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What motivated data mining?

> V& nganh khai pha dir liéu:
Sw phat trién va méi lién
quan v&i xac suat-thong ké.

> Vai két qua trong cac linh vuc:
0 Phuong phap kernel
0 Khai pha van ban
a Tinh toan y-sinh hoc
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Ta dang s6ng trong mot thoi séi dong nhat: May tinh va
mang may tinh (internet)

m R4t nhiéu di¥ liéu hon bao gi® hét & quanh ta.
Chung dwoc thu thap va lwu trir trong cac CSDL khéng 16
(hang triéu ban ghi, hang nghin thudc tinh).

m R4t nhiéu dir liéu c6 cAu tric phirc tap va khéng & dang
vecto (complexly structured data and non-vectorial).
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Explosion of biological data

EMEL Database Growth
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network CEy

DBGET Database Links tatal rceabdes (ggatbases)
( KEGG BRITE ) :
5 Pathway Glyean  LIGAND = :
] ke Compowd Reacton | : 10,267,507,282
o Gt Enzyme — i+ bases in
DBGET “. 9,092,760
RefSeq PRF PMD CarbBank =
: B ' records.
PubMed GenBunk |~ PIR FDB 3 —mi
=1 rotein Y| S LS PSP LIS LSS S S
LR EMBL | UniProt | PDESTR  Adinde
OMIM EPD Prosite  Moti Plam

How biological data look like?

Pay la mot mau clia chudi DNA, toan bd chubi gdbm 1.6
triéu chir cai. Doan DNA nay chi c6 350 chir cai, 4570 nhd
hon chudi DNA:

..TACATTAGTTATTACATTGAGAAACTTTATAATTAAAAAAGATTCATGTAAATTTCT
TATTTGTTTATTTAGAGGTTTTAAATTTAATTTCTAAGGGTTTGCTGGTTTCATTGT
TAGAATATTTAACTTAATCAAATTATTTGAATTTTTGAAAATTAGGATTAATTAGGTA
AGTAAATAAAATTTCTCTAACAAATAAGTTAAATTTTTAAATTTAAGGAGATAAAAAT
ACTACTCTGTTTTATTATGGAAAGA e _ _ .

AGTAGTTACCCTTAGAAAAATATGG]
TATATTATGT...

R4t nhiéu loai di liéu sinh hoc khac.
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m Khodng 80% di¥ liéu trén d&i khong phai dir liéu s6, ma

phan l&n & dang chiv (source: Oracle Corpo
m Co s& div liéu cac cong bd khoa hoc
0 Ca sa dir liéu ISI (Thomson-Reuteur): SCI/SCIE,

a Cao sd dir liéu SCOPUS (Elsevier)
0 Co sd dir liéu Google Scholar (Google)

ration)

SSCI, A&HCI, etc.

0 Hon 100 co s& dir liéu va cong cu khac: arXiv, CiteSeer,

ScienceDirect, SciFinder Scholar, MEDLINE, ...

0 Hé théng bang sang ché& phat minh, chdng han s dang ky hang
nam trén thé gidi la 1.6 triéu va & Nhat co khoang 400 nghin.

m Khai thac cac CSDL nay thé nao dé danh gia

chat lwong

cac cong bd, xu thé trong khoa hoc, tim kiém ding bai bao

hay patent mong muén, etc.?
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Web link data

Successors

Web link
Web content
Web log

Friendéhip Network Over 3 billion
[Moody '01] * documents
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Multivariate analysis

Multivariate analysis

m Phan tich di liéu kiém
dinh (CDA: confirmatory
data analysis) nhan
manh ki€m dinh gia thiét.

m Phan tich di liéu kham pha
(EDA: exploratory data
analysis) nhan manh dung
d liéu sinh ra cac gia thiét.

Q Factor analysis; Principal component analysis (PCA)
O Regression analysis

Q Linear discriminant analysis: taxonomy

Q Cluster analysis

m Thay gi tir cac phuong phap truyén théng?
Q Khoéng chay dugc/nghéo nan vaéi dit liéu rat I6n va phic tap
Q Cac phuong phap c6 dién chi phan tich duwdc cac tap dit liéu nho
Q Chi phi @& lwu trir va x& ly di liéu la trd ngai 16n trong nhiéu thap ky.
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m Cac phuong phap dudgc tao ra khi cac tap dir liéu nho va
vlra dang phé bién, khi tinh toan chi thuc hién dugc trén
cac may tinh con yéu.

m Do tdc do va hiéu qua tinh toan duoc cai thién, rat nhiéu
phuong phap phan tich di¥ liéu nhiéu chiéu duadc tao ra dé
gidi quyét cac bai toan dit liéu kich thudc 16n.
> projection pursuit (friedman, 1984) 1966
> neural networks
2 reduced-rank regression
2 nonlinear manifold learning
2 independent component analysis
2 kernel methods, support vector machines
2 random forests (Breiman, 2001)

Data mining metaphor:
Extracting ore from rock

ACM SIGKDD (1995),
Languages,ECl\/I L/PKVD'E}G(%Q,97),
Representations pﬂ\%ﬂﬁaef'g@?)’
I IEEE ICDM
SIAM DM, ...

Applications
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Convergence of three technologies

Increasing
computing power

Improved data
collection and
management

Statistical and
learning algorithms
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Increasing computing power

m Moi thir trén doi sé som
dwoc biéu dién va lwu
triv trén may tinh

Everythin
Recorde

m Hau hét cac dir liéu nay
chang bao gid dworc
chirng ta ngd ngang toi

m Dau 4 cong nghé cha dé
déi mat véi ngudn div
liéu va thong tin khdng
16 nay?

20 TB contains
20 M books inLC

[“How much information is there?”
Adapted from the invited talk of Jim
Gray (Microsoft) at KDD’2003]

National key project (2007-2012)
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Next generation supercomputer project

Application Area
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(Kennichi Miura, DEISA Symposium, 5.2007)
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Types of data

m Flat data tables

m Relational databases
Temporal & spatial data
Transactional databases
Multimedia data
Genome databases
Materials science data
Textual data
Web data
etc.

> etc.
m Description

> Clustering

Key issue: Model selection > etc.

> Association analysis

> Summarization
> Trend detection

Mining tasks and methods

m Classification/Prediction

> Decision trees

> Neural networks

2 Rule induction

3 Support vector machines
> Hidden Markov Model
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Challenges in data mining

10 challenging problems in data mining

high dimensionality (102-103 attributes)

% Large data sets (10%-10'2 objects) and
[Problems: efficiency, scalability?]
T

Different types of data in complex forms
(mixed numeric, symbolic, text, image, voice,...)
[Problems: quality, effectiveness?]

Data and knowledge are changing

]
Ped
Ay
hl Human-computer interaction and visualization
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(J. IT&DM, Vol.5(%), 2006)

Developing a unifying theory of data mining

Scaling up for high dimensional data/high speed streams
Mining sequence data and time series data

Mining complex knowledge from complex data

Data mining in a network setting

Distributed data mining and mining multi-agent data
Data mining for biological and environmental problems
Data-mining-process related problems

W 0N WU AWM=

Security, privacy and data integrity
10. Dealing with non-static, imbalanced and cost-sensitive data
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> Vé nganh khai pha d liéu:
Su phat trién va mai lién
quan vdi xac suat-thong keé.

> Vai két qua trong cac linh vuc:

& 0 Phuong phap kernel
X%% 0 Khai pha van
S

a Tinh toan y-sinh hoc.
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Kernel methods: the basic ideas

Input space X

X X inverse map ¢!
(o]
o
° d(x)
[e] e o
X X

\ KO = 90 90x) | N

et fnction 51> . (Kemel matr Ky eretbosd arom on

P X=R*>H=R°

(%0 %) B> (% % X +%5)

8 Vinh, 20-22 May 2010




Kernel methods: math background

Input space X
Xp X inverse map ¢’

° d(x)

\ | K(x) = 006)60) | \

kernel function f: et = 5 Kernel matrix Ky (ckofrzgilt-abt?;?ldoﬁlgkgrrir:(re]lmmoa'lr‘i(x)

Linear algebra, probability/statistics, functional analysis, optimization

m Mercer theorem: Any positive definite function can be written as an inner
product in some feature space.

m Kernel trick: Using kernel matrix instead of inner product in the feature space.
m Representer theorem (Wahba): ~Every minimizer of min{C(f {x, y})+Q(/f[,) admits

arepresentation of the form f(.)= ZaiK(., X;)
i=1
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Kernel PCA

linear PCA

S& dung ham kernel, cac toan tir tuyén Ot : -
tinh ban dau ctia PCA dudc thuc hién o S e
trong mot khéng gian Hilbert kernel tai tao o °

vai mot anh xa phi tuyén.
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Kernel matrix evaluation

. R o e A Comparing directly
m Chi ra d6 do pho bién va hiéu matrices in the input
qua nhat KTA (Kernel Target

Alignment, 2001) danh gia cac

ma tran kernel cé nhirng han KTA(K,y) =
ché I6n (digu kién dd nhung JOCK) vy yyT),
khéng can).

m Dé xuat d6 do mai FSM (Feature Comaring data
Space-based Kernel Matrix images distributions
Evaluation Measure) dung phan
b6 di liéu trong khong gian
feature. FSM hiéu qua, co
nhitng tinh chat mong muén. FSM (K, y) Z%

m Implication of FSM is vast.

(Nguyen Canh Hao, Ho Tu Bao, Pattern Recognition, 2008)
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Pr Ly,

Statistics-based natural language processing :lhll“

1992 ACL 1994 ACL 1996 ACL
24% 35% 39%
(8/34 (14/40 (16/41)
1999 ACL 2001 NAACL 2005 ACL
60% 87% 96%
(41/6 (27/31) (T4TT)

B some ML/Stat [] no ML/Stat

(from Marie Claire talk, ECML/PKDD 2005)
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Statistical machine translation _ Statistical machine translation

Vietnarpese- English Vietnamese- English
English . English e
Bilingual Text Bilingual Text
Statistical Analysis Statistical Analysis Statistical Analysis Statistical Analysis
] Broken . ] Broken R .
Vietnamese —» —  English > » English Vietnamese —» —  English > » English

R . , Died the old man too fast The old
Ong gia di nhanh qua —— The old man too fast died € old man

The old man died too fast died too fast
Old man died the too fast

(tutorial on SMT, K. Knight and P. Koehn)

SP8.1 VLSP nationalproject 2007-2009

Speech analysis tools | http://vIsp.vietlp.org:8080/demo/?page=about

PageRank algorithm (Google)

SP6.1 ] SP6.2 ) SP6.3
speggt:prc;?ogition spei?:Lpg;itft?;sis s;:ec::ri‘:igr\?v;%s u G Oog le t l‘f ‘ Weath e r fO recaSt ’
N ApIIicati?;;riented l l SP3 9 4 . 2 tl’léu tl’an g Web .
\7_ystteams basepd onh —— 1l Etnglislh-tyietnant]ese ,
> | Vietnamese speech ‘_’\gp;__xg_/ ranslation system S 1A 2
recognition & synthesii Vietnamsezz.?reebank E-V cosrzgtr:nocf:s"gned u Lam SaO G OOgle blet. EaC tran g
: — web quan trong va lién quan
: At?
English-s\fi;:lamese le—>] Vi tﬁp t7‘.2 n h a t °
dictionary let dictionary , .
— m Google gan cho méi trang web
SP2 ~ X
sze)lcsT;;c:/?tEition . SP|8.2 SPI8.3 IREST: ﬁ'\Ft’:rnet use mOt C0n SO ( PageRa n k n U m be r)
large vocabulary =N V'g‘;‘ga::::gtl“g;'d [“—1 Vietnamese POS tagger |« support system tinh qua viéc g] ai bai toan N
1IN SR Vietnagz:fs ntax <171 PW = XW G A 2| w2 0
Ls| Viethamese chunker [ an alyseiy - 9 B | 2| O 1
| | m Kinh thwoc (2007): 4.2x10
C| 0| 12| O
SP5
Vietnamese spelling
checker
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Topic modeling: key ideas

m Topic modeling key idea Topic modeling

m Tim tai liéu trén Google lién quan Latent semantic analysis

3 cht @& “thuc phdm”, “mam documents dims (LDA, Blei, JMLR 2004) documents topics
tém”, “dich bénh”. 8 c ) I dims Ed"c“\'/"e"t > méi vén ban 1a mot mixture % E . documents
we Lm easria E — 8 S S cla cac chi dé z o =3 o |
m Google cho ra rat nhiéu tai liéu, 51 chil 6B 13 Mt bhan bs g
,oe . N ~ = MOl chu de la mot phan bo
vGi precision va recall thap. &G St Irén Cae t. ———
N - , g - tri
m Lam sao may tinh hiéu dugc noi IR R N B e = Thidu oeurrence matr
dung van ban dé tim kiém cho rock 2 [ 1 [of2z]o]1]n wp b L .
= > “thuvc phdm” = {an toan, rau, o .
A > 1 0 1 0 0 0 0 B
hiéu qua? :::;:: N N N B B B thit, ca, khong ngé doc, Laterlt DI:IChlet Allocation (LD,TA)'
Py - er-wor opic
n Théng qua Chl] d‘é Cl]a Vén bén music 0 0 0 1 2 0 0 kho'ng dau bung } p[:x]rz(r:::;r topic assignment hyperparameter
eo0é 0 0 0 ! 0 2 0 > “mam tdm” = {tém, man, dau Per-document Observed Per-topic
m Latent semantic ana|ySiS band 0 0 0 0 1 0| o0 phu, thit cho, long Ign, ...} topic proportions word word proportions
(Deerwester et al., 1990; N > "dich bénh” = {nhidu nguo, ' }
co o E s cap clu, bénh vién, thudc,
Hofmann, 1999): Biéu dién van Vagme mia he, . }
ban trong mét khéng gian Euclid, e (2 [ A I T > D1= {thuc pham 0.6, mam Q*@‘ () Q*—O
mai chiéu la mot t6 hop tuyén dimi | 0.88 | 0759 | 0615 | 0961 | 0.385 | 0891 | 0845 t6m 0.35, dich bénh 0.8} o 6, Pan o Wy P B
tinh CéC t[‘j (g|6ng PCA) dim2 0.460 0.652 0.789 -0.276 | -0.922 | -0.525 | 0.534 M 7P

Example of topics learned

k “Arts” “Budgets” “Children” “Education”
(9| a) _ F(Zi=1ai) eal—l . Hak -1 B B
p = d k QO%___OP +O = From 16000 NEW MILLION CHILDREN  SCHOOL
Hi=1 F(Oli ) > wX T d FILM TAX WOMEN STUDENTS
. . e a SHOW PROGRAM PEQPLE SCHOOLS
Dirichlet prior on the per-document topic distributions d ocuments MUSIC BUDGET CHILD EDUCATION
M of AP corpus MOVIE  BILLION YEARS TEACHERS
PLAY FEDERAL FAMILIES HIGH
N - i MUSICAT YEAR WORK PUBLIC
9 1 00 top]c BEST SPENDING PARENTS TEACHER
p(9,Z,W|a,ﬁ) = p(0|a)| I p(Zn|l9) p(Wn| z,, /) LDA model ACTOR  NEW SAYS BENNETT
n=1 M FIRST STATE FAMILY MANIGAT
. . . . . . N Y PLAN L F: NAMFPHY
Joint distribution of topic mixture 8, a set of N topic z, a set of N words w e AR
THEATER PROGRAMS PERCENT PRESIDENT
= Each color ACTRESS GOVERNMENT CARE ELEMENTARY
LOVE CONGRESS LIFE HATTI
N codes a
I I k
p(W| a, ﬁ) = I p(0| a) Z p(zn | 0) p(Wn| Zn ! ﬁ) 0 different The William Randolph Hearst Foundation will give $1.25 million to Lincoln Ceuter,
n=l z, Metropalitan Opera Co., New York Philharmonic and Juilliard School.  %Omr bhoard
Marginal distribution of a document by integrating over 6 and summing over z factor from felt that we had a real opportumity to make a mark on the fnimre of the performing
. arts with these grants an act every bit as important as onr traditional areas of support
Wh]Ch the in health, medical research, edncation and the social services” Hearst Fonundation
M Ng d : President Randolph A. Hearst said Monday in annonncing the grants. Lincoln Center’s
k wora is ghare will be 200,000 for ite new building, which will house young artists and provide
p(D| o, ﬂ) = I I p(ed |a) I I Z p(zdn | ed) p(de| Zdn ] ﬂ) Hd Utativel new public facilities. The Metropolitan Opera Co. and New York Philharmonic will
d=1 n=l z4, p y receive $400,000 each. The Juilliard School, where music and the performing arts are
. ) ) I . tanght, will get $250,000. The Hearst Foundation, a leadi rter of the Lincaln
Probability of collection by product of marginal probabilities of single documents generated neht, will ge ® TemEL et B RO SHPROTET O e e

Center Consolidated Corporate Fund, will make ite nsual anvmal $100.000 donation,
toa.
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o5 2 oS 3ie

a0 = VN, 5

Model descrption:
O|a ~ Dirichlet(a)
B, Y ~ Lognormal (u,Y)
z|6  ~ Multinomial (6)
w| g~ Multinormial (f (3))

Spam classification

Method  DLN LDA SVM

Accuracy 0.5937 0.4984 0.4945

Predicting crime

1 1
Pr(xl,...,xn):/ziexp{——(logx—yfZ’l(logx—y)}
"2 AZ X 2
)" .., DLN LDA SVM
where logx = (logx,,...,Iogx, )"
0.2442  0.1035 0.2261
(Than Quang Khoat, Ho Tu Bao, 2010)
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Problem

m D3 biét 3,053 genes trong sb 25.000-30.000 genes clia ngudi la genes
gay bénh, thong bao trong CSDL OMIM.

m Dy doan (tinh toan) xem cé genes nao khac cling la genes gay bénh?

~

MIM

— e
“~> NCBI [

ces deseribed m OMIM. Fer a map orgaszed by

The OMIM Morbid Map presents the cytog
3 refined maps of genes and DA segments, use NCBI Entrez Mag Viewes

chromasome, Jet
and the Cenome Database

Search for Find | [ Find Mext | (from the cusrent location)
= Enter gene symbol, chromosomal location, or disorder keyword to seazch for, e.g “recessive”, "CYP1""5°, “Ipter”, or
X4

* You misst capitalize X and ¥ to search for these chromosomes

2<Move T Move Down>>
Disorder | Symboliz) OMIM|  Location
Alzmatng hemplega of chidhood, 104290 (3) | ATPIAZ, FHMz2, MEP2 182340 |1q21-q23
ASPSCR1,RCCIT,

Abvealar soft-part sareema, 606243 (3) ASPL, ASPS E06236 (17425
Altheimer disease 6, 104300 (2) ADE 605526 1024
Alzheamer disease 8, 104300 (2) |ADe 607116 |20p
Alsheimer diease, fype 3, 607822 (3) PSEN1, AD3 | 104311 | 14924 3

Done.
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Dy doan genes gay bénh

Phenotype network

Key assumption

Lang giéng cua
mot gene trong
mang lwdi cac
genes gay bénh
ciing c6 nhiéu kha
nang gay ra bénh
do hoac bénh
twong tu.

(Goh et al. 2007;
Oti and Brunner 2007).

/)ausativ

genes

Candidate

Gene network

(Reproduced from www.blackwell-synergycom)
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Key idea of the method

1. Phat hién cac su kién nén genomic/proteomic . * g s i
cla proteins va tuwong tac protein tir nhiéu - IR B SR
CSDL -> xay dung mang tuong tac proteins. - . =

Infe:bam

proSile
UniProt e

e bt
o e e

I“I
ﬁ
)

2. Phat trién mét phuong phap méi vé hoc vai
d@ liéu mot phan cé nhan (semi-supervised)
dé kiém chirng gia thuyét ca ban vé genes
gay bénh duva trén mang tuong tac proteins
- doan 568 genes cé kha nang gay bénh.
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Take-home message

Nhiéu di liéu va nhiéu ki€u dit liéu mdi, kha nang tinh
toan manh hon = can md hinh va céng cu xac suat-thdng
ké mai thich hap.

Khai pha dir liéu (data mining) la linh vuc mdi ra doi ti doi
héi thuc t€, dang phat trién s6i dong > lién quan dén
nhirng thay déi su sac trong xac suét-théng ké.

Nhan thirc dugc sy thay ddi nay va cac thach thic ly
thuyét cling nhu gidi phap thuc tién cho cac nhu cau.

Hudng dén nhitng xu thé mdi, téi nhitng van dé ly thuyét
va ing dung can thiét, nhiéu y nghia?
(L. Breiman, D. Han, M. Jordan, ...)

Izenman, A.J. (2008). Modern Multivariate Statistical Techniques: Regression,
Classification, and Manifold Learning, Springer.
http://www.jaist.ac.jp/~bao
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