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$Q ,GHD *HQHUDWLRQ 6XSSRUW *URXSZDUH ZLWK

%UDLQ :ULWLQJ )XQFWLRQV

7DNDKLUR .DZDML

6FKRRO RI .QRZOHGJH 6FLHQFH�

-DSDQ $GYDQFHG ,QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJ\

0DUFK ����

.H\ZRUG� LGHD JHQHUDWLRQ VXSSRUW� GLYHUJHQW WKLQNLQJ� EUDLQ ZULWLQJ� EUDLQVWRUPLQJ�

JURXSZDUH�

,Q WKLV WKHVLV� ZH SURSRVH RXU UHVHDUFK WR VXSSRUW LGHD JHQHUDWLRQ ZLWK FRPSXWHU

V\VWHP� &UHDWLYH WKLQNLQJ SURFHVV RI KXPDQ LV ORFDWHG WKH PRVW XSZDUG LQ SUREOHP VROYLQJ

SURFHVV� &UHDWLYH WKLQNLQJ SURFHVV LV GLYLGHG LQWR D SURFHVV WR JHQHUDWH IUDJPHQWV RI LGHDV�

FDOOHG GLYHUJHQW WKLQNLQJ� DQG D SURFHVV WR DUUDQJH LGHDV� FDOOHG FRQYHUJHQW WKLQNLQJ�

7R VXSSRUW FUHDWLYLW\� WKHUH DUH PDQ\ RI PHWKRGV IRU LW� $PRQJ WKHP� EUDLQVWRUPLQJ LV

RQH RI IDPRXV PHWKRGV� ,Q EUDLQVWRUPLQJ� WKHUH DUH IRXU UXOHV ZKLFK DUH �� 'RQ¶W FULWLFL]H�

�� IUHH� �� TXDQWLW\ EUHHGV TXDOLW\� �� FRPELQDWLRQ DQG LPSURYHPHQW� %XW� LW KDV SUREOHPV

VXFK WKDW RQH ORXG PHPEHU ZRXOG KROG WKH OHDGHUVKLS VR WKDW WKH RWKHU PHPEHUV FRXOG

KDUGO\ SXW WKHLU RZQ LGHDV RU GHSHQG RQ WKH ORXG OHDGHU�

7KHUH LV D LPSURYHG PHWKRG RI EUDLQVWRUPLQJ� WKDW LV EUDLQ ZULWLQJ GHYHORSHG LQ *HUPDQ\�

,W LV DOVR FDOOHG �VLOHQW EUDLQVWRUPLQJ�� DV WKH QDPH VD\V� SDUWLFLSDQWV ZULWH WKHLU LGHDV RQ

VKHHWV DQG JR DKHDG E\ SDVVLQJ DORQJ ZLWK WKHP� %HFDXVH WKH PHPEHUV PXVW JHQHUDWH WKUHH

LGHDV ZLWKLQ HDFK ILYH PLQXWHV� WKH\ KDYH WKH HTXDO FKDQFH RI LGHD JHQHUDWLRQ� %HFDXVH

RWKHU PHPEHUV
 LGHDV DUH ZULWWHQ RQ WKH VKHHWV RQ WKHLU KDQGV� WKH\ FDQ VWLPXODWH WKHLU RZQ

FUHDWLYLW\� %XW� WKLV PHWKRG KDV SUREOHPV VXFK WKDW WKH QXPEHU RI LGHDV DUH OLPLWHG ZLWKLQ

WKUHH� RU WKH\ FDQ UHIHU WR RWKHU PHPEHUV
 LGHDV RQO\ RQ WKH VKHHWV�

,Q WKLV UHVHDUFK� ZH
YH VROYHG WKH SUREOHPV RI EUDLQVWRUPLQJ DQG EUDLQ ZULWLQJ DQG DGGHG

&RS\ULJKW � ���� E\ 7DNDKLUR .DZDML



VRPH IXQFWLRQV IRU FRPSXWHU V\VWHP� 2XU WRRO KDV IXQFWLRQV EHORZ�

� 'LVSOD\ RI WKH QXPEHU RI LGHDV

� $Q HQYLURQPHQW LQ ZKLFK PHPEHUV FDQ UHIHU WR WKH RWKHU
V LGHDV IUHHO\

� 3HUVRQDO ZRUNVSDFH

7KH IXQFWLRQ RI GLVSOD\ RI LGHDV FDQ GLVSOD\ QRW RQO\ WKH QXPEHU RI WKH PHPEHU
V RZQ

LGHDV� EXW DOVR WKDW RI WKH RWKHU
V LGHDV� ,Q WKH HQYLURQPHQW LQ ZKLFK PHPEHUV FDQ UHIHU WR

WKH RWKHU
V LGHDV IUHHO\� DOO PHPEHUV
 LGHD DUH GLVSOD\HG DV VRRQ DV LW LV HQWHUHG� 0HPEHUV

FDQ UHIHU WR LGHDV WKDW KDYH RYHUIORZQ IURP WKH VFUHHQ E\ XVLQJ D VFUROOEDU� %HFDXVH ZH
UH

DIUDLG RI RFFXUULQJ RI FULWLFLVP IURP D FRPPXQLFDWLRQ IRUP VXFK DV WKH FKDW V\VWHP� ZH

GHVLJQHG WKH WRRO WR GLVSOD\ LGHDV DV FDUGV� ,Q WKH SHUVRQDO ZRUNVSDFH� WKH XVHU SURPRWH KLV

DVVRFLDWLRQ E\ SODFH LGHDV ZKLFK
UH VHOHFWHG IURP DOO GLVSOD\HG LGHDV DV H[SHFWHG WR EH

HYRFDWLYH�

:H DGRSWHG FOLHQW�VHUYHU DUFKLWHFWXUH DQG GHYHORSHG RXU WRRO LQ -DYD� $QG WKHQ ZH

HYDOXDWHG WKH WRRO E\ FRPSDULQJ WKH QXPEHU RI JHQHUDWHG LGHDV E\ XVLQJ LW LQ DFWXDO

GLYHUJHQW WKLQNLQJ ZLWK RQH E\ EUDLQVWRUPLQJ� DQG E\ EUDLQ ZULWLQJ� :H H[DPLQHG SURJUHVV

RI DVVRFLDWLRQ IURP H[DPLQHHV
 LGHD JHQHUDWLRQ SURFHVVHV DQG DOVR H[DPLQHG FRQWHQWV RI

LGHDV WR FKHFN XVDELOLW\ RI HDFK DGGHG IXQFWLRQ� )XUWKHU ZH TXHVWLRQHG H[DPLQHHV DERXW

XVDELOLW\ RI WKH WRRO� $V D UHVXOW� ZH EHFDPH VXUH WKDW WKH LPSOHPHQWHG WRRO KDG VROYHG

SUREOHPV RI EUDLQVWRUPLQJ DQG EUDLQ ZULWLQJ� DQG DGGHG IXQFWLRQV VXSSRUW FUHDWLYH

SURFHVVHV HIILFLHQWO\�

,Q WKLV WKHVLV� ZH GHVFULEHG WKH JURXS FUHDWLYLW\ VXSSRUW WRRO WKDW VROYHG SUREOHPV RI

FRQYHQWLRQDO FUHDWLYH PHWKRGV DQG SURPRWH GLYHUJHQW WKLQNLQJ ZLWK DGGHG IXQFWLRQV� $QG

WKHQ� ZH FRQGXFWHG H[SHULPHQWV WR HYDOXDWH WKH WRRO DQG SURYHG LW WR EH XVHIXO� $V IXWXUH

ZRUNV� ZH OLVW IXUWKHU LQVSHFWLRQ RI RXU WRRO
V XVDELOLW\ DQG LQWHJUDWLRQ ZLWK VRPH FRQYHUJHQW

WKLQNLQJ WRRO�


