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$ *DPPD 6SHFWURVFRSLF 5DGLDWLRAQ
6HFXULW\ 3IXUSRVHYV

.DUDIDVRXOtDFKDUOEBGRMIHUOLWVLYVDEDSDGDNLV
" IRXNDY. /DPEURSRXOFRWEULDGLYV

D +HOOHQLF $UP\ $FDGHP\ 9buL *UHHFH
E *UHHN $WRPLF (QHUJ\ &RPPLVVLRQ 3DWULDU[RX *ULJRULRX 1
F THFKQRORJLFDO (GXFDWLRQDO ,QVWLWXWH RI 3LUDHXV 'HSDL
THFKQRORJ\ 3 5DOOL 7KLYRQ *UHHFH
G I1DWLRQDO &HQWUH IRU 6FLHQWLILF 5SHVHDUFK 3'HPRNULWRV”’
$WKHQV *UHHFH
H 7THFKQRORJLFDO (GXFDWLRQDO ,QVWLWXWH RI &KDONLGD

$SEVWUDHF-WUHVHQW WKH GHYHORSPHQW RI D VWDFNHG JDPPD U
FRQVLVWLQJ RI WKUHH OD\HUV RI SLIHODWHG &DGPLXP 7HOO
VSHHG IUDPHV V GDWD DKDXLEHMMWQREHYHMORIBHG LQ RUGHU
EHLQJ DEOH WR FRPSHWH ZLWK KLJK IOX[ RI JDPPD UD\V 7KH
HQHUJ\ UHVROXWLRQ UDQJHV IURP NH9 WR NH9 ):+0 DW
PHDVXUHPHQWY SHUIRUPHG KDYH VKRZQ WKDW WKH VWDFNH!
DFFXUDWHO\ HYDOXDWH WKH SRVLWLRQ RI D NH9 UDGLRDF
WKH UDQJH IURP FP WR P

H\ZRUBWHPLFRQGXFWRU GHWHFWRUV *DPPD UD\ VSHFWURVFRS
3%5&6 N .Y

,1752'8&7,21

7KH ODVW GHFDGHV WKH ZRUIORGPY QD BLDH FLXQM WU KWDW IRYHQ C
WKH HIIRUWV RI WKH VFLHGWRME FRPPXQMNGLWWRLRE GHWHFWL
'LWKLQ WKLV UHVHDUFK ILHOG WKH FXUUHQW ZRUN DLPV WR H]
VIVWHP XQGHU GHYHORSPHQW WR LGHQWLI\ ERWK WKH HQHUJ\ |
JDPPD UDGLRDFWLYH VRXUFHV 7KH V\VWHP FRQVLVWV RI WKUHF
&G7H VHPLFRQGXFWRU GHWHFWRUV 3, VWDFNHG WRJHWKHU

3L[HODWHG GHWHFWRUV KDYH WKH DGYDQWDJH RI SURYLGLQJ I
GHSRVLWLRQ DQG WKH SRVLWLRQ RI HDFK LQWHUDFWLRQ RI JDP
ORUHRYHU E\ FKRRVLQJ WKH JHRPHWU\ RI D VWDFNHG GHWHFW
WRJHWKHU WKH HIILFLHQF\ RI GHWHFWLQJ WKH JDPPD UD\V LV
WKH RULJLQDO JDPPD UDGLDWLRQ FDQ EH H[WUDFWHG VLQFH V)
OD\HUV DUH UHFRUGHG

'HVFULEHG LQ WKH IROORZLQJ VHFWLRQV LV WKH JHQHUDO VWL
FDOLEUDWLRQ SURFHGXUH DV ZHOO DV WKH KLJK VSHHG UHDGR X
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EHLQJ DEOH WR FRPSHWH ZLWK KLJK IOX[ RI JDPPD UD\V $ SURV
WKUHH 3.’ GHWHFWRUV LV SUHVHQWHG DV ZHOO DV UHVXOWYV F
SRLQW OLNH JDPPD VRXUFHYV

7+(3," '(7(&725
JRU WKH GHYHORSPHQW RI WKH JDPPD UDGLDWLRQ VWDFNHG V
$-%37 > @ KDYH EHHQ XVHG 3,' LV D SLIHODWHG GHWHFWRU ED
VXLWDEOH IRU JDPPD DQG ; UD\ GHWHFWLRQ )LJXUH WV DF
FRQVLVWY RI HLJKW &G7H &0¢BFK\KUVEGL BOH® HRMOW KDV UDGL|
SL[HOV A VL]IH WKXV D 3,' GHWHFWRU FRQVLVWYV RI SL[HO

UHFRUGLQJ WKH HQHUJ\ GHSRVLWHG RI HYHU\ GHWHFWHG LQWHU
HDFK GHWHFWRU SL[HO GXULQJ WZR VXFFHVVLYH UHDGRXW F\FO
ORFDO PHPRU\

), *85( 7KH 3,' SL[HODWHG GHWHFWRU

7KH HLIJKW &G7H &026 K\EULG HOHPHQWYV RI D 3,' GHWHFWRU
HDFK RQH FRQQHFWHG WR D GLJLWDO FRQWURO ERDUG KDYLQJ I
J)LIXUH 'XULQJ RQH UHDGRXW F\FOH WKH FRQWHQWYV RI DOO
DUH UHDG DQG VWRUHG LQ WKH FRPSXWHU IRUPLQJ D IUDPH 7Kt
ERDUG RI HDFK PRGXOH GLUHFWO\ WR D 3& VWDWLRQ WKURXJK D

,Q WKH SUHVHQW ZRUN WKUHH 3,' GHWHFWRUV KDYH EHHQ XV
DQG WKHLU SHUIRUPDQFH KDV EHHQ HYDOXDWHG LQ RUGHU WR
XQGHU GHYHORSPHQW 7KH GHWHFWRUV DUH ODEHOHG DV 3,'
PRGXOHV RI HDFK GHWHFWRU DUH ODEHOHG ZLWK D VXEVFULSW
WKH 3,' B DQG 3,' B PRGXOHYV

)., *85( 7KH 3,' VI\VWHP
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7KH KDUGZDUH FDOLEUDWLRQ SURFHGXUH RI D 3, GHWHFWR
WKH RIIVHW DQG WKH JDLQ SDUDPHWHUV RI HDFK SL[HO 7KH FD
WKH 3, VWDQGDUG GDWD DFTXLVLWLRQ V\VWHP SURYLGHG E\
WUDQVIHU RI IUDPHV V DQG D JUDSKLFDO XVHU LQWHUIDFH EDV|
JRU WKH RIIVHW DGMXVWPHQW QRLVH GDWD KDYH EHHQ FROOH
HDFK SL[HO 6HYHUDO LWHUDWLRQV DUH QHHGHG LQ RUGHU WR
PRUH WKDQ WZR FKDQQHOV

JRU WKH JDLQ DGMXVWPHQW GDWD KDYH EHHQ FROO$SFWHG IR
UDGLRDFWLYH VRXUFH 7KH JDLQ DGMXVWPHQW SURFHGXUH VHD
FRUUHFWYVY WKH JDLQ SDUDPHWHUYV LQ RUGHU WR DOLJQ WKH JDF
KDYH EHHQ SHUIRUPHG LQ RUGHU WR VTXHH]H WKH GLVWULEXW
FHQWURLGY RI HDFK SLIHO WR QR PRUH WKDQ WZR FKDQQHOV

6LQFH WKH RIIVHW DQG JDLQ DGMXVWPHQWY DUH QRW FRPSC
UHSHDWHG LWHUDWLYHO\ VHYHUDO WLPHV LQ RUGHU WR UHGXF
VSHFWUXP

7KH FXPXODWLYH WHBWGXRDFEWLYH VRXUFH FDOLEUDWLRQ LV
DQG DIWHU WKH KDUGZDUH FDOLEUDWLRQ IRU WKH FDVH RI WKF
EHHQ REWDLQHG IRU 3,°' DQG 3,' GHWHFWRUV
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), *85( &XPXODWLYH VSEBPWDXPLRDPWLYH VRXUFH UHFRUGHG E\ WKH
EHIRUH XS DQG DIWHU GRANXHVKHVHGOWRQW RIHDQY KRDUDPHWHUV RI |

$ +,%+ 63((' 5($'287 6<67(0

7KH UHDG RXW RI WKH 3,' GHWHFWRU SURYLGHG E\ $-%$7 LV
PHPRU\ ZULWLQJ VSHHG UHVXOWLQJ WR GDWD ORVV GXULQJ WKH
GDWD ORVV ZH KDYH GHYHORSHG D QHZ KLJK VSHHG UHDGRXW
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)3*$ 63, D +LJK 6SHHG 86% DQG D XVHU LQWHUIDFH VRIWZDUH ZU
7KLV V\VWHP PDQDJHVY WR LQFUHDVH WKH GDWD WUDQVIHU VSHH!
WKH GDWD WUDQVIHU VSHHG RI WKH VWDQGDUG 3, UHDGRXW V

JLIXUH7KH KLJK VSHHG 3,° UHDGRXW V\VWHP

7KH XVHU LQWHUIDFH VRIWZDUH RI WKH KLJK VSHHG UHDGRXYV
XSORDGV WKH RIIVHW DQG JDLQ SDUDPHWHUV GHULYHG E\ WKH K
LQ WKH SUHYLRXV VHFWLRQ DQG VWDUWYVY WKH GDWD JDWKHULQJ

7KH UDZ GDWD UHFRUGHG DUH VWRUHG LQ ELQDU\ GDWD ILOHYV
LQ E\WH SDFNHWV (DFK SDFNHW VWRUHV WKH FRQWHQW RI D \
7KLV OHDGV WR D KLJK GDWD UDWH RI OE\WHV PLQ ,Q RUGH
JUHDWHU IOH[LELOLW\ D VRIWZDUH SDFNDJH KDV EHHQ GHYHORS
VRIWZDUH WUDQVIRUPV WKH UDZ GDWD SDFNHWVY LQWR XVDEOH |
$ IUDPH KROGV DQ LGHQWLILEPWLRQ WKPEHL QPW WREBAUWXGH FR
SL[HO WKH VSDWLDO FRRUGLQDWHV RI HDFK SL[HO DQG D VHTXF
RI WKH WLPH ZKHQ WKH LQWHUDFWLRQ RFFXUV )XUWKHUPRUH W
WKH QXPEHU RI EDG SL[HOV DQG WKH XSSHU FKDQQHO OLPLW RI \

(1(5*< 5(62/87,21

$OWKRXJK WKH ZLGWK Rl WKH GLVWULEXWLRQ RI WKH SKRWR S
PRUH WKDQ WZR ELQV GXULQJ WKH KDUGZDUH FB® LERMDOWLER DRI
GHVFULEHG SUHYLRXVO\ LWZEHBR®HKW BHAVKHEWRUULY LUUDGLD)
PRQR HQHUJHWLF JDPPD VRXUFH 7KLV LV HYLGHQW LQ )LIXUHYV
FHQWURLG GLVWULEXWLRQV RI DOO SL[HOV RI WKH $P DQGGHWH

&G UDGLRDFWLYH VRXUFH UHVSHFWLYHO\ WKH EDG SL[HOV DUH
SKRWR SHDN FHQWURLGY UHVXOWV WR D EURDG HQHUJ\ SHDN LG
SHDN LV WKH FRQYROXWLRQ RI WKH ZLGWK RI HDFK SL[HOfV SKR
SHDN FHQWURLGYV

,Q RUGHU WR LPSURYH WKH HQHUJ\ UHVROXWLRQ RI WKH FXP>
KDYH EHHQ LUUDGLDWHG E\ WHR NQG& ZI) VFROWUZ DIWUHRNQHUJ\ FDOLE
KDV EHHQ GHYHORSHG $FFRUGLQJ WR WKLV SURFHGXUH D WR\
SL[HO DUH FUHDWHG G\QDPLFDOO\ DQG DUH ILOOHG ZLWK WKH F
LQ WKLV ZD\ WKH VSHFWUXP RI HDFK SL[HO 7KHQ WKH SHDNV RI
GF OHYHO DUH VHDUFKHG DQG WZR FDOLEUDWLRQ FRQVWDQWYV D
SRVLWLRQ RI WKH WZR SHDNV
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), *85( &DOLEUDWHG SKRBRWR BSGEDRVFRILYH VRXUFH DFTXLUHG ZLWK D
3, B F 3, B G 3,' B8'H B DQG I 3, B GHWHFWRU PRGX

7+( 67%$&.(' 352727<3( 6<67(0

7TKH 6 WUXFWXUH RI WKH 6\VWHP

‘H KDYH DVVHPEOHG D SURWRW\SH V\VWHP DV D VWDFN RI WKU
Rl WKH 3,' OD\HUV LQ WKH VWDFNHG V\VWHP UHIOHFWYV WKH
3, V DUH VWDFNHG IURP WKH WRS WR ERWWRP ZLWK GHFUHDVI
WKUHH SDUDPHWHUV WKH HQHUJ\ UHVROXWLRQ WKH QXPEHU RI
WKH QRLVH SHDN 7KH H[SHULPH®QKMD S HH RXBDXQAHGRW RV KHH BWR W F

VKRZQ LQ )LIXUH YRU WKH &DAMIH P ST VW MELHRE® WVQKWKH SUHYLI
EHHQ XVHG
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), *85( (I(SHULPHQWDOKWHWXS ¥MWWKNHG SURWRW\SH

6LPXODWLRQ 6WXGLHYV

7KH UHVSRQVH RI ERWK WKH 3,' GHWHFWRU DQG RI WKH VW
XVLQJ DQ RSHQ VRXUFH REMHFW RULHQWHG VRIWZDUH OLEUDU\
*(DQW > @ WRRONLW WKDW VLPXODWHYV WKH SDVVDJH RI SDUWLF

$ ODUJH QXPEHU RI JDPPFPLWWWHGalURRBRIRBWFOVLRXUIFHY SODFF
GHWHFWRUTV D[LV RI V\PPHWU\ DQG DW GLIITHUHQW GLVWDQFHYV
DQG WKH GHSRVLWHG HQHUJ\ LV VPHDUHG XVLQJ D *DXVVLDQ GL
LQ )LIXUH LV WKH FDVH RI D VLPXODWHG HYHQW RI D NH9 JDP|
RI WKH VWDFNHG V\VWHP FUHDWLQJ WZR HQHUJ\ GHSRVLWLRQV |

), *85¢( $Q NH9 JDPPD UD\ LOQOWHUDFWY ZLWK WKH VWDFNHG V\VWH
GHSRVLWLRQV

6KRZQ LQ )LJXUH LV WKH VLPXODWHG HQHUJ\ GHSRVLWLRQ
LQFLGHQW JDPPD UD\V 7KH SHDN NH9 GXH WR LQWHUDFW|
GHWHFWLQJ PDWHULDOV YLD WKH SKRWRHOHFWULF HIIHFW SUREF
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DQG WKH HVFDSH SHDN NH9 EURDGHQHG GXH WR WKH VPHDL

), *85( 6LPXODWHG VSHFWUXP RI WXH HEXHBJ\ GBERMHAWRA SL[HO |
LQFLGHQW JDPPD UD\V

6RXUFH WR GHWHFWRU GLVWDQFH (VWLPDWLRQ

7KH DELOLW\ RI WKH VWDFNHG GHWHFWRU WR HVWLPDWH WKH
WHVWHG E\V¥LQJ DNH9 VRXUFH SODFHG DW YDULRXV GLVWDQFt}
GHWHFWLQJ OD\HU 7KH HVWLPDWLRQ RI WKH VRXUFH WR GHWHF'
WKH IXOO\ DEVRUEHG SKRWRQV YLD D SKRWRHOHFWULF HIIHFW

7KH GLVWDQFH G RI D UDGLRDFWLYH VRXUFH IURP WKH ILUVW
HYDOXDWHG E\ ILWWLQJ WKH IROORZLQJ IXQFWLRQ RQ WKH GLV
HDFK 3,' GHWHFWRU OD\HU L

N

L N
1, HI[S L W D G NJ
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G N

VLQ

ZKHUMWWKH WKLFNQHVY RI D PDWHULDO RI HDFK GHWHFWLQJ 3
DEVRUSWLRQ RRHLMAFWKBWGLVWDQFH EHWZHHQ WKH OD\HUV N
UHFWDQJXODU OD\IHW DV IS®H MDRHBWHU HYDOXDWHG H[SHULPHQWDO
PDWHULDGOVYORNHNK H L

7KH ILUVW WHUP Rl WKH DERYH HTXDWLRQ UHIOHFWYVY WKH DEVF
7KH VHFRQG WHUP LV WKH UDWLR RI WKHWMR®D® IXW®IIMH G/H\E WIF\Q
RYHU WKH VROLG DQJOH VXEWSKGHHEGWW& HU HVWDWVOWRQRU(WKH Gt
GLVWDQFH G EVKWDIGELBDFWLYH VRXUFH DUH SUHVHQWHG LQ )l
WKDW WKH OD\HU 3,' VWDFNHG SURWRW\SH V\VWHP LV FDSD
JDPPD UD\ VRXUFH ZLWK JRRG DFFXUDF\ LQ WKH GLVWDQFH UDQJ

$GGLWLRQDOO\ WKH FRPSOHWH NH® PHWU\ GRHIWWRWLQJ V\VWHI
VLPXODWHG XVLQJ WKH *($17 SDFNDJH DQG WKH HVWLPDWHG Gl
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GHSLFWHG LQ )LJXUH IRU WKH FDVH RI D .HT ’J D @K R DVWRAOLLYGH
OLQH UHSUHVHQWY WKH FDVH RI WKH LGHDO VRXUFH WR GHWHFW

JLIXUH (VWLPDWHG GLVWDQFH YV7RUHDGLEDWVWWR@AHVRXDFH XVLQJ E
VLPXODWHG GDWD

6800%$5<

‘H KDYH GHYHORSHG D SURWRW\SH VWDFNHG V\VWHP FRQVL)
GHWHFWRUYV

,Q RUGHU WR UHGXFH WKH GDWD ORVV LQ FDVH RI D KLJK I10X][
DFTXLVLWLRQ V\VWHP ZLWK GDWD WUDQVIHU VSHHG RI IUDPHYV

JXUWKHUPRUH ZH KDYH GHYHORSHG D GDWD DQDO\VLV IUDPH.
FROOHFWHG E\ WKH 3, GHWHFWRUV LQWR XVHDEOH IUDPHYV
FDOLEUDWLRQ IRU HDFK SL[HO RI WKH GHWHFWRU LQGHSHQGHQYV
IURP NH9 WR NH9 ):+0 DW NH9

6SHFWURVFRSLF PHDVXUHPHQ@WWY G/ KRZWMHIRDMWY WD Y WIR DFF XU
WKH GLVWDOFH WRDALRDFWLYH VRXUFH IURP LWV ILUVW GHWHFW
VRXUFH WR GHWHFWRU GLVWDQFHV IURP FP WR P

5()(5(1&(6

\%

@ $-%$7 KWWS 7ZZZ DMDWQLFRRBHR G BQYBMVWDOHH L G

@ 5227 'DWD $QPEBYVRIIN)KWWS URRW FHUQ FK

@ =RJODXHU 5 $QGULWVFKMNHOLE 7EHKRESHNP *0QHUJ\ *DPPD UD\ $V
ILEUDU\V'$SMWDRQRP\ 519 RDKPH ,VVXHV 3DJHV 2FWREHU

@ *($17 $ WRRONLW IRU WKH VLPXODWLRQ RI WKH SDVVDJH
KWWS JHDQW ZHE FHUQ FK JHDQW

@ 6KLQ :DWDQDEH HW DO 36WEAHH\WAKFWRUHDIPE AMWVYDDNSSOLFDWLRQ
I1XFOHDU ,QVWUXPHQWY OHWKRGV LQ 3K\VLFV 5HVHDUFK $

VvV Vv

\%

\%




