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REHESS

O & “LmBFX” EFPHAKRS. NHKN -

O ZRXB¥r: REEEDPFEAIDNE T TESAMERHTE
( “3%” , cluster) .

O REXBMGLUERN—TRBRIE (BTHRIHIEAETHDMEH) ,
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REHESS

O ittt

REHERE D = {x1,29, -+, Tm } B DTARCHER, B THER
Ti = (Ti; Tizy -+ 5 Tin) B2—Dn ERNRITIHS, BESHBHERE
DRIDER k IIEREFEICl = 1.2, k) o HDCONuC=9, B
D = Uf_l Olo

ABRZIB, AN e {12 B JRIVEAT; B “BriRic”  (Rlcluster
label) ,Blz; € Oy T2, BENGSRIBBS M DITROEIRIC
g A= {)\1§)\2; e ;)\m} Z= o
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'l‘é: Emgg

O XXM S, TWRNERZE “BMENR”  (validity index)
O EXRHE:
AL “PPLIZEE” |, BIQ—HEBFEAROBERIABI, ANOEFEAR

OgeARE, 52, BEERY “ERMBIIE” (intra-cluster similarity)
=, B “H&atBILE” (inter-cluster similarity) {, XFERREWRRL.



rre
ERE

O BAMAEER:
® AINZREHR (external index)
BREEREEN «3ZBH” (reference model )i TR
® HNEREMR (internal index)
BEZREBLERMABRETOEZRE,



- [—1
'I‘é:ﬁ%gg

XUEIBER D = {1, 22, om}, (REBIRE UB’J 3y

C={C1.Co....CL} | SEISH ggajgj EXIDN ¢ ={c;,c5....cry FBRZE,
SABEXDRRTES CF C* R BIFERR Bﬁ%

A TVRERAMMBCXVZE, ENX
a=|55],85 = {(w;, x;)|\i = X\j, \f = N\1,i < g}
b=|SD|,SD = {(zi,z;)|A\i = N\j, \F # A%,i < j}
¢ =|DS[, DS = {(xi,zj)|\i # N\j, A = AJ,i < j}




MEEE S - IMNIBIEIR

O JaccardA#{ (Jaccard Coefficient, JC)

JO = —

 a+b+c

O FM3EX (Fowlkes and Mallows Index, FMI)

[0, 1] X8/,
A HRLS -

FMI = \/aj—b . afbl—c

O Rand##{ (Rand Index, RI)

__ 2(a+b)
RI = Y,

m(m—1)



MEESE - AEER

O SRBREROBEXD C = {C1,0y,.... G}, EX
TR CPIEAIEIBY YR

avg(C) = |C|(|(27|_1) D 1<icj<ic| dist(Ti, x ;)
fC NN B NERIZ R
diam(C') = maxi<i<;<|c|dist(x;, ;)
5 C S5iEC, RIFE A gk S
Amin(C) = Ming,cc, o cc,dist(x;, x;)
e, Sk C,PINR eSS

deen(C) = dist(pg, ;)
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O DB#{ (Davies-Bouldin Index, DBI)

k
DBI = l max (avg(Ci) * avg(Cj)) R/ \ER TS
k deen (113, 117)

g
— J#

O Dunnigz{ (Dunn Index, DI)

DI = min {min( dm@'n(Ci,Oj) )} R RS

1<i<k | s#i \ maxj<<x diam(C))
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O fpRESHMR:
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PEITE

O BpEESHEMR:
JEDUVE - dist(z;,x;) > 0
[ —t: dist(x;, z;) = 0 BENS 2 = 25
XUFRIME - dist(x;, x;) = di
BBt dist(x;, x;) < dist(x;, xy) + dist(xg, ;)
O BHHE:
X O] RETEEPE (Minkowski distance) :

1

dist(x;, ;) (Z |0 — $3u|p)

p=2: WREGEEE (Euclidean distance) .
p=1: E[8MPE (Manhattan distance) .



PEITE

O BM4NE
® E4&EM (continuous attribute)
HEENZ EBILHZ O EVE
® ZFEHUBE M (categorical attribute)
NG _EEBBR 1 OeesEE



PEITE

O BM4NE
® ELEM (continuous attribute)
HEENZ EBILHZ O EVE
® ZFEHUBE M (categorical attribute)
ERE NI _EBBRE 1O senElE
® EREM (ordinal attribute)
PIOENIE9{1,2, 3 BEENE, “1” 5 “2” REI. 5
“3”7 kR, RN “BFREM” .
® TEENM (non-ordinal attribute)
PIORESIZN{ ¥, NE, I XFENEEEE, NEERTRE
MHEEHITIHE, RN “TREME” .
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O Value Difference Metric, VDM (RMETREIE)
D Mo FRINEME v FEUENY o BIFFEARRY, My,a,i RINVESS i THF
AFEDIEREIE v FERER o BURERSL, kRFEAS, WEM v EFD
Age 5 b2 [glVDMEEE N

>

VDM, (a,b) = Zk:

1=1

p
Muy.a,i b,

mu,a mu,b



pPRES

O MinkovDMp (RAMBRBSEM)

1
n p
MinkovDM,(x;, x;) (Z T — Tiu|” + Z VDMp(zzjmxju))

u=n.+1

O N0 (ARG AOERMENEREATN)

| 1
dist(z;, ;) = (w1 - |z —zplP 4+ + wp - [Tin — @4n|P)?

wi 20,3 wi =1
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[REUZREK

O [REIZER

ARy “ETRAIBIERE” (prototype-based clustering),
[WESABRR LSRN — AR Z 8,

O &Rz
imﬁﬁ%%T,%%%W%ﬂﬁﬁ%%%,ﬁwﬁﬂﬂﬁ%ﬁ%%
K
O 8 Mk, NG/ PSRV ESIX

KIFEEA. SUOEENEA. SfNEGRESE L.




[REVREX - KIDEEE

BREBIEE D = {z1, 20, ,2n}, KHEEETXIREPTRHELD
k

B=2 2 v — w3

=1 CEECj
Ho, u; 2% C, BUIYEDQE.

BT —E2E A& 5 BEPREAE
B, NI E .

SEIHEOSENATIRE, F

d




[REIRE - KIIEBE

KIEEATTXIR LTS EXID

BREBIEER D = {z1,72, -, ¥m},

k

B=2 2 v — w3

1=1

Hb, 1 25%C suYEnE.

EEA—TEREE 218 5 ENFEA

B\, NEAFELABLERS,
O SFRE &) -
BB T ERNDEDE
repeat
1. (8% &l
2. IE8TENYEQE
until ZEIYEOEIDEREH

CEECj

LiEIEO S8R

NS

7
Ly

=E,E



[REVRRE - kIERE

O SRS

BIN: HAED = {z1,22,...,Zm};

RIGHEE k.
R
1: D BENLEEEE M AL NI B A B 1, o, . ., i}
2: repeat

3 AC,=0(1<i<k)
for j=1,...,mdo
WP A, SEBEMREL; (1<i<k)RBERE: dji = [jo; — pll2;
RbER e  RINMNRE: Cy, = Cx, U{z;};
end for
9: fori=1,...,kdo
10: HEFSERR: b= d Yo, T

00 N O Ot i~
=
&
guy
5
=
&
=
&
B
sy
.
3
=
8
=
B
]
k‘>4
|
)
=
E
o
1]
&

11 if p # p; then

12: ¥ AR E A E B AN,
13 else

14: RFELHTIE M B
15: end if

16: end for
17: until 24 F7IE A B35 R T
18: return HEXIH4E R

ﬁ“ﬂi %ﬁjﬁc = {01,02, ST ,Ck}
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O KBS AELB)

f& N RLIFRO- 18900/ NEHESR4.086], SKERKIERENZ
WiEe RSN i BIFERFRNT;

LI L

> B RE P e > 1352 A nii 32 : 135 P
T WIE TR | Wev O ®E O SHEE | Wy WIE X

1 0.697  0.460 11 0.245  0.057 21 0.748  0.232
2 0.774  0.376 12 0.343  0.099 22 0.714  0.346
3 0.634  0.264 13 0.639  0.161 23 0.483  0.312
4 0.608  0.318 14 0.657  0.198 24 0.478  0.437

0.556  0.215 15 0.360  0.370 25 0.525  0.369
0.403  0.237 16 0.593  0.042 26 0.751  0.489
0.149 17 0.719  0.103 27 0.532  0.472
0.437  0.211 18 0.359  0.188 28 0.473  0.376
0.666  0.091 19 0.339  0.241 29 0.725  0.445
0.267 20 0.282  0.257 30 0.446  0.459
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[REIRE - KIIEBE

O KHEEESDI

1E3E/%xﬁﬁéﬁz SATTBH, IUILL X3 TN T, T12, L27/ENH]
WBIELDE, (0 403;0.237), p2 = (0.343;0.099), ps = (0.533;0.472)

%%%ﬁzlifcl = 0-697,0-460), b‘iéaﬂ'ﬂﬁl‘]g Ha, 2, 43 BIEDES Y IJ
790.369, 0.506, 0.166, AL T REIIATFEC: B, £LFY, XIFIREDH
FrEMAZE—gE, JEeNmEINON

C, = {335;37633;7733&55973310;371373314; $15,3317,3318351719,5620,$23}

Cy = {2711;3312,3916}

Cs = {171; 372:333:33473321;3722:33247$25;3526:3727’3328:x2913330}

T2, TUMDAPREHEIEDE

= (0.473;0.214), 11, = (0.394; 0.066), i = (0.623;0.388)
T\LHEEJ:L ﬂ‘z, QD—FIﬁﬁ‘.ﬁo
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Two different K-means Clusterings
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Importance of Choosing Initial Centroids
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Importance of Choosing Initial Centroids
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Evaluating K-means Clusters

0 Most common measure is Sum of Squared Error (SSE)

For each point, the error is the distance to the nearest cluster
To get SSE, we square these errors and sum them.

SSE = ZK: > dist*(m;, x)

i=1 xeC, _ _ ]
X is a data point in cluster C;and m; is the representative point
for cluster C

® can show that m; corresponds to the center (mean) of the cluster

Given two clusterings, we can choose the one with the smallest
error

One easy way to reduce SSE is to increase K, the number of
clusters

® A good clustering with smaller K can have a lower SSE than a
poor clustering with higher K
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Importance of Choosing Initial Centroids
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Problems with Selecting Initial Points

u] If there are K ‘real’ clusters then the chance of selecting one centroid from each cluster is small.
° Chance is relatively small when K is large
° If clusters are the same size, n, then
° For example, if K = 10, then probability = 10!/101° = 0.00036
° Sometimes the initial centroids will readjust themselves in ‘right’ way, and sometimes they don‘t
° Consider an example of five pairs of clusters

number of ways to select one centroid from each cluster KIn¥ K!

number of ways to select K centroids - (Kn)k KK



10 Clusters Example

lteration 4

r r r [

0 S 10 15 20
X

Starting with two initial centroids in one cluster of each pair of clusters




10 Clusters Example

Iteration 1 Iteration 2
8 8
6 6
4r 4
2F 2F
>k [ >k
2f %% 2k
ar 4t
6 6
0 5 10 15 20 0 5 10 15 20
v v
Iteration 3 Iteration 4
8 8
6 6L
4r 4
2+ + 2+
>k >l
2f + 2
ar 4t
6 6
0 5 10 15 20 0 5 10 15 20
X X

Starting with two initial centroids in one cluster of each pair of clusters



10 Clusters Example

lteration 4

r r r [

0 5 10 15 20
X
Starting with some pairs of clusters having three initial centroids, while other have only one.




10 Clusters Example

Iteration 1 Iteration 2
8 8
6 6
4r 4
2F 2k
>l >k
-2+ -2k
_al- b
6l -6
0 5 10 15 20 0 5 10 15 20
Iteration 3 Iteration 4
8 8
6 6
4r 4
2 2
>0k >t
2 -2
4t -4+
6l -6
0 5 10 15 20 0 5 10 15 20
X X

Starting with some pairs of clusters having three initial centroids, while other have only one.
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O M ag=s=1+ (Learning Vector Quantization, LVQ)
S—RBREAAANE, LVQRIREEHFATEXAIRCG, FUIE
ChR] AN i {5 KB R L.

PnHEREAOE (p1.02,- - .0} » BTREQENT—TERERE.



[REIRX - IUQEEHN

O SARAS:

WA: BERED = {(z1,11),-- -, (@®m, Ym) };

T2

JRR M BN g, &R B M E TR RIZE AR IE{t1, t2, . . ., tg};
2 3En e (0,1).

1: YIgE—HIZ R FE{p1, P2, - .., Pq}

2: repeat

3t

9:
10:
11:

MPEARLE DEENLIEIFEA (25, y;);

ﬁﬁﬁﬁimj'—?zg ‘(1 <i< Q)EKJEE_—%= dji = ||z — pill2;

if y; =t then
P =pi +n-(T; — pi~)

else
p=pi~—1n- (wj — Di~)

end if

¥ R W] ;- BT AD

12: until %% 1% 1L &4
13: return HFTEHFF

fii: FAFE{p:,p2, ..., P}
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[REIRXK - SRNBERX

S5kidE. IVQERUEOERABRESGIING, SHNEEGRE
(Mixture-of-Gaussian) REBIEERISRFARELR

O 228D MEENX

XY N AR EDPHENOE x, & RNSEDMm, EfXEE

p(zr) = 1 =52 @p)
(2m)2 |X|2
Ho pZngSEOE, s2n X ngHEmek. oG xmE
RENCTE pla|p, 2) o
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BRNRERE

ﬁA: }ﬁéZK%D = {mlym% o ’wm};

O &R N09: BT £ AR
e

1 WAL R A A RSB (ci, s, ) | 1 < i < k)

2: repeat

3: forj=1,...,m do

4: HRYE(9.30) 1 Ha; &R & A B 5 3k, B
Vi = pm(z =i | x5) (1 <i<k)

5. end for

6: fori=1,...,k do

T HEESERR: = S,
. ; o v Xy vl i) (@i —p)
8: ﬁ‘ﬁ%ﬁﬂ ﬁ%%ﬁlﬁz 2,,, = S e 3

0 HHBRARY: of = 22,

10: end for

11: RS (0, pi, i) | 1 <0 < KYEHON{(af, 1, 27) | 1 < i < k}
12: until Ji% &5 1L %A

3 C;=0(1<i<k)

14: for 9= 1,..., do

15:  HRHE(9.31)HiE x; KRR IEA;

16: ﬂ%wgﬂzﬂ)\ﬁ‘ﬁﬁ_‘?ﬂ‘]ﬁﬁ C)\j = C)\j U{mj}

17: end for

18: return F&EX|/45HE

mﬂj: fﬁk”ﬁc = {C]_,CQ,...,Ck}
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BERX

O BERERNEN
R EFER

BRI “ETBEHEL”

EX” (density-based clustering),
RS ARSI LS BN F

KDY RAERRE R,
BEBN N, BERXE

SENERBERNBERZSREAZFHNT
ERME, AETOERFEANTYT =

BRGEFIREFRANRELER,
RSN ZEDBSCANIX —BRE ER KBSk,



BERX

O DBSCAN®EZA: EF—4AH “5” S8 (e, MinPts) RZIBHENX
DHRNEBEE,
O BB
® P XWiEAz; € D, HEHBESHEAE D p57; VBN
KT € BN
o IR : BFEAL; B e WHB/DESMInPts ™MER, NNZERRN
— MZINXVR ;
o BEHIA: BEKNT; ([ FHEARY;H eZyP, Bri2— MWL,
MFRERT; B T; BEEIA;
o BMEQNA: XWFAr,52;, EEEFEARIDPL, P2, ,Pn, HOP
P1 =%, pn = 2; B pin1 B p; BEEIR, NZMERARETNA;
o BEME: WAL, 5T;, BEEEHERTLBEMFENYB T, ZE
OhR, NFRAPERZRE G,
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r388 1 BE A,
T35 T4 BEE,

233@ , -

’ v, N N \
l’f \ ’ \”/ \\li :/ '.I
O 0 " |
\ .’BQ\@———P 7 /

I

v
O\Q \\ // :_I:l /}' N ;’ ,Q
~ \ - . ~a / _4,
RO @ .
; D) - 0



BERX

O XY “5” BIENX
BAEE AR ASENGEAEEBEFAES,
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BA: HAED = {x1,22,...,%m};

D DBSCAN%;£1791‘E;6% : - IS K (e, MinPts).

1: MR ONRES: Q=10
2: forj=1,...,m do

3. MR Az He-LHN(x;);

4:  if |[N(z;)| > MinPts then

5: BRER, MAZORNRES: Q= QU{z,}
6: end if

7: end for

8

: WIS k=0

: VISEHR VI WA S: T =D

10: while Q # () do

11:  IERHATCRTEERES: Toq =T}

12:  BEALIEE—AMZ O Ro € Q, VIEEATI Q =< o >;
i I'=I'\{o};

14:  while Q # 0 do

15: B BAFIQH KT E M A q;

©

16: if |Ne(q)| > MinPts then
17: 4A = N.(qg)NT;

18: BAFHIFEAMABIIQ;
19: N i W

20: end if

21: end while

22: k=k+1, EFRERECL = Tona \T;
23: £ =9\ 0k

24: end while

25: return &4 R

ﬁtlj: ﬁﬁi’]ﬁc = {Cl, Cz, — Ck}
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K755, MIBEIINBEOXRA “BKXAOL” REGRIE, tBOXHA
“8Ina N” 899 1FRES.

O AGNESE):A (BEO EBBERELEEX)

8%, BREAPHS —TEASM T HIREE, RNoESE
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BRRE

SN R Amin(C;, Cj) = min  dist(z, z)

:CEC?;,ZECJ'

ER AR : A (Ci, C;) = max  dist(x, 2)

:UEC@',ZECJ'

<]

9B d (O C) = SN dist(x, 2)

‘C@‘ ‘Cj| xcC; zeC
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BRERX - AGNESEX

O AGNESE A8 S: oA ?%%Dﬁ%{;%%%é%ﬁm B e

KRB k.
TE:
1: forj=1,...,mdo
22 Cj ={=z;}
3: end for
4: fori=1,...,mdo
5. for j=14,...,mdo
6: M(i,5) = d(Ci, Cj);
7. M(i) = M(i,j)
8: end for
9: end for

10: BB AT RBBEANHL: g=m

11: while ¢ > k do

12: RHFEEHIT BN REE(Ci, Cjr);
13: %#(Ci*,c_j*): Oy =G| )Cp;
14: for j=j*+1,...,qdo

15: %%%ﬁﬁ@i%ﬁ%%q_l

16: end for

17 FHIBREE B HERE M EE 547 5 58 5% 51
18 forj=1,...,q—1do

19: M(Z*,j) = d(Ci~, Cj);

200 M(j, i) = M@, 5)

21: end for

22: qg=q—1

23: end while

24: return FERID 4R

ﬁﬂj: ﬁﬁ&ﬂﬁc = {01,02,. . .,Ck}
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