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$EVWUDFW� 3UHYLRXV UHVHDUFK KDV SURYLGHG PHWDGDWD PRGHOV WKDW HQDEOH WKH

FDSWXULQJ RI WKH VWDWLF FRPSRQHQWV RI D 'DWD :DUHKRXVH �':� DUFKLWHFWXUH�

DORQJ ZLWK LQIRUPDWLRQ RQ GLIIHUHQW TXDOLW\ IDFWRUV RYHU WKHVH FRPSRQHQWV� 7KLV

SDSHU FRPSOHPHQWV WKLV ZRUN ZLWK WKH PRGHOLQJ RI WKH G\QDPLF SDUWV RI WKH

':� L�H�� ZLWK D PHWDPRGHO IRU ': RSHUDWLRQDO SURFHVVHV� 7KH SURSRVHG

PHWDPRGHO LV FDSDEOH RI PRGHOLQJ FRPSOH[ DFWLYLWLHV� WKHLU LQWHUUHODWLRQVKLSV�

DQG WKH UHODWLRQVKLS RI DFWLYLWLHV ZLWK GDWD VRXUFHV DQG H[HFXWLRQ GHWDLOV�

)LQDOO\� WKH PHWDPRGHO FRPSOHPHQWV SURSRVHG DUFKLWHFWXUH DQG TXDOLW\ PRGHOV

LQ D FRKHUHQW IDVKLRQ� UHVXOWLQJ LQ D IXOO IUDPHZRUN IRU ': PHWDPRGHOLQJ�

FDSDEOH RI VXSSRUWLQJ WKH GHVLJQ� DGPLQLVWUDWLRQ DQG HYROXWLRQ RI D ':� :H

KDYH LPSOHPHQWHG WKLV PHWDPRGHO XVLQJ WKH ODQJXDJH 7HORV DQG WKH PHWDGDWD

UHSRVLWRU\ V\VWHP &RQFHSW%DVH�

� ,QWURGXFWLRQ

'DWD :DUHKRXVHV �':� DUH FRPSOH[ DQG GDWD�LQWHQVLYH V\VWHPV WKDW LQWHJUDWH GDWD

IURP PXOWLSOH KHWHURJHQHRXV LQIRUPDWLRQ VRXUFHV DQG XOWLPDWHO\ WUDQVIRUP WKHP LQWR D

PXOWLGLPHQVLRQDO UHSUHVHQWDWLRQ� ZKLFK LV XVHIXO IRU GHFLVLRQ VXSSRUW DSSOLFDWLRQV�

$SDUW IURP D FRPSOH[ DUFKLWHFWXUH� LQYROYLQJ GDWD VRXUFHV� WKH RSHUDWLRQDO GDWD VWRUH

�2'6�� WKH JOREDO GDWD ZDUHKRXVH� WKH FOLHQW GDWD PDUWV� HWF�� D ': LV DOVR

FKDUDFWHUL]HG E\ D FRPSOH[ OLIHF\FOH� 7KH ': LQYROYHV D SHUPDQHQW GHVLJQ SKDVH�

ZKHUH WKH GHVLJQHU KDV WR SURGXFH YDULRXV PRGHOLQJ FRQVWUXFWV DFFRPSDQLHG E\ D

GHWDLOHG SK\VLFDO GHVLJQ IRU HIILFLHQF\ UHDVRQV� 7KH GHVLJQHU PXVW DOVR GHDO ZLWK WKH

': SURFHVVHV� ZKLFK DUH FRPSOH[ LQ VWUXFWXUH� ODUJH LQ QXPEHU DQG KDUG WR FRGH DW

WKH VDPH WLPH� 9LHZLQJ WKH ': DV D VHW RI OD\HUHG� PDWHULDOL]HG YLHZV LV WKXV D YHU\

VLPSOLVWLF YLHZ� )RU H[DPSOH� WKH ': UHIUHVKPHQW SURFHVV FDQ DOUHDG\ FRQVLVW RI

PDQ\ GLIIHUHQW VXESURFHVVHV OLNH GDWD FOHDQLQJ� DUFKLYLQJ� WUDQVIRUPDWLRQV�

DJJUHJDWLRQV LQWHUFRQQHFWHG WKURXJK D FRPSOH[ VFKHGXOH >�@� 7KH DGPLQLVWUDWLRQ RI

WKH ': LV DOVR D FRPSOH[ WDVN� ZKHUH GHDGOLQHV PXVW EH PHW IRU WKH SRSXODWLRQ RI WKH

': DQG FRQWLQJHQF\ DFWLRQV WDNHQ LQ WKH FDVH RI HUURUV� )LQDOO\� ZH PXVW DGG WKH

HYROXWLRQ SKDVH� ZKLFK LV D FRPELQDWLRQ RI GHVLJQ DQG DGPLQLVWUDWLRQ� DV WLPH SDVVHV�

QHZ GDWD DUH UHTXHVWHG E\ WKH HQG XVHUV� QHZ VRXUFHV RI LQIRUPDWLRQ EHFRPH

DYDLODEOH� DQG WKH ': DUFKLWHFWXUH PXVW HYROYH WR PHHW WKHVH FKDOOHQJHV�



$OO WKH GDWD ZDUHKRXVH FRPSRQHQWV� SURFHVVHV DQG GDWD DUH ± RU DW OHDVW VKRXOG EH ±

WUDFNHG DQG DGPLQLVWHUHG IURP D PHWDGDWD UHSRVLWRU\� 7KH PHWDGDWD UHSRVLWRU\

FRQWUROV WKH GDWD ZDUHKRXVH FRPSRQHQWV DQG LV WKHUHIRUH WKH HVVHQWLDO VWDUWLQJ SRLQW

IRU GHVLJQ DQG RSHUDWLRQDO RSWLPL]DWLRQ� 0RUHRYHU� WKH VFKHPD RI WKH PHWDGDWD

UHSRVLWRU\� H[SUHVVHG DV WKH ': DUFKLWHFWXUH PRGHO VKRXOG DOVR EH SRZHUIXO HQRXJK

WR FDSWXUH WKH VHPDQWLFV DQG VWUXFWXUH RI WKH GDWD ZDUHKRXVH SURFHVVHV �GHVLJQ�

UHIUHVKPHQW� FOHDQLQJ� HWF��� ([SUHVVLYHQHVV DQG HDVH RI XVH RI WKH PHWDGDWD VFKHPD

DUH FUXFLDO IRU GDWD ZDUHKRXVH TXDOLW\�

,Q >��@� ZH KDYH SUHVHQWHG D PHWDGDWD PRGHOLQJ DSSURDFK ZKLFK HQDEOHV WKH

FDSWXULQJ RI WKH VWDWLF SDUWV RI WKH DUFKLWHFWXUH RI D GDWD ZDUHKRXVH� DORQJ ZLWK

LQIRUPDWLRQ RYHU GLIIHUHQW TXDOLW\ GLPHQVLRQV RI WKHVH FRPSRQHQWV� 7KH OLQNDJH RI WKH

DUFKLWHFWXUH PRGHO WR TXDOLW\ SDUDPHWHUV �TXDOLW\ PRGHO� DQG LWV LPSOHPHQWDWLRQ LQ

&RQFHSW%DVH KDYH EHHQ IRUPDOO\ GHVFULEHG LQ >��@� >��@ SUHVHQWV D PHWKRGRORJ\ IRU

WKH DFWXDO H[SORLWDWLRQ RI WKH LQIRUPDWLRQ IRXQG LQ WKH PHWDGDWD UHSRVLWRU\ DQG WKH

TXDOLW\�RULHQWHG HYROXWLRQ RI D GDWD ZDUHKRXVH EDVHG RQ WKH DUFKLWHFWXUH DQG TXDOLW\

PRGHO� ,Q WKLV SDSHU� ZH FRPSOHPHQW WKHVH DSSURDFKHV ZLWK WKH PHWDPRGHOLQJ IRU WKH

G\QDPLF SDUW RI WKH GDWD ZDUHKRXVH HQYLURQPHQW� WKH SURFHVVHV�

$V ZH ZLOO VKRZ LQ WKLV SDSHU� WKLV NLQG RI PHWD�LQIRUPDWLRQ FDQ EH XVHG WR VXSSRUW

WKH GHVLJQ DQG WKH HYROXWLRQ RI WKH ':� ,Q WKHVH SKDVHV RI WKH ': OLIHF\FOH� WKH

GHVLJQHUV RI D ': QHHG LQIRUPDWLRQ DERXW SURFHVVHV� ZKDW DUH WKH\ VXSSRVHG WR GR�

ZK\ DUH WKH\ QHFHVVDU\� KRZ DUH WKH\ LPSOHPHQWHG DQG KRZ WKH\ DIIHFW RWKHU

SURFHVVHV LQ WKH ':� :H KDYH LGHQWLILHG VHYHUDO UHTXLUHPHQWV IRU D ': SURFHVV

PRGHO� 6SHFLILFDOO\� WKH UHTXLUHPHQWV LQYROYH� �L� WKH FRYHUDJH RI WKH FRPSOH[LW\ RI WKH

VWUXFWXUH RI ': SURFHVVHV� LQ WHUPV RI WDVNV H[HFXWHG ZLWKLQ D VLQJOH SURFHVV�

H[HFXWLRQ FRKHUHQFH� FRQWLQJHQF\ WUHDWPHQW� HWF�� �LL� WKH FDSWXULQJ RI WKH UHODWLRQVKLS

RI SURFHVVHV ZLWK LQYROYHG GDWD� �LLL� WKH WUDFNLQJ RI VSHFLILF H[HFXWHG SURFHVVHV� VR

WKDW SHRSOH FDQ UHODWH WKH ': REMHFWV WR GHFLVLRQV� WRROV DQG WKH IDFWV ZKLFK KDYH

KDSSHQHG LQ WKH UHDO ZRUOG >��@� �LY� D FOHDU VHSDUDWLRQ RI SHUVSHFWLYHV� ZKDW

FRPSRQHQWV D SURFHVV FRQVLVWV RI �ORJLFDO SHUVSHFWLYH�� KRZ WKH\ SHUIRUP �SK\VLFDO

SHUVSHFWLYH� DQG ZK\ WKHVH FRPSRQHQWV H[LVW �FRQFHSWXDO SHUVSHFWLYH�� DQG ILQDOO\ �Y�

WKH UHSUHVHQWDWLRQ RI WKH OLQNDJH RI WKH PRGHOHG SURFHVVHV WR FRQFUHWH TXDOLW\ IDFWRUV

ZKLFK PHDVXUH WKH TXDOLW\ RI WKH ':�

7KH FRQWULEXWLRQ RI WKLV SDSHU LV WRZDUGV WKH IXOILOOPHQW RI DOO WKH DIRUHPHQWLRQHG

UHTXLUHPHQWV� :H GR QRW FODLP WKDW RXU DSSURDFK LV VXLWDEOH IRU DQ\ NLQG RI SURFHVV�

EXW UDWKHU ZH IRFXV RXU DWWHQWLRQ WR WKH LQWHUQDOV RI ': V\VWHPV� 2XU PRGHO KDV EHHQ

LPSOHPHQWHG LQ WKH PHWDGDWD UHSRVLWRU\ &RQFHSW%DVH >��@� ,WV XVHIXOQHVV LV

GHPRQVWUDWHG E\ WKH IDFW WKDW WKH SURSRVHG PRGHO HQDEOHV ': PDQDJHPHQW� GHVLJQ

DQG HYROXWLRQ� DV ZH ZLOO VKRZ LQ VHFWLRQ �� 2XU PRGHO VXSSRUWV WKH IROORZLQJ VWHSV LQ

WKH ': OLIHF\FOH� �L� WKH GHVLJQ RI WKH ': LV VXSSRUWHG E\ H[WHQGHG XVH RI

FRQVLVWHQF\ FKHFNV� WR HQVXUH WKH FRUUHFWQHVV RI WKH UHSUHVHQWDWLRQ� �LL� WKH PRGHO

IDFLOLWDWHV WKH DGPLQLVWUDWLRQ RI WKH ':� E\ HQDEOLQJ WKH PHDVXUHPHQW RI TXDOLW\ RI

': SURFHVVHV DQG WKH VSRWWLQJ RI LQHIILFLHQFLHV� �LLL� D VSHFLILF WDVN RI ':

DGPLQLVWUDWLRQ� QDPHO\ HYROXWLRQ� LV VXSSRUWHG E\ WKH H[SORLWDWLRQ RI WKH LQIRUPDWLRQ

RQ WKH LQWHUGHSHQGHQFLHV RI ': FRPSRQHQWV� WR IRUHFDVW DQ\ SRVVLEOH LPSDFW E\ WKH

FKDQJH RI DQ\ RI WKHVH FRPSRQHQWV� 7R IDFLOLWDWH WKHVH WDVNV� ZH GHULYH WKH GHVFULSWLRQ



RI WKH ': PDWHULDOL]HG YLHZV IURP WKH SURFHVV GHILQLWLRQV XVHG IRU WKHLU SRSXODWLRQ�

LQVWHDG RI WUHDWLQJ WKH ': DV D VHW RI OD\HUV RI PDWHULDOL]HG YLHZV�

7KLV SDSHU LV RUJDQL]HG DV IROORZV� LQ VHFWLRQ �� ZH GLVFXVV EULHIO\ UHODWHG ZRUN�

6HFWLRQ � GHVFULEHV WKH SURFHVV PHWDPRGHO� DQG LQ VHFWLRQ �� ZH SUHVHQW LWV OLQNDJH WR

WKH TXDOLW\ PRGHO� ,Q VHFWLRQ �� ZH SUHVHQW KRZ WKH PHWDGDWD UHSRVLWRU\ FDQ EH

H[SORLWHG� ZKHQ HQULFKHG ZLWK WKLV NLQG RI LQIRUPDWLRQ� )LQDOO\� LQ VHFWLRQ � ZH

FRQFOXGH RXU UHVXOWV DQG SUHVHQW LVVXHV IRU IXWXUH UHVHDUFK� )RU ODFN RI VSDFH� PDQ\

LVVXHV DUH QRW WKRURXJKO\ SUHVHQWHG KHUH� :H UHIHU WKH LQWHUHVWHG UHDGHU WR >��@ IRU

PRUH H[DPSOHV DQG H[SODQDWLRQV�

� 5HODWHG�:RUN

2XU DSSURDFK LV EXLOG DURXQG WKH :RUNIORZ 5HIHUHQFH 0RGHO� SUHVHQWHG LQ >��@ E\

WKH :RUNIORZ 0DQDJHPHQW &RDOLWLRQ �:I0&�� :H KDYH DGDSWHG WKLV PRGHO WR WKH

VSHFLILF UHTXLUHPHQWV LQ ': V\VWHPV�

:H IRXQG WKH :RUNIORZ 5HIHUHQFH 0RGHO WRR DEVWUDFW IRU WKH SXUSRVH RI D

UHSRVLWRU\ VHUYLQJ ': RSHUDWLRQDO SURFHVVHV� )LUVW� WKH UHODWLRQVKLS RI DQ DFWLYLW\ ZLWK

WKH GDWD LW LQYROYHV LV QRW UHDOO\ FRYHUHG� DOWKRXJK WKLV ZRXOG SURYLGH H[WHQVLYH

LQIRUPDWLRQ RI WKH GDWD IORZ LQ WKH ':� 6HFRQG� WKH VHSDUDWLRQ RI SHUVSHFWLYHV LV QRW

FOHDU� VLQFH WKH :I0& SURSRVDO IRFXVHV RQO\ RQ WKH VWUXFWXUH RI WKH ZRUNIORZV� 7R

FRPSHQVDWH WKLV VKRUWFRPLQJ� ZH HPSOR\ WKH EDVLF LGHD RI WKH $FWRU�'HSHQGHQF\

PRGHO >��@ �DQG LWV ODWHVW YHUVLRQ� WKH 6WUDWHJLF 'HSHQGHQF\ PRGHO >��@� WR DGG D

FRQFHSWXDO SHUVSHFWLYH WR WKH GHILQLWLRQ RI D SURFHVV� FDSWXULQJ WKH UHDVRQV EHKLQG LWV

VWUXFWXUH� ,Q >��@� WKUHH GLIIHUHQW ZD\V WR YLHZ D SURFHVV DUH LGHQWLILHG� ZKDW VWHSV LW

FRQVLVWV RI� KRZ WKH\ DUH WR EH SHUIRUPHG DQG ZK\ WKHVH VWHSV H[LVW� 7KLV VHSDUDWLRQ LV

DOVR UHSUHVHQWHG LQ D VRIWZDUH SURFHVV GDWD PRGHO WR VXSSRUW VRIWZDUH LQIRUPDWLRQ

V\VWHPV >��@� 7KH PRGHO FDSWXUHV WKH UHSUHVHQWDWLRQ RI GHVLJQ REMHFWV ��ZKDW��� GHVLJQ

GHFLVLRQV ��ZK\�� DQG GHVLJQ WRROV ��KRZ���

7KH LGHD RI PDSSLQJ WKH FRQFHSWXDO UHSUHVHQWDWLRQ RI D ZRUNIORZ WR LWV H[HFXWLRQ LV

SUHVHQWHG LQ >�@� 7KH SURSRVHG PRGHO FDSWXUHV WKH PDSSLQJ IURP ZRUNIORZ

VSHFLILFDWLRQ WR ZRUNIORZ H[HFXWLRQ �LQ SDUWLFXODU FRQFHUQLQJ H[FHSWLRQ KDQGOLQJ��

,PSRUWDQFH LV SDLG WR WKH LQWHU�WDVN LQWHUDFWLRQ� WKH UHODWLRQVKLS RI ZRUNIORZV WR

H[WHUQDO DJHQWV DQG WKH DFFHVV WR GDWDEDVHV�

$Q DSSURDFK WR YDOLGDWH ZRUNIORZ PRGHOV LV SUHVHQWHG LQ >�����@� 7KH DOJRULWKPV

XVHV D VHW RI JUDSK UHGXFWLRQ UXOHV WR LGHQWLI\ VWUXFWXUDO FRQIOLFWV LQ D FRQWURO IORZ

VSHFLILFDWLRQ� DQG WR FKHFN WKH FRQVLVWHQF\ RI ZRUNIORZ WHPSRUDO FRQVWUDLQWV�

� 0HWDPRGHO�IRU�'DWD�:DUHKRXVH�2SHUDWLRQDO�3URFHVVHV

,Q >��@ D EDVLF PHWDPRGHO IRU GDWD ZDUHKRXVH DUFKLWHFWXUH DQG TXDOLW\ KDV EHHQ

SUHVHQWHG �)LJ� ��� 7KH IUDPHZRUN GHVFULEHV D GDWD ZDUHKRXVH LQ WKUHH SHUVSHFWLYHV� D

FRQFHSWXDO� D ORJLFDO DQG D SK\VLFDO SHUVSHFWLYH� (DFK SHUVSHFWLYH LV SDUWLWLRQHG LQWR

WKH WKUHH WUDGLWLRQDO GDWD ZDUHKRXVH OHYHOV� VRXUFH� GDWD ZDUHKRXVH DQG FOLHQW OHYHO�
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)LJ� �� )UDPHZRUN IRU 'DWD :DUHKRXVH $UFKLWHFWXUH >��@

2Q WKH PHWDPRGHO OD\HU� WKH IUDPHZRUN JLYHV D QRWDWLRQ IRU GDWD ZDUHKRXVH

DUFKLWHFWXUHV E\ VSHFLI\LQJ PHWD FODVVHV IRU WKH XVXDO GDWD ZDUHKRXVH REMHFWV OLNH GDWD

VWRUH� UHODWLRQ� YLHZ� HWF� 2Q WKH PHWDGDWD OD\HU� WKH PHWDPRGHO LV LQVWDQWLDWHG ZLWK WKH

FRQFUHWH DUFKLWHFWXUH RI D GDWD ZDUHKRXVH� LQYROYLQJ LWV VFKHPD GHILQLWLRQ� LQGH[HV�

WDEOHVSDFHV� HWF� 7KH ORZHVW OD\HU LQ )LJ� � UHSUHVHQWV WKH UHDO ZRUOG ZKHUH WKH DFWXDO

SURFHVVHV DQG GDWD UHVLGH�

7KH VWDWLF GHVFULSWLRQ RI WKH DUFKLWHFWXUH SDUWV RI WKH ': �OHIW SDUW RI )LJ� �� LV

FRPSOHPHQWHG LQ WKLV SDSHU ZLWK D PHWDPRGHO RI WKH G\QDPLF SDUWV RI WKH ':� L�H� WKH

': RSHUDWLRQDO SURFHVVHV� $V RQH FDQ QRWLFH RQ WKH ULJKW VLGH RI )LJ� �� ZH IROORZ

DJDLQ D WKUHH OHYHO LQVWDQWLDWLRQ� D 3URFHVV 0HWDPRGHO GHDOV ZLWK JHQHULF HQWLWLHV

LQYROYHG LQ DOO ': SURFHVVHV �RSHUDWLQJ RQ HQWLWLHV IRXQG DW WKH ': PHWDPRGHO

OHYHO�� WKH 3URFHVV 0RGHO FRYHUV WKH SURFHVVHV RI D VSHFLILF ': E\ HPSOR\LQJ

LQVWDQFHV RI WKH PHWDPRGHO HQWLWLHV DQG WKH 3URFHVV 7UDFHV FDSWXUH WKH H[HFXWLRQ RI

WKH DFWXDO ': SURFHVVHV KDSSHQLQJ LQ WKH UHDO ZRUOG�

2XU SURFHVV PRGHO �FI� )LJ� ��� KDV DOVR GLIIHUHQW SHUVSHFWLYHV FRYHULQJ GLVWLQFW

DVSHFWV RI D SURFHVV� WKH FRQFHSWXDO� ORJLFDO DQG SK\VLFDO SHUVSHFWLYH� 7KH

FDWHJRUL]DWLRQ ILWV QDWXUDOO\ ZLWK WKH DUFKLWHFWXUH PRGHO� VLQFH WKH SHUVSHFWLYHV RI WKH

SURFHVV PRGHO RSHUDWH RQ REMHFWV RI WKH UHVSHFWLYH SHUVSHFWLYH RI WKH DUFKLWHFWXUH

PRGHO� $V PHQWLRQHG LQ >��@ WKHUH DUH GLIIHUHQW ZD\V WR YLHZ D SURFHVV� ZKDW VWHSV LW

FRQVLVWV RI �ORJLFDO SHUVSHFWLYH�� KRZ WKH\ DUH WR EH SHUIRUPHG �SK\VLFDO SHUVSHFWLYH�

DQG ZK\ WKHVH VWHSV H[LVW �FRQFHSWXDO SHUVSHFWLYH�� 7KXV� ZH YLHZ D ': SURFHVV IURP

WKUHH SHUVSHFWLYHV� D FHQWUDO ORJLFDO SDUW RI WKH PRGHO� ZKLFK FDSWXUHV WKH EDVLF

VWUXFWXUH RI D SURFHVV� LWV SK\VLFDO FRXQWHUSDUW ZKLFK SURYLGHV VSHFLILF GHWDLOV RYHU WKH

DFWXDO FRPSRQHQWV WKDW H[HFXWH WKH DFWLYLW\ DQG WKH FRQFHSWXDO SHUVSHFWLYH ZKLFK

DEVWUDFWO\ UHSUHVHQWV WKH EDVLF LQWHUUHODWLRQVKLSV EHWZHHQ ': VWDNHKROGHUV DQG

SURFHVVHV LQ D IRUPDO ZD\� ,Q WKH IROORZLQJ VXEVHFWLRQV� ZH ZLOO HODERUDWH RQ HDFK RI

WKH WKUHH SHUVSHFWLYHV� VWDUWLQJ IURP WKH ORJLFDO RQH�
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)LJ� �� 7KH ': 2SHUDWLRQDO 3URFHVV 0HWDPRGHO

��� &RPSOH[LW\ RI WKH 3URFHVV 6WUXFWXUH

)ROORZLQJ >��@� WKH PDLQ HQWLW\ RI WKH ORJLFDO SHUVSHFWLYH LV DQ $FWLYLW\� $Q DFWLYLW\

UHSUHVHQWV DQ DPRXQW RI �ZRUN ZKLFK LV SURFHVVHG E\ D FRPELQDWLRQ RI UHVRXUFH DQG

FRPSXWHU DSSOLFDWLRQV�� $FWLYLWLHV DUH UDWKHU FRPSOH[ LQ QDWXUH DQG WKLV FRPSOH[LW\ LV

FDSWXUHG E\ WKH VSHFLDOL]DWLRQ RI $FWLYLW\� QDPHO\ &RPSRVLWH$FWLYLW\� :H IROORZ KHUH

WKH OHVVRQV FRPLQJ ERWK IURP UHSRVLWRU\ DQG ZRUNIORZ PDQDJHPHQW� WKHUH PXVW EH WKH

SRVVLELOLW\ RI ]RRPLQJ LQ DQG RXW WKH UHSRVLWRU\� &RPSRVLWH DFWLYLWLHV DUH FRPSRVHG RI

3URFHVV(OHPHQWV ZKLFK LV D JHQHUDOL]DWLRQ RI WKH HQWLWLHV $FWLYLW\ DQG

7UDQVLWLRQ(OHPHQW� $ WUDQVLWLRQ HOHPHQW LV WKH �EULGJH� EHWZHHQ WZR DFWLYLWLHV� LW LV

HPSOR\HG IRU WKH LQWHUFRQQHFWLRQ RI DFWLYLWLHV SDUWLFLSDWLQJ LQ D FRPSOH[ DFWLYLW\� 7KH

DWWULEXWH 1H[W RI WKH SURFHVV HOHPHQWV FDSWXUHV WKH VHTXHQFH RI HYHQWV�

)RUPDOO\� D 3URFHVV (OHPHQW LV FKDUDFWHUL]HG E\ WKH IROORZLQJ DWWULEXWHV�

− 1H[W� D 3URFHVV(OHPHQW ZKLFK LV QH[W LQ WKH VHTXHQFH RI D FRPSRVLWH DFWLYLW\�

7KH DWWULEXWH 1H[W KDV LWVHOI WZR DWWULEXWHV� WKDW FKDUDFWHUL]H LW�

− &RQWH[W� 6LQFH WZR DFWLYLWLHV FDQ EH LQWHUUHODWHG LQ PRUH WKDQ RQH FRPSOH[

': SURFHVVHV� WKH FRQWH[W LV FDSWXUHG E\ D &RPSRVLWH$FWLYLW\ LQVWDQFH�

− 6HPDQWLFV� 7KLV DWWULEXWH GHQRWHV ZKHWKHU WKH QH[W DFWLYLW\ LQ D VFKHGXOH

KDSSHQV RQ VXFFHVVIXO WHUPLQDWLRQ RI WKH SUHYLRXV DFWLYLW\ �&200,7� RU LQ

WKH FDVH ZKHUH D FRQWLQJHQF\ DFWLRQ LV UHTXLUHG �$%257��

$ 7UDQVLWLRQ(OHPHQW LQKHULWV WKH DWWULEXWHV RI 3URFHVV(OHPHQW� EXW PRVW LPSRUWDQW�

LV XVHG WR DGG PRUH LQIRUPDWLRQ RQ WKH FRQWURO IORZ LQ D FRPSRVLWH DFWLYLW\� 7KLV LV

FDSWXUHG E\ WZR PHFKDQLVPV� )LUVW� ZH HQULFK WKH 1H[W OLQN ZLWK PRUH PHDQLQJ� E\



DGGLQJ D &RQGLWLRQ DWWULEXWH WR LW� $ &RQGLWLRQ LV D ORJLFDO H[SUHVVLRQ LQ 7HORV

GHQRWLQJ WKDW WKH ILULQJ RI WKH QH[W DFWLYLW\ LV SHUIRUPHG ZKHQ WKH &RQGLWLRQ LV PHW�

6HFRQG� ZH VSHFLDOL]H WKH FODVV 7UDQVLWLRQ (OHPHQW WR IRXU SURPLQHQW VXEFODVVHV�

FDSWXULQJ WKH EDVLF FRQQHFWLYHV RI DFWLYLWLHV� DV VXJJHVWHG E\ >��@� 6SOLWB$1'�

6SOLWB;25� -RLQB$1'� -RLQB;25� 7KHLU VHPDQWLFV DUH REYLRXVO\ WKH VDPH ZLWK WKH

RQHV RI WKH :I0& SURSRVDO� 7KH SURSRVHG PRGHO VXSSRUWV WZR RWKHU FRQVWUXFWV RI WKH

:I0& SURSRVDO� QDPHO\ WKH GXPP\ DFWLYLWLHV �PRGHOHG DV VLPSOH 7UDQVLWLRQ

(OHPHQWV� DQG WKH /223 DFWLYLWLHV� FDSWXUHG DV LQVWDQFHV RI &RPSRVLWH$FWLYLW\� ZLWK

WKH H[WUD DWWULEXWH IRU� H[SUHVVHG DV D VWULQJ�

��� 5HODWLRQVKLS ZLWK 'DWD

:H LQWURGXFH WKH HQWLW\ 7\SH WR FDSWXUH WKH ORJLFDO UHSUHVHQWDWLRQ RI D GDWD VWRUH� $

7\SH GHQRWHV WKH VFKHPD IRU DOO NLQGV RI GDWD VWRUHV� )RUPDOO\� D 7\SH LV GHILQHG DV D

VSHFLDOL]DWLRQ RI /RJLFDO2EMHFW ZLWK WKH IROORZLQJ DWWULEXWHV�

− )LHOGV� D PXOWL�YDOXH DWWULEXWH� ,Q RWKHU ZRUGV� HDFK 7\SH KDV D QDPH DQG D VHW

RI )LHOGV� H[DFWO\ OLNH D UHODWLRQ LQ WKH UHODWLRQDO PRGHO�

− 6WRUHG� D 'DWD6WRUH� L�H�� D SK\VLFDO REMHFW UHSUHVHQWLQJ DQ\ DSSOLFDWLRQ XVHG WR

PDQLSXODWH VWRUHG GDWD �H�J�� D '%06� FI� VHFWLRQ �����

$Q\ NLQG RI SK\VLFDO GDWD VWRUH �PXOWLGLPHQVLRQDO DUUD\V� &2%2/ ILOHV� HWF�� FDQ

EH UHSUHVHQWHG E\ D 7\SH LQ WKH ORJLFDO SHUVSHFWLYH� )RU H[DPSOH� WKH VFKHPD RI

PXOWLGLPHQVLRQDO FXEHV LV RI WKH IRUP >'������'Q�0������0P@ ZKHUH WKH 'L UHSUHVHQW

GLPHQVLRQV �IRUPLQJ WKH SULPDU\ NH\ RI WKH FXEH� DQG WKH 0M PHDVXUHV >��@�

(DFK DFWLYLW\ LQ D ': HQYLURQPHQW LV OLQNHG WR D VHW RI LQFRPLQJ W\SHV DV ZHOO DV WR

D VHW RI RXWFRPLQJ W\SHV� 7KH ': DFWLYLWLHV DUH RI GDWD LQWHQVLYH QDWXUH� LQ WKHLU

DWWHPSW WR SXVK GDWD IURP WKH GDWD VRXUFHV WR WKH ': PDWHULDOL]HG YLHZV RU FOLHQW GDWD

PDUWV� :H FDSWXUH WKH RXWFRPH RI D ': SURFHVV DV D IXQFWLRQ RYHU WKH LQSXWV� 7KHVH

VHPDQWLFV DUH FDSWXUHG WKURXJK 64/ TXHULHV� H[WHQGHG ZLWK IXQFWLRQV ZKHUHYHU ULFKHU

VHPDQWLFV WKDQ 64/ DUH UHTXLUHG�

7KHUHIRUH� DQ $FWLYLW\ LV IRUPDOO\ FKDUDFWHUL]HG E\ WKH IROORZLQJ DWWULEXWHV�

− 1H[W� LQKHULWHG E\ 3URFHVV (OHPHQW�

− ,QSXW� UHSUHVHQWV DOO GDWD VWRUHV XVHG E\ WKH DFWLYLW\ WR DFTXLUH GDWD�

− 2XWSXW� UHSUHVHQWV DOO GDWD VWRUHV RU UHSRUWV� ZKHUH WKH DFWLYLW\ RXWSXWV GDWD� 7KH

2XWSXW DWWULEXWH LV IXUWKHU H[SODLQHG E\ WZR DWWULEXWHV�

− 6HPDQWLFV� D VLQJOH YDOXH EHORQJLQJ WR WKH VHW ^,QVHUW� 8SGDWH� 'HOHWH� 6HOHFW`�

$ SURFHVV FDQ HLWKHU DGG �L�H�� DSSHQG�� RU GHOHWH� RU XSGDWH WKH GDWD LQ D GDWD

VWRUH� $OVR LW FDQ RXWSXW VRPH PHVVDJHV WR WKH XVHU �FDSWXUHG E\ XVLQJ D

�0HVVDJH� 7\SH DQG 6HOHFW VHPDQWLFV��

− ([SUHVVLRQ� DQ 64/ TXHU\ �H[WHQGHG ZLWK IXQFWLRQV� WR GHQRWH WKH UHODWLRQVKLS

RI WKH RXWSXW DQG WKH LQSXW W\SHV�

− ([HFXWHG%\� D SK\VLFDO $JHQW �L�H�� DQ DSSOLFDWLRQ SURJUDP� H[HFXWLQJ WKH $FWLYLW\�

0RUH LQIRUPDWLRQ RQ DJHQWV ZLOO EH SURYLGHG LQ WKH VHTXHO�

− 5ROH� D FRQFHSWXDO GHVFULSWLRQ RI WKH DFWLYLW\� 7KLV DWWULEXWH ZLOO EH SURSHUO\

H[SODLQHG LQ WKH GHVFULSWLRQ RI WKH FRQFHSWXDO SHUVSHFWLYH�

7R PRWLYDWH WKH GLVFXVVLRQ� ZH ZLOO XVH D SDUW RI D FDVH VWXG\� HQULFKHG ZLWK H[WUD

UHTXLUHPHQWV� WR FDSWXUH WKH FRPSOH[LW\ RI WKH PRGHO WKDW ZH ZDQW WR H[SUHVV� 7KH



GLVFXVVHG RUJDQL]DWLRQ KDV WR FROOHFW YDULRXV GDWD DERXW WKH \HDUO\ DFWLYLWLHV RI DOO WKH

KRVSLWDOV RI D SDUWLFXODU UHJLRQ� 7KH V\VWHP UHOLHV RQ RSHUDWLRQDO GDWD IURP &2%2/

ILOHV� 7KH VRXUFH RI GDWD LV D &2%2/ ILOH� GHDOLQJ ZLWK WKH DQQXDO LQIRUPDWLRQ E\ FODVV

RI EHGV DQG KRVSLWDO �KHUH ZH XVH RQO\ WKUHH FODVVHV� QDPHO\ $� % DQG &�� 7KH

&2%2/ ILOH \LHOGV D VSHFLILF DWWULEXWH IRU HDFK FODVV RI EHGV� (DFK \HDU� WKH &2%2/

ILOH LV WUDQVIHUUHG IURP WKH SURGXFWLRQ V\VWHP WR WKH GDWD ZDUHKRXVH DQG VWRUHG LQ D

�EXIIHU� WDEOH RI WKH GDWD ZDUHKRXVH� DFWLQJ DV PLUURU RI WKH ILOH LQVLGH WKH '%06�

7KHQ� WKH WXSOHV RI WKH EXIIHU WDEOH DUH XVHG E\ FRPSXWDWLRQ SURFHGXUHV WR IXUWKHU

SRSXODWH D ³IDFW´ WDEOH LQVLGH WKH GDWD ZDUHKRXVH� 6HYHUDO PDWHULDOL]HG YLHZV DUH WKHQ

SRSXODWHG ZLWK DJJUHJDWH LQIRUPDWLRQ DQG XVHG E\ FOLHQW WRROV IRU TXHU\LQJ�

/RDGLQJ &OHDQLQJ &RPSXWDWLRQ $JJUHJDWLRQ

%XIIHU &ODVVBLQIR 9�&%/

QH[W QH[W QH[W

,16
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)LJ� �� ([SUHVVLRQV DQG VHPDQWLFV IRU WKH PRWLYDWLQJ H[DPSOH

:H DVVXPH WKH IROORZLQJ IRXU 7\SHV� &%/� %XIIHU� &ODVVBLQIR DQG 9�� 7KH VFKHPD�

WD RI WKHVH W\SHV DUH GHSLFWHG LQ )LJ� �� 7KHUH DUH IRXU $FWLYLWLHV LQ WKH ':� /RDGLQJ�

&OHDQLQJ� &RPSXWDWLRQ DQG $JJUHJDWLRQ� 7KH /RDGLQJ DFWLYLW\ VLPSO\ FRSLHV WKH GDWD

IURP WKH &%/ &RERO ILOH WR WKH %XIIHU W\SH� +B,' LV DQ LGHQWLILHU IRU WKH KRVSLWDO DQG



WKH WKUHH ODVW DWWULEXWHV KROG WKH QXPEHU RI EHGV SHU FODVV� 7KH &OHDQLQJ DFWLYLW\ GH�

OHWHV DOO WKH HQWULHV YLRODWLQJ WKH SULPDU\ NH\ FRQVWUDLQW� 7KH &RPSXWDWLRQ DFWLYLW\

WUDQVIRUPV WKH LPSRUWHG GDWD LQWR D GLIIHUHQW VFKHPD� 7KH GDWH LV FRQYHUWHG IURP

$PHULFDQ WR (XURSHDQ IRUPDW DQG WKH UHVW RI WKH DWWULEXWHV DUH FRQYHUWHG WR D FRPEL�

QDWLRQ �&ODVVBLG� �%HGV�� 7KH $JJUHJDWLRQ DFWLYLW\ VLPSO\ SURGXFHV WKH VXP RI EHGV

E\ KRVSLWDO DQG \HDU� 7KH H[SUHVVLRQV DQG VHPDQWLFV IRU HDFK DFWLYLW\ DUH OLVWHG LQ )LJ�

�� $OO DFWLYLWLHV DUH DSSHQGLQJ GDWD WR WKH LQYROYHG W\SHV� VR WKH\ KDYH ,16 VHPDQWLFV�

H[FHSW IRU WKH FOHDQLQJ SURFHVV� ZKLFK GHOHWHV GDWD� DQG WKXV KDV '(/ VHPDQWLFV�

��� 7KH 3K\VLFDO 3HUVSHFWLYH

:KHUHDV WKH ORJLFDO SHUVSHFWLYH FRYHUV WKH VWUXFWXUH RI D SURFHVV ��ZKDW� LQ >��@

WHUPLQRORJ\�� WKH SK\VLFDO SHUVSHFWLYH FRYHUV WKH GHWDLOV RI LWV H[HFXWLRQ ��KRZ���

(DFK SURFHVV LV H[HFXWHG E\ DQ $JHQW �L�H� DQ DSSOLFDWLRQ SURJUDP�� (DFK 7\SH LV

SK\VLFDOO\ VWRUHG E\ D 'DWD6WRUH �SURYLGLQJ LQIRUPDWLRQ IRU LVVXHV OLNH WDEOHVSDFHV�

LQGH[HV� HWF��� $Q $JHQW FDQ EH IRUPDOL]HG DV IROORZV�

− 6WDWH� D YDOXH RI $JHQW6WDWH'RPDLQ  ^,QB3URJUHVV� &RPPLW� $ERUW`�

− ,QLWBWLPH� $ERUWBWLPH� &RPPLWBWLPH� WLPHVWDPSV�

− ([HFXWLRQBSDUDPHWHUV� UHSUHVHQW DQ\ LQIRUPDWLRQ DERXW WKH H[HFXWLRQ RI DQ DJHQW�

− ,Q� 2XW� SK\VLFDO 'DWD6WRUHV FRPPXQLFDWLQJ ZLWK WKH $JHQW� 7KH W\SHV XVHG E\ WKH

UHVSHFWLYH ORJLFDO DFWLYLW\ PXVW EH VWRUHG ZLWKLQ WKHVH GDWD VWRUHV�

7KH LQIRUPDWLRQ RI WKH SK\VLFDO SHUVSHFWLYH FDQ EH XVHG WR WUDFH DQG PRQLWRU WKH

H[HFXWLRQ RI WKH SURFHVVHV� 7KH UHODWLRQVKLS EHWZHHQ WKH ORJLFDO DQG WKH SK\VLFDO

SHUVSHFWLYH LV GRQH E\ OLQNLQJ HDFK DFWLYLW\ WR D VSHFLILF DSSOLFDWLRQ SURJUDP�

��� 7KH &RQFHSWXDO 3HUVSHFWLYH

$ PDMRU SXUSRVH EHKLQG WKH LQWURGXFWLRQ RI WKH FRQFHSWXDO SHUVSHFWLYH LV WR KHOS WKH

LQWHUHVWHG VWDNHKROGHU WR XQGHUVWDQG WKH UHDVRQLQJ EHKLQG DQ\ GHFLVLRQV RQ WKH DUFKL�

WHFWXUH DQG FKDUDFWHULVWLFV RI WKH ': SURFHVVHV� )LUVW RI DOO� HDFK 7\SH �L�H� 5HODWLRQ�

&XEH� HWF�� LQ WKH ORJLFDO SHUVSHFWLYH LV D UHSUHVHQWDWLRQ RI D &RQFHSW LQ WKH FRQFHSWXDO

SHUVSHFWLYH� $ FRQFHSW LV DQ DEVWUDFW HQWLW\ UHSUHVHQWLQJ D UHDO ZRUOG FODVV RI REMHFWV�

LQ WHUPV RI D FRQFHSWXDO PHWDPRGHO� H�J�� WKH (5 PRGHO� %RWK 7\SHV DQG &RQFHSWV DUH

FRQVWUXFWHG IURP )LHOGV �UHSUHVHQWLQJ WKHLU DWWULEXWHV�� WKURXJK WKH DWWULEXWH ILHOGV�

7KH FHQWUDO HQWLW\ LQ WKH FRQFHSWXDO SHUVSHFWLYH LV WKH 5ROH� ZKLFK LV WKH

FRQFHSWXDO FRXQWHUSDUW ERWK RI DFWLYLWLHV DQG FRQFHSWV� 7KH 5ROH LV EDVLFDOO\ XVHG WR

H[SUHVV WKH LQWHUGHSHQGHQFLHV RI WKHVH HQWLWLHV� WKURXJK WKH DWWULEXWH 5HODWHV7R�

)RUPDOO\� D 5ROH LV GHILQHG DV IROORZV�

− 5HODWHV7R� DQRWKHU 5ROH�

− $V� D YDOXH RI WKH 5HODWLRQVKLS'RPDLQ  ^VXLWDEOH� GHSHQGHQW`�

− :UW� D PXOWL�YDOXH DWWULEXWH LQFOXGLQJ LQVWDQFHV RI FODVV &RQFHSWXDO2EMHFW�

− GXH7R� D VWULQJ GRFXPHQWLQJ DQ\ H[WUD LQIRUPDWLRQ RQ WKH UHODWLRQVKLS�

$ UROH UHSUHVHQWV DQ\ SURJUDP RU GDWD VWRUH SDUWLFLSDWLQJ LQ WKH HQYLURQPHQW RI D

SURFHVV� FKDUJHG ZLWK D VSHFLILF WDVN DQG�RU UHVSRQVLELOLW\� 7KH LQWHUUHODWLRQVKLS

EHWZHHQ UROHV LV PRGHOHG WKURXJK WKH 5HODWHV7R UHODWLRQVKLS� 6LQFH ERWK GDWD DQG

SURFHVVHV FDQ EH FKDUDFWHUL]HG E\ 64/ VWDWHPHQWV� WKHLU LQWHUUHODWLRQVKLS FDQ EH



WUDFHG LQ WHUPV RI DWWULEXWHV �)LJ� ��� $Q LQVWDQFH RI WKLV UHODWLRQVKLS LV D VWDWHPHQW

DERXW WKH LQWHUUHODWLRQVKLS RI WZR UROHV LQ WKH UHDO ZRUOG� VXFK DV µ9LHZ 9� UHODWHV WR

WDEOH &ODVVB,QIR ZLWK UHVSHFW WR WKH DWWULEXWHV ,G� 'DWH DQG QXPEHU RI EHGV DV

GHSHQGHQW GXH WR GDWD ORDGLQJ UHDVRQV¶�
$WWULEXWH ([DPSOH � ([DPSOH �

5ROH � %XIIHU $JJUHJDWLRQ

5ROH � &%/ &ODVVB,QIR

$V 'HSHQGHQW 'HSHQGHQW

:UW &%/� +B,'� (GDWH� �%HGV

)LJ� �� ([DPSOHV RI UROH LQWHUUHODWLRQVKLSV IRU WKH PRWLYDWLQJ H[DPSOH

7KH FRQFHSWXDO SHUVSHFWLYH LV LQIOXHQFHG E\ WKH $FWRU�'HSHQGHQF\ PRGHO >��@� ,Q

WKLV PRGHO� WKH DFWRUV GHSHQG RQ HDFK RWKHU IRU WKH DFFRPSOLVKPHQW RI JRDOV DQG WKH

GHOLYHU\ RI SURGXFWV� 7KH GHSHQGHQF\ QRWLRQ LV SRZHUIXO HQRXJK WR FDSWXUH WKH

UHODWLRQVKLS RI SURFHVVHV ZKHUH WKH RXWFRPH RI WKH SUHFHGLQJ SURFHVV LQ WKH LQSXW IRU

WKH IROORZLQJ RQH� 6WLOO� RXU DSSURDFK LV PRUH SRZHUIXO VLQFH LW FDQ FDSWXUH VXLWDELOLW\�

WRR �H�J�� LQ WKH FDVH ZKHUH PRUH WKDQ RQH FRQFHSW FDQ DSSO\ IRU WKH SRSXODWLRQ RI DQ

DJJUHJDWLRQ� RQH FRQFHSW LV VXLWDEOH WR UHSODFH WKH RWKHU��

,Q WKH SURFHVV RI XQGHUVWDQGLQJ HUURUV RU GHVLJQ GHFLVLRQV RYHU WKH DUFKLWHFWXUH RI D

':� WKH FRQFHSWXDO SHUVSHFWLYH FDQ EH XVHG DV D UHDVRQLQJ DLG� WR GLVFRYHU WKH

LQWHUGHSHQGHQFLHV RI WKH DFWRUV �SRVVLEO\ LQ D WUDQVLWLYH IDVKLRQ� DQG WKH SRVVLEOH

DOWHUQDWLYHV IRU GLIIHUHQW VROXWLRQV� WKURXJK D VHW RI VXLWDEOH FDQGLGDWHV� 0RUHRYHU� WKH

SURYLGHG OLQNV WR WKH ORJLFDO SHUVSHFWLYH FDQ HQDEOH WKH XVHU WR SDVV IURP WKH DEVWUDFW

UHODWLRQVKLSV RI UROHV WR WKH VWUXFWXUH RI WKH V\VWHP� )LQDOO\� ': HYROXWLRQ FDQ EH

GHVLJQHG DQG LQIOXHQFHG E\ WKH LQWHUGHSHQGHQFLHV WUDFNHG E\ WKH 5ROH HQWLWLHV� ,W FDQ

EH VKRZQ WKDW WKHVH LQWHUGHSHQGHQFLHV GR QRW KDYH WR EH GLUHFWO\ VWRUHG� LQ DOO WKH

FDVHV� EXW FDQ DOVR EH FRPSXWHG GXH WR WKH WUDQVLWLYLW\ RI WKHLU QDWXUH >��@�

� ,VVXHV�RQ�3URFHVV�4XDOLW\

:H DGRSW WKH PHWDPRGHO IRU WKH UHODWLRQVKLS EHWZHHQ DUFKLWHFWXUH REMHFWV DQG TXDOLW\

IDFWRUV SUHVHQWHG LQ >��@� ZKLFK LV EDVHG RQ WKH *RDO�4XHVWLRQ�0HWULF DSSURDFK

�*40� GHVFULEHG LQ >��@� (DFK REMHFW LQ D ': DUFKLWHFWXUH LV OLQNHG WR D VHW RI

TXDOLW\ JRDOV DQG D VHW RI TXDOLW\ IDFWRUV �)LJ� ��� $ TXDOLW\ JRDO LV DQ DEVWUDFW

UHTXLUHPHQW� GHILQHG RQ ': REMHFWV� DQG GRFXPHQWHG E\ D SXUSRVH DQG WKH

VWDNHKROGHU LQWHUHVWHG LQ LW� 4XDOLW\ GLPHQVLRQV DUH XVHG WR FODVVLI\ TXDOLW\ JRDOV DQG

IDFWRUV LQWR GLIIHUHQW FDWHJRULHV� $ 4XDOLW\ )DFWRU UHSUHVHQWV D TXDQWLWDWLYH DVVHVVPHQW

RI SDUWLFXODU DVSHFW RI D ': REMHFW� L�H� LW UHODWHV TXDOLW\ DVSHFWV ERWK WR DFWXDO

PHDVXUHPHQWV DQG H[SHFWHG UDQJHV IRU WKHVH TXDOLW\ YDOXHV�

7KH EULGJH EHWZHHQ WKH DEVWUDFW� VXEMHFWLYH TXDOLW\ JRDOV DQG WKH VSHFLILF� REMHFWLYH

TXDOLW\ IDFWRUV LV GHWHUPLQHG WKURXJK D VHW RI TXDOLW\ TXHULHV �RU TXHVWLRQV�� WR ZKLFK

TXDOLW\ IDFWRU YDOXHV DUH SURYLGHG DV SRVVLEOH DQVZHUV� 4XDOLW\ TXHVWLRQV DUH WKH

RXWFRPH RI WKH PHWKRGRORJLFDO DSSURDFK GHVFULEHG LQ >��@� 7KH PHWKRGRORJ\ RIIHUV

³WHPSODWH´ TXDOLW\ IDFWRUV DQG GLPHQVLRQV� GHILQHG DW WKH PHWDGDWD OHYHO DQG

LQVWDQWLDWHV WKHP� IRU WKH VSHFLILF ': DUFKLWHFWXUH XQGHU H[DPLQDWLRQ� $V D UHVXOW RI

WKH JRDO HYDOXDWLRQ SURFHVV� D VHW RI LPSURYHPHQWV �H�J� GHVLJQ GHFLVLRQV� FDQ EH



SURSRVHG� LQ RUGHU WR DFKLHYH WKH H[SHFWHG TXDOLW\� $Q H[WHQVLYH OLVW RI VXFK

³WHPSODWHV´ FDQ EH IRXQG LQ >��@�

4XDOLW\ JRDOV GHVFULEH LQWHQWLRQV RU SODQV RI WKH ': XVHUV ZLWK UHVSHFW WR WKH

VWDWXV RI WKH ':� ,Q FRQWUDVW� RXU SURFHVV PRGHO SUHVHQWHG LQ VHFWLRQ � GHVFULEHV IDFWV

DERXW WKH FXUUHQW VWDWXV RI WKH ': DQG ZKDW DFWLYLWLHV DUH SHUIRUPHG LQ WKH ':�

+RZHYHU� WKH UHDVRQ EHKLQG WKH H[HFXWLRQ RI D SURFHVV LV D TXDOLW\ JRDO ZKLFK VKRXOG

EH DFKLHYHG RU LPSURYHG E\ WKLV SURFHVV� )RU H[DPSOH� D GDWD FOHDQLQJ SURFHVV LV

H[HFXWHG RQ WKH 2'6 LQ RUGHU WR LPSURYH WKH DFFXUDF\ RI WKH ':� :H KDYH

UHSUHVHQWHG WKLV GHSHQGHQF\ EHWZHHQ SURFHVVHV DQG TXDOLW\ JRDOV E\ H[WHQGLQJ WKH

UHODWLRQVKLS EHWZHHQ UROHV DQG ': REMHFWV LQ WKH FRQFHSWXDO SHUVSHFWLYH RI WKH

SURFHVV PRGHO �UHODWLRQVKLS ([SUHVVHG )RU�� 7KLV LV VKRZQ LQ WKH XSSHU SDUW RI )LJ� ��

5ROH

$FWLYLW\

4XDOLW\*RDO

4XDOLW\4XHU\

4XDOLW\)DFWRU

4XDOLW\

'LPHQVLRQ
':2EMHFW

'HILQHG RQ

PHDVXUHV

(YDOXDWHG E\

(YLGHQFH IRU

([SUHVVHG IRU

KDV

5ROH

5HIHUV WR

DIIHFWV
$JHQW

5HIHUV WR
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)LJ� �� 5HODWLRQVKLSV EHWZHHQ SURFHVVHV DQG TXDOLW\

7KH ORZHU SDUW RI )LJ� � UHSUHVHQWV WKH UHODWLRQVKLS EHWZHHQ SURFHVVHV DQG TXDOLW\

RQ D PRUH RSHUDWLRQDO OHYHO� 7KH RSHUDWLRQ RI DQ DJHQW LQ WKH ': ZLOO KDYH DQ LPSDFW

RQ TXDOLW\ IDFWRUV RI ': REMHFWV� 7KH UHODWLRQVKLS DIIHFWV UHSUHVHQWV ERWK WKH

PHDVXUHG DQG H[SHFWHG HIIHFW RI D ': SURFHVV RQ ': TXDOLW\� 7KH HIIHFW RI D ':

SURFHVV PXVW DOZD\V EH FRQILUPHG E\ QHZ PHDVXUHPHQWV RI WKH TXDOLW\ IDFWRUV�

8QH[SHFWHG HIIHFWV RI ': SURFHVVHV FDQ EH GHWHFWHG E\ FRPSDULQJ WKH PHDVXUHPHQWV

ZLWK WKH H[SHFWHG EHKDYLRU RI WKH SURFHVV�

7KH YRFDEXODU\ � GRPDLQ RI WKH TXDOLW\ TXHVWLRQV� ZLWK UHVSHFW WR WKH SURFHVV PRGHO

LV DQWLFLSDWHG WR EH WKH VHW RI ': DFWLYLWLHV� ZKLFK FDQ RI FRXUVH EH PDSSHG WR UHDVRQV

�UROHV� DQG FRQGLWLRQV �RI DJHQWV� IRU D VSHFLILF VLWXDWLRQ� 7KXV� WKH GLVFULPLQDWLRQ RI

ORJLFDO� FRQFHSWXDO DQG SK\VLFDO SHUVSHFWLYHV LV YHULILHG RQFH PRUH� LQ WKH TXDOLW\

PDQDJHPHQW RI WKH ':� WKH TXDOLW\ JRDOV FDQ H[SUHVV ³ZK\´ WKLQJV KDYH KDSSHQHG �RU

VKRXOG KDSSHQ� LQ WKH ':� WKH TXDOLW\ TXHVWLRQV WU\ WR GLVFRYHU ³ZKDW´ DFWXDOO\

KDSSHQV DQG ILQDOO\� WKH TXDOLW\ IDFWRUV H[SUHVV ³KRZ´ WKLV UHDOLW\ LV PHDVXUHG�

:H GHILQH D VHW RI JHQHULF TXDOLW\ GLPHQVLRQV WR FODVVLI\ TXDOLW\ JRDOV DQG IDFWRUV

RI ': SURFHVVHV� ,W LV LQIOXHQFHG PDLQO\ IURP WKH TXDOLW\ FULWHULD IRU ZRUNIORZV

GHILQHG LQ >�@ DQG WKH TXDOLW\ GLPHQVLRQV IRU VRIWZDUH HYDOXDWLRQ SUHVHQWHG LQ >�@� �L�

&RUUHFWQHVV� D VSHFLILFDWLRQ H[LVWV� GHVFULELQJ WKH FRQGLWLRQV XQGHU ZKLFK WKH SURFHVV

KDV DFKLHYHG LWV DLP� �LL� )XQFWLRQDOLW\� WKH SURFHVV VDWLVILHV VSHFLILF QHHGV RI GDWD

ZDUHKRXVH VWDNHKROGHUV� �LLL� (IILFLHQF\� WKH SURFHVV KDV D JRRG EDODQFH EHWZHHQ OHYHO

RI SHUIRUPDQFH DQG DPRXQW RI XVHG UHVRXUFHV� �LY� 0DLQWDLQDELOLW\� WKH GHJUHH RI

HDVLQHVV ZLWK ZKLFK WKH SURFHVV FDQ EH PRGLILHG�



� ([SORLWDWLRQ�RI�WKH�0HWDGDWD�5HSRVLWRU\

:H H[SORLW WKH PHWDGDWD UHSRVLWRU\ LQ DOO WKH SKDVHV RI WKH ': OLIHF\FOH� 'XULQJ WKH

GHVLJQ SKDVH� WKH XVHU FDQ FKHFN WKH FRQVLVWHQF\ RI KLV�KHU GHVLJQ� WR GHWHUPLQH DQ\

YLRODWLRQV RI WKH EXVLQHVV ORJLF RI WKH ':� RU WKH UHVSHFW RI VLPSOH UXOHV RYHU WKH

VWUXFWXUH RI WKH ': VFKHPD� 'XULQJ WKH DGPLQLVWUDWLRQ SKDVH �L�H�� LQ WKH HYHU\GD\

XVDJH RI WKH ':� ZH FDQ XVH WKH UHSRVLWRU\ WR GLVFRYHU TXDOLW\ SUREOHPV� $ SDUWLFXODU

WDVN LQ WKH ': OLIHF\FOH� ': HYROXWLRQ� LV VXSSRUWHG E\ WKH UHSRVLWRU\� LQ RUGHU WR

GHWHUPLQH SRVVLEOH LPSDFWV� ZKHQ WKH VFKHPD RI D SDUWLFXODU REMHFW FKDQJHV�

7KH FRQVLVWHQF\ RI WKH PHWDGDWD UHSRVLWRU\ VKRXOG EH FKHFNHG WR HQVXUH WKH YDOLGLW\

RI WKH UHSUHVHQWDWLRQ RI WKH UHDO ZRUOG LQ WKH UHSRVLWRU\� )RU H[DPSOH� WKH UHSRVLWRU\

FDQ FKHFN LI WKH W\SH GHILQLWLRQV RI DFWLYLWLHV� DJHQWV DQG GDWD VWRUHV DUH FRQVLVWHQW ZLWK

HDFK RWKHU� 7KH UHSRVLWRU\ FDQ DOVR EH XVHG E\ H[WHUQDO SURJUDPV WR VXSSRUW WKH

H[HFXWLRQ RI FRQVLVWHQF\ FKHFNLQJ DOJRULWKPV OLNH WKH RQHV SURSRVHG LQ >��� ��@�

,Q DGGLWLRQ� WKH TXDOLW\ LQIRUPDWLRQ VWRUHG LQ WKH UHSRVLWRU\ PD\ EH XVHG WR ILQG

GHILFLHQFLHV LQ GDWD ZDUHKRXVH� )RU H[DPSOH� ZH FDQ VHDUFK WKH UHSRVLWRU\ IRU DOO WKH

GDWD FOHDQLQJ DFWLYLWLHV ZKLFK KDYH GHFUHDVHG WKH DYDLODELOLW\ RI D GDWD VWRUH DFFRUGLQJ

WR WKH VWRUHG PHDVXUHPHQWV� 7KH VLJQLILFDQFH RI VXFK D TXHU\ LV WKDW LW FDQ VKRZ WKDW

WKH LPSOHPHQWDWLRQ RI WKH GDWD FOHDQLQJ SURFHVV KDV EHFRPH LQHIILFLHQW�

:H GR QRW HODERUDWH WKHVH WZR LVVXHV DQG SURFHHG WR GHDO ZLWK WKH SUREOHP RI ':

HYROXWLRQ� :H UHIHU WKH LQWHUHVWHG UHDGHU WR >��@ IRU D FRPSOHWH GLVFXVVLRQ�

$OJRULWKP ([WUDFWB7\SHB'HILQLWLRQV

,QSXW� D OLVW RI SURFHVVHV 3 >3��3��«�3Q@� D VHW RI W\SHV 7 ^7��7��«�7P`� (DFK SURFHVV

3>L@ KDV D W\SH 3>L@�RXW� EHORQJLQJ WR 7� DQG DQ H[SUHVVLRQ 3>L@�H[SU� (DFK W\SH RI

7� VD\ W� KDV DQ 64/ H[SUHVVLRQ W�H[SU FRPSULVHG RI D VHW RI ³LQVHUWHG GDWD´ �W�LBH[SU�

DQG ³GHOHWHG´ GDWD �W�GBH[SU�� $OVR WKHUH LV D VXEVHW RI 7� 6� ZLWK WKH VRXUFH W\SHV�

Output � $ VHW RI 64/ GHILQLWLRQV IRU HDFK W\SH RI 7�
%HJLQ

,QLWLDOL]H DOO WKH H[SUHVVLRQV RI 7�6 WR ^`�
)RU L � � WR Q

&DVH
3>L@�VHPDQWLFV  µ,16¶

3>L@�RXW�LBH[SU � 3>L@�RXW�LBH[SU 81,21
5HGXFH�3>L@�H[SU�

3>L@�VHPDQWLFV  µ'(/¶
3>L@�RXW�GBH[SU � 3>L@�RXW�GBH[SU 81,21

5HGXFH�3>L@�H[SU�
(QGBFDVH
3>L@�RXW�H[SU � 3>L@�RXW�LBH[SU 0,186 3>L@�RXW�GBH[SU

(QGBIRU
(QG

:KHUH 5HGXFH�H[SU��

�� 8VH WKH WHFKQLTXH RI >��@ WR UHSUHVHQW 64/ TXHULHV� LI VHOI�UHIHUHQFHV H[LVW �H�J� LQ WKH

FDVH RI '(/ VWDWHPHQWV� GLVFULPLQDWH EHWZHHQ PXOWLSOH RFFXUUHQFHV RI WKH VDPH WDEOH�

�� 8VH WKH UHGXFWLRQ WHFKQLTXHV RI >��������@ ZKHUHYHU DSSOLFDEOH WR UHGXFH WKH TXHU\

GHILQLWLRQ WR D FRPSDFW IRUP�

)LJ� �� $OJRULWKP IRU H[WUDFWLQJ WKH GHILQLWLRQ RI D W\SH LQ WKH UHSRVLWRU\



��� ,QWHUGHSHQGHQFLHV RI 7\SHV� 3URFHVVHV DQG 5ROHV

:H VXSSRVH WKDW WKHUH LV D VHW RI W\SHV EHORQJLQJ WR WKH VHW 6RXUFH6FKHPD� GHQRWLQJ

DOO WKH W\SHV IRXQG LQ WKH GDWD VRXUFHV� :H WUHDW WKH W\SHV RI 6RXUFH6FKHPD DV VRXUFH

QRGHV RI D JUDSK� ZH GR QRW FRQVLGHU DQ\ SURFHVVHV DIIHFWLQJ WKHP� )RU WKH UHVW RI WKH

W\SHV� ZH FDQ GHULYH DQ 64/ H[SUHVVLRQ E\ XVLQJ H[LVWLQJ YLHZ UHGXFWLRQ DOJRULWKPV�

6HYHUDO FRPSOHPHQWDU\ SURSRVDOV H[LVW VXFK DV >��@� FRUUHFWHG ZLWK WKH UHVXOWV RI >��

��� ��@ �WR ZKLFK ZH ZLOO FROOHFWLYHO\ UHIHU WR DV >��@ LQ WKH VHTXHO� DV ZHOO DV >��� ���

��@� 7KH SURSRVHG DOJRULWKP LV DSSOLFDEOH WR JUDSKV RI DFWLYLWLHV WKDW GR QRW LQYROYH

XSGDWHV� ,Q PRVW FDVHV� DQ XSGDWH RSHUDWLRQ FDQ EH FRQVLGHUHG DV WKH FRPELQDWLRQ RI

LQVHUWLRQV DQG GHOHWLRQV RU DV WKH DSSOLFDWLRQ RI WKH DSSURSULDWH IXQFWLRQ WR WKH

UHOHYDQW DWWULEXWHV�

��� 5HSRVLWRU\ 6XSSRUW IRU 'DWD :DUHKRXVH (YROXWLRQ

7KH SUREOHP WKDW DULVHV LV WR NHHS DOO WKH ': REMHFWV DQG SURFHVVHV FRQVLVWHQW WR HDFK

RWKHU� LQ WKH SUHVHQFH RI FKDQJHV� )RU H[DPSOH� VXSSRVH WKDW WKH GHILQLWLRQ RI D

PDWHULDOL]HG YLHZ LQ WKH ': FKDQJHV� 7KLV FKDQJH WULJJHUV D FKDLQ UHDFWLRQ LQ WKH

':� WKH XSGDWH SURFHVV PXVW HYROYH �ERWK DW WKH UHIUHVKPHQW DQG WKH FOHDQLQJ VWHSV��

DQG WKH ROG� KLVWRULFDO GDWD PXVW EH PLJUDWHG WR WKH QHZ VFKHPD �SRVVLEO\ ZLWK UHVSHFW

WR WKH QHZ VHOHFWLRQ FRQGLWLRQV� WRR�� $OO WKH GDWD VWRUHV RI WKH ': DQG FOLHQW OHYHO

ZKLFK DUH SRSXODWHG IURP WKLV SDUWLFXODU YLHZ PXVW EH H[DPLQHG ZLWK UHVSHFW WR WKHLU

VFKHPD� FRQWHQW DQG SRSXODWLRQ SURFHVVHV�

,Q RXU DSSURDFK� ZH GLVWLQJXLVK WZR NLQGV RI LPSDFW�

− 'LUHFW LPSDFW� WKH FKDQJH LQ WKH ': REMHFW LPSRVHV WKDW VRPH DFWLRQ PXVW EH

WDNHQ DJDLQVW DQ DIIHFWHG REMHFW� H�J�� DQ DWWULEXWH LV GHOHWHG IURP D PDWHULDOL]HG

YLHZ� WKHQ WKH DFWLYLW\ ZKLFK SRSXODWHV LW PXVW DOVR EH FKDQJHG DFFRUGLQJO\�

− ,PSOLFLW LPSDFW� WKH FKDQJH LQ WKH ': REMHFW PLJKW FKDQJH WKH VHPDQWLFV RI

DQRWKHU REMHFW� ZLWKRXW REOLJDWRULO\ FKDQJLQJ WKH VWUXFWXUH RI WKH ODWWHU�

2XU PRGHO HQDEOHV XV WR FRQVWUXFW D SDUWLDOO\ RUGHUHG JUDSK �ZKLFK FDQ EH

SURGXFHG E\ SURSHU TXHULHV LQ 7HORV�� IRU HDFK 7\SH LQVWDQFH� VD\ W� WKHUH LV D VHW RI

W\SHV DQG DFWLYLWLHV� XVHG IRU WKH SRSXODWLRQ RI W ��EHIRUH� W�� GHQRWHG DV %�W�� $OVR�

WKHUH LV DQRWKHU VHW RI REMHFWV XVLQJ W IRU WKHLU SRSXODWLRQ ��DIWHU� W�� GHQRWHG DV $�W��

,Q )LJ� �� ZH VKRZHG KRZ ZH FRXOG GHULYH DQ 64/ GHILQLWLRQ IRU HDFK W\SH LQ WKH

UHSRVLWRU\� 6XSSRVH WKDW D W\SH W LV FKDUDFWHUL]HG E\ DQ H[SUHVVLRQ H ZKLFK LV

VXSSRUWHG E\ D VHW RI DX[LOLDU\ 64/ H[SUHVVLRQV SURGXFLQJ� WKXV WKH VHW H ^H��H��«�H`�

2EYLRXVO\ VRPH RI WKH H[SUHVVLRQV EHORQJLQJ WR H EHORQJ DOVR WR %�W�� 7KXV� ZH

H[WHQG %�W� DV %�W�∪H �ZLWK VHW VHPDQWLFV�� 6XSSRVH� WKHQ� WKDW WKH ILQDO 64/

H[SUHVVLRQ RI D W\SH W� VD\ H� FKDQJHV LQWR H
� )ROORZLQJ WKH VSLULW RI >�@� ZH FDQ XVH

WKH IROORZLQJ UXOHV IRU VFKHPD HYROXWLRQ LQ D ': HQYLURQPHQW �ZH FRQVLGHU WKDW WKH

FKDQJHV DELGH E\ WKH 64/ V\QWD[ DQG WKH QHZ H[SUHVVLRQ LV YDOLG��

− ,I WKH VHOHFW FODXVH RI H
 KDV DQ H[WUD DWWULEXWH IURP H� WKHQ SURSDJDWH WKH H[WUD

DWWULEXWH GRZQ WKH OLQH WR WKH EDVH UHODWLRQV� WKHUH PXVW EH DW OHDVW RQH SDWK IURP

RQH W\SH EHORQJLQJ WR D 6RXUFH6FKHPD WR DQ DFWLYLW\ ZKRVH RXW H[SUHVVLRQ

LQYROYHV WKH H[WUD DWWULEXWH� ,I ZH GHOHWH DQ DWWULEXWH IURP WKH VHOHFW FODXVH RI D

7\SH� LW PXVW QRW DSSHDU LQ WKH VHOHFW FODXVH RI WKH SURFHVVHV WKDW GLUHFWO\ SRSXODWH



WKH UHVSHFWLYH W\SH� DV ZHOO DV LQ WKH IROORZLQJ 7\SHV DQG WKH SURFHVVHV WKDW XVH

WKLV SDUWLFXODU 7\SH� ,Q WKH FDVH RI DGGLWLRQ RI DQ DWWULEXWH� WKH LPSDFW LV GLUHFW IRU

WKH SUHYLRXV REMHFWV %�W� DQG LPSOLFLW IRU WKH VXFFHVVRU REMHFWV $�W�� ,Q WKH FDVH RI

GHOHWLRQ WKH LPSDFW LV GLUHFW IRU ERWK FDWHJRULHV�

− ,I WKH ZKHUH FODXVH RI H
 LV PRUH VWULFW WKDQ WKH RQH RI H� WKHQ WKH ZKHUH FODXVH RI DW

OHDVW RQH SURFHVV EHORQJLQJ WR %�W� PXVW FKDQJH LGHQWLFDOO\� ,I WKLV LV QRW SRVVLEOH�

D QHZ SURFHVV FDQ EH DGGHG MXVW EHIRUH W VLPSO\ GHOHWLQJ WKH UHVSHFWLYH WXSOHV

WKURXJK WKH H[SUHVVLRQ H
�H� ,I WKH ZKHUH FODXVH RI H
 LV OHVV VWULFW WKDQ WKH RQH RI H�

WKHQ ZH FDQ XVH ZHOO NQRZQ VXEVXPSWLRQ WHFKQLTXHV >��� ��@ WR GHWHUPLQH ZKLFK

W\SHV FDQ EH �UH�XVHG WR FDOFXODWH WKH QHZ H[SUHVVLRQ H¶ RI W� 7KH KDYLQJ FODXVH LV

WUHDWHG LQ WKH VDPH IDVKLRQ� 7KH LPSDFW LV GLUHFW IRU WKH SUHYLRXV DQG LPSOLFLW IRU

WKH VXFFHVVRU REMHFWV�

− ,I DQ DWWULEXWH LV GHOHWHG IURP WKH JURXS E\ FODXVH RI H� WKHQ DW OHDVW WKH ODVW DFWLYLW\

SHUIRUPLQJ D JURXS�E\ TXHU\ VKRXOG EH DGMXVWHG DFFRUGLQJO\� $OO WKH FRQVHTXHQW

DFWLYLWLHV LQ WKH SRSXODWLRQ FKDLQ RI W PXVW FKDQJH WRR �DV LI DQ DWWULEXWH KDV EHHQ

GHOHWHG�� ,I WKLV LV QRW IHDVLEOH ZH FDQ DGG DQ DJJUHJDWLQJ SURFHVV SHUIRUPLQJ WKLV

WDVN H[DFWO\ EHIRUH W� ,I DQ H[WUD DWWULEXWH LV DGGHG WR WKH JURXS E\ FODXVH RI H� WKHQ

DW OHDVW WKH ODVW DFWLYLW\ SHUIRUPLQJ D JURXS �E\ TXHU\ VKRXOG EH DGMXVWHG

DFFRUGLQJO\� 7KH FKHFN LV SHUIRUPHG UHFXUVLYHO\ IRU WKH W\SHV SRSXODWLQJ WKLV

SDUWLFXODU W\SH� WRR� ,I WKLV IDLOV� WKH VXEVXPSWLRQ WHFKQLTXHV PHQWLRQHG IRU WKH

ZKHUH�FODXVH FDQ EH XVHG IRU WKH VDPH SXUSRVH DJDLQ� 7KH LPSDFW LV GLUHFW ERWK IRU

SUHYLRXV DQG VXFFHVVRU REMHFWV� 2QO\ LQ WKH FDVH RI DWWULEXWH DGGLWLRQ LW LV LPSOLFLW

IRU WKH VXFFHVVRU REMHFWV�

:H GR QRW FODLP WKDW ZH SURYLGH D FRQFUHWH DOJRULWKPLF VROXWLRQ WR WKH SUREOHP�

5DWKHU� ZH VNHWFK D PHWKRGRORJLFDO VHW RI VWHSV� LQ WKH IRUP RI VXJJHVWHG DFWLRQV WR

SHUIRUP WKLV NLQG RI HYROXWLRQ� 6LPLODU DOJRULWKPV IRU WKH HYROXWLRQ RI YLHZV LQ ':¶V

FDQ EH IRXQG LQ >���@� $ WRRO FRXOG HDVLO\ YLVXDOL]H WKLV HYROXWLRQ SODQ DQG DOORZ WKH

XVHU WR UHDFW WR LW�

� &RQFOXVLRQV

7KLV SDSHU GHVFULEHV D PHWDPRGHO IRU ': RSHUDWLRQDO SURFHVVHV� 7KLV PHWDPRGHO

HQDEOHV ': PDQDJHPHQW� GHVLJQ DQG HYROXWLRQ EDVHG RQ D KLJK OHYHO FRQFHSWXDO

SHUVSHFWLYH� ZKLFK FDQ EH OLQNHG WR WKH DFWXDO VWUXFWXUDO DQG SK\VLFDO DVSHFWV RI WKH

': DUFKLWHFWXUH� 7KH SURSRVHG PHWDPRGHO LV DOVR FDSDEOH RI PRGHOLQJ FRPSOH[

DFWLYLWLHV� WKHLU LQWHUUHODWLRQVKLSV� WKH UHODWLRQVKLS RI DFWLYLWLHV ZLWK GDWD VRXUFHV DQG

H[HFXWLRQ GHWDLOV� )LQDOO\� WKH PHWDPRGHO FRPSOHPHQWV H[LVWLQJ DUFKLWHFWXUH DQG

TXDOLW\ PRGHOV LQ D FRKHUHQW IDVKLRQ� UHVXOWLQJ LQ D IXOO IUDPHZRUN IRU ':

PHWDPRGHOLQJ� :H KDYH LPSOHPHQWHG WKLV PHWDPRGHO XVLQJ WKH ODQJXDJH 7HORV DQG

WKH PHWDGDWD UHSRVLWRU\ V\VWHP &RQFHSW%DVH�

,Q WKLV SDSHU� ZH KDYH XVHG WKH JOREDO�DV�YLHZ DSSURDFK IRU WKH ': GHILQLWLRQ� L�H��

ZH UHGXFH WKH GHILQLWLRQ RI WKH ': PDWHULDOL]HG YLHZV WR WKH GDWD VRXUFHV� :H SODQ WR

LQYHVWLJDWH WKH SRVVLELOLW\ RI XVLQJ WKH ORFDO�DV�YLHZ DSSURDFK �ZKLFK PHDQV UHGXFLQJ

ERWK WKH YLHZ GHILQLWLRQV DQG WKH GDWD VRXUFHV WR D JOREDO HQWHUSULVH PRGHO�� DV LW

DSSHDUV WR SURYLGH VHYHUDO EHQHILWV RYHU WKH JOREDO�DV�YLHZ DSSURDFK >�@�



$FNQRZOHGJPHQWV� 7KLV UHVHDUFK LV VSRQVRUHG LQ SDUW E\ WKH (XURSHDQ (VSULW 3URMHFWV �':4�

)RXQGDWLRQV RI 'DWD :DUHKRXVH 4XDOLW\�� 1R� ������ DQG �0(02� 0HGLDWLQJ DQG 0RQLWRULQJ

(OHFWURQLF &RPPHUFH�� 1R� ������ DQG E\ WKH 'HXWVFKH )RUVFKXQJVJHPHLQVVFKDIW �')*�

XQGHU WKH &ROODERUDWLYH 5HVHDUFK &HQWHU ,03529( �6)% ����� :H ZRXOG OLNH WR WKDQN DOO RXU

':4 SDUWQHUV ZKR FRQWULEXWHG WR WKH SURJUHVV RI WKLV ZRUN� DQG HVSHFLDOO\ 3URIHVVRUV 7LPRV

6HOOLV� 0RNUDQH %RX]HJKRXE� 0DQIUHG -HXVIHOG DQG 0DXUL]LR /HQ]HULQL�

5HIHUHQFHV

�� =� %HOODKVqQH� 6WUXFWXUDO 9LHZ 0DLQWHQDQFH LQ 'DWD :DUHKRXVLQJ 6\VWHPV� -RXUQpHV %DVHV

GH 'RQQpHV $YDQFpHV �%'$ 
���� 7XQLV� 2FWREHU �����

�� 0� %RX]HJKRXE� )� )DEUHW� 0� 0DWXORYLF� 0RGHOLQJ 'DWD :DUHKRXVH 5HIUHVKPHQW 3URFHVV

DV D :RUNIORZ $SSOLFDWLRQ� :RUNVKRS RQ 'HVLJQ DQG 0DQDJHPHQW RI 'DWD :DUHKRXVHV

�'0':¶���� +HLGHOEHUJ� *HUPDQ\� �����

�� )� &DVDWL� 6� &HUL� %� 3HUQLFL� *� 3R]]L� &RQFHSWXDO 0RGHOLQJ RI :RUNIORZV� &RQI� 2Q

2EMHFW�2ULHQWHG DQG (QWLW\�5HODWLRQVKLS 0RGHOOLQJ �22(5¶���� $XVWUDOLD� �����

�� '� &DOYDQHVH� *� 'H *LDFRPR� 0� /HQ]HULQL� '� 1DUGL� 5� 5RVDWL� $ SULQFLSOHG DSSURDFK WR

GDWD LQWHJUDWLRQ DQG UHFRQFLOLDWLRQ LQ GDWD ZDUHKRXVLQJ� :RUNVKRS RQ 'HVLJQ DQG

0DQDJHPHQW RI 'DWD :DUHKRXVHV �'0':¶���� +HLGHOEHUJ� �����

�� 5LFKDUG $� *DQVNL� +DUU\ .� 7� :RQJ� 2SWLPL]DWLRQ RI 1HVWHG 64/ 4XHULHV 5HYLVLWHG� ,Q

3URF� RI $&0 6,*02' &RQIHUHQFH� 6DQ )UDQFLVFR� SS� ������ ����

�� '� *HRUJDNRSRXORV� 0� +RUQLFN� $� 6KHWK� $Q RYHUYLHZ RI ZRUNIORZ PDQDJHPHQW� )URP

SURFHVV PRGHOLQJ WR ZRUNIORZ DXWRPDWLRQ LQIUDVWUXFWXUH� 'LVWULEXWHG DQG SDUDOOHO GDWDEDVHV�

������������� �����

�� '� *HRUJDNRSRXORV� 0� 5XVLQNLHZLF]� :RUNIORZ PDQDJHPHQW� )URP EXVLQHVV SURFHVV

DXWRPDWLRQ WR LQWHU�RUJDQL]DWLRQDO FROODERUDWLRQ� 7XWRULDOV RI WKH ��UG ,QWHUQDWLRQDO

&RQIHUHQFH RQ 9HU\ /DUJH 'DWD %DVHV� $WKHQV� *UHHFH� �����

�� $� *XSWD� ,� 0XPLFN� .� 5RVV� $GDSWLQJ 0DWHULDOL]HG 9LHZV DIWHU 5HGHILQLWLRQV� ,Q 3URF� RI

$&0 6,*02' &RQIHUHQFH� 6DQ -RVH� &$� SS� �������� �����

�� ,62�,(& ���� ,QWHUQDWLRQDO 6WDQGDUG� ,QWO� 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ� ����

��� 0� -DUNH� 0�$� -HXVIHOG� 7� 5RVH� $ VRIWZDUH SURFHVV GDWD PRGHO IRU NQRZOHGJH

HQJLQHHULQJ LQ LQIRUPDWLRQ V\VWHPV� ,QIRUPDWLRQ 6\VWHPV� ������������� �����

��� 0� -DUNH� 5� *DOOHUVG|UIHU� 0�$� -HXVIHOG� 0� 6WDXGW� 6� (KHUHU� &RQFHSW%DVH � D GHGXFWLYH
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