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GIOI THIEU
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1.Gom nhédmlaqgi ?:

-

-

Nhém/cum/Ié&p : tap cac doi twong DL

Gom nhém la qua trinh nhém céac doi twong thanh
nhirng nhém/cum/Iop co y nghia. Cac doi twong
trong cung mot nhém co nhiéu tinh chat chung va
c6 nhirng tinh chat khac véi cac doi twong ¢
nhom khac.

Cho CSDL D={t,t,,...,t.} va sé6 nguyén k, gom
nhom la bai toan xac dinh anh xa f : D->{1,...,k}
sao cho moi t; dwore gan vao mét nhom (1ép) K,
1<j<k.

Khéng giong bai toan phan Iop, cac
nhém/cum/Iép khéng dworc biét truéec.




PHAN LOP <> GOM NHOM
L _

|
Phén 16p : hoc co giam sat (Supervised learning)

Tim phwong phap dé dw dodn I6p ciia mdu mdi tir
cdac mdu da gan nhan lop (phdn lop) truwoc
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PHAN LOP <> GOM NHOM | i
¢
Gom nhom : hgc khong giam sat (Unsuperviged
learning )

Tim cdac nhom/cum/lop “tw nhién” cua cdc mdu
chwa dwoc gan nhan
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® Ung dung
+« Nhan dang
4+ Phan tich dir liéu khong gian
« X&lyanh
+ Khoa hoc kinh té ( dac biét nghién ctru tiép
thi)
+ WWW

+ Gom nhém tai liéu lién quan dé dé tim kiém
+  Gom dir liéu Weblog thanh nhém dé tim céc
nhom co cung kiéu truy cap
+ Giam kich thuorce dir liéu 16n
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GIOI THIEU

¢
®Vidu
« Gom gen va 1

Discovered Clusters Industry Group

ic- b
iy Technologyl-DOWN

protein cé cung
chirc nang

+« Nhom cac cb R
phieu c¢c6 xu
hwdéng gia dao
déng giong nhau

+« Nhém cac vung
theo lwvgng mua
¢ Uc

GIOI THIEU

>—
® Vidu: |

Tiép thi : phat hién cac nhém khach hang

-
trong CSDL khach hang dé xdy dung
chuwong trinh tiép thj co muc tiéu

+ Dat dai : xac dinh céc vung dat trong trot
giong nhau trong CSDL quan sat trai dat

+ B3&o hiém : tim nhém khach hang cé kha
nang hay gap tai nan

+ Nghién ciru déng dat : gom nhém céc

tdm chan déng dat quan sat duoc theo vét
nutt luc dja °
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Dwa trén kich thwéc




Vi DU : Gom nhé
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GIOI THIEU

& Cach biéu dién |
cac nhém/cum .
+ Phan chia béng \/
cac dwong ranh ¢ ¢

gioi

Cac khéi cau

, x 11 | 050203
Theo xac suat b
So do hinh cay -
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GIOI THIEU i

_

2. Tiéu chuan gom nhéom : |
+ Phuong phé}p gom nhém té6t la phwong phap sé tao cac
nhém cé chat lwong :
+  Swgibng nhau giira déi twong trong cung mét nhém cao.
+  Gitra cac nhém thi sw gibng nhau thap.

- . - Khoang cach
Khoang cach bén giira cac
trong nhom la nhém la max

GIOI THIEU \

2. Tiéu chudn gom nhém (tt): |
. Chéat lwong cua két qua gom nhém dwa
trén 2 yéu t6 :
+« D6 _do sw gibng nhau dung trong phwong
phap gom nhém va

« Swthi hanh né
+ Mét sé dé do chat lvong :

+« Binh phwong sai (Sum of Squared Error -
SSE)

+« Entropy




D6 do khoang cach . |
+« DO do khoang cé'ch thwong dung dé xac dinh sw
khac nhau hay giong nhau gitra hai doi twong .
+ Khoang cach Minkowski :

d(, x,=x . |"+Hx. -x. [T+.4x. —x
=g, x4l —x Pt —x )

voi i = (X/]/ 2 e X/p) Va] (),({1’ v /44 ]p) hai dO/
tuong p-ch/eu va g la s6 nguyén duong

— Néu g=1, d 1a khoing ciach Manhattan :

d(z,]):(x x \+]x —x \+ +]xlp—xjp\ ]

Po6 do khoang cach (tt)
+ Néu g=2, dla khoang cach Euclide :

. R 2 2
a’(h])—\/(bcl.1 le| Hx, sz\ +...+|xl.p xjp\)

a(;j)=0

da(,i)=0

da(iy) = dg,i)

d(ij)< d(ik) + d(k,j)




Cac kiéu dir liéu |
+ Céac kiéu dir liéu khac nhau yéu cau do
do sw khac nhau cling khac nhau.
Céc bién ty 16 theo khodng : Khoéng
P cach Euclide
“@‘“® . Cac bién nhi phan : hé sb so khop,

v hé sé Jaccard
Cac bién tén, ther tw, ty 1€ : khoang

cach M[nkowski
Céac bién dang hén hop : cong thire
trong lvong ©

Mot s6 phwong phap gom nhom :

Phwong phap phan cap
Phwong phap dwa trén mat dé
Phwong phap dwa trén lwéi
Phwong phap dwa trén mé hinh

2
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Phwong phap phan hoach 0 |
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NOI DUNG

Gidi thiéu

2. Phwong phap phan hoach
3. Phwong phap phan cap

21

PHUONG PHAP PHAN HOAC 55‘

¢

1. Khai niém co’ ban :

-

Phwong phap phéan hoach : xay dwng k (k<n) phan
hoach cua CSDL D gom n doi tworng. Moi phan hoach
—1 nhém/cum
Cho sb k, can tim k nhém théa man tiéu chuan phan
hoach da chon ( vi du do do binh phwong sai - SSE
nhé nhat).
+ Biéu dién méi nhém bang gié tri trung binh cua dir
liéu trong nhom do : thuat toan K-means (1967)
+ Biéu dién nhém bing mét déi twong nam gan
trung tam cta nhom : thuat toan k-medoids, PAM
(1987)
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PHUONG PHAP PHAN HOAC|+§§:°

1. Khai niém co ban (tt):
+« Cong thiwrc tinh Binh phwong sai ( Sum of Squared

Error - SSE) K
SSE = Z Z:a’ist2 (m,;,x)

i=1 xeC;

Vé&i x 1a mét diém DL trong nhém C; va m;la diém dai dién cho
nhém (diém TB nhém hodc diém trung tdm nhém), K-sé
nhém. dist (): khoang cach Euclide

e Vidu:tacé 2 nhédm/cum véi cac trung tam twong (rng
m,=3, m,=4
K,={2,3}, K,={4,10,12,20,30,11,25}
e SSE = 12+0+0+62+82+162+262+72+212=1523 =

PHU’O’NG PHAP PHAN HOACI+§:'

2 Thuat toan k-means :
Cho sé6 k, méi nhém dwoc biéu dién bang gia tri TB cua DL
trong nhém
e B1: Chon ngéu nhién k déi twong nhw 1a nhivng trung tim
cua cac nhom .
e B2: Ga’l] teng d’c"ii twong con lai vao nhém cé trung tam
nhoém gan né nhat (dwa trén dé do khoang cach Euclide)
e B3 : Tinh lai gia tri trung tam cua tirng nhém
Di chuyén trung tdam nhém vé = gia tri TB mé&i ciia nhém
Cho nhom K={t,t,,,...,t;,}, gia tri trung binh cia nhém la
m; = (1/m)(t;; + ... + ;)
e B4 : Néu céac trung tam nhém khéng cé gi thay déi thi
dirng, ngwore lai quay lai B2.

24
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Vi du : K-means, Buwéc 1 |3::
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Vi du : K-means, Bwéc 2 ‘
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Vi du

: K-means, Bwoéc 3
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Vi du : K-means, Bwoc 4 | i:::

*

Y
Gan lai cac
diém cho gin
v@i cac trung
tam nhom mdéi

Q: Cdc diém
nao dwoc gan
lai ?

28

14



Vi du : K-means, Buwéc 4
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Vi du : K-means, Bwéc 4b | &8
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Vidu : K-means, Bwoc 5 | i:::
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trung tam |e¢ .k2 . ®
nhém vé gia ® .k *
tri TB nhém ° o
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X
£ D
Vidu : k-mean e
L, -

Income

Customer Age | Income
(K)
John & 0.55 | 0.175
Rachel % 0.34 | 0.25
Hannah @;% 1 1
Tom Q@ 0.93 | 0.85
nellie 2 03902
David 4% 0.58 | 0.25

Age

16



Vi du : k-mean i

L

I

Bwéc 1: Chon Nellie va David la trung tam nhémlL:l_Jm A
vaB

Customer Distance | Distance
from from Income
David Nellie
John 0.08 0.161
Rachel 0.24 -
Hannah (4%10.859 |1.006
Tom °10.694 0.845
Nellie
David
Age
1 4 000
PY XXX
Vi du: k-mean Eif
[ X )
L, -
B2 : Tinh cac trung tam mé&i cia nhém/cum Ava B :
Trung tdm cua Cluster A : Income .
« Age 0.37, Income=0.23 e
Trung tam cua Cluster B : &
e Age 0.77, Income=0.57

Dwa trén cac trung tam cum
ma&i, gan cac khach hang
vao cac nhém/cum.

Age




Vi du: k-mean

‘ 000
‘ |

Customer Distance A | Distance B
Income

John &
Rachel $€*

Hannah

Tom

Nellie

David

Age

Vi du: k-mean

¢

B3: Tinh cac trung tdam mé&i cia nhém/cum Ava B :

Trung tam cua Cluster A :
e Age 0.47, Income=0.22

Trung tam cua Cluster B :
e Age 0.97, Income= 0.93

Income

e Véi cac trung tdm nhom
méi nay, thanh phan cua
cac nhém khéng thay doi.

e Thuat toan dirng.

Age




Wu diém :

e Don gian, dé hiéu, twong déi hiéu qua.

e Cac dbi twong tw déng gén vao cac
nhom.

e Thudng dat dwoc tdi wu cuc bo.

37

¢

Nhwoc diém :

e Thudc tinh phi sb ?

e Can xac dinh s6 nhém (k) truoc

e Tat cd cac dbi twong phadi gan vao cac
nhom

e Phu thudc vao viéc chon cac nhém dau tién

e G3p van dé khi cac nhém co kich thwérc,
mat d6 khac nhau hoac hinh dang khdng
ohai 13 hinh cAu

e Nhay cam v&i DL nhiéu, cé biét

38
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PHUONG PHAP PHAN HOACI-\I

3 Thuat toan k-medoids : PAM |

Cho sbé k, mo: nhém duorc biéu dién bang mot

trong cac doi tu’o’ng gan trung tam nhém nhét

B1: Chon ngau nhién k déi twong nhw la
nhirng trong tdm cua cac nhéom .

B2 : gan tirng doi twong con lai vao nhém cé
trong tdm cum gan no nhat.

B3 : Chon mét déi twong bat ky. Hoan déi né
véi trong tdm cta nhém. Néu chét lwong cua
cac nhom tang lén thi quay lai B2. Ngu’o’c lai
tiép tuc thwc hién B3 cho dén khi khong con cé
thay déi.

39

PHU’O’NG PHAP PHAN HOACI+

3 Thuat toan k-medoids (tt):
Nhan xét :

Thuat toan PAM hiéu qua hon so v&i k-means
khi c6 mét DL nhiéu, ca biét.
PAM hiéu qua véi tap DL nhé nhwng khéng co
dan tét vai tap DL 1on
Phat trién :
CLARA (Clustgring LARge Applications) : dwa trén
phwong phap lay mau (1990)
CLARANS(Clustering LARge Application based upon
RANdomized Search) : lay mau déng (1994)

20



NOI DUNG

1. Gigi thiéu
2. Phuwong phap phan hoach
3. Phwong phap phan cap

PHUONG PHAP PHAN CAR:

1 Gi¢i thiéu : ‘
+ Phwong phap phan cap : xay dwng cac nhém va t6
chirc nhw cay phan céap.
+ Biéu dién dwéi dang so dé hinh cay (dendrogram):
Iwu lai qua trinh gom lai / phan chia nhém

21



PHUONG PHAP PHAN CAFf:::'

1 . Gidi thiéu (tt): ‘
+ Khéng can xac dinh trwéc s6 nhém k.
+  Xéac dinh s6 nhém can thiét bang viéc cat ngang so do
hinh cay tai mure thich hop.
+ Hailoai phan cap chinh :
« Tich tu : tir dwéi I1én trén, méi d6i twong 1a mot nhém
+« Chianhd : tir trén xudng, tat ca cac déi twong la 1 nhém
4+ Thuéttoan :
+  AGNES, DIANA

4 BIRCH (Balance Iterative Reducing & Clustering using
Hierachies)

4 CURE (Clustering Using Representative)
4 ROCK (Robust Clustering using linKs)
- CHAMELEON 3

PHUONG PHAP PHAN CAI#EEE‘
1. Gidi thiéeu (tt): ‘

+« Cach xac dinh khoang cach gitra cac nhém :
+« Single Link : khodng cach gan nhét giira hai déi
twong thuéc hai nhém

+ Cgmplete Link : khodng cach xa nhét gitra hai
doi twong thuéc hai nhém

44

22



PHU’O’NG PHAP PHAN CAF*“'

Step  Step  Step Step  Step

o—2 | 7 3 4 » Tlichtu
(agglomerative)
Chia nhé
étep étep étep étep étep (d ivis ive)
4 3 2 1 0 45

PHUWONG PHAP PHAN CAﬁ

2. Thuat toan AGNES (Aqglomerative |
Nesting):
£

B1: Méi déi twong 1a mot nhém.

B2: Hop nhat cac nhém cé khoang céach giira
cac nhém la nhé nhéat (Single Link/ Complete
Link)

+« B3 : Néu thu dwgc nhém “toan bo” thi dirng,
ngworc lai quay lai B2.

=~ 7 N . y

ssssssssssssssssssssssssssssssssssss

23



PHUONG PHAP PHAN CAF+=33

3 Thuat toan DIANA (Divisive Analysis): |
+ B1: Tat ca cac déi twong 1a moét nhém.

+« B2 : Chia nho nhdm c6 khoang cach gitra nhirng
doéi twong trong nhém Ia Ién nhat.

+« B3 : Néu mdéi nhém chi chira 1 déi twong thi
dirng, ngworc lai quay lai B2.

/ \ s ‘\ -
y \ 1
) S8
2 — q == / | |
] \ ) ’/ )] b [ & [ |
4 ] ~~ [~ »3 =
k -
\¢ 3 <23
| ! T [ ]

Vi DU : THUAT TOAN AGNES

¢

® Cho tap DL gbm 6 |
diém trong khong |Piém | Toa do x|Toadoy
gian 2 chiéu. S | pq 0.40 0.53
dung thuat toan

AGNES voi Single | 72 | 022 | 038
link (khodng céach P3 0.353 0.32
gan nhat gita 2 | pg | 026 | 0.19
diém cua 2 nhom

P5 0.08 0.41

khac nhau) d& gom
nhom P6 0.45 0.30

48




Vi DU : THUAT TOAN AGNES

o Xay dwng ma tran khoang cach (46 do Euclide)
gilra cac diém
P1| P2 | P3| P4|P5|P6
P1 |0.000.23|0.22 [0.37 |0.34 | 0.24
P2 |0.23]0.00(0.15[0.19 [0.14 |0.24
P3 |0.22/0.15/0.00 |0.16 0.29-
P4 |0.37/0.19 |0.16 [0.00 |0.28 | 0.22
P5 |0.34 |0.14|0.29 [0.28 |0.00 | 0.39

P6 |0.240.24 -0.22 0.39 |0.00

49

Vi DU : THUAT TOAN AGNES
¢

St dung Single Link : |

1. Bwéc 1 : moi diém 1a mot nhéom
2. Bwéc 2:

» Trong s6 cac nhom gom mét diém thi dist(3,6) - min
nén gop diem P3 va P6 v&i nhau thanh mét nhém

* Thu dwoc cac nhém : {1}, {4}, {2}, {5}, {3,6},
3. Quay lai bwéc 2 do chwa thu dwo'c nhém “toan bo”
4. Tinh khoang cach giira cac nhém . Vidu :
 Dist({3,6},{1})) =min(dist(3,1),dist(6,1))
=min(0.22, 0.24) = 0.22 ®

25



Vi DU : THUAT TOAN AGNES | ::::

‘ o
St dung Single Link : |

5. dist(2,5) la nhé nhat nén gép P2 va P5. Ta c6 cac nhém
sau : {1}, {4}, {3,6}, {2,5}

6. Tinh khoang cach giira cac nhém. Vidu :
- dist({3,6},{2,5})

= min(dist(3,2),dist(6,2),dist(3,5),dist(6,5))
= min(0.15, 0.24, 0.28, 0.39) = 0.15

« dist({3,6},{2,5}) nhé nhat nén gép cac nhém {3,6},
{2,5} thanh mét nhém.

» Ta thu dworc cac nhom : {1}.{4},{2,3,5,6})

51

Vi DU : THUAT TOAN AGNES | ::::

*

St dung Single Link :

7.Tiép tuc :
* Tinh khoang cach giira cac nhém.

« Gop {4} véi {2,3,5,6} thu dworc cac nhom {1},
{2,3,4,5,6}

8.Gop 2 nhém nay ta thu dwoc nhém “toan bo”
va thuat toan dirng

52
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VI DU : THUAT TOAN AGNES | ::::
.
Cac nhém So d6 hinh cay
(Single Link) 5

PHU’O’NG PHAP PHAN CAI#

4 Nhwoc diém :

-

[

Tinh co dan thap : Dé phirc tap la O(n?) véi n - sé doi
twong

Khéng thé quay lui vé bwéc trvéc .

Kho xac dinh phwong phap tich tu hay chia nhé

Nhay cam véi nhiéu, ca biét

Gdp van dé khi cac nhém c6 kich thwéc khac nhau va cé
hinh dang 16i

Co6 xu hwéng phén chia cac nhém DL Ién

Tich hop phwong phap phdn cép véi
phwong phap phan hoach (dwa trén khoang
cach) : BIRCH, CURE, CHAMELEON

54
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CAC CONG VIEC CAN LAlﬁ
* - |
1. Thao luan va tw thwe hién cac bai tap cua
chwong 5 — Phan 1 (khéng nép)
2. Chuén bj bai 5 — Phan 2 : Gom nhém di¥ liéu
® Xem ndi dung bai 5 —P.2.
® Cach thuc hién :
® Doc slide, xem cac vi du
® Tham khao trén Internet va tai licu tham
khao
3. Chuén bi bao cao xemina.

55

L
Thoi gian : 20° |
Cho tap DL gébm 6 diém trong khéng gian 2 chiéu
vé&i ma tran khoang cach nhw sau.

St dung thuat toan AGNES véi Complete link
(khodng céch gitra 2 nhom la khodng cach xa nhat
gitra 2 diém cla 2 nhém) d& gom nhém.

No6p bai theo nhom.

56
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Cho ma tran khoang cach gitra cac diém nhuw sau

P1|P2| P3| P4|P5]|P6
P1 [0.00]0.23|0.22]0.37 [0.34 [0.24
P2 [0.23[0.00(0.15/0.19 [0.14 [0.24
P3 [0.22(0.15(0.00 |0.16 [0.29 [0.10
P4 [0.37]0.19|0.16]0.00 [0.28 0.22
P5 [0.34]0.14 |0.29]0.28 [0.00[0.39
P6 |0.24]0.24 [0.10]0.22 [0.39]0.00

57

Qui dinh trinh bay bai nop

Bai tap nop ca nhan |
e Ngay ndp :
e Tén nhém :
e Hovatén:
e MasdSV:
e Néi dung :

e Lwru y : nop bai lam theo ttxng nhém

58
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.,

1. J.Han, M.Kamber, Chwvong 8 — Data min|ing :
Concepts and Techniques
http://www.cs.sfu.ca/~han/dmbook
http://www-
faculty.cs.uiuc.edu/~hanj/bk2/slidesindex.html : 2nd

3. P.-N. Tan, M. Steinbach, V. Kumar, Chwong 8
- Introduction to Data Mining
http://www-users.cs.umn.edu/~kumar/dmbook/ch8.pdf

(X X ]
0000
11
[ X ]
[ ]

L

1. Cho 2 déi twong : (22,1,42,10) va (20,0,36,8)
a) Tinh khodng cach Euclide gitra 2 déi twong
b) Tinh khodng cach Mahanttan gitra 2 déi twong
¢) Tinh khodng cach Minkowski gitra 2 dbi twong voi
q=3
2. Thé nao la gom nhém?. Trinh bay chi tiét
phuwong phap phan hoach, phan cép. Cho vi
du cu thé trng phwong phap. So sanh wu,
khuyét diém cta 2 phwong phap.

60
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*

A,(2,5), A;(8,4), B4(5,8), By(7,5), B5(6,4), C4(1,2), C,(4,9).
St dung khoang cach Euclide va gia s&r gan A, B, C, la

a)

3. Taco 8 dbi twong sau (biéu dién thong qua toa dd (x,y)) : A, (4,10),

cac trung tdm cua cac nhém twong ng. St dung thuat
toan k-means ( v&i k=3) dé xac dinh:

Ba trung tdm cla nhém sau vong I&p thi hanh dau tién. Tinh

d6é do SSE cho cac nhom.

Ba nhom két qua cudi cuing. Tinh dd do SSE cho cac nhém.

b  Tw chon 3 trung tdm nhém bat ky khéng trung véi 8 doi
twrong da cho. St dung k-mean (k=3) dé xac dinh cac
nhém. So sanh két qua véi cau a)

¢) Strdung thudt toan phéan cap lan Iwot voi Single link va
Complete link dé xéc dinh 3 nhém tir DL trén. Vé so dé
hinh céy twong trng o

‘ (X X ]
0000
[ X XN
o000
[ X ]
Customer  Age e e 4. Cho CSDL bén : ‘
(K) cards
Thao 35 37 3 a) Su dung k-mean dé
Hwng 25 51 3 gom cum v&i1 k =3. Tinh do
Gia 29 44 1 do SSE va so sanh két qua.
Thanh 45 | 100 | 3 b) Chuidn héa CSDL va
Thay 20 | 30 | 4 | gomcum véik=3. So sanh
B 3 | 57 | 2 | Kkétquavdicaua).
Minh 65 200 1
Nhung 54 142 2
Nhat 58 175 1
Tung 25 40 5 o
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Bai tap

¢

5. Cho tap DL gbébm 5
diém trong khong PL |P2 |P3 P4 |PS
gian 2 chiéu v&i ma
tran khoang cach da
cho. St dung thudt [p; [0.10 [0.00 |0.64 |047 |098
toan AGNES lan luot
véi Single Link va [p3 [041 [0.64 [0.00 |0.44 |0.85
Complete link dé gom
nhom. Vé so do hinh P4 |0.55 |0.47 [0.44 |0.00 |0.76
cay.

® Xac dinh 3 nhom thy |5 | 035|098 085 [076 0.00
duwoc tr so dd hinh
cay theo ca 2 cach. s

P1 |0.00 [0.10 [0.41 [0.55 |0.35

Q&A i
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