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1. INTRODUCTION
[�\�]�^ _�`7a�b1c.d e�fAa�g c�hVi	c(e-]�fQh�c.b�e(j�c�c�k�l9c�]�^ c:_1m:c(n�e�_�c�k1l1d o�p

f"^ j�c,`�]�o(h�a�b?^ _Ba�b�c,e�q7o�\�_�a�o�gCn�e-a�eLa�b�e-a�^ f r9c:^ _�`6m:o�d d c:m�a�c(n9s

d c(e�n1^ _�`�a�o�a�b1c�m�]�c(e-a�^ o�_,o�g9j�c�]"i d e-]�`�cQn�e(a�e-r�e�f"c:f�s�f"\�m�b7e�f5m:o�q.p

q7c�]�m:^ e-dCn�e(a�e6h�e-]�c:b�o�\�f"c:f�tGu#c�hve-l�l1d ^ m(e(a�^ o�_�f7b�e(j�c&c:q7c�]�`�c(n

a�b�e-a.]�c:w	\1^ ]�c&a�b1c&fAa�o-]�e�`�c@e�_�nB]�c�a"]�^ c:j�e-d�o�g#q&e-f"f�^ j�c6e�q7o�\1_	a�f

o-g<n1e-a�e	x1g o�]Qc�k1e�q7l�d c-yUl1]�o�a�c:^ _Lq,e(a�m�b1^ _1`.^ _&r�^ o�q,c:n1^ m(e-d)e-l�l1d ^ p

m(e(a�^ o�_�f�s)z�_�`�c�]�l1]�^ _�a�]�c:m:o�`�_1^ a�^ o�_Ms{q7c�a�c:o�]�o�d o�`�^ m(e-d5l1]�c(n�^ m�a�^ o�_1f�s

e-_�nLf�e-a�c:d d ^ a�c�^ q,e-`�c�]�c:l�o�f"^ a�o�]�^ c:f�t

|6o�fAa{l1]�o�r1d c:q7fMo�g�^ _	a�c�]�c:fAa)^ _ n1e-a�e�q7^ _1^ _1`�^ _	j�o�d j�c5n1e-a�e�hC^ a�b

eLd e-]�`�c,_�\1q r9c�]�o�gCq7c(e-f�\�]�c:q7c:_	a�f.}3o�] n�^ q7c:_�f"^ o�_1f�~�tL•�b1c7]�c�p

n�\�m�a�^ o�_ o-gMn�^ q7c:_1f�^ o�_�e-d ^ aHi�m(e-_ d c(e�n�a�o#e�_�^ _1m�]�c(e-f�c:n m(e-l�e�r1^ d ^ aAi

o-g�c�k�a"]�e�m�a�^ _1`L€�_1o(hCd c(n�`�c�g ]�o�q•a�b�c.n1e-a�e,r	i@q7c(e�_1f�o-g�j�^ f"\�e�d p

^ ‚(e-a�^ o�_9sQe�_�nBa�o�_�c�hIl9o�f�f"^ r1^ d ^ a�^ c:f&^ _Gn1c:f"^ `�_1^ _1`Ec�ƒ7m:^ c:_�a&e-_�n

l�o�f"f"^ r1d iGq7o-]�c&c�„9c:m�a�^ j�cLm:d e�f"f"^ z�m(e(a�^ o�_…f�m�b1c:q7c:f�tG[#^ q7c:_�f"^ o�_1p

e-d ^ aHi6]�c(n1\1m�a�^ o�_@m(e-_�r9c�l�c�]"g o�]�q7c(n6r	i6€�c:c:l�^ _�`7o�_1d iLa�b�c�q7o�fAa

^ q,l�o�]"a�e�_�aUn�^ q7c:_1f"^ o�_1f:s�^ t c�t)a�b1c<o�_1c:fPa�b�e-a)b1o�d n�a�b�c<q7o�fAaP^ _�g o�]"p

q,e-a�^ o�_Lg o�]�a�b�c#a�e-f"€Le(aQb�e�_�n�s�e�_�n�†�o-]Qr	i&l�]�o-‡Ac:m�a�^ _�`7f"o�q7c�n�^ p

�(ˆ

\1l�l�o�]"a�c(n7r	i,u

ˆ�‰BŠ�‹QŒQ•<•UŒŽ‹

h�e-]�n&•�•�•�‘�’�“�•	sM”•u

ˆ1‰E–"–Aˆ

p

•�•�—�’�‘�’�’	sPe�_�n,a�b�c�[�o�[ t

�

ˆ

\1l�l�o�]"a�c(n,r	i&u

ˆ�‰BŠ�‹QŒQ•<•UŒ•‹

h�e(]�nL—	˜-™�™�•�“�š

Permissionto make digital or hard copiesof all or part of this work for
personalor classroomuseis grantedwithout fee provided that copiesare
not madeor distributedfor proÞtor commercialadvantageandthatcopies
bearthis noticeandthefull citationon theÞrstpage.To copy otherwise,to
republish,to postonserversor to redistributeto lists, requiresprior speciÞc
permissionand/ora fee.
SIGKDDÕ02Edmonton,Alberta,Canada
Copyright 2002ACM 1-58113-567-X/02/0007...› 5.00.

q7c:_1f"^ o�_1f<o�_�a�o#o�a�b�c�]�f�t5•5b�c:f"cCfAa�c:l�f{hC^ d d�^ q7l�]�o(j�c�f"^ `�_1^ z�m(e�_	a�d i

o�\1] e�r1^ d ^ aHi�a�o6j	^ f"\�e-d ^ ‚:c7a�b�c7n1e-a�e4}3r	i�q,e�l1l�^ _�`&a�b1c:qœ^ _4aHh�o

o-]<a�b1]�c:c�n�^ q7c:_�f"^ o�_�f�~�s�e-_�n�g3e-m:^ d ^ a�e-a�cQe�_.^ q7l1]�o-j�c(n.w�\�c�]"i�a�^ q7c�s

r�i�]�c�g ]�e�^ _1^ _�`�g ]�o�q•c�k�e�q7^ _1^ _1`#a�b1cCo�]�^ `�^ _�e-d9q \1d a�^ pAn�^ q7c:_1f�^ o�_�e�d

n1e-a�eNe�_�nKf"m(e�_1_1^ _�`N^ _1fAa�c(e�nKa�b1c:^ ]@d o:h�c�]"pAn�^ q7c:_�f"^ o�_�e�d�ž�f"\1q.p

q,e(]�^ c:f�ž	t

‰

o�] j	^ f"\�e-d ^ ‚(e(a�^ o�_MsUa�b1c7m�b�e-d d c:_1`�c,^ f�a�o6c:q.r�c(n4eLf�c�a o�g�o�r1p

f"c�]�j�e(a�^ o�_�fQ^ _�a�o,e

•

\1m:d ^ n�c(e�_@g c(e-a�\1]�c�p/f�l�e�m:c�s9a�b�e-a#l�]�c:f�c�]�j�c:fQe�f

m�d o�f"c:d i6e�f�l9o�f�f"^ r1d c�a�b�c:^ ]�^ _	a"]�^ _1f"^ m�q7c�a"]�^ mQf"a"]�\�m�a�\�]�c�t

‰

o�]Cm:d e-f"p

f"^ z�m(e-a�^ o�_Ms�h�c�n1c:f"^ ]�c#a�o7q,e-l&a�b1c�n1e-a�e ^ _�a�o7e f"l�e-m:c�hCb1o�f"c�n1^ p

q7c:_1f"^ o�_1f�m:d c(e(]�d i6f�c:l�e-]�e-a�c�q7c:q.r�c�]�f<g ]�o�qvn1^ „Mc�]�c:_�aCm:d e�f"f"c:f�t

Œ

c:m:c:_�a�d i�s�aAh5oS_1c�hŸn1^ q7c:_1f"^ o�_�e�d ^ aHiŽ]�c(n1\1m�a�^ o�_Ža�c:m�b�_1^ w�\�c:f

b�e(j�c6r9c:c:_G^ _�a�]�o	n1\1m:c(n9sC_�e-q7c:d i

–

f"o�q,e�lŽ  ˜-š(¡�e�_�n…¢P¢

•

  “�£-¡ t

•5b�c:f"cQq,c�a�b1o�n�f5e-a"a�c:q7l1a<a�o�r9c:fAa�l�]�c:f�c�]�j�c�a�b�c�d o	m(e�d9_1c:^ `�b	r9o-]�p

b1o	o	n?o-gQc(e�m�bBo�r	‡"c:m�a:s<hCb1^ d c&l�]�c:f"c�]�j	^ _1`6a�b�c,`�d o�r�e-dCn1^ fAa�e-_�m:c:f

ž-a�b1]�o�\1`�b�ž.a�b1c�]�c:fAaQo�g{a�b1c�o�r�‡Ac:m�a�f:t�•�b1c�iLb�e(j�c�r�c:c:_6\1f�c(n,g o�]

j	^ f"\�e�d ^ ‚(e(a�^ o�_�l�\�]�l�o�f"c:f�s�r�i#q,e�l1l�^ _�`�n�e-a�e�^ _	a�o�aHh�oCo-])a�b�]�c:c<n1^ p

q7c:_1f"^ o�_1f�tU¤5o�a�b.q7c�a�b1o�n�f)l�c�]�g o�]�q¥h�c:d d	hCb1c:_ a�b1c�n�e(a�eCr�c:d o�_1`

a�o&e7f"^ _1`�d c�h�c:d d{f�e�q7l1d c(n6m:d \1fAa�c�](sPe-_�nLg e�^ d)a�o,_�^ m:c:d i6j�^ f"\�e�d ^ ‚:c

a�b1c,n�e(a�e&h�b�c:_4a�b1c.l9o�^ _	a�f�e-]�c,f"l1]�c(e�nEe�q7o�_1`6q.\1d a�^ l1d c.m:d \1f"p

a�c�]�f�t

–

_Ba�b1^ f�l�e�l�c�]�h�c&l1]�o�l9o�f"c&e6q7c:m�b�e�_1^ f"q¦a�o�e(j�o�^ n�a�b1^ f

d ^ q7^ a�e-a�^ o�_9t

‰

\1]"a�b�c�]�q7o�]�c�s�h�c f"b�o(hVb1o(h•a�b�c:f"c q7c�a�b1o�n�fQm:o�\�d n@r9c�\1f�c(n

g o�]7m:d e�f"f"^ z�m(e-a�^ o�_Gl1\1]�l�o�f"c:f:t

Š

d e�f"f�^ z�m(e(a�^ o�_…^ f7e@€�c�iBfAa�c:lBg o�]

q,e-_	iBa�e-f�€	f7^ _…n�e-a�e4q7^ _�^ _1`�s5hCb�o�f"c�e�^ q§^ f.a�oBn�^ f"m:o-j�c�]&\1_�p

€	_�o:hC_,]�c:d e-a�^ o�_1f"b�^ l�fQe�_�n1†�o�]�l�e(a�a�c�]�_�f5g ]�o�q¨d e-]�`�c�f�c�a�o�gUn�e(a�e�t

‹

j�e(]�^ c�aAi�o�g�q,c�a�b1o�n�fPb�e�f)r�c:c:_�l1]�o�l�o�f"c(n�a�o#e�n1n�]�c:f"f)a�b�c<l�]�o�r1p

d c:qLt

‹

f"^ q7l1d c.e�_�n@e�l�l�c(e�d ^ _�`6e-l�l�]�o�e�m�b@a�o&m:d e-f�f"^ z�m(e-a�^ o�_E^ f

a�b1c�©6p/_1c(e-]�c:f"aQ_�c:^ `�b�r�o�]Cq7c�a�b1o�n@  “�˜:¡3y5^ aCz�_�n�f�a�b1c�©6p/_�c(e(]�c:fAa

_1c:^ `�b�r�o�]�f,o�g#a�b1c@w	\1c�]"i?l�o�^ _�a&ªM«6^ _Ga�b1c@n�e(a�e-f�c�a:sCe�_�nBa�b�c:_

l�]�c(n1^ m�a�f�a�b�c.m:d e�f"f d e-r9c:dUo�g�ªM«,e�f�a�b1c.q7o�fAa�g ]�c(w�\�c:_�a�o�_�c.o	m�p

m�\1]�^ _1`�^ _ a�b1c�©v_1c:^ `�b	r9o-]�f�t¥¬Qo(h�c:j�c�](s�hCb1c:_7e�l�l1d ^ c(n o�_.d e-]�`�c

n1e-a�e�f"c�a�f�^ _4b1^ `�bBn�^ q7c:_1f�^ o�_1f:sMa�b1c a�^ q7c�]�c(w	\1^ ]�c(n@a�oLm:o�q7l1\1a�c

a�b1c#_1c:^ `�b	r9o-]�b�o	o	n1f�}3^ t c�t s1a�b�c#n1^ f"a�e�_1m:c:f�o-g)a�b1c�w�\�c�]"i7g ]�o�qXa�b1c

l�o�^ _	a�f�^ _&a�b1c�n1e-a�e�f"c�a�~�r�c:m:o�q7c:f�l�]�o�b�^ r�^ a�^ j�c�s�q,e-€�^ _1` e�_�fAh�c�]�f

^ _	a"]�e�m�a�e�r1d c�t�|6o�]�c:o-j�c�]:sMa�b1c m:\�]�f�c�p/o�g pAn�^ q7c:_�f"^ o�_�e�d ^ aHi�s9a�b�e-a�e-g p

g c:m�a�f�e�_�i6l1]�o�r�d c:qv^ _�b1^ `�b�n1^ q7c:_1f"^ o�_1f:sMm(e-\�f"c:fQb�^ `�b�d i6r�^ e-f�c(n

c�f"a�^ q,e-a�c:f�s1a�b�c�]�c:r	i,]�c(n�\�m:^ _�` a�b�c�e�m:m:\�]�e-m�iLo�g{l1]�c(n�^ m�a�^ o�_1f�t

­

_�c<h�e�i�a�oQa�e�m�€	d c5a�b1c5m:\1]�f"c�pHo-g pHn1^ q7c:_1f"^ o�_�e�d ^ aHi	pHl�]�o�r�d c:q•g o�]

m�d e�f"f"^ z�m(e(a�^ o�_�^ fMa�o�m:o�_1f�^ n1c�])d o�m(e�d d i e�n1e�l�a�^ j�cUq7c�a"]�^ m)a�c:m�b1_1^ w	\1c:f�s

h�^ a�bŽa�b�cBo�r	‡"c:m�a�^ j�cBo�g.l1]�o�n�\1m:^ _�`Gq7o�n�^ z�c(nKd o	m(e�d _1c:^ `�b	r9o-]�p

b1o	o	n1f{^ _ h�b�^ m�b�a�b�c5l9o�fAa�c�]�^ o�]Ul�]�o�r�e-r�^ d ^ a�^ c:f<e-]�c�e-l�l�]�o(k1^ q,e-a�c:d i

m�o�_�fAa�e�_�a.}"  ˜-—�sU˜�˜�s)’-¡ ~�t

‹

q,e(‡Ao�]�n	]�e:hCr�e�m�€6o�g5d o�m(e�d d iEe�n1e�l1p

a�^ j�c.q7c�a�]�^ m�a�c:m�b�_1^ w�\�c:fQg o�]�_�c:e-]�c:f"a�_�c�^ `�b�r�o�]�m:d e�f"f"^ z�m(e-a�^ o�_B^ f

a�b1c.g3e�m�a a�b�e(a�a�b1c�iBe�d d5l9c�]"g o�]�q®a�b1c7¯�p/u#u°l�]�o	m:c(n�\1]�c,q \�d a�^ p
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4. DATASET VISUALIZA TION USING
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