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�� ,QWURGXFWLRQ�

7KLV�SDSHU�SUHVHQWV�D�SDUW�RI�WKH�GRFWRUDO�ZRUN�
ZLWK�WKH�WKHPH��³7KH�LPSDFW�RI�VRUWHG�UHDGLQJ�IURP�
8%�WUHHV� RQ� UHODWLRQDO� GDWDEDVH� V\VWHPV´�� %DVHG�
RQ� >0DU��@� WKLV� GRFWRUDO� ZRUN� GHDOV� ZLWK� WKH�
SUREOHPV� RI� WKH� HIILFLHQW� LPSOHPHQWDWLRQ� DQG�
DQDO\VLV� RI� VRUWHG� UHDGLQJ� � �8%�&DFKH� >%D\��E@��
7HWULV�$OJRULWKP�>0%��@��>0=%��@��DQG�LWV�HIIHFW�
RQ� TXHU\�SURFHVVLQJ� DQG� TXHU\� RSWLPL]DWLRQ� LQ�
UHODWLRQDO� GDWDEDVHV� DQG� HVSHFLDOO\� LQ� WKH� ILHOG� RI�
GDWD�ZDUHKRXVLQJ��':��DQG�GDWD�PLQLQJ���

,Q� RXU� GD\V�� WKH� %�7UHH� >%0��@� LV� D� GH� IDFWR�
VWDQGDUG� LQ� UHODWLRQDO� GDWDEDVH� V\VWHPV� IRU� RQH�
GLPHQVLRQDO�GDWD��%DVHG�RQ�WKH�%�7UHH�D�QHZ�GDWD�
VWUXFWXUH� IRU�PXOWLGLPHQVLRQDO�GDWD�� WKH�8%�7UHH��
ZDV� LQYHQWHG� E\� >%D\��@�� 7KLV� GDWD� VWUXFWXUH�
XWLOL]HV� D� VSDFH�ILOOLQJ� FXUYH� WR� SDUWLWLRQ� D�
PXOWLGLPHQVLRQDO� XQLYHUVH� LQWR� GLVMRLQW� UHJLRQV�
ZKLOH� SUHVHUYLQJ� PXOWLGLPHQVLRQDO� FOXVWHULQJ�� $�
VSDFH�ILOOLQJ� FXUYH� �H�J��� =�FXUYH�� PDSV� D� G�
GLPHQVLRQDO� XQLYHUVH� WR� D� RQH�GLPHQVLRQDO�
XQLYHUVH�� 7KHUHIRUH� DOJRULWKPV� IRU� SRLQW� TXHULHV��
LQVHUWLRQ��DQG�PXOWLGLPHQVLRQDO�UDQJH�TXHULHV�FDQ�
EH� HIILFLHQWO\�KDQGOHG�E\�D�QRUPDO�%
�WUHH��ZKLFK�
LV�DYDLODEOH� LQ�DQ\�FRPPHUFLDO�UHODWLRQDO�GDWDEDVH�
V\VWHP�� � ,Q� RXU� SURWRW\SH� LPSOHPHQWDWLRQ�ZH� XVH�
WKH� =�FXUYH�� $� =�DGGUHVV� =�[�� LV� WKH� RUGLQDO�
QXPEHU�RI��D�WXSOH�[�RQ�WKH�=�FXUYH�ZKLFK�LV�XVHG�D�
NH\�IRU�WKH�%
�7UHH�>0DU��@��

�
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)LJXUH������&XEH�VWDWHPHQW�

�
�

$V�VRUWHG�UHDGLQJ��7HWULV�$OJRULWKP��LV�D�TXHU\�
SURFHVVLQJ� WHFKQLTXH��ZKLFK�FRPELQHV�UHVWULFWLRQV�
DQG� VRUWLQJ�� LW� LV� H[WUHPHO\�XVHIXO� IRU� DQ� HIILFLHQW�
LPSOHPHQWDWLRQ�RI� WKH� MRLQ�RSHUDWRU�DV�ZHOO�DV� IRU�
JURXSLQJ� DQG� FXELQJ� ZLWK� DJJUHJDWLRQ� IXQFWLRQV��
7KH� 7HWULV�$OJRULWKP� XVHV� D� NLQG� RI� VZHHS� OLQH�
WHFKQLTXH� WR� UHDG� GDWD� LQ� WKH� VRUW� RUGHU� RI� DQ\�
DWWULEXWH�� ZKLOH� DFFHVVLQJ� HDFK� GLVN� SDJH� RI� WKH�
WDEOH� RQO\� RQFH�� 7KH� 7HWULV�$OJRULWKP� XVHV� WKH�
SDUWLDO�VRUW�RUGHU�LPSRVHG�E\�WKH�8%�7UHH�LQ�RUGHU�
WR�SURFHVV�D�UHODWLRQ�LQ�VRPH�WR�VRUW�RUGHU��

7KH�FRQWULEXWLRQ�RI�WKLV�GRFWRUDO�ZRUN�LV�WR�XVH�
VRUWHG� UHDGLQJ� IRU� JURXSLQJ� DQG� FXELQJ� TXHULHV�
ZLWK�UDQJH�UHVWULFWLRQV�DQG�DJJUHJDWLRQV���,Q�':�DQ�
HQRUPRXV�QXPEHU�RI�DJJUHJDWHV�PXVW�EH�FRPSXWHG��
7KHUHIRUH� DQ� HIILFLHQW� LPSOHPHQWDWLRQ� RI� WKH�
DJJUHJDWH�FDOFXODWLRQ�LV�QHFHVVDU\��7KLV�FUHDWHV�WKH�
GHPDQG� IRU� PDWHULDOL]LQJ� DQG� VWRULQJ� WHPSRUDU\�
UHVXOWV��'XH�WR� WKH�PXOWLGLPHQVLRQDO�QDWXUH�RI�WKH�
GDWD�� 8%�7UHHV� WR� XWLOL]H� D� PXOWLGLPHQVLRQDO�
FOXVWHULQJ� IRU� LQWHUPHGLDWH� UHVXOW� VHWV� LV� YHU\�
EHQHILFLDO� LQ� RUGHU� WR� DFFHOHUDWH� JURXSLQJ� DQG�
DJJUHJDWLRQ�FDOFXODWLRQ��

�� 8VDELOLW\�LQ�':��

':� DSSOLFDWLRQV� QRUPDOO\� XVH� D�
PXOWLGLPHQVLRQDO� PRGHO� WR� UHSUHVHQW� WKHLU� GDWD���
7KH� QXPHULF� GDWD� �PHDVXUHV�� �H�J��� VDOHV�� FRVW���
ZKLFK� LV� WKH� IRFXV� RI� WKH� DQDO\VLV�� LV� RUJDQL]HG�
DORQJ�PXOWLSOH�GLPHQVLRQV��$�GLPHQVLRQ�SURYLGHV�
FDWHJRULFDO�GDWD��H�J���FRQWDLQHU�VL]H�RI�WKH�SURGXFW��
WKDW� GHWHUPLQHV� WKH� FRQWH[W� RI� WKH� PHDVXUHV��
7KHUHIRUH�D�PHDVXUH�FDQ�EH�VHHQ�DV�D�FHOO�YDOXH�RI�D�
GDWD�FXEH��ZKLFK�LV�LGHQWLILHG�E\�LWV�FRRUGLQDWHV��,Q�
WKH�UHODWLRQDO�ZRUOG�WKLV�PRGHO�LV�PDSSHG�WR�D�VWDU�
VFKHPD�ZKHUH�WKH�GDWDEDVH�FRQVLVWV�RI�D�VLQJOH�IDFW�
WDEOH� DQG�D� VLQJOH� WDEOH� IRU�HDFK�GLPHQVLRQ��(DFK�
WXSOH�RI� WKH�IDFW� WDEOH�FRQWDLQV�D�IRUHLJQ�NH\��WKDW�
DFWV�DV�D�SRLQWHU��WR�HDFK�RI�WKH�GLPHQVLRQV��)LJXUH�
�D� VKRZV� WKH� VQRZIODNH� VFKHPD� RI� *I.�� $�
VQRZIODNH� VFKHPD� LV� D� VWDU� VFKHPD� ZKHUH�
GLPHQVLRQV� DUH� QRUPDOL]HG�� *I.� VWDQGV� IRU�
³*HVHOOVFKDIW� I�U� .RQVXPIRUVFKXQJ´�� ZKLFK�
ORRVHO\� WUDQVODWHG� PHDQV� ³&RQVXPHU� 3URGXFW�
0DUNHW�5HVHDUFK�,QVWLWXWH´����
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>*&%���@�H[WHQGV�WKH�64/�TXHU\�ODQJXDJH�E\�
WKH� &8%(�RSHUDWRU� WKDW� QRZ� LV� DYDLODEOH� LQ�
FRPPHUFLDO�V\VWHPV�VXFK�DV�'%��DQG�64/�6HUYHU�
�FI��)LJXUH�������7KH�&8%(�RSHUDWRU�FRPSXWHV�DOO�
SRVVLEOH�DJJUHJDWLRQV�IURP�WKH�JURXSLQJ�DWWULEXWHV��
)LJXUH���VKRZV�DQ�H[DPSOH�RI�WKH�&8%(�RSHUDWRU�
SURFHVVHG�RQ�WKH�*I.�':���

�

�

)LJXUH������D��6WDU�VFKHPD�RI�*I.��

�
6LQJOH� WDEOH� TXHULHV� UHVWULFW�� UH�DUUDQJH� RU�

DJJUHJDWH� WKH� WXSOHV� RI� RQH� UHODWLRQ� >8OO��@�� $�
UHODWLRQ� FDQ� EH� FRQVLGHUHG� WR� EH� D� G�GLPHQVLRQDO�
VSDFH��WKHUHIRUH�TXHULHV��WKDW�UHVWULFW�DQ�DWWULEXWH�$L��

UHWXUQ� D� VXEVSDFH� RI� WKH�XQLYHUVH�� �$� ODUJH� VHW� RI�
WKHVH� TXHULHV� FDQ� EH� PDSSHG� WR� SDUWLDO� UDQJH�
TXHULHV�� 8VXDOO\� D� PXOWLGLPHQVLRQDO� UDQJH�
UHVWULFWLRQ�RQ�D�FXEH�RU�IDFW�WDEOH�LV�XVHG�WR�GHILQH�D�
VXE�FXEH��ZKLFK�LV�XVHG�IRU�JURXSLQJ��

)RU�':� DSSOLFDWLRQV�� D�PXOWLGLPHQVLRQDO� IDFW�
WDEOH� LV� WKH� EDVH� UHODWLRQ� RQ� ZKLFK� WKH� &8%(�
RSHUDWRU� LV� FRPSXWHG�� 1RUPDOO\� SHRSOH� DUH� RQO\�
LQWHUHVWHG� LQ� WKH� VDOHV� RI� D� VSHFLDO� SURGXFW� JURXS�
�µYLGHR¶�� LQ� VSHFLILF� SHULRG� RI� WLPH� LQ� D� FHUWDLQ�
FRXQWU\� �H�J���*HUPDQ\��� WKHUHIRUH� D� UHVWULFWLRQ� LV�
PDGH� RQ� HDFK� GLPHQVLRQ� RI� WKH� IDFW� WDEOH� E\� WKH�
:+(5(�FODXVH� RI� WKH� 64/�VWDWHPHQW�� 7KRVH�
UHVWULFWLRQV�IRUP�D�PXOWLGLPHQVLRQDO�UHVWULFWLRQ�RQ�
WKH�IDFW�WDEOH��)LJXUH���LV�D�W\SLFDO�H[DPSOH�RI�D�VXE�
FXEH�GHILQHG�E\�WKH�PXOWLGLPHQVLRQDO�UHVWULFWLRQ�RQ�
WKH�IDFW�WDEOH���

,Q�JHQHUDO�D�PXOWLGLPHQVLRQDO�LQGH[�LV�XVHG�WR�
XWLOL]H�PXOWL�DWWULEXWH� UHVWULFWLRQV�� � �7R�UHGXFH�WKH�
QXPEHU�RI�,�2V�RQ�WKH�IDFW�WDEOH�WKH�WXSOHV�VKRXOG�
EH� FOXVWHUHG� VSDWLDOO\� RQ� VHFRQGDU\� VWRUDJH�� $V�
JURXSLQJ� DOJRULWKPV� LQ� FRQMXQFWLRQ� ZLWK�
DJJUHJDWLRQ�IXQFWLRQV�QHHGV�VRUWLQJ�IRU�HIILFLHQF\��
D� PXOWLGLPHQVLRQDO� LQGH[� VKRXOG� SURYLGH� DQ�
RSHUDWRU�WR�UHDG�WKH�UHODWLRQ�LQ�DQ\�WRWDO�VRUW�RUGHU��
7KH�7HWULV�$OJRULWKP�RQ�WRS�RI�D�8%�WUHH�IXOILOV�DOO�
RI�WKHVH�UHTXLUHPHQWV������

�� �+RZ�WR�+DQGOH�WKH�&XEH�

2SHUDWRU�ZLWK�8%�7UHHV�

7KH� UHVHDUFK� TXHVWLRQ� LV�� � +RZ� FDQ� D�
PXOWLGLPHQVLRQDO� GDWD�VWUXFWXUH� EH� XVHG� IRU�
HIILFLHQW�FDOFXODWLRQ�RI�GDWD�FXEHV�ZLWK�UHVWULFWLRQV���

���� 5HVWULFWLRQV�

7R� XWLOL]H� D� PXOWLGLPHQVLRQDO� UHVWULFWLRQ� WR�
FRPSXWH�D�VXE�FXEH�IURP�D� IDFW� WDEOH�LW�VKRXOG�EH�
RUJDQL]HV� DV� D� 8%�WUHH� �H�J��� <HDU�� 0RQWK���
3URGXFWJURXS� DQG� &RXQWU\��� 2XU� HDUOLHU� SDSHUV�
DOUHDG\� KDYH� VKRZQ� WKDW�PXOWLGLPHQVLRQDO� DFFHVV�
PHWKRGV�� VXFK� DV� WKH� 8%�7UHH�� DUH� H[WUHPHO\�
EHQHILFLDO� IRU� VWRULQJ� DQG� SURFHVVLQJ�
PXOWLGLPHQVLRQDO� IDFW� WDEOHV� EHFDXVH� RQO\� WKH�
UHOHYDQW� GDWD� LV� UHWULHYHG� IURP� VHFRQGDU\� VWRUDJH�
>0=%����05%��@��

���� $JJUHJDWLRQ�QHWZRUN�

$�ORW�RI�UHVHDUFK�KDV�DOUHDG\�EHHQ�GRQH�LQ�WKH�ILHOG�
RI� HIILFLHQW� DJJUHJDWLRQ� >+58��@�� >/HK��@�
SURYLGHV� D� JRRG� RYHUYLHZ� RI� DJJUHJDWLRQ�
WHFKQLTXHV��2QH� LPSRUWDQW�REVHUYDWLRQ�� LV� WKH�IDFW�
WKDW� VRPH� VXSHU�DJJUHJDWHV� GR� QRW� KDYH� WR� EH�
FRPSXWHG� IURP� WKH� EDVH� WDEOH� EXW� FDQ� EH� GHULYHG�
IURP�VXE�DJJUHJDWHV��H�J���WKH�WRWDO�VDOHV�IRU�D�\HDU�
FDQ� EH� GHULYHG� IURP� WKH� VDOHV� RI� WKH� IRXU�PRQWK�
SHULRGV��� 7KH� GHULYDELOLW\� RI� DJJUHJDWLRQ� UHVXOWV�
IURP� VXE�DJJUHJDWHV� GHSHQGV� RQ� WKH� DGGLWLYLW\� RI�
WKH�DJJUHJDWLRQ�IXQFWLRQ��VHH�>/HK��@�IRU�GHWDLOV����
$Q�DJJUHJDWLRQ�QHWZRUN��D�GLUHFWHG�JUDSK��LV�D�ZD\�
WR� GHULYH� KLJK�OHYHO� DJJUHJDWHV� IURP� ORZ�OHYHO�
DJJUHJDWHV�� 7KH� ORZHVW� OHYHO�� OHYHO� ��� LV� WKH� IDFW�
WDEOH�� $Q� DJJUHJDWLRQ� QHWZRUN� IRU� WKH� TXHU\� �FI��
)LJXUH� ��� IRU� WKH� *I.�VWDU�VFKHPD� LV� VKRZQ� LQ�
)LJXUH� ����� (DFK� QRGH� RI� WKH� GLUHFWHG� JUDSK�
UHSUHVHQWV�RQH�JURXSLQJ��H�J��<HDU�DQG�&RXQWU\�LQ�
WKH�VHFRQG�OHYHO�RI�QHWZRUN�UHSUHVHQW�WKH�JURXSLQJ�
DFFRUGLQJ� WR� \HDU� DQG� FRXQWU\�� )RU� Q� JURXSLQJ�
DWWULEXWHV� WKH� FRPSOHWH� JUDSK� FRQVLVWV� RI� �Q

�

JURXSLQJV��)URP�)LJXUH�����LW�FDQ�EH�REVHUYHG�WKDW�
WKHUH�DUH�GLIIHUHQW�SDWKV�WR�UHDFK�D�QRGH��7KH�WKLFN�
DUURZV� UHSUHVHQW�RQH� H[DPSOH� WR� UHDFK�HDFK�QRGH�
DQG� WKHUHIRUH�GHILQH� WKH�GDWD� IORZ�WR�FRPSXWH� WKH�
FXEH�����

������ &RQYHQWLRQDO�$SSURDFK�

,Q� JHQHUDO� DJJUHJDWLRQ� IXQFWLRQV� OLNH� FRXQW����
VXP����PD[����PLQ���DQG�DYHUDJH���IRU�D�UHODWLRQ�H�J��
IDFW��FI��)LJXUH����DUH�FRPSXWHG�LQ�WZR�VWHSV��)LUVW�
DOO� WXSOHV� RI� WKH� UHODWLRQ� IDFW� WKDW� KDYH� WKH� VDPH�
YDOXHV� RI� WKH� JURXSLQJ� DWWULEXWHV� <HDUV��
0RQWK�B3HULRG�� 3URGXFWJURXS� DQG� &RXQWU\� DUH�
FROOHFWHG� LQWR� WKH� VDPH� JURXS� ZKLFK� FDQ� EH�
LQWHUSUHWHG� DV� DQ� HTXLYDOHQFH� FODVV�� 6HFRQG�� IRU�
HDFK�JURXS�WKH�DJJUHJDWLRQ�IXQFWLRQV�DUH�DSSOLHG�WR�
WKH�DJJUHJDWLRQ�DWWULEXWHV��H�J��WR�FRPSXWH�WKH�VXP�

6HJP
HQW

$
OO

&
RXQWU\

5
HJLRQ

0
LFURP

DUNHW

2
XWOHW

3
UR

G
X
FW

$
OO

6
HF

WR
U &

DW
HJ

R
U\

3
UR

G
X
FW
J
UR

X
S ,W

HP

7LPH

$OO

<HDU

0RQWK�B3HULRG

0RQWK�B3HULRG

6DOHV

7XUQRYHU
3ULFH



��

RI� DWWULEXWH� 6DOHV�� 7KH� UHVXOW� VHW� FRQVLVWV� RI� RQH�
WXSOH�IRU�HDFK�JURXSLQJ�RI�<HDUV��0RQWK�B3HULRG��
3URGXFWJURXS�� &RXQWU\� DQG� WKH� DFFHVVRU\�

DJJUHJDWLRQ�YDOXHV��H�J��VXP�6DOHV�������
)RU� DJJUHJDWLRQ�� FRQYHQWLRQDO� DOJRULWKPV� ILUVW�

VRUW� D� UHODWLRQ� DFFRUGLQJ� WR� WKH� JURXSLQJ�

DWWULEXWH�V���'XH�WR�VRUWLQJ�� WKH�DJJUHJDWLRQ�RI�WKH�

HTXLYDOHQFH�FODVVHV�FDQ�EH�FRPSXWHG�YHU\�HDVLO\�E\�

VLPSO\�UHDGLQJ�WKH�WXSOH�VWUHDP�LQ�VRUW�RUGHU��

8VXDOO\�� WKLV� DJJUHJDWLRQ�QHWZRUN�LV�FRPSXWHG�

DV� IROORZV�� )RU� HDFK� QRGH� WKH� FRQYHQWLRQDO�

DJJUHJDWLRQ�DOJRULWKP�LV�SHUIRUPHG��7KH�UHVXOW�VHW�

RI�D�QRGH�RI�OHYHO�L�LV�WKH�LQSXW�IRU�WKH�QRGH�DW�OHYHO�
L����)RU�RXU�IXUWKHU�FRQVLGHUDWLRQV�ZH�DVVXPH�WKDW�

WKH� VL]H� RI� WKH� LQSXW� DW� OHYHO��� DQG���GRHV�QRW� ILW�

LQWR�WKH�PDLQ�PHPRU\��7KXV�DQ�H[WHUQDO�VRUWLQJ�LV�

QHFHVVDU\�IRU�WKHVH�OHYHOV��)RU�H[WHUQDO�VRUWLQJ�WKH�

ZKROH� TXHU\�ER[�GHILQHG�E\� WKH�PXOWLGLPHQVLRQDO�

UHVWULFWLRQ�PXVW�EH�UHDG�DQG�ZULWWHQ�WZR�WLPHV�HDFK��

7R�FRPSXWH�DOO�QRGHV�RI�OHYHO���DQG�OHYHO���RI�RXU�

H[DPSOH� IRXU� H[WHUQDO� VRUW� RSHUDWLRQV� DUH�

QHFHVVDU\�

�

�

�

�<HDU��0RQWK���3URGXFWJ��&RXQWU\�
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�<HDU� �0RQWK�� �3URGXFWJ� �&RXQWU\�
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)LJXUH������$JJUHJDWLRQ�1HWZRUNV��$JJUHJDWLRQ�/DWWLFHV�

�

������ 8%�7UHH�$SSURDFK��

,Q�RXU�DSSURDFK�ZH�RUJDQL]H�WKH�IDFW�WDEOH�DV�DQ�
8%�7UHH� �GHQRWHG� E\� D� ER[� DURXQG� WKH� JURXSLQJ�
DWWULEXWHV�LQ�)LJXUH�������7R�FRPSXWH�DJJUHJDWHV�RI�
OHYHO� �� DQG� OHYHO��� WKH�7HWULV�±�$OJRULWKP� FDQ�EH�
XVHG� LQVWHDG� RI� H[WHUQDO� VRUWLQJ�� $OWKRXJK� WKH�
UHODWLRQV�GHQRWHG�E\�WKH�QRGHV�RI�OHYHO���DQG�OHYHO�
�� LQ�)LJXUH��E�GR�QRW� ILW� LQWR�PDLQ�PHPRU\�� WKH\�
FDQ� EH� VRUWHG� LQ� PDLQ� PHPRU\� ZLWK� WKH� 7HWULV±
$OJRULWKP��7KLV�LV�SRVVLEOH��VLQFH�7HWULV�GLYLGHV�WKH�
TXHU\�ER[� LQ� VXE� TXHULHV�ER[HV� RI� YDULDEOH� VL]HV��
ZKLFK�ILW�LQ�WKH�PDLQ�PHPRU\�DQG�DUH�UHWULHYHG�LQ�
VRUWHG�RUGHU�>0=%��@��6R�WKH�UHVXOW�VHW�PXVW�RQO\�
RQFH�EH�UHDG�DQG�ZULWWHQ�IURP�WKH�H[WHUQDO�VWRUDJH��

$V� WKH� UHVXOW� VHW� RI� OHYHO� �� GRHV�QRW� ILW� LQ� WKH�
PDLQ� PHPRU\� HLWKHU�� ZH� ZLOO� FUHDWH� D� WHPSRUDU\�
8%�7UHH� IRU� 0RQWK��� 3URGXFW� DQG� &RXQWU\��
(IILFLHQW�FUHDWLRQ�RI�D�WHPSRUDU\�8%�7UHH�UHTXLUHV�

WKH�UHVXOW�VHW�WR�EH�VRUWHG�DFFRUGLQJ�WKH�=�9DOXH�RI�
WKH� JURXSLQJ� DWWULEXWHV� 0RQWK��� 3URGXFW� DQG�
&RXQWU\�� 7KH� =�9DOXH� LV� HDVLO\� FRPSXWHG� E\� ELW�
LQWHUOHDYLQJ�>0DU��@���

7R�FUHDWH�WKH�WHPSRUDU\�8%�7UHH�WKH�UHVXOW�VHW�
PXVW� EH� UHDG� DQG� ZULWWHQ� WR� GLVN� WZR� WLPHV��
7KHUHIRUH�WR�FRPSXWH�DQ�DJJUHJDWH�IURP�D�JURXSLQJ�
DQG� VWRUH� WKH� UHVXOW� VHW� LQ� DQ�8%�WUHH� WKUHH� VWHSV�
KDYH� WR� EH� FDUULHG� RXW�� )LUVW�� XVH� WKH� 7HWULV�
$OJRULWKP� IRU� VRUWLQJ�� VHFRQG�� FRPSXWH� WKH�
DJJUHJDWLRQ��DQG�WKLUG��FUHDWH�D�WHPSRUDU\�8%�7UHH�
E\�H[WHUQDO�VRUWLQJ��7KH�LV�GHQRWHG�E\�7HWULV���DJJ�
��VRUW���FI��)LJXUH�������

�� 6XPPDU\�

:H� KDYH� GHVFULEHG� DQ� HIILFLHQW� DOJRULWKP� IRU�
WKH�FRPSXWDWLRQ�RI�WKH�FXEH�RSHUDWRU��,W�LV�EDVHG�RQ�
WKH� 7HWULV�DOJRULWKP�� ZKLFK� XVHV� D� VZHHS� OLQH�



��

WHFKQLTXH� WR� UHDG� GDWD� LQ� WKH� VRUW� RUGHU� RI� DQ\�
DWWULEXWH� LQ� RUGHU� WR� SURGXFH� JURXSLQJV� RQ�ZKLFK�
DJJUHJDWLRQV� IXQFWLRQ� DUH� SHUIRUPHG�� 7R� GHULYH� D�
VXSHU�DJJUHJDWH� IURP� D� VXE�DJJUHJDWH� ZH� XVH� WKH�
PHWKRG� RI� G\QDPLF� SURJUDPPLQJ�� :H� XVH� DQ�
DJJUHJDWLRQ� QHWZRUN� ZKHUH� VRPH� VXE�QRGHV� DUH�
PDWHULDOL]HG�DV�D�8%�7UHHV��7KH�FRQWULEXWLRQ�RI�WKH�
WKHVLV�WR�WKH�SUREOHP�³+RZ�FDQ�D�PXOWLGLPHQVLRQDO�
GDWD�VWUXFWXUH� EH�XVHG� IRU� HIILFLHQW� FDOFXODWLRQ�RI�
GDWD�FXEHV�ZLWK� UHVWULFWLRQV´� LV� D�QHZ�SURFHVVLQJ�

WHFKQLTXH� IRU� WKH� FXEH� RSHUDWRU� WKDW� VKRXOG� EH�
IDVWHU� WKDQ� WKH� FRQYHQWLRQDO� DOJRULWKPV� XVHG� LQ�
FRPPHUFLDO� GDWDEDVH� V\VWHPV�� 7KHUHIRUH� WKH�
DPRXQW�RI�SUH�DJJUHJDWHV�FDQ�EH�H[WUHPHO\�UHGXFHG�
EHFDXVH� WKH� WLPH�WR�FRPSXWH�FXEHV�RQ�WKH�IO\�ZLWK�
8%�7UHH�LV�IDLUO\�ORZ��
8VLQJ�WKH�8%�WUHH�IRU�VWRULQJ�LQWHUPHGLDWH�UHVXOW�
VHWV�LQ�RUGHU�WR�HIILFLHQWO\�FDOFXODWH�VXSHU�
DJJUHJDWHV�LQ�WKH�QH[W�OHYHO�LV�WRWDOO\�QHZ���
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