +LQGXVWDQL PXVLF WKH F\FOH
XVUQJ ZLWKEWKMHFFXUDF\ EHLQJ YHU\ ORZ RU ]JHL
ZHXVH WKHRWKHU F\FOHOHQJIJWK HVWLPDWHYV L
OLHU LQ+LQGXVWDQLPXVLF WKHF\FOHOHQJW
RIP—WUWG—-WKH F\FOH +RZHYPVUJ.OL|@~EM:I@HH|VDVH R
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W KH-WUHVORQJIJHU WKDQ WKH UDQJH RI WKH WD
HVWLPDWHG E\WKHDOJRULWKP DQG KHQFH WKF
WHUHVWLQJO\ ZH VHH D JRRG SHUIRUPDQFH ZK
RQO\ AL WRV/KLBK UHVHPEOHV WKH (XURJHQHWLF
D@0/ DFFEXUDF\ RI L Q &&/LDNFFHF RU VFK\HEH L Q J
JHUR ,QIDFW LWUWD/AHHD WIKRDW LQ WKH FDVHRI
HVWLPPWLRELFKLY WKHHVWLPDMBRF+-WKH QXP
LQ WKHRUWKHU LW IROSRUENV HWRPQ XUH
WKDW UHODWLRQ EHWZHEQRIHLJRBREH QD O I
WKDQ ZKLFKLPSOLHVY ORQJHU F\FOH OHQJWK 't
H>NVWVMOQPRX®G SRVVLEO\DISSBBQ RO\ LQ WK

7TKIEO0O/ DFFXUDF\ LQ &DUQDLWLV &BWWWHW KID/QE
WKH RWKHU F\FOH OHQJW KEKBWW IDFFINWM 16 \F R/AKIRH [E (¢
WHPSRLQDPDMRULW\RIFDVHV LQ &DUQDWLF P
IRUPDQFH LY SRRUEHFDXVH WKHDOJRULWKP RI
F\FOH OHQJWK W)}XRDMDHIWD DWLF PXVLF WKDW KL
DN aDQOVENHKIWE EDRFKE—BR FKzISKD EHWWHU LQ
GLFDWRU RI WKH RY O/H @RKY IDAMBHF OKRY HU WR W K|
HVWLPDWHG VXEGLYLVLRGQ GKHUDRWUWROQSRRUBQF
FRPSDURXRWR ZKLFK LV QRW DVWRQLVKLQJ VLQ
OHQIJWKYV ZH DUH ORRNLQJ IRU DUH ORQJHU WKL
VLRQPHWHU 6XPPLQJXS QRQHRIWKHHVWLPD\
VHUYH DV D URE XV WM DWWPAXMD B HRU WK H

a_MOJRULWKP HVWLPDWHY WKH F\FOH OHQJW
XVLQJ WKH EHDWOWWVY DENBIVWE WAUDFNHU RQH EHL
WKHF\FOHOHYHO EDUOHQJWKLQEHDWY DQG
VXEGLYLVLRDORBEANKHD RIRULWKP FRPSXWHV D O
VLEOH FDQGLGDWHV IRUWKH VXEGLYLVLRQ PHV
E\DVFRUH ‘HFRQVLGHU WKH WRS FDQGLGDWH
WKH F\FOH OH QJW} HD/VAVALB/IXKBI\HWX PLQJ WK DW WK
EHDWV WUDFNHG E\ (OOLVY EHDW WULBFNHU FRUU
6LPLOBDGDWMRRULWKP ZHKGAUHYHE QMWFWXUHD F\
RI SHUIRUPDQFH LQ 7DEOH

‘HVHH WKDW WKHUH LV ODWBRIH GQEASDULW\ EHW
DFFXUDF\ ZKLFKLQGLFDWHV WKDW WKH EHDW W
DUHUHODWHGZ2ERIZ I DRWRIQRUDO WKHDOJRULW
IRUPV SRRUO\ ZKLFKFDQEHPDLQO\DWWULEXW
EHDW WUDFNLQJ 7KH WHPSR HVWLPDWLRQ XVH
SHDNV DW EHDWYV SHUPLQXWH ZKLFK LV VXLW



$XWRPDWLF UK\WKP DQDO\VLV RI ,QG

EXW OHDGV WR DQ LQFRUUHFW HVWLPDWLRQ RI
PXVLF $ EHDW WUDFNLQJ & DAV 6 BROJS SWKRPDRELKI Bl W W
LQ JHQHUDO QRW EH ZHOO VXLWHG IRU +LQG XV W
FOXGHV ORQJ F\FOHV

7KH SRRU SHUIRUPDQFHRQ &DUQDWLF PXVLF F
WULEXWHG WR YDULDWLRQ LQ SHUFXVVLRQ DFF
SOHWHO\IUHH WR LPSURYLVH W-WHMUQWHKY IUDP
WKH DOJRULWKP LV EDVHG RQ WKH LPSOLFLW D\
VDPH SRVLWLRQ LQ D PHDVXUH F\FOH DUH VLPL(
FXUUHQFHV RIWKHF\FOH RUFHUWDLQPXVLF S
LQKHUHQW UK\WKPLF SDWWHUQV RU WKH SDWW
DOJRULWKP JLYHV D SRRUHU SHUIRUPDQFH )RU
JRULWKP VSHFLILFDOO\ HV W L REDNEBWWWKHHV X E G L
Q X P E HUNRICBIHDWE H D W, ®WLIQ HV W L IDWEHHR | W K H
ZHREWDLQ DUHDVRQDEO\JRRG SBULRWKPDQFH F
DQDFFXUDF\RI D& D YD DWIWKH VXEGL
YLVLRQ PHWHU UHVSHFWLYHO\ :HVHH WKDW D
ZKHQ GHPDQGLQJDQ H[DFW QXP RWILFIDWO UHV XO W
RQO\ UHDFKOGEMWIWKIHWLRQ LQ &DUQDWLF PXVL

‘HREVHUYH WKDW WKH GXUDWLRQ RI F\FOHV L
PDWHG FRUUHFWO\ EXW WKH SUHVHQFH RU DEV
WKHHVWLPDWHG OHQJWK LQ EHDWV WR EH ZURGC
VLWLYHWRWHPSRYDOXHDQGFDQQRWKDQGOH
WLYHO\ 7KLV OHDGV WR DGGLWLRQ RI EHDWYV L
OHQJWK LQ PDQ\FDVHV ZHUH HVWLPDWHG WR EF}
YDOXH WKRXJK WKHDFWXDO GXUDWLRQ RI WKH
WLPDWHG FRUUHFWO\

&RPSDUDWLYHDSSURDFKHYV

TKHFRPSDUDWLYHDSSURDFKHV DUHEDVHG RQ
LFLWLHVY WKDW FDQ EH GHULYHG IURP WKH VLJQ
IRUP PHWHU WUDFNLQJ 3HUIRUPDQFHV RI WKH \
POPQEHILY WKHDYHUDJHDFFXUDF\LQD QHDUH)
ILFDWLRQ ,WWHOOV XV KRZRIWHQD SLHFHIRX
WHVW SLHFH EHORQJV DFWXDOO\WR WKH VDPH
SLHFH 7KHUHVXOWYV RI WKLV FODVVLILFDWLRQ
7TDEOH , WLV DSSDUHQW WKDW WKH FRPSDUDWL"
D SHUIRUPDQFH VLJQLILFDQWO\ EHWWHU WKDQ



,QVHDUFKRIDXWRPDWLF UK\WKP DQDO\VLVF

'DWDVHW®WS ahJ

&DUQDWLF
+LQGXVWDQL

7TDEOHS$FFXUDF\ RI F\AFOH OHQJWK UHFRJQLWLRQ XVL
SURDFKHYV

IRURXUFRPSLOHGIRXU FODVV GDWDVHWYV ,(
WKH VDPH UDQJH DV WABROJIHRWX OARBA LWWKKH
IRUPLQJ EHWWHU RQ &DUQDWLF PXVLF LQV!'
PLIKWLQGLFDWH WKH SRWHQWLDO RIFRPELQLC
SDUDWLYHDSSURDFKHVY EHFDXVHQRQHRIWKH
F\FOHOHQJWK UHFRJQLWLRQ SURYLGH XV ZLWK
IRUD SUDFWLFDO DSSOLFDWLRQ

JX9XKk .QrM#2 ii +FBM;

6RIDUPDLQO\ PIMWLERHWKIWDWXUH ZDV IRFXVHC
HYDOXDWLRQV XVXDOO\LQ WKHIRUP RIFROOHTF
XODUDQG RUFODVVLFDO PXVLF +HQFH ZH ZLO(
VXFKDSSURDFKHV FDQFRSHZLWK WKH OHQJWK"
GDWDDQG LI ,QGLDQDUW PXVLFSRVHV FKDOOH(
7TKHDSSURDFKHVHYDOXDWHG DUH

. ODOJRUIMW KM OJRULWKPBYRS\RYVEG BOXPEOH)\
WKDWDVVXPHVY WKDW SHUFXVVLYHHYHQW'
WHQG WR EHFRUUHODWHG ZLWK WKH GRZQEHD"

>SPDOJRULMWKMOJRULWKP8BR BRQHHGVED O
IRUGRZQEHDW WUDFNLQJLQKDUGFRUH MXQJO
UHV RI PXVLF

W LV DSSDUHQW WKDW ERWK VI\VWHPV DUH FRC
PXVLF ZLWK QRWDEOH GLIIHUHQFHV WR ,QGLDQ
EV'DYLHV DQG 30XPEWHADLQO\ VHQVLWLYH WR K
FKDQJHV ZKHUHDV ,QGLDQ DUW PXVLF GRHV QF
RI KDUPRQ\ VLPLODU WR WKH (XURJHQHWLF FRQ
PRQ\ 2Q WKH RWKHU K D-©FEF NAPKOHD \H WVDHDP E \

LV FXVWRPL]HG WR GHWHFW WKH EDVV NLFN RQ
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OHWKRGGL UISDND
. 0

>P*@aold

>P*

7TDEOH $FFXUDF\ RI GRZQEHDW WUDFNLQJ RQ &DUC
DQQRWDWHG GDWDVHW 7KH F\FOH OHQJWKYV DUH L«
WR WKI§OO YDOXHVDUHLQ SHUFHQWDJH

QRW RFFXU LQ WKH PXVLF ZH LQYHVWLJDWH KH!
FRQWDLQV WKLV ORZ IUHTXHQF\IHDWXUH DV D\
HIDPLQH WKHLQIOXHQFHRIWKHORZ IUHTXHQF)
VLRQ VHSDUDWHO\RXU H[SHULPHQWYV

(YDOXDWLRQ UHVXOWYV

7KHHYDOXDWLRQPHWULFV ZHXVHDUH WKHVDP
DSSURDFK D+SRSFNAHQEN W DKLV PHDVXUH DSSOL|
DWROHUDQFHZLQGRZRI RIWKHLQWHU DQQ
DQQRWDWLRQV 7KHQ LW DFFHSWV D GHWHFWHC
7KH GHWHFWLRQ IDOOVLQWR D WROHUDQFH
7KH SUHFHGHQW GHWHFWLRQ IDOOV LQWR W
WKH SUHFHGHQW DQQRWDWLRQ
7KHLQWHU EHDW LQWHUYDOLVHTXDO WR Wi
DFFHSWLQJD GHYLDWLRQ RIWKH VL]H RI WK
,Q 7DEOBH GHSLFWWKHGRZQEHDW UHFRJQLWLR
FHQWDJH IRUWKH WZR VA\VWHPV 7KH UHVXOWYV
HDFK Rl WWHYDARKH &DUQDWLF ORZ OHYHO DQOQ
7KHPDOJRULWKP ZDV DSSOLHG ZLWK DQG ZLWKF
ORZ IUHTXHQF\ RQ\-PW\D:EB HQ RIHV/G BFWLY H O\
7KHODOJRULWKP KDV WKH ORZHVWWFMPWDFLHYV
7KLV LV FDXVHG E\ WKH IRFXV RI WKH PHWKRG R(
WKDW LV UHODWHG WR FKRUG FKDQJHV FRQFH
DUW PXVLF +RZHYHU W KH>WPHYHORRWREVED XQ H G
UDWHDQG DOORZV IRUDQ LQWHUHVWLQJFRQFC
WKH ORZ IUHTXHQF\UHJLRQLQWRDFFRXQWLPS
FRQWDLQHG UK\WKPV +RZHYHU &DUQDWLF PX\
PLF YDULDWLRQV DQG LWV IOH[LEOH UK\WKPLFC



,QVHDUFKRIDXWRPDWLF UK\WKP DQDO\VLVF

DPRUHGLIILFXOWFKDOOHQJHIRUGRZQEHDW U}
RI DFFXUDF\VPDOOHU WKDQ WKDW UHSRUWHG |
+RFNPDQ HW DILHFHV ZLWKRXW VXFK SKHQRPHC
YHU\ OLNHO\ WR SUHVHQW ERWK DXWRPDWLF V)
HUV ZLWK D PRUH GLIILFXOW FKDOOHQJH ZKHQ
EHDW )XUWKHUPRUH WKHDFFRDQRIQHOAGHSLFW
DFKLHYHG ZLWK NQRZQ F\FOH OHQJWK DQG FRL
WDVNV WKDW DUH DOUHDG\FRPSOH[DQG FDQQR
DFFXUDF\

iX9Xj .Bb+mbbBQM

‘H VXPPDUL]H DQG GLVFXVV WKH NH\ UHVXOWYV F
VHQWHG LQ WKLV VHFWLRQ 7KH UHVXOWV SURY
WRLQGLFDWH SURPLVLQJGLUHFWLRQV IRU IXUYV
UHVXOWV LQGLFDWHWKDW WKHSHUIRUPDQFHR
DGHTXDWHIRUWKH SUHVHQWHG WDVNV DQG WK
WR WDFNOH WKH FXOWXUH VSHFLILF FKDOOHQJ!
RIUK\WKP QHHG WR EH GHYHORSHG

&\FOHOHQJWK HVWLPDWLRQLV FKDOOHQJLQJ
F\FOHV RI GLITHUHQW OHQJWKV H[LVW DW GLIIHL
ZH GHILQHG WKH PRVW LPSRUWDBAWIE\WDEDVR E
OHYHO WKH RWKHU F\FOHV PDLQO\DW WKH EH
DOVR SURYLGH XVHIXO UK\WKP UHODWHG LQIRU
SURDSKB@GGHVWLPDWH WKH VXEGLYLVLRQ PHW!|
QDWXUH 7KLV LV SRVVLEOH WR DQ DFFHSWDEO
UHVWULFWLQJWRDVXEVHW RIUK\WKP FODVVHV
GLYLVLRQ PHWHUV 7KRXJKWKH\GR QRW SURYL
WKHPHWHU WKH\HVWLPDWH WKH XQGHUO\LQJ
WLPH VFDOHV DQG FDQ EH XVHG DV SUH SURFHV
ORQJHUDQG PRUH FRPSOH[F\FOHYV

% RWKD QBGDLPHG WR HVWLPDWH WKH ORQJHU
EXW VKRZ D SHUIRUPDQFH WKDW LV LQDGHTXDW
FDWLRQ LQYROYLQJ F\FOH OHQJWK HVWLPDWLR
EHDW WUDFNLQJKDYH D VLJQLILFDQW HIIHFW R
HVSHFLDOO\LQ WKH VHOI FRQWDLQHG DSSURDF
SORUHG IXUWKHU 7KH FRPSDUDWLYH DSSURDF]
VLIQDO IHDWXUHV FDSWXUHLPSRUWDQW DVSHF
ILFLHQW WR EH XVHG VWDQGDORQH IRU F\FOH H'
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RIVHOI FRQWDLQHGDQGFRPSDUDWLYHDSSURD
LQVLIJKWV LQWR UK\WKP GHVFULSWLRQRI,QGLD
UHLQIRUFHPHQW

'RZQEHDW WUDFNLQJ 2P 8.3 D URIGLXWK R\
7KH GRZQEHDW GHWHFWRUV HYDOXDWHG KHUH
EHDWY DQG WKH F\FOH OHQJWK RI WKH SLHFH :
GLIILFXOW WR HVWLPDWH 6LQFH GRZQEHDW LQ
PDWLQJWKHF\FOHOHQJWKDQGDOVREHDW WUL
WKH EHDW F\FOH OHQJWK DQG GRZQEHDW PLJK
VLQFH HDFK Rl WKHVH SDUDPHWHUYV DUH PXW XD
WKH RWKHUV $ FRPELQDWLRQ RIERWWRP XS DG
EDVHG DSSURDFK ZKLFK SHUIRUPV D MRLQW HVW
WHUV LVWREHH[SORUHG IXUWKHU XVLQJPRGH
XQGHUO\LQJPHWULFDO VWUXFWXUHYV

/JRQ>+YBWWHLVDVLIQLILFDQW FKDOOHQJHLQ
YRW-ZDWK D YHU\ORQJF\FOHGXUDWLRQ HVWLP]
ULFDO OHYHO LV HVVHQWLDO DQG PHWKRGV WKI
VSDQ SXOVDWLRQ ZLOOEH QRWDGHTXDWH GXH \
W KH=IOWK D ZLGH YDULHW\RIUK\WKPV FRXSOHG
HEX&RUQDWLFPXVLF SRVHYV U BRDUIFKNLMY B KD O ¢
6LQFH WKHUH LV QR WLPH DGKHUHQFH WR D PHW
FRPPRQDQG OHDG WR VPDOO VKLIWV LQ WKH VD]

JRUHVWLPDWLQJ WKH FRPSRQHQWYV RI PHWH L
VLIJQDO GHVFULSWRUV WKDW FDQ EH XVHG WR U
PHWHU IURP WKH VXUIDFH UK\WKP LQ DXGLR 7K
GHVFULSWRUV ZLOO JUHDWO\HQKDQFH WKH SH!
QRWDWLRQDOJRULWKPV $W SUHVHQW ZHKDYF
IRUORZ OHYHO UK\WKPLF HYHQWV VXFK DV QRW
VWURNHY EXW EHWWHU GHVFULSWRUV IRU KLJK
QHFHVVDU\

7KHLQDGHTXDWH SHUIRUPDQFH RIWKH SUHVI
XV WR H[SORUH WKH VSHFLILF SUREOHPYV PRUH F
PRWLYDWHYV XV WR H[SORUH YDULHG DQG XQFRC
UK\WKP DQDO\VLY 7KRXJKZHFRQVLGHUHG EHD)
HVWLPDWLRQDQG GRZQEHDW WUDFNLQJDV VHS
PLJKWEHEHWWHU WR FRQVLGHU D KROLVWLF D
ZRUNRIPHWKRGV LQ ZKLFK WKH SHUIRUPDQFH R
LQIOXHQFHG E\ HYWLPDWLRQV LQ DQRWKHU PH!
IURP WKBIOJRULWKP D GRZQEHDW GHWHFWRU IF
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PXVLF WKDW VRPHWLPHY WKH PRVW ULJLG VSH|
SHUIRUPDQFH RQ DSSDUHQWO\ FRPSOHWHO\ GL
VWLOOUHPDLQVDQRSHQTXHVWLRQLIZHQHHGHF
RUPRUH JHQHUDO DSSURDFKHV WKDW DUH DEO
HW\ RI PXVLF *HQHUDOO\ LW DSSHDUV GHVLUD
SURDFKHV ZKLFK FDQ EH DGDSWHG WR D WDUJF
OHDUQLQJ PHWKRGYV WKDW FDQ DGDSW IOH[LEO
PLEVWUXFWXUHYV

‘H GLVFXVVHG VHYHUDO LPSRUWDQW UK\WKP
FKDSWHU RSHQLQJ XS WKHDUHD RI UK\WKP DQD
DUWPXVLF :KLOHRQO\PHWHUDQDO\VLVDQG SH
HU\SUREOHPVZLOOEHDGGUHVVHGLQWKHVXEV
UHOHYDQW SUREOHPV DUH \HW XQH[SORUHG 7k
RIDUW PRWLYDWHYV XV WR H[SORUH FXOWXUH D
WR WKHVH UHOHYDQW UK\WKP DQDO\VLV WDVNV
WR WHVW RXUDSSURDFKHV






&KDS\:Q-IL.

.1 +Q TQ 7Q°
"2b2 T +7?

'‘DWDLVDSUHFLRXVWKLQJDQGZLOO OD!
V\VWHPV WKHPVHOYHV

7LP % HUQHUV /HH

&RPSXWDWLRQDO GDW ®,G Q HHKQGIISIJ IRROJFE& H Y H
RSLQJDOJRULWKPVDQG IRUWHVWLQJDSSURDF
GDWD FROOHFWLRQ LV FULWLFDO IRU WKH VXFF
GHYHOR®B YyXFEBURDFKHV DQG DGYDQFH NQRZOH(
QHHGIRUUHVHDUFK FRUSRUD WKDW FDQ EH FRQ
UHVHQWDWLYHRIWKHUHDO ZRUOG

$ UHVHDUFK FRUSXVLVDQHYROYLQJFROOHF
UHVHQWDWLYHRIWKHGRPDLQ XQGHU VWXG\DQ
UHVHDUFK SUREOHPV $JRRG GDWD FRUSXV LQF
SOH VRXUFHV DQG FDQHYHQ EH FRPPXQLW\ GUL
0,5 VLQFHLWLY SUDFWLFDOO\LQIHDVLEOH WR
YHUVHRIPXVLF DUHVHDUFKFRUSXVDFWVDVD
UHVHDUFK +HQFH DOJRULWKPV DQG DSSURDFI
QRORJLHVY GHPRQVWUDWHG RQ WKH UHVHDUFK
JHQHUDOL]HWR UHDO ZRUOG VFHQDULRYV

$ WHVW FRUSXV RUD WHVW GDWDVHW LV RIWH
FRUSXV SRVVLEO\ZLWK DGGLWLRQDO PHWDGD
VHDUFKWDVN ,QH[SHULPHQWYV WHVW GDWDVH



'DWD FRUSRUD IRU UHVHI

DQGWRHYDOXDWHDQGLPSURYHWKHLU SHUIRU
SURDFKHV DUH GHYHORSHG XVLQJ WKHVH GDWD
WKH UHVHDUFK FRUSXV +HQFH WHVW GDWDVHYV
WKHWLF GDWD WKDW FDQ EH XVHG IRU WHVWLQ.
DWHVW FRUSXV LV IL[HG IRU XVH LQ D VSHFLILF
SXVFDQ HYROYH EXW HDFK YHUVLRQ RI WKH G
H[SHULPHQW LV UHWDLQHG IRUEHWWHU UHSURC

%XLOGLQJD UHVHDUFK FRUSXV LWVHOILV DU
EHHQ VWXGLHGLQPDQ\ILHOGV VXFKDV OLQJXL\
LFDO VLJQDO:SQU@RFHVYDQJ :HQJ &RKHOQ
2JUHQ )R[ +XQWRKHUHDUHDOVRPDQ\FHQWU
LWRULHV RI FRUSRUD VXFK DV WKH Y& QJXLVWLF
EVVLEHUPDQ DQG &IRHUODQJXDJH UHVRXUFHV DC
LR%DIBN SK\VLRORJLFDO VLJQDOV 2WKHU RSHQ
VXFKDV OXVIRULUNLOMIGHBPVHOYHYV FDQ EH XVHG
VHDUFK FRUSRU®D 5RH GD W H GHQDW N V

7KHUH KDYH EHHQ HITRUWV WR FRPSLOH ODUJ
UHODWHG GDWD H J WKHOHLOWLR®BRQH XDWDV
OLV :KLWPDQ /DPROGHSFRXVWIFUHWBUQY RJ
GDQRY .D\H 7VXNDQRYZKBFHKDDH JRRG UHVHDL
FRUSRUD | R USWHDWHNUDRQ FRQWHPSRUDU\SRSXOD
HYHU GHVSLWH WKH LPSRUWDQFH &I D JRRG Ul
WKH SUREOHP RI EXLOGLQJ LW KDV UHFHLYHG C
VHDUFK FRPPXQLW\ 7KHUH KDYH EHHQ QR VWX
ZD\WR FRPSLOHDQG FXUDWH D IJHN\MB U ¥ IDBDREU S )
JRUW SUHVHQWHG D XQLILHG ZD0\,\W\RKE\HWW FULEH
GDWDBHUMWW HOXFLGDWHG D VHW RIGHVLJQ SUL:
DQG FRPSLOH D UHVHDUFK FRUSXV EDVHG RQ D
HUDW LR Q3/X\W)SFREFRBH UDR A'S O H WIKQ IO W/G
SHXVDELWKWN WKHVH SULPDU\FRQVLGHUDWLRQ
SXVDRELQ ,QGLDQ DUW PXVLF

,Q WKLV FKDSWHU ZHDGGUHVV VRPH RI WKHYV
RQDV\WVWHPDWLF FRPSLODWLRQDQG DQDO\VLYV

2iiTbh,ffrrrXH/+XmT2MMX2/mf
200T,ffrrrXT?2vbBQM2iXQ ;fT?vbBQ# MFf
2iiT,ffKmbB+#" BMxXQ " ;f
20iT,ffrrrXrBFBT2/B XQ *;f

2iiT,ffH # Qb X22X+QHmMK#B X2/ mfKBHHBQMbQM;f
2iiTh,ff +QmbiB+#" BMxXQ " ;f



'‘DWD FRUSRUD IRUUHVHDUFK

FULWHULDDQGWKHHYDOXDWLRQPHWKRGRORJ
WR VIVWHPDWLFDOO\EXLOG UHSUHVHQWDWLYH
FRUSRUD DQG WHVW GDWDVHWYVY 2XU SULPDU\ I}
EHRQ ,QGLDQ DUW PXVLF ZKLOHRWKHU WHVW G
WKH WKHVLY DUH DOVR SUHVHQWHG DQG GLVEFX
FKDSWHU DUH

7TRGHVFULEHDQGGLVFXVVWKHUHVHDUFKFRU
EXLOW IRUDXWRPDWLF UK\WKP DQDO\VLV W]
SDUW RI &RPSOXVLF UHOHYDQW IRU WKLV WK
WKH UHVHDUFK SUREOHPV DQG WDVNV LQ ZKLF
XVHG ,QDGGLWLRQ RWKHUVWDWHRIWKH DU
WKH WKHVLVDUHDOVR SUHVHQWHG LQ EULHI I

7R SUHVHQW D VA\VWHPDWLF IUDPHZRUNDQG H ¢
SULQFLSOHV WR FXUDWHDQGFRPSLOHD UHVH
WKRVHSULQFLSOHVWRLOOXVWUDWHDPHWKR
QHVV RIWKH &DUQDWLFDQG +LQGXVWDQL UHV

7R SUHVHQW FRUSXV OHYHO VWDWLVWLFDO D
DOQRWDWHG GDWDVHWYVY WRVHHLIZHFDQ GU
LQIHUHQFHV IURP WKRVHDQDO\VHV

$VZH GHVFULEHG HDUOLHU WKHUHVHDUFK FF
WLHV WKURXJK FRQWLQXHG HITRUWYV +HQFH W
SUHVHQWHG IRUWKH UHVHDUFK FRUSRUD LQ WK
GLFDWLYHDQGDUHRIVHFRQGDU\LPSRUWDQFH
RQSUHVHQWLQJD VFLHQWLILFDSSURDFKWR GH
LWVVXLWDELOLW\IRUD SDUWLFXODUVHWRIUH®
PHWKRGRORJLHVY WKDW FDQ EH XVHG WR HYDOXI
RIFRYHUDJHDQG FRPSOHWHQHVYV $SDUW IURP
FRUSRUD D PHWKRGRORJ\IRUHYDOXDWLRQ RI
WDQW FRQWULEXWLRQ RIWKLVFKDSWHU :HIXU
WKHVRXUFHVY GHVFULEHG LQ WKLV DUWLFOH Wi
WKDWFDQEHXVHGIRUFRPSXWDWLRQDOUHVHD
HYHQWXDOO\ FRXOG EHD SDUW RI WKH FRUSXV
EOH LQWKHVSLULWRIRSHQUHVHDUFKDQG GDV
WKH WHVW GDWDVHWY ZLOO EH PDGH DFFHVVLE
ZRUNRQ WKHVH PXVLF FXOWXUHYV



'DWD FRUSRUD IRU UHVHI

9XR *QKTJmbB+ “2b2 “+?2 +Q°TQ"

OXVLFVRIWKHZRUOGPLJKWVKDUHVRPHEDVLFF
DQG UK\WKP EXW VRPH VDOLHQW DVSHFWV FDQ
RQO\E\FRQVLGHULQJWKHVSHFLILFLWLHV RI Wk
VWXGLHYVY LQWKHFRQWH[W BHWHWB &PPSOXVLF S
SKDVL]HG WKH QHHG IRU FXOWXUH VSHFLILF UH"
DSSURDFKHVY WKDW XWLOL]JH WKHLPSRUWDQW D

‘RUNLQJZLWKILYHPXVLFWUDGLWLRQVRIWKF
PHWKRGRORJLHVLQ &RPSOXVLF SULPDULO\LQY!
PDFKLQH OHDUQLQJDQGVHPDQWLF ZHE WHFKQF
EHHQ D VLJQLILFDQW HIIRUW WRZDUGV WKH GHYV
VHDUFK FRUSRUD IRUUHOHYDQW SUREOHPV LQ
VWXGLHG 7KLV HIIRUW FRPSOHPHQWY WKH SUL]
ZKLFK LV WR EXLOG FXOWXUH DZDUH FRPSXWDYV
EHWWHU H[SORUDWLRQ RI PXVLF FROOHFWLRQV
FRQFHSWVDQGDXWRPDWLFDOO\H[WUDFWHG PF
GHVFULSWRUYV

,QWKLVFKDSWHU ZHIRFXVPDLQO\RQ ,QGLDQ
LVK PDNDP PXVLF UHVHDUFK FRUSXV KDV EHHQ !
$WOO 8\DU UHQWsUN % R]N XWKMIBERGDEHA U D
6HUUD KDYHGHVFULEHG WKH %HLMLQJRSHUD N
SXV FRPSUHKHQVLYHO\ :HILUVW GLVFXVV WKH
VHDUFK FRUSRUD DQG WKHQ GHVFULEH WKH &D!|
VLF UHVHDUFK FRUSRUD ORVW RI WKH FRQWHQ
SDSHBWHUD D®B®LQLYDVDPXUWK\ .RGXUL HW I
DQG GHVFULEH WKH FROOHFWLYH HIITRUWV RI Wk
DWLQJ &RPSOXVLF UHVHDUFK FRUSRUD 'XH WR
EXLOGLQJFRUSRUD WKHUHVHDUFKFRUSRUD JU
EHUV DQG DQDO\VLY SUHVHQWHG IRU WKH ,QGL]I
SRUD DUH FRUUHFW DV RI -XQH

9XRXR *'Bi2'B 70Q° +'2 iBOM Q7 “2b2 “+7

6HUUD OLVWHG WKH SULPDU\ FULWHULD IRU FU
SRUD ZKLFKDUHGHVFULEHGLQ EULHIKHUH

SXUSBVHHVHDUFK FRUSXV LV EXLOW IRU D VSHF
LV QHFHVVDU\ WR GHILQH WKH UHVHDUFK Sl



&RPSOXVLFUHVHDUFK FRUSRUD

SURDFKHV WKDW ZLOO EH XVHG ,Q &RPSOXV
YHORSPHWKRGRORJLHVWRH[WUDFW PXVLFI
IURPDXGLRUHFRUGLQJY PDLQO\UHODWHG \
7TKHUHVHDUFK FRUSXV KDVWREHDOLJQHG V

&ERYHUDKIHFRYHUDJHRIDFRUSXVLVDPHDVXUHF
QHVV RI WKH FRUSXV ZLWK UHVSHFW WR VHY
WKDW ZH ZLVK WR VWXG\ )RU RXU TXDQWLW
QHHG VXIILFLHQW VDPSOHV RI HDFK LQVWDC
VWDWLVWLFDOO\UHSUHVHQWDWLYHDQG VL
\VLY ZH QHHG WR KDYHDXGLR UHFRUGLQJV
FRPSDQ\LQJPHWDGDWD FRYHULQJ GLIITHUHQ
FDOVWUXFWXUHY SUHVHQW LQ WKH PXVLF F.

&RPSOHWHRPKHMOVHWHQHVV UHIHUV WR WKH FRPSO
FRPSDQ\LQJ PHWDGDWD IRU HDFK DXGLR UH
UHVHDUFK FRUSXV FRQWDLQV GDWD IURP PLC
HQVXULQJ FRPSOHWHQHVV RI DXGLR DQG PF
IRULWV XVHLQ GLITHUHQW UHVHDUFK WDV N\

AXDOLZWN GDWD LQ WKH FRUSXV QHHGV WR EH JR
GLR QHHGV WR EH ZHOO UHFRUGHG DQG WKH
GDWD PXVW EH DFFXUDWH REWDLQHG IURP
YDOLGDWHG E\H[SHUWV 7KHPDQXDODQG D.
RQ DXGLR ILOHV PXVW EH FDUHIXOO\ GRQH D
GHQWO\

S5HXVDELOHWHXVDELOLW\ RI UHVHDUFK FRUSRU
UHSURGXFLELOLW\RIUHVHDUFK UHVXOWYV L
DQG VXVWDLQDEOH UHVHDUFK XVLQJ WKHVH
WHU UHVHDUFK FRUSRUDDQG UHVHDUFK UH\
DGGUHVVHG E\HPSKDVL]LQJ WKH XVHRIRSH
PDWLRQ DQG SURYLGLQJD SODWIRUP IRU HI
UHVHDUFK

$O00 WKH PXVLF FXOWXUHV XQGHU VWXG\ FDQ E
PXVLFDO FRQFHSWV PXVLF FRQWHQW DQG WKH
HOHPHQWV RIWKHFRUSRUD FDQEHDVVRFLDWH(
FDWHJRULHVDQG KHQFH XVHIXO IRU FRPSXWDW
DVSHFWV &HQWUDO WR HDFK FRUSXV LV DQ D X



'DWD FRUSRUD IRU UHVHI

LWV PHWDGDWD HILUVW SUHVHQW WKH &DUQL

IROORZHG E\ WKH +LQGXVWDQL PXVLF FRUSXYV

FRUSRUD DUH VWHUHR UHFRUGLQJV VDPSOHG D
NESVPS ILOHVIRUHDVHRIWUDQVPLVVLRQD

9XRXkKk * "M iB+ KmbB+ "2b2 "+? +Q Tmb

7KH &DUQDWLFPXVLFUHVHDUFKFRUSXVPDLQO\
LQJVY DVVRFLDWHG HGLWRULDO PHWDGDWD O\
IRUPDWLRQ RQ PXVLF FRQFHSWV DQG FRPPXQL)\
IURP RQOLQH PXVLF IRUXPV DQG RWKHU VRXUFI
HGLWRULDO PHWDGDWD VFRUHV DQG O\ULFV D
QDO SURFHVVLQJDQG PDFKLQH OHDUQLQJ DSSI
IRUPDWLRQ DQG WKH IRUXP GLVFXVVLRQV IRUP"
FRPPXQLW\LQIRUPDWLRQ XVHG IRUVHPDQWLF L

7KHUH DUH VHYHUDO FRQVLGHUDWLRQV LQ FR
QDWLF PXVLF NNIYFHQFWRBMWUW LV WKH QDWXUD
&DUQDWLF PXVLFDQG WKHPDLQ XQLW RIPXVLF
PHUFLDO UHOHDVHV DUHFRQFHUWY FRPSULVLC
LPSURYLVHG UHQGHULQJV RI FRPSRVLWLRQV 9
QDQWDQG HYHQLQLQVWUXPHQWDO PXVLF WKF
YRFDO VLQU-OIDQWBKIMUIH WKH PRVW LPSRUWDQW F
DVVRFLDWHG ZLWK D FRPSRVLWLRQ DQG KHQFH
SRVLWLRQ

%DVHG RQ WKHVH FRQVLGHUDWLRQV ZH FRQ\
DQG PXVLFRORJLVWY VWRKODW EZYHWW BB SUH\
WLYH FROOHFWLRQRI&DUQDWLF PXVLF DXGLR
HUHQFHIRU &DUQDWEBBXVXN LV $ACHSHP\ 00$
ZKLFK LV D SUHPLHULQVWLWXWLRQ GHGLFDWH ¢
JDQL]JHVWKHDQQXDOPXVLFFRQIHUHQFHLQ &KF
&DUQDWLF PXVLF IHVWLYDO LV RQH RI WKH ODU.
ZRUOG ZLWKDVLJQLILFDQW SDUW RIWKH &DUQI
LQJ SDUW LOQ$EWDYKHHHQ GULYLQJ VFKRODUO\ U|
RSLQLRQLQ &DUQDWEL RPXWVLFDQ@KB RI H[SHUWYV
IRUPXODWHY WKH SURFHGXUH DQG VWDQGDUGV
IRUWKH PXVLF I0HOMVKIDWDEH HEWHFRUGLQJ FRQFH

20iT,ffrrrXiKF ' Bb?M X+QKf
2iiT,ffKmbB+ + /2KvK /7 bXBMf



&RPSOXVLFUHVHDUFK FRUSRUD

LWV DUFKLYHFDQEHFRQVLGHUHG D VWDQGDUG
VLF +RZHYHU WKHDUFKLYHLV QRWRSHQO\DY
IROORZHG WKH FULWBIQL D QECEQURFHKE B GW\KKH D X ¢
IURP FRPPHUFLDOO\DYDLODEOH UHOHDVHV 7K
VSUHDG DFURVYV 6RXW KO,(3GR\D D\ K.H) F KR MEXMRR (
UHIHUHQFH KDVDQLQIOXHQFHRQWKHUHVHDUF
WRZDUGV WKH PXVLF VFHQHLQ &KHQQDL ,QGLD
‘HZLVKHG WR FRPSLOHFRQFHUWV RYHU VHYH!
VLFLDQV :H VWDUWHG ZLWK WKH DUWLVWV WK
WKKB$ LQ WKH ODVW ILYH\HDUV DQG WKHQ H[SD
WR LQFOXGH WKHLU WHDFKHUV DQG SRSXODU F
UHFRUGIODEWS®HWFLDOL]HV LQ &DUQDWLF PXVLFC
RXUDXGLRFROOHFWLRQLVIURPWKHLUFDWDOR
WKH FRUSXV FRQVLVWV RIDXGLR IURP FRPPHUF
IURP & KDUVXU DQG RWKHU PXVLF ODEHOV
7KH FRUSXV SUHVHQWO\ FRQVLVWYV RI UHO
DXGLR UHFRUGLQJV KRXUV VSDQQLQJ
7KH QXPEHU RI RWKHU UHOHYDQW PXVLF HQWL\
VFULEHG LQFRERPMQ 7KRXJKZHIRFXVRQFRQF
YRFDOLVW OHDGV ZH DOVR KDYH LQVWUXPHQW
ZLWRKAEYLROLQ IOXWH VD[RSKRQH DQG PULGDQ
PHQWY 7KHZKROHDXGLRFROOHFWLRQLVFRPF
DFFHVVLEOH EXW LV QRWRSHQDQG GLVWULE X\
7KH HGLWRULDO PHWDGDWD DVVRFLDWHG ZL
VWRUHG DQG RUJDQL]JHG LQ OXVLF%UDLQ] 7KH €
FLDWHG ZLWK HDFK FRQFHUW LV WKH QDPH RI W
WKH DFFRPSDQ\LQJ DUWLVWY DQG WKH PXVLFD
FHUW )RU HDFK DXGLR UHFRUGLQJ FRQWDLQHC
YDQW PHWDGDWD DUH WKH DUWLVWY SHUIRUPL
WKH FRPSRVLWLRQ VID-QUWWWIPKRREROHBUP V
OXVLF%UDLQ]DVWXMVF®HUYRLPKHHQWRULHU 0%),"
HDFK HQWLW\ LQ OXVLF%UDLQ] VXFK DV WKH DL
PHQW UHFRUGLQJ ZRUN DQG D UHOHDVH 7KL
PHWDGDWDLQDQHIIHFWLYH ZD\ $OOWKHHGLW
XVLQJ/DWLQDOSKDEHWDQG2D7RWLDDNVUDQVOLV
XVHG ZKHQ WKH ODQJXDJH Rl WKH WHQHDVH ZDV
DQW-LPDRUPDWLRQ KDYH EHHQ DGGHG DV ZRUN L

200T,ffrrrX+? "bm X+ QKf



'DWD FRUSRUD IRU UHVHI

6LQFH &DUQDWLF PXVLFLVY SUHGRPLQDQWO\ZLC
O\ULFV SOD\DQLPSRUWDQW UROH $VLJQLILFED
DFRPSRVLWLRQLVLPSURYLVHG DQG KHQFH WK
DFRPSRVLWLRQDUHRIOLPLWHG XVH QRQHWKH
DQG VFRUHV HYHQ WKRXJK QRW WLPH DOLJQHG
XVHIXO IRU FRPSXWDWLRQDO DQDO\VLY DQG KF
7KH SULPDU\ ODQJXDJHV LQ ZKLFK &DUQDWLF P.
THOXJX 7DPLO .DQQDGD 6DQVNULW DQGODOD
HUDO SXEOLVKHG FRPSLODWLRQVRIO\ULFVDQC
UHQWO\ SHUIRUPHG FRPSRVLWLRQV VXFK DV W|
SRSXODUFRPSRVHUVT\Q-&D U2 FP\RNEU E
OXWWXVY —PLEGSXEIOVLDKHG FRP.SERDWIL®RI V E\
5DR 7 . *RYLQGD 5BRDQ/G. *RYLQGD 5DR

D UHVSHFWLYHO\ +RZHYHU WKHVH FRPSLC(
FKLQHUHDGDEOHDQG KHQFH QRWDPHQDEOH W

TKHUHDUHVHYHUDO JRRGRQOLQHRSHQ UHSF
DV VDKLW\ZRLFHKWY D ZLNL RI OV\ULFV RI1 &DUQD\\
WLRQV 6DKLW\DP QHW LV RXU SULPDU\ VRXUFI
O\WLFV W XVHV D XQLIRUP VFKHPH IRU WUDQV(
DQGKHQFH KDV PLQLPDODPELJXLW\ ,QVRPHFED
WLRQDO FRPPHQWDU\ UHIHUHQFHV DQG H[DPSO
KRVWY O\ULFV IRU DERXW FRPSRVLWLRQV RI
FKLQHUHDGDEOH VFRUHV DUHPRUH GLIILFXOW '
KHQVLYH PDFKLQH UHDGDEOH VFRUH FRPSLODMW
PDFKLQHUHDGDEOH +70/ :RUG VFRUHV FRPSLC(
PDU .DO\DQDVWDWKHOHOPDLQ VRXUFH RIPDFKLQH UH
VFRUHV

7TKHPXVLF FRPPXQLW\DQG PXVLFFRQFHSWYV L
LQWKHFRUSXVIRUP WKH SULPDU\VRXUFHRILQ
DQDO\VLV DQG FRPHIURP YDULRXV UHOLDEOH
XWFKHULWFHFR XS WR GDWH GLUHFWRU\ RI DU\
PXVLFYHQXHV FRQFHUWVDQGHYHQWYV 7KHFD!
RQ:LNLSHGDIWRXUFHRIFRQWH[WXDO LQIRUPDW
VLF FRQFHSWY ‘HKDYHDGGHG D ORW RILQIRUF
WR :LNLSHGLD ZLWK WKH KHOS RIH[SHUWYV :KLC

20iT,ffrrrXb ?Biv KXM2i
20iT,ffrrrXb?BpFmK "XQ;
20iT,ffrrrXFmi+?22 ' BbX+QK

?1iT,ff2MXrBFBT2/B XQ ;frBFBf* i2;Q v,* "M iB+nKmbB+



&RPSOXVLFUHVHDUFK FRUSRUD

&RUSXV 5DDJD FRP . XWFKHULV &KDL

5—JDV 13
7—IDV 13
&RPSRVHUV 13
$UWLVWV

7DEOH&RYHUDJH RI WKH &DUQDWLF PXVLF UHVHDUFK
LQ SDUHQW KRNHHROIDSAXKM LQ SHUFHQWDJH 1 $LQGL
QRW DYDLODEOH

HQF\FORSHGLD RIPXVLF FRQFHSWV SURYLGLQJ
OLQH PXVLF IRUXPV ZLWK GLVFXVVLRQV SURYLC
VRPHRIWKHVHOLQNVFDQEH LLDIBQDWGF PKH UD
VLFIRUXPLVDQDFWLYHIRUXPRI&DUQDWLF P X\
ZLWK XVHIXO GLVFXVVLRQV DERXW &DUQDWLF F
DQG SHUIRUPDQFHVY ,WLVDQLPSRUWDQW VRXU
PXQLW\SURILOLQJ

&RYHUDJH

$ UHVHDUFK FRUSXVQHHGVWREHUHSUHVHQWD
FRQFHSWV WKDW DUH SULPDU\ WR WKH PXVLF F»
HUDJH DQDO\VLV LV WR HVWLPDWH WKH FRPSUH
ZLWK UHVSHFW WR DQRWKHU UHSUHVHQWDWLY
QDWLFPXVLF DFRYHUDJHDQDOWMMAYIBWUHVHQ
DQG FRPSRVHUV )RUDUWLVWFRYHUDJH ZHFKR
DV WKH SULPDU\ UHIHUHQFH VLQFH LW LV XS WR
DQG WKHLU SHUIRUPDQFHV :H XVH WKH ODVW IL
OLVWLQJV ODQ\RIWKHDUWLVWVDQGWKHFRQF
DUHIURP &KHQQDL &KDUVXUfV UHOHDVH FDWD
D E RKWMV-FRVSRVHUV DQG D UW VDV, Q5DLIDIP FR
PXVLF VWUHDPLQJVHUYLFHDQG LWV &DUQDWLF
HQFHURUWD M- FRWSRVHUV DQG DUWLVWYV +RZHYH
KDV PDQ\OLJKW PXVLFIRUPVLQFOXGHGLQLWYV
RI ZKLFK ZHKDYH FRQVFLRXVO\H[FOXGHG IURP |
LV WR EH QRWHG WKDW QXPEHUV DQG WKH DQDC

20iT,ffrrrX” bBF bXQ ' ;f
20iT,ffrrrX” ; X+QK



'DWD FRUSRUD IRU UHVHI

JLIXUH7KH QXPEHU RIDUWLVWY E\ WKH QXPEHU RI W
LQWKH &DUQDWLFPXVLFUHVHDUFK FRUSXV

KDYHDQDGYHUVHLQIOXHQFHIURP WKHVH RWKH
7KH GDWD IURP HDFK RI WKHVH UHIHUHQFH VRXI
WKHLU RQOLQH FDWDORJXHV 7KH GDWD IURP 5I
ODUFK DQG IURP WKH RWKHUV LQ ODUFK

WKDW QHDUO\HYHU\ VRXUFH KDG GXSOLFDWH H
WR VSHOOLQJ YDULDWLRQV HJ 7\DJDUDMD 7\
WKH GXSOLFDWHYV E\ PDWFKLQJ WKH ORQJHVW |
WKHVWULQJVDQG E\XVLQJ'DPHDBKUBXHQVKW|

TDEONKRZVWKHFRYHUDJHRIWKH &DUQDWLF
LVRQWRWKHUHIHUHQFHVZHRAHHDE K B X RLYHKQ Wk
PHDVXUH FROOBGIVEK H

ZKHUH V VRKH WPGIIDY X UH R 1IVZK MW K QWJLBVH Q F H
LVWKHVHWRIHQWSL WMWK HYWWHRFRQBXWLHV LG
HQFHjED®HQ RWHV WKH F DU 6 (RYBIQROVD\SR | D VHW



&RPSOXVLFUHVHDUFK FRUSRUD

JLIXUH &RYHUDJH RI &8DUQDWLF DUWRYWWODEH RUG
YDOXH RI WKH VHW RIDUWLVWY LQ FRUSXV FRPSDUI
XWFKHULV FRP ZKR KDYH SHUIRUPHG LQ DW OHDVW
DEVFLVVD

LVDFKLHYHGLIDOO WKHHOHPHQWY LQ WKH UHI|
FRUSXV 7NMEK®GHAVRY KHPHDS/ X WHH RUMNMD Q @

FRPSRVHUV IRUERWKS5DDJD FRPDQG &KDUVXU
LVDJRRG FRWHODRBHDRYVDWLVID FWRUABRYHUDJH
WKH FRUSXV $ JR RGHERMDUHFHMVBIU\ IRU UK\WKP I
\VLV 7KH FRPSRVHU FRYHUDJH ZLWK UHVSHFW
VLQFHLWLQFOXGHV WKHOLJKWPXVLFFRPSRVH

$PRQJ WKH DUWLVWY ZKR KDYH DW OHDVW |
FRUSXV DUHOHDGDUWLVWY OHDGYRFDORUC
ZH KDYH YLROLQ DFFRPSDQ\LQJDUWLVWYV DQC
DUWLVWVLQWKHFRUSXYVY 7KHFRQFHUWYVY OLVWI
ZKROH\HDUDQGDOO WKURXJKWKHGD\ +RZHYH
DUHPRUHUHFRJQL]JHG DQG ZH WRRN LW WR EHI
RIWKHDUWLVWY ORUHRYHU WKHHYHQLQJFRQ|
VRQ ODVWLQJIURP1IRYHPEHUWR -DQXDU\DUH W
DERDO\VLVY ZH WKXV FRQVLGHU WKUHH FDWHJRU



'DWD FRUSRUD IRU UHVHI

DOO WKH DUWLVWVY $UWLVWY 6HW DUWLVW
HYHQLQJ FRQFHUWYV WKURXJK WKH\HDU DQG $
KDYH SHUIRUPHG LQ HYHQLQJ FRQFHUWY EHW Z#}

XDU\ 21 WKH WRWDO DUWLVWY SUHVHQW LQ
FRQFHUW OLVWLQJYVY WKHUH DUH DUWLVWYV L
6HW

7KH QXPEHU RI FRQFHUWV SHUIRUPHG E\ HDFK
GLFDWRU RI SRSXODULW\ 7KRXJK WKHUH DUH T
LQ . XWFKHULV ZH VHH WKDW WKH GLVWULEXWL
FHUWVY WKH\ KDYH SHUIRUPHG LW H[SWRHQMWLDC
DUH RQO\ DERXW DUWLVWY ZKR KDYH RYHU
FDSWXUH WKLV IDFW ZH XVHG WKH VHW RI DUWL
SXWHBWHKBO/DBHILQHGWRYRXJIK GLITHUHQW VXEV
DUWLVWV LQ . XWFKHULV FRP VZHHSLQJRYHU W
OHDVW WKH\KDYH SHUIRUPHG

JLIXUWWKRZVRNKHK ®DSQJ D VHW RI DUWLVWV W
SHUIRUPHG DW OHDVW DV PDQ\ FRQFHUWYV DV W
DEVFLVVRY HUBDBSOVR VKRZQ IRU WKH WKUHH FI
DUWLVWY ZH GLVFXVVHG EHR R HHQMASFHDMVHH W K
DV ZH FRQVLGHU PRUH IUHTXHQWO\ SHUIRUPLQ
DOPRVW FRQVWDQW 7KH DUWLVWYV ZKR KDYH S
FHUWV DUH RIWHQ WKH DFFRPSDQ\LQJ DUWLVW
ZKLFK H[SODLRYHEMNFERFARHY D FRQVWDQW ZKHQ .
FRXQWYWKHRDSRUH WKDQ FRQFHUWYV :KHQ ZH
ODUJH QXPEHU RRFRQ™EHSWHY DMKHHXQUHOLDEOH \
QXPEHURIDUWLVWV LV OHVV A @QRYHQ&DBO ZHF
EHWWHU IRU$SUWLVWY 6HW WKDQ $UWLVWYV 6H
LQJWKDW WKH FRUSXV KDV PRUH UHSUHVHQWD YV
FRQFHUWY URXQG WKH \HDU

&RPSOHWHQHVV

,QWKHFRQWH[WRIWKLVWKHVLV FRPSOHWHQH"
WR WKHFRPSOHWHQHVV RI WKHDVVRFLDWHG P}
SULPDULO\IURP OXVLF%UDLQ] (YHQ WKRXJK FD
WRULDO PHWDGDWD DVVRFLDWHG ZLWK D UHOH'
LOQFRPSOHWH 7KHUHDUH WKUHH SRVVLEOH UHL
GDWD ODQ\UHOHDVHV GR QRW SURYLGH DOO W
WKH &' ,Q PDQ\UHOHDVHV RQO\WKH OHDG DUW



&RPSOXVLFUHVHDUFK FRUSRUD

$FFRPSDQ\LQJ PHWDGDWD 5HFRUGLQJV K

/JHDG DUWLVW

$FFRPSDQ\LQJDUWLVWYV

5—JD

7—9D

'RUN &RPSRVLWLRQ
7DEOH&RPSOHWHQHVV RIWKH &DUQDWLF PXVLF UHVF

WKH QXPEHU RIUHFRUGLQJV LQ ZKLFK WKH FRUUHVS
DEOH

DFFRPSDQ\LQJ DUWLVWYV W LV VHHQ YHU\ RIW
LQIRUPDWLRQ LV DOVR DEVHQW RQ WKH &' FRYH
LVWKDW WKHHGLWRULDO PHWDGDWD ZDV QRW
VLF%UDLQ] 7KLV LV VRPHWLPHY VHHQ ZLWK UH
ODWLRQVKLSV WKDW ZHUH OHIW LQFRPSOHWH E
PHWDGDWD )XUWKHU VLQFH DOOWEBH PHWDGTL
wbDJV DUHLPSRUWHGDQGOLQNHGDXWRPDWLF]
URUV GXHWR YDULDWLRQVLQ WUDQVOLWHUDW
RI ODQJXDJHV XVHG LQ &DUQDWLF PXVLF IXUWK
VLVWHQFLHYV 7KHVHLPSRUWHUURUV DUH WKH \
PHWDGDWD

OLVVLQJ PHWDGDWD LQ OXVLF%UDLQ] FDQ RQ
PDQXDOO\DGGLQJWKHPLVVLQJILHOGV WR 0OXV
DUH DOVR H[SORULQJ DXWRPDWLF PHWDGDWD F
UHODWLRQV RQ WKH UHOHDVH RU WKH UHFRUGL
SURDFKHV 7KHPLVVLQJGDWD GXHWR WUDQVO
DGGUHVVHG WR DQ H[WHQW E\ PDNLQJ FXUDWHC
U— DOME— POVG XVLQJ UREXVW DOJRULWKPV IRU P
LQJPHWDGDWD 'HVSLWHVLJQLILFDQWHIIRUWYV
DQG UHOHDVHVY WKDW KDYH LQFRPSOHWH PHWD

TDEOWKRZV WKHFRPSOHWHQHVV RI WKH UHFF
SXV DVRI-XQH LQFOXGLQIJDOOWKHWKUHH
FRPSOHWHPHWDGDWD $00 WKHUHFRUGLQJV K
DTXDUWHU RI WKHUHFRUGLQJV GR QRW
DUWLVW LQIRUBDBIM®™B@RUN FRPSRVLWLRQ DUI
IRUDERXW KDOI WKHUHFRUGLQJV WLV WREH
UHIOHFW RQO\ WKH UHFRUGLQJV IRU ZKLFK ZH Z



'DWD FRUSRUD IRU UHVHI

WKHHGLWRULDO PHWDGDWD 7KHUH DUH VHYHL
UHTXLUHG PHWDGDWD EXW GHHPHG LQFRPSOHV
FXUDWHO\ PDWFKLWWRDUHODWHG HQWLW\LQ

9XRXj >BM/mbi MB KmbB+ "'2b2 "+? +Q Tr

6LPLODU WR &D U OBWLEFPKWIKH IXQGDPHQWDO P
FRQFHSWV LQ +LQGXVWDQL PXVLF DQG KHQFH V
ZKLFK WKH FRUSXV KDV EHHQ EXLOW +LQGXVYV
PXFK PRUH GLYHUVHDQG KHWHURJHQHRXV DQG
LFDQW FKDOOHQJH WR FRPSLOH D JRRG UHVHDU
PXVLF LV SUHGRPLQDQW LQVWUXPHQWDO PXVL
DOVR SRSXODU 7KHPDLQIRFXVLQ +LQGXVWDQL
WLRQ DQG FRPSRVLWLRQV DUH VKRUW )RU +LQ
IRFXVRQ WZR LPSRUW D Q &K\REIDEERL\XVA F VW\O H\

7KHUH DUH PDQ\ SXEOLF DQG SULYDWH LQVWL
SLOHG ODUJH DXGLR DUFKLYHV RI +LQGXVWDOQL
WKHP DUH WKH ,7& 6DQJHHW 5HVHDUFK $FDGHP\
1IDWDN $FDGHP\ DQGWKH$00 ,QGLD5DGLR $,5
WXWLRQVRZQ WKRXVDQGV RIKRXUV RIH[SHUW |
WKDW UHSUHVHQW WKH UHDO ZRUOG SHUIRUPDC

,78& 65$LVD SUHPLHUPXVLFDFDGHP\RI+LQGX
KDV WDNHQ XS PDMRU HITRUWV LQ WKH DUFKLYD:
$FDGHP\LV ,QGLDYV QDWLRQDO DFDGHP\IRU PX
$,5LVWKHODUJHVW SXEOLFEURDGFDVWHULQ
RI+LQGXVWDQLPXVLFFXUDWHGRYHUPDQ\GHFL
WRPXVLFLDQVDQGLWVDUFKLYHVFDQEHFRQVL
RIWKHVHDUFKLYHV DUH SXEOLFO\DYDLODEOH |
LQ RXUFRUSXV XVLQJWKHVH FROOHFWLRQV DV
H[SHUW PXVLFLDQV DQG PXVLFRORJLVWV VXFK
DW WKH 1DWLRQDO &HQWUH IRUWKH 3HUIRUPLC
,QGLD WR FXUDWH WKHDXGLR FROOHFWLRQ LQ V

7KHDXGLRFROOHFWLRQLQWKHFRUSXVFRPS!
DEOH PXVLF UHOHDVHV IURP VHYHUDO PXVLF OL
RINK\-BQGKUXBREDO PXVLF UHOHDVHV WKRXJK |
QXPEHU RI LQVWUXPHQWDO PXVLF UHOHDVHV D
SUHVHQWO\ KDV UHOHDVHV ZLWK D WRWDO F
KRXUV $V ZLWK &DUQDWLF PXVLF WKH HGLWR!
ZLWK HDFK UHOHDVH LV VWRUHG LQ OXVLF%UDLC



&RPSOXVLFUHVHDUFK FRUSRUD

&RUSXV ,7& 65% 6zZDUJDQJD

$UWLVWV

5—JV

7—O0V 183
"RUN¥DQGL 19

TDEOH&RYHUDJH RIWKH+LQGXVWDQLPXVLFUHVHDU
EHU LQ SDUHQRXHWBHDY/ X WHKHQ SHUFHQWDJH 1 $ LC
GDWD QRWDYDLODEOH

7KH PHWDGDWD DVVRFLDWHG ZLWK HDFK UHO
UHOHDVH WKH OHDG DQG WKHDFFRPSDQ\LQJ DL
VWUXPHQWY LQ WKH FRQFHUW )RU HDFK DXGLR
WKH UHOHYDQW PHWDGDWD DUH WKH DUWLVWV
QDPH Rl WKH FREDRVAW GRMKW FRPSRVHU V LI F
SRV HGAW MODY WHPSR FODVV IRUP V DQG VHF
WKHHGLWRULDO PHWDGDWD ZDV HQWHUHG XVL
DXQLIRUP WUDQVOLWHUDWLRQ VFKHPH WR PDL!

+LQGXVWDQL PXVLF LV PDLQO\LPSURYLVHG L
VFRUHVDUHQRW YHU\ UHOH Y D QW DRMUNFKRDRBGAV D

DQ®D FRPSLOHG O\ULFED@EGXVERUHV RI

LQJD VWDQGDUGL]HG QRWDWLRQ IRU +LQGXVW
DUH QRW DYDLODEOH LQ D PDFKLQH UHDGDEOH
OHFWLRQ RI VFRUHV IURP WKHVH ERRNV DUH DY
DEOH +XP G UXPUIRQPYDDN DP X UW K \E &&KZRDJIG L D
JDQJD OXVLF )RXDE® DNLRRG D U FKW YD
EDQGL7KM FDWHJRU\ RI +LQGXVWDQNVMXVLF RQ
VRXUFHRIFRQWH[WXDO LQIRUPDWLRQ LQFOXGL
GXVWDQL PXVLF

&RYHUDJH

7TKHPHWKRGRORJ\IROORZHG IRUWKHFRYHUDJH
PXVLFLV WKHVDPHDVIROORZHG IRU &DUQDWLF
FRYHUDJH D QDO WLWRQW BRAS/RMNWLWLRQV 7KHTF
HUDJHDQDO\VLVIRU+LQGXVWDQLPXVLFLVPRU

200T,ffrreXbr 7; M; XQ ' ;f
2iiT,ff2MXrBFBT2/B XQ ;frBFBf* i2;Q v,>BM/mbi MBnKmb



'DWD FRUSRUD IRU UHVHI

$FFRPSDQ\LQJPHWDGDWD SHFRUGLQJV F

/JHDG $UWLVW
$FFRPSDQ\LQJDUWLVW
5—J
7—0
'RUNODQGL
7DEOH&RPSOHWHQHVV RI WKH +LQGXVWDQL PXVLF Ul

LQJ WKH QXPEHU RI UHFRUGLQJV LQ ZKLFK WKH FRU
DYDLODEOH

PXVLF 7KLV FDQ EH DWWULEXWHG WR WKH KHW
PXVLFUHSHUWRLUH DQG WR WKH ODFN RIGHGL
&KDUVXULQWKHFDVHRI&DUQDWLFPXVLF )RU I
FKRRVHWZR PDLQ UHIHUHQFHV ,7& 65$DQG 6ZC

8QOLNH &DUQDWLFPXVLF WKHXQLWRIPXVLF
WDQLPXVLFLVQRWRIWHQDFRQFHUW )XUWKHU
RYHUWKH ,QGLDQVXEFRQWLQHQWDQGKHQFH W
RI+LQGXVWDQLPXVLF SHUIRUPDQFHV VXFKDV .
QDWLF PXVLF 7KHUHIRUH LW LV FKDOOHQJLQ:
DUWLVW FRYHUDJHDQDO\VLY OLNHWKH RQH SU|

7DEOWKRZVWKHFRYHUDJHRIWKH +LQGXVWD
WKDW WKHFRUSXVDQG WKHFKRVHQ UHIHUHQFH
RI HQWLWLRYHEL!WICSMKN 7KLV LV SULPDULO\ EH
PDLQO\ IRFXVHG RQ UHFRUGLQJV PDGH LQ ODVW
JRRGUHFRUGLQJTXDOLW\DQGWRUHIOHFW FXU
2Q WKH RWKHU KDQG ERWK WKH UHIHUHQFHV IR
LQJ +LQGXVWDQL PXVLF DQG KHQFH FRQVLVW R
DUWLVWYV UW-OD@PWTXBYEN PRUH FRPSUHKHQVLYH
FRPSRVLWLRQV )XUWKHU WKH +LQGXVWDQL FR
RI YRFDO PXVLF UHFRUGLQJV ZLWKR\FREBXV RQ R
DQGKUXSTKB UHIHUHQFH DUFKLYHV DGGLWLRQD
PHQWDO PXVLFDQG VHYHUDO RWKHU VW\OHV RI

&RPSOHWHQHVV

7TKHFRPSOHWHQHVYVY RI WKH HGLWRULDO PHWDCG
DV RI -XQH LV VKRZQHYHBBOKDW WKH HGLYV



&RPSOXVLFUHVHDUFK FRUSRUD

ULDO PHWDGDWD IRUDOO WKH UHFRUGLQJV DW
DQG IRUPRUH WKDQ KDOI RI WKH FROOHFWLRQ
5RXJKO\ RI WKH FRUSRUD LV DQQRW
U-QIDEHO DQG PRUH WMDBEDEBO| ZRWK RKFRP SR
VLW IEFD@QMIDEHOV DUH SUHVHQW IRU QHDUO\ KD
_O-SHUIRUPDQFHV LQ +LQGXVWDQL PXVL
SRVLWLRQDO ZRUNV DQG KHQFH VKRXOG EH GL)
WKH FRPSOHWHQHVYV RI ZRUN PHWDGDWD %XW
LW\ RIVXFK DQ Q0B D¥ B@#&REIRUPDQFHV DUH DO
LQFOXGHG LQ DVVHVVPHQW DQG KHQFH ZRUN FR
HVWLPDWH
$Q LPSRUWDQW FRQFHUQ LQ UHVHDUFK LV WK
H[SHULPHQWV ZKLFKQHFHVVLWDWHV D FRUSXV
FRPPXQLW\ :KHQ SRVVLEOH ZHHPSKDVL]H WKH
LWRULHV RI LQIRUPDWLRQ VXFK DV OXVLF%UDL
UHOHDVHV LQ WRIE &DQGERWBRUD KDYH EHHQ R
JDQL]HG LQWR FROOHFWLRQV LQ OXVLF%UDLQ]
DFFHVVLEOH FRPPHUFLDO UHFRUGLQJV )XUWKFE
GHULYHG LQIRUPDWLRQ VXFKDVDQQRWDWLROQ\
RSHQO\DYDR®RRPEHWXVLF KDYHGHYHORSHGD W
JDWLQJWKURXJK PXVLRKSRBDROUHFWLRQVDRD OOHG
ZKLFK DOVR DFWV DV WKH FHQWUDO SHUPDQHQ\
WKH PHWDGDWD DXGLR DQQRWDWLRQV DQG U
RSHQ VRXUFHDQG SURYLGHV DQ $3, IRUDFFHVV

9XRX9 *'2 iBp2 *QKKQMb KmbB+ +QHH2+

7KHDXGLRLQWKH&DUQDWLFDQG+LQGXVWDQL
PHUFLDO UHOHDVHV 7KRXJK HDVLO\ DFFHVVLE
WULEXWHG RSHQO\ 6LQFH WKHUHDUH QR RSHQ
GLR RQHHIIRUWRI&RPSOXVLFLVWRFUHDWH D¢
UHOHDVHG XQGHU &UHDWLYH &RPPRQV OLFHQV
DGGLWLRQ WR WKHDXGLR WKHFROOHFWLRQ KI
PHWDGDWD DQGVHPL DXWRPDWLFDOO\H[WUDF

&DUQDWLF FRODHEWKROB+# " BMxXQ ;f+QHH2+iBQMf
7TNe2dkR8@#k#/@9Nek@#3+N@k#9y+Rd R2+e

+LQGXVWDQL FRODHEWLRBG# BMxXQ ;f+QHH2+iBQMf
kRjj9d N@2d3e@9kNd@388R@/eRd33+38+3y

&RPS08VLF FRUBRUMKTKMbB+XmMT7X2/mf+Q " TQ"



'DWD FRUSRUD IRU UHVHI

ODWHG DQQRWDWLRQV 'XH SHUPLVVLRQV IURP
IRUUHGLVWULEXWLRQ 7KHDXGLR ZLOO EH KRV
ZLWK ERWK WKHDXGLRDQGDVVRFLDWHG PHWD(
DEOHWKURXJKWKH 'XQ\D $3, 7TKHRSHQPXVLF FI
LQJFROOHFWLRQV ZLWK QHZ UHOHDVHYV EHLQJ L
EHUV LQ WKLY VHFWLRQ FRUUHFW DV RI -XQH
LQGLFDWLYH

7KEDUQDWLF &UHDWLYH &RPSROVLFPOVLF FROC
FROOHFWLRQRI YRFDO &DUQDWLF FRQFHUWYV
DGGHG ZLWK WUDFNVDQGRYHU KRXUVRIP;
&DUQDWLF PXVLFLDQ¥. WKRIOIHFWVRLIRDVEZ BN SURI
VLRQDOO\UHFRUGHGLQPXOWL WUDFNDW N -
&RQYHQWLRQ &HQWHU &KHQQDL ,QGLD DQGP
7KH SLHFHV IURP WKH FRQFHUWY ZHUH VSOLW L¢
DQG UHOHDVHG WRJHWKHU DV DQ DOEXP (DFK U
LQJ DFFRPSDQ\LQUI-PWABDDWYWY FRPSRVHU F
SRVLWLRQ DQG IRUP ,W KDV PDQXDOO\DQQRW
DFWHULVWLF PHORGLF SKUDVHV DQG VHFWLRQ’
DXWRPDWLFDOO\ H{/WUDFWHG WRQLF YRFDO SL
DOLJOMHFDQ QRWDWLRQV 7KH FROOWHFRADLRQ KDV
DQQRWDWLRQV WKDW FDQ EH XVHG IRUPHWHU D

7KHLQGXVWDQL &UHDWLYH &RPBPRQV PXVLF FI
LVD FROOHFWLRQRI YRFDO+LQGXVWDQLPXVL
OHDVHV EHLQJDGGHG ZLWK WUDFNVDQGRY}H
SURIHVVLRQDO +LQGXVWDQL PXVLFLDQV VRXU
WLRQV RIPXVLFLDQVY.%RROXBEW LRWXBH VWHU
WUDFNV VDPSOHG DW N+] 7KHWUDFNV SURF X
OHFWLRQV KDYH EHHQ JURXSHG LQWR PXVLFDO!
SLODWLRQV DQG WKHQ UHOHDVHG DV DOEXPV {
OHFWLRQ KDV WKH IROORZLQUBDWFRINSDQ\LQJ P
DUWLVWYVY IRUP DQERODRGEOLKBEARSWKHU ,W k
PDQXDOO\DQQRWDWHGWLPHDOLJQHG FKDUDFV
OEDVHG VHFWLRQV ,QDGGLWLRQ LWKDV VHPL
WRQLF YRFDO SLWFK WUDFN DWBPRRV D\Q GROQLP H

rerXx "+?Bp2XQ°;

&DUQDWLF && FRIO®HFRMIREX#" BMxXQ :f+QHH2+iBQMf
Rej+37k@#d87@9e88@3e#2@R8y92 kN99+k

+LQGXVWDQL && FRD,OMFVWBR® BMxXQ :f+QHH2+iBQMf
e /+89+e@eey8@928d@3kjy@#387R/28#2k#



THVW GDWDVHWYV

7TKH FROOHFWLRQ NDROQERWWWLRQV WKDW FDQ
IRUPHWHUDQDO\VLV

7TKH &UHDWLYH &RPPRQV FROOHFW3IRQV DUH X
WDVNV )J)URP D UK\WKP DQDO\VLYVY SHUVSHFWLYH
IRUPHWHU LQIHUHQFH DQG WUDFNLQJ UK\WKPL
DQRDO\WVLYVY DQG UK\WKP EDVHG VWUXFWXUDO VH
RXUNQRZOHGJH WKLYV FRGEBNBEIBD\WIRMRW MNKHIG D L
PXVLFFROOHFWLRQRI ,QGLDQ DUW PXVLF

OXk h2bi/ i b2ib

7KH WHVW FRUSRUD RU WHVW GDWDVHWV DUH
DQG FRQWDLQDGGLWLRQDOLQIRUPDWLRQ VXFK
GDWD 7KH\DUHXVHIXOIRUYDULRXVPHORG\DQ
7KHUH DUH VHYHUDO WHVW GDWDVHWYV IRU GLI
ZLWKLQ &RPSDKNVQA ZH GHVFULEH RQO\ WKRVH \
WKDW DUH XVHIXO LQ UK\WKP DQDO\VLV WDVNYV
EULHIO\HPSKDVL]LQJWKH SULPDU\UHVHDUFK W

9XkXR * "M iB+ KmbB+ "?vi?K / i b2i

7TKBEDUQDWLFOXVLF 5K\3WHFN GWDWKMWDQQRWDW
WHVW FRUSXV IRUPDQ\DXWRPDWLF UK\WKP DQ
OXVLEFULQLYDVDPXUWK\ 7"&KHJGDWDVHW FRQVLV)\
DXGLR H[FHUSWV IURP WKH &DUQDWLF UHVHDUF
WDWHG WLPH DOLIJQHG PDUNHUV LQGLFDWLQJV
W-+{POH DQG WKW -BRHORAM.B®WRABWDGDWD
$.3GDWDVHW LV GHVFUWKERAG QQ WIKEHJIERRK U

DQG WKH QXPEHU RIWBEHRHVGIRW H\DHW KDV SLHF|
IRXU SRXWBWW HQFRPSDVV D PDMRULW\ RI FXI
QDWLF PXVLF SHUIRUPDQFH 7KH SLHFHV LQFO?>
LOQVWUXPHQWDO UHFRUGLQJY UHFHQWDQG ROC
YDULHW\ RI' IRUPV $0O SLHFHV KDYH D SHUFXYV
SUHGRPLQDQWO\PULGDQJDP 7KHUHDUHDOVR
E\ WKH VDPH DUWLVW RU UHOHDVH JURXS DQ
WKH VDPH FRPSRVLWLRQ UHQGHUHG E\ GLIIHUH

20T, ff+QKTKmMbB+XmT7X2/mf/ i b2ib
20iT,ff+QKTKmMbB+XmT7X2/mf+ "M iB+@ ?vi?K@/ i b2i



'DWD FRUSRUD IRU UHVHI

7—19D 3LHFHV 7RWDO; XUDBWIQRQ6DPD
KRXUV PLQ

-GL

5ISDND

OL UD FK—SX
.KDEED FK—SX

7TRWDO

R U U U T
<l<gs< <<

7DEOH$.3GDWDVHW VKRZLQJWKH WRWDO GXUDWLRC
WDWLRQV 6DPD VKRZVADKGRWBPEWHBER®Y DQG $QQ V¢
WKH QXPEHU RI EHDW D QWIRPAIVW. QRSQ ¥ DIWOHA\O W & HQPIH
GLDQ SLHFH OHQJWK LQ WKH GDWDVHW P DQG V LQG
UHVSHEWLYHO\

7—1D s s o o [ spLO s:pO]
-GL [ ]
5ISDND [ ]

OL UD FK—SX [ ]
.KDAEED FK—SX [ ]

7DEOH7—FDFOH OHQJWK 5QiGaLIFW Ty\RHDAG LROG L

FDWH WKH PHDQ DQG VWDQGDUG GHFIMINHLRD BRI WK+
RI WKH SLHFHV 1 HD\QSHIFWALLYAHDONH WKH PHDQ DQG VW
GHYLDWLRQ Rl WRON PHER B QYDWRUWKH SLHFHV UHV
[spLospO]LQGLFDWHWKHPLQLPXP D.@REO(HRXP Y DO Xt
WKH UDQUE WKH GDWDVHW $00 YDOXHV LQ WKH WDE

XQLTXHO\ LGHQWIL%LHRG WKHQUIRFRHGLQJ 7KH SL
DUHPS VWHUHR UHFRUGLQJY DQG VDPSOHG DV
DOVRDYDLODEOHDVGRZQPL[HGPRQR:$9ILOHV |
DXGLRILOHVDUHIXOO OHQJWK SLHFHV RUFOLS
SLHFHV 21 WKH DXGLRILOHYV FRQWDLQ IXO

7TKHUH DUH VHYHUDO DQQRWDWLRQV WKDW DF
WKHGDWDVHW 7KHSULPDU\DQQRWDWLRQV DU
VWDPSV LQGLFDWLQJ WKH GLITHWHW PHWULFL
FOH WOKPHBRZQEHDW DQG RWKHU EHDWYV VKRZQ
LQ)LIXUHKH DQQRWDWLRQV ZHUH FUHDWHG XV



THVW GDWDVHWYV

7—9qD 3LHFHV 7RWDO 'XUDWLRQ $0Q0Q
KRXUV PLQ

-GL

5ISDND

OL UD FK—SX
.KDAEED FK—SX

7TRWDO

7DEOH$.3GDWDVHW VKRZLQJ WKH WRWDO GXUDWLRQC
WDWLRQV 6DPD VKRZVADKEGRWBDEWHBR®Y DQG $QQ V¢
WKH QXPEHU RIEHDW DQWIRPDIYWLRQV LQFOXGLQJ

7—191D s s o o [ sPLO s:PD)

-GL > @
5ISDND > @
OL UD FK—SX > @
.KDEED FK—SX > @

7DEOH7—FDFOH OHQJWK $Q3GIDAVDIMVEHIG LRG L

FDWH WKH PHDQ DQG VWD QGD UG GHFIDWHLRYD BRI W K F
RI WKH SLHFHV 1 HD\QSHIFNALYARDOWH WKH PHDQ DQG VW
GHYLDWLRQ RI WRN PREY B Q LQWRUWKH SLHFHV UHV
[spLospo]LQGLFDWHWKHPLQLPXP D.@Q®REO(HRXPF Y DO Xt
WKH UDQUE WKH GDWDVHW $00 YDOXHV LQ WKH WDE

L]H&DQQDP HW EOWDSSLQJ WR PXVLFDQG PDQX
UHFWLQJ WKH WDSV 7KH DQQRWDWLRQV KDYH |
VLRQDO &DUQDWLF PXVLFLDQ (DFKDQQRWDWL
DQ DVVRFLDWHG QXPHULF ODEHO WKDW LQGLFD
PDUNHUWGYBOH ,Q DGGLWLRQ IRWRIDFK H[FHU
WKH SLHFEXBX6VHW RI WKH VWDUW RI WKH SLHFEF
VDPD DUH UHFRUGHG 7KH SRVVLEO\WLPH YDU
FDQ EH REWDLQHG XWD RI\WRMWDMLE QWY G

7KH WRWDO GXUDWLRQ RI DXGLR LQ WKH GDW
ZLWK WLPH DOLJQHG EHDW DQQRWDWLRQ\
RI D SLHFH LV DERXW PLQXWHVWQRWYH GDWDV
EDVLE VWDWLVWLRABEIDQD OWQ YWRK WEGILFDWRU
GDWDVHW ZKLFKLV XVHIXOWRXQGHUVWDQG W|



'DWD FRUSRUD IRU UHVHI

D-GL E5S5ISDND

FOL UD FK—SX G.KDAEED FK—SX

JLIXUH$ KLVWRJUDP R DWLEHMHQUADMWKIHE DW DV HW

IRU HD FRIPH RUGLQDWH LV WKHIUDFWLRQ RI WKH WRYV
WR WKBOXH VKRZQ LQ DEV FJ MDH W R BUKGRLZINQ
DVDUHG GRWWHG OLQH

WKH UDQJHRIWKHPHWULFEDO FEROHYDMRHEW KV LC
ORQWHYMDWKH GDWDVHW DQG KD@RIQEKDO W KH K|
W KAH—IBVSLWH QR QRWDWHG WHPSR ZHFDQ VHH
WKH PHG LDNAD@WHIYQP® LWV VWDQGDUG GHYLD
WKH WHPSR LQ &DUQDWLF PXVLF GRHMRRW YDU
7KH UDQJWIROXHV VKRZ WKDW D ZLGH UDQJH RI F
WKDW DUH SUHVHQW LQ &DUQDWLF PXVLF SLHFH
GDWDVHW LV OHVV WKDQ VHFRQG ORQJ ZKLOH \
VHFRQGV ORQJ

$ UHSUHVHQWDW B YH\DXNELYHIWARL WIKGIVR FRPSL



THVW GDWDVHWYV

D-GL E5S5ISDND

FOL UD FK—SX G.KDAEED FK—SX

JLIXUH$ KLVWRJUDP RI WKH LRQUWOHBKEHE D W DDA U Y D C
IRUHWDFRIIPH RUGLQDWH LV WKHIUDFWLRQ RI WKH WRYV
WR WKBOXH VKRZQ LQ DEYV FJMIUDHW RHYY PAHKEGRLZBQ
DVDUHG GRWWHG OLQH

WIBH3GDWDVHW ZLWK WZR PLQXWHRUPAHKIB WYV RI
IXOO SLHFH LI WKH SLHFH LV VKRUWHU WKDQ P
FHUSWV DGGLWLRQDOO\ FRQWDLQ DOO WKH DQ
LQFOXGLQJ WYBFIDGLEABW DQQRWDWLRQV 7K

$.3GDWDVHW ZLOO EH XVHIXO IRUIDVWHU WHVW
JRULWKPV

7KH.3GDWDVHW LV GHVFVKRHA GQDRW R-HORX U
DQG WKHQXPEHU RV&ELEHPHWIRWMHDEKUDWLRQ R
LQWKHGDWDVHWLVDERXW KRXUV ZLWK W
WDWLRQVVKIRZOYH EDVLF VWDWLWWNPOB DQDO\V



'DWD FRUSRUD IRU UHVHI

D-GL E5S5ISDND

FOL UD FK—SX G.KDEED FK—SX

JLIXUH$ KLVWRJUDP RIWKH PHG VD@RRUHRD/DIJHG LQ\
LQ VBKHGDW DV HVWI-RTWEHDEKGLQDWH LV WKH IUDFWLRQ
FRXQW FRUUHVSRQGLQYWN®XHKWHK@R QRMOLENELV VD

OHQJWK LQGLF.BOMRWD L)WV KM LFK DUH VLPLODU
FDOWRUY®RDWDVHW VKR Z QK RZIDBIBBOID V H W
LV D UHSUHVHQ V% LG IDWHDWX-EN HW R |

7KH WHPSR YDOXHV DUH QRW QRWDWHG LQ &I
SLHFHV DUH QRW SOD\HG WR D PHWURQRPH +H
PHGLDQ YDOXHV W D EXH ® WHMGHIQQV7 DXEUOWHK HU D Q D ¢
WKH IMPWEUV HU PG LQWHU EgH DRAU LHIDARM[DY D O
RYHU WKH.Z2BR@WHDVHW $ KL QR BRUDHDRK] D
LVVKRZQLQ NQBUYHIXWHVSHFWLYHO\ 7KLV VKR?Z
GLVWULEXWLRQRIF\FOHOHQJWKYV LQ WKH GDW!|



THVW GDWDVHWYV

D-GL E5S5ISDND

FOL UD FK—SX G.KDEED FK—SX

JLIXUH$ KLVWRJUDP RI WKH PHGLDQ QRWPDOL]JHG LQ
LQ VBKHGDWDVHVWI-RTWEHDEKGLQDWH LV WKH IUDFWLRQ
FRXQW FRUUHVSRQGL QY NRIHKWHK@RZ QRMOLENELV VD

s IRUHODFDRXQG WKHPHGLDQ YDOXH 'HVSLWH
Rls YDOXHV WKHGLVWUDRXWLERQUKR JIWKDW
WKH WHPSR RIWHQ LV OLPLWHG WR DVPDOO UDC
PXVLFLDQV DUH IUHH WR FKRRVH DQ\ WHPSR Zt
WKDW WKH\WHQG WR FKRRVHD QDUURZ UDQJH R
7TRLOOXVWUDWHDQGPHDVXUHWKHWLPHYDU\
LQ&DUQDWLFPXVLF ZHHO@QEBYPO R®HMLDAOSWKHAH E\
WKHPHGLDQ YDOXH RI WKH SLHFHMWRRKBEWDLQ P
b YDOXHV D KLVWRJUDP R$ZKAFWDVHWRDQ LB U
XUHDQG )LIXUHVSHFWLYHO\ 7KHVHKLVWRJUDF



'DWD FRUSRUD IRU UHVHI

DURXQG VLQFH WKH\DUH QRUPDOL]JHG E\ WKH F
RIWKHVHKLVWRJUDPV DURXQG WKHYDOXHRI L
RIWHPSRIURP WKH PHGLDQ YDOXH )J)URP WKH IL
WKHWHPSR LV WLPH YDU\LQJEXW ZLWK OHVV Wk
GHYLDWLRQ IURP WKH PHGLD QWHISR RI WKH SL

5K\WKP SDWW.RDQ®.B@QDWDVHWYV

'LWKDVL]HDEOHDQQRWDWHG FRUSXV RI&DUQD
SRUDOHYHODQDO\VLVRISDWWHUQV LQ UK\WKP
WR VKRZFDVHWKHVH SDWWHUQV DV D SRWHQWL
DQDO\VLYV ZKLOHVKRZLQJWKHLUXWQGLW\IRU F
IRUSHUIRUPDQFH DQDO\VLY DQG FRPSDUDWLYH
7KHDLP KHUHLY QRWWR VHHNDOO PXVLFRORL.
EXWWRLOOXVWUDWH WKH SRVVLELOLWLHV RI D
KRZVXFKDQDO\WLVYWRROVFDQKHOSDLGDQGD
0,5DSSOLFDWLRQV RIVXFK GDWDVHWV LV WKH S
DQG GLVFXVVHG LQ VXEVHTXHQW FKDSWHUV +t
SXVOHYHOPXVLFRORJLFDODQDO\VLV LV SUHVH
DPRXQWVWRDSHUIRUPDQFHDQDO\VLV RIPXVLF
DXGLR UHFRUGLQJV
7KHVHDQDO\WHVFDQFRUURERUDWHVHYHUDC
DQG FDQ SURYLGH DGGLWLRQDO LQVLJKWYV LQV
PXVLFRORJ\ PXVLF WKHRU\DQG PXVLF SUDFWL
QHFHVVDU\ WR QRWH WKDW WKH LQVLJKWYV ZH G
GUDZDUHOLPLWHG E\WKHDYDLODEOHDQQRWD
IXUWKHU YDOLGDWLRQ ,W LV KRZHYHU XVHIXO
RJ\ ZKLFK FDQ DLG PXVLFRORJLVWY DQG HQJLQ
WKDW XVH WKHVH SDWWHUQV IRUGLIIHUHQW DQ
7KH UK\WKP SDWWHUQV DUH FRPSXWHG XVLQJ
FDOOHG /RJ)LOW 6SHF)®PE[NDNVE DRBRBHG E\
XVHG IXUWKEY BW DOVKDW LV XVHG IRU GHWHFW
FDORQVHWYV LQ DXGBR)THRRKIGDR GV RAKH QDO Z|
DZLQGRZ VL]H RI PV VDPSOHV RI DXGLR |
UDWH RI N+] ')7 VL]H RI DQG KRS VL]H R
SXWHGIURPDXGLR 7KHVXFFHVVLYHGLIIHUHQF
ORJDULWKP RI WKH ILOWHU EDQN HQHUJLHV LQ
FRPSXWHG 6LQFHWKHEDVVRQVHWYVKDYHVLJIQ
WKH UK\WKPLF SDWWHUQV WKHIHDWXUHV DUH



THVW GDWDVHWYV

JLIXUH &RPSXWDWLRQ RI WKH VSHFWUDO IOX[ RQVH!
TXHQF\EDQGRO]DBRHO HW DO

EDQGV /RZ+] +LP +] WRDGGLWLRQDOO\ FRC
WKHEDVV RQVHWY 7KHSURFHVV RIFRPSXWLQJ
LV RXWOLQHG LQ)LJIXUH

8VLQJEHDWDQG GRZQEHDWDQQRWDWHG WUD
WXUHV IURP DOO P XV L PASHDRUB-HW K 19D WSRHFSLH GFL Q
F\FOH OHQJWK VHTXHQFHY DQG LQWHUSRODWFL
ILQHJULG $PHDQRIDOOVXFKF\FOHOHQJWK Vt
VSHFWHERDFRPSXWHG LQ ERWK WKH IUHTXHQF\ E|
DUHSUHVHQWDWLYH UK\WKPLF SDWWHUQ LOOX!

$WWKHRXWVHW LWLVQHFHVVDU\WR QRWH K
LQW-F{POH DUH WR EH GHVFULEHG XVLQJWLPLQ
GHVFULSWRUV 7KH UK\WKP SDWWHUQV JHQHU|
WUDO IOX[ IHDWXUH DQG FDQ RQO\ H[SODLQ WL
$ PLQRUHIIHFW RI WLPEUH FDQ EH VHHQ LQ WKH"
DUH SUHGRPLQDQWO\DIIHFWHG E\WKH RWKHU V
SDWWHUQV DUHDYHUDJHG RWHEQYGEHKEARRBH GD
FDQQRW FDSWXUH VSHFLILF QXDQFHV RILQGLY!



'DWD FRUSRUD IRU UHVHI

JLYHDEURDG SHUVSHEWLYH 7KHSDWWHUQV KH
IDFH UK\WKP SUHVHQW LQ WKHDXGLR UHFRUGLC
UHIOHFW WKH XQGHUO\LQJ FDQRQLFDO PHWULF
JLIXUHV VKRZ WKH HQVHPEOH DYHUDJH RI F)
SDWWHUQV RYHU DOO WKH S IWFRRPSXWIKIE GDW
XVLQJ WKH VSHFWUDO IOX[ IHDWXUH LQ WZR GLI
RXWOLQHG DERYH ,Q HDFKILJXUH WKHERWWR]
ORZIUHTXHQFDDBQWKH WRS SDQH FRUUHVSRQG
IUHTXHQR)\ EDFK®! DEVFLVVD LV WKH EHDW QXPEH
F\FOH GRWWHG OLQHV VEPWBU N & G IZADWKLIDU MK
OLQH 7KH VWBABUW ROBDFREWHG ZLWK EHDW QXP
WRS RI HD KD BMXREZQ DVKH SDWWHUQV LQ HDFEK |
SDQH LV QRUPDOL]HG VR WKDW PD[LPXP YDOXH
UHODWLYHRQVHW VWUHQJWKY DW GLITHUHQW P
7KH UK\WKP SDWWHUQV DUH URXJKO\ LQGLFD
PULGDQJDP VWURNHY SOD\HG LQ WKH F\FOH ,Q
SDQH WKDW VKRZV WKH ORZ IUHTXHQF\EDQG KD
EDVV GUXP ZKLOH WKH WRS SDQH KDV FRQWHQW
ULJKWSLWFKHG GUXP DQGDGGLWLRQDOO\IURF
IRUWKH SXUSRVH RI WKLV GLVFXVVLRQ ZH XVH
DFFHQWVY WR UHIHU WR WKH DFFHQWYV LQ UK\WKP
WRP DQG WRS SDQH UHVSHFWLYHO\ 7KH OHIW L
LOQWHUHVWLQJLQVLIKWYV LQWR-FAHED BEDYWOWHUQV
DGGLWLRQ WKHVH UK\WKP SDWWHUQV KHOS LQ
‘HOLVW GRZQ DQG GLVFXVV VRPH VDOLHQW TX
IURP ILIXUHWHRPMH BREGDWDVHW DQBLWV VXEVH
7KH)LIXUHVVKRZ WKH FA\AFOH OHQJWK UK\WKP SD
W —IROWER\W R Q% 3G DW DV HW VW 3B SRV W K H
UK\WKP SDWWHUQV WRJHWKHU WR FRPSDUH SD)
FHUS®/SAMWDVHW DQG | X 080 0G-DQNBAKHSL HFHV L Q
2YHUDOO ZHVHHVWURRABDIDWEMDWY RQ WK H
LQJWKH VWURQJHVW DFFHQW LQ PRVW FDVHV :
FHQWY RUJDQL]JHG LQ WKUHH GLIITHUHQW VWUHQ
OHYHOWRUWKH EHD\W DRI MDAR DRD J
EHDW\W LD FB QNSO A E DMK IS W KIHNIZDXUD
ORQJ EHDWIQGEIG DWBADY EH DGGLWLRQDOO\ VHH
SDWW HIK@NSEDPGHG LQ & DUQDWLF PXVLE DUH TXL
QR REYLRXV UHSUSTOMYWDOWEDD EH LQIHUUHG L
WKH YDULHG DFFHQWYV DW WKUHH PHWULFDO OH



THVW GDWDVHWYV

JLIXUH &\ FOH OHQJWK UK\WKPLF $DMGDRUDQAH®/H D U Q
IRU-GL—JQ HDFK RI WKH IROORZL @XKH $SOPWHYHUQV DUt
FRPSXWHG IURP VSHFWUDO IOX[ IHDWXUH DQG DYHU
WKH GDWDVHW 7KHERWWRP WRS SDQH FRUUHVSRQ
EDQGY UHVSHFWLYHO\ 7KH DEVFLVVD LV WKH EHD'
GRWWHG OLQHV  ZLW\DK BIDQGILHF® MLVQK WKHG OLQH

VWDUWRAHDERGLFDWHG ZLWK EHDW QXPEHUV DW W
VDPMKRZQ DVKH SORW VKRZV WKH F\AFOH H{WHQGHG
EHIJLQQLQJDQGHQG WR LOOXVWUBWH WKH F\FOLF Q

JLIXUH&\FOH OHQJWK UK\WKPLF $3B&IMMA\QHW HRDMLJ Q H
—G@GL—9qD

7TKHSDWWHUQVLOOXVWUDWHG KHUHDUHDYH
GRQRWWHOO XVPXFKDERXWWKHYDULRXVLQG
RFFXULQVSHFLILF SRLQWYV L QVSEYIMWLFXW DU UH |
ULFDO VWUXFWXUHVY WKDWDOORZPDQ\GLIIHUH
QRW D VSHFLILF UK\WKP W LVDX&BDMKEHUVHHQ V
VDDV VRIWHU DFFHQWYVY )HZHU WWWP®BNHY DUH
WR HPSKDYVLNDWMEIDWWXKMW SDVVHG DQG D QHZ F
EHIXQ ,WPLIJKWDOVR SHUKDSV LQGLFDWH VRP



'DWD FRUSRUD IRU UHVHI

JLIXUH &\FOH OHQJWK UK\WKPLF $D3VG\WWWDQYWHBWHDUQ
IRUISDWB D

JLIXUH &\FOH OHQJWK UK\WKP L F $.BEWDMHDMHMWOIRDU Q H
UISDWB D

DIWHUWKHLQWHQVH VWURNH SOD\LQJWRZDUG

7KH UK\WKP SDWWHUQ\BEBWPX\MAWDXIHLYHU\ VL
LODU WR WKRVH B RPGDXWH\GHXW MKIBZY @I WKDW
JRRGUHSUHVHQWDWL$HVXEGS HWLRIQDKHOO DG
REVHUYDWLRQV ZH PDNH.3HWW ISGEWHRUQV IURP
QRZGLVFXW-V¥BHHRUD®G REVHUYDWLRQV

7KH )LIXUHWKRZ WKH UK\WKP-S8DWWHUQV IRU
VHH WKDW D WK UH HDDMHBHD WIHE@®/BXN @ O
GHPDUFDWN&DWRKDOI F\FOH EHDW KDVDQDFFI
DVWPRBIFPDKHRGG EHDWY PDUNHG KDYH V\
DFFHQWY 7KH OHIWDFFHQWY DUH GLVWULEXW
VWURQJDFFHQWYV DW KDOI F\FOH

7KH)LJXUHVVKRZWKH UK\WKPISDW-®HL QV IRU
$SDUWIURP WKHWKUHHOHYHO KLHUDUDFK\RID



THVW GDWDVHWYV

JLIXUH &\FOH OHQJWK UK\WKPLF $ D36\ WIDYHMBEHD U Q
IRPL UD FW—8§R

J)LIXUH &\FOHOHQJWK UK\WKP L F$%.BODWOMHNOIRDU Q H
PL UD FW—S8R

HQW WKHKDOIEHDW DFFHQW EHWZHHQ WKH EH
GLFDWLQJ WKH RDNAQURBHGI VWIXEMXUH R
ZLWK D WHUQDU\ PHWHU
7KH)LIXUHVVKRZ WKH UK\WKPLS DV RKHYRX IR U
W—9FDVHH WRBERWHGDULHY KDYH VWURQJ OHIW
FHQWV VKRZLQJWKHLU XVHDVDQFKRU SRLQWV
WKURXJK WKH F\FOH 7KRXJIDS&DURXGS IZQWK D
VWUXFWXUH D VW UXFRLXWH EW-REEBHQ VHH
ZKLFKFDQEHREVHUYHG KHUH EDVHG RQ WKH V\
$Q DGGLWLRQDO VWURQJ OHIW DFFHQW RQ EF
XVHG DVDQ DQFKRU
7KH UK\W K P SNDRADWEHI IYRWRIRS2Q L Q )LIXUH YV
KDYHDVWURQJOHIWDFFHQW RQ EHDW  ZKLF
ZLWKLQ WKH F\FOH $ VWURQJHU ULJKW DFFHQW



'DWD FRUSRUD IRU UHVHI

JLIXUH &\FOH OHQJWK UK\WKPLF $ D36\ WIDYHMBEHD U Q
IRNKD £ EDMKEDS X

JLIXUH &\ FOH OHQJWK UK\WK P L F $.BBDM-DMHMWOIIRDU Q H
N K D /£ E DVMFK $-DS X

JUHVVLRQ WKURXIAKIWMIHXQBNEDURXSLQJ
VWUXFWKAEEBDLFRIBHQ SOD\HG RXW DV  RU
LQJVWURQJDFFHQWV RQ EHDWV DQG

7KHVHDUHVRPHREVHUYDWLRQV IURP UK\WKP
WHUHVWLQJPXVLFRORJLFDO VLIJQLILFDQFH $ ¢
VLFLDQ KDV LQIRUPDOO\ YDOLGDWHG WKHVH RI
KDYH WR EH IRUPDOO\ VWXGLHG LQ GHSWK WR P
FRQFOXVLRQV

$SSOLFDWLRQV RIWKH &DUQDWLF UK\WKP GDWL

7TKH.3GDWDVHW DQ@S[GWIXEWHONWH LQWHQGHG \
FRUSRUD IRUVHYHUDO DXWRPDWLF UK\WKP DQ
PXVLF 3RVVLEOHVWEIMNY EQBEOXNGWHDFNLQJ WHP



THVW GDWDVHWYV

WLPDWLRQ D QGUWHFREQL@ILRQ UK\WKP EDVHG \
WLRQRIPXVLFDODXGLR VWUXFWXUDO VHJPHQ\
DOLJQPHQW DQG UK\WKPLF SDWWHUQ DQDO\VL
GDWDVHWYV DUH SULPDULO\ XVHG IRU UK\WKPLF
WHU LQIHUHQFH WUDFENLQJ ORVW RI WKH UHVH
IR®.3ZLWK VRPH H[SHULPHQW ¥ .13 GADMQDBHGWNRRW K
YHULI\WKHLU DSSOLFDELOLW\WR ODUJHU GDWI

9XkXk >BM/mbi MB KmbB+ "?2vi?K /i b2i

+LQGXVWDQL OXVLF p.K\WKW @5 D MWADAMHPW QQRWD W
WHVW FRUSXV IRUDXWRPDWLF UK\WKP DQDO\VL
VLEULQLYDVDPXUWK\KHHWFBOOHFWLRQ FRQVLVW
HIFHUSWV IURP WKH &RPSOXVLF +LQGXVWDQL U
XDOO\DQQRWDWHG WLPH DOLJQHG PDUNHUYV L
WKURXWKFWBIKOHH DQG WKW 8RURWIHGVMHOBNDGDWD
GDWDVHW KDV SLHFHW JRIIRE. QRSNXNV SVROBXIOMXN LF 7
EOH ZKLFKHQFRPSDVVHV D P DMRRIOW\RI +LQG X
TKHDXGLRUHFRUGLQJVDUHFKRVHQIURP WK
WDQL PXVLFUHVHDUFK FRUSXV 7KHSLHFHV LQF
LOQVWUXPHQWDO UHFRUGLQJV QHZ DQG ROG UF
ODRODVVHV )RU HDFK WDD@W WNKMDEKDDH SLHFF
PHGLXPYDQBABMMOO SLHRAMY BXADAMKH SHUF XV
VLRQ DFFRPSDQLPHQW $00 WKHDXGLR UHFRUC
PLQXWHH[FHUSWV RIIXOO OHQJWK SLHFHV (DF
WLILHG X0 QR WNKKH UHFRUGLQJ 7KH SLHFHV DU
NESV PS ILOHV VDPSOHG DW N+] 7KH DXGLF
DVGRZQPL[HG PRQR :$9 ILOHVIRUH[SHULPHQWYV

7KHUHDUHVHYHUDODQQRWDWLRQV WKDW DF
WKH GDWDVHW 7KH SULPDU\DQQRWDWLRQV DU
VWDPSV LQGLFDWLQJ WKH GLITHWH@®ARHWULFD
7KNDP QB—WRI-MKH F\FOH DUH DQQRWDWHG 7K|
ZHUH FUHDWHG XVLQJB6RQLF 9LVXDOL]HU E\ WD S
XDOO\FRUUHFWLQJWKHWDSV (DFKDQQRWDWL
DVVRFLDWHG QXPHULF (PD-E\E B KD\VRQQG@LFBMW H
F\FOH LOOXVWUDWHMDBWUHXQKBLFDWHG XVLQJ

20T, ff+QKTKmMbB+XmT7X2/mf?BM/mbi MB@ ?vi?K@/ i b2



'DWD FRUSRUD IRU UHVHI

7—0 3LHFHV 7RWDO 'XUDWLRQ $QOQ 6
KRXUV PLQ

7 QW—O

e NW—O0O
-KDSW—0
5I1SDN W—O

7TRWDO

7DEOH).3 GDWDVHW VKRZLQJWKH WRWDO GXUDWLRC
WDWLRQV 6DP VKR2ZWD\WRIQ RWPEHWRRN DQG $QQ V¢
WKH QXPEHWBRIORWDWLRYBPVQFOXGLQJ

7—0 s s b b [spLO s:pO]

7 QW—O > @
eNW—0 > @
-KDSW—0 > @
5I1SDN W—O0 > @

7DEOH 7—FOFOH OHQJWK [ GGLIF\D Ty \RHDAG LRO\G L

FDWH WKH PHDQ DQG VWDQGDUG BHEQUWAURQ@ ®I WKI
RI WKH SLHFHV  ID\QSHFWGLLYAHDOWH WKH PHDQ DQG VW
GHYLDWLRQ RI W RH-RHIGA D QYIDQONRIUWW KH SLHFHYV UHV
[spLospO]LQGLFDWHWKHPLQLPXP D.@®REO(HRXPF Y DO Xt
WKH UDQU®B WKH GDWDVHW $00 YDOXHV LQ WKH WDE

QXPHUDO 7KH WLPH YDU\LQJWHPSR RI WKH SL
IURP A-KMQBWOBQQRWDWLRQV

)RU HDFK H[PMD-O® DIBRFHVKH SLHFH DUH UHFRU
(DFKH[FHUSWFDQEH XQLTXHO\L@HQWLILHG DQ
RI'WKHUHFRUGLQJ DQG WKHUHODWLYHVWDUW
ZLWKLQ WKH ZKROH UHFRUGLQJ 7KHDUWLVW U
DQG WHRH WKH SLHFH DUH DGGLWLRQDO HGLWRU
IURPWKHUHOHDVH 7KHUHDUHRSWLRQDO FRPP
DQQRWDWLRQ VSHFLILFV 7KHDQQRWDWLRQV D
KDYH EHHQ YHULILHG IRUFRUUHFWQHVV DQG FF
VLRQDO +LQGXVWDQL PXVLFLDQDQG PXVLFROR



THVW GDWDVHWYV

7—0 3LHFHV 7RWDO 'XUDWLRQ $QOQ 6
KRXUV PLQ

7 QW—O

e NW—O0O
-KDSW—0
5I1SDN W—O

7TRWDO

7DEOH ).3.GDWDVHW VKRZLQJWKH WRWDO GXUDWLRC
WDWLRQV 6DP VKR2ZWD\BWRIQ RWPEHWRRN DQG $QQ Vi
WKH QXPEHWBRIORWDWLRYBPVQFOXGLQJ

7—0 s s b b [s;PL'Q S;PD][

7 Qw—0 > @
e NW—O0 > @
-KDSW—0 > @
51SDN W—O0 > @

7DEOH 7—FOFOH OHQJWK | G&LIF\U Iy\RHDAS LR\ L

FDWH WKH PHDQ DQG VWDQGDUG BHEQUWIURQ@ ®I WK
RI WKH SLHFHV  ID\QSHIFWALLYAHDOWH WKH PHDQ DQG VW
GHYLDWLRQ RI W RH-RHIGA ID QYIDQONRIULW KH SLHFHV UHV
[spLospo]LQGLFDWHWKHPLQLPXP D.@REO(HRXP Y DO Xt
WKH UDQUE WKH GDWDVHW $00 YDOXHV LQ WKH WDE

7KH3GDWDVHW LV GHVFVKRHE GQ DWR-HDRIX U
DQG WKH QXPEHU RIVBEMRWW CRQB WK SLHFHV
WRWDO GXUDWLRQ RIDXGLRLQ WKH GDWDVHW L
WLPH DPLIJBDGHFERWDWLRQV RVDRIQRKR W DDWULHR Q V
7DEOHVKRZV D EDVLF VWD W L WO OO@DNKLV
LQGLFDWRUVLQWKHGDWDVHW WR XQGHUVWDQ
WKH UDQJH Rl WKH PHWULFDO F\FOH OHQJWKYV L
UDQJHRIWHPSLVHHQLQ +LQGXVWDQL PXVLF LV
ZLWK WKH YD O X HWRIBRHGH BYYMBMRIHHIO H Q JW K V
UDQJLQJIURP VHFRQGV WR VHFRQGV ZKLF
RFWDYHV 7KLV DO WVR-VEKHRZVRGKAD/QWRH\ I[URP O



'DWD FRUSRUD IRU UHVHI

7—0 3LHFHV 7RWDO 'XUDWLRQ $QOQ 6
KRXUV PLQ

7 QW—O

e NW—O0O
-KDSW—0
5I1SDN W—O

7TRWDO

7DEOH ).3GDWDVHW VKRZLQJ WKH WRWDO GXUDWLR
QRWDWLRQV 6DPVKRDPOYBRWIWERQRDQG $QQ VI
WKH QXPEHWBRIORWDWLRYBPVQFOXGLQJ

7—0O s s b b [spLO s:pO]

7 QW—O > @
e NW—O0 > @
-KDSW—0 > @
5I1SDN W—O0 > @

7DEOH 7—FOFOH OHQJWK | GE3 I\ Ty \RHG LROG L

FDWH WKH PHDQ DQG VWDQGDUG BHEQUWAURQ@ ®I WKI
RI WKH SLHFHV  ID\QSHFWGLLYAHDOWH WKH PHDQ DQG VW
GHYLDWLRQ RI W RH-RHIGA D QYIDQONRIUWW KH SLHFHYV UHV
[spLospO]LQGLFDWHWKHPLQLPXP D.@®REO(HRXPF Y DO Xt
WKH UDQU®B WKH GDWDVHW $00 YDOXHV LQ WKH WDE

WKDQ PVWRRYHU VHFRQGV 7KLVKXJHUDQJ}
P_—WHUYLRGVLVDVLIJQLILFDQWFKDOOHQJHLQD
RI +LQGXVWDQL PXVLFW $EHRAVHGA GIREHDQ W
*NWKB®H WKH ODUJHVMQB B QUKHRIDUH SHUIRUPHC
W FOHDR.O D WALHOVD W BWWK D STQUBIS D NK W ¥-HOV P D O O H U
< UDQJHV
7KH GDWDVHW FRQVLVWYVY RI H[FHUSWV ZLWK D
030 P—WIHUWLQXWH WR 030 $V GLVFXVVHC
WHYLQGXVWDQLPXVLFGLYLGHVWHPSRLQWR W
OD\6LQFH QR H[DFWWHPSRUDQJHVDUHGHILQH
GHWHUPLQHG VXLWDE ®HYSBY\A VQXMH XB6I G LQ



THVW GDWDVHWYV

D7 QW—O EeNW—O

F-KDSW—O0O G5ISDN W—O0O

J)LIXUH $ KLVWRJUDP RIDW& W HQWBIKHG DWDVHW
IRUHWFKBEH RUGLQDWH LV WKHIUDFWLRQ RI WKH WRYV
WR WKBOXH VKRZQ LQ DEV RKRLURWOHY E¥MWKREAQ QV
DUHG GRWWHG OLQH

LQFRUUHVSRQGHQFH ZLWK D SURIHVVLRQDO +L
030 030 DG 030 IRUWKHVYORAELW
PHGLRPGK\DQG (MWMWWHPSL UHVSHFWLYHO\
7TKBIRIDSLHFHKDVDVLIJQLILFDQWHIIHFWRQ
UK\WKPDQDO\WLVGXHWRWKLVZLGHUDQJHRI S
DQ\HIITHFWV Rl WKH W H BSRDFVODWHWW K K5 LYQ. G H G
WZR RWKHU VXEVHWYV WKH ORQJ F)RB®9H GXUDWL
GDWDVHW VKRZQFR® VDL EOHODIBEHRAHY ZLWK D
PHGLDQ WHPSR EHWZHHQ 030 DQG WKH VKR
VXEY.BMDWDVHW VKRZQLW®HED EKDMH



'DWD FRUSRUD IRU UHVHI

D7 QW—O EeNW—O

F-KDSW—O0O G5ISDN W—O0O

JLIXUH $ KLVWRJUDP R FWKGHAL UNGDIDKEE D W D V H W
IRU HOWFKBH RUGLQDWH LV WKH IUDFWLRQ RI WKH WRYV

WR WKBOXH VKRZQ LQ DEV RURWLH\Y ENMWPKREAQ RV
DUHG GRWWHG OLQH

030 DQGGWRE\ 030 SLHFHV

).3%GDWDVHW VKRZGFRQVD¥WM RI YISLHFHV LQ
ODABDWLWK RYRU-WQVCDBQQRWDWLRQV $ PDMR
RI SLHFHVNDWHBQQWLEFH LWV YHU\ XQFRPPRQ |
SLHFH WR EH SHIUOR @ P KDLEYY G 9D N WK-HQ H
DUHRQO\ DQG SLWFHODNMIHWWRYHO\ $V GHVF
ZLW.K DEDVLFVWDWLYVWAWKFBBEODBQHR YWK R QB K A
WRUV LQ 7TVEGHAV WKDW W KWIPEHQGN 1B @ YLDDOMHQG LW
UD QJ N KRB E-HD D WH-OH VV WW D@VW¥&IGW- IR U

).3GDWDVHW LERQEDWWY RQPDSIKEBIBY LQ



THVW GDWDVHWYV

D7 QW—O EeNW—O

F-KDSW—O0O G5ISDN W—O0O

J)LIXUH $ KLVWRJUDP RDWQW BQWPRKGDWDVHW
IRUHWFKBEH RUGLQDWH LV WKHIUDFWLRQ RI WKH WRYV
WR WKBOXH VKRZQ LQ DEV RKRLURWOHY E¥MWKREAQ QV
DUHG GRWWHG OLQH

GO DYLWK RYHU KRXUV RI DX+ RDGBPRY H U
DQQRWDWLRQV $ EDVLF VWBWLOHNQFQ OWIKQ DM \ \
GLFDWRUV LPKRREDW KD W WK EDEDRBITK-D/ORI
KLIJKHU WHPSL LQ WKH GDWDVPW\VB&RPRKRBULQJ W
IRUNWEHW/ZHHQ 7DEOWHFRQG DQG 7DEOH
VHFRQG V kR IWAMBKOUNVR U P HYGL 19 D BHmQLG)
LWV UDUH IRUD SLHFHP/RKBID SMU+RUPHG LQ
7KHSLHFHV LV +LQGXVWDQLPXVLFKDYHDWHF
QRW D VSHFLILFWHPSRYDOXH QRUDUH WKH\ SH
7KH WHPSR YDULHV RYHU D SLHFHLQ WLPH RIW



'DWD FRUSRUD IRU UHVHI

D7 QW—O EeNW—O

F-KDSW—O0O G5ISDN W—O0O

JLIXUH $ KLVWRJUDP R FWKHALIQUGDIORHG DW DV HW
IRU HOWFKBH RUGLQDWH LV WKH IUDFWLRQ RI WKH WRYV

WR WKBOXH VKRZQ LQ DEV RURWLH\Y ENMWPKREAQ RV
DUHG GRWWHG OLQH

ZLWK WLPH +HQFH LQ DGGLWLRQ WR WKH PHG
7DEOHZH SUHVHQW I XUW K H UVIDPDOWNUY BOWKH L
DQG LEXAW QW HU YRWHDRRU EHWWHU FRPSDULVR:
SUHVHQW WKLV DQDO\VL%DR)EG3 D H B BUDIWDHONE V F

$ KLVWRJIJUD®MRRU HD FRQ 3,GDWDVHW LV VKRZQ
LQ )LIXUBQG JLIXUHHVSHFWLYHO\).BQG WKRVH
GDWDVHWLVVKRDPQGQ)IXXWBHYSHFWLYHO\ 7KH\
ILJXUHV VKRZWKHGLVWULEXWLRQRIF\FOHOHQ
ZKROH URQRH ROFBM RXQG WKH PHGLDQ YDOXH 7
UDQJHIRQKBYDOXHVDQG DQ LUUHJXODU GLVWULE



THVW GDWDVHWYV

D7 QW—O EeeNW—-O

F-KDSW—O0 G5ISDN W—O

JLIXUH $ KLVWRJUDP RIWKHPHGVD@@RHEDPDQ]HG LQ
LQ WKHGDWDVHWMRAKHIRAKGLQDWH LV WKH IUDFWLRQ
FRXQW FRUUHVSRQGLQYWN®XHKWK@R QRMOLENELV VD

ZKROHUDQJH LV VHHQ ZLWK ERWK GDWDVHWYV >
$.3GDWDVHW ZLWK D VPDOOHU WLJKWO\GHILQH

,QDGGLWLRQ VLPLODUWR ZKDW ZDV SUHVHQ
WRLOOXVWUDWHDQG PHDVXUH WKHWLPHYDU\L
+LQGXVWDQLPXVLF ZHDRY PO H\HLIDPDSNKHHFH E\
WKHPHGLDQLQ WKHSLHFH WRPPEMEDDQ PHGLDQ
XHV DKLVWRJUDPRIZKLFK IDQKRIQUWK )LIXUH
UHVSHFW)L BGESOWRVHW D QG QLG XIWIEK UBIH
VSHFWLYRBGDRWDODVHW 7KHVHKLVWRJUDPV DUH F
DQG QRUPDOL]J]HG E\WKHPHGLDQ

JURP WKH ILIJIXUHV LWLV FOHDU WKDW WKH WI



'DWD FRUSRUD IRU UHVHI

D7 QW—O EeeNW—-O

F-KDSW—O0 G5ISDN W—O0O

JLIXUH $ KLVWRJUDP RI WKH PH G PD-QMIRAUHPDORPH G L G
b LQ WIK$GDWDVHWHREHBEIGLQDWH LV WKH IUDFWLRC
FRXQW FRUUHVSRQGLQY NRIHKWHKRRZ QRMOLENELV VD

ZLWK OHVV WKDQ DERXW PD[LPXP GHYLDWLR
WHPSR RI WKH ®/EHEW VRWDPQF-RQWUDVW WR &D U (
ZKHUHWKHPHGLDQ QRUPDOL]HG WHPSR KDG D K
WLRQ 2QHSRVVLEOH UHDVRQ IRU WKLV ORZHI
LQ+LQGXVWDQLPXVLFFRPSDUHG WR &DUQDWLF
UK\WKPLF LPSURYLVDWLRQ ZLWK WKH WDEOD D
NHHSHU +RZHYHU WKLV FRXOG DOVR EH SRVVL
WKH +LQGXVWDQL SLHFHVLQ WKHGDWDVHW DU
FRPSDUHG WR IXOO OHQJWHK.& CDQMDMW HRVS IDHFGH V
KHQFHKDYHORZHU WHPSR YDULDELOLW\



THVW GDWDVHWYV

D7 QW—O EeNW—O

F-KDSW—O0O G5ISDN W—O0O

JLIXUH $ KLVWRJUDP RIWKH PHGVDE@RHEDPDQ]HG LQ
LQ WKHGDWDVHWVIRIKHIRAKG LQDWH LV WKH IUDFWLRQ
FRXQW FRUUHVSRQGLQYWN®XHKWHK@R QRMOLENELV VD

5K\WKP SDWWHUQV LQ +LQGXVWDQL UK\WKP GDV

6LPLODU WR &DUQDWLF PXVLF ZH GR FRUSRUD C
SDWWHUQV LQ +LQGXVWDQL PXVLF DQG LOOXVV
LQIHUHQFHV DQG LQVLJKWY DQG FRQWUDVW LI
EHWZHHQ PXVLF WKHRU\DQG SUDFWLFH 7KH UK
LQ WKLY VHFWLRQ ZHUH REWDLQHG XVLQJ VSHF
SURFHVV DV GHVFULEHG IRU &DUQDWLF PXVLF

7KH )LIXUHV VKRZ WKH F\FOH OHQJWK UK\WKF

IRU /@Y ER WBEKQ)G3GDWDVHWY XVLQJ WKH VSHI
IHDWXUH FRPSXWHG LGHQWLFDOO\ WR WKH ZD\



'DWD FRUSRUD IRU UHVHI

D7 QW—O EeNW—O

F-KDSW—O0O G5ISDN W—O0O

JLIXUH $ KLVWRJUDP Rl WKH PH G PB-QMIRAHPDORPH G L G
b LQ WKRHGDWDVHWHRBHBEIGLQDWH LV WKH IUDFWLRC
FRXQW FRUUHVSRQGL QY NRIHKWHK@RZ QRMOLENELV VD

QDWLF PXVLF UK\WKP SDWWHUQV DV DQ DYHUD.
LQGLFDWHG ,Q HDFK ILJXUH WKHERWWRP SDQ
IUHTXHQFR) EDQGGWKH WRS SDQH FRUUHVSRQGV \
TXHQF\ BEDQGBKH DEVFL\WPV-DVQW-PEKHK ZLWKLQ WKH
F\FOH GRWWHG OLQHV VDIPAMXU N.HG Z E W [DQU HAGK
OLQH 7KHVWDBNMARLGGERDWHG DW WKH WRS RI
VDPKRZQ DV

7KHUK\WKP SDWWHUQV LQ +L\WQBX&WRIQH\D UH L
SOD\HG LQ WKH F\FOH ,Q WKH ILIXUHV WKH ERW
ORZIUHTXHQF\EDQG K EV-R RABWHIHN WUERCPVW IGHU X P
RI WWKBIERDOH WKH WRS SDQH KDV FRQWHQW SUH{



THVW GDWDVHWYV

G—\-WEH ULJKW SLWF MHEEROMX P GRGILWKHR QDO O\ |1
WKH OHDG PHORG\ +HQFH IRUWKHSXUSRVHRI
WKH WHUPV OHIW DQG ULJKW DFFHQWYV WR UHIH
SDWWHUQV IURP WKH ERWWRPDQG WRS SDQH U
7KH OHIW DQG ULJKW DFFHQWY SURYLGH LQW!|
SDWWHUQV SO\RMP® HLWKDG®LWLRQDOO\FRPSDI
SDWWHUQVODRBRYYRMWKHLQJ W KH-SDWWHHAV IR L
ZLWKODABEAMHFHV).H QO W PDHWDRQGWD D\
SLHFHV |IWUWAOHFKDWWHUQV IRUWKHVH WZR G
SORWWHG LQWZRILIJIXUHVRQHEHORZ WKH RWKI
7KH SDWWHUQW B\GM\H & DYHDERWK HQHUJ\ DPS
DFFHQWY GXH WR YDUWQ ¥ @W B N B D/QLG Rl OWKRHW L
EUDO FKDUDFWHULVWLFV GXH WR WKH VSHFLIL
SDWWHUQV KDYHEHHQ JHQHUDWHG XVLQJ WKH \
PRGHOV PRVWO\RQO\HQHUJ\ DQG KHQFHFDQR
FHQWYV ZLWK WKHVH ILIJXUHV :HOLVW GRZQ DQ
TXDOLWDWLYH REVHUYDWLRWMWRWRERWHKH ILIJXU
ODAGDMQRD GKAID D\7KH SDWWHUQV DUH LQGLFDV
VXUIDFHUK\WKP SUHVHQW LQ WKHVH DXGLR UHF
7KHUHDUHVHYHUDOREVHUYDWLRQVIURP WK/
WKDW KDYH LQWHUHVWLQJ PXVLFRORJLFDO VL.
+LQGXVWDQL PXVLFLDQ KDV LQIRUPDOO\ YDOLG
EXW WKH\ VWLOO KDYH WR EH IRUPDOO\ VWXGLF
PXVLFRORJLFDO FRQFOXVLRQV 2YHHUDOO IURH
REVHUYH DW UJEBRYGDDWMYODW DFFHQWY DUH VWURAQ.
P—WULWK DFFHQWY SUHVHQW HYHQ DW KDOI D¢
WKH PDWUD LQ PD@QDPBVMVRITWKHQ KDV WKH VWU
DFFHQW 8Q O IMN-HIRBWL@PMW. QRS XVWDQL PXVLF DU}
IOH[LEOH DQG KHQFHZHFDQLQIHUVHYHUDO FR
WKH UK\WKP SDWWHUQV RI +LQGXVWDQL PXVLF
$FURVWRQ®ODABKEW VHH DGGLWLRQDO ILOOH
SUHVHQWREHWIHKHRQALQJ WKDW SHUFXVVLRQLVW
PHWULFDO VXEGLYLVRRQWRRXHIQRVDGMKEHG
WKHRU\ 7KHVHILOOHUV DUHDOVR PRVWO\ FRQF
RQG KDO PRAWKGN P —WIJQ-G R | W #0 WWIBV—
TXLWHHPSW\ZLWK IHZ DFF HFQWMRJ AWK IO A\WKH OD
FOHKDYHGHQVHDFFHQWY 7KLV LV WRSODFHD
VDA QGLFDWLQJWKWMDIME SWRID PIOIHJUIVRD QG GHQVH
SOD\LQJ ZKLOH WKHUH LV D VKRADPUMRRYHU\ S



'DWD FRUSRUD IRU UHVHI

IHZHU VWURNHY ,Q DGGLWLRQ D GHQVHPDWUD
IROORZHG E\ D VS DR-MWARE FHFMHVQRUHBR QW UDV W \
JUHVVLRQ WW BRI \W KHPD—-OMMMHHU D TXLHWHU
P—WUQ)LJXUH

'XH WR WKRH-OBPHWIHRGPLODABDHWP K- WU —
DFWV DV DQ DQFKRU IRUWLPHNHHSLQJ DQG FD(
HITHFW IURP WKH SUHYWR KO DW. GRWEW S QHD VW
YLRXV VWURNH FDQ SRVVLEO\DIIHFW WKH VRXQ
WHFKQLTXH RI WKH IROORZLQJ VWURNHV  )XUV
LQWHUYDO DYDLIXDE®@KNBGODDOWRKVLFLDQ IR
FXVHVRQPRGXODWLRQRIOHIWEDVV VWURNHV
QDOO\ OHIWDQG ULJKW KDQG FDQ RSHUDWH LQ
PRGXODWLRQ RI DFFHQWYV WKURXJK WKH F\FOH
DQG ULJKW DEFFHQWY 7KH OHIWDQG ULJKW VWU
RWKHU (DFK RIWKHVH HIIHFWV FDQYEH REVHUY
ODAGDW

,Q FRQWUD VW -READROKD G DILYHQ WKH
VKRUWHU F\FOHYL ZKBYHHDWKBR®RUY 7KH ILOOHL
ODUJHO\ UHVW U PFWHYE\R R ORE R UNBE FH 6 W V
DOVRKDYHDUHODWLYHO\PRUHUHOD[HG WLPLC
VWURNHY ZLWK WKH OHIW KDQG SOD\LQJ WKH W
VWURNHV IRUWLPHNHHSLQJ ,QDGGLWLRQ WKF
VIQF ZKLFK FDQ EH VHHQ LQ WKH PRGXODWLRQ
F\FOH EHLQJ ZHOO FRUUHODWHG IRU ERWK OHIW
DQG ULJKW VWURNHY ZRUN WRIJHWKHU KHUH LG
LQJHDFK RWKBD@®BYMYWKHUPRUH WKH SDWWH!
ZLGHO\ EHWXIAB Q WKH/ H V-)HBOmOQWI-R O

‘HQRZ SUHVHQMEMRPHF REVHUYDWLRQV IURP
SDWWHUQWHERRMDRKWKHVH REVHUYDWLRQV ER
WKHRU\ ZKLOH VRPH RI WKHP VKRZ WKH FRQWUD
SUDFWLFH 7KHVH LQIHWHIJFGALY PPNDH. © O D DIGEIUGHN
LQJWKH F\FOHV ZKLOHWKHHIIHFWV RIPHORG\ |
LQWR DFFRXQW 7KLV LV D YDOLG DVVXPSWLRQ
WHUQV DUHDYHUDJHG RYHU VHYHUDO F\FOHV D
WKH HIITHFW RIPHORG\RQ WKHVH UK\WKP SDWW F

9LODAETQWUR® )LIXUBRH VHH WRMPD WK B KDV
WKH VWURQJHVW OHI|\W-DWREBQYW DD Q & BWK PIDAD V W
ILOOHUV ERWK WR L Q/®PHDMKH @ R P HDQRIQ XD® RO



THVW GDWDVHWYV

JLIXUH &\FOH OHQJWK UK\WKPLF $.3y6\WWDYWEHDUQ
IRW QWRPGXWHG IURP VSHFWUDO IOX[ IHDWXUH DQG
SLHFHV LQ WKH GDWDVHW 7KHERWWRP WRS SDQH F
IUHTXHQF\EDQGV UHVSHFW PY-HQX-PEKHHUDZAMFK V@ D L\
WKHF\FOH GRWWHG OLQWD FPDIUW K GLDLGALKE D W HG JOW R I
7KH VWD UWLEKHMIEEGLFDWHG DW WKERKRZ Rl HDFK ST
DV 7KHSORWVKRZV WKH P\F DMWY WH 88 HGENDDJ DQ
HQG WR LOOXVWUDWH WKHMF\FOLF QDWXUH RI WKH

JLIXUH &\FOH OHQJWK UK\WKPLF $.BYGWMWDYWHO®HDUQ
IRW QW—0

LQ PXVLF WKPB®LAWMUDO PHDQLQJ WKHDSSURD
OHIWDFFHEYWWQNKWQRW GHILQHG LQ WKHRU\ \
TKeNMV D ULJKW VEXVR RHWSHY SBOD\HG LQVWHDG 71
LVDNQRZQ WR SUDFWLVLQJPXVLFLDQV GLIIHU
SUDFWLFH DQG FDQ DGGLWLRQDOO\ EH REVHUY
GHVFULEHG HDUOLHU WKH ULPKMWVVWOYRNH ILOO

DQG WKH OHIWDFFHQWY VXSSRUW WKH WLPHN
DFFHQWV DUH 2V NMDWXWWHRQJULJKW DFFHQV



'DWD FRUSRUD IRU UHVHI

WR LQGLFDWH WX HEKK@EGWRH W B HP O-OHDIQGEH V V
7KH EHJLQQ LD REWIKEK ODEHOHG DQG KDYH
KLIJKHU QXPEHU RIILOOHUV 7KH'®IGVVDKERHQW V
W DWUD DUH ZHDND @ CWK-WIKBHFH QWY DFWLQJ D\
DQFKRUV IRUWKH33TXLHW  FUHDWHG LQ EHWZHH
QRWH WKH YDU\LQJ PRGXODWLRQ RERFRINQW OH
RI WKH F\FOH 6SHFLILFDOO\ ZHFDQ VHH WKDW
HQYHORSHV WKURXJKWKHF\FOHDUHFRPSOHPH
DQG ULJKW GUXPV DUWERPABHEHRHQWDU\ LQ

0D G K\IDQ GBAO DW Q WU-R® )LIXUHEH VHH WKDW WKH
ILOOHU VGHW ROV IDHVWULFWHG WR-DWUQJOH IL¢
SRVLWLRQV LQ FRQWUDVW Y\WFOWAEKHMDAEI PRUH ||
FHQWYV DUH PRUH UHJXODU GXH WR KLJKHU WHP
YLODAMERMYDWUD KDV D VWURQJOHIWDFFHQW ZK
NQRZQ GLIIHUHQFH EHWZHHQ WKBH@ROYDQG SUDF
P—WKDYW VWURQJ OHIW DFFHQWY WR VXSSRUW
WKURXJIJWU—VQG LQGLFDWH WKHPDGW. YD O RI VD
LQWHUHVWLQJ WR QRW I WEKKB-RX\Q ID-UW UKW D F F H
LV ZHDNHU WKDQ W KFDAWMUM-WIK\H LSUSHY U RX § V
GXHWR WKHVWURMHIRIYNLSSHG DQG D VWURQJ (
R®—WWRIWHQ SOD\HG WR LQGLFDRVH WKH DSSUR

9LODANMWURP )LIXUAH VHHWKDW WKHODVW PDV
F\FOH EHIRR WWH KDV GHQVH DFFHQWV ZLWK V
ILOOHU VWURNHYV KDYLQJ VWDRPQK HVW IOHDW DF FH
RWKHU H[DPERIXK RUH WKH D S'SOURR/DEIKVRN IDQ F W O\
L Q G L F D WH-GN DkHB E RW Ki K kb NE-KTQVEKH. ,
7$ VHH 7DEKOBIYHHTXDO DFFHQWVR-OWWHKHRU\ +R?2
KDVVWURQJHUDFFHQWY WKDQ LQ/®SWPDFWLFH V
7,5$., 7¢$VRIWHQ SOD\HG ZLWK PRUH WKDQ IRXL
WKH HQG RI WKH PDWUD5PQGLV GIHPVH WKH
P —WRIGOR Z L QR-WKIBR G KDYH OHVV ILOOHUV
WLRQ PROQOWOWV KDYHILOOHUV GLVWULEXWHG
P—WAKLOH WKH UHVW KDYH ILO®HEK-RDW\ WRZD
DQG VSPOQULWIWYGEK-DBDIDG VSPOQLWYIF
DUHLGHQWLFDOLQ WKHRU\ EXW ZHFDQ VHH V
IRUPDQFMLEKWBIQYG KDYLQJVWURQJHU OHIW DF
WKH\ DUH FORVHIMKR U WKH B WY RNHE\G



THVW GDWDVHWYV

JLIXUH &\FOH OHQJWK UK\WKPLF $B3Yy6WWDYWHWOHDUQ
IRINW—O

JLIXUH &\FOH OHQJWK UK\WKPLF $.BYGWMWDYWHB®HDUQ
IRINW—O

P—WDUHLGHQWLFDOLQ WKHRUDBEXWUQSUDFW
LV SOD\HG VRIWHU WR G L4,H DMWQWBLRFWH LW IURP
PRGXODWLRQ RI ULJKW DFFHQW OHYHOV WKUR X
ZLWK VWURQJHU DFFHQ R W RFXHMM. Q Bl @ K H @ MWK
OHVVHU QXPEHURIDFFHQWY 7KLV KDV D IXQFWI

DLGHG E\ VWURQJHU B FRHIDKAW B © B FGSHOQHPHHD W
HDFK RWKHU

0DGK\DQ GO DWW ZHOR X JK GHILQ G ZKMOEW L[

W KHRMWWNW-AMYAGHVFULEHG EHWWHEKRVIKDYLQJ IR
P—WHDFK DV VKRZQ LQLUWKXWEKMWBUWLQJ DW
P—WU—VDQG $VFDQ EH VHH Q \WKRPV)WIHRUH
ULJKW DFFHQWVIERNHWRL—-\WDQG DUHGLVWLQFW
VHHQ 7KLV VXJTA®DWLPKNKHBUQILY GRQH PRU



'DWD FRUSRUD IRU UHVHI

JLIXUH &\FOH OHQJWK UK\WKPLF $.ByGWWDYWWHDUQ
IRMKDSW—O

JLIXUH &\FOH OHQJWK UK\WKPLF $.BYGWMWDYWH®OWHDUQ
IRMKDSW—O0O

WKH VKDUS UL JKWVKHIRN HDVQ G DIF IH QW XDW LR Q
EHDWYQE@DURHUWMNKFK DV DQG (YHQ WKRXJK
ODWLVE K“WDUWV RQ PDWUD WKHUHLV VWURQJ L
DQLQGLFDWLRQ RNWRHPDSBHIHR DROKW §W URNH V
L@, 5% ., 79V RIWHQ QREWBIHBBBAL®JI LW ZLWK M
WZR VWUYRNHW VHH RQO\ W ZR-D\W EINGAV V L Q
,QDGGLWLRQ GXH WR WK HPGHQIGG/ W WRKIHH SO D\
OHIW DFPHQWW\SIGQ DUH TXLHW ZLWK UHODWLYH
FHQWYV 6 LYRIODINMAMRIOR XJK WKH ILUVW DQG VHFER
KDYH HTXDO D,ENMNURMNG L' WRBRWKH VHFRQG
P—WWVSOD\HG FRQVLGHUDEO\ VRIWHU ZLWK ZHD

W-L@WDWKH DFFHQWY RQ OHIW DQG ULJKW WK
FRUUHODWHG



THVW GDWDVHWYV

JLIXUH &\FOH OHQJWK UK\WKPLF $DBYEW WDYWHWE®HDUQ
IRUISDN W—O

JLIXUH &\FOH OHQJWK UK\WKPLF $.BYGWMWDYWHOHDUQ
IRUISDN W—O

9LODAEKMS WHRO )LIXUHBEH VHH W KIZHWWD @ RNMK/H
P—-WU—V KDYHDVWURQJULJKWDFFHQWDQG |
DV GHVFULEHG LQ WKHRU\ 7KHUN DEK4++I1QOHU V
DW—WUWOWG 7KLV FDQ EH H[SODLQHG ZLWK WK
YDULD QW KD SWKM-®, 1$ 7( .( '+, '+, 1$7,

1$ 7( .('+,'+,1$ 7TKHUHDUHIXUWKHUVWURQJDF
R®—-WWOG WKDWDFWDVDQFKRU SRLQWV WR
KDOIDQG IXOO F\FOH

ODGKIMQGIMODMKD SW3IHHOUHVKRZV WKDW WKH OHIW
FHQWV DUH DV GHILQHQGKQ8MINRYJ) ZTKNHKHDYWH. F
ORSHRIDFFHQWY WKURXJK WKH FLEO@AEVWRUH
MK D S\W-WX H RUW\E W-HRH- WU D/QYEEK-PI-WU—V
DUHLGHQWLFDO EXWVRPHGHYLDWLRQVFD



'DWD FRUSRUD IRU UHVHI

9LODAEFEISWN WISDNW-G6MHILQHG LQ WKHRU\ ZLWK
DFFHQWRM\R@®mOG EXW LQ SUDFWLFH OHIW VWU
SOD\HG ZLWK FORVHG VWURNHVY WKDQ PRGXOD\
7KLV DOVR LRS$HD KWWATEIVD-ORQ WEBRHV
QRW PHDQ LW LV BBWIWN-EGIQVYHEG WR KDYH D
VWUXFWXUH EXW ZH VWHKBDWIRKBEN DUHW URQJ
OHIW DFFHQW ZKLFK DFWVYNOD@ EBEQRKWY- QILYL
D VWUXFWXUH ZKLFK LV PQRYWMHMKR\EXH WL
W-RITBDUQDWLFPXVLFLQ SUDFWLFH 7KLV FRXO
VLFLDQV PLJKW SOD\ZLWK W,KHV-DWPB-®EFHQW R
ZLWKSDVWURNH WR FRQWWUWR WHZZ KMLKEF W KW OH V!
OHIW DFFHQUEKGIZKWH —D/QYGEK-PI-WU—
DUHLGHQWLFDO LQ WKHRU\ EXWEQVSUDFWLFH
KDV WKH VWUR QJHWW URNHN BHUKPVBDGQGLFDW
JLOOHUV D WPHPRIMRRDEBEK — JHQHUDO ZH DOVF
VHH WKDW WKHILOOHUV JHW PRUBKGHEVH WRZD

ODGKDDQ@M DUIISDN WR® )LIXUWKH OHIW VWURNH
DQG DFFHQWY FORVHO\IROORZ WKH GHVFULSWL
OHIW DFFRQW UDDAR®HILQHG LQYWEK®B®O\G 7KH
DUHLGHQWLFDO ZLWK VLPLODU DFFHQWV ,QW
WKURXJK WKH F\FOH EHFRPLQJ PRUH GHQVH W
F\FOHGW®DISDN WKHODFFHQW RR-WHKMVHWRH MRHQG
W KYDIQO DB IESIDWME®@J EDFNWR LWV FDQRQLFDO
FRPSDUHG WR Y MOUDUER DI MV QO

$SSOLFDWLRGGRWDRK/H W

7KH3GDWDVHW DQ GIDW)GE3EBEWHDWWWY DUH LQWH ¢
WR EH WHVW GDWDVHWV IRUVHYHUDO DXWRPD)
+LQGXVWDQL PXVLF 3RVVLEOH WDVNV ZKHUH W
L Q F OND®HR— WW-BFNLQJ WHPSR HVWWPRDONLRQ D¢
UHFRJQLWLRQ UK\WKP EDVHG VHIJPHQWDWLRQ
WR VFRUH O\ULFV DOLJQPHQW DQG UK\WKPLF S
WKHVLV WKHVH GDWDVHWYVY DUH SULPDULO\ XVF
\WLVDQG PHWHU LQIHUHQFH WUDFNLQJ ORVW R
SUHVHQWHG RQ WKHWZR VXEVHWY VHSDUDWHO'
DOJRULWKPV DFODRVY GLITHUHQW



THVW GDWDVHWYV
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7TDEOH 7TKEXOJDRQNDU 7TDEOB6ROWIGDW D VAHIOD
EOHV VKRZLQIJWKHQXPEHURILQVWDQFHV RIHDFK V
VIOODEOH JURXS QDPHV FRUUHVSRQG WR WKDW SUH!

OXkXj h #H bQHQ /i b2i

7KBXOJDRQNDU 7DEOFEROFD GDWDVIOWO FRUS X
WDEROR FRPSRVLWLRQV ZLWK WLPH DOLJQHG V
LQJV :H EXLOW D GDWDVHW FRPSULVLQJDXGLR
WLPHDOLJQHG VIOODEWPDWRDR¥RPSRWLRQRAV
GLITHUHQWI RWKMIFRPSRVLWLRQV ZHUH REWDLG
LQVWUXFWLR QXD & HYHRREEASDMIE LW $UYLQG 0XO
JDRQNDRXW RI WKH FRPSRVLWLRQV LQ WKH '9

UHSUHVHQWDWLYH FRP S R\KIDULERWE2¥SDQQLQ.
$MUDGD %HQDUDV 'LOOL /XFNQRZ 3XQMDE )L

7KH ERRNOHW DFFRPSDQ\LQJ WKH '9' SURYLGH
VFULSWLRQ IRUHDFK FRPSRVERILRIQ :H XVHG 7F
DQ RSHQXRXUFMBO &KDUDFWHWHBRHERHNRHAR Q &5
YHUW SULQWHG VFRUHV LQWR D PDFKLQH UHDGTEL
WDLQHB&EZRRJH PDQXDOO\ YHULILHG DQG FRUUH
ZKLOH DGGLEBEWKFEW LR QVWSB WKH V\OODELF WU
VFULSWLRQ 7KHVFRUHIRUHDFKFRPSRVLWLRC
GHVFULBKQUWRRSRVHUDQG LWV PXVLFDO IRUP

‘HH[WUDFWHG DXGLRIURPWKH'9'YLGHRDQG"
GLRIRUHDFK FRPSRVLWLRQ IURP WKH IX0OO0 DXG

21iT,ffKmbB+# BMxXQ :f'2H2 b2fkky+827+@kj8y@9j//@ N
@93dy/+e38R78



'DWD FRUSRUD IRU UHVHI

UHFRUGLQJY DUH VWHUHR VDPSOHG DW N +]
PRQLXP DFFRPSDQLPHQW $WLPHDOLJQHG V\OC
HDFK VFRUH DQG DXGLR ILOH SDLU ZDV REWDLQ
EDVHG RQVHWHIHWRHHFW BRIDORZHG E\ PDQXDO FR
UHFWLRQ 7KH GDWDVHW FRQWDLQV DERXW Pl

VIOODEOHV 7KH V\OODEOHV LQ WKH GDWD VI
WLPEUHDV GHVF U LEQG TIEME/MNN WKH QXPEHU F
LQVWDQFHV LQ WKH GDWDVHW IRUHDFK JURXS V

7KH GDWDVHW LV IUHHO\DYDLODEOH IRU UHV|
FHQWUDO RQOLQHK M IEHRWMOALWRVW YDV FUHDWHG LG
WLRQ ZLWK 6ZDSQLO *XSWD DQG PRUH GHWDLOV
PDVWHUVAXISMAMLY EXH GDWDVHW LV XVHIXO ERW|
LQJLVRODWHG VWURNH WLPEUH PRGHOV DQG IR
DWLRMDAEBDR SDWWHUQ WUDQVFULSWLRQ DQG ¢
*XSWD HW DOTKH VFRUHV LQ WKH GDWDVHW FDQ
VIPEROLFDQDO\VLV RI SHUFXVVLRQ SDWWHUQV

9XkX9 J B/ M; K/ i b2ib

7KHUH DUH WZR SHUFXVVLRQ GDWDVHWYV IRU &|
SDUW RI &RPSOXVLF DFROOHFWLRQRIDXGLR H]
VWURNHY FRPSLOHG E\ $NVKD\ $QDQWDSDGPDQ
FRUSXV RI VFRUHV DQG DXGLR UHFRUGLQJV RI P
E\ 3DGPDYLEKXVKDQ 'U 8PD\DOSXUDP . 6LYDU
SLOHG E\,,70DGUDV &KHQQDL ,QGLD

OuLGbQJDP VWURNH GDWDVHW

7KI$SQDQWDSDGPDQDEKDQ OULGD@JOLRV 6WURNH\
D FROOHFWLRQ RI DXGLR H[DPSOHV RI LQGL"
PULGDQJDP LQ YDULRXV WRQLFV 7KH GDWDVH\
LQJPRGHOV IRU HDFK RBQDGRMOIBPG/RDURONGK D Q H \
7KH GDWDVHW FRPSULVHV RI WHQ GLIITHUH
PULGDQJDPV ZLWK VL[ GLIITHUHQW WRQLF YDOXHI
ZHUH UHFRUGHG IURP D SURIHVVLRQDO &DUQDW
DQHFKRLF VWXGLR FRQGLWLRQV XVLQJ60 PLF
=220 UHFRUGHU 7KHDXGLR ZDV VDPSOHG DW

2T, ff+QKTKMbB+XmT7X2/mfi #H @bQHQ @/ i b2i
20iT,ff+QKTKmMbB+XmT7X2/mfK'B/ M; K@bi"QF2@/ i b2i
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7TDEOH 7TKHQDQWDSDGPDQDEKDQOULGDRQJDP 6WURNI
7TKHURZDQG FROXPQ KHDGHUV DUH WKH VWURNH OD
UHVSHFWLYHO\ 7KH ODVW FROXPQ VKRZV WKH DQDC
GLVVHUWDWLRQIURP 7TDEOH

ELW :$9 ILOHV $00 WKH DXGLR LQ WKH GDWDYV
JUHHVRXQG

7KH GDWDVHW LV GHVFALVEKH GWQRBPEOWEHOV I
URZV DQG WRQLF YDOXHV DORQJ FROXPQV $V |
WDEOH WKH GDWDVHW XVHV GLITHUHQW VWURN
WDWLRQ XVHG LQ WKH GLVVHUWDWLRQ DQG KF
VIPERO FRUUHVSRQGLQJWR HDFK VWURNH ODE}
EOH

OULGDQJDP VROR GDWDVHW

7KIB.6 OULGDQJDP 6RORI GH\WDNVUWMQVFULEHG FRC
WLRQ RMIVZIR — YDHUNFXYBNVRQ VROR SOD\HG E\ WK
PULGDQJDPPDHVWUR3DGPD 9LEKXVKDQ'U 8PD\
PDQ 7KHDXGLR ZDV UHFRUGHG DW ,,7 0DGUDV
E\SURIHVVLRQDO &D U QRWLIFNR-MHNWMVI@®RQLV WV
6LQFH SHUFXVVLRQ LQ &DUQDWLF PXVLE LV R
WHG RUDOO\ ZLWK WKH XVH RIRQRPDWRSRHLFE V
WKH GLITHUHQW VWURNHV RI WKHPULGDQJDP D

20iTh,ffrrrX7°22bQmM/XQ " ;f
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7TDEOH 7K©B.6 OULGDQJDP 6RORFEGDWBRVHW\OOD
EOHV VKRZLQIJWKHQXPEHURILQVWDQFHVY RIHDFK V
VIOODEOH JURXS QDPHV FRUUHVSRQG WR WKDW SUH!

W KMDIQG WKH SDWWHUQV SURYLGHV D PXVLFDC
VHQWDWLRQ IRUDQDO\VLY 7KH GDWDVHW XVHYV
GDWDVHW FRW D QY W-YEFD BWHEQRY D PULGDQJDP W)
WR WRQLF & RQHCIDEEG@WZ-BFE\FOH RI EHDWYV
DQG WKH RW KW BR-DBMEMIQYLDERXW PLQXWHV
ORQJ WRWKVUH UHFRUGHG LQ VWXGLR OLNH FR
=RRP+ QUHFRUGHU ZLWK DQ 60 PLFURSKRQH I
ULJKW DQG 60 PLFURSKRQHIRUWKHEDVV KH
GDQJDP 7KHDXGLRILOHVDUHPRQR VDPSOHGD
DV ELW :$9 ILOHV

7KH DXGLR | L@ BKELVHBDHFHKQ VHIPHQWHG LQWR V
VLFDOO\UHOHYDQW SKUDVHV DQG HDFK SKUDYV
LWV FRQVWLWXHQW VWURNHY UHSUHVHQWHG C
RI DXGLR ILOHV DQG VIOODELF WUDQVFULSWLR
E\SURIHVVLRQDO &DUQDWLF SHUFXVVLRQLVWYV
FOXGH SDXVHV GHQRWHG E\ DQG FKDQJH LQ
DQG ' 7KHFRPELQHG GXUDWLRQ RI ERWK WKH
XWHV DQGFRQVLVWYV RI VWURNHYV 7KHVWUR
EDVHG RQ WLPEUH DV G H QRMUR ¥ HIBODE DIHEJOR X SV
WKH GDWDVHW LV GHVFKRZHQLW KB BXWPEHU RI |
VWDQFHV IRUHDFK VI\OODEOH JURXS LQ WKH DX



THVW GDWDVHWYV

'‘DWDVHWHIWQIPOPOXRDRERDROXRWDO

7UDLQLQJ
7THVW

7TDEOH 7TKHLQIJMX 3HUFXVVLRQ #QUVG\DUWKIPHHQW @ RR/DV H
LQJWKHQXPEHU RIH[DPSOHV IRUHDFKLQVWUXPHQ
GDWDVHW

VFULSWLRQ LV QRW WLPH DOLJQHG EXW RQO\ L
SOD\HG LQ WKH SKUDVH

7KH GDWDVHW FDQ E,% WD/ NRUVWKHFKHDAMD RQ V H
GHWHFWLRQ SHUFXVVLRQ WUDQVFULSWLRQ U}
DQDO\WLV DQG PULGDQJDP VWURNH PRGHOLQJ
DQQRWDWLRQV LVIUHHO\DYDRQDB KON ERHHWOH V H
UHFHQWOMUWMHANRVH HU@ & KHLU ZRUN

9XkX8 CBM;Dm T2 +mbbBQM BMbi mK2M

7KHLQIJMX 3HUFXVVLRQ ,QIVWWXO DQ\Y B\D D/\N W8 \F F
OHFWLRQ RI %YHLMLQJ RSHUD SHUFXVVLRQ LQV\
WLPH DOLJQHG R Q VIHDAQ DHOAQ B &KW LARIW D VHW LV
VSOLWLQWR WUDLQLQJVHW ZLWKDXGLRILOHVF
GLYLGXDO SHUFXVVLRQLQVWUXPHQWVDQGD WHI
SHUFXVVLRQ HQVHPEOH SOD\LQJ WRJHWKHU

7KHDXGLR LQ WKH GDWDVHW ZDV UHFRUGHG |
WUHIRU'LJLWDO OXVLF & '0 4XHHQ ODU\8QLYH
7KHGDWDVHW ZDVEXLOWE\UHFRUGLQJVRXQG \
PXVLFLDQVLQ VWXGLR FRQGLWLRQVDW & '0 7K
LQPRQRXVLQJDQ$.*& PLFURSKRQHDWDVDPE
+]

7KH GDWDVHW VKRFRQULUVDWYRI UHFRUGLQJ\
IRXU SHUFXVVLRQ L QD\QUEXP BI®RREGQMY V H V
DROBQOLNHSLWFKHGLQVWUXPHQWY PRVWLGL
7KHVH SHUFXVVLRQLQVWUXPHQWYV DUHPDGH IU
FDUYLQJKHQFH VXEWOH GLITHUHQFHV PLJKW H|
SURSHUWLHY RI LQGLYLGXDO LQVWUXPHQWYV H°

20iT,ff+QKTKmMbB+XmT7X2/mfK'B/ M; K@i MB@/ i b2i



'DWD FRUSRUD IRU UHVHI

HDFK NLQG RI WKH DERYH LQVWUXPHQWY VRXC
YLGXDO LQVWUXPHQWY ZHUH UHFRUGHG SOD\}I
VWI\OHV FRPPRQO\ XVHG LQ % HLMLQJ RSHUD SHL
WR DFKLHYH D EHWWHU FRYHUDJH RI WLPEUH D
WHFKQLTXHV

7KH WUDLQLQJ VHW FRQVLVWY RI VKRUW DXG
VWURNHV RIHDFKLQGLYLGXDOLQVWUXPHQW Wk
EOHWLPEUHVRIWKHLQVWUXPHQW WKDW H[LVW
GDWDVHW WKHLQGLYLGXDOO\UHFRUGHG LQVW
XDOO\PL[HG WRJHWK HIQ YW\RL Q V$HFRIFELWR QJ WU I
ZLWK SRVVLEO\VLPXOWDQHRXVRQVHWY WR FOR
FRQGLWLRQV 7KHDXGLRH[DPSOHV XVHGLQ WU|
PXWXDOO\H[FOXVLYH

JRUDQQRWDWLQJ WKH RQVHWY PDQXDO ODE
ZDVWHGLRXVDQG WLPHFRQVXPLQJ HVSHFLDO
PXVLFFRQVLVWLQJRILQVWUXPHQWY ZLWK GLY]I
JURXQG WUXWK ZDV FRQVWUXFWHG E\ WKH WDNI
WLRQV PDUNHG E\WKUHH SDUWLFLSDQWYV ZLWKI
JURXQG 3DUWLFLSDQWYV ZHUHDVNHGWRPDUN \
UHFRUGLQJ XVLQJ WKH DXGLR D QMDY WRRO ¢
HW DO GLVSOD\LQJWKH ZDYHIRUP DQG FRUUHYV
JUDP

7KH VHW RI WUDLQLQJ H[DPSOHYV DUH IUHHO\ |
DQG UHXXH GDWDVHW FDQ EH XVHG IRUWUDLQL
SHUFXVVLRQ LQVWW X WHDYWWVOBONK DIVESEH UFXVVL
VWUXPHQWLGHQWLILFDWLRQ VRXUFHVHSDUD\)\
VHW GHWHFWLRQ QDWW BG E\

9XkXe CBM;Dm T2 +mbbBQM T ii2 "M/ i b

7KHLQJMX 3HUFXVVLR G BDIWVWHARDGOBWWYRQ R T
GLR H[DPSOHV DQG VFRUHV RI SHUFXVVLRQ SDW
FXVVLRQ HQVHPEOH GQLOQHYRMYVQP RSWHKD &DUR |

7KH GDWDVHW ZDV EXLOW IURP FRPPHUFLD
LQJVZLWK WKHKHOSRI5DIDHO &DUR DPXVLFRO

200T,ff m/ +BivXbQm +27Q ;2XM2i
20T, ff+QKTKmMbB+XmMT7X2/ mf#Q@T2 +@/ i b2i



THVW GDWDVHWYV

,' 3DWWHUQ &0DVV ,QVWDQFHYV

G DREDI® ® ®X
PDQ FKD QoHXXR
G X R W X
[LDROXRIG¥RW R X
V K D QIR¥X D

7TRWDO

7DEOH 7KHLQJMX 3HUFXVVLRQ- 3IEWWBYE VG DWBRWHW
ODVW FROXPQLVWKHPRHDQSIYWWE G WHQBHWKDWLR
VHFRQGV )VKRZN WKH PXVLFVFRUHV IRUWKHVH SDW

7KH GDWDVHW LV D FROOHFWLRQ RI DXGLR
VSDQQLQJILYH GLIIHUHQW SDWWHUQ FODVVHYV
DQG FRPSULVHV DERXW PLQXWHV RI DXGLR ZlI
EOHV LQ WRWDO 7KH DXGLR ILOHV DUH VKRUW
RI WKH DERYH PHQWLRQHG SDWWHUQV 7KH DXC
N+] DQG VWRUHGDV ZDY ILOHV 7KHVHJPHQV
WKHLQWURGXFWRU\SDUWV RIDULDV ZKLFK DU
WDQW 7KHUHFRUGLQJV RIDULDV DUH IURP FRF
OHDVHV VSDQQLQJYDULRXV DUWLVWY FKRVHQ I
UHVHDUFKBRBSXHWMUUD
7KHPXVLFSLHFHVDQGDXGLR VHIJPHQWY ZHU}
DPXVLFRORJLVW WR EH UHSUHVHQWDWLYH RI W
RFFXU LQ MLQJMX 7KH DXGLR VHIPHQWY FRQW
WLPEUHV RI SHUFXVVLRQ LQVWUXPHQWYV WKRX
PHQWYV DUH SOD\HG WKHUH FDQ EH VOLJKW YD
LQVWUXPHQWY DFURVV GLIIHUHQW HQVHPEOHYV
ULRG RIWKH UHFRUGLQJ 7KRXJKWKHVH UHFRU
LOQWURGXFWLRQV RI DULDV ZKHUH RQO\ SHUFXV
WKHUH DUH VRPH H[DPSOHV LQ WKH GDWDVHW Z
SDQLPHQW VWDUWYVY EHIRUH WKH SHUFXVVLRQ S
(DFKRIWKHDXGLR SDWWHUQV KDV DQ DVVRFL
VFULSWLRQ RI WKH DXGLR SDWWHUQ 7KH V\0O
DXGLR SDWWHUQLV GLUHFWO\REWDLQHG IURP \
LWEHORQJVWR DQG KHQFHLVY QRW WLPHDOLJC
SDWWHUQV ZKHUH D VXE VHTXHQFH RI WKH SDW
PDQ FKD QQI\BKKRLQ FKWKH DGGLWLRQDO VIOODEOH



'DWD FRUSRUD IRU UHVHI

GXHWR UHSHWLWLRQV ZHUH PDQXDOO\DGGHG E
7KRXJKPRVWRIWKHGDWDVHW FRQVLVWYV RILVR
WKHUHDUHDIHZDXGLR H[DPSOHV WKDW FRQWD
DSDUW IURP WKH SHUFXVVLRQ SDWWHUQ 7KH W
WKHUHGXFHG VHW RIILYH V\O CDE®DHW\GHMFULE
FLHQW WR FRPSXWDWLRQDOO\PRGHO WKH WLPE
DQQRWDWLRQ V IDAGHQMFOUHNRBWRGHO 7RRONLW
ODEHOILOHV 7KHUHLVDOVRDVLQJOHPDVWHU
WKHDQQRWDWLRQV IRUEDWFK SURFHVVLQJ XVI
7KHDQQRWDWLRQV DUH SXEOLFOTKNKDUHG DQ
DXGLR LV IURP FRPPHUFLDOO\DYDLODEOH UHO
DFFHVVHG XVLQJOWKH DKM RBRVDIWHHIN FDQ EH XV H
LOVWUXPHQW ZLVH RQVHW GHWHFWLRQ DQG SH
WLRQ DQG FODVVLILFOUNIQRY DIVYD P %S O KN G&P\U R

9XkXd Pi?2 2p Hm iBQM / i b2ib

$V GLVFXVVHG LQ WHMFWHRIQUH VHYHUDO GDWDVF
IRU EHDW WUDFNLQJ HY®O RDVRVRKH XAMH/GI LE J
60& GDWPROGIM SIHO HWI%BMDO O URR PRXDR@® VHW
HW DO OF.LQQH\ GORWIVHQWY OF.LQQH\
5:& GDWDERPWR +DLQVZR UWHK GOQWIRLHWK
ODFOHRG DQG *7=$1 5K\WKBDADAKDQIBWHW DO
2l DOOWKHVH GDWDVHWY LQDGGLWLRQ WHE
GDWDVHWYV ZHXVHWKH%DOOURRP GDWDVHW IR
DSSURDFKHVY SUHVHQWHG LQWKHWKHVLV 7KHU
PXVLF 7XUNLVK DQG &UHWDQ PXVLF GDWDVHW
UK\WKP DQDO\VLY DSSURDFKHV :H GR QRW XVH
HYDOXDWLRQV RQ WKRVH GDWDVHWY EXW WKFE
FRPSOHWHQHVV

%DOOURRP GDWDVHW

7TKH%DOOURRPGDWDVHWLQFOXGHVEHDWDQGE
LQJVRIVHYHUDO GDQFH HM\QRBX V RIX DR HKG QKR P
DQG ZDV ILUVW ERWBRGHW¥FBG/KH EHDW DQG EDU

+7. 20T, ff2iFX2M; X+ KX +XmFf
20T, ff+QKTKMbB+XmMT7X2/ mf#QTT@/ i b2i



THVW GDWDVHWYV

DQQRWDWLRQV ZHWH WK HQ DOGHGEDOOURRP
GDWDVHW FRQWDLQV HLJKW GLITHUHQW GDQFH
VWHS 5XPED 6DPED 7DQJR 9LHQQHVH :DOW]
DQG KDV EHHQ ZL G H OO ,%WHDS NRWWKHKHIMIMH QU H F ¢
VLILFDWLRQ WHPSR WUDENLQJ EHDW DQG GR2Z
*RX\RQ HW DOUHEV +RO]DSIHO %{WNDHOW DO

W FRQVLVWYV R WKLUW\ VHFRQG ORQJ DX
WHPSR DQG GDQFH VW\OH DQQRWDWLRQV 7KH ¢
IHUHQW PHWHUYV DQG DQGDOO SLHFHV KD
WHPSR UHVWULFWLRQV JLYHQWKHI@DQFH VW\C
X# HH QQK/ M+2 bX+BDKE.HKNVIbE WR DQQRWDWH V
DQG GRZQEHDWY DW WKH FRUUHFW PHWULFDO O

7KHEDOOURRP GDWDVHW LV XVHGDVDGDWDYV
XDWLRQV RI WKH DOJRULWKPV DQG DSSURDFKH
FRPSDUH SHUIRUPDQFH ZLWK WKH VWDWH RI Wt
SURSRVHGDSSURDFKHVVFDOHDQGH[WHQG WR
FXOWXUHV

7TXUNLVK UK\WKP GDWDVHW

7KH 7XUNLVK PXVLF UK\WKP GDWDVHW ZDV FRPS
'U $QGUH +RORDS$DIBSOHO HWORG LV DQ H[WHQGHC
YHUVLRQ RI WKH DQ Q RBWDWH® &DRXOUXWKH G+HRO ] D
DQG6HUUDWLQFOXGHYVY H[FHUSWVRIRQHPLQ}
DQG HDFK SLHFH EHORQJV WR RQH RI WKUHH UK\
IHUUHG WKRQDAXUNLVK PDNDP PXVLF9/8 SLHFHV DU
XVEX®VDNSLHFH VOSQ X¥WKEKHOUF XIDPG VDPSOHV LQ
W B/l X VX%OH N

&UHWDQ PXVLF GDWDVHW

7KH &UHWDQ PXVLF GDWDVHW FRQVLVWYV RI I X
RI S8UHWDQ OHDSLQJ GDQFHV FRPSLOHG DQG DQC
+ROIDFRH®WDSIHO HW:BOOH WKHUH DUH VHYHUDUC
WKDW GLITHULQ WHUPV RI WKHLU VWHSV WKH G
PRVW QRWLFHDEOH LQ WKH PHORGLF FRQWHQW
GDWDVHW EHORQJWR RQH UK\WKPLF VW\OH $0O
QRWDWHBAXWLRE DLIQDWXUH DQG WKH DFFRPS



'DWD FRUSRUD IRU UHVHI

PLFDO SDWWHUQV DUH XVXDOO\SOD\HG RQD &U
RIUK\WKPLF SDWWHUQV H[LVW WKH\GR QRW UH
FDQEHDVVXPHG WRRFFXULQDOORIWKH VRQ

7R VXPPDUL]H WKH FKDSWHU SUHVHQWHG D F
VLRQ RIWKHUHVHDUFK FRUSRUDDQG WHVW GD\
ODWHGVDVNYV [IRFXVLQIJ RQ ,QGLDQ DUW PXVLF
GDWDVHWV DUHHDVLO\DFFHVVLEOHDQG KHQF
GDWD GWBLLYRQOOXVWUDWLYH DQDO\VLV RI WKH
UK\WKP GDWDVHWY VKRZHG D JRRG SRWHQWLD
WDWLRQDO PXVLFRORJ\ UHVHDUFK 7KH ,QGLD!
SHUFXVVLRQ GDWDVHWY DORQJZLWK WKH %DO!
VLYHO\ XVHG IRU WKH H[SHULPHQWYV LQ PHWHU
SDWWHUQ GLVFRYHU\



&KDS\)8-IL.

J212 BM72 2M+2
| +FBM:

WKH ILUVW EHDW VDP LV KLJKO\ VLJ
WXUDOO\ DV LW IUHTXHQWO\ PDUNV WKI
RIWKHUK\WKPLFVWUHDPV RIVRORLVW L
DQG WKHUHVROXWLRQ SRLQW IRU UK\WK

&OD\WRQS

OHWHUDQDO\VLVRIDXGLRPXVLE,BWBHRWGLQJIV L
W SURYLGHV XVHIXOPXVLFDOO\UHOHYDQW PHW
OLVWHQLQJ EXW DOVR IRU SUH SURFHVVLQJ RI
OHYHO WDVNV VXFK DV VHFWLRQ VHIJPHQWDWL|
GHILQLQJUK\WKP VLPLODULW\PHDVXUHYV
7RUHFDSLWXODWH PHWHUDQDO\VLV DLPV WF
GLR PXVLF UHFRUGLQJ ZLWK VHYHUDO GHILQHG
WDWXP WDFWXV PHDVXUH EDU ,QDGGLWLRQ
ZLWKDGGLWLRQDOPHWHUDQG UK\WKP UHODWH
QDWXUH PHGLDQ WHPSRDQG VDOLHQW UK\WKP"
WKHFRQWH[W RI ,QGLDQ PXVLF PHWHU DQDO\VI
WDJD PXVLF UHWRWED QW EIGAHHKY HQWV DQG PHW D
7KLV FKDSWHU DLPV WR DGGUHVV VRPH RI WKt
ODWHG WR PHWHU DQDO\VLV ZLWKLQ WKH FRQW
VHQWLQJVHYHUDODSSURDFKHVDQGDFRPSUHK



OHWHU LQIHUHQFH DQG WU

DSSURDFKHV 7KHPDLQDLPV R RIWKHFKDSWHU D

7R DGGUHVV PHWHU DQDO\VLV WDVNV IRU WK
VWXG\ &DUQDWLFDQG+LQGXVWDQLPXVLF 7k
HQFH PHWHU WUDFNLQJDQGLQIRUPHG PHWH!U
LQGHWDLOWRIRUPXODWHWKHVHWDVNVDQG
WR DGGUHVV WKH WDVNV

7R SUHVHQW D GHWDLOHG GHVFULSWLRQ RI W
SURSRVHG %D\HVLDQPRGHOVDQGLQIHUHQFH
\WLV

7R SUHVHQW DQ HYDOXDWLRQ Rl WKH VWDWH
DSSURDFKHVEDVHGRQ %D\HVLDQPRGHOV DQC
WKRVHDSSURDFKHV IRUWKHUK\WKP DQQRWE
DQG +LQGXVWDQL PXVLF $FRPSUHKHQVLYH S
LV SUHVHQWHG IRUWKHVHDSSURDFKHV LGHQ
OLPLWDWLRQV IRUWKHWDVNV XQGHU VWXG\

8XR h?2 K2i2° M HvbBb i bFbDb

‘HGHVFULEH WKHPHWHUDQDO\VLY WDVNV DGG L
IURP WKH OHDVW LQIRUPHG WR WKH PRVW LQIRU
DOVR HPSKDVL]HV GLIITHUHQW SUDFWLFDO VFHC
KHQFH WKH UHVXOWY FDQ LQGLFDWH WKH W\SH
LQIRUPDWLRQ WR EH SURYLGHG WR DFKLHYH WK
TXLUHG IRUDQ DSSOLFDWLRQ :H ZLOO DOVR G
WRROV DQG DSSURDFKHY GHVFULEHG LQ WKH Fk
XVHG LQ HDFK RI WKHVH WDVNV PDNLQJWKH WD
LEOHWR WKHDYDLODEOHDXGLR GDWD DQG WKH
‘HFRQWLQXH DQG HODERUDWH EXLOGLQJ RQ Wk
LQ 6HFWLRQ

OHWHULQIHUHQFH

*LYHQ DQ DXGLR PXVLF UHFRUGLQJ PHWHU LQIF
WKH UK\WKP FODVVWRUSBBRMVHE GASHRHU YDU\LQ J \
EHDWV DQG GRZQEHDWY ,Q WKH FRQWH[W RI &D
PHWHU LQIHUHQFH DLWV-WRWLPTRI B WKNWHPH Y
LQJ WHPBRB WKH EHDW OR FDIMPLIRROAQEGI G W K H



7KHPHWHUDQDO\VLVY WDVNYV

ORFDWLRQV 6LQFH VRPHRIWRHHERRY® FRUUH)
DULHV Z\LDVRDMKBXPEHUHG EHDW ORFDWLRQV E
WKH F\F OA JWHEM LRQ ERXQGDULHV FDQEHLQGI
HJ WKHEBBWYV PDUNWKHVWDUWRIWKHWKUHH
— ®L—@DPLODUO\ IRU+LQGXVWDQLPXVLF PHWH
WR UHFR MHMWLKAD WH W K H W L,P HAWROHUWLWD3 WH P S
DQGWKBRFDWLRQV :LWR-WE B@DEREADUMIER Q V
WKHEKRXQGDULHY FDQ EH LQGLRPHRWOGA.QIHUU
VDP LQGLFDWH WKH VW D UWKPIS\WHA R XU V H
&DUQDWLF PXVLF LQDGGLWLRQ WR WKH EHDW\
VXEGLYDINARPWVFK FDQ EH JURXSHG LQWR EHD W\

'LWKRXW DQ\ SULRU LQIRUPDWLRQ RQ PHWULF
IHUHQFH LV D GLIILFXOW WDVN RZLQJ WR WKH C
GLIIHWHOM®WH SUREOHP LV IXUWKHU PDGH KDUGH
W—HDYLQJ VLPLODU VWUXFWXUH ,Q &DUQDWLF
VLEOH WKDW WKH VDPH FRPSRVLWLRQ FDQ EH Si
W—¥BYFK IXUWKHU FDQ OHDG WR FRQIXVLRQ H .
UISDWB IDNADWDY F\FOH FDQ EHAVSHUDEHPHG LQ
— ®L—YDNADWID/F\FOH VHH$IFRARARQ H[DPSOH
LV WKH FRPSRVLWLR@+LPDGYEEXWKH

JURP D SUDFWLFDO DSSOLFDWLRQ SRLQW RI Y
FLDOO\ UHOHDVHG PXVLF LQ ERWK &DUQDWLF D
WKH QDPWRDWDRISDUW RI WKH HGLWRULDO PHWE
W-UHFRIJQLWLRQ LV D UHGXQGDQW WDVN (YHQ
WKHPXVLFLDQ DMDQRW&HA\Y. MKH RU VKRZV LW ZL
JHVWXUHV LQ &DUQDWLF PXVLF OHWHU LQIHUH
WDVN WR XQGHUVWDQG WKH FRPSOH[LW\RI XQL

OHWHU WUDFNLQJ

*LYHQ WMDRID KM XGLR PXVLF SLHFHLV RIWHQ D°
LWRULDO PHWDGDWD WKH PRVW UHOHYDQW PH
DUW PXVLF LV PHWHU WUDFNLQJ *LYHQ DQ DXG
WKH UK\WKP FODVV VRUPPIMWKHHUPW VA.HF BUHFH PH\
WUDFNLQJDLPVWRHVWLPDWH WKH WLPH YDU\L
GRZQEHDW ORFDWLRQV ,Q WKH FRQWH[W RI &DL
LQJDLPV WR WUDFN WKH WLPH WIDARDRP WHPSR |

2iiTbh,ffKkmbB+# BMxXQ ;frQ FfeR88kek#@eyR @9R# @ 3.
@e78#R8#d997e



OHWHU LQIHUHQFH DQG WU

DQ DXGLR PXVLF UHFRW-GIRL +1DGKY WREL PXVL
JLYHQWAKKH WDVNDLPVWRWUDFNWWHKMWLPH YD
P—WQWDOP7KH VHFWLRQ E RWORPIUE H I RE WKHHF W O
LQIHUUHG DV H[SODLQHG HDUOLHU

$VVXPLQJWKIOQOGVKHQFH WKHPHWULFDO VWU X
LQDGYDQFH LV DIDLUDQG SUDFWLFDO DVVXPS)
LI SURYLGLQJ WKLV LQIRUPDWLRQ KHOSV WR WL
EHWWHU OHWHU WUDFNLQJ LV WKH PDLQ SUREC
KHQVLYHO\DGGUHVVHG WDVN LQ WKLV WKHVLYV
SURDFKHV DQG HYDOXDWH WKHP RQ WKH UK\WK
&DUQDWLFDQG+LQGXVWDQLPXVLF 7KHSURSR)
HOQOKDQFHPHQWYV DUHDOVR HYDOXDWHG IRU WKH

, QIRUPHG PHWHU WUDFNLQJ

, QIRUPHG PHWHU WUDFNLQJLVY DVXE WDVN RIP
VRPHDGGLWLRQDO LQIRUPDWLRQ DSDUW IURP V
DORQJZLWK WKHDXGLR UHFRUGLQJ 7KH DGGL\
EHLQWKHIRUPRIDWHPSRUDQJH DIHZLQVWDQ
EHDWV DQQRWDWHG RUHYHQ SDUWLDOO\ WUD
DGGLWLRQDO PHWDGDWD FRXOG FRPH IURP PDC
RXWSXWRIRWKHUDXWRPDWLF DOJRULWKPV H
SLHFH FDQ EH REWDLQHG IURP D VWDQGDORQH
ULWKP RUVRPHPHORGLFDQDO\VLY DOJRULWK
KLIJIK SUREDELOLW\ VRPHEHDWY GRZQEHDWYV D

JURP D SUDFWLFDOVWDQGSRLQW LWLV XVHIX
WHU WUDFNLQJ :KLOH LWLV SURKLELWLYHO\ U
XDOO\DQQRWDWH DOO WKH EHDWY DQG GRZQE
OHFWLRQ LWPLJKWEHSRVVLEOH WR VHHG WKFE
ZLWKWKHILUVWIHZEHDWVDQGGRZQEHDWYV ZK
WUDFNLQJ SHUIRUPDQFH )RUD PXVLFLDQ RUH
LWZRXOG EH YHU\HDV\ WR WDS VRPIHPIDQVWDQF I
ZKLFKFRXOGWKHQEHXVHGDXWRPDWLFDOO\ W
IXODSSOLFDWLRQ

‘H DLP WR H[SORUH WKHVH TXHVWLRQV WR V]I
DGGLWLRQDO KLIKHU OHYHO LQIRUPDWLRQ LPS
IRUPDQFH ,Q VSHFLILF ZH H[SORUH WZR YDULD
WUDFNLQJ



7KHPHWHUDQDO\VLVY WDVNYV

THPSR LQIRUPHG PHWHU WUDFNLQJLQ ZKLFK \
WKHSLHFHLY SURYLGHGDVDQDGGLWLRQDOL
DOJRULWKP 3URYLGLQIJWKHPHGLDQ WHPSR L
UHGXFH WHPSR RFWDYHHUURUV WUDFNLQJW
FRUUHFWPHWULFDOOHYHOLQVWHDG RIWUDF
TKHPHGLDQ WHPSRFDQEHREWDLQHG WKURX.
DUW WHPSR HVWLPDWLRQ DOJRULRMKHYV RXWO
VXFKDOJRULWKPIRU &DUQDWLF PXVLFLV DOV
FKDSWHULQ 6HBWQRKWKH WHPSR RI D SLHFH |
RYHU WLPH D QDUURZ UDQJH RI WHPSR IRU W
SURYLGHG LQDGGLWLRQRULQ OLHXRIWKHPFL

7HPSR VDPD LQIRUPHG PHWHUWUDFNLQJLQ Z|
DQG WKH ILUVW GRZQEHDW ORFDWLRQ LQ WKF
DGGLWLRQDO LQSXWV WR WKH PHWHU WUDFN|
FDO VFHQDULR IRUVXFK D FDVHLV D VHPL DXW
VIVWHP ZKHUH D KXPDQ OLVWHQHU FDQ WDS
RUIHZ GRZQEHDWYV RIWKH SLHFHDQG DQ DXV
ZRXOG WKHQ WUDFN WKH UHVW RI WKH SLHFH
H[SORUH WKH XVHRIILUVW GRZQEHDW RI WKH !
WUDFNLQJ

7KHUH DUH RWKHU PHWHU DQDO\VLV WDVNV WK
0,5 VXFKDVEHDW WUDENLQJ DQG GRZQEHDW W
NQRZQ EHDWV 7KHWDVNRIEHDW WUDFNLQJDYV
LVLOO GHILQHG LQ ,QGLDQ DUW PXVLF GXH WR !
SXOVDWLRQ :HFDQDGDSW WKH WDVNDQG WUD
WKH EHDW +RZHYHU VLQFH WKH WDVNV RI PHW
WUDFNLQJDLP WR WUDEN DOO WKH UHOHYDQW #
WKH WDVN Rl EHDW WUDFNLQJ LV VXEVXPHG LQ
DGGUHVV WKH WDVN RI EHDW WUDFNLQJLQ ,QG
D VXE WDVN RI WKH PHWHU WUDFNLQJ LQIHUHQ
GRZQEHDWYV DQG WKH VWDUW RI PHDVXUH IURP
EVDYLHV DQG 30XPE@®RFNPDQ HW R® DOVR
KDQGOHG DV D VXE WDVN ZLWKLQ WKH MRLQW H
DQG WKH GRZQEHDWYV

‘H QRZ GHVFULEH WKH DSSURDFKHV WR WKHV
VRPH SUHOLPLQDU\DSSURDFKHV IROORZHG E\ %
%D\HVLDQ PRGHOV VHYHUDO GLIIHUHQW H[WHC
WKH VWDWH RIWKHDUW PRGHOV
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8Xk S 2HBKBM 'v 2tT2 BK2Mib

7KH SUHOLPLQDU\H[SHULPHQWV DURXQG WKH W
HISORUDWRU\H[SHULPHQWYV ZLWKH[LVWLQJIHD
PHWKRGVDQG DOJRULWKPV WRJDLQ LQVLJKWYV
WKHLUUHOHYDQFHDQG XWLOLW\LQWKHVHWDYV
LOQWKHWKHVLVLVWRJIDLQ XVHIXOLQVLIJKWV DQ
RI WKRVH DOJRULWKPV LQ PHWHU DQDO\VLV WD
2Q0\D VHOHFWLRQ RIWKHP DUHGHVFULEHG KHL
PXVLF DV DEDVHIRULPSURYHG %D\HVLDQ PRG
VLV 'HSURSRVHGD QRYHO PHWHU WUDFNLQJDC
VLBULQLYDVDPXUWK\XWHYUPUH HI[LVWLQJI WRR
UK\WKP GHVFULSWRUV ZKLFK LV GHVFULEHG LQ
WRROV DUH H[SODLQHG DV D SDUW RI WKH SURS
ULWKP HPSKDVL]JLQJRQ WKHLU XWLOLW\

8XkXR J2i2°i° +FBM;:; mbBM; /vM KB+
T Q; KKBM;

7KH SULPDU\SKLORVRSK\RIPHWHUWUDFNLQJL"
NQRZOHGJHRIWKHUK\WKPLF VWUXFWXUHV ZHC
DOVR XVHG LQ WKLV DSSURDFK +RZHYHU WKHD
WKHFRPSRQHQWV RIPHWHU VHSDUDWHO\ XVLQ
VLF FRQFHSW 8VLQJ&DUQDWLFPXVLFDVDQLO
HVWLPDDWABWELERGROMNASXDVH ORFDWLRQV DQC
VDPPRUHVWLPDWLQJWKHVHFRPSRQHQWY D VH
DUH ILUVW FRPSXWHG IURP WKH DXGLR WKDW DL
EOH FDQGLGDWHY IRUHDFK PXVLFDO FRQFHSW
UHODWLRQVKLSV EHWZHHQ WKHVH VWUXFWXUH
WKH FRPSRQHQWY 7KLV IUDPHZRUN FDQ EH JHQ
RWKHU UK\WKPLF VWUXFWXUHV E\VXLWDEO\ PR
WRU IRUWKH VSHFLILFPXVLF FXOWXUHDQG WK
FRQVLGHUDWLRQ

7KH DOJRULWKP IRU &DUQDWLF PXVLF LV H[SO
VHFWLRQ $ K\SRW KOHN\AIDXDW WK B WWQNVKHH HVWLP D
IURP WKHRQVHWV RIPULGDQJDP DQGKHQFHD S
UK\WKP GHVFHIOGR/RW DO XVHIXO IRU WUDFNLQ.
DNaAaBX¥DVHV 7HPSRJUDP D PLG OHYHO WHPSR |
PXVLF VLJQDO V*8§RR$RWH® B\ 0 EOLO/HWV HG WR
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JLIXUH%ORFN GLDJUDP RI WKHDOJRULWKP VKRZLQJ
UHSUHVHQWDWLYH LOOXVWUDWLRQV RI GLITHUHQW
SRUWDQW RXWSXWV DWHDFK VWDJHDUHDOVR VKRZ
WKHYHUWLFDO OLQHV WKDW U X® WH R R® GKWNUKKHVKD Q
LQVWDQWY 7YXBFEMWEBQ®HEDWHY DUH VKRZQ ZLWK
DQG WKH HVDIWFIPBWKBZQ ZLWK

WUDFN WKH WOLNPASWDURLIG J$ QRYHOW\ IXQFWLRQ
SXWHG XVLQJ D VHOI VLPLODULW\ PDWUL[ FRQV'
RQVHWDQG WLPEUDO IHDWXUHV 7KHVH DUH WK
EONGDQ@BD AP QGLGDWHY IROORZHG E\D FDQGL
EDVHGRQ SHULRGLFLW\FRQVWUDLQWY ZKLFKC
$ EORFNGLDJUDP RI WKHDSSURDFKH-MHDKRZQ LC
WXUHV DQG WKHDSSURDFKDUH H[SODLQHG IXU\

3UH SURFHVVLQJ 3HUFXVVLRQ HQKDQFHPHQW

7KBNABXDVH PRVW RIWHQ FRLQFLGHV ZLWK WK
JDP VWURNHY 7R HQKDQFH WKH PULGDQJDP RC
KDQFHPHQW LY SHUIRUPHG RQ WKHfGIRZQPL[HG P
REWDLQHG IURPZDIPKNWKBWHFHHH Q VKRZQ WR LP S L
WUDFNLQJSHUIRUPDQFHLQ SLHFEHDZDWR SUHG|
DQG *yPH] 7KHSUHGRPLG@PQW AMGRBDWHG XV
LQJ WKH DOJRULWHKPODPRERVGIG BAKNL Q J

ZKLFK WKH KDUPRQLFFRPSRQHQW RIWKHVLJQD
QXVRLGDO UHVLGXD®RBGH O BURRSRYVF)GVEALR Q
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JLIXUH$Q LOOXVWUDWLRQ RI SHUFXVVLRQ HQKDQFH
H[FHUSW RI&DUQDWLF PXVLF 7KHILJXUHVKRZV WKH
H[FHUSW EHIRUH SHUFXVVLRQ HQKDQFHPHQW WRS
HQKDQFHPHQW E\ VXSSUHVVLQJ WKH OHDG PHORG\
PHORG\ LV VXSSUHWDRBBIBRI@H WKWWLOO SUHVHQW

HQKDQFH@nY LZIQDIOWKH KDUPRQLF FRPSRQHQW V
XVHG IRU IXUWKHU SURFHVHQL QO OXVWWHWLRQ R
FXVVLRQ HQKDQFHPHQW IRUD VKRUW DXGLR H[F
VKRZQLQ )LIXUH

$NADIBMULRG DQG SXOVH WUDFENLQJ

7KH VSHFW{)RJINDRVHG WR FRPSXWH WZR IUDPH C
WUDO IOX[ EDVHG RQVH % IGOIOWRIFW IBR® | XQFWLR
SXWHG HYHU\ PV J)RUMHRFKKDXWKR IUDPW
IXQFWEKRXVHV WKH ZKROHIUHTXHQF\UDQJH RI W
DQG WKHRWKHU IXQFWLRQ FRPSXWHV WKH VSHF
RO 120+]yk] DQG FDSWXUHV WKH ORZ IUHTXHQF\
OHIW EDVV GUXP KHDG RIWKHPULGDQJDP

7KH IXQFWRULRQXVHG WR FRPSXWH D )RXULHU E
SRJUDPURSRVHREFKH 0+OBHERPSXWHG HY
HU\ VHFRQG XVLQJD VHFRQG @GRQJIZLQGRZ
WKH WLPH LQGH[HV DW ZKLFK WKH WHPSRJUDP L
ZLWK i Kg) WKH PRVW S UHGRIPILHY BIQVE H
WUDFNHG E\ HVWLPDWLfQJ iWKIE HXW SDWK
WKURXJK WKH WHP S\RID\W S BBWIUGIHY D EDODQFH
WHPSRJUDP DPSOLWXGH D\W & WKHI IORGFD[O FRQW
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LW\RI$SQ REMHFWLYH IXQFWLRQ WKDW LV DQ H[\
RQH XVHGHEN DO LV GHILQHG DV VKRZQLQ (T

Xo K 1
Ji( ;15 2)= * oy 1] i it1]J+ 20

i=1 i=1

i+1

7KH IXQ®WLRPLY DQ H{WUD SHQDOW\WHUP WR St
GRXEOLQJDQGKDOYLQJEHWZHHQDGMDFHQW IL
1(=0:01) DQG(=10%) SURYLGH GLITHUHQW ZHLJKWV V
WHUPV %DVHG RQ REVWHYGDWDRRBW | WRKHWKIB U F|
WKHEHVW SDWKWKURXJKWKHWHPSRJUDP LV UF
RI WR  $BOlaBHINVPLQXWH

7KH DERYH REMHFWLYH IXQFYRRIQFLAUWRROY HG
JUDPPLQEDY¥HG DSSURDE K YWRYRIE WDV QAL QJ WKH
ORQJHVW, WYD¥FNMW®R EH DW WKHFRUUHFW PHWUL
VLEOH WHPSR GRXEOLQJ KDOYLQJ HUURUV WKD
WR REWDLQ WKH)LDOUHFXWYHKRZQ DV D WKLFN
UHG OLQH 8BDRGWMWIPDRUPDWLRQ ZH FDQ REWE
WLPH YDLURKQYH IRU WKH SLHFH EERXWKWMLSO\LQ.
QX P E HNRIDLUDN F\FO WRIPDBKHWKHU H[DPSOH RI |
WHPSRJUDP DQG WKH HVW ERD WH GRW LOP $ILYHIFW\ RQ
&DUQDWLIRPBIGDWDVHW LV VKRZEHQLDLIXUH
XUH VKRZV WKH YDULDWLRQV LQ WHPSR WKURXJ

TKIDNABYXDVH ORFDWLRQV SUHGRPLQDQWO\ C
GDQJDP RQVHNABMIXMVH FDQGLGDWHY DUH HVWLI
SHDNV RI WKWHKIX@NVNWQRRYKBIQELGDMWd SHDNV
i=1:2;3; X ZLWK ORIFDOWMEA BN D P DORRWME H
IXQFWLRQ LV VHWXS DWRVKIRZRAW WIKH EHVW FDC
WKDW SURYLGH D EDODQFH EHWZHHQ WKH DPSQO
DQGDSHULRGLFLW\SURMNGBHBBIENRXK H KWW HFDW
VHW RI FDQGUGHPWHYDUH HVWLPDWIBGS XVLQJ D
SURDFK )LHXUH

X
Jo(fag, )= (it (tistieas )
if 12, ;9
.DPDODPEMILQ —JQDQGDEKDPU DML FY)-GHDR P

WKH DOEXP ODGUDVLO ODUJD]KRIiT, EX&WBQ@B 6BMKDP
XQ ;f'2+Q /BM;fj# dkk/@93y2@9 2d@388N@ 33/+29R2R/9
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JLIXUH(VWLPDWHG WLPH YDU\LQJ WHPSR FXUYH VKI
OLQH SORWWHG RQ WRS RIDWHPSRJUDP IRUD &DU
SLHFH DSDUWWKHORFDOWHPSRYDULDWLRQV ZHFI
ZLWK WLPH 7KH WHPSRJUDP VKRZV KLIJIK YDOXHYV LC
EDQGV ZLWK WKHKLJKHVW YDOXH LQ\HOORZ DW W|

7KH IXQFEWHEtRQ LV D IXQFWLRQ WKDW UHWXUQV
WLDOO\GHFD\LQJ ZHLJKW EDVHG R@Q@&H WLPH C
ti,y LQ UHODW L RING B MMKXLERGIRKAHDSOD U =RBH W H U

SURYLGHV D WUDGHRIIEHWZHHQ WKH WZR WHUP

6DPWUDFNLQJ

7KH XVOH&&DV IHDWXUHV IRUWLPEUDO FKDUDFWH
$VDGHWHFWLRQINOKFWRLRAYRIOW\ IXQFWLRQ LV
SXWHG WKURXJK WKH GLDJRQDO SURFHVVLQJ R
JRRWH FRQVWUXFWHG XVLQO)&UOABWKYH®] VF
IURP DXGLR XVLQJDXGLR/SURFMANE DQRE HA D U
DO D DV VKRZQLQ JLJX%WDWHG;RXKWRES LQ
7DEOHD FKHFNHUERDUG NHUQHO ZLWK VL]H RI
LV XVHG WRYMBNIS DRNID UD FROMNED £ E DJFHK — S X
VSHFWLYHO\VR WKDW WKH QRYHOW\ IXQFWLRQ
—YDUWDQD
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7KH SHDNV RI WKH QBN HQ®LFOPQHNL RQIJQLILF
FKDQJH RI WLPEUH DW WKDW WLPH 6WDUWLQJ Z
EUDO FKDQJH LV DQ L P SFOPERRDWILR®L MDKWHRIHP|
RIWKHQRYHOW)\ IXQFWLRQ D BV B G WHRWH \TER P
PHWKRGY DUH H[SORUHG WR HVWLPDWH WKH FD
XQLIRUP OVPHRIRYELGDWHY WKURXJKRXW D SLHF
FXWLQWR VHIJPHQWVY RIOHQJWK —a@GU DQG V
SDNDOL UD FEOMKD £ E NFHK-SBRWLYXMOUWDQDYV
DQG WKHWRSILYHPRVW SURPLQHQW SHDNV LQ
DUH HV W LWPIDFAIHGGL B W H V

$QRWKHU DSSURDFK OHWKRG % LV DOVR SUHJ
HVWLPDWLRQ WKDW HQIRUFHV D SHULRGLELW\ |
VDFFD QGLGDWHY 6W D UWIK D QUR R WEKLHP HIMOHNGY R |
FXUYH IRUD VSHRMAROOHOLNV WDIGKFHG VWDUWL
LW 7KH QXPEHU RIRWKHU SHDNV WKDW ZRXOG \
W-—+YDDVVLIQHG DV WKH ZHLJKW RI WKH VSHELIL
WKHQ UDQN RUGHUHG XVLQJ WKLV ZHLJKW DQG
DUH FKRV NOQ B Q& HGIyW H V

,Q DGGLWLRQ WZRUDQGRPEDVHOLQH PHWKR
FUHDWHG WR FRPSDUH WKH SHUIRUPDQFH ,Q 59
FROQVWHHQW HHQ VHFRQGVLVXVHG DQGDUDQ
EHWZHHQ VHFRQGV WRRRQWG %BH S WKIHRHG\\W L
PDWHIGY XVHG ZLWK UDQGRBPRBEPRRVRY IURP
fog DVDFAIDQGLGDWHY 5% QHQRAKWH KX VDD &/IKH
GDWH HVWLRBJIKW ZKQ XN 5% XVHV WEKWVWLPDW
QRW WKH FDQGLGDWMK HVWLPDWLRQ XVLQJ

6WDUWLQVZEDR ®KEHDWHY REWDLQHG HLWKH U
$ RUOHWKRG % IRU HD FMK—FIE@GIVGIDWH L QGEXF H G
EDVHG RQSHRFIIRIG REWD LN G YWR PRUKHD FK VHH G
WKH QH[W DQG SUHYLRXV WKUHH HVWLPDWHG F
IRURQVHWEKHW KDWY XYDPPRHUWDXSSRUWLQJ RQVt
LVIRXQG LW LW P EDNHG KW MDOIJRULWKP SURFHH(
ZLWK WKH QHZ HVWLPDWHG RQVHW DV WKH QHZ
VWRSSHG IURP D FDQGLGDWH ZKHQ LW GRHV QR)
LQJRQVHW )RU HDFK FD @6 PGDVXH QIFG! K. V WWLKPOM
REWDLQHG 6LQFH DOO FD Q GADFIR FHIVWLRQYR W ¢
WKRXJK WKHsHWWILLPBEKWH® KH VHTXHQFHYV FDQ K
RIITVHWYV

7KHILQDO VWHS RIWKHDOJRULWKP LV WR VKL
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OHDVXUH&O/ $0/

S HVWLPDWLRQ
o WUDFNLQJ

7TDEOH$FFXUDF\DNBRBHDLRG WUD BNL®D W DQWAKH
7KH YDOXHV DUH PHDVXUHG XVLQJ D WROHUDQFH
OHY&H)X®» DQG DOORZHG PHWULFDO OHYHOV

VHTXHQFHV REWDLQHG IURP HDFK FDQGLGDWH
VDRMHTXHQFHWKDW KDVEHHQHVWLPDWHG RWK
LQWR WKLV EDVHG RQ PD[LPXP FRUUHODWLRQ
7KHPHUJLQJRIWKHVHVHTXHOQF MY RIVMPIDWGIND G \
FRQFHQWUDWHG DURXQGREKH WR X R D®E R\WM VRIQ
6LQFH WKH OHIW EDVV RQVHWY RQ WKH PULGDQJ
VDPIWO JURRSWWRILPDWHY WKDWHRUH FORVHU V
DUHPHUJHG LQDVFRDDWILRDWH DOLJQHG ZLWK WKH
VWURNH RQVHWREWRBLQ HGUIRNRW KN DP@DO VHW F
ORFDSYERQYHVWLPDWHG IURP WKH FDQGLGDWH
GHWHFWLRQ IXQFWLRQ DVNWRZQLQ )LIJXUH

SHVXOWYV

7KHDQQRWBIMMBYHW KDV DQ QR W DWILARIW RQ O\ I
RI WKH SLHFHVDB®PFWKH RQV ZH FDQ REWDLQ W
WUXWKFMRIYH DQG KHQFH W KHFXWRMHQ G MOUPHW K |
ZH GR QRW KDYH WK HDNRX®EDWWRWK IR SUHVF
WKH UHVXOWYV RQDQRBMIDESIRQJ

7KH SHUIRUPR&AFFMHIRIRG WUDFNLQJLV PHDVXUF
SDULQJWKH DNBBHB®WRIK KUY H ZLWK WKH HVWLF
ZLWK DQ HUURU WROHUDQFH RIDNABHDUHVXOW
ULRG HVWLPDWLRQ FRPDNIBEDURBE WXUYZKRD H
WKH SLHFH LV DOVR UHSRUWHG )XUWKHU VLQF
EOLQJDQG KDOYLQJ HUURUV WKH DFFXUDFLHYV
WDWHG FRUUH FWO0F HIWQUG. VK Q KKY/H9®JI D ZHDNHU
PHDVXUH WKDW DOORZV WHP}OR KDOYRQHBGQG G|
PHWULFDO OHYHOV

7KHUHVXOWV DUH SUHNNBWWG® DQ DIEDAFHSW
OHYHO DFFXUD F\&0V IRAKE R WHE BIAS W)L R G
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9DULDQW r f | ELWV &DQG $FFX

OHWKRG $
OHWKRG %
5%
5%

7TDEOH $FFXUDVFDRWUDFNLQJ 7KH PUHBDNKWUHW
S5SHFDOOPHDVXUWKYIRUPDWLRQ JDLQ DUH VKRZQ 7KH
PHDQ SHUIRUPDQFH$RYE D WK\HHAK RTKHH ODVW FROXPQ
WKH IUDFWLRQ DV D SHUFNQ@WPDIHG RG WK H VH YW W D /DDA
WUXH VDPDV

HVWLPDWNRWMIARG WUDFNLQIJDQG IXUWKHU W
QLILFDQW GLIITHUHQFH EHWZHHQ WKHLU SHUIRU
DOJRULWKP FDQ WUDFN FKDQJHV LQ WHPSR HIIK
DN&GBHDLRG WUD RNLQY KB/ IBRWLWKP WUDFNV I
FDOO\ UH\GABWBGRG DV LQGLED/MDHGE XV D K\LJIK

JRUDPWUDFNLQJ WKHDFFXUDF\RIHVWLPDWLF
PDUJLQRI WKH,RQ VKW BWHIFEH *LYHQ WKH JURX
DQG WKH HWVD\PIR PWNETXHQFH ZH XVH WKH FRPP
DWLRQ PHDVXUHV XVHG LQ EHDW WUDFNLQJ SU
DQG LQIRUP DOW LIRDQMH\LHQV DVOR PHDVXUH WKH SHL
IRUPDQFH 7KH UHVXOWYV D @K LFKKRZQVLRQ VVKOREEDOWH
WKH DFFXWIIPADRIGLGDWH HVWLPDWLRQ 7KH UH
DQG 5% VKRZPHDQ SHUIRUPDQFH RYHU DQG
IRUHDFK SLHFH UHVSHFWLYHO\

‘HVHH WKDW WKH SPEHRQB8DGBWRIHVWLPDWLF
VDPDUDFNLQJ LV SRRWYWDEBRQUWHPWOX WP FNHG F
LQ DERXW D ILIWK RI FDVHV 7KH SUHFLVLRQ L\
DOO FDVHV DQG LQIRUPDWLRQ JDLQ LV ORZHU
FHSWDEOH WXSIHWB RIOWGDBRWK PHWKRGV SHUIR
EHWWHU WKDQ 5% EXW KDYH FRPSDUDEOH UH
VOLJKWO\EHWWHU I PHDVXUH SHUIRUPDQFH V\
0DQQ+:KLWQHNBMIHVWKRW VKRZV WKDW WKH HVV
LQWBEMWHUYPXVHMOPHRWLPDWLRQ ZKHUHDYV
GLGDWH HVWLPDWLRQ XVLQJQRYHOW\ IXQFWLR
7KH SRRU SHUIRUPDQFH FDQ E HVIDIEI@GDWWU L E.
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GDWHHVWLPDWLRQ ZLWK HLWKHU RI OHWKRG $ |
WKHU VXEVWDQWLDWHG E\WKH IDFW WKDW OHW |
RI DQGDQLQIRUPDWLRQJDLQ RI ELWV ZK
HVWLPDWHG FDQGDEBDMKHYV BOHDWUIXRH KRZV WKD
SHUIRUPURPBUDEFNLQJ FUXFL\DIDEED QBSBREWRQ
HVWLPDWLRQ 7KHUHDUHRQO\IRXU SLHFHV DF
FXUDWWWLPDWLRQ LQ ZKLFKDOO WKH HVWLPDW
VDPDRU ZKLFK DQ | PHDVXUH RI DQG D LQIRU

ELWV LVDFKLHYHG 7KLV FOHDUO\LQGLFDW
WLRQ IURP ZKLAF® @&HGDWHY ZHUH HVWLPDWHG
JRRG LQG WVADPDRGEHWWHU GHVEFULSWRUV QHHG

&RQFOXVLRQV

7KH SUHVHQWHG DSSURDFK WR PHWHU WUDFNLQ
VFULSWRU\DINRADWE® R) G D KLHUDUFKLFDO IUDP
LV SURPLVLQJ EXW KDV VHYHUDO OLPLWDWLRQ
WLRQV KDYHLQIRUPDWLRQDERXW VXUIDFH UK\V
OL]HG IRUWHP SR WAUDFONLIQ WDQENLQJ EXW WKH
IXQFWLRQ XVHG SUHVHQWO\ LV QRW D JRRG LQG
LW LV REV HUNAHB® BNKIDBHULRG WUDFNLQJ SHUIRL
FHSWDEOHDFFXUDF\IRU S U IVEWDB D & NDLSBIOLLW D W
FKDOOHQJLQJDQG SHUIRUPV SROBEDGULPDULO
GLGDWH HVWLPDWLRQ

7KRXJK WHWERQWD FDUH UHODWHG WKH\ZHUH \
VHSDUDWHO\ (YHQ WKRXJK LQIRUPDWLRQ IURP
XVHGLQHVWLPPDVMRIWWMWHVWLPDWLRQ RIWKH P
QHQWVLVGHVLUHG VLQFHLWFDQWLJKWO\FRX
WRIJHWKHU

TKHDSSURDFKXVHVWKHPXVLFDOFKDUDFWHL
RXWFRQVLGHULQI WKHLQWHUGHSHQGHQFH EH
KHXULVWLF PHDVXUHY DUH XVHG WR-WDDFN WK
7KH OHDUQLQJIURP VXFK KHXULVWLF DSSURDF
DPRGHO WKDW FDQ PRUH HIITHFWLYHO\ PRGHO V
VWUXFWXUH RQH WKDW ZRXOG FRQVLGHU WKH
DQG WUDFNLQJPRUHKROLVWLFDOO\ 6XFK D PR
DEOH WR GLITHUHQW PHWULFDO VWUXFWXUHYV C
ZRUOG VFHQDULRY 7KH WUDFNLQJ DOJRULWKP



%D\HVLDQ PRGHOVIRUPHWHUDQDO\VLV

JUDPPLQJLVDOVRDGKRFDQGORRVHO\XVHV W}
PDWLRQ EHW ZH B § AVBUEDMMWIRAR

&RQVLGHULQJWKHVHLQVLIJKWVDQGOLPLWDYV
PRGHOV IRUPHWHULQIHUHQFH ZKLFK SURYLGH
WLFIUDPHZRUNIRUWKHWDVN ZLWKVHYHUDO X
DQG ZHOO VWXGLHG IRUPXODWLRQV WKDW FDQ
7KHIUDPHZRUN OHDUQV IURP WUDLQLQJ H[DPSC
QXPEHU RI KHXULVWLFV XVHG LQ WKHVH LQLWLEC
QHFHVVDU\

8Xj " v2bB M KQ/2Hb 7Q" K2i2 ' M

SHFHQWO\ %D\HVLDQ PRGHOV KDYH EHHQ DSSO
WHU DQDO\WIHVEW BIWNY® |FN HW DOQUHEYV
+RO]DSIHO HWTDKH HITHFWLYHQHVV RI VXFK PR(
IURP WKHLU DELOLW\WR DFFXUDWHO\PRGHO PF
DGDSWDELOLW\WR GLITHUHQW PHWULFDO VWU X
DWLRQV 7KHVHDGYDQWDJHYV DUH VXSSOHPHQV
RQ %D\HVLDQ PRGHOV DQG HIILFLHQW H[DFW DQ
DOJRULWKPYV 6LQFHPHWULFDO VWUXFWXUHV D
WKH XVHRIVXFKJHQHUDWLYH JUDSKLFDO SURE
SHUKDSV EH K\SRWKHVL]HG WKDW WKH\ FORVH{
SURDFKHVWRPHWHUDQDO\VLY HPXODWHWKH F
WKURXJK PHWULFDO F\FOHV XVHG E\OLVWHQHU

$V GLVFXVVHG HDUOLB\N®D® BH F\B LIROLD Q 1 HW
ZRUM61 OXUSK\ LVZHOOVXLWHGIRUPHWHUDQI
LW UHODWHY YDULDEOHY RYHU WLPH WKURXJK
UHODWLRQV 7KHEDU S RYQIWHUD RVRCDH/CE HVHRYQHK >
FHVVIXOO\DSSOLHG WR PHWHLWMHDMHO\EHP JROR S
DQG *RGVLOION KDV EHHQ LPSURYHG VLQFH WKHC
YDULRXV PHWHU DQDO\VLV WDV NRLRWHHHG LI THU
&HPJLO *RGVLOKWEV HW D@HEV +RO]DSIHO HW
DO %|FNHWD®RO]DSIHO HWBIEYV %]|FN
'LGPHU B6ULQLYDVDPXUWK\HW DO

,Q WKLV FKDSWHU ZHVWDUW ZLWK WKH EDU S
VHYHUDO H[WHQVLRQVDQGH[SORUHGLIIHUHQW
HIWHQVLRQV DOOLQWKHFRQWH[WRI,QGLDQD
RI VXFK PRGHOV DQG LQIHUHQFH VFKHPHV DUH



OHWHU LQIHUHQFH DQG WU

QDWLF DQG +LQGXVWDQL PXVLF WHVW GDWDVH
ZLWK DGGLWLRQDO HYDOXDWLRQV RQ WKH %DO(
HUDOL]DWLRQ DQG WR EDVHOLQH SHUIRUPDQFF
RIWKHDOJRULWKPVLQ WKHWKHVLVLVRQWKH F
WUDFNLQJ ZKLOH PHWHU LQIHUHQFHDQG LQIRL
DUHDGGUHVVHG WR D OLPLWHG H[WHQW

7KH UHPDLQGHU RI WKH FKDSWHU LV RUJDQL]}
SRLQWHU PRGHO LV ILUVW GHVFULEHG H[SODLC
LQIHUHQFH VFKHPHV7BEHARQRAZLQJ H[WHQVLRC
HQKDQFHPHQWY WR WKH PRGHO VWUXFWXUH DI
VFULEHG LQ 6HFWLRQ

$VLPSOLILHGEDUSRLQWHUPRGHO ZLWKDPLI\
WKDWDLPVWRFRPSOHPHQWREVHUYDWLRQOL
PLF SDWoWHQQYDVDPXUWK\HW DO
TKHVHFWLRQ SRLQWHUPRGHOWKDWDLPV WR
WKDQ EDUIRUPHWHU WUDFNLQJ DQG KHQFH F
ORQJPHWULFDBO VAMYDAMDREXHWK\ HW DO

(IWHQVLRQVDQGHQKDQFHPHQWVWRLQIHUHQFI
PRGHO H{WHQVLRQV DUH SURSRVHG DQG GHVFU

(QG RI EDU UK\WKP SDWWHUQ VDPSOLQJ ZKLF
SDWWHUQ VDPSOLQJWR WKHHQG RIWKHEDU
+RS LQIHUHQFH IRUIDVW PHWHU WUDFNLQJ Z
LQIHUHQFH E\ SHUIRUPLQJLQIHUHQFH RQO\ Zk
FDQW UK\WKPLFHYHQW LQ DXGLR VXFKDQDQ

)LQDOO\ DQHYDOXDWLRQRIWKHVHDOJRULWKP
IROORZHG E\D GLVFXVVLRQ DQG VXPPDU\ RI WK
VXOWYV

8XjXR h?2# TQBMi2 KQ/2H

7KH EDU SRLQWHU PRGHO RUG\QDPLF EDU SRLC
DV %3 PRGHO LQ WKLV FKDSWHU LV D JHQHUDW
VXFFHVVIXOO\DSSOLHG IRUPHWHU DQDO\VLV W
DK\SRWKHWLFDO WLPHSRLQWHU ZLWKLQDEDU
RIWKHWHPSRWRWUDYHUVH WKURXJKWKHEDU
HQG RI WKH EDU WR WUDFN WKH QH[W EDU 7KHF
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D%WDU SRLOWHU PRGEH®WD®HIRLOWHU PRGHO XVLQ
PRGHO DPLIWXUHREVHUYDWLRQ PRC
02 PRGHO

FEHFWLRQ SRLQWHIGPREBSHILIEBG VHFWLRQ SRLQV
PRGHO PRGHO

JLIXUH7KHPHWHUDQDO\WLVPRGHOV XVHGLQ WKH GL
WKHYHVFLUFOHVDQG VTXDUHVGHQRWHFRQWLQXRX)
UHVSHFWLYHO\ *UH\QRGHV DQG ZKLWH QRGHV UHSI
YDULDEOHY UHVSHFWLYHO\

VSHFLILFEDUOHQIJWKUK\WKP SDWWHUQV DUH S
WKHUK\WKPLF VW\OH DQG XVHV WKHVH SDWWH!



OHWHU LQIHUHQFH DQG WU

WKURXJK WKH EDU 7KHVH UK\WIXBURSRDWWHUQ\
OHDUQHG IURP GDWD WR EXLOG DQ REVHUYDWL
LQWKHEDU :KHQ OHDUQHGIURP GDWD WKH UK\
XVLQIJDVLIQDO UHSUHVHQWDWLRQ GHULYHG IL
I UDPH OHYHO DXGLR IHDWXUHV WR SUHVHUYH W
IHDWXUHYV 3URJUHVVLQJWKURXJKWKHEDU WK
WR VDPSOH WKH REVHUYDWLRQ PRGHO DQG JHQ
WKDW LV SRVVLEOHDQGDOORZHG LQ WKH UK\WE
IRUGLITHUHQW PHWULFDO VWUXFWXUHY WHPS
SURYLGLQJDIOH[LEOHIUDPHZRUNIRUPHWHU D
RQO\IRUPHWHU DQDO\VLVIURP DXGLR UHFRUG|
WKH %3 PRGHO FDQ EH DSSOLHGHWHOWRHWP E R
DO %3 PRGHO FDQ EH UkRcSUZHWHQNSHG O VD
FRQGLWLRQDO GHSHQGHQFH UHODWLRQV EHWZ
VHYHUDO YDULDQWYV DQG HIWHQVLRQV RI WKH P
%3 PRGHOLVVKRZQ®LQ )LJIJXUH

, QD1 DOQREVHUYHG VHTXHQFHRIIHDWXUHYV G

GHQ ODWHQW =Y ;UL kBOAKHKUIH WKHOHQJWK RI
WKHIHDWXUH VHTXHQFH QXPEHURIDXGLRIUDP
7KHMRLQW SUREDELOLW\GLVWULEXWLRQ RI KL«
IDFWRUL]HV DV

¥
P(\ik; [ox) = P(lo) P(ki Kk 0P(\%] k)

k=1

ZKHP(MH)) LV WKHLQLWLDOP(WRWH @ MWKMULERQYLRC
VLWLRQ PRGHQ LWQMKH REVHUYDWLRQ PRGHO

+LGGHQ YDULDEOHYV

,Q WKH EDU SRLQWHU PRGKOWBW KIDGFEHXEDR UL
DEOH VYHEM\NRRULEHV WKH VWDWH RI[P=HK\SRWKHWL
[k «xrk] UHSUHVHQWLQJ WKHEDU SRVLWLRQ LQV
DUK\WKPLF SDWWHUQ LQGLFDW RRU DKHVSHFWLY
OXVWUDWLRQ

F5K\WKPLF SDWWHKG@ UEKEWRKPWREDVEWHUQ YDUL

YDWLRQPRGHOV FRUUHVSRQGLQJWRHDFKEDI
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JLIXUH$Q LOOXVWUDWLRQ RI WKHSURJUHVVLRQ RIE
WDQHRXV WHPSR YDULDEOHV RYHUWZR FRQVHFXWL"®
UISDWBTKH HITHFW RILQVWDQWDQHRXV WHPSR LV JU
FODULWN\LQ WKHLOOXVWUDWLRQ

SDWWHUQRID UK\WKR RON\D\Q DIYVIR S D BDMWHIG Q H
RIF\MPBIQG QXPEHU R+EMDMBYRIN WKH VFRSH
RI' WKLV GLVVHUWDWLRQ DOO UK\WKPLF SDWW
LQJ GDWD DQDB SRMRHLEDG LQIHU WKH UK\WKP F
RUPHWHW WEBBOORZLQJ UK\WKPLF SDWWHUQ
OHQJWKV IURP GLIITHUHQW UK\WKP FODVVHV WF
DV XVHGHEY +RO]JDSIHO HRZEB®HU LW LV WR E
QRWHG WKDW IRUWKH SUREOHP RIPHWHU WUD
F\FOH OHQJWK LV NQRZAXDWIGPAL K BW\D'®Y € WEKWHE H
WR WKH VDPH UK \\WICP o @IRGE B 8t

$%DU SRVLMH EQU SRVIDWHRDPULDEOH LQGLFDW
DSRVLWLRQ LQ WKH EDU DW DQ\DXGLR IUDPH I
VLRQ WKURXJK WKHVEWKHHQUWK RI WKH EDU
ZKLFK LV DOVR WKH OHQJWK Rl WKH EDU OHQJ\
LQJ WUDFNHG 7KH EDU SRVLWLRQ YDULDEOH
DQG ZUDSV DURXQG WR JHUR DW WKH HQG RI Wi
EDU 7KH PD[LPXP YDOXH R ME DEH FNREH RO QJW
WKH ORQJHVW EDU F\FOH WKDW LV WUDENHG
ORQJHVW EDU EHLQJ WUDFNHG WR D IL[HG YDC
F\FOH OHQJWKV DFFRUGLQJO\

$,QVWDQWDQHRXW WGI\F B RH R XWK\M RUIDS\RH DW Z K L F
WKHEDUSRVLWLRQ YDULDEOH SURJUHVVHV WK
IUDPH PHDVXUHG LQ EDU SRVLWLRQV SHU WLF
WKH YDW2 PEQH GHSHQGYV RQ WKH OHQJWK R1V



OHWHU LQIHUHQFH DQG WU

M DQGWKHDQDO\VLNAUDPHHFRIGLXNHG LQ WKL
WKHVLVY DQG FDQ EH SUHVHW RU OHDUQHG IU
Rk FRUUHVSRQGV WR D EDWM,FAFUHFERQYWK R
DQ& B «/(mnh) EHIPAAMMNIHUVPLQXWH 7KH UDQJH RI
YDULDEOHFDQEH XVHG WR UHVWULFW WKH UD(
ZLWKLQHDFK UK\WKP FODVV

, QLWLDO VWDWH GLVWULEXWLRQ

7KHLQLWLDO VWOWFHDGLEWXYYHEBWIRIQQFRUSRUD
LQIRUPDWLRQDERXWWKHPHWULEDO VWUXFEW X L
'LITHUHQW LQLWLDOL]DWLRQV DUHH[SORUHG Gt
\WLV WDVN XQGHU FRQVLGHUDWLRQ $ XQLIRUP
PHWHULQIHUHQFHDQG WUDFNLQJ ZKLOHD QDU
WLRQ LV GRQHIRULQIRUPHG PHWHU WUDENLQJ

7JUDQVLWLRQPRGHO

*LYHQ WKHFRQGLWLRQDO GHSHQGHQFH UHODW
RIWKH %3 PRGHOODLWKHMUBQVLWLRQ PRGHO IDF

P(kjk )=P(«x] k15« 1rk DP(«]J « 1)
P(reire 15 ki « 1)

7TKHLQGLYLGXDO WHUPV RIWKHHTXDWLRQ FDQ
P(k] k5« urk1)=1

ZKHUHY DQLQGLFDWRU IXQFWLRQ WEKDW WDNHV
(«k1* « 1) PR®, ) DQG]JHURRWKHUZLVH 7KH WHP
WLRQ LV JLYHQ E\

P(«j« /N (x1 2) 1_
ZKHUHVDQLQGLFDWRU IXQFWALRQIMKDWHTXDOV
DQRG |JHUR RWKHUZLVH UHVWULFWLQJ WKH WHP
ILQHG WIQPHGHQRWHY D QRUPDO GLVWULEXWL]
DQG YDWPLO@AH DOXBIRSHQGY RQ WKH YDOXH RI )
WR DOORZIRUODUJHU WHPSR YDULBWLRQV DW

n «1 ZKHWYHV D XVHU SDUDPHWHU WKDW FRQW |
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RIORFDOWHPSR YDULDWLRQV ZHDOORZLQ WKH
WUDQVLWLRQVDUHJRYHUQHG E\

- o _ Ak 1) Llg< 1
P(rejre 15 ki k 1) = 1, HOVH
ZKHAHYV WKIR WLPH KRPRIJHQHRXY WUDQVLWLRC(
A(;j) EHLQJ WKH WUDQVL\M‘LRKBSJIBCH_D’ED_@LW\|UR
LOGLFDWRU IXQFWLROMWXKARW BOBOOYRRWEKHQ
HUZLVH 6LQFH WKH UK\WKPLF SDWWHUQV DUH |
SDWWHUQ WUDQVLWLRQV DUH DOORZHG RQO\D
"KHQ WKHUHDUH PXOWLSOH SDWWHUQV WKHVH
GLFDWHWKHPRVWSUREDEOHPRYHPHQW WKUR X
WREDU DVWKHSLHFHSURJUHVVHY 7R UHIOHFYV
WKHSDWWHUQ WUDQVLWLRQ SUREDELOLWLHV L

2EVHUYDWLRQ PRGHO

7KHREVHUYDWLRQPRGHODLPVWRPRGHO WKH X
WHUQV SUHVHQW LQ WKH PHWULFDO VWUXFW XL
SODLQLQJ WKH SRVVLEOH UK\WKPLF HYHQWYV D\
6RPH RI WKH SRVLWLRQV LQ D EDU KDYH D KLJKH
VHW RFFXUULQJ WKDQ RWKHU SDUWV H J WKF
WR GRZQEHDWYV EHDWV )XUWKHU WKH VWUH
YDU\ GHSHQGLQJ RQ DFFHQW SDWWHUQV RI D U
EHPRGHOHGIURP ODEHOHG GDWD 7KHREVHUY
GLVVHUWDWLRQ DLPV WR DGGUHVV ERWK WKHYV
VWUHQJWKV RI WKH UK\WKPLFHYHQWY DQGFO
WLRQ PRGHO SURBR YMGDE

7KH XWLOLW\ RI VSHFWUDO IOX[ EDVHG DXGLF
LQ SUHOLPLQDU\ H[SHUSPHPW Y BH PWGRQ GHUL"
VSHFWUDO IOX[ IHDWXUH LV XVHG LQ WKLV GLVV
IHDW X UHVWXWENGHW DDV H[SODLQHG LQ 6HFWLR
VHH )LIJXUBLQFH WKH EDVV RQVHWY KDYH VLJQ
WLRQ DERXW WKH UK\WKPLF SDWWHUQV WKH IH
IUHTXHQF\EDQG W] RZIK +]

W LV DVVXPHG WKDW WKH DXGLR IHDWXUHV ¢
SRVLWLRQDQGUK\WKPLFSDWWHUQ YDULDEOHYV
WHPSR :KLOH WKLV DVVXPSWLRQ LV QRW FRPSC



OHWHU LQIHUHQFH DQG WU

WKHREVHUYDWLRQPRGHODQG KHOSV WR WUDL
WUDLQLQJ GDWD )XUWKHU LW LV DVVXPHG WKTE
YDU\ WRR PXFK RYHU VKRUW FKDQJHV LQ SRVLYV
VSHFWUDO IOX[ YDULDWLRQV DING RUQKDAW PD OO |
EH QHJOLJLEOH ZKLFKDGGLWLRQDOO\KHOSV
KDYHWKHVDPHREVHUYDWLRQ SUREDELOLW\ DC
OLPLWHG WUDLQLQJGDWD

8VLQJEHDWDQG GRZQEHDWDQQRWDWHG WUD
WXUHV DUHWKHQ JURXSHGLQWR EDU OHQJWK S
FUHWL]HBQRWHRFHOOV DRIADEWDY GBWLF P X
VLF DQG IRXP-FWRGVISHEXVWDQL PXVLF FRUUH
25EDU SRV LWILRIB0D Z ISWWKPHDQV FOXVWHULQJ DOJ
FOXVWHUV DQG DVVLJQV HDFK ER WRVWKKH GDWE
PLF SDWWHUQV $00 WKHIHDWXUHV ZLWKLQ WK
HDFK SDWWHUQ DQG PD[LPXP OLNHOLKRRG HVW
RIDWZR FRPBROHOWY OL[WXUHDRIERBWDDQHG
7KHREVHUYDWLRQ SUWERWIHOAMD Q@ LWRNEYOPHG \
FRQVWDQW DQGFRPSXWHG DV

X2
PO D=POir)= " w N(Y i om)
i=1
ZKHNE; : )GHQRWHV D QRUPDO GLVWULEXWLRQ
VLRQDO \HPRUXWHKH PL[WXUH FRP,$RIDH® W
+ DUHWKHFRPSRQHQW ZHLJKW PHDQ GLPHC
YDULDQFB PDWUIHYSHFWLYHO\

,QIHUHQFHLQ EDU SRLQWHU PRGHO

7KH JRDO RI LQIHUHQFH LQ PHWHU DQDO\VLV WI
YDULDEOH VHTXHQFH WKDW PD[LPL]HV WKH SRV
KLGGHQ VWDWHV JLYHQ DQ REVIPDYIHRXPHTXHQF
DSRVWISRRHI X H,Q FMHKDW P DR ([P M)

7KH LQIHUUHG KLGGHGQ,Y 5D IQDE OMHQ/E A X\HUDFQV O [
LQWR D VHTXHQFH RI

$GRZQEBEHDRDQ V VDYV , =0g

TEHDW L@VWRPW=Vi M /e, i=1;:::;B0
TORFDOLQVWDQWDQHRXV WHPSR
ftHVWLPDWHG UK\WKPLF SDWWHUQV
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7ZR GLIITHUHQW LQIHUHQFH VFKHPHYV DUH QRZ G

XVLQIJ WKHI9LWHUEL DOJRULWKP LQ D GLVFUHW.L

SUR[LPDWHLQIHUHQFH XVLQJ SDUWLFOHILOWH
DQGZLWK WKH GLVIFUHWH YDULDEOH

9LWHUEL DOJRULWKP

7TKH FRQWLQXRXV YDULDEOHV RI EDU SRVLWLRC(
FUHWL]HG ZKLFK'%WUDQW RDRWWHHN/ KH FDUWH
VLDQ SURGXFW VSDFH RI WKH GEVFUDMQ@VL]HG YD
LQIHUHQFHFDQ EH SHUIRUPHG XVLQJ WKH 9LWH!
WKHPRVWOLNHO\VHTXHQFHRIKLGGHQ VWDWH\
VHTXHQFH

‘HIROORZD GLVFUHWL]DWLRQ VFKHPHWKDW L
SURSRVHEEY +RO]J]DSIHO HWB®ODFLQJ WKH FR
WLQXRXV YDQIGPEWKNLU GLVFUHWLPHGGFRXQWH
n UHVSHFWLYHO\ DV

m 2 f1,2:::;dM,eqg
n 2 fnpudpidl;nes2; N 1 Ng

+HU']H|_& b_pLQQDQ\G: Npp[F d_pDQLV WKHGLVFUHWH PL
LPXPDQG PD[LPXP WHPSR YDOXH@®HORZHG ZK
QRWHIORRUDQG FHLO RSHUDWLRQV UHSVHFWL

'LWK VXFKD GLVFUHWL]DWLRQ LQ SODFH WKF
WLRQV (TT DQG (TUHPDLQ DV GHILQHG +RZHYH
WHPSRWUDQVLWLRQ SUREDELOLW\LV UHGHILQ
UDQJH DV

8
21 pn Lhe=ng g

P(ng j nk 1):>p7” Lhe=ne 1 1
0 RWKHUZLVH

ZKH@HV WKH SUREDELOLW\ RI WHPSR FKDQJH

WKDW WKH GLVFNOIGOHBW LGRRWREH GRQH RQ DQ |
JHURURQ D XQLIRUP JULG ,W LV SRVVLEOH WK
EHQRQ XQLIRUPO\ VDPSOHGQGJHWEVZ Do SN RBRG H G
'LGPHU ,Q WKLV GLVVHUWDWLRQ KRZHYHU R
FUHWL]DWLRQ LV H[SORU+0® LTK\W KHW R Q BAHDW R |
JRULWBPLQHULYV WKHQ XV HG$8R REX\HILRKHLR |
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VW D W H V+DIOW KKMEMHE DVHG 9LWHUEL GHFRGLQJ LC
DOJRULWKP LQ %3 PRGHO DV GHVFULEHG LQ WK
DV¥00LQ WKH GLVVHUWDWLRQ

7KH GUDZEDFN RI WKLV DSSURDFK LV WKDW W/
EHRQD YHU\ ILQH JULG LQ RUGHU WR JXDUDQMW
ZKLFK OHDGV WR D SURKLELWLYHO\ODUJH VWDW
F\FOHV DQG DVDFRQVHTXHQFH WRDFRPSXWE
IHUHQFH 7KH VL]H RISAKM WWR O &/ © BIFIIG Y \D
S S VLIHGWUDQVLWLRQPDWUL[ $VDQ H[DPSOF
M =1600 SRVLWLRQ WWDSVW M PBIRAMWRDMH Y DQ G
SDWWHUQV WKH VL]IS R BEVON WD VW M V7KIHEFHRLPY
SXWDWLRQDO FRPSOH[LW)\ RKWKH IOWHIQUE L DO JF
WKRXJK WKH VWDWH WUDQVLWLRQ PDWUL[LV VS
RIDOORZHG WUDQVLWLRQVWXHBGR)QWWIR D FRPS
LQIHUH QD FIDMKEHFRPH FRPSXWDWLRQDOO\ SU
GRHVY QRW VFDOH ZHOO ZLWK LQFUHDVLQJ QXPE
OHPFDQEHRYHUFRPH IRULQVWDQFH E\XVLQJ
PHWKRGV VXFK DV SDUWLFOH ILOWHUYV

3DUWLFOH)LOWHU 3)

SDUWLFOH6ILEPWMMK\RGRW DUH D FODVV RIDSSURTJIL
HQFH DOJRULWKPVY WR HVWLPDWH WKH SRVWHU
TKH\RYHUFRPHWZRPDL¥pSUG EOVHVPNVRL MKH.RQ F
WKHVWDWHVSDFHDQGWKHTXDGUDWLFVFDOLC
ZLWKDGGLWLRQDO KLGGHQ YDULDEOHYVY ,QDGG
ORQJWHUP UHODWLRQVKLSVEHWZHHQ KLGGHAQ
,QWKHFRQWLQXR MKy WWAKIHWHH VISW FIR RS XW D W L |
WKH SREF(WHYLRIW RIWHQ LQWUDFWDEOH EXW LV
DWHG SRLQWZLVH ,Q SDUWLFOHILOWHUV WKH
LQJD ZHLJKWHG VHW RI SRLQWYV NQRZQ DV SDU\
DV
Xe .
P(lik ] \ik) W&) ( [k [(1I:i<
i=1

+HUHLgLVDVHW RI SRLQWY SDUWLFOHV ZLWK
fwlg i =1;:::;N, bk LV WKH VHW RI DOO VWDWH WUD
IUDRH(x) LV WKH 'LUDF GHONYDVIDQKWQRPEBQ & |
SDUWLFOHYV
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'LWK WKLV SDUWLFOH RAYWWR D/SASDRWLRDIVZH
WKH SRVWHULRU SRLQWZLVH ZH QHHG D VXLWEC
SOVDQG FRPSXWH DSSWR SUHMXWWI ZHH OKWW HDF
WLPHVWHS ,WLVFOHDUO\QRQ WULYLDOWRVD
ULRUGLVWULEXWLRQ6B VARG OHDG SRISFOUFK D Q F H
SOLQJ '®REFHW -RKDQVEIQHUH ZH VDPSOH IURP |
SURSBY DW UQ(EX WL RMKDW KDV WKH VDPH VXSSRU
DV VLPLODU WR WKH W UP{ Hj WD D YHI/R V&/IL\EV® BI L E X
7R DFFRXQW IRU WKH IDFW WKDW ZH VDPSOHG Il
WKH WDUJHW ZH DWWDF®'D®W R MOEKVEDQMH EBH
FRPSXWHG DV

o P( [l:kJ: \1:)
Q( [k \x)
‘LWK D VXLWDEOH SURSRVDO GHQVLW\ WKHVH :
UHFXUVLYHO\DV

0, o PO P
Wi Wi W 0
Q' J 15 W)
JROORZLEY +RO]JDSIHO EMVAKRRVH WR VDPSOI

IURP WKH WUDQVRWL RE SWREPDEL R yw\
ZKLFK UHGXFMWR(T

wd 1w PG )

7KB,®0JRULWKP GHULYHV VDPSOHV E\ILUVW VDI
LQ WKLV FDVH WKH WUDQVLWLRQ SUREDELOLW\
DFFRUGLQJ WRQYAH ZH GHWHUPLQH WKH SDUWLF(
f[0g ZH WKHQ VHOHF WMWK AW WIKMHEWRHVW ZHL
w{’ DV WEBIVWDWH VHTXHQFH

O0DQ\ HIWHQVLRQV KDYH EHHQ6SBIRGWMHG WR
'RXFHW DQG -RKDSQMHQGH D FRPSUHKHQVLYH R’
WRDGGUHVVVHYHUDO SUREOHPV ZLWKLW 6RPF
DUH EULHIO\PHQWLRQHG HPSKDVL]LQJWKHLU
WDLOHG GHVFULSWLRQ RI WKH DOURIEMNKPV KD
+RO]DSIHO HW DO

7KHPRVW FKDOOHQJLQJSUREOHPLQ SDUWLFC
HUDF\SUREOHP ZKHUHZLWKLQDVKRUWWLPH F
DZHLIJKW FORVHWR]HUR UHSUHVHQWLQJXQOL
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7KLV LV FRQWUDU\ WR WKH LGHDO FDVH ZKHQ Z
PDWFKZHOO ZLWK WKH WDUJHW GLVWULEXWLRC
GLVWULEXWLRQ ZLWK ORZ YDULDQFH 7R UHGXF
WLFOH ZHLJKWYV UHVDPSOLQJ VWHSYV DUH QHFF
ZHLIKW SDUWLFOHYV ZLWK KLIKHU ZHLJKW SDUW
ZLWKDSUREDELOLW\SURSRUWLRQDO WRWKHLL
PHWKRGVY KDYHEHHQ SURSRVHG EXW ZH XVH V\\
WKLV GLVVHUWDWLR@RE¥ W DPRRP HRK®HE HQ
'LWKUHVDPSOLQJ DV WKH HVdHQWHD Q IGW K RJBIH (
VDPSOLQJ LYHDOHOQMELIDMO ,PSRUWDQFHG6DPSOLQ
6,69LOWHU

,Q PHWHU DQDO\VLY SUREOHPV GXH WR PHW!
SRVWHULRUPG[jUW UVEKXWHRQPXOWLPRGDO 5HVD
WHQGV WR OHDG WR D FRQFHQWUDWLRQ RI SDUW
WHULRU ZKLOH WKH UHPDLQLQJ PRGHV DUH QR
DOOHYLDWH WKLV SUREOHP ZV=WR'/FRPSUHVV W
i=1;:::;N, E\D PRQRWRQLFDOO\LQFUHDVLQJ IXQF
WKH ZHLJKWV RI SDUWLFOHV LQ ORZ SUREDELOL
VXUYLYH UHVDPSOLQJ $IWHU UHVDPSOLQJ WK
FRPSUHVVHG WRJLYHD YDOLG SUREDELOLW\GL
PXODWHEXDPMORL@ U\ 3DUWLFBK DIQOMIQU 'R X)FHW

$ SDUWLFOH VIVWHP WKDW LV FDSDEOH RI KD
JXLWLHV PXVW PDLQWDLQ WKH PXOWLPRGDOLW
DQG EH DEOH WR WUDFN VHY HUDQBKDRRBW KHV HV
$3)FDQQRW GRH[SOLFLWOOLSWXVUWIBPBEDQBOE B W
WHU @DV SURSRNHBIEDN 'RXFHW DMER3pUH]
WUDFN PXOWLSOH K\SRWKHVHV DQG ZDV DGDS\
.UHEV +RO]DSIHO HW DO

,QD3) HDFK SDUWLFOHLVDVVLIJQHGWRDFOXV
UHVHQWY D PRGHRIWKH SRVWHULRU 'XULQJUH
DFOXVWHU LQWHUDFW RQO\ ZLWK SDUWLFOHV |
SOLQJLVGRQHLQGHSHQGHQWO\LQ HDFK FOXV\
SUREDELOLW\GLVWULEXWLRQLQWDFW 7KLV ZI
WHULRU FDQ EH WUDFNHG WKURXJK WKH ZKROH
K\SRWKHVLV FDQEHFKRVHQDW WKHHQG ,Q WKI
FDOFOXVWHULQJVFKHPH XVLQJD F\FOLF GLVWE
EVUHEV +RO]DSIHONRWDOFNVHYHUDO GLIIHUH:
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PHWULFDO SRVLWLRQV DW D JLYHQ WLPH :H XV
VXUH WKDW FDQ WDNH LQWR DFFRXQW WKH F\FO

%\UHSUHVHQWLQJWKHEDUSRVLWLRQDV D FR
FLUFOH ZHFDQ FRPSXWH WKH)ERUMWHVSRQGLQJ
$ GLVWDQFH EHWZHHQ W ZiRDSPA VQ FADKH/QLBIE H [H
FRPSXWHG DV

) _
d(i;j) = FRY) FRVY) ™+ vi@®) vi®) g

. 2 . .
D T 0 0y

ZKHUH WKH $DUDRHMRMWWURO WKH UHODWLYH Z
WKH GLVWDQFH

,Q WIGH DIWHU DQ LQLWLDO FOXVWHU DVVLJQ
UHFOXVWHULQJEHIRUHHYHU\UHVDPSOLQJVWH
WHUV EDVHG RQ WKH DYHUDJH GLVWDQFH EHWZ
FOXVWHULQJ PHUJLQJDQG VSOLWWLQJ RI FOX
WURO WKH QXPEHU RI FOXVWHUV ZKLFK LGHDO
RIPRGHV LQ WKH SRVWHULRU 7KH PL[WXUH SDL
ELQHG ZLWK DX[LOLDU\ UK\ D® 5D QULYWR XU M 13 MK
WLFOH )LOWSW USIFRPPHQGHEGS EARO]JDSIHO HW D

ZHUHVDPSOHDWTD IL[HG LQWHUYDO

W KDV EHHQ FOHDHBVVKR [DBIKIMEHW D O
FDQEHHIIHFWLYHO\XVHG IRUWKHWDVNRIPHW|
L QWKLV GLVVHBYWIDWRRQWKRHDY RXWOLQHGLQ $
LVXVHGIRUDOOPHWHUDQDO\VLVY WDVNV WKDW
7KHO03)DOJRULWKP ZLWK WKH %3 PRGHO DV GHV|
WLRQ ZLOO EM@BHDRWKB BVVVHUWDWLRQ

7KHFRPSOH[LW\RIWKH3)VFKHPHV VFDOHV OL
EHURI SINyWUBBWSHFWLYH RI WKH VL]H RI VWDW
WR DQ HIILFLHQW LQIHUHQFH LQ ODUJH VWDWH
WR WKHXVLQJ 9LWHUEL GHFRGLQJ WKDW KDV D
RO(K jSj) WKH 3) QHHGV Ny R/ WAD RIHHAMMOMIH FW R U L |
ZHLJKWV VLJQLILFDQWO\UHGXFLQJWKH PHPRL
GLWLRQDO DGYDQWDJH LV WKDW WKH QXPEHU F
EDVHG RQWKHFRPSXWDWLRQDO SRZHU ZH FDQ [
WKH VWDWH VSDFH ODUJHU ZLWK QR RU RQO\ D
FRPSXWDWLRQDO UHTXLUHPHQWYV
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SOJRULWERXWOL QEBRD O KRIUSOMBKIRRU LQIHU
HQFHLQ %3 PRGHO

IRU \WRGR
6D P S HP([o) k=1 nd
6 HWY = ¥,
&OXWWNjHAL; 2, ;N,g JHW FOXVWHESVVLIQPHQV
IRN WRGR

IRU  WRGR . r 3URSRVDODQG ZHLJK\
6DPSPBHP( ) [) 6=,
LIV< O WKHQ . %DU FURVVHG
i P, . 6DPSOH SDWWHUQV
HOVH
(I) — r(i)
k 1
('): WI(<I) P(\] (kl)1rkl))
IRU WRGR . 1IRUPDOL]H ZHLJKWYV
(i) = _w
W, =

LIPRE;Ts)=0 WKH_Q&_OXVWHU UHVDPSOH UHI
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TR FRQFOXGH WKHEDU SRLQWHU PRGHO LV D
XVHIXOLQDOOWKHPHWHUDQDO\VLY WKDW DUH
SHUIRUPDQFH RI PHWHU DQDO\VLV ZLWK %3 PR(
IRUDOO WKHGDWDVHWV DQG PXVLF FXOWXUHYV .
RIWKHDUWPRGHO H[SORUHG EHIRUH WKHGLVYV
HISORUDWLRQ RIWKHPRGHO ZLWK WKHIROORZL
WKH SUHYLRXV DSSURDFKHYV

7KH EDU SRLQWHU PRGHO KDV EHHQ HIWHQGH (
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GLDQ DUW PXVLF VKRZLQJLWYV XWLOLW\DQG ¢
ZLWK WKHNLQGV RI PHWULFDO VWUXFEWXUHV V
7KHVH OHDUQLQJVDQGLQVLJKWYV ZLOO KHOS |
RIWKHPRGHO SXVKLQJWKHVWDWHRIWKH DL
(YHQ WKRXJK WKH EDU SRLQWHU PRGHO FDQ K
PLESDWWHUQV SHUUK\WKP FODVV RUPHWHU
VWXG\ KDV DSSOLHG LW WR LQFOXGH PRUH WK
SHU UK\WK#REQDSM O HW DKH GLVVHUWDWLRQ
WKH ILUVW WLPH DSSOLHV WKH EDU SRLQWHU
SDWWHUQV SHU UK\WKP FODVV DQG SUHVHQW)\
GHYHUDO QRYHO H[WHQVLRQV WR WKH EDU SR
DQG SUHVHQWHGLQWKHGLVVHUWDWLRQ WR D
RIWKHPRGHO DQG WR H[WHQG WKH IXQFWLRC

6HYHUDO H{WHQVLRQV DQG HQKDQFHPHQWV WR
EHSURSRVHG )RUEHWWHURUJDQL]DWLRQ WKI
LQWR WZR FDWHJRULHYV PRGHO H[WHQVLRQV W
PRGHO VWUXFWXUH RIWKH %3 PRGHO HLWKHU
GHQ YDULDEOHV RUXVLQJGLIIHUHQW FRQGLWLI
VKLSY DQG LQIHUHQFH H[WHQVLRQV WKDW DLP
%3 PRGHO IRUEHWWHUDQG IDVWHU LQIHUHQF}

8XjXk JQ/2H 2ti2MbBQMb

7KH PRGHO H[WHQVLRQV SURSRVHG WR WKH EDL
XSRQ WKHPRGHO VWUXFWXUH 7ZR GLIIHUHQW P
SRVHGLQWKHGLVVHUWDWLRQ DPL[WXUHREVH
WLRQ SRLQWHU PRGHO

%DU SRLQWHU PRGHO ZLWK D PLIWXUH REVHUYD
02 PRGHO

‘HSURSRVHD VLPSOLILFDWLRQ WR WKHEDU SRL
YHUVH PLIWXUH REVHUYDWLRQ PRGHO LQFRUSR
PXOWLSOH UK\WKPLF SDWWHUQV 7KHEDU SRLQ
6HFWLR®VHYV PXOWLSOH UK\WKPLF SDWWHUQV
'KHQ WKH WDVN LV RQO\ WR WUDFN WKH EHDWYV
WUDFNLQJ DVVXPLQJ W KM PHMWRNUMMAIS HQIV IR Z
WHUQ WUDQVLWLRQVLVVXSHUIOXRXV +RZHYHI
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SDWWHUQV DGLYHUVHPL[WXUHREVHUYDWLRQ
SRUDWH REVHUYDWLRQV IURP PXOWLSOH UK\WK

,Q PHWHU WUDFNLQJ VLQFHDOO WKH UK\WKP
VDPH W\SHRIPHWHU ZHFDQ VLPSOLI\%3 PRGH{¢
DQ&DULDEOHV ZKLOH XVLQJDQREVHUYDWLRQF
OLNHOLKRRG RIDQ REVHUYDWLRQ E\PDUJLQDOI
7KH PRWLYDWLRQ IRU WKLV VLPSOLILFDWLRQ L
LV VLPSOLILHG ZLWK RQO\WZR KLGGHQ YDULDE
WKH LQIOXHQFH RI GLYHUVH SDWWHUQV WKDW |
F\FOH LQ WKH LQIHUHQFH 7KLV VLPSOLILFDWL
XVHV D PLIWXUH REVHUYDWLRQ PRGHO LV UHIHU
LVVKRZQLQ BHJXUH

'LWK WKLV VLPSOLILFDWLRQ LQ WKH PRGHO V'
WKHWUDQVLWLRQRRGKDQIHM WR

P(kjk 0=P(«] «k D=P(«] k15« J)P(«] « 1)

+HUH=[; J LV GHILQHG DV WKH VXEVHW RI WKH K
WUDFNHG XVLQJ WKH 02 PRGHO 7KH WHPSR WL
DERYHHTXDWLRQ UHPDLQV LGHQWLFDO WR WK
7TKH WHUMIRMR UHPDLQV VLEROMDKHWMR3I(PRGHO

DSDUW IURP WKHUHPRYDQ RDWKHGHSHQGHQFH

P(kj kux1=1

ZKHUHY DQLQGLFDWRU IXQFWLRQ WEKDW WDNHV
(«1+ %« 1) PR®) DQG JHUR RWKHUZLVH QRWLQJ WK
RIDOO UK\WKPLF SIMMVAWHUGY DO R DXODXH V R |

7KH REVHUYDWLRQ PRGHO DLPV WR XWLOL]H L
SOH UK\WKPLF SDWWHUQV 7KH 02 PRGHO XVHV
PRGHO FRPSXWH@EINPPRI(TLQDOL]JLQJ RYHU WKH S
DVVXPLQJHTXDO SULRUV

X
PO\ DI POVjr =)

j=1

7KLV REVHUYDWLRQ PRGHO PDNHV WKH 02 PRGH
LQJD FRPSXWDWLRQDO DGYDQWDJH 6LQFH WK
FDQEHSUHFRPSXWHG LQIHUHQFHZLWKO02 PRGH
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FRPSXWDWLRQDO UHVRXUFHV ZLWKRQO\DPDU
LQJLQIHUHQFH ZLWKLQFUHDVHLQ QXPEHURISD
DVVXPHV WKDW WKH OHQJWK RI DOO UK\WKPLF ¢
QRWEHDSSOLHG IRUWKHWDVNRIPHWHULQIHU
W —RIIDGLIITHUHQW OHQJWKV DUH SUHVHQW EXW F
RIPHWHU WUDFNLQJ

,QIHUHQFH LQ 02KMRGHBUHQFHLQ 02 PRGHO LV V
WKDW XVLQJ %3 PRGHO E\GLVFUHWL]LQJ WKH \
+00 DQG DSSO\LQJI9LWHUEL DOJRULWKP RU XVL«
LQIHUHQ@PHFD® EH SHUIRUPHG ZLWK SUH FRPSXW
IURP GLITHUHQW UK\WKPLF SDWWHUQV IURP WKH
+0PLQ WKLV GLVVHUW DBW3RRZQ WK WIKGIDZ OPRE K @
HIWHQVLRQ LV RXW O IDQHGLIVQGHRIRAY HQ R/

WKH UHVW RI WKH FKDSWHU

SOJRULMKWO L QSIORPWR BIR UROBKIRU LQIHUHQFH
LQ 02 PRGHO

IRU \WRGR

6DPSEHH P( )P (o) w =N, . =@
&OXW\WHYL1;2, ;N,g JHW FOXVWHLEMVVLIQPHQV
IRN WRGR

IRU \WRGR . 3URSRVDODQG ZHLJK)

6DPSPBHP( ) () 60,
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6HFWLRQ SRLOQWHU PRGHO

7R WKH EHVW RI RXU NQRZOHGJH WKH PHWKRGYV
LQIHUHQFH VR IDU LQFOXGLQJ WKH EDU SRLQW
SOLHG DQG HYDOXDWHG RQ PHWULFDO F\FOHV
WKH W\SLFDO GXUDWLRQRID PHDVXUHLQ SRS
ZRXOG ODVW IURP D ELW OHVV WKDQ V WR OLW)
PHWULFDO F\FOHV ZHUH UHSRUWHG WR FDXVH
SURDFHRODDSIHO HW DOONVHUHVWLQJO\ WKLV XSS
WLRQ FRLQFLGHV ZLWK WKH OLPLW RI D SHUFHS
WR DV SHUFH S&OXDWONSHUBPBQW KDV EHHQ DUJXHC
ORQJHU PHWULFDO F\FOHV PLJKW QRW EH SHUFF
HQW&®D\WRQ ,Q WUDFNLQJVXFK ORQJPHWULFI
WHQHUV RIWHQ WUDFN VKRUWHU EXW PXVLFDO
F\FOH 7KLV PRWLYDWHV WKH XVHRIVXE EDURU
PLF SDWWHUQV LQ PHWHU DQDO\VLY WDVNV &RI
OHQJWK SDWWHUQV VKRUWHU SDWWHUQV KDY
PLJKW SURYLGH EHWWHU FXHV IRUPHWHU WUDF

$VLPLODU LGHD 2B D SIS\WOREBBKEHUH UK\WK
PLF SDWWHUQV Rl EHDW OHQJWK DUH OHDUQHG
WUDFNLQJ +RZHYHU WKH SDSHU DVVXPHV WKD
ODU LVRFKURQRXV VHTXHQFH DQ DVVXPSWLRC
PDQ\ PXVLFV RI WKH ZRUOG VXFK DV ,QGLDQ 7
.RUHDQ PXVLFV )XUWKHUPRUH WKH SDSHU GRI
KLJKHU OHYHO PHWULFDO LQIRUPDWLRQ H J ¢«
SURSRVLQJ D JHQHUDOL]DWLRQ WR WKH EDU SF
IRUWKH ILUVW WLPH WKH WZR EDVLF OLPLWDMW
WUDFNLQJ DSSURDFKHV LQFOXGLQJ WKH %3 PR
VKRUW F\FOHV DQG LVRFK B R Q®XYDEHPW W\ KX H
DO 7KH JHQHUDOL]DWLRQ RI WKH %3 PRGHO
SRLQWHU PRGHO 63 PRGHO XVHV PXVLFDOO\
EO\ XQHTXDO VHFWLRQ OHQJWK UK\WKPLF SDW\
WUDFNLQJ LWK WKHQHZPRGHO LW LV IXUWKH
XVLQJ VKRUWHU VHFWLRQ OHQJWK UK\WKPLF ST
WUDFNLQJ FRPSDUHG WR EDU F\FOH OHQJWK U
SUHVHQFHRIORQJPHWULFDO F\FOHYV

7KHLGHD EHKLQG WKH 63 PRGHO LV WR WUDFN
ZKROH EDU F\FOH 7KH UK\WKPLF SDWWHUQV L
OHQJWK DQG KHQFH SRVVLEO\XQHTXDO LQ OHC
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SURJUHVVLRQ WKURXJK HDFK VHFWLRQ DQG DR
WLILHU KDQGOHYV WKH SURJUHVVLRQ WKURXJK V
VWUXFWXUH RI WKH 63 PR G H®IQGVKRZ QH@HWU J X |
DOL]DWLRQ WR WKH %3 PRGHO ZLWK WKH %3 PR
RI WKH 63 PRGHO +HQFH WKH 63 PRGHO FDQ EH
PXVLFVW\OHV LQ D VWUDLJKW IRUZDUG ZD\ MXV
OHWHU WUDFNLQJLQ ,QGLDQ DUW PXVLF LV D\
WKH 63 PRGHO %RWK &DUQDWLF DQG +LQGXVW
Z LW K LVO-MIIROHOQYA. E KU-HVSHFWLYHO\ ZKLFKDUHP
ZHOO GHILQHG DQG KHQFH WKH XVH RI VHFWLRQ
LQ WKH WDVNRIPHWHU DQDO\VLYV FDQ EH H[SOR!|
LQJIXO F\FOH GLYLVLRQV
+LQGXVWDQWRXS/QARWKDHKDW OD%WIRYWROD PLQ X
ZKLFKLVDJRRGWHVWFDVHIRUWKH63 PRG
UDQJHDQGWKHILOOHUVWURNHWLQBAGGWYV WD (
SLHFHV FDQ SURYLGHD GHQVHU VXUIDFH UK\WK
IURP WKH XQGHUO\LQJ PHWULFDO VWUXFWXUH
FRQIXVH WKH PHWHU WUDFNHUV DQG ELDV LW W|
WHPSR VRPHWKLQJWKDW FDQEHPLWLIJDWHG E
OHQJWK SDWWHUQV ) RU-WEHHWYL R\GIMD B EQW O D U .
SLHFHV FDXVHV DQ XQVWDEOH ORFDO WHPSR HV
LQJ Rl WKH WUDFNLQJ DOJRULWKPV ZKLFK DOV|
JDWHG E\WUDENLQJVKRUWHU OHQJWK SDWWHU
,Q WKH 63 PRGHO VKREQ KQS)RWKWHWLFDO SRLC
WUDYHUVHV HDFK VHFWLRQ RI D PHWULFDO F\F
WKH YDULDP ROWWKH EDU SRLQWHU PRGHO ZH QRZ
LQWURGXFHDVHFWLRQLQGLFDWRUYDULDEOH
DW HDFK DXGLR IUDPH ZH UHGHILQH DQG GHQR
YDULDE O H[YH FW:RAE RV ZKH U H

$6HFWLRQ LQIGH FEIWW UR Q L QWGAfADWRY) YDULDEO|
LVDQLQGLFDWRU YDULDE O N MEKDAHL@H QWL ILF
GXVWDQLPAYDRPWQDWLF PXW-BP RQG EBU
OHFWV RORRYMWKHDWLRQ PRGHOV FRUUHVSRQC
WLRQ OHQJWK UK\WKPLF SDWWHUQ OHDUQHG |
W-BOPLJKW KDYHPDQ\VHFWLRQV RIGLIITHUHQV
WKH QXPEHWBHDWYV LQUEBHFWLRQ

F5K\WKPLF SDWWHRQ HQPGE KRDIWFRHWRH) DUH RQH
RUPRUH DVVRFLDWHG UK\WKF ISHD WKAMKPV G HC
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SDWWHUQ LDGREDWRWK WKH V NH® HEQ VQIGH F D
DSSURSULDWH REVHUYDWLRQ PRGHO WR EH XV
ZLWKRXW ORVV RI JHQHUDOLW)\ ZH DVVXPH HD
HOHG E\DQ HTXDO QXPEHU R RS®WWHIU G X WZH GV K
DFURVV DOO WKH VHFWLRQV HTXDOO\ +HQFH
SDWWHUQV SHU VRAWSRWW K UDRWHQLDAWVK WKH DV
WLR RWYDW LQWHJIHU PXOWLSOH RI

$+3RVLWLRQ LIKWHRWLRQ RMWDKH BEGRGHO WUDF
WKH SRVLWLRQ ZLWX [0 VAKHWIHRYD \B K H
OHQJWK R VHF¥FIURID VOHWNRUR@G WKHQ UHVHW YV
WRWR VWDUW WUDFNLQJ WKH QH[W VHEWLRQ
ORQJHVW MHBWGRNXMHQ VFDOH WKH OHQJWKV RI
DFFRUGLQJO\

$,QVWDQWDQHRXW WGWBRHR XYV WHIPSRUHG® LD E C
LQ SRVLWLRQV SHUWLPHIUDPH LVVLPLODU W
YDULDEOHRIWKH %3 PRGHODQG GHQRWHV WK
WLRQ YDBUBREOHVVHVY WKURXJK D VHFWLRQ DW
7KH DOORZHG UDQJH R[WikHYGHEBBGN RQ
WKH IUDPHIKRS VIMHFRQG XVHG KHUH DV EHIRL
FDQ EH SUHVHW RU OHDUQHG |URPYADOXMH ,Q D .
Ry FRUUHVSRQGYV WR D \WHMWL RQHPRODIBNVLRQ R
D QBB Bv «/(Myn) P—WEHDWY SHU PLQXWH

*LYHQWKHFRQGLWLRQDO GHSHPWKB AMUDIYOD W
VLWLRQ SUREDELOLW\LQ 63 PRGHO IDFWRULJHV

P(kik )=P(«x] k10« W% )P(x] « 13 1)
P(VijVk 15 ks k 1) P(rej re 1o Vi Ve 1)
(DFK RIWKHWHUPFDQEHTH[SDQGHG DV
P(k)] k15« uWw1)=1

ZKHUHKV DQ LQGLFDWRU IXQFWLRQ WEKDW WDNH V
(«1+ «1) PR®, ,) DQGJHURRWKHUZLVH 7KH WHP
WLRQ LV JLYHQ E\

P(«] « W 1) /N (=« 1 i) 1
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ZKHIUHVDQ LQGLFDWRU IXQFWARQMKDW HTXDOV
DQG JHUR RWKHUZLVH UHVWULFWLQJ WKH WHP
ILQHG WBEQ PHGHQRWHYV D QRUPDO GLVWULEXWLF
DQG YDWLDKYFEHIRUH ZLWK WKH %3 PRGHO WKH
GHSHQGVRQWKHYDOXHRIWHPSR WRDOORZIR
DW KLJKHU WHPSL DQVDREGH®HRQV RQ WKH OHQJ
VHFWLRQ SURYLGLQJKLJKHU IOH[LELOLW\ RI W
‘HVHW= , 41 (Mw/m) ZKHWHV D XVHU SDUDPHWH
WKDW FRQWUROV WKH DPRXQW RI ORFDO WHPSR
PXVLF SLHFH

7KHVHFWLRQ WUDQVLWLRQ SUREDELOLW\ LV .

. BVik ;W) LlIk< k1
P(Vk W 15 « =

(VK j Vk 15 k5 k 1) 1, HOVH
ZKHBHV WKUWWLPH KRPRIJHQHRXV VHFWLRQ WUD
ZLW(Kj) EHLQJ WKH WUDQVLW. RMR SUREDELOLW\ |
LVDQLQGLFDWRU IXQFWLRO WKDQGTHKWDROV RQF
RWKHUZLVH 7KH SDWWHUQ WUDQVLWLRQV DUH

’ o _ Ak ) Llg< ¢
P(rejite 17 ko k 1) = 1 HOVH
ZKHAHV WKRWLPH KRPRIJIHQHRXV SDWWHUQ WUL
ZLW(EKj) EHLQJ WKH WUDQVL\N(LW(BSJIRCEDELOLW\
LVDQLQGLFDWRU IXQFWLRE W KD®GITHKWDOV RQF
RWKHUZLVH

6HFWLRQ FKDQJHVY DUH SHUPLWWHG RQO\ DW
6LOFH WKH UK\WKPLF SDWWHUQV DUHDOVR RQH
WUDQVLWLRQVDUHDOVRDOORZHGRQO\DW WK
BLVXVHGWRGHWHUPLQH WKH RUGHU RI WKH VEF
W-DE\DOORZLQJRQO\WKRVH GHIEQ®EWUDQVL)
VHW WR GR PHWHU WUDFNLQJE\LQFOXGLQJ RQ
RI'DVSH¥BIQOS OBUIPROXGLQIJ DOO WKH VHFWLR
WKH UK\WKP FODVVHV FDQ EH XVHG IRU PHWHU
PDWAUEQPRVHO\BRQGKDW QRQ |JHUR SUREDELOLW
DOORZHG SDWWHUQ WUDQVLWLRQVU])RU LOOXV
SDNWKLFK KDWLIWKUGFHBN ZLWK WKH 63 PRGHODQG
UK\WKPLF SDWWHUQRS6 U YKIFWDRRQHIFQBHRUP)
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JLIXUH$SQ LOOXVWUDWLRQ RE VDKM B K\PVRKI F/LHFFSADLVRY H L
A WUDQVLWLRQ PDWUSPHIWRIDOWKBBELAMRGHO 7KH
SDWWHUQMZ2W¥4g @58 FRUUHVSRQG WR VHFWLRQV

UHVSHFWLY H®\WRKHJHDDKHWQW IURP WUDLQLQJ GD

RIWKHVHFWLRQ WRID QLML W® FPOQ WK L PKK VW UD
LQ )LIXUH

7KH REVHUYDWLRQ PRGHO ZLWK WKH 63 PRGH
WKH %3 PRGHO ZLWKDQDVVXPSWLRQWKDW WK|
WKHSRVLWLRQLQVHFWLRQ WKHUK\WKPLF SDW
WRU YDULDEOHV 7K HPR-QUERMDEWY HIGX B B WIDH®D X/ L W
WKHLU SRVLWLRQ LQ WKH F\FOHDQG KHQFH WKt#
WLRQ OHQJWK UK\WKPLF SDWWHUQVIURPDXGLR
SDWWHUQV IURP HDFK VH F WRLR SDDAW FAUKGHFORXO/X V
WHUV XVLQJDN PHDQV DOJRULWKP (DFK VHFWI
LOQOWHORWH FHOOV DOO IHDWXUHV ZLWKLQ WKH F
D WZR FRPSFRQHQWW WR HDFK FHOO 7KH REVHU®
KRRG ZLWK WKH 63 PRGHO FDQ KHQFH EH FRP S X\

X2
P(\j D=PQ\j irv)= wvi NS v 3 v )

i=1

ZKHNH; ; ) GHQRWHV D QRUPDO GLVWULEXWLRQ
WXUH FRPSRQHQW DQG,; DUH WKH FRPSRQHQW
ZHLJKW PHDQ GLPHQVLRQDO RQZ WKH FRYD!
UHVSHFWLYHO\ +HQFH WOOHIWRH IMVDIF® R E ¥ MU RIDW
UK\WKPLF SDWWHUQ DQG WLHG VHFWLRQ SRVL\

W LV VWUDLJKWIRUZDUG WR VHH WKDW WKH ¥
RI WKH 63 PRGHO ZKHQ WKH UK\WKPLF SDWWH L
F\FOH %\SRROLQJLQDOOWKHVHFWLRQ OHQJ
W—_WRVHWKHU 63 PRGHO FDQ DOVR EH DSSOLH(
WDVN )XUWKHU D VSHFLDO FDVH RI WKH 63 PR
EHU RI VHFWLRQV HTXDOV WKH XPRHU RI UK\W
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$SOJRULDKWOL QSIORB) W& HR ULWVBKIRU LQIHUHQFH
LQ 63 PRGHO
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ZLWK HDFK VHFWLRQ EHLQJPRGHOHG ZLWK MXV\
VXFKDFDVH WEKIB PBVWGHUHYJ WKHDNEGEWHR QD ¢
VXSHUIOXRXV ,Q VXFK D FDVH WKH 63 PRGHO |
SURSRVHG DQ6WSBE.DHVDPX UWKYRWRIDIRUP
VKRZQ LQ )LGXUH

,QIHUHQFH LQ #RARIGH[DFW DQG DSSUR[LPDWH
VEKHPHV FDQ EH XVHG IRU LQIHUHQFH LQ 63 PR
IRU %3 PRGHO 7KH 9LWHUEL DOJRULWKP LQIHL
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63 PRGHO VWDWH V SHDRH7IK$IGH QRMKWGE QFH LQ
63 PRGHO ZLOOEH UHIHUUHG WRQA)IDXHE UHVW R
WKH DOJRULWKP LVRXWOLQHGLQ $OJRULWKP

8XjXj AM72°2M+2 2ti2MbBQMb

7KH SURSRVHG LQIHUHQFH HIWHQVLRQV DLP IRL
IHUHQFHLQ WKH %3 PRGHO HLWKHUE\PDNLQJL
DSSUR[LPDWHLQIHUHQFH

(QG RI EDU SDWWHUQ VDPSOLQJ

7KH XVH RI EDU F\FOH OHQJWK UK\WKPLF SDWW
LQ %3 PRGHO LV ZHOO PRWLYDWHG :KHQ WKHUF
SDWWHUQV EHLQJWUDFNHG ZHFDQ WKHRUHWL
WHUQ WKDW RFFXUUHGLQWKHFXUUHQWEDURQ
FRUUHVSRQGLQJWR WKH ZK{FOG HDEDIWR UHRZKIFY H U
ZLWK WKH %3 PRGHO DW WKHEHJLQQLQJRIHYH
VLWLRQ@RMWVYHGWRVDPSOHD SDWWHUQ IRU WK
KHOG IL[HG IRUWKH ZKROHEDU 7KLV LV FRQWUL
ZH QHHG WKH ZKROH EDU WR VHH DQG LQIHU ZKL
GHFLVLRQ WKDW FDQ RQO\EH PDGH DW WKH HQG
QLQJ 7KHVWUDWHJI\RIVDPSOLQJD UK\WKPLF S
RIWKHEDUDQG IL[LQJLW IRUWKH ZKROHEDU L\
LV VXERSWLPDO $%D 8) VIJRULIR\QKW RV SURSRVH
DGGUHVV WKLV OLPLWDWLRQ

7KHH[WHQVLRQ FDOOHGHQG RI EDU SDWWH
$03) FDB®AXR Q VKRUW GHIHUVWKHGHFLVLRQR
KHQFHLQIHUULQJ WKH SDWWHUQ LQ WKH FXUUF
,QHYHU\EDU EHLQJ WUDFNHG WKHDOJRULWKP
HDFK RI WKH SDWWHUQV RYHU WKH ZKROH EDU
PXODWHG ZHLJKW WR FKRRVH WKH PRVW OLNHO'
EDU

7KH SURSRVHG HQKDQFHPHQW FDQ EH IRUPXO
WHP XVLQJWZR GLIIHUHQW FOSU3AOXVRXSV
WHULQJEDVHGRQPHWULFDO SRVLWLRQDQG WH
WHUQV DQDGGLWLRQDO JURXSLQJLV DFKLHY
WHUQV :LWKLQ D VLQJOH V\VWHP RI SDUWLFOH
LQIHUHQFH RI SDWWHUQV WLOO WKHHQG RID ED
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%D\HVLDQ PRGHOVIRUPHWHUDQDO\VLV

WKHHQG RID EQUZWWK BDMWRMNVPVVLIQHG WR
WKH SUHYLRXV EDU WKXV GHIHUULQJWKH GHFL
PLF SDWWHUQ WR WKH HQG Rl WKH EDU 2QFH W
EDULV GRQH WKH ZHEPKRY WIKG W K H YHEW RWD P H
UHGLVWULEXWHG EDVHG RQ WKH WUDQVLWLRQ
IURP WKH LQIHUBH® IS WWHYUL@R XV EDU $V ZLWK
DWLFUHVDPS@BYDUWR WEHRGHO WKHUHVDPSOL
O LVGRQHDW D IL[H®BVLQQN AMKHDRDRIJLQDO VXPPt
ZHLIKWYDFK RI WKHWZR UHVDPSOLQJ UHZHLJK\
WKDW WKH QHZ ZHLJKWY PDLQWDLQ D YDOLG SU|
WKH SDUWLFOH V\VWHP

W LV QHFHVVDRJUWWDRKWP DB SDWKWHUQV DVVRFL
O WREHRIWKHVDPH OH QG0BH)0 MIRE KWE® P H V@ H
RQO\EHDSSOLHG WR WKH WDVNRIPHWHU WUDF

)DVWHU ,QIHUHQFH

7KHO02 PRGHO SUHVHQWWHLEPIS® 6 HFWLRKH %3 PRC
DQG PDNHV LQIHUHQFH IDVWHU ,QIHUHQFH LQ
PDGHIDVWHU E\ XWLOL]LQJ WKH WLPHVSDUVLW
SURSRR/MDIMQ | HUKHHEGHD RI KRS LQIHUHQFH LV W
RI SHUIRUPLQJLQIHUHQFHDWHYHU\WLPH IUDP!
DW VSHFLILFIUDPHVY WKDW DUHDVVRFLDWHG ZL
RQVHWYV

2QVHW HYHQWYV DUH LPSRUWDQW FXHV WR LQ
PHWULFDO VWUXFWXUHY DQG LW LV K\SRWKHV
WKHVHFXHVDQG XVHDQLQKHUHQW VHQVHRI WL
WXUHV DFFXUDWHO\ :H ZLVK WR DQDO\]JH LI DXW
GR D IDVWHU DQG DFFXUDWH LQIHUHQFH E\ MXV
+RSLQIHUHQFH PDNHV LQIHUHQFH IDVWHU E\ VN
SXWDWLRQDQGVDPSOLQJVWHSY DQGFDQVSHI
DV ODUJH DV 7ZR GLITHUHQW KRS LQIHUHQFH
DUH SURSROBLWHK %3 PRGHO LQ WKLV ZRUN

3HDN +RS ,QIBWIQFHKH SHDNV RIWKHVSHFWUDO
WXUH VHTXHQFHLVDQLQGLFDWRURIHYHQWYV
SHDN ILQGLQJ DOJRULWKP WKH IUDPHV DW ZK
DUHHVWLPDWHG 7KHSURJUHVVLRQRIWKH SD
WUDQVLWLRQ PRGHO DQG DQ XSGDWH RI WKHLI



OHWHU LQIHUHQFH DQG WU

WKHVH SHDNIUDPHVY VNLSSLQJWKHQRQ SHDN
PRGHO XSGDWH HTXDWHRWR EH UHGHILQHG DF
LQJO\ ,Q SDUWLFXODU WKHSRVLWLRQYDULDE
VFDOHV WKHLQVWDQWDQHRXV WHPSR E\ WKH (
IURP WKH SUHYLRXV SHDNLQRUGHUWRPDLQW
ZLWK D SHDN KRS LQIHUHQFH 3HDN KRS LQIHU|
IHUHQFH E\ XS WR DIDFWRU RI

2QVHW JDWHG ZHEIXW XBBSMWW¥HH WKH DGYDQWD.
DIDVWHU LQIHUHQFH SHDNKRSLQIHUHQFHFD
QXLWLBQGQ'HPSR YDOXHY GXH WR ODUJH MXP.
VLQFHWKH\DUHVDPSOHG ZLWK ODUJH JDSV RI
IUDPHV $Q LPSURYHPHQW WR SHDN KRS ZKLOF
QXLW\LVWKHRQVHW JDWHRIABIUBKMD RSCB® H 2
DQG XSGDWHGHYHU\IUDPHWRPDLQWDLQ FRQ\
WKH SDUWLFOHV XVLQJWKHOLNHOLKRRGV IU
DUH XSGDWHG RQO\DW IUDPHV ZKHUH WKHUH L
IOX[IHDWXUH LQGLFDWLQJD UK\WKPLFHYHQMW
PDLQWDLQ WKH FRQW L @XQLG¥ D UQ MELCHAN LZKL @ K
UHWDLQLQJWKH SULQFLSOH RISHDN KRS *DW
DQ REVHUYDWLRQ OLNHOLKRRG FRPSXWDWLR(
KHQFH VSHHGV XS LQIHUHQFH 7KH FRPSXWDW
HYHULV ORZHU WKDQ WKDW IRU SHDN KRS LQIH

7KH GLIIHUHQW PHWHU WUDFNLQJPRGHOV WK
VHFWLRQ DUH OLVWHG DQG VPP DVDIE|GIE D Q VIR E
VKRZV WKH DFURQ\PV IRUWKH DOJRULWKPV ZH
DORQJ ZLWK WKH PHWHU DQDO\VLY WDVNV WR Z
‘HQRZ SUHVHQW WKH H[SHULPHQWV DQG UHVXO
PRGHOV DQG H[WHQVLRQV RQ WKHDQQRWDWHG

8X9 1tT2 BK2Mib M/ "2bmHib

7KLV VHFWLRQ FRPSUHKHQVLYHO\SUHVHQWV W
RIPHWHU DQDO\VLV IRUGLITHUHQW WDVNV DQG
DQG DOJRULWKPYV GHVFULEHG LQ WKH FKDSWHU
PHQWY SUHVHQWHG LQ WKH VHFWLRQ DUH

7 RHYDOXDWH GLIITHUHQW PHWHU DQDO\VLV WD
WHU WUDFNLQJ DQG LQIRUPHG PHWHU WUDFNL



([SHULPHQWV DQG UHVXOWYV

$FURQ\P ORGHO , QIHUHQFH DOJRULWKP OH
,QIHUHQFH 7UDFNLQJ

X+00 %3 PRGOIONVHUEL DOJRULW KP
X$03) %3 PRGH@S) X X

+0p 02 PRGWOWHUELDOJRULWK®
’$03) 02 PRGHKO3) X

?+00 63 PRGWOWHUEL DOJRULWK®
’$03) 63 PRGHKO3) X X

’$03) %3 PRGHEB)ZLWK HQG RI X
EDUSDWWHUQVDPSOLQJ

’$033 %3 PRGHO 3HDN KRXLQIHXHQFH
LG03)

’$03) %3 PRGHO 2QVHW JDWHG XHLJKW
XSGDWIB)LQ

7DEOH$ VXPPDU\RI WKH PHWHU DQDO\VLV PRGHOV D¢
ULWKPV SUHVHQWHG LQ WHKIQ\GVFBWHR® @ KHLYW EQ D
RI WKH DUW DOJRULWR R \Z KVGIE WHRHGVHERR/® DQ DO JF
SURSRVHG LQ WKLV W KIGLL\F DTKHHVVWKEDRMOD GLVFUHW
WHUSDUW RIWKHPRGHO LV XVHG 7KHODVW WZR FRC
RI'WKHDOJRULWKP LQ WKHPHWHU DQDO\VLY WDVNV
WUDPNLQGLFDWHYV DISB®ULFDEBWY QRW DSSOLFDEOH

+LQGXVWDQL PXVLF GDWDVHWY 7KH PDLQ IRF
PHWHU WUDFNLQJ ZLWK GLITHUHQW DOJRULWK!

+7R FRPSDUH SHUIRUPDQFH DFURVYV GLIIHUHQW
DQDO\VLYVY 7R FRPSDUH DQG GLVFXVV WKH SHL
PRGHOV DQG LQIHUHQFH DOJRULWKPV WKH %
DQG SDUWLFOH ILOWHU LQIHUHQFH PRGHO HJ\
PRGHO DQGWKHLQIHUHQFHH[WHQVLRQV HQG
SHDN KRS RQVHW JDWHG ZHLJKW XSGDWH

7 RFRPSDUH SHUIRUPDQFHRIWKHVHDSSURDEK
GLDQ DUW PXVLF GDWDVHWY ERWK &DUQDWLF
EDVHOLQH FRPSDULVRQ ZLWK WKHEDOOURRP ¢



OHWHU LQIHUHQFH DQG WU

F7TRIXUWKHU LGHQWLI\FKDOOHQJHV WR PHWHU
VLF DQG LGHQWLI\ WKH OLPLWDWLRQV RI WKH
IXUWKHU LPSURYHPHQWYV

8X9XR 1tT2 BK2Mi Hb2imT

7KH JRDO RI WKH H[SHULPHQWYV LV WR XVH DV P
RQ WKHPHWULFDO VWUXFWXUHV EHLQJ WUDFNH
RQ WKH GDWDVHW IURP HDFK PXVLF FXOWXUH V
VSHFLILFLWLHV RI HDFK PXVLF FXOWXUH 7KLV
WKH PXVLF FXOW SUHRMIO@RZGHULPHQWY 8QOF
HUZLVH VSHFLILHG WKHIROORZLQJJOREDO VH\
LV XVHG

7KH UHVXOWYV RQ WKH &D%) G D\Y GF+R QGG D W I
WDQL PXVLF GDIVDQQOCIENHNWNRFXVHG RQ )URP W
H[SHULPHQWV ZH VH \WKQ&3W BN & B W)XDLWHW V
OHQW FRQWHQW DQG VKRZ HTXLYDOHQW UHVXC
RQ VMK3GDWDVHW DUH UHSRUWHG LQ WKH GLVVH
HDUOLHULQ 6HEQMERWVWDQL PXVLF GLYLGHV WHP
PDLQ WHPSROPOBDOWREWDAELW30 PHGLXP
PDGK\D 030 DQGAPVBO030 ,Q RXUH[SHU
LPHQWYV ZH ZLOO H[DPLQH KRZ WKH WHPSR FOD'
DFFXUDF\ +HQFH IRU +LQGXVWDQL PXVLF UHV
).3% YLODSEHRHY. H@GGKOIR@SBLHFHY GDWDVHW)
VHSDUDWHO\WR DVVHVV SHUIRUPDQFH LQGLYL
DQG VKRUW F\FOH GXUDWLRQ 7KHUHVXOWYV DU}
DVDQDYHUDJH RYHU WKHRRIA A WWHUY D @ R LYOKIHV S
FLILFFRPPHQWY RQ WKH SHUYBSW R B X ¥ W HRE ZKCHX
QHHGHG 3HUIRUPDQFHRQEDOOURRP GDWDVHYV
IHUHQFH DQG WUDFNLQJWDVNV IRUFRPSDULVR

$O0O UHVXOWVDUHUHSRUWHG DV WKHPHDQ SH
LQD IROGFURVV YDOLGDWLRQ H[SHULPHQW 7
IROGV KDYHHTXDO QXPEHU RI SLHFHV ZLWKD P
RQH SLHFH ZKHQ WKHUH DUH RGG QXPEHU RI SL
PHWHU LQIHUHQFH H[SHUWRPHIEWY J W KD RNRHAGDIOV
NQRZQ DORQJZLWKWKHLUVWUXFWXUH 7KHWU
SRROHG |UR\P—F®YWBRHQHG LQ WKH ZKROH GDWD
WUDFNLQJ H[SHUL P WOBAE QN KMHUDFHNHGLIFQ G LW V
WXUH LV NQRZQ DQG WKH WUDLQLQJGDWD FRQ



([SHULPHQWV DQG UHVXOWYV

FLIWFRYID\ ,Q DOO WKHPHWHU WUDFNLQJH[SHUI
PXVLF H[SHULPHQWV DUHGRQH YBIDQUDWHO\RC
).3 +HQFH WKH PHWHU WUDFNLQJ H[SHULPHQW\
DUH QRW RQQ RIXFMG EXWHPGRRFODVY LQIRUPH
LH WKHDOJRULWKP LPSOLFLWO\NQRZV LILW L
VKRUW F\FOHV )RULQIRUPHG WUDFNLQJ DV GL\
LQIRUPDWLRQLVSURYLGHG WRWKHWUDFNLQJTEC
ILUVW LQVWDQFH RI GRZQEHDW LQ WHPSR LQIR
WHPSR VDPD LQIRUPHG PHWHU WUDFNLQJ UHV

7KH SHUIRUPDQFH RI DOJRULWKPV LV SUHVHQ
VDPBRZQEHDW WUDFNLQJ )RUEHDW WUDFNLQJ
PHDVXUHYV If,P HIDV)$WHy DQG LQIRUPQWLRQJIDLQ
7KH VXEWEQGSMDWHY WKDW WKH PHDVXUH UHIH!
6DPWUDFNLQJ LV PHDVXUKG X RUQH Y DROHXIDWXLURHQ
LQ WKLY GLVVHUWDWLRQ ZH XVHG WKH HYDOXI
ODWWKHZ 'DPRLFR/P SXWH WKHS$I. PHE VXQPE LQ
%DOOURRP GDWDVHWY DQ HUURU WROHUDQEH ;
WZHHQ WKH DQQRWDWLR @ DRIIR W RMW KM W HYD\® H (
XDWLRQ PHDVXUHV ZH XVH GHIDXOW SDUDPHWF
ER|

7KH FRPSXWDWLRQ R)I. BB BIADMHWZILWEBQ H[FH:
WLRQ ZKHUH D ELJJHU PDUJLQ ZLQGRZ LV DOOR
RIORQJGXUBWDRMPVOW DQG FXUUHQW HYDOXDV
ZHUH QRW GHVLJQHG ZLWK VXFK ORQJ F\FOHV L
DQFH ZLQGRZ Rl PV LV YHU\WLJKW 7R DFFRXQ
WKH F\FOH LQ WKH HUURU PDUJLQ D PHGLDC
WHUYDO LV XVHG DV WKH WROHUDQFH ZLQGRZ T
WUDFNLQJHYDOXBWNRDY HWD EKLV FKRLFH
RI D ODUJHU DOORZDQFH ZLQGRZ DOVR FRUUREI
VHUYDWLRQODKEEWRH) REWBRWDVHW WKHUH FDC
VLIJQLILEFDQW IUHHGRPLQ SXOVDWLRQDQG WKD'
VLQFH WKH SLHFHV DUH QRW UK\WKPLFDOO\ GH ¢
WLRQLIODAEHMHY LV DOVR EH\RQG WKH GXUDWLR
WKH SHUFHS VWODQSHHYRDAW HU LW LV WR EH QF
WKDW WKLV DSSURDFK LV D FRPSURPLVHDQG EH
WKDW FDQ KDQGOH WKHVH FRPSOH[LWLHV DUH V

‘H XVH WKH FRGH DIYDECREDXDQWM/bQ7ir “2X +XmFf
T QD2+ibf#2 i@2p Hm iBQMf



OHWHU LQIHUHQFH DQG WU

OHP RIHYDOXDWLQJ WKH DFFXIUDFARHRHWHU W U
RI +LQGXVWDQL PXVLF DQG RWKHU PXVLFV ZLW
LVLWVHOID UHVHDUFK SUREOHP WKDW QHHGV W
LQFOXGLQJPXVLFLDQVDQG OLVWHQHUV LQWR V

JRU PHWHU LQIHUHQFH DQG WUDFNLQJ ZH DG
UHVXOWV RI PHGLDQ WHPSR HVWLPDWLRQ DV FI
EHDWV )RUHYDOXDWLQJPHGLDQ WHPSR HVWL
PHGLDQ HVWLPDWHG WHPSR DQG WKH PHGLDQ |
WHPSR ZLWK D HUURU PDUJLQ ,Q DGGLWLRQ
ULFDO DPELJXLWLHV LQ WHPSR RUWDLPO®WLRQ Z
$0/ WHPSR HVWLPDWLRQ DFFXUDF\ ,Q DGGLWLR
FDO O#HDY BO®VXPHV WKDW D WHPSR VEDOLQJE\IDF

FRUUHFW PHWULFDO OHYHO WR EH FRUUH
WKHDOJRULWKPVDOVRGHWHFW WKH UK\WKP FO
DFFXUMWIHFRIJQLWLRQ LV DOVR UHSRUWHG IRU

ORVW H[SHULPHQWY DUH FRQGXRFRMHG IRU UK\\
DQRG=2 SHU UK\WKP FODVV EXW WKH UHVXOWYV
IRRI=1 SDWW MU-OFESHULPHR®WY BIRWKRW VKRZ
DQ\VLJQLILFDQWLPSURYHPHQW FKDQJH +HQFI
ZLWKDOO PRGHOV EXW ZKHQ QRERVYVRQ\ SHUIR!I
GLFDWHG DQG GLVFXVVHG RWILWWGH® WRWHG V
WHQVLRQ 02 PRGIHODRIGWIQ IHUHQEBI3[WHQVLRQ
DUHHTXLYDOHQWOBR WKH EDVHOLQH

7KH WHPSR UDQJHV DUH OHDUQHG IURP WUDL
ZLWK PDUJLQDOORZHGRQOHDUQHGUDQJHV |
HYHU D PLQLPXP DQG PD[LPXP WHPSR LV VHW IF
WXUHLQGHSHQGHQWO\ DQG LI WKH OHDUQHG W
UDQJH WKH\DUHVHWWRWKHWKHVHSUHVHW PL
LPXPDQGPD[LPXP WHPSRUDQJHIRU&DUQDWLF

@NaDBHWPLQXWH HTXLYDOHQW WR > @ E
LQ-GM— IVMDKDW IRU +LQGXVWDQL PRVVFUMWHW D
SHUPLQXWH DQGIRUEDOOURRP GDWDVHW DV >
JRUPHWHU WUDFNLQJ WKW-WPS B WDHQ 8 HRWIDI
OHDUQW )XUWKHU ZLWK 63 PRGHO WKH WHPSR
WLFWODUWH DSSOLHG WR WUDFN DOO WKH VHFWLF
W—DVXPLQJWKDW WKH WHPSRW-DRIBHYROVW H SU R
RILWV VHFWLRQV

‘HXVH WKH QXPEHU R, EDEOSIRULWKIR QR QJIHVW
UK\WKPLF SDWWHUQ ZHHQFRXQWHULQ WKH GDW
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WHUQ OHQJWKV DFFRUGLQJO\ $MIUQFHWBWHG L
WUDFNLQJ HMSHWLPEBQONLY VHW IRU WKH ORQJHV\
WHUQ EHLQJ WUDFNM G 1608 F RDYHPYSFRGQIGV WR
W-+QERDUQDWLF P XV LIFN 4D QN D IVE-SOW U — V
LQ +LQGXVWDQL PXW-RYEBIGQIIWUBBMHG ZH VH
YDOXMHRFFRUGLQUOBOHI RU WUDFNLQJ WKH WKUH
UISDWB YPHDWYV DREDUQRDUQDWLF PXVLF )RU 9
URRP GDW D VN W16AMHDXMBEG200 IRU WUDFNLQJ WLPH
VLIQDWXUHV DQG UHVSHFWLYHO\

7KH QXPEHUBRDEBDWKWH QXPEHU RI VHFWLRQV I
FRUGLQJO\ GHSHQGLQJ RW-MKIH GO WW VB WNMHTG
IURP 7DEDEBG 7TDEOKHR> 1 WKH WUDQVLWLRQ S
DELOLWLHV RI SDWWHUQV DUH DOVR OHDUQHG
FOXVWHUHG EDU VHFWLRQ OHQJWK SDWWHUQV

JRUPHWHU LQIHUHQFH DQG WUDFNLQJ ZH XVF
KLGGHQ YDULDEOHV ZLWKLQ WKHDOORZHG UDQ
WUDFNLQJ SULRUVRQWHPSRDQG WKH SRVLWLI
LQJ WR WKH SULRU LQIRUPDWLRQ ZH KDYH DYDL
WK/ RDVWDQFHY 7KHREVHUYDWLRQPRGHO XV
VSHFWUDO 10 X[ | HDW X U HhF=FORS X W FIREQDON DDKR S V
GHVFULEHG LQ7KHXDHW LV GLVFUDIRWL HHRHIO®DW R
ZLWKLQ ZKLFKWKHREVHUYDWLRQ SUREDELOLW

)RU WRB EDVHG 9LWHUEL DOJRULWKP LQIHUH
VWDWH WUDQVLWLRQ ISWREMNENR LW K@HTG
E\.UHEV HW DODOORZLQJ D VPDOO SUREDELOLW)
WHPSR )RQ3WKHKH QXPEHU RI SDNMELFOHV LV V
1500 R :H VHW WKH XVHU SDUDPHWHU WKDW FRQ\
LQ (T DQG (T WR=0:02DQG WKH PD[LPXP QXPEHL
RI FOXVW HBY WROWRKKH UHVDPSOLQJ LQWHUYDO
To=30 IUDPHV ZKLFK FRUUHVSRQGV W&R D UHVDPS
VHFRQGV RI DXG$®R3)BIOHJRWHWHUY DUH LGHQWLF
YDOXHV XWHEBVEWRO]DSIHO HW DO

7KHUH DUH VHYHUDO FRPELQDWLRQV RI GDWD
DOJRULWKPYV HYDOXDWLRQ PHDVXUHV DQG SDU
WKH UHVXOWY FDQ EH UHSRUWHG :KLOH WKH H
SUHKHQVLYH RQO\D VHOHFWHG VHW RI UHOHYL
WKH GLVVHUWDWLRQ IRU EUHYLW\ DQG FRQFLV
VXOWV RI PHWHU LQIHUHQFH ZLWK WKH EDU SRL
IROORZHG E\PHWHU WUDFNLQJIRUGLIIHUHQW P



OHWHU LQIHUHQFH DQG WU

VLRQV ,QIRUPHG PHWHU WUDFNLQJLVWKHQ GL
RIUHVXOWV RYHUDOO WKH ,QGLDQ DUW PXVLF G
DFRPSDULVRQ RIWKH SHUIRUPDQFH RI GLIITHUH(¢

8X9Xk J2i2° BM72 2M+2

7KH UHVXOWV RI PHWHU LQIHUHQFH SURYLGH D |
VLV DOJRULWKPV ZKHQ WKH XQGHUO\LQJ PHWUL
W LV WKH KDUGHVW DQG PRVW XQLQIRUPHG WD
WLPDW MQIWBKHWHPSR WK EBRDWN DGX\®MH/
DUH SUHVHQWHG IRU LQIHUKBMPH3RQMWKH %3 PR
DQG %DOOURRP G BDWD\QIMAEY DRUERMMKKPYV LQ 7D
EOH 7KH PRGHO WUDLQLQJ XVHV SRROHG GDWD
FODVVHV ZLWKLQ D SDUWLFXODU GDWDVHW 7K
IRRM=1 SHU UK\WKP FODVV ZLWKRXW DQ\LPSUR
R=2

$WDEURDGOHYHO ZHVHHWKDW WKHSHUIRUF
LVEHWWHUWKDQWKDW IRUWKH ,QGLDQPXVLF G
ORQJ F\FOH )SBJSMHWDIMHW LV SRRU VKRZLQJ WKF
LQ WUDFNLQJ ORQJ PHWULFDO F\FOH GXUDWLRGC
+00LV PDUJLQDOO$BRRRHUQGKID@® PXVLF GDWDV
6LQFH PHWULFDO F\FOHV LQ ,QGLDQ PXVLF DUH
QHFHVVDU\ WR KDYH D ILQHU GLVFUHWL]DWLRQ
PDQFH LV ODUJHO\ DWWULEXWHG WR WKH FRDU"
WKHVWDWH VSDFHWKDW LV XVHG

JURP 7TDEOHRP WKH ODVW FROWRHWRDW LQGL
QLWLRQ DFFXUDFWZ$HFARD QKW MWRWKN EHWWHU Z
PHWULFDO F\FOH GX BD@G3RE®DSLB¥HW ZQWK DQ D |
FXUDF\ EHWZHHQ )RU ORQJ F)FROH GXUDWL
GDWDVWWIHFRHQLWLRQ DFFXUDF\ GURSV VLJQL
WKDQ LQGLFDWLQJWKHGLIILFXOW\LQ WUDFI
7KHWLPHVLIJQDWXUHUHFRJQLWLRQ SHUIRUPD(
DOVR KLJKHU WKDQ WKDW IRU ,QGLDQ PXVLF GD\

‘HIXUWKHU FDQ REVHUYH WRP®RE®BHIPM DV X |
WUDFNLQJ LIQGLW BIWHGEEFDQWO\ SRRUHU WKD
LQJ SHUIRUPDQFH, LQIGREDWIHGKEDW ZKLOH EHDV
LQJLV VWLOO SRVVLEOH ZLWKRXW WKH NQRZOH
VWUXFWXUHV HVWLPDWLQJWKH GRZIDEHDWV L
VXUH §0/V FRPSDUDEOH WR EHDW | PHDVXUH ,W



([SHULPHQWV DQG UHVXOWYV

$OJR f, $0/w Iy fs THPSR7—19D
%LWYV &0/ $0/

+00
$03)

+00
$03)

+00
$03)

+00
$03)

7TDEOH5HVXOWY RIPHWHU LQIHUHQFH#0ONK WKH EDU
DQ¥»3) RQGLIITHUHQW GDWDVHWY 7KHILUVW FROXP!
ZLWK %OUP GHQRWLQJ WKH %DOOURRP GDWDVHW
EOH VKRIWMKRIQLWLRQ RUWLPHVLIQDWXUH HVWL
GDWDVHW DFFXUDF\ 7KH WDEOH DOVR UHSRUWYV Wt
DW BRWKQ$I®D/ EHDWDRBRZQEHDW WUDFNLQJSHUIRI
ZLWK GLITHUHQW PHDVXUHYV

%OUP.3 ).3] $.3

+RO]DSIHO HWHXOW DQ LQIRUPDWLRQ JDLQ R
FHSWDEOH WR XVHUV DV VDWLVIDFWRU\EHDW W
EHDW WUDFNLQJLVDFKLHYHGLQ PDQ\FDVHYV
OHGLDQ WHPSR HVWLPDWLRQ SHUIRUPDQFH L
IHUHQE&B/DWKH ODUJH G L& DH DIQSF/HW.IQP S R
WUDFNLQJSHUIRUPDQFHVKRZV WKDW WKHUH D
HVWLPDWLRQ HUURUV LQ PHWHU LQIHUHQFH 7
SRRUHU EHDW DQG GRZQEHDW WUDFNLQJ SHUIR
7KHUH LV D ODUJH SHUIRUP D GAHYEBJIHUHQFH E
GDWDVHWYV IXUWKHU HPSKDVL]LQJ WKH GLIILF>
UDWLRQ F\FOHV 7KH WHP 3 RVWHRHE DRVCDV IHRAQ LDIVW
DVORZDW +0DVWRZLQJWKDW WKHFRUUHFW PHYV
WUDFNLQJLVDFKLHYHGLQ YHU\VPDOO QXPEHU
RIWKHWHPSRVWDWHVSDFHLVRQHUHDVRQ IRU
F\FOHV ZKHUHDQH[WUHPHO\ILQBQ@3)LG RIYDUL
KDV QR VXFK UHVWULFWLRQV DQG KHQFH SHUIR
'LWKLG@G VBE&EBEWDVHW WKH SHUIRUPDQFH LV SR
F\FO4HOM—+R D ERWK K1DBNW D/Q 8 D\WL0RE MAG



OHWHU LQIHUHQFH DQG WU

f, = 0:67 ZLWRO —GW—+¥DWKH PRV W -$ RSO U
QDWLFPXVLFDQG WKHUHLVDKXJHYDULHW\RI L
SOD\HG WO-WRHHODUJH GLITHUHQFH EHWZHHQ EH|
VDPWUDFNLQJSHUIRUPDQFHVKRZV WKDW WKR XJ
DW WKH FRUUHFW PRHIWWILPDWORQYHY GLIILFXOW
UK\WKPLF SDWWHUQV XVHG KHUH 7KLV DGGLWL
LQJWKHZLGH YDULH\GW-RIBXWY BYQYROH UK\WK
SDWWHUQ XVHG KHUH LV VXERSWLPDO DQG KHQ
IHUHQFH DOJRULWKPV WR JHW D FXH RI WKH PH\
SDWWHUQ

,Q +LQGXVWDQIGPXMLFHW WKH SHUIRUPDQFH
GWNWSEBFHY WKDW WHQG KDYH KLJK WHPSR DQ
FOHV %RWKWKHVHREVHUYDWLRQV IXUWKHU HF
F\FOHVDUHEHWWHU WUDFNHG E\WKHLQIHUHQF
UDWLRQ F\FOHV

8X9Xj J2i2 i +FBM,;

OHWHU WUDFNLQJ LY WKH PRVW UHOHYDQW WD\
DUWPXVLFDQG KHQFHLVWKHPDLQ IRFXV RIWKH
KHUH OHWHU WUDFNLQJ H[SMULWBNDQRZ QVVXPH
DQG KHQFH PHWHU W U D FN-E QDMKVHGARIMMD R H \M D M
UDWHO\ 7KH WUDLQLQJ GDWD DOVRALOFDXGHYV S
EHLQJWUDFNHG 6RPHRIWKHUHVXOWY SUHVHQ
OLVKHG UHVXOWYV IURP SYRQYLRXW SXEODBODWLRC
BULQLYDVDPXUWK\ HIMB/& PLQRU GLIIHUHQFHV L
PXODWLRQDQG H[SHULPHQWDO SDUDPHWHUYV
%HIRUH SUHVHQWLQJ WKH UHVXOWV IRU PRG
VLRQV ZH WDEXODWH WKH SHUIRUPDQFH RI PHYV
SRLQWHU PRGHO RQ WKH ,QGLDQ PXVLF GDWDV}
ZLWK ERMDQID3)DOJRULWKPV LIKEDBQRYLGHYV
DQRWKHUEDVHOLQH SHUIRUPDQFH WR FRPSDUH
DOO WKHH[WHQVLRQV GLVFXVVHG LQ WKH WKHV
$W D EURDG OHYWKRZWBEQHPSURYHPHQW LQ S
PDQFHZLWKPHWHUWUDFNLQJFRPSDUHG WR PH)
,Q DGGLWLRQ ZH VHH D ORZHU GLIIHUHQFH EH\
EHDW WUDFNLQJ | PHDVXUH YDOXHV LQGLFDW!I
LQ GRZQEHDW HVWLPDWLRQ ZKHQ WKH XQGHUO
NQRZQL H NQRZIRBIURKNND MIUDFNLQJ SHUIRU



([SHULPHQWV DQG UHVXOWYV

$OJR f, $0/w Ip fs 7THPSR
% LWV &0/ $0/

+00
$03)

+00
$03)

+00
$03)

+00
$03)

7DEOH5HVXOWY RI PHWHU WUDFNLQJ ZOWK WKH EDU
DQ®M3) RQ GLIIHUHQW GDWDVHWYV 7KHILUVW FROXP
ZLWK %0OUP GHQRWLQJ WKH %DOOURRP GDWDVHW
HVWLPDWLRQ SEBOU/IRQEDQEH DWDEOBRZQEHDW
WUDFNLQJ SHUIRUPDQFH ZLWK GLITHUHQW PHDVXUH"

%OUP 3 ).3 $.3

PDQFH 6LPLODU WR PHWHU LQIHUHQFH WKH SH
UDWLRQ F\FO B EBWDQYEWDOOURRP GDWDVHWYV
WKDQ WKBGDRMPVHW $V ZLWKPHWHU LQIHUHQF
IRUPDQFHORRPSD U DG VLR ODUJHO\ DWWULEXWH (
FRDUVHJUDLQHG GLVFUHWL]DWLRQ RI WKH VWD

7KH PHGLDQ WHPSR HVWLPDWLRQ SHUIRUPDQ
LQJLVY EHWWHU WKDQ PHWHU LQIHUHQFH VLQFH
UDWH UDQJH RI WHPSR LV WUDLQHB-6BMH WR WK F
WKH WUDLQLQJ GDWDVHW 7KHDFFXUDF\RI WHF
&DUQDWLFPXVLF DQG W& G DIEH SHYFRWE HW Z H H
PDQFHLV VLIQLILFDQWO\ORZHULQ &DUQDWLF F
SLHFHVY KDYH EHHQ WUDFNHG DW WKH FRUUHFW
WLPDWLRQLQ +LQGXVWDQLPXVLF GDWDVHWV L
WHPSR HVWL P RYWGLIRQDMHMWK 7KHUH LV D VLJLQIL
IRULPSURYHPRQMDQ@HERWRXUDF\LQ +LQGXVWD
PXVLF :LWKWKH %DOOURRP GDWDVHW WHPSR }
PRVW SLHFHV ZLWK D KLJK DFFXUDF\

,Q &DUQDWLF P X\ELE417D @XB9Y DRYOO0 D Q G
$03) —GALKTDV D VLJQLILADPWODPRIZBUSHUIRU
PDQFH FRPSDUHGWMRHNK H BWMKRBOOLQ



OHWHU LQIHUHQFH DQG WU

'DWDVHW,, $0/y Iy fs 7THPSR
%LWYV &0/ $0/

$.
).
).

PLw

%DOOURRP

7DEOH5HVXOWYV RI PHWHU WUDFNLQJ ZLWK WKH EDU
PLIWXUHREVHUYDWLRQ PRGHDO 0 R PLR/GKIFO RIQWEK. | | H U
HQW GDWDVHWY 7KHWDEOHVKRZV WRE/WHPSR HVW
DQ¥0/ EHDWDOBRZQEHDW WUDFNLQJ SHUIRUPDQF#
HQW PHDVXUHV 7KH WDRGH VAKRZAK U N \HXTXW Y ZQ WEW \
$03)DOJRULWKP

NKD A EDWKYRRZLQJ WKDW WKH YDULHW\ RI UK\
LO-GWLPPINHV LW KDUGHU WR WUDFN &RPSDUHG
— @LVKRZVDQLPSURYHPHQWLQWUDFNLQJ LQG
W KAH-DYDG WKH XQGHUO\LQJ PHWULFDO VWUXFW X
F\FOHV EHWWHU

'LWK VXFK D EDVHOLQH RI PHWHU WUDFNLQJ
PRGHO DQG $03HMXREDINQ HTXLYDOHQW RU EHW
PDQFHMOKWDZH UHSRUW WKH UHVXOWV IRUDOO IXL
IHUHQFHH[WHQVLRQ H[SHULPHQWV IRU SDUWLF
$03) 7TKHUHVXOWV DOVR VKRZ WKDW DSSUR[LPD
VXFK DV SDUWLFOH ILOWHUY FDQ EH HITHFWLYH
WDVNV 7KH UHVXOWV RQ PRGHO H[WHQVLRQV 0
DUH SUHVHQWHG QH[W

OL[IWXUH REVHUYDWLRQ PRGHO 02 PRGHO

7KHUHVXOWVRIPHWHUWUDFNLQJZLWKEDU SRL
REVHUYDWLRQ PRGHO 02 PRGHIGREY VKRZQ LQ 7
LWRK=1 WEB3) DOJRULWKP LV $i0r3)DYXDI®H QW W R
ULWKP &RQWUDU\WR H[SHFWDWLRQ LW LV DO\
VLIJQLILFDQW L P$SOBR YUHARRY Q WRRR2® )X UWKHU
DQDO\VLV DQG FRPSDULVRQ3RIDARIRE GWRFZLW K
SUHVHQWHG DW WKHHQG RI WKLV VHFWLRQ DOR
DOO WKHDOJRULWKPV



([SHULPHQWV DQG UHVXOWYV

'DWDVHW $0/w Ip fs 7THPSR
%LWYV &0/ $0/

$.3

) -3y

) - 3o

7DEOH5HVXOWV RI PHWHU WUDFNLQJ ZLWK WKH VHFW
PRGHOSDBWKOJRULWKP RQ ,QGLDQPXVLF GDWDVHW)\
WKH WHPSR HVWLPDW&R/QDRHKEN/ R IR D WA BW

WUDFNLQJ SHUIRUPDQFH ZLWK GLIIHUHQW PHDVXUH"

6HFWLRQ SRLQWHU PRGHO

7KH H[SHULPHQWYV DLP WR FRPSDUH WKH SHUIRL
LQJ XVLQJ EDU OHQJWK %3 PRGHO DQG WKH SL
63 PRGHO SDWWHUQV 7KH %3 PRGHO DSSOLH
WR WKHWKERBD®H ZKLOH WKH SURSRVHG 63 PRG
WR WKH WHREMLRIDWQ G LPSRVHVY D VHTXHQWLDO V'
GHVFULEHG LQ 6 MFIWLRBRWKHVL]HG WKDW VHF
PRGHO ZRXOG EH XVHIXO IRUWUDFNLQJ ORQJ G
RIWHQ HQFRXQWHUHGLQ ,QGLDQDUW PXVLF 6L
FDOO\ZHOO GHILQHG IRUWKH PXVLF VW\OHV LQ
HYDOXDWLRQRI63 PRGHOLVOLPLWHG WR&DUQ
GDWDVHWYV

7KH UHVXOWV RI PHWHU WUDFBOQ)LXYLWK WKH
VKRZQ LQ 7DPMONMKRZV D VLIQLILFDQMPDPSURYHF
WUDFNLQJ | PHDVX$0BFRIPBR EDGE WRLQWHU PRG
7KH EHDW WUDFNLQJ SHUIRUPDQFH DOVR LPSUR
W KWIMPDUDFNLQJ VKRZLQJWKDW XVLQJVHFWLR
WUDFNIVQPORKIH DEFXUDWHO\ 7KHUH LV QR IXU\
PHQWLQWHPSRHVWLPDWLRQLQ63 PRGHO FRPS
XWLOLW\RIWKH 63 PRGHO LV KHQFH SULPDULO\
WUDFNLQJSHUIRUPDQEFH

7TKHLPSURYHPHQW ZLWK WKH ORQ3F\FOH GXL
GDWDVHWLVIXUWKHUHQFRXUDJLQJWR XVH VKF
WR WUDFNORQJHU F\FOHV $VLJQLILFDQW LPSU
LQ &DUQDWLFPOWNEEN KWWKH VDPD WUDFNLQJ | F
Ri; =046 IURP=0:39 IRP03) %RWK WKHVH REVHUYDV



OHWHU LQIHUHQFH DQG WU

'‘DWDVHW $0/y Ip fs 7THPSR
% LWV &0/ $0/

3

$03)
$033
$03)

$03)
$03)
$03)

$03)
$03)
$03)

7DEOH5HVXOWV RI PHWHU WUDFNLQJ ZLWK LQIHUHQF
SRLQWHUPRGHORQGLITHUHQW GDWDVHWYV 7KHILUV
ZLWK %0OUP GHQRWLQJWKH %DOOURRP GDWDVHW
HVWLPDWLRQ SEBOQ/IRQEDQEHDWDEBRZQEHDW
WUDFNLQJSHUIRUPDQFH ZLWK GLIIHUHQW PHDVXUH"

$.

% OUP ).3

VKRZ WKDW XVLQJ VKRUWHU VHFWLRQ OHQJWK S
SOLFDWLRQLQWUDFNLQJORQJGXUDWLRQPHW

,QIHUHQFH H[WHQVLRQV

$IWHU PRGHO HI[WHQVLRQV ZH QRZ SUHVHQW W
HIWHQVLRQV WR PHWHU WUDFNLQJ :H SUHVHQ\
HQW LQIHUHQFH H[WHQVLR®0M3)HSBIRN KRB VDPS
LQIHUB@QARH DQG RQVHW JDWHGOBH L KW XS GDWH
JRDORIWKHVH H[SHULPHQWV LVWR FRPSDUH W]
IHUHQFH H[W HQ ¥ LIRMMIULWKKP 7KH ORQJ F\FOH C
). 3%GDWDVHW LV HIFOXGHG IURP HYDOXDWLRQ F
VLRQV ,QIHUHQFH H[WHQVLRQ3DR)EA, RQO\ HYD(
GDWDVHWYV 3HUIRUPDQFH RQ %DOOURRP GDWD
HQFH DQG FRPSDI)HGKH WKVXOWYV DUH VKRZQ L
EOH 7KH WDEOH VKR ZVRIHV X & WRKRPQHD\Q R W K D W
$03)LV HTXLY®EBY QWRWPRWKH WDE O$#033H VHH WK D
KDV HTXLYDOHQWS®HY I, RWIP\D QESIRWRVDQW WR QR
$03)GRHVY QRW VKRZ DQ\VLIJQLILEREQWRPSURYHI
R=2



([SHULPHQWV DQG UHVXOWYV

JRU EROBR DQ$V3)DOJRULWKPY D SHDN SLFENLQ
ULWKP LV XVHG WR VHOHFW WKH IUDPHV DW ZKL
SHDN SLFNLQJ WKUHVKROG RI RIWKH PD[LPXP
WUDO IOX[ VHTXHQFH LV XVHG WR VHOHFW SHDN
ZLWKLQ WKUHHIUDPHVRIHDFKRWKHU WKHQRQ
LVDGGHG LQWR WKH SHDN VHTXHQFH

7KRXJK SHDN KRSULRQ ISURYIFGHY D VLIQLILFDQV
LOQLQIHUHQFHOWLPHWYSWRH VHH WRPW D BYH
SHUIRUPDQFHLV VLJQLILFDQWO\SRRU %\WUDF
RQO\DW SHDNV FRQWLQXLW\RIWUDFNLQJPHW
SHUIRUPDQFH ,Q PRVW FDVHV WKHFRQWLQXLW
DQG KRSLQIHUHQFH ZLWK ODUJH KRSV ORVHV R
WKHU LQ PDQ\FDVHV WKHEHDWV DQG GRZQEH!
DWWKH SHDNV RI WKH VSHFWUDO IOX[ IHDW XUH
RQO\DW SHDNVPLVVHVRQWKHVHHYHQWY DQG
DQG EHDW GRZQEHDW WUDFNLQJOHDGLQJWR S

2QVHW JDWHG ZHQ3K\R WSIGHRWPHI YV WKLV OLPLW
E\SURJUHVVLQJ WKH WHPSRDQG SRVLWLRQ YD
PRGHO HYHU\IUDPHDQG KHQFH PDLQWDLQV FRC
VSHHGV XS LQIHUHQFH WR D OHVVHU H[WHQW W
PDQFHLVY SRRUHUVLQFHLWIDLOVWRPRGHO WK
SHQEHWZHHQWKHWZR SHDNVDVWKHREVHUYD\
RQO\DW SHDNV LQ REVHUYDWLRQ IHDWXUH VHT

7KHVH HIWHQVLRQV VKRZ WKH LPSRUWDQFH F
WKH REVHUYDWLRQV DQG WKH LPSRUWDQFH RI
PHWHU WUDFNLQJ 7KRXJKWKHVHWZRLGHDV DI
LQIHUHQFH WKH\ QHHG IXUWKHU H[SORUDWLRC
PDQFH )XUWKHUDQDO\VLV DQG FRPSDULVRQ R
$03)LV SUHVHQWHG DW WKH HQG RI WKLV VHFWL!

8X9X9 AM7Q K2/ K2i2 i +FBM;

, QIRUPHG PHWHUWUDFNLQJDLPVWRLQFRUSRUI
LOQWR PHWHU WUDFNLQJ WR LPSURYH SHUIRUPD
IRUPHG PHWHU WUDFNLQS$Z3IWKP36B RRARHEH @ L W K
ZLWK3) LV SUHVHQWHG KHUH WR HYDOXDWH LI S
LQIRUPDWLRQ LV XVHIXO IRUPHWHU WUDFNLQJ
PDQFH WKHQ VHYHUDO VHPL DXWRPDWLF DXWR
DSSOLFDWLRQV FDQ EHQHILW IURP WKLV XWLOL



OHWHU LQIHUHQFH DQG WU

'DWDVHW $®DJR$O/W I b fs
$03)
$03)
$03)
$03)

$03)
)% g03)

$.3

)3

7TDEOH5HVXOWY RI WHPSR LQIRUPHG3IPBRYGE U WUDFN|
$03)RQ ,QGLDQ PXVLF GDWDVHWYVVDRBWIFRNQKY YKRZV
SHUIRUPDQFH ZLWK GLITHUHQW PHDVXUHYV

WLRQDO SULRULQIRUPDWLRQWRLPSURYHPHWEF
WUDFNLQJLVHYDOXDWHGRQO\ZLWKLQ WKH FRC
KHQFHRQO\RQ ,QGLDQ PXVLF GDWDVHWV

‘HZLOO SUHVHQW UHVXOWYV IRUWZR GLIIHUHGC
LQJ VFKHPHV DV GLVEXVVHG DW WKH EHJLQQLQ.
LQIRUPHG PHWHU WUDFNLQJ DQG WHPSR VDPD
LQJ JRUWHPSR LQIRUPHGPHWHUWUDFNLQJ ZH
WUXWKWHPSRRIWKHPXVLFSLHFHEHLQJWUDFN
YDULDHGWKLQ D WLJKWERXQGDOORZLQJIRU Y
DURXQG WKH PHGLDQ YDOXH 7KLV HQDEOHV Wt
UHVWULFW WKH WHPSR YDULDEOH ZLWKLQ WKL)
DQG WUDFN WKH FRUUHFW WHPSR DW WKH ULJKYV
VDPD LQIRUPHG PHWHU WUDFNLQJ ZH DVVXPH \
WUXH PHGLDQ WHPSR ZH KDYH WKH ILUVW LQVW
WKH PXVLF SLHFH EHLQJ WUDFNHG :H XVH WKH
WHPSR WR L QLAY MWXQIQ B WKBKW UDQJH DV EHIRUF
XVH WKH ILUYV WDLRIDRW.DQ WH. B O UHDW®H WR JHUR D
W K\DDWALID VWD QW 7KH WUDFNLQJ DOJRULWKP KH ¢
DQG WKH EHJLQQLQJRIWKHF\FOHLQ WKH SLHFF
EHDWVY DQG GRZQEHDWYV

7KHUHVXOWV RIWHPSR LQIRUPHG PHWHU WU
VHFWLRQ SRLQWHU PRGHO %3 {fORGEBIQ@D QG 63 P
$03) UHVSHFWLYHO\ RQ ,QGLDQ DUW PXVLF GDYV
EOH $VLPLODUVHWRIUHVXOWV IRUWHPSR VDF
LV VKRZQ LQ 7DVEK®HW D E O H & U B)RPZDW KIDQWD O O\



([SHULPHQWV DQG UHVXOWYV

'DWDVHW $®DJR$O/W I b fs
$03)
$03)

$03)
)3 303y

$03)
)% g03)

$.3

7TDEOH 5HVXOWV RIWHPSR VDPD LQIRBOBHG PHWHU W
DQ¥03yRQ ,QGLDQ PXVLF GDWDVHWY VERDVDEOH VK
WUDFNLQJ SHUIRUPDQFH ZLWK GLITHUHQW PHDVXUH'

SHUIRUPV EBOBWIHULVKRQPHG WUDFNLQJ ZKLOH
VDPAMIRUPDWLRQ LQ WHPSR VDPD LQIRUPHG PH
LPSURDHNMUDFNLQJ SHUIRUPDQFH ZLWK D PDUJL(
LQ EHDW WUDFNLQJSHUIRUPDQEFH

‘HVHH IURP WKHVH WDEOHV WKDWPXLJK | PH
DQG EHDW WUDFNLQJLVDFKLHYHG LQ LQIRUPHCG
VHH WKDW WKH EHDW WUDFNLQJ SHUIRUPDQFH |
LQJFDVHV LV VUPPODDFRKQROKMHUIRUPDQFH LPSI
WHPSR VDPD LQIRUPHG WUDFNLQJ $ KLJK EHDV
LQJ SHUIRUPDQFHY SIDPERL,EPW® Y BWY LWK VLJ
QLILFDQWDOORZDQFHRQWHPSRYDULDWLRQ DC
YLODREHMHY WKHEHDW WUDFNLQJSHUIRUPDQF
LQJ LV SRRUHU VLQFH ZH XVH WKH PHGLDQ WHP
IRUWUDFNLQ Y DRREZHIFNMHIDUZLMEHAHY LV JRRG
VKRZLQJWKDWWKHDOJRULWKPLVFDSDEOHRIU
WHPSR FKDQJHV DIDEBBFWXDBW MWBH 7KH OLPLWHG
RVDR[DPSOHY.B{EWWBVHW LV DOVRDQRWKHU SR
IRUKLJKHU SHUIRUPDQFHLQ WHPSR VDPD LQIR!

TKRXIJKWHVWHG ZLWK D OLPLWHG QXPEHU R €
WH[WRI,QGLDQDUW PXVLF LWLVHQFRXUDJLQJ
WDLQDEOHDGGLWLRQDO SULRULQIRUPDWLRQ F
WUDFNLQJ SHUIRUPDQFH DQG WKDW WKH %D\HV
DOJRULWKPV DOORZ IRU LQFRUSRUDWLQJ VXFK
OHVVO\IRUWUDFNLQJ



OHWHU LQIHUHQFH DQG WU

$OJR Ve $0/w 1y fs 7THPSR
%LWYV &0/ $0/

+00
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+00
$03)

$03)
$03)

$03)
$03)

$03)
$03)

7TDEOH 6 XPPDU\RIPHWHUDQDO\VLVY UHVXOWYV RQ ,QGC
7TKHPHWHUDQDO\WVLV WDVNV DUHVKRZQLQ WKHILUV
w 70U DQG WV 77U UHIHUULQJ WR PHWHU LQIHUHQF
LQIRUPHG PHWHU WUDFNLQJ DQG WHPSR VDPD LQIF
VSHFWLYHO\ 7KH VHFRQG FROXPQ VKRZV WKH GLIII
ULWKPV 7KH WDEOH VKRZV WKH WHRGERBRGBWLPDWLR
$0/ EHDWD@®RZQEHDW WUDFNLQJ SHUIRUPDQFH
PHDVXUHY 7KHFROXPQ,"RQWKLUG FROXPQFRUUHV
LQ)LIXUHKLFK VKRZV WKH UHVXOWY RI VWDWLVWLFL
WKHVHDOJRULWKPV

WV |7W 7U 7UDFN,QI

8X9X8 amKK 'v Q7 2bmHib

$ VXPPDU\RIWKHUHVXOWV WR FRPSDUH WKH SH
DOJRULWKPVLVSUHVHQWHGKHUH 7RFRPSDUH
ZH SRRO WKH UHVXOWV IURP DOO WKHUHOHYDQ
JHWKHUDQG SUHVHQW WKHPHDQ SHUIRUPDQFH
EHQRWHG WKDW WKRXJKDPHDQRYHUDOO GDWL
LQIJDQG WHVWLQJ DUH VHSDUDWH IRU HDFK GD\
DOQG IRUWHDIHKKLQ D GDWDVHW IRUPHWHU WUDF

$ SDLUHG VDPSQ@H WOSMHANXW HIGWKR DVVHVYV VW
WLFDOO\ VLIJQLILFDQW GLITHUHQFHYVY EHWZHHQ
ULWKPV 6WDWLVWLFDO VLIQLILFDQFH WHVWYV
HQFH PHWHU WUDFNLQJ LQFOXGLQJPRGHO HI[\
63 PRGHO DQG LQIRUPHG PHWHU WUDFNLQJ PFH



([SHULPHQWV DQG UHVXOWYV

D%HDWI| PDVXUH E6DPIDPHDWXUH

FWHDW@BD/w G%WHDWLQIRUPPWLRQ *DLQ

JLIXUH5HVXOWV RIVWDWLVWLFDO VLIJQLILFDQFH WH
VXOWVRQ,QGLDQDUWPXVLFGDWDVHWY 7KHILJXUH
GLIIHUHQW SHUIRUPDQFH P Hfp VKLRD/P HPWXWH PHDV:
fs %HDWy$0/y DQG %HDW LQIRY PIDQVE RQHIDV QD
E F DQG G UHVSHFWLYHO\ )RUHDFK PHDVXUH
VXOWV RIDSDLUZLVHVWDWLVWLFDO WHVW EHWZHHC
DVDPDWUL[ $JUD\ER[ZLWK QXPHUDO LQGLFDWt}
LFDQW GLIpH0OOREZKLDW D ZKLWH ER[ ZLWK QXPHUDO
DGLIIHUHQFH WKDW LV QRW VWDWLVWLFDOO\VLJQL]
WKH,'VKRZQLQ FROXPQ RI7DEOH

UHVXOWY RYHU DOO ,3G3D 8 P.8)AFVEIDWHIWAH W V
SLHFHVLQ WRWDO 6WDWLVWLFDO VLJQLILF

PRGHO LQIHUHQ IO 3)[$0BQ $DBR ¥\ SRROLQJ

WKH UHV%GB@EYHUSLHFHY LQ WRWDO WR FRPS

$03)



OHWHU LQIHUHQFH DQG WU

‘H SRRO WKH UHVXOWV RI PHWHU LQIHUHQFH
HIWHQVLRQV WHPSR LQIRUPHG WUDFNLQJ DOQ
WUDFNLQJRQDOOWKH,QGLDQPXVLFGDWDVHW
7KHUHVXOWVRIVWDWLVWLFDOVLJQLILFDQFH W
LV SUHVHQWH G 1ME)Q BXQ® )L I XWWH WR EH DQD
O\]HGLQ FRQMXQFWLRQ ,Q ERWKRMHH WDEOH DC
QRWHPW/3QDW HTXLY®@BH QW WR

JURP 7DEOKEH VHH D FRQVLVWHQW LQFUHDVH
RIWKHWDEOHDFURVV GLITHUHQW PHWHU DQDO\
WUDFNLQJDQG LQIRUPHG WUDFNLQJ LQGLFDW
GLWLRQDO SULRU LQIRUPDWLRQ OHDGV WR LPS
IRUPHG PHWHU WUDFNLQJKDV WKHEHVW SHUIR
PHWHU WUDFNLQJ SHUIRUPDQFH LV PLG ZD\ EHW
IRUPHG PHWHU WUDFNLQJ

7KH )LIXWHRZV $RPOVQEN3) DUH HTXLYDOHQW
DQG SURGXFHV UHVXOWYV WKDW DUH QRW VWD W L
IRUDOO SHUIRUPDQFHPHDVXUHV 7KHSDQHO D
PHDVH UWKRZVSWE)DWIRULWKP LQLQIHUHQFH DQ
KDYHVWDWLVWLFDOO\LQVLJQEDBADQ®W GLIIHUH
$03)LQ WHPSR LQIRUPHG WUDFNLQJ KDYH LQVL.
ZLVBR3)LQ WHPEMDQIRUPHG VDPPRHQY X UH
ff VKRZQ LQ SDQHO E LQGLFDWHYV VWDWLVWLF
HQFHV EHWMZIHMND3)

7KH63 PRGHO VKRZV VWDWLVWLFDOO\VLJQLI
WKHPHWKRGYV WKDW XVH %3 PRGHO LQGLFDWLQ
VKRUWHU SDWWHUQV IRU WUDFNLQJ GRZQEHDW
RIEHDW®HDVXUH LQ SDQHO F LV FRPSDUDEOH
| PHDVXUH ,QIRUPHG WUDFNLQJ PHWKRGV KDY
LQVLIJQLILFDQW GLIIHUHQFHV DPRQJWKHPVHO
PHDVXUH VLQFH WKH FRUUHFW PHWULFDO OHYH
LQIRUPHG WUDFNLQJ DOJRULWKP DQG KHQFH ¢
PDQFH $Q DFFHSWDEOH ElgDW [EQMVY PIDMRR Q JD
WDLQHG LQ PRVW FDVHV ZLWK VHYHUDO VWDWL
HQFHVLQLQIRUPHG WUDFNLQJ

7R VXPPDUL]H WKH UHV XD®/ ) IURRIAD E O H
VHHWKDW LQIRUPHG WUDFNLQJDQGDOJRULWKF
VDPDUDFNLQJ SHUIRUPDQFH VLJQLILFDQWO\ Zk
IRUPDQFH DOVRLPSURYHV EXW WR D OHVVHU HJ

JRU DQ DQDO\VLY DQG FRPSDUVLRQ RI LQIHUI



([SHULPHQWV DQG UHVXOWYV

$0JIR , Fo $O/W Iy fs 7THPSR
% LWV &0/ $0/

$03)

$03)

$03)

$03)

7TDEOH 6 XPPDU\RIPHWHU WUDFNLQJ SHUIRUPDQFHR
VLRQY¥.BIQ)G3yGDWDVHWY 7KHVHFRQG FROXPQ VKRZ
DOJRULWKPV 7KH WDEOH VKRZV WKH &HPSR HVWLPI
DQ®/ EHDWDR®BRZQEHDW WUDFNLQJSHUIRUPDQFH
PHDVXUHYV

$OJR f, $0/y lp  fs 7HPSR
% LWV &0/ $0/

$03)

$03)

7TDEOH &RPSDULQJ WKH PHWHU WUIDBNDQBLSHUIRUPL
$03p) DOJRULWKPVRQ ,QGLD@RE2VE B WWWHIGOWDRXRAWYV I
EHUVLQEROG | R/\D WBUDEFHL YW DFRHDVXUHVLQGLFDWH D
VLIQLILFDQW LPSURYHPHQW

SRROWKH UHVXOWYV R Q$,GUQORIPXY 5K & B WOW H W
LW LQ 7DEOHFRPSDUH WK H BI3)V$IBY DRGV
$03)ZLWK WKH EDVHOLEDB P HQV WK AVWDERMU VL QF
R=1 QRWI$WBKDWWHTXLYPIBH GWRLVWLEDO WHVV
GLFDWH WKDW IB030) 0 Qf®EPDXHHVXLYDOHQW DQ
VKRZ QR VWDWLVWLFDOO\VLJQLILFDQW GLIIHU]
GLWLRQ IRU 30O Q3PHEBYHYERWK JLYH VLIQLILEDQ
ORZHU SHUIRUP D Q¥0BF RIKSDKIRHGL\@RHUHQFH H[W
VLRQV QHHG IXUWKHU LPSURYHPHQW DQG GR QR
PDQFHRIGRLQJDIXOOLQIHUHQFHDW HYHU\ IUL
‘LWKWKDW VXPPDU\RIUHVXOWY ZHQRZIRFXV
\WLV RI22KFRPSDULQJPHWHU WUDBRBQRJ SHUIRUTF
ZLVBR3) DQ¥DV3) 7DEOHVKRZV D VXPPDU\ RI UHVXC
RYHU DOO WKH ,QGLDQ PXVLF GDWDXHWV IRU P}
DU®3)DRE2 $QDQDO\WLVVKRZHG WKDW WKHUF



OHWHU LQIHUHQFH DQG WU

FDOO\VLJQLILEDQW GLIIHREHQFRGED LRV XOWYV EF
HLWHOBYR$03) IRUDOO PHDVXUHR=2RZHYHU IR
WKH EHDW WUDFNLQJ PHDV XU KW 3WKRZHLQ LPSUR
$03) )RU WKH S503)HF RPSDUHE0Z)MRKZHY HU

WKHUH ZDV QR VWDWLVWLFDOO\ VLJQLILFDQW L
WHUQV VKRZLQJWKH QHHG IRU IXUWKHU H[SOR
VDPS®OB®WDOJRULWKP WRLPSURYH LWV SHUIRUP

8X8 *QM+HMbBQMb

‘HGHILQHG GLIIHUHQW PHWHU DQDO\VLV WDVNYV
GLDQ DUW PXVLF SRLQWLQJRXW WKH GLVWLQF
HQFH PHWHU WUDFNLQJDQG LQIRUPHG PHWHU
SUHOLPLQDU\H[SHULPHQWV RQ &DUQDWLF PXVL
PRGHOV IRUMRLQWO\WUDFNLQJ VHYHUDO DVSt
WKHDUW EDU SRLQWHU PRGHO ZDV SUHVHQWHG
IHUHQFH H[WHQVLRQV ZHUH SURSRVHG WR LPSU

$QH[WHQVLYHHYDOXDWLRQRIGLIIHUHQW PH
DOJRULWKPV ZDV GLVFXVVHG IRU GLITHUHQW , G
ZLWK %DOOURRP GDWDVHW UHVXOWY UHSRUWH
PXVLF ZLWK FRPSOH[PHWULFDO VWUXEWXUHV L
SHUIRUPDQFHRIQRYHO PHWKRGVIRUPHWHUDQ
HYDOXDWLRQLYV YDOXDEOH WR LPSURYH VWDWFE
LQ,5

7KH %D\HVLDQ PRGHOV H[SOLFLWO\ FRQVLGH!
LQIRUPDWLRQIRUPHWHUDQDO\VLY OHDGLQJW
+RZHYHU WKH DOJRULWKPYV DQG PRGHOV DUH |
DGDSW WR F\FOLFDO PHWULFDO VWUXFWXUHV L¢
7XUNLVKPDNRP¥OQAWR $UDE DQ®DPOQVLDQ PXV
6XFK %D\HVLDQ PDFKLQH OHDUQLQJPRGHOV UH"
EHDWDQG GRZQEHDWDQQRWDWHG WUDLQLQJG
WKHVHPRGHOV DQG EXLOG VSHFLILF DOJRULWK
VLRQV WR GLITHUHQW PXVLF FXOWXUHV LV RQH F
LQ WKH DUHD

7KH 63 PRGHO VKRZV VLJQLILFDQW SURPLVH |
DQDO\VLV ,W LV DIOH[LEOH PRGHO WKDW FDQ
ULFDO VWUXFWXUH E\ WUDFENLQJ VPDOOHU PHD!
F\FOH ,W SURYLGHV D VLJQLILFDQW LPSURYHP



&RQFOXVLRQV

DQG LW ZRXOGEHIUXLWIXO WRH[SORUHLW IXUW
,WDGGLWLRQDOO\JRHVRQWRVKRZWKDW WUDF
LV XVHIXO IRUWUDFNLQJORQJGXUDWLRQ PHWU
FRQFOXVLRQ FRQVLGHULQJWKDW VHYHUDO DGG
ZD\

7KH UHVXOWYV ZHUH PRWW3)\ 3) HSRGBIWHG RQ W
GDWDVHWYV WKDW FRQVLVW RI WZR PLQXWH ORC
SRUWGHGLEDLYDVDPXUWKQBWDYHHQ IURPDGGLW
H[SHULPHQWY WKHVHDOJRULWKPV H[WHQG WR
QDWLF PXVLF VKRZLQJDQ HTXLYDOHQW SHUIRI
WDWLRQDO FRPSOH[LW\LV RQH IDFWRU IRU PHYV
SLHFHV WKHUH FDQ EH VHYHUDO ZD\V LQ ZKLFK
WKH DSSURDFKHV GHVFULEHG LQ WKH FKDSWHU
HYDOXDWLRQ RQ D ODUJHU GDWDVHW ZLWK IXO!
UK\WKP DQQRW DWAHD®RE IUFRIOVOIHFWLRQV ZLOO X |
ERRVW VXFK D FODLP

2QH PDLQ OLPLWDWLRQ RI WKHDOJRULWKPV S
ZDV WKH DVVXPSWWRIRB IVDKHLDKRBH DXGLR UHF
LQJ SUHVHQWHG WR WKH DOJRULWKP :KLOH Wi
DVVXPSWLRQ IRU &DUQDWLF PXVLF ZKLFK LV GL
UHFRUGLQJVY FRQWDLQLQJD VLQJOHSLHFH +LQ
FDQ KDYH WZR RU PRUH W/IBHEGDAS Q KOM KHPU H QW
EDVHG VHIJPHQWDWLRQ PLJKW EH QHFHVVDU\ W
PHWHUDQDO\VLV DOJRULWKPV 6XFK VHJPHQWTE
XVLQJ HJ %D\HVLDQ FKD®DH BHRU Q&\H 8 HIVDH F W |
&KLDSSD D SUREOHP WKDW QHHGV IXUWKHU H[S

7KHDSSURDFKHVLQWKHFKDSWHU XWLOL]HGE
SDWWHUQV IRUPHWHU WUDFNLQJ ,QGLDQ DUW |
UK\WKPLFSDWWHUQVDQGKHQFHVKRXOGEHQH
WLSOH SDWWHUQV WR PRGHO D F\FOH +RZHYHU
VKRZ VXFKDQLPSURYHPHQW 7KHUH ZDV QR VW
LPSURYHPHQW REVHUYHG ZLWK RGALWLRQDO U
7KLV FDQ EH SULPDULO\ DWOWWUEBXWE ® BAKHHUV L P ¢
YDWLRQ PRGHODQG WKHVSHFWUDO IOX[EDVHG
QXDQFHV IURPPXOWLSOH SDWWHUQV DQG PRGH
IHDWXUHV WKDW FDQ FDSWXUH QXDQFHV DQG D
QHHG WR H[SORUHG WR XWLOL]H WKH YDULDELO
LQ ,QGLDQ DUW PXVLFDQG XVHWKHP IRUPHWHU

9LODA¥QWZ WHPSR SLHFHV LQ +LQGXVWDQL P



OHWHU LQIHUHQFH DQG WU

QLILFDQW FKDOOHQJHIRUPHWHU WUDFNLQJ 7K
IRUHYDOXDWLQJD PHWHU WUDFNHU RXWSXW "X
ULFDO F\FOHV DV OR PDVADVPK QX WK HWKFOH DU
TXLWH IOH[LEO\ UHQGHUHG ZLWK H[SUHVVLYH W
WKH OD URHWQWHUYDO ODUJHU HUURUV LQ WUL
DEOHIRUOLVWHQRUMDWREZKN EHJWEBLQJ DQG H
WKH F\FOHDUH PRUHLPSRUWDQW WR NHHS WKH
PRUH DFFXUDWH $Q HYDOXDWLRQ PHDVXUH WK
DQ RXWSXW DV WKH VDPH LV QRW WKH EHVW HYTL
DFDVH 7KHVWDQGDUG HYDOXDWLRQ PHDVXUH
LQFOXGLQJWKH FR QW ,DXE MY PBIQY R WHAD&®W O H
VXFKFDVHV ZKHUHWKHUH QHHGV WR GLITHUHQW
LQJRQPHWULFDO SRVLWLRQ DQ GI®HHPSHRY ,Q WK F
LQ WKLV FKDSWHU ZH XVHG P —RIQMKHHUFYD®L D Q
DV WKH HUURU ZR-Q GRRIZMIRH DLOHFH 7KRXJK LW D¢
IRUPRUH IOH[LELOLW\LQ HYDOXDWLRQ RI ORQJ
EHWWHU PHDVXUHV WKDW FDQ FRQVLGHU WKH |
PRUH PHDQLQJIXO 6XFK PHDVXUHV DUH WR EH |
WHVWHG WRUHIOHFWDPRUHDFFXUDWHPHDVXL
WHU WUDFNLQJDOJRULWKPV IURP D OLVWHQHU

$ FRPSDULVRQ DFWRMW\OBZHE WHKIW-DRD JH U
WKDW KDYH D KLJKHU GLYHUVLW\ Rl SDWWHUQV
GLIILFXOW W-R GVLLIDEAD H QID WOLLFO DA MEAD O
+LQGXVWDQLPXVLFLVDOVRGLIILEXOWWRWUDI
F\FOHV DQG HYXBIO-DEWMQVWKWLRQ OHQJWK UK\WK
WHUNMDEE HTXDOLQ OHQJWKDQG VLPLODU ZKL
WUDFNHU WKDW XVHV RQO\VSHFWUDO HQHUJ\ E
ORQWHMWRUW KDYH ZLGHU VFRSH IRULPSURYLVD
WUDFN ZLWK ORQJHU GXUDWLRQ F\FOHV DGGLQ
SOH[LW\

$SDUW IURP WKH SHUFXVVLRQ SDWWHUQV SOl
WDREDW DUH LQGLFDWLYH RI WKH SRVLWLRQ LC
FDVHV PHORGLF SDWWHUQV DOVR LQGLFDWH W
IXUWKHUWUXHLQFRPSRVLWLRQDOIRUPVRIER\V
PXVLF ZKLFK DUH FRPSWV-H® Q @ ®\\DSHFR FLOFQ E H
XVHG WR WUDFN WKH S WRATWN K WLHRYQH WB O PRXJIKRIS
DQG O\ULFDO PDUNMD W RIFRIUFDRNLDN MWKIHP HO R G\
O\ULFV EDVHG IHDWXUHV LQWR WKH REVHUYDWL
VLIHG WR DGGLWLRQDOO\KHOS WR LPSURYH PH\



&RQFOXVLRQV

7KH SUHVHQWHG %D\HVLDQ PRGHOV FDQ EH IX
FRUSRUDWH RWKHU VWUXFWXUHVY DQG SULRUV
SURYLQJPHWHU WUDFNLQJ VXFKDV WLJKWHU |
UHVWULFWLRQ RQ FRQWLQXLW\ DQG DOORZDQF
DEHDW 7KLV LVLQDGGLWLRQ WR WKHLGHDV F
KRSLQIHUHQFH WKDW DLPV WR WUDEN PHWHU R
6XFKPRGHOVQHHGWREHIXUWKHUH[SORUHG Z
LQIHUHQFH DOJRULWKPV 7KHFRPSXWDWLRQDO
YDWLRQ PRGHODQG WKHLQIHUHQFH H[WHQVLR(
VKRZ VRPH SURPLVH EXW QHHG IXUWKHU LPSUR
EHWWHU XWLOL]HG ZLWK PRUH WK\NRKFEIKF SDW W |
QHHGV PRUH GLYHUVH IHDWXUHV 7KH XVH RI EF
LQIHUHQFH ZLWK EHWWHU PRGHOV FDQ EH D IRF
WKHWRSLF 5HFHQW DSSURDFKHV WKDW XVH GH
YDWLRQPRGHOV KDYH D8R N HHRKWREROH VX FFHV
PRWLYDWLQJXVWRH[SORUH WKHP IXUWKHU

7KH PHWHU DQDO\VLYV DOJRULWKPV GLVFXVVH
GHYHORSHG ZLWKLQ WKH FRQWH[W RI &RPSOXVL
DOLJQHG ZLWK LWV JRDOVWROHDG WRZDUGV GH
LODULW\PHDVXUHV OHWHUDQDO\LV LV WKH IL
$XWRPDWLF PHWHU DQDO\VLY SURYLGHV YDOXE
GDWD IRUD SLHFHRIPXVLF ZLWK VHYHUDO XVHI
WKHP DUH GHWDLOHG LQ &KDSWHU






&KDS\@-IL.

S2 +mbbBQM T 1i
I Mb+ BTIiBQM
/I Bb+Qp2 v

TKHPHWDSKRULFDO XVDJHRI pODQJXDJt
V\VWHP LV SDUDOOHOHG E\D OLWHUDO X
WKH ZD\V LQ ZKLFK PDQ\ GUXP PXVLFV PLC
UHVHQWHG ZLWK VSRNHQ VIOODEOHYV

.LSSHQDQG %HO

3HUFXVVLRQ SOD\VDQ LPSRUWDQW UROH LQ ,QCc
QLILFDQW IUHHGRP WRLPSURYLVH OHDGLQJD?Z
SDWWHUQVWKDWKHOSWRFUHDWHPXOWLSOHO
WKHVH SHUFXVVLRQ SDWWHUQV KHQFHLVDQLP
RSLQJUK\WKP VLPLODULW\PHDVXUHV :HZLVKW
SDWWHUQV IURPDXGLR UHFRUGLQJVLQDGDWD
PXVLFDOO\PHDQLQJIXO UHSUHVHQWDWLRQ IRU

'HDGGUHVVWKHWDVNRISHUFXVVLRQ SDWWH
WHUWDNLQJDQDSSURDFKRIWUDQVFULSWLRQ I
WHUQV 7KH ZRUN SUHVHQWHG LQ WKH FKDSWH !
DQRG RQO\IRUGHPRQVWUDWLQJ WKH XWLOLW\R
WHPLQSHUFXVVLRQ SDWWHUQWUDQVFULSWLR



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

PHQWY SUHVHQWHG FRQWDLQ SUHOLPLQDU\ UH\
7TKHJRDOV RIWKHFKDSWHU DUH

7RGLVFXVVWZREURDGDSSURDFKHV WR SHUF)
IRFXV RQ WLPEUH EDVHG WUDQVFULSWLRQ DC
LQJIXOUHSUHVHQWDWLRQVFDQEHREWDLQHC
FXVVLRQ VWURNHV LQ VIOODELF SHUFXVVLRQ

7R SUHVHQW DQ DSSURDFK WR SHUFXVVLRQ SI
GLVFRYHU\LQV\OODELFSHUFXVVLRQV\VWHP)\
QLWLRQIUDPHZRUN

7R SUHVHQW H[SHULPHQWV RQ MLQJMX SHUF X
SOHU HIDPSOH WHVW FDVH RI SHUFXVVLRQ SD
SDWWHUQ FODVVLILFDWLRQ 7R H[WHQG WKHL
VLF DQGHYDOXDWHLWRQPULGDQJDPDQG WI

TRLGHQWLI\WKHDGYDQWDJHVDQGVKRUWEFRP
ZLWK SRVVLEOH IXWXUHUHVHDUFK GLUHFWLR

'HILUVW VWDUW E\GHVFULELQJWZREURDGDSS!
IRUWKHWDVNRISHUFXVVLRQ SDWWHUQ WUDQV

eXR TT Q +?2b

3HUFXVVLRQ WUDQVFULSWLRQ DLPV WR WUDQV
D SHUFXVVLRQ VROR LQWR D WLPH DOLJQHG VH
SHQGLQJ RQ WKH VIPERO VHW FKRVHQ DQG WKH
PRGHOHG WUDQVFULSWLRQ FDQ EH DSSURDFKI|
ZD\V 7KH WZR DSSURDFKHV GLIIHU PDLQO\ LQ \
SHUFXVVLRQ SDWWHUQV LQ DXGLR

7TUDQVFULSWLRQ EDVHG RQLQGLYLGXDO LQVWU

$Q DXGLR UHFRUGLQJFDQEH WUDQVFULEHG LQ'
RILQGLYLGXDO SHUFXVVLRQLQVWUXPHQW VWU
DGUXPVRORLQWRDVHTXHQFHRIEDVV KL KDW
7KH RXWSXW RI VXFK D WDVN LV D GUXP VFRUH V
DQG WKHLU RQVHW WLPHV $ SHUFXVVLRQ SDWW
DQG UHSUHVHQWHG XVLQJ WKDW VFRUH XVLQJ)\



$SSURDFKHV

DOOLQVWUXPHQWY 6XFKDQDSSURDEK LV XVH|
GUXP PL[WXUHV ZKHQ SHUFXVVLRQ SDWWHUQYV
WLDO FRPELQDWLRQRIGLIIHUHQW LQVWUXPHQ"
PXVLFDO LGHQWLW\ 6LQFH PRVW SHUFXVVLRQ
VWURNHYV IURP PXOWLSOH LQVWUXPHQWV VXFk
FRPSRVLWLRQRIWKHDXGLR FRQWDLQLQJGUXP
GUXP FRPSRQHQWY $V D SUH SURFHVVLQJ VWH
RQVHW GHWHFWLRQ PLJKW EH QHHGHG

$V GLVFXVVHG EHIRUH H®HOWWILIRGHG WUDQVF
WLRQ DO JRIDLOMKWP V5LFKEDRE\RQ HW DO
*RWR OXUDRNDOOHW 5LFKDRWIPHQW WKH LQSX\
VLIQDO EDVHG RQ SHUFXVVLRQHYHQWY WKHQ H
IURP WKHVH VHIPHQWY WR XQFRYHU LWV PXVLF
VXFK DV RQVHWY BRXUFH VHSDXOXWM. RILEDVHG
WDQHQ6PDUDJGLD/$EGDOODK 30XPEBH\
FRPSRVHWKHLQSXWDXGLRVLIQDO FRQWDLQLQ
IXQFWLRQV FDSWXULQJVSHFEWUDO FKDUDFWHU
LQGLYLGXDO SHUF X VALDRQHM D\B W X R/ HQW/VD Q
H[SORUDWRU\ VWX G) RDWAIGH/ RXHRH VHSDUDW LR
QLTXHV IRULQVWUXPHQW VSHFLILFRQVHW GHW
LQVWUXPHQW HQVHPEOHV DLPLQJDW SURYLGL
UHVHDUFK LQ MLQJMX SHUFXVVLRQ WUDQVEFULS

7TUDQVFULSWLRQ EDVHG RQ RYHUDOO WLPEUH

$ FRQWUDVWLQJDSSURDFK LV WR FRQVLGHU WK
RIDSHUFXVVLRQ VROR ZLWKRXW DQ\UHJDUG W
$ SHUFXVVLRQ SDWWHUQ LV WKHQ GHILQHG DV
LOQVWUXPHQW WLPEUHV DQG WKH JRDO LV WR WU
LOWR D VHTXHQFH RI VXFK FRPELQHG WLPEUHYV
XVHIXO ZKHQ SHUFXVVLRQ SDWWHUQV FDQ EH G
VHTXHQFHVH J LQV\OODELFSHUFXVVLRQ V\VW
RI WKH DSSURDFK KRZHYHU LV ZKHQ D SDWWHU
GHILQHG E\ WKH RYHUDOO WLPEUH DQG LQGLY]|
DUH QHFHVVDU\ DVRIWHQ LV WKH FDVH ZLWK D C

,Q VIOODELF SHUFXVVLRQ VI\VWHPV SDWWHU
VIOODEOHV ZKLFKLVERWKPXVLFDOO\PHDQLQ
UHVHQWDWLRQ ,Q FHUWDLQ SHUFXVVLRQ V\VW
FXVVLRQ WKH VIOODEOHV UHSUHVHQW WKH RY



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

SHUFXVVLRQ HQVHPEOH ZKLOHLQ ,QGLDQDUW
+LQGXVWDQLPXVLF WKHV\OODEOHV UHSUHVH
FDQ EH SURGXFHG E\WKH RIWHQ VLQJOH SHUF
HLWK WDWEMWKHPULGDQJDP ,Q HLWKHU FDVH W
UHSUHVHQWHG E\ WKH VIOODEOH LV VXIILFLHQW
WHUQ ,Q VXFKDFDVH DSHUFXVVLRQ SDWWHUQC
EDVHG RQ WKHVH VIOODEOHV DQG WUDQVFULEH

,Q WKLV FKDSWHU ZHH[SORUHRQO\WKH VHFR
ODEOHV WR GHILQHRYHUDOO WLPEUHV RI SHUF)
WKHP WR GHILQH WUDQVFULEHDQG GLVFRYHU ¢
UHPDLQGHU RI WKH FKDSWHU WKH JRDO LV WR !
UHOHYDQFH RI SHUFXVVLRQ VIOODEOHV LQ UHS
RI SHUFXVVLRQ SDWWHUQV IRUDXWRPDWLF WU
6LQFH WKHVH VIOODEOHVY KDYHD FOHDU DQDOR.
WKH WUDQVFULSWLRQ WDVN KDV D GHILQLWH D
DQG ZH FDQ DSSO\VHYHUDO WRROV DQG NQRZO
SORUHG UHVHDUFK DUHD ZLWK PDQ\VWDWH RI W
WHPXDQJ 'HQJ

7KHILQDO JRDO LV WR DXWRPDWLFDOO\ GLVF]
IURP VHIJPHQWHG SHUFXVVLRQ VRORDXGLR UHF|
VLF DQG ZH WDNH D WUDQVFULSWLRQ VHDUFK
FXVVHG LQ 6 HFMKIHR®@DVN KRZHYHU LV FKDOOHQJ
UHTXLUHV D FRQFUHWH GHILQLWLRQ RI D SHUFX
GHILQLWLRQRI ZKDW FRQVWLWXWHY D SHUF XV V
,QGLDQ DUW PXVLF )XUWKHU ,QGLDQ SHUFXVV
LPSURYLVDWLRQ ZLWKL QVA-ATB L Y DMHHDZRWUDN GRD WK
QXPEHURISHUFXVVLRQ SDWWHUQV WKDW FDQ E
DQG WDEOD ZKLFKPDNHVLWIXUWKHUGLIILFXO!
VLRQ SDWWHUQV ZLWKRXW DPELJXLW\ :HDGGU
WKH GLVFRYHU\ XQVXSHUYLVHG DQG GDWD GUL
JURXQG WUXWK PXVLF VFRUHV WR GHILQH UHOH

*LYHQ WKH FRPSOH[LW\RIWKHWDVNLQ ,QGLD
GHILQHG ODUJH QXPEHU RI SDWWHUQV ZH FRQV
VLRQ SDWWHUQVLQ MLQJMXDVDQLQLWLDO WH
PHWKRGV 3HUFXVVLRQ SDWWHUQV LQ MLQJMX
DVSHFWV ZKHQ FRPSDUHG WR ,QGLDQ DUW PXVL
WHUQV DUH ZHOO GHILQHGDQG OLPLWHGLQ QXP
DQG YDOLGDWHRXUK\SRWKHVLV ZLWKMLQJIJMX
WR ,QGLDQ DUW PXVLF ZLWK D GDWD GULYHQ E X



7TKHFDVHRI %HLMLQJRSHUD

JLIXUH7KHZDYHIRUPDQGVSHFWURJUDPRIDQDXGLR
LQJDOO IRXULQVWUXPHQW JURXSV RIMLQIJMX 7KH'
IRUPDQG WKH ERWWRP SDQHO LV WKH VSHFWURJUDF
LV WLPH LQ VHFRQGYV 7KH YHUWLFDO OLQHV LQ U
LOQOVWUXPHQWY 7KHRQVHWY DUH ODEHOHG WR LQGL
EDQJGDOXRDRERDROXR

D SHUFXVVLRQ SDWWHUQ 6LQFH WKHUH DUH D
SHUFXVVLRQ SDWWHUQV WKH SUREOHP RI SDW
VLPSOLILHG LQWR D SDWWHUQ FODVVLILFDWLR(
LQWKHIROORZLQJVHFWLRQ

eXk h?2 + b2 Q7 "2BDBM:; QT2 UC

7RUHFDOO IURP GHIFWXRYLRQ HQVHPEOHLQ MLQ
RITLYHLQVWUXPHQWY SOD\HG E\IRXU PXVLELD(
EDVHGRQWLPEUHLQWR IRKQ EFQODE KB HZUXPUR>
[LDROMAD OO0 CM@ERJ JRQDDRERPEDOV 7KH

ZDYHIRUP DQG VSHFWURJUDP RI DQ DXGLR H[DP
WKHVH LQVWUXPHQW FODVVHN ED @ KREQWKH)LJ.
DPSOLWXGHG\QDPLFVDQGVSHFWWIDXRKDSHV IF

7KH DXGLR H[DPSOH LV?DYDELODEOMH2KQ MM /XQ  ;f
T2QTH2f D vbKfbQmM/bfky8NdRf



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

KDV DIDOOLQJBDWBEERDKUDWLQJ SIDARFEKRSURILOF
KDV D EURDGEDQG VSHFWUXP ZLWK VLJQLILFDQ
TXHQFLHV DVLVFKDUDFWHULVWLERQBXPEDOYV
DUHVKDUS KDYHDPXFKORZHUDPSOLWXGH DQ
DQG KDSSHQ LQ KLJKHU GHQVLW\WKDQ WKRVH J
VWUXPHQWVEBKRBMHWRKHD UH HDVLO\PDVNHG E\
EDOV DQG JRQJV :HFDQEDQVWVURNHKRY WIKWNH G
E\DQ DGMRRROW® RNH VLQ)LIXUH
S8VLQJFRPELQDWLRQVRIWKHVHLQVWUXPHQW
ELQHG SHUFXVVLRQ VWURNHY DUH SURGXFHG
ZLWK DQ RQRPDWRSRHLF RUDO PQHPRQLF V\0OO
PDQ\ VIOODEOHY WKDW PDS WR D VLQJOH WLPEL
SOHWH VHW RI VIOODEOHV 1$QM$R4 L ¥H VIOODEOH
DQ&$1*DV OLVWHG LQKIDEUH Rl WKHVH RUDO V\(
VHTXHQFHV VLPSOLI\DQG XQLI\WKH UHSUHVHQ
SOD\HG E\DQ HQVHPEOH
7R IXUWKHU UHF D QWX BIFHSFHWIFKQ VLR Q SDWWHUQ
PXVLF DUH VHTXHQFHV RI VWURNHY SOD\HG E\ G
RI WKH SHUFXVVLRQ LQVWUXPHQWY DQG WKH U
DUH WUDQVPLWWHG XVLQJ RUDO VIOODEOHV DV
VLRQ SDWWHUQLVDVHTXHQFHRIV\OODEOHV LQ
DORQJZLWK WKHLU VSHFLILF UK\WKPLF VWUXFV
(DFK SDUWLFXODU SDWWHUQ KDV D VLQJOH XQL
VKDUHG E\DOO WKH SHUIRUPHUV +HQFH WKH X
VHTXHQFHV VLPSOLI\DQG XQLI\WKH UHSUHVHQ
SOD\HGE\DQ HQVHPEOH PDNLQJWKHP RSWLPD
DQG DXWRPDWLF FODVVLILFDWLRQ RI WKH SDWV
$ SHUIRUPDQFH VWDUWYV DQG HQGV ZLWK SHU
JHQHUDOO\LQWURGXFHDQG FRQFOXGHDULDV
ZLWKLQ WKHP 7KH SDWWHUQV DFFRPSDQ\ WKH
VWDJH DQG VHW WKH PRRG RI WKH SOD\ WKH VFI
RIWKHDULD $QDXWRPDWLFGHVFULSWLRQRIW
WKXV TXLWHLPSRUWDQWLQ SURYLGLQJWKHRY
7KHUHIRUH WKHGHWHFWLRQDQGFKDUDFWHUL
LVDIXQGDPHQWDO WDVNIRUWKHGHVFULSWLR(
%HLMLQJ RSHUD ,Q SUDFWLFH WKHUH LV D OLP
WKDW DUH SOD\HG LQ SHUIRUPDQFH
7KRXJKWKH SDWWHUQV DUHOLPLWHGLQ QXPE
DUH VHYHUDO FKDOOHQJHV WR WKH SUREOHP R



7TKHFDVHRI %HLMLQJRSHUD

J)LIXUH7KH ZDYHIRUP DQG VSHFWURJUDP RI DQ DXGL
SDWWHUQVKDQFKXL 7KHWRSSDQHOVKRZVWKHZDY
LV WKH VSHFWURJUDP 7KH YHUWLFDO OLQHV LQ UH
ODEOHV 7KHRQVHWY DUH ODEHOHG WRSLQGLFDWH W
7%, 4, 4,( DQRG1* 4,LVQRW SUHVHQW LQ WKLV S
7KH VFRUH IRU WKH SDWW H BQ RWY R R Z\K DQV) WKXHIBIX G
H[DPSOH KDV WZR DGGLWLRQDO UBSHWLWLRQV RI W
4,(7$,LQ WKH SDWWHUQ

VFULSWLRQ DQG FODVVLILFDWLRQ %HLQJDQR
XVHG IRUWKHUHSUHVHQWDWLRQ RIWKH SDWW F
JHQHUDODJUHHPHQW 7KHUHVXOWEHLQJWKDMW
EHUHSUHVHQWHGE\PRUHWKDQRQHV\OODEOH
UHSUHVHQWDWLRQ FRQYH\V LQIRUPDWLRQ IRU
HQVHPEOH VR RQO\WKH PDLQ VWUXFWXUDO VR
DQDFWXDO SHUIRUPDQFH D SDUWLFXODU V\0OOI
GLIIHUHQW FRPELQDWLRQV RI L WWKWHXIPHQWV H
RFFXUUHQFH RT %KY YODODE O M R/AEXAW K1)
WKH UHVW RI WKH S DMW\WRBDREG BKSW R UHGVEH U
,QIDFW JHQHUDOO\ VS H ENDLD M\KHHIO/G\RIPRANRHY R |
YH\HG LQ WKH VIOODELF VHTXHQFH DVFDQEHYV
LQ )LIXWHRU WKH VHFRQG VL[WBE QN[ RKHBRWH R V
IRUWKHLQWURGXFWLRQVDQGRWKHU VWUXFW X
DORQH $VLQGLFD®$HGE V@ RNVEMIDH D FRPELQDWLR
DOOWKHWKUHH PHWD O O RSKIFEQH\VE i 3 WD \HGR P H
ZLWK M%\D\W REK M X& VOKRRERPELQDWLRQ

,Q WKH FDVHV ZKHUH WKH SHUFXVVLRQ SDWW
PRYHPHQWV RIDFWRUVRQVWDJH FHUWDLQ V\O
SDWWHUQ DUH UHSHDWHG LQGHILQLWHO\ 7KLYV
GLIIHUHQW SHUIRUPDQFHV WR KDYH YDULDEOH
WLRQV QHHG WR EH H[SOLFLWO\ KDQGOHG 7KH
LV H{SUHVVLYH DQG PDWFKHV WKH DFWLQJ LQ W



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

FRQVLGHU RQO\WKH VHTXHQFHRIV\OODEOHV D
UHODWLRQVKLSY EHWZHHQ WKH VIOODEOHV WR
WKRXJK WKH SDWWHUQV DUH XVXDOO\ SOD\HG L
WKHVWULQJLQVWUXPHQWVRUHYHQWKHYRFDC
SDWWHUQVHQG SUHVHQWLQJFKDOOHQJHVLQ I
WLRQ )LMKRZV DQ DXGLR H[DPSOH RI WKH SDW!
DORQJZLWKWLPHDOLJQHGPDUNHUVWRLQGLFI
VSHFWURJUDP DOVR VKRZV WKH WLPEUDO FKDU
VLRQ LQV \WUDRFHQEVM D V L Q BHLOMRARKE LDHDGY L Q J
SLWFK 6RPH YDULDWLRQ WR WKH QRWDWHG VF
DVH[SUHVVLYHWLPLQJDQGDGGLWLRQDO LQVH

$W WKH RXWVHW LW LV FOHDU WKDW %HLMLQ
DUH ZHOO GHILQHG DQG OLPLWHG LQ QXPEHU
UHFRJQLWLRQ RI WKH SDWWHUQ DV D ZKROH LV
DFFXUDWHV\OODELFWUDQVFULSWLRQRIWKH S
RI SDWWHUQ FODVVHV DQG RZLQJWR DOO WKH Y
WHUQ ZHDUH SULPDULO\LQWHUHVWHGLQ FODYV
RQH RI WKH SRVVLEOH SDWWHUQ FODVVHV 6\0
FRQVLGHUHG DVDQ LQWHUPHGLDWH VWHS WRZ
7KH QDPHG SDWWHUQV FDQ EH XVHG WR EXLOG D
SDWWHUQV FDQ EH UHIHUUHG WR DV 3SDWWHUQ
FODVVLILFDWLRQ DQG FODVVLI\LQJDQ LQVWDQC
WKH DXGLR UHFRUGLQJRI DQ DULD LQWR RQH R
WKXV D SULPDU\ WDVN

eXkXR S2 +mbbBQM T ii2 M +H bbB}+ iBC(

%HLMLQJ RSHUD SHUFXVVLRQ SDWWHUQ WUDQV
DILUVWWHVW FDVHIRUSHUFXVVLRQ SDWWHUQ
ZRUN ZHUHVWULFW WRILYHSUHGRPLQDQWO\ X
MLQJMX GDREDQ WRX PDQ FKDQJFKXL GXRWR
VKDQFKXL SDWWHUQ VFRUHVSWERKXHGHBH.QHLJ
VWULFW RXUVHOYHV WR SHUFXVVLRQ SDWWHU
WLRQ RI WKH DULD VLQFH WKH\ FRQYH\ VLJQLII
WKH VWUXFWXUH RI WKH DULD WKDW IROORZV L
IROORZHG E\ BDIQmBURLEDE ID®

‘H QRZ SUHVHQW D IRUPXODWLRQ IRU WUDQV|
WLRQ Rl VIOODEOH EDVHG DXGLR SHUFXVVLRQ
RQ WK®JIMX 3HUFXVVLR® BD WAVHBHFGDLWRQV HW



7TKHFDVHRI %HLMLQJRSHUD

7KH GDWDVHW LV D FROOHFWLRQ RI DXGLR SH
QLQJILYHGLIIHUHQW SDWWHUQ FODVVHV ZLWK
7KHUHLVDVLJQLILFDQWDQDORJ\RIWKLV WDVN
UHFRJQLWLRQ XVLQJ ZRUG PRGHOV 6\0O0ODEOH\
DQGDSHUFXVVLRQ SDWWHUQWRDVHQWHQFH |
DUH ODQJXDJH UXOHV WR IRUP D VHQWHQFH XVI
HDFK SHUFXVVLRQ SDWWHUQ LV IRUPHG ZLWK D
ODEOHV IURP D YRFDEXODU\ +RZHYHU XQOLNH
UHFRJQLWLRQ ZKHUH LQILQLWHO\ PDQ\ VHQWH
FDVH ZH KDYH D VPDOO QXPEHU RI SHUFXVVLRQ
QL]JHG

6LPLODU WR WIKMIX@RRINW \DAH H{SORUH D VSHHFK
UHFRJQLWLRQ EDVHG IUDPHZRUN LQ WKLV VWXC
IHUHQW IURP RXUV LQ WKH VHQVH WKDW WKH R
WLRQV WKH\ XVHG ZHUH FUHDWHG E\ WKH DXWK
LQJRQ DOUHDG\ H[LVWLQJ RUDO WUDGLWLRQV
HGJBULQLYDVDPXUWK\ &UHY HHQWMHIEG WKH ILUVW
WKDW H[SORUHG DXWRPDWLF WUDQVFULSWLRQ
EDVHG SHUFXVVLRQ SDWWHUQV DVDSSOLHG WF
DQG UHVXOWY SUHVHQWHG LQ WKLV VHFWLRQ D!

JROORZLQIJWKHQRWDWLRQ $BROVHQWW DB Y8 \WH
RN, SDWWHWPERF@DYVHK, 0 HDFKRIZKLFK LV D VH
TXHQFHRIVI\OODEOHYV | IARPIALKAE VIAWR I VIOODEO
ZKHNSGHLY WKH WRWDO QXPEHU RI VIOODEOHV LC
SHUFXVVLRQ SDWWHH O [aNyal HSY HYKBWHIG DV
3 2A DQGLV WKH O QIWKIRID WHVWIBXGLR VLJIQL
FRQWDLQLQJD SHUFXVVLRQ SDWWHUQ WKH WU
WDLQ DV\OODES Vet T X;ldQFDHQ G WKH FODVVLILFI
WLRQ WDVN DBPMVMOMWRROQH RQWKH SDWWHUQV LQ

7KH VI\OODEOHVDUHQRQ VWDWLRQDU\VLJQD
EUDO G\QDPLFV+@HIRXULWMIBFIKQ\OODEOH DQDORJ
ZRUW®0 8VLQJWKHWHOOMWDQG PO QJIXDJIH PRGHC
DQ LQSXW DXGLR SDWWHUQ LV WUDQVFULEHG L
XVLQJ9LWHUEL GHFRGLQJ DQGWKHQ FODVVLIL
OLEUDU\ XVLQJD PHDVXUHRIGLVWDQFH

$ EORFN GLDJUDP RI WKHDSSURDFHK LV VKRZQ
ILUVW EXLOG W\@AD OH OHY MNG= 5 IRU
HDFK V\ OO/EQKH IHDWXUHV HIWUDFWHG IURP WK
SDWWHUQV QMH&XRVHHDWKKHUHY WR PRGHO WKH WLP



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

J)LIXUH 7KH EORFN GLDJUDP MLQJMX SHUFXVVLRQ SC
DSSURDFK

VIOODEOHV 7R FDSWXUH WKH WHPSRUDO G\QDTF
WKH YHORFLW\ DQG WKH DFFHORWDAMIEHRQ FRHIII
VWHUHR DXGLR LV FRQYHUWHG WR PRQR VLQFH
IRUPDWLRQ LQ VWHUHR FKDQQHOV 7KH GLPH
JHURWK FRB)&SAHBD@QWUHY DUH FRPSXWHG IURP I
WHUQV ZLWK DIUDPH VL]H RI PVDQG D VKLIW
HISORUH WKH XVH RIHQHUJ\ D) &MRHKIUHG E\ W
ILFLHQW LQ FODVVLILFDWLRQ SHUIRUPDQFH +
IHDWR)E&B B'BWKH GLPHQVLRQDOIHDWXUH LC
JHURWK GHOWD YHORFLW\ DQGGRXEOH GHOW
DQBQ&&B'BWKH GLPHQVLRQDO YHFWRU ZLWKR?
HITLFLHQW

‘H PRGHO HDFK VIOODEOH XVLEWDLQVWDWH O}
FOXGLQJDQHQWU\DQGDQH[LWQRQ HPLWWLQJ
VLWLHV IRU HDFK VWDWH LV PRGBOMRZLWK D |
FDSWXUH WKH WLPEUDO YDULDELOLW\LQ V\OOD
HLJKW DQG VL[WHB@Q FRPSREQWRWLWWOH SHUIR



7TKHFDVHRI %HLMLQJRSHUD

LPSURYHPHQW 6LQFH ZH GR QRW KDYH WLPH D
LQ WKESDWDVHW DLW BDDWHGE IRU HDFK V\OOTL
QRW SRVVLEOH +HQFH ZH XVHDQ HPEHGGHG PR
HVWLPBXOL@DHW DWR WUPLQVWKIHQJ MXVW WKH
VIOODEOH VHTXHQFH FRUUHVSRQGLQJ WR HDFI
+00VDUH LQLWLDOL]JHG ZLWK D IODW VWDUW XVL
$00 WKH H[SHULPHQW YV ZH® 6 HXR QMHUN\RLYQ B RAGHD
7RRONLW<RXQJHW DO

*LYHQ D WHVW DXGLR SDW WHUOQYWRIRKE/ H WKHV
WDLQ D URXJK VIOODELF WUDQVFULSWLRQ DQG
WHUQ LQWR RQH RI WKH SDWWHUQ FODVVHV LQ"
VXUH Rl GLVWDQFH EHWZHHQ WKH WHVW SDWW|
6LQFH ZH RQO\ QHHG D URXJK VIOODELF WUDQVT
WKH SDWWHUQ FODVV ZHWUHDW WKH WHVW DXC
KRPRJHQRXV GLVFUHWH ODUNRY FKDLQ ZKLFK |
QLWH OHQJWK VHTXHQFH Rl VIOODEOHV ZLWK
JUDP WUDQVLWLRQ P%dJREMEL Q/LNY DHQG L H
Plagss = Ajjac=A)=1UNs 1 ij Ns ZLWEH
LQJWKH VHTXHQFHLQGH[ 7KLV DOVR IRUPV D V|
JXDJH PRGHO IRU IRUPLQJ WKH SHUFXVVLRQ SD
*LYHQ D IHDWXUH VHTXHQFH H{WUDFWHG IURP W
WKIBOV gWR GRD9LWHUEL IRUFHG DOLJQPHQ\
SURYLGH WKHEHVW V8$i TXIHQFHRYVOQOOE DO HM W :
FRQVWUXFWHG IURP WKH ODQJXDJHPRGHO

*LYHQ WKH GHFRGHG ¥\ 8 BFRO B X\W A XHQHFWW U L
HGLW GU\DWDQBREHW ZHBIQG SDWWHBQV LQ WKH \
7KH XVH RIHGLW GLVWDQFH LV PRWLYDWHG E\ W
HUURUV LQ 9LW HU E D @ ® DYQPLHIWHEUHVD IHRAQL\R Q V

. VXEVW LaW DWIGRW YD QW 8R VLOWLREOHYV FRPSDU/|
WR WKH JURXQG WUXWK B6HFRQGO\ WR KDQGOH
SDWWHUQV DQ HGLW GLVWDQFH LV SUHIHUUHG
VHTXHQFHWLHSORUH WKH XVH Rl WZR GLIITHUH
GLVWDQFH PHDVXUHV /i YYWIQIVW W RD®IGE N W\D Q F }
HUURUV DQG WKH 'DPH U D Xds/ NWK-DQW K RPN IQGGHLUAW
. a DQG DPOVRRDYDUUR

$V GLVFXVVHG HDUOLHU WKHUH FDQ EH UHSH
LQ VRPH SDWWHUQV 7KRXJK WKH QXPEHU RI UH
ZHREVHUYHGLQ WKH GDWDVHW WKDW WKHUH DU
PDMRULW\RI SDWWHUQ LQVWDQFHV +HQFH IRU



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

ORZUHSHWLWLRQRIDVXE VHTXHQFH ZHFRPSX
WKH FDVHV RI JHUR RQH DQG WZR UHSHWLWLRQ
PXP GLVWDQFH REWDLQHG DPRQJ WKH WKUHH F
KDQGOHUHSHDWHG SDUWY LY D$WDWWHG @ R MCKD
SDWWHHQFOPWYKLFK WKH # GLLIWIGRE8W D Q F H

LV PLQLPXP DV LQ (T

%= DUJ R )

1j Na

eXkXk _2bmHib M/ /Bb+mbbBQM

‘HSUHVHQW WKH VIOODEOH WUDQVFULSWLRQ D
VXOWYV RIQGMDKND VHW GHVFUL E H GKIHQ UsHM-NOLWR \Q
VKRZQLQ 7/DEBMWKHPHDQYDOXHVLQDOHDYH RC
LGDWLRQ :HUHSRUWWKHV\OODEOHWUDQVFUL
PHDVXUHV RI &R DWQHFSFFEVBIFLY WKH OHQJWK
RIWKHJURXQG WUXWKVHTXHQFH WKHQ WKH WZ

C
A =

7KH&RUUHFWQHVV PHDVXUHSHQDOL]JHV GHOHW
$FFXUDF\ PHDVXUH DGGLWLRQDOO\ SHQDOL]HV
WHUQ FODVVLILFDWLRQ SHUIRUPDQFHLV VKRZQ
VXUHNYQESLQ 7TDEOKBOO WKH UHVXOWYV DUH UHSRU
WKH | HDW&EH B 'B3QE) & &B'B$7KH GLIIHUHQFH LQ
SHUIRUPDQFHEHWZHHQ WKHWZR IHDWXUHV ZD\
VLIQLILFDQWIRUERWK &RUUHFWQHVVDQG $FFX
'KLWQH)\ 8p#I8:05W DWW XPLQJDQ DV\PSWRWLF QRUI
EXWDRQQ :KLWQH\

,QJHQHUDO ZHVHHDJRRG SDWWHUQFODVVLI
VSLWH D ORZ VIOODEOH WUDQVFULSWLRQ DFFXL
0)&&B B'BBHDGV WR D EHWWHU SHUIRUPDQFH ZL1
VFULSWLRQ ZKLOHERWK NLQGV RIIHDWXUHV S
IRUPDQFH IRU SDWWHUQ FODVVLILFDWLRQ 7KR
LV QRW WKH SULPDU\WDVN ZH IRFXVRQ DQDQD
SURYLGHV VHYHUDOLQVLJKWY 7KHVHWRISHUF
MLQJRSHUDLVIL[HG EXWWKHUHFDQEHVOLJKW



7TKHFDVHRI %HLMLQJRSHUD

6\OODEOH3DWWHUQ

JHDWXUH c A o d

0)&&B'B$
0)&&B B'B$

7DEOH6\OODEOH WUDQVFULSWLRQ DQG SDWWHUQ F¢
R@1IGDWDVHW ZLWX RRQG$HFMN@EHBHW X UHV IRU V\O
ODEOH WUDQVFULSWLRQ 3DWWHUQ FODVVLILFDWLTF
WDQFH PH DM B®O YDOXHV DUHLQ SHUFHQWDJH

SDWWHUQ FOP,VV 7TRWDO

GDREDQ WRX
PDQ FKDQJFK|XL
GXRWRX
[LDROXR GXRWRX
VKDQFKXL

7TDEOH7KH FRQIXVLRQ PDWUL[IRU SDWIVWDQHWDVVLI
XVLQJ WKH )&&®BV R BBL WKGLVWDQFH PHDVXUH 7KH |
DQEG VHFRQG FROXPQ VKRZ WKH SDWWHUQ FODVV OD
LQ HDFK FODVVY DQG FODVV ODEHOV FRAKHHVSRQG W
URZV DQG FROXPQ KHDGHUV UHSUHVHQW WKH 7UXH «
UHVSHFWLYHO\ $O0 RWKHU YDOXHV DUHLQ SHUFHQ'
JHURV RPLWWHG IRUFODULW\

LQVWUXPHQWV RIWKHVDPHNLQG 7KHWUDLQLG
UHSUHVHQWDWLYH DQGPRGHOVEXLOWFDQ EH
SHQGHQW 1HYHUWKHOHVV WKHUHEDQEHXQUFL
LQWHVW GDWD OHDGLQJWR D SRRUHU WUDQVFU
WUDLQLQJ GDWDVHW FDQ LPSURYH WKH SHUIRU
HQHUJ\ JHURWK FR HIILFLHQW SURYLGHV VLJQI
WKHNLQG RIVIOODEOHV DQG KHQFH JLYHV D EH\
SHUIRUPDQEH

‘H VHH WKDW WKH &RUUHFWQHVV LV KLIKHU W
WKDW WKH H[DFW VHTXHQFH RI VIOODEOHV DV I
QRWDFKLHYHGLQDPDMRULW\RIWKHFDVHV ZL\
7KLVLVGXHWRWKHFRPELQHGHIITHFWRIHUURU)\
YDULDWLRQV LQ SDWWHUQV +RZHYHU DQ HGL



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

PHDVXUH IRU FODVVLILFDWLRQ LV TXLWH URE X\
SUREOHP DQG SURYLGHV D JRRG FODVVLILFDWL
WKH ORZ WUDQVFULSWLRQ DFFXUDF\

%RWK GLVWDQFH PHDVXUHV SURYLGH FRPSDL
GLFDWLQJ WKDW WKH QXPEHU RI WUDQVSRVLWL
WKHUH DUH DQ\V\VWHPDWLF FODVVLILFDWLRQ }
VLRQ PDWUL[ ZILDAEKORIQH RI WKH ZHOO SHUIRUPLQ
WLRQ®¥&B B'BALWIKLVWDQFH :HVHH WKDW GXRYV

KDVDORZUHFDOO DQGJHWV FRQIXVHG ZLWK "
$ FORVHH[DPLQDWLRQ RIWKHVFRUHV VKRZHG W
GXRWRX )LIXKVWHWRQWDLQHG ZLWKLQHVKDQFKXL
ZKLFK H[SODLQV WKH VRXUFH RI FRQIXVLRQ )UF
VHH WKDW [LDROXR GXRWRX ' DQG GXRWRX
ODU VW U X F WOOUBNQREDVREWMKRN H V UHL D@ DKIRG E\
H[SODLQLQJ WKH FRQIXVLRQ EHWZHHQ WKHVH \
IXVLRQV FDQ EH KDQGOHG ZLWK EHWWHU ODQJX
SHUFXVVLRQ SDWWHUQV D WRSLF RI UHVHDUFF
UDWLRQ

&RQFOXVLRQV DQG VXPPDU\

‘HSUHVHQWHGDIRUPXODWLRQEDVHGRQFRQQH
QLWLRQIRUWUDQVFULSWLRQDQGFODVVLILFDYV
WHUQV RQ %HLMLQJ2SHUD DVDLQLWLDO VWXG
FROOHFWLRQ RI %HLMLQJ RSHUD SHUFXVVLRQ S
SURDFK SURYLGHV D JRRG FODVVLILFDWLRQ SH!
SOLVWLF ODQJXDJHPRGHODQG LQDGHTXDWH V!
UDF\ 7KH DSSURDFK LV SURPLVLQJ KRZHYHU W
VPDOO GDWDVHW QHFHVVLWDWHV D IXUWKHU DV
FDSDELOLWLHV %HWWHU ODQJXDJH PRGHOV FL
TXHQFHDQG UK\WKPLFLQIRUPDWLRQPRUHHIIHI
EHH[WHQGHGWRDPXFKODUJHUGDWDVHW VSDC
‘HXVHG LVRODWHG SDWWHUQV LQ WKLV VWXG\ I
SDWWHUQV %XW DQ DXWRPDWLF VHIJPHQWDWLF
DJRRG GLUHFWLRQ IRU IXWXUH ZRUN

*LYHQ WKHHIITHFWLYHQHVV RI WKH DSSURDFK
FXVVLRQ SDWWHUQ UHSUHVHQWDWLRQ ZHFDQ
IRU,QGLDQ DUW RWOBEFD IRWLEBIWKDP VROR UHFR L
7KH SHUFXVVLRQ VIVWHP LQ ,QGLDQ DUW PXVLF



7TKHFDVHRI ,QGLDQ DUW PXVLF

MLQIJMX ZLWK D ODUJHU YDULHW\ RI VIOODEOH!\
QXPEHURI SDWWHUQV ZKLOH LW VWLOO KDV DV

eXj h?2 + b2 Q7 AM/B M i KmbB+

7KH VIOODELF SHUFXVVLRQ V\VWHP LQ ERWK &
PXVLF SURYLGHV DPXVLFDOO\UHOHYDQW UHSU
FXVVLRQ SDWWHUQV ,Q WKH UHPDLQGHU RI WK
DSSURDFK IRU SHUFXVVLRQ SDWWHUQ GLVFRYH
RISHUFXVVLRQ VRORV :HGHILQHSHUEXVVLRQ S
VHW RI VIOODEOH JURXSV LQVWHDG RIWKH LQF
JURXS ZHFDOO WKH V\OODEOH JURXSV DV MXVW
SLQJGHVFULEHG IRU &DUQD@G FRRXYLE GRVWWEQ |
PXVLF 7DEDRHDGGUHVV WKH SUREOHP RI SHUF XV
FRYHU\LQ ,QGLDQ DUW PXVLF SHUFXVVLRQ VROF
GDWD GULYHQ WUDQVFULSWLRQ VHDUFKDSSUI
KDV WKUHH VXE WDVNV

SDWWHUQ OLEUDEUHDQHUD O/LRWD U\ RIFKDUDFW
FXVVLRQ SDWWHUQV TXHU\SDWWHUQV IURPD
VLRQ SDWWHUQ VFRUHV RI VRORYV

$XWRPDWLF WUDQDNOVESWERQ JLYHQ SHUFXV VL]
GLRUHFRUGLQJLQWRDWLPHDOLJQHG VHTXHQ
ODEOH WLPEUH PRGHOV

$SSUR[LPDWH SDWoMBDUE® ¥ HOUUWKH TXHU\ SDWWH
WUDQVFULEHG RXWSXW VIOODEOH VHTXHQFH >
VHDUFK DOJRULWKPYV

‘HGHVFULEH HDFK RI WKHVH VXE WDVNV LQ JUH
YROYLQJD VHDUFK IRUD NQRZQ TXHU\ SDWWHU
VLQFH WKH TXHU\ SDWWHUQV DUHDOVR GLVFRY
FROOHFWLRQRIVFRUHYVY WKLV PHWKRGLV GLIIH
WHUQ VHDUFK 7KH WDVN KHQFH LV D GLVFRYHU
PDWLFDOO\ILQG DXGLR SHUFXVVLRQ SDWWHUQ
VLRQ VRORDXGLRUHFRUGLQJV LQD GDWD GULY

TKHIUDPHZRUN LV VLPLODUIRUERWK+LQGXV\
VLF DQG KHQFH ZH GHVFULBWH\RIQHE PRI GDOF K | R
JDP VRORV WRIJHWKHU 7KH DSSURDFK LV HYDO:
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WDEROR UHFRUSAGQWD WHKW DQG PULGDQJDP VR(
LQJYV 6WAGHDWDVHW $EORFNGLDJUDP RIWKHDS
LQ)LIXUGHRPH RI WKH ZRUN GHVFULEHG LQ WKLV
GLVFXVVHIGMVD HW DIDQ& SW D

eXjXR S ii2 "M HB# "v ;2M2 iBQM
3HUFXVVLRQ SDWWHUQV DUHEXLOWKLHUDUFKL
VPDOOHU VWDQGDUG SKUDVHV XVHG WR EXLOG (
VLRQ SDWWHUQV :LWKD OLPLWHG VHW RIV\OOL
WHUQV WKDWDUHSOD\HG YHU\RIWHQ ZKLFKDU
ELQDWLRQV WR FUHDWH ORQJHU SDWWHUQV ,Q
RI VXFK SDWWHUQV FDQ EH REWDLQHG IURP PXV
VRORV ZH XVH WKH DFFRBS®DWDIVBWFRQEBY LQ
GDWDWDRERWUPULGDQJIJDP UHVSHFWLYHO\WR E)»
OLEUDUWB¥B8DPRY GHVSLWH WKHKDWHHQHGFHV |
WKHUH DUH DOVR PDQ\VLPLODULWLHY GXH WR W
DQG VWDQGDUG SKUDVHV UHDSSRIWWDEHBRVV W
S 7KLV HQDEOHV WKH FUHDWLRQ RI D C

SKUDVHV RUSDWWHUQV DFUR¥XD B BESHRWIQW. R Q V
LQ WK4&EDWDVHW

JURP 6HFWLRB UHFDOO WKH XVHRID VLPSOLV!
RIDSDWWHUQDVDVHTXHQFHRIV\OODEOHV ZL
DWLYHDQG DEVROXWH GXUDWLRQV RI WKH FRQ\
WKH PHWULFDO SRVLWLWK O KD WKHVS®M/W HU QY DY
ZHWDNH D GDWD GULYHQ DNg STXRIIJR 1S D/\R \E ¥ UQ® T
P=f$;% $.0 ,QDGGLWLRQ ZHDVVXPH WKDW V
WHQ SOD\HG SDWWHUQV DUH WKH PRVW FKDUDF
NQRZOHGJH VXFK DQ DVVXPSWLRQ HQDEOHV X\
YDOLG VHW RI SDWWHUQV ZLWK DQ REMHFWLYH
IRUDEHWWHUHYDOXDWLRQ VLQFHWKHUHDUH V
WHUQV LQ WKH WHVW GDWDVHWYV ,W LV KRZHYH
DSSURDFKHY QHHG QRW PDNH WKLV DVVXPSWLF
FDOO\UHOHYDQW FULWHULD IRUDXWRPDWLF Gl
EH XVHG

8VLQJWKHVLPSOHGHILQLWLRQRID SDWWHU
EOHV ZH XVH WKH VFRUHV RI|SVGD WRRS$IRW LR UR
W D EDDBG4G DWDVHW IRUPULGDQJD®HWRWHKQHUD
SDWWHUQV WKDW RFFXU LQ WKH VFRUH FROOHF
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JLIXUH$ EORFN GLDJUDP RI SHUFXVVLRQ SDWWHUQ
LQ ,.QGLDQ DUW PXVLF 7KH ILIXUWDIrRIVRGHRIY WKH |
LOOXVWUDWLRQ

IUHTXHQF\RI RFFXUUHQFH WR JHW DQ RUGHUHG
VWDWHG OHQJWK :HWKHQ PDQXDOO\ FKRRVH P
SDWWHUQV IURPWKLVRUGHUHG VHW RIPRVW FR
WR IRUP D VHW R IPT X:H U USHDDAWAHHIU DWW R1 TXHU\ SD
RI OHQIWES16 7KHVH OHQJWKV ZHUH FKRVHQ EL
VW U X F WX MK H V F R U H-—F ®QGHIDWLERTDY
PULGDQJDP VROW GDW-PERWRPMGOBWDVHW
7DEOWKRZV WKWODEREWWHUQV XVHG LQ WKLV Z
WDLQHG LB RPDMWKOHVHW 7KH WDEOH DOVR VKRZV \
WKHLU FRXQW LQ WKH GDWDVHW OHDGLQJWR D
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, 3DWWHUQ L &RXQW

$ '+( 5( '+( 5( ., 7% 7% .,
1$ 7$ 7% ., 7% 7% ., 1%

$ 7% 7% ., 7$ 7% ., 7% 7%
., 1% 7% ., 7$ 7% ., 7%

$ 7% ., 7$ 7% ., 7% 7% .,

$% 7% 7% ., 7% 7% .,

7% 7% ., 7%

., 7% 7% .,

$ 7% 7% ., 1%

$ '+$ *( 7$ 7%

7DEOH4XHWDBEDFXVVLRQ SDWWHUQNQW® KWKLH |,
QXPEHU RI LQVWDIG DMV WKHRWDO LQVWDQFHV

OH!

ZDQW D GLYHUVH FROOHFWLRQ RI SDWWHUQV W
HUDOL]H +HQFH ZH FKRRVH SDWWHUQV WKDW |
ODEOHV ZLWK GLIITHUHQW WLPEUDO FKDUDFWHU
KDUPR®$FV\OODEOHYV SOD\HGMLIE®\MOD P
ODEOHV KDYLQJD EDPVV FRPSRQHQW
7DEONKRZVWKHTXHU\PULGDQJDP SDWWHUQ\
REWDLQHG6LURPWXHHW 7KH WDEOH DOVR VKRZ
DQG WKHLU FRXQW LQ WKH GDWDVHW OHDGLQJ
$V FRQILUPHG E\ D FDUQDWLF SHUFXVVLRQLVW
FRPPRQO\SOD\HGLQ SUDFWLFHDQGKHQFHDUH
WR HYDOXDWH SDWWHUQ GLVFRYHU\ PHWKRGRC

eXjXk miQK iB+i° Mb+ BTiBQM

$Q DXGLR H[DPSOH RI D SHUFXVVLRQ SDWWHUQ
IRWDEID®PG LQ )LIRURPULGDQJIDP ,Q WKH ILIXUHV
VHH WKH SLWFKHG QDWXUH RI VRPH RI WKH VWU
PDQ\FDVHV EXWDQRYHUODSEHWZHHQDGMDFF
7KLVQHHGVDPRGHOLQJRIWLPEUH DORQJZLWk
LQIRUPDWLRQ LQ VIOODEOHV
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! 3DWWHUQ L &RXQW

$ '+ 7% '+ 7% 7+ '+ 7+

7¢ '+ 7% 7T+ '+ 7+ 7$ 70
'+ 7% '+ 7 7+ '+

'+ 7% 7T+ '+ 7+ 7%

7 7T+ '+ 7+ 7% 70

76 7T+ '+

'+ 7% '+ 7%

7+ '+ 7% T+

7 7+ '+ T+

7DEOH 4XHU\ PULGDQJDP SHUFXVVLRQ §DWWHUQV V
DQG WKH QXPEHU RI6.Q&DWDIDFHW LTRWIOK LQVWDQFH\

$ PP L LELLS
N

6RPEHAGWDEBODEH SURQRXQFHG ZLWK D GLIIHU
RUFRQVRQDQW GHSHQGLQJRQ WKH FRQWH[W Z
VWURKBQGROD )XUWKHU FERDON) GVWKH VWURNHV
YDU\ DFURV V ICRUHPOHNYWJ WKH WDVN RI WUDQVF
WDERDRY FKDOOHQJLQJ OULGDQJDP VIOODEOH
FLILF DV GLVFXVVHG HDUOLHU DQG XVLQJ WKH
DGGUHVV WKLV FKDOOHQJH 7RPRGHO WKH WLPE
ZH EXLO®GODI®RU HDFK VIOODEOH DOMMORJRXV WR |
‘H XVH WHOMVBIORQJ ZLWK D ODQJXDJH PRGHO WR
LQSXWDXGLR VRORUHFRUGLQJLQWR D VHTXHQ

7KH VWHUHR DXGLR LV FRQYHUWHG WR PRQR
WLRQDO LQIRUPDWLRQ LQ VWHIHRIFKRQBW OV
WR PRGHO WKH WLPEUH Rl WKH VIOODEOHV 7R |
QDPLFV RI VIOODEOHV ZHDGG WKH YHORFLW\ D
HIILFLHQW)RIMKH GLPHQMLEADWXUHV LQ
FOXGLQJ WKH JHURWK FRHIILFLHQW DUH FRPSX
DIUDPH VL]H RI PV DQG D VKLIW RI PV :H
WKH XVH RI HQHUJ\ DV PH DY&&FRGH ENLWIKHHQ W U R W
LQ WUDQVFULSWLRQ SHUIRUPDQFH +HQFH ZH K
0)&&B B'B®WKH GLPHQVLRQDO IHDWXUH LQFOX
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JLIXUH 7KH ZDYHIRUP DQG VSHFWURJUDP RI DQ DXGI
WDBEBDFXVVLRQ SDWWHUQ VKRZQ ZLWK WKH RQVHW\
QDPHV IURP 7DEOH D[LVLVWLPHLQ VHFRQGV

JLIXUH7KHZDYHIRUPDQG VSHFWURJUDPRIDQDXGLR
GDQJDPSHUFXVVLRQ SDWWHUQVKRZQZLWK WKHRQ\
QDPHV IURP 7DMEOHH D[LV LV WLPHLQ VHFRQGYV

GHOWD DQG GRXEOH G HDIRB BBWIKHFLKQWY DQ
PHQVLRQDO YHFWRU ZLWKRXW WKH JHURWK FRH

8VLQIJWKHIHDWXUHV H{WUDFWHG IURP WUDLC
PRGHO HDFKWVXUD@EDH VWDWHOOH Iy WR ULJKW
1 j Ns LQFOXGLQJDQ HQWU\DQG DQ H[LW QR
JRWDEBDR WUDQVFIBLBEMLARQIRU PULGDQJDP VR
WUDQVFUINS¥2LR QKMHIHVALVVLRQ GHQVLW\ RI HDFK
VWDWH LV PRGHOHG Z L WK DAWRKADHSHWRKRIRHS\R R H @/
EUDO YDULDELOLW\LQ VIOODEOHV :HH[SHULPH
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RI FRPSRQH®WW LEXWKH WK OLWWOH SHUIRUPDQ
PHQW

7KH54WDEB®DR GDWDVHW LV D SDUDOOHO FRU
WLPH DOLJQHG VIOODELF W UDQ \LAVULGIWWLIRIQD/ H
L]JHG WKURXJK+DQ WNRPQQWOIGRI HDFK ¥\OODEOH
PULGDQJDP VROR GDWDVHW ODFNV VXFK WLPH D
KHQFHDOO V\OODEOHYV DUHDQ XW L Q ®DJHIVE KW K
GDWD LQ WKH GDWDVHW $GGLWLRQDOO\IRU FR
ZLWK D 10D V6 AWWDEDWDYHW WRR +XH/ LQLWLDOL
DUH WKHQ WUDLQHG IXUWKHU LQ DQ HPEHGGHG
HVWLPDWLRQ WR JHAMO@WKH ILQDO VIOODEOH

3HUFXVVLRQ VRORV LQ ,QGLDQ DUW PXVLF DU}
LQJ VKRUW SKUDVHVE DQBOKHHPOMY RWIRHIROOR Z
DEAVORONDRIXH RIWHQ WKDQ RWKHUV ,Q VXFK D
JXDJH PRGHO FDQ LPSURYH WUDQVFULSWLRQ
JXDJHPRGHO ZLWK XQLIRUP XQLJUDPDQG WUDQ
P(a, = A)) = Yn. DQGae: = Ajax = A) = ¥n. ZLWK
1 §#5j Ns DXGEHLQJ WKH VHTXHQFH LQGH[ ZH H
XVH RI D ELJUDP ODQJXDJH PRGHO OHDUQHG IU
ODQJXDJHPRGHO LV OHDUQHG IURPDOO WKH VF

JRUWHVWLQJ ZHWUHDW WKHIHDWXUHVHTXH
GLRILOHWRKDYHEHHQJHQHUDWHGIURPDILUV!
GLVFUHWH ODUNRY FKDLQ ZKLFK FDQ FRQVLVW
TXHQFH RI VIOODEOHV )URP WKH H[WUDFWHG I}
WKBOV ;gDQG D VIOODEOH QHWZRUN FRQVWUXF
JXDJHPRGHOWRGRD9LWHUEL IRUFHG DOLJQP
PRVW OLNHO\VHTXHQFHRIV\OODEOHV DQG WKH
DY =[(ta) (tr;a); :(t:a )] ZKHUNW WKHRQVHW WLPF
R4 DQGLV WKH OHQJWK RIWKHWUDQVFULEHG VH
H[SHULPHQWV ZLWK %HLMLQJ RSHUD DOO WKH
ZHUH GRQH/X¥RQENDJI HW DO

eXjXj TT QtBK i2 T ii2'M b2 “+?

7TKHDXWRPDWLFDOO\WUDQVFUSHHNGKRKWSXW V)
WR VHDUFK IRU WKH TXHU\ SDWWHUQV 7UDQVFI
LQERWK WKHVHTXHQFH RI VIOODEOHV DQG LQ "

WKHWUDQVFULEHG VIOODEOHYVY ‘HQHHG WR KD
SDWWHUQ VHDUFK WDVNIURPDXGLR :HSULPDU
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VIOODELF WUDQVFULSWLRQLQ WKLV ZRUN :H X\
RXWSXW E\ WKH 9LWHUEL DOJRULWKP ZLWKRXYV
FHVVLQJ :HFDQLPSURYH WKHRXWSXW VIOODE
RQVHW GHWOIGR RW EXW ZH OHDYH WKLV WDVN V
ZRUN

BHDUFKLQJRID TXHU\VI\OODEOHVHTXHQFHLQ
RI VIOODEOHV LV DNLQ WR VWULQJ VHDUFK $V
MLQJMX SHUFXVVLRQ SDWWHUQ WUDQVFULSWLTF
DUH PDLQO\ LAQ GHIOW MRVREW W LaW B\ GRAQUD Q V
SRVLWILRQMWWKHU WKH TXHU\ SDWWHUQ LV WR
ZKROHWUDQVFULEHG FRPSRVLWLRQ ZKHUHVHY
FDQRFFXU :LWKERWKWKHVHLVVXHY WKH SURE
EHDGGUHVVHG DV D VSRKHKXRQBH WM BRPH® R Q
BXEVHTXHQFPHWKRG LV D VXLWDEOH FKRLFH IR
5/&6LV D VXEVHTXHQFH VHDUFK PHWKRG WKDW
PDWFKHG VXEVHTXHQFHV ZKLOH UHQBMQLQJ Wk
DO ‘HPDNH IXUWKHU H 6 MKBY RHFOHQGEADVH WK H
A.DQE@HUURUV LQ WUDQVFULSWLRQ

‘H XVH D PRGLILHG BH&ODISSSQ RDWKBY SURSRV F
EVLQ HW DOZLWK FKDQJH V6 UR\S RADHIEE 0 X UW K\

WR KDQGOH VXEVWLWXWLRQHUURUV :HSUTF

PHQW WR KDQGOH LQVHUWLRQV DQG GHOHWLRQ
FXUUHQBN " WIWND DQG OXMWHE D PRGLILHG YHUVL
RE/&6IRU PRWLI VSFOMVBRD@DV®DWLF PXVLF :HSU
SRVHWR XVHD VLPLODUDSSURDFK ZLWK PLQRU
VIPEROLFGRPDLQVSHFLILFWRRXUXVHFDVH :H
IRUPFHE&BDQG WKHQ GLVFXVV GLIITHUHQW YDULDQ

*LYHQ D TXHUj 8 PWRV DWHEQ,JMKG D UHIHUHQFH
VHTXHQFH WUDQVFULE$ GRVOMHIMIBOKSEVHTXHQFF
XVHV D G\QDPLF SURJUDPPLQJDSSURDFK WR FR
RIVIL]JH, EHWZHHQ WKH UHIHUHQFH DQG WKH TX
OHQJWK RI PDWFK :H FDQ XVH D WKUHVKROG R
REWDLQ WKH LQVWDQFHV RI WKH TXHU\ REFXUU
FDQWKHQ XVHWKH VI\OODEOHERXQGDULHV LQ W
UHWULHYH WKHDXGLR VHJPHQW FRUUHVSRQGL(

)RUWKH HDVH RI QRWDWLRQ ZHLQGH[WKH W
TXH@FALWRQG WKH TXHU\ VIOSQZEWK @ HTXHQFF
WKLV VHFWLRQ :HFRPSXWH WKH URXJK DQG DF
VHTXHQFH PDWFKHV VLPLODUBWRKWWH DIRGRPS
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OXUWK\ $W HYHU\(BjBVDWLRQDEOH LV LQFOXGH
WKH PDWFKHG VX&¥%HTXHRQKHI(BHa) LV WKH
WLPEUDO GLVWDQFH EHWZHHQ® QY& WEREDEOH YV
WUDQVFULSWLRQ DQG TXHVUKHUMKSHYWR® 8 G\LV
EHORZ ZKLFK WKH WZR VIOODEOHV DUH VDLG WR
WULFHV RI URXJK GIHDQ Q\8 KVKIPDRWEXD O OHQJWK F
H2 DUH XSGDWHG DV

H@j) = H@GE L) 1D+ d@a;a)):lq
He(0;j) = HA(i Lj 1)+ 14

ZKHLUHVDQLQGLFDWRU IXQFWLER& HKDW WDNHV
HOVH 7TKH WEKWUYERQWDLQV WKH OHQJWK RI U
HQGLQJDWDOOFRPELQDWLRQVRIWKHV\OODEC
WKH TXHU\ 7KH URXJK OHQJWK DQG DQ DSSURS
KDQGOHV WKHVXEVWLWXWLRQ HUURUV GXULQJ
7R SHQDOL]JHLQVHUWLRQDQG GHOHWLRQ HUL
VLW\" RIPDWFK XVLQJ WZRLRHDK SHHRVAD®DHOHG W
HOQFH Q. EGGWK $FURVV 4 XKWV SHFWLYHO\ 7KFE
'$5 R DQ®4 Q PDWULFHV DURLOQWLDOL]HG WR
ZKHQR=0 DQG SURSDJDWHG DV
8
2R 1 1+1 da;q)
Rij = SRy +1 dla; ) >; Hi 13 Hij 1
" Rij 1 dla;a) > ; Hi 15 <Hj 1

8
2Qi 1 1+1 d(a;a)
Qij = 5 Qi g dlaj; &) > ; Hi 137 Hij 1
" Qi 1+l d(&;y) > Hiogy < Hij o
+HUR4 LV WKH OHQJWK RI VXEVWULQJ FRQWDLQ
PDWFK HQ Gl DEWWERMLWLRQ RI WKH UHIHUHQF
TXHU\ UHVQMEJ\MBYJFH(VHQWVDVLPLODU PHDVXUF
KHQ LOQOFUHRHRAWH ®UH LQFUHPHQWHG E\ VLPL
WKH ZD\ IRUPXIODWW® 6\ $W WKH VDPH WLPH W
LQFUHPHQW LV GRQH EDVHG RQ VKHKMRRNIO5 LWLR
DQG 0XUWK\
8VLQJ WKH URXJK OHQ D¥KVRDPDOWHXKIWK RI PD
H2® DQG ZLGWKRPH@E XAHHVWRPSXWH D VFRUH PDW L



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

WKDW LQFRUSRUDWHY SHQDOWLHV IRU VXEVWL
DQG DGGLWLRQDOO\ WKHIUDFWLRQ RI WKH TXH
( h Hii H.: I H.

_ WoEL s )w g R f

0 RWKHUZLVH

ZKHUYHLY WKH VFRUH IRU WK H¥ODQ/GRMER) GLQJ DW \
VLWLRQ RIWKH UHIHUHQFH DA GVWKHDIWKSHLWJIUHV
IXQFWLRQ IRU WKH URXJK E-DIWFW IOH Q BWHUG Q@ W

D%@ LQWKH TXHU\ 7KF|F5QD\MDRBWWMHLU ZHLIKW

FRQYH[ FRPELQDWLRQ IRU VFRl:L—H ERRSGHNVDWLR
IUDFWLRQ RI WKH TXHU\OHQJWK PDWFKHG DQG
WKHPLQLPXPIUDFWLRQ RI WKH TXHU\ WR EH PD!
LVWKHWKUHVKROG IRUWKHPLQLPXP IUDFWLR
VFRUH 6WDUWLQJZLWIRD®Y MRPHEHQUBE RRQWR IF
WKHPDWFKLQ WKHUHIHUHQFHDQG WKH TXHU\
DWUDFHEDFNWRJHW WKHVWDUWLQJ SRLQWYV R
5/&6DOJRULWKP RXWSXWV D PDWFK ZKHQ WKH
DVFRUH WKUHRVKIRRGIG ZLWK D VLPSOH VFRUH W|
ZH JHW PXOWLSOH RYHUODSSLQJ PDWFKHV |UF
PDWFK ZLWK WKH KLIJKHVW VFRUH I WKHVFRUH
PDWFKHV DUHHTXDO ZH VHOHFW WKH RQHV WK
:$5 7KLV ZD\ ZHREWDLQD PDWFK WKDW KDV WK
VLW :HXVHWKHVHQRQ RYHUODSSLQJPDWFKH
VIOODEOH ERXQGDULHV WR UHWULHYH WKH DXG

9D ULD GBWARH6R I

7KHJHQHE/BEIYRGELGHV D UREXVW I IUDPHZRUN IR
VHDUFK 7KH SDUDOBWBWEWH WXQHG WR PDNH WKF
ULWKP PRUH VHQVLWLYHWR GLITHUHQW NLQGV |
YDULDQWV ZH FRQVLGHU KHUH XW&;GLIIHUHQW G
LQ (T WR KDQGOH VXEVWLWXWLRQVLRQG GLIIHL
(T WRKDQGOHLQVHUWLRQV DQG GHOHWLRQV
DQWV IRUWKHFXUUHQW WDVNDQG HYDOXDWH V

,QD GHIDSXPRQILIXBMWELRARQO\VFRQVLGHU H|
DFW VIOODEOH P BW MKH/ X VHH\DHENL QD U\ GLVWD QF
ULF EDVHG RQ WKH W(&,@PE®HA0DEHDQG H
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RWKHUZLVH )XUWKHU DQ LWHRWLIUAN ZDUSLQJ
XVHG 7KH URXJK OHQJWK PDWEFK GHQVLWLHV FI
DQRQ OLQHDU ZDUSLQJIXQFWLRQ WR SHQDOL]F
WKDQ WKH KLJKHU RQHV OH B .60 D @/@RHG\WR WHK H U
ZDUSHG GHQWVEWQRVBHHGDY WKLY FKDSWHU ,Q V
GLVVHUWDWLRQ ZHRQO\H[SORUH ZDUSLQJIXQ

H 1
H 1

ZKHUHOLY D SDUDPHWHU WR FRQWURO ZDUSLQJ
OHDG WR PRUH GHYLDWLRQ IURPDXELEHQWLW\ \
DOLPLWLGI&EEKHHRI O

‘H K\SRWKHVL]HWKDW WKH VXEVWLWXWLRQ H
GXH WR WKH FRQIXVLRQ EHWZHHQ WLPEUDOO\ \
EUDO VLPLODULW\ GLVWDQFH PHDVXUH EHWZF
EH XVHG WR5POCHODRULWKP UREXVW WR VSHFLI
VXEVWLWXWLRQ HUURUV ,Q HVVHQFH ZH ZDQ\
JUHDWHU DOORZDQFH IRU VXEVWLWXWLRQV EH!'
ODEOHV5GXAPIDWFKLQJ &RPSXWLQJ WLPEUDO VI
ZLGH DUHD RI UHVHDUFK DQG KDV PDQ\ GLIIHUH
SDFKHW $XFRXWXXWUEH UHVWULFW RXUVHOY!
VLF WLPEUDO GLVWDQFH PHDVXUH WKH ODKDO
WKHFOXVWHU FHQWHUYV REWDLQB)®X&VLQJ D N F
IHDWXUHV ZLWK FOXVWHUV I[URPLVRODWHGD
ODEXXHFRXWXULHU 3DHKRHDWO WKLY/%BULDQW RI
WKDW XVHV D Wd(&BYDB/GEVQYOGRAFFHULPHQW ZLW
GLITIHUHQW WKUHVKROGYV

W (u) =

eXjX9 _2bmHib M/ /Bb+mbbBQM

6LPLODU WR WKH UH V XZHWS\W HY BHOMWL@ER 8 Y D O X D W
SHUFXVVLRQ SDWWHUQ WUDQVFNRDBGDBRQ DQG (
PULGDQJDP VROR GDWDVHWYV 7KH UHVXOWYV RI
DQG WKRVH RI DSSUR[LPDWH SDWWHUQ VHDUFK
LQ HDFK FDVH :H ILUVWAVDEBBR) & DSMDNRHWN K H
GDWDVHW IROORZHG E\ WK H PG DGVDYIDP V RO R
LV LPSRUWDQW WR QRWH WKH FRQWUDVW EHW ?Z
HYDOXDWHG WKGH AGIPRDGHQWIKDLYH DOUHDG\ EF
PHQWHG LQWR VKRUW SKUDVHV ZLWK WKH TXHU
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RUGHU RI OHQJWK DV WKH WHVW DXGLR UHFRUC
LQ54GDWDVHW DUH IXOO OHQIJWK FRWSFOVLWLRQ
F\FOHV DQG KHQFH PXFK ORQJHU WKDQ WKH TX
DOVR DQDO\]H WKH HIITHFW RI WKLV GLITHUHQFH
RI SDWWHUQ VHDUFK

SHVXOWDN®ODOR GDWDVHW

7KMWDEBDR GDMOUMMPVHW GHVFULEING LQ 6HFW
XVHG WR HYDOXDWH WKH SHUIRUPDQFH RI WUDQ
WDBBDFXVVLRQ VROR UHFRUGLQJV 7KH UHVXC
VFULSWLRQ LV ILUVW SUHVHQWHG DQG WKH EH
VA\VWHP LV XVHG WR SUHVHQW WKH UHVXOWYV RI I
XVLQJGLIIHUHGM.& DULDQWYV R

7KH SHUIRUPDQFH RI DXWRPDWLF WUDQVFUL
EOH DVWKHPHDQYDOXHRYHUWKHZKROH GDW
SLHFH RXW FURVV YDOLGDWLRQ H[SHULPHQW 7
DUH &R U UM AVQGHMW X UD¥\GHILQHG L@ (T
H[SHULPHQWHG ZLW R V& KH\D WK BEEMBH B $ Q W
DQJ&&B B'B$WZR GLIIHUHQW EQQWRRQVFOWLRQV
ODWHG WUDLQLQJDQGDIODW VWDUW ERWK IRO
WLRQ WUDLQLQJ DQG WZR ODQJXDJHPRGHOV D
OHDUQHG IURP GDWD

‘LWK WKH SDUDOOHO WLPH DOLJQHG WUDQVFL
H[SHULPHQW ZLWK ERWK D IODW LQLWLDOL]DWL
ODWHG WUDLQLQJLQEWAWRQIDWEZRQ R MPEGIIBE C
GHG WUDLQLQJ 7KH UHVXOWYV ZH00OKLU®YDW VWD U
VKRZQ LQ 7TDEGHNKH UHV/XQ WYVWRDOL]HG ZLWK L
ODWHG VWURNH H[DPSOHV DU HMKR 2D EQ HD W&k
UHVXOWV DUH VKRZQ IRUERWKD IODW XQLIRUP
VXPHV HTXDO XQLJUDP DQG ELJUDP SUREDELOL
ODQJXDJH PRGHO OHDUQHG IURP WUDLQLQJ GD)
ERWK WUDLQLQJDFFXUDF\ PHDVXUHG RQ WUDL
UDF\ PHDVXUHG RQ WHVW GDWD ,Q ERWK WDE
FRPELQDWLRQ ZLWK KLIKHVW WHVW $FFXUDF\ L
GDWD SHUIRUPDQFH WKH YDOXHV XQGHUOLQHC
EOHVDUHVWDWLVWLFDOO\VHTXLYDOHQW WR WK
W WHVW DW VLJQLILFDQFH OHYHOV



7TKHFDVHRI ,QGLDQ DUW PXVLF

7UDLQLQJ 7HVW
/O )HDWXUH C A C A

)& &B'B$
)OD\Ag)&&B B'B$

%LIVGRE b Bs —

7TDEOH$XWRPDWLF WUDQVFUBSGDLW QANHBDOOWY RQ W
LQYOOVLQLWLDOL]I]HG ZLWK D IODW VWDUW IRUHDFK V
ERWKWUDLQLQJDQG WHVW SHUIRUPDQFH IRU ERWK
PRGHO XVLQJ WKCE 2RGUHFKQERVIRUPDQFH PHD
VXUHV 7KH EHVW SHUIRUPLQJ FRPELQDWLRQ ZLWK
VKRZQLQ EROG )RUWHVW GDWD SHUIRUPDQFH WKHF
FROXPQ DUH VWDWLVWLFDOO\HTXLYDOHQW WR WKF
SHUFHQWDJH

7UDLQLQJ 7HVW
/O )YHDWXUH C A C A

)& &B'B$
V\g)&&B B'B$
&&B'B$

%LJU[S &&B B'B$

)OD

7TDEOH$XWRPDWLFWUDQV F U345\W WRIQDHIMY/IXQ WV RQ WK
+00VLQLWLDOL]J]HG XVLQJLVRODWHG VWURNHH[DPSC

2YHUDOO ZH VHH D EHVW WHVW $FFXUDF\ RI
VWURNH LQLWLD® K]J&OBNB BHDIWKKUW IO G D ELJUD
ODQJXDIJHPRGHO ZKLFKMXVWLILHVWKHXVHRI
VHDUFK DOJRULWKP IRU SDWWHUQ UHWULHYDO
PHDVXUHIRUDOO FDVHVLVORZHU WKDQ WKH &R
VKRZV WKDW WKHUHDUHD VLIQLILFDQW QXPEHL
VFULSWLRQ 7UDLQLQJS$FFXUDF\LV KLJKHU WKD
DVPDOO PDUJLQ VKRZLQJ WKDW WKHUH LV VRPFH
XQVHHQ GDWD ,¥@ROIDQVMGE VIUBRPMHRQ LPSURYH
PDQFH DQG KHQFH LW LV XVHIXO WR ZRUN ZLWK
WLRQV 7KH XVHRIDELJUDP ODQJXDJH PRGHO C
SURYHVY WKH WUDQVFULSWLRQ SHUIRUPDQFH Z|



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

ODULDQW 3DUDPHWHYHBRMME PWHLDRAX U H

%DVHOLQH
5/&6 =

5/&86
5/&86
5/&6
5/&6
5/&6
5/&6

7TDEOH3HUIRUPDQFH RI DSSUR[LPDWMB BWWYWHVUQ VHI
WDBEROMRLQJIGLIEHYBEQMD QWY XVLQIJWKHEHVW SHUIRUF
VHWWILS}) &8 IR0:875 =0:76 DQGO0:6

+00 LQLWLDOL]DWLRQ :LWK WKHIHDWXUHV ZK}
+00 LQLWLDOL]DWLRQ ZHVHH WKDW WKH XVH R
L®)&&B B'B3HUIRUPV EHWWHU ZKHQ FRPSDUHG !
0)&&B'BSZKLFK VKRZV WKDW WKH XVH RI UHODWL
LEVEHWZHHQ VWURNHV LPSURYHV WUDQVFULSV

‘HXVHWKHRXWSXWWUDQVFULSWLRQV IURP W
ELQDW)SR® B'B3QG D ELJUDP ODQJXDJH PRGHO
WKH SHUIRUPDQFH RI SDWWHUQ VHDUFK ZLWK D
LQJLQ 7DPOH.QJ G5/I&BYBPQWD QWY IRU WKH TXHU!
WHUQV IURP JREGHDWWHUQ UHWULHYDO ZH GRC
DFFXUDF\RIERXQGDU\VHIJPHQWDWLRQ +RZHY]I
SDWWHBZBDERUUHFWOLUHW KDNYCH/& OHDVW D
RYHUODS ZLWK WKH SDWWHUQ LQVWDQFH LQ JUTF

7RHYDOXDWH SDWWHUQ VHDUFK SHUIRUPDQF
IRUPDWLRQ UHWULHY PO PHB DBDEE WKUHHELK/DL R Q
PRQLF PHDQ IfPHDR/ XRIWP D EDVHOLQH IRU VWUL
SHUIRUPDQFH ZLWK WKH RXWSXW WUDQVFULSW!I
VHDUFK DOJRULWKP DQG UHSRUW KRZ/GBBIWIRUPL
%DVHOLQH :HVHHWKDW WKHEDVHOLQHKDV D !
WUDQVFULSWLRQ SHUIRUPDQFH EXW D YHU\ SR
| PHDVXUH

7R HVWDEOLVK WKH RSWLP %PESIVIHDPHW H U V H V
IRUPHG DJULG VHDUFK RY 8 & W K6 DIGOHH V R |
SDUDPHWHDWH YDULHG LQ WKH UDQJH WR 7R H



7TKHFDVHRI ,QGLDQ DUW PXVLF

PLQLPXP OHQJWK RIWKH SDWWHUQ PIDQVFKHG LV
WKH U i< < 1 7KH SDUDPHWKMH FRQYH[ VXP
SDUDPHWHU IRUWKHFRQWULEXWLRQ RIWKH UR
WKHUHIHUHQFHDQG WKH TXHU\WRZDUGV WKH IL
ZHJLYHPRUH ZHLJKW WR WKH UHIHUHQFH OHQ.
LQVHUWLRQV :HREVHUYHGD SRRU W@Q®H SRVLW
KHQFH ZH YDOLGDWH WKH REVHUYDWLRQ WKDW
WR D PDMRULW\RIWUDQVFULSWLRQ HUURUV
7KHEHVWDYHUDJH| PHDVXUHRYHUDOO WKH
SHULPH@®W&E\LNVQUHSRUW H G IHQVADHEW & © W
LPSURYHVY WKH UHFDOO EXW ZLWK D ORZHU SUH
PHDVXUH VKRZLQJWKDW WKH IOH[LELOLW\LQD
YLGHB/B6FRPHV DW WKH FRVW RIDGGLWLRQDO IL
REVHUYHG WKDW WKH SDWWHUQV FRPSRVHG RI
DQGKHQFHKDYLQJDPELJXRXVERXQGDULHV Ul
H % DQ%LQ 7TDE@HWK D SUHFLVLRQ RI DQG
UHVSHFWLYHO\ %RWKDUHFRPPRQO\SOD\HG S|
HWLWLRQV DQG KDYH D SRRU SUHFLVLRQ GXH W
$ LQ 7TDEORQ WKH FRQWUDU\ KDV QRQ DPELJXR
OHDGLQJWR D JRRG SUHFLVLRQ RI 7KH HIIH
SDWWHUQ RQ SUHFLVLRQ LV DOVR=+4LGHQW 6P
WKDW KDYH QRQ DPELJIX®X\QEREQ@RIMKLBY H J
SUHFLVLRQ RI KDYH D SRRU SUHFLVLRQ DV
SDWWHUQV ZLWK QRQ DPE$JXRKH ERX DR LR V
WKLV LVWKDWWKHVPDOOHU SDWWHUQV DUH PR
DOJRULWKP KDV WR PDWFK D ORZHU QXPEHU RI V
7KHYDOXHWRWKDW JLYHWKH EHV®&E PHDVXUH
DUH WKHQ IL[HG IRUDOO VXEVHTXHQW H[SHULP
IRUPDQFH RI WEH&SYRSRYOIWY 7KH UHVXOWYV ZL
YDULD®/NEDRIH DOVR UHSRUWKE UGIVEDWIN IURP
5/&6 VKRZ WKDW WKH XVH RI D WLPEUDO V\OODE
ZLWK KLJKHUMKWHKHKRPGURYHV WKHUHFDOO E
ORZHU SUHFLVLRQ DQG | PHDVXUH $OWKRXJK
KDYHVXEVWLWXWLRQHUURUV XVLQJWKH GLVW|
GLWLRQDO PDWFKHVY WKDW GR QRW KDYH VXEVV
WR DGGLWLRQDO IDOVH SRVLWLYHV 2Q WKH FF
ZDUSLQJ IIXNEB/BRBOPSURYHV WKH SUHFLVLRQ ZL
YDOXHWRH SHQDOWLHV RQPDWEKHV ZLWK KLJKH|
WLRQV DQG GHOHWLRQV LV ODUJHDQG WKH\ DU



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

7UDLQLQJ 7HVW
/0O )HDWXUH C A C A

)& &B'B$
\’\8)&&8 B'B$

%LIVGRE b Bs

7DEOH $XWRPDWLF WUDQVF U L5S WG R\WY DUHMWX XWVQR Q |
+00VWUDLQHG XVLQJDIODW VWDUW IRUHDFK VI\OOD
WUDLQLQJ DQG WHVW SHUIRUPDQFH IRU ERWK D 10
PRGHO XVLQJ WKH @RGUHFKQERVIRUPDQFH PHD

VXUHV 7KH EHVW SHUIRUPLQJ FRPELQDWLRQ ZLWK
VKRZQ LQ EROG )RUWHVW GDWD SHUIRUPDQFH WKF
FROXPQ DUH VWDWLVWLFDOO\HTXLYDOHQW WR WKH

)OD

SUHFLVLRQ DW WKH FRVW RI D SRRUHU UHFDOO
DERYHPHQWLRQHG YDULDQWY LPSURYH HLWKH
FRVWRIWKHRWKHU PHDVXUH 7KH\QHHG IXUWK
WHUWLPEUDO VLPLODULW\PHDVXUHYVY WR EH FR/|
WRLPSURYH WKH VHDUFK SHUIRUPDQFH

SHVXOWV RQPULGDQJDP VROR GDWDVHW

6LPLODU WR DQ H Y\DICREDNRLE DVRIDWHKH ZH SUHVHC
DOOHOHYDOXDWLRQ ZLWK W K48 B WID&/BIQWDBY RO |
OLNHMWDWM DR GDWDVHW VLQFH WKH PULGDQJDF
QRW KDYH WLPH DOLJQHG JURXQG WUXWK WUDQ
PDWLFWUDQVFULSWLRQ UHVX®WWRQIOL\QRU 10D
LQJ :LWK WKHEHVW SHUIRUPLQJFRPELQDWLRC
RISDWWHUQ VH D UF/K BMVLQLIDEGLWW X VWIQW WKH T X H
WHUQV IURP TWRYH LGHQWLFDO GHILQLWLRQV R
PHDVXUHV DV XVHG ZKL O MWDHR8®GRVELDQN DMHAX O W \

7KH UHVXOWV RI DXWRPDWLF WUDQVFULSWLR
IRUDOO WKH FRPELQDWLRQV RI FRQGLWLRQV )
WKH YDOXHV XQGHUOLQHG LQ HDFK FROXPQ RI1 \
HTXLYDOHQW WR WKHEHVW UHVXOW LQD SDLUF
LFDQFH OHYHOV 2YHUDOO ZHVHHDEHVW WHYV
0)&&B B'BSLPLODU W RVIDHE\DEODWAHRVQ ZH VHH WK D\



7TKHFDVHRI ,QGLDQ DUW PXVLF

9DULDQW 3DUDPHWHYH BRVAE PHIDRAX U H

%DVHOLQH

5/&6 =0
5/&6 =0

7TDEOH3HUIRUPDQFH RIDSSUR[LPDWH SDWWHUQ VHEL
5/&6 5/&6 VKRZV WKHEHVW | PHDVXUHLQ WKHH[SHL
ZLWK SDUDPHWGIERY HOWIMQJ 8 0:95 ZK LD &6

VKRZVY WKH EHVW UHFDOO DFKLHYHG REWDLQHG ZlI
0275 =0:11DQG0:45

$FFXUDF\PHDVXUHIRUDOO FDVHV LV ORZHU WK
VXUH ZKLFK VKRZV WKDW WKHUH DUH D VLJQLIL
HUURUVLQWUDQVFULSWLRQ 7UDLQLQJS$FFXUD
UDF\ EXW ZLWK D VPDOO PDUJLQ VKRZLQJWKDW
LQ PRGHOLQJ XQVHHQ GDWD :LWK WKH IHDW XU
RIWKHHQHUJ\ FR) &&IB B BRHW LRRUPV EHWWHU ZK#t
FRPSDUHG WROW&&BI'BBAKXBK VKRZV WKDW WKH X
UHODWLYH YROXPH G\QDPLFV EHWZHHQ VWURN/
SHUIRUPDQFH

&RQWUDU\ WRVDBODIODWVHRQWKH XVH RI D ELJL
JXDJHPRGHO OHDUQHG IURP GDWD GRHV QRW LF
SHUIRUPDQFH 7KH EHWWHU SHUIRUPLQJ FRPEL
JXDJHPRGHO :HK\SRWKHVL]J]HWKDWLWLVEHFD
YDULHW\ LQ PULGDQJDP VWURNH SOD\LQJ LQ Wi
ODQIJXDJHPRGHO OHDUQHG IURP WUDLQLQJ GD\
RI XQVHHQ VWURNHVHTXHQFHVDGYHUVHO\ ,W I
RIEHWWHUODQJXDJHPRGHOVWKDWFDQLQFRU
DVLPSOLVWLFELJUDP ODQJXDJHPRGHO

8VLQIJ WKH RXWSXWWUDQVFULSWLRQV IURP W
ELQDW)R@G B'BE3QG DIODWODQJXDJHPRGHO ZH
SHUIRUPDQFHRIDSSUR[LPDSVWEDWURQILWBWFKL
IRUWKHTXHU\ SDW W HIDEWINKRRPZADERH DYHUDJH
UHVXOWV RI SDWWHUQDWDVRWZRWIKGDIQHDP ZL\
5/&6DOJRULWKP ZLWKDQH[DFW VWULQJVHDUF
'HIXUWKHU HVYWDEOLVK WKH RSW/I&BXY SDUDPHW
LQJDJULG VHDUFK VLPLOWDEB\NRROR[S B WIDPHQW V K |
QXPEHUV LQ WKH WDEOH VKRZ WKH UHVXOWYV IR



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

UDPHWHU VH\WM.IBQ Q86 &ADICFHR ULWKPV GLG QRW V
DQ\LPSURYHPHQW L\@D BFBHDRAK IRQIRWUW KH UHV X O
5/&6DUH UHSRUWHG IRUPULGDQJDP VRORYV
7KH UHVXOWV DQHIWEQ®LILFDQWO\ GLIITHUHQ\
WR 7DEDOBG QHHG IXUWKHU H[SODQDWLRQ :H VI
OLQH SHUIRUPDQFH XVLQJ H[DFW VWULQJ PDWF
DQG D SRRUHU UHFDOO LQGLFDWLQJDQLPSUR)
ZLWK PULGDQJDP 7KH ORZHVW UHFDOO RI l
WH$ QQ 7DEOHXUWKHU LQWHUHVWLQJO\ WKH E
| PHDVXUH &G WKRZQ LQ W KH &8 D ELOHHINK L Y
DOHQW WR WKH EDVHOLQH JLYLQJDQ LGHQWLF
LQVSHFWLRQ ZHVHH WKDW WKLV LVDFKLHYHG I
=0:95 6 XFK D KLJK VFRUH W K3J B BXKRIRAW PR D/KIRV W K
WREHHTXLYDOHQW WRH[DFW VHDUFK SHQDOL]
VFRUHV DQG ORRNLQJIRU H[DFW PDWFKHV +RZI
ZLWEG6 VKRZQLQ WKHAWDHEWHREWDLQHG IRU
D ORZHU VFRUH ¥WKA3 HE/KX\R @GVRK D VLIJQLILFDQWO
| PHDVXUH RI DV VKRZQ LQ WKH WDEOH ,Q W
GDQJDP GH/\NEGG/RMWW QRW VKRZ D VLIJQLILFDQW D
LPSURYLQJI PHDVXUH ,Q DGGLWLRQ@ ZH VHH W
GDWDVHW DUH LQVHQVLWLYHW®RE® ZLGH UDQJH |
%RWK WKHVH LQWHUHVWLQJ REVHUYDWLRQV
QDWXUH RIGWMWHDVHW 7KH GDWDVHW FRQVLVWYV
FRQWDLQ VKRUW VHIPHQWHG SKUDVHV ZLWK T:
VDPHRUGHURIOHQJWKDV WKHWHVWDXGLRILO
SXWHG URXJK PDWFK OHQJWKV DQG GHQVLWLHV
LQJ WR WKH LQVHQVLWLYLW)\ RIQGKWMKH. PLLAILS D U
PXPIUDFWLRQRIPDPWFR SGIGRMWHWRBUDQ DOJRULYV
FRQVLGHUV URXJK OHQJWKV EXW XVHV D ELQDU
DB/&6 ZRXOG SURYLGH QR VLJQLILFDQW DGYDQ
VHDUFK :HFDQVXPPDUL]H WKDW5W&E SUHVHQW
DOJRULWKP LV DGYDQWDJHRXV RQO\ZKHQ WKH
VKRUWHU WKDQ WKHDXGLR UHFRUGLQJV LQ ZKL
TXHULHG ,QDGGLWLRQ WKHUHLVKHQFHDOQHH
WR SDWWHUQ VHDUFK LQ FDVHV VXFK DV WKH PU
TXHU\ SDWWHUQ LV EHLQJ VHDUFKHG RYHU D OD
WKDW DOVR FRQWDLQ VKRUW SKUDVHV +RZHYF
H[SHULPHQWDWLRQRQ ODUJHU GDWDVHWYV ZLW
EHQHFHVVDU\WR FRQILUP WKLV FODLP



&RQFOXVLRQV

eX9 *QM+HmMbBQMbD

7KH FKDSWHU SUHVHQWHG D GHWDLOHG IRUPXO
VLRQ SDWWHUQ GLVFRYHU\ LQ PXVLF FXOWXUH
WHPV 7KH DSSURDFKHV XWLOL]HG WKH RYHUD
VWURNHY HLWKHUIURP D VLQJOH GUXP RU IURP
SDWWHUQV $QHYDOXDWLRQRQSHUFXVVLRQ G|
DUW PXVLF GDWDVHWY IRUPDOO\ VKRZHG WKH S
SURDFK DORQJZLWKLWVDGYDQWDJHVDQG FXL
RIHYDOXDWLRQV RQ SHUFXWDPRG EDWENME WV R
JDP ZDV WR SUHVHQW D PHWKRGRORJ\ IRU WUD
HU\ FODVVLILFDWLRQRISHUFXVVLRQ SDWWHUQG
WHPV 7KHZRUNSUHVHQWHG ZDV SUHOLPLQDU\
ZLWK D VLIJQLILFDQW VFRSHIRU GHHSHU VWXG\
HYHU WKHEDVLFLGHDRIXVLQJDPXVLFDOO\PH
VA\VWHP WR GHILQHDQG GHVFULEH SDWWHUQV L
RSHUD SURYLGHG D XVHIXO WHVW FDVH IRU SHU
WLRQ VKRZLQJSURPLVLQJUHVXOWYV

‘HPDLQO\DGGUHVVHG WKH XQH[SORUHG SURE
VIOODELF SHUFXVVLRQ SO/\WRGDB OVLGDQGRPQ G
VROR UHFRUGLQJV 7KH SUHVHQWHG IRUPXODW
RIDXGLRUHFRUGLQJVDQG V\OODELFVFRUHV W|
WHUQV WKDW ZHUH VHDUFKHG LQ DQ DXWRPDW!|
ODEOHV SLHFHRIDXGLR :HXVHGDVLPSOLVWL
DQG H[S®YRBEEDA/HG VXEVHTXHQFH VHDUFK DOJRU
+00 EDVHG DXWRPDWLF WUDQVFULSWLRQ &RPS
VKRZHG WKDW WKH XVH RI DSSUR[LPDWH VWULQC
SURYHG WKH UHFDOO DW WKH FRVW RI SUHFLVL
YDULDQWYV HYD.GX®IWHBVRIGVYWLRBURYHG HLWKHU
VLRQ RUUHFDOO EXW GR QRW SURYLGH D VLJQL
| PHDVXUH RY HU &8 16K FEIDO/RB H[SHUBPHQWYV RQ W
GDWDVHW VKRZHG D EHWWHU WUDQVFULSWLRQ
RXW D OLPLWD'WERIBSRRWRK ZKHQ TXHU\LQJ SDW
VHIPHQWHG VKRUW DXGLR ILOHV

JRU IXWXUH ZRUN ZH DLP WR LPSURYH V\OODI
SXW E\ WUDQVFULSWLRQ XVLQJ RQVHW GHWHFW
LQIRUPDWLRQ FDQ EH DQ LQWHUHVWLQJ DVSHF
HULQJ SHUFXVVLRQ SDWWHUQV DQG ZLOO KHO
SDWWHUQ GLVFRYHU\ ZLWK D PRUH LQFOXVLYH ¢



SHUFXVVLRQ SDWWHUQ WUDQVFULS\

SDWWHUQ 7KHQH[WVWHSV ZRXOG EHWRLQFRL
LODULW\PHDVXUHY LQFOXGHY¥REPBQRV ERXQGI
ULWKP IRUPXODWLRQ DQG HITHFWLYHO\ FRPELQ
ZKLOHDGGUHVVLQJ LWV OLPLWDWLRQV ZKHQ VF



&KDS\d—IL.

TTHB+ iBQMb- amK
M/ *QM+HmMDbB(

7KH RXWFRPH RI DQ\ VHULRXV UHVHDUFI
WR PDNH WZR TXHVWLRQV JURZ ZKHUH R
EHIRUH

7TKRUVWHLQ 9HEOHAQ

7KH FRQFOXGLQJ FKDSWHU Rl WKH GLVVHUWDW
FRQFUHWHDSSOLFDWLRQVRIWKHUK\WKPDQDO
SUHVHQWHG LQ WKH SUHYLRXV FKDSWHUV ,W L\
WKH ZRUN SUHVHQWHG LQ WKH GLVVHUWDWLRQ
DQG FRQFOXVLRQV 7KH WKHVLV RSHQV XS D KR
SRLOQWHUVDQG GLUHFWLRQV IRUIXWXUH ZRUN E
ODVW SDUW RI WKH FKDSWHU

dXR TTHB+ iBQMbD

7TKHUHDUHVHYHUDODSSOLFDWLRQVIRUWKHUH
GLVVHUWDWLRQ 6RPHRI WKHVHDSSOLFDWLRC
WLILHG LQ RGBSAKHDISETKHHUIRDO RI WKLV VHFWLR(
SUHVHQWFRQFUHWHH[DPSOHV RIVXFKDSSOLFI
RWKHUDSSOLFDWLRQVWKDWPLIJKWEHEXLOWR
SUHVHQWHG KHUH 7KHVHFWLRQ GHVFULEHV VR



$SSOLFDWLRQV 6XPPDU\DQG &RC

KDYH UHVXOWHG IURP WKH ZRUN LQ &RPSOXVLF
KDYHEHHQ SODQQHG ZLWKLQ WKHHIIRUWV RI W}
DSSOLFDWLRQV ZLWK WKH GDWD DQG PHWKRGYV

$W WKH RXWVHW WKH SULPDU\ REMHFWLYH D
PDWLF UK\WKP DQDO\VLV LV WR XVH LW IRU GH|
PHDVXUHV EHWZHHQ DQG ZLWKLQ PXVLFSLHFH
PXVLF :KLOH WKLV KDV QRW EHHQ DGGUHVVHG
WKHUHDUH VHYHUDO ZD\VWLQ ZKLFK WKH UHVHD!
FDQEH XVHG WR GHILQH VLPLODULW\PHDVXUHV
DSSOLFDWLRQV

7KH PDLQ DSSOLFDWLRQ DUHD IRUDXWRPDWL
ULWKPV LQ WKH WKHVLV LV HQULFKHG OLVWHQI
UHODWHG PHWDGDWD DORQJ ZLWK WKH PXVLF U
RXWSXWV FDQ EH IXUWKHU X \OHBWWDR/ NFTURY H K L
O\][LQJWKH PXVLFDO VWUXFWXUH 7KHWRROV F|
PXVLFRORJLFDO VWXGLHVIRUDQDO\VLV RIERW
PDQFH

(QKDQFHG PXVLF OLVWHQLQJLV D SULPDU\DS
DQDO\WLVY PHWKRGYV SUHVHQWHG LQ WKH WKHVI
UHODWHG LQIRUPWWWRE N X DK DL\QW KMHH PSR EHD\
WRHPADQ DOO HQKDQFH WKH PXVLF OLVWHQLQJ
DXGLHQFH ERWK LQ VHULRXV PXVLF OLVWHQHU
ZKR ZLVK WR XQGHUVWDQG PRUHDERXW WKH XQ
WXUHV /DUJHDUFKLYHVRIPXVLFFDQEHRUJDQ
PHWDGDWD DQG SUHVHQWHG WR OLVWHQHUV 61
WDWLRQDSSOLFDWLRQV FDQEHEXLOW ZLWK Wk
VLF H[SHUW VXFK DV DPXVLFLDQ PXVLFRORJL\
HYHQ D PXVLF VWXGHQW FXUDWLQJWKHVH FRO
VLEOH WR WDS VR P MW H@DWDSYFHPHRI Q\KBIQ LQIRU
PHWHU WUDFNLQJ DOJRULWKP FDQ WUDFN WKH |
LQLWLDOL]DWLRQ 6XFKDVHPL DXWRPDWLF DQ
HQKDQFHV WK HM-RFDOUINLQRI DQG KHQFH LV SUDI
UHDO ZRUOG DSSOLFDWLRQV

3HUFXVVLRQ SDWWHUQ WUDQVFULSWLRQ DQC
FDWLRQLQKHOSLQJQDYLJDWH WKWRXJK SHUF X
UHFRUGLQJV LQ &DUQDWLF PXVLF LQ D PRUH P}
FDWLRQV VXFK DV VHDUFK E\ SDWWHUQV FDQ EH
E\H[DPSOH TXHU\E\GUXPPLQJ RULQWKHFDVH
TXHU\ E\ VIOODELF YRFDOL]DWLRQ 7KH V\OODE



$SSOLFDWLRQV

PXVLFHQDEOHV XVWREXLOGD  TXHU\V\VWHP ZK
FDOLIHG SDWWHUQ RIV\OODEOHV ZKLFKFDQ WK
RI SHUFXVVLRQ VRORV 6XFK D TXHU\E\YRFDOV
XVHG WR EXLOGDPDFKLQHLPSURYLVDWLRQ V\V

'XULQJ+LQGXVWDQLPXVLFFRQFHUWY LWLV I
UHVSRQVH LPSURYLVDWRU\ SDVVDJHV EHWZHH
VDZDDO MDAWBEDOO\ TXHVWLRQ DQVZHU ,W I
WDEBDRYV WR KDYH D VDZDDO MDZDDE EHWZHH(
YRFDO VIOODEOHV DQGD UHVSRQVBIERWKH PXVL
EDVLF SURWRW\SH V\VW H PKID\OBHHEQ6 DX DDV Z D\
WKLV LGHD ZLWK WKH FDOO EHLQJWKH YRFDO L
UHVSRQVH LV DQLPSURYLVDWLRQ RI WKH FDOO
PLFDQGWLPEUDOIHDWXUHVIURPWKHFDOO HI[S
QDWXUHNWRBRIOBXFK DQ LPSURYLVDWLRQ LV GRQ
IUDPHZRUN RIWM-MOHFLILF

OXVLFRORJLVWV ZRUNLQJZLWKUK\WKP ZRXOG
SRUDDQG WRROVGHYHORSHG LQ WKH WKHVLV
LQFOXGH WRROV IRUDQDO\VLVY RI ODUJH FRUSR
SRUDDQG GDWDVHWYV DUH UHSUHVHQWDWLYH LC
PHWDGDWD DQG FDQ EH XVHG WR GHULYH YDOL
6HPL DXWRPDWLF PHWHU DQDO\VLV WRROV FDC
UDWH PHWHU WUDFNLQJ DQG KHQFH EH XVHG W
RIUHFRUGLQJV ZKLFKZRXOGRWKHUZLVHEHDV
WDVNLIGRQHPDQXDOO\E\PXVLFRORJLVWYV 3H
HU\LV XVHIXO IRU VW\OWDERDODWRYRFGLIIHUHQ
GDQJDP VW\OH VFKRROV RIWHDFKLQJ 7KRXJK L
FRUSRUDDQG VLIJQLILFDQW PXVLFRORJLFDO LQ
WHUQ GLVFRYHU\IUDPHZRUN ZRXOG DLG VXFK D

7RFRQFOXGH WZRVSHFLILFDSSOLFDWLRQV E
DUH GHVFULEHG EHORZ 'XQ\DDQG 6DU—JD %R
DUHFROODERUDWLYHHIIRUWVY RIWKH &RPSOXVL
WLRQ WR WKH DSSOLFDWLRQV LV SURYLGHG IRU
WKHQ ZH HPSKDVL]HRQ KRZWKH UK\WKP DQDO\V
LQ WKHWKHVLVY DSSO\DQG LQWHJUDWH LQWR W

)XUWKHU GHWDLOV DQ @i Dr & HP R MWDX DIDEMHH BiW# B
X2/mf? K’nBbKB kyR8fT Q+22/BM;bf/QFMXT?RWB/4b r H@D
2iiT,ff+QKTKmbB+XmT7X2/mfBbKB @R8@? +Fb



$SSOLFDWLRQV 6XPPDU\DQG &RC

dXRXR .mMyv

$VGHVFULEHG HERPIHUVHMDIYHW RIFURVYVY SOD
VRXUFH WRROV IRUQDYLIJDWLQJ WKURXJK PXVL
DZDUHDQGPXVLFDOO\UHOHYDQW zZD\ ,WLV DO\
XDWH WKH UHVHDUFK UHVXOWYV RI &RPSOXVLF Z
ZLWK WKH PXVLF FROOHFWLRQV XQGHU VWXG\ |
UHVHDUFKUHVXOWVIURPD XVHU SHUVSHFWLYH
VLF FRPPXQLW\RI WKH SDUWLFXODU PXVLF WUD
QRORJLHVGHYHORSHGIRUPHORG\DQG UK\WKP
WKURXJK WKH DXGLR UHFRUGLQJV DQG WKURXJ
DYDLODEOHLQD SDUWLFXODUPXVLFFROOHFWL
WKHGLVFRYHU\RIUHODWLRQVKLSVEHWZHHQ W
WLWLHYV

‘XQ\D DJJUHIJDWHV PXVLFDQG UHODWHG PHWL
OHFWHG VRXUFHV VXFKDVPXVLFDUFKLYHV :LNI
DOQGPDNHVLWDYDLODEOHWRXVHUVIRUDQHQU
LQJH[SHULHQFH ZLWK PXVLF $XGLR DXWRPDWIL
WUDFWHGIHDWXUHY DQG FXUDWHGPHWDGDWD
'‘XQ\D 'XQ\DKDVDIURQWHQGZHEEDVHG WRRO Z
DFWLYHO\EURZVH WKURXJK WKHVH PXVLF FROO
DQLQWHUIDFH IRU PXVLF VLPLODULW\ EDVHG Q
FROOHFWLRQV DQG KDVD GHWDLOHG UHFRUGL
LQWHUDFWLYHLQWHUIDFHZLWKD YLVXDOL]DWIL
PHWDGDWD ,WZLOO DOVR SURYLGHDQ LQWHUI
WKH PDLQ PXVLFDOO\PHDQLQJIXO HQWLWLHV R
WXUH XVLQJ FKDUDFWHULVWLF UK\WKPLFDQGP
DEDFNHQGDORQJZLWKDQ $3, WKDW SURYLGHYV
'XQ\DKHQFHDFWVDVWKHFHQWUDO SHUPDQHQV
WKHPHWDGDWD DXGLR DQQRWDWLRQV DQG UH

7KH UHVHDUFK UHVXOWYV IURP WKH SUHVHQW
\WLV DUH SDUWO\ LQWHJUDWHG LQWR 'XQ\D DQ
SURJUHVV 7KH UK\WKP DQDO\VLVY WRROV GHYH
WKH VXLWWRROV LQWHJUDWHG LYWR 'BR\D (V\
GLR DQDO\VLV D Q& WRRERRETADHOR Y HIV D O

E 7KH'XQ\DEDFNHQG XVHV (VVHQWLD WR H[W

20iTbh, ff/mMv X+QKTKmbB+XmT7X2/m
201iT,ff2bb2MiB XmT7X2/mf



$SSOLFDWLRQV

JLIXUH$ VFUHHQVKRWRIWKHUHFRUGLQJSDJHRI'XQ
UHODWHG PHWDGDWD LQ WKHWRS SDQHO VXSHULPS



$SSOLFDWLRQV 6XPPDU\DQG &RC

VSHFLILF UK\WKP H[WUDFWRUV IURP WKH GHYHC
EHDGGHG WR (VVHQWLD

'UDZLQJ LQIRUPDWLRQ IURP YDULRXV GDWD \
WKHP ZLWK RQWRORJLHV 'XQ\D LV WKH EHVW SC
WRROVDQGDOJRULWKPV GHYHORSHG DV D SDUW
RIWKH'XQ\D UHFRUGLQJSDJHLQWHUIDFHIRUD
LQLV VKRZQ LQ )IZKHUBWHFRUGLQJ SDJH VKRZV LP
UK\WKP UHODWHG PHWDGDWD UH®EMENG WR WK
LWRULDO PHWDGDWD DQG D X WRNFAIB\W DR/HO O\ H[W
SHULRG QDGGLWLRQ WKH ZDYHIRUP SDQHO RQ
WLPHYREWWDYH DOBRAFKDKH PDUNHUV H[WUDFW
WRPDWLFDOO\ XVLQJ WKHDE&SURD ¥ E FSXUHW K \QDNG
BHUUD $00 RI WKHVH HGLWRULDO DXWRPDWL
PDQXDOO\DQQRWDWHG UK\WKP PHWDGDWD FDQ
'XQ\D $3,

dXRXk a -;

&XOWXUH DZDUHO8VLF7HFKQRORJLHV &$087 L
WR WDNH WKH UHVHDUFK UHVXOWV RI &RPSOXVL
FRPPHUFLDODSSOLFDWLRQV DLPLQJWREXLOG
LQJ DQG WHDFKLQJ RI ,QGLDQ\P RVFVIRUPSY 6D
SUHFLDWLRQ DQG LQIRWDLQPHQW DSSOLFDWLR
GHYHORSHG DV D SDUW RI &$087 6DU—JD LV DQ
WKDW SURYLGHV DQ HQULFKHG OLVWHQLQJ DWF
FROOHFWLRQY.RFRDOGBWLRQ DQ®BFRRQGXVWDQ
OHFWLRQ PXVLF ,WDOORZV,QGLDQ DUW PXVLF
OLVWHQHUV WR QDYLJDWH GLVFRYHU DQG OLV!
XVLQJIDPLOLDU UHOHYDQW DQG FXOWXUDOO\ .

6DU—JD LQFOXGHV LQQRYDWLYH YLVXDOL]DV
DQG LQWUD VRQJ QDYLJDWLRQ SDWWHUQV WKD
IRUPDWLRQ WR WKH XVHU 7KHVH WLPH V\QFKU|
PXVLFDOO\UHOHYDQW IDFHWV VXEK DV PHORGL

7KH UHFRUGLQJ VKRZIQVLE) YLROWKW UHQGHULQJ RI WKF
SRVLWLRQ -DJDGDQIDRQEGBNMDBBMNDBMxXQ ;f 2+Q /BM;f
/I2N92/Nj@djNN@9d2j@ 32@ AURMNKKE#IOEXP 3XUH H[SUH
VLRQMIiT,ffKmbB+# BMxXQ :f 2H2 b2f#+#jy2e7@##Rj@9INN,
@N99d 738B8§QHHVK 9LG\DVKDQNDU

$SSOLFDWLRQ VXPPDUPYS D Lf KK WEDAKHIGMIBIRPQ K f



$SSOLFDWLRQV

D7KHHQWLUH PXVLESKHPHUVKEBDWLRQ ]JRRPHG

JLIXUHB6FUHHQVKRWY RI WKH PRELOH DSSOLFDWLRQ
PXVLFUHFRUGLQJ 3DQHO D VKRZV WKHHQWLUH PX
WLRQV ZKLOH SD QDWW EEEMWRRQ WVRAEPHG 7KH VDPD PL
HUV FDQ EH VHHQ DV ZKLWH FRORUHG WLFNV RQ WKH
WKH SLHFH LV GLVSOD\HG DW WKH ERWWRP RI WKH VF

DQG VHFWLRQV SURYLGHD XVHU ZLWK EHWWHU X
WLRQ RIWKHVH PXVLF WUDGLWLRQV ,WDGGLWL
SRXQG ILOWHUWWRYEWWUXPHQWY DQG DUWLVW\
VRQJV

$ VFUHHQVKRW RI WKH DS S\OKEDWWRE UQPKJX
DQG QRYHO YLVXDOL]DWLRQOEIOX BXYLNVHWABD
GLIIHUHQW DVVRFLDWHGVKIREYD G DW DV K)H MHFHNV L
RI WKH SLHFH ZKIEOKRZ Y XRUFAD\WDBED/R FDOOHG
FDUP ABIFWLRQ 7KHPHGLDQ WHPSR RIWKH SLH

7KH VFUHHQVKRW VKRZV WKH Q&LRPBMBKQJERI D
?2iiT,ffKmbB+#" BMxXQ ;f'2+Q /BM;f8y+k72 R@/ked@98ye
@ R88@dj##27/8URP WKH DOEXP $NNDUDL 6LVWHUV 1
21T, ffKmbB+#" BMxXQ ;f'2H2 b2f8Rj2ky8 @3/dR@9/9 @N87
@Ne/RjR7 R8#+V



$SSOLFDWLRQV 6XPPDU\DQG &RC

%30DWWKHERWWRPRIWKHSDQHO 7KHZKROH S
JRRPHGLQ LVVXPPDULIHGLQFRQFHQWULFFLUEF
WLPHWLFNVRQWKHRXWHU FLVDG BAYRMEGK FDWLQ
WKHWHPSRDRBKREKG RQ UHFRUGLQJIJV LQ6DU—JCL
VHPL DXWRPDWLFDOO\ HHIWSODHWBGRURW KOPXG LR
ZLWK WKHEDU SRLOQWHU PRGHO DQG WKHQ FRU
XDOO\

dXk *QMi'B#miBQMb

$ VXPPDU\ RI WKH VSHFLILF FRQWULEXWLRQV IU
LQWKHGLVVHUWDWLRQ DUH OLVWHG EHORZ

&ERQWULEXWLRQVWRFUHDWLQJUHVHDUFK FRU:

%XLOGLQJ UHVHDUBKWROERUMWIKRHUSULPDU\ WD\
&RPSOXVLF SURMHFW 6LJQLILFDQW FROODERU
SXWLQWREXLOGLQJUHVHDUFKFRUSRUDDQG GLEL
WKDW KDYH D PDMRU FRQWULEXWLRQ E\ WKH DX
OLQNVWRDFFHVVDOO WKHVH GDWDVHWYV DUH S

$&RPSOXVLF &DUQDW L F 0¥ \GLCPNS KWW B D W
DOMDMRQRWDWHG FROOHFWLRQRI &DUQDWL
ZLWK WKH VXSSRUW RI9LJQHVK ,VKZDU D SURI
VLFLDQ ZKR DOVR YHULILHG WKH DQQRWDWLRC

KRXUV RI DXGLR ZLWK SLHFHV VY EDWQLQJ IR
UHSUHVHQWDWLYH VXEVHW R$ \EKHVGIDWHIW HW Z
ZDV DOVR EXLOW B6HFWLRQ

$&RPSOXVLF +LQGXVWD Q.130 & D MWFDBWKRDW WR) —
DOQGDPQQRWDWHG FROOHFWLRQRI  +LQGXVW
EXLOW ZLWK WKH VXSSRUW RI .DXVWXY .DQWL
+LQGXVWDQL PXVLFLDQ ZKR DOVR YHULILHG W
GDWDVHW KDV DERXW KRXUVRIDXGLR ZLWK SL
XOWUWDQWB WKUHHGWHPBHREWDVVHY 7ZR VXEV!
WKH GDWDVHW JUORDY SHGQXIBYGHBWROY HW YV ZH U H
DOVR EXLOW 6HFWLRQ

$+&RPSOXVLF &DUQDWLF &UH D ¥.8Y FIRRCRPHPR QV P X
WLRQ VDFEDQQRWDWLRQV IRU WKI$.BXVLF SLHF



&RQWULEXWLRQV

FROOHFWLRQ LQ FROODERUDWLRQ ZLWK 9LJQF
SUHVHQWO\ FRQWDLQV RYHU KRXUV RI PXVL}F
VDI QRWDWLRQV 6HFWLRQ

+&RPSOXVLF +LQGXVWDQL &UHDWAL ¥FR@RPPRQV
OHFWLRQBTXHVHFWLRQ DQQRWDWLRQV IRU WK
WHKHAFROOHFWLRQLQ FROODERUDWLRQ ZLWK .
7KH FROOHFWLRQ SUHVHQWO\ FRQWDLQV RYH!
RYHU W UDFWIVP QG VHEWLRQ DQQRWDWLR
WLRQ

$&RPSOXVLF 0X OWDRINDG D5 B\DRWD W ID\E O D
VRORGDWDVHWFRPSULVLQJDXGLRUHFRUGLQ
VIOODELF WUDQWPEIRDRLIRRPSRIVLWLRQV IURP (
HQWDUZQWK WLPH DOLJQHG VIOODELF WUDQV
ZLWK 6ZDSQLO *XSWD 6HFWLRQ

F&RPSOXVLF -LQJMX SHURXGODMWVRVSHIMAY VWK H Q
GDWDVHW ZDV EXLOW ZLWK 5DIDHO &DUR 5HSH
DXGLR SHUFXVVLRQ SDWWHUQV VSDQQLQJILY!
ZLWK DERXW PLQXWHV RIDXGLRDQG RYHU
EOHV 6HFWLRQ

$-LQJMX SHUFXVVIHROGCDWNUKXWH@GWLOW ZLWK 0
DWWKH&HQWUH IRU'LJLWDOOXVLF & 'O 4XHH
RI /RQGRQ WKH GDWDVHW KDV RYHU DXGLF
GLITHUHQW SHUFXVVLRQ LQVWUXPHQW FODVV#

THFKQLFDODQG VFLHQWLILF FRQWULEXWLRQV

F GHQWLILFDWLRQRIFKDOOHQJHY RSSRUWXQL
WRPDWLF UK\WKP DQDO\VLV RI,QGLDQ DUW P X\

$+ , GHQWLILFDWLRQ Rl VHYHUDO LQWHUHVWLQJ

SUREOHPV LQ ,QGLDQ DUW PXVLF DORQJ ZLWK
WLRQRIWKHVWDWHRIDUW IRUVRPHRIWKH WE
IRUFXOWXUH DZDUH PHWKRGVY WKDW FDQ LQFF
VLFLQIRUPDWLRQ &KDSWHU

F(QILQHHULQJIRUPXODWLRQRIPHWHUDQDO\VI
WHUWUDFNLQJDQG LQIRUPHG PHWHU WUDFNL (



$SSOLFDWLRQV 6XPPDU\DQG &RC

GLVFRYHU\ WUDQVFULSWLRQ DQG VHDUFK L
WLRQ

$+$Q LOOXVWUDWLYHHYDOXDWLRQ RI WKH &DUQ
UHVHDUFKFRUSRUD EDVHGHROQUWDIKHPAAWKRGRO
WLRQ

F$QLOOXVWUDWLYHGHPRQVWUDWLRQ RIWKH X'
DQDO\WLVWRROVIRUD FRUSXVOHYHOPXVLFRC
SOLILHG EN\UK\WKPLF SDWWHUQ DQDO\VLV RQ ¢
PXVLFUK\WKPDQQRWDWHG GDWDVHWYV 6HFWL

$+%D\HVLDQ PHWKRGV IRUPHWHU DQDO\VLV LQ ,
WDVNRIPHWHUDQDO\WLVDGGUHVVHG IRU WKH
+LQGXVWDQL PXVLF GHYHORSLQJDSSURDFKH
GHUO\LQJ PHWULFDO VWUXFWXUHV DQG XWLO
PHWHUDQDO\VLV PRGHO H[WHQVLRQV 02 PRGH
LQIHUHQFH HWHQVLRQV DUH SURSRVHG 7KH
LPSURYHPHQW LQ WUDFNLQJ ORQJPHWULFDO |
EHHQ DGGUHVVHG | RUSWEKDISWWW WLPH LQ

F'HPRQVWUDWLRQ RI WKH XWLOLW\RI SHUFXVVL
WDWLRQ WUDQVFULSWLRQDQG GLVFRYHU\ RI
D VIOODELF PDSSLQJDQG JURXSLQJ VA\VWHP IR
WLPEUDO VLPLOMDBAEQEG PRILERWKDP SHUFXVVLR
ODEOHV &NRBREQYWUIRUNZLWKG6ZDSQLO *XSWD D
&RPSOXVLF WHDP

$+$SSURDFKHV IRU SHUFXVVLRQ VROR WUDQVFU

VIOODELF SHUFXVVLRQ VIVWHPVY DSSOLHG RQ
FDVHDQG WKH® B BOHQFAHGWRJIDP SHUFXV VLR
LQ ,QGLDQ DUW PXVLF 6HFWLRQ

dXj *QM+HmMbBQMb M/ bmKK v

‘H SUHVHQW D VXPPDU\ FRQFOXVLRQV DQG WKF
WKHVLVY RUJDQL]JHGEDVHGRQWKHFKDSWHUV R
WKH GLVVHUWDWLRQ DLPHG WR EXLOG FXOWXU
GDWD GWBIDYSBQURDFKHY XVLQJ %D\HVLDQ PRGHO
UK\WKPDQDO\VLVLQ,QGLDQDUWPXVLF IRFXVL



&RQFOXVLRQVDQG VXPPDU\

PHWHUDQDO\VLVY DQG SHUFXVVLRQ SDWWHUQ G
JRDO RIGHYHORSLQJ UK\WKP VLPLODULW\ PHDV
ZRXOG OHDG WR WRROV DQG WHFKQRORJLHV Wi
ULHQFH ZLWK PXVLF E\ KHOSLQJ XV WR QDYLJDV
FROOHFWLRQV LQ DPXVLFDOO\PHDQLQJIXO ZD\
FLRFXOWXUDO FRQWH[W RI WKH PXVLF FXOWXU
HQULFKHG PXVLF OLVWHQLQJ PXVLFDUFKLYDO
RJ\ DQG DV SUH SURPH/WD@BJVWHRBYVORWLQJ KL
OHYHO LQIRUPDWLRQ VXFKDV VWUXFWXUHDQG
7KH GLVVHUWDWLRQ IRFXVHG RQ UK\WKP DQTC
SXUYLHZ RI &RPSOXVLF SURMHFW 7KH VFRSH RI
LWHG WR UK\WKP DQDO\VLVLQDXGLR FROOHFW!|I
LQJ %D\HVLDQ DSSURDFKHV HPSKDVL]LQJRQ G
WKHVLVY DOVR DGGUHVVHG WKH TXHVWLRQ RI W
GDWD GULYHQ DSSURDFKHV WR UK\WKP DQDO\V
$QLOQWURGXFWLRQ WR UK\WKPLQ ,QGLDQ DUW
&KDSWHRUSURYLGH D EDFNJURXQG WR PXVLF FRQ
LQ WKH WKHVLV VKRZLQJWKH FRQWUDVWLQJ G
UK\WKP FRQFHSWV LQ (XURJHQHWLF SRSXODU P
VLF -LQJMX %HLMLQJRSHUD SHUFXVVLRQ LV
SHUFXVVLRQ SDWWHUQV DQG KHQFH D EDVLF L(
DOVR SURYLGHG $ UHYLHZ RI WKH VWDWH RI WK
WDVNVY5ISURYLGHG D EDVLV IRUXQGHUVWDQGLC
DQDO\WLV WDVNV LQ ,QGLDQ DUW PXVLF
&KDSWEHQWLILHGVRPHRIWKHXQLTXHFKDOO
QLWLHV WR UK\WKP DQDO\VLVLQ,QGLDQ DUW PX
FKDUDFWHULVWLFVRIUK\WKPLQ,QGLDQDUW P>
GDWH IRUDXWRPDWLF DQDO\VLV DQG WR SXVK W
RIWKHDUW LQ UKOWSKAPBAED D \VQWIDR G UHOHYDQ\
DQDO\VLV SUREOHPV ZLWKLQ WKH FRQWH[W RI ,(
WLILHGDQG GHVFULEHG $QHYDOXDWLRQ RI WK
RIWKHVHSUREOHPVLQGLFDWHG WKHQHHG IRU |
FLILF PHWKRGY WR DGGUHVV WKHVH WDVNV 7K
LQ WKH FKDSWHU ZLOO EH XVHIXO WR D UHVHDU
HYDQW SUREOHPV LQ WKLY QHZ DUHD RI UHVHD!L
WR UK\WKP LQ ,QGLDQ DUW PXVLF VXIIHUHG LQFF
DGGUHVVHG E\IRUPXODWLQJWKH UHVHDUFK SU
DQG SHUFXVVLRQ SDWWHUQ GLVFRYHU\PRUH DF
7KH SUREOHP RIFUHDWLQJUHVHDUFK FRUSRU



$SSOLFDWLRQV 6XPPDU\DQG &RC

GULYHQDGGUHVVHG VERED SWKBW VLIQLILFDQW
DUH QHHGHG WR EXLOG UHOHYDQW GDWDVHWYV |
EXLOG UHOHYDQW KLJK TXDOLW\ GDWDVHWYV X\
ULD WKDW DUH XVHG WR FRQWLQXRXVO\HYDOXTE
IRUWKHLU VXLWDELOLW\WR WKH WDVNV DW KD
FDQ EH XVHG IRU FRUSXV OHYHO DQDO\VLV WR ¢
IURP LW 7KH GLVVHUWDWLRQLV DLPHG WR EH D
IRUWKH UK\WKP UHODWHG GDWDVHWY GHYHOR S
ZLWK VXJIJHVWLRQV RQ WDVNV ZKHUH HDFK RI W
IXO 7R SURPRWH WKH LGHDV RIRSHQ GDWD DQC
DOO WKH PHWDGDWD DQG VRPH RI WKH DXGLR IU
DUHRSHQO\DYDLODEOHWKURXJKWKH 'XQ\D $3,
FRPPHUFLDO DXGLR LV HDVLO\DFFHVVLEOH

OHWHU DQDO\VLV ZDV RQH RI WKH PDLQ SUREQ
WKHVLV &XDEWHHOUWHG D FRPSUHKHQVLYH DQDO
IHUHQFH PHWHU WUDFNLQJ DQGLQIRUPHG PHV
PXVLF 3UHOLPLQDU\ H[SHULPHQWV VKRZHG SR
VDPRDUDFNLQJLQ &DUQDWLFPXVLF LQGLFDWLQJ
\WLV PHWKRGV WKDW FDQ XWLOL]JH PHWULFDO V
EDUSRLQWHUPRGHOLVRQHVXFK%D\HVLDQ PRC
HVWLPDWLRQ RI FRPSRQHQWY RIPHWHU DQG H[!
XQGHUO\LQJPHWULFDO VWUXFWXUH

$Q HYDOXDWLRQ RI WKH VWDWH RI WKH DUW ¢
PXVLF VKRZHG WKH XWLOLW\ Rl %D\HVLDQ PRGF
1RYHO PRGHO H[WHQVLRQV 02 PRGHO DQG 63 F
RQ %3 PRGHO ZHUH SURSRVHG ,Q DGGLWLRQ (
VLRQV EDVHG RQ SDUWLFOHILOWHUV IRU IDVWH
HOVZHUHDOVR SURSRVHG 7KHDOJRULWKPV ZH
RIPHWHULQIHUHQFH PHWHUWUDFNLQJ WHPSR
DQGWHPSR VDPD LQIRUPHG PHWHU WUDFNLQJ
VKRZWKDW LQFRUSWUIDIR QP DWGR QY DRGIPONLQ.
DOJRULWKPV PRUH *LQIRUPHG LPSURYHV SHUIR
)XUWKHU WKH 63 PRGHO VKRZV LPSURYHPHQW
ULFDO F\FOHV D WDVN ZKLFK KDV EHHQ DGGUH\
0,5

&RQWUDU\WR LQWXLWLRQ PRUHQXPEHURIU
REVHUYDWLRQ PRGHO GLG QRW LPSURYH PHWH
ZKLFK FDQ EH DWWULEXWHG WR WKH VLPSOLVW
GLR IHDWXUH )XUWKHU WKH 02 PRGHO DQG WK



&RQFOXVLRQVDQG VXPPDU\

GLG QRW VKRZ PXFK LPSURYHPHQW LQ SHUIRUPI
LQJLGHDV WR PDNH LQIHUHQFH EHWWHU DQG ID
PRGHOV 7KHDSSURDFKHV DUHFDSDEOHRIJHQF
FXOWXUHV DV ZDV GHPRQVWUDWHG ZLWK WKH F
GDWDVHW

$IUDPHZRUNIRUSHUFEXVVLRQ SDWWHUQGLVE
LQJV DORQJZLWKVRPHH[SORUDWRU\H[SHULPF
VXEMHFW PDW W FHBWR O&KIDSIMWAKH VIOODELF SHUF
WHP LQ ,QGLDQ DUWPXVLF ZHXVHG WKHRQRPD)
VIOODEOHV WR UHSUHVHQW WUDQVFULEHDQG \
IURP DXGLR UHFRUGLQJV RI SHUFXVVLRQ VROR\
WLRQ LV VXLWDEOHIRUWLPEUDOO\VLPLODU SH
VFULSWLRQ VHDUFK IUDPHZRUN ZDV H[SORUHC
WHUQV

3UHOLPLQDU\H[SHULPHQWVRQSHUFXVVLRQ S
FODVVLILFDWLRQ ZHUH SUHVHQWHG RQ MLQJMX
SURDFK ZDVWKHQ H[WHQGHG WR SDWWHUQ GLVF
ORZHG E\ DSSUR|[L RMDMBHQBHDULFORQIDP VROR UHF
LQJV 7KHWUDQVFULSWLRQ ZDV EDVHG RQ D VS
ZRUN XVLQJ WLPEUDO VIOODEOH PRGHOV DORQ.
PRGHO $ VHW RI TXHU\ SDWWHUQV ZHUH DXWRI
VIPEROLF V\OODELF VFRUHV 7R PDNH WKHDSSU
DXWRPDWLF WUDQVFULSWLRQ DG/BSSUR[LPDW
ZDV XVHG WR VHDUFK IRUWKHVH TXHU\ SDWWH L
LQJV

SUHOLPLQDU\ H[SH B4PGERAED RQ WKWV VKRZHG
WKH ODUJH QXPEHU RILQVHUWLRQ HUURUV DQG
VHDUFK DOJRULWKPV ([DEW VWULQJ VHDUEK D¢
FLVLRQ EXW D SRRU UHFDOO GXH WR DOO WKH W
SUR[LPDWH VWU LQ J5V&E/KRKZ B G LPBIWRKPPHQW L
SDWWHUQ UHFRGDWDWHKWWHKDW LQFOXGHG IXO
SRVLWLRQAGI'WBVHW FRQVLVWV RI VKRUW DXGL
E\ SKUDVHV BQ&6GH® PHRW VKRZ PXFK LPSURYHP
RYHUDOO | PHDVXUHRYHUDQ H[DFW VWULQJ VH

7KHYDULSDQMMRG WREH IXUWKHUH[SORUHG D
JRUWKHWDVN WKHFRPELQDWLRQRIWUDQVFUL
OHPLVDSURPLVLQJDSSURDFK ZKLOHIXUWKHU
SUHKHQVLYHHYDOXDWLRQLV QHHGHG WR PDNH
PDQFHDQG VXJJHVW LPSURYHPHQWYV



$SSOLFDWLRQV 6XPPDU\DQG &RC

dX9 6mim 2 /B 2+iBQMb

7KHUH DUH VHYHUDO GLUHFWLRQV IRU IXWXUH
2QHRIWKHJRDOVRIWKHGLVVHUWDWLRQ ZDV W
SUREOHPV LQ UK\WKP DQDO\VLV Rl ,QGLDQ DUW
SUREOHPV SUHVH @QWH® L@ R KD/SWDHW WR H[WH Q (
SUHVHQWHG LQ WKH GLVVHUWDWLRQ B6HYHUDC
PXVLF ZHUH SURSRV A B LLAHEKQ@CGWHIHZ RI WKHP Z
DGGUHVVHG LQ WKH WKHVLY 7KHSUREOHPV VXF
WRORJLHV DQG UK\WKP EDVHG VHIJPHQWDWLRQ
WLRQ IURP WKH UHVHDUFK FRPPXQLW\ VR IDU ¥
RIUHVHDUFK ZLWK D SRWHQWLDO WR EH H[SORU
7KH JRDO RI DXWRPDWLF UK\WKP DQDO\VLV L\
UHOHYDQW UK\WKP VLPLODULW\ PHDVXUHV D W
GUHVVHGLQ WKHGLVVHUWDWLRQ 8VLQJERWK
WHUQV H[WUDFWHG IURP DXGLR WR GHILQH EHW
WDQW SDUW RI IXWXUH ZRUN ,Q DGGLWLRQ WK
RQO\ DXGLR UHFRUGLQJV WR H[WUDFW PHDQLQ.
+RZHYHU XVLQJDGGLWLRQDO PHWDGDWD VXFI
ULDO PHWDGDWD DORQJZLWKDXGLR IHDWXUH\
VXLWDEOH UK\WKP RQWRORJLHY FDQ OHDG WR [
ZKLFKLVWREHH[SORUHG DV D SDUW RI IXWXUH
7KHVL]HDEOHFXUDWHGUHVHDUFKFRUSRUDD
OXVLF SURYLGHDQLPPHQVHRSSRUWXQLW\ WR E
RIUHVHDUFK SUREOHPV LQ WKH IXWXUH 7KHDY
QRZ RSHQV XS WKH SRVVLELOLW\ RIVLJQLILFDQ
UK\WKP DQDO\VLY UHVHDUFK LQ WKHVH PXVLF F
WKDW FDQ XVH WKHVH GDW DV HWYXGE HNGLHRWD L C
WKH &UHDWLYH &RPPRQV PXVLF FROOHFWLRQV
DQG +LQGXVWDQLPXVLFFDQEHXVHGWREXLOG
ZLWKRXW UHVWULFWLYH FRS\ULJKW LVVXHV
7KHUHVHDUFKFRUSRUDHYROYHVRYHUWLPH
FRUSRUD VXVWDLQDEO\DQG EXLOGLQJDGGLWL
UK\WKP DQDO\VLYVY DUH LPSRUWDQW WDVNV IRU
GDWDVHWYV IRUPXVLFRORJLFDO UHVHDUFK ZDV
EXW D ULJRURXV VWXG\ RI VXLWDELOLW\ RI WKH
PXVLFRORJ\ DQG LWV DGRSWLRQ IRU PXVLFROF
UHFWLRQ WR SXUVXH
OHWHUDQDO\VLVY WDVNV VXFKDV PHWHU LQIH



)XWXUH GLUHFWLRQV

DGGUHVVHG LQ GHWDLO LQ WKH GLVVHUWDWLR
RSHQ TXHVWLRQV WKDW VWLOO KDYHWR EH PRU
H[SHULPHQWY QHHG WR EH HIWHQGHG WR IX0O ¢
WKHSUHVHQW H[SHULPHQWV RQ VKRUWHU H[FHL
FDO $SDUWRILPPHGLDWHIXWXUHZRUN ZRXOG
RQ ODUJHU ,QGLDQ PXVLF GDWDVHWYV 7KH 63 PF
VKRZHG VLIJQLILFDQW SURPLVH LQ WUDFNLQJ D
VWUXFWXUHV LQ ERWK &DUQDWLF DQG +LQGXV\
DWLRQV RQ LWV HIWHQGDELOLW\ WR RWKHU P X\
SDUWRIIXWXUHZRUN 7KHPRGHODQGLQIHUHQ
DQDOVHG IXUWKHU WRLPSURYHWKHLU SHUIRUF
IOX[ IHDWXUH IRU PHWHU DQDO\VLV LV OLPLWLC
GLR IHDWXUHV WKDW FDQ SHUKDSV DOVR LQFO X
GLPHQVLRQV VXFKDVPHORG\DQG O\ULFV DUH W

3HUFXVVLRQ SDWWHUQ GLVFRYHU\ZDV D SURE
WR D OHVVHU H{WHQW LQ WKH GLVVHUWDWLRQ :
SUHVHQWHG RQ VPDOO GDWDVHWV :KLOH WKH
UHSUHVHQWDWLRQ IRU SHUFXVVLRQ SDWWHUQ
HYDOXDWLRQRQODUJHUGDWDVHWY VSDQQLQJ
SOD\LQJ VW\OHWD WV-FRRBEOWD ULDELOLW\ LQ SDWW
EHGRQHLQ WKH IXWXUH %HWWHU WUDQVFULS)
ZRUOG VFHQDULRV ZLWK WKH DYDLODELOLW\ RI
DFRXVWLF DQG ODQJXDJH PRGHOV $SSUR[LPD)
5/&6VKRZV SURPLVHLQ VHDUFKLQJIRUVKRUW TX
WUDQVFULEHG DXGLR UHFRUGLQJV ZKLOH VRPF
WR LW QHHG IXUWKHU H[SORUDWLRQ WR PDNH W
WR WUDQVFULSWLRQ HUURUYV

7KH WDVNV RI PHWHU DQDO\VLY DQG SHUFXV\
GLVFRYHU\ZHUH DGGUHVVHG DV LQGHSHQGHQW
WKHUH LV DOVR VLJQLILFDQW LQWHUSOD\EHWZ
VLV FRXOG EHQHILW IURP SHUFXVVLRQ LQVWUXF
WR WUDFN PHWULFDO VWWUXEOD\HIGW -QUEBH VWUR
DUHLQGLFDWLYH RIFSRYHW L3RHQUEGWKHRQ SDW Wt
FRYHU\ FDQ EHQHILW WIDFRIRIE FEH@WOAQIRMIRID W L
LVDYDLODEOH VLQFH SHUFXVVLRQ SDWWHUQV
DQG VRPMOWRBHWWKHIBZ DSSURDFKHY WKDW FD
GUHVV WKHWZR WDVNV WRJHWKHUDQG EXLOG M
SURPLVLQJ

,QWHJUDWLRQ RI WKHVH DOJRULWKPV DQG PH



$SSOLFDWLRQV 6XPPDU\DQG &RC

SOLFDWLRQVUHTXLUHVDGGLWLRQDO HITRUW W
UHVHDUFK WDVNV DQG SUDFWLFDO QHHGV 7RRK
EULGJH WKDW JDS E\ SURYLGLQJDQHYDOXDWLR
DOJRULWKPV ,QWKHIXWXUH DQLQWHJIJUDWLRC
DQDO\VLV DSSURDFKHV LQWR 'XQ\D LV QHFHVVI
SURYH WKHDOJRULWKPV WKURXJK XVHU IHHGEL
YLGH XVHUV ZLWK DQ HQJDJLQJ H[SHULHQFH ZL
PXVLF

‘HVLQFHUHO\EHOLHYHWKDW WKHGLVVHUWD\
DUHD RI UHVHDUFK LQ DXWRPDWLF UK\WKP DQD(
'LWK VHYHUDO FKDOOHQJLQJDQG LQWHUHVWLC
DUHD WKHUH LV VLIQLILFDQW VFRSHDQG SRWH
DQG PHWKRGRORJLHVY WR VROYH WKHVH SUREOH
GLVFXVVHG KHUHSURYLGH SRLQWHUV IRU IXUW k
WKLV LY SHUKDSV ZKHUH D QHZ 3K' WKHVLV FDQ I



$SSHQGL[.

GBbi Q7 Sm#HB+

7TKHIROORZLQJLVD OLVWRISXEOLFDWLRQVE\W
WKHWKHVLVDQG &RPSOXVLF SURMHFW 7KH WH]
WKHVSHFLILFFRQWULEXWLRQ RIWKHDXWKRU L

S22 @ 2pB2r2/ DQm M Hb

F6ULQLYDVDPX4RMKDSIHO $ 6HUUD ;
6HDUFK RI $XWRPDWLF 5K\WKP $QDO\VLVOHWK
,QGLDQ $UWRXX\QQIFO RI1HZO0OXVLF5HYHDUFK
&RQWULEXWHG WR LGHQWLI\LQJ SUREOHPVY FKDOOHQJ
WKH DUW EXLOGLQJ WKH ,QGLDQ PXVLF GDWDVHWYV FR
GLDQ PXVLF GDWDVHWY DQDO\WLV DQG LQWHUSUHWDW
PDQXVFULSW &RPSDQLRQ ZHES,DHDIKRIK W KBI+XDnSTH U
X2/ mfiDMK @kyR9@ ?vi?K

6mHH "IB+H2b BM T22 @ 2pB2r2/ +QM72°

$t6ULQLYDVDPXBRWKDS$HO $ &HPJLO $ 7 6HU
ODUFK $JHQHUDOL]HG %D\HVLDQ PRGHO
PHWULFDO F\FOHV LQ D F RXWRWFLHHREO\QLIFVVRING B i@
VW ,((( , QWHUQDWLRQDO &RQIHUHQFH RQ S$FF
6LJQDO 3URFHVVLQBS&$6G63 6KDQJKDL &KLQD
JRUPXODWHG WKH VHFWLRQ SRLQWHU PRGHO EXLOW W
FRQGXFWHG WKH H[SHULPHQWVY DQG ZURWH WKH PDQXYV
IRUWKHXADISHYQKTKmMbB+XmT7X2/mfB+ bbT@kyRe@bTK



/ILVW RI 3XEOLFDWLRC

$6ULQLYDVDPX#RMOKDSHHO $ &HPJLO $ 7 6 H
: 2FWREHU 3DUWLFOH)LOWHUV IRU (IILF
ZLWK '\QDPLF %D\HVLBQRHWZRILINW ROWKH WK
WHUQDWLRQDO 6RFLHW\ IRUOXVLF ,QIRUPDWL
,60,5 SS + ODODJDRBBDAIWHG WKH PL|
WXUH REVHUYDWLRQ PRGHO EXLOW WKH &DUQDWLF UK\
H[SHULPHQWV DQG ZURWH WKH PDQXVFULSW &RPSDQL
2T, ff+QKTKmMbB+XmT7X2/mfBbKB " @kyR8@T7

I*XSWD6BLQLYDVDPXXWRU 30 O0OXUWK\ +
6HUUD ; 2FWREHU 'LVFRYHU\RIG6\OODEL
WHUQV LQ 7TDEOD 6 ROURFHHIBLE&QLIYIR/I WKH WK,
QDWLRQDOG6RFLHW\IRUOXVLF ,QIRUPDWLRQS5F
0,5 SS + ODODJRBROSMULOXWHG WRIRUPXO
LQJWKH SUREOHP RI SDWWHUQ GLVFRYHU\LQ WDEOD VR
QLQIJWUDQVFULSWLRQH[SHULPHQWY DQDO\VLV RIUHV:
&RPSDQLRQ ZHESDJH?IRU M#QKSB8HBB+XmT7X2/mfBbKB"
@kyR8@i #H

t6ULQLYDVDPXWDWR! % 6XQGDU + 6HUUD
2FWREHU 7UDQVFULSWLRQDQG 5HFRJQLWLR
FXVVLRQ 3DWWHUQV 7KH &BVR RH KtGILLQIVQR 12 S|
WKH WK ,QWHUQDWLRQDO 6RFLHW\ IRU OXVLF
&RQIHUHQFH ,68S5 + 7DLSHL&RDLZDQ
WULEXWHGWRIRUPXODWLQJWKHSUREOHPRISHUFXVVL
KHOSHG LQ EXLOGLQJ WKH SHUFXVVLRQ SDWWHUQ GDW
PHOWVDQGZURWHWKHPDQXVFULSW &@RPSDQLRQZHESI
+QKTKmMbB+XmT7X2/mfBbKB @kyR9@#Q

$+RO]JDSIHO $ .GQWIEQYLYDVDPXUWKAU®FN
LQJWKH3®*RGG" OHWHULQIHUHQFHLQDFXOWX|
SXV 3@RFHHGLQJV RI WKH WK ,QWHUQDWLRQLE
,QIRUPDWLRQ 5HWULHYDO &BOQIHUHQFH ,60,5
7TDLSHL 7D&_I2®/QJLEXWHG WR EXLOGLQJ WKH &DUQDW
RI UHVXOWYV DQG ZULWLQJ WKH PDQXVFULSW &RPSDQL
20T, ff+QKTKmMbB+XmT7X2/mfBbKB " @kyR9@Q//

$16ULQLYDVDPXBWKULS * . *XODWL 6 ,VKZDU
6HUUD ; BHSWHPEHU &RUSRUDIRUOXVLEF
VHDUFKLQ ,QGLD®UWRIAWBNCGLIORIV,. QI -RLQW ,QWH U



/ILVW RI 3XEOLFDWLRQV

&RPSXWHU OXVLF &RQIHUHQFH 6RXQG DQG 0XV
IHUH GRBH * $WKHQV&RQYWMHFERWHG WR FROO|
WLRQ DQG DQDO\VLV RI FRUSRUD GDWD ZULWLQJ WKH P
SDJHIRU WRHTBDISHKTKmMbB+XmT7X2/ mfbK+@kyR9I@+Q " T(

$t6ULQLYDVDPXWBWHKUL ; 0D\ $ 6XSHUYLVE
$SSURDFK WR +LHUDUFKLFDO OHWULFDO &\FOF
OXVLF 5HFRUGURFHHGLQJIV RI WKH WK ,(((,Q
WLRQDO &RQIHUHQFH RQ $FRXVWLFV 6SHHFK
,&$663 SS + ) O R U H QR biP X SWMEDWOH\G W K H
WHPBRADQWDPDUDFNLQJ SUREOHPY EXLOW WKH &DUQDYV
FRQGXFWHG WKH H[SHULPHQWV DQG ZURWH WKH PDQXV
IRUWKHXYDISHYUQKTKmMbB+XmMT7X2/mfB+ bbT@kyR9@i H h°

$7LDQ AULQLYDVDP%DWKOKU 0O B6HUUD ;

0D\ $ 6WXG\RI,QVWUXPHQW ZLVH 2QVHW 'HW
2SHUD 3HUFXVVLR G URFHMEBLIQVV I WKH WK ,
' QWHUQDWLRQDO &RQIHUHQFH RQ $FRXVWLFV
FHVVLQJ ,&$663 + JORUHQRH ,WDO\
PXODWHG WKH SUREOHP RILQVWUXPHQW ZLVH RQVHW (
DQG FRQGXFWHG WKHH[SHULPHQWY DQG ZURWH WKH P|
SDIJHIRUWERHTSDISOUKTKmMbB+XmT7X2/mfB+ bbT@kyR9@ QM

f6ULQLYDVDPSXWHKDRBDQLDQ 6 7URQHO * &l
3 -XO\' $%HDW 7UDFNLQJ$SSURDFK WR &F
WLRQ RIS5K\WKP LQ ,QGLDQ&®OPHHNGEEQ OVORKNWKH
QG &RPSOXVLF :RBNVKRS ,VWDQEXRU 7XUNH\
PXODWHG WKH SUREOHP RIWUDFNLQJVXE EHDW VWUXF\
GLRUHFRUGLQJY FRPSLOHGWKHGDWDVHW FRQGXFWH
PDQXVFULSW

' ]JKDPED]RSULQLYDVDPXUWW\X®BN 6 6HUUD ;
2Q WKH XVHRI1IRWH2QVHWYV IRU ,PSURYH
DOLIQPHQW LQ 7XUNLVK ODNDP3WRHAHHHGR DSSF
LQJVRIWKH WK, QWHUQDWLRQDO 6RFLHW\ IR
WULHYDO &RQIHUHQFHHZ <RUB 8BOWULEXWHG
WR WKH IRUPXODWLRQ@®I IRYDDVURDEDHVWR IIPHGLR DOLJQP
FROWHQWQRWDSDUW RIWKHGLVVHUWDWLRQ



/ILVW RI 3XEOLFDWLRC

Pi?2  +QMi B#miBQMb iQ +QM72 2M+2Db

$.UHEV ) +RO]DBUHQL$DVDPXUW K\ 5¥;

$XGLR'RZQEHDW 7UDFNLQJ (YDOXDWLRQ .+
' QIRUPDWLRQ5HWULHYDO (YDOXDWLRQ H;FKD ¢
DEVWUDEW 7D Ls®HRU 7\DKFAYRPIHO HW BB
PLWWHGIRUHYDOXDWLRQ

F*XODWL 6 *DQJXOL 6ULQXSDWDRRBXUWK\ $
6HUUD ; 5$*%:,6( $/LIKWZHLIJKW 5HDO W
5HFRIQLWLRQG6\WVWHPIRU,QGLDQ $UWOXVLF ¢
6HVVLRQ RIWKH WK QWHUQDWLRQDO 6RFLHYV
SHWULHYDO &RQIHUHQ RHR QWD OEDXWWH GOVBR ERXQ FH S\
LIDWLRQ IHHGEDFNDQG WHVWLQJ

I1&DURG6ULQLYDVDPXYOEBWI 6 6HUUD ;
-LQIMX PXVLF &RQFHSWV DQG &RPSXWDWLRQ
\WVLV $ 7XWRULDOLQ WKH WK QWHUQDWLRQIL
IRUPDWLRQ SHWULHYDO &RQIBWHQ&WHEDMKHH L
UK\WKP SDUWRIWKHWXWRULDO GLVFXVVLQJDXWRPDW
PHWKRGVLQ MLQJMX PXVLF 7KH FRPSDIQLRIQ ZHESDJH IF
+QKTKmMbB+XmT7X2/mfDBM;Dm@imiQ B H



11
$SSHQGL]

2bQm +2b

7KLY DSSHQGL[ LV D FRPSHQGLXP RI OLQNV WR
WLRQDO PDWHULDO UHODWHG WR WKH ZRUN SU}
WR GDWHVHWRIOLQNV LVDOVROLVWHGDQG P
ZHESDUHM,ff+QKTKmbB+XmT7X2/ mfTRAGLW2OBb@ L
PLUURUXW vb BMBp b Km i?vXBM{TDRWHIP?Wb B b
XSGDWHV RQ WKH &RPSOXVLF SURIMHFW FDQ EH F
+QKTKmMbB+XmT7X2/mf

6RPH RI WKH UHVXOWY QRW UHSRUWHG LQ WK
HI[DPSOHV VKRZFDVLQJ WKH UHVXOWY DUH SUH\
ZHESDJH 7KHFRPSDQLRQ ZHESDJH ZLOO DOVR |
DGGLWLRQDO UHVRXUFHV DQG PDWHULDO WKDW

JmbB+ +QM+2Tib M/ m/BQ 2t KTH:

$ UHVRXUFH SDJAMRUEBWK QBWLWLRQDO H[SODQ
WKH VWUXFWXUH RI-A0 GKEGHR HQDWP SOHV RI PX
SLHFHV LQ SRSXODID&DUQDWLF

2T, ff+QKTKmbB+XmT7X2/mf2t KTH2b@i H @+

$ UHVRXUFH SDJH VWVRUAAWDIGXE B/IDMPILRQADO H[SODCQ
WKH VWUXFWXUH RM-PQ@\XGIHRUH@W SOHV RI PX
SLHFHVLQ SRSXWDUONMQGXVWDOQL

2T, ff+QKTKmMbB+XmT7X2/mf2t KTH2b@i H@?BN




SHVRXUFHYV

$XGLR HIDPSOHV IRU WKH GLITHUHQW SHUFXVVL
%YHLMLQJRSHUD

2HT, ff+QKTKmMbB+XmT7X2/ mf2t KTH2b@T2 +mbk

$ UHVRXUFH SDJHIRU SHUFXVVLRQ SDWWHUQV L
VFRUHVDQGDXGLRH[DPSOHV RI SRSXODU SHUF

2T, ff+QKTKmMbB+XmMT7X2/ mf#Q@T2 +@T ii2 |

$UHVRXUFHKSYBWOWKHHRRUFOLF UK\WKPLFIUDPHZRUN
PDNDP PXVLF ZLWKDXGLR H[DPSOHV DQG VFRUL

20T, ff+QKTKmMbB+XmT7X2/mf2t KTH2b@ mbmH

*Q'TQ" M/ /i b2ib

$FFHVV WR WKH FRUSRUD DQG GDWDVHWYV ZLOO
WKDW SURYLGHVY DFFHVV WR DXGLR UHFRUGLQ.
6WDQGDORQH DUFKLYHV RI GDWDVHWY DUH DOV
RXWVLGH RI WKH 'XQ\D $3, $00 WKH UHVHDUFK
UHODWHG WR WKH WKHVLVDUHDGGLWLRQDOO\

S5HVHDUFK FRUBRIUHDKTKmMbB+XmT7X2/mf+Q TQ"
THVW GDWDVHWMWKTKmMbB+XmT7X2/mf/ i b2ib

7KH'XQ\D & DUQDWLFFROOHFWLRQRQOXVLF%UD

OXVLF &DUQDWLF PXVLF UHVHDUFK FRUSXV
2iiT,ffKmbB+# BMxXQ :f+QHH2+iBQMf
7Ne2dkR8@#k#/@9INek@#3+N@k#9y+Rd R2+

7KH 'XQ\D +LQGXVWDQL FROOHFWLRQ RQ OXVLF!

&RPSOXVLF +LQGXVWDQL PXVLF UHVHDUFK FRUS
2iiT,ffKmbB+# BMxXQ ;f+QHH2+iBQMf
kRjjOd N@2d3e@9kNd@388R@/eRd33+38+3y

7KBDUQDWLF &UHDWLYH &RPBRIQRB® XYXLF FROOF

VLF%UDLQ] ZLWK RSHQO\DFFHVVLEOH PXVLF
2iiT,ffKmbB+# BMxXQ :f+QHH2+iBQMf
Rej+37k@#d87@9e88@3e#2@R8y92 kNOO9+k




SHVRXUFHV

TKHLQGXVWDQL &UHDWLYH &RP.PRRRY PXVLF FROC
VLF%UDLQ] ZLWK RSHQO\DFFHVVLEOH PXVLF

20T, ffKmbB+#" BMxXQ ;f+QHH2+iBQMf
e /+89+e@eey8@928d@3kjy@#387R/28#2k#

7KBDUQDWLF OXVLF 5%\3 KR @GW WDQLHON UK\WKP D
QRWDWHG SLHFHV RI &DUQDWL$.BED WD VHRP ZKL
LVDOVRDYDLODEOH

2T, ff+QKTKmMbB+XmT7X2/mf+ "M iB+@ ?vi?K@/

TKHLQGXVWDQL OXVLF Y KRWRR EDWQNVRIWU K\WKF
DQQRWDWHG SLHFHVRI+LQGXVWDRBPXVLF IUR
DQG3xGDWDVHWY DUHDOVR DYDLODEOH

20T, ff+QKTKmMbB+XmT7X2/ mf?BM/mbi MB@ "?vi?K

7KBQDQWDSDGPDQDEKDQ OULGD.@ JDRPQ6WURNH V
WDLQLQJDXGLR H[DPSOHV RILQGLYLGXDO VWU
YDULRXV WRQLFV

2T, ff+QKTKmbB+XmT7X2/mfK'B/ M; K@bi QF2@

7KB.6 OULGDQJDP 6RO.RERYWDHYLQJI D WUDQVF
FROOHFWWR@QR IMAZIBD\W OB EDWKH UHQRZQHG PULC
PDHVWUR 3DGPDYLEKXVKDQ 8PD\DOSXUDP . 6LY

2T, ff+QKTKmMbB+XmT7X2/mfK' B/ M; K@i MB@/

7KBXOJDRQNDU 7DEO.B4RR@\VEDMWID\NHW WUDQVF
FROOHFWLRQ RI WDEOD VROR DXGLR UHFRUGLZQ
IURP VL[ GIKBURQYBFRPSLOHG | URFKW KGH B OE XP
RI 7DEDDPDQGLW $UYLQG 0XOJDRQNDU

2iiT,ff+QKTKmbB+XmT7X2/mfi #H @bQHQ@/ i |

7KHLQIJMX 3HUFXVVLRQ ,QIVWRERIDQ YLEDIW U R BV
VWURNHVVSDQQLQJWKHIRXUSHUFXVVLRQLQV)
MLQJRSHUD

20T, ff+QKTKMbB+XmT7X2/mf#Q@T2 +@/ i b2




SHVRXUFHYV

7KHLQJIJMX 3HUF XV VLR @B3IFR QW D Q QGLOQN VARV O H F
RIDXGLR SHUFXVVLRQ SDWWHUQV FRYHULQJILY
RSHUD

20T, ff+QKTKmMbB+XmT7X2/mf#QTT@/ i b2i

_2bmHib

$Q HIWHQGHG VHW RI UHVXOWY DORQJZLWK D |
O\]HG ZLWK WKH PRGHOV DQG DOJRULWKPV SUH\
DUHDYDLODEOHRQ WKHFRPSDQLRQ SDJH

$XGLR H[DPSOHYV
2T, ff+QKTKmMbB+XmT7X2/ mfT?/@i?2bBb@ D vO2t

(IWHQGHG UHVXOWYV
2HT , ff+QKTKmMbB+XmT7X2/mfT?/@i?2bBb@ D vO 2|

hOQQHb M/ +Q/2

7TKHOLQNV WR WRROVDQG FRGH UHODWHG WR W
GDWH OLQNV WR FRGH LQFOXGLQJ IXWXUH UHO
2T, ff+QKTKmMbB+XmT7X2/mfT?/@i?2bBb@ D vO+

(VVHQWLD DXGLR DQDO\VLV OLEUDU\
20T, ff2bb2MiB XmT7X2/mf

'XQ\D $3,
20iiTh,ff;Bi?m#X+QKfJh:fTv+QKTKmbB+

'XQ\D IURQW HQG
20iT,ff/mMv X+QKTKmbB+XmT7X2/mf

'XQ\D VHUYHUDQG EDFNHQG
20iTbh,ff;Bi?2m#X+QKfJh:f/mMv

$0%$7/$% 3\WKRQ SDFNDJHIRU SHUFXVVLRQ SDW
21iTbh,ff;Bi?m#X+QKfbr TMBH;ifT2 +S ii2 " M.Bb-

$0$7/$% SDFNDJH IRUPHWHUDQDO\VLV )ORULD
2iiTb,ff;Bi?m#X+QKf7HQF /BHHQf# v2b#2 i



SHVRXUFHV

$0%$7/$% SDFNDJHIRUEHDWWUDFNLQJHYDOXDW
200Tbh,ff+Q/2XbQmMM/bQ7ir "2X +XmFfT QD2+ibf#2 i@2p |

5K\WKPDQDO\VLY WRROVIRUMLQJMX IURP WKH
20T, ff+QKTKmMbB+XmT7X2/mfDBM;Dm@imiQ B

6DZDDO -DZDDE &RGHDQG 'HPR
20T, ff+QKTKmMbB+XmT7X2/ mfBbKB @R8@? +F|

6RQLF9LVXDOL]HU IRUYLVXDOL]|DWLRQDQGDQ
20T, ffrrrXbQMB+pBbm HBb2 XQ ;f

%HDW6WDWLRQ DQLQWHUIDFHWR UHFRUG EHD
2i1iTh,ff;Bi?m#X+QKf D vbKm i?vf#2 iai iBQM






*
$SSHQGL[.

HQbb v

*XR * "M iB+ KmbB+

DNADMUH ORZHVW PHWULFDO SXOVH VXEGLYLVL
— 00— SMQMPHWHUHG PHORGLF LPSURYLVDWLRQ
DAJDKH VHFWLRQV RI D W—1{D
—YDUWQ®BRPSOHWH F\FOH RI D W—9D
FDUDM B HQG VHFWLRQ RID &DUQDWLF PXVLF FR
NDFK$SUIRQFHUW RI &DUQDWLF PXVLF
HEX3XH SKDVH RIIVHW RI WKH FRPSRVLWLRQ UH
JKDIBPSHUFXVVLRQLQVWUXPHQW XVHGLQ &DUQ
PDGH FOD\SRW ZLWK D QDUURZ PRXWK
NKDXxME WIDPERXULQH OLNH SHUFXVVLRQ LQVWU
QDWLF PXVLF
NRQQDNKAODUW IRUP RIUHFLWLQJ SHUFXVVLRQ V
NWW/E FRPPRQ FRPSRVLWLRQDO IRUPLQ &DUQDWL
PAUVIZKH ,QGLDQ MDZ MHZYV KDUS
PWGSDAJIDVKH SULPDU\ SHUFXVVLRQ DFFRPSDQLP}
PXVLF FRPPRQ VSHOOLQJPULGDQJDP
PXWWXVY—PB S URFPLVOHIOW &DUQDWLF PXVLF FRI
QD®KH VXEGLYLVLRQ VWUXFWXUH ZLWKLQ D EH
FDWXUPDOQWEEH ZLWK RU DNADUDV SHU EHDW
WL $DQDEH ZLWK RU DNADUDV SHU EHDW
U—JXHPHORGLFIUDPHZRUN RI &DUQDWLF PXVL
VDPDKH EHJLQQLQJRIDQ —YDUWDQD HTXLYDOF



*ORVVDU\

\—P— —$\SWRPLQHQW &DUQDWLF PXVLF FRPSRV
VRONDKIKRQRPDWRSRHLF RUDO SHUFXVVLRQ V\
W —7KOH UK\WKPLF IUDPHZRUN RI &DUQDWLF PXVL
— GLW—TD ZLWK DNAaDUDVLQDF\FOH
NKDAED §KV—SPD ZLWK DNAaDUDV LQ D F\FOH
PL UD FK$-WsXTD ZLWK DNADUDV LQD F\FOH
UISDSOW—9YD ZLWK DNADUDV LQ D F\FOH
WDPEIMKH GURQH LQVWUXPHQW XVHG LQ &DUQD\
WDQL — YTKIHAWIR@DR SHUIRUPDQFH RID SHUFXVVL
WD®KRUW IRUWDQL —YDUWDQD
WLOBYURDNKPLF SLHFHLQ &DUQDWLF PXVLF ZLG
SHUIRUPDQFHYV
W\—JDYSWRPLQHQW &DUQDWLF PXVLF FRPSRVH
Y A+UHWWHG VWULQJLQVWUXPHQW XVHG LQ &I

*Xk >BM/mbi MB KmbB+

—YDAOMHM FRPSOHWH F\FOHRID W—O0O
—0$@BEXQPHWHUHG PHORGLF LPSURYLVDWLRQ
—PD®LWHUDOO\DSSURDFK $SKUDVHOHDGLQJ
EDQ®UL[HG PHORGLF FRPSRVLWLRQLQ +LQGXV\
EADKH RQRPDWRSRHLFRUDO SHUFXVVLRQ V\OO!
GKUXSDPRXVLF VW\OHLQ +LQGXVWDQLPXVLF
JKDU-ZRHVW\OLVWLF VFKRROV RI+LQGXVWDQL
NK—$KDQG ZDYHLQ WKHW—O F\FOH XQDFFHQW
NK\-$®XVLF VW\OHLQ +LQGXVWDQLPXVLF
ODXKH WHPSR FODVYV
GBM)DVW WHPSR FODVYV
PDGKOHGLXP WHPSR FODVYV
YLODMAS®IRZ WHPSR FODVV
P—WAKHORZHVWGHILQHGPHWULFDO SXOVHLQ +
DOHQW WR D EHDW
SDNK—$YGRIXEOH EDUUHO GUXP XVHG DV UK\WKP
LQ+LQGXVWDQLPXVLF
U—OKH PHORGLFIUDPHZRUNRI+LQGXVWDQL PX\
VDFKHILUVWP—WU—RIDQ —YDUW
VDQWWUDSH]RLG VKDSHG KDPPHUHG GXOFLPHU
PXVLF



& %YHLMLQJRSHUD -LQJMX

V—UDMBRZHG PXVLFLQVWUXPHQW XVHG LQ +LQC
VDUBGUHWOHVYV SOXFNHG VWULQJLQVWUXPHQW
VLF
VLWSH+WHWWHG SOXFNHG VWULQJLQVWUXPHQW X
W-ZRH UK\WKPLF IUDPHZRUN RI +LQGXVWDQL P X\
‘NW$W—0 ZLWK P—WU—VLQDF\FOH
MKD S3MAV—O00 ZLWK P—WU—VLQD F\FOH
UISDN$W-O0 ZLWK P—WU—V LQD F\FOH
W QWWOO ZLWK P—WU—VLQDF\FOH
WDE®B SULPDU\SHUFXVVLRQDFFRPSDQLPHQW |
E—\-ZRH OHIW GUXP
G—\-ZIQH ULJKW GUXP
GLIJBOWHUQDWLYH QDPH IRUWKH OHIW GUXP
W—QSPKUHDGURQH PXVLFLQVWUXPHQW XVHG LQ +
WK-$®DQG FODSLQ WKHW—O F\FOH DFFHQWHG
JDB FRPSRVLWLRQDO IRUPLQ WDEOD
N—\D&EFRPSRVLWLRQDO IRUPLQ WDEOD
SDOBIFRPSRVLWLRQDO IRUPLQ WDEOD
Se NSGRPSRVLWLRQDO IRUPLQ WDEOD
UeO3FRPSRVLWLRQDO IRUPLQ WDEOD
iKeNZKH EDVLF EAO SDWWHUQ DVVRFLDWHG ZLW
YLEK?ZKH VHFWLRQV RIDW—O F\FOH

*Xj "2BDBM; QT2 UCBM;DmV

EDQRODSSHU GUXP
EDQWKLWKPLF PRGHV RI %HLMLQJRSHUD
GDO%RJJRQJ

QDRERRPEDOV

OXRJX BH@BXVVLRQ SDWWHUQ
[LDR®RROO JRQJ

*X9 + QMVKD
" 4$QDQWDSDGPDQDEKDQ OULGDQJDP 6WURNHYV

+1*-LQIJMX 3HUFXVVLRQ ,QVWUXPHQW GDWDVHW
+11-LQIJMX 3HUFXVVLRQ 3DWWHUQ GDWDVHW



*ORVVDU\

$.3 &8DUQDWLF OXVLF5K\WKP GDWDVHW

$. %&DUQDWLF &UHDWLYH &RPPRQV PXVLF FROO

$.3&DUQDWLF OXVLF5K\WKB.@DWDVHW VXEVHW

).3 +LQGXVWDQLOXVLF5K\WKP GDWDVHW

).3+LQGXVWDQL OXVLF 5K\WKP3GIOLWEKVHW VXE\
ODABEBNVHFHYV

).% +LQGXVWDQL &UHDWLYH &RPPRQV PXVLF FR(

).3y +LOGXVWDQLOXVLF5K\WKBEZDWBREHW VXEV
K\ID Q@AW B\LHFHV

+0p +00 9LWHUEL LQIHUHQFHDOJRULWKP ZLWK
REVHUYDWBRQPRETHMDPXUWK\HW DO

+00+00 9LWHUEL LQIHUHQFHDOJRULWKP ZLWK (
PRGHO

+0Q0+00 9LWHUEL LQIHUHQFHDOJRULWKP ZLWK
SRLQWHU PRGHO

$03)$03) LQIHUHQFH DOJRULWKP ZLWK HQG RI E

$03) $03)LQIHUHQFHDOJRULWKP ZLWKPL[WXUH
BULQLYDVDPXUWK\HW DO

$03)$03) LQIHUHQFHDOJRULWKP ZLWK RQVHW JI

$03) BHDN KRS LQIHUHQFH ZLWK $03)

$03) $03) LQIHUHQFH DOJRULWKP ZLWK EDU SRLC

$03)$03) LQIHUHQFH DOJRULWKP ZLWK WKH VHF
6ULQLYDVDPXUWK\HW DO

. 0 7KHDOJRUDWKIPVEDQG 30OXPEOH\

‘IG7KH DOJRUXWRORVE\HW DO

>P*@ abKH DO JR UHRNFWP BEQ HW DO

>P*”KH DOJRUHRNVHKIPPEYQ HW DO

EG7KHDOJRUDWKKREL HW DO

PS7KH DOJR WRKIKOMHEHW DO

SAEKH DOJRWUIWKPELY HW DO

a NKHDOJRWBUNIQREDVDPXUWK\HW DO

ahJ7TKH DOJRUHRMK{P ENHO DQG 6 W\OLDQRX

.540XOJDRQNDU 7DEOD 6ROR GDWDVHW

6.48.6 0ULGDQJDP 6ROR GDWDVHW

$0/ $OORZHG OHWULFDO /HYHOV

$03) $X[LOLDU\OL[WXUH 3DUWLFOH)LOWHU

$3) $X[LOLDU\3DUWLFOH)LOWHU

&0/ &RUUHFW OHWULFDO /HYHO

'%1 '\QDPLF %D\HVLDQ 1HWZRUN



$FURQ\PV

'3 \QDPLF 3URJUDPPLQJ

*00 *DXVVLDQOL[WXUHORGHO

+00 +LGGHQ ODUNRY PRGHO

+366+DUPRQLF 3HUFXVVLYH 6RXUFH 6HSDUDWLF

+7. +LGGHQ ODUNRY PRGHO 7RRONLW

,&7,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HFKQR

.2, ,QWHU 2QVHW ,QWHUYDO

/&6 IRQJHVW &RPPRQ 6XEVHTXHQFH

/670 /IRQJBKRUW 7HUP OHPRU\

0$3 PD[LPOPSRVWHULRUL

0%, OXVLF%UDLQ],'HQWLILHU

0)&& OHO J)UHTXHQF\&HSVWUDO &R HIILFLHQWV

0)&&B B'BP)&& IHDWXUHV ZLWK HQHUJ\ YHORFL
HUDWLRQ FRHIILFLHQWYV

0)&&B'BP)&& IHDWXUHV ZLWKRXW HQHUJ\EXW ZL
DFFHOHUDWLRQ FRHIILFLHQWYV

0,5 OXVLF,QIRUPDWLRQ 5HVHDUFK

0,5(; OXVLF,QIRUPDWLRQ5HWULHYDO (;FKDQJH

00$ ODGUDV OXVLF $FDGHP\

03) OL[WXUH 3DUWLFOH )LOWHU

10) 1RQ QHJDWLYH ODWUL[)DFWRUL]DWLRQ

28&52SWLFDO &KDUDFWHU 5HFRJQL]HU

5/&65RXJK /RQIJHVW &RPPRQ 6XEVHTXHQFH

511 5HFXUUHQW 1HXUDO 1HWZRUN

6,66HTXHQWLDO ,PSRUWDQFH 6DPSOLQJ

6,656HTXHQWLDO ,PSRUWDQFH 6DPSOLQJ 5HVDF

60& 6HTXHQWLDO ORQWH &DUOR

67)76 KRUW 7LPH )RXULHU 7UDQVIRUP

'$4 LGWK $FURVV 4XHU\

'$5 :LGWK $FURVV 5HIHUHQFH






"B#HBQ; T?

7TKHQXPEHUVLQ EUDFNHWV DW WKHHQG RI HDF#k
GLFDWH WKH SDIJHV LQ ZKLFK LW LV FLWHG

$EGDOODK 6 $ 3O0XPEOH\ 0 $SULO
DVPHWDGDWD HYHQW GHWHFWLRQ LQ PXVLI
WLRQDO GHQVAWRFHRGEH®MJIWRI WKH WK ,QWH
6\PSRVLXP RQ ,QGHSHQGHQW &RPSRQHQW $C
6HSDUDWLRQ S&$ = 1DUD -DS®Q >

$QDQWDSDGPDQDEKDQ $ %HOOR - .ULVKQD

-DQXDU\ 7RQLF ,QGHSHQGHQW 6WURNI

WKHOULGDIUPPHHGLQJV RIWKH UG $(6,QWH
&RQIHUHQFH RQ 6HRDGWRQF 3@ GLR

$QDQWDSDGPDQDEKDQ $ %HOOXU $ 0XUWK\
ORGDODQDO\WLVDQGWUDQVFULSWLRQRI VW
XVLQJQRQ QHJDWLYH PBWREHIHGMRWYLR DWHK I
WK, (((,QWHUQDWLRQDO &RQIHUHQFHRQ $F
6LJQDO 3URFHVVLQJISS&$663 9DQFRXYHU
&DQDGD @

$WoO + 6 8\DU % UHQW+UN 6 %R]JNXUW %
1RYHPEHU $XGLR)HDWXUH ([WUDFWLRQ IRL
ODNDP OXVBBRFHHGLQJV RIWKH UG ,QWHUQT
IHUHQFHRQ $XGLR 7THFKQRORBMQMNDBD OXVLF
7XUNH\ %LONHQW 8QLYHUVLW\ 'HSDUWPHQ
DQG 'HVLI@ >



%LEOLRJUDSK\

$XFRXWXULHU - - 3DFKHW ) 2FWREHU
PHDVXUHV KDWJ¥UWRKHKEHQJWRI WKH UG ,(
QDWLRQDO &RQIHUHQFH RQ OXVLF ,QIRUPDW!|
SS + 3DULV )@DQFH >
%DUEHU ' &HPJLO $ 7 &K®%DSHWLBQ WLPH
VHULHYV PRRGPHEQV.GJH 8QLYHU LW\ 3UHVV >
%HOOR - 3 'DXGHW / $EGXOODK 6 'X[EXU\

6DQGOHU 0 BHSWHPEHU $ 7XWRULDC
WHFWLRQ LQ OXMIFEDIYVDFWLRQV RQ 6SHHFI
$XGLR 3URFHVVLQH >

@

%HOOR - 3 5RZH 5 *XHGHV & 7RXVVDLQW
3HUVSHFWLYHV RQ 0R X URMD® FRK\WHKZPO X VLF 5H
VHDUFK = @

%HUQHUV /HH 7 +HQGOHU - /DVVLOD 2
ZHBFLHQWLILF $PHULF D Q@

%HURQMD 6KHS$SUW RI WKH SXGIDDIQVGIEERO D H Z
'"HOKL > @

%HUWLQ ODKLHX[ 7 (OOLV ' 3 :KLWPDQ % [/
2FWREHU 7KH OLOOLRQ38RFHMDMMINWRI ,C
WKH WK, QWHUQDWLRQDO &RQIHUHQFH RQ (
WULHYDO ,68,%  + OLDPL 8@$ >

%KDWNKDQGH $LQGXVWDQL6DQJHHW 3DGGKDYV
3XVWDN ODDOLMDQRBOHWI.DU\D@D\D >

%|FN 6 .UHEV ) B6FKHGO 0 2FWREHU (O
2QO0LQH &DSDELOLWLHV RI 2 QYWRWFHIMGI FWLR (
LQJV RIWKH WK ,QWHUQDWLRQDO 6RFLHW\
SHWULHYDO &BQIHUHQFRIUWR 3RUA XJDO >

%|FN 6 .UHEV ) :LGPHU * 2FWREHU $0)
$SSURDFK WR %HDW 7UDFNLQJ &RQVLGHULQJ
BW\OHYURBHHGLQJV RI WKH WK ,QWHUQDWL
OXVLF ,QIRUPDWLRQ 5HWULHYDOSSRQIHUHQF

+ 7DLSHL 7DLZDQ >@

%|FN 6 B6FKHGO 0 BHSWHPEHU (QKDQF}
LQJZLWK &RQWH[W DZDUFURXHEG LOIWZRIUN
WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ
'$) [ SS + 3DULV )UDQ®@H >

%RJGDQRY ' :DFN 1 *yPH] ( *XODWL 6 +HUL
2 5RPD * 6DODPRQ - =DSDWD - BHUUL



%LEOLRJUDSK\

1IRYHPEHU (66(17,% DQ $XGLR $QDO\VLV /LE
VLF ,QIRUPDWLRQ@BRRAHHGYQIDV RQWKH WK ,
QDWLRQDO 6RFLHW\ IRU OXVLF ,QIRUPDWLRQ

,60,5 SS * &XULWLED %@UD]LO >
%RJIJGDQRY ' :DFN 1 *yPH] ( *XODWL 6 +HUL
2 5RPD * o6DODPRQ - =DSDWD - 6HUUD

2FWREHU (66(17,$ DQ 2SHQ 6RXUFH /LEUD
DQG OXVLF $QBORFIMHGRQJV RI WKH VW $&0 |
QDWLRQDO &RQIHUHQFH RGSXOWLPHGLD 00
%DUFHORQD @SDLQ >

%UDFKPDQ 5 /HYHVT@RZOHGJIJHS5HSUHVHQWD'
DQG5HDVRQLQJ 7KHORUJDQ .DXIPDQQ6HULF
WHOOLORQFBEQ .DXIP@QQ >

&DQQDP & /DQGRQH & 6DQGOHU 0
6RQLF 9LVXDOLVHU $Q 2SHQ 6RXUFH $SSOLF
$QDO\WLQJ DQG $QQRWDWLQIURFPHIHFEGEXGLR )

LQJV RI WKH $&0 OXOWLPHGLD ,QWHUQDW
SS + JORUHQFH ,wWD@\ >
&DUR 5 6HUUD ; 2FWREHU &UHDWLQJD

%HLMLQJ2SHUD OXVLFDQG3RVVLELOLWLHYV
,BURFHHGLQJVRIWKH WK,QWHUQDWLRQDC
IRUPDWLRQ 5SHWULHYDO &RE9IHUHQFH ,60,5
7DLSHL 7DLZD@ >

&KDQGROD ®XVLFDV6SHHFK $Q (WKQRPXVLFR
BWXG\RI 10GUDQ® >

&KHQ 5 6KHQ : B6ULQLYDVDPXUWK\ $ &KR
2FWREHU &KRUG 5HFRJQLWLRQ 8VLQJ 'XUD
GHQ ODUNRY ORIRFHHGQRQJIV RIWKH WK ,QWH
BRFLHW\ IRU OXVLF ,QIRUPDWLRQ 5HWULHYD

SsS + 3RUWR 3®UWXJDO >

&KRUGLD 3 $XWRBPDWLF 7UDQVFULSWLRQ RI6RC
'RFWRUDO GLVVHUWDWLRQ@ 6WDQIRUG 8QL°

&KRUGLD 3 E HSWHPEHU 6HJPHQWDWLR(
WDEOD VWMURRHMGL®RJV RI WK ,QWHUQDWLRC
OXVLF ,QIRUPDWLRQ 5SHWULHYDOS&RQIHUHQF

+ IRQGRQ & >

&KRUGLD 3 $XIXVW $XWRPDWLF WUDQV

VHQWDWLRQ RI VRBR SWDNELADI R XOVIDEVLFROR J\
+ >@



%LEOLRJUDSK\

&KRUGLD 3 6DVWU\ $ S$OELQ $ 2FWRE|
OXOWLSOHOILHZSRLQWYV 0R G HIURFEIHHDE OD 6H
LQJV RI $&0 OXOWLPHGLD :RUNVKRS RQ OXVLI
/JHDUQBQJ = JORUHQFH@WDO\ >

&KRUGLD 3 6DVWU\ $ UHQWeUN 6 3U
ORGHOOLQJS8VLQJ9DULDEOHOHQJWK ODUNRY
ORGHORXUQDO RI 1HZ OXVLF 5HVHDUFK
> @

&KRUGLD 3 6DVWU\ $ ODOOLNDUMXQD 7  $¢
JXVW OXOWLSOH YLHZSRLQWY PRGHOLQJR
3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO
,QIRUPDWLRQ 5HWULHKYWSDO +60,58WUHFKW
1IHWKHUODQ@@BV >

&ODUNH ( 5K\WKP DQG WLPLQJLQ PXVLF
(G 7KH 3V\FKRORJ\@GOKWLEBS + $FD
GHPLF 3UHVV 6DQ'LH@&R >

&OD\WRQ 0 JUHH5K\WKP (WKQRPXVLFROF
RI OXVLF :LWKR%W®BGMWHQ RI WKH 6FKRRO RI
DQG $IULFDQ 6WXGLH®

&OD\WRQ 0 7LPHLQ ,QGLDQ OXVLF B5K\WKP OH
JRUP LQ 1RUWK ,QGLDQ 5D[JRBHE BRALP/BHIQH W\
3UHVV > @

&RKHQ . % 2JUHQ 3 9 )R[/ +XQWHU /
(PSLULFDO GDWD RQ FRUSXV GHVLJQ DQG XV
XUDO ODQJXDJH $0RBRBOQNMAI 61@SRVLXP 3UR
FHHGLQJSS + ‘DVKLQJWRQ @ 86%$ >

&RRSHU * OH\HU / %KH UK\WKPLF VWUXFW XL
PXVLFQLYHUVLW\RI &KI@FDJR 3UHVV >

'"f$PEURVLR % ,QIHUHQFH BQPAD\HVLDQ Q
DILQH + @
'DPHUDX ) - ODUFK $ 7HFKQLTXHIRU &RP

WLRQ DQG &RUUHFWLR@RPBIEDROLYURQVRU"
WKH $&0 + >@

'DYLHV 0 ( 3 'HJDUD 1 30XPEOH\ 0
EHU (YDOXDWLRQ OHWKRGV IRUOXVLFDO $>

$OJRULMAKRKDLFDO5HSRUW & '0 75 AXHH
8QLYHUVLW\ RI@RQGRQ
'DYLHV 0 ( 3 3OXPEOH\ 0 BHSWHPEHU

GLITHUHQFHDSSURDFKWR GRZQEHDW H[WUD
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