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*HPBWRQH $UFKLWHFWXUH
(IDPSOH *H2'( 3URJUDP
&KSUFKLWHFWXUH
2EMHFWLYLW\ '% $UFKLWHFWXUH
2EMHFW6WRUH $UFKLWHFWXUH
9(56%$17 $SUFKLWHFWXUH
,OOXVWUD $UFKLWHFWXUH
8QL64/ SUFKLWHFWXUH

*HQHDORJ\ RI 2ZEMHFW DQG 2EMHFW 5HODWLRQDO "I
%WHQFKPDUNYV
&ODVVLILFDWLRQ RI 2ZEMHFW DQG 2EMHFW 5HODWLF
%WHQFKPDUNYV
7KH ("% 'DWDEDVH 6FKHPD
ORGLILHG ("% 'DWDEDVH 6FKHPD
7KH +\SHUORGHO 'DWDEDVH 6FKHPD
1HWZRUN RI 1RGHV XVHG IRU +\SHUORGHO 'DWDED"
7KH 'DWDEDVH 6FKHPD
$VVHPEO\ +LHUDUFK\
%DVH $VVHPEO\ DQG &RPSRVLWH 3DUWYV
7KH '"HELW&UHGLW 'DWDEDVH 6FKHPD
%ULWLVK $HURVSDFH DQG 21726

7KH BBUREOHP 6SDFH
$OWHUQDWLYH 5RXWHV WR 7KHRU\ ([WHQVLRQ

'DWD ORGHO IRU 2EMHFW6WRUH 6WUHVYV 7THVWYV
1RPXUD 7UHDVXU\ '"HDOLQJ 6\VWHP $UFKLWHFWXUH
6LQJOH 3URFHVYV , QVWUXPHQWYV

6LQJOH 3URFHVYV , QVWUXPHQWYV

OXOWLSOH &RQFXUUHQW 3URFHVVHYV , QVWU X
00,6 OXOWLSOH 4XHU\ 6HOHFWLRQ &ULWHULD ([DPS



"RUNLQJ 6HWYV ([DPSOH

6SDWLDO 'RPDLQV ([DPSOH

'RPDLQ 7UHH ([DPSOH

SHUIRUPDQFH 5HVXOWYV

&OLHQW 6HUYHU $UFKLWHFWXUH

6HSDUDWLQJ BUHVHQWDWLRQ 9LHZV DQG WKH *F
; 6HUYLFH SUFKLWHFWXUH

"LUHFWRU\ ,QIRUPDWLRQ 7UHH

([DPSOH 2EMHFW &ODVV (QWU\

7KH 220 %HQFKPDUN 6FKHPD
6PDOO /RFDO 'DWDEDVH %HQFKPDUN 5HVXOWYV

/ 7, 5HVXOWV IRU 6PDOO /RFDO 'DWDEDVH

/IDUJH /RFDO 'DWDEDVH %HQFKPDUN 5HVXOWYV

/ 7, 5HVXOWV IRU /DUJH /RFDO 'DWDEDVH
6PDOO /RFDO 'DWDEDVH 1/25 %HQFKPDUN 5HVXC
/ 7, 5HVXOWV IRU 6PDOO /RFDO 'DWDEDVH 1/25
7KH $+7 :DUJDPH 6LPXODWLRQ %HQFKPDUN 6FKH|
6PDOO /RFDO 'DWDEDVH %HQFKPDUN +RXU 5XQ 5|
7KH &,7< %HQFKPDUN 7DEOHV DQG 5HODWLRQVKL
'DWDEDVH 6L]H

'DWDEDVH /RDG 7LPHV

7 UDQVDFWLRQV +RXU

7RWDO 1XPEHU RI 3DJH )DXOWV QR SK\VLFDO , 2
7RWDO 1XPEHU RI 3DJH )DXOWV SK\VLFDO , 2
(IDFW 5HVXOWYV

'LOGFDUG 5HVXOWYV

7KH 22 )LQ 'DWDEDVH 6FKHPD
6PDOO /RFDO 'DWDEDVH %HQFKPDUN /RRNXS 5HV!
6PDOO /RFDO 'DWDEDVH %HQFKPDUN 7UDYHUVDO
/IDUJH /RFDO 'DWDEDVH %HQFKPDUN /RRNXS 5HVX
/IDUJH /RFDO 'DWDEDVH %HQFKPDUN 7UDYHUVDO !

7THFKQRORJ\ $UHDV &RPSDQLHV 0D\ 8VH
,QGXVWU\ $UHDV &RQVLGHULQJ 2'%06V

JLOH 6\VWHPYV
SHODWLRQDO 'DWDEDVH 9LHZV



)LJ X UsH
)L J X UH
)L J X UH
)LJ X USH
)LJ X UsH
)LJ X UH
)LJ X UH
)LJ X USH
)LJ X USH
)L J X UHH
)L J X UH

)L J X U%
)L J X U%
)LJ X Uk
) L J X U%i
)L J X U%
)L J X U%
)L J X U%
) LJ X U%
)L J X U%
)LJ X UM

)LIX U8 O

)LJ X UHO

YLIXUH
)LIXUH
)LIXUH
)LIXUH
)LIXUH
)LIXUH
Y)LIXUH

YLIXUH
YLIX UH

SHODWLRQDO 'DWDEDVH %/2%V
2EMHFW OHGLDWRU

2EMHFW 6HUYHU

2EMHFW 5HODWLRQDO 'DWDEDVH
2EMHFW 'DWDEDVH

$FWLYH 2EMHFW 'DWDEDVH
3DVVLYH 2EMHFW 'DWDEDVH
2EMHFW SHODWLRQDO
S5HODWLRQDO *DWHZD\

6XPPDU\ RI 3BHUVLVWHQFH $SSURDFKHYV
2'0* 2ZEMHFW ORGHO

7KH 2&%$' /IDUJH9ROXPH 'DWDEDVH 6FKHPD

7KH 2&%$' &ODVV+LHUDUFK\ 'DWDEDVH 6FKHPD

7KH 22 )LQ 'DWDEDVH 6FKHPD

7KH 7(3 'DWDEDVH 6FKHPD

1HWZRUN RI 1RGHV XVHG IRU +\SHUORGHO 'DWDED"
$&2% &RPSOH[ 2ZEMHFW 2UJDQLVDWLRQ

7TKH %8&.< 'DWDEDVH 6FKHPD

7KH -867,7,$ 'DWDEDVH 6FKHPD

-867,7,% &RQWDLQHU 2EMHFW ZLWK 3ULPLWLYH 2EN
7KH 6LPSOH %YHQFKPDUN 'DWDEDVH 6FKHPD

$JIJUHIDWLRQV LQ 5HSUHVHQWDWLRQ RI 6WHSV LQ
SURFHVVLQJ

)DFWRUHG 3HUIRUPDQFH

&OLHQW :RUNVWDWLRQ &RQILIJXUDWLRQ

7UHDVXU\ '"HDOLQJ 1HWZRUN
&RPSRQHQW 9LHZ Rl 'DWD &ROOHFWLRQ $UFKLWHF\
&RQFHSWXDO ORGHO RI $UFKLWHFWXUH
3DUWLDO '&[ 3URWRW\SH 'DWDEDVH 2EMHFW ORGH
5 7UHH ([DPSOH
7LPH WR 5HWULHYH
6L]H
2EMHFW6WRUH 6HJPHQWYV
,QLWLDO 4XHU\ 5HVXOWYV

5HFRUGV DV D )XQFWLRQ RI

J)LIXUHOO6\VWHPV (YROXWLRQ



JLIXUH '"5HFRUGLQJ %ORRG *URXS ,QIRUPDWLRQ
J)LIXUH "ORGHOOLQJ %L 'LUHFWLRQDO $VVRFLDWLRQV
JLIXUH '&&30 7KUHH 6FKHPD $UFKLWHFWXUH



$FNQRZOHGJHPHQWYV

O\ VLQFHUH WKDQNV WR P\ VXSHUYLVRUV 3URIHVVRU 3HWH
WKHLU JXLGDQFH DGYLFH DQG FRQVWUXFWLYH FRPPHQWYV (
WR 3URIHVVRU 1RUPDQ 5HYHOO IRU KLV VXSSRUW GXULQJ W

, bP DOVR YHU\ JUDWHIXO WR WKH ILYH RUJDQLVDWLRQV WK
LOQGLYLGXDOV LQ SDUWLFXODU WKDW , ZRXOG OLNH WR WKI
URMHFW DW 1RPXUD ,QWHUQDWLRQDO -XOLDQ 2QLRQV

1(;25 +RZDUG 5LFH 6PLWK '&[ 3URMHFW DW 5HXWHUYV 6 WFE
URMHFW DW 1RPXUD  QWHUQDWLRQDO 'U *HRUJH 6LPSVRC(
6FLHQFHVY DQG 'U ODUN 7KXUV] 8QFOH 3URMHFW DW 6W OC

'LWKRXW FRPPHUFLDO GDWDEDVH VRIWZDUH WKH EHQFKPDLU
QRW KDYH EHHQ SRVVLEOH , DP WKHUHIRUH YHU\ JUDWH
8QL64/ IRU SURYLGLQJ FRSLHV RI WKHLU VRIWZDUH IRU WH)
DSSUHFLDWH WKH IUHH WHFKQLFDO VXSSRUW SURYLGHG E\ L

0\ WKDQNVY DOVR WR WKH 7HFKQLFDO 6XSSRUW *URXS 76*

62, DW &LW\ 8QLYHUVLW\ IRU WKHLU KHOS &KULV ODUVKD!
GDWDEDVH VRIWZDUH XVHG LQ WKLV UHVHDUFK SDWLHQWO\
PROWK DQG SURYLGLQJ XVHIXO WHFKQLFDO LQVLIKWY LQWHF
ZRXOG DOVR OLNH WR WKDQN $QG\ /DFN LQ &RPSXWHU 6HU)
DVVLVWDQFH GXULQJ WKH HDUO\ VWDJHV RI WKLV UHVHDUFK

7KH ,QWHU /LEUDU\ /RDQV ,// VHFWLRQ ZLWKLQ WKH &LW
:LOOLDPV LQ SDUWLFXODU WUDFNHG GRZQ PDQ\ UDUH DQG
SHUIRUPDQFH , DP JUDWHIXO WR WKHP IRU WKLV

J)LQDOO\ P\ WKDQNV WR WKH (QJLQHHULQJ 3K\WVLFDO 6FLHC
SDUWLDOO\ IXQGLQJ WKLV ZRUN



"HFODUDWLRAQ

, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW\ /LE
ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHUHQFH WR PH
PDGH IRU VWXG\ SXUSRVHV VXEMHFW WR QRUPDO FRQGLW



$SEVWUDFW

0DQ\ SUHYLRXV SHUIRUPDQFH EHQFKPDUNV IRU 2EMHFW
2'%06V KDYH W\SLFDOO\ XVHG DUELWUDU\ VHWV RI WHVWYV
ZHUH WKH FKDUDFWHULVWLFV RI (QJLQHHULQJ DSSOLFDWLR
EHLQJ XVHG LQ QRQ HQJLQHHULQJ GRPDLQV VXFK DV )LQD
7HOHFRPPXQLFDWLRQV 1HWZRUN ODQDJHPHQW HWF 3DUW
WHFKQRORJ\ KDV PDWXUHG RYHU WKH SDVW IHZ \HDUV DQG
RUJDQLVDWLRQV ORRNLQJ IRU EHWWHU Z D\V WR PDQDJH FR
RI VXLWDEOH DSSOLFDWLRQ RU LQGXVWU\ VSHFLILF EHQF|
VWXGLHV KDV QRW SDUDOOHOHG WKLV JURZWK

7KH UHVHDUFK UHSRUWHG KHUH DSSURDFKHV SHUIRUPDQFH
W XVHV D FRPELQDWLRQ RI FDVH VWXGLHV DQG EHQFKPD
SHUIRUPDQFH FKDUDFWHULVWLFV RI 2'%06V IRU SDUWLEFX
VXFFHVVIXO XVH RI WKLV DSSURDFK E\ <RXVVHI ><RXVV @ |
/ILQH 7UDQVDFWLRQ 3URFHVVLQJ 2/73 DSSOLFDWLRQV IRU
6\VWHPV 5'%06V

VH VWXGLHY DW ILYH RUJDQLVDWLRQV VKRZY WKDW F
uv ZKHQ XQGHUWDNLQJ WKHLU RZQ SHUIRUPDQFH VYV
RI WKH VWXGLHG RUJDQLVDWLRQVY FRQVLGHUHG XVLQJ

L[ FD
DFWR
EHQFKPDUNY DOVR KLJKOLJKW VWDWLVWLFDOO\ VL

G
PDMRU FRPPHUFLDO SURGXFWYV 2EMHFWLYLW\ "%
D

QR
GH
W K
EH UNV LQGLFDWH WKH VXLWDELOLW\ Rl WKH SURGXFW

QH
ULYH
UHH

QFKP

UHVHDUFK FRXOG QRW ILQG DQ\ HY

LGHQFH DW WKLV WLF

RQLFDO SHUIRUPDQFH ZRUNORDG IRU 0
V H
HU

2'%06V 7KLV LV G

XSSRUWHG E\ WKH EHQFKPDUN [SHULPHQWYV +RZI
IRUPDQFH EHQFKPDUNY VHUYH D Y \' XVHIXO UROH LQ
QWLI\ DUFKLWHFWXUDO DQG TXDOLW\ SUREOHPV ZLWK
HU

\ E
YHG XQWLO VLIQLILFDQW DSSOLFDWLRQ RU VI\VWHP Gt



SEEUHYLDWLRQV

"% 06 'DWDEDVH ODQDJHPHQW 6\VWHP
(64 (PEHGGHG 64/

* 0 *LIDE\WH

+U +RXU

+UV +RXUV

. % .LORE\WH

/125 IRFDOLW\ RI 5HIHUHQFH

0 % OHJDE\WH

1 % 1RW $YDLODEOH

1/25 1R /RFDOLW\ RI 5HIHUHQFH
2'%06 2EMHFW 'DWDEDVH ODQDJHPHQW 6\VWHP

2EMHFW 2ULHQWHG 2EMHFW 2ULHQWDWLRQ
24/ 2EMHFW 4XHU\ /DQJXDJH
25'%06 2EMHFW 5HODWLRQDO 'DWDEDVH ODQDJHPHQW 6\VWE

5'"%06 5HODWLRQDO 'DWDEDVH ODQDJHPHQW 6\VWHP
50 5 HODWLRQDO ORGHO

6' 6WDQGDUG "HYLDWLRQ

6HFV 6HFRQGYV

64/ 6WUXFWXUHG 4XHU\ /DQJXDJH



&+3$37(5 , QWURGXFWLRQ

,OQWURGXFWLRQ

7TRGD\ WKH UDWH RI WHFKQRORJLFDO FKDQJH LV UDSLGO\
LQFUHDVLQJO\ GLIILFXOW GHFLVLRQV DERXW WKHLU FKRL
) XUWKHUPRUH LQFUHDVLQJ GHUHJXODWLRQ LQ PDQ\ FRXC(
DJJUHVVLYH GHDGOLQHYVY DQG WLPHVFDOHV WR FRPSHWH
WHFKQRORJ\ LV YLHZHG DV EHLQJ DEOH WR GHOLYHU PR
EHFDXVH LW HQDEOHV WKH EXLOGLQJ RI PRUH PRGXODU V
DQG KLGLQJ LPSOHPHQWDWLRQ GHWDLOV 7KLV FDQ EH VH
RI' D VXUYH\ RI YLVLWRUV WR 2EMHFW :RUOG 8. LQ

JOH[LELOLW\ WR FKDQJH
5HGXFHG WLPH WR PDUNHW

'LVWULEXWHG DSSOLFDWLRQ UHTXLUHPHQWYV
3URJUDPPHU SURGXFWLYLW\

$SSOLFDWLRQ FRPSOH[LW\

(DVH RI XVH

JLQDQFLDO VDYLQJV

'RQIW NQRZ

2WKHU

7TDEOH ODLQ 5HDVRQV IRU ORYLQJ WR 2EMHFW 7HFKQ

$FFRUGLQJ WR /HDFK >/HDFK @ WKH WRS UHDVRQ VKRZQ
DQG

7KH WRWDO ZRUOGZLGH VDOHV Rl REMHFW RULHQWHG GHY
ZHUH YDOXHG DW 86 %LOOLRQ >226 @ )LJIJXUH VKR:
VWUDQGYV 2EMHFW 2ULHQWHG /DQJXDJHV 22/V LV WKH
'HYHORSPHQW (QYLURQPHQWYV $'(V DQG WKHQ 2EMHFW 2U



22'%V

22 &0DVV /LEV 25%V

221V

JLIXUH 22 '"HYHORSPHQW 7RROV LQ >226 @

2EMHFW RULHQWHG ODQJXDJHVY DUH WKH PRVW PDWXUH RI D
SUHFXUVRU WR ODQJXDJHV VXFK DV & KDV EHHQ LQ H[LV
ODQJXDJHV VXFK DV 6PDOOWDON KDYH DOVR EHHQ SUHVHC(
DQG GHVLJQ VLGH FXUUHQW HIIRUWYV DUH XQGHUZD\ WKUT
20 WR GHYHORS D VWDQGDUG WHFKQLTXH WR FRPPXQLFD
DQDORJRXV WR (OHFWULFDO (QJLQHHULQJ IRU H[DPSOH ZKl
FRPPXQLFDWH HOHFWULFDO FLUFXLW GHVLIJQV ©6XFK D QRWI
ZKHUHYHU WKH\ ZHUH LQ WKH ZRUOG 2EMHFW GDWDEDVH®
SURGXFWLRQ >'LFN E J/RRPL @ DOWKRXJK /RRPLV & KELC
HIDPSOHV RI FRPPHUFLDO LPSOHPHQWDWLRQV 7KH UHDVR
DW WKH FRUH RI PDQ\ EXVLQHVYV SURFHVVHV ZLWKLQ D FRPS
DQG H[SHQVLYH DV WKHUH PD\ EH PDQ\ DSSOLFDWLRQ GHSH
%URGLH 6WRQHEUDNHU >»%URGL @ ZKR GLVFXVV VRPH RI
LQIRUPDWLRQ V\VWHPV ,Q FRQWUDVW DSSOLFDWLRQV FDQ
ZLWKRXW DIIHFWLQJ H[LVWLQJ DSSOLFDWLRQV DQG V\VWHF
SURGXFHG XVLQJ D GLIITHUHQW QRWDWLRQ



7KH *URZWK RI 2EMHFW 'DWDEDVHYV

ORVW Rl WKH PDMRU FRPPHUFLDO REMHFW GDWDEDVH SURC(
WKH V DQG HDUO\ V 0DQ\ RI WKHP ZHUH EXLOW DUR
ODQJXDJHY DQG DWWHPSWHG WR SURYLGH REMHFW SHUVL
7KH HQJLQHHULQJ GRPDLQ zZzDV DQ HDUO\ DGRSWHU RI WI
DSSURDFK PD\ KDYH EHHQ WR VWRUH GHVLJQ REMHFWYV L
SURSULHWDU\ RU IODW ILOH VA\VWHP 7KLV RIWHQ LQFXUUI
UHWULHYDO RI GHVLIJQ REMHFWYV |IRU H[DPSOH PDQ\ GDW
UHFRQVWUXFWHG WRIJHWKHU LQ PHPRU\ )RU VWRUDJH WK
RU GHFRPSRVHG ©6RPH H[DPSOHV WR LOOXVWUDWH WKH\
/IRRPLV >/RRPL @ S5HFHQWO\ WKH WHFKQRORJ\ KDV EHFRI
LQGXVWU\ VHFWRUV 7KLV VKLIW WRZDUGV QRQ HQJLQHHL
VXUYH\ HYLGHQFH UHSRUWHG LQ >/HDFK @ DQG VKRZQ LQ

&RPPHUFLDO DSSOLFDWLRQ

2WKHU DSSOLFDWLRQ

OXOWLPHGLD DSSOLFDWLRQ
'RFXPHQW PDQDJHPHQW

'RUNIORZ DQG ILQDQFLDO PRGHOOLQJ
0DSSLQJ DQG *,6

&$6(

1HWZRUN PDQDJHPHQW

6FLHQWLILF DSSOLFDWLRQV
ODQXIDFWXULQJ

&$'

7UDQVSRUWDWLRQ

1R DSSOLFDWLRQV ZLOO UXQ RQ 2'%06

7TDEOH 8VH RI 2EMHFW 'DWDEDVHV >/HDFK @

$GGLWLRQDO HYLGHQFH VKRZLQJ WKH VKLIW DzZD\ IURP
FRPPHUFLDO XVDJH LV VKRZQ LQ 7DEOH ZKLFK FRQWI
LQGXVWU\ DUHDV XVLQJ DQG GHSOR\LQJ 2'%06 DSSOLFI
RUJDQLVDWLRQV E\ %DUU\ >%DUU\ @

7KH PDUNHW IRU WKLV WHFKQRORJ\ KDV JURZQ VWHDGLO\
DFFRXQWYVY IRU RQO\ D IHZ SHU FHQW RI WRWDO VDOHV RI



+RZHYHU 7DEOH DOVR VKRZV WKDW WKHUH LV D ODUJH F
ZLOO QRW XVH REMHFW GDWDEDVHV )LJXUH VKRZV WKH
UHODWLRQDO GDWDEDVH YHQGRUV IRU

$HURVSDFH

JLODQFH %DQNLQJ

,QVXUDQFH

ODQXIDFWXULQJ

SHVHDUFK 'HYHORSPHQW
JUDQVSRUWDWLRQ 8WLOLWLHYV
&RPPXQLFDWLRQV

3XEOLVKLQJ

BRIWZDUH '"HYHORSPHQW

7TDEOH <HDU 'HSOR\HG DQG 3ULPDU\ %XVLQHVV >%

6RIWZDUH 6DOHV 86 0

J)LIXUH 'DWDEDVH 6RIWZDUH 6DOHV >,'& @

3buw RI WKH UHDVRQ IRU WKLY VORZ JURZWK LV WKDW WKH
GHYHORSPHQWY LQ REMHFW WHFKQRORJ\ LQ WKH VDPH ZD



YHQGRUV LIQRUHG GHYHORSPHQWY LQ UHODWLRQDO WHFK(
PDQ\ FRPSDQLHV GR QRW ZLVK WR PRYH WR D QHZ GDWD
0ObDQ\ RI WKH PDMRU UHODWLRQDO YHQGRUV KDYH DQQRXQ
IRU REMHFW RULHQWHG FRQFHSWYV DQG ,QIRUPL[ KDV DOU
PDUNHW LQ ODWH 7KLY WKHUHIRUH SURYLGHV D

RUJDQLVDWLRQV FRQVLGHULQJ REMHFW GDWD PDQDJHPHQ!

WHQFKPDUNYV
-DLQ >-DLQ @ VWDWHV WKDW

S3BHUIRUPDQFH DQDO\VLV LV D NH\ VWHS LQ WKH GHVL
FRPSXWHU V\VWHPV LQFOXGLQJ SURFHVVRUV O0ODQJ>
QHWZRUNLQJ DUFKLWHFWXUHY RU GDWDEDVH V\VWHP

+H JRHV RQ WR vD\ WKDW WKH WHFKQLTXHV WKDW PD\ EH
DQDO\WLFDO PRGHOOLQJ VLPXODWLRQ DQG PHDVXUHPHQ\
XVH LV JRYHUQHG E\ D QXPEHU RI LVVXHVY 7KHVH DUH LOO
PRVW WR OHDVW LPSRUWDQW LQ WKH H[WUHPH OHIW KDQG

SULWHULR@DO\WLFDO ORGHPXODOWLRQHDVXUHPHQW

/ILIH &\FOH 6WDJH $RQ\ $Q\ 3RVW 3URWRW\SH
6\VWHP
7LPH SHTXLUHG IBRBDOO OHGLXP O9DULDEOH

(YDOXDWLRQ

7TRROV S5HTXLUHZHUIRUPDQFH &RPSXWHU ,QVWUXPHQWDWLR
$QDO\VWYV IDQJXDJHV

/IHYHO RI $FFXUDFMZ ORGHUDWH 9DULDEOH
9DU\LQJ 3DUDPHW(HW\ ORGHUDWH 'LITLFEXOW
9DOXHV

&RVW 6PDOO OHGLXP +LJK
6DOHDELOLW\ RI SRZXOWYV OHGLXP +LJK

7TDEOH &ULWHULD IRU 6HOHFWLQJ DQ (YDOXDWLRQ

7KH WKUHH WHFKQLTXHVY FDQ DOVR EH XVHG WRJHWKHU V
HYDOXDWLRQV )RU WKLV UHVHDUFK SURMHFW KRZHYHU |



RRSHUIRUPDQFH FRPSDULVRQ RI V\VWHEPWQ EK P B DNXD WKHQ WV
ZRUNORDGYV XVHB (DORKP PDMIGH G @

7KH FROOHFWLRQ RI SDSHUV SUHVHQWHG LQ >'RQJD @ FRY|
WKH SHUIRUPDQFH RI SURFHVVRUV SURJUDPPLQJ ODQJXD
HIDPSOH VRPH RI WKH EHQFKPDUNYVY IRU SURFHVVRUV DQG S

$FNHUPDQQYTV )XQFWLRQ
'"KU\WWRQH

IDZUHQFH /LYHUPRUH /RRSV
/,13%$&.

6LHYH .HUQHO

63(& %HQFKPDUN 6XLWH
"KHWVWRQH .HUQHO

H H+ H+ H+ H+ H

) XUWKHU GHWDLOV DERXW WKHVH EHQFKPDUNV FDQ EH IRXC
DOVR GLUHFWHG WR >%HOO @ IRU D GLVFXVVLRQ RI GDWD!
RYHUDOO V\VWHP SHUIRUPDQFH 6XUYH\TV RI UHODWLRQDO
>, QPRQ *UD\ OF&DQ <RXVV @ 6RPH RI WKH FKDUDFW
EHQFKPDUNV KDYH EHHQ GLVFXVVHG LQ >*UD\ OF&DQ <R

HUIRUPDQFH LV RIWHQ D PDMRU VHOHFWLRQ IDFWRU IRU 'D
>&KDXG D &KDXG E@ $ VWDQGDUG WHFKQLTXH WR HYDOXI
EHQFKPDUN VLQFH WKH FRVW RI LPSOHPHQWLQJ D IXOO |
>$QGHU @ *HQHUDOO\ D EHQFKPDUN LV GHVLJQHG WR EH
DQG ORDG RI D UHDO DSSOLFDWLRQ RU WR WHVW VRPH VSHF
+RZHYHU SHUIRUPDQFH HYDOXDWLRQ DQG EHQFKPDUNLQJ
SXUSRVHV >-DLQ /IRQJE @ VXFK DV

6SHFLI\LQJ SHUIRUPDQFH UHTXLUHPHQWYV
(YDOXDWLQJ GHVLJQ DOWHUQDWLYHV
&RPSDULQJ V\VWHPYV

B\WWHP WXQLQJ

%RWWOHQHFN LGHQWLILFDWLRQ
‘RUNORDG FKDUDFWHULVDWLRQ
&DSDFLW\ SODQQLQJ

YRUHFDVWLQJ

H H+ =+ H+ H+ H+ H +H



6XUYH\V RI EHQFKPDUNY IRU UHODWLRQDO GDWDEDVHV V
VKRZ WKDW WKH IRFXV RI PDQ\ EHQFKPDUNYV LV WRZDUC(
UHODWLRQDO RSHUDWLRQV VXFK DV 6HOHFWLRQ -RLQ T
GRPDLQYVY ZKHUH UHODWLRQDO GDWDEDVH WHFKQRORJ\ LV
SURFHVVLQJ 2/73 7TKHVH EHQFKPDUNV DUH JHQHUDOO
SHUIRUPDQFH RI 2'%06V ZKHUH SRLQWHU QDYLJDWLRQ
WHFKQRORJ\ LV JHQHUDOO\ QRW XVHG IRU 2/73 >'LFN E [/F
DQ HDUO\ DGRSWHU RI REMHFW GDWDEDVH WHFKQRORJ\
SHUKDSV QRW VXUSULVLQJO\ LQLWLDO EHQFKPDUNV IRL
VXJIJHVWLYH RU UHSUHVHQWDWLYH RI WKLV W\SH RI XVH -
KDV JDLQHG ZLGHU DFFHSWDQFH DQG H[DPSOHV RI LWV
GRPDLQV 7KLV ZDV KLIJKOLJKWHG HDUOLHU LQ WKLV FKD
VHYHUDO VXUYH\V 3XEOLF EHQFKPDUNV IRU 2'%06V WK
FKDUDFWHULVWLFY RI WKHVH GRPDLQV KRZHYHU KDYH
LQFOXGH D SHUFHLYHG ODFN RI PDWXULW\ WKH ODFN RI V
JHQHUDO UHOXFWDQFH RI YHQGRUV WR SDUWLFLSDWH LQ
QXPEHU RI UHDVRQV WKHUHIRUH ZK\ QHZ EHQFKPDUNYV IR

3HUIRUPDQFH LV W\SLFDOO\ DPRQJ WKH WRS WKUH
GHFLGLQJ ZKLFK REMHFW GDWDEDVH WR SXUFKDVH

7KH FRVW Rl LPSOHPHQWLQJ D FRPSOHWH DSSOL
H[SHQVLYH >$QGHU @

$ EHQFKPDUN LV RQO\ D YDOLG \DUGVWLFN IRU DS
EHQFKPDUN >'LHWU +DOOR D@

7UHDWLQJ SHUIRUPDQFH DQG LWV PHDVXUHPHQW JtF
LQFRUUHFW FRQFOXVLRQV >,QPRQ @

SRLQWYV DQG DUH SDUWLFXODUO\ UHOHYDQW WR PDQ
ZKLFK IRFXV RQ HQJLQHHULQJ DSSOLFDWLRQV 7U\LQJ W
EHQFKPDUNV WR RWKHU DSSOLFDWLRQ GRPDLQV FDQ EI
>'LFN E /RRPL @

SHVHDUFK 2EMHFWLYHYV

7KH SUHYLRXV GLVFXVVLRQ KDV H[SRVHG D VKRUWIDOO LQ
EHQFKPDUNYV IRU REMHFW GDWDEDVHY W LV WKH REMHFW
GHILFLHQF\ VLQFH E\ XQGHUWDNLQJ VXLWDEOH VWXGLHV
PDQLSXODWLRQ FKDUDFWHULVWLFV DQG UHTXLUHPHQWYV
JHQHUDOLVH WKHVH WR LQGXVWU\ OHYHOV ,Q WKLV UH



DISSURDFK XVHG VXFFHVVIXOO\ E\ <RXVVHI ><RXVV @ +RZ}t
IDNH\ HW DO >/DNH\ @ PDQ\ RI WKH DSSOLFDWLRQV EHLQJ
WKH REMHFW GDWDEDVH SURGXFWV WKHPVHOYHV VKRZ JUH!
DQG '%06V DQG WKH SUREOHP LQ FRQVWUXFWLQJ EHQFKPD
H[DPSOH DSSOLFDWLRQV WKDW FRYHU WKH PDQ\ SRVVLEOH
RSHUDWLRQ 7KH TXHVWLRQ RI ZKDW RSHUDWLRQV WR PHDV.
UDLVHG LQ >-RVHS @ DQG >=RP @

7KH IROORZLQJ UHVHDUFK REMHFWLYHYV ZLOO EH GHVFULEH
SUHVHQWHG KHUH RQO\ EULHIO\ 7KHVH REMHFWLYHYV DUH

6WXG\ WKH SHUIRUPDQFH RI FRPPHUFLDO REMHFW GD
$WWHPSW WR LGHQWLI\ ZKLFK FODVVHYV RI DSSOLFDW
REMHFW GDWDEDVH DUFKLWHFWXUHYV

"HWHUPLQH LI D JHQHULF VLPSOH DQG DFFXUDWH
GDWDEDVHV FDQ EH GHULYHG

7R DFKLHYH WKHVH REMHFWLYHYVY WKLV UHVHDUFK ZLOO

7TDNH D SUDJPDWLF DSSURDFK WR WKH SHUIRUPDQFH
8VH HPSLULFDO WHFKQLTXHVY VXFK DV FDVH VWXGL
EHQFKPDUNV WR VXSSRUW

8VH DSSURSULDWH VWDWLVWLFDO WHFKQLTXHV IRU Y

8vLQJ UHFRJQLVHG HPSLULFDO DQG VWDWLVWLFDO WHFKQI
SUHYLRXVY REMHFW GDWDEDVH SHUIRUPDQFH VWXGLHY KDYH
PHDVXUH DQG KDYH SURYLGHG QR HYLGHQFH WR VKRZ Z|
VLIQLILFDQW 7KLV DXWKRU LV QRW DZDUH RI DQ\ SUHYLR?>
WHFKQLTXHV IRU HYDOXDWLQJ WKH SHUIRUPDQFH RI REMHFW
UHVHDUFK SURMHFW

7KH UHVXOWY ZLOO VKRZ WKDW FRPPHUFLDO RUJDQLVDWL
VWXGLHVY RU EHQFKPDUNV IRU D YDULHW\ RI UHDVRQV VXF
GHVLJQ DOWHUQDWLYHYV EHIRUH LPSOHPHQWLQJ FRPSOHYV
EHQFKPDUNY DUH QHYHU FRQVLGHUHG EXW FRPSDQLHV DOZ
WHVWY DQ REVHUYDWLRQ DOVR UHSRUWHG HOVHZKHUH E
$GGLWLRQDOO\ UHVXOWYV IURP D VXLWH RI EHQFKPDUNV G
VKRZ WKDW WKHUH DUH VWDWLVWLFDOO\ VLIJQLILFDQW SHUI



PDMRU FRPPHUFLDO SURGXFWYVY DQG WKDW RQH EHQFKPDUI
WKH REVHUYHG GLITHUHQFHYV

TKHVLV 6WUXFWXUH

7KLY WKHVLV LV RUIJDQLVHG LQWR VHYHQ IXUWKHU FKDS!
GHVFULEHG WR VKRZ WKH VWUXFWXUH RI WKLV UHSRUW

&KDSWHU ZLOO EHJLQ ZLWK D GLVFEFXVVLRQ RI WKH VKR
PDQDJLQJ FRPSOH[ DQG LQWHU UHODWHG GDWD 7KLV ZLOC(
WKH PDMRU FRPPHUFLDO REMHFW2 ES\DHMAFDNELDNALMWM ' %H P26B/AVIRHC- M
9(56$17 DQG REMHFW UHODWLRQDO GDWDEDVHV ,00XVWU
LQ WKH VXEVHTXHQW FKDSWHUV RQ WKH FDVH VWXGLHYV

ZKHUH WKHVH SURGXFWY DQG WKHLU IHDWXUHYVY DQG DUFK

&KDSWHU SUHVHQWY D VXUYH\ DQG FULWLTXH RI WKH PR
UHODWHG WR REMHFW GDWD PDQDJHPHQW 7KLV LQFOXG!
+\SHUORGHO >$QGHU @ DQG >&DUH\ @ 7KH FKDSWHU
WZR ZHOO NQRZQ UHODWLRQDO EHQFKPDUNV IRU PHDVXU
'LVFRQVLQ %YHQFKPDUN DQG WKH 73 %WHQFKPDUN 7KH FK
RI WKH OLPLWDWLRQV DQG VKRUWFRPLQJV RI FXUUHQW R
OLPLWDWLRQV KDYH EHHQ GLUHFWO\ REVHUYHG LQ WKH F
VXEVHTXHQW FKDSWHUYV

&KDSWHHVFULBHY MADKUF K "MW BQ REOHP VWDWHPHQW LV SU
WKH OLPLWDWLRQV RI SUHYLRXV EHQFKPDUNYV GLVFXVVHG
REMHFW GDWD PDQDJHPHQW IRU QRQ HQJLQHHULQJ DSSC
FKDSWHU 7KH WKUHH UHVHDUFK REMHFWLYHV DUH GHVF
WHFKQLTXHV DUH GLVFXVVHG ,W LV DUJXHG WKDW WKH HP
SURMHFW DQG WKDW D FRPELQDWLRQ RI FDVH VWXGLHV I
SURYLGH D VXLWDEOH URXWH WR WKHRU\ HIWHQVLRQ 3R\
DUH DOVR KLJKOLJKWHG )LQDOO\ VRPH VWDWLVWLFDO Wi
E\ SUHYLRXV GDWDEDVH SHUIRUPDQFH UHVHDUFKHUV

&KDSWHU SUHVHQWY D GRPDLQ DQDO\WLV WR GHWHUF
DSSOLFDWLRQV WKDW DUH RIWHQ FLWHG DV EHLQJ DSSUR
WKH IUDPHZRUN LV EDVHG RQ RQH WKDW ZDV XVHG IRU HQ
RWKHU DSSOLFDWLRQ GRPDLQV KDYH PDQ\ VLPLODU UHTX



&RPSXWHU ,QWHIJUDWHG ODQXIDFWXULQJ &,0 (QJLQHHUL
,QIRUPDWLRQ 6\VWHPV * 6V +HDOWKFDUH G6FLHQWLILF 'DW

&KDSWHU GHVFULEHV WKH UHVXOWYV RI VL[ FDVH VWXGLHYV
RUJDQLVDWLRQV LQFOXGH VRPH RI WKH PRVW ZHOO NQRZC
LQGXVWU\ VHFWRUV DQG ZHUH VHOHFWHG EDVHG RQ WKHLU I
, QWHUQDWLRQDO DQG 5HXWHUV )LQDQFLDO (DUWK 2EVHI
+RVSLWDO +HDOWKFDUH DQG 1(;25 ; '"LUHFWRU\ 6\VWHP
YDULHW\ RI IDFWRUV WKDW FDQ LQIOXHQFH SHUIRUPDQFH D¢
HILVWLQJ EHQFKPDUNV VXJJHVWHG DW WKH HQG RI &KDSWH

&KDSWHU SUHVHQWY WKH UHVXOWYVY RI VL[ FXUUHQW DQ
XQGHUWDNHQ RQ WKUHH FRPPHUFLDO SURGXFWVY 2EMHFWLY
EHQFKPDUNV LQFOXGH WKH 220 %HQFKPDUN >&DWWH @
%YHQFKPDUN >+DOOR D@ DQG WKH &,7< %YHQFKPDUN ><RXVV
LQFOXGH RQH EDVHG RQ GDWD VXSSOLHG E\ 1(;25 LQ RQH
&KDSWHU D EHQFKPDUN EDVHG RQ *,6 GDWD SURYLGHG
GDWDEDVH YHQGRUV DQG I1LQDOO\ D EHQFKPDUN EDVHG RQ
WKH ILQDQFLDO GRPDLQ $QDO\WHV RI WKH SHUIRUPDQFH U
GLITHUHQFHYVY LQ WKH WKUHH SURGXFWV WHVWHG

&KDSWHU VXPPDULVHVY WKH UHVHDUFK ILQGLQJYV FRQWULE
PDMRU FRQFOXVLRQV W VKRZV WKDW WKH FDVH UHVHDUFK
LOQWR KRZ REMHFW GDWD PDQDJHPHQW LV EHLQJ XVHG LQ FI
WKH EHQFKPDUN H[SHULPHQWY KDYH VKRZQ SHUIRUPDQFH
SURGXFWYV WKDW ZHUH QRW SUHYLRXVO\ UHSRUWHG 7KH U
WKLV WLPH WR VXSSRUW WKH LGHD RI D JHQHULF RU FDQRQL
, W GLVFRYHUHG KRZHYHU WKDW LW LV LPSRUWDQW WR XQC
DSSOLFDWLRQV 6RPH DUHDV IRU IXWXUH UHVHDUFK LQ 2'%O0 ¢

&KDSWHU 6XPPDU\

7KLYV FKDSWHU KDV LQWURGXFHG VRPH RI WKH UHDVRQV IRL
EULHIO\ GLVFXVVHG ZK\ QHZ REMHFW GDWDEDVH SHUIRUPDQ|
WKH VFHQH IRU WKH UHPDLQGHU RI WKLV UHSRUW E\ GHV]
VXEVHTXHQW FKDSWHUYV



&+$37(5 2EMHFW 'DWDEDVHYV

, OQWURGXFWLRQ

7KH SUHYLRXV FKDSWHU EULHIO\ GLVFXVVHG VRPH RI WKH
GDWDEDVHV 7KLV FKDSWHU H[SDQGV XSRQ WKDW GLVFXVYV
OHG WR WKH HPHUJHQFH RI 2'%06V VXFK DV WKH GHIL
WHFKQRORJ\ $ QXPEHU RI PDMRU FRPPHUFLDO REMHFW D¢
DUH DOVR GHVFULEHG )URP WKH GHVFULSWLRQV LW ZL(
FRQVLGHUDEO\ LQ PDQ\ DUHDV VXFK DV DUFKLWHFWXUHYV
FDSDELOLWLHVY HWF 7KLV YDULDELOLW\ DPRQJ SURGXFWYV
EHQFKPDUNY PRUH GLIILFXOW VLQFH WKH QXPEHU RI GLPF
WR FRQVLGHU LV IDU JUHDWHU WKDQ ZLWK SUHYLRXV JF
SURGXFW GHVFULSWLRQV ZLOO DOVR DLG WKH UHDGHU L
IHDWXUHYV GLVFXVVHG DUH DJDLQ UHIHUHQFHG

,W LV DVVXPHG WKDW WKH UHDGHU LV DOUHDG\ IDPLOL
LQKHULWDOQFH HQFDSVXODWLRQ HWF DQG GDWD PDQI
UHFRYHU\ HWF $SSHQGL[ $ DOVR GHVFULEHV WKHVH FRC(

7KH UHPDLQGHU RI WKLV FKDSWHU LV RUJDQLVHG DV IRO
GHILQLWLRQ RI DQ 2'%06 O6HFWLRQ GLVFXVVHV VRPH
GDWDEDVH WHFKQRORJ\ 6HFWLRQ SUHVHQWY D QXPEI
UHODWLRQDO GDWDEDVH SURGXFWYV LQ GHWDLO )LQDOO\

KDW LV DQ 2'%06"

2'%06V FDQ EH FRQVLGHUHG DV WKH FRQYHUJHQFH RI D QX
2EMHFW 2ULHQWHG 3URJUDPPLQJ /DQJXDJHV 223/V VHPD
PRGHOV > KRVK @ $GGLWLRQDO LQIOXHQFHV KDYH FRPH
S3DWRQ @ 'HVSLWH WKLV FRQYHUJHQFH WKHUH LV FXUU
2'%06V LQ FRQWUDVW WR WKH 5HODWLRQDO ORGHO IRU 5"
QRWHG E\ 4DWWHOO >&DWWH D@



STKHUH LV QR VLQJOH REMHFW RULHQWHG SDUDGLJP D
YDULHW\ RI REMHFW RULHQWHG GDWD PRGHOV °

5HVHDUFK DQG FRPPHUFLDO HIIRUWY KDYH WKHUHIRUH UH
LPSOHPHQWDWLRQV RI WKH SDUDGLJP $V D UHVXOW RI WKL)\
HIDFWO\ ZKDW FRQVWLWXWHYV DQ 2'%06 H J >/DJXQ @ DO
WKDW PDQ\ 2'%06V VKDUH D VHW RI FRUH FRQFHSWYV

7TRGD\ WKHUH DUH DW OHDVW D GR]JHQ RU PRUH JRRG GHILQL

$WNLQVRQ HW DO >$WNLQ @
&DWWHOO >&DWWH D@
&RPPLWWHH >&RPPL @
"'LWWULFK >'LWWU @

-RVHSK HW DO >-RVHS @
.KRVKDILDQ $EQRXV >.KRVK @
LP >.LP E@

JRENHPDQQ >/RFNH @

2'0% >2'0* @

22'%7* >22'%7 @

8OOPDQ >800PD -

8QODQG 6FKODJHWHU >8Q0DQ @
=GRQLN ODLHU >=GRQL @

H H+ 4+ H+ H+ H+ H+ H+ H+ H H H+

6WULFWO\ VSHDNLQJ WKH 2EMHFW 'DWD ODQDJHPHQW 5HIH!
GHILQH DQ 2'%06 EXW SURSRVHV D GHVLJQ VSDFH IRU D I
SURYLGHY DQ XPEUHOOD RYHU DOO WKH FXUUHQW GHILQLWL
E\ WKH OHDGLQJ UHVHDUFKHUV DQG DFDGHPLFV KDYH EHHC
PRGHO $UIJXDEO\ WKH PRVW DSSURSULDWH GHILQLWLRQ LV
*URXS 2'0* ZKLFK KDV GHILQHG DQ 2'%06 DV RQH WKDW WI
PRUH H[LVWLQJ 223/V ZLWK '%06 FDSDELOLWLHV >2'0* @
ZKLFK LV EDVHG RQ 6PDOOWDON EXW DOVR SURYLGHV VXSS
2EMHFWLYLW\ "% DQG 9(56%$17 DUH EDVHG RQ & EXW DOVR
$QRWKHU JURXS RI SURGXFWV VXFK DV ,7$6&% DQG VWR
IRUPDW DQG SURYLGH VHYHUDO 223/ ELQGLQJV 7KURXJKRX!
2'0* GHILQLWLRQ ZLOO EH XVHG



K\ GR ZH QHHG 2'%06V"

S(YHU\RQH DJUHHV WKDW WUDGLWLRQDO UHODWLRQDC
EXVLQHVY GDWD SURFHVVLQJ DQG OD\ DQ HJJ LI \RX I

, I \RX zDQW WKHP WR VWRUH GRFXPHQWV RU &$' U
MXVW GRQIW GR YHU\ ZHOO "~ OLFKDHO 6WRQHEUDNHU

6RPH RI WKH UHDVRQV IRU WKH JURZWK RI 2'%06V ZHUH W]
WHFKQRORJ\ IRU PDQDJLQJ LQFUHDVLQJO\ FRPSOH[ GDWD |
JHQHUDWLRQ DSSOLFDWLRQV L H WKH XELTXLWRXV &$6(
DUH GLVFXVVHG EHORZ

IDFN RI ([SUHVVLYH 3RZHU

7KH RQO\ GbDWD VWUXFWXUH DJJUHJDWH RU REMHFW LQ W
UHGXFHV DOO GDWD WR IODW WZR GLPHQVLRQDO IRUP .
G\QDPLFDOO\ UH LPSRVHG DW UXQ WLPH 7KH ODFN RI D

EHWZHHQ WDEOHV DW GHVLJQ WLPH LV SUREDEO\ WKH PI
GDWDEDVH >:KLWH @ .KRVKDILDQ $EQRXV >.KRVK @ KIL
HORTXHQFH RI FRPSOH[ REMHFW FRPSRVLWLRQ LV ORVW’

WDEOHV UHVXOWLQJ LQ WKH VR FDOOHG 3VHPDQWLF JDS °

IDFN RI H[SUHVVLYH SRZHU FRXOG DOVR EH H[WHQGHG WF
DQG 'DWD ODQLSXODWLRQ /DQJXDJH '0/ JRU H[DPSOH 6
FDSDELOLWLHY EXW QHHGV WR EH HPEHGGHG LQ D KRVW
FRQWUDVW 223/V DUH VHDPOHVVO\ HIWHQGHG ZLWK "'/ DC
FRPSXWDWLRQDOO\ FRPSOHWH

6LPSOH 'DWD 7\SHV

7R VXSSRUW QH[W JHQHUDWLRQ DSSOLFDWLRQV D ULEKHL
OLVWV PXOWLPHGLD GDWD W\SHV HWEF 6RPH SRSXODU 5
WKHLU SURGXFWV WR VXSSRUW QHZ GDWD W\SHV )RU
LQFRUSRUDWLRQ RI XVHU GHILQHG $EVWUDFW 'DWD 7\SHV
WKHVH HQKDQFHPHQWY DUH VWLOO QRW FRPSDUDEOH WR
'%06V 25'%06V VXFK DV ,00XVWUD DQG 8QL64/ ZKLI
LQKHULWDQFH IXQFWLRQV PHWKRGY DQG EHWWHU $SSOLF
223/V



/IRVV RI 'DWD 3URWHFWLRQ

ORVW 5'%06V VXSSRUW VLPSOH GDWD W\SHV H J LQWHJE
ODQJXDJHV KRZHYHU HQDEOH QHZ HQXPHUDWHG W\SHV WR
W\SHVY DUH PDSSHG WR WKH GDWDEDVH W\SHV GDWD SURWH]I

8, PSHGDQFH OLVPDWEFK"

3S,PSHGDQFH PLVPDWFK WKH PHWDSKRU FRPHV IURP
HQJLQHHULQJ DQG UHIHUV WR WKH IDFW WKDW DQ LF
HOHFWULFDO FLUFXLW ZLOO SUHYHQW WKH PD[LPXP SI
DFKLHYHG = >*UD\ @

7KLV LV RIWHQ FLWHG DV D SUREOHP ZLWK H[LVWLQJ UHODW
2'%06V 7KH LVVXH VWHPV IURP WKH IDFW WKDW WZR ODQ
5'%06V ROQOH GDWDEDVH ODQJXDJH DQG RQH SURJUDPPLQJ
SUREOHP GLVDSSHDUV VLQFH WKH VDPH ODQJXDJH LV XVHG
SURJUDPPLQJ +RZHYHU LW VKRXOG EH UHNEBHEE VB Q@ MNKHLDIA
ZDV RULJLQDOO\ GHILQHG WR SURYLGH VXSSRUW IRU UHOD
LOQWHQGHG WR EH D FRPSOHWH SURJUDPPLQJ ODQJXDJH 7
PDSSLQJ GDWD VWUXFWXUHY EHWZHHQ SURJUDPYVY DQG WKH
WKH FRGH LQ DQ DSSOLFDWLRQ >$WNLQ @ 2'%06V IDUH OL\
SURJUDPPHU LV EURXJKW GRZQ WR WKH OHYHO RI QRQ GHFO
WKLV LV EHLQJ UHGUHVVHG E\ WKH HIITRUWYV RI 2'0* ZKR DUF
IDQJXDJH 24/

SHUIRUPDQFH

'LWKLQ WKH OLWHUDWXUH LW LV ZLGHO\ DFFHSWHG WKDW FI
ZHOO VXLWHG WR 2'%06V 7KHVH DUH SULPDULO\ DSSOLFD
PDQLSXODWLRQ RI FRPSOH[ DQG KHDYLO\ LQWHU UHODWHG C
XQDEOH WR SURYLGH WKH QHFHVVDU\ SHUIRUPDQFH IRU DS
DQG PXOWL ZzD\ MRLQV DV GLVFXVVHG E\ ODLHU >0DLHU @

%\ LWV YHU\ QDWXUH 50 3IODWWHQV"™ HQWLWLHV 3XWWLQJ
ZD\ UHTXLUHV MRLQLQJ GHVFULEHG DV 3XQQDWXUDO" " E\ .KF
VRUWLQJ 7KHVH RSHUDWLRQV FRPSHWH IRU EHLQJ WKH VOI
,Q DGGLWLRQ FRPPHUFLDO ODQJXDJH RSWLPLVHUV DUH RI



TXHULHV LQYROYLQJ ODUJH QXPEHUV RI MRLQV >*UD\ @
VWUDWHILHY EHLQJ GHYHORSHG E\ VRPH UHODWLRQDO GD

,Q PDQ\ 2'%06V WKH HTXLYDOHQWY RI UHODWLRQDO MRLQ\
$GGLWLRQDOO\ VLQFH 2'%06V FDQ VWRUH PHWKRGV WKI
RSHUDWLRQV EHLQJ SHUIRUPHG SURYLGHV WKH DELOLW\ W
WUDQVDFWLRQV DQG KHQFH SURYLGH LPSURYHG SHUIR
>DZVR @ KDV QRWHG WKH RSHUDWLRQV DUH QRW VLP.
VHPDQWLFVY DV LOOXVWUDWHG E\ WKH IROORZLQJ H[DPSOl

JRU D TXHXH GDWD W\SH LW LV SRVWQE®HK GHRT XBJ\RHP RSHU
RQH SRLQW RI YLHZ WKHVH DUH ZULWH DQG UHDG RSHU
FRQVLGHULQJ WKH VSHFLDO VHPDQWLFVY RI WKHVH RSHUDW
DFKLHYHG &RQVLGHU D TXHXH REMHFW 4 DQG WZR WUDQ
HQTXH RQ 4 WKHQ 7 LV SUHYHQWHG IURP SHUIRUPLQJ D
FRPPRQ UHDG ZULWH VHPDQWLFY +RZHYHU IRU QRQ HPS
ERWK RSHUDWLRQV ZLWKRXW FRQIOLFW VLQFH WKH\ GR Q

$WZRRG >$WZRR @ KDV DOVR QRWHG WKDW LQ DQ 2'%06
W\SH DUH FDSDEOH RI SHUIRUPLQJ DUH NQRZQ WR WKH "%
WKLY NQRZOHGJH WR RSWLPLVH SHUIRUPDQFH 3HUIRUPL
UHIHUHQFH WUDFH SDWWHUQV IRU IUHTXHQWO\ SHUIRUPH
WKHQ SRVVLEOH IRU REMHFWY WKDW DQ DSSOLFDWLRQ LV
FRPPHUFLDO 2'%06 SURGXFW XVHV DQ\ RI WKH VSHFLDO VH

,Q FRQWUDVW DFFRUGLQJ WR .HWDEFKL HW DO >.HWDE @
OLPLWHG DQG IL[HG RSHUDWLRQV RQ WKH WHVOWRWE W XS (
SURMHKWUHIRUH DQ\ RSHUDWLRQ WKDW DQ DSSOLFDWLRC
RQWR WKLV OLPLWHG VHW $V DSSOLFDWLRQV EHFRPH FRI
ODUJH DSSOLFDWLRQ SURJUDPV 7R UHWULHYH DQ DSSO
RSHUDWLRQVY DUH UHTXLUHG 7KLV PDNHV DSSOLFDWLRQV

SHYLHZ RI &RPPHUFLDO 3URGXFWYV

,Q WKLV VHFWLRQ D QXPEHU RI PDMRU 2'%06 DQG 25'%06
GHWDLO POINWRINPHG EDVHG RQ SXEOLVKHG VDOHV ILJXUH
>,'& @



JLYH SXUH 2'%06V DUH GHVFULEHG ILUVW $ QXPEHU RI UH:
JLDEHU @ ZHUH XVHG DV WKH EDVLV IRU WKH HYDOXDWLRQ
IROORZ WKH GHILQLWLRQ RI DQ REMHFW GDWDEDVH DV GHIL
RQH RU PRUH 223/ ZLWK "%06 VHUY LFHV 7KLV LV IXQGDPHQ'
UHODWLRQDO GDWDEDVH SURGXFWYV ZKLFK DUH GLVFXVVHG

7KH SXUH 2'%06 SURGXFWYVY GHVWU2ZEMB FIDMLH L*W P 6%V RTBM HF W 6
9(56%$17 $00 RI WKHVH SURGXFWV DSSHDU LQ WKH FDVH VW
ERWK 2EMHFWLYLW\ "% DQG 2EMHFW6WRUH DUH DOVR EHQFKF

*HP6WRQH

&OLHQW 6HUYHU

J)LIXUH *HP6WRQH $UFKLWHFWXUH

*HP6WRQH >%UHWO ODLHU @ DORQJ ZLWK 9EDVH >$QGUH
FRPPHUFLDOO\ DYDLODEOH *HP6WRQH LV EDVHG RQ WKH 6P|
HIWHQVLRQV WR VXSSRUW '"%06 VHUYLFHV ,W KDV D FOLHQ\
FDQ EH GHVFULEHG DV XVLQJ D SDJH VHUYHU >'H:LW @ ,W [
2'%906 ZLWK WKH DELOLW\ WR H[HFXWH PHWKRGYV RQ WKH VHL
LQ TXHU\LQJ ODUJH FROOHFWLRQV RI REMHFWV RQ WKH VHU"®
WR WKH FOLHQW UDWKHU WKDQ VKLSSLQJ ODUJH QXPEHUV |
SHUIRUP WKH TXHU\ SURFHVVLQJ

7KH WHUP 3DFWLYH" ZKHQ DSSOLHG WR GDWDEDVHV FDQ PHDQ GLIIHUHQW W
SURMHFW LWV PHDQLQJ LV WKH DELOLW\ RI DQ 2'%06 WR H[HFXWH PHWKRGV R



7KH WZR PDMRU FRPSRQHQWYV RI *HP6WRQH DUH WKH *(O0
KDQGOHV REMHFW DFFHVV DQG H[HFXWLRQ GDWDEDVH ILC
RQ WKH FOLHQW RU WKH VHUYHU 'HFLGLQJ ZKHWKHU WR
WKH FOLHQW RU ZKHWKHU WR UXQ WKH *(0 RQ WKH VHUYHL
PHFKDQLVP WR FRPPXQLFDWH ZLWK DQ DSSOLFDWLRQ UX
LPSOLFDWLRQV DV GLVFXVVHG E\ 6NLDGHOOL >6NLDG @
EXW D XVHU FDQ KDYH PRUH WKDQ RQH *(O 6721( LV WK
FRQFXUUHQF\ FRQWURO WUDQVDFWLRQV UHFRYHU\ HWF

'DWDEDVH GHILQLWLRQ DQG PDQLSXODWLRQ DUH WKURXJK
XVHG WR GHILQH WKH DFWLYH EHKDYLRXU WKDW FDQ EH +
WKLV ZD\ FDQ DOVR EH LQYRNHG IURP RWKHU REMHFW RUL
6PDOOWDON RQO\ VXSSRUWYV VLQJOH LQKHULWDQFH KRZI
UHVWULFWHG WR WKLV 7KH *HP6WRQH 2EMHFW 'HYHORSF
GHYHORSHG HQDEOLQJ XVHUV WR GHVLJQ DSSOLFDWLRC
EORFNV Rl SUH GHILQHG FRGH WKDW FRXOG EH OLQNHG

+RZHYHU *HP6WRQH 6\VWHPV KDYH QRZ FHDVHG IXUW

JLIXUH ([DPSOH *H2'( 3URJUDP

%HVLGHYV XVLQJ WKH PHVVDJH VHQGLQJ SDUDGLJP DVVRF
E\ XVLQJ ZKDW DUH WHUPHG 3VHOHFWLRQ EORFNV"™ GHOLI
DQG FRPSDULVRQ XVLQJ WKH 9 QRWDWLRQ 7KLV DSSURI
JRU HI[DPSOH WKH IROORZLQJ TXHU\ ZRXOG ILQG \HDU R

OV\(PSOR\HH VHOHFW N DQ(PS9DU _ DQ(PS9DU DJH

*HP6WRQH SHIVM WKW HQF H PIRQ IBH SWR) SIHNQ W EHZ VR EB
LQ DQ DSSOLFDWLRQ D PHVVDJH LV VHQW WR D FODVYV



XWRPDWLFDOO\ PDGH SHUVLVWHQW ZKHQ D WUDQVDFWLRQ
DQG ZLOO RQO\ GHOHWH DQ REMHFW ZKHQ DOO UHIHUHQFHYV
VRPH RWKHU 2'%06V ZKHUH H[SOLFLW PHPRU\ PDQDJHPHQW
FOXVWHUHG WR LPSURYH SHUIRUPDQFH &OXVWHULQJ FDQ Et
QRW RQO\ ZKHQ LW LV FUHDWHG )JXUWKHUPRUH REMHFWYV
REMHFWY HJ DQ DWWULEXWH RI DQ REMHFW PD\ LWVHOI
FROOHFWLRQV RI REMHFWYV FDQ EH FOXVWHUHG WRJHWKHU

*HP6WRQH VXSSRUWY ERWK RSWLPLVWLF DQG SHVVLPLVWL
KRZHYHU H[SOLFLW ORFNV PXVW EH DFTXLUHG E\ DQ DS
>(PPHU @ GHPRQVWUDWHYV WKDW WKH RSWLPLVWLF DSSURI
PRUH WLPH LV UHTXLUHG WR GHWHUPLQH FRQIOLFW UHVROX\
PRUH DSSURSULDWH IRU GHVLJQ DQG HQJLQHHULQJ HQYLURC
ZRXOG EH PRUH VXLWDEOH IRU WUDGLWLRQDO EXVLQHVYV
IROORZLQJ DERXW RSWLPLVWLF YHUVXV SHVVLPLVWLF ORF?!
ZKLOVW XVLQJ PRUH &38 WKDQ SHVVLPLVWLF DSSURDFKHYV
WUDGLWLRQDO DSSOLFDWLRQV JLYHQ WKH UDWLRV EHWZHH
PRGHP PDFKLQHV 6HFRQGO\ LQ WKH RSWLPLVWLF DSSURDF
DFTXLUH DQ\ ORFNV DQG WKLV OHDGV WR OHVV FRQWHQW
WUDQVDFWLRQV $OVR VLQFH WKHUH LV QR QHHG WR ZDLYV
WUDQVDFWLRQ WKDW PD\ EH KROGLQJ LW QR GHDGORFN
*HP6WRQH VXSSRUWY 5HDG :ULWH DQG ([FOXVLYH ORFNV |
ERXQGDULHY DQG PXVW EH H[SOLFLWO\ UHOHDVHG /RFNLQJ
FROOHFWLRQV RI KHWHURJHQHRXY REMHFWYV +RZHYHU *H
FRS\LQJ RU PDQLSXODWICOW B BRO-BBPBHW RGREMHFWYV

$XWKRULVDWLRQ LV VXSSRUWHG LQ *HP6WRQH E\ VHIPHQWYV
ZKLFK KROGV LQIRUPDWLRQ DERXW WKH RSHUDWLRQV WKDW
VHIPHQW 7KLV DXWKRULVDWLRQ LV RUWKRJRQDO WR ERWK
DQRG FRQFXUUHQF\ FRQWURO

,Q WHUPV Rl UHODWLRQVKLSY *HP6WRQH FDQ VXSSRUW
VXFK DV 1 DQG 1 0 DUH DOVR SRVVLEOH E\ XVLQJ VHWV DQ
UHODWLRQVKLS PXVW EH PRGHOOHG DV WZR XQL GLUHFW
PDLQWDLQHG

/IRFDWLRQ WUDQVSDUHQF\ LV DOVR VXSSRUWHG VR WKDW RE
KDYLQJ WR PDNH DQ\ FRGH FKDQJHV )XUWKHUPRUH GDWDEI

FRQVLVWY RI D QXPEHU RI ILOHVY FDOOHG H[WHQWYV DQG D U

Ki



DUH DOVR VXSSRUWHG WKHVH FDQ EH XVHG WR LPSURY
SXUSRVHV

2EMHFW YHUVLRQLQJ DQG ZRUN JURXS VXSSRUW XVHIXO |
OLPLWHG LQ *HP6WRQH +RZHYHU VFKHPD HYROXWLRQ D
ZLWK VXSSRUW YDU\LQJ IURP RQH ODQJXDJH LQWHUIDFH
GHILQLWLRQ DQG PRGLILFDWLRQ DUH DOVR SRVVLEOH

,Q FRQFOXVLRQ 'LFN &KDXGKUL >'LFN E@ SURSRVH WKD
VWUHQJIJWKYV

+ 6PDOOWDON (QJLQH WRIKE WLEKWULQWHJUDWLRQ R
6PDOOWDON LV ZLWKRXW GRXEW RQH RI LWV PDMR
+ $SSOLFDWLRQ 3WKWLWHRELQ@LW\ WR FRQILIJXUH Z
UXQV HQDEOHY EHWWHU XWLOLVDWLRQ RI DYDLODE(
+ /DUJH 6FDOH % XVLQHVV & UHLRMBIWRO®H &DYSBHWLJ
VXSSRUW 0,6 DQG EXVLQHVV DSSOLFDWLRQV ZLWK C

7TKH 2'%06 ZDV RULJLQDOO\ GHYHORSHG DV D UHVHDUEFK S
UHOHDVHG DV D FRPPHUFLDO SURGXFW 2ULJLQDOO\ LW Z
EXW EHFDXVH FDFKH LQFRQVLVWHQFLHVY ZHUH GLVFRYHI
DUFKLWHFWXUH ZDV VXEVHTXHQWO\ FKDQJHG WR D SDJH
2'%906 VLQFH LQGH[HG DFFHVV IRU ODUJH FROOHFWLRQV
JXUWKHUPRUH WKH 24/ DOVR H[HFXWHV RQ WKH VHUYHU
LOOXVWUDWHG LQ )LIJXUH DUH

T 7\SH ODQDJFHUHDWHYV VWRUHV DQG PDLQWDLQV
DSSOLFDWLRQV
OHWKRG ODGDBBDWHY VWRUHY DQG PDLQWDLQV PH

+

f 2EMHFW ODEDIHIOHY PHVVDJH SDVVLQJ JDUEDJF
FOXVWHULQJ

+ 7UDQVDFWLRQ SURQYDRGEHY FRQFXUUHQF\ FRQWURO

t ,2 ODQDXDWGOHY GDWDEDVH ILOH , 2

2EMHFW SHUVLVWHQ$SH WUV ID¥V KV HHIYHIEHE W KEHRIX I KW H VD R
GHILQHG DQG REMHFWV WKDW DUH GLUHFWO\ RU LQGLUEF
SHUVLVWHQW 7KLV DSSURDFK KDV WKH DGYDQWDJH WKDYV



VWSHFLI\ DW FUHDWLRQ WLPH ZKHWKHU WKH\ DUH WR EH SHU
FROOHFWLRQ LV XVHG WR FOHDQ XS REMHFWV WKDW DUH QR

&OLHQW

'HYHORSPH

7JRROV %%SOLFDWLRQ

7\SH OHWKRG
ODQDJHU ODQDJHU

2EMHFW
ODQDJHU

6HUYHU

24/

2SWLPLVHU SHFXULWA

7UDQVDFWLRQ
0DQDJIHU R pobaHu

J)LIXUH &E $UFKLWHFWXUH

IDQJXDJH ELQGLQJV LQFOXGH & DQG 6PDOOWDON ERWK
>&RRSH - )XUWKHUPRUH &E LV OD& DXDGE H BRBIXWWDONDDRS&S® |
FDQ bDbOO DFFHVV WKH VDPH REMHFWY DQG H[HFXWH PHWKRG
DFURVYV /$1V RU :$1V LV SURYLGHG E\ &A"%$FFHVYV

1HVWHG WUDQVDFWLRQV DUH QRW VXSSRUWHG E\ &E VLQF!
LPSOHPHQWY RQO\ FRQYHQWLRQDO WUDQVDFWLRQV 3HVVLI
DQG WUDQVDFWLRQ UROOEDFNV UHFRYHU\ DUH VXSSRUWHG |
LQKHULWDQFH 1 DQG 01 UHODWLRQVKLSY ERWK XQL I
>&RRSH @

$GGLWLRQDO IHDWXUHV LQFOXGH REMHFW YHUVLRQLQJ DQG
VFKHPD WKDW DOORZV DSSOLFDWLRQV WR LQWHUURJDWH
>&&RRSH @ $QRWKHU UHFHQW GHYHORSPHQW KDV LQWURGXE



2EMHFW 5HTXHVW %URNHU 2&8%WW FKKPBK GHQDEIOWMNVRQRYV WR
DXWRPDWLFDOO\ WR WKH ,QWHUIDFH "HILQLWLRQ /DQJXDJH

7R FRQFOXGH WKUHH PDMRU VWUHQJWKYV RI 2

T SBURYHQ G6WRUDJH 72HRNBRBRORKMN :LVFRQVLQ 6WRU
:L66 WR PDQDJH SHUVLVWHQW REMHFWYV

¥f 7RROV 6XSYSRUWXV JUDSKLFDO WRROV DOORZ DS
SURWRW\SHG

¥ TKHRUHWLFDECRQN¥NDEHWDEOH UHVHDUFK KDV EHHQ
PRUH ULJRURXY DQG IRUPDOWREMBRWWHRGHQ PRADD F

2EMHFWLYLW\ "%

&OLHQW &OLHQW

JLIXUH 2EMHFWLYLW\ "% $UFKLWHFWXUH

2EMHFWLYLW\ "% LV EDVHG RQ D ILOH VHUYHU DUFKLWHFW
FRPSRQHQWY DUH LOOXVWUDWHG LQ )LIXUH +RZHYHU
XVH HLWKHU 1)6 RU 2EMHFWLYLW\JV $GYDQFHG O0XOWL W
SURGXFW ZDV GHVLJQHG DV D PXOWL ODQJXDJH PXOW
GLVWULEXWHG 2'%06 >:DGH @ $OWKRXJK WKH ILUVW UH



WSSRUWHG RQO\ & DQG & VXSSRUW IRU 6PDOOWDON KDV I
ZLWK WKH 2'0* VWDQGDUGYV HIIRUW IRU PXOWLSOH ODQJXI
HIWHQVLRQV LV DOVR VXSSRUWHG ZLWK TXHULHV DJDLQVW
DOORZV WKH ZHDOWK RI 2'"%& FRPSOLDQW WRROV WR EH X
ODQJXDJH LQWHUIDFHVY VKDUH WKH VDPH REMHFWY DQG WKF
PD\ EH FUHDWHG RU PRGLILHG WKURXJK DQ\ RI WKHVH LQW
S3HUVLVWHQFH FDSDELOLW\ LV DFKLHYHG E\ LQKHULWDQFH
SHUVLVWHQFH EHKDYLRXU DQG REMHFWY WKDW QHHG WR E
FODVVHV WKDW LQKHULW IURP WKLV FODVV

(DFK REMHFW KDV D VWUXFWXUHG 2EMHFW ,GHQWLILHU :
KLHUDUFKLFDO VWRUDJH PRGHO ZKLFK DW WKH WRS OHYHO L
ORJLFDO GDWDEDVH LV FRPSRVHG RI PXOWLSOH GLVWULEX
FRPSRVHG RI D QXPEHU RI FRQWDLQHUV &RQWDLQHUV FRC
SDJHV 7KH XQLW RI ORFNLQJ LV WKH FRQWDLQHU ZKLFK PD)\
WKRXVDQGYVY RI REMHFWY DQG WKLV JUDQXODULW\ FDQ EH FlI
DQ REMHFW KRZHYHU UHTXLUHV WKH DOORFDWLRQ RI D QH
DOWKRXJK WKLV LV WUDQVSDUHQW WR WKH XVHU DQG LV D
DUH VORZ VLQFH KDVKLQJ LV UHTXLUHG RQ DFFHVV DQG UHC
DV DQ 5'%06 LQGH[HG MRLQ >:DGH @

2EMHFWLYLW\ "% XVHVKRRGERYYQGW WPHNRYU REBHHY WR

DXWRPDWLFDOO\ PDQDJH SRLQWHUV WR SHUVLVWHQW REMF
DGGUHVVHY SURYLGLQJ D OHYHO RI LQGLUHFWLRQ DQG KH
SRLQWHUYV IRU GDWDEDVH SDJHV WKDW KDYH EHHQ PDSSHC(
+DQGOHY DOVR SLQ REMHFWY LQ WKH FOLHQW FDFKH ZKLFK
VDPH REMHFW LQVWDQFH PRUH HIILFLHQW >'LFN D@ $OWKR
VRPH VOLJKW RYHUKHDG WKLV LV OLNHO\ WR EH RIIVHW
RSHUDWLRQV VXFK DV GLVN DFFHVVHV >0F)DU @ )XUWKH
REMHFW PDQDJHU WR VZDS REMHFWYV ZKLFK LV QHFHVVDU\ |
JLYH GLUHFW SRLQWHUV WR DQ DSSOLFDWLRQ JLYH XS WKH L
DQRG DUH UHGXFHG WR WKH YLUWXDO PHPRU\ PDSSHG DSSUR
WKUDVKLQJ FRQFXUUHQF\ FRQWURO DQG KDUG OLPLW WR VZ

6XSSRUW IRU UHODWLRQVKLSY LQFOXGH 1 DQG 01

DVVRFLDWLRQV DUH VXSSRUWHG DOWKRXJK LQ WKH IRUP
DXWRPDWLFDOO\ JXDUDQWHHG DQG PXVW EH H[SOLFLWO\ SL
SHUIRUPDQFH HQKDQFLQJ RSWLRQV DUH DOVR DYDLODEOH Zt
VKRUW DVYRRFREHDVWKRQELOLW\ WR VWRUH REMHFWYV FOI



D/VRFLDWLRQ HJ D GHSDUWPHQW REMHFW PD\ FRQWDLQ |
WKLV LV DW WKH FRVW Rl ORFDWLRQ W UEQOECDFIRG F Q DE@R!
FRQQHFWLRQV WR RWKHU REMHFWV WR EH VWRUHG DV SDL
DQG UHVXOWLQJ LQ OHVV VWRUDJH RYHUKHDG

7KH WUDQVDFWLRQ PRGHO VXSSRUWHG LV D SHVVLPLVWL
8SGDWH ORFNV DQG DGGLWLRQDOO\ OXOWLSOH 5HDGHUYV
ZLWK UHDGHUV EHLQJ QRWLILHG LI GDWD KDYH FKDQJHG
LPSOLFLWO\ SURYLGHG LQ UHDG PRGH ZKHQ REMHFWYV DUH
PD\ DOVR EH H[SOLFLWO\ DFTXLUHG 1HVWHG WUDQVDFWL
DSSOLFDWLRQ PD\ RQO\ KDYH D VLQJOH WUDQVDFWLRQ DF
WUDQVDFWLRQV RQH SHU WKUHDG DUH VXSSRUWHG LQ 6
GHWHFWLRQ LV SURYLGHG DQG YDULRXV RSWLRQV FDQ EH
ZKHQ WKHUH LV D ORFN FRQIOLFW 2EMHFWLYLW\ "% XVHV
DQG SURYLGHVY GDWDEDVH FRPPLW VDYLQJ REMHFWV WR
ZLWK KROG DFWLQJ DV D FKHFNSRLQW DQG KROGLQJ UHVF

&RPSRVLWH REMHFW VXSSRUW LV SRVVLEOH WKURXJK WZR
DV WKH W\SH RI DQ DWWULEXWH RI DQRWKHU FODVV D(
PHQWLRQHG HDUOLHU DVVRFLDWLRQV RI YDULRXV FDUGL
DYDLODEOH WKDW FDQ WUHDW D FRPSRVLWH REMHFW DV
9HUVLRQLQJ LV DOVR DYDLODEOH DQG VRPH EDVLF RSHUD\
GHILQHG YHUVLRQ FRQWURO %RWK OLQHDU DQG EUDQFE
KDQGOH LV XVHG WR NHHS WUDFN RI WKH YHUVLRQ VWDWX
GLITHUHQFHYVY EHWZHHQ RQH YHUVLRQHG REMHFW DQG DQR
bv D VHSDUDWH REMHFW DQG XVHUV FDQ VLPXOWDQH
FRQILIJIXUDWLRQV DV GHVLUHG >:DGH @ KHQ YHUVLRQI
FKDQJHG REMHFWYV ZLWKLQ WKH FRPSRVLWH DUH YHUVLRQ
PDQDJHG LQ WKLV SURFHVYVY >:DGH @ :RUN JURXS VXSSR
RXW DQG FKHFN LQ DQG SHUVLVWHQW ORQJ GXUDWLRQ O

$XWRPDWLF VFKHPD HYROXWLRQ LV VXSSRUWHG DQG PRVW
>:DGH @ ORUH FRPSOLFDWHG FKDQJHV PD\ UHTXLUH XVH
VFKHPD FKDQJHV DQG LQVWDQFH XSJUDGHV DUH VXSSR
VWRSSDJH RU GDWDEDVH VKXWGRZQ >:DGH @

7R FRQFOXGH 2EMHFWLYLW\ "% KDV WKH IROORZLQJ PDMR/



T +LJK $YDLODWKBLSWRGXFW LV XVHG LQ PDQ\ LQGXVYV
PDMRU UHTXLUHPHQW HJ 7HOHFRPPXQLFDWLRQV 0D

T '"'LVWULE XWKHRMRQUFKLWHFWXUH RI 2EMHFWLYLW\ "% ZDV
WKLV YHU\ PXFK LQ PLQG

¥ +HWHURJHNXHLWUVRGXFW LV DYDLODEOH RQ DOO PDM
DQG :LQGRZzZV 17 >'LFN D@ 2EMHFWV FUHDWHG RQ RQ
PDSSHG WR DQRWKHU

2EMHFW6WRUH

&OLHQW 6HUYHU
'LUHFWRU\
4XHU\ &ROOHFWLRQV 000D IHU
"0/ /LEUDU\
,QWHUIDFH ,QWHUIDFH JLOH 6\VWHP

&OLHQW

9HUVLRQ &RQILIXUDWLRQ &RPPXQLFDWLRQ

&OLHQW

6WRUDJH 6\VWHP 0DQDJHPHOW

&DFKH ODQDJHPHQW

5HFRYHU\

6HUYHU &RPPXQLFDWLRQ
7UDQVDFWLRQ
7UDQVDFWLRQV &RQWURO

'HDGORFN

9HUVLRQ &RQILIXUDWLRQ &RQWURO

J)LIXUH 2EMHFW6WRUH $UFKLWHFWXUH

2EMHFW6WRUH OLNH *HP6WRQH LV EDVHG RQ D SDJH VHUY
HOHPHQWYV RI WKH FOLHQW VHUYHU SDUWLWLRQLQJ DUH LOC
RQO\ HOHPHQWY DERYH WKH EODFN OLQH DUH XVHU YLVLEO
FODVVHG DV DQ DFWLYH REMHFW GDWDEDVH DOWKRXJK WK
FRQILIJIXUHG VR WKDW LW HIITHFWLYHO\ EHKDYHV DV RQH

2EMHFW6 WR BHiH X¥WHVYVWWY H Q F HD FBWROKR IR QAXOD DR 2V BB H F
PDGH SHUVLVWHQW BRHBRSHWDRDRALQQ® WKH 64/ DQG 2'%& VXSS



SURYLGHG WKURXJK WKH 2SHQ$FFHVV SURGXFW $ UHODWL
DYDLODEOH

2EMHFWB6WRUH LV XQLTXH DPRQJ FRPPHUFLDO 2'%06V LQ

$UFKLWHFWXUH 900$ EDVHG RQ YLUWXDO PHPRU\ VXSS
RSHUDWLQJ V\VWHP $00 REMHFWV DUH UHIHUHQFHG E\ Y
ERWK WUDQVLHQW DQG SHUVLVWHQW REMHFWYV DUH WUHD
GLUHFW PHPRU\ UHIHUHQFH PRGHO KRZHYHU LV WKDW S
FRXSOHG WR RYHUDOO V\WVWHP GHVLJQ >$0IUH @ )XUWKHI
WXQLQJ RSWLRQV UHVXOWLQJ LQ PDQ\ GLIIHUHQW YH!I
>+DOOR D@

3HUIRUPDQFH LPSURYHPHQWY FDQ EH DFKLHYHG WKRXJK
,QGH[HV DUH VXSSRUWHG RQ SDWKV ZKLFK FDQ EH YLHZ
2EMHFWYVY WKDW DUH OLNHO\ WR EH UHIHUHQFHG WRJHWE
FRQWDLQHUV ZKLFK UHVLGH LQ VHIPHQWY H[SDQGDEOH \
EH GHILQHG ZKHQ DQ REMHFW LV FUHDWHG %\ GHIDXOW L
ZKHQ DQ DSSOLFDWLRQ DFFHVVHV D SHUVLVWHQW REMHF\V
VSDFH IRU WKH HQWLUH VHIPHQW WKDW FRQWDLQV WKH R
VHUYHU IRU WKLYV VHIPHQW +RZHYHU WKLV FRXOG EH WR
FDQ VSHFLI\ WKDW RQO\ D FHUWDLQ QXPEHU RI E\WHV DUH
LOQFOXGH SDJH PRGH RU VWUHDP PRGH 7KH ODWWHU EHLQ
WR DFFHVV DOO WKH GDWD LPPHGLDWHO\

$FFHVV WR REMHFW DWWULEXWHY LV SRVVLEOH WKURXJK \
SURSULHWDU\ '0/ LV DOVR SURYLGHG WKDW VXSSRUWYV DV\

VHW 3HUVRQ ! WHHQDJHUYV SHRSOH> DJH ! DJH (

ZKLFK FUHDWHY D FROOHFWLRQ RI WHHQDJHUY SHRSOH
TXHU\ LV JXDUDQWHHG WR EH W\SH VDIH DQG LV RSWLPLVFE

5HODWLRQVKLSV RI 1 DQG 01 DUH VXSSRUWHG ER)
PHFKDQLVPY DUH DYDLODEOH WR VXSSRUW WKHVH DVVRFL
GLUHFWLRQDO ZLWKRXW UHIHUHQWLDO LQWHJULW\ WKHVI
PDFURV ZKLFK HQIRUFH UHIHUHQWLDO LQWHJULW\ IRU E
FODVV RVBUHIHUHQFH ZKLFK KDV D VWRUDJH RYHUKHD
WHFKQLTXHYVY DOWKRXJK LW UHGXFHV WKH RYHUKHDG RI Y



JRU QRQ ZRUNJURXS DSSOLFDWLRQV PXOWLSOH FRQFXUUHQ
ORFN EDVHG DSSURDFK /RFNLQJ LV RQ D 5HDG :ULWH RU 8S
9HUVLRQ &RQFXUUHQF\ &RQWURO 09&& ZLWK PXOWLSOH UH
ZKLFK HOLPLQDWHV ORFN ZDLWLQJ $FFRUGLQJ WR >:DGH
VHVVLRQ OHYHO JUDQXODULW\ 7KH 09&& UHDGHU PD\ QHYF
WKH\fYH RSHQHG WKURXJK 09&& (DFK 09&& XVHU VHHV D GL
LV VWRUHG RQ WKH FOLHQW FDXVLQJ ODUJH SRUWLRQV RI
FOLHQW DQG PDQDJHG VHSDUDWHO\ 7KH UHVXOW LV WKDW
ZDQWV WR UHDG DQG GRHVQIW ZDQW WR LQWHUIHUH ZL\
HQYLURQPHQWYV ZLWK PDQ\ UHDGHUV DQG ZULWHUV SHUIR
UHVWULFWLRQ LV QRW MXVW D SHUIRUPDQFH RQH 09&& FDQ
VRPH UHDG VRPH ZULWH HWF IURP WKH VDPH XVHUV >:D
H[SOLFLWO\ VSHFLILHG ZKHQ FRPPHQFLQJ D WUDQVDFWLRQ
LPSOLFLWO\ DFTXLUHG /RFNV DUH KHOG RQ WKH FOLHQW VF
WKH VHUYHU PXVW GR D *FDOO EDFN" WR WKH KROGLQJ FO
H[SHQVLYH LQ FHUWDLQ FLUFXPVWDQFHV GHSHQGLQJ RQ
1HVWHG WUDQVDFWLRQV DUH DOVR VXSSRUWHG )RU ZRU
DSSURDFK LV DYDLODEOH VLQFH UHDGHUV FDQ EH DOORZHG
GHVFULEHG EHORZ ZKLOVW DOORZLQJ D ZULWHU WR PRGLI
2'%06 WKDW VXSSRUWY YHUVLRQLQJ >:DGH @ ,Q 2EMHFW6W
DFFHVV RQO\ RQH FRQILJXUDWLRQ DQG YHUVLRQLQJ LV DW W
>:DGH @

&RPSRVLWH REMHFW VXSSRUW LV SURYLGHG E\ PDNLQJ D FO
FODVV &RPSRVLWH REMHFWYVY FDQ EH WUHDWHG DV RQH XQLYV
9HUVLRQLQJ DQG ZRUN JURXS VXSSRUW DUH DOVR SURYL
ZRUNVSDFHVY DQG DUH GLUHFWO\ UHODWHG WR FRPSRVLWH R
LV D XQLW RI ORFNLQJ WKDW LV FRPSRVHG RI REMHFWYV [URF
XVHG IRU DFFHVV FRQWURO WR FRQILIJIXUDWLRQV 7\SLFDOO\
D JOREDO ZRUNVSDFH LQWR D ORFDO RQH DQG WKHQ PRGL
YHUVLRQ RI WKH FRQILIJXUDWLRQ ZLOO EH FUHDWHG %RW
VXSSRUWHG

2EMHFWB6WRUH SURYLGHV JRRG VXSSRUW IRU VFKHPD HYRO;
XVHG E\ LQYRNLQJ DQ HYROYH IXQFWLRQ IURP DQ DSSOLFDW
DGGLQJ DQG GHOHWLQJ DWWULEXWHY DQG FODVVHV FKDQJI
LQKHULWDQFH UHODWLRQVKLSY 7KHUH LV DOVR H[WHQVLY}
LQIRUPDWLRQ



7R FRQFOXGH 2EMHFW6WRUH KDV WKH IROORZLQJ PDMRU V)

¥ &RPSDWLELOLW\ ZLWKWERW KQUTXRRDSSURDFK WR S
E\ 2EMHFW6WRUH HQDEOHV OLEUDULHV DQG WKLU
PRGLILFDWLRQV

¥ SHWULHYDO S3SHWRWE SHARHRUPDQFH LV UDWHG YH
GDWD EHLQJ DFFHVVHG ILW HQWLUHO\ ZLWKLQ PHPR
SHUIRUPDQFH GHJUDGHYV >:DGH @

¥ 6FDODELXXYVLWY YLUWXDO PHPRU\ SRLQWHUV ODUJ
FUHDWHG :DGH >:DGH @ DUJXHV KRZHYHU WKDW
WKH GDWD VHW JHWV ODUJHU WKDQ UHDO PHPRU\ V
DQG WKHUH LV D KDUG OLPLW VZDS VSDFH VL]H LQ

9(56$17

&OLHQW &OLHQW
$SSOLFDWLRQ $SSOLFDWLRQ
/IDQJXDJH /IDQJXDJH
,QWHUIDFH ,QWHUIDFH
9(56$17 9(56$17
ODQEDJHU ODQDJHU

6HUYHU

9(56%$17
ODQDJHU

9(56%$17
BHUYHU

JLIXUH 9(56%$17 $UFKLWHFWXUH

9(56%$17 2'%06 LV DQ H[DPSOH RI DQ REMHFW VHUYHU DU
SDVVLYH LQ WKDW PHWKRG H[HFXWLRQ WDNHV SODFH RQ



PHWKRGV FDQ EH H[HFXWHG RQ WKH VHUYHU +RZHYHU ¢
H[HFXWLRQ RQ WKH VHUYHU ZKLFK KDV WKH EHQHILW WKD
TXHULHG RQ WKH VHUYHU DQG RQO\ WKH UHVXOWV WUDQVPL
*HP6WRQH

7KH WZR PDLQ FRPSRQHQWYVY LOOXVWUDWHG LQ )LJIXUH

9(56%$17 6HUYHU 9(56%$17 0DQDJHU H[HFXWHV SDUWO\ RQ W
VHUYHU DQG KDQGOHYVY REMHFW FDFKLQJ DQG YDOLGDWLRQ
VFKHPD PDQDJHPHQW REMHFW OLQNV YHUVLRQV DQG FKH
KDQGOHYVY REMHFW UHWULHYDO REMHFW XSGDWHV SDJH FD
VXSSRUW TXHU\ VXSSRUW VKRUW WUDQVDFWLRQV DQG OR.
DV ILOHVY RU DV UDZ GLVN SDUWLWLRQYVY 5RO0OO0O IRUZDUG UHFI

9(56%$17 VXSSRUWY ODQJXDJH ELQGLQJV IRU D QXPEHU RI
6PDOOWDON ,Q & SHUVLVWHQW REHIH ISMWU DRMWHHDEE WHRG E
D SHUVLVWHQW FDSDEOH FODVV &OXVWHULQJ RI REMHFWYV L
GLITHUHQW FODVVHV WR EH FOXVWHUHG WRJHWKHU )RU H
GHSDUWPHQW FRXOG EH FOXVWHUHG ZLWK WKH GHSDUWPHQ
VLPLODU WR WKDW SURYLGHG E\ 5'%06V

7TUDGLWLRQDO SHVVLPLVWLF ORFNLQJ LV DYDLODEOH DV ZHC(
WLPHVWDPSLQJ /RFN PRGHV LQFOXGH 5HDG :ULWH 8SGDWF
DOVR VXSSRUWHG /RFNLQJ LV DW WKH OHYHO RI DQ REMHFW
2EMHFW6WRUH ZKLFK ORFNV DW WKH SDJH OHYHO DQG 2E
/IRFNLQJ DW WKH REMHFW OHYHO LV PRUH VXLWDEOH IRU DSS
RI REMHFWV VXFK DV &$' DSSOLFDWLRQV DV UHSRUWHC
.HPSH E@ :DGH >:DGH @ DUJXHV KRZHYHU WKDW &$' DS
REMHFW ORFNLQJ VLQFH WKH\ WHQG WR XVH JURXSV RI UH
ORFNLQJ ZRXOG FDXVH SHUIRUPDQFH SUREOHPV +H IXUWK
XVHIXO IRU KROGLQJ D ORFN IRU D ORQJ WLPH RQ DQ REM
SURYLGH WKH HTXLYDOHQW IXQFWLRQDOLW\ ZLWK YHUVLRQ
VXSSRUWHG VKRUW ORFNV DQG ORQJ SHUVLVWHQW ORF
RXW FKHFN LQ RI REMHFWYVY LQWR SHUVRQDO GDWDEDVHYV DC
HIHFXWLRQV DQG V\VWHP FUDVKHV >0F)DU @ /RFNV DUH LI
WUDQVDFWLRQ DQG FRPPLW DQG KROG LV DOVR VXSSRUWHG

8QL GLUHFWLRQDO UHODWLRQVKLSV 1 DQG EL GLUHF
VXSSRUWHG ZLWK UHIHUHQWLDO LQWHJULW\ EHLQJ JXDUDQYV



DOVR VXSSRUWHG LQ D PDQQHU VLPLODU WR 2EMHFW6WRU
RI HQWLUH FRPSRVLWH REMHFWY LV DOVR SRVVLEOH

IRFDWLRQ WUDQVSDUHQF\ LV JXDUDQWHHG VLQFH 9(56%1"
HDVLO\ PRYHG ZLWKRXW WKH QHHG WR XSGDWH DQ\ UHOL
EUDQFK LV DOVR VXSSRUWHG ZLWK H[WHQVLYH PHWKRG
YHUVLRQHG REMHFWV 9(56%$17 XVHV D JHQHULF REMHF)
YHUVLRQHG REMHFWY LQFOXGLQJ WKH GHULYDWLRQ JUDSE

4XHU\ FDSDELOLW\ LQ 9(56%$17 LV VXSSRUWHG E\ DQ 2EMHF
DW 7H[DV ,QVWUXPHQWY 3DWK TXHULHV DUH VXSSRUWHG
VWULQJ TXHULHV 64/ VXSSRUW LV DOVR DYDLODEOH WKUR

6FKHPD FKDQJHY LQFOXGH VXSSRUW IRU UHQDPLQJ FODV
DWWULEXWHYVY DGGLQJ RU GHOHWLQJ OHDI FODVVHYV DQG D
$ OD]\ VFKHPD PLJUDWLRQ VWUDWHJI\ LV XVHG ([WHQVLYH
UXQWLPH VFKHPD FKDQJHYV DQG PRGLILFDWLRQV

"LEN &KDXGKUL >'LFN E@ FRQFOXGH WKDW 9(56%$17 KDV \

+ 2EMHFW /HYHO *UBQXVRPHLWSSOLFDWLRQV WKDW
DFFHVV WR REMHFWV WKLV ZRXOG EH PRUH VXLWI
DSSURDFKHV

1 %DODQFHG &OLHR®RWKHKHHBOLHQW DQG VHUYHU
SURFHVVLQJ DOWKRXJK 9(56%$17 GRHV QRW KDYH D

$ 7UDQVSDUHQW 'LVWULEXWLRQ WK®GX B RL QULR/M B D
HQDEOHVY REMHFWV WR EH HDVLO\ PRYHG DFURVV D
DQG VHUYHUV WKDW ZHUH NQRZQ DW FRPSLOH WLPF

7KLY FRQFOXGHVY WKH GHVFULSWLRQV RI WKH SXUH 2'%06
REMHFW UHODWLRQDO GDWDEDVHV &XUUHQWO\ WKHUH L
DOWKRXJK WKH GHVLJQ SKLORVRSK\ LV WR EXLOG XSRQ
UHODWLRQDO GDWDEDVH WHFKQRORJ\ VXFK DV JRRG "%06
ULFKHU GDWD W\SHVY DQG PRUH FRPSOH[ REMHFWYV

7KH SURGXFWV GHVFULEHG DUH ,00XVWUD DQG 8QL64/ =
&KDSWHU LYV EDVHG RQ D FXVWRPHU EHQFKPDUN XVHG E
SURGXFWY WHVWHG ZLWK D VXLWH RI EHQFKPDUNYV LQ &KL



,OO0XVWUD

&OLHQW

5XOHV 6\VWHP 3DUVHU

- ,PDJH
?'DWD%ODGHswLPLVHU

6SDWLDO

' 0
DWDAODGH,QWHJULW\

7TH[W 6HFXULW\
'DWD%ODGH
6WRUDJH

ODQDJHU

YXQFWLRQ

0DQDJHU
JRXQGDWLRQ Q

'‘DWD%ODGH

'DWDW\SH
7TRROV

YLIXUH

2QH RI

6SHFLILFDOO\

WKH ORQJHVW UXQQLQJ UHVHDUFK SURWRW\SHYV
UHODWLRQDO GDWDEDVHV ZLWK REMHFW
WKH DLPV RI 3267*5(6 ZHUH

,OO0XVWUD $UFKLWHFWXUH

LQY
FRQFHSWV LV
LQ RUGHU RI SUL

SBURYLGH XVHU HIWHQVLELOLW\ IRU GDWD W\SHV RSH

1 BURYLGH EHWWHU VXSSRUW IRU FRPSOH[ REMHFWYV
t
1 3URYLGH IDFLOLWLHYV

LQFOXGLQJ

¥ 6LPSOLI\ WKH "%06 FRGH

IRU DFWLYH GDWDEDVHYV
IRUZDUG DQG EDFNZDUG FKDLQLQJ

LH D

IRU FUDVK UHFRYHU\



f 3URGXFH D GHVLJQ WKDW FDQ WDNH DGYDQWDJH
FRPSRVHG RI PXOWLSOH WLIJKWO\ FRXSOHG SURFH\
FKLSV

¥ ODNH DV IHZ FKDQJHV DV SRVVLEOH SUHIHUDEO\ Q

7KH DLP EHLQJ WR NHHS DOO WKH IHDWXUHV DOUHDG\ ID
VI\VWHPV VXFK DV WUDQVDFWLRQV GDWD ORDGLQJ WUDI
ZHOO ZLWK LGHDV IURP 22 >%URZQ @

7KH FRPPHUFLDO UHDOLVDWLRQ RI WKLV ZDV DIWHU VF
>6WRQH D 6WRQH @ DQG WKH DUFKLWHFWXUH LV LOOXV\
RULHQWHG DOWKRXJK IXQFWLRQV FDQ EH H[HFXWHG RQ
RSWLPLVHG DQG H[HFXWHG RQ WKH VHUYHU $FFRUGLQJ V
DUH RSWLPLVHG FHQWUDOO\ WKH H[HFXWLRQ PD\ EH GL\
SURFHVVHV +RZHYHU KH DGGV WKHUH DUH SHUIRUPDQF
VLQFH WKH GDWD QHHG WR EH PRYHG IURP WKH VHUYHU W
WKH UHVXOWY RI WKHVH IXQFWLRQV PD\ QHHG WR EH VKL
RWKHU QRGHV RI WKH TXHU\ &XUUHQWO\ WKH GHFLVLRQV
LV OHIW HQWLUHO\ WR WKH GLVFUHWLRQ RI WKH DSSOLF
GHFLVLRQ VKRXOG MXVW EH DQRWKHU DVSHFW RI WKH
>S%URZQ @

,OO0OXVWUD XVHV WKH IDPLOLDU URZV DQG FROXPQV SDUD
LQFOXGH PXOWLSOH GDWD W\SHV HIWHQVLELOLW\ P X
HQFDSVXODWLRQ (DFK UHFRUG LQ WKH GDWDEDVH DOVR
DFFHVV WR EH XVHG EXW XQGHUPLQHV WKH PDWKHPDWL
>7TD\OR @ %URZQ >%URZQ @ DGGV KRZHYHU WKDW WKH
QRW UHIHUHQFH EDVHG DQG LV VLPSO\ DQRWKHU FDQGLGD
LQ PRGXOHV WKDW H[WHQG GDWDEDVH FDSDELOLWLHV ZL
PHWKRGY 7KH VWRUDJH PDQDJHU FDQ DOVR EH H[WHQGH
WKH WLPH VHULHVY PRGXOH WKDW DOORZV WKH FUHDWL]I
WXSOH 2 SDJH 2 EXIIHU 2 GLVN SDUDGLJP 8VLQJ WKH WLPE
ZLWK FRQVWUDLQHG FDUGLQDOLWN L H HYHU\ WXSOH L
FRQWLJXRXV ELW VWUHDP 7KLV HQDEOHV FRGH WR DFFHYV
VHHN RITVHWY DQG MXPSLQJ DURXQG RQ GLVN >%URZQ

XWLOLW\N LW VHHPV XVHIXO IRU VRPH GDWD W\SHV

7KH ,00XVWUD JHQHUDO SXUSRVH UXOHV VA\VWHP FDQ EH
SURFHGXUHV '%06 FUDVK UHFRYHU\ KDV EHHQ VLPSOLILH



RWKHU ZRUGYV QR GDWD DUH HY M LGHHORANHU® VKB K BRMY VEV
SDVW GDWD DQG UHFRYHU\ ZLOO EH LQVWDQWDQHRXV $ ¢
SHULRGLFDOO\ PRYHVY ROG GDWD IURP SULPDU\ WR VHFRQGD
VWRUDJH LV XQOLNHO\ WR DSSHDU LQ WKH 8QLYHUVDO 6HU"
8OXVWUD SURGXFW >%URZQ @

/IDQJXDJH LQWHUIDFHVY LQFOXGH 64/ ZLWK VRPH 64/ H[WHQ
ZULWWHQ LQ DQ HIWHUQDO ODQJXDJH VXFK DV & FDQ EH U
KDYH LQSXW DQG RXWSXW SDUDPHWHUV GHILQHG DUH HTXL
EH FDOOHG IURP 64/ TXHULHV )RU H[DPSOH >%URZQ @

&5($7( 7$%/( )DUPV 2) 1(: 7<3( )DUPB7\SH
Y)DUPHUB1DPH 1DPH 127 18// 35,085< .(<
%RXQGDU\ 3RO\ 127 18/
YDUPB+RXVH 3QW

&5($7( 7$%/( 5LYHUV 2) 1(: 7<3( 5LYHUB7\SH
5LYHUBI1DPH WHI[W 127 18// 35,085< .(<
'DWHUVKHG 3RO\ 127 181/

81'(5 *HRB)HDWXUHYV

7KHVH WZR H[WHQGHG 64/ VWDWHPHQWY VKRZ WKH XVH RI
LQKHULWDQFH 81'(5

6(/(&7 ) )DUPHUBI1DPH
)520 )DUPV ) 5LYHUV 5
'+(5( &RQWDLQV 5 :DWHUVKHG ) %RXQGDU\

6(/(&7 5 5LYHUB1IDPH &2817
)520 )DUPV ) 5LYHUV 5
'+(5( &RQWDLQV 5 :DWHUVKHG ) %RXQGDU\
*5283 %< 5 5LYHUBI1DPH

7TKHVH WZR 64/ TXHULHV GHPRQVWUDWH WKH XVH RI D IXQF
SDUDPHWHUV RI W\SH 3RO\ DQG UHWXUQV D %RROHDQ UHVXC

,Q FRQFOXVLRQ ,00XVWUD KDV WKH IROORZLQJ WKUHH PDMI

¥ %DVHG RQ S5SHODWLRQW®H7IHDPKLQERDBIVRZY DQG FRO
LQ 5"%06V DUH VWLOO XVHG

¥ ([ WHQVLELOOLWWRXYVY PRGXOHV FDQ EH DGGHG WR
IXQFWLRQDOLW\ IRU VSHFLILF GRPDLQVY RU YHUWLFDO



)OH[LELERWK GHFODUDWLYH DQG QDYLJDWLRQDO L
DQG DGGLWLRQDOO\ ,00XVWUD LV QRW WLJKWO\ FI
ODQJXDJH

8QL64/

&OLHQW

'HYHORSPH

7RROV %%SOLFDWLRQ

:RUNVSDFHOXOWLPHGLD4XHU\
ODQDJHU ODQDJHU 2SWLPLVHU

7UDVDFWLRQ
ODQDJHU

6HUYHU
,QGH][ OXOWLPHGLD4XHU\

ODQDJHU ODQDJHU 3URFHVVRU

TUDQVDFWLR@WRUDJH
ODQDJHU ODQDJHU

J)LIXUH 8QL64/ $SUFKLWHFWXUH

7KH 8QL64/ DUFKLWHFWXUH LV LOOXVWUDWHG LQ )LIJXUH
VHUYHU DQG D TXHU\ VHUYHU 7KH PDMRU FRPSRQHQWYV DL

f ,QGH[ ODQWRHEUUHDWH DQG GHOHWH % 7UHH LQGHI[
+ :RUNVSDFH 0D KWDWGOH REMHFWVY ORDGHG IURP
+ OXOWLPHGLD OW@DPBQ@DJH XVHU GHILQHG PXOWL

PHWKRGYV

¥ 4 XHU\ 2SWLPLVHU GHWRIPMVHWW REWLPDO SODQ IRU 2E
EDVHG RQ FRVW HVWLPDWLRQ

¥ 6WRUDJH O0K®MIGAHY GLVN VWRUDJH LQGH[HV DQ



7TUDQVDFWLRQ ODBQURMWGHY VHULDOLVDEOH WUDQVE
FRPPLW ORFNLQJ DQG ORJJIJLQJ EHIRUH DQG DIWHU X

8QL64/ LQWHJIJUDWHY UHODWLRQDO FRQFHSWV ZLWK REMHEFV
HIWHQGHG VXSSRUW IRU >)LQNO @

l1HVWHG WDEOHYV

SHILVWHUHG SURFHGXUHYV

&ODVV WDEOH LQKHULWDQFH

*HQHUDOLVHG IUDPHZRUN IRU PXOWLPHGLD GDWD

H H+ +H+ +H

7KH DSSURDFK LV WR JHQHUDOLVH URZV DQG WDEOHV WR RE
7KH URZV DQG FROXPQV SDUDGLJP FDQ EH XVHG GLUHFWO\ Z
D SXUH UHODWLRQDO GDWDEDVH LQ WKLV FRQILIXUDWLRQ
FRQFHSWV VXFK DV REMHFW LGHQWLW\ DQG LQKHULWDQFH
2'%906 S5SHIJLVWHUHG SURFHGXUHV PHWKRGV FDQ EH GHILC
DWWDFKHG WR WDEOHY DQG FDQ EH LQKHULWHG DQG RYHUUL
DUH XVHG LW LV SRVVLEOH WR GLUHFWO\ FRQQHFW D URZ L(
XVLQJ KDVKHG LQGH[ SRLQWHUV 7KLV DSSURDFK LV IDVWHU
DUH , 2 LQWHQVLYH DV UHSRUWHG LQ >%DNHU @ DQG DOOR
WR EH XVHG DV GHPRQVWUDWHG E\ WKH IROORZLQJ H[DPSO'

&5($7( 7$%/( (PSOR\HH
QDPH FKDU
SRVLWLR@KDU
ORFDWLR®LW\6WDWH
VNLOOV 6HW RI 6NLOOV
HPSOR\HU&RPSDQ\

&5($7( 7$%/( &LW\6WDWH
FLW\ FKDU
VWDWH FKDU

$ TXHU\ WR ILQG WKH QDPHV RI DOO HPSOR\HHV LQ &DOLIRUC

6(/(&7 QDPH
)520 (PSOR\HH
:+(5( (PSOR\HH ORFDWLRQ VWDWH &$

SHODWLRQVKLSV RI 1 FDUGLQDOBW\VBRKR YRARUIGXH-GO B ERE\HX \6L €
ZRXOG WKHQ EH XVHG WR LWHUDWH RYHU DOO WKH LQVWDQF



8QL64/ VXSSRUWYV RQ OLQH EDFNXSV DQG G\QDPLF VFKH
SRVVLEOH WKURXJK OD]\ HYDOXDWLRQ WHFKQLTXHV ©6W
WHFKQLTXHY DUH DYDLODEOH ZLWK ILYH LVRODWLRQ OHY
ORFNLQJ JUDQXODULW\ FDQ EH HLWKHU DW WKH REMHFW
DGMXVWHG &OXVWHULQJ RI UHODWHG FODVVHV LV DOVE
FDSDELOLW\ $SDUW IURP WKH $16, 64/ LQWHUIDFH & &

9DULRXVY JUDSKLFDO WRROV IRU GDWDEDVH LQVSHFWLRQ
SURYLGHG

,Q FRQFOXVLRQ 8QL64/ KDV WKH IROORZLQJ PDMRU VWUH(

¥ %DVHG RQ 5HODWLRQUW®BH7IHDPLOQRDRIVRZYV DQG FF
LQ 5°%06V DUH VWLOO XVHG

¥ 6XSSRUW I|IRU 22 ¥%REMAPHYVVDQG JHQHUDOLVHV UH

1 &OLHQW 6HUYHU $WPBKNIHWHEWWWHU XVH RI PRGF
WHFKQRORJ\ WKDQ H[LVWLQJ 5'%06V

&KDSWHU 6XPPDU\

7KLY FKDSWHU KDV SUHVHQWHG D ZRUNLQJ GHILQLWLRQ |
HIWHQGY RQH RU PRUH REMHFW RULHQWHG SURJUDPPLQJ
FRQFXUUHQF\ UHFRYHU\ HWF 7KLV GHILQLWLRQ LV EDVH
DSSURDFK LV LQ FRQWUDVW WR UHODWLRQDO GDWDEDVF
GDWDEDVH PDQLSXODWLRQ DQG DSSOLFDWLRQ SURJUDPYV
SUHVHQWHG LQ $SSHQGL[ % GHPRQVWUDWHYV WKDW XV
PDQLSXODWLRQ DQG DSSOLFDWLRQ SURJUDP GHYHORSPH(¢
VHSDUDWH ODQJXDJHV

6RPH RI WKH UHDVRQV IRU WKH GHYHORSPHQW RI 2'%06
UHODWLRQDO GDWDEDVH WHFKQRORJ\ IRU PDQDJLQJ FRP
GLVFXVVHG %ULHIO\ WKHVH GHILFLHQFLHY FDQ EH VXPPL

f $ VLPSOH GDWD PRGHO WKDW 3KDPPHUV" WKH ZRUO

¥ $ OLPLWHG VHW RI DWRPLF GDWD W\SHV H J LQWH

¥ 1R VXSSRUW I|IRU XVHIXO PRGHOOLQJ FRQVWUX
JHQHUDOLVDWLRQ DJJUHJIJDWLRQ HWF

¥ 7KH RIWHQ FLWHG 3LPSHGDQFH PLVPDWFK”™ SUREOH

¥ 3RRU SHUIRUPDQFH IRU VRPH DSSOLFDWLRQV H J



7TKH IHDWXUHV RI D QXPEHU RI PDMRU FRPPHUFLDO REMHF
SURGXFWY ZHUH DOVR SUHVHQWHG DQG VKRZHG ZLGH YD
GLITHUHQFHYVY RFFXU LQ D QXPEHU RI DUHDV VXFK DV DUFK
SHUIRUPHG RQ WKH VHUYHU VXSSRUW IRU UHODWLRQVKLSYV

JURP D SHUIRUPDQFH EHQFKPDUNLQJ SHUVSHFWLYH VHYHUL
WKLV FKDSWHU

J)LUVWO\ VLQFH WKH REMHFW PRGHO LV YHU\ ULFK DQG H[WH
DSSOLFDWLRQ GHVLJQ LV OHVV REYLRXV 7KLV LV EHFDXVH
FXUUHQW LPSOHPHQWDWLRQV RI 50 DQG WKHUH DUH QR ZLGH!
UHODWLRQDO QRUPDOLVDWLRQ 7KH LQFUHDVHG IOH[LELOLW)
QRW ZLWKRXW FHUWDLQ FRVWYV

6HFRQGO\ WKH GLVFXVVLRQ RI WKH FRPPHUFLDO SURGXFWYV
DUFKLWHFWXUHY HWF YDU\ FRQVLGHUDEO\ PDNLQJ WKH W
ZRUNORDG YHU\ GLIILFXOW 6RPH SURGXFWV DUH DOVR YH
HIHFXWH )RU H[DPSOH *HP6WRQH DOORZV VRPH SURFHVVH)\
WKH VHUYHU DQG SURYLGHV VHYHUDO PHFKDQLVPV IRU OLC
ZKLFK KDYH SHUIRUPDQFH LPSOLFDWLRQVY DV UHSRUWHG LQ

7TKLUGO\ WKH WXQLQJ RSWLRQV RQ PRVW SURGXFWV DUH Y
>+DOOR D@ FRPPHQWHG WKDW WKH QXPEHU RI WXQLQJ RSV
ORVW FRPPHUFLDO 2'%06 SURGXFW HYDOXDWLRQV RU DSSO
DYDLODEOH WXQLQJ IHDWXUHY WR REWDLQ D PRUH DFFXUDW
FRQILUPHG E\ VHYHUDO RI WKH FDVH VWXGLHV SUHVHQWHG L



&+$37(5 6 XUYH\ RI %HQFKPDUNYV

, QWURGXFWLRQ

BUHYLRXV ZRUN UHSRUWHG LQ >&KDXG D &KDXG E@

UHVHDUFKHUY DQG DXWKRUYV UHJDUGHG SHUIRUPDQFH DV
D SDUWLFXODU 2'%06 SURGXFW 2QH DSSURDFK WR PHDVXL
WR XVH D EHQFKPDUN VLQFH WKH FRVW RI LPSOHPHQMW
SHUIRUPDQFH LV RIWHQ WRR H[SHQVLYH >$QGHU @ +RZH
WKLV F\QLFDO GHILQLWLRQ RI D EHQFKPDUN VKRZV >-DLQ

EHQFKPDY VWWUDRQOVXEMHFW D V\VWHP WR D VHULHV R
REWDLQ SUHDUUDQJHG UHVXOWY QRW DYDLODEOH RQ
7KH '"HYLOSYfV '3 'LFWLRQDU

8VHUV WKHUHIRUH QHHG WR EH ZDU\ RI *%HQFKPDUNH:
SHUIRUPDQFH QXPEHUV DQG *%HQFKPDUNLQJ :DUV" YHQ
QXPEHUV LQ UHVSRQVH WR DQRWKHU YHQGRUVY SHUIRUPD
ZHUH SDUWLFXODUO\ H[SHULHQFHG LQ UHFHQW WLPHV
VRPHWKLQJ IUHHO\ DGPLWWHG E\ YHQGRUV WKHPVHOYHYV

SHUIRUPDQFH HYDOXDWLRQ DQG EHQFKPDUNLQJ FDQ DV P
RI XVHIXO SXUSRVHV >-DLQ IRQJE @ VXFK DV %

6SHFLI\LQJ SHUIRUPDQFH UHTXLUHPHQWYV
(YDOXDWLQJ GHVLJQ DOWHUQDWLYHV
&RPSDULQJ V\VWHPV

6\WWHP WXQLQJ

%RWWOHQHFN LGHQWLILFDWLRQ
"RUNORDG FKDUDFWHULVDWLRQ
&DSDFLW\ SODQQLQJ

JRUHFDVWLQJ

H ++ H+ H+ H+ H+ H +H



21l WKHAVRIPSDU L QURVANOIY HWPWRQH SURGXFW IURP D QXPEHU
WKH PDMRU UHDVRQ ZK\ XVHUV ZRXOG ZLVK WR XVH EHQF
SHUIRUPDQFH ZRUN XQGHUWDNHQ E\ UHVHDUFKHUV FRPSDU
HJ >&DUH\ +DOOR D .HPSH E@ D QXPEHU RI VLJQLILFD
ZKLFK ZRXOG QRW KDYH EHHQ PDGH ZLWKRXW XVLQJ SHUIRU!

JURP D XVHUVY SHUVSHFWLYH WKHUH DUH WKUHH FKRLFH
EHQFKPDUNLQJ H[HUFLVH >&KDXG E@

JLUVWO\ XVHUV FRXOG XVH H[LVWLQJ EHQFKPDUNYVY 7KH PDM
UHVXOWY ZLOO JHQHUDOO\ EH DYDLODEOH DQG HVVHQWLDOC
+RZHYHU QRW DOO YHQGRUV PD\ ZLVK WR SXEOLVK UHVXOW
IROORZLQJ GLVDJUHHPHQWY EHWZHHQ WKH 8QLYHUVLW\ RI

SXEOLVK UHVXOWY IRU 2EMHFW6WRUH $QRWKHU VHULRX
PD\ QRW PRGHO D XVHUYV DSSOLFDWLRQ D EHQFKPDUN LV R
WKDW DUH VLPLODU WR WKH EHQFKPDUN >'LHWU +DOOR DO

6HFRQGO\ XVHUV FRXOG DGDSW RU PRGLI\ DQ H[LVWLQJ EH
7KLV KDV WKH VDPH DGYDQWDJHV DV WKH SUHYLRXV DSSUF
SDUWLFXODUO\ FRPSOH[ WKLV UHTXLUHV D GHWDLOHG XQ
NQRZOHGJH RI ZKDW WR PRGLI\ )XUWKHUPRUH XVHIXO UHV
HIDPSOH 7LZDU\ HW DO >7LZDU @ GHVFULEHG WKH GLIILFX
WR PRGLI\ WKH %HQFKPDUN WR PHHW WKHLU &%$' DSSOLFD

)LQDOO\ XVHUV FDQ RSW WR GHYHORS WKHLU RZQ EHQFKPI
EHQFKPDUNV VKRXOG PHHW WKHLU H[DFW UHTXLUHPHQWYV E
FRVWO\ HIHUFLVH LQ WHUPV RI WLPH DQG UHVRXUFHV %DU!
ILIJXUH RI 86 WR EHQFKPDUN VHYHUDO REMHFW GDWDETI

7KH UHPDLQGHU RI WKLV FKDSWHU LV RUJDQLVHG DV IROOR
PDMRU REMHFW GDWDEDVH SHUIRUPDQFH EHQFKPDUNYV "
EHQFKPDUNV DUH SUHVHQWHG LQ $SSHQGL[ % 7KH IRUPDW 2
GLVFXVV DQ\ SXEOLVKHG UHVXOWY DYDLODEOH DQG GHVFULE
PDGH WR WKH XQGHUVWDQGLQJ RI GDWDEDVH SHUIRUPDQFH
DQG 25'%06 SHUIRUPDQFH EHQFKPDUNY IRU PHDVXULQJ 2'%0
LQ VHFWLRQV DQG UHVSHFWLYHO\ 6HFWLRQ G
EHQFKPDUNYVY DUH GHILFLHQW )LQDOO\ VHFWLRQ FRQWDL
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$SSOLFDWLRQ %HQFKPDUN

6\VWHP %YHQFKPDUN
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JLIXUH &ODVVLILFDWLRQ RI 2EMHFW DQG 2EMHFW 5HODWLRQDO 'DWDED



2'%06 3HUIRUPDQFH %HQFKPDUNYV

J)LIXUH SUHVHQWY D JHQHDORJ\ RI PDQ\ REMHFW GDW|
J)LIXUH SURYLGHY VHYHUDO PDMRU FODVVLILFDWLRQV
ULJRURXV WD[RQRPLHV DV GLVFXVVHG E\ :RUOWRQ >:RUO

$V PHQWLRQHG LQ &KDSWHU D EHQFKPDUN LV JHQHUDO
FKDUDFWHULVWLFY DQG ORDG RI D UHDO DSSOLFDWLRQ RU
>&KDXG D@ ,Q )LJXUH W K H/FHS O WUFHD W H B Q H WEHQQBFHK® DL
6\WWHP %HQFK®PWDIHFWLYHO\ )RU D FULWLTXH RI WKH E
GLUHFWHG WR >+DOOR F &KDXG E &KDXG D &KDXG E@

7KH 2ULJLQDO (QJLQHHULQJ 'DWDEDVH %HQFKPDUI

7KH (QJILQHHULQJ 'DWDEDVH %HQFKPDUN U% VZ2R (RAEM HWH
VLPSOH TXHULHV W\SLFDO RI HQJLQHHULQJ DSSOLFDWL
UHODWLRQDO REMHFW RULHQWHG RU RWKHU FXVWRP

>5XEHQ @ 5HVSRQVH WLPH EHLQJ GHILQHG E\ WKH EHQFK

WKH UHDO ZDOO FORFN WLPH HODSVHG IURP WKF
WKH GDWDEDVH V\VWHP ZLWK D SDUWLFXODU TXHU\ X
DQ\ KDYH EHHQ SODFHG LQWR WKH SURJUDPYV YDULD

2WKHU IDFWRUV WKDW PRWLYDWHG WKH GHYHORSPHQW RI

¥ &DFKLQJ WKH (QWLUH 'DWDEDVH LQ ODLQ OHPRU
7KLV DORQH FDQ SURYLGH DQ RUGHU RI PDIJQLWXGF
VRPH W\SHV RI GDWDEDVH DSSOLFDWLRQV H J >6D

f $YRLGLQJ WKH 2YHUKHDG RI 4XHU\ 2SWLPLVDWL
(IMLFLHQW RSWLPLVDWLRQ FRXSOHG ZLWK PDLQ PHP
KDYH DOVR EHHQ H[SORUHG E\ /LWZLQ 5LVFK >/LW

1 8VLQJ 3UH &RPSXWHG /LQNYV
6RPH 5'%06V FDQ SURYLGH GLUHFW FRQQHFWLYLW)\
2'%906V DOUHDG\ VXSSRUW WKLV FDSDELOLW\

¥ $OWHUQDWLYH 'DWDEDVH 6HUYHU $UFKLWHFWXU
1HZ DUFKLWHFWXUHYVY WKDW WDNH EHWWHU DGYDQV
HPHUJHG LQ UHFHQW \HDUV



5XEHQVWHLQ HW DO >5XEHQ @ QRWHG WKDW ZKLOVW UHOD\
WHQWKY RI D VHFRQG HTXLYDOHQW RSHUDWLRQV RQ LQ PH
PLFURVHFRQGY '"%06 DUFKLWHFWXUHY VXSSRUWLQJ VRPH RU
D WKLUG DOWHUQDWLYH ZLWK SHUIRUPDQFH SRVVLEO\ WZR
WKDW RI UHODWLRQDO V\VWHPVY PDNLQJ WKHP PRUH VXLWDE
WKH PDMRU DLPV RI ("% ZDV WR WU\ DQG LGHQWLI\ VXFK V\V\

2QH RI WKH UHDVRQV ZK\ H[LVWLQJ '"%06V DUH XQDEOH WR S
IRU VLPSOH RSHUDWLRQV LV WKDW TXHULHY SDUVHG LQWHU
WLPH IRU DQ\ VLPSOH RSHUDWLRQ >&DWWH @ 7KH WLPH WR
HIDPSOH ZzZDV UHSRUWHG DW QHDUO\ D VHFRQG RQ D 6XQ
WUDYHUVDO RI D UHODWLRQVKLS EHWZHHQ WZR UHFRUGYV LQ
JHQHUDWH VLIJQLILFDQW GLVN , 2 >$WZRR @

7KH GDWDEDVH VFKHPD LOOXVWUDWHG L® XMKRIWUH T OLQGI @D E
WR KDQGOH WKH 0 1 UHOPWVYRQGREX PEH{@WKH FSHUVRQ FDQ ElI
DXWKRU RI JHUR RU PRUH GRFXPHQWY )RU WKH EHQFKPDUN
WKUHH UDQGRPO\ VHOHFWHG SHUVRQV

JLIXUH 7KH ("% 'DWDEDVH 6FKHPD

7KH VFKHPD zZDV LPSOHPHQWHG RQ ,1*5(6 81,)< DQG 5%' 8
5'%06 WKDW VXSSRUWY SDUHQW FKLOG OLQNV >&DWWH D@
XVHG D VLPSOLILHG ORFNLQJ VFKHPH WR PRUH FORVHO\ PR
DSSOLFDWLRQV RQH GDWDEDVH ZULWHU DW D WLPH SOXV F
PHPRU\ DV SRVVLEOH >5XEHQ @



3HUVRQ $XWKRU '"REXPHQW

SHUVRQ LBE\WH LGWMUVRQ LBE\WH L@WRF LG E\WH LQW

QDPH E\WHV GRF LG E\WH LQW.WOH E\WHYV

ELUWKGDWEHWH LQW SDJH FRXEWWH LQW
GRF W\SH E\WH LQW
SXE GDWHE\WH LQW
SXEOLVKHWE\WHYV
GHVFULSWIER@HV

7TDEOH ("% $WWULEXWH 6L]JHV DQG 7\SHV

J)RU WKH GOWDEDVH SHUVRQV GRFXPHQWYVY D
VSHFLILHG JLYLQJ D GDWDEDVH MXVW GDWD ZLWK QR VW]
VXIILFLHQW WR ILW HQWLUHO\ ZLWKLQ WKH PDLQ PHPRU\ R
R LV XVHG DO RE@BWBOHEDVH

7KH EHQFKPDUN PHDVXUHYV WKH IROORZLQJ GDWDEDVH RSFt

1DPH /RRNXS

5SHWULHYH WKH QDPH RI D SHUVRQ ZLWK D UDQGRPO
5DQJH /RRNXS

SHWULHYH WKH QDPHV Rl DOO SHRSOH ZLWK ELUWK
JHQHUDWHG WHQ GD\ UDQJH

*URXS /RRNXS

SHWULHYH WKH DXWKRU LGV IRU D JLYHQ UDQGRP G
MRLQ ZRXOG EH UHTXLUHG ZKHUHDV LQ RWKHU "%0
SK\WVLFDO OLQNV HJ UHFRUG SRLQWHUV ZRXOG ElI
S5HIHUHQFH /RRNXS

SHWULHYH WKH QDPH DQG ELUWKGDWH RI D SHUVRQ
DXWKRU 7KLV LV WKH UHYHUVH RI 5HVXOWYV PD\
VIVWHPV >5XEHQ @

SHFRUG ,QVHUW

$ QHZ DXWKRU UHFRUG LV DGGHG 7KH WLPH WR XSC
PHDVXUHG ,Q JHQHUDO UHODWLRQDO V\VWHPV I
>S5XEHQ @



6HTXHQWLDO 6FDQ

SHWULHYH WKH WLWOH RI HDFK GRFXPHQW IURP WKH
FRPSOHWHQHVV

'DWDEDVH 2SHQ

3HUIRUPHG RQFH DW WKH VWDUW DQG LQFOXGHV D Q
QHHGHG WR SUHSDUH WKH GDWDEDVH VA\VWHP IRU WKH

7KH EHQFKPDUN GRHV QRW PHDVXUH WKH HIITHFWV RI FOXVWF
RU GRFXPHQW UHFRUGY 7KH UHDVRQ IRU WKLV LV WKDW SHI
GDWDEDVH PD\ EH FRQQHFWHG WR PDQ\ RWKHU UHFRUG W\SHI
WKDQ RQH RI WKHP DW D WLPH >5XEHQ @

7KH UHVXOWYV IRU WKH VPDOO GDWDEDVH VKRZHG WKDW H[F!
SURGXFHG FRPSDUDEOH UHVXOWY 81,)< SHUIRUPHG EHWWHL
WR WKH SUH FRPSXWHG OLQNV ZKLOVW ,1*5(6 SHUIRUPHG E
EHFDXVH IHZHU SK\VLFDO VWUXFWXUHV QHHGHG WR EH XS
UHVXOWY LQ VRPH FDVHV DQ RUGHU RI PDIJQLWXGH EHWWHU

7KH ODUJH GDWDEDVH UHVXOWYV VKRZHG D IDLUO\ FRQVWL
8l1,)< ZKHQ FRPSDUHG WR WKH VPDOO GDWDEDVH UHVXOWYV
WKDQ 81,)< LQ PDQ\ FDVHV WKH DGYDQWDJHV RI PDLQ PH
PRGLILFDWLRQY ZHUH ORVW

'XKO 'DPRQ >'XKO @ UHSRUWHG XSRQ WKHLU H[SHULHQFH
EHQFKPDUN WR WKH 9EDVH REMHFW GDWDEDVH V\VWHP )R
REMHFW GDWDEDVHV FRXOG SURYLGH GLUHFW FRQQHFWLYLW
REMHFWYVY ZKLFK WK HGS IUW W WU HBXIKRHIE/L B BIGRHPH QWLQJ WK H
RQ DQ REMHFW GDWDEDVH DXWKRU FRXOG EH HOLPLQDWHG
HLWKHU DV D VXEW\SH Rl SHUVRQ RU DV DQ RSWLRQDO SU
YHUVLRQV Rl WKH VFKHPD ZHUH LPSOHPHQWHG )LUVWO\ X\
SURGXFH DQ REMHFW UHODWLRQDO YHUVLRQ 9EDVH 25 DQG
WR SURGXFH DQ REMHFW RULHQWHG YHUVLRQ O9EDVH 22
FRQQHFWLYLW\ EHWZHHQ SHUVRQ DQG GRFXPHQW

JURP WKH UHVXOWYVY 'XKO 'DPRQ GUHZ WKH IROORZLQJ FRQI



$Q REMHFW V\VWHP FDQ PHHW DQG LQ PDQ\ FDVHYV
UHODWLRQDO V\VWHP HYHQ LQ D SUREOHP FOHDUO\
SUREDEO\ D UHIHUHQFH WR WKH VFKHPD ZKLFK XVH
RI EHQFKPDUN RSHUDWLRQV ZKLFK ZRXOG XVH MRLQ
$Q REMHFW V\VWHP FDQ PRGHO D UHODWLRQDO |
DFKLHYH UHVSRQVH WLPHV FRPSDUDEOH WR WKH UH
,PSURYHPHQWY LQ SHUIRUPDQFH FDQ EH DFKLHYHG
GHILQLWLRQ 9EDVH 22

,Q JHQHUDO KRZHYHU LW LV GLIILFXOW WR GHILQH DQG |
DQG UHODWLRQDO GDWDEDVH V\VWHPVY ODQROD >0DQRO (
J)LUVWO\ WKH UHVSRQVLELOLWLHV RI WKH "%06 DQG DSSOLlL
PRVW REMHFW GDWDEDVHV I[IRU H[DPSOH WKH '"%06 DQG D
7KLV PDNHV LW GLIILFXOW WR FRPSDUH RQ D :OLNH IRU O
EHOLHYH WKDW WKH WZR FODVVHV RI GDWDEDVH V\VWHP)
FROQOWULYHG EHQFKPDUN FRXOG WKHUHIRUH EH XVHG WR
FODVV RI '"%06 IRU FHUWDLQ DSSOLFDWLRQV UDWKHU WKD
DJDLQVW DQRWKHU

ORUH UHFHQWO\ 6NLDGHOOL >6NLDG @ DOVR GHVFULEH(
XVLQJ ("% 7KLV ZRUN ZDV XVHG WR HYDOXDWH WKH VXLW|
XVH LQ D GDWD DFTXLVLWLRQ VV\VWHP FDOOHG '$4 XVHG
(QHUJ\ 3K\VLFV +(3 H[SHULPHQWV $Q H[LVWLQJ GDWDE
FDOOHG 48, ZDV XVHG WR KROG SDUDPHWHUV IRU WKH K
SDUWLFXODU FRQILIXUDWLRQ RI WKH '$4 VI\VWHP 6NLDGHC(
PLIKW EH PRUH VXLWDEOH IRU WKLV WDVN DQG HYHQWXDO
WR ILQG FRUUHVSRQGHQFHY IRU SHUVRQ DXWKRU DQG

SURFHHGHG WR PRGHO WKHVH RQ WKH WZR 2'%06V 7KH

SURYLGHG JRRG SHUIRUPDQFH LQ FRPSDULVRQ WR 48,"' DV
LQGH[LQJ HWF )XUWKHUPRUH EHQHILWY ZHUH DOVR IRU|
XQLIRUPLW\ DQG HDVH RI LPSOHPHQWDWLRQ

,Q VXPPDU\ ("% ZDV WKH ILUVW SXEOLVKHG DWWHPSW WR
XVHG WR PHDVXUH WKH SHUIRUPDQFH RI 2'%06V W ZD
RSHUDWLRQV RQ LQGLYLGXDO REMHFWYVY RU UHFRUGV 7KH
HQJLQHHULQJ DSSOLFDWLRQV PLIJIKW DOVR UHTXLUH PRUH
QHVWHG REMHFWY VR XVLQJ WKHLU SHUIRUPDQFH PHWULF



7KH ORGLILHG (QJLQHHULQJ 'DWDEDVH %HQFKPDUN

JROORZLQJ H[SHULHQFH ZLWK WKH RULJLQDO ("% &DWWHOC
PRGLILFDWLRQV

J)LUVWO\ WKH VFKHPD ZDV FKDQJHG WR UHIOHFW D GDWDED'
FRQVLVVSIDQUIV&BERQQHFWLRQW\SLFDO RI D FLUFXLW ERDUG
JLIXUH

J)LIXUH ORGLILHG ("% 'DWDEDVH 6FKHPD

6HFRQGO\ WKH 5DQJH /RRNXS RSHUDWLRQ ZDV GURSSHG D
IRU WKLV GLITHUHG IURP WKH 1DPH /RRNXS E\ D FRQVWDQW
SURSRVHG WR PHDVXUH FRPSOH[ RSHUDWLRQV HJ WUDC
S5HIHUHQFH DQG *URXS /RRNXS PHDVXUHPHQWYV

7KH GDWDEDVH LWVHOI ZDV QRZ SRSXODWHG ZLWK SDL
vVPDOO GDWDEDVH (DFK SDUW EHLQJ FRQQHFWHG WR WKUHH
WRWDO GDWDEDVH VLIH MXVW GDWD ZLWK QR VWRUDJH RYHI

$ QHZ VHW RI RSHUDWLRQV ZHUH SURSRVHG WR FRLQFLGH ZL

IRRNXS
5HWULHYH WKH [ DQG \ FR RUGLQDWHYV RI UDQGRP S



7UDYHUVDO

SHWULHYH WKH [ DQG \ FR RUGLQDWHV RI D UDQGRF
SDUWV FRQQHFWHG WR WKDW SDUW WR KRSV~ Wi
SRVVLEOH GXSOLFDWHYV

L QVHUW

*HQHUDWH FRQQHFWLRQ UHFRUGY EHWZHHQ UDQC

$IWHU D QXPEHU RI IXUWKHU PLQRU PRGLILFDWLRQV WKLYV
%HQFKPDUN GLVFXVVHG QH[W

7KH 2EMHFW 2SHUDWLRQYV 220 %YHQFKPDUN

7TKH 2EMHFW 2SHUDWLRQV YHUVLRQ 220 %YHQFKPDUN >&l|
VXFFHVVRU WR ("% 220 ZDV GHVLIJQHG OLNH LWV SUH
SHUIRUPDQFH IRU HQJLQHHULQJ DSSOLFDWLRQV LQ REMHF!

&DWWHOO 6NHHQ >&DWWH @ DWWHPSWHG WR LGHQWLI\
ZRXOG HQDEOH VLIQLILFDQW LPSURYHPHQWY LQ SHUIRUPF
7KH\ SURSRVHG WKDW VXFK SHUIRUPDQFH ZRXOG QHHG WI
PDQ\ HQJLQHHULQJ DSSOLFDWLRQV FRXOG EH FKHFNHG R
ZRUNVWDWLRQ ZKHUH GHVLJQHUV FRXOG ZRUN RQ WKt
$GGLWLRQDOO\ ODUJH LPSURYHPHQWYVY LQ SHUIRUPDQFH
LPSURYHPHQWY LQ WKH GDWD PRGHO SK\WLFDO UHSUHVF
VXEVWDQWLDO LPSURYHPHQWY FRXOG EH DFKLHYHG E\
DUFKLWHFWXUH HIILFLHQW UHPRWH DFFHVV WR GDWD FD
PHPRU\ DYRLGLQJ WKH RIWHQ TXRWHG 3(LPSHGDQFH PLVI
GDWDEDVH TXHU\ ODQJXDJHVY DQG XVLQJ QHZ DFFHVV PHWI
DFFHVV WLPHYV

7KH GDWDEDVH VFKHPD ZDV LGHQWLFDO WR WKDW XVHG E\
SDUW DQG FRQQHFWLRQ ZHUH GHILQHG 7KHVH FRXOG EI
REMHFW GDWDEDVH RU DV WZR UHODWLRQV LQ D UHODWLR!

7KH SDUWV DUH FRQQHFWHG UDQGRPO\ ZLWK WKH SURYL)
RI WKH SDUWV ZLWK WKH QXPHULFDOO\ FORVHVW SDUW (

7Z R GDWDEDMWHD OO0y DQBUJIH 0% DUH VSHFLILHG ZLWK
QXPEHU RI SDUWV DQG FRQQHFWLRQV DFFRUGLQJ WR WKH



7KH RSHUDWLRQV DUH LGHQWLFDO WR WKH PRGLILHG ("% +Rz
WR WKH QXPEHU RI REMHFWV SURFHVVHG )RU H[DPSOH WK}
UDQGRP SDUW LGV WKH 7UDYHUVDO RSHUDWLRQ WUDYHUVH
RSHUDWLRQ FUHDWHYV QHZ SDUWV &DWWHOO 6NHHQ FC
UHSUHVHQWDWLYH RI WKH W\SHV RI RSHUDWLRQV LQ DFWXDO
7TDEOH

&$ 6 ( (&%

JRRNXS / )JLQG SURJUDPV IRUQB FRPSRQHQWYV ZLWK
SDUWLFXODU V\VVBPR RIUFXOQUHWRS HV
GDWHYV

7JUDYHUVDOHWHUPLQH D FRP3SEWDMILRDD FLUFXLW OD\RXW
SODQ IRU D V\VWHP
FRQILIXUDWLRQ

,QVHUW , (QWHU QHZ LQIRUP®®IQRIZ FRPBRQHQWYV WR D
D PRGXOH LV FRPBLOF)XLW ERDUG

7TDEOH 220 'DWDEDVH 2SHUDWLRQV

5HDGV /RRNXS 7UDYHUVDO DUH SHUIRUPHG DQ RUGHU RI |
,QVHUW 7UDYHUVDOV DUH SHUIRUPHG PRUH RIWHQ WKDQ /F

([SHULPHQWY ZHUH LQLWLDOO\ FRQGXFWHDL (ZLVDKWNVKWHHHH G LI
ILOH SDRND®WW6 D EHWD YHUVLRQ RI D FRPPHUFLDO REMHFW
5'%906 D FRPPHUFLDO UHODWLRQDO GDWDEDVH V\VWHP >&DW

7KH UHVXOWYV VKRZHG WKDW WKH REMHFW GDWDEDVH SURYL

6NHHQ SURSRVHG WKDW WKLYV ZDV GXH WR HIILFLHQW DFFI
PLQLPLVHG FRQFXUUHQF\ FRQWURO XVH RI D ORFDO FDFKH LC
GDWDEDVH FDOOV $00 WKHVH ZHUH DFKLHYHG ZLWKRXW DQ\
OHYHO VHPDQWLFVY SURYLGHG E\ WKH REMHFW GDWDEDVH V\V

7KH 5'"%06 ZzDV WKH VORZHVW SULPDULO\ GXH WR LWV TXHU\
DSSUR[LPDWHO\ VHFRQGYVY ZHUH MXVW GXH WR WKH RYHL
QHWZRUN 7KLV FRXOG EH LPSURYHG E\ XVLQJ WKH EHQFKPI
FRXQWHU WR LWV LQWHQW WR PHDVXUH UHVSRQVH WLPH IR
'%06 SURFHVV DQG EHQFKPDUN DSSOLFDWLRQ ZHUH UXQQLC
IRXQG WKDW WKHUH ZDV VWLOO D VLJQLILFDQW RYHUKHDG



EHWZHHQ WKH DSSOLFDWLRQ DQG WKH '%06 DQG FRS\LQJ
GDWDEDVH EXIIHUV DQG SURJUDP YDULDEOHV >&DWWH LC
ZKHWKHU VRPH RI WKH IHDWXUHVY GHVFULEHG LQ WKH
FRQFXUUHQF\ FRQWURO DOVR DSSOLHG WR WKH 5'%06

5HVXOWY IURP RWKHU H[SHULPHQWY VKRZHG WKDW FRVW I
PRUH WKDQ ORFDO DFFHVV $GGLWLRQDOO\ XVLQJ WKH

SDUHQW FKLOG OLQNV SURYLGHG IDU VXSHULRU SHUIRUPD
7KLY LV DQ LPSRUWDQW UHVXOW VLQFH % 7UHHV DUH X
VI\VWHPVY DQG WHFKQLTXHV VXFK DV GLUHFW SK\VLFDO OL
IRUZDUG IRU UHODWLRQDO V\VWHPV 7KH 8QL64/ REMHEF
HIDPSOH XVHV GLUHFW OLQNV WR HQKDQFH QHVWHG WDEC

7KH 220 %HQFKPDUN KDV DOVR EHHQ PRUH UHFHQWO\ X\
DYDLODEOH 2'%06 SURGXFWV LQFOXGLQJ Z2EMHFWLYLW\
9(56%$17 7KH UHVXOWY SXEOLVKHG LQ >&DWWH @ VKRZHG
FRPSDUDEOH SHUIRUPDQFH IRU WKH VPDOO UHPRWH GDYV
UHSRUWHG E\ +DOORUDQ >+DOOR D@ VKRZHG ODUJH SHUI
RI SURGXFWY DV LOOXVWUDWHG LQ 7DEOH

,7$6&% 0$7,66( 2EMHFWG6WRUH
/7, :DUP

7TDEOH /' 7, IRU6PDOO 5HPRWH 'DWDEDVH 6HF

SHUIRUPDQFH QXPEHUV UHSRUWHG E\ +DOORUDQ IRU WKH
GLITHUHQFHY ZHUH OHVV SURQRXQFHG HVSHFLDOO\ IRL
GHPRQVWUDWLQJ WKDW VFDODELOLW\ VKRXOG EH DQ LP
$GGLWLRQDO LQWHUHVWLQJ UHVXOWY HPHUJHG IURP WKH
WDNLQJ FRQVLGHUDEOH WLPH WR FRPSOHWH WKLV SURF
GDWDEDVH ORDG FRPSOHWHO\ GXH WR ODFN RI GLVN VSDF

,71$6&% 0$7,66( 2EMHFW6WRUH
/IRDG 7LPH +UV
"% 6L]H 0%

7TDEOH 6PDOO 'DWDEDVH /RDG +UV



, 1$6&$ 0$7,66( 2EMHFW6WRUH

IRDG 7LPH +UV a "HHNYV
"% 6L]H 0% 1RW HQRXJK VSDFH

7TDEOH /DUJH 'DWDEDVH /RDG +UV

&OHDUO\ RQO\ 2ZEMHFW6WRUH FRPHV FORVH WR PHHWLQJ
UHTXLUHPHQWY IRU WKH EHQFKPDUN DQG LW LV DOVR WKH II
WLPH FRXOG EH DQ LPSRUWDQW IDFWRU IRU VRPH DSSOLFDW|

:KLOVW 220 DQG LWV SUHGHFHVVRUVY KDYH SURYLGHG VRPH
WKH\ KDYH QRW HVFDSHG WKH IROORZLQJ FULWLFLVPV

t

6LPSOH 'DWD ORGHO
7KH GDWD PRGHO LV WRR VLPSOH WR PHDVXUH WUDQV
RSHUDWLRQV IRXQG LQ HQJLQHHULQJ DSSOLFDWLRQV
PHWULFV WR PHDVXUH WKH HIIHFWV RI W\SH KLHUDU
UHODWLRQVKLSV >'XKO M

6LPSOH 2SHUDWLRQV

OHDVXULQJ VLPSOH RSHUDWLRQV LV LQVXIILFLHQW D
UHTXLUH VXSSRUW IRU KLJKHU OHYHO FRQFHSWXDO R
WKH HIILFLHQF\ RI WUDQVLWLYH FORVXUHV ZKHQ FC
UHODWLRQVKLS VXFK DV DJJUHJDWLRQ >$QGHU @
6LQJOH 8VHU

1R PHDVXUH IRU FRQFXUUHQF\ FRQWURO DQG FR RSHU
HGLWLQJ SDUWV RI WKH VDPH GDWD VWUXFWXUH >$Q
EHQFKPDUN E\ GLVDEOLQJ FRQFXUUHQF\ DQG UHFRY
FRPPHUFLDO DSSOLFDWLRQV >%XWWH DM +RZHYHU I
GHVFULEHG LQ >6HTXH @ ZKLFK DOVR SUHVHQWV \
UXQQLQJ RQ 6HTXHQW 603 KDUGZDUH

&RPSDULQJ 2EMHFW 'DWDEDVHYV

7KH EHQFKPDUN SURYLGHV D XVHIXO FRP SDQ VRQ EH
VIVWHPV EXW LV ZHDNE HRW ERMIPWLYR@HPV >'XKO @
UHDVRQ LV QRW HODERUDWHG E\ 'XKO 'DPRQ



¥ 5DQGRP 2EMHFWYV
7KH EHQFKPDUN RSHUDWHY RQ UDQGRPO\ VHOHFWH
UDQGRP GLVWULEXWLRQV >%XWWH D@ ,Q PDQ\ H
UHODWHG REMHFWY DUH DFFHVVHG VXFFHVVLYHO\
KLIJKHU GHJUHH WKDQ DUH UDQGRP GLVMRLQW REM
f 1R &OXVWHULQJ
$V D UHVXOW RI WKH ODVW SRLQW S3VHPDQWLF [
>'XKO @
f 1R '\QDPLF %HKDYLRXU
%HFDXVH WKH EHQFKPDUN LV YHU\ VLPSOH G\QDP
+RZHYHU IRU FHUWDLQ DSSOLFDWLRQV VXFK DV
XVHIXO >'XKO @
t+ /RZ /HYHO 2SHUDWLRQV
7KH EHQFKPDUN DOORZV FRPSDULVRQV DW ORZ OHY
PRUH PHDQLQJIXO FRPSDULVRQVY DW WKH DSSOLFDW
+ 'DWDEDVH 6L]H
7\SLFDOO\ GDWDEDVHV DUH PXFK ODUJHU WKDQ Wt
TXRWHG E\ 2'%06 YHQGRUV >%XWWH D@

7R VXPPDULVH WKH 220 %@ BRIFIKP\E DRREHFD I DWVKH ODWH
V IRU HYDOXDWLQJ 2'%06 SHUIRUPDQFH GXH WR LW\
PHDVXUHG UDZ SHUIRUPDQFH DQG GLG QRW DGGUHVV KL
UHVXOWY IURP WKH EHQFKPDUN GHPRQVWUDWHG WKDW
SHUIRUPDQFH UHTXLUHPHQWY IRU HQJLQHHULQJ DSSOLFI
7TKHVH UHTXLUHPHQWY ZHUH LGHQWLILHG DQG GLVFXVVHG

7KH +\SHUORGHO %HQFKPDUN

7KH +\SHUORGHO %HQFKPDUN ZDV GHYHORSHG LQ UHVSRQ
LPSOHPHQWLQJ HQIJLQHHULQJ DSSOLFDWLRQV RQ GDWDED"

$QGHUVRQ HW DO >$QGHU @ QRWHG WKDW DOWKRXJK W
DSSOLFDWLRQ ZDV WR LPSOHPHQW WKH ZKROH DSSOLFDW
WKHQ FRPSDUH WKH UHVXOWV WKLV PHWKRGRORJ\ ZDV
WLPH UHVRXUFHV HWF $ JHQHULF EHQFKPDUN ZDV WKH L

7KH GHVLJQ RI WKH +\SHUORGHO %HQFKPDUN ZDV EDVHG F
,QF WR LGHQWLI\ WKH IXQFWLRQDOLW\ DQG SHUIRUPDQFH
7KH "%06 UHTXLUHPHQWY WKDW ZHUH LGHQWLILHG IURP W



f 'DWD ORGHO 5HTXLUHPHQWYV
ORGHOOLQJ RI FRPSOH[ REMHFW VWUXFWXUHYV
'"HVFULSWLRQ RI GLIIHUHQW GDWD W\SHV
 QWHJUDWLRQ ZLWK DSSOLFDWLRQ SURJUDPPLQJ OD
'\QDPLF PRGLILFDWLRQV WR WKH GDWDEDVH VFKHPD
6XSSRUW IRU YHUVLRQV DQG YDULDQWYV

+ 6\WWHP $UFKLWHFWXUH 5HTXLUHPHQWYV
$Q DUFKLWHFWXUH RI ZRUNVWDWLRQV DQG VHUYHUV
3HUIRUPDQFH VXLWDEOH IRU LQWHUDFWLYH GHVLJQ
&RQFXUUHQF\ FRQWURO
&R RSHUDWLRQ EHWZHHQ XVHUYV
/JRJIJLQJ EDFNXS DQG UHFRYHU\
$FFHVV FRQWURO
$G KRF TXHU\ ODQJXDJH

%DVHG RQ WKH UHTXLUHPHQWY VWXG\ WKH VFKHPD LOOXVW
MXVWLILFDWLRQ IRU WKLV LV GLVFXVVHG VKRUWO\ ,Q WKH
UHODWLRQVKLSVY ZLWK EODFN FLUFOHVY DW WKH HQG SRLQWYV
$JIJUHIDWLRQ LV UHSUHVHQWHG E\ WKH DUURZ ZKLFK SRLQYV

FLUFOH RQ WKH OLQH LQGLFDWHY DQ RUGHUHG UHODWLRQV
WULDQJOH

JLIXUH 7KH +\SHUORGHO 'DWDEDVH 6FKHPD



2Q WKH RULJLQDO REMHFW GDWDEDVH V\VWHPV EHQFKPDU
ZDV LPSOHPHQWHG DIR GRHX U 7HQM\RHVH  DRQUEE Q RIRIG H V
ZHUH FRQQHFWHG E\ W KSUHHH Q@ WOMKNLROQWHQ PGB W Rl SD U
UHI)URP

7KH EHQFKPDUN XVHV WKH QRGH DQG OLQN JUDSK VWUXF\
DV VKRZQ LQ )LJXUH 7ZR KLHUDUFKLB ) UHJIHW DFSKA_HDGS
1 FDUGLQDOLW\ ZLWKQKDFKQQFRGIHQBW WRYIH®OH RWKHU Q
UHIHUUHG WR DV VBIDH WIDIQSEXIW D DRICQDOLW\ 7KH MXVWL
LV WKDW DW OHDVW RQH KLHUDUFK\ LV UHTXLUHG VLQFI
DSSOLFDWLRQV EXW WKDW WZR KLHUDUFKLHV DUH EHWW|]
WKH VDPH GDWD VWUXFWXUH LQ UHDOLW\ $GGLWLRQDOO\
FOXVWHULQJ VWUDWHJILHY WR EH HYDOXDWHG

JLIXUH 1HWZRUN RI 1RGHV XVHG IRU +\SHUORGHO

7KH EHQFKPDUN LV UXQ DJDLQVW OHYHO DQG GDWD|
UHVSHFWLYHO\



$ VFKHPD EDVHG RQ +\SHUWH[W ZDV FKRVHQ VLQFH WKLV ZD
HQWLUH FODVV Rl HQJLQHHULQJ DSSOLFDWLRQV >%HUUH @

7KH EHQFKPDUN GHVLJQ ZDV VWURQJO\ LQIOXHQFHG E\ WKH
VLQFH QHLWKHU IXO0O\ PHW WKH GDWD PRGHO DQG V\VWHP
HDUOLHU DQG \RX *FDQTW WHVW ZKDW LVQTW WKHUH" >$QGH
WKH RULJLQDO ("% DQG DGGYVY DGGLWLRQDO RSHUDWLRQV WR
FRPSOH[ FRPSXWDWLRQDO IXQFWLRQV >$QGHU @ ,W PHDV
FRQVLVWY RI WZHQW\ RSHUDWLRQV LQ WRWDO JURXSHG DV

1DPH /RRNXS 2SHUDWLRQV

7ZR RSHUDWLRQV UHWXUQ DQ REMHFW EDVHG RQ DQ
LQGH[LQJ LV SHUPLWWHG IRU DWWULEXWH LG

5DQJH /RRNXS 2SHUDWLRQV

7ZR RSHUDWLRQV UHWXUQ DOO REMHFWV ZKRVH DWW
XVLQJ DQG VHOHFWLYLW\Y ,QGH[LQJ LV SHUPLWW
*URXS /RRNXS 2SHUDWLRQYV

7KUHH RSHUDWLRQV UHWULHYH REMHFWYV E\ WUDYHU"
DQG UHL7R UHI)URP UHODWLRQVKLSYV

5SHIHUHQFH /RRNXS 2SHUDWLRQYV

7KUHH RSHUDWLRQV DV EXW UHWULHYH REMHFW
UHYHUVH RUGHU

BHTXHQWLDO 6FDQ

2QH RSHUDWLRQ UHWULHYH DOO REMHFWYV LQ WKH GELC
&ORVXUH 7UDYHUVDO 2SHUDWLRQV

BHYHQ RSHUDWLRQV VWDUW ZLWK D UDQGRPO\ VHOH
RQ WKDW REMHFW DQG RQ DOO RWKHU REMHRWY UHFX
OHYHOV XVLQJ SDUHQW FKLOGUHQ SDUW2I SDUWV F
FOXVWHULQJ LV DOVR WHVWHG

(GLWLQJ 2SHUDWLRQV

7ZR RSHUDWLRQV XSGDWH REMHFWYV DOUHDG\ LQ WKF
WR WKH GDWDEDVH 7KHVH RSHUDWLRQV DUH GHVLJQH
SURJUDPPLQJ ODQJXDJH

7KH EHQFKPDUN FRXOG EH XVHG WR HYDOXDWH WKH HIIHFW\
SURFHGXUH FDOOV DQG FOXVWHULQJ

+RUPDQQ HW DO >+RUPD @ DOVR GHVFULEHG HIIRUWV WR LI
RQ VHYHUDO JUDSK VWRUDJH V\VWHPV H J *5$6 ZKLFK DF



WR WR IRXU PRQWKV SHU V\VWHP 7KH UHVXOWYV LQ >+RU
SXUSRVHV ZLWK WKRVH IRU *HP6WRQH DQG 9EDVH IURP W
EXW WKHUH ZDV QR HIIRUW WR DQDO\VH WKH UHVXOWYV 7K
WKH +\SHUORGHO %HQFKPDUN LV DOVR GHVFULEHG LQ >.L}

$ GHULYDWLYH EHQFKPDUN LV GHVFULEHG E\ /DUVHQ >/
$SSHQGL[ % GHVFULEHV D 7THVW (YDOXDWLRQ 3URFHGXUH
WKH +\SHUORGHO %HQFKPDUN 7KH 7(3 ZDV LPSOHPHQWHG
GDWDEDVHY DQG LQFOXGHG ERWK VLQJOH DQG PXOWL XV
7KH 7(3 ZzDV VSHFLILFDOO\ GHVLJQHG ZLWK VFDODELOLW\

,Q D FULWLTXH RI WKH +\SHUORGHO %HQFKPDUN LQ >&DWW
FRQFHUQ ZHUH FLWHG

t %HQFKPDUN 6SHFLILFDWLRQ
%HWWHU LPSOHPHQWDWLRQ GHWDLOV ZHUH QHHGH(
EH XVHG WR DFFXUDWHO\ FRPSDUH V\VWHPV LQ DU
'%06 DQG FDFKH SURFHVVRU DQG GLVN SHUIRUPD
WLPLQJ HWF

$+ O9HUVLRQV
$SSOLFDWLRQV VXFK DV &$' &$6( HWF XVHG YHUV
QRW PRGHOOHG

t &OXVWHULQJ
&RPSOH[ GDWD VWUXFWXUHV ZHUH XVHG EXW WKH
GDWD VKRXOG EH FOXVWHUHG XVLQJ WKHVH

t &OLHQW B6HUYHU
$ UHPRWH GDWDEDVH UHVLGHQW RQ D VHUYHU Z
HQJLQHHULQJ DQG RIILFH DSSOLFDWLRQV ,Q >$QC
PHDVXUHG

T O%/2%V
5HDG DQG ZULWH RSHUDWLRQV RQ %LQDU\ /DUJH 2E
E\ GLVN VSHHG 7KHUHIRUH XVLQJ RQO\ VPDOO FKD
PRUH XVHIXO 7KLV FULWLFLVP PD\ EH OHVV DSSL
DSSOLFDWLRQV WKDW UHTXLUH VXSSRUW IRU %/2%\

+ /LPLWHG 8VH
7KH +\SHUORGHO %HQFKPDUN KDV EHHQ XVHG WR
HDUO\ YHUVLRQV RI RQO\ WZR FRPPHUFLDO 2'%06V



&DUH\ HWDO >&DUH\ @ DOVR FRPPHQWHG WKDW WKH H[SHUL
DV DQ DSSHQGL[ WR WKH RULJLQDO SDSHU E\ $QGHUVRQ HW I

,Q FRQFOXGLQJ LW LV ZRUWK QRWLQJ WKDW WKH DXWKRUV D
REMHFW GDWDEDVH V\VWHPV PHQWLRQHG HDUOLHU &RPSDUL
WKHLU RZQ WKH\ IRXQG GLIITHUHQFHV WKDW UHTXLUHG IXUW
'LWK WKLV LQ PLQG WKH\ SRVHG WKH IROORZLQJ TXHVWLRQ

3:KDW GR WKH YDULRXV EHQFKPDUNV PHDVXUH DQG KRZ
FRQFHUW WR PRUH DFFXUDWHO\ SUHGLFW WKH SHUIRUPD
RU PL[ RI DSSOLFDWLRQV"’

&KDSWHU VKRZV WKDW XVLQJ D VHULHV Rl EHQFKPDUNV F
VXLWDELOLW\ RI REMHFW GDWDEDVH DUFKLWHFWXUHV IRU

GHYHORSHUV DOVR SURSRVHG WKDW WKH +\SHUORGHO %HQF
HYDOXDWLQJ QRQ HQJLQHHULQJ DSSOLFDWLRQV VLQFH LW \
GDWDEDVH WRWSI®ONM[ REMHFW U HDQUHR/MRWHI W IRRSGH UD W LR Q
LPSOHPHQWB®GLRIGRQDOO\ WKH\ QRWHG WKDW IXQFWLRQDOL'
SDUW RI REMHFW GDWDEDVH HYDOXDWLRQ DQG WKDW HFRQ]
FRQVLGHUHG YLHZV DOVR VKDUHG E\ RWKHUV HJ >$WZRR

7KH %HQFKPDUN

7KH %HQFKPDUN >&DUH\ &DUH\ @ ZDV D UHFHQW EHC
8QLYHUVLW\ RI :LVFRQVLQ ODGLVRQ $FFRUGLQJ WR WKH E
QXPEHU RI GLIITHUHQW REMHFW GDWDEDVH SURGXFWV ZHUH
FRPPHUFLDO PDUNHWSODFH EHWWHU PHWULFV ZHUH QHHGH (
SURGXFWYV 7KH %YHQFKPDUN ZDV VSHFLDOO\ GHVLJQHG W
RI REMHFW GDWDEDVHV >&DUH\ @ %

¥ 6SHHG RI 3RLQWHU 7UDYHUVDOYV
7UDYHUVDOYVY RYHU FDFKHG GDWD GLVN UHVLGHQW G
WUDYHUVDOV

¥ 8SGDWH (IILFLHQF\
8SGDWHV WR LQGH[HG QRQ LQGH[HG DWWULEXWHV U
XSGDWHV RI FDFKHG GDWD DQG FUHDWLQJ DQG GHOHW

¥ 4XHU\ 3URFHVVRU RU 4XHU\ 3URJUDPPHU
SHUIRUPDQFH XVLQJ GLIITHUHQW W\SHV RI TXHULHYV
VHOHFWLYLW\



0ODQ\ RI WKHVH FKDUDFWHULVWLFVY KDYH QRW EHHQ PHDYVX
GDWDEDVH EHQFKPDUNV 220 DQG +\SHUORGHO 7TKH EHQ
WKDQ HLWKHU 220 RU +\SHUORGHO DQG LV EDVHG RQ WKF
Sbuwyvy DQG DVVHPEOLHV DQG LV DFFRUGLQJ WR WKH E
QXPEHU RI DSSOLFDWLRQV VXFK DV &%$' &%$0 &$6( HWF

FRUUHFWO\ BHVWHWP HEHD FKPW KINU $BKSEDQ ADQVLR Q % HQFKF
IURP WKH FKDUDFWHULVWLFY PHQWLRQHG DERYH DQG WKI
EHHQ EDVHG RQ DQ\ SHUIRUPDQFH VWXGLHV WR LGHQWL
DSSOLFDWLRQV >&KDXG D@ )LJIXUH LOOXVWUDWHYVY WK
LOOXVWUDWHG XVHV PRGHOOLQJ QRWDWLRQ VLPLODU WR
%HQFKPDUN W FDQ EH VHHQ WKDW DQ DWRPLF SDUW DQ
WKH SDUW DQG FRQQHFWLRQ RI WKH 220 %YHQFKPDUN

'"HVLJQ2EM
ORGXOH $VVHPEO\ T!&RPSRVLWH \vepF3pUwW
3DUW
0DQXDO 'REXPHQW &RQHFWLRQ
BBB
&RPSOH] %D V H

$VVHPEO\ $VHPEO\

JLIXUH 7KH 'DWDEDVH 6FKHPD

$ ERPSRVLWHFRXBDBGWEH UHSUHVHQWDWLYH RI D SURFHGX
$VVRFLDWHG ZLWK WRKY HIBWANKG VIRHP D GHVFULSWLYH WH[W
SDUW LV DQ DJJUHIJDWWRRALP Q@DRBEFW RRXOG UHSUHVHQW
VWDWHPHQWY RU H[SUHVVLRQV LQ D &%$6( SURPHBWXHH 2
$VVHP KOHUDUFK\ KDV EHHQ DGGHG WR UHSUHVHQW KLJKI
$/8 LQ D &%$' DSSO&RPWDRIQ $VVIWPEQ\DJJUHJDWH RI RWKHF
REMHFWY DV LOOXVWUDWHG LQ )LIJXUH



ORGXOH

IHYHO $VVHPEO\
JHYHO $VVHPEOLHV
>
/HYHO $VVHPEOLHV
&RPSOH] o o
$VVHPEOLHYV e L
IHYHO $VVHPEOLHV
/HYHO $VVHPEOLHV
JHYHO $VVHPEOLHV
%DVH $VVHPEOLHV JHYHO $VVHPEOLHV
YLIXUH $VVHPEO\ +LHUDUFK\
YLIXUH LOOXVWUDWHY WKH UHODWLRQVKLS EHWZHHQ EDVI
%DVH $VVHPEO\
&RPSRVLWH 3DUWV B
© BKDUHG
8QVKDUHG
YLIXUH %DVH $VVHPEO\ DQG &RPSRVLWH 3DUW

$O0ORGXGHVFULEHY D FRPSOHWH DVVHPEO\ KLHUDUFK\ )RU W
WHVWYV DQG 0% UHVSHFWLYHO\ D VLQJOH PRGXOH LV XV
DQG PXOWL XVHU WHVWYVY PXOWLSOH PRGXOHV DUH SURSR'
ODQXRPOWK VRPH GHVFULSWLYH WH[W



: KLOVW WKUHH GDWDEDVH VL]HV DQG VLQJOH DQG PX!
SURSRVHG RQO\ UHVXOWYV IRU WKH VPDOO DQG PHGLXP V
UHSRUWHG VR IDU 7KHUH DUH WZHQW\ RSHUDWLRQV F
RSHUDWLRQ WR LQVHUW REMHFWY RQH RSHUDWLRQ WR GF
RXW" DQG WHVWY RYHUDOO 6LQFH WKH VPDOO GDWDI
PHPRU\ HPSW\ DQG IXOO FDFKH PHDVXUHYV DUH UHSRUWHC

7KH PDMRU RSHUDWLRQV WKDW ZHUH LPSOHPHQWHG DQG F

7UDYHUVDOV

7 UDZ SRLQWHU WUDYHUVDO VSHHG 7KLV WUDYF
SHUIRUPV D GHSWK ILUVW VHDUFK RQ LWV DWRPLF ¢
SDUWV YLVLWHG 7KLV LV VLPLODU WR WKH WUDYHU
7 WUDYHUVDO ZLWK XSGDWHV 7KH XSGDWH LV WR
DWRPLF SDUWV 7KUHH W\SHV RI XSGDWHV DUH XVF
SDUW HYHU\ DWRPLF SDUW HDFK DWRPLF SDUW LQ
7 WUDYHUVDO ZLWK LQGH[HG XSGDWHV 6LPLODU
ILHOG ZKLFK KDV EHHQ LQGH[HG

7 WUDYHUVH WKH PDQXDO REMHFW FRXQWLQJ W
FKDUDFWHU 3~

7 FKHFN LI WKH ILUVW DQG ODVW FKDUDFWHU LQ W
7&8 FDFKHG XSGDWH WUDYHUVDO 7KH DLP LV WR
REMHFWV LQ WKH FDFKH

4XHULHV

4 H[DFW PDWFK ORRNXS 7HQ UDQGRP DWRPLF SD
WKHQ XVHG WR ILQG WKH FRUUHVSRQGLQJ DWRPLF
TXHU\ LQ 220

4 UDQJH TXHU\ ZLWK VHOHFWLYLW\ 8VHV WKH
DSSURSULDWH DWRPLF SDUWV

4 UDQJH TXHU\ ZLWK VHOHFWLYLW\

4 1X00 VFDQ RI DOO DWRPLF SDUWYV

L QVHUWYV

,QVHUW ILYH QHZ FRPSRVLWH SDUWYV

"HOHWHYV

'HOHWH ILYH FRPSRVLWH SDUWV

7KH RULJLQDO EHQFKPDUN UHVXOWY UHSRUWHG LQ >&DU
2EMHFWLYLW\ "% DQG 21726 DQG WKH 8QLYHUVLW\ RI
(;2'86 ZLWK UHVXOWYV IRU WKH FRPPHUFLDO V\VWHP 9(5¢€



QDZEDFN ZLWK WKLV LV WKDW IDLU FRPSDULVRQV FDQQRW E
ODWHU KDYH WKH EHQHILW RI DGGLWLRQDO WLPH IRU LPS
FRPSDULVRQ EHWZHHQ 9(56%$17 DQG WKH RWKHU SURGXFWV L
QHZ QXPEHUV IRU 9(56%$17 DUH UHSRUWHG LQ >&DUH\ @ DQ
VI\VWHPV UHPDLQ )XUWKHUPRUH VLQFH WKH EHQFKPDUN ZD\
GLG QRW SURYLGH D VLQJOH QXPEHU VRPH FRQIXVLRQ UHV.
WKUHH DOWHUQDWLYH DSSURDFKHV WR FRQGHQVH WKH UHV
FDPH WRS LQ HDFK DSSURDFK $FFRUGLQJ WR >2EMHF @ W
UHVXOWY ZHUH VPDOO PLOOLVHFRQGY RU VHFRQGY DQG W
KRXUV $QRWKHU LQWHUHVWLQJ REVHUYDWLRQ LV WKH GDW
ZLWK VRPH SXEOLVKHG ILJXUHV IRU WKH PHGLXP GDWDEDVH
EHWZHHQ VHYHUDO SURGXFWYVY DV LOOXVWUDWHG LQ 7DEOH

2 21726 2EMHFWLYLWEMXFW6WRUH
'% 6L]H 0%
7TDEOH OHGLXP 'DWDEDVH 6L]JHV
,Q 7TDEOH RQO\ 2EMHFW6WRUH FRPHV FORVH WR WKH 0%

>2', E@ 7KLY LOOXVWUDWHYV WKDW VWRUDJH RYHUKHDG FR
VHOHFWLRQ VRPHWKLQJ DOVR KLIJIKOLJKWHG E\ +DOORUDQ >

$Q LPSOHPHQWDWLRQ RI WKH %WHQFKPDUN KDV DOVR EF
>1DJ @ %HUJ +RHYHQ >%HUJ @ XVHG WR HYDOXDWH
VXJIJHVW WKDW WKH VDPH W\SHV RI WUDYHUVDO RSHUDWLRQ"®
DSSOLFDWLRQV

7KH EHQFKPDUN VXIIHUV IURP VRPH RI WKH FULWLFLVPV OHY
220 DQG +\SHUORGHO >&KDXG E@ ¢t

¥ 6LQJOH 8VHU
KLOVW QRW VSHFLILFDOO\ DLPHG DW %DUU\ >%DU
XVHU EHQFKPDUNV IRU PXOWLSOH XVHV DUH QHHGHG
ZDV UHSRUWHG DV EHLQJ XQGHU GHYHORSPHQW ZLWK
>&DUH\ @

¥ /RZ /HYHO 2SHUDWLRQV
7KH EHQFKPDUN PHDVXUHV ORZ OHYHO SULPLWLYHV E
DSSOLFDWLRQ OHYHO PD\ EH PRUH XVHIXO WR HQG XVl



+ 'DWDEDVH 6L]H
/I DUJHU GDWDEDVH VL]HV DUH UHTXLUHG % DUU\
VXJIHVWHG WKDW *% ZRXOG EH D XVHIXO VWDU
EHQFKPDUNYV

t+ /DFN RI D 6LQJOH 3HUIRUPDQFH OHWULF
,W LV DUIJXDEOH ZKHWKHU WKLV LV UHDOO\ D PDMF
PHDVXUHPHQWY WR D VLQJOH QXPEHU ZRXOG SURYL
GDWDEDVH V\VWHPV DV WKHUH LV DOUHDG\ VRPH F
WKHPVHOYHYV

¥ /DFN RI 3HUIRUPDQFH 6WXGLHV
6LQFH WKH EHQFKPDUN KDV QRW EHHQ EDVHG RQ L
GHVLIJQ GHFLVLRQVY DUH TXHVWLRQDEOH VXFK DV
>&KDXG E@ )XUWKHUPRUH WKH GHYHORSHUYV
TXHU\ HHTHFRX&RGWR HYDOXDWH D WHVW TXHU\ +FR
HDUOLHU 3\ RX FDQfW WHVW ZKDW LVQIW WKHUH" >}

6HYHUDO RWKHU UHVHDUFKHUV KDYH DOVR UHSRUWHG VL.
YHQFKPDUN

¥ 7LZDU\ HW DO

7LYYDU\ HW DO >7LZDU @ LGHQWLILHG WKH IROO

DSSOLFDWLRQ EHQFKPDUN LQ FRPSDULVRQ ZLWK WK
"LITLFXOW WR LQFUHDVH REMHFW VL]HV ZLWKR X
"LITLFXOW WR VSHFLI\ GLVWULEXWLRQ RI REMHF
1R FRQWURO RYHU GDWDEDVH OD\RXW
1R XVH RI DQ\ FOXVWHULQJ PHFKDQLVP SURYLG
,PSRVVLEOH WR PDS ZRUNORDGY DJDLQVW W
8QLIRUP ZRUNORDG XQUHDOLVWLF

JXUWKHUPRUH WKH\ HYHQ FULWLFLVHG WKH EHQFK

VA\VWHP IHDWXUHYV
7LIKW FRXSOLQJ EHWZHHQ ZRUNORDGY DQG
8VH RI SURGXFW VSHFLILF GDWD VWUXFWXUHYV |
BULPLWLYH VXSSRUW IRU LOQVWUXPHQWDWLRQ

¥ +RKHQVWHLQ HW DO

7KH ZRUN E\ +RKHQVWHLQ HW DO >+RKHQ D +RKHC(

$SSHQGL[ % %ULHIO\ WKH FULWLFLVPV WKH\ UHSRL
O9DU\LQJ SDUDPHWHUV LQ VXFK DV WKH IDC
GRHV QRW QHFHVVDULO\ PHDQ WKDW LW LV P
DSSOLFDWLRQV



)DLUQHVYV LQ WHVWLQJ WKH TXHU\ SURJUDPPHU L
TXHU\ RSWLPLVDWLRQ LV QRW RQH RI WKH VWUHGQ
FRGHG TXHULHV DUH VRPHWLPHY PRUH HIILFLHQW
7XQLQJ LV QHJOHFWHG EXW & RU 6PDOOWDON ¢
2'%06 DIWHU DGHTXDWH WUDLQLQJ
f -XQ *UXHQZDOG

-XQ *UXHQZDOG >-XQ @ FULWLFLVHG DV UHSRL

SURSRVHG WKH IROORZLQJ LPSURYHPHQWY WR PDNH L

GDWDEDVH FRQFXUUHQF\ FRQWURO ZRUN
%HWWHU FODVV GHILQLWLRQ UHDG DQG ZULWH WU
ORUH LQVWDQFH DFFHVV UHDG DQG ZULWH PHWKR(
$ GHHSHU FODVV KLHUDUFK\
$ ELJJHU IDQ RXW IRU QHVWHG PHWKRGYV

,Q VXPPDU\ WKH %HQFKPDUN KDV SURYLGHG WKH REMHFV
FRPSUHKHQVLYH VHW RI PHWULFV WKDW FDQ EH XVHG LQ HY!
WHOO ZKHWKHU LW ZLOO EHFRPH D ZLGHO\ XVHG EHQFKPDUN
D UDQJH RI QHZ PHWULFV WR EH GHYLVHG ZKLFK GR QRW
RSHUDWLRQV WKDW PHDVXUHV $V PHQWLRQHG HDUOLHU
QHHG WR EH PHDVXUHG VLQFH REMHFW GDWDEDVHV SURYLG
JHQHUDWLRQV Rl GDWDEDVH V\VWHPV $GGLWLRQDOO\ QHZ
VXFK DV YHUVLRQLQJ FOXVWHULQJ DQG PDQ\ IHDWXUH LG
>SBWHLQ @

5'%06 3HUIRUPDQFH %HQFKPDUNYV

7KLY VHFWLRQ LQFOXGHV VHYHUDO 5'%06 EHQFKPDUNYV
DSSURSULDWHQHVYV RI XVLQJ WKHVH IRU PHDVXULQJ 2'%06 St

7TKH LVFRQVLQ %HQFKPDUN

7KH :LVFRQVLQ %YHQFKPDUN >%LWWR @ LV WKH PRVW IUHTXHFE
UHODWLRQDO GDWDEDVH V\VWHPV DFFRUGLQJ WR .KRVKDILD
SRSXODULW\ KDV EHHQ DWWULEXWHG WR LWV WLPHOLQHVV
DWWHPSWHG WR PHDVXUH WKH SHUIRUPDQFH RI UHODWLRQ
PHWKRGRORJ\

KHQ LW ZDV RULJLQDOO\ GHYHORSHG WKH EHQFKPDUN ZDYV
D QXPEHU RI FRPPHUFLDO UHODWLRQDO GDWDEDVH V\VWH|I



HSRUWHG ZLWK WKH VI\VWHPV XQGHU WHVW EHLQJ QDPF
SGDWDEDVH ZDUV’ VLQFH YHQGRUV XVHG WKH EHQFKPDUN
KLJKOLIJKWLQJ LPSURYHPHQWYV LQ SHUIRUPDQFH RYHU Wk
VXSHULRU SHUIRUPDQFH RYHU WKHLU FRPSHWLWRUV 'H:LV
QRW EHHQ QDPHG WKHQ WKH EHQFKPDUN ZRXOG VLPSO\
H[HUFLVH

7KH :LVFRQVLQ %HQFKPDUN LV HVVHQWLDOO\ IRU 6HOHFW|
QRW VXLWDEOH IRU HQJLQHHULQJ DSSOLFDWLRQV ZKLFK
RSHUDWLRQV >$QGHU @ $GGLWLRQDOO\ 'XKO 'DPRQ
'LVFRQVLQ %HQFKPDUN ZDV WDUJHWHG DW PHDVXULQJ R
ORGHO DQG ZDV WKHUHIRUH QRW VXLWDEOH IRU REMHFW F

5XEHQVWHLQ HW DO >5XEHQ @ QRWHG WKDW DOWKRXJK
(QJLQHHULQJ 'DWDEDVH DQG :LVFRQVLQ %HQFKPDUNYV
HQJLQHHULQJ DSSOLFDWLRQV VLQFH WKHVH DSSOLFDWL
VLPBEHYDWLRQV )XUWKHUPRUH WKH\ VWDWHG WKDW L
(QJLQHHULQJ 'DWDEDVH %HQFKPDUN ZHUH RQ D VLQJOH WI
RU VPDOO JURXSV Rl UHFRUGYV UHSUHVHQWLQJ RQH ORJLF
FRPPHQWHG WKDW WKH :LVFRQVLQ %HQFKPDUN ZDV LQDS:
VLQFH WKHUH ZDV RQO\ D SDUWLDO RYHUODS EHWZHHQ RS
JRU H[DPSOH UHODWLRQDO GDWDEDVHV GR QRW VXSSF
LQKHULWDQFH PHWKRGVY REMHFW QDYLJDWLRQ DQG QHV)
FRPSDUH WKH RYHUKHDG RI LQKHULWDQFH RU WKH FRVW
FRPSOH[ REMHFW >*KDQG @

7KH LVFRQVLQ %YHQFKPDUN FDQ FRQWLQXH WR VHUYH D
UHODWLRQDO GDWDEDVH V\VWHPV VLQFH WKH UHODWLEF
25'%06 7KLV LV VRPHWKLQJ WKDW KDV DOVR EHHQ QRWH
GHVLJQ LV JHDUHG WRZDUGYVY D VFKHPD DQG RSHUDWLRQV
IRU PHDVXULQJ WKH SHUIRUPDQFH RI SXUH REMHFW GDWD

7KH "HELW&UHGLW 730 %HQFKPDUN
7KH '"HELW&UHGLW %HQFKPDUN >$QRQ @ ZDV GHYHORSHC

GHILFLHQFLHV RI WKH :LVFRQVLQ %HQFKPDUN QDPHO\
SHUIRUPDQFH >.KRVK E@



7TKH EHQFKPDUN ZDV GHVLIJQHG WR PHDVXUH WKH 7UDQVDFWI
RU V\VWHP WKURXJKSXW RI GLIITHUHQW WUDQVDFWLRQ S
PHDVXUH YDULRXV V\VWHPV FRXOG WKHQ EH IDLUO\ FRP
SHUIRUPDQFH 736 UDWLR

7KH EHQFKPDUN PRGHOOHG D EDQNLQJ V\VWHP DQG ZDV EDVI
WKH %DQN RI $PHULFD LQ WR VHOHFW D WHOOHU V\VWH
%DQN KDG D QXPEHU RI %YUDQFKHV HDFK EUDQFK KDG D QXP
$70V DQG &XVWRPHU $FFRXQWV &XVWRPHUV FRXOG ZLWK!
DFFRXQWY KHQFH WKH QDPH 'HELW&UHGLW XVLQJ WHOOHU
EUDQFK 7KH FXVWRPHU DFFRXQW EDODQFH EUDQFK WRW
DFFRUGLQJO\ DQG D UHFRUG RI WKH HQWLUH WUDQVDFWLRC
J)LIXUH LOOXVWUDWHY WKH GDWDEDVH VFKHPD

J)LIXUH 7KH "HELW&UHGLW 'DWDEDVH 6FKHPD

,Q DGGLWLRQ WR PDQ\ WHUPLQDO XVHUV 'HELW&UHGLW VLP
LQWHUDFWLRQ WLPH EHWZHHQ D FXVWRPHU DQG WKH $70 EH
QHWZRUN WUDIILF WLPH 73 ZDV D VLPSOLILHG LQIRUPDO Yt

7KH RULJLQDO SDSHU DOVR VSHFLILHG 6RUW DQG 6FDQ %HC
+RZHYHU WKHVH DSSHDU WR KDYH EHHQ ODUJHO\ LIQRUHG E

73 PHDVXUHV V\VWHP WKURXJKSXW IRU 2/73 DSSOLFDWLF
WUDQVDFWLRQV ,Q FRQWUDVW HQJLQHHULQJ DSSOLFDWLR
WUDQVDFWLRQV >$QGHU @ 'XKO 'DPRQ >'XKO @ DOVR



WDSSURSULDWH EHQFKPDUN EHFDXVH LW PHDVXUHG KLJK
ZKLFK ZDV QRW W\SLFDO RI REMHFW RULHQWHG V\VWHPV

$FFRUGLQJ WR 5XEHQVWHLQ HW DO >5XEHQ @ WKHUH L
(QJLQHHULQJ 'DWDEDVH %HQFKPDUN +RZHYHU DV SUHY
VIVWHP WKURXJKSXW UDWKHU WKDQ UHVSRQVH WLPH $G
PXOWLSURFHVVLQJ DQG SLSHOLQLQJ ZKHUHDV LPSURYH
%HFDXVH 73 LQFOXGHV D FRPSRVLWH RI PHDVXUHV XV
%HQFKPDUN 73 UHVXOWY FRUUHODWH ZLWK UHVXOWYV IUF
LW KDV QRW EHHQ H[SODLQHG E\ 5XEHQVWHLQ HW DO ZK
WKH\ HVYWDEOLVKHG WKH FRUUHODWLRQ

&KDSWHU LPSOHPHQWY DQ 2/73 EHQFKPDUN RQ WZR REME}F
GDWDEDVH 7KH UHDVRQV IRU WKLV ZLOO EH MXVWLILHG L¢
DUJXPHQWY DJDLQVW PHDVXULQJ 2/73 SHUIRUPDQFH IRU F
GDWHG $V GLVFXVVHG LQ &KDSWHU REMHFW GDWDEDYV
PDQ\ QRQ HQJLQHHULQJ DSSOLFDWLRQ GRPDLQV )RU H[DP
LQ &KDSWHU GHPRQVWUDWHY WKH XVH RI DQ REMHFW (
H[KLELWV 2/73 FKDUDFWHULVWLFYV

25'%06 3HUIRUPDQFH %HQFKPDUNYV

2EMHFW UHODWLRQDO GDWDEDVHY DUH D UHODWLYHO\ UH
UHSRUWHG EHQFKPDUNV WR PHDVXUH WKH SHUIRUPDQFH
DWWHPSW WR FRPELQH IHDWXUHYVY RI ERWK REMHFW DQG Ut
XVH H[LVWLQJ EHQFKPDUNV WR PHDVXUH FHUWDLQ DV.
SHUIRUPDQFH $V DQ H[DPSOH EHQFKPDUNV WR PHDVXU
DSSOLFDEOH VLQFH WKH IDPLOLDU URZV FROXPQV DQG W
LV VXSSRUWHG )XUWKHUPRUH V\VWHPV VXFK DV 8QL64/
ZKLFK PHDQV WKDW EHQFKPDUNV IRU PHDVXULQJ SRLQWF
XVHG IRU REMHFW GDWDEDVHY FDQ DOVR EH XVHG 'LFN
QHZ EHQFKPDUNVY IRU REMHFW UHODWLRQDO GDWDEDVH'
ZRUNORDGYV ZLWK ERWK QDYLIJDWLRQDO DQG GHFODUDWLY

'KHUH %HQFKPDUNV DUH /DENLQJ
7TKHUH DUH D QXPEHU RI DUHDV ZKHUH FXUUHQW REMHFW

PHWULFV PD\ DGGUHVY RQH RU PRUH RI WKHVH GHILFLH¢
VLPLODU IRUPDW WR WKRVH XVHG LQ WKH SDSHU E\ 5RW]H



SHSUHVHQWDWLYH %HQFKPDUN 'DWD DQG 2SHUDWLRQV

%YHQFKPDUNYVY DUH RQO\ UHSUHVHQWDWLYH LI WKH GDWD DQC
PLQG >+RKHQ D@ +RZHYHU LW LV YHU\ GLIILFXOW WR GHVI
DSSOLFDWLRQV ORVW EHQFKPDUNV PHDVXUH ORZ OHYHO IHD
SHUIRUPDQFH GHSHQGV XSRQ WKH LQWHUSOD\ RI VHWV RI
KROLVWLF WKH ZKROH LV JUHDWHU WKDQ WKH VXP RI WKH S
WR PHDVXUH FRPSOHWH RSHUDWLRQV DW WKH DSSOLFDWLRQ
VRPH VXFFHVV H J >/DNH\ I DNH\ +RKHQ D +RKHQ E®@

*HQHULF EHQFKPDUNV WU\ WR EH VXJJHVWLYH RI D QXPEHU
SRVVLEOH LQ VRPH FLUFXPVWDQFHV ZKHUH WKH DSSOLFDWLI
H[DPSOH &$' &%$6( DQG +\SHUWH[W KDYH VLPLODULWLHV L«
PDQLSXODWLRQ >%HQH 7 &DWWH D@ +RZHYHU EHQFKPDU
SDUWLFXODUO\ UHSUHVHQWDWLYH RI 0,6 RU EXVLQHVV DSSC
SUREOHP VLQFH PDQ\ REMHFW GDWDEDVHV ZHUH GHYHORSHOC
Rl HQJLQHHULQJ DSSOLFDWLRQV ,QFUHDVLQJO\ KRZHYHU F
LQWHJUDWLRQ DQG LQWHURSHUDELOLW\ ZLWK UHODWLRQDO
UHODWLRQDO GDWDEDVHV LQ PDQ\ QRQ HQJLQHHULQJ DUHDV

+DQQD >(YHUH @ 7KHUHIRUH H[LVWLQJ EHQFKPDUNV PD)
PHDVXULQJ WKH SHUIRUPDQFH Rl WKHVH QRQ HQJLQHHULQJ C

OXOWLSOH $SSOLFDWLRQV

J)LIXUH %ULWLVK $HURVSDFH DQG 21726



ORVW EHQFKPDUNYV DUH VLQJOH DSSOLFDWLRQ RULHQWHC
SHUIRUPDQFH UHVXOWY WR HQYLURQPHQWY ZKHUH PXOWL
FRQVLGHU WKH %ULWLVK $HURVSDFH FDVH VWXG\ FLWHG L
REMHFW GDWDEDVH 21726 DV DQ LQWHJUDWRU RI GLVSD
DLUFUDIW ZLULQJ KDUQHVV $ YDULHW\ RI DSSOLFDWLRQ"
PDQXIDFWXULQJ DQG VWRFN FRQWURO DV LOOXVWUDWHG
PHDVXUH WKH SHUIRUPDQFH RI MXVW RQH DSSOLFDWLRQ
YHU\ OLPLWHG SLFWXUH RI RYHUDOO SHUIRUPDQFH VLQF
WKURXJK WKH GDWDEDVH XVHG E\ WKDW SDUWLFXODU DSZ¢
DSSOLFDWLRQV LV QRQ WULYLDO

OXOWLSOH 8VHUYV

ORVW EHQFKPDUNV DUH VLQJOH XVHU DQG WKHUHIRUH QF
ZKLFK DOZPAYWL XVHU >%UDGO @ %YHQFKPDUNV WKDW I
UHDO ZRUOG DSSOLFDWLRQVY PXVW DOVR EH GHVLIJIQHG WF
DQRQG ORFNLQJ DV WKHVH FDQ EH GLVDEOHG ZLWK VLQJC
FRPPHUFLDO SURGXFWV GLIIHU VLIQLILFDQWO\ LQ WKHLU
WR GHYHORS IDLU FRPSDULVRQV EHWZHHQ WKHP )RU HI[D
JUDQXODULW\ HQDEOLQJ ORFNV WR EH VHW DW WKH REM
RWKHUV GR QRW >5RW]¥YH@W +RFF2XHOYWH WRLWHWLIQ PXOWL XV
WR WKH QXPEHU RI GHJUHHV RI ITUHHGRP HVSHFLDOO
HQYLURQPHQWYV 7TKHUHIRUH UHVXOWYVY ITURP PXOWL XVF
LOWHUSUHWHG ZLWK FDXWLRQ >%UDGO -

OXOWLSOH 'DWDEDVHYV

$SSURDFKHVY WR PXOWLSOH GDWDEDVHV YDU\ FRQVLGHULI
PXOWLSOH GDWDEDVHY DQG GLVWULEXWHG WUDQVDFWLRQ
QR GLVWULEXWHG WUDQVDFWLRQV $GGLWLRQDOO\ VRPH
WUDQVDFWLRQ FR RUGLQDWLRQ IXQFWLRQV ZKLOVW RWK!
EHQFKPDUNYV KDYH EHHQ GHVLIJIQHG ZLWK RQO\ VLQJOH GD

&OLHQW 6HUYHU

2EMHFW GDWDEDVHY ZHUH GHYHORSHG WR WDNH DGYDQWL
IXQFWLRQDOLW\ SDUWLWLRQHG EHWZHHQ WKH WZR %RW
GDWDEDVH DFFHVV DFURVV D QHWZRUN +RZHYHU FOLHQ\
DV GHPRQVWUDWHG E\ '"H:LWW HW DO >'H:LW @ ZLWK |



WUHQJIJWKY DQG ZHDNQHVVHV 7U\LQJ WR GHYHORS EHQFKPL
DOWHUQDWLYH DUFKLWHFWXUHY LV DJDLQ QRQ WULYLDO

OXOWLSOH 3ODWIRUPYV

2EMHFW GDWDEDVHY DUH DYDLODEOH RQ D YDULHW\ RI SODW
WR 81,; ZRUNVWDWLRQV ©6RPH SURGXFWYV RQO\ VXSSRUW SD
LQ WKHLU FOLHQW VHUYHU FRQILIJXUDWLRQV ,W LV DOVR SRV
UXQ LQ SDUWLFXODU FRPELQDWLRQV >5RW]JH @ +RZHYHU
EHQFKPDUNY KDYH RQO\ UHSRUWHG UHVXOWYV IRU 81,; ZRUN
DQ\ IRUP RI KDUGZDUH QRUPDOLVDWLRQ WR SURYLGH VRPH
JXUWKHUPRUH DV UHSRUWHG LQ &KDSWHU FRPPHUFLDO 2
PLIWXUHYV RI KDUGZDUH SODWIRUPV UXQQLQJ GLIITHUHQW RS

)JXQFWLRQDO '"LITHUHQFHYV

7KHUH DUH VLPSO\ WRR PDQ\ IXQFWLRQDO GLIIHUHQFHV EHW
EH HDVLO\ FRPSDUHG XVLQJ EHQFKPDUNV O5HODWLRQDO GD
64/ DQG D IDLUO\ KRPRIJHQHRXV VHW RI DSSOLFDWLRQ UHTX
$V \HW WKHUH LV QR VWDQGDUG LQWHUIDFH IRU REMHFW G
DSSOLFDWLRQVY DUFKLWHFWXUHV [IHDWXUHVY SRVVLELOLWL
HIWUHPHO\ GLIILFXOW WR DYRLG FRPSDULQJ DSSOHV ZLWK R
RI 2'0* WR SURYLGH VWDQGDUG ODQJXDJH ELQGLQJV IRU 6PI
YHU\ EHQHILFLDO LQ IXWXUH REMHFW GDWDEDVH SHUIRUPDQF

7XQLQJ

$SSOLFDWLRQV DUH QRW QRUPDOO\ GHVLJQHG LQ LVRODWLRC
IHDWXUHY DQG LQWHUIDFH RI D SDUWLFXODU SURGXFW LQ PL
RUGHUV RI PDIJQLWXGH SHUIRUPDQFH GLIIHUHQFHY ZLWK WKH
GHSHQGLQJ RQ WKH FKRLFH RI GDWD PRGHO FOXVWHULQ
GLVWULEXWLRQ EHWZHHQ FOLHQW DQG VHUYHU HWF >%UDG
DSSOLFDWLRQVY DQG VRPH RI WKH SHUIRUPDQFH EHQHILWYV DF

'HYHORSPHQW DQG ODLQWHQDQFH
W LV RIWHQ IRUJRWWHQ WKDW REMHFW GDWDEDVHV DUH D¢

VXFK LW VKRXOG DOVR EH SRVVLEOH WR EHQFKPDUN GHYHO
VLQFH UDZ SHUIRUPDQFH LV RQO\ D SDUW RI REMHFW GDWDEL



&KDSWHU 6XPPDU\

,Q WKLV FKDSWHU WKUHH ZHOO NQRZQ REMHFW GDWDEL
GLVFXVVHG $00 WKUHH RI WKHVH EHQFKPDUNV KDYH II
HQJLQHHULQJ DSSOLFDWLRQV DOWKRXJK RQO\ RQH KDV C
DQERDO\WLVY RU SHUIRUPDQFH VWXG\

7TDEOH DGDSWHG IURP >.KRVK E@ VXPPDULVHV WKF
EHQFKPDUNYV

220 +\SHUORGHO

'DWDEDVH *HQHWD@QWRABWLF 6\QWKHWLF 6\QWKHWLF
XQLIRUP GLVWQLERUWPLBQVWQLERUWPLBQVWULEX

L QGXVWU\ $FFHSEWB QEMN606 1R 1R
YHQGRUV

OL[HG :RUNORDG <HV <HV <HV

1XPEHU RI 8VHUV6LQJOH 6LQJOH 6LQJOH 0XOWL

2ULHQWDWLRQ (QJLQHHULQJ +\SHUWHI[W *HQHULF

SHUIRUPDQFH SO0HHWBSWRIFVH W ILHINE RQVH WIBRHANE RQVH WLPHV F
LQGLYLGXDO IXEIULH&XD O OXEIWNIHXDO TXHU

6SHFLILFDWLRQ 'HWDLOHG ILPLWHG '"HWDLOHG
6\VWHP 6L]H 6FDODEOH 6FDODEOH 6FDODEOH
S8WLOLW\ 2SHUDWLRR)V 1R 1R

7TDEOH ©6XPPDU\ RI 220 +\SHUORGHO DQG

7TKHVH WKUHH EHQFKPDUNV KDYH WHQGHG WR PHDVXUH L
VSHHGVY DOWKRXJK WKHUH DUH PDQ\ RWKHU DVSHFWV WR
PHDVXUHG )RU H[DPSOH D GDWDEDVH SDQHO KHOG LQ FR
WKH IROORZLQJ SRVVLELOLWLHV >-RVHS @ ¢t

IDYLIDWLRQDO SRLQWHU FKDVLQJ VSHHG

4 XHU\ WKURXJKSXW

4XHU\ UHVSRQVH WLPH

6DYH DQG UHWULHYH RI FRPSOH[ VWDWHYV E\ 2EMHF
6LPSOH EXON RSHUDWLRQV RQ DOO REMHFWYV

H H+ H+ +H +H



¥ &4RPSOHWH RSHUDWLRQV DW WKH DSSOLFDWLRQ OHYHO
¥ *RRG PHWULFVY GHSHQG RQ DSSOLFDWLRQ

7KH ZRUNVKRS RQ REMHFW GDWDEDVH SHUIRUPDQFH KHOG D
UDQJH RI LVVXHYVY LQ PHDVXULQJ REMHFW GDWDEDVH SHUIF
&KDXGKUL >=RP @

ORUH SHUIRUPDQFH VWXGLHYVY RI UHDO DSSOLFDWLRQV
+ROLVWLF EHQFKPDUNYV

1HHG IRU FRPPRQ WUDFH IRUPDWYV

O0XOWL XVHU EHQFKPDUNYV

7LPH YDU\LQJ QDWXUH RI DSSOLFDWLRQV

,PSDFW RI GHVLJQ

H + H+ H+ H+ +H

,Q WKLY FKDSWHU DUHDYV ZKHUH FXUUHQW REMHFW GDWDED\
KLIKOLJKWHG DQG GLVFXVVHG O0DQ\ RI WKHVH GHILFLHQFLH
FDVH VWXGLHVY GHVFULEHG LQ &KDSWHU ,Q WKH QH[W Fk
FRQVLGHUHG LQ WKH UHVHDUFK GHVLJQ IRU GHYHORSLQJ
GDWDEDVHYV



&+$37(5 SHVHDUFK '"HVLJQ

, OQWURGXFWLRQ

&KDSWHU VKRZHG WKDW REMHFW GDWDEDVHV DUH QRZ
GRPDLQV WKDQ MXVW HQJLQHHULQJ &KDSWHU GHVFULEH
GDWDEDVH SURGXFWV LQ GHWDLO DQG KLIJKOLIJKWHG D Q>
FDQ DIITHFW GDWDEDVH SHUIRUPDQFH HYDOXDWLRQ &KDSW
GDWDEDVH EHQFKPDUNYVY GLVFXVVHG WKHLU OLPLWDWLRC
IXWXUH REMHFW GDWDEDVH SHUIRUPDQFH EHQFKPDUNV V
UHVHDUFK GHVLJQ WKDW DWWHPSWV WR RYHUFRPH VRPH
SUHYLRXV FKDSWHUV W LV RUJDQLVHG DV IROORZV )LU!
VSDFH DUH SUHVHQWHG LQ VHFWLRQV DQG UHVSHFW
REMHFWLYHY DUH GHVFULEHG ,Q VHFWLRQV WR WKt
LOQFOXGLQJ D GHVFULSWLRQ RI WKH WHFKQLTXHV XVHG ,Q
VWDWLVWLFDO PHWKRGV LV SUHVHQWHG )LQDOO\ VHFWLF

SUREOHP 6WDWHPHQW

$V GLVFXVVHG HDUOLHU 2'%L06V DUH QRZ EHLQJ XVHG LQ
'KLOVW WKH KLVWRU\ RI WKLY WHFKQRORJ\ KDV EHHQ URR
EHLQJ XVHG IRU 1HWZRUN ORGHOOLQJ LQ 7HOHFRPPXQ!
JLQDQFLDO $SSOLFDWLRQV LQ ,QWHUQDWLRQDO %DQNLQJ
+RZHYHU WKLV JURZWK LQ GLYHUVLW\ DQG UDQJH RI DSS
GHYHORSPHQW RI DGHTXDWH SHUIRUPDQFH EHQFKPDUNYV
EHQFKPDUNLQJ FRPSOHWH DSSOLFDWLRQV LV NQRZQ WR
WKHUH LV QR LQGLFDWLRQ Rl WKH VXLWDELOLW\ RU RWK
FODVVHV RI DSSOLFDWLRQV 7KH ODWWHU LV VLJQLILFDQ
2'%06 YHQGRUV YDU\ FRQVLGHUDEO\ XQOLNH 5'%06 S
KRPRJHQHRXV >%UDGO @ $QRWKHU LVVXH LV WKDW PRV
ZRUN ODFNV DQ\ UHDO EDVLV L H WKHUH KDYH EHHQ QF
&KDSWHU DV ZHOO DV QR PHWKRGV XVHG WR YHULI\ E
WKHUHIRUH LV D PRUH V\VWHPDWLF SURJUDPPDWLF DS



WFKQLTXHV XVLQJ VWDWLVWLFDO PHWKRGV WR YHULI\ SHUI
DGGUHVV WKHVH GHILFLHQFLHV E\ XVLQJ WKHVH WHFKQLTXHY

SUREOHP 6SDFH

,Q WKH SUHYLRXV VHFWLRQ LW ZDV VWDWHG WKDW 2'%06V
DSSOLFDWLRQV 7KLV LV LOOXVWUDWHG LQ )LIJXUH

J)LIXUH 7KH 3UREOHP 6SDFH >:DJQH @

,Q WKH GLDJUDP D VKRZV WKDW WKHUH DUH D SRWHQWLDC
VSDFH DQG E VKRZV SDUWLWLRQLQJ RI WKH VSDFH LQWR HT
OLPLWHG DQG H[KDXVWLYH WHVWLQJ LV LPSUDFWLFDO :DJQH
RI WKH VSDFH LQWR HTXLYDOHQFH FODVVHV DOORZV WKH W
LQGXFWLRQ ZRXOG EH HTXLYDOHQW WR WHVWLQJ WKH HQWL
WUDFWDEOH )XUWKHUPRUH :DJQHU GLYLGHV WKH SUREOHP
VXEVHW RI WKH SUREOHP VSDFH ZKL$ B SFOIQF B W LHR Q OGRSJHHFGL 1B
DSSURDFK FRQVLVWLQJ RI RQeH VRUH Y DYSHEUIR® PR L RV LR/W IDQ
PDQ\ SRLQWYV 6RPH RI WKH FKDUDFWHULVWLFV RI HDFK DSSI

f $SSOLFDWLRQ 6SHFLILF
%DVHG RQ UHDO ZRUOG SUREOHPYV
OHDVXUHV V\VWHP SHUIRUPDQFH LQ WKH DFWXDO FR
HPSOR\HG
¥ 6\WWHPDWLF
+DV ZLGH UDQJLQJ XWLOLW\
URYLGHY JHQHULF HYDOXDWLRQ
&DQ EH XVHG WR WHVW VA\VWHP YDULDELOLW\ DQG Vt



7KH UHODWLYH PHULWY DQG GUDZEDFNVY RI WKHVH WZR DS
>6WRQH @ DQG >H:LW @ +DZWKRUQ >+DZWK @ KDV DOV
WKH WZR PD\ EH WKH EHVW DSSURDFK WR GDWDEDVH SHL
ZKDW LV SURSRVHG LQ ODWHU VHFWLRQV LV XVLQJ WKHVH

SHVHDUFK 2EMHFWLYHYV

7KH ILUVW DLP RI WKLV UHVHDUFK LV WR VWXG\ WKH SHU
DSSOLFDWLRQV 7KLV VXEMHFW LV QRW ZHOO GRFXPHQWH
FRQVXOWDQWY DQG YHQGRUV ZKR DUH DVNHG WR XQGHU!'
7KHUH DUH DOVR IHZ H[DPSOHV Rl GHWDLOHG FDVH VWXG
OLWHUDWXUH DQG SUHYLRXV EHQFKPDUNV VXIIHU IURP D
VWDWHG HDUOLHU VXFK DV WKH ODFN RI SURSHU VWXGLH\

7KH VHFRQG DLP LV WR DWWHPSW WR LGHQWLI\ ZKLFK FOD'
SDUWLFXODU REMHFW GDWDEDVH DUFKLWHFWXUHV 7KLYV
SHUIRUPDQFH EHQFKPDUNLQJ EDVHG XSRQ WKH VWXGLHV
IROORZLQJ VHFWLRQV $JDLQ WKLV DUHD LV QRW ZHOO X
VRPH EHQFKPDUNV VXFK DV 2&%$' > HPSH D .HPSH E@ K
UHVXOWYV IRU VIQWKHWLF EHQFKPDUNYVY LQ DQ DWWHPSW W

7KH WKLUG DQG ILQDO DLP LV WR GHWHUPLQH LI D JHQHULI
IRU REMHFW GDWDEDVHYVY FDQ EH GHULYHG 7KLV LV EHFDX
DSSOLFDEOH WR D YDULHW\ RI VI\IVWHPV >2KNDZ @ $ JHQI
UHSUHVHQWLQJ D WDUJHWHG V\VWHP EXW VSHFLILFV DUH
,QPRQ >, QPRQ @ VWDWHYV KRZHYHU WKDW WUHDWLQJ GD
JHQHULFDOO\ LV ZURQJ 7KLV LV EHFDXVH KH DUJXHYV

SHUIRUPDQFH RI DQ 2/73 V\VWHP IRU H[DPSOH KDV YHL
EHQFKPDUN IRU PHDVXULQJ WKH SHUIRUPDQFH RI D '"HFLVL
LV YHU\ OLWWOH LQ FRPPRQ EHWZHHQ WKHP +RZHYHU
SHUIRUPDQFH RI 2'%06V ZRXOG FRQVLGHUDEO\ DLG EHQF
WKHQ IRFXV RQ WKH VSHFLILFV QHHGHG IRU D SDUWLFXOD
EHQFKPDUN IURP VFUDWFK +RZHYHU :HLFN >:HLFN @ FRF
OLPLWHG EHFDXVH QRQH RI WKHP FDQ EH DFFHSWDEOH

VLPSOLFLW\ 7KLV LV EHFDXVH KH DUJXHV D WKHRU\ FDQ
DV IROORZV

*HQHUDO DFFXUDWH WKHRULHYVY DUH FRPSOH]
*HQHUDO VLPSOH WKHRULHY DUH LQDFFXUDWH



6LPSOH DFFXUDWH WKHRULHV KDYH QR JHQHUDOLW\

7KH ZRUN E\ <RXVVHI ><RXVV @ KRZHYHU GHPBR@Y/®/ UDWHC
VLPSOLFLW\ DUH SRVVLEOH LQ GDWDEDVH SHUIRUPDQFH ZRL
2/73 SHUIRUPDQFH HYDOXDWLRQ IRU 5" %06V ORUH ZLGHO\
SHUIRUPDQFH HYDOXDWLRQ FRXOG EH VROYHG DV IROORZV

*HQHUDOLW\ D VHW RI FRUH EHQFKPDUN RSHUDWLRQ)\
$FFXUDF\ VSHFLILFVY DGGHG WR WKH FRUH IRU D SDUV
6LPSOLFLW\ FRUH RSHUDWLRQV DUH HDVLHU WR FRPS

&KRLFH RI 5HVHDUFK $SSURDFK

$ GLVFXVVLRQ DQG WD[RQRP\ RI DOWHUQDWLYH ,QIRUPDWLRQ
*DOOLHUV >*DOOL @ LV VXPPDULVHG LQ 7DEOH EHORZ

6FLHQWLILF HPSLULPMMHUSUHWL YLVW
IDERUDWRU\ ([SHEXPMBMWLYH $UJXPHQWDWLYH
JLHOG ([SHULPHQWNWYLHZV

6XUYH\V $FWLRQ 5HVHDUFK

&DVH 6WXGLHV 'HVFULSWLYH ,QWHUSUHWLYH
7KHRUHP 3URRI

JRUHFDVWLQJ )XWXUHV 5HVHDUFK
6LPXODWLRQ 5ROH *DPH 30D\LQJ

7TDEOH ,QIRUPDWLRQ 6\VWHPV 5HVHDUFK $SSURDFK

JURP WKH GLVFXVVLRQ LQ >*DOOL @ RI WKH VWUHQJWKYV L
HPSLULFDO DSSURDFKHY DUH ZHOO VXLWHG IRU WKLV UHVHDU
LQ WKH SUHYLRXV VHFWLRQV )XUWKHUPRUH WKH HPSLULFD
WKHRU\ H[WHQVLRQ ZKLFK *DOOLHUV IHHOV LV WKH PRVW
LOOXVWUDWHG LQ )LIXUH

*DOOLHUV DOVR VXJJHVWYV H[DPLQLQJ SUHYLRXV ZRUN LQ RQ
SHUVSHFWLYH RI WKH UHVHDUFK DSSURDFKHV WKDW KDYH EF
RQH RU WZR DSSURDFKHV RQO\ LW PD\ EH XVHIXO WR DGRS!'
ZRUN RQ 2'%06 SHUIRUPDQFH KDV XVHG ODERUDWRU\ H[SHUL
RI DQ\ RI WKH RWKHU DSSURDFKHYVY EHLQJ XVHG &DVH VWXGLI



WRXVH SDUWLFXODUO\ VLQFH <RXVVHI ><RXVV @ XVHG
GHYHORSPHQW RI DQ 2/73 EHQFKPDUN IRU 5'%06V

JLIXUH $OWHUQDWLYH 5RXWHV WR 7KHRU\ ([WHQV

%YHQEDVDW HW DO >%HQED @ DOVR FLWH WKH IROORZLQ
XVHIXO LQ ,6 UHVHDUFK

7KH UHVHDUFKHU FDQ VWXG\ LQIRUPDWLRQ V\VWHF
WKH VWDWH RI WKH DUW DQG JHQHUDWH WKHRULHYV
7KH FDVH PHWKRG DO ORZ\KRBRBEQEGKVPKHMIWL RR VD QWK
XQGHUVWDQG WKH QDWXUH DQG FRPSOH[LW\ RI WKI
LV DOVR VKDUHG E\ <LQ ><LQ @ )RU 2'KoRBWHWKH
WKH\ EHLQJ KRRED P B GHYHORS EHWWHU EHQFKPL
REVHUYDWLRQV" >&KDXG D@

$ FDVH DSSURDFK LV DQ DSSURSULDWH ZD\ WR U
SUHYLRXV VWXGLHYVY KDYH EHHQ XQGHUWDNHQ 7KL\
2'%06 SHUIRUPDQFH

&DVH UHVHDUFK LV DOVR XVHIXO IRU HI[SORUDWLRQ DQG K
ZD\V WR DGG WR WKH ERG\ RI NQRZOHGJH LQ WKH ,6 ILHC
VWDWHG HDUOLHU DUH SUHFLVHO\ DLPHG DW H[SORUDW|



IBSURDFKHV FDQ EH FRPELQHG LQ WKH SURFHVV RI WKHRU\
WKLY UHVHDUFK SURMHFW RQO\ FDVH VWXGLHV DQG ODERU
H[SHULPHQWY DUH DQ H[WHQVLRQ RI ODERUDWRU\ H[SHULF
>*DOOL @ 7KH\ KDYH WKH VDPH VWUHQJWKY DQG ZHDNQHV'
DOVR VXIIHU IURP WZR DGGLWLRQDO ZHDNQHVVHV >*DOOL @

W LV GLIILFXOW WR ILQG RUIJDQLVDWLRQV SUHSDUHG
,W LV HIWUHPHO\ GLIILFXOW WR DFKLHYH VXIILFLHQW
HI[SHULPHQW ZLWK RQO\ WKH VWXG\ YDULDEOHYV EHLQJ

JLHOG H[SHULPHQWY DUH WKHUHIRUH UHMHFWHG IRU WKLV L

&DVH 5HVHDUEFK

,Q WKLY VHFWLRQ WKH FDVH UHVHDUFK GHVLJQ LV RXWOLQH
DIWHU WKH VW\OH XVHG E\ % HQEDVDW HW DO >%HQED @ VL
WKH FDVH UHVHDUFK DSSURDFK

'"HFLGLQJ RQ &DVH 5HVHDUFK

%YHQEDVDW HW DO VXJIJHVW WKDW WKH IROORZLQJ TXHVWLI
DSSURSULDWHQHVV RI WKH FDVH VWUDWHJ\

&DQ WKH SKHQRPHQRQ RI LQWHUHVW EH VWXGLHG RXW
OXVW WKH VWXG\ IRFXV RQ FRQWHPSRUDU\ HYHQWV"

'V FRQWURO RU PDQLSXODWLRQ RI VXEMHFWY RU HYHC
'RHV WKH SKHQRPHQRQ RI LQWHUHVW HQMR\ DQ HVWDI

7KH\ JR RQ WR FRPPHQW WKDW WKH FDVH DSSURDFK LV XVHIX
FRQWHPSRUDU\ HYHQWYV LV QHHGHG EXW QRW VXLWDEOH ZK
PDQLSXODWLRQ RI VXEMHFWY RU HYHQWYV LV UHTXLUHG 2'9
VWURQJ WKHRUHWLFDO EDVH )XUWKHUPRUH LW LV D FRQWHTI
LQ QDWXUDO VHWWLQJYV JLYHQ WKH PDQ\ YDULDEOHYV WKDW P
WKH HQG RI &KDSWHU

8QLW RI $QDO\VLV

W ZRXOG EH UHDVRQDEOH WR DVVXPH WKDW 2'%906 WHFKQRO
GHSOR\HG V\VWHPV DQG WRWDO PDUNHW VKDUH ZKHQ FRP



WFKQRORJ\ &RQVHTXHQWO\ WKH QXPEHU RI SURGXFWLRQ
GHYHORSHG WR PHHW YHU\ VSHFLILF SUREOHPV 7KLV VXJ.
VSHFLILF SURMHFW RU DSSOLFDWLRQ 7KH FRUROODU\ LV
WKLY WR RWKHU DSSOLFDWLRQV LQ RWKHU RUJDQLVDWLRC

,Q WKH FDVH DSSURDFK ZKLOVW KNG HOMGHKHURP ZK KY
YDULDEOHV RI LQWHUHVW ZLOO EH DQG KRZ WKH\ ZLOO ¢t
SURFHVVLQJ WDVNV GHVFULEHG E\ <RXVVHI ><RXVV @ DQ!
UHVHDUFKHUV LQ GDWDEDVH SHUIRUPDQFH SURYLGH D XVF

KDW TXHULHV ZLOO EH UXQ"

:KDW LV WKH UHODWLYH IUHTXHQF\ RI HDFK TXHU\"
KDW LV WKH VL]H RI WKH GDWDEDVH"

:KDW SDWWHUQV RI EHKDYLRXU DUH H[SHFWHG"

H +H+ +H ++

) XUWKHUPRUH D UHTXLUHPHQWY DQDO\WLV WR GHWHUPLQ
DUH LQ WKH GRPDLQV RI LQWHUHVW ZRXOG DOVR VHUYH W
LQ WKH QH[W FKDSWHU $GGLWLRQDO IDFWRUV VSHFLILF
/DL *X]HQGD >/DL @ DQG 6WHLQ >6WHLQ @ /DNH\ HW
SURSRVHG VRPH IDFWRUV VSHFLILF WR REMHFW GDWDEDYV
GHWDLOHG TXHVWLRQV FDQ EH GHULYHG

¥ KDW LV WKH OHYHO RI GDWD VKDULQJ QHVWLQJ G
¥ KDW LV WKH DPRXQW RI VXE VWUXFWXUH WKDW LV
¥ :KDW DUH WKH PRVW |IUHTXHQW RSHUDWLRQV RQ'

KRPRIJHQHRXVY REMHFWV" &ROOHFWLRQV RI KHWHUR.:
¥ :KDW W\SHV Rl JUDSK VWUXFWXUHV DUH XVHG" 7
AV
'R JUDSK VWUXFWXUHYV FRQWDLQ F\FOHV"
'R SDWK WUDYHUVDOV FRQWDLQ REMHSWUWEBAKKWYH V
RQO\ FRQVWUDLQHG E\ D KLHUDUFK\ RI W\SHV"

H ++

7KH SUREOHP LV ILQGLQJ D VPDOO QXPEHU RI DSSOLFDWL
MXVW GLVFXVVHG >/DNH\ @

JURP WKH FDVH VWXGLHV WKH DLP ZLOO EH WR ORRN IRU
LOWHUHVWHG LQ P HDNXDOWD®HEEK OWEBMDONMFIMWYH R1 2'%O0¢
SHUIRUPDQFH



6LQJOH &DVH YV OXOWLSOH &DVH '"HVLJQV

&KDXGKUL 5HYHOO >&KDXG D@ SURSRVHG D PXOWLSOH FD
2'%06 SHUIRUPDQFH 7KLV LV QHFHVVDU\ VLQFH WKH YDULHW
ubQJLQJ )XUWKHUPRUH PXOWLSOH FDVH GHVLJQV DUH XVHI
GHVFULSWLRQ WKHRU\ EXLOGLQJ RU WKHRU\ WHVWLQJ >%F
GHVLJQ \LHOGV PRUH JHQHUDO UHVXOWV VLQFH LW DOORZV |
HDUOLHU RQH REMHFWLYH RI WKLV UHVHDUFK LV WR GLVFRY

6LWH G6HOHFWLRQ

ORVW RUJDQLVDWLRQV DSSURDFKHG IRU WKLV UHVHDUFK ZHU
LQ WUDGH SXEOLFDWLRQV WKURXJK QHWZRUNLQJ DW FRQIHU
7KLV IROORZV WKH DSSURDFK UHFRPPHQGHG LQ >%HQED @
HISHULHQFHG LQ ILQGLQJ VXLWDEOH RUJDQLVDWLRQV ZHUH

J)HZ RUJDQLVDWLRQV LQ WKH 8. KDYH GHYHORSHG RE
DQ\ VLIH O0ODQ\ DUH VWLOO H[SHULPHQWLQJ ZLWK WKH \
FRPPLWWHG WKHPVHOYHV WR LW

6RPH RUJDQLVDWLRQV WKDW LQLWLDOO\ LQGLFDWH:¢
VXEVHTXHQWO\ ZLWKGUHZ GXH WR LQWHUQDO UH RU.
SULRULWLHV SURMHFW EHLQJ DEDQGRQHG SULPDU\ FF
7TKRVH RUJDQLVDWLRQV WKDW KDG GHYHORSHG DSSOL
DQ\ LQIRUPDWLRQ H J HYHQ ZKLFK SURGXFW WKH\
FRPPHUFLDO UHDVRQV HJ WKH\ GLG QRW ZLVK WKHLL
ZHUH GRLQJ HYHQ WKRXJK DVVXUDQFHV ZHUH JLYHQ
DQG WKH EHQHILWYV RI WKLV UHVHDUFK WR WKHP
2EMHFW GDWDEDVH YHQGRUV KDYH EHHQ XQZLOOLQJ \
WHFKQRORJ\ LV VWLOO VPDOO FRPSDUHG WR UHODWL
6WRQH @ DQG WKH\ DUH DOO FRPSHWLQJ IRU D VKDUH
VHOHFWLRQ IDFWRU ZKHQ XVHUYY DUH HYDOXDWLQJ FR
YHQGRUV DOVR SURYHG WR EH YHU\ LQHIIHFWXDO L
WKHPVHOYHYV

7KH RUJDQLVDWLRQV WKDW ZHUH ILQDOO\ VHOHFWHG ZHUH F
REMHFWLYHY ZHUH QRW IDFWRUV WKDW LQIOXHQFHG VLWH V
LQGXVWU\ VHFWRUV DUH XVLQJ 2'%06V DV VKRZQ E\ D QXPE
+RZHYHU D KRPRJHQHRXV VDPSOH RI RUJDQLVDWLRQV HLWK
DSSOLFDWLRQV RU LL IURP WKH VDPH YHUWLFDO PDUNHWYV R



MQFH WKLV UHVHDUFK FRXOG WKHQ KDYH IRFXVHG RQ LC
DSSURDFK GHVFULEHG LQ L ZDV VXFFHVVIXOO\ XVHG LQ
<RXVVHI ><RXVV @ 8QIRUWXQDWHO\ QHLWKHU DSSURDFK
DERYH 7KH UHVHDUFK LQ WKLV SURMHFW WKHUHIRUH

UHSOLFDWLRQ >%HQED @ L H FRQWUDGLFWRU\ UHVXOW
7KLV LV FRQILUPHG E\ WKH FDVH VWXGLHV GHVFULEHG LQ
IURP HDFK RWKHU

'DWD &ROOHFWLRQ OHWKRGYV

,Q WKH FDVH UHVHDUFK DSSURDFK PXOWLSOH PHWKRGV R
KDV WKH EHQHILW WKDW LW RIITHUV WKH RSSRUWXQLW\ IR
GDWD FROOHFWLRQ OHDG WR VLPLODU FRQFOXVLRQV >%H
UHVHDUFK ILQGLQJYV $FFRUGLQJ WR <LQ ><LQ @ WKH VR>

'RFXPHQWDWLRQ
$UFKLYDO 5HFRUGYV
,QWHUYLHZV

'LUHFW 2EVHUYDWLRQ
3K\VLFDO $UWHIDFWYV

H H+ H+ H

0DQ\ RI WKHVH PHWKRGV ZHUH VXFFHVVIXOO\ XVHG E\ <R:
WKH SULPDU\ PHWKRGV XVHG ZHUH #

$+ $QDO\VLV RI 6\WVWHP 'RFXPHQWDWLRQ
6\WVWHP GRFXPHQWDWLRQ KHOSV WR SURYLGH LQV
IXQFWLRQ GHILQLWLRQV GHVLJQ GHFLVLRQV HWF
GHVFULEHG LQ &KDSWHU WKH 00,6 3URMHFW DW (
H[DPSOH SURYLGHG YHU\ GHWDLOHG GHVLJQ GRFX
SVHXGR FRGH

+ ,QIRUPDO ,QWHUYLHZV
JRU HDFK FDVH VWXG\ DQ LQLWLDO LQWHUYLHZ ZD\
ZLWKLQ DQ RUJDQLVDWLRQ 7KH SXUSRVH RI WKH L
Rl WKH UHVHDUFK DQG LWV DLPV DQG REMHFWLYH\
HOHFWURQLF PDLO

f 'DWD &ROOHFWLRQ
JROORZLQJ >2KNDZ @ WKH SXUSRVH RI WKLV DFWL
G\QDPLF FKDUDFWHULVWLFV RI DSSOLFDWLRQV VX
QXPEHUV RI HDFK W\SH Rl REMHFW XVHG DQG WKH



HHFXWHG RQ WKHP 7KLV W\SH RI LQIRUPDWLRQ LV JHQ
LW UHOLHV RQ DFWXDO H[HFXWLRQ ZKLFK LQ FHUWD
GRFXPHQWHG >2KNDZ @ 6RPH RI WKH RUJDQLVDWLR
SURYLGHG GDWD WKDW WKH\ KDG DOUHDG\ FROOHFW
HYDOXDWLRQV ,Q RWKHU FDVHV WKH UHOHYDQW RUJD
DQDO\VLV

ILPLWDWLRQV

([DPLQLQJ UHDO V\VWHPV XVLQJ WKH PHWKRGV MXVW GLV
OLPLWDWLRQV 7KHVH DUH GLVFXVVHG EHORZ

&KRLFH RI 'DWD 6WUXFWXUHYV

7KH IOH[LELOLW\ RI DQ REMHFW RULHQWHG GDWDEDVH DUF¥
DOWHUQDWLYHY DQG LW LV SRVVLEOH WR WXQH WKH DUFKLW
7KLV DJUHHV ZLWK WKH YLHZV RI /IDNH\ HW DO >/DNH\ @ DQ
>2KNDZ @ VWDWHV WKDW

S6RPH HQFRGLQJY UHQGHU PRUH FRPSDFW UHSUHVHQWDYV
LQ IHZHU SDJHV WR UHDG IRU GDWD UHWULHYDO DQG
SHUIRUPDQFH

$V DQ H[DPSOH 2KNDZD GHVFULEHV WKH UHSUHVHQWDWLRC
LOQWHJHUYV LQ *HP6WRQH 7KH IRUPHU DUH VWRUHG DV REMH
WKHLU REMHFW LGHQWLILHUV WR PHPRU\ ORFDWLRQV ZKLOV
$V D UHVXOW IORDWLQJ SRLQW QXPEHUV FRQVXPH PRUH V¢
LQGLUHFWLRQ ,Q DQ H[SHULPHQW WR WHVW WKHVH WZR UHS
GLITHUHQFHYVY ZHUH VXUSULVLQJO\ VPDOO IRU WKH ODUJH
H[SHULPHQWY DOVR VKRZHG WKDW WKH RYHUKHDG RI UHSHDV
SbvvLQJ D FRPSOHWH VHW RI VWDWHPHQWY DV D ODUJH VW
SDUVLQJ DQG FRPSLOLQJ WKLV VWULQJ ZDV PRUH WKDQ X
OHDGV WR WKH FRQFOXVLRQ WKDW FDUHIXO DQDO\VLV RI GI
RSHUDWLRQV FDQ UHVXOW LQ SHUIRUPDQFH LPSURYHPHQW!
KLIKOLJKW PDMRU GLITHUHQFHYV EHWZHHQ 2'%06 SURGXFWYV

KHQ H[DPLQLQJ DFWXDO DSSOLFDWLRQV GHFLVLRQV UHJDU(
GDWD VWUXFWXUHYV ZLOO LQHYLWDEO\ KDYH EHHQ WDNHQ E'
SHUIRUPDQFH PHDVXUHPHQWYV



&KRLFH RI /DQJXDJH

,Q 2'"%06V WUDYHUVDO RSHUDWLRQV VSHFLILHG LQ ODQJX
RI LQGLYLGXDO REMHFW IHWFKHY WKDW LV KDUG WR RSWI
ORRS SURJUDPPHG LQ & ZLWK REMHFW UHIHUHQFLQJ RS
HDVLO\ E\ WKH 2'%06 WR RSWLPLVH FRPSOH[ WUDYHUVDO
UHVSRQVLELOLW\ RI WKH SURJUDPPHU >%RQF] D@ 6XFK
HIWHQG WR RWKHU ODQJXDJHV

+DUGZDUH 1RUPDOLVDWLRQ

SHUIRUPDQFH PHDVXUHPHQWY DUH RQO\ YDOLG IRU WKH
VRIWZDUH XVHG ,Q WKLV UHVHDUFK SURMHFW WKHUH

QRUPDOLVDWLRQ RU SULFH SHUIRUPDQFH UDWLR DV IR)
GRPDLQ VXFK DV WKH 73 EHQFKPDUN GLVFXVVHG LQ &KD

6\VWHP %HKDYLRXU

JRU WKH EHQFKPDUNV GHVFULEHG LQ &KDSWHU WKLV
>:DJQH @ DVVXPHV ZHOO EHKDYHG V\VWHPV $FFRUGLQ
QHLWKHU HUUDWLF QRU UDQGRP +RZHYHU VXFK DQ DVVX
RQ WR VD\ VLQFH PXOWL XVHU PXOWL WDVNLQJ HQYLU
GDWDEDVHV FDQQRW EH FRQVLGHUHG DV KDYLQJ ZHOO
FKDQJHV LQ WKH HQYLURQPHQW FDQ FDXVH PDMRU FKDQ.
KROGV VLPLODU YLHZV +RZHYHU UDQGRP IOXFWXDWLR
GHVFULEHG EHORZ

5DQGRP )OXFWXDWLRQV

KHQ PRGHOOLQJ XVLQJ REVHUYDWLRQV IURP HLWKHU
DSSURDFKHYV UDQGRP IOXFWXDWLRQV DUH OLNHO\ VL
SHUIRUPDQFH ZLOO DOZD\V EH SUHVHQW >:DJQH @ 7K
PLQLPLVHG E\ WDNLQJ PXOWLSOH PHDVXUHPHQWY DQG U
VI\VWHP DFWLYLW\ VXFK DV GXULQJ HYHQLQJVY DQG DW ZH|
>+DOOR D@ SURSRVHG E\ +RKHQVWHLQ HW DO >+RKHQ
GHVFULEHG LQ &KDSWHU



6LQJOH 8VHU YV OXOWL 8VHU %HQFKPDUNYV

JRU WKLV UHVHDUFK SURMHFW WKH EHQFKPDUNV GHYHORSH
VLQJOH XVHU RQO\ 7KLV LV EHFDXVH

f %HQFKPDUNV VKRXOG LQLWLDOO\ EH UXQ LQ VLQJOH
SHUIRUPDQFH XQGHU RSWLPDO FRQGLWLRQV DQG SUR
UHTXLUHG E\ GLIIHUHQW TXHULHV >%RUDO @

f 6LQJOH XVHU HYDOXDWLRQV DUH D FUXFLDO ILUVW VW
FDSDEOH RI SURELQJ VLJQLILFDQW SRUWLRQV RI WKH S

f 7HVWV LQ VLQJOH XVHU PRGH KHOS WR HOLPLQDWH
ZRUNORDGY DQG WR LVRODWH EHQFKPDUN UHVXOWV >-

f W LV XVHIXO WR XQGHUVWDQG VLQJOH XVHU SHUIRUP
PXOWL XVHU SHUIRUPDQFH >%RQQH E@

6LQJOH XVHU WHVWY ZLOO DOVR NHHS WKH SUREOHP VSDFH
>&DUH\ @ GHVFULEH VRPH LQLWLDO H[SHULHQFHV ZLWK D P}
FRQVLGHUDEOH YDULDELOLW\ LQ REVHUYHG UHVXOWY ZKHQ
5HVRXUFH OLPLWDWLRQV GLVFXVVHG LQ GHWDLO LQ &KDSWH
RQO\ LQ WKLV UHVHDUFK SURMHFW )XWXUH ZRUN VKRXOG LQ

5HDO 'DWD YV 6\QWKHWLF 'DWD

IDNH\ HW DO >/DNH\ @ FODLP WKDW D UHTXLUHPHQW RI DQ R
UXQ XVLQJ UHDO DSSOLFDWLRQ GDWD 7KLV LV EHFDXVH WK
GHJUHH RI QHVWLQJ DUH GLIILFXOW WR JHQHUDWH UDQGRP
KDQG LV XQIHDVLEOH EHFDXVH RI WKH VL]H RI WKH GDWD
PDQDIJHPHQW FDSDELOLWLHYVY RI REMHFW GDWDEDVHY 7KH D
UHDO GDWD KDYH EHHQ GLVFXVVHG HOVHZKHUH H J >6WRQI
WKLY UHVHDUFK SURMHFW WKH DLP LV WR H[DPLQH UHDO G
ILQGLQJ JHQHUDOLVDWLRQV DV GLVFXVVHG HDUOLHU EXW N
EH SHFXOLDU WR WKH UHDO GDWD VHWYV

IDERUDWRU\ ([SHULPHQWYV

,Q D VXUYH\ RI FDVH UHVHDUFK SDSHUV LQ ,6 WKDW DSSHDU
VHYHUDO \HDUV %HQEDVDW HW DO >%HQED @ QRWHG WKDW
DSSHDUHG WR EH VWDQG DORQH RQH VKRW VWXGLHV DQG
VWXGLHV ZHUH SDUW RI V\VWHPDWLF SURJUDPPDWLF UHVHDU



WXGLHY DUH RQH RI VHYHUDO WHFKQLTXHY WKDW DUH XVI
H[SHULPHQWY EDVHG RQ WKH FDVH VWXGLHV DQG VXSSO
EDVHG RQ SXEOLVKHG ZRUN DQG VDWLVI\LQJ WKH IROORZL

7KH ZRUN PXVW EH EDVHG RQ D UHTXLUHPHQWY DQ
7KH ZRUN PXVW EH UHOHYDQW WR REMHFW GDWDED
7TKHUH PXVW EH VXIILFLHQW GHWDLO WR LPSOHPHQ\

,Q HITHFW WKH DLP LV WR ILQG H[DPSOHV LQ WKH OLWHUD
6WXG\ $FWLRQ 5HVHDUFK SDWK LOOXVWUDWHG LQ )LIJXUH
XQGHUWDNH D GHWDLOHG FDVH VWXG\ LQ HDFK FDVH %DV

7KH 220 %YHQFKPDUN >&DWWH @
7KH $),7 :DUJDPH 6LPXODWLRQ %YHQFKPDUN >+DOOR
7KH &,7< %YHQFKPDUN ><RXVV @

7TKHVH FKRLFHY DUH QRZ MXVWLILHG

7TKH 220 %HQFKPDUN

7KLY EHQFKPDUN KDV EHFRPH XELTXLWRXV VLQFH LW LV
GDWDEDVH SHUIRUPDQFH OLWHUDWXUH ,W LV LQFOXGHG K

$OWKRXIK WKLV ZRUN LV QRW EDVHG RQ DQ\ VWXC
FULWLFLVPV DV GLVFEFXVVHG LQ &KDSWHU &DWWH
RWKHU ZRUN IURP WKH &%$' GRPDLQ FRUUHODWHG Z
PHHWYV WKLV FULWHULRQ E\ WUDQVLWLYLW\

7KH EHQFKPDUN LV SULPDULO\ GHVLIQHG WR WHYV
XWLOLVDWLRQ RI ZRUNVWDWLRQ FDFKH $V SUHYLR
WKDW 2'%06V DUH JRRG DW SHUIRUPLQJ )XUWKHUP
FKDSWHU PDQ\ DSSOLFDWLRQ GRPDLQV UHTXLUH VX
220 ZDV QRW GHVLIJIQHG WR FRPSDUH 2'%06V LW K
GLIIHUHQFHYVY EHWZHHQ VRPH SURGXFWV DV UHSF
$GGLWLRQDOO\ VRPHWLPHV WHVWLQJ VI\VWHPV ZLW
XVHIXO WKDQ XVLQJ D FRPSOH[ EHQFKPDUN DV VKR
,Q IDFW WKLV LV SUHFLVHO\ WKH DSSURDFK WKDW +
2'%06V XVLQJ 220 DQG WKHQ LL GHYHORSLQJ D VI
VI\VWHP WKDW SHUIRUPHG IDVWHVW LQ L



SHIHUHQFH LPSOHPHQWDWLRQV IRU D QXPEHU RI FRPPE
>+DOOR E@

7TKH 220 EHQFKPDUN LV DOVR XVHIXO LQ WKDW LW FDQ VHUYFE
WR FRPSDUH RWKHU EHQFKPDUNV RU SHUIRUPDQFH WHVWYV
FODLPHG WKDW ZLWK RQH H[FHSWLRQ PRVW PDMRU 2'%06 S|
SHUIRUPDQFH RQ 220 5XQQLQJ WKH EHQFKPDUN WRGD\ ZRX
VWDWHPHQW ZDV VWLOO FRUUHFW EHFDXVH YHQGRUV FRQWLC
RI WKHLU SURGXFWV )XUWKHUPRUH DOWKRXJK 220 KDV EHH
VWLOO UHPDLQV VLPSOH SRUWDEOH DQG HDV\ WR XQGHUVWI
REMHFW GDWDEDVH SHUIRUPDQFH EHQFKPDUNY ODFN

7KH $),7 :DUJDPH 6LPXODWLRQ %HQFKPDUN

7KLV ZRUN LV GHVFULEHG LQ GHWDLO LQ $SSHQGL[ % %ULH
WKLY EHQFKPDUN WR WHVW WKHKNWR B KDOLW LHV RIL\2 P0HW R |
7KH SDUWLFXODU H[DPSOH WKDW KH XVHG ZDV D ZDUJDPH VFI
WUXFNVY DQG SODQHY 3HUIRUPDQFH UHVXOWY ZHUH SURYLGH
YHUVLRQ XVLQJ & JRUP WKLV )LDOORUDQ FRQFOXGHG WKD
ZDV YHU\ VPDOO ZKHQ FRPSDUHG WR WKH QRQ SHUVLVWHQW °
WKH VLPLODULW\ RI 2ZEMHFW6WRUH WR & ,Q WHUPV RI WKH F

7KH ZRUN LV EDVHG RQ D UHTXLUHPHQWY DQDO\VLV D
, W LV UHOHYDQW VLQFH +DOORUDQ OHIW RSHQ WKH U
2'%06V PLJKW EH VXLWDEOH IRU WKLV W\SH RI DSSC
GLVFXVVHG LQ WKH QH[W FKDSWHU VLPXODWLRQ LV D¢
DSSOLFDWLRQ GRPDLQV VXFK DV &RPSXWHU ,QWHJUDMW
JLODQFLDO DQG 6FLHQWLILF $SSOLFDWLRQV $GGLWLEF
UHVXOWY RI WKH EHKDYLRXU RI RWKHU 2'%06V IRU GLV
$ GHWDLOHG UHIHUHQFH LPSOHPHQWDWLRQ IRU 2EMHF

7TKH &,7< %YHQFKPDUN
7KH &,7< %YHQFKPDUN GHVFULEHV WKH EHKDYLRXU RI 2/73 V\)
DVVRFLDWHG ZLWK 2'%06V +RZHYHU XVLQJ WKH FULWHULD F

LV MXVWLILHG DV IROORZV

7TKH &,7< %YHQFKPDUN LV EDVHG RQ LQ GHSWK VWXG
FRPSXWHU VLWHYV LQ WKH 8. L D ODUJH LQWHUQDWLR!



DG LLL D ORFDO DXWKRULW\ FRPSXWHU FHQWUH
LOQGXVWU\ VWDQGDUG EHQFKPDUNV IURP WKH 7UDC
&RXQFLO 73& GLG QRW UHSUHVHQW 2/73 DSSOLFDW
ODQ\ 2'%06V QRZ SURYLGH 64/ LQWHUIDFHVY 6RPH

GHGLFDWHG 2/73 DSSOLFDWLRQ VHUYHU HQJLQH H
JRU 2'"%06V 2/73 UHSUHVHQWY D ZRUVW FDVH VFHQ
VWUXFWXUHG RI D IL[HG IRUPDW ZLWK VLPSOH W\S
LQYROYHG )XUWKHUPRUH <RXVVHI ><RXVV @ FOD
FDQ EH DSSOLHG WR 2'%06V DOWKRXJK KH GLG (
EHQFKPDUNV WR WHVW WKLV FODLP $GGLWLRQDOO\
RI DQ\ 2/73 EHQFKPDUN DSSOLHG WR DQ\ RI WKH

7TKHUHIRUH WKHUH LV QR NQRZOHGJH RI WKH EHKI
W\SH RI DSSOLFDWLRQ

7TKH &,7< %YHQFKPDUN LV UHDVRQDEO\ ZHOO GHVF
OLVWLQJ LV SURYLGHG LQ ><RXVV @

'DWD $QDO\VLV
&KRLFH RI 'DWD $QDO\WLV OHWKRG

3)RU PDQ\ PHWULFV WKH PHDQ YDOXH LV DOO WKDW L’
RYHUORRN WKH HIIHFW RI YDULDELOLW\ ~ >-DLQ @

$V GLVFXVVHG HDUOLHU D OLPLWDWLRQ RI PRVW SUHYLR
RI DQ\ YHULILFDWLRQ RU VHQVLWLYLW\ DQDO\VLV $V G
DSSURDFK WR SHUIRUPDQFH PRGHOOLQJ LV WKH OHDVW V
WKH ZRUNORDG YDULDEOHYV EHLQJ WKH LQGHSHQGHQW YD
E\ WKH ZRUNORDG EHLQJ WKH GHSHQGHQW YDULDEOHV <]
LQFOXGLQJ RQH DQG WZR ZD\ DQDO\VLV RI YDULDQFH L
IDFWRU RI UHODWLYH FKDQJH ZKLOVW +DOORUDQ >+DO
K\SRWKHVLYVY IRU WKH GLITHUHQFH EHWZHHQ SRSXODWLRQ
UHVHDUFK SURMHFW ZLOO DOVR XVH WKH VPDOO VDPSOH V
LPSOHPHQWHG 220 DQG $),7 IROORZ IURP +DOORUDQYV Z

&RQGHQVLQJ WKH 3HUIRUPDQFH S5HVXOWYV

7KLV UHVHDUFK SURMHFW ZLOO QRW FRQGHQVH WKH SHUIF
VLQJOH QXPEHU IRU WKH IROORZLQJ UHDVRQV



t

W LV &RQWUDU\ WR D 5HVHDUFK $LP

$V GLVFXVVHG DW WKH EHJLQQLQJ RI WKLV FKDSWHU

SURMHFW LV WR LGHQWLI\ ZKLFK FODVVHV RI DSSOL
SDUWLFXODU REMHFW GDWDEDVH DUFKLWHFWXUHYV |
FRQVLGHULQJ WKH UHVXOWY RI HDFK EHQFKPDUN LQGH
LV UHSUHVHQWDWLYH RI WKH GDWD PDQLSXODWLRQ
DSSOLFDWLRQ GRPDLQ

7TKH %HQFKPDUNV XVH 'LITHUHQW 3HUIRUPDQFH OH\
7KH 220 %YHQFKPDUN PHDVXUHV UHVSRQVH WLPH WKH
WKURXJKSXW ZKLOVW WKH $),7 %YHQFKPDUN PHDVXUL
WKURXJKSXW I DOO WKH EHQFKPDUNV XVHG WKH VDP
QXPEHU ZRXOG EH SRVVLEOH +RZHYHU LW Z RXOG WK|
7KHUH DUH $OWHUQDWLYH OHWKRGV WR &RQGHQVH
7KH GHYHORSHUV RI WKH %WHQFKPDUN SURYLGHG W
FRQGHQVH WKHLU SHUIRUPDQFH UHVXOWYV L ORZHVW
UDQNLQJ DQG LLL JHRPHWULF PHDQ +RZHYHU WKL
GLITHUHQW FRPPHUFLDO SURGXFW FDPH WRS LQ HDFK D
W LV 6WDWLVWLFDOO\ 8QIHDVLEOH

$V PHQWLRQHG LQ &KDSWHU WKLY UHVHDUFK SURMH
SURYLGH ULJRXU 7KHUHIRUH WKLY DXWKRU FRQVXOW
WKDW GXH WR WKH GLIITHUHQW SHUIRUPDQFH PHWULF\
UHVHDUFK SURMHFW LQWR D VLQJOH QXPEHU ZRXOG EH

&KDSWHU 6XPPDU\

7KLY FKDSWHU KDV RXWOLQHG D UHVHDUFK GHVLJQ WR WDFVM
REMHFW GDWDEDVH SHUIRUPDQFH ZRUN 7KH SUREOHP VWD
REMHFWLYHV RI WKLY UHVHDUFK SURMHFW KDYH EHHQ VWDWH

7KH SUREOHP VSDFH LV YHU\ ODUJH IRU D QXPEHU RI UHDVRQ

t

2EMHFW RULHQWDWLRQ SURYLGHV H[WHQVLYH IOH[LEL
GHVLIJIQ 7KHUH DUH FXUUHQWO\ QR SXEOLVKHG UXOH
DSSOLFDWLRQV VLPLODU WR WKH QRUPDOLVDWLRQ DQ
IRU UHODWLRQDO GDWDEDVHYV

2EMHFW GDWDEDVHV GLIIHU LQ PDQ\ UHVSHFWV VX
IXQFWLRQDOLW\ HWF 9HQGRUV KDYH WDNHQ D YDULHYV
Rl ZKLFK KDYH SDUWLFXODU VWUHQJIJWKY DQG ZHDNQHYV



¥ 7KH YDULDELOLW\ RI WKH DSSOLFDWLRQV WKDW REN
IRU LV IDU JUHDWHU WKDQ SUHYLRXV JHQHUDWLRQV

JRU WKH FDVH VWXGLHV WKHVH IDFWRUV FDQQRW EH FRC
DOUHDG\ KDYH EHHQ WDNHQ E\ D SDUWLFXODU RUJDQLVDW
REVHUYHG ILQGLQJYV )RU WKH ODERUDWRU\ H[SHULPHQW)\
IDFWRUV VXFK DV WKH FOLHQW FDFKH VL]H FOLHQW VHU
HWF $ IXOO IDFWRULDO H[SHULPHQWDO GHVLJQ >-DLQ
+RZHYHU DV GLVFXVVHG ODWHU LQ &KDSWHU UHVRXUF
IDFWRULDO H[SHULPHQWDO GHVLJQ >-DLQ @ ZDV XVHG |
SURMHFW 7KH IDFWRUV WKDW ZHUH YDULHG DQG WKHLU Y

7R VXPPDULVH WKH DLPV RI WKLY UHVHDUFK SURMHFW DU

6WXG\ WKH SHUIRUPDQFH RI FRPPHUFLDO REMHFW (
$SWWHPSW WR LGHQWLI\ ZKLFK FODVVHV RI DSSOLFD
REMHFW GDWDEDVH DUFKLWHFWXUHYV

"HWHUPLQH LI D JHQHULF VLPSOH DQG DFFXUDWLE
GDWDEDVHY FDQ EH GHULYHG

W KDV EHHQ DUJXHG WKDW D FRPELQDWLRQ RI WKH DSSOL
WR 2'%06 SHUIRUPDQFH HYDOXDWLRQ LV UHTXLUHG DQG V¢
GLVFXVVHG ZKLFK ZKHQ XVHG LQ FRPELQDWLRQ ZLOO
WHVWLQJ DQG H[WHQVLRQ 7KLV FRPELQDWLRQ RI WHFKQI
ODERUDWRU\ H[SHULPHQWY EHQFKPDUNYV

6RPH RI WKH SRVVLEOH OLPLWDWLRQV DQG SUREOHPV Wl
KLIKOLJKWHG

)LQDOO\ D QXPEHU RI VWDWLVWLFDO PHWKRGV WKDW KDY

SHUIRUPDQFH UHVHDUFKHUYV ZHUH EULHIO\ PHQWLRQHG 7
EH XVHG WR YHULI\ WKH EHQFKPDUN SHUIRUPDQFH UHVXO\

, 00



&+$37(5 $SSOLFDWLRQ 5HTXLUHPI

,OQWURGXFWLRQ

7KLV FKDSWHU SUHVHQWY DQ DQDO\VLV RI VRPH RI WKH F
FDGDN[W JHQHUDWALREOXDGIS®O EFDRZLREDWHG XSRQ WKH
SUHVHQWHG LQ >$KPHG @ :KLOVW WKLV IUDPHZRUN ZD\
DSSOLFDWLRQV LW ZLOO EH VKRZQ WKDW RWKHU DSSOLFD
DUHDV 7KLV LV LPSRUWDQW VLQFH PRVW SUHYLRXV ZRUI
LGHQWLI\ WKH LPSRUWDQW FKDUDFWHULVWLFV DQG UHTXL
WKLV DQDO\VLV ZLOO VHUYH WR LGHQWLI\ DQ\ JHQHUDOLV|
FDQ DVVLVW EHQFKPDUN GHVLJQHUYV

7KH FKDSWHU LV RUJDQLVHG DV IROORZV O6HFWLRQ G
6HFWLRQ WKHQ SUHVHQWY DQ DQDO\VLYV RI WKHVH DSS
SURSRVHG LQ >$KPHG @ )LQDOO\ VHFWLRQ SUHVHQW)

&KRLFH RI $SSOLFDWLRQV

7KH FKRLFH RI DSSOLFDWLRQV LV EDVHG RQ VRPH RI Wi
UHTXLULQJ EHWWHU VXSSRUW IRU FRPSOH[ GDWD DQG
GLVFXVVHG KHUH ZLOO SURYLGH VXIILFLHQW YDULHW\ EX
SUREOHP VSDFH IRU REMHFW GDWDEDVH DSSOLFDWLRQV L
FKDSWHU /DNH\ HW DO >/DNH\ @ DOVR SRLQW RXW WKD\
GDWDEDVH SURGXFWYV WKHPVHOYHV VKRZ JUHDWHU YDULH)
DQG WKH SUREOHP LQ FRQVWUXFWLQJ EHQFKPDUNV LV |
DSSOLFDWLRQV WKDW FRYHU WKH PDQ\ NLQGV RI YDULDEI
RSHUDWLRQ 7KH DSSOLFDWLRQ GRPDLQV DUH %

¥ &RPSXWHU ,QWHJUDWHG ODQXIDFWXULQJ
ODQXIDFWXULQJ V\VWHPV DUH D QDWXUDO FKRLF}
JHQHUDOLVHG IUDPHZRUNV FDQ EH GHYHORSHG Zl
VSHFLILF RUJDQLVDWLRQV )XUWKHUPRUH DV GLVEF?



FRPSOH[LW\ DQG FRQWURO VLPXODWLRQ HWF DUH HD
REMHFW RULHQWDWLRQ $Q H[DPSOH PDQXIDFWXULQJ I
LOOXVWUDWHY WKDW 3ZKDW LI DQDO\VLY DQG VLPXOD
PDQXIDFWXULQJ VXE VIVWHPV VLQFH WKH DLP LV WR
ILQLVKHG SURGXFWV DQG WKH XWLOLVDWLRQ RI DYDLO
(QJLQHHULQJ

2'%06V DV GLVFXVVHG LQ &KDSWHU KDYH WUDGLWL
HQJLQHHULQJ DSSOLFDWLRQV DQG DOO WKH REMHFW
&KDSWHU KDYH EHHQ VXJJHVWLYH RI WKHVH W\SHV R
VHYHUDO H[FHSWLRQV PRVW EHQFKPDUN GHVLJQHU
UHTXLUHPHQWY DQDO\VLV Rl WKH GDWD PDQLSXODWLF
HQJLQHHULQJ DSSOLFDWLRQV

J)LQDQFLDO

$ GDWD PRGHO IRU ILQDQFLDO WUDGLQJ LV FRPSOH[ D
GDWD HOHPHQWY ZLWK QXPHURXV UHODWLRQVKLSV >2
WKHVH HOHPHQWY DQG WKHLU UHODWLRQVKLSV WR EH
GHFRPSRVH WKHP LQWR UHODWLRQDO WDEOHV )XUWKH
WKH ILQDQFLDO PDUNHWYV QHZ ILQDQFLDO LQVWUXPH«
VKRUW QRWLFH 7KLV FDQ EH 