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Noi dung

|. Gid&i thiéu, Bai toan, D liéu

2. D6 do khac biét/tvong ty

3. Ky thuat phan cum
. Phan hoach, Phan cap, Mat do
2. Thuat toan dac thu: FCM, EM (Nhom chuyen

sau)

4. Chat luvgng va dac trung cac cum (Nhom
chuyen sau)

5. Thyc hanh &ng dung bai toan VNA



Cong cu thuc hanh

= Scikit-learn Data Clustering (Python) http: //scikit-
learn.org/stable/modules/clustering.html

= Open Source Data Mining Software (WEKA Workbench)
http://www.cs.waikato.ac.nz/ml/weka/

* Apache Mahout Machine Learning Library
http://mahout.apache.org/users/clustering/

* R-archive network http://cran.r-project.org/

* Tanagra https://eric.univ-lyon2.fr/~ricco/tanagra/
en/tanagra.html

YALE (rapid-i.com)
KNIME (www.knime.org)
* Orange (www.ilab.si/orange)




Cong cu thuc hanh...

Cac cong cu thuvong mai

*Oracle 10g/| Ig DBMS va Oracle 10g/1 g Data Mining
www.oracle.com

"Microsoft data mining tools (MS SQL Server 2005/2008
DBMS va Business Intelligence Development Studio)
www.microsoft.com

*Ho tro tir Intelligent Miner (IBM)
*Ho tro tir Enterprise Miner (SAS Institute)




Gi¢i thiéu phan cum

* Tinh hudng ngoai lai

2 Liéu day cé phai khach hang tiém nang?




Gi¢i thiéu phan cum

* Tinh hudng ngoai lai...
1 Co gi bat thuong trong chuyén bay nay k?

Vietnam Institute for
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Gidi thiéu phan cum...

= Tinh huong ngoal lai

\
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Gi¢i thiéu phan cum...
= Tinh hudng — Bién va nhiéu
Nhan dién phan tu bién (outliers) va giam
thi€u nhiéu (noisy data)

= Gidi phdp giam thiéu nhiéu

o Phan tich cum (cluster analysis)

Vietnam Institute for E
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Gi¢i thiéu phan cum...

m n o« N
Tinh hudng — Tim kiém
‘_Flle Edit View History Bookmarks Tools Help

6 @ https://www.google.com.vn/Zq="clustering+algorithms"

GO ,.vgle "clustering algorithms" n

Web Images Videos Books More ~ Search tools

About 707,000 results (0.20 seconds)

Cluster analysis - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Cluster_analysis ~

The following overview will only list the most prominent examples of clustering
algorithms, as there are possibly over 100 published clustering algorithms. Not all ...
K-means clustering - Hierarchical clustering - DBSCAN - List of algorithms

oAl Clustering Algorithms - Stanford University
www.stanford.edu/class/cs345a/slides/12-clustering.pdf ~
Given a set of data points, group them into a clusters s€  cached  Within each

cluster are similar to each other. = points from different c similar.
Similar

POF1 Algorithms for Clustering Data (PDF)

homepages.inf.ed.ac.uk/rbffBOOKS/JAIN/Clustering_Jain_Dubes_pdf ~

Diday and Simon (1976) and Jain (1986) cover Clustering algorithms in the context of Vietnam Institute for
pattern recognition and image processing. We owe an intellectual debt to all ... Advanced Study in Mathematics



Gidi thiéu phan cum...

* Tinh huéng — Phan cum anh

10 http://kdd.ics.uci.edu/databases/CorelFeatures/CorelFeatures.data.html Vistnam Insttute for @
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Bai toan

* Khach hang Bong sen vang

Du bao khach hang tiém nang

Dy bao kha nang nang hang ctia KH

Phan tich xu hudng clia cac KH (nang, ha, thoi gian di,..)
Xu hudng chon hang bay va cac dich vu khac,...

ieu hanh chuyén bay

Dy bido/Phan tich vé viéc Delay

Khuyén nghi/khuyén cao vé an toan bay

Phan tich dac diém cac chuyén bay theo mua/thoi tiét va cac
dac diém tinh hinh khac

d
d
d
4
d
D oA
d
d
d

a ...
= Bai toan vé nhién liéu
0 T6i wu hda lugng nhién liéu
O Tro giup phi cong trong viéc dat nhien liéu

D e o o @
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Dir liéu
= D{ lieu thuc hanh:

2 DL doVNA cung cap gobm BSY, FIMS

2 Hang khong USA: http://stat-
computing.org/dataexpo

0 D liéu khach hang

0 Dit liéu giao thong

12



Phan/gom cum la gi?

0 "PCDL ld mét ky thudt trong DATA MINING, nham tim kiém,
phat hién cac cum, cdc mau di liéu tw nhién tiém én, quan
tdm trong tap di¥ liéu Ion, tir d6 cung cap thdng tin, tri thurc
hitu ich cho ra quyét dinh"

1 3 Vietnam Institute for
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Muc tiéu cua phan cum

14

Chia cac d6i tugng thanh cac cum thuan nhat va phan
biét vdi nhau, tic la cac nhom doi tuong thoa man:

> d6 tuong ty clia cac doi tugng
trong mGi nhom cao nhat cé thé
(tiéu chuan lién ket chat),

» cac dbi tugng trong cac nhém

khac nhau phan biét nhat cé thé
(tiéu chuan tach roi), @
can mét dd do danh gia dé tuong /

tu hay dé khac biét

Vietnam Institute for
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Ung dung cla phan cum

» Hiéu di liéu (Understanding)
» GOp nhom cac tai liéu lién quan
» Nhom cac gien va protein co chuc nang tuong tu
» Phan cum cac co phiéu co bién dong gia tuong tu
> ...

» Tém tat dif liéu (summarization)
» Giam kich thudc dit liéu

15 Vietnam Institute for E
Advanced Study i thematics



Ung dung ctia phan cum...

o HoO trg giai doan tién xu ly dif liéu (data
preprocessing)

O MO ta su phan bo dit liéu/do6i tugng (data
distribution)

Nhan dang mau (pattern recognition)

Phan tich dir liéu khong gian (spatial data analysis)
XU ly anh (image processing)

Phan manh thj trudng (market segmentation)

Gom cum tai lieu ((WWW) document clustering)

O O O O O 0O

16 Vietnam Institute for
Advanced Study in Mathematics



Phan cum (Clustering) va Phan Iép
(Classification)?

= Muc tiéu phan cum: nhém cac doi tvgng twong tu, nho dé
phat hién cau trac an cua d@ liéu.

* Muc tiéu phan I&p: Trich rat cac dac trung twr d& liéu cho
phép phan loai cac phan tw méi vao cac 1&¢p da xac
dinh.

Vietnam Institute for E
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Phan cum va Phan lop...

» Cdac doi tuong dugec mo ta bdi mét hay
nhiéu dac trung (features)
» Phan lop (supervised learning)
» C6 nhan cho mot s diém di liéu
» Can mot "quy tac" cho phép gan nhan
chinh xac cho cac diém di liéu mai
» Bai toan con: chon dac trung
» DO do: dd chinh xac phan I16p
» Phan cum (unsupervised learning)
» Khdng c6 nhan san
> Nhém céc diém vao cum dya vao do
"gan" cla chung
» Xac dinh cAu truc trong di liéu
» Do do: cac dic trung kiém chirng doc
lap

18

Feature Y (liver expression)

Feature Y (liver expression)

Genes
Proteins *e

o

o
o
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o
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Feature X (brain expression)

Feature X (brain expression)
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Cac kiéu phan cum

» Biéu dién cum:
2 Phan hoach
0 Cay phan cap
* P3c diém phan cum:
0 Moi dé6i tuong thudc/khéng thuéc modt cum duy
nhat

2 Phan cum mo/khéng ma, cé/khdéng cé trong so
xac suat Cac cum déu nhau/khéng dong déu

1 9 Vietnam Institute for E
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Qua trinh phan cum dir liéu

Feature —— Clustering .
' Selection or e— | Algorithm Design | ___
Extraction or Selection

Data Samples

I - A 4
L/UJ Results — Clusters
Interpretation — Validation

Knowledge

R. Xu, D. Wunsch II. Survey of Clustering Algorithms. IEEE Transactions on Neural Networks,
16(3), May 2005, pp. 645-678.
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Cac budc phan cum tvw dong

|. Thu thap d& liéu

2. Tinh toan d6 tuong tu gilta n ca thé tu cac

bang d liéu ban dau

3. Chon madt thuat toan phan cum va thyc hién

21

Dién giai két qua:
0 Danh gia chat lvgng phan cum
0 M6 ta cac cum (I6p) dat duoc.
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Do khac biét/phi twong ty - twong tv
= Cic phuong phap phan cum can cé

0 Tiéu chuan do d6 khac biét/phi twong tyw (khoang
cach) gilta cac doi twong, hodc do d6 tuong tu
gilta cac doi twong.

* V&i cac dit liéu dinh lwgng thuong s dung khoang cach
* V&i d liéu van ban thuong su dung dé twong tu

22 Vietnam Institute for E
Advanced St athematics



D06 khac biét/phi twvong ty (khoang cach)

Do dé khac biét gilra cac doi tuong:
= Cho E la tap n do6i twgng can phan cum
" PO do su khac biét d: EXE->R+

2 1.d(i,))=0 ViEE

0 2.d(ii'y=d(i"i) Vi SEXE

D¢ do khoang cdach thod mdn cdc thudc tinh cua mét tiéu
chudn do dé khdc biét

23
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1] X11 Xp1
i | xq Xpi
niXin --- Xpn

» X, (1 < k < p): céc bién tuong &ng vGi cac thudc tinh dir
liéu
» CA4c kiéu dit liéu: dinh lugng/lién tuc
(quantitative/continuous), dinh tinh/tén/phan loai/roi rac
(qualitative/nominal/categorial/discrete), nhi phan (binary),
L, van ban (texf, chudi thdi gian (time series), d6 thi (graph) @

Vietnam Institute for
Advanced Study in Mathematics



Bién nhi phan

Xi Xo Xs Xo Xs Xg Xo Xg
P11 0 0 1 1 0 1 1
P11 1 0 1 0 1 0 1
P11 1 1 1 0 0 1 1
P10 1 0 0 0 1 0 1
Pl0 0O 1 1 0 1 0 1

nj = sO cac twang hgp duong (11)
nj= S0 cac tuvong hgp am (00)
gj= SO cac bat tuang hgp (01) ou (10)

» Ham do do tuong tu: do su gibng nhau gilra cac doi tuong
» tang voOi cac tuong hop

> gidam vGi cdc bat tuong hop @
25 Vel’ e] S E X E : S(ela ej) — f(”’j? ni_j7 qu) Vietnam Institute for
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Bién nhi phan...

nj
On; + qj

So(ei, e)) =
0 = 1 — tiéu chuan Jaccard
0 = 2 — tiéu chuan Dice

n,-j—ozq,-j+nr
n,-j+[3q,~,-+n,-—j

Sap(€i,€) =

a=0, B=1 — tiéu chuan so sanh don gian

26



Bién nhi phan...

P1 P2 P3 P4 PS Py Py Py Py Pg

(5 a4 1 2) (0 & .3 6 5

s a4 3 3 oy @ 3 2 3

;5 e, 6 2 [3 Qs [p— o s5_[4]
P, 3 /2 :4 0o 3

% //4/ / 0)

D(eil ej) = 1 — S(eil ej)

P, P, P, Py Pg P, P, Py P, Pg

(1| 2 &2 1 }2) (0 4 3 & 5)

P, 7 7 7 7 P, 7 7 7 7

- 3 i 3 2 |

IR C T B B

7 5 2 7 5 2

P3 1 2 |3 r3 o 3> 4

P, 7 ; P, 7 g

A n | — P A p . A 0 —

Ps do tuong tu 5 5| ddé khac biét 5

\ 1) \ 0 )
27 Vietnam Institute for
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Tap bién dinh tinh/phan loai
Su dung d6 do twong ty

= Cach |:nhj phan hoa bién, st dung dé tuong
tu dung cho tap bién nhi phan

= Cach 2: phan tich tuong (rng, chiéu bién dinh
tinh vao khéng gian lién tuc

28



Tap bién dinh tinh/phan loai...

» Cdach 3: tinh tdng dd tuwong tu trén tirng bién
p

S(ei,e) = > s(Xki, Xxj)
k—1

» So sanh don gian:

1 Xki = Xkj
0 Xk # Xk

S(Xkis Xij) = {

» Tan suat xuat hién nghich dao

1/Pk(Xki)?  Xki = Xij

S(Xki, Xkj) =
’ 0 Xki 7 Xk @
Vietnam Institute for

, z A ., n ., . Advanced Study in Mathematics
Pk(Xki) = xac suat bién thu k nhan gia tri x;

29



Tap bién dinh tinh/phan loai...

Cach 3:...

» D6 do Goodall

1 — pe(Xki)?  Xki = Xij
S(Xki, Xxj) = {0 Pr(Xki) X:;#XZ

Pk (Xki) = Xac suét bién thi k nhan gid tri X

3 O Vietnam Institute for E
Advanced Stu athematics



Tap bién dinh lvgng

Khoang cach Minkowski

P 1/q
D(ej, &) = | > Xk — Xkl
k=1
» g = 2: Euclid, g = 1: city-block (Manhattan)
> g — +oo: khoang cach Chebycheff = maxy(|xik — Xjk|)

Truc 2

ES

Euclid | City
X ;bloc

Truc 1 @
Vietnam Institute for

31 (Khoang céch city-block va Chebycheff thay déi khi xoay céc truc) Advanced Study in Mathematics
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Tap bién hon hop dinh tinh/ dinh lwgng

> Tong cd trong s6 do tuong tu trén tap bién dinh tinh va tap
bién dinh lugng:

S(ej, €)) = ASc(eic, €ic) + (1 — A)Sn(ein, en)

trong d6 ejc, ejc la véc-ta gid tri cac bién phén loai, e, ejn
|a véc-to gia tri cac bién dinh lugng, A € [0, 1] la trong s6

can chinh do quan trong cla cac bién dinh lugng so Vi
bién dinh tinh

» Codng thirc chuan hoa (chia cho dd I&ch chuan):

S(ei, €j)) = ASc(eic, €jc)/oc + (1 — A)Sn(ein, ein)/on

3 2 Vietnam Institute for E
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» S dung mé hinh tdi tUr (bag of words), méi tai liéu la
véc-ta d chiéu, d 1a s6 luvgng tir trong tU dién, mbi thanh
phan véc-to |14 tan suat cla tu twong Ung trong tai liéu
(hoac mét gia tri nhi phan)

7:()(17'” 7Xd)

» Du liéu thua



D06 do khoang cach/tvong ty cho DL van

ban

» Dung tryc tiép khoang cach Minkowski
khéng phu hop, tai liéu dai hon thi khoang
cach lon hon.

= Cach |: Giam sb chiéu bang LSA (Latent
Semantic Analysis), truéc khi dung khoang
cach Minkowski

* Cach 2: Dung d6 tuwong tu cosine

34



Do tuwong tv cosine

» Cho2tailieu X = (X1, ,%q), Y =1, , Yq)
» DO tuong tu cosine

d v
cos(X,Y) = dzf=1 alll =
\/Zi:1 X7 \/Zi:1 v

> Céch tinh nay bd qua tan suét twong déi cla cac tu: chang
han 2 tai liéu chua tu "khoa hoc" thi it tuong tu hon 2 tai
liéu cung chua thuat ngu "khai pha du liéu”

3 5 Vietnam Institute for E
Advanc i
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Do tuong tu voi tf-idf

> idf (Inverse Document Frequency) id; = Iog(N /ni)
trong dé n; 1a s6 tai liéu chira ti thi i, N 13 tdng s6 tai liéu

» Ham "glan] xoc" (damping function) ap dung trén tqn syat
tlr, han ché anh hudng cta nhiing tir xuat hién nhiéu lan
f(X,’) — \/7,', hOéC
f(x;) = log(x;)
» Thay x; bang tan suat chuan hod: h(x;) = f(x;).id;
» Dulng dd tuong tu cosine hodc hé s6 Jaccard:

d ' .
JKV) = g2t TODN)
Zi:1 h(x;)= + Zi:1 h(y;)¢ — Zi:1 h(x;))h(y;)

36 Ad d



Cac phuvong phap danh gia viéc phan cum

m Danh gia ngoai (external validation)

o Danh gia két qua gom cum dua vao cau truc dudc chi dinh trudc
cho tap dir liéu

m Panh gia ndi (internal validation)

o Danh gid két qua gom cum theo s6 lugng cac vector cua chinh
tap dir liéu (ma tran gan - proximity matrix)

m Danh gia tudng doi (relative validation)

o Danh gid két qua gom cum bang viéc so sanh cac két qua gom
cum khac ’ng véi cac bo tri thong s6 khac nhau
- Tiéu chi cho viéc danh gia va chon két qua gom cum t0i uu
- D0 nén (compactness): cac dbi tugng trong cum nén gan nhau.

- D0 phan tach (separation): cac cum nén xa nhau. @

3 7 Vietnam Institute for
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Cac phvong phap danh gia viéc phan cum...

m Danh gia ngoai (external validation)

o D0 do: Rand statistic, Jaccard coefficient, Folkes and
Mallows index, ...

m Danh gia noi (internal validation)

o D0 do: Hubert’s T statistic, Silhouette index, Dunn’s
index, ...

m Danh gia tuong doi (relative validation)

3 8 Vietnam Institute for E
Advanced St athematics



Cac phuvong phap danh gia viéc phan cum...

m Cac do do danh gia ngoai (external validation measures — contingency matrix)

Measure Notation  Definition Range
1 Entropy E _Z,’Pi(z ” log Pp”) [0,1log K]
2 Purity P > ; pi(max; %J) (0,1]
3 F-measure F > ; pj max;[2 IP': Zid PI,J + %)] (0,1]
4 Variation of Information VI —> . pilogp; — ZJ pjlogp; =23, ZJ pij log PPI;{J [0,2log max(K, K')]
5  Mutual Information MI 2. 2., pijlog pp'f (0,1log K']
6  Rand statistic R [(5) =X, (") - Z}- ("57) +22; ("N/(5) (0,1]
7 Jaccard coefficient J >ij (" D (M8 + > (",_')J') -2 ("(_’)'J')] [0,1]
8  Fowlkes and Mallows index FM >4 ("2"1)/\/21. (") 2, (") (0,1]
9 Hubert T" statistic I r (g) 2 ij (HQIJ)_Zi (”21' )Zj <712J) (-1.1]

=i (") %5 (") 1(z) % (4 )(z) %5 ()

10 Hubert T statistic IT r’ [(5) — 22 (") =22, (") +4, (M) (5) [0,1]
11 Minkowski score MS \/E (") + > (" i) -2 Zu "” /\/Z "QJ [0, +00)
12 classification error S 1 — L max, > No().i [0,1)
13 van Dongen criterion VD (2n — Z max; n;; — Z.) max; ni;)/2n [0,1)
14  micro-average precision MAP > P maxj %) (0,1]
15  Goodman-Kruskal coefficient GK > pi(l — max; %’) [0,1)
16  Mirkin metric M >, n?, +2, n?j —23,2; n?j [0,2(3))

Note: Pij = nij/n. pi = n,‘./n. Pj = n.j/'n.

37

J. Wu and et al. Adapting the Right Measures for K-means Clustering. KDD'09, Paris, France, July 2009.




Cac phuvong phap danh gia viéc phan cum...

m Cac do do danh gia nd1 (internal validation measures)

Measure Notation Definition Optimal value
Root-mean-square std dev =~ RMSSTD {3 ;3 .- =, | z— e |2, [[PY ;(ni —1)] }é Elbow
Resquared RS (Coep | z—cl? Z Sece, | 2= ci 1)/ Tpep lx—c 2 Elbow
Modified Hubert I" statistic I’ T Leep Lyep 4T, y}d,ect wec; (ci¢5) Elbow
Calinski-Harabasz index ~ CH = E\:: erc“z dg{:‘q’)“f " Lo Max
I index I (we > "\'-xxpj_'d;;)c romaxq j d(ci, ¢g))® Max
Dunn’s indices D ming {miny( " reeCyyec; WY )} Max

maxp {maxg U‘:Ck d{z,y)}
. . biz)—al(z)
Silhouette index S 5 i {"x doizc ——} Max

C; maxb(z),a(z)

(r)_ "—rZ cc, Wnd(:r y) b(x) = miny j=¢[-- y ZyECJ' d(z,y)]

Davies-Bouldin index DB ~r 2 lllaxJ,J;é‘{[nt_ 2eec, dlTci) + % ercj d(z,c;)]/d(ci, c5)} Min
Xie-Beni index XB 2, Zreci d?(z, ci)]/[n mini,j¢gd2(ci. ci)] Min
SD validity index SD Dis(NCiaz)Scat(NC)+ Dis(NC) Min
ne d(
Scat(NC) = g 2, | a(Ci) || / || (D) ||, Dis( \("}-m%j—az“—cﬁz (X, dle, cj))~?
S_Dbw validity index S_Dbw Scat(NC) = Dens_bw(NC) Min

) Lrec;ycy f(2uiy)
Dens_bw(NC) = NC( \(‘—ln Z [Z e rrxuxf‘_'xzp J(z,eq), \:.r:(' flz,e4 9}]

: data set; n: number of objects in D; c: center of D; P: attributes number of D; N C': number of clusters; Cy: the i=th cluster; ni: number of objects in Cy;

- center of Cy; o(Cy): variance vector of Cy; d(x, y): distance between x and y; || X; ||= ( XT ‘)5

Y. Liu, Z. Li, H. Xiong, X. Gao, J. Wu. Understanding of internal clustering validation measures. In: Proc.



Cac ky thuat phan cum

* |.Phan cum phan hoach

= 2. Phan cum phan cap

= 3. Phan cum dua tren mat do

= 4 M6t sO thudt toan dac thu: FCM, EM,...

41
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Phan cum phan hoach

= Thuat toan K-means
= Thuat toan PAM, CLARA, CLARANS

42 Vietnam Institute for E
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Phan cum phan hoach

* Phan hoach quanh cac tam: Chia d liéu

thanh k n

" k-means:

nom v@i gia tri k dinh truéc.

bhuong phap phan cum dong

(dynamic cluster), tam di déng (mobile center)

» Cac phuwong phap md réng: k-modes, k-
medoids (PAM, CLARA, CLARANS, ...

43
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Phan cum phan hoach...

= Nguyén tac
2 Giam s0 bién (vi duy: phan tich thanh phan)
2 Thyce hién phan cum

* Lwa chon tham s6 va danh gia
0 S6 cum!?

0 Chat lugng phan cum?

44
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Thuat toan k-means

* MacQeen dé xuat nam 1967.

» Sinh ra k cum DL {CI, C2,...,Ck} tir mot tap DL
chira n d6i twgng trong khong gian d chiéu Xi = (xil,
Xi2, ..., xid) (i=1...n).

= Sao cho ham tiéu chuan: ¢ )
dat gia trj toi thiéu. k- 2 Exech Ce=m)

0 m;la trong tam cua cum Ci.

2 D la khoang cach giira hai do6i twong.

45 ietnam Instit:
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Thuat toan k-means...

46

Trong tam cua mot cum la mot vec to, trong do gia tri
cua moi phan tu cua né la trung binh cdng cua cac thanh

phan twong ung cUa cac doi tuwgng vecto DL trong cum
dang xet.

Tham s& dau vao cla thuat toan la s6 cum k.
P3au ra la cic trong tdm cla cac cum.

P06 do khoang cach D gilta cac doi tuong thuong dung
khoang cach Euclide, vi day la mo hinh khodng cach dé dé
lay dao ham va xac dinh cac cuc tri toi thiéu.

Ham tiéu chuan va d6 do khoang cich ¢ thé duoc xac
dinh cu thé hon tuy vao (ng dung.

Advanced Study in Mathematics



Thuat toan k-means...

InPut : S8 cum k va cac trong tim cum {1 :

OutPut : Cac cum C; (i = 1, &) va ham tigu chudn E dat gia tri tdi thiéu;

Begin

Buoc 1: Khoi tao :

Chon k trong tam {m;}¥;=) ban dau trong khing gian R2 (d 13 sd chiéu cia dit Léw) . Viéc lua
chon nay cd thé 1a ngau nhién hodc theo kinh nghiém.

Buoc 2 Tmh toan khoang cach :

Péi viri moi difm 3 (1<—1<—n) tinh toan khoang cach ciia né téi moi trong tim m; =1,k Va
sau &6 tim trong tim gan nhit d6i véi mo1 difm.

Budc 3 : C‘ap nhat lai trong tam :

Péi viri mot =1, k, cap nhat trong tdm cum my bang céc xéc dinh trung binh céng cla cac
vecto dii twong dit ligu.

Budc 4 : Pieukién dimg

Lip cac bwdc 2 va 3 cho dén khi cac trong tim clia cum khéng thay dii.

End.

Hinh 7: Cac bwdc thue hien cua thuat toan k-means

47 Vietnam Institute for w
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Re-estimate means
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Hinh 2.2. Hinh dang cum dit liéu dwoc khdam phd boi k-means
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Thuit toan chi tiét

50

BEGIN ,,
l. Write (“Nhép s0 do1 twong div Léu”);readin(n),
2. Nhip nddt twong div liéy;

3. Write (“Nhép s6 cum dit iéw”);readin(k);
4. MSE =+ wo;
5. For1=1to k do 03 = Riwi1yepag, FKhdt tao k trong tém
6. Do{
7. OldMSE = MSE;
8. MsE' =10,
9. Fori=1tokdo
10. {m} =0, n'j=0;}
11. Endfor;
12. Fori=1tondo
12, Fori=1tokdo
Tinh toan khoang cach Euclide
14, binh phwong @ D3(x; my);
15. Endfor \ '
16. Tim trong tam gan nhat my, td X
17. my=my+ X ny=nLt+ 1
18. MSE'= MSE' + D2(x;, ),
19. Endfor
20. nj=max (n'}, 1); mj =m'j/n;;
21. Endfor

22. MSE = MSE".
23} while (MSE < OldMSE)
END;




Thuat toan k-means...

* Thut toan hdi tu va do phirc tap:O((3nkd)tTfop)

2 n la s6 doi twong, k 1a s6 cum,d la s6 chiéu, T 1a s6 vong
lap, TP 1a thoi gian thyc hién mot phép tinh co sd.

= Uu:
0 K-means phan tich phan cum don gian cé thé ap dung doi
vai tap DL lon.
= Nhuoc:

0 Cé van dé khi cac cum khac nhau vé kich thuéc, mat dé va
hinh dang khéng phai hinh cau.

0 Nhay cdm vdi nhiéu va cac phan tr ngoai lai.

0 Cach giai quyét, tang k, hdu xut ly gop cac cum?

5 1 Vietnam Institute for E
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Thuat toan k-means...

» Han ché - kich thuwdc cum

Cac diém ban dau va két qua phan cum (k = 3)

5 2 Vietnam Institute for E

Advanced Study in Mathematics



Thuat toan k-means...

* Han ché - mat dd cum

1 oo, dgff [ f gl
} 1 | s
1 1 E 3 4 1 1
X X
s . A A 1 a A
Cac diém ban dau va két qua phan cum (k = 3)
5 3 Vietnam Institute for
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Thuat toan k-means...

= Han ché - hinh dang cum

15¢ 15¢
10} 10}
S5t S5t
> >
Ot or
S S
15 10 15 15 10 15

Cac diém ban dau va két qua phan cum (k = 2)
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Thuat toan k-means...

Van dé khéi tao cac tam cum
= Cach chon tam ban dau anh hudng I&n t&i kq phan cum,
thu’0’ng duwgc chon ngau nhien.

= MGt sO giai phap:

d
d

a
Q

Chay nhiéu lan (tuy nhién khéng thé tht hét moi cach chay)

L4y mau va dung phuong phap phan cip dé xac dinh cac tdm
khdi tao

Chon nhiéu hon k tdm ro6i lya chon thu gon k tam tach biét
Phan cum v&i s6 cum I&n roi thye hién phan cum phan cap

= Thurc t€ chua c6 mot giai phap toi wu nao dé chon cac
tham s0 dau vao

55
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Thuat toan k-means...

» Bai toan Khach hang Bong sen vang cia VNA
0 Co moi lien hé hang thé vai viéc dat hang vé khong?
0 Cac hang thé c6 xu huwdng dat hang vé nao?

5 6 Vietnam Institute for E
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Thuat toan k-means...

* Bai toan Khach hang Bong
sen vang cuaVNA!?

0 Cgo mgilign hé hang the
v@i viéc dat hang've khong?

0 Cac hang thé c6 xu hudng
dat hang ve nao!

» |.Hang thé Platium va
Gold thudng st dung
Hang veé Pho thong linh
hoat

= 2.Nhom Silver va
Register thuong st dung
Pho thong tiét kiém

= 3.Nhoém 3:56 it Platium,
Gold ... sir dung hang vé
thuong gia

57

> summary(dl)
Class

Booking.
Min.
1st Qu.:
Median :
Mean
3rd Qu.:
Max.

1 1.
1.000
1.000

11,
2.000

:6.

000

716

000

> summary(d2)
Class

Booking.
Min.
1st Qu.:
Median :
Mean
3rd Qu.:
Max.

11,
1.000
2.000

2.
3
5

000

251

.500
:5.000

Tier.Level
Min. :1.000
1st Qu.:2.000
Median :2.000
Mean :2.183
3rd Qu.:3.000
Max. :3.000

Tier.Level
Min. :3.000
1st Qu.:4.000
Median :4.000
Mean 14.427
3rd Qu.:5.000
Max. :5.000

kmean.re.cluster
Min.
1st Qu.:
Median :
Mean
3rd Qu.:
Max.

[ S ™ Y Sy

kmean.re.cluster
Min. 2
1st Qu.:2
Median :2
Mean 2
3rd Qu.:2
Max. 2
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Thuat toan k-means...

* Bai toan Khach hang Bong
sen vang cuaVNA!?
0 Cgo mgilign hé hang the
v@i viéc dat hang've khong?
0 Cac hang thé c6 xu hudng
dat hang ve nao!

’
-—
'

| Hang thé Platium va totaldf$kmean.re.cluster

Gold thudng siv dung
Hang ve Pho thong linh
hoat

= 2.Nhom Silver va
Register thuong st dung —
Pho thong tiét kiém

= 3.Nhom 3:S6 it Platium,
Gold ... sir dung hang vé
thuong gia : >

53 totaldf$kmean.re.cluster

1
=1

totaldf$Booking.Class



Thuat toan k-means...

= Pén nay, c6 nhiéu thuat toan ké thira tv twdng cla
lk-means nhu thuat toan k-modes, PAM, CLARA,
CLARANS, k- prototypes, ...

59 Vietnam Institute for E
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Thuat toan PAM

* PAM (Partitioning Around Medoids) la m& rong cua k-

60

means, d& xuat b&i Kaufman va Rousseeuw. Nham x( ly
hiéu quad DL nhiéu/phan tl ngoai lai.

PAM s(r dung cac d&i tvong medoid dé biéu dién cho cac
cum DL. medoid la d6i tuwong dat tai vi tri trung tim nhat
bén trong cla moi cum.Nén medoid it bi anh hudng cla
cac doi twgng @ rat xa trung tam, con cac trong tam cula k-
means lai bi tac déng.

0 Ban dau, PAM khai tao k déi twgng medoid.

0 phan phoi cac doi twgng con lai vao cac cum twong rng vai cac
medoid dai dién, sao cho chung tuong ty v&i medoid trong cum

I\’
nhat.
Vietnam Institute for @
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Thuat toan PAM...

» Néu Oj la doi twgng khong phai la medoid va Om la doi

61

tuwong medoid, ta néi Oj thudc vé cum c6 medoid la Om

lam dai dién néu: d(Oj, Om) = ming.d(Oj,Oe).

0 d(Oj,0Oe) la d phi tvong ty gitra Oj va Oe.

0 ming, la gia tri nho nhat cla do phi twong ty gitta Oj va tat ca cac doi
tvong medoid clia cac cum DL.

Chéat luvgng cla moi cum dugce danh gia qua do phi twong tw

trung binh gitta mot doi twong va medoid twong (ng véi cum

cUa nd, nghia la dwgc danh gia qua chat lwgng cla tat ca cac

medoid.

Vietnam Institute for E
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Thuat toan PAM...

= Do phi tuong ty thudng duoc xac dinh bang do do khoang

cach. PAM duoc ap dung cho DL khong gian.

= Xac dinh cac medoid:

0 PAM bat dau lya chon k d&i tugng medoid bat ky.

0 Hoan chuyén medoid Om va mot d6i tugng Op khong phai la medoid,
néu chat lvgng phan cum tét hon.

0 Qua trinh nay két thuc khi chat lvgng phan cum khong thay doi.

» Chat lvgng phan cum dugc danh gia thong qua ham tiéu

62

chuan.T6t khi ham tiéu chuan dat gia tri t6i thiéu.
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Thuat toan PAM...

63

Dé quyét dinh hoan chuyén hai d6i twgng Om va Op
hay khéng, thuat toan PAM st dung gia tri tong chi
phi hoan chuyén Gmp lam can cu:

- Om: La d6i twvgng medoid hién thoi can dwoc thay
thé

- Op: La do6i tvgng medoid mai thay thé cho Om

- Oj: La doi twong dit liéu (khong phai la medoid) ¢
thé dwoc di chuyén sang cum khac.

- Om,2:La do6i twong medoid hién thoi khac véi Om
ma gan doi twong Oj nhat



Thuat toan PAM...

PAM tinh gia tri hoan d6i Gjmp cho tat

ca cac doi twgng Oj. Gjmp duoc tinh .

v@i 4 cach khac nhau nhu sau: 9 LTS

Trudng hop |: Gia st Oj hién thoi Al >

thudc vé cum cé dai dién la Om va Oj ] ! L\

twong tw véi Om,2 hon Op (d(0j, Op) = Jo L N ><‘ AP ISEN
d(0j, Om,2)) i \ v ’<> \.\
Néu ta thay thé Om bd&i d6i tugng . \'\,\%> O~ : }
medoid mai Op thi Oj sé thudc vé cum 3 |l \ \X /’
c6 doi tugng dai dién [a Om,2. : M
Vi vdy, gia tri hoan chuyén Cjmp = d(0;, 1

Om,2) — d(Oj, Om). Cjmp la khéng am. A ; .

Vietnam Institute for E
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Thuat toan PAM...

* Truwong hop 2: Oj hién thoi thudc

vé cum cé dai dién la Om, nhung Oj it 10 —
twong tu véi Om,2 so vé&i Op o N ] S i &
(d(0j,0p)< d(0j,0m,2)). =
= Ne&u thay thé Om bdi Op thi Oj sé& T — l) 4
thudc vé cum cé dai dién la Op. 5 +——>
" Vivay,gid tri Gmp =(0j,0p)- d(0j, T
Om). Cjmp c6 thé Am hodc duong. 10—
. ar
2
1
0
0 1 2 3 4 5 6 7 8 9 10
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Thuat toan PAM...

* Truong hop 3: Gia st Oj hién thoi

khong thudc vé cum cé doi tuong dai

dién la Om ma thudc vé cum co dai T-

dién la Om,2. ’ 7
»  Gia sir Oj twong ty v&i Om,2 hon so

i ; A
vOi OP ] I. AL Y I i
YT -
N

= N&u Om duoc thay thé bsi Opthi 0f | .|| L A
x ~ 2 . ’ e Jen \ \ ' N \
van sé ¢ lai trong cum c6 dai dién la . JoA P 4
. N - ,
Om,2. Cjmp= 0. , .

2 i
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Thuat toan PAM...

Trwong hop 4: Oj hién thoi thudc vé
cum c6 dai dién la Om,2 nhung Oj it
tuong ty tdi Om,2 hon so vai Op.
Né&u thay thé Om badi Op thi Oj sé
chuyén tir cum Om,2 sang cum Op.
Gia tri hoan chuyén Gjmp = (0j,0p)-
d(Oj, Om,2). (jmp ludn am.

Tong gia tri hoan chuyén Om
bang Op duwgc xac dinh:
TC,, = 3C,

jmp

67

o - N w - (&)] (=] ~ =] [{=]
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Thuat toan PAM...

68

Thuit toan K-Medoid c6 thé dwoc mo ta cu thé nhuv sau:
Input:Tap DL c6 n phan ti, k phan cum.

Output: k cum DL sao cho chat lvgng phan cum tot nhat

Buwdc I: Chon k déi twvong medoid bat ky

Buwéc 2: Gan mai d6i twgng con lai vao mdt cum ma né tuong ty (gan) vai
do6i twgng medoid cla cum nhat.

Buwéc 3: Chon ngau nhién mét ddi twong Op khong 1a ddi twong medoid.
Budc 4:Tinh tong chi phi TC, S dé doi tir medoid cili Om sang medoid mgi
Op.

Budc 5:NéuTC, <0 thi thay thé Om véi Op dé tao ra mot tap vdi doi
tuong medoid mai.

Burdc 6: Quay lai budc 2 cho dén khi khong cé sy thay doi medoid nao

nira thi dng.
Vietnam Institute for @
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Thuat toan PAM...

69

Trong budc 2 va 3, PAM phai duyét tat ca k(n-k) cap
Om, Op.

V&i moi cap, tinh TC, ) yéu cau kiém tra n-k doi
twong.

Nén, d6 phtre tap O(lk (n-k)2), 1 Ia s6 vong I3p.

= PAM kém hiéu qua vé thai gian tinh toan khi k va n
lon.



Thuat toan PAM...

sen vang cuaVNA!?

0 Co moilién hé han

* Bai toan Khach hang Bong
0i lien hé gth
v&i viéc dat hangve kh

& ;
ong. r y ,,/‘

- ’ 4
7 ? ’ ’ ‘< s v r 07 s ,/ / /7y
0 Cac hang the ¢6 xu hudng Vol A Sl
dat hang ve nao! v’ a0

* * /s ” ) p ” / ’ P, 7’ /
<+ @ Y P ey

L7 2 N ’ P 4
I, / I’/‘ L7 7 ¢ 7,0 A

’ r ’ ’
"// ,), ) p v /// ’ /// ’

» |.Hang thé Platium va
Gold thudng st dung
Hang veé Pho thong linh

Tier.Level
3
|
9 ~-
-\D"\“_
>
D{ .
>

Find cluster?

/’1/, 2 ’\ v // /’ p y /I_n' // ’
hoat 'r’/’ ’/,//”\ ‘(. // r}///’/ ,r ) ’ / p
4 1 ~ N — ,,’ . ‘ ': "‘/ ,./ / //_,/ f //A
= 2.Nhém Silver va ® LD A
1 ~ ? // ’ // // ‘ {1, // //r.j ’ ’ // // //
Register thuong su dung I I AR S
Ph6 thong tiét kiém o d&rs J P S
| | 1 . E—

= 3.Nhom 3:56 it Platium, |
Gold ... sir dung hang vé 1 2 3 4 5 6 7
thuong gia
70 Booking.Class



Thuat toan CLARA

= CLARA (Clustering LARge Application), Kaufman dé xuat
1990 [10][19]. Khac phuc nhuoc diém cta PAM khi k, n 1én.

0 CLARA trich mau cho tép dl, ap dung PAM tim ra cac tim medoid cho
mau nay.

2 Né&u mau dl dugc trich ngau nhién, thi cic medoid clia nd xap xi v4i
cac medoid cla toan bd tap dl ban dau.

0 CLARA dua ra nhiéu cach Iay mau va thyc hién phin cum cho moi
trudng hop va chon két qua t6t nhat khi phan cum trén cic mau nay.

= Chat lvong clia cum dugc danh gia qua do phi tvong tu trung
binh cUa toan b6 cac doi tuwgng trong tap dl ban dau.

7 1 Vietnam Institute for E
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Thuat toan CLARA...

CLARA (5);
BEGIN
1. Fori=1to 5 do

2. Lay mit mau cé 40 + 2k ddi twong dit 1i8u ngdu nhién ti tap dit lidu va 4p dung thudt todn PAM

cho mau dit liéu nay nham dé tim cac ddi twong medoid dai dién cho céc cum.

3. i viri moi di teong Oj trong tap dit 18w ban dau, xac dinh ddi twoeng medoid twong tw nhit trong
56 k ddi twong medoid.

4. Tinh dd phi twong tw trung binh cho phéan hoach cdc d6i twong danh & bwdc trwde, néu gid tri nay
bé hon gia tri td1 thifu hién thit thi s dung gia tri nay thay cho g1 tri td1 thifu & trang tha trwde,
nhw way, tip k ddi twong medoid xac dinh & bwde nay 14 tét nhét cho dén thed diém nay.

5. Quay vé hudc 1.

END,

Vietnam Institute for E
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Thuat toan CLARA...

73

D6 phurc tap O(k(40+k)? + k(n-k)).
CLARA c6 thé thyc hién vai tap dl lon.

V&i ki thuat tao mau trong PCDL: két qua phan cum cé
thé khong phu thubc vao dl khdi tao nhung nd chi dat toi
wu cuc bo.

VD: Néu cac d6i twong medoid cla dl khéi tao khéng nam
trong mau, khi dé két qua khong ddm bao la t6t nhét.



Thuat toan CLARANS

74

= CLARANS duoc Ng & Han dé xuat nam 1994. Bé cai tién
chat lvgng, ap dung cho tap dit liéu Ién. CLARANS ciing
st dung cac doi twgng trung tam medoids lam dai dién
cho cac cum dl.

= PAM la thuit toan phan hoach cé ki€éu k-medoids. N6 bat
dau khai tao k tam dai dién medoid va lién tuc thay thé
moi tdm bai mot d6i twong khac trong cum cho dén khi
tong khoang cach clia cac doi twgng dén tim cum khong
giam.

= CLARANS la thuat toan PCDL két hgp thuit toan PAM
v3i chién lugc tim kiém kinh nghiém mai.



Thuat toan CLARANS...

75

=Y twdng CLARANS khong xem xét tat ca cac kha nang
co thé thay thé cac doi tuong tam medoids, ngay lap tirc

thay thé cac tam nay néu viec thay thé la tot hon cho phén
cum chir khéng can toi vu nhat.

= Mot phan hoach cum phat hién duogc sau khi thay thé doi

tuong trung tam goi la lang giéng (Neighbor) cla phan
hoach cum trudc do.

0 SO cac lang giéng duoc han ché bdi tham sé do nguoi dung dua
vao la Maxnelghbor duoc lya chon ngau nhién.

0 Tham s6 Numlocal xac dinh s6 vong ldp t6i wu cuc b6 dugc tim
kiém.

0 Khong phai tat cac lang giéng duoc duyét ma chi cé
Maxneighbor so lang giéng duoc duyét. @

nstitute for
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Thuat toan CLARANS...

76

= Khi chgn cac trung tam medoid, CLARANS lya

chon mot gidi phap t6t hon bang cach:

0 L&y ngau nhién mét ddi twong cla k ddi twong trung
tam medoid cua cum.

0 C& gang thay thé né véi mot déi tugng dugc chon
ngau nhién trong (n-k) déi tuwgng con lai.

2 Neéu khong c6 giai phap nao tét hon sau mot s6 cd
gang lua chon ngau nhién, thuit toan dirng va cho két
qua phan cum tdi wu cuc bé.

Advanced Study in Mathematics



Thuat toan CLARANS...

77

* Trong truong hop té nhat, CLARANS so sanh
mot doi tuwong vai tat cac doi tvgng Medoid.Vi
vay, do phirc tap cua CLARANS la O(kn?), nén
CLARANS khong thich hgp vé&i tap dl I&n (trong
truwong hop xau nhat).
= CLARANS cé wu diém la khong gian tim kiém
<hong bj gidi han nhu CLARA, va trong cung mét
wong thoi gian thi chat lvgng clia cac cum tot
non CLARA.
e




Nhan xét ho thuat toan phan hoach

= & k-means thich hgp v&i cac cum DL co dang
hinh cau. Khi cac cum kha gan nhau thi mot s6 doi
twong clla mot cum co thé nam trong cac cym
lkhac.

= & PAM I cdi tién cla k-means dé khac phuc
truwong hop DL chira nhiéu/phan tr ngoai lai.

Vietnam Institute for E
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Nhan xét ho thuat toan phan hoach...

n & CLARA va CLARANS la cac thuat toan dua tren ham tieu

79

chuan cla thuét toan PAM, co kha nang ap dung vo&i tap DL
I&n, nhwng hiéu qua phu thuoc vao kich thudc clia cac mau
duwgc phan. CLARANS hiéu qua hon CLARA.

# Han ché: cac thuat toan phan cum phan hoach la chi thich
hop d6i véi DL s6, it chiéu, va chi kham pha ra cac cum dang
hinh cau, nhung lai ap dung tot v&i DL c6 cac cum phan bo
doc 13p va trong moi cum cé mat do phan b cao.



Phan cum phan cap

= Thuat toan BIRCH
= Thuat toan CURE

80



Phan cum phan cap

= S3p x&p mot tdp DL da cho thanh ciu tric cé dang hinh ciy:
0 Cay nay xay dung theo ky thuat dé quy.
0 Cay phan cum xay dung theo hai phwong phap:
* Dudi lén (Bottom up)
* Trén xudng (Top down)
= Phuong phap “dudi [én” (Bottom up):
0 Bat ddu moi déi twong khéi tao twong tng v3i cac cum riéng biét.
0 Nhoém cac doi twgng theo mot do do tuong ty (nhu khoang cach gitra
hai trung tam cla hai nhom).
0 Thuyc hién cho dén khi tat ca cac nhém duwgc hoa nhap vao mot nhom

(mlrc cao nhat cla cay phan cap), hodc dén khi thda man diéu kién két
thuc.

= & SU dung chién lwgc an tham.

8 1 Vietnam Institute for ﬁ
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Phian cum phan cap...

= Phuong phap “trén xuéng” (Top Down):
0 Bat dau tat ca cic ddi twong dugc x€p trong cling mot cum.

0 MOoi vong I3p thanh cdng, mdt cum duoc tach thanh cac cum nho
hon theo gia tri cia mét phép do d6 tuong tu.

0 Dén khi moi d&i tugng la mét cum, hodc diéu kién dirng thda
man.
= & S{t dung chién lugc chia dé tri

Budc 0 Bude 1 Bude 2 Bude 3 Budc 4

' | | | | »  Bottomup

a

[ [ [ [ [ Top Down
Budc 4 Budc 3 Budc 2 Budce 1 Budc 0
8 2 Vietnam Institute for

Advanced Study in Mathematics



Phian cum phan cap...

83

Mot so thudt toan phan cum phan cap dién hinh nhu
CURE, BIRCH...

& Thyc té khi ap dung, két hgp ca hai phuong phap
phan hoach va phan cap

& Két qua thu duwoc cla phuong phap phan cap cé
thé cai ti€n thong qua buwdc phan cum phan hoach.
#La hai phuwong phap PCDL ¢6 dién, hién nay cé
nhiéu thuat toan cai tién.
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Thuat toan BIRCH

84

BIRCH (Balanced Iterative Reducing and Clustering Using
Id-Iieraschies) st dung chién lwgc phan cum tren xudng (top
own).

?h'gtp://www.cs.sfu.ca/ CourseCentral/459/han/papers/zhang96.p

Y tuwong: khong luu toan bo cac doi twong DL clia cac cum

trong bo nhé ma chi lwu cac dai luvgng thong ké. Do 1a bo ba

(n, L§, SS)

O nlasé doi twgng trong cum

0 LS la téng cac gia tri thudc tinh cla cac d6i twong trong cum

0SS la tong binh phuong clia cac gia tri thudc tinh clia cac d6i twong
trong cum.

Cac bo ba duogc goi la dac trung cua cumﬁCIuster Features -

CF), dugc lwu gilt trong mot cay dugc goi la cay CF (CF-tree).
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Thuat toan BIRCH...

Root
CF, CF, |[CF; | CFy
childy | child, | childs childg
CF, CF, (CF; | . CFs | i
childy | child, | childs childg
/ Leaf node Leaf node
———
prev | CF,|CF,| = CF 4| next o| Prev| CF,| CF,| = CF, | next :;

T= Max. radius of a sub-cluster

Hinh 14 : Cay CF dwoc sw dung boi thuat toan BIRCH
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Thuat toan BIRCH...

86

= Ciy CF la cay can bang. Cay CF chira cac nut
trong va nut la. M6t cay CF duoc dac trung boi
hai tham sé :

2 Yéu té nhanh (Branching Factor -B): xac dinh s t0i da cac
ndt con clia moi nat trong.

0 Nguwdng (Threshold -T) : Khoang cach t6i da gitra bat ky
mot cap doi tugng trong nut la cla cay, khoang cach
nay con goi la duong kinh cla cac cum con dugc lvu

tai cac nut la.
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Thuat toan BIRCH...

* Thuat toan BIRCH thyc hién qua giai doan sau :

= Giai dogn | :BIRCH duyét tat ca cac doi twgng trong
CSDL va xay dung moét cay CF khai tao.

0 Cac doi tuong lan lwgt dugc chén vao nat 1a gan nhat cla cay CF
(nut 1a cua cay dong vai tro la cum con).

0 Neéu duong kich ciia cum con sau khi chén I&n hon ngudngT, thi
nut la dugc tach.

3 Qua trinh nay lap dén khi tat ca cac doi tuong déu dugc chén vao
trong cdy.Thay rang, moi d8i tugng trong ciy chi dugc doc mot
lan

0 DEé lwu toan b cay CF trong bo nho diéu chinh kich thudc clia
cay CF théng qua diéu chinh ngudngT.

= Giai dogn 2 :BIRCH lya chon mét thuat toan PCDL (nhu
thuat toan phan cum phan hoach chang han) dé thyc hién
PCDL cho cac nut la cla cay. @
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Thuat toan BIRCH...

88

= INPUT:CSDL gobm n do6i tugng, nguong T, k

= OUTPUT:k cum di liéu

» Bwdc I: Duyét tat ca cac doi twgng trong CSDL va
xay dung mot cay CF khdi tao. Mot doi tugng dugc chén
vao nut la gan nhat tao thanh cum con. Néu duong kinh
cla cum con nay I&n honT thi nat 1a dugc tach. Khi mot
doi tugng thich hgp dugc chén vao nut I3, tat ca cac nat
tro tdi goc cla cay dugc cap nhat vdi cac thong tin can
thiét.
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Thuat toan BIRCH...

89

» Bwdc 2: Néu cay CF hién thoi khéng co du
bo nhé trong thi tién hanh xay dung mot cay CF
nhd hon bang cach diéu khién bdi tham s6 T (vi
tang T sé& lam hoa nhdp mé6t s6 cac cum con
thanh mot cum, diéu nay lam cho cay CF nho
hon). Budc nay khong can yéu cau bat dau doc
dit liéu lai tir d3u nhung van dam bao hiéu chinh
cay dit liéu nho hon.
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Thuat toan BIRCH...

90

* Buwdc 3: Thyc hién phan cum: Cac nat la cla
cay CF lwu gilt cac dai lwgng thong ké cla cac
cum con. Trong buédc nay, BIRCH st dung
cac dai lwgng thong ké nay dé ap dung mot so
ky thuat phan cum thi du nhu k-means va tao
ra moOt khoi tao cho phan cum
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Thuat toan BIRCH...

91

= Bwd'c 4: Phan phdi lai cic d6i twong dit liéu bang
cach dung cac doi tuwgng trong tam cho cac
cum da duvgc kham pha tw budce 3: Day la moét
budc tuy chon dé duyét lai tap dit liéu va gan
nhan lai cho cac doi twong dit liéu tdi cac trong
tdm gan nhat. Bwdc nay nham dé gan nhan cho
cac dit liéu khoi tao va loai bo cac doi twgng
ngoai lai
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Thuat toan BIRCH...

* Khi hoa nhap 2 cum ta co:
CF=CFI+CF2=(nl+n2 ;LSI+LS2, SS|+SS2)

» Khoang cich gilta cic cum cé thé do
khoang cach Euclid, Manhatta,....
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Thuat toan BIRCH...

Vidu vé cay CF
A , .2 ~ 1em root
Ban dau, cac diém dir liéu trong A
mot cum

93 Vietnam Institute for E
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Thuat toan BIRCH...

~ e z o . P . root
D liéu dén sé thudéc cum A néu kich A

thwde cua cum khéng vuwot qua
nguwdng T.
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Thuat toan BIRCH...

root

Néu kich thwéc cum phat trién
qua lon, cum duwoc chia A B
thanh hai cum, va cac diém
dwoc phan phdi.

®:

9 5 Vietnam Institute for
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Thuat toan BIRCH...

root

Tai moi nut cla cay, cay CF gilr
théng tin cac gia tri dac treng cua cum

A B

A

96




Thuat toan BIRCH...
= Vidu CF=(n,LS,SS),n la s6 doi twgng cia DL

CF=(5,(16,30), (54,190))

(3.4)
(2,6)
(4,5)
(4,7)
(3,8)

Vi du vé két qua phan cum bang thuat toan BIRCH

9 7 Vietnam Institute for E
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Thuat toan BIRCH...

- Vi du vé hoat dong chén nut 14

LN3

LN2
Root

LN3

sc8 sc1 sc2 sc3 sc4 scd scb sc/

9 8 Vietnam Institute for
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Thuat toan BIRCH...

Vi cac yéu té phan nhanh ctia mét nut la khéng thé vuot qua 3 nén
sau do LN1 duoc phan chia.

LN3

LN1’ LN1”

LNT’ LN1” LN2 LN3

sc8 sc1 sc2 sc3 sc4 scd scb sc/

99 Vietnam Institute for
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Thuat toan BIRCH...

Cac yéu t6 phan nhanh cla mét nut la khong thé
vuot qua 3,nén sau doé goc duoc phan chia va chieu cao cua cay
CF tang Root

LN3
NLN1 > < NLN2
N2
NLN2

LN1T' ~ LN1” 7 LN2 </ LN3

sc8 sci sc c3 sc 505 sc c7

Vietnam Institute for
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Thuat toan BIRCH...

Céac yéu té phan nhanh cla mét nut la khong thé
vuot qua 3,nén sau doé goc duoc phan chia va chieu cao cua cay
CF tang Root

LN3
NLN1 ~ NLN2
N2
NLN2

LN1T' ~ LN1” 7 LN2 %/ LN3

sc8 sc1 sc c3 sc sc5 sc c7

Vietnam Institute for
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Thuat toan BIRCH...

C
<

Véi cau tric cdy CF BIRCH c6 téc do thuc hién PCDL nhanh.
T6t vai tap DL I6n
Hiéu qua khi tap DL tang trudng theo thoi gian.
Chi duyét toan b DL mot lan véi mot [an quét thém tuy chon.
Do phire tap 1a O(n), vain la s6 déi twong DL.
huoc:
Chat lvgng cla cac cum khong dugc tot.
Néu dung khoang cach Euclide, né chi tét véi cac DL so.

Tham sO T cé anh hudng rat I&n tdi kich thudce va tinh ty nhién
cla cym.

Khéng thich hop véi DL da chiéu.

1 O 2 Vietnam Institute for @
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Phan cum dua tren mat
do

= Thuat toan DBSCAN
= Thuat toan OPTICS
= Thuat toan DENCLUE

103 Vietnam Institute for ﬁ
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Phan cum duva trén mat do

= Nhoém cac déi twong theo ham mat do xac dinh.
0 Matdo duoc dinh nghia nhu 1a s6 cac doi twgng lan cdn cla mot doi
tuong DL theo mdt ngudng nao do.
0 Khi mot cum DL da xac dinh thi né tiép tuc dwoc phat trién thém cac
ddi twgng DL mdi mién 1a s6 cac lan can cda ching I&n hon mét
ngudng da xac dinh.

= PP nay cé thé phat hién ra cac cum DL véi hinh thu bat ky.
= Viéc xac dinh cac tham s6 mat dd cla thuit toan rat kho

khan, trong khi cac tham s0 nay lai c6 tac dong rat I&n dén
két qua PCDL.

104 Vietnam Institute for E

Advanced Study in Mathematics



Phan cum dwa tren mat do...

= M6t sO thuat toan dién hinh nhw DBSCAN, OPTICS,
DENCLUE, ...

Hinh 5: M6t s6 hinh dang cum dit liéu kham pha dugc bdi ky
thuat PCDL dua tren mat do véi 3 CSDL.

105 Vietnam Institute for @
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Thuat toan DBSCAN

106

DBSCAN (Density-Based Spatial Clustering of Applications
with noise).

Thuat toan tim cac doi tuwong ma co sO doi tuong lang
giéng ldn hon mot ngudng toi thiéu.

Tim tat ca cac do6i tuong ma cac lang gleng clia né thudc
vé l&p cac doi twong da xac dinh & tren.

Mot cum dugc xac dinh bang mot tap tat ca cac doi
tugng lién thong mat do vai cac lang giéng cla né.

DBSCAN c6 thé tim ra cac cum vdi hinh thu bat ky.

Vietnam Institute for E
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Thuat toan DBSCAN...

= Khi c6 mot dobi tugng dugc chen vao chi tac dong dén
mot lang giéng xac dinh.

= DBSCAN yeu cau xac dinh ban kinh Eps cla cac lang
giéng va so cac lang giéng tGi thiéu Minpts, thuwong xac
dinh bang ngau nhién/kinh nghiém.

. Ap dung chi s6 khong gian dé xac dinh cac lang giéng cla
mot d0| tugng DL, nen do phtrc tap cua DBSCAN da
duoc cai tién la O(nlogn). Néu khong ap dung cau tric chi
so thila O(n?).
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Thuat toan DBSCAN...

= Khoang cach Euclide dugc dung do sy twong tw
gilta cac doi twgng nhung khong hiéu qua doéi voi
DL da chiéu.

= @ DBSCAN dua trén cac khai niem mat d6 co
thé ap dung cho cac tap DL khong gian Ion da
chiéu.

Vietnam Institute for E
Advanced Study in Mathematics
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Thuat toan DBSCAN...

= DPinh nghia |:Lin can cla mot diém p vdi ngudng Eps

(Eps - Neighborhood of a point):

0 Ky hiéu NEps(p), NEps(p) = {q € D| khoang cach Dist(p,q) < Eps

}, D la tap DL cho trudc.

Y )
0.0
o
o
o
@ o
o © ° 4 1
o © o ©
o
0 °® o
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Thuat toan DBSCAN...

= Diém p mudn nam trong cum C thi NEps(p) phai co toi
thi€u MinPts diém.

= S6 diém tGi thi€u duwoc chon la bao nhiéu ciing la bai toan
kho, vi: Néu s6 diém tdi thi€u |I&n thi chi nhitng diém nam
thuc sy trong cum C mdéi dat du tiéu chuan, trong khi dé
nhitng di€ém nam ngoai bién cla cum khong thé dat duoc
diéu do6. Nguoc lai, néu s6 diém t6i thiéu 1a nho thi moi
diém sé roi vao mot cum.
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Thuat toan DBSCAN...

* Theo DN trén, chi nhitng diém thuc sy nam trong cum
ma&i thod DK [a diém thudc vao cum.Nhirng diém nam &
bién cla cum khong thoa.

= PEé tranh dugc diéu nay, c6 thé dua ra mot tiéu chuan
khac dé DN: Né&u mot diém p mudn thuéc mét cum C
phai ton tai mot diém q ma p € NEps(q) va so diém trong
NEps(q) phai I1&6n hon s6 diém tdi thiéu nhu DN sau:

1 1 1 Vietnam Institute for @
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Thuat toan DBSCAN...

112

Dinh nghia 2: Dén duorc truc tiép theo mat do (Directly
Density - reachable)

M6t diém p duoc goi la dén duoc truc tiép tir diém q véi
ngudng Eps néu :

0 |.p €ENEps(q)

0 2.|| NEps(q)|| = MinPts (Di2u kién nhan)

Diém q goi la diém nhan (Core point).
Pén duoc tryc tlep la mét ham phan xa va doi xirng doi

v@i hai diém nhan va bat doi xirng néu mot trong hai diém
dé khéng phai 13 diém nhan. @
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Thuat toan DBSCAN...
= Hinh: Dén duogc tryc tiép theo mat do

MinPts = 5

o h Eps=1cm
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Thuat toan DBSCAN...

= Pinh nghia 3: bén duoc mat dé (Density - Reachable)

= Mot diém p dugc goi la dén duoc tir mot di€ém q vdi hai
tham so Eps va MinPts néu ton tai mot day p = =pl,p2, ..

PN =q thod man pi+l la cé thé dén duoc truc tiép tir p|
voii=l...n-1.
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Thuat toan DBSCAN...

= Hai diém bién cia mét cum C c6 thé khong dén duoc
nhau vi ca hai c6 thé déu khoéng thoa man diéu kién nhan.

= Phai ton tai mét diém nhan trong C ma ca hai diém déu
co thé dén duoc tu diém do.

= PE cho thuan tién ching ta cé dinh nghia lién thdng mat
dé (Density - Connectivity).

Vietnam Institute for E
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Thuat toan DBSCAN...

* Dinh nghia 4: Lién thong mat do (Density - Reachable)

0 Diém p dugc goi la diém lién thong véi q theo hai tham so
Eps, MinPts néu ton tai mot diém O ma ca hai diém p, q déu
co thé dén dugc theo tham sO Eps va MinPts.

0 Lién thong mat do cé tinh chat doi x(rng va phan xa.
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Thuat toan DBSCAN...

* Dinh nghia 5 : Cum (Clustering)

= Mot tap con C khac rong cla D duoc goi la mot cum
(cluster) theo Eps va MinPts néu thoa hai diéu kién :

0 V p,gE€ D, néup € C,q co thé dén dugce tir p theo Eps va
MinPts thi g&C.

a V pq€ C,pliénthong mat db vdi q theo Eps va MinPts.

= Pinh nghia 6: D liéu nhiéu (Noise)
0 Diém nhiéu la diém khong thudc vao cum nao tron
cac cum Cl, C2, ..., Ck, tirc la Noise={p|Vi=1..k,pe&Ci}

1 1 7 Vietnam Institute for @
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Thuat toan DBSCAN...

118

Bién

|
Nhiéu

Eps = 1lcm
MinPts = 5



Thuat toan DBSCAN...

= Vi hai tham s6 Eps va MinPts cho trudrc, co thé
kham pha cac cum theo hai budc:

0 Budc |:Chon mot diém bat ky tir tdp DL ban dau thoa
man diéu kién nhan.

0 Budrc 2:Lay tat ca cac diém dén duoc mat do voi diém
nhan da chon & trén dé tao thanh cum.

1 1 9 Vietnam Institute for @
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Thuat toan DBSCAN...

» Loai bd céc diém nhiéu
» Thuc hién phan cum trén cac diém con lai

1: current_cluster label < 1

2: for all core points do

3: if the core point has no cluster label then

4: current_cluster label < current _cluster label + 1

5 Label the current core point with cluster label
current_cluster label

6: endif
7.  for all points in the Eps-neighborhood, except the point itself
do
8: if the point does not have a cluster label then
9: Label the point with cluster label current cluster label
10: end if

11:  end for @
120 12 end for Vietnam Institute for

Advanced Study in Mathematics



Thuat toan DBSCAN...

121

Thuat toan DBSCAN

Bl: Khé&i tao diém p tuy y va lay tit ca cac diém dén dugc mat do twr
p V@i Eps, MinPts.

B2: Néu p khong phai la nhan (cé thé la bién, nhiéu, hodc sé lan can
cua p it hon Minpts) thi DBSCAN sé di tham diém tiép theo.

B3: Nguwoc lai (p la nhan) thimét cum duoc hinh thanh va chL'ra,té't ca
cac doi tugng trong lan can cla p. Sau do, lan can cla nhitng diém nay
sé dugc khao sat dé xem liéu nd c6 dwgc thém ti€p vao cum nay hay
khong.

B4: N€u cum khong thé mé réng thém duoc nira, thuit toan chon
ngau nhién mét ddi twong p khac chua xét va I3p lai qua trinh trén.
B5: Lap cho dén khi moi ddi twong déu duwgc gom cum hay duoc danh
dau la ngoai lai/nhiéu.V&i mét CSDL cé n mau tin, can phai truy van

vung n lan.
Vietnam Institute for @
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Thuat toan DBSCAN...

= Neéu slr dung gia trj toan cuc Eps va MinPts, DBSCAN cé6
thé hoa nhap hai cum theo dinh nghta 5 thanh mot cum
néu méat do cla hai cum gin bang nhau.

» Gia su khoang cach gitta hai tap DL SI,S2 Ia Dist (S1,52)
= min{dist(p,q)| pE S| va q& S2}.

122 ietnam Institute for
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Thuat toan DBSCAN...

123

Uu diém:
 Co thé phat hién cac cluster c6 hinh dang bat ky
* Chi yéu cau mot ham do khoang cach va hai tham sé dau vao: Eps va
MinPts.
 Cho ra két qua tot va thuc thi hiéu qua trén nhiéu tap dit liéu.
Nhuoc diém:
* Khong thich hgp cho viéc tim cac cluster trong CSDL cuc lon.
* Néu tap dit liéu c6 mat do thay doi Ién, thudt todn quan ly kém hiéu qua.
Do phirc tap
Do phirc tap trung binh cia moi truy van la O(logn).
D6 phirc tap cua thudt toan la O(nlogn), n la kich thudc tap dit liéu.

Vietnam Institute for E
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Thuat toan OPTICS

124

La m& réng cua DBSCAN, bang cach gidm bdt cac tham
s6 dau vao.

OPTICS (Ordering Points To Identify the Clustering Structure)
sap x&p cac cum theo th( ty taing dan nham ty dong phan
cum di¥ liéu.

Thi tw nay dién ta ciu tric DL phan cum dya trén mat
do chura thong tin tuwong duong voi phan cum dua trén
mat dé v&i mot day cac tham so dau vao.

OPTICS xem xét ban kinh toi thiéu nham xac dinh cac
lang giéng phu hop.

DBSCAN va OPTICS tuong ty v&i nhau vé cau tric va
co cung d6 phirc tap: O(nLogn) (n 1a kich thwdc cua tap
DL).



Thuat toan OPTICS...

125

Uu diém:

OPTICS la m& rong cua DBSCAN nén co6 cung cac uu

diém nhu DBSCAN.

Két qua cum khéng khic nhiéu so véi DBSCAN nhung
khac phuc dugc nhitng nhugc diém ma DBSCAN mac
phai.

D6 phirc tap cta OPTICS tuong duong véi DBSCAN.
Nhuoc diém:

Cé vai doi tuwgng bién co thé bi thi€u khi trich rat cum
néu ching dugc xtr ly bai OPTICS trudc khi mot doi
tuong nhan cla cum twong ng dugc tim thay.



Thuat toan DENCLUE

= DENCLUE(DENSity - Based CLUstEring) la thuat

toan PCDL dya trén mot tap cac ham phan phoi
mat do.
= Y twong:
0 Sy tac dong cla mot doi tuong toi lang giéng cla nd
xac dinh boi ham anh hudng (Influence Function).

0 Mat do toan cuc cua khong gian cac doi twong duogc
mo hinh 13 tong tat ca cac ham anh hudng.

0 Cac cum duogc xac dinh bdi cac doi tuwgng mat do cao
(density attactors), la cac diém cuc dai cia ham mat dé
toan cuc.
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Thuat toan DENCLUE...

= Ham anh hudng: Cho x,y la hai doi twong trong
khong gian d chiéu Fd,ham anh hudng cia doi
twong y len x dwgc xac dinh fg:Fd =R, ",y =fp'(x).

= Ham anh huéng la ham tuy chon, mién la né
duwgc xac dinh bdi khoang cach d(x,y) cla cac doi
tuong, nhu khoang cach Euclide.

Vietnam Institute for E
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Thuat toan DENCLUE...

= DENCLUE phu thudc nhiéu vao nguwdng nhiéu &
(Noise Threshold) va tham s6 mat do 0.
= Ju diém
0 Co co sé toan hoc vitng chac
0 Cob kha nang xtt ly cac phan tlr ngoai lai.
0 Cho phép kham pha ra cac cum vé&i hinh thu bat ky
ngay ca doi vdi cac DL da chiéu.

* Do phure tap la O(nlogn).
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Nhan xét vé cac thuit toan duwa trén mat do

» & Cac thuat toan dya tren mat do khong thuyc
hién ky thuat phan mau trén tdp DL nhu trong
cac thuat toan phan cum phan hoach

= & diéu nay c6 thé lam ting thém do phuirc tap do
co sy khac nhau gitta mat do clia cac doi twong
trong mau véi mat do cua toan bé DL.

Vietnam Institute for E
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Phan cum dac thu

® Phan cum mo FCM, ¢FCM
* Phan cum xac suat EM

" Thuat toan STING

= Thuat toan CLIQUE
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Phan cum mo

131

Trong thuc té, cac cum dl lai ¢ thé chong lén
nhau.

Nguoi ta di ap dung ly thuyét vé tap mao trong
PCDL dé giai quyét cho truong hgp nay.

Cach két hop nay dugc goi la phan cum mo.
Trong phuong phap phan cum mo, dé phu thudc
cla doi twgng dl x, tdi cum tht i (u,) co gia tri
thudc khoang [0, 1].



= Y tudng trén di duoc gidi thiéu bdi Ruspini
(1969), dwgc Dunn ap dung nam 1973 nham xay
dung phuong phap phan cum mo dua trén toi
thi€u hoa ham tiéu chuan.

= Bezdek (1982) da tong quat hoa phuong phap nay
va xay ding thanh thuat toan phan cum mo c-
means co st dung trong s6 mi.

* K-means la PCDL ro va c-means la phan cum mo
tuong ng, cung st dung mot chién lugc phan
cum dl.
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= c-means m& goi tat [a FCM (Fuzzy C means-FCM) da thanh
cong trong nhan dang mau, xr ly anh,y hoc, ...

= Nhuoc: ciia FCM la nhay cdm v@i nhiéu/phan tl ngoai lai,
nghia 1a cac trung tim cum co6 thé ndm xa so vdi trung tim
thuyc cla cum.

= Co nhiéu cai tién: Phan cum dua trén xac suat (keller,
1993), phan cum nhiéu m¢& (Dave, 1991), Phan cum dya
trén toan ti Lp Norm (Kersten, 1999). Thuat toan e-
Insensitive Fuzzy C-means (eFCM).
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» Phan k cum, tdng quat hoa ham muc tiéu

k m k
SSE = Z Z wjidist(x;, Cj)2 Z wj = 1
=

j=1 i=1

cj 1a tdm cum, w; 1a trong s6 ma doi tugng x; thude vao
cum j
» Phén cum cing w; € {0,1}
> Dé cuc ti€u hod SSE, Iap cac budc sau:
» CoO dinh ¢; va xac dinh wj (gan cum)
> Cb dinh w; va tinh lai ¢;

Vietnam Institute for %
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= Udc lugng trong so

c, X C,
@ @ @
1 2 5
SSE(x) = wy1(2 — 1) + wye(5 —2)°
= Wx1 + Wy :
(1 .
SSE(x) cuc tiéu khi s

Wix1 :"an2:0
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FCM

» Ham muc tiéu

k m k
SSE =) » whdist(xi,c;)? ) wj=1
j=1 i=1 j=1

trong dé p > 1 12 s6 mi diéu khién dd6 mo
» DE cuc tiéu ham muc tiéu, |13p lai cac budc sau:
» Co dinh ¢j va xac dinh w;
> Cb dinh w; va tinh lai ¢
» Phan cum Fuzzy C-means w; € [0, 1]
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FCM...

= Vi du:

G X c,
1 2 5
SSE(x) = wgi (2 —1)° + wip(5 —2)° 7
2
= Wg; + 9w S
2
SSE(x) cyc tiéu khi L
Wx1 = 09, Wyo — 0.1
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FCM...

» Ham muc tiéu
k m k
SSE =) widist(x,c)? > wy=1
Jj=1 i=1 j=1

» Khaitao: chon ngﬁu nhién cac trong s6 Wi
> Lap lai:
» Céap nhat tam cum

m m
G =D WiXi/ ) _ Wi
i=1 i=1

» Cap nhat trong s6

C

k
138 wj = (1/dist(xi, ¢;)*)7=7/ y _(1/dist(x;, ¢;)*) >
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FCM...

» M0 phong cac cum kham pha duoc theo FCM:

— - S
‘_\. =
\ 5 /
N F
\
N\
.,\.
._\.‘
N
B /
. . e
L DO OO OO

OO OO O C

» PJ phirc tap cia FCM ciling nhu k-means la O(lkn).
= FCM la md& réng clia k-means nham kham pha ra cac cum chéng lén nhau.
= FCM van cé cic nhuge diém cla k-means v&i cac phan tlr ngoai lai/nhiéu.
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Phin cum xac suit

> Y tudng 1& mé hinh hoa tap diém dit liéu nhu 13 mé hinh
trén phan b
> Phén bo dugc dung dién hinh 1a phan b chuan (Gausse),
nhung cung co thé chon cac phan bé khac
» Céac cum dugc tim thay bang cach uéc lugng cac tham sé
cla cac phan bd trong mé hinh trdn
> Co6 thé st dung mot thuat toan EM
(Expectation-Maximization) dé udc lugng tham so6
> k-means thuc chéat 13 mot dang dac biét cla cach tiép can
nay
» Cung cap mot biéu dién gon gang cho cac cum
> Xac suat mot diém thudc vao mdt cum ¢ chiic nang tuong

tv nhu phdn cum mo. @
@ m Institute for
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Phin cum xac suit

= Dya vao tron phan bo

» Y tudng 12 md hinh hoa tap diém di liéu nhu 1a mé hinh
trén phan bb
> Phan bo dugc dung dién hinh la phan bo chuan (Gausse),
nhung cling cd thé chon cac phan b6 khac
» Cac cum dugc tim thay bang cach uédc lugng cac tham sé
clia cac phan bé trong mé hinh trén
> C6 thé s dung mot thuat todn EM ,
(Expectation-Maximization) dé udc lugng tham so
» k-means thuc chéat 1a mdt dang dic biét clia cach tiép can
nay
» Cung cap mot biéu dién gon gang cho cac cum
> Xac suat mot diém thudc vao mot cum ¢ chiic nang tuong
tv nhu phan cum mo.

141 @
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Phin cum xac suit...

= Vi du

» Vidu: xét mé hinh hoa cac
diém c6 dd hinh bén phai

» Trong hinh, cac diém co vé
tué&n theo mé hinh trén cua
2 phan bé chuan

» Gia sl c6 thé udc lugng dugdc 6 1a cac tham s6 trung binh
va dd léch chuan clia méi phan b trén
» Cdc tham s6 nay xac dinh rd 2 cum
> C4 thé tinh dugc xac suat méi diém thudc vao modt cum
> C6 thé gan méi diém vao cum ma xac suat thu dugc 16n

nhat 1 ]
(x—p)
P(x;|0) = € 202 @
142 ( I| ) vV 27T0' Vietnam Institute for
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Phan cum xac suat-TT EM

Khdi tao cac tham sb
Repeat

Vé6i mbi diém, tinh xac suat clia né cho tirng phan b6

DUng cac xuat suat ndy cap nhat tham s6 cla méi phan bb
Until khéng con thay doi

» Tuong tu véi k-means, gdm budc gan cum va cap nhat

» Co thé dung khéi tao ngdu nhién

» C6 van dé vé cuc tiéu dia phuong

» V&i phan bd chuén, dién hinh dung k-means dé khdi tao

» Néu s dung phan bd chuan, cé thé tim dugc dang cau lan

dang e-lip
Vietnam Institute for w
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Phan cum xac suat-TT EM...

= Cap nhat tam cum

» Cap nhat trong sé
m m
¢i= > _ xiP(Cjlx)/ Y P(Cjlx)
P P

x; 1a mét diém, C; 1a mdt cum, ¢; 1a tdm cum d6

» Tuong tu nhu cbng thirc phan cum k-means ma:

» Trong sb 1a cac xac suat, nhung khong Iuy thira
» Cac xac suat dugc tinh dua vao quy tac Bayes
P(xi|Cj)P(C;)

PLEIX) = S palcyP(C)

» Can gan trong sb cho mbi cum
» Tuong tu nhu xac suat tién nghiém

1 m
144 P(Cj) = EZP(CﬂXi)
i=1
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Phan cum xac suat-TT EM...

» Thuit toan chi tiét

1: Khdi tao cac tham s6 mé hinh

2: repeat

3:  Buwdc ki vong EStep (Expectation Step) V6i mbi doi
tuwong, tinh xac suat doéi tugng dé thudc vao médi phan bd
P(distribution j|x;, 6)

4. Buwoc cwe dai MStep (Maximization Step) Cho céc xac
suat tinh & budc EStep, tim uwéc lugng méi clia cac tham
s6 sao cho gid tri ki vong dat cuc dai

5. until Cac tham s6 khong thay ddi (hoic thay déi nhd hon

nguong nao do)
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Phan cum xac suat-TT EM...

= Nhan xet
0 Cé thé hdi tu chdm
0 Chi dam bao tim duwoc cyc dai dia phuong
2 Dung cac gia thiét thong ké quan trong (vé phan

bo)
2 S6 tham sé cho phan bd chuan 0(d2), vdi d la so6
chiéu:

e Cac tham bién gan véi ma tran hiép phuong sai.
* k-means chi udc lugng cac trung binh cum, s6 lugng

O(d)
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Phan cum xac suat-TT EM...

= Nhan xet
0 Cé thé hdi tu chdm
0 Chi dam bao tim duwoc cyc dai dia phuong
2 Dung cac gia thiét thong ké quan trong (vé phan

bo)
2 S6 tham sé cho phan bd chuan 0(d2), vdi d la so6
chiéu:

e Cac tham bién gan véi ma tran hiép phuong sai.
* k-means chi udc lugng cac trung binh cum, s6 lugng

O(d)
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Chat lvgng va dac
trng phan cum



Panh gia chat lwvgng phan cum

» VGi cac phuong phdp phan 16p (hoc cd hudng dan), cd san
nhiéu tiéu chi danh gia nhu doé chinh xac, dé phd ...
> VGi bai toan phan cum, ciing can danh gia chat lugng cac
cum thu dugc nham
» Tranh tim mau trong d liéu nhiéu
» So sanh 2 thuat toan phan cum
» So sanh 2 tap cum
» So sanh 2 cum
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Panh gia chat lwgng phan cum...

= Cac van dé danh gia chat lwgng phan cum

1. Xdac dinh "xu huéng phan cum" clia tap di¥ liéu: cé cau tric
trong du liéu hay khéng?

2. Banh gid ngoai: So sanh két qua phan cum véi céc cau
truc nhom da biét, vi du dua vao mét thube tinh phan 16p
daco

3. Danh gia trong: phan tich sy phu hgp clia két qua phan
cum, tim dac trung cum

4. So sanh, xac dinh két qua t6t hon trong 2 két qua phan
cum

5. X&c dinh s6 cum
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Panh gia chat lwgng phan cum...

» Tiéu chuan/dé do danh gia chat lvgng PC

» Chi s6 ngoai: dung dé so sanh cac cum thu dugc véi cac
I6p da cd san
» Entropy
» Chi s6 trong: Do do chat lugng ciu triic cum thu dugc
» Tong binh phuong 16i SSE (Sum of Squared Error)
» Hé sb dang diéu
» Chi s6 tuong doi: So sanh 2 két qua phan cum
» Dung Entropy hoac SSE
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Panh gia chat lwgng phan cum...

= Xac dinh s6 cum
0 DaGi vdi cay phan cap su dung chi sé do dé tuong
t
2 V&i phan hoach tryec tiép thi st dung cac tiéu chi
gan vdi tong binh phuong I0i
1 Db thj 'dang diéu

1 5 2 Vietnam Institute for E
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Panh gia chat lwgng phan cum...

= PO do danh gia trong:Tinh gan két va tach biét

» Tinh gan két trong cum: do su lién két clia cac ddi tuong
trong cung mot cum. Vi du st dung téng phuong sai trong
cum

SSE = WSS(Within Sum of Squares) = ) ~ sumyec,(X—m;)?
j
» Tinh tach biét clia cac cum: do su phén biét cia mét cum
so v&i cac cum khac. Vi du dung tdng phuong sai lién cum
BSS(Between Sum of Squares) = » | Cj|(m — m;)?
i
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Panh gia chat lwgng phan cum...

* P do danh gia trong: hé so dang diéu
(silhouette coefficient)

> Hé s6 dang diéu két hop ca 2 yéu td gan két va tach biét,
nhung dung cho ca tirng diém ciling nhu trng cum va tong
thé
» Cho mot diém i
» Tinh a = trung binh khoang céch tir diém i t6i cac diém
khac trong cum
» Tinh b = min(trung binh khoang céch ti diém i t6i cac diém
& trong cum khac)
> Hé sb dang diéu clia mot diém
s = (b—a)/ max(a, b)
> Hé s6 nay thude khodng [0, 1], cang gan 1 chéat Iugng phan
cum cang tot

» Co thé tinh hé sé dang diéu trung binh cho 1 cum hodc ca

mot phan cum
154
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Panh gia chat lwgng phan cum...

* P06 do danh gia ngoai

> Xay dung bang thong ké chéo sé phan t& cla tirng cum
thudc tirng 16p da cé san (K cum, L 16p)
» Entropy
> VGi mbi cum j tinh p; 1a x&c sudt mdt phan t cla j thude
6p iz pj = my/m;, m; 1a sb gia tri trong cum j, m; 1a sb céc
phan t( cla I6p i ndm trong cum j
» Entropy clia cum j

L
e = ) pjlog, pj

i=1

» Téng entropy cla tat ca cac I6p

K
m.
_\"Mmi
e=)_ el
=

> D(’j thUén nhét purityj = maxplj VIe(namInsﬂtutefor@
. K m: . Advanced Study in Mathematics
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Dac trueng cua cuml/lop

» Giup cho viéc dién giai mot phan hoach:
0 M6t phan hoach sé dwoc nang gia tri mot cach
dang ké néu né di kém véi mét mé ta vé cac lop
theo cac thudc tinh va cac ca the.
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Dac trueng cua cum/lép...

e e

= Dién gidi phan hoach theo ca thé
= V&i moi l&p ngudi ta xét cac yéu td sau:

157

J
J
d

sd phan tu,

dudng Kinh (khoang cach gitra 2 diém xa nhat),

st tach biét (khoang cach cuyc tiéu gitra 1&p dang
xét vai [&p gan nd nhat),

tén cla cac ca thé nam gan trong tdm cua |&p
nhat,

tén cla cac ca thé nam xa trong tdm cula I&p nhét.
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Dac trueng cua cum/lép...

o n oA

= Dién gidi phan hoach theo cac bién lién
tuc

So sanh gia tri trung binh X, va do léch chuan s, cla 1 bién X
trong 16p k véi gia tri trung binh va dé Iéch chuan téng thé.
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Dac trueng cua cum/lép...

= Dién gidi phan hoach theo cac bién lién tuc

So sanh gia tri trung binh X, va dé léch chuan s, cla 1 bién X
trong 186p k véi gia tri trung binh va dd I1éch chuan tong thé.

= Dién giai phan hoach theo cac bién dinh tinh

Lép k Céc I6p khac Quan thé

Gia tl’ij Ngj n;

Cac gia tri khac * * *

Quan thé Nk * n
Ti I& phan tram téng thé = nj/n

T71& phan tram “ gid tri / 16p “ = ny;/nk
Ti |& phan tram “16p / gia tri “ = ny;/n; @

Advanced Study in Mathematics
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Dac trueng cua cum/lép...

= Gia tri kiém tra (test-value)

1 Cac thong ké trén cac bién o trén co thé
duwgc chuyén thanh | tiéu chuan goi la “ gia
tri kiém tra ‘.

0 Gia tri kiém tra cho phép chon loc cac bién lién

tuc hodc cac gia tri cua cac bién roi rac dic trung
nhat cta moi lop
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Dac trueng cua cum/lép...

» Gia tri kiém tra cho bién lién tuc

Gia tri kiém tra bang khoang cach gilra gia tri trung binh trong 1
I6p va gid tri trung binh tdng thé biéu dién theo sb cac dd léch

chuan: % ¥
. —
v-test =
Sk(X)
vOi
2
2 _n—ng S (X)
SKX) =11 Nk

» Gia tri kiém tra cho cac bién tén
Gia tri kiém tra cla gid tri k cta bién j :

Ny
Nig — Nk. 5

v-test =

— n;
161 \/nk.%.ﬁf. (1-
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Dac trueng cua cum/lép...

= Dién gidi gia tri kiém tra

= Néu |v-test| > 2, gia tri trung binh trong
toan b6 quan thé phan biét dang ké voi gia
tri trung binh cua 1ép.

0 Dién giai nay chi cé nghia cho cac bién bd sung khdng
tham gia vao qua trinh xay dwng cac lop: co su phu
thudc gilra cac |6p cia mét phan hoach va cac bién
dugc dung cho dinh nghia phan hoach.

2 Vi cac bién dung trong phan cum, cac gi tri kiém tra

la cic d6 do d6 twong tuy don gian gilra cac bién va cac
lop
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Dac trueng cua cum/lép...

= Dién gidi gia tri kiém tra

= Néu |v-test| > 2, gia tri trung binh trong
toan b6 quan thé phan biét dang ké voi gia
tri trung binh cua 1ép.

0 Dién giai nay chi cé nghia cho cac bién bd sung khdng
tham gia vao qua trinh xay dwng cac lop: co su phu
thudc gilra cac |6p cia mét phan hoach va cac bién
dugc dung cho dinh nghia phan hoach.

2 Vi cac bién dung trong phan cum, cac gi tri kiém tra

la cic d6 do d6 twong tuy don gian gilra cac bién va cac
lop
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Phin cum trong thyc té

* Péivoi | phuvong phap phan cum tu duéi 1én,
ngudi ta thudng cat cdy phan cdp sao cho thu
duogc cac |6p thudn nhit nhat cé thé ma van
phan biét tdt |an nhau bang cach dwa vao chi sé
0 cac tang (cf.vi du).

= Chién luoc "Phan tich thanh té + Phan cum" cho
phép loai bd cac dao ddng ngau nhién va thu
duwoc cac Idp 6n dinh hon, vi cac truc thanh to
thudng rat 6n dinh d&i véi viéc chon mau.
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Phan cum trong thyc té...

165

Chién lugc "Phan cum hon hop", nghia la thuc
hién viéc phan cum tu duéi lén bit dau tu vai
chuc nhém thuan nhat thu duoc t | thuat toan
két nhdp quanh cac tdm ddng kiéu k-means, la
chién lu¢c rat thich hop cho viéc phan hoach |
tap hop chira | s6 luong lon (hang nghin hoac
hang chuc nghin) cac ca the.

Tinh thudn nhat cda cac lop thu dugc co thé toi
u’u hoa bang mét tha tuc cung cb cac lop, tire la
thue hién lai | qua trinh két nhdp quanh cac tam
déng cua cac lop.



Phan cum trong thyc té...

= Mgt s6 bai toan cu thé trong thuc té

166

J

D O 0O 0 0 O

nan cum trong hang khong
nan cum hoc sinh

nan cum khach hang

nan cum/loai bénh nhan
nan cum trong Giao thong

han cum/nhom van ban

é thong tai chinh ngan hang



Thuc hanh phan cum
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Thuwc hanh phan cum

= Demo ma@t s6 bai toan cu thé trong thuyc
té

nan cum trong hang khong

nan cum hoc sinh/SV

nan cum khach hang

nan cum trong Giao thong

P
P
P
Phan cum trong y té
P
I_

U O 0O 0O 0 O

é thong tai chinh ngan hang
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Thwc hanh phan cum...

= Mot sO cong cu
= Scikit-learn Data Clustering (Python) http: //scikit-
learn.org/stable/modules/clustering.html

= Open Source Data Mining Software (WEKA Workbench)
http://www.cs.waikato.ac.nz/ml/weka/

* Apache Mahout Machine Learning Library
http://mahout.apache.org/users/clustering/

* R-archive network http://cran.r-project.org/

* Tanagra https://eric.univ-lyon2.fr/~ricco/tanagra/
en/tanagra.html

" YALE (rapid-i.com)
= KNIME (www.knime.org)
* Orange (www.ilab.si/orange)

169 Vietnam Institute for E
Advanced Study i thematics




Thwc hanh phan cum...

= Mot s cong cu...

Cac cong cu thuvong mai

*Oracle 10g/| Ig DBMS va Oracle 10g/1 g Data Mining
www.oracle.com

"Microsoft data mining tools (MS SQL Server 2005/2008
DBMS va Business Intelligence Development Studio)
www.microsoft.com

*Ho tro tir Intelligent Miner (IBM)
*Ho tro tir Enterprise Miner (SAS Institute)
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Tai lieu tham khao

Charu Aggarwal,Data Mining,Springer 2015.

J.Han and M. Kamber, Data Mining: Concepts and Techniques, 3rd ed.
http://www.cs.illinois.edu/~hanj/bk3/

* Tan, Steinbach, Karpatne and Kumar, Introduction to Data Mining, 2nd ed. https:
[lwww-users.cs.umn.edu/~kumar00 |/dmbook/index.php

= David L. Olson, Dursun Delen,“Advanced Data Mining Techniques”, Springer-Verlag,
2008.

* Hillol Kargupta, Jiawei Han, Philip S.Yu, Rajeev Motwani, and Vipin Kumar,“Next
Generation of Data Mining”,Taylor & Francis Group,LLC, 2009.

" Jan H.Witten, Frank Eibe, Mark A. Hall,“Data mining : practical machine learning
tools and techniques”,Third Edition, Elsevier Inc,201 I.

* Oded Maimon, Lior Rokach, “Data Mining and Knowledge Discovery Handbook”,
Second Edition, Springer Science + Business Media, LLC 2005,2010.

Tutorials

" https://eric.univ-
lyon2.fr/~ricco/cours/didacticiels/Python/en/cah_kmeans_avec_python.pdf

» http://data-mining-tutorials.blogspot.com/search/ label/Clustering @
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