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p聚类任务
p性能度量
p距离计算
p原型聚类
p密度聚类
p层次聚类



!" (Clustering)
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IJKLMNOPQIJ"RSKT5((validity index)

pUVT5 (external index)

CD1,EFGHIJKLMN(reference model) OPQR

! Jaccard "#$FM %#$Rand %#

pWVT5 (internal index)

STKUD1,EVWJKLM

! DB %#$Dunn %#&

X;YZ6

• "HWE[M('intra-cluster similarity(\O]

• "H^E[M('inter-cluster similarity(_
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`aMN (distance metric) bcdGX;Ke6

C2`afg6

)*+,-./ (Minkowski distance)

p = 2: 01./(Euclidean distance)

p = 1: 234./(Manhattan distance)
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p h#i(non-ordinal)jKOkl2 VDM (Value Difference Metric)

i jklm u n8o0 a )pg%V jk(q i Hpg
r6(lm u n8o0 a )pg%Vk 0pgr%Vslm u ntH
auo a F b vw) VDM `a0

p hmnjKOkl2 MinkovDM



+,-.

!"/0123456789:

the goodness of clustering depends on 
the opinion of the user

D1gxyz{|v*b}~Z��45�V�&�E��V
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p opIJ (op=H+qORH+qGIJrZ)
• 567-89:;<=>(prototype-based clustering)
• ?@A<=BCDEFGH9:IJ

• FKALM9:NOP$QRM9:STUVWXYZ

• V[Ak\]<=$^_`aaP(LVQ)$b,cd<=

p sMIJ (<t/AuvJOwxRH+q)
• 567-8ef;<=>(density-based clustering)
• ?@A<=BCDEFghij;keKflm

• FKAnghef;ofpqrghst;*uvw$x-8*uvgh

yz{|<=}

• V[ADBSCAN, OPTICS, DENCLUE

p yzIJ (IJS{|}~G�MR�Oft/yzIJ)
• ?@AD~��y��f;<=B�

• FKA�y���M#��ST�i$n�����;<=BC

• V[AAGNES (��`�)$DIANA (��`�) 



k-means #k-$%&'"
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Step1: ����k�gh���}��
Step2: ���gh� ��¡}��;./$�i¢£¤;}
Step3: WX¥};\]`a$����X;}��
Step4: ¦§¨}��©ª�«¬$­®¯°±­²T Step 2
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()*++, (Learning Vector Quantization, LVQ)
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-./0&' (Gaussian Mixture Clustering, GMM)

¬~­®¯°*+Xj±D1¤MVr6�=�oVr²³=´µ

¶·pg¸¹º»H­®¼\*+½¾¿

• �& �À)ÁÂ*+��­®¼\¾*VÃ6

0��q i H¼\¾*)¯°b
• ÄÅV�&Æ��)¼\¾*)¯°Ç^È%OP¬pVÉÊ½
¾ËÌ)pg

n ·gh¸t�;��
`a x ¦¹nb,ij$
­�º»ef¼#�

��½¾:

YZ¿ÀÁÂ;EMÃÄ°F
KÅk-meansÆ=Ç



-./0&'ÍÎÏ

pg xj ¸q i H­®¼\¾*½¾)ÅÂ¯°0¿

ÈÉ�

J%ÐÑ"¬~ÒÓÔÄ�VKÕÖÓ×e%ÔÄ

EM Ø�¿

• (EÙ) �&}ÚJ%ÑØ�HpglZ�H­®¾*)ÅÂ¯°

• (MÙ) �ÛLMJ%



!"#$%&

p opIJ (op=H+qORH+qGIJrZ)
• 567-89:;<=>(prototype-based clustering)
• ?@A<=BCDEFGH9:IJ

• FKALM9:NOP$QRM9:STUVWXYZ

• V[Ak\]<=$^_`aaP(LVQ)$b,cd<=

p sMIJ (<t/AuvJOwxRH+q)
• 567-8ef;<=>(density-based clustering)
• ?@A<=BCDEFghij;keKflm

• FKAnghef;ofpqrghst;*uvw$x-8*uvgh

yz{|<=}

• V[ADBSCAN, OPTICS, DENCLUE

p yzIJ (IJS{|}~G�MR�Oft/yzIJ)
• ?@AD~��y��f;<=B�

• FKA�y���M#��ST�i$n�����;<=BC

• V[AAGNES (��`�)$DIANA (��`�) 
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p opIJ (op=H+qORH+qGIJrZ)
• 567-89:;<=>(prototype-based clustering)
• ?@A<=BCDEFGH9:IJ

• FKALM9:NOP$QRM9:STUVWXYZ

• V[Ak\]<=$^_`aaP(LVQ)$b,cd<=

p sMIJ (<t/AuvJOwxRH+q)
• 567-8ef;<=>(density-based clustering)
• ?@A<=BCDEFghij;keKflm

• FKAnghef;ofpqrghst;*uvw$x-8*uvgh

yz{|<=}

• V[ADBSCAN, OPTICS, DENCLUE

p yzIJ (IJS{|}~G�MR�Oft/yzIJ)
• ?@AD~��y��f;<=B�

• FKA�y���M#��ST�i$n�����;<=BC

• V[AAGNES (��`�)$DIANA (��`�) 



AGNES (AGglomerative NESting)

Step1: C�Hpg�/0£Hr
Step2: \çÖè)tHr
Step3: ��zpg�éê(F£Hr6Vsëìb�sí¢ Step2
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pKmeans (Parallel implementation)

http://www.ece.northwestern.edu/~wkliao/Km
eans/index.html

pAgnes etc. (Hierarchical clustering in R ‘cluster’ 
package)

https://stat.ethz.ch/R-manual/R-devel/library/cluster/html/agnes.html

pSpectral Clustering
https://www.cis.upenn.edu/~jshi/software/

p… …

http://www.ece.northwestern.edu/~wkliao/Kmeans/index.html
http://www.ece.northwestern.edu/~wkliao/Kmeans/index.html
https://stat.ethz.ch/R-manual/R-devel/library/cluster/html/agnes.html
https://www.cis.upenn.edu/~jshi/software/
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p聚类任务
l 能够清晰说出聚类任务是什么

p性能度量
l 能够⼤体说出度量的核⼼是什么，有哪些考虑

p距离计算
l 能够说出距离计算对聚类的意义

p原型聚类
l 能够说出思路和代表性算法

p密度聚类
l 能够说出思路和代表性算法

p层次聚类
l 能够说出思路和代表性算法


