
����� � 'HYHORSPHQW�RI�&KDUJHG�3DUWLFOH�1XFOHDU�5HDFWLRQ

'DWD�5HWULHYDO�6\VWHP�RQ�,QWHOOLJHQW3DG

<RVLKLGH 2+%$<$6, D�� 6KLJH\RVKL $2<$0$ E�� +LURVKL 0$68, D��

.L\RVKL .$7¿ F� DQG 0DVDNL &+,%$ G�

D� 0HPH 0HGLD /DERUDWRU\� +RNNDLGR 8QLYHUVLW\� 6DSSRUR� +RNNDLGR ��������

E� ,QIRUPDWLRQ 3URFHVVLQJ &HQWHU� .LWDPL ,QVWLWXWH RI 7HFKQRORJ\� .LWDPL� +RNNDLGR ��������

F� 'LYLVLRQ RI 3K\VLFV� *UDGXDWH 6FKRRO RI 6FLHQFH� +RNNDLGR 8QLYHUVLW\� 6DSSRUR� +RNNDLGR ��������

G� 'LYLVLRQ RI 6RFLDO ,QIRUPDWLRQ� 6DSSRUR *DNXLQ 8QLYHUVLW\� (EHWVX� +RNNDLGR ��������

(PDLO� GEDGPLQ#QUGI�PHPH�KRNXGDL�DF�MS

$Q QHZO\ GHVLJQHG GDWDEDVH UHWULHYDO V\VWHP RI FKDUJHG SDUWLFOH QXFOHDU UHDFWLRQ GDWDEDVH V\VWHP LV GHYHORSHG ZLWK

,QWHOOLJHQW3DG DUFKLWHFWXUH� :H GHVLJQHG WKH QHWZRUN�EDVHG�VHUYHU�FOLHQW� GDWD UHWULHYDO V\VWHP� DQG D FOLHQW V\VWHP

FRQVWUXFWV RQ :LQGRZV��� ���17 ZLWK ,QWHOOLJHQW3DG� :H VHW WKH IXWXUH DLP RI RXU GDWDEDVH V\VWHP WRZDUG WKH ¦HIIHFWLYH§

XVH RI QXFOHDU UHDFWLRQ GDWD � ,� ¦5H�SURGXFH� 5H�HGLW� 5H�XVH§� ,,� ¦&LUFXODWLRQ� (YROXWLRQ§� ,,,� ¦.QRZOHGJH GLVFRYHU\§�

7KXV� IXUWKHU GHYHORSPHQWV DUH XQGHU ZD\�

���,QWURGXFWLRQ

7KH V\VWHPDWLF LQIRUPDWLRQ RI WKH QXFOHDU UHDFWLRQ GDWD FDQ©W EH PLVVHG LQ WKH GHYHORSPHQW RI DWRPLF

HQHUJ\ SUREOHPV� (VSHFLDOO\� WKH QHHGV WRZDUG WKH FKDUJHG SDUWLFOH QXFOHDU UHDFWLRQ GDWD ZLOO ULVH DOO WKH PRUH

IURP QRZ RQ� 7KHUHIRUH� WKH PDLQ WKHPH RI WKLV UHSRUW LV WKH GHYHORSPHQW RI GDWDEDVH V\VWHP RI QXFOHDU UHDFWLRQ

GDWD� ,Q WKLV UHSRUW� ZH GHYHORS WKH UHWULHYDO V\VWHP RI 1XFOHDU 5HDFWLRQ 'DWD )LOH �15')� FRPSLODWLRQ>���@

XVLQJ ,QWHOOLJHQW3DG DUFKLWHFWXUH�

15') KDV EHHQ FRQVWUXFWHG DV D GDWDEDVH PDLQO\ FRQQHFWHG ZLWK QXFOHDU SK\VLFV� 7\SLFDO SURSHUW\ RI WKH

FKDUJHG SDUWLFOH UHDFWLRQ LV YDULHWLHV RI ERWK UHDFWLRQ W\SH DQG REVHUYDEOH WKDW DUH HYROYHG ZLWK WKH GHYHORSPHQW

RI WKH UHDFWRU DQG WKH DFFHOHUDWRU SK\VLFV� 7KH GHVLJQDWLRQ RI 15') LV GHYHORSHG ZLWK WKLV SRLQW RI YLHZ� 6LQFH

-&35* �-DSDQ &KDUJHG 3DUWLFOH 5HDFWLRQ GDWD *URXS� PDLQWDLQHG 15') RYHU �� \HDUV� 15') KDYH RYHU

������ RI FKDUJHG SDUWLFOH QXFOHDU UHDFWLRQ GDWD WKDW RULJLQDWH IURP -DSDQ>�@�,Q RUGHU WR GLVWULEXWH 15')� WKH

GDWD FRPSLODWLRQ� VWRUDJH DQG UHWULHYDO V\VWHP RI 15') ZDV FRQVWUXFWHG DW D PDLQ�IODPH FRPSXWHU RI +RNNDLGR

8QLYHUVLW\>�@ � )XUWKHUPRUH� D V\VWHP ZKLFK WUDQVIRUPV WKH 15') GDWD WR WKH (;)25 ZDV LPSOHPHQWHG� WKXV

15') FRQWULEXWHG DV DQ LPSRUWDQW SDUW RI WKH FKDUJHG SDUWLFOH GDWD RI (;)25 GDWD FRPSLODWLRQ>�@� +RZHYHU� DV

ZH VKRZQ LQ WKH 5HI�>�@� 7KH FXUUHQW V\VWHP RI 15') RQ WKH PDLQ�IODPH FRPSXWHU LV RXW RI GDWH� :LWK WKH

IROORZLQJ EDFNJURXQG� 5HI�>�@ LV RQH RI WKH RXU UHFHQW H[WHQVLRQ RI GDWD UHWULHYDO V\VWHP� ,Q DGGLWLRQ� WR JHW

EHQHILW RI UHFHQW FRPSXWHU DQG QHWZRUN WHFKQRORJLHV� VXFK DV PXOWLPHGLD� REMHFW�RULHQWHG V\VWHP FRQVWUXFWLRQ�

JUDSKLFDO XVHU LQWHUIDFH� DQG VR RQ� ZH VHOHFW WR XVH WKH ,QWHOOLJHQW3DG DUFKLWHFWXUH�



,QWHOOLJHQW3DG LV D NLQG RI REMHFW�RULHQWHG ¦JUDSKLFDO XVHU LQWHUIDFH�*8,� EDVHG§ V\VWHP FRQVWUXFWLRQ

HQYLURQPHQW� 7KLV DUFKLWHFWXUH LV SURSRVHG LQ ���� E\ <X]XUX 7DQDND DW +RNNDLGR 8QLYHUVLW\>�@� ,Q RUGHU WR

GHYHORS DQG HQOLJKWHQ WKLV DUFKLWHFWXUH� RYHU �� GRPHVWLF DQG IRUHLJQ FRPSDQLHV PDNHV WKH ,QWHOOLJHQW3DG

&RQVRUWLXP�,3&�>�@� 5HFHQWO\� ZH FDQ JHW WKH ,QWHOOLJHQW3DG DV VRPH FRPPHUFLDO VRIWZDUHV>�@� $ ¦SDG§ FDQ EH

WUHDWHG DV DQ REMHFW RI WKH JUDSKLFDO XVHU LQWHUIDFH RQ WKH VFUHHQ RI FRPSXWHU� OLNH D YLHZ RI ¦UHDO SDSHU SDG§� DQG

HDFK ¦SDG§ KDYH IXQFWLRQV DV GDWD FRQWURO SURJUDPV� LQSXW�RXWSXW GHYLFHV EHWZHHQ RWKHU SDGV� DQG VR RQ� 2Q WKH

¦SDG§ HQYLURQPHQW� SURJUDPPLQJ RI DQ\ WRROV RQ *8, LV FDQ EH GRQH E\ ¨LQWXLWLYHO\© FXW DQG SDVWH DFWLRQ RI SDG�

���6\VWHP�GHVLJQ�RI�WKH�WULDO�V\VWHP

)LJ�� VKRZV DQ LPDJH RI WKH EDVLF GHVLJQ

RI WKLV V\VWHP� 7KH UHFHQW WUHQG RI WKH FRPSXWHU

HQYLURQPHQW LV H[SUHVVHG DV ZRUGV ¦1HWZRUN§�

¦*UDSKLFDO§� ¦,QWHUDFWLYH§� ¦5HXVH RI UHVRXUFHV§�

7KH IXQGDPHQWDO FRQFHSWV RI RXU GDWD UHWULHYDO

V\VWHP DUH EDVHG RQ WKHP� 8VLQJ DQ GDWDEDVH

PDQDJHPHQW V\VWHP�'%06� EDVHG RQ 64/� ZH

FRQVWUXFW WKH 15') GDWD PDQDJHPHQW VHUYHU RQ

WKH 81,; :6� �681 8OWUD��� 8QL64/>�@ LV

DGRSWHG DW WKH SUHVHQW� 3URYLGHG WKDW FRPPRQ

JDWHZD\ LQWHUIDFH�&*,� RQ WKLV VHUYHU� 7KH

QHWZRUN FRPPXQLFDWLRQV EHWZHHQ WKH 15')

VHUYHU DQG FOLHQWV DUH DFKLHYHG�

2QFH WKH 15') VHUYHU LV FRQVWUXFWHG�

GDWD UHWULHYDO ¦FOLHQW§ LV FRQVWUXFWHG ZLWK WKH

,QWHOOLJHQW3DG DUFKLWHFWXUH� $ FRQQHFWLRQ EHWZHHQ

D VHUYHU DQG D FOLHQW EDVHG RQ &*, WKURXJK WKH

QHWZRUN FRQQHFWLRQ � 6XFK FOLHQWV ZDV SUHYLRXVO\

FRQVWUXFWHG RQ ,QWHOOLJHQW3DG E\ 6PDOO7DON>���

��@� 1RZ� ZH FRQVWUXFW WKH :LQGRZV��� ���17�

EDVHG ,QWHOOLJHQW3DG>�@� )LJ�� VKRZV WKH RYHUDOO

DSSHDUDQFH RI WKH WULDO SURGXFW RI WKH 15') GDWD

UHWULHYDO V\VWHP� /HW XV VKRZ LQ GHWDLO ZLWK WKH

QH[W VHFWLRQ�

)LJ�� 1HWZRUN�EDVHG V\VWHP�

)LJ�� 2YHUYLHZ RI WKH V\VWHP�



���5HIHUHQFH�H[DPSOH�DQG�IXQFWLRQV�RI�WKH�WULDO�V\VWHP

� � � � 6KRZLQJ VRPH UHIHUHQFH H[DPSOH� OHW XV GLVFXVV DERXW IHDWXUHV RI WKLV WULDO SURGXFW� 6XSSRVH \RX ZDQW WR

JHW WKH GDWD RI WKH ���8�S�;�; UHDFWLRQ� )LJ���)LJ�� VKRZV WKH SURFHVV RI GDWD UHWULHYDO VWHS E\ VWHS�

��� ([DPLQH WKH H[LVWHQFH RI WKH ���8�S�;� UHDFWLRQ GDWD�

� � � � � )LJ��� VKRZV WKH 3DG WR VHDUFK ZKHWKHU WKH ���8�S�;� GDWD LV H[LVW RU QRW � L� 6HW WKH QHWZRUN DGGUHVV RI

64/ VHUYHU� LL� 6SHFLI\ WKH WZR DWWULEXWHV RI WKH 15') GDWDEDVH� H�J�� 7DUJHW DQG 3URMHFWLOH� LLL� ([HFXWLRQ RI D

VHDUFK� $V D UHVXOW� WKH JULG ZKLFK SODFHG LQ WKH PLGGOH UHJLRQ RI WKH 3DG GLVSOD\V WKH ��GLPHQVLRQDO

LQIRUPDWLRQ WKDW GLVSOD\V WKH FXUUHQW

VWDWXV RI WKH 15') GDWDEDVH IURP D

SRLQW RI YLHZ RI WDUJHW DQG SURMHFWLOH�

FRORUHG FURVVLQJ SRLQW �;�<� VKRZV

15') KDYH VRPH UHDFWLRQ GDWD DERXW

WDUJHW  ;� SURMHFWLOH  <� ,Q WKLV ZD\�

ZH ILQG 15') KDYH VRPH GDWD DERXW

;  ���8� <  S � WKXV ZH JHW WKH

¦���8�S�;�; UHDFWLRQ§ 3DG XVLQJ FOLFN

DQG GUDJ RSHUDWLRQ RI WKH 3DG�

��� 'DWD UHWULHYDO�

� � � � 2QFH \RX JHW WKH 3DG FRQQHFWHG

ZLWK ¦���8�S�;�; UHDFWLRQ§� \RX

UHWULHYH WKH GDWD XVLQJ WKH 3DG VKRZV

LQ )LJ��� :H FDQ JHW WKH OLVW RI

¦���8�S�;�; UHDFWLRQ§ GDWD� DQG

)LJ��� 'DWD UHWULHYDO�)LJ��� 'DWD QDYLJDWLRQ�

)LJ��� ,QWHUDFWLYH GDWD YLVXDOL]DWLRQ DQG

FRPSDULVRQ�



JHQHUDWH WKH VSHFLILF GDWD DV D WH[W EURZVLQJ 3DG� &RQVHTXHQWO\� ZH JHW WKH ¦���8�S�;�; UHDFWLRQ§ GDWD�

��� ,QWHUDFWLYH GDWD YLVXDOL]DWLRQ DQG FRPSDULVRQ�

7KH GDWD SDG VKRZQ LQ )LJ�� KDYH IHDWXUHV QRW RQO\ GDWD EURZVLQJ EXW YLVXDOL]DWLRQ� )LJ���� 2QFH \RX

GUXJ LQ WKH 'DWD SDG WR �' GDWD SORW SDG� \RX FDQ VHH WKH JUDSK UHSUHVHQWDWLRQ RI WKH GDWD� 'DWD FRPSDULVRQ LV

DOVR DFKLHYHG E\ MXVW D GUXJ DQG GURS�

���7KH�DLP�RI�QXFOHDU�UHDFWLRQ�GDWDEDVH�WRZDUGV�WKH�HIIHFWLYH�XVH

,Q WKH SUHYLRXV VHFWLRQ� ZH VKRZ WKH

IHDWXUHV RI FXUUHQW WULDO V\VWHP� ,Q SDUWLFXODU�

PDMRU IHDWXUHV RI WKLV V\VWHP DUH � L� LQWHUDFWLYH

GDWD YLVXDOL]DWLRQ DQG FRPSDULVRQ� LL� ��

GLPHQVLRQDO GLVSOD\ IXQFWLRQ RI WKH VWDWXV RI

GDWDEDVH� )XUWKHUPRUH� ZH GHWHUPLQHG WKH DLP RI

WKH V\VWHP WRZDUGV VXSSRUW RI WKH HIIHFWLYH XVH RI

QXFOHDU UHDFWLRQ GDWD ZLWK FRPSXWHU IDFLOLWLHV�

,� 5H�SURGXFH� 5H�HGLW� 5H�XVH�

2QFH DQ\ GDWD DQG WRRO FDQ EH PDGH E\

UHVROYHG E\ IXQGDPHQWDO SDG� ZH FDQ UHXVH WKH

H[LVWHQW SDG WR PDNH QHZ WRROV� $V \RX VHH WKH

)LJ��� 6\QWKHWLF IHDWXUH RI ,QWHOOLJHQW3DG VXSSRUWV

¦5H��SURGXFH� HGLW� XVH§ RI QXFOHDU GDWD DQG WRROV�

,,� &LUFXODWLRQ DQG HYROXWLRQ�

,QWHOOLJHQW3DG VXSSRUWV FR�RSHUDWLRQ ZLWK ZHE

EURZVHU VRIWZDUH� 2QFH ZH PDNH DQ ZHE SDJH WR

GLVWULEXWH DQG FLUFXODWH QRW RQO\ WRROV EXW DOVR GDWD�

,W LV DOUHDG\ WKH EDVLV RI WKH FLUFXODWLRQ ILHOG RI

QXFOHDU GDWD DQG WRROV� )LJ��� VKRZV D VFKHPDWLF

ILJXUH IRU WKH FLUFXODWLRQ V\VWHP RI GDWD DQG WRROV

DV SDG PHGLD� &RQVWUXFWLQJ VXFK D VKDULQJ VSDFH

RQ WKH QHWZRUN� PDQ\ XVHU FDQ UHWULHYH PDQ\ WRROV

DQG GDWD WKURXJK WKH SDG PHGLD

)LJ��� 6\QWKHWLF IHDWXUH RI ,QWHOOLJHQW3DG�

)LJ��� 6XSSRUW RI &LUFXODWLRQ DQG (YROXWLRQ�



,,,� .QRZOHGJH GLVFRYHU\�

� � � � 7KH DPRXQW RI QXFOHDU UHDFWLRQ GDWD

LV KXJH� DQG LQFUHDVLQJ GD\ E\ GD\� ,Q

DGGLWLRQ� YDULHW\ RI WKH GDWD ZLOO DOVR EH

FRPSOH[� :H ZLOO KDYH PDQ\ GDWD� EXW LW

ZLOO EH GLIILFXOW WR JHW HVVHQWLDOO\ LPSRUWDQW

LQIRUPDWLRQ IURP KXJH GDWDEDVHV� )LJ���

VKRZV WKH SDG VDPH DV ZH VKRZQ LQ )LJ���

'HYHORSPHQW RI VXFK SDG ZLOO SURFHHG XV

WR HDVLHU QDYLJDWLRQ WR WKH QHHGHG GDWD� DQG

ZLOO VXSSRUW VRPHWKLQJ QHZ GLVFRYHU\ RI

NQRZOHGJH FRQQHFWHG ZLWK QXFOHDU UHDFWLRQ

GDWD�

<RX ZLOO ILQG WKH IXQGDPHQWDO FRQFHSWV

RI ,QWHOOLJHQW3DG LV TXLWH PDWFKHG ZLWK DERYH WKUHH DLPV� &RQVHTXHQWO\� ZH GHFLGH WKDW RXU GHYHORSPHQW ZLOO

SURFHHG WR HPERG\ WKHP WKURXJK ,QWHOOLJHQW3DG� ,I LW ZLOO EH GRQH� VXFK DV )LJ��� � ZH EHOLHYH WKDW TXLWH

¦HIIHFWLYH§ XVH RI QXFOHDU UHDFWLRQ GDWD LV SURPLVLQJ�

)LJ��� 6XSSRUW RI NQRZOHGJH GLVFRYHU\�

)LJ��� $Q LGHDO V\VWHP RI QXFOHDU UHDFWLRQ GDWDEDVH� ([S� GDWD� HYDOXDWHG GDWD�

WKHRUHWLFDO VROYHU� ���HWF� �DUH WUHDWHG ZLWK WKLV V\VWHP DV ¦SDG PHGLD§�



���6XPPDU\�DQG�IXWXUH�H[WHQVLRQ

:H GHYHORSHG WKH ¦15')§ FKDUJHG SDUWLFOH GDWDEDVH V\VWHP RQ ,QWHOOLJHQW3DG� ,Q WKLV UHSRUW� WKH

FXUUHQW WULDO V\VWHP SURGXFWV DUH VKRZQ� 0DMRU IHDWXUHV RI WKLV V\VWHP DUH L� LQWHUDFWLYH GDWD YLVXDOL]DWLRQ DQG

FRPSDULVRQ� LL� �' GDWDEDVH VXUYH\� )URP QRZ RQ� ZH ZLOO LQFOXGH WKH (;)25 GDWD LQ WKLV V\VWHP � GLVWULEXWH

WKH V\VWHP WR UHVHDUFKHUV� UHSHDW WHVW XVH DQG EOXVK�XS RI WKH WULDO V\VWHP� )XUWKHUPRUH� ZH ZLOO SURFHHG WR

GHYHORS WKH V\VWHP WR HPERG\ WKH DLP RI ¦HIIHFWLYH§ XVH RI QXFOHDU UHDFWLRQ GDWD� VXFK DV )LJ���

$FNQRZOHGJPHQW

7KLV ZRUN LV VXSSRUWHG E\ 0HPH 0HGLD /DERUDWRU\� +RNNDLGR 8QLYHUVLW\� 7R GHYHORS WKH UHWULHYDO

V\VWHP RQ :LQGRZV������17� HVVHQWLDO SDG PRGXOHV DUH FRQVWUXFWHG E\ &¨V/DE� /7' WKDW LV EDVHG RQ WKH

6PDOO7DON�EDVHG WULDO SURGXFWLRQ E\ RQH RI WKH DXWKRUV�&� 0�� >�����@� 7KH DXWKRUV ZRXOG OLNH WR H[SUHVV WKHLU

WKDQNV WR 3URI� <� 7DQDND IRU KHOSIXO GLVFXVVLRQV DQG VXJJHVWLRQV�

5HIHUHQFHV

>�@ .DW{� .�� ¦&KDUJHG SDUWLFOH QXFOHDU UHDFWLRQ GDWDEDVH 15') ¤ 3UHVHQW VWDWXV DQG LWV XVDJH ¤§� *HQVKLNDNX

.HQN\X� ��� �� ������ LQ -DSDQHVH��

>�@ 7RJDVKL� 0� DQG 7DQDND� +�� ¦$Q LQIRUPDWLRQ V\VWHP IRU FKDUJHG SDUWLFOH QXFOHDU UHDFWLRQ GDWD§� -RXUQDO RI

,QIRUPDWLRQ 6FLHQFH � �� ��� ������ �

>�@ &KLED� 0�� .DWD\DPD� 7� DQG 7DQDND� +� � ¦$ GDWDEDVH WUDQVODWRU RI QXFOHDU UHDFWLRQ GDWD IRU LQWHUQDWLRQDO

GDWD H[FKDQJH§� -RXUQDO RI ,QIRUPDWLRQ 6FLHQFH� ��� ��� �������

>�@ $R\DPD� 6�� HW DO�� ¦'HYHORSPHQW RI XWLOLW\ V\VWHP RI FKDUJHG SDUWLFOH QXFOHDU UHDFWLRQ GDWD RQ XQLILHG

LQWHUIDFH§� -$(5,�&RQI�WKLV YROXPH��

>�@ 15') ZHE SDJH � KWWS���QXFO�VFL�KRNXGDL�DF�MS�aQUGI��

>�@ 7DQDND� <��¦$ 0HPH 0HGLD DUFKLWHFWXUH ,QWHOOLJHQW3DG DQG LWV DSSOLFDWLRQV§� -RXUQDO RI ,36-� ��� ��� ������

LQ -DSDQHVH� � ,QWHUQDWLRQDO &RQIHUHQFH RQ 0XOWLPHGLD 0RGHOLQJ ¨��� /DXVDQQH� S�� ������

>�@ ,QWHOOLJHQW3DG &RQVRUWLXP � KWWS���ZZZ�SDGV�RU�MS��

>�@ )RU H[DPSOH� KWWS���ZZZ�IXMLWVX�FR�MS�K\SHUWH[W�VRIWLQIR�SURGXFW�XVH�LSDG���

KWWS���ZZZ�KLWDFKL�VN�FR�MS�3URGXFWV�,QWHOOLJHQW3DG�+RPH3DJH�KWPO�

>�@ 8QL64/� ZHE SDJH� � KWWS���XQLVTO�ZZZ�QWWGDWD�FR�MS��

>��@ &KLED� 0�� ¦,QWHOOLJHQW3DG IRU H[FKDQJLQJ DQG UHXVLQJ QXFOHDU UHDFWLRQ GDWD LQIRUPDWLRQ DV VKDUHG

UHVRXUFHV§� ZHE SXEOLFDWLRQ� KWWS���QUGI�PHPH�KRNXGDL�DF�MS�LS�FKLED�PDLQ�KWPO�

>��@ &KLED� 0� ¦,QWHOOLJHQW3DG IRU H[FKDQJLQJ DQG UHXVLQJ QXFOHDU UHDFWLRQ GDWD LQIRUPDWLRQ DV VKDUHG

UHVRXUFHV§� -$(5,�&RQI� ������� ��� �������

>��@ &KLED� 0�� ¦$Q ,QWHOOLJHQW3DG V\VWHP IRU WKH UHXVH RI QXFOHDU UHDFWLRQ GDWD§� &RQIHUHQFH SURFHHGLQJV

9RO��� ¦1XFOHDU GDWD IRU VFLHQFH DQG 7HFKQRORJ\§ *�5HIIR� $�9HQWXUD DQG &�*UDQGL� 6,)� %RORJQD � S�����

�������


