
5HFRQFLOLQJ�DQG�&OHDQVLQJ��$Q�$SSURDFK�WR�,QGXFLQJ�'RPDLQ�0RGHOV

6DQGHHS�3XUDR 9HGD�&��6WRUH\ $ULMLW�6HQJXSWD 0HORG\�0��0RRUH

'HSDUWPHQW RI &,6� -� 0DFN 5RELQVRQ &ROOHJH RI %XVLQHVV
*HRUJLD 6WDWH 8QLYHUVLW\� $WODQWD� *HRUJLD ����������

3KRQH� ��� ��� ����� )D[� ��� ��� ����
(PDLO� ^VSXUDR�YVWRUH\� DVHQJXSW� PHORG\`#JVX�HGX

$EVWUDFW

'RPDLQ PRGHOV� ZKLFK SURYLGH WHPSODWHV IRU DQ DSSOLFDWLRQ� FDQ JUHDWO\ LPSURYH WKH VSHHG RI DSSOLFDWLRQ

GHYHORSPHQW DQG WKH TXDOLW\ RI WKH GHVLJQ SURGXFHG� 8QIRUWXQDWHO\� WKH FRQVWUXFWLRQ RI GRPDLQ PRGHOV LV D

WLPH�FRQVXPLQJ SURFHVV UHTXLULQJ FRQVLGHUDEOH H[SHULHQFH DQG H[SHUWLVH� $W WKH VDPH WLPH� WKHUH LV D ZHDOWK RI

GRPDLQ LQIRUPDWLRQ HPEHGGHG LQ H[LVWLQJ OHJDF\ GDWDEDVHV DQG FRGH� &XUUHQW UHYHUVH HQJLQHHULQJ WHFKQLTXHV

FDQ H[WUDFW VRPH RI WKLV LQIRUPDWLRQ� 7KH GRPDLQ PRGHO WHPSODWHV JHQHUDWHG LQ WKLV PDQQHU FDQ� KRZHYHU�

LQFOXGH FRQVLGHUDEOH RUJDQL]DWLRQ�VSHFLILF QRLVH� :H SUHVHQW D PHWKRGRORJ\ WKDW UHFRQFLOHV DQG FOHDQV WKH

UHYHUVH�HQJLQHHUHG DSSOLFDWLRQ�VSHFLILF PRGHOV WR FUHDWH XVHIXO GRPDLQ PRGHOV� :H LOOXVWUDWH WKH IHDVLELOLW\ RI

WKH PHWKRGRORJ\ E\ DSSO\LQJ LW LQ WZR GLIIHUHQW DSSOLFDWLRQ GRPDLQV DQG GHVFULEH WKH UHVHDUFK SURWRW\SH EHLQJ

GHYHORSHG WR LPSOHPHQW WKH PHWKRGRORJ\�

.H\ZRUGV� GRPDLQ PRGHO� GHVLJQ KHXULVWLFV� UHYHUVH HQJLQHHULQJ

�� ,QWURGXFWLRQ

&RQFHSWXDO LQIRUPDWLRQ V\VWHP GHVLJQ LV GLIILFXOW EHFDXVH LW LQYROYHV XQGHUVWDQGLQJ SRUWLRQV RI WKH

UHDO ZRUOG WKDW DUH LPSRUWDQW IRU DQ DSSOLFDWLRQ GRPDLQ DQG UHSUHVHQWLQJ WKHP LQ D PRGHO� 7KLV DFW� GRPDLQ

PRGHOLQJ� LV LQGHSHQGHQW RI WKH GLIIHUHQW DSSOLFDWLRQV WKDW PD\ EH EXLOW ZLWKLQ D GRPDLQ� $OWKRXJK PDQ\

DSSOLFDWLRQV PD\ KDYH EHHQ FUHDWHG SUHYLRXVO\ LQ D JLYHQ GRPDLQ� QHZ DSSOLFDWLRQ GHVLJQV DUH RIWHQ

GHYHORSHG IURP VFUDWFK� $ OLEUDU\ RI GRPDLQ PRGHOV� WKHUHIRUH� ZRXOG VHUYH DV DQ H[WUHPHO\ XVHIXO UHVRXUFH

IRU GHVLJQHUV E\ VSHHGLQJ XS WKH WLPH QHHGHG WR GHVLJQ DQG FUHDWH D QHZ DSSOLFDWLRQ >.DUOVVRQ HW DO ����@�

&RQVWUXFWLQJ GRPDLQ PRGHOV LV D FRPSOH[ SURFHVV� UHTXLULQJ FRQVLGHUDEOH GHYHORSHU H[SHUWLVH� WLPH

DQG HIIRUW >5HLIHU ����@� )HZ GRPDLQ PRGHOV DUH DYDLODEOH RWKHU WKDQ WKRVH SURSRVHG E\ LQGXVWU\ LQLWLDWLYHV

VXFK DV 6$3� <HW� PXFK RI WKH NQRZOHGJH XQGHUO\LQJ GRPDLQ PRGHOV LV ORFNHG LQ H[LVWLQJ V\VWHPV WKDW PDQ\

FRUSRUDWLRQV SRVVHVV� ([WUDFWLQJ WKLV LQWHOOLJHQWO\ FDQ JUHDWO\ HQKDQFH WKH SURFHVV RI GRPDLQ PRGHO FUHDWLRQ�

5HVHDUFK RQ GDWDEDVH UHYHUVH HQJLQHHULQJ SURSRVHV WHFKQLTXHV IRU H[WUDFWLQJ WKH FRQFHSWXDO VFKHPD

IURP D UHODWLRQDO GDWDEDVH >&KLDQJ HW DO�� ����@� +RZHYHU� WKH VFKHPDV VR H[WUDFWHG WHQG WR EH DW D ORZ OHYHO

RI JHQHUDOLW\ DQG FDQ FRQWDLQ RUJDQL]DWLRQ�VSHFLILF QRLVH� )RU H[DPSOH� D PRGHO PLJKW FRQWDLQ HQWLWLHV WKDW

FDSWXUH WZR GLIIHUHQW VWDWHV RI WKH VDPH FRQFHSW VXFK DV D OLEUDU\ ERRN WKDW LV HLWKHU RQ ORDQ RU EHLQJ UH�

VKHOYHG� $ VLJQLILFDQW FKDOOHQJH LQ JHQHUDWLQJ GRPDLQ PRGHOV LV WR LGHQWLI\ FRQFHSWV WKDW DUH JHQHULF DQG DUH

QRW DIIHFWHG E\ RUJDQL]DWLRQ�VSHFLILF SROLFLHV�

7KH REMHFWLYH RI WKLV UHVHDUFK� WKHUHIRUH� LV WR� GHYHORS D PHWKRGRORJ\ WR JHQHUDWH KLJK�TXDOLW\� UHXVDEOH GRPDLQ
PRGHOV IURP UHYHUVH HQJLQHHUHG DSSOLFDWLRQ PRGHOV E\ UHWDLQLQJ DQ DSSURSULDWH OHYHO RI GHWDLO DQG HOLPLQDWLQJ RUJDQL]DWLRQ�VSHFLILF

QRLVH� 7KH JHQHUDWHG GRPDLQ PRGHOV FDQ EH XVHIXO LQ VHYHUDO ZD\V VXFK DV IRU FRPSDULQJ DQ H[LVWLQJ

FRQFHSWXDO PRGHO WR D GRPDLQ PRGHO WR DVVHVV WKH FRPSOHWHQHVV RI WKH FRQFHSWXDO PRGHO DQG IRU SURYLGLQJ D

VWDUWLQJ SRLQW IRU DXWRPDWLFDOO\ JHQHUDWLQJ FRQFHSWXDO PRGHOV�

�� &RQVWUXFWLQJ�'RPDLQ�0RGHOV

'RPDLQ DQDO\VLV WHFKQLTXHV KDYH EHHQ GHYHORSHG IRU GRPDLQ�RULHQWHG GHVLJQ DQG UHXVH >5XJDEHU HW

DO� ����@� +RZHYHU� QR DSSURDFKHV IRU DXWRPDWLQJ WKH FRQVWUXFWLRQ RI GRPDLQ PRGHOV KDYH EHHQ SURSRVHG

\HW� $ GRPDLQ PRGHO LV D WHPSODWH RI DQ DSSOLFDWLRQ GRPDLQ� H[SUHVVHG LQ WKH IRUP RI D FRQFHSWXDO PRGHO�

5LFK GRPDLQ PRGHOV DUH WKRVH WKDW FDSWXUH WKH HVVHQFH RI DQ DSSOLFDWLRQ GRPDLQ VR WKH\ FDQ VHUYH DV

UHDVRQDEOH VWDUWLQJ SRLQWV IRU WKH FUHDWLRQ RI QHZ V\VWHPV� WKXV� JUHDWO\ LPSURYLQJ WKH VSHHG DQG TXDOLW\ RI

WKH V\VWHPV SURGXFHG� $Q H[DPSOH RI D GRPDLQ PRGHO IRU D KRWHO DSSOLFDWLRQ GRPDLQ LV VKRZQ LQ )LJXUH ��
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,W FRQVLVWV RI WKH HQWLWLHV *XHVW� 3UHIHUUHG *XHVW�

0DQDJHU� 5RRP� 0DLG� 5HVHUYDWLRQ� DQG ([WHUQDO

3DUWQHU �H�J�� DQ DLUOLQH RU FDU UHQWDO DJHQF\� DQG

WKH UHODWLRQVKLSV DPRQJ WKHP� ,W DOVR LQFOXGHV

VRPH QRWLRQV RI DUULYDO DQG GHSDUWXUH GDWHV DQG

WLPHV� )URP WKLV� DSSOLFDWLRQV FDQ EH EXLOW IRU

GLIIHUHQW UHTXLUHPHQWV� IRU H[DPSOH� VFKHGXOLQJ RI

PDLGV� WUDFNLQJ IUHTXHQW JXHVWV� DQG PDNLQJ

UHVHUYDWLRQV�

$QRWKHU VLPSOH� \HW SRZHUIXO H[DPSOH RI

WKH XVH RI GRPDLQ PRGHOV FDQ EH VHHQ LQ WKH DUHD

RI WRROV GHYHORSHG IRU HOHFWURQLF FRPPHUFH

DSSOLFDWLRQV WKDW LQFOXGH FDSDELOLWLHV VXFK DV

¶VHFXUH WUDQVDFWLRQV· RU ¶VKRSSLQJ EDVNHW·

FDSDELOLWLHV� %\ UHXVLQJ WKH PRGHOV EXLOW LQWR WKHVH

WRROV� D QRYLFH GHYHORSHU FDQ TXLFNO\ GHVLJQ DQG

GHSOR\ DQ H�FRPPHUFH DSSOLFDWLRQ�

7KH FRQVWUXFWLRQ RI GRPDLQ PRGHOV LV D FRPSOH[ SURFHVV EHFDXVH LW LQYROYHV GLVFRYHULQJ WKH IHZ

FRQVWUXFWV WKDW DUH JHQHUDO HQRXJK WR EH DSSOLFDEOH WR GLIIHUHQW DSSOLFDWLRQV ZKLOH PDNLQJ WKH PRGHO

VHPDQWLFDOO\ ULFK� $ ZHDOWK RI GRPDLQ LQIRUPDWLRQ� KRZHYHU� LV HPEHGGHG LQ H[LVWLQJ OHJDF\ DSSOLFDWLRQ

GHVLJQV� FRGH DQG GDWD�

2QH SRVVLEOH DSSURDFK WR FUHDWLQJ GRPDLQ PRGHOV LV WR WDNH WKH XQLRQ RI DOO WKH UHYHUVH HQJLQHHUHG

PRGHOV� +RZHYHU� WKH UHVXOWLQJ PRGHO ZRXOG FRQWDLQ FRQFHSWV WKDW DUH SDUWLFXODU WR D JLYHQ XVHU YLHZ DQG QRW

JHQHULF� )XUWKHUPRUH� PDQ\ RI WKH DSSOLFDWLRQV EHLQJ UHYHUVH HQJLQHHUHG PD\ KDYH KDG GHVLJQ SUREOHPV WKDW

VKRXOG EH HOLPLQDWHG IURP WKH GRPDLQ PRGHO� 7KH LQWHUVHFWLRQ RI DOO WKH UHYHUVH HQJLQHHUHG PRGHOV PD\ EH

DQRWKHU DSSURDFK� +RZHYHU� DQ LQWHUVHFWLRQ ZRXOG EH WRR UHVWULFWLYH EHFDXVH IHZ FRQVWUXFWV DSSO\ WR DOO

DSSOLFDWLRQV RI D GRPDLQ� ,Q IDFW� XVHU YLHZV FRXOG FDSWXUH FRQFHSWV WKDW DUH YHU\ VSHFLILF WR WKH RUJDQL]DWLRQ

IRU ZKLFK WKH YLHZ ZDV FUHDWHG� $ UHDVRQDEOH DSSURDFK� WKHQ� ZRXOG EH WR VWDUW ZLWK WKH LQWHUVHFWLRQ DQG

H[SDQG LW WR D ULFK GRPDLQ PRGHO� ZKLOH HOLPLQDWLQJ SURFHVV LQIRUPDWLRQ�

��� $�0HWKRGRORJ\�IRU�*HQHUDWLQJ�'RPDLQ�0RGHOV

7KH PHWKRGRORJ\ ZH SURSRVH H[SORLWV DYDLODEOH LQIRUPDWLRQ IURP H[LVWLQJ DSSOLFDWLRQV VXFK DV GDWD

LQVWDQFHV� GDWDEDVH VFKHPD� GDWD GLFWLRQDU\ DQG DSSOLFDWLRQ FRGH� ([LVWLQJ UHYHUVH HQJLQHHULQJ WHFKQLTXHV DUH

XVHG WR JHQHUDWH D FRQFHSWXDO PRGHO RI WKH

DSSOLFDWLRQ� :H IRFXV RQ JHQHUDWLQJ D GRPDLQ

PRGHO E\ UHFRQFLOLQJ WKHVH UHYHUVH HQJLQHHUHG�

DSSOLFDWLRQ�VSHFLILF FRQFHSWXDO PRGHOV� DLGHG E\

WKH XVH RI GDWD LQVWDQFHV DQG GDWD GLFWLRQDU\� 7KH

XVH RI DSSOLFDWLRQ FRGH LV EHLQJ LQFRUSRUDWHG DV

WKH DSSURDFK HYROYHV� )LJXUH � VKRZV WKH

PHWKRGRORJ\�

7KH PHWKRGRORJ\ FRQVLVWV RI WKUHH PDMRU

VWHSV� �� FUHDWLQJ D VHHG PRGHO� �� JURZLQJ WKH

VHHG PRGHO DQG �� SUXQLQJ WKH PRGHO� 7KH VHHG

PRGHO LV FUHDWHG E\ WDNLQJ WKH LQWHUVHFWLRQ RI WKH

DSSOLFDWLRQ�VSHFLILF PRGHOV� 7KHQ� UHFRQFLOLDWLRQ

KHXULVWLFV DUH DSSOLHG WR DXJPHQW WKH VHHG PRGHO�

)LQDOO\� WKH PRGHO LV SUXQHG E\ DSSO\LQJ SURFHVV

QRLVH HOLPLQDWLRQ KHXULVWLFV� (DFK VWHS LV RXWOLQHG

ZLWK WKH KHOS RI DQ H[DPSOH EDVHG RQ WKUHH UHDO�

ZRUOG GDWDEDVHV WKDW ZHUH GHYHORSHG IRU

UHYLHZLQJ DQG DVVLJQLQJ FRQIHUHQFH SDSHUV�

([DPSOH'RPDLQ0RGHO

6\VWHP $UFKLWHFW

7KX -XO\ ��� ���� �����

&RPPHQW

*XHVW

*XHVW,G

1DPH

3KRQH

0DLG

(PS�

1DPH

5HVHUYDWLRQ

$UULYDOB'DWH

'HSDUWXUHB'DWH

([WHUQDOB3DUWQHU

3DUWQHU,G

1DPH

0DQDJHU

(PS�

1DPH

5RRP

5RRP,G

7\SH

3UHIHUUHGB*XHVW

6WDWXV

���

�6KDUHGB:LWK

�

���

0DQDJHV

���

���

5HVSRQVLEOHB)RU

���

�

)RU
�

���

+DV

)LJXUH �� $Q ([DPSOH 'RPDLQ 0RGHO

5HYHUVH

(QJLQHHULQJ

7HFKQLTXHV

'DWD 6FKHPD

$SSOLFDWLRQ�

0RGHOV

&RQVWUXFW

6HHG

0RGHO *URZ

6HHG

0RGHO

'DWD

'LFWLRQDU\

'DWD ,QVWDQFHV

3UXQH

*URZQ

0RGHO

6SHFLILF

)LJXUH �� 7KH 0HWKRGRORJ\
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6WHS �� &RQVWUXFW D 6HHG 0RGHO :H EHJLQ ZLWK DQ

LQWHUVHFWLRQ RI WKH UHYHUVH HQJLQHHUHG FRQFHSWXDO PRGHOV� 6WDUWLQJ ZLWK

VXFK D VHHG PRGHO HQVXUHV WKDW QR �RU PLQLPDO� SURFHVV QRLVH LV

UHWDLQHG� 7KH VHHG PRGHO LV QRW H[SHFWHG WR EH VHPDQWLFDOO\ ULFK VLQFH LW

LQFOXGHV FRQFHSWV WKDW DSSHDU LGHQWLFDOO\ LQ HYHU\ PRGHO� ,Q RWKHU

ZRUGV� VHPDQWLFDOO\ HTXLYDOHQW FRQFHSWV PD\ KDYH EHHQ UHSUHVHQWHG

XVLQJ GLIIHUHQW FRQVWUXFWV� $V D UHVXOW� D VPDOO VHHG PRGHO LV FUHDWHG�

)LJXUH � VKRZV WKH VHHG PRGHO�

6WHS �� *URZ WKH 6HHG 0RGHO $ QXPEHU RI KHXULVWLFV DUH DSSOLHG WR GLVFRYHU FRQFHSWV FRPPRQ LQ

PXOWLSOH DSSOLFDWLRQ�VSHFLILF PRGHOV� 7KHVH FRQFHSWV PD\ UHSUHVHQW HQWLWLHV� UHODWLRQVKLSV� RU DWWULEXWHV LQ WKH

DSSOLFDWLRQ²VSHFLILF PRGHOV� :LWK HDFK� WKH VHHG PRGHO LV DXJPHQWHG� :H XVH VHYHUDO 1/3�EDVHG DQG GDWD

LQVWDQFH YDOXHV�EDVHG KHXULVWLFV IRU WKLV VWHS� 7KH JURZQ PRGHO LQFOXGHV FRQFHSWV WKDW FDQ EH PHDQLQJIXO LQ

GLIIHUHQW DSSOLFDWLRQV LQ WKLV GRPDLQ� )LJXUH � VKRZV D JURZQ PRGHO IRU WKH FRQIHUHQFH SDSHUV UHYLHZ

GRPDLQ�

6WHS �� 3UXQH

WKH *URZQ 0RGHO

7KH JURZQ

PRGHO LV SRSXODWHG ZLWK

WKH XQLRQ RI DWWULEXWHV

DQG EHKDYLRUV RI WKH

HQWLWLHV IURP WKH

DSSOLFDWLRQ�VSHFLILF

PRGHOV� 6LQFH WKHVH FDQ

FRQWDLQ SURFHVV QRLVH

DQG VXSHUIOXRXV GHWDLOV�

DQRWKHU VHW RI KHXULVWLFV

LV DSSOLHG WR SUXQH WKH

PRGHO� 7KH UHVXOWLQJ

PRGHO� VKRZQ LQ )LJXUH

�� FRQWDLQV LPSRUWDQW

FRQFHSWV LQ WKH

DSSOLFDWLRQ GRPDLQ EXW

QRW XQQHFHVVDU\ SURFHVV

QRLVH RU VXSHUIOXRXV

GHWDLO� 7R DYRLG FOXWWHU�

RQO\ D IHZ DWWULEXWHV DUH

VKRZQ� 7KH ILJXUH

LQGLFDWHV KHXULVWLFV XVHG

LQ LWDOLFV� 7KHVH DUH EULHIO\ H[SODLQHG LQ WKH QH[W VHFWLRQ DV SDUW RI WKH VROXWLRQ DUFKLWHFWXUH LPSOHPHQWLQJ WKH

PHWKRGRORJ\�

��� +HXULVWLFV

6HYHUDO KHXULVWLFV XQGHUOLH WKH PHWKRGRORJ\ GHVFULEHG DERYH� 7KHVH KDYH EHHQ LQFRUSRUDWHG LQWR D

IOH[LEOH VROXWLRQ DUFKLWHFWXUH WKDW LV XQGHU LPSOHPHQWDWLRQ� 7KH KHXULVWLFV H[SORLW QDWXUDO ODQJXDJH FRQVWUXFWV

DQG GDWD LQVWDQFH YDOXHV WR FDUU\ RXW WKH WKUHH VWHSV LQ WKH PHWKRGRORJ\ RXWOLQHG DERYH� 7KH KHXULVWLFV

LGHQWLI\ UHDO�ZRUOG FRQFHSWV WKDW DUH UHSUHVHQWHG E\ GLIIHUHQW FRQVWUXFWV DQG VHOHFWV RQH WR EH XVHG LQ WKH

GRPDLQ PRGHO� )RU H[DPSOH� DIWHU DVFHUWDLQLQJ WKDW ¶$XWKRU· DQG ¶:ULWHU· UHIHU WR WKH VDPH UHDO�ZRUOG

FRQFHSW� ¶$XWKRU· PD\ DSSHDU LQ WKH GRPDLQ PRGHO DV DQ HQWLW\ FRQVWUXFW� 7KH\ DUH DLGHG E\ PHWD�KHXULVWLFV�

ZKLFK GLFWDWH WKH VHTXHQFH DQG FRQGLWLRQV IRU ILULQJ HDFK KHXULVWLF� )LJXUH � VKRZV DQ RYHUYLHZ RI WKH

KHXULVWLFV� $ WRWDO RI VL[WHHQ KHXULVWLFV KDYH EHHQ LGHQWLILHG� ZLWK VRPH KHXULVWLFV �H�J� � DQG �$� FDSWXULQJ

GLIIHUHQW ZD\V RI DFKLHYLQJ D VLPLODU JRDO� 'XH WR FRQVWUDLQWV RQ VSDFH� ZH VKRZ DQG H[SODLQ EHORZ VDPSOH

KHXULVWLFV IURP WKH VHW DERYH WR SURYLGH WKH UHDGHUV D IODYRU RI WKH GLIIHUHQW NLQGV RI KHXULVWLFV HPSOR\HG�

*URZQ 0RGHO

6\VWHP $UFKLWHFW

7KX -XO\ ��� ����

�����

&RPPHQW

2YHUODSSLQJ

(QWLW\ 1DPHV

&RQIHUHQFHB7UDFN

(QWLW\ LQ

WZR PRGHOV
3DSHUB5HYLHZ

2YHUODSSLQJ

1DPHV

5HYLHZB&ULWHULD

(QWLW\ LQ

WZR PRGHOV

5HYLHZ

2YHUODSSLQJ

1DPHV

$VVLJQHGB5HYLHZ

$WWULEXWH LQ RQH PRGHO�

(QWLW\ LQ DQRWKHU

$XWKRU

,QVWDQFHV RI RQH

0DWFK $WWULEXWHV

RI $QRWKHU

&ULWHULDB7\SH

$WWULEXWH LQ RQH PRGHO�

(QWLW\ LQ DQRWKHU�

2YHUODSSLQJ $WULEXWH

DQG (QWLW\ 1DPHV

&KDLU

)URP 6HHG 0RGHO

3DSHU

6ROR (QWLW\

&RQIHUHQFH

(QWLW\ LQ

WZR PRGHOV
5HYLHZHU

$WWULEXWH LQ RQH PRGHO�

(QWLW\ LQ DQRWKHU

6HVVLRQ

�
���

IRU

�

�

�

���

KDV

���

���

KDV

���

�

GRQH E\

�

���

DJJUHJDWHG DV

�

�

KDV

�

���

KDV

�

���

KDV

���

�

LQ

���

��� KDV

�

���

KDV

���

�

KDV

)LJXUH �� *URZQ 0RGHO

6HHG0RGHO

6\VWHP$UFKLWHFW
7KX -XO\ ��� ���� �����

&RPPHQW

6HHG 0RGHO IRU

WKH &RQIHUHQFH

'RPDLQ

3DSHU

)LJXUH �� 6HHG 0RGHO
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5HPRYHG
(QWLWLHV LQ 'LIIHUHQW 6WDWHV

5HPRYHG �

'XSOLFDWHV IURP *URZQ 0RGHO

5HPRYHG
'XSOLFDWHV IURP *URZQ 0RGHO

$WWULEXWHV 5HPRYHG

3URFHVV ,QIRUPDWLRQ

7HPSRUDO ,QIRUPDWLRQ

)URP 6HHG 0RGHO

3DSHU

SSBUHVXEPLWBSHUPLVVLRQ

SSBUHVXEPLWBORJ
SSBWNFKDLUBGHFLVLRQ

� � �

3UXQHG 0RGHO
6\VWHP

$UFKLWHFW

7KX 0D\ ���
���� �����

&RPPHQW

2YHUODSSLQJ
(QWLW\ 1DPHV

&RQIHUHQFHB7UDFN

(QWLW\ LQ

WZR PRGHOV

3DSHUB5HYLHZ

2YHUODSSLQJ

1DPHV

5HYLHZB&ULWHULD

2YHUODSSLQJ

1DPHV

$VVLJQHGB5HYLHZ

(QWLW\ LQ

WZR PRGHOV

5HYLHZ

$WWULEXWH LQ RQH PRGHO�

(QWLW\ LQ DQRWKHU

$XWKRU

,QVWDQFHV RI RQH
0DWFK $WWULEXWHV

RI $QRWKHU

&ULWHULDB7\SH

(QWLW\ LQ

WZR PRGHOV

5HYLHZHU

6ROR (QWLW\

&RQIHUHQFH

$WWULEXWH LQ RQH PRGHO�
(QWLW\ LQ DQRWKHU�

2YHUODSSLQJ $WULEXWH

DQG (QWLW\ 1DPHV

&KDLU

$WWULEXWH LQ RQH PRGHO�

(QWLW\ LQ DQRWKHU

6HVVLRQ

���

���

IRU

5HSODFHG

7UDQVLWLYH

$VVRFLDWLRQ

���

�

KDV

�

���

KDV

���

��� KDV

���

�

LQ

�

���

KDV

�

���
KDV

�

�

KDV

�

���

DJJUHJDWHG DV

����

GRQH E\

���

���

KDV

�

���

KDV

�

�

�

���

IRU

)LJXUH �� 3UXQHG 0RGHO IRU &RQIHUHQFH 5HYLHZ 'RPDLQ

6DPSOH +HXULVWLFV IRU 6WHS �� *URZLQJ WKH 0RGHO
+HXULVWLF �� 'HULYHG $JJUHJDWHV 3HUIRUP D VWULQJ VHDUFK WR LGHQWLI\ FDVHV ZKHUH RQH HQWLW\ QDPH LV D

VXEVHW RI DQRWKHU �H�J�� 5HYLHZ DQG 3DSHU5HYLHZ�� 7KHQ VHDUFK IRU DWWULEXWHV WKDW UHSUHVHQW DQ DJJUHJDWH �H�J��
PLQ�PD[�DYJ�WRWDO�VXP�FRXQW�RYHUDOO�� 7KLV LV XVHIXO EHFDXVH LQ VRPH GDWDEDVHV ERWK WKH LQGLYLGXDO DQG
DJJUHJDWH FRQFHSWV DUH VWRUHG�

$SSOLFDWLRQ �� 5HYLHZ � >�@

$SSOLFDWLRQ �� 3DSHU5HYLHZ� >�DYHUDJHRYHUDOO� PLQLPXPRIRYHUDOO� PD[LPXPRIRYHUDOO �@

5HVXOW� 3ODFH ERWK LQ WKH 'RPDLQ 0RGHO� DQG FUHDWH D UHODWLRQVKLS EHWZHHQ WKH WZR�

+HXULVWLF �� $WWULEXWHV LQ RQH (QWLW\ VDPH DV ,QVWDQFHV LQ $QRWKHU 6HDUFK IRU FDVHV ZKHUH WKH

DWWULEXWHV RI RQH HQWLW\ KDYH WKH VDPH QDPHV DV YDOXHV RI DQ DWWULEXWH LQ DQRWKHU HQWLW\� LQGLFDWLQJ WKH VDPH

UHDO ZRUOG FRQFHSW LV EHLQJ PRGHOHG LQ GLIIHUHQW ZD\V�

$SSOLFDWLRQ �� 5HYLHZ� >� RULJLQDOLW\� WHFK�TXDOLW\� VLJQLILFDQFH� FODULW\� UHOHYDQFH� � @

$SSOLFDWLRQ �� &ULWHULDB7\SH� >�� FW\BGHVF� � @

5HVXOW� 6LQFH WKH YDOXHV IRU WKH DWWULEXWH ¦FW\BGHVF§ LQFOXGH ¨RULJLQDOLW\�© ¨WHFK�TXDOLW\�©

¨VLJQLILFDQFH�© HWF�� WKHQ &ULWHULDB7\SH VKRXOG EH DQ HQWLW\ LQ WKH GRPDLQ PRGHO�

6DPSOH +HXULVWLFV IRU 6WHS �� 3UXQLQJ WKH 0RGHO

�� 7HPSRUDO ,QIRUPDWLRQ 7HPSRUDO LQIRUPDWLRQ SHUWDLQV WR WKH FUHDWLRQ RU GXUDWLRQ RI LQIRUPDWLRQ

�L�H�� VWDUW DQG HQG WLPH�� ,W H[FOXGHV SHUPDQHQW GDWD VXFK DV ELUWKGDWHV� 6HDUFK WKH DWWULEXWHV IRU DQ\ WKDW

KDYH D GDWD W\SH RI GDWH� WLPH RU WLPHVWDPS�

$SSOLFDWLRQ �� 3DSHU� >3DSHULG� WLWOH� DXWKRUV� VHVVLRQ� VWDWXV� HYDOXDWLRQ@

$SSOLFDWLRQ �� 3DSHU� >�� SSBVXEPLW�GDWH� SSBUHVXEPLW�GDWH� SSBZLWKGUDZDO�GDWH� � SSBWUDFN�

FKDLU�GDWH� SSBDH�GDWH@
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5HVXOW� HOLPLQDWH WKH IROORZLQJ DWWULEXWHV IURP FRQVLGHUDWLRQ IRU WKH GRPDLQ PRGHO� SSBVXEPLW�GDWH�

SSBUHVXEPLW�GDWH� SSBZLWKGUDZDO�GDWH� WUDFN�FKDLU�GDWH� SSBDH�GDWH� HWF�

�� 3URFHVV .H\ZRUGV 7KLV H[WHQGV WKH DERYH EHFDXVH LW LQFOXGHV SDUVLQJ IRU SURFHVV NH\ZRUGV VXFK
DV ´ORJµ DQG ´GHFLVLRQ�µ

$SSOLFDWLRQ �� 3DSHU� >3DSHULG� WLWOH� DXWKRUV� VHVVLRQ� VWDWXV� HYDOXDWLRQ@

$SSOLFDWLRQ �� 3DSHU� >�� SSBUHVXEPLW�ORJ� SSBDH�GHFLVLRQ� SSBWUDFNFKDLU�GHFLVLRQ� SSBFPW�

GHFLVLRQ@

5HVXOW� HOLPLQDWH WKH DWWULEXWHV SSBUHVXEPLW�ORJ� SSBDH�GHFLVLRQ� SSBWUDFNFKDLU�GHFLVLRQ� SSBFPW�

GHFLVLRQ IURP FRQVLGHUDWLRQ LQ WKH GRPDLQ PRGHO�

�$� 6HTXHQFH 'HSHQGHQFLHV 6HTXHQFH GHSHQGHQFLHV DUH GLVFRYHUHG E\ LQYHVWLJDWLQJ WKH WLPHVWDPSV
RQ GDWD LQVWDQFHV LQ GLIIHUHQW HQWLWLHV�

$SSOLFDWLRQ �� $VVLJQHG5HYLHZ� >�� 3DSHU�LG� �@ 5HYLHZ� > �� 3DSHU�LG� �@

$VVLJQHG 5HYLHZ 5HYLHZ

7KH FRUUHVSRQGLQJ WLPHVWDPSV LQ $VVLJQHG5HYLHZ RFFXU SULRU WR WKRVH LQ 5HYLHZ

5HVXOW� 5HWDLQ RQH RI WKH (QWLWLHV LQ WKH 'RPDLQ 0RGHO� 5HSUHVHQW WKH RWKHU DV D GLIIHUHQW VWDWH XVLQJ

D VWDWH WUDQVLWLRQ GLDJUDP�

�� )ODJJHG (QWLWLHV 6HDUFK IRU IODJJHG HQWLWLHV� 7KHVH DUH HQWLWLHV WKDW FRQWDLQ D VWDWH VXFK DV D ERROHDQ
IODJ DQG LQGLFDWH D SUREDEOH SURFHVV FRPSRQHQW�

$SSOLFDWLRQ �� 3DSHU� >�� SSBUHVXEPLWBSHUPLVVLRQ� � @ 'DWD W\SH  &KDU )ODJ

$SSOLFDWLRQ �� $ZDUGB5HFRPPHQG� >�� DZFPBUHFRPPHQGHG� @ 'DWD W\SH  ,QW )ODJ

$SSOLFDWLRQ �� 3DSHUB5HYLHZ� >�� SSUYZB\QBVFRUH� �� @ 'DWD W\SH  &KDU )ODJ

$SSOLFDWLRQ �� $ZDUG� >�� DZDUGBRUGHU� �� @ 'DWD W\SH  ,QW )ODJ

5HVXOW� 5HPRYH WKHVH DWWULEXWHV IURP WKH GRPDLQ PRGHO�

�� $UFKLWHFWXUH�DQG�,PSOHPHQWDWLRQ

:H LPSOHPHQWHG WKH DERYH KHXULVWLFV DQG PHWKRGRORJ\ LQ D UHVHDUFK SURWRW\SH XVLQJ -DYD�� 7KH
DUFKLWHFWXUH RI WKH UHVHDUFK SURWRW\SH LV VKRZQ LQ )LJXUH �� 7KH LQSXWV WR WKH PHWKRGRORJ\ FRQVLVW RI JUDSKV

�� )UHG �� )UHG

�� 6DP �� 0DU\

�� 0DU\ �� %HWK

�� %HWK

 
�� &UHDWH D 6HHG 0RGHO

�� 3UXQH WKH *URZQ 0RGHO

�� 7HPSRUDO ,QIRUPDWLRQ

�� 3URFHVV .H\ZRUGV

�� (QWLWLHV LQ 'LIIHUHQW 6WDWHV

�$� 6HTXHQFH 'HSHQGHQFLHV

�� )ODJJHG (QWLWLHV

�� *URZ WKH 6HHG 0RGHO

(QWLW\ 1DPH 3DUVLQJ +HXULVWLFV

�� �$� � �LQWHUDFWV ZLWK ��� �

)UHTXHQF\�EDVHG +HXULVWLFV

�� �� �

'HULYHG (QWLW\�$WWULEXWH

� �LQWHUDFWV ZLWK ��� �

'DWD ,QVWDQFH

�� ��

)LJXUH �� +HXULVWLFV
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RI DSSOLFDWLRQ�VSHFLILF

PRGHOV� ZKLFK FRQWDLQ WZR

W\SHV RI QRGHV� FRUUHVSRQGLQJ

WR HQWLWLHV DQG DWWULEXWHV�

(GJHV LQFOXGH HGJHV EHWZHHQ

WZR HQWLWLHV DQG WKRVH

EHWZHHQ HQWLWLHV DQG

DWWULEXWHV� ,Q DGGLWLRQ� ZH

XVHG D VHFRQGDU\ %�WUHH LQGH[

FRYHULQJ WKH HQWLUH VFKHPD

YRFDEXODU\� IRU WKH SXUSRVH RI

HIILFLHQW WUDYHUVDO DQG VHDUFK

WKURXJK WKH JUDSKV� 7DEOH �

GHVFULEHV WKH GLIIHUHQW VWDJHV

RI WKH DOJRULWKP XVHG �ZLWK Q

EHLQJ WKH WRWDO QXPEHU RI

QRGHV DQG H EHLQJ WKH QXPEHU

RI HGJHV�� 7KH RYHUDOO

FRPSOH[LW\ RI WKH DOJRULWKP LV

ZLWKLQ D SRO\�ORJ ERXQG�

7KUHH FRQIHUHQFH UHYLHZ V\VWHPV GDWDEDVHV KDYH VHUYHG DV WKH WHVWEHG GXULQJ WKH FUHDWLRQ RI D GRPDLQ PRGHO�

7R IXUWKHU DVVHVV WKH HIIHFWLYHQHVV RI WKH PHWKRGRORJ\� LW ZDV DSSOLHG WR D VHW RI FRQFHSWXDO PRGHOV IRU RQ�

OLQH HOHFWURQLF�FRPPHUFH VDOHV V\VWHPV� 7KH DSSOLFDWLRQ�VSHFLILF PRGHOV ZHUH FUHDWHG E\ VWXGHQW WHDPV IURP

H[LVWLQJ V\VWHPV� %RWK WKH VHHG PRGHO DQG WKH JURZQ DQG SUXQHG PRGHO VKRZHG KLJKO\ HQFRXUDJLQJ UHVXOWV

�HOLPLQDWHG KHUH GXH WR VSDFH FRQVLGHUDWLRQV�� 0DQ\ RI WKH KHXULVWLFV ZHUH DSSOLHG� DQG D UHDVRQDEOH PRGHO

ZDV JHQHUDWHG IROORZLQJ WKH PHWKRGRORJ\� HYHQ WKRXJK DOO RI WKH KHXULVWLFV ZHUH QRW QHHGHG� 7KH UHVXOWV

IURP WKHVH H[SHULPHQWV PDWFKHG FORVHO\ ZLWK WKH WKHRUHWLFDO SUHVHQWDWLRQ� DQG GHPRQVWUDWHG WKH DUHDV ZKHUH

WKH KHXULVWLFV FRXOG EH LPSURYHG E\ WKH LQFRUSRUDWLRQ RI PRUH LQWHOOLJHQW PHWKRGV VXFK DV WKH XVH RI QDWXUDO

ODQJXDJH SURFHVVLQJ WHFKQLTXHV DQG GLFWLRQDULHV DQG WKHVDXUXV�

�� &RQFOXVLRQV

:H KDYH SUHVHQWHG D PHWKRGRORJ\ IRU JHQHUDWLQJ GRPDLQ PRGHOV IURP UHYHUVH HQJLQHHUHG

DSSOLFDWLRQ�VSHFLILF PRGHOV� :H KDYH LPSOHPHQWHG D PDMRU SRUWLRQ RI WKLV PHWKRGRORJ\ WR H[SHULPHQWDOO\

VKRZ LWV HIIHFWLYHQHVV� 7ZR VHWV RI KHXULVWLFV IRUP WKH EDVLV RI WKH PHWKRGRORJ\� 7KH PHWKRGV ZHUH LQLWLDOO\

WHVWHG DJDLQVW WKUHH UHDO�ZRUOG GDWDEDVHV LQ WKH GRPDLQ RI FRQIHUHQFH SDSHU UHYLHZLQJ� ,W ZDV WKHQ DSSOLHG WR

DQRWKHU VHW RI UHYHUVH�HQJLQHHUHG PRGHOV RI RQ�OLQH HOHFWURQLF FRPPHUFH V\VWHPV� %RWK H[SHULPHQWV KDYH

JLYHQ XV KLJKO\ HQFRXUDJLQJ UHVXOWV WKDW GHPRQVWUDWH WKH HIIHFWLYHQHVV RI WKH PHWKRG� )XWXUH UHVHDUFK LV

QHHGHG FRPSOHWH WKH LPSOHPHQWDWLRQ DQG FDUU\ RXW PRUH WHVWLQJ� 3ODQQHG HQKDQFHPHQWV WR WKH PHWKRGRORJ\

DQG VROXWLRQ DUFKLWHFWXUH LQFOXGH DGGLWLRQ RI QDWXUDO ODQJXDJH SURFHVVLQJ FDSDELOLWLHV DQG LQWHJUDWLRQ RI DQ RQ�

OLQH WKHVDXUXV RU GLFWLRQDU\ IRU JUHDWHU FRQWURO RQ WKH GHWHFWLRQ RQ VLPLODU QDPHV�

5HIHUHQFHV

��� &KLDQJ��5�+�/���%DUURQ��7�0���DQG�6WRUH\��9�&���´$�)UDPHZRUN�IRU�WKH�'HVLJQ�DQG�(YDOXDWLRQ
RI�5HYHUVH�(QJLQHHULQJ�0HWKRGV�IRU�5HODWLRQDO�'DWDEDVHV�µ�'DWD�DQG�.QRZOHGJH�(QJLQHHULQJ�
9RO�����1R����������SS�������

��� .DUOVVRQ��(��HW�DO��������(GLWRU��6RIWZDUH�5HXVH��$�+ROLVWLF�$SSURDFK���-RKQ�:LOH\�	�6RQV��,QF�
��� 5HLIHU��'��3UDFWLFDO�6RIWZDUH�5HXVH��-RKQ�)��:LOH\�DQG�6RQV��$XJXVW�������
��� 5XJDEHU�6��HW�DO��´$�&DVH�6WXG\�RI�'RPDLQ�%DVHG�3URJUDP�8QGHUVWDQGLQJ�µ��WK�,QWHUQDWLRQDO

:RUNVKRS�RQ�3URJUDP�&RPSUHKHQVLRQ��0D\������

5HYHUVH

(QJLQHHULQJ

7HFKQLTXHV

'DWD 6FKHPD

$SSOLFDWLRQ�

0RGHOV

'RPDLQ

0RGHO

([WUDFWRU

'RPDLQ
0RGHO

5HFRQFLOHU

'DWD

'LFWLRQDU\

'DWD ,QVWDQFHV
3URFHVV
1RLVH

(OLPLQDWRU

&OHDQVHG 'RPDLQ 0RGHO

6SHFLILF

)LJXUH �� 7KH 6ROXWLRQ $UFKLWHFWXUH


