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7KH SUREOHP RI FOXVWHU GH�QLQJ FULWHULD KDV EHHQ DG�

GUHVVHG LQ YDULRXV IRUPV� ,Q WKLV SDSHU� D QHZ FOXVWHU

LVRODWLRQ FULWHULRQ LV SURSRVHG� XQGHUO\LQJ D K\SRWKHVLV

RI VPRRWK GLVVLPLODULW\ LQFUHPHQWV EHWZHHQ QHLJKERULQJ

SDWWHUQV ZLWKLQ D FOXVWHU� 7KLV LVRODWLRQ FULWHULRQ LV

PHUJHG LQ D KLHUDUFKLFDO DJJORPHUDWLYH FOXVWHULQJ DOJR�

ULWKP� SURGXFLQJ D GDWD SDUWLWLRQLQJ DQG VLPXOWDQHRXV

DFFHVVLELOLW\ WR WKH LQWULQVLF GDWD LQWHU�UHODWLRQVKLSV LQ

WHUPV RI D GHQGURJUDP�W\SH JUDSK� %\ GH�QLQJ DGH�

TXDWH GLVVLPLODULW\ PHDVXUHV� WKH QHZ DOJRULWKP LV DS�

SOLHG WR YHFWRU EDVHG SDWWHUQ DQDO\VLV DQG WR FDWHJRUL]D�

WLRQ RI VWUXFWXUDO SDWWHUQV� %RWK VLPXODWHG GDWD DQG

UHDO DSSOLFDWLRQV� LQ WKH FRQWH[W RI DXWRPDWLF DQDO\VLV

RI FRQWRXU LPDJHV� DUH SUHVHQWHG WR LOOXVWUDWH DQG HYDO�

XDWH WKH PHWKRG� ([DPSOHV GHPRQVWUDWH WKH YHUVDWLOLW\

RI WKH PHWKRG LQ LGHQWLI\LQJ DUELWUDU\ VKDSH DQG VL]H

FOXVWHUV� LQWULQVLFDOO\ �QGLQJ WKH QXPEHU RI FOXVWHUV�

�� ,QWURGXFWLRQ

&OXVWHULQJ DOJRULWKPV SOD\ DQ LPSRUWDQW UROH LQ H[�

SORUDWRU\ GDWD DQDO\VLV DQG GDWDPLQLQJ� SURYLGLQJ D

PHDQV WR DVFHUWDLQ VWUXFWXUH ZLWKLQ WKH GDWD� 7ZR

PDLQ VWUDWHJLHV DUH XVHG IRU FOXVWHULQJ� KLHUDUFKLFDO

PHWKRGV DQG SDUWLWLRQDO PHWKRGV >�� �@� 3DUWLWLRQDO
VWUXFWXUH RUJDQL]HV SDWWHUQV LQWR D VPDOO QXPEHU RI

FOXVWHUV�

+LHUDUFKLFDO PHWKRGV SURSRVH D QHVWLQJ RI FOXV�

WHULQJV� SURYLGLQJ DGGLWLRQDO LQIRUPDWLRQ DERXW GDWD

VWUXFWXUH� UHSUHVHQWHG JUDSKLFDOO\ DV D GHQGURJUDP� $
SDUWLFXODU DOJRULWKP FDQ EH REWDLQHG E\ WKH GH�QLWLRQ

RI WKH VLPLODULW\ PHDVXUH EHWZHHQ SDWWHUQV DQG FOXVWHUV

>�@� WKH ODWHU XOWLPDWHO\ FRQGLWLRQLQJ WKH VWUXFWXUH RI

WKH FOXVWHUV LGHQWL�HG� 7KH VLQJOH OLQN DOJRULWKP LV RQH

RI WKH PRVW SRSXODU PHWKRGV LQ WKLV FODVV >�@� 'DWD

SDUWLWLRQLQJ LV XVXDOO\ REWDLQHG E\ VHWWLQJ D WKUHVKROG

RQ WKH GHQGURJUDP� FOXVWHU YDOLGLW\ VWXGLHV KDYH DOVR
EHHQ SURSRVHG >�� �@ IRU WKH D SRVWHULRUL DQDO\VLV RI

VWUXFWXUHV� LQ RUGHU WR HYDOXDWH WKH FOXVWHULQJ UHVXOWV

DQG GH�QH PHDQLQJIXO FOXVWHUV�

,Q WKLV SDSHU ZH SURSRVH D QHZ FULWHULRQ IRU FOXVWHU

LVRODWLRQ EDVHG RQ D K\SRWKHVLV RI VPRRWK GLVVLPLODU�

LW\ LQFUHPHQWV EHWZHHQ QHLJKERULQJ SDWWHUQV ZLWKLQ D
FOXVWHU� 7KH LQWHJUDWLRQ RI WKLV FULWHULRQ LQ D KLHUDUFKL�

FDO FOXVWHULQJ IUDPHZRUN SURGXFHV D SDUWLWLRQLQJ RI WKH

GDWD� ZKLOH H[KLELWLQJ GDWD LQWHU�UHODWLRQV LQ WHUPV RI D

GHQGURJUDP W\SH JUDSK� 7KH VWUXFWXUH RI WKH REWDLQHG

GHQGURJUDP� XQOLNH FRQYHQWLRQDO KLHUDUFKLFDO FOXVWHU�

LQJ PHWKRGV� LV LVRODWLRQ FULWHULRQ GHSHQGHQW� H[SDQG�
LQJ WKH UDQJH RI SDWWHUQ VWUXFWXUHV KDQGOHG E\ WKHVH

PHWKRGV� $GGLWLRQDOO\� WKH SUREOHP RI GHFLGLQJ WKH

QXPEHU RI FOXVWHUV LV VXEVXPHG DQG LQWULQVLFDOO\ GLF�

WDWHG E\ WKH FULWHULRQ�

6HFWLRQ � RXWOLQHV WKH QHZ FOXVWHU LVRODWLRQ FULWHULRQ�

$ KLHUDUFKLFDO DJJORPHUDWLYH DOJRULWKP DGRSWLQJ WKLV
FULWHULRQ LV GHVFULEHG LQ VHFWLRQ �� 7KH FKDUDFWHULVWLFV

RI WKH QHZ PHWKRG DUH DQDO\VHG DQG LOOXVWUDWHG LQ EDVHG

RQ H[DPSOHV� FRYHULQJ ERWK VLPXODWHG �VHFWLRQ �� DQG

UHDO GDWD� WKH ODWHU LQ WKH FRQWH[W RI DXWRPDWLF DQDO\VLV

RI FRQWRXU LPDJHV �VHFWLRQ ��� &RQFOXVLRQV DUH GUDZQ
LQ D ODVW VHFWLRQ�

�� 6PRRWKQHVV +\SRWKHVLV DQG &OXVWHU

,VRODWLRQ &ULWHULRQ

7KH SURSRVHG FOXVWHU LVRODWLRQ FULWHULRQ GHULYHV IURP

WKH IROORZLQJ LQWXLWLYH FRQFHSWV DQG DVVXPSWLRQV�

� $ FOXVWHU LV D VHW RI SDWWHUQV VKDULQJ LPSRUWDQW

FKDUDFWHULVWLFV LQ D JLYHQ FRQWH[W�

� $ GLVVLPLODULW\ PHDVXUH HQFDSVXODWHV WKH QRWLRQ RI
SDWWHUQ UHVHPEODQFH�



� +LJKHU UHVHPEODQFH SDWWHUQV DUH PRUH OLNHO\ WR EH�

ORQJ WR WKH VDPH FOXVWHU DQG VKRXOG EH DVVRFLDWHG

�UVW�

� 'LVVLPLODULW\ EHWZHHQ QHLJKERULQJ SDWWHUQV ZLWKLQ

D FOXVWHU VKRXOG QRW RFFXU ZLWK DEUXSW FKDQJHV�

� 7KH PHUJLQJ RI ZHOO VHSDUDWHG FOXVWHUV LQFXU LQ

DEUXSW FKDQJHV LQ GLVVLPLODULW\ YDOXHV�

7KH �UVW WZR DVVXPSWLRQV HPSKDVL]H WKH IDFW WKDW

WKH ZD\ FOXVWHULQJ DOJRULWKPV DGGUHVV SDWWHUQV LQWHU�

UHODWLRQVKLSV DUH FRQWH[W GHSHQGHQW� FRQWH[W EHLQJ DV�

VHUWHG LQ WHUPV RI GLVVLPLODULW\ IXQFWLRQV�
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Figure 1. Definition of JDS in an example of 18 2-
dimensional points associated using the single-link
method, adopting the Euclidean distance. On top:
plot of data, grouped in two clusters. Bottom:
corresponding dendrogram.

7KH DERYH FRQVLGHUDWLRQV VXJJHVWHG WKH GH�QLWLRQ RI

D QHZ FOXVWHU LVRODWLRQ FULWHULRQ IRU DJORPHUDWLYH W\SH

DOJRULWKPV� EDVHG RQ WKH DQDO\VLV RI LQFUHPHQWV RI GLV�

VLPLODULW\ PHDVXUHV EHWZHHQ QHLJKERULQJ SDWWHUQV� /HW

&L� &M EH WZR VHWV RI SDWWHUQV� FDQGLGDWH IRU PHUJ�

LQJ� DQG DVVXPH WKDW SDWWHUQV DUH LQFOXGHG LQ FOXV�

WHUV ZLWK LQFUHDVLQJ RUGHU RI GLVVLPLODULW\� /HW GW�&L�

�GW�&M�� UHSUHVHQW WKH PLQLPXP GLVVLPLODULW\ IRU WKH

IRUPDWLRQ RI FOXVWHU L �M� UHVSHFWLYHO\�� WKDW LV� WKH

YDOXH RI WKH GLVVLPLODULW\ RI WKH ODWHVW SDWWHUQ DVVRFL�

DWLRQ� DQG G�&L� &M� WKH GLVVLPLODULW\ EHWZHHQ WKH WZR

FOXVWHUV� :H GH�QH GLVVLPLODULW\ LQFUHPHQW RU JDS EH�

WZHHQ FOXVWHU L DQG M DV WKH DV\PPHWULF LQFUHDVH LQ WKH

GLVVLPLODULW\ YDOXH� QHHGHG LQ RUGHU WR DOORZ WKH GDWD

DVVRFLDWLRQ LQWR D VLQJOH FOXVWHU�

JDSL  G�&L� &M�� GW�&L� ���

)LJXUH � LOOXVWUDWHV WKH FRQFHSW XVLQJ WKH VLQJOH OLQN

PHWKRG IRU FOXVWHU DVVRFLDWLRQ�
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Figure 2. Distribution of JDSV. The plots on the
left represent histograms (dotted lines) and fit-
ted exponentials for the gaps computed between
neighboring patterns generated randomly from a
uniform distribution in the interval >����@; on the
right, the curves represent estimated gap distri-
butions for data generated from the same uni-
form distribution or from a gaussian 1��� ��. As
shown, higher data densities (corresponding, for
each data model, to a higher number of generated
patterns) lead to narrower distributions.

7KH VWDWLVWLFDO GLVWULEXWLRQ RI WKHVH LQFUHPHQWV

ZLWKLQ D FOXVWHU KDV D VPRRWK HYROXWLRQ� DQG FDQ EH

PRGHOOHG E\ DQ H[SRQHQWLDO SUREDELOLW\ GHQVLW\ IXQF�

WLRQ� S�[�  �H[S
��[

� [ ! �� WKH SDUDPHWHU � FKDU�

DFWHUL]LQJ WKH GDWD GLVSHUVLRQ� )LJXUH � VKRZV KLV�

WRJUDPV DQG HVWLPDWHG H[SRQHQWLDOV IRU JDSV FRPSXWHG

IURP GDWD UDQGRPO\ JHQHUDWHG DFFRUGLQJ WR *DXV�

VLDQ DQG XQLIRUP GLVWULEXWLRQV� 7KLV VKRZV WKDW GLI�

IHUHQW GDWD JHQHUDWLQJ PRGHOV OHDG WR DOPRVW FRLQFL�

GHQW FXUYHV� WKH SDUDPHWHU � HVVHQWLDOO\ UH�HFWLQJ GDWD

VSDUVHQHVV� 7DLOV RI WKHVH GLVWULEXWLRQV FRUUHVSRQG WR

SDWWHUQV LQ IURQWLHU RU ERUGHUOLQH SRVLWLRQV EHWZHHQ

FOXVWHUV� 2Q WKH RWKHU KDQG� LQFUHPHQWV FRPSXWHG IRU

HOHPHQWV LQ GLVWLQFW FOXVWHUV ZLOO� LQ JHQHUDO� KDYH KLJK

YDOXHV� ORFDWHG RQ WKH WDLO RI WKH VWDWLVWLF IRU HDFK FOXV�

WHU�

7KH LGHD IRU FOXVWHU LVRODWLRQ LV WKHUHIRUH WR GH�

�QH D OLPLW RQ WKH GLVVLPLODULW\ LQFUHPHQWV VXFK WKDW



PRVW RI WKH SDWWHUQV GHQVHO\ FRQQHFWHG DUH LQFOXGHG

LQ WKH VDPH FOXVWHU�ZKLOH DOO RWKHUV� QRW FRQYH\LQJ WKLV

VPRRWKQHVV K\SRWKHVLV� DUH UHMHFWHG� 7KH VHWWLQJ RI

WKLV WKUHVKROG LV PRWLYDWHG E\ WKH IROORZLQJ IDFW� FKDU�

DFWHULVWLF RI WKH H[SRQHQWLDO GLVWULEXWLRQ� WKH FURVVLQJ

RI WKH WDQJHQWLDO OLQH� DW SRLQWV PXOWLSOH RI WKH GLVWUL�

EXWLRQ PHDQ YDOXH� L � �
�
� ZLWK WKH [ D[LV� LV JLYHQ E\

�L � �� � �
�
� DV VKRZQ LQ �JXUH �� 7KLV VXJJHVWV WKH

FKRLFH RI D WKUHVKROG DV D PXOWLSOH RI WKH PHDQ YDOXH RI

WKH GLVWULEXWLRQ� 7KH LVRODWLRQ FULWHULRQ FDQ EH VWDWHG

DV�

� /HW &L� &M EH WZR FOXVWHUV� FDQGLGDWH IRU PHUJ�

LQJ� DQG �L� �M EH WKH UHVSHFWLYH PHDQ YDOXHV RI

GLVVLPLODULW\ LQFUHPHQWV LQ HDFK FOXVWHU� &RPSXWH

WKH LQFUHPHQWV IRU HDFK FOXVWHU� JDSL� JDSM � DV LQ

H[SUHVVLRQ �� ,I JDSL � ��L �JDSM � ��M� LVRODWH

FOXVWHU &L �&M� DQG SURFHHG WKH FOXVWHULQJ VWUDWHJ\

ZLWK WKH UHPDLQLQJ GDWD� ,I QHLWKHU FOXVWHU H[F�

FHHGV WKH JDS OLPLW� MRLQ WKHP�

7KH GHVLJQ SDUDPHWHU� �� FRQVWUDLQV WKH GHJUHH RI

LVRODWLRQ� YDOXHV LQ WKH UDQJH >�� �@ SURYLGH UHDVRQDEOH

FKRLFHV� DV LOOXVWUDWHG LQ �JXUH ��

exponentia l d ist ribution, 1/β= .05
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Figure 3. Defining a threshold on the JDSV value
([ axis). Dots are located on points multiple of the
distribution mean, �

�
, and red lines are tangents

at those points. The crossing at the x axis occur
at points L

�
, L being a positive integer. Values for

L in the range >�� �@ cover the significant part of
the distribution, being reasonable choices.
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$V WKH HVWLPDWHV RI WKH PHDQ YDOXHV �>L@ DUH QRW UHOL�

DEOH IRU YHU\ VPDOO VDPSOHV VL]HV SUHPDWXUH LVRODWLRQ RI

FOXVWHUV PD\ RFFXU� ,Q RUGHU WR RYHUFRPH WKLV VLWXDWLRQ�

LQKLELWLRQ RI FOXVWHU LVRODWLRQ DFWLRQV PD\ EH DGRSWHG

ZKHQ FOXVWHUV KDYH YHU\ ORZ GLPHQVLRQV� LQ WKH H[DP�

SOHV SURYLGHG QH[W� LQKLELWLRQ RI FOXVWHU LVRODWLRQ ZDV

RQO\ LPSOHPHQWHG ZKHQ ERWK FOXVWHUV XQGHU DQDO\VLV

KDG OHVV WKDQ �� VDPSOHV�

7KLV DOJRULWKP� ZKLOH SURGXFLQJ D SDUWLWLRQLQJ RI

WKH GDWD� DOVR SURYLGHV UHOHYDQW LQIRUPDWLRQ RQ WKH UH�

ODWLRQV EHWZHHQ SDWWHUQV� WKDW FDQ EH JUDSKLFDOO\ GLV�

SOD\HG DV D GHQGURJUDP� ,W LV LPSRUWDQW WR QRWH WKDW�



XQOLNH FODVVLFDO KLHUDUFKLFDO FOXVWHULQJ DOJRULWKPV� WKH

SDUWLWLRQV REWDLQ GR QRW FRUUHVSRQG WR FXWWLQJ WKH GHQ�

GURJUDP DW D JLYHQ WKUHVKROG� VLQFH� DFFRUGLQJ WR WKH

LVRODWLRQ FULWHULRQ SURSRVHG� FOXVWHUV REH\LQJ WKH FULWH�

ULRQ ZLOO EH IUR]HQ LQ WKH GHQGURJUDP� WKH UHPDLQLQJ

FOXVWHUV FRQWLQXLQJ LQ WKH SXUVXLW IRU SRVVLEOH PHUJLQJ�

7KHUHIRUH WKH VWUXFWXUH RI WKH UHVXOWLQJ GHQGURJUDP LV

FRQGLWLRQHG E\ WKH FOXVWHU LVRODWLRQ FULWHULRQ� 7KLV DQG

RWKHU FKDUDFWHULVWLFV DUH LOOXVWUDWHG DQG DQDO\]HG LQ WKH

QH[W VHFWLRQV LQ OLJKW RI H[DPSOHV�

�� &OXVWHULQJ RI ��' 3DWWHUQV ZLWK 9DUL�

DEOH 6WUXFWXUH

,Q RUGHU WR HYDOXDWH WKH DELOLW\ RI WKH DOJRULWKP� DQG

XQGHUO\LQJ FULWHULRQ� LQ WKH LGHQWL�FDWLRQ RI DUELWUDU\

VKDSH� YDULDEOH VL]HG FOXVWHUV� D FRPSOH[ WHVW ZDV EXLOW

FRPSULVLQJ WKH IROORZLQJ VLPXODWHG GDWD� D ��� HTXDOO\

VSDFHG� SRLQWV FLUFOH� WZR FRQFHQWULF ULQJV RI GHQVH ����

VDPSOHV HDFK�� XQLIRUP GLVWULEXWHG SRLQWV� WZR SDUDOOHO�

EDU�VKDSHG� UDQGRP VHWV ZLWK GLVWLQFW GHQVLWLHV ����

VDPSOHV HDFK�� WZR QHLJKERULQJ� �� SRLQW� *DXVVLDQ

GLVWULEXWLRQV ZLWK GLVWLQFW FRYDULDQFHV� D VWDU�VKDSHG

SDWWHUQ IRUPHG E\ �� SRLQWV� 7KH DERYH SDWWHUQV ZHUH

MRLQHG LQ DQ LQWHUPL[HG VWUXFWXUH� ZKHUH FRQFHQWULF DQG

FURVVLQJ SDWWHUQV ZHUH FRQ�JXUHG�

)LJXUH � VXPPDUL]HV WKH UHVXOWV REWDLQHG ZLWK WKH

DOJRULWKP RI VHFWLRQ �� XVLQJ WKH (XFOLGHDQ GLVWDQFH�

IRU VHYHUDO YDOXHV RI WKH SDUDPHWHU �� LQ D GLUHFW FRP�

SDULVRQ ZLWK WKH VLQJOH OLQN PHWKRG�

'HQVH FOXVWHUV ZLOO IRUP HDUOLHU LQ WKH GHQGURJUDP

WKDQ VSDUVH GDWD� :KLOH WKLV W\SH RI VWUXFWXUH FRXOG EH

KDQGOHG E\ SRVW YDOLGDWLRQ RI FOXVWHUV ZLWKLQ WKH GHQ�

GURJUDP SURGXFHG E\ WKH VLQJOH OLQN DOJRULWKP� D GLV�

WLQFW IHDWXUH RI WKH SURSRVHG FOXVWHULQJ FULWHULRQ FRQ�

FHUQV WKH FKDQJH LQ SDWWHUQV DVVRFLDWLRQV GXH WR FOXVWHU

IUHH]LQJ LQ WKH DJJORPHUDWLYH SURFHVV� 7KLV LV DSSDU�

HQW LQ WKH FRPSDULVRQ RI WKH GHQGURJUDPV SURGXFHG E\

WKH WZR DSSURDFKHV� $V GHVFULEHG SUHYLRXVO\� ZKHQ WZR

SDWWHUQV DUH FRQIURQWHG IRU PHUJLQJ �PHDQLQJ WKDW WKH\

DUH WKH RQHV PRVW VLPLODU DW WKH WLPH� LI WKH LQFUHDVH RI

GLVVLPLODULW\ QHHGHG IRU PHUJLQJ LV QRW FRQVLVWHQW ZLWK

RQH RI WKH FOXVWHU
V VWDWLVWLF� EXW EHLQJ ZLWK WKH RWKHU�

WKH �UVW LV LVRODWHG �IUR]HQ LQ WKH GHQGURJUDP�� WKH VHF�

RQG LV NHSW WR WKH FRQWLQXHG SURFHVV RI �QGLQJ SRVVLEOH

DVVRFLDWLRQV� 7KLV HQDEOHV WKH JDWKHULQJ� IRU LQVWDQFH�

RI WKH SRLQWV RI WKH H[WHULRU FLUFOH �EODFN GRWV LQ WKH

PLGGOH OHIW SLFWXUH��

$V VKRZQ� VHWWLQJ � WRR VPDOO �WRS OHIW SLFWXUH� SUR�

GXFHV VSXULRXV FOXVWHUV GXH SUHPDWXUH WKUHVKROGLQJ RI

WKH H[SRQHQWLDO GHQVLW\ �VHH VHFWLRQ ��� 2Q WKH RWKHU

KDQG� KLJK YDOXHV RI � �SLFWXUH RQ WKH WRS ULJKW�� ZKLOH

QRW UH�QLQJ FOXVWHU LGHQWL�DELOLW\� OHDG WR FOXVWHU PHUJ�
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Figure 4. Clustering of complex structures using
the new approach. Excessive or low value for
the density limiting parameter, �, lead to merg-
ing of two clusters (top right) and the creation of
a spurious cluster (top left), respectively. The the-
oretically meaningful choice for � leads to com-
plete separation of clusters (middle left). The sin-
gle link algorithm (middle right) cannot handle
concentric, intermixed or highly disparate den-
sity patterns. On the bottom, the dendrograms
produced by the new method (left) and the single
link (right) are displayed.



LQJ DV D UHVXOW RI WDLO VXSHUSRVLWLRQ EHWZHHQ QHLJKERULQJ

FOXVWHUV� 7KH UHVXOWV REWDLQHG IRU � LQ WKH WKHRUHWLFDOO\

PHDQLQJIXO UDQJH �PLGGOH OHIW SLFWXUH� FRPSO\ ZLWK LQ�

WXLWLYH VHSDUDWLRQ RI GDWD� EHLQJ DEOH WR FRSH ZLWK WKH

GL�HUHQW W\SHV RI VWUXFWXUHV DQG VL]HV RI FOXVWHUV� 7KH

VLQJOH OLQN PHWKRG FDQQRW KDQGOH WKH PLQJOHG VWUXF�

WXUHV RU WKH YDULDELOLW\ RI GDWD GHQVLWLHV LQYROYHG�

�� $SSOLFDWLRQ LQ $XWRPDWLF $QDO\VLV RI

&RQWRXU ,PDJHV

7KH SUREOHP KHUH FRQFHUQV WKH FDWHJRUL]DWLRQ RI

��� FRQWRXU LPDJHV RI � W\SHV RI KDUGZDUH WRROV �VHH

�JXUH �� XVLQJ VWULQJ GHVFULSWLRQV� (DFK LPDJH ZDV

VHJPHQWHG WR VHSDUDWH WKH REMHFW IURP WKH EDFNJURXQG

DQG WKH REMHFW ERXQGDU\ ZDV VDPSOHG DW �� HTXDOO\

VSDFHG SRLQWV� REMHFW
V VKDSHV ZHUH HQFRGHG XVLQJ DQ

��GLUHFWLRQDO GL�HUHQWLDO FKDLQ FRGH >�� �@� :H KDYH

VKRZQ SUHYLRXVO\ >�@ WKDW GLUHFW DSSOLFDWLRQ RI KLHUDU�

FKLFDO FOXVWHULQJ EDVHG RQ VWULQJ PDWFKLQJ XVLQJ V\P�

ERO HGLWLQJ RSHUDWLRQV WR WKLV GDWD GRHV QRW SURGXFH D

FRQVLVWHQW SDUWLWLRQLQJ RI SDWWHUQV� WKLV LV PDLQO\ GXH

WR QRQ KRPRJHQHRXV GLVWDQFHV EHWZHHQ SDWWHUQV LQ GLI�

IHUHQW FODVVHV DV VKRZQ LQ �JXUH �� ZKLFK SUHVHQWV WKH

UHVXOWV RI WKH VLQJOH OLQN DOJRULWKP� XVLQJ WKH /HYHQV�

WKHLQ GLVWDQFH QRUPDOL]HG E\ WKH OHQJWK RI WKH HGLWLQJ

SDWK >�� �@ DV GLVVLPLODULW\ PHDVXUH� :LWK WKH QHZ DO�

JRULWKP� WRWDO VHSDUDWLRQ EHWZHHQ FODVVHV RI WRROV ZDV

DFKLHYHG E\ VHWWLQJ �  �� )XUWKHUPRUH� WRRO W� ZDV

VSOLW LQWR WZR FOXVWHUV FRUUHVSRQGLQJ WR GLVWLQFW SRVHV�

RSHQ DQG FORVHG�

�� &RQFOXVLRQV

$ QHZ FULWHULRQ IRU FOXVWHU LVRODWLRQ ZDV SURSRVHG

EDVHG RQ WKH DVVXPSWLRQ RI VPRRWK GLVVLPLODULW\ LQFUH�

PHQWV EHWZHHQ QHLJKERULQJ SDWWHUQV ZLWKLQ D FOXVWHU�

$ KLHUDUFKLFDO DJJORPHUDWLYH DOJRULWKP DGRSWLQJ WKH

LVRODWLRQ FULWHULRQ ZDV GHVFULEHG DQG DSSOLHG WR ERWK

VLPXODWHG DQG UHDO GDWD LQ WKH FRQWH[W RI REMHFW UHFRJ�

QLWLRQ IURP FRQWRXU LPDJHV� $V FRUURERUDWHG E\ WKH H[�

DPSOHV� WKH SURSRVHG FULWHULRQ OHDGV WR SRWHQWLDOO\ GLI�

IHUHQW GHQGURJUDPV IURP WKH RQHV REWDLQHG ZLWK VWDQ�

GDUG KLHUDUFKLFDO SURFHGXUHV� EDVHG RQ WKH SUXQLQJ HI�

IHFW RQ GHQGURJUDP EUDQFKHV� ZKLOH FRQGLWLRQLQJ WKH

JUDSK IRUPDWLRQ DQG VKDSH� LW DOVR SURYLGHV� DW WKH

HQG� D SDUWLWLRQLQJ RI WKH GDWD�

([DPSOHV LOOXVWUDWH WKH YHUVDWLOLW\ RI WKH PHWKRG LQ

LGHQWLI\LQJ DUELWUDU\ VKDSH DQG VL]H FOXVWHUV� LQWULQVL�

FDOO\ �QGLQJ WKH QXPEHU RI FOXVWHUV� 7KLV KDV EHHQ

VKRZQ LQ H[WHQVLYH WHVWV� QRW SUHVHQWHG KHUH GXH WR

VSDFH OLPLWDWLRQV
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Figure 5. Typical samples of contour images and
dendrogram obtained using the single link algo-
rithm.
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