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$ PDFKLQH OHDUQLQJ WHFKQLTXH FDOOHG *UDSK�%DVHG ,QGXFWLRQ �*%,� HpFLHQWO\

H[WUDFWV W\SLFDO SDWWHUQV IURP D GLUHFWHG JUDSK GDWD E\ VWHSZLVH SDLU H[SDQVLRQ

�SDLUZLVH FKXQNLQJ�� :H H[SDQG WKH FDSDELOLW\ RI WKH *%, VR WKDW LW FDQ KDQGOH

QRW RQO\ D WUHH VWUXFWXUHG GDWD EXW DOVR D JUDSK GDWD ZLWK PXOWL�LQSXWV�RXWSXWV

QRGHV DQG ORRS VWUXFWXUH �LQFOXGLQJ D VHOI�ORRS� ZKLFK FDQQRW EH WUHDWHG LQ WKH

FRQYHQWLRQDO ZD\� :H VKRZ WKH HmHFWLYHQHVV RI RXU DSSURDFK E\ DSSO\LQJ WR WKH

UHDO VFDOH :RUOG :LGH :HE EURZVLQJ KLVWRU\ GDWD�

� *UDSK�%DVHG ,QGXFWLRQ IRU *HQHUDO *UDSKV

7KH RULJLQDO *%, ZDV VR IRUPXODWHG WR PLQLPL]H WKH JUDSK VL]H E\ UHSODFLQJ

HDFK IRXQG SDWWHUQ ZLWK RQH QRGH WKDW LW UHSHDWHGO\ FRQWUDFWHG WKH JUDSK� 7KH

JUDSK VL]H GHnQLWLRQ UHoHFWHG WKH VL]HV RI H[WUDFWHG SDWWHUQV DV ZHOO DV WKH VL]H

RI FRQWUDFWHG JUDSK� 7KLV SUHYHQWHG WKH DOJRULWKP IURP FRQWLQXDOO\ FRQWUDFWLQJ�

ZKLFK PHDQW WKH JUDSK QHYHU EHFDPH D VLQJOH QRGH� %HFDXVH nQGLQJ D VXEJUDSK

LV NQRZQ WR EH 13�KDUG� WKH RUGHULQJ RI OLQNV LV FRQVWUDLQHG WR EH LGHQWLFDO LI

WKH WZR VXEJUDSKV DUH WR PDWFK� DQG DQ RSSRUWXQLVWLF EHDP VHDUFK VLPLODU WR

JHQHWLF DOJRULWKP ZDV XVHG WR DUULYH DW VXERSWLPDO VROXWLRQV� ,Q WKLV DOJRULWKP�

WKH SULPLWLYH RSHUDWLRQ DW HDFK VWHS LQ WKH VHDUFK ZDV WR nQG D JRRG VHW RI OLQNHG

SDLU QRGHV WR FKXQN �SDLUZLVH FKXQNLQJ� >0RWRGD��@�

,Q WKLV SDSHU� ZH H[SDQG WKH FDSDELOLW\ RI WKH *%, WR KDQGOH JHQHUDO JUDSK

VWUXFWXUHG GDWD VXFK DV GLUHFWHG JUDSKV LQFOXGLQJ PXOWL�LQSXWV�RXWSXWV QRGHV

DQG ORRS VWUXFWXUH �LQFOXGLQJ D VHOI�ORRS�� :H SURSRVH DQ LGHD WR SHUIRUP SDLU�

ZLVH FKXQNLQJ ZLWKRXW ORRVLQJ WKH LQIRUPDWLRQ RI OLQN FRQQHFWLRQV� ,Q RUGHU WR

DSSO\ *%, WR JHQHUDO JUDSK VWUXFWXUHG GDWD� ZH DGRSW D PHWKRG WR UHSUHVHQW

WKH JUDSK VWUXFWXUHG GDWD XVLQJ WDEOH IRUPV E\ SD\LQJ DWWHQWLRQ WR OLQN LQIRU�

PDWLRQ EHWZHHQ QRGHV� :H LQWURGXFH WKH ?VHOI�ORRS GLVWLQFWLRQ oDJ� WR LGHQWLI\

VHOI�ORRS ZKHQ WKH SDUHQW QRGH DQG FKLOG QRGH DUH RI WKH VDPH NLQG �(J�D� D��
0RUHRYHU� HDFK WLPH ZH SHUIRUP WKH SDLUZLVH FKXQNLQJ� ZH NHHS OLQN LQIRUPDWLRQ
EHWZHHQ QRGHV LQ RUGHU WR EH DEOH WR UHVWRUH WKH FKXQNHG SDLUV WR WKH RULJLQDO
SDWWHUQV� 7KH EDVLF DOJRULWKP RI WKH SURSRVHG PHWKRG ZKLFK H[WHQGV *%, WR
KDQGOH D JHQHUDO JUDSK VWUXFWXUHG GDWD LV VKRZQ LQ )LJ��� ,Q WKLV LPSOHPHQWHG

SURJUDP� ZH XVH WKH VLPSOH ?IUHTXHQF\� RI SDLUV DV WKH HYDOXDWLRQ IXQFWLRQ IRU

WKH VWHSZLVH SDLU H[SDQVLRQ� 7KH PHWKRG LV YHULnHG WR ZRUN DV H[SHFWHG XVLQJ DU�

WLnFLDOO\ JHQHUDWHG GDWD DQG ZH HYDOXDWHG H[SHULPHQWDOO\ WKH FRPSXWDWLRQ WLPH

RI WKH LPSOHPHQWHG SURJUDP� 7KH FRPSXWDWLRQ WLPH IRU ������ WLPHV UHSHWLWLRQ



� 7DNDVKL 0DWVXGD HW DO�

LV VKRZQ LQ )LJ�� IRU WKUHH NLQGV RI JUDSK VWUXFWXUHG GDWD �'DWD�� ORRS W\SH�

'DWD�� ODWWLFH W\SH� 'DWD�� WUHH W\SH� IRU ZKLFK WKHUH DUH WKUHH NLQGV RI QRGH

ODEHOV� )URP WKLV nJXUH� LW LV IRXQG WKDW WKH FRPSXWDWLRQ WLPH LQFUHDVHV DOPRVW

OLQHDUO\ ZLWK WKH QXPEHU RI FKXQNLQJ� 7DEOH � VKRZV WKH SUHOLPLQDU\ UHVXOW IRU

WKH FODVVLnFDWLRQ SUREOHP RI SURPRWHU '1$ VHTXHQFH GDWD �WRWDO ��� FDVHV��
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Information which node the
link goes to
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Information which node
the link comes from

Perform the pairwise chunking and replace by
one new node.
Update the link information which goes to the
chunked node and the link information which
comes from the chunked node.

Select the kind of pairs to be chunked based
on the evaluation function.
If there is no pairs to be chunked, terminate
this program.

Count pairs by each kind (pair information
consists of 6 elements: parent node, child
node, link, link information of parent node,
link information of child node, self-loop
distinction flag).

Represent the graph structured data using table
forms.
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)LJ��� &RPSXWDWLRQ WLPH

7DEOH � ([SHULPHQWDO UHVXOW

/HDUQLQJ 0HWKRG ,'� &��� *%,

1XPEHU RI (UURUV �� �� ��

� $SSOLFDWLRQ WR ::: %URZVLQJ +LVWRULHV

7KH SHUIRUPDQFH RI WKH SURSRVHG PHWKRG KDV EHHQ H[DPLQHG WKURXJK D UHDO VFDOH

DSSOLFDWLRQ� 7KH GDWD DQDO\]HG LV WKH ORJ nOH RI WKH FRPPHUFLDO ::: VHUYHU RI

5HFUXLW &R�� /WG� LQ -DSDQ� 7KH 85/V RQ ::: IRUP D KXJH JUDSK� ZKHUH 85/V

UHSUHVHQW QRGHV FRQQHFWHG E\ PDQ\ OLQNV� :KHQ D FOLHQW YLVLWV WKH FRPPHUFLDO

::: VLWH� KH�VKH EURZVHV RQO\ D VPDOO SDUW RI WKH KXJH JUDSK LQ RQH DFFHVV

VHVVLRQ� DQG WKH EURZVLQJ KLVWRU\ RI WKH VHVVLRQ EHFRPHV D VPDOO JUDSK VWUXFWXUHG

GDWD� 7KH WRWDO QXPEHU RI WKH 85/V LQYROYHG LQ WKLV FRPPHUFLDO ::: VLWH LV

PRUH WKDQ ���� ���� DQG LW LV RQH RI WKH ODUJHVW VLWH LQ -DSDQ� ,WV WRWDO QXPEHU

RI KLW E\ WKH QDWLRQ ZLGH LQWHUQHW XVHUV DOZD\V UHPDLQV ZLWKLQ WKH WKLUG SODFH

IURP WKH WRS LQ HYHU\ PRQWK LQ -DSDQHVH LQWHUQHW UHFRUG� DQG WKH W\SLFDO VL]H RI

WKH ORJ nOH RI WKH ::: VHUYHU IRU D GD\ LV RYHU ���0%�

$V WKH ORJ nOH FRQVLVWV RI WKH VHTXHQFH RI WKH DFFHVV UHFRUGV� WKH\ DUH LQLWLDOO\

VRUWHG E\ WKH ,3 DGGUHVVHV� DQG WKHQ ZH WUDQVIRUP WKH VXEVHTXHQFH RI HDFK FOLHQW

LQWR WKH JUDSK VWUXFWXUHG GDWD �WRWDO ������� QRGHV�� $IWHU WKLV SUHSURFHVVLQJ�

ZH H[HFXWHG WKH SURSRVHG PHWKRG XVLQJ WKH IUHTXHQF\ RI SDLUV DV WKH HYDOXDWLRQ

IXQFWLRQ� :KHQ ZH XVH WKH IUHTXHQF\ WKUHVKROG ����������������� RI WKH WRWDO

QRGHV� WKH QXPEHU RI GHULYHG FKXQN SDWWHUQV UHVXOWV LQ UHVSHFWLYHO\ ������� ����

:H FRXOG H[WUDFW VRPH LQWHUHVWLQJ EURZVLQJ SDWWHUQV RI PDQ\ FOLHQWV VXFK DV

D� FOLHQWV IROORZ VRPH 85/V LQ WKH VDPH GLUHFWRU\� E� FOLHQWV JR GHHS LQWR WKH

GLUHFWRULHV RQH DIWHU DQRWKHU� F� FOLHQWV MXPS WR WKH 85/V LQ D GLmHUHQW GLUHFWRU\

DIWHU IROORZLQJ VRPH 85/V LQ WKH VDPH GLUHFWRU\�
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