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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.
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1. Nhu cau cta khai pha dir liéu (KPDL)
Khai niém KPDL va phat hién tri thirc trong CSDL
3.  KPDL va xtr ly CSDL truyén thong

4. M6t sb ing dung dién hinh cia KPDL

5. Kiéu di¥ liéu trong KPDL

6.  Cac baitoan KPDL dién hinh

7. Tinhlién nganh cua KPDL




1. Nhu cau ve khai pha dir liéu

e Swbung nd di liéu
- Ly do cbng nghé
- Ly do xa hoi
- Thé hién
e Nganh kinh té& dinh huwéng di liéu
- Kinh té tri thirc
- Phat hién tri thirc twr di¥ liéu




Bung noé dir liéu: Luat Moore | :%::
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Relative Manufacturing Cost/Com ponent
R
LOG, OF THE NUMBER OF
COMPONENTS PER INTEGRATED FUNCTION

Mumbsr o Componsnis Per Intsgrated Clrcu Fig. 2 Number of components per Integrated
function for minimuam cost per component
extrapolated va timeoe,

o Xuat xur

= Gordon E. Moore (1965). Cramming more components onto integrated
circuits, Electronics, 38 (8), April 19, 1965. Mét quan sat va dw bao

e "Phwong ngbn 2x
=S4 lwong ban dan tich hop trong mét chip sé tdng gap doéi sau khoang hai
nam
= Chi phi s&n xuat mach ban ’dén v&i cung tinh nang giam mot nira sau hai nam
= Phién ban 18 thang: rat ngan chu ky thoi gian



Luat Moore & cong nghiép dién tw| s:::

e Dan dat nganh céng nghé ban dan

M6 hinh co ban cho nganh céng nghiép mach ban dan
“Dinh ludt Moore van tao khd ndng co ban cho sw phat trién cda ching toi, va
nd van con hiéu luc tot tai Intel... Dinh ludt Moore khdng chi |l mach ban dan.
NG ciing 1a cach st dung sang tao mach ban dan”. Paul S. Otellini, Cha tich va
Giam dbc diéu hanh Tap doan Intel

“toan bo chu trinh thiét ké, phat trién, sén xuéat, phan phéi va ban hang duoc coi
la c6 tinh bén ving khi tuan theo dinh ludt Moore... Néu danh bai dinh luét
Moore, thi truong khéng thé hap thu hét cac san pham mai, va ky sw bi mét viéc
lam. Néu bj tut sau dinh ludt Moore, khéng co6 gi dé mua, va ganh ndng de 1én
déi vai cta chubi cac nha phan phdi sén phdm”. Daniel Grupp, Giam déc PT
céng nghé tién tién, Acorn Technologies, Inc. ( )

e Thuc day cong nghé xt ly, lwu gilr va truyén dan di liéu

Cong nghé ban dan la nén tang cla cong nghiép dién tc.

binh luat Moore v&i cong nghiép phan clirng may tinh: bd x& Iy Intel trong 40
nam qua (trang tiép theo).

Bung nd vé nang lwc x& ly tinh toan va lwu trir div liéu.

Tac dong téi sy phat trién cong nghé co' s& dir liéu (t6 chirc va quan ly dir ligu)
va cong nghé mang (truyén dan dir liéu) 5
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Luat Moore: Bo xw ly Intel 1
e T

4004 12971 2,300

B8008 1972 2,500

B8030 1974 4. 500

BO8G 1978 29,000
Intelzad 1982 134 000
Intel386™ processor 1985 275,000
Inteld86™ processor 19820 1,200,000
Intel® Pentium® processor 1293 3,100,000
Intel® Pentium® II processor 1997 7LB00, 000
Intel® Pentium® 1l processor 1999 o500, 000
Intel® Pentium® 4 processor 20D A2, 00D, D00
Intel® ltanium® processor 2001 25,000,000
Intel® ltanium® 2 processor 2002 220,000,000
Intel® ltanium® 2 processor (9MB cache) 200 502 0D, D00

“Another decade is probably straightforward...There is certainly no end to creativity”.
Gordon Moore, Intel Chairman Emeritus of the Board Speaking of extending Moore’s
Law at the International Solid-State Circuits Conference (ISSCC), February 2003. 6



H¢ thong vdc va bo1 don vido |

tBhigg Gié tri chinh xéc Ttig'” ﬁ'jg Gié tri chinh xéc Ttign
103 0001 | mii | 103 1000 | Kio
104 0.000001 | micro | 108 1000000 | Mega
109 0.000000001 | nano | 108 1.000.000.000 | Giga
102 0.0000000000001 | pico | 1012 1.000,000.000.000 | Tera
1045 0,000000000000001 | femto | 1018 1.000.000.000.000000 | Peta
1018 0.000000000000000001 | atto | 1018 1.000.000.000.000000.000 | Exa
1021 | 0.000000000000000000001 | zepto | 1021 | 1.000.000.000.000.000.000000 | Zetta
1024 | 0,000000000000000000000001 | yocto | 102+ | 1.000.000.000.000.000.000.000.000 | Yotta

Gia tri, cach doc cac boi va wéc dién hinh




Thiét bi thu thap — lwu triv div liéu | 32::

. o0
e Nang lwc sb hoa
= Thiét bi sd héa da dang
= Moi linh viec Quan ly, Thwong mai, Khoa hoc...
= M6t vi du dién hinh: SDSS

e Sloan Digital Sky Survey

= P3 tao ban dd 3-chiéu cé6 chra hon 930.000 thién ha va
hon 120.000 quasar

= Kinh vién vong dau tién
Lam viéc tir 2000

Vai tuan dau tién: thu thap di liéu thién van hoc = toan bd
trong qua khtr. Sau 10 nam: 140 TB

= Kinh vién vong ké tiép
Large Synoptic Survey Telescope
Bat dau hoat dong 2016. Sau 5 ngay sé c6 140 TB
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Bung no div liéu: Céng nghé CSDL]| &3¢

Tap hiop dik ligu wa khditao CSDL
(i cudi nhding ndm 1 9607
- E=rE e file thid =

h

HE quan tri CSDL

rnhding n&m 1970 va nhding ndm JEu 19500
-H& théng CSDL phan cép +& mang — Hé thing CSDL gquan hé
- CAng cu ma kink dik iéu ME kinh gquan hé thoc thé
- KT thudt d&nh chi =4 va td chdc JdF liéuw: céy B+, bam ...
- Modn nock hdi Scl .
- Giao digén noguwdi dong, nhap ligu v& k&t =it
- MOF Ity wEn, tE w truse AN
- &N Iy gimo dich: khdi phuc, diéu khign 36ng thoe .
- ¥IF Iy gimo dich truc tuyEn (OL TR

Hé CSDL md rang \

. Jnhimg n&m gilka 1380 dennay) Mho dik ligu wa khai pha div igu
- Mo hinh dif licu mo rong: quan he me rong, fnhiing n&m cudi 1950 d&n nay)
biuhng doi turong, gquan he - doi trong, suy luan - Kho dik li&u w& cong nghé OLap
- Binkh hudng Ong dung: khdng gian, theed gian, ] . PR o s .
da phwong tién, tich cws, khoas hoo, oo =0 tri Khai pha dik ligu & phat hign tri thuee
thcec

ko

H& =00 dova trén wek
(mkdhng n&m 1990 d&n nay)
-Hé CEDL dusatrén Xl

- Khai pha wwekb

<

| Thé& hé m&i hé théng tin tich hop (2000 - )

e Tién hda céng nghé CSDL [HK0106] ;



Cong nghé CSDL: Mot s6 CSDL Ién

e TOp 10 CSDL Ién nhat

= Library of Congress: 125 trieu muc; Central Intelligence Agency (CIA):
100 “hd so: thdng ké dan sé, ban do...” hang thang; Amazon: 250 triéu
sach, 55 triéu ngwoi dung, 40TB; ChoicePoint: 75 lan Trai dat — Mat
trang; Sprint: 70.000 ban ghi vién théng; Google: 90 triéu tim kiém/ngay:

AT&T: 310TB; World Data Centre for Climate

e Trung tam tinh toan khoa hoc nghién cru nang lwong

quoc gia My

= National Energy Research Scientific Computing Center: NERSC

= thang 3/2010: khoang 460 TB

e YouTube

= Sau hai nam: hang tram triéu video

= dung lwong CSDL YouTube tang gap déi sau mdi chu ky 5 thang
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>
ung no auwr iieu. vong ngne mang T
[] [] [ a0
I'F Traffic, 2009 2014 .
200 201 2011 2012 2013 201 4% CAaAGR

20—
2014

By Type=s (PB per Momth)

Imtemet 10,5942 15,205 21181 25,232 235, 7O9 4T ATE S %

Managed IF 2. 652F 4 SDiE= L= | &.5851 11,075 13,159 25%a

Molkile Dafta S1 228 528 1,155 2132 3,528 10855

By Segment (PB per Momith])

Consunmer 11,8502 16524 23,750 32,545 42,117 55,801 3T %o

Business 2. 0832 38562 4,740 5697 s, 801 2,102 21%

By Geography (PB per Momth)

Forth Armerica S,115 T oe1 10,051 12,5958 16,125 125,015 S0%a

Western Eurcope 2. 495 4 518 5,712 9 261 12,417 15 155 35 %

Asia Pacific 2,920 5,357 ¥, Za95 D, 815 12,985 17 421 35%a

Japan 1 0688 1. 530 2,149 . ass5 = W-t= 4 300 S

Latin America 4238 s80 1,026 1,527 2,274 3,479 51%e

Central Eastern 293 B8BTS 938 1,306 1. 815 2,510 38%:

Eurocpes

riddle East 157 2235 1= a9 Foo 1,018 &4 5%

and Sfrica

Total (PFPFB per Month)

Total 1P Traffic I"I-l-.EEE IZB.SBE |EI,4E"I ISB.Z-!E I-l-E,B"IE IE3.S[I-II 3 4%

Source: Ciisco Wik, 2010

e Tong lwong giao van IP trén mang

= Ngudn: Sach trdng CISCO 2010

= 2010: 20.396 PB/thang, 2009-2014: tang trung binh hang nam 34%

e Web

= 13ty rwdi trang web duwoc danh chi sb (hgay 23/01/2011)
= Nguodn: http://www.worldwidewebsize.com/
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Bung né dir liéu: Tac nhan tao méi

One Exabyte (EB) = 1 billion gigabytes

User Enterprise
Generated’ Touch?
=900 EB =960 EB

Overlap
=600 EB

Enterprise-
generated
=240 EB

2010: 1,200 EB

e Mo réng tac nhan tao di¥ liéu
= Phan tao m&i div liéu cla ngwdi ding ngay cang tang
= Hé thdng trwc tuyén nguwdi dung, Mang xa hoi. ..
= Mang xa héi Facebook chtra t¢i 40 ty anh

= 2010: 900 EB do ngwdi dung tao (trong 1260 EB tdng thé). Nguén: IDC Digital

Universe Study, sponsored by EMC, May 2010

12



Bung no6 dir liéu: Gia thanh va thé hién| sse:

u o000
o000
z
ettabytes ®0
0.6¢ - - 40 o
- 35
0.5¢ -
_ - 30
0.4¢ - Investment per Gigabyte
- 25
0.3¢ - Zettabytes _ 20
- 15
0.2¢ -
- 10
0.1¢
¢ - 05
ﬂ — L| L| | | L| — D

EIJIDEI 2Gl1ﬂ 2011 2012 2013 2014 EIJI15 2(]"15 2!}.1? 2'L'JI18 2019 2ﬂl2EI
e Ngudn: IDC Digital Universe Study, sponsored by EMC, May 2010
e Giatao di¥ liéu ngay cang ré hon

= Chiéu hwdng gia tao mai div liéu gidam dan

= 0,5 xu My/1 GB vao nam 2009 giam t&i 0,02 xu My /1 GB vao nam 2020
e Dung lvong tong thé tang

= Po6 dbc tdng cang cao
= Pat 35 ZB vao nam 2020 s



Nhu cau nam bat div liéu

o000
The number of information containers — files, packets, images — o0
(what is actually managed, protected, and stored in the Digital Universe) ()

will grow 67 times

The amount of information will grow 44 times

But the number of IT professionals in the world
will grow only 1.4 times

2009 2020

e Bung no di liéu v&i tang trwdng nhan lwec CNTT
= Dung lwong théng tin tdng 67 lan, dbi twong dir liéu tang 67 1an
= Lwc lwong nhan lwc CNTT tang 1,4 1an
= Nguén: IDC Digital Universe Study, sponsored by EMC, May 2010.
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Nhu cau thu nhan tri thirc tie div lieu | 332+

e JiM Gray, chuyén gia ctia Microsoft, giéi thu’(yng Turing 1998

= “Chlng ta dang ngdp trong di¥ liéu khoa hoc, di¥ lidu 'y té, di¥ lidu nhan khau hoc,
dir lidu tai chinh, va cac di liéu tiép thi. Con nguoi khéng cé du thoi gian dé xem
xét di¥ liéu nhw vady. Swchl y cua con nguoi da tré thanh ngudn tai nguyén quy gia.
Vi vay, chang ta phai tim cach tw doéng phan tich di liéu, tw ddng phan loai no, tw
déng tom tat né, tw ddéng phéat hién va mo ta cac xu hudng trong né, va tw déng chi
dan cac dj thuong.
P&y |a mét trong nhing linh vure ndng ddng va tha vi nhét cua céng déng nghién
clru co’ s& di liéu. Cac nha nghién ctwu trong linh vire bao gém théng ké, truc quan
héa, tri tué nhan tao, va hoc may dang déng gop cho linh vue nay. Bé rong cua linh
vire 1am cho no tré nén kho khdn dé ndm bat nhitng tién bd phi thuong trong vai
thap ky gan day” [HK01086].

e Kenneth Cukier,

= “Théng tin tr khan hiém toi dw dat. Piéu d6 mang lai loi ich m&i to I6n... tao nén
kha nang lam dwoc nhiéu viéc ma trueéc day kh(“)ng thé thuwe hién dwoc: nhéan ra cac
Xxu huéng kinh doanh, ngan ngtra bénh tat, chong téi pham ...
Puoc quan Iy té;‘, dir liéu nhuw véy c6 tpé duoc st dung dé mé khoa cac nguén moi
cO gia tri kinh té, cung cap nhing hiéu biét moi vao khoa hoc va tao ra loi ich to
quan ly”.

15
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Kinh te tri thirc

12,000 A Korea
&
= 10,000
=
[
ﬁ Differeqlce in
o 8,000 - output due to
'E ’ TFT growth or
o knowledge
5 accumulation
= 6,000 4 in Korea u
o
("
— 4 000 Mexico Y
O A A
g Difference in output
= 2000 due to growth in
’ 1 labor and capital in

- Korea
(e s A NEEREREEREEEEERENEEEEEEREEREEEEEEEENESEEREEREERRERENRRELHR.]

0

1960 1965 1970 1975 1980 1985 1990 1995 2000
e Kinh té tri thirc
= Tri thre la tai nguyén co ban , ’
= S dung tri thtre 1a ddng Iwe chu chét cho tang trwdng kinh té

e Hinh vé: Nam 2003, dong gop cua tri thirc cho tang GDP/dau ngudi cua
Han Québc gap dbi so véi dong gop cla lao dong va von. TEP: Total Factor

Productivity (The World Bank. Korea as a Knowledge Economy, 2006)
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Kinh té dich vu: Tt dir

lié

u toi

gia tri

MANAGEMENT

-

k

SClIENCE

Informatlon
& Data

ENGINEERING

e Kinh té dich vu

= X& héi loai ngudi chuyén dich tr kinh té hang héa sang kinh té dich vu.
Lao dong dich vu vwet lao ddng ndng nghiép (2006).
Moi nén kinh té la kinh té dich vu.
= Pon vj trao dbi trong kinh té va xa hoi la dich vu

e Dich vu: di¥ lieu & thong tin [l thoc Jla tri moi

= Khoa hoc: di liéu & thong tin [l thoec

= Ky nghé: tri thire -ch vu
= Quan ly: thc déng téi toan bd quy trinh thi hanh dich vu
Jim Spohrer (2006). A Next Frontier in Education, Employment, Innovation, and

Economic Growth, IBM Corporation, 2006
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Nganh kinh té dinh hwéng div liéu i

e Nganh céng nghiép quan ly va phan tich di liéu
“Chung ta nhap trong di¥ liéu ma dai khat tri thirc”
Pang gid hon 100 ty US$ vao nam 2010

Tang 10% hang nam, gan gap déi kinh doanh phan mém néi chung
vai ndm gan day céac tap doan I&n chi khodng 15 ty US$ mua cong ty
phan tich di¥ liéu

= Tbéng hop cta Kenneth Cukier

e Nhan lwc khoa hoc di liéu
= CIO va chuyén gia phan tich di¥ liéu co vai tro ngay cang cao
= Nguwdi phan tich div liéu: ngwdi 1ap trinh + nha thong ké + “nghé
nhan” di¥ liéu. My c6 chuan quy dinh chirc nang
= Tham khao bai trao déi “Tan man vé co hdi trong nganh Théng ké
(va KHMT) cua ngay 03/7/20009.
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Khai niem KDD

e Knowledge discovery from databases
o Trich chon cac mau hodc tri thire hap dan (khdng tdm thwdng,

an, chwa biét va hivru dung tiiém nang) tr mot tap hop lén div
liéu
o KDD va KPDL: tén goi lan 16n? theo hai téc gid|Khai pha di¥ liéu
o Data Mining la moét bwéc trong qua trinh KDD

A
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Dit ligu Oua trinh phat hién tri thiee trong CSDL

[FPS96] Usama M. Fayyad, Gregory Piatetsky-Shapiro, Padhraic Smyth (1996). From
Data Mining to Knowledge Discovery: An Overview, Advances in Knowledge Discovery
and Data Mining 1996: 1-34
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Cac bwoc trong qua trinh KDD | 322

Hoc tlr mién &rng dung

= Tri thtrc san co lién quan va muc tiéu cda ng dung

Khéi tao mét tap dir liéu dich: chon lwa dir liéu

Chuén bj di¥ liéu va tién x& ly: (huy ddng t&i 60% cdng sirc!)
Thu gon va chuyén déi div liéu

= Tim cac dac trwng hivu dung, rut gon chiéu/bién, tim cac dai dién bat bién.
Chon Iya chirc nang (ham) KPDL

= Toém tat, phan 1&p, hoi quy, két hop, phan cum.

Chon (cac) thuat toan KPDL

Buwdc KPDL: tim mau hap dan

Panh gia mau va trinh dién tri thirc

= Trwc quan hoa, chuyén dang, loai bd cac mau dw thira, v.v.

St dung tri thirc phat hién dwoc
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000
0000
Cac khai niém lién quan 111

e Cac tén thay thé

= chiét loc tri thire (knowledge extraction),

= phat hién théng tin (information discovery),

= thu hoach théng tin (information harvesting),

= khai quat/nao vét dir liéu (data archaeology/ dredging),
= Phan tich/xt ly mau/di liéu (data/pattern analysis/processing)
= Thoéng minh doanh nghiép (business intelligence -Bl)

e Phan biét: Phai chang moi thr [a DM?
= X ly truy van suy dién.
= Hé chuyén gia hodc chwong trinh hoc may/thdng ké nhé
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M6 hinh qua trinh KDD lap [CCG98] ::::

Deploy results or
re-iterate Select
Relevant
Busmess Data

Knowledge

e MOt mo hinh cai tién qua trinh KDD
= Pinh hwédng kinh doanh: Xac dinh 1-3 cau héi hodc muc dich hé trg dich KDD
= Két qud thi hanh dwoc: xac dinh tap két qua thi hanh dwoc dwa trén cac md
hinh dwoc danh gia
= L3p kiéu vong ddi phat trién phan mém
= [CCG98] Kenneth Collier, Bernard Carey, Ellen Grusy, Curt Marjaniemi, Donald Sautter

(1998). A Perspective on Data Mining, Technical Reporrt, Northern Arizona University,
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MO hinh CRISP-DM 2000 cecs

Business
Understanding

Deployment
I~

Data

Data
Understanding
Ny

Data
Preparation

AN

Evaluation

e Quy trinh chuan tham chiéu cdng nghiép KPDL
= Cac pha trong mo hinh quy trinh CRISP-DM (Cross-Industry Standard Process
for Data Mining). “Hiéu kinh doanh”: hiéu bai toan va danh gia
= Thi hanh chi sau khi tham chiéu két qua véi “hiéu kinh doanh”
= CRISP-DM 2.0 SIG WORKSHOP, LONDON, 18/01/2007

= Nguén: hitp://www.crisp-dm.ora/Process/index.htm (13/02/2011)
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Mé hinh tich hop DM-BI [WWOS8]

Business Q Data
msiders — miners
/N /\

Knowledge sharing of data
| mining results and planning
l new data mim'ng task
Action or
internalization

Enforcing or Developing
unleaming \ / hypotheses

Data
preparation

|

|

4

Selecting data
mining tools

Business Insider Centered Data Miner Centered
Knowledge Development Cvcle Data Mining Cycle

E\ aluating
results 1n1
Learmng -_-__,_-/

Chu trinh phat trién tri thirc théng qua khai pha div liéu

Wang, H. and S. Wang (2008). A knowledge management approach to data mining
process for business intelligence, Industrial Management & Data Systems, 2008. 108(5):

622-634. [Oha09]
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e00
~ 0000
~ = A Y N o000
Dir lieu va Mau T
~ LAV 4 N N ~ LAV 4 _ i
B D& liéu (tap dir liéu) No ;
B tap F gdbm hiru han céac truwong hop (sw x z v
kién). 9 o
B KDD:phai gom rat nhiéu trwdng hop I .
®
B Mau o ox 0
o] o Q
B Trong KDD: ngdn nglr L dé biéu dién 0
cac tap con cac sw kién (di liéu) thudc ’ o
vao tap sw kién F,
B Mau: biéu thirc E trong ngdn ngiv L < Tha nhin
tap con F¢ twong (ng céc sy kién trong S
F. E duwoc goi la mau néu n6 don gian Hinh 1.2. Tédp di¥lidu c6 hai lop xva e
hon so v&i viéc liét ké cac suw kién thudc
Fe.

B Chang han, biéu thirc "THUNHAP < $t"
(m6 hinh chira mot bién THUNHAP)
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Tinh co gia tri

B Mau duoc phat hién: phai co gia
tri d6i v&i cac dir liéu moi theo dod
chan thuc nao day.

B Tinh "co gia tri" : mdt dé do tinh co
gia tri (chan thuc) la mét ham C
anh xa mét biéu thirc thudc ngén
nglr biéu dién mau L t& mot
knong gian do duwoc (b6 phan
hoac toan bg) M.

B Chang han, dwdng bién xac dinh
mau "THUNHAP < $t“ dich sang
phai (bién THUNHAP nhan gia tri
l&n hon) thi d6 chan thwc giam
xudng do bao goéi thém cac tinh
hudng vay t6t lai bj dwa vao ving
khdng cho vay no.

B Néu a*THUNHAP + b*NO < 0
mau co6 gia tri hon.
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Tinh méi va hiru dung tiém nang oo
e Tinh md&i: Mau phai la méi trong mot mién xem xét nao do,
it nhat 1a hé thdng dang dwoc xem xét.
Tinh m&i cé thé do duoc :
sw thay dbi trong di¥ liéu: so sanh gia tri hién tai véi gia tri qua khir
hoac gia tri ky vong
hodc tri thire: tri tht!c m&i quan hé nhw thé ndo véi cac tri thire da
cO.
Tong quat, diéu ndy c6 thé dwoc do bang mét ham N(E,F) hoac l1a
dé do vé tinh méi hoac la dé do ky vong.
Hiu dung tiém ndng: Mau can c6 kha nang chi dan téi cac tac
dong hiru dung va duoc do béi mét ham tién ich.
Ham U anh xa céc biéu thirc trong L t&i mot khéng gian do co the tw
(b phan hoac toan bd) M;: u = U (E,F).
Vi du, trong tap di liéu vay ng, ham nay cé thé la St tang hy vong th(?o
sw tang |&i ctia nha bang (tinh theo don vi tién té) két hop v&i quy tac
quyét dinh dwec trinh bay trong Hinh 1.3.
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Tinh hiéu dworc, tinh hap dan va tri thire | 22°

e Tinh hiéu duwoc: Mau phai hiéu duoc
KDD: m&u ma con ngudi hiéu chiing dé dang hon cac di liéu nén.
Kho do dwoc mét cach chinh xac: "cé thé hiéu duwoce [ niéu.
Ton tai mot s6 do do dé hiéu:
Sap xep tl ¢l phép (térc la c& clia mau theo bit) t&i ngli nghta (te la
dé dang dé con ngwdi nhan thirc dwoc theo mét tac déng nao do).
Gia dinh rang tinh hiéu dwoc 1a do duwoc bang mdt ham S anh xa biéu
thire E trong L t&i mot khdong gian do dwoc co th tw (b6 phan /toan
bd) Mq: s = S(E,F).
e Tinh hdp dan: do do téng thé vé méau 1a suw két hop cla céac tiéu chi
gia tri, mai, hiru ich va dé hiéu.
Hoac dung mét ham hap dan: i =1 (E, F, C, N, U, S) anh xa biéu thirc trong L vao
mot khdng gian do dugc M.
Hod&c xac dinh dd hap dan trwc tiép: thr tw cla cac mau dwoc phat hién.
o Tri thire: MOt mau E [l dwoc goi 1 tri thire néu nhw ddi véi mot 16p
ngwdi sir dung nao do, chi ra dwgoc mot nguwdng | ./Ii ma dé hap
dan I(E,F,C,N,U,S) > i.
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Kien trac dieén hinh hé thong KPDL | s3¢:
t !

iZian dién ngriv ding

| !

Frinh giaman kha pha deoc

i

| —
1 il Cor s trn thare
( Thanh phin Khai pha dit lidu .
L >
1 +
[ Phuc v Co s diy igu / Eho dit liéa 1

'Lam sach, tich hop vachon hraditliew |

Corosd dif lién Kho dit liéu World Wide Wehb iCac kidu kkho chira
thing tin khac

Hink 1.6, Kién tric Jidn hinh cia hé thing ol phed G5 L8
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Khai pha div liéu va quan tri CSDL

Cau haéi thudc hé quan tri CSDL (DBMS)

Hay hién thi s6 tiéen Ong Smith trong ngay 5 thang Giéng ?
ghi nhén riéng /é do x& ly giao dich truc tuyén (on-line
transaction processing — OLTP).
C6 bao nhiéu nha dau tw nwéc ngoai mua cb phiéu X trong
thang trwdc ? ghi nhén thong ké do hé thong hé tro quyét
dinh thong ké (stastical decision suppport system - DSS)
Hién thi moi c¢b phiéu trong CSDL v&i ménh gia tang ? ghi
nhan dir liéu da chiéu do xtr ly phan tich true tuyén (on-line
analytic processing - OLAP).

Can c6 mot gid thiét “day du” vé tri thire mién phire tap!

AT
VB
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Khai niéem KPDL: cau héi DMS

Cau héi thudc hé thong khai pha dir liéu (DMS)
Céc cb phiéu tang gia c6 dac trwng gi ?
Ty gia US$ - DMark c6 dac trwng gi ?
Hy vong gi vé cb phiéu X trong tuan tiép theo ?
Trong thang tiép theo, sé cé bao nhiéu doan vién cdng doan
khéng tra dwgc no cua ho ?
Nhirng ngw®i mua san pham Y c6 dac trwng gi ?

Gid thiét tri thirc “day dd” khéng con c6 tinh ¢t 16i, can bo sung tri thire
cho hé théng & tién (nang cép) mién tri thirc !
sy




Hé thong CSDL va Hé thong Khai pha div liéu 222

[
Hea th-:"f‘-ng gquan tr1 CED 1 HEa th-:’i“-ng lthai pha dit 11éu
Eho dr héu (C3DL rat.l-::-'n tép trung, mat B phiéu i
lhudn dang di¥ ligu chung) Cua trinh loi nhudn 8m
‘tu’ JdSng cd dic trung
E:nata Mart (CSDL chuvén bigt) gl v
Diata Mart (CSDL chuyén bigt)
e hadi okt
Prfack ofil &
/:au hai dua trénLi thire miénm-: tap
Havy f hi%n i ban::-xﬂhiéu Hién thi
thi =5 tién nha diu twr moil o
Ong  Smith mroe ngoal phigu trong
trong ngay mua cd phidu CEDL. tang
5 thang > trong ménh gia
Fiéng. thang trde ¢
- - . . a2 ,f?ciu Bt
I:E'.:II.-:_ f2oii i Cddne bt thdng ROFAP
thaé, rigng bidk k&

Eiwnk 1.7. MAi quan hé gitia Ad thing CSDL va A8 théng hai phd off 1idu
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KHAI PHA DU LIEU VA THONG MINH KINH DOANH oo

A
Chiéu tang ban chat deé

HO tro quyét dinh kinh
doanh

Tao

quyét dinh

Trinh dién DL
Visualization Techniques

KPDL
Information Discovery

Nguoi diung cudi

Chuyén gia phéan
tich kinh doanh

Chuyén gia
phan tich dir liéu

Kho DL(Data Warehouses) / KDL chuyén dé (Data Marts)
OLAP, MDA

Khai thac DL (Data Exploratlon) .
Phdn tich théng ké, Truy van va Trd loi Q“i“f
ri

CSDL
(DBA)

N uon dir liéu
Bai viét, Files, Nha cung cdp théng tin, H¢ thong CSDL, OLTP
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Ung dung co’ ban ctia KPDL 3T

e Phan tich di¥ liéu va hd tro quyét dinh
e Phan tich va quan ly thi trwong

Tiép thi dinh hwéng, quan ly quan hé khach hang (CRM), phan tich théi quen
mua hang, ban hang chéo, phan doan thi trwdng

e Phan tich va quan ly rui ro
Dw bao, duy tri khach hang, cai thién bao lanh, kiém soat chat lwong, phan tich
canh tranh

o Phéat hién gian 1an va phat hién mau bat thwéng (ngoai lai)
e Ung dung khac

e Khai pha Text (hnhdom md&i, email, tai liéu) va khai pha Web

e Khai pha di liéu dong

e Phan tich DNA va di liéu sinh hoc
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Phan tich va quan ly thi trieo'ng oo

e Ngudn di¥ liéu cé tr dau ? ’
Giao dich thé tin dung, thé thanh vién, phiéu giam gia, cac phan nan

cua khach hang, cac nghién cru phong cach séng (céng cong) bd sung

e Tiép thi dinh hwéng

Tim cum cac moé hinh khach hang cung dac trwng: sw quan tam, muirc thu

nhap, thdéi quen chi tiéu...

Xéac dinh cac mau mua hang theo thdi gian

e Phan tich thi trwong cheo

Quan hé két hop/dong quan hé gilra ban hang va sw bao dwa theo quan hé

két hop

e HO so khach hang

Kiéu clia khach hang mua san phdm gi (phan cum va phan 1&p)

e Phan tich yéu cau khach hang

Dinh danh cac san pham tét nhét t&i khach hang (khac nhau)

Dw b&o cac nhan tb sé thu hut khach hang moi
e Cung cap thong tin tom tat
Bao cao tom tat da chiéu
Thong tin tém tat théng ké (xu hwéng trung tam di liéu va bién déi)
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Phan tich doanh nghiép & Quan ly rui ro §§§'

e Lén ké hoach tai chinh va danh gia tai san
= Phan tich va dw bao dong tién mat
= Phan tich yéu cau ngiu nhién dé danh gia tai san
= Phan tich lat cat ngang va chubi thoi gian (ty sb tai chinh, phan
tich xu hwéng...)
e Lén ké hoach tai nguyén
= Tom tat va so sanh cac nguédn lwec va chi tiéu
e Canh tranh
= Theo ddi dbi thi canh tranh va dinh hwéng thi trwdng
= Nhom khach hang thanh cac I&p va dinh gia dwa theo Iop khach
= Khdi tao chién lwoc gia trong thi trwérng canh tranh cao

July 1, 2014 37



Phat hién gian lan va khai pha mau hiém

e Tiép can: Phan cum & xay dwng mé hinh gian lan, phan tich bat thuwo

e ng dung: Cham séc strc khde, ban 18, dich vu thé tin dung, viéi
thong.
= B3&o hiém tw ddng: vong xung dét

= Ruia tién: giao dich tién t& dang ngd

= Baohiémy té

Bé&nh nghé nghiép, nhém béc sy, va nhom chi dan
Xét nghiém khéng can thiét hoac twong quan
= Vién théng: cudc goi gian lan

—

M6 hinh cudc goi: dich cudc goi, dd dai, thdi diém trong ngay hoac

tuan. Phan tich mau Iéch mét dang chuan dw kién
= (Cbéng nghiép ban 1é

Céac nha phan tich wéc lwong rang 38% gidm ban 1& 1a do nhan v
khéng trung thyc
= Chodng khuing b6

July 1, 2014
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Wng dung khac oe

e Thé thao

IBM Advanced Scout phan tich théng k& mén NBA (chan bong,
hé tro va 16i) dé dwa téi loi thé canh trang cho New York Knicks
va Miami Heat

e Thién van hoc
JPL va Palomar Observatory kham pha 22 chuan tinh (quasar)
v&i s tro giup cua KPDL

e Tro giup lwot web Internet

Tro giup IBM ap dung cac thuat toan KPDL bién ban truy nhap
Web ddi v&i cac trang lién quan téi thi trwdng dé kham pha wu
dai khach hang va cac trang hanh vi, phan tich tinh hiéu qua cua
tiép thi Web, céi thié cach td chirc Website ...
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Bz 1. Ko ehé pladt (7180 clic ode Bl e seng deng Miaod phick OFF Béu Fidw hinh FRia0]

Fiald o3 Fod i) Frowih Irend
e-cominerce 4 Web mining 11%0 14 %0 J0 %0 1537%0 up
?Eﬁiﬂﬁﬂﬁfﬂ? 4.6% .35 1% 5824 up
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Franud Detection 1 8% 24%% 24%%0 A% —
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July 1, 2014 40



KPDL: So’ do phan loai (Chirc néng) s::

e Chtrc nang chung

= KPDL mé ta: tém tat, phan cum, luat két hop...
= KPDL dw doan: phan I&p, héi quy...
e Cac bai toan dién hinh
= MO0 ta khai niém
= Quan hé két hop
"= Phanlop
= Phan cum
= Hoi quy
= MO6 hinh phu thudc
= Phat hién bién déi va do léch
= Phan tich dinh hwéng mau, cac bai toan khac
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- 000
KPDL: So do6 phan loai (Chwrc nang) s2°
e M6 ta khai niém: Pac trueng va phan biét
Tim céac dac trwng va tinh chat cda khai niém
Tong quat hoa, tom tat, phat hién dac trwng rang budc, twong
phan, chang han, cac ving khé so sanh v&i wot
Bai toan mé ta dién hinh: Tém tat (tim mo ta cd dong)
Ky vong, phuwong sai
Tom tat van ban
e Quan hé két hop
Quan hé két hop gitra cac bién di liéu: Twong quan va nhan qua)
Diaper = Beer [0.5%, 75%]
Luat két hop: X[l
Vi du, trong khai pha dir lieu Web
Phat hién quan hé nglr nghia
Quan hé ndi dung trang web v&i mbi quan tdm nguwdi dung

July 1, 2014 42



Cac bai toan KPDL: Chirc nang KPDL o

e Phan I&p va Dw bao

= Xay dwng cac mé hinh (ch&c nang) dé& mé ta va phan biét khai
niém cho cac 1&p hodc khai niém dé dy doan trong twong lai

Chang han, phan I&p qubc gia dwa theo khi hau, hodc phan I&p
6 t6 dwa theo tiéu ton xang

= Trinh dién: cay quyét dinh, luat phan I&p, mang noron

= Dy dodn gia tri s6 chwa biét hoac da mat
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KPDL: Sor d6 phan loai (Chirc nang) 2:2:

o000
:.
e Phan Iop
L Tip tong the (o o
“xay dung/md ta md hinh/ | Egusxf’jgﬁgg
ham dy bao dé moé ta/phat 1 | % Giatr muc tiéu
Vi du hoe W .-

hllen .I(A)’p/khal niém cho dv W’W T= b .. )

bao tiép

*hoc mdét ham anh xa de
liéu vao mot trong moét sb

IGp da biét ), Gin (hoe) lu/ phén lép
Ph,\ F,f’ I(%, %, ., %)
O an cum Chn eb: J(X(w)) = Y(w)

(:':1!:""2! i :(‘n)

"nhédm d& liéu thanh cac
‘cum” (Iop mot) de phat ) o 45 bidu din m hinh hoe miy: cin hoe ddmg v nd
hLerllAdejS mau phan bo (Lueu Y, hoc mdy Kiing gidm st (phdn cym) khing cb gid tri muc
di lieu mien ng dung. 18y cho vi du hoc (khing cb heai duimg ién nél hudmg 1 gid I

= Tinh tU’O’ng tU’ m[l;gﬂgﬂ/l
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Churc nang KPDL (2) i

e Phan tich cum ®
= Nhan lép ghua biét: Nhom q& liéu thanh cac Iop moi: phan ch
cac nha dé tim mau phan bo
= Cuwc dai twong tw ndi bd cum & cwc tiéu twong ty gitba cac cum
e Phan tich bat thwdng
" Bat thwong: doi twong di liéu khong tuan theo hanh vi chung clia
toan bd dir liéu. Vi du, str dung ky vonqg mau va phwong sai mau
= Nhiéu hodc ngoai 1&? Kh,c“)ng phai! Hlru dung dé phat hién gian lan,
phan tich cac sw kién hiém
e Phat hién bién dbi va do Iéch
= Hau nhu su thay dbi co y nghia dwdi dang do do da biét trwdc/gia
tri chuan, cung cap tri thirc vé sw bién dbéi va dé 1éch
= Phat hién bién dbi va do léch <> tién xt ly
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KPDL: Sor d6 phan loai (Chirc nang) 2:2:

o H0| quy

hoc mot ham anh xa di¥ liéu nham xac dinh gia tri thwec cda mét
bién theo médt sé bién khac

= dién hinh trong phan tich thdng ké va dw béo

= dw doan gia tri cia moét/mot sd bién phu thude vao gia tri ciia mot
tap bién doc lap.

e MO hinh phu thubc
= xay dwng mo hinh phu thudc: tim mdét mé hinh mé ta sw phu thudc
c6 y nghia gitra cac bién
* mdc cau tric:
dang do thi
bién 1& phu thudc bd phan vao céc bién khac
= muc dinh lwgng: tinh phu thudc khi str dung viéc do tinh theo gia
tri s6

July 1, 2014 46



KPDL: So’ do phan loai (Chirc néng) s::

e Phan tich xu hudng va tién hoa
= Xu hwéng va do Iéch: phan tich hoi quy
= Khai phd mau tuan tw, phan tich chu ky
= Phan tich dwa trén twong tuw
e Phéan tich dinh hwéng mau khac hodc phén tich
thong ké
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KPDL: So d6 phan loai (2)

e Phan loai theo khung nhin
= Kiéu di¥ liéu dwoc KP
= Kiéu tri thtrc can phat hién

= Kiéu ky thuat dwoc dung

= Kiéu mién (ng dung

July 1, 2014
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Khung nhin da chiéu cia KPDL

e Dirliéu dwoc khai pha

e Quan hé, KDL, giao dich, dong, hwéng dbi twong/quan hé, ti
cwe, khdng gian, chudi thei gian, van ban, da phwong tién, k
dong nahats, ké thiva, WWW

e Trithirc dwoc khai pha

ch
hong

o Dac trung, phan biét, két hop, phan I&p, phan cum, xu hwéng/dod

léch, phan tich béat thuwong, ...
e Cac churec nang phurce/tich hop va KPDL cac murc phire hop
e Ky thuat dwoc dung

o Dinh hwéng CSDL, KDL (OLAP), hoc may, thdng ké, tric qu
héa, ....

e Fng dung phu hop

an

o Ban1é, vién thdng, ngan hang, phan tich gian 1&an, KPDL sinh hoc, phan

tich thi tredng chirng khoan, KP van ban, KP Web, ...
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KPDL.: cac kieu dir lieu
e CSDL quan hé
e Khodir lieu
e CSDL giao dich
e CSDL mo rong va kho chira thong tin
= CSDL quan hé-dbi twong
= D liéu khdng gian va thoi gian
= D liéu chudi thei gian
= D0 lieu dong
= D liéu da phwong tién
= D liéu khéng dong nhat va thira ké
= CSDL Text & WWW

July 1, 2014
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Kieu dir lieu dworc phan tich/khai pha 8/2009 eee
http://www.kdnuggets.com/polls/2010/data-types-analyzed.html :::o
KDnuggets Home » Polls » Data types analyzed/mined (Aug 2010) : °

Data types analyzed/mined in the past 12 months

Types of Data Analyzed/Mined in the past 12 months

[144 voters]

table data (fixed # of columns) |
(102) 70.8%

time series (56) T 38.9%
itemsets / transactions (52) T 36.1%
text (free-form) (43) I 79 0%
anonymized data (38) I 26 4%
social network data (28) I 19.4%

other (22) I 15.3%

web content (19) B 13.2%

XML data (17) B 11.8%

web clickstream (13) EE 10.4%

email (15) I 10.4%

images / video (11) B 76%

music / audio (3) 021%

July 1, 2014

Comparing with a similar 2009 KDnuggets Poll: Types of Data Analyzed/Mined
in the past 12 months , we see that the fop 3 data types are stil

1. table data
2. time series
3. itemsets / transactions

lgnoring Spatial data, which was accidentally excluded from the 2010 pol,
Data fypes with the highest increase in popularity
measured bY (pct usage2010- pot usage2003)ipet_usage2003 WETE

1. other, up 61.3%
2. social network data, up 53.9%
3. anonymized data, up 39.3%

Largest decrease in popularity was for

1. text free-form, down 21.2%
2. images [ video, down 39.5%
3. music / audio , down 71.7%
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http://www.kdnuggets.com/polls/2009/largest-

http://www.kdnuggets.com/polls/2010/dat®

database-data-mined.htm

-miner-salary.htmi

range, but significantly more votes in 101 GB to 1 Terabyte, and

-mi Region 2010 Salary 2009 Salary % Change 2010 Count
Largest database data-mined Poll g ry ry g
LUS/fCanada $102 900 1101 -6.5% 123
What was the largest database or dataset you data-mined? [185 Australiz/NZz | $95,600 3.6 14.4% 8
Votes total] W Europe | $67,900 748 -9.2% 37
ess fhan 1 MB (5 = Asia $56,700 1.1 B2.1% 14
ess than
) 3% Africa/MidEast [$52.300 200 162.5% 4
111010 MB (9) 52 E.Europe  $46,600 56.0 ~16.8% 17
1110 100 MB (12) . B% Latin America |$39 400 743 -47 0% 5
101MB 1o 1 GB (19) I 10 The following figure gives a breakdown by employer.
1.1 10 10 GB (46) I o5,
11 to 100 GB (35) T Annual Salary, Thousands of USD, by Region & Employer
101 GBto 1 T’Efﬁbﬂ& {3{]} ] 16% 0 20 40 60 80 100120 140 160
1.1 10 10 Terabytes (17) I o Us/Canada | | |
I [ B Employer:
over 10 Terabﬂes {12) - 6% AU/NZ _ Company
The median database size is 10-20 GB, same as in 2008 KDnuggets Poll W.Europe [ s | | 5
largest database or dataset you data-mined. s —_
We note that 2009 poll run for longer period of time, so it got more votes. Africa/MidEast ___ R
We observe that there are the same number of votes in over 10 Terabytes E. Europe -_
==
[ g s s o]

especially 1.1 to 10 Terabytes ranges.

Latin America
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Moi mau khai pha dwoc déu hap dan? | s:::

e KPDL c6 thé sinh ra t&i hang nghin mau: Khéng phai tat ca déu|hap

dan
= Tiép can goi y: KPDL hwéng ngwdi dung, dwa trén cau hdi, hwéng dich

e Do do hap din

= MAu Ia hap dan néu dé hiéu, co6 gia tri theo di¥ liéu m&i/kiém tra voi do
chac chan, hiru dung tiém nang, ma&i la hodc xac nhan céac gia thiét ma
nguwdi dung tim kiém dé xac thuec.

e D6 do hap dan khach quan va chl quan

o : dwa trén thdng ké va cau tric cia mau, chang han, dé hé
tror, do tin cay, ...

o : dwa trén su tin twéng cla ngwdi dung dbi véi div liéu, chang
han, s khéng chd don, tinh méi mé, tac ddng dworc...
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Tim dworc tat ca va chi cac mau hap dan

orad oo

e Tim dwoc moi mau hap dan: Bai toan vé tinh day du

o Hé thng KHDL c6 kha nang tim moi mau hap dan?
o Tim kiém may mo (heuristic) <> tim kiém day du
o Két hop <> phan I&p <> phan cum

e Tim chi cac mau hap dan: Bai toan tdi wu

o Hé thong KPDL c6 kha nang tim ra ding cac mau hap dan?
o Tiép can
PAau tién tim tbng thé tat cd cac mau sau do loc bd cac mau
khdng hap dan.

Sinh ra chi cac mau hap dan—tbi wu hdéa cau héi khai pha
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KPDL: Hdi tu ctia nhiéu nganh phirc 3

He thong CSDL

o~

Thong ke

Hoc may

EE—

Khai pha dir lieu »._| Trre quan hoa

Thuat toan

("ac bo mon khac

Hink 1.9. Tink dallién nganh cua Khat pha o héu


../10Algorithms-08.pdf

Thong ké toan hoc véi Khai pha dir ligu | see-

e Nhiéu diém chung gitva KPDL v@&i thong ké:
e Dac biét nhw phan tich dir lieu tham do (EDA: Exploratory
Data Analysis) cling nhw dw bao [Fied97, HDO3].

o Hé thdng KDD thwérng gan két véi cac tha tuc thdng ké dac
biét déi véi mé hinh di liéu va ndm bat nhiéu trong mét
khung cénh phat hién tri thirc tdng thé.

o Cac phuong phap KPDL dwa theo thdng ké nhan dwoc sw
quan tam dac biét.

July 1, 2014 56



Thong ké toan hoc vé&i Khai pha div liéu | see

e Phan biét gitra bai toan thdng ké va bai toan khai pha di liéu
Bai toan kiém dinh gia thiét thdng ké: cho trwéc mot gia thiét +
tap di¥ liéu quan sat dwoc. Can kiém tra xem tap di liéu quan sat
dwoc cé phu hop voi gia thiét théng ké hay khéng/ gia thiét thdng
ké co dung trén toan bé dir liéu quan sat dwoc hay khong.

Bai toan hoc khai pha dir liéu: mé hinh chwa co trwédc. M6 hinh
két qua phai phu hop véi tap toan bd dir liéu -> can dam bao céc
tham s6 md hinh khéng phu thudc vao cach chon tap di liéu hoc.
Bai todn hoc KPDL doi héi tap dir liéu hoc/tap dir liéu kiém tra
can "dai dién" cho toan bd di liéu trong mién rng dung va can
ddc 1ap nhau. Mét sb trwdng hop: hai tap div liéu nay (hoadc tap
dir liéu kiém tra) dwoe cong bd dwéi dang chuan.

Vé thuat nglr: KPDL: bién ra/bién muc tiéu, thuat toan khai pha
dir liéu, thudce tinh/ddc trung, bén ghi... XLDLTK: bién phu thudc,
thu tuc thong ké, bién gidi thich, quan sét...
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Nguon chi dan vé KPDL e

Data mining and KDD (SIGKDD: CDROM)
Conferences: ACM-SIGKDD, IEEE-ICDM, SIAM-DM, PKDD, PAKDD, etc.
Journal: Data Mining and Knowledge Discovery, KDD Explorations
e Database systems (SIGMOD: CD ROM)
Conferences: ACM-SIGMOD, ACM-PODS, VLDB, IEEE-ICDE, EDBT, ICDT, DASFAA
Journals: ACM-TODS, IEEE-TKDE, JIIS, J. ACM, etc.
e Al & Machine Learning
Conferences: Machine learning (ML), AAAI, IJCAI, COLT (Learning Theory), etc.
Journals: Machine Learning, Artificial Intelligence, etc.

e  Statistics
Conferences: Joint Stat. Meeting, etc.
Journals: Annals of statistics, etc.

e Visualization

Conference proceedings: CHI, ACM-SIGGraph, etc.
Journals: IEEE Trans. visualization and computer graphics, etc.
o M0t sb tham khéo khac
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So lwoc lich st phat trien cong dong KPDL | 232,
-9
e 1989 IJCAI Workshop on Knowledge Discovery in Databases (Piatetskv-:.

Shapiro)

e Knowledge Discovery in Databases (G. Piatetsky-Shapiro and W. Frawley, 1991)

e 1991-1994 Workshops on Knowledge Discovery in Databases

e Advances in Knowledge Discovery and Data Mining (U. Fayyad, G. Piatetsky-Shapiro, P. Smyth,
and R. Uthurusamy, 1996)

o 1995-1998 International Conferences on Knowledge Discovery in Databases
and Data Mining (KDD’95-98)

e Journal of Data Mining and Knowledge Discovery (1997)

e 1998 ACM SIGKDD, SIGKDD’1999-2001 conferences, and SIGKDD
Explorations

e More conferences on data mining

o PAKDD (1997), PKDD (1997), SIAM-Data Mining (2001), (IEEE) ICDM (2001), etc.

July 1, 2014 60



Khai pha di liéu: top 20 tir khéa hang dau

©? ResearcherlD.com - Mozilla Firefox

Fil= Edit \iew Go  Bookmarks Tools  Help

<]:| - |:> - % @' |E] hktp: fvae researcherid. com) vl © e ||Q' |

Researcherid.com Home Login  Search

Welcome to ResearcherID !

ResearcherlD is a global, multi-disciplinary scholarly research cammunity.
YWith a unique identifier assigned to each authar in ResearcherlD, you can

eliminate author misidentification and view an author's citation metrics analytical chemistry
instantly. Search the registry to find collaborators, review publication lists and biadiersity
explore how research is used around the world. biogeography
. o ) bioinfarmatics
Learn More: Register | FAQ | About | Training | Interactive Tools: Labs hiomaterials =
Benefits For: Regearchers | Students | Librarians | Administrators BEIEEr
catalysis

computational biology

computational chemistry
| Search ResearcherlD e AL
ecology

i i epidemiology
Search for researchers in our database using one or more ofthese

) , ) evalution
fields: [ maore options | tips ] genamics
Last/Family Mame: | | Exarmpie: Smith machine leam%v‘=|
mass spectram
First/ Given Mame: I:l Example: ) or James nanoparticles
nanotechnology and nanoscience
Search Clear proteomics
: : systems hiology
< .
[wiew rmare... ]
Feedback Survey | Begister | FAG
Support | Privacy Policy | Terms of Lse | Login |

Crane

:4 Start Be %

July 1, 2014



Cac chu de lién quan DM dang la thoi sw ! | 822

Temporal Cluster Histograms: Results

NIPS -meant cletiers Parcerzage D mibotes ko)
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chip. circuit, analog, voltage. visi
kernel. margin, svm, vc, i

bayesian. mixture, posterior,
likelihood, em

spike. spikes, firing. neuron. neurons

neurons, neurcn, synaptic, memory.
firing

david, michael, john, richard, chair
policy. reinforcement. action. state,
agent

visual. eye, cells, motion, orientation
units, node, training, nodes. tree

code, codes, decoding, message,
hints

image. images. object, face, video

recurrent. hidden, training. units,
error

spaach, Wword, himm, recognition, mip

Hinh 1.10. Tinh hinh phdt trién mét 56 nhom chi dé trong thoa hoc mday tinh
qua phin cum tai liéu fhoa hoc [CTGOG]
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KDnuddgets Home » Polls » Global Warming /
Climate Change Causes Poll (May 2010)

Global Warming / Climate Change Causes Poll

Y¥our opinion on Global Warming / Climate Change: [259 votes]

It is real, and is largely |

caused by human activity | 499
(128)

It is real, but not sure I, > 5%,

about causes (72)
It is not real (49) I 1 oo

Don't follow the climate B e
debate (10)

Nguyén nhan gay bién doi khi hau:

e Gan 50% déc gia KDnuggets tin rang thay dbi khi hau hién nay phan 1&n la do

hoat ddng cda con ngudi, mot sd dang ké sd ngwdi nghi ngod.

e Khi hau rat phirc tap va cac nha khoa hoc khéng phai 1a tuyén bé rang hoat

ddng cla con ngwoi la nguyén nhan duy nhat cla thay dbi khi hau.

e Dodng thuan vai Hoi ddng lién chinh pha vé Bién déi khi hau: hoat déng cla

con nguwoi la moét trong nhirng nguyén nhan chinh.
e Khai pha nhan dinh: Opinion Mining / Sentiment Mining

July 1, 2014
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Van de hién tai trong KPDL i

e Phuwong phap luan khai pha
o Khai pha cac kiéu tri thirc khac nhau tir di¥ liéu hén tap nhw sinh hoc, dong,| web...

o Hiéu nang: Hiéu suét, tinh hiéu qua, va tinh mé rong

o Danh gid mau: bai toan vé tinh hap dan

o K&t hop tri thirc mién: ontology

o X0 ly di¥ liéu nhiéu va dir liéu khéng day da

e Tinh song song, phan tan va phwong phap KP gia tang

o Két hop cac tri thire dwoc kham pha vaéi tri thire hién cé: téng hop tri thire
e Tuwong tac nguwoi dung

o Ngén ng» héi KPDL va khai pha “ngau hirng”

o Biéu dién va trwc quan két qua KPDL

e Khai thac twong tac tri thirc & cac cép do triru tong
e Ap dung va chi s xa hoi

o KPDL d&c td mién (rng dung va KPDL vé hinh

e Bao dam bi mat di¥ liéu, toan ven va tinh riéng tw
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~ 74 ~ A A 0000
Mot sO yeu cau ban dau soce
e So bd vé motsd yéu cau dé dw an KPDL thanh cong o

= Can c6 ky vong vé mét lgi ich dang ké vé két quéd KPDL
Hoéac truc tiép nhan dwoc “trai cay treo thap” (“low-hanging fruit”) dé thu'lwom
(nhw M6 hinh mé& rong khach hang qua tiép thi va ban hang)

Hoac gian tiép tao ra don bay cao khi tac ddng vao qua trinh séng con c6 anh
hwdng séng ngam manh (Gidm céc no khodn kho doi tir 10% con 9,8% co6 s
tién lon).
= Can c6 mdt doi dw an thi hanh cac ky nang theo yéu cau: chon di liéu,
tich hop di¥ liéu, phan tich mé hinh hoéa, 1ap va trinh dién bao cdo. Két
hop tot gitk ngwdi phan tich va ngudi kinh doanh
= Nam bét va duy tri cac dong thdng tin tich Ily (chang han, mé hinh két
qué tr mot loat chién dich tiép thi)
= Qua trinh hoc qua nhiéu chu ky, can “chay dua véi thwe tién” (mé hinh
mé& rdng khach hang ban dau chwa phai da téi wu).

e Mot tong hop vé cac bai hoc KPDL thanh cdng, that bai

[INEMO9] Robert Nisbet, John Elder, and Gary Miner (2009). Handbook of
Statistical Analysis and Data Mining, Elsevier, 2009.
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Bai g/éng mon hoc

KHAI PHA DU LIEU

CHUONG 2. PHAT HIEN TRI
THUC TU DU LIEU
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Chapter 2: Phat hién tri thuc tu dir lieu

= CONg nghé tri thic

= Quan ly tri thdc

= Cd s@ cua phat hién tri thirc tu dir liéu
= Bai toan phat hién tri thdc tu di lieu

= Mot sO nOi dung lién quan
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Cong nghé tri thuc

= Vai tro cta CNTT trong kinh té

= Nghich ly vé tinh hiéu qua cia CNTT

= Luén di€ém cia CARR

= Ban chat vai tro cia CNTT trong kinh té
= Kinh té tri thic

= Khai niém kinh té tri thic

= BON cOt tru cia nén kinh t€ tri thic

= Cac yéu to dau vao cot 16i cua kinh té tri thirc: R&D, giao duc

dai hoc, phan mém

= Cd ban vé Cong nghé tri thirc

= Khai niém cong nghé tri thirc

= NOi dung cd ban cua cong nghé tri thuc
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Vai tro cua CNTT

= Nghich ly hiéu qua cua CNTT

= Robert Solow, nha kinh té€ dudc giai thudng Nobel, c6 nhan dinh
“chung ta nhin thay may tinh ¢ moi nai ngoai tru trong thong ké hiéu
qua statistics." (1987)

= C3n c: Th8ng k& hiéu qua kinh t& (theo ly thuyét kinh t& ¢
dién) va dau tu CNTT
= Ludn diém cia CARR
= "CNTT khong quan trong”: IT does not matter !
= Nhéan dinh vé luadn diém cia CARR
= Vai tro ban chat cua CNTT trong kinh té
= Hé thong tac nghiép, diéu hanh
= Hé thong phat hién tri thutc
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Nghich ly hiéu qua

= “Nghich ly hiéu qua“: Mot xung dét cua ky vong vé&i
thong ké
= Mbi quan hé gilra IT va hiéu qua: nhiéu tranh luan song hiéu
biét van con rat han ché.
= Nang lwc may tinh dwoc dwa vao kinh t& My da tdng hon bac hai
vé do Ion tir nam 1970
= Hiéu qua, dac biét trong khu vwc dich vu c6 vé dinh tré.
= Cho mét hra hen khéng 16 cda IT t&i mé ra trong “cudc cach
mang céng nghé I&n nhat ma loai nguoi tirng 6" (Snow, 1966),
= Sw v& mong, tham chi 1am that vong v&i cdng nghé gia tang m(f)t,
cach hién nhién: “Khdng, may tinh khdng lam tang hiéu qua, it nhat
khéng hau hét thdi gian" (Economist, 1990).

Erik Brynjolfsson , The Productivity Paradox of Information Technology: Review and
Assessment , Published in Communications of the ACM, December, 1993; and Japan
Management Research, June, 1994 (in Japanese)



Productivity paradox/The Productivity Paradox of Information Technology.doc
Productivity paradox/The Productivity Paradox of Information Technology.doc
Productivity paradox/The Productivity Paradox of Information Technology.doc

Toan nén kinh té My: nghich ly hiéu qua

Su khong tuong quan trong tang GNP

Giai doan  Chi phicho may  Tang GNP hang

tinh (%GNP) nam
1960s 0.003 4.50%
1970s 0.05 2.95%
1980s 0.3 2.75%

1990s 3.1 2.20%
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Nghich ly hiéu qua: mirc céng ty

s * 1 9.4% of Corporations with Costs of Equity Capital
.  grester than the Costs of Information
. ® ¢ i Jn T l —  Mledian for 2,959 US companies
L] - s O
L]
T
) . - ¥ I.=' " . % ™
¥ o ® L ] o
) * LT I‘.- *‘ "} ;'J-.. - 21 B
iy iy L] bt
g Me o, ; .
-"1|'|"F' -“' . g ]
" “I‘ .b [ ] ™
. "'-;'l"':"_- 'L 2l | 80.6% of Corporations with Costs of Information
» o T greater than the Costs of Equity Capital
| | —H_H_h_ﬂ_’_h—ﬂ—m
L '.

100 1.000 10,000 100,000

1994 Information Technology Spending per employee ($)

012 4 6 8 W 12 W™ % 18 A 2 24 H 2B/ M0 =2

Ratio of Costs of Information over Costs of Equity

Tréi: Khong c6 quan hé gitra dau tw CNTT/nhan vién (truc hoanh)
v&i thu hdi von (truc tung): ty 1& dau tw nhiéu clng nhuw it !

Phai: C6 90,6 % s0 cong ty gia thanh CNTT Ién hon gia thu hoi
von: dau tw CNTT lang phi ? Thu héi von cham ?
http://www.strassmann.com/pubs/cf/cf970603.html
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Luan diém clta G. Carr: IT does'n matter !

= Nicholas G. Carr. IT does'n matter! HBR at Large, May
2003: 41-49

= CNTT xuét hién khap noi va tdm quan trong chién lwoc cla né
da gidm. Céach tiép can dau tw va quan ly CNTT can phai thay
dbi dang ké !

= Khi mdt tai nguyén trd thanh ban chat dé canh tranh nhung
khong quan trong cho chién lugc, rui ro n6 tao ra tré thanh
quan trong han cac Igi thé ma nd cung cap.

= VG&i cac cd hoi dat dugc Igi thé chién lugc tu CNTT nhanh
chdng bién mat, nhiéu cong ty sé can c6 mot cai nhin nghiém
khac dau tu vao CNTT va quan ly cac hé théng cla ho. Carr
dua ra ba quy tac hudng dan cho tuong lai: phd nhan vai tro
chién lugc cua CNTT |

= Nicholas G. Carr. The end of corporate computing, MIT

Sloan Management Review, Spring 2005: 67-73.
= Thubc 100 ngudi co tén dugc nhac dén nhiéu nhat !



John Seely Brown, Former Chief Scientist, John Hagel 1, Management Consultant
Xerox, Palo Alto, California and Author, Burlingame, California

If we’ve learned one thing from the 1990s, it’s that big bang,

IT-driven initiatives rarely produce expected returns.
MOt dieéu chung ta hoc dugc tu’ nhifng nam 1990, no
nhu mot vu no vii tru, la khéi dau dua theo IT hiém
khi tao ra mot dén dap nhu dudc ky vong

Rather than help companies understand that IT is only a tool,

technology vendors have tended to present it as a panacea.

“Buy this technology and all your problems will be solved.”
Nhé ra phai gillp cac cong ty hiéu rang IT chi la mot
cong cu, cac nha cung cap cong nghé lai nham tdi no
nhu mot thudc bach bénh “Mua cong nghé nay di va
cac van dé cua anh sé dudc giai quyét”.
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FE Warren McFarlan, Albert H. Gordon  Richard L. Molan, Wiilliam Barclay Harding

Professor of Business Admiinistration, Professor of Business Administration,
Harwvard Business School, Boston Harvard Business School, Boston

The jobs of CTO and CIO are and The package of skills needed inside
will be of unparalleled importance an organization is changing very fast for
in the decades ahead. competition in the information age.

Cong viéc cua CTO (ngudi dung dau bo phan cong
ngh¢) va CIO (ngudi dung dau ve TT) sé quan trong
chua tu’ng co trong cac thap nién ti€p theo.
Goi ky ndng can trong mot t0 chirc sé thay doi rat
nhanh dé canh tranh trong thdi dai thong tin.

We wish Carr were Chuc Carr dung vi diéu bat Ioi
right, because everyone's golt handicap ? . pST 4 LR A
could then improve. Unfortunately, the CUa mQI ngerl CO the tang Ien-

evidence is all to the contrary. Khﬁng may, tat ca minh ChL'I’ng
déu ngudgc lai !
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Jason Hittleman, /T Director, RKA Petroleum Companies,

]
Romulus, Michigan
I largely agree with MNicholas Carr’s sug-  ment should become boring? Are lead-
gestions on how companies should re- ership tasks such as managing risk and

spond to the unbearable reality that TT reining in costs any less engaging or
is becoming more of a commodity. But challenging than seeking competitive
why does Carr suggest that I'T manage- advantaze is?

TOi dong tmh nhleu vGi khuyén cao cua Nicholas Carr vé
cach thic cac cong ty nén phan u’ng vai thuc té khong thé
chiu dung dudc la IT da tréd thanh mot loai hang hoa.
Nhung tai sao Carr lai khuyén cao cac nha quan ly IT sé trg
nen budn rau ? Phai chang la vi cac bai toan lanh dao nhu
quan Iy va kiém sodt ri ro v& kinh phi it hfa hen hodc
thach thirc han so vdi theo dudi Igi thé canh tranh ?

I'T will always matter—it will just mat- through the logical application of tech-
ter in different ways now. I'l’ must con- nologies but also through the logical ap-
tinue to support the business— nNot just plication of common sense.

IT ludn ludn quan trong — la van dé trong moi quan niém.
IT bat buoc ho trg kinh doanh - khong chi bang ap
dung l6gic vé cong nghe ma con bang ap dung l6gic vé ban
chat chung.




Tri thic va kinh té tri thlc

Trithtre
> Khai niém
» Tw dién Compact Oxford English Dictionary
sw hiéu biét tinh thdng cling v&i cac kj ndng ma con
ngwdi thu nhan duwoc qua kinh nghiém hoac giao duc
tdng hop nhirng gi ma con nguwdi biét ré
nhan thirc va hiéu biét twérng minh vé mét sw viéc hodc
moét hién twong ma thu nhan dwoc nhd kinh nghiém

http://en.wikipedia.org/wiki/Knowledge
http://vi.wikipedia.org/wiki/Tri thirc

» NOi dung khai niém con phu thudc vao tieng linh vee:
O day: Compact Oxford English Dictionary
Khai phéa div liéu: mau cé dé hdp dan vwot qua nguéng

» Hinh th&rc thu nhan tri thirc: giao duc, kinh nghiém qua hoat
dong thuc tién



http://en.wikipedia.org/wiki/Knowledge
http://vi.wikipedia.org/wiki/Tri_th?c
http://vi.wikipedia.org/wiki/Tri_th?c
http://vi.wikipedia.org/wiki/Tri_th?c
http://vi.wikipedia.org/wiki/Tri_th?c

Phan loai tri thic

Tri

“that”

Tri

“how"

Tri thite hién Tri thire an Tri thike hién Tri thire dn

thire 1y thuyét, | nhan thie, Iri thirc  su kién | hitu  true

khainiém. .. | sy  phan chiquan  chan thue, | glac ve su
doan. .. quan sat.. | kién...

thirc  phuong kha nang TIri thic quan diem | gia dinh an,

phap, thu | k¥ nidng... khach quan  1d rang, | thé 101
tuc... niemtin... |quan...

. tri thiec hién — tri thiee an (Explicit knowledge — Tacit knowledge), tri

th'c chd quan — tri thiec khach quan (Objective knowledge -
Subjective knowledge), tri thirc blet — tri thiec hanh déng (Knowing
that — Knowing how) Vi du tri thiee &n = tri thiee hién: nganh CNPM
"know what": tri thirc vé s vat, sw kién, hién tuong

"know why": tri thirc ve thé glo’| xa hoi va tri tué con nguoi,

"know who": tri thirc ve ai va ho lam dworc gi,

"know how*: tri thirc vé& k§ nang va kinh nghiém thyec tién.

"know where*, "know when*: tri thirc quan trong cho mét nén kinh té mém

déo va dong,



Chuyén hoda tri thirc

- X4 hoi hoa, (SOC|aI|zat|on) qua trinh chia se kinh nghiém va do do tao ra tri thic
an (tri thurc cua ca nhan bao gom nhan dinh, su hiéu biét, niém tin va truc glac
tri thirc tiém\an, cad nhan hda sau sic va trlnh bay khuéch tan trong pham Vi to
chirc). Mot ¢ nhan cO thé tiép thu tri thirc an cla cd nhan khac ma khong can sur
dung ngon ngtf. Bat chudc dugc coi la mot phuong tién dao tao xa hoi.

Khop noitri thee ~ " Vgoal____dien  hoa
(Externalization) la qua
trinh chuyén doi tri thic an
thanhtri thrc hién (tri thic
hinh thic, dé ti€p can,
tuong doi dé dang lay
truyén gitra cac ca nhan va
Explict nhdm) bang cach s dung
| phép an du, tuong tu hoa
 Combination va cac mo hinh.
/ = Ngoai dién hda tri thidc an
Hethonghoiva & hoat ddng quan trong
ip dung trithie 1dvd  nhat lién quan dén viéc tao
thong tin ra tri thi'c, nhung ciing la
kho khan nhat.

(Chia s& vil tao ra tn
thirc ngim théng qua
kKinh nghiém truc ti€p

ngim thong qua don
thoal va phan dn

r". Interna-

Q" II

Explicit

Hoc tap v tigp therto
thire ngim ma trong
thue t&



Chuyén hoda tri thirc

(Chia sé vi tao ra tri Khép nd1 tn thie = Két hop / tron
thite ngdm theng qua ngdm théng qua di (Combination/mixing) E
kinh nghiém true ti€p thoai v phan dnh qua trinh tao ra tri thic ro

/ : bang cach két hgp tri thiic
et II". ."II . Ly

- kxcber-

Il.-'r!:'-nnr|.:|]|:-f..1‘.|-.'-nl'llll I.llll “-"I?h_

tir cdc ngudn khac nhau. Vi
=
b

vy, cac cd nhan thay doi

va két hgp tri thdc rd cua
ho bang cach chuyén doi
cac cudc hop qua dién

thoai.

-~ = Thong tin cé trong CSDL
Hethonghoivi o6 thé duge xir ly dé tao

ip dung tri th.I.I'E VL thirc r6 méi (KDD)
théng tin

Explin:it

Interna- Combination |
lization [ |

Hoc tap v tigp therto
thire ngim ma trong

Explicit
thue t&

Chu quan hoa ( nternalization) la qua trinh bao chu’a cac tri thirc r6 rang vao
tri thirc an. Piéu nay tao diéu kién thudn Igi néu cd nhan cd thé lai trai nghiém
nhitng kinh nghiém cua nhirng nguai khac gian tié€p.
Trong cong ty sang tao tri thifrc, bn mo hinh chuyén déi tri thirc lam viéc
theo tuong tac dong, trong mot xoan Oc tri thuc.




Kinh té tri thuc

Khai niém
» Knowledge Economy/Knowledge-Based Economy
- [WBO06] nen kinh t& ma viéc su’ dung tri thuc la dong luc chu
chot cho tang tnfdng kinh t&. Trong nén kinh t& tri thire, tri

thd'c dugc yeu cau, dugc phat sinh, dugc phd bién va dugc van
dung mot cach hleu qua cho tang tru’dng kinh té.

~ [UNOO] nén kinh t& ma cac yéu t6 then chét cho su phat trién
la tri thdc, nang luc tri tue mot thiét ch& x& hdi cho mdt ha
tang thong tin hitu hiéu va truy nhap dugc.

> Hai dinh nghia trén la twong tw nhau: & day s&r dung dinh nghia
[WBO06].



Kinh té tri thuc: dac trung

BAn cot tru clia mot nén kinh té tri thire

>

Mot thiét ché x& hdi phap quyén va khuyén khich kinh té (An
economic incentive and institutional regime)

Cét tru nay bao gdbm céc chinh sach va thé ché kinh té tét, khuyen
khich phan ph0| hiéu qua tai nguyen kich thich cach tan va thuc day
phat kién, phd bién va st dung cac tri thirc dang co.

Mét lwc lwong lao ddng dwoc gido duc va lanh nghé (An
educated and skilled labor force)

Cot try nay bao gom cac yéu to ve nang lwe tri thire clia ngudn nhan
lre trong nén Kinh té. Cac thong s vé gido duc va sang tao dwoc lwa
chon nham thé hién tiém nang noi trén. Xa hoi hoc tap va_hoat dong
hoc tap suot doi cling la cac yéu t6 ddm béo tang cwong tiém nang tri
thirc cia nén kinh té.



Kinh té€ tri thic: dac trung

Bon cot tru cia mét nén kinh té tri thire
> Mot hé thong cach tan hwéng tri thiee hiéu qua (a effective
Innovation system)
Nén kinh té tri thirc can la mot nén kinh té cach tan hiéu qua cla cac
tap doan, trung tdm nghién ctru, trvdng dai hoc, cac chuyen gia va cac
td chc khac , trong Qé, gri thirc khi ma da trg’y nén 16i thi - lac hau can
liEn tuc dwoc thay the bang tri thirc maoi - tien bo p,hu hop voi trinh dé
phat trién cdia nén kinh té tri thirc. Trong nén kin,h té tri thire, hoat dong
khdng ngirng cach tan tri thire, phat huy sang kien mang tinh xa hoi.
> M6t ha tang théng tin hién dai va day du (a modern and adequate
Information mfrastructure) la phwong tién hiéu qua dé truyén thong,
phd bién va xt Iy thong tin va tri thiee

Ha tang thong tin hién dai va day di ddm bado hoat déng thu nhan,
cach tan tri thirc cling nhw & dam bao xa hdi hoc tap va hoat ddng
hoc tap subt doi.



Kinh té tri thuc: do luéng

> La mot cong viéc kho khan: T chinh Khai niém tri thirc va néi
dung 4 c6t tru [OEC96, RF99, CDO05]
> [Ram08] nhan dinh “nguoi ta ngay cang nhén thire 16 hon rang tri
thire vé tang trudng kinh té khéng hoan toan ré rang nhuw ta van
turong’.
» [OEC96] xac dinh 4 khé khan nguyén tac (trang sau)
> Thoéng qua hé thong tiéu chi: Pau ra cla kinh té tri thirc
> Pang trong qua trinh hinh thanh va cai tién:
Hé thdng tiéu chi
Do lvdng tng tiéu chi
Téng hop céc tiéu chi



Kinh té tri thuc: do luéng

BON NGUYEN TAC [OEC96]
~ Khéng c6 moét cdng thirc hodc mét cach lam on dinh dé chuyén
dich cac dau vao cua ngudn tao tri thtrc thanh dau ra tri thire.,

tinh phirc tap cGia qua trinh nhan thirc cho nén khéng thé cé mét cong
thirc hay cach lam ndi trén.
hé thong cac tiéu chi thé hién dwoc tiém nang tao ra tri thdec cho nén
kinh té ? cong thirc dinh lwong dung tuyét dbi
Vi du, dau tw cho khoa hoc — cdng nghé <=> kinh té tri thirc

- Viéc |1én so d6 cho dau vao cda bo tao tri thire 1a rat kho khan vi
chwa co cach thirc thong ké tri thire twong tw nhw cach thire
thong ké quéc dan truyén thong.

Viéc chon cac tiéu chi trong hé théng danh gia kinh té tri thdrc van
dang dwoc nghién clru dé xuét, chang han hé thdng do lwdng kinh té
tri thiec clia Ngan hang thé gioi (KAM) dwoc ddi mai theo thei gian



Kinh té tri thuc: do luéng

BON NGUYEN TAC [OEC96]
> Thiéu tri thi’c vé mot hé thong dinh gia co tinh phuang phap luan
dé lam cd s3 két hgp cac phan tr tri thi'c thanh mot thanh phan
ban chat duy nhat.
Thanh phan ban chat duy nhat dugc dé cap G day la dugc dung dé
lam gid tri do mirc d6 “tri thirc” cdia mot nén kinh té. Chang han, trong
hé th6ng KAM, viéc “do” cho tirng tiéu chi cling nhu' tong hgp cac gia
tri d6 thanh gia tri “"do” muc d6 kinh té tri th'c cia mot quodc gia van
chua cé tinh phuong phap luan hoan toan.
-~ Viéc tao tri thi'c méi khdong can phai bé sung mang vao kho tri
thd'c va su lac hau cua cac phan tU trong kho tri thirc la khong
dudc van ban hoa.



Kinh té tri thuc: do luéng

CAC BAI TOAN CAN GiAl QUYET [OEC96]

> Do lwdng tri thire clia dau vao.

> Do lwdng kho tri thire va tri thire trong kho.

> Do lwdng tri thire cha dau ra

> Do lwong mang tri thirc

> Do lwdng tri thire thdng qua hoc tap

Yogesh Malhotra [Mal03] trinh bay hé thong vé mé hinh danh gia
kinh té tri thirc cia mét qudc gia.
phan tich ndi dung, diém manh va diém han ché cia mét sé hé thdng
danh gia dién hinh. , ,
de xuét mot mo hinh dénh gia kinh té tri t,huﬁc cla mot quoc gia
hé thdng do lwérng kinh té tri thiee phd bién: c6 KAM cia WB



Po IuGng kinh t€ tri thic: KAM

KAM - Knowledge Assessment Methodology [CDO5]

» Do lwdng dién hinh KTTT
. Chi tiét hoa 4 cot tru bang hé thdng tiéu chi
. Pang dwoc cai tién
» 2005: 80 tiéu chi; 2008: 83 tiéu chi; 2009: 109 tiéu chi

Sé leong tiéu chi cua KAM
Sir | Corrru Nhdm tiéu chi con KAM-2003 | KAM-2008 | KAM-2000
E0) (83) 109)
Thiét ché xi héi phap Nang lwc kinh te 9 9 6
1 quveén vi khuvén khich Thé ché kinh té 10 12 12
kinh te Diéu hanh chinh quvén 7 7 7
Giao duc 14 14 15
N Lyclwong lao dong dugc — — —
2 .. . 31zl tinh 6 3 3
giao duc va co kv ning
Lao dong “ o 24
; He thong cach t.a_u hwong . 27 21 ag
tri thirc hiéu qua
Ha tang thong tin hién dai
g | TR IRETIONE MR AER S < 12 12 12
va dav du




Po IuGng kinh t€ tri thic: KAM

M6t sb giai thich
.~ Tiéu dé Piéu hanh chinh quyén dwoc chuyén tir cac tiéu dé tiéng
Anh la Institutions (KAM-2005) va Governance (KAM-2008,
KAM-2009)

» Hé thdng KAM chira mot so tiéu chi co ndi dung lién quan tryc
tlep t&i kinh té dich vu, chang han nhw cac tiéu chi Employment
in Services (%), Local availability of specialized research and
training services,

. Cot try Hé théng cach tan dwoc thi hanh trong céac tap doan,
trung tam nghién ctru, trwong dai hoc, cac chuyén gia va cac to
chirc khac nham dam bao SL tlen hoa tri thirc, chuyen ddi thanh
dong tang trwdng tri thire tbng thé, déng hda va lam phi hop tri
thirc méi cho nhu cau dia phwong

. Cot tru Ha tang thong tin hién dai va day di ddm bdo hé thong
phu0’ng tién hiéu qua dé truyén thong, phd bién va xi ly théng
tin va tri thiee



Cad ban vé cong nghé tri thuc

= Khai niém cong nghé tri thirc
= COng nghé tri thirc la mot qua trinh vé cd ban bao gom viéc thu
nhan va biéu dién tri thiic, va xay dung ca ché suy ludn va giai
thich.
= BOn budc thi hanh
= thu nhan tri thdc, biéu dién tri thirc, xay dung mdt ca ché suy
luan, va thiét ké cac cong cu giai thich.
= MOt sO khai niém lién quan
= Metaknowledge: tri thuc vé tri thdc. Mot s vi du: lam thé nao
dé s dung tri thiic trong cac tinh huéng cu thé, lam thé nao dé
xac dinh nhirng tri thic co lién quan, va khi nao tri thic la chua
day du. So sanh vai metadata (dir liéu vé dir lieu): di liéu mo ta
file
= Metaknowledge: YKYN, YDYK, YKYD, YDYD
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Ca ban vé cong nghé tri thuc

= MOt sO khai niém
= Thu nhan tri thdc la viéc khai thac tri thic tir ngudn (chuyén gia)
da van ban hda va chua vén ban hda va chuyén nd vao may tinh.
Sur dung 3 kY thuat: quy nap, 1ap luan dua trén trudng hdp, tinh
toan neuron.
= Biéu dién tri thirc lién quan dén viéc td chirc cac tri thiic trong cac
CO sC tri thic.
= Tri thc van ban hoa co trong sach va@, dia may tinh, bao cao,
phim... Tri thuc khdng van ban hoa co trong tam tri con nguGi. Tri
thirc van ban hda 1a muc tiéu (du co thé dugc dién gidi mot cach
chu quan)
= MOt sO nguon tri thic
= Chuyén gia, sach hudng dan, phim anh, sach, cd sé dir liéu,
tap tin van ban, hinh anh, bang hinh, cam bién, va cac birc
anh chup.

July 1, 2014 Bai toan phat hien tri thirc 28



Chapter 2: Phat hién tri thuc tu dir lieu

= COong nghé tri thuc

= Quan ly tri thic

= Cd s@ cua phat hién tri thirc tu dir liéu
= Bai toan phat hién tri thdc tu di lieu

= Mot sO nOi dung lién quan
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Quan ly tri thirc trong td chirc

Creation Mobilization Diffusion Commoditization

PERCENTAG
PEOPLE OR
ORGANIZATI
THAT HAavE ESS
TO KNOWLE IN
QUESTION

TiIME

= Tri thirc tién bd théng qua bdn giai doan la nd phat trién theo thoi
gian: khai tao, huy ddng, phd bién, hang héa héa

= Khi no tr& nén truy cap vao nhiéu hon va nhiéu ngudi - dau tién trong
mét td chire, sau d6 tai nhiéu td chire, va cudi cung cho céng ching
noi chung - cac cdng ty phai st dung chién lwgc khac nhau dé nhan
ra gia tri I&n nhat cta né.
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The Knowledge Life Cycle

Knowledge Production

@
g

(Organizational Lea

M

Knowledge Integration

P an
—

— >
» &

Feedback Loop

Feedback Loop

Knowledge Structures Reflecting Organizational Knowledge
- Business Strategies - Customer VYalue Knmlzglgjﬁ{gtlzunsmn &
- Business Processes - Culture
- Organizational Models - COK (e.g.. Informa.
- Policies & Procedures Systems & Other
- Products & Services Artifacts

CKC - Codified Knowledge Claim
Knowledge Processes COK - Codified Organizatisnal Knowledgs

KC - Invalidated Knowlaedge Claim

Rules and Rule Sets KCS - Infa About Knowledge Claim Status

MNKC - Morvalidated Knowledge Claim
WHC -Walidated Knowledge Claims

July 1, 2014

CKC - Codified Knowledge Claim: Yéu cau tri thirc hé thong héa
UKC - Unvalidated Knowledge Claim: Yéu cau tri thire khong hop 1€
VKC - Validated Knowledge Claim: Yéu cau tri thire hop 1€

IK - Invalidated Knowledge: Tri thirc hét hiéu lwc
IKC - Invalidated Knowledge Claim: Yéu cau tri thirc hét hiéu lyc
OK - Organizational Knowledge: Tri thirc ctia to chirc




Chapter 2: Phat hién tri thuc tu dir lieu

= COong nghé tri thuc

= Quan ly tri thdc

s Cd s@ cua phat hién tri thirc tu dir liéu
= Bai toan phat hién tri thdc tu di lieu

= Mot sO nOi dung lién quan
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Chuyén doi meta-knowledge

DKY K B Genulne Causes ,,-[\ Y IKY K
[ :}
B Hidden Causses [ ::}
1
Bl Potentlal Causes |
=] auieTs
:} Using Bayes
Erl Assoclation Hebyorks
[ :}
Traditlional Assoclation Rules for Estimation.
o
leta-Knowledge L o
BEr Hidden Causes
[ :)
Bl Potentlal Causes {:}
[
DKDK YKDK

Knowlaedge Leweal

Knowledge/Meta-knowledge Diagram

= Hau hét ky thuat khai pha di liéu chuyén héa DKYK K YK.
Cwu gidm doc dieu hanh HP, Lew Platt d& tirng néi, "Néu HP biét
dwoc nhirng gi HP biét, ching toi sé c6 ba lan lgi nhuan”
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Ti€p can truyén thong va ti€p can KPDL

Theory ——2 Develop Hypotheses ——> Test Hypotheses

Figure 1. Traditional research approach

Develop o Wodel Building Model

Data = Relationshi =
- T Hypothese Test Hypotheses Validation

Figure 2. Data mining approach
= Ti€p can truyén thong
= TU Iy thuyét (hé todn ménh dé) [ilhat trién cac gid thuyét I
ki€ém dinh (ch(tng minh) gid thuyét. Ngbé Bao Chau: Bo dé cco ban
= Tiép can khai pha d{ liéu
= Tu dir lieu Jhat hién quan hé [hat trién giad thuyét By
dung md hinh va kiém dinh gia thuyét Jlianh giad mé hinh [l
dung mo hinh.
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Chapter 2: Phat hién tri thuc tu dir lieu

= COong nghé tri thuc

= Quan ly tri thdc

= Cd s@ cua phat hién tri thirc tu dir liéu
= Bai toan phat hién tri thdc tu di lieu

= Mot sO nOi dung lién quan
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Bai toan phat hién tri thuc

= NOi dung cd ban cua KDD va DM
= Khai pha dir liéu va phat hién tri thdc trong CSDL la bai toan
“kinh doanh”, bai toan “chién lugc” ma khong phai la bai toan
cong nghé.
= Khi nao nén khai pha dir liéu
= Vi du: Chuong 3 sach Data Mining: Methods and Tools, 1998.
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MO hinh vong khai pha dir liéu

= MO hinh

July 1, 2014

Knowledge

nam 1998

Select
Relevant
Busmess Data

Clean and Transfor
Data

DN'98



MOt mo hinh khai pha dir lieu DN'O0

Analysis of Feasibility

Business Understanding

- Analysis of Application Area
Data Understanding
F\ L //
~ \\- //
e . -
. — -
by
b
\'l
Deployvment and 4
- . : Data Access
Documentation v o
1
1
1
" KDD
4
!
x
.
r
e yr
.l’lr‘r
Interpretation and . e Data Preprocessing
Evaluati - o7 (70%-80% of efTort)
valuation .
Ll
‘\ \\\

Application of learning,
modelling and

discovery techniques

Exploration
o

R
—

Data Mining
|

Mot m6 hinh KDD nam 2000 [Nac00]
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Chuén cong nghiép khai pha dir liéu CRISP-DM

July 1, 2014

Business <
Understanding

Data __
Understanding
\/

Data
Preparation

T

[l

Deployment

Modeling

Evaluation

Céac pha trong moé hinh quy trinh CRISP-DM (Cross-Industry Standard
Process for Data Mining). “Hiéu kinh doanh”: hiéu bai toan va danh gia

Thi hanh chi sau khi tham chiéu két qua véi “hiéu kinh doanh”
CRISP-DM 2.0 SIG WORKSHOP, LONDON, 18/01/2007
Ngudn: http://www.crisp-dm.org/Process/index.htm (13/02/2011)

Nhap mon khai pha dir liéu: Chuong 2


http://www.crisp-dm.org/Process/index.htm
http://www.crisp-dm.org/Process/index.htm
http://www.crisp-dm.org/Process/index.htm

MO hinh KPDL va mo hinh kinh doanh’08

Business O Data
mnsiders —— miners
AL A

Enforcing or Developmg

unleaming \ hypotheses \
/ / 4

Knowledge sharing of data Data

mining results and planning preparation
new data unmng task \
Acnon or '
internalization |
E\. aluating Selecting data
results mining tools
Learning — T
Business Insider Centered Data Miner Centered
Knowledge Development Cvcle Data Mining Cycle

= Wang, H. and S. Wang (2008). A knowledge management approach
to data mining process for business intelligence, Industrial
Management & Data Systems, 2008. 108(5): 622-634. [Oha09]
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Mot mo hinh KPDL huéGng U'ng dung

Problem
Understanding
& Definition

: |

Constraints
Analysis

: |

[Jata
Understanding

Knowledge
Vanagement

Human I"u-iining
Interaction

In-clepth
Modeling

Knowledge
& Keporl
Delivery

‘]

_Tl.

A

—

|
|

Deployment

v

Data

aE
I'reprocessing —

1—
Viodelling
-

—

—

Results
Fvaluation

Actionability
Enhancament

|

:

Results
Postprocessing

= M6 hinh qué trinh khai pha di liéu hwéng mién ng dung [CYZ10]
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Tucng tac ngudi-may trong KPDL'10
) le:ﬂng { . | D |

/ / \
g Busmess f»| Data [ Evaluation Mining I Rule Review |
Understanding| | Exploration | Query |
. Schedule ] ) | A
Human Machine Processing + Lo L d _____ e _L____
fw-Ia-l:];ine Processing } | |
( P L
| Selection | Transform 2| Induction | —| Rule —» | Filter & Evolution &
L F | J_’ Extraction | Alert Deployment
o N l‘x. ) N S
Session Mining Merge Mining Postprocessing

= MO hinh qua trinh C-KDD
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Chapter 2: Phat hién tri thuc tu dir lieu

= COong nghé tri thuc

= Quan ly tri thdc

= Cd s@ cua phat hién tri thirc tu dir liéu
= Bai toan phat hién tri thdc tu di lieu

= MOt sO nOi dung lién quan
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MOt sO van deé lién quan

= DO do “tri thic”
= Tri thirc Jh3u 6 gia tri”
= Moi bai todn KPDL thung di kém d6 do: phén Ip c6 dd do
danh gia (chinh xac + hai tudng, chinh xac + 16i), phan cum: do
theo tung phucng phap, luat két hop (do ho trg + do tin cay)...
= DO do la ndi dung nghién ctu trong KPDL
= Lua chon thuat toan
= Khong co thuat toan “tot nhat” cho moi bai toan khai pha dir
lieu.
= Két hdp giai phap
= Vai tro dif liéu mau
= DU liéu hoc, diI liéu kiém tra.
= Vai tro cua ngudi s dung.
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Bai giang moén hoc

KHAI PHA DU LIEU

CHUONG 3. TIEN XU LY DU LIEU

July 1, 2014 Khai pha dir lieu: Chuong 3
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Tai lieu tham khao

[HKO6] J. Han and M. Kamber (2006). Data Mining-Concepts and
Techniques (Second Edition), Morgan Kaufmann. Chapter 2. Data
Preprocessing

[NEMO09] Robert Nisbet, John Elder, and Gary Miner (2009). Handbook of
Statistical Analysis and Data Mining, Elsevier, 6/2009. Chapter 4. Data
Understanding and Preparation; Chapter 5. Feature Selection.

[Chap05] Chapman, A. D. (2005). Principles of Data Cleaning, Report for
the Global Biodiversity Information Facility, Copenhagen

[Chap05a] Chapman, A. D. (2005a). Principles and Methods of Data
Cleaning — Primary Species and Species- Occurrence Data (version 1.0),
Report for the Global Biodiversity Information Facility, Copenhagen

[Hai02] Boan An Hai (2002). Learning to Map between Structured
Representations of Data, PhD Thesis, The University of Washington,
ACM 2003 Award Winners and Fellows (Doctoral Dissertation
Award).

[RDOO] Erhard Rahm, Hong Hai Do (2000). Data Cleaning: Problems and
Current Approaches, |[EEE Data Eng. Bull., 23(4): 3-13 (2000)

va mot sb tai lieu khac
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Chapter 3: Tién xu' ly di lieu

» Hiéu dir liéu va chuan bi dir liéu
= Vai tro cua tién xa' ly di lieu

= Lam sach dir lieu

= Tich hop va chuyén dang di liéu
= RuUt gon dir liéu

= ROi rac va sinh kién truc khai niém
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Nhiing van dé cg ban dé hiéu dir liéu

= Cdch thu thip dugc dit liéu cn thiét d&€ md hinh hda:
= Data Acquisition
= Cach két hop dir liéu tim dugc tu cac nguon dir liéu khac nhau
= Data Integeation.
= MO ta dif liéu
= Data Description
Panh gia chat lugng (su’ sach s€) cua dir lieu
= Data Assessment
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Thu thap di lieu

= Cach thu thap di¥ liéu can thiét d& mé hinh hoéa
Data Acquisition:
= Trich chon dir li€éu theo cau hdi tir CSDL tdi tap tin phang
= Ngon ng{r hoi bac cao truy nhap truc ti€p CSDL
= Ké&t ndi miic thdp dé truy nhap truc tiép CSDL
= Loai bd rang budc khéng gian/thdi gian khi di chuyén khéi
lwong I&n dir liéu
= Ho tro viéc quan ly va bao quan dir liéu tap trung hoa
= Rut gon sw tdng khdng can thiét cta dir liéu
= Tao diéu kién quan tri di¥ liéu tét hon dé dap rng mdi quan
tam dung dan
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Tich hgp dir lieu

= Cach két hgp dir liéu tim dugc tu cac nguon dir liéu khac nhau Data

Integeation. 1 |
. File #2: P t
File #1: Name & Address e .
Name Address Product Sales Date
Name Address City  State  Zipcode
John Brown 1234 E. 5t. Mower 1/3/2007
John Brown 1234 ESt. Chicago 1L 60610
_ John Brown 1234 E. St. Rake 4/16/2006
Jean Blois 300 Day St.  Houston  TX 77091 Neal Smith 325 Clay St Shovel 8/23/2005
Neal Smith 325 Clay St Portland  OR 97201 Jean Blois 300 Day St Hoe 9282007
MName Address City State  Zipcode  Productl Product2
John Brown 1234 E. 5t Chicago 1L 60610 Mower Rake
Meal Smith  325Clay 5t Portland  OR 97201 Showvel
Jean Blois 300 Day 5t. Houston TX 77091 Hoe
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MO ta dir’ lieu
= Giatri ky vong (mean)
= Xu hwdng trung tam cua tap dir liéu
= D0 léch chuan (Standard deviation)
= Phan bd dif liéu xung quanh ky vong
= Cuc ti€u (Minimum)
= Gia tri nho nhat
= Cuc dai (Maximum)
= Gia tri I6n nhat
= Bang tan suat (Frequency tables)
= Phan bd tan suat gia tri cia cac bién
= Ludc do (Histograms)
= Cung cp k¥ thuat do hoa biéu dién tin s6 gid tri ciia mot bién
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M6 ta div liéu, so sanh v&i phan bo chuan
(chu yéu trong mién [0,10])

M M ean Mlim Mlaxx Stlrew

1 OO0 Q.76 F 0 .00 4540000 15. 10153

Histogram of MUM_SP1
CH_ 10K 75w™*10000c
NUM_SP1 = 10000792 1" nomal(x, 11.1865, 15.3251)

Fooo

No of abs

81.9 109.2 136.5 163.8 191.1 218.4 2457 273.0
MNUM_SP1
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banh gia va lap ho sa dir lieu

= Danh gia di liéu

Binh vi mot van dé trong di liéu can gidi quyét: Tim ra va quyét dinh
cach ndm bat van dé

Mo ta dir liéu sé lam hién r6 mot s6 van dé

Kiém toan di liéu: 1ap hé so di liéu va phan tich anh hwéng cla dir
liéu chat lwong kém.

= Lap ho so dir lieu (co sG can cU: phan bo dir liéu)

July 1, 2014

Tam cua dir liéu

Céc ngoai lai tiém nang bat ky

S6 lwong va phan bd cac khoang trong trong moi trwdng hop

Bat c&r di¥ liéu dang ngd, nhw ma thiéu (miscodes), di liéu hoc, di liéu
test, hoac chi don gian di¥ liéu rac

Nhirng phat hién nén dworc trinh bay dwdi dang cac bao céo va liet ké
nhw cac mbc quan trong clia ké hoach



Nhitng van dé co ban dé chuan bi dT liéu

s  Cach thtrc lam sach dir liéu:
= Data Cleaning

= Cach thire dién giai dir liéu:
= Data Transformation

= Cach thirc ndm bat gia tri thiéu:
= Data Imputation

= Trong sb cla cac trwdng hop:
= Data Weighting and Balancing

= X ly di¥ liéu ngoai lai va khdng mong mudn khac:
= Data Filtering

= Cach thirc nam bat di liéu thoi gian/chudi théi gian:
= Data Abstraction

= Cach thire rat gon div liéu dé dung: Data Reduction
=« Ban ghi : Data Sampling
= Bién: Dimensionality Reduction
= Gia tri: Data Discretization

s Cach thirc tao bién mai; Data Derivation

July 1, 2014

10



Chapter 3: Tién xu' ly di lieu

= Hiéu dir liéu va chuén bi dir liéu
= Vai tro cua tién x' ly dir liéu

= Lam sach dir lieu

= Tich hop va chuyén dang di liéu
= RuUt gon dir liéu

= ROi rac va sinh kién truc khai niém

July 1, 2014
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Tinh quan trong cua tién xu' ly

= Khong co dir liéu t6t, khdng thé co két qua khai pha tot!
= Quyét dinh chat lugng phai dua trén dir liéu chat lugng

= Chang han, dit liéu bdi hay thi€u la nguyén nhan théng khong
chinh xac, tham chi gay hi€éu nham.

= Kho dif liéu can tich hgp nhat quan cua dir liéu chat
lugng
= Phan I6n cong viéc xay dung mot kho di liéu la trich
chon, Iam sach va chuyén doéi dir liéu —Bill Inmon .
= DU liéu co chat lugng cao néu nhu phu hdp vdi muc dich
su’ dung trong diéu hanh, ra quyét dinh, va lap ké hoach

July 1, 2014 12



Cac van dé veé chat lugng di lieu [RD0OO0]

Data Quality Problems

Single-Source Problems Multi-Source Problems

""-‘HH -'"'-A‘“"m.
= H‘“R. __.-"'-. T
e s 7 T
‘f_,..»-" T A & A
Schema Level Instance Level Schema Level Instance Level

(Lack of integrity (Data entry errors) (Heterogeneous (Overlapping.

constraints, poor data models and contradicting and

schema design) schema designs) inconsistent data)
- Uniqueness - Misspellings - Naming confliets - Inconsistent aggregating
- Referential integrity - Redundancy/duplicates - Structural conflicts - Inconsistent timing

- Contradictory values

- (Thiéu lwoc do toan ven, thiét ké so do so sai) don trj, toan ven tham chiéu...

- (L6i nhap dir liéu) sai chinh ta, dw thira/sao, gia tri mau thuan...

- (M hinh di liéu va thiét ké so’ dd khéng déng nhat) xung dét tén, cau tric

. (D liéu chdong chéo, mau thudn va khéng nhat quan) khéng nhat quan tich hop va
thoi gian

[RDOO0] Erhard Rahm, Hong Hai Do (2000). Data Cleaning: Problems and Current Approaches,

IEEE Data Engineering Bulletin, 23(4): 3-13, 2000.
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P06 do da chiéu chat luong di lieu

= Khung da chiéu cap nhan tot:
= DO chinh xac (Accuracy)
= Tinh day du (Completeness)
= Tinh nhat quan (Consistency)

= Tinh kip thoi (Time
= DO tin cay (Believa
= Gia tri gia tang (Va

iness)
ility)
ue added)

= Biéu dién dudc (Interpretability)

Tiép can dugc (Accessibility)
Phan loai bé rong (Broad categories):

= Ban chat (intrinsic), nglr canh (contextual), trinh

dién (representatio
(accessibility).

July 1, 2014

nal), va ti€p can dugc
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Cac bai toan chinh trong tién XL DL

= Lam sach dir liéu

= Dién gia tri thiu, 1am tron dit liéu nhiéu, dinh danh ho3c x6a
ngoai lai, va khtr tinh khéng nhat quan

= Tich hgp dir liéu

= Tich hgp CSDL, khoi dir liéu hodc tap tin phic
= Chuyén dang dir liéu

= Chuén hda va tong hgp
= RuUt gon dir lieu

= Thu dudgc trinh bay thu gon vé kich thuGc nhirng san xuat cung
hodc tuang tu két qua phan tich

= R0 rac dir liéu
= BO phan cua ruat gon dir lieu nhung c6 d6 quan trong riéng, dac
biét va&i dir liéu s6

July 1, 2014 15



Cac thanh phan cua tién xur ly dir liéu (Bang 2.1)

Cratea Claararg [RERRTEST

IDGDI. riy-looking duen] Iu,ILII ::’:.-..v.l.,....
-

e
w -

FlosT

I-\.I|||'\.|. Svupr Sicls cop ddpbn )

.
=

Crata Transiormaticn -2, 32, 100, 55 48 —a 02, 032, 1.00, 0.50, 0458
Craviten Hecluction S0 AR Ach L AN A0 A 11
i (|
[ T
—li—
I." -
[ THASG
(R
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Chapter 3: Tién xu' ly di lieu

= Hiéu d{ liéu va chuan bj dir liéu
= Vai tro cua tién xa' ly di lieu

s Lam sach dir lieu

= Tich hop va chuyén dang di liéu
= RuUt gon dir liéu

= ROi rac va sinh kién truc khai niém

July 1, 2014
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Lam sach di’ lieu

= Laquatrinh
= Xac dinh tinh khdng chinh xac, khéng day du/tinh bat hop Iy cta di liéu
= chinh slra céc sai s6t va thiéu sét dwoc phéat hién
= nang cao chat lwong di liéu.
= Qua trinh bao gébm
= kiém tra dinh dang, tinh day du, tinh hop ly, mién giéi han,
= xem xét div lidu dé xac dinh ngoai lai (dia ly, théng ké, thoi gian hay moi
tredng) hoac cac 16i khéc,
= danh gia di¥ liéu cua cac chuyén gia mién cha dé.
= Qua trinh thwdéng dan dén
= loai bd, 1ap tai liéu va kiém tra lién tiép va hiéu chinh dung ban ghi nghi
ngo.
= Kiém tra x4c nhan cé thé dwoc tién hanh nham dat tinh phd hop voi
cac chuan ap dung, cac quy luat, va quy tac.

July 1, 2014 18



Nguon dif liéu don: muc so do (Vi du)

ScopeProblem Dirty Data Reasons Remarks

Attribute | Nlegal values baate=30.13.70 values outside of domain range

Record | Violated attribute | age=22, bdate=12.02.70 age = current date - birth date)
dependencies should hold

Record | Uniquensss ep;=(name="Tohn Smuth”, SSN="123456") | uniqueness for SN (soctal security

fype violation enpy=name="Peter Miller”, SSN="123456") | number) violated

Source | Referential enp=(name="Tohn Smith”, deptno=127) referenced department (127) not defined
infegrity violation

July 1, 2014
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Nguon dor

liéu don: mUc thé hién (Vi du)

Scope/Problem

Dirtv Data

Reasons/Remarks

July 1, 2014

Attribute | Missing values phone=9999-999999 unavailable values during data entry
(dummy values or null)
Misspellings city="Liipzig” usually typos. phonetic errors
Cryptic values, experience="B";
Abbreviations occupation="DB Prog.”
Embedded values name="J. Smith 12.02.70 New York” multiple values entered in one attribute
(e.g. in a free-form field)
Misfielded values city="Germany"
Record Violated attribute city="Redmond”, zip=77777 city and zip code should correspond
dependencies
Record Word name;= “J. Smith"”, name>="Miller P.” usually in a free-form field
type transpositions
Duplicated records | emp,=(name="Tohn Smith"....): same employee represented twice due to
emp,=(name="J. Smith”....) some data enfry errors
Contradicting emp;=(name="John Smith”, bdate=12.02.70); the same real world entity is described by
records emp,=(name="John Smith”, bdate=12.12.70) different values
Source Wrong references emp=(name="John Smith”, deptno=17) referenced department (17) is defined but
Wrong

20



Nguon dir Iiéu phCrC' muc s do

\ n’
va thé hién (Vi du)

Customer (source 1)
CID | Name Street Cify Sex
Il |Kristen Smith |2 Hurley PI | South Fork, MN 48503 |0
24 | Christian Smith | Hurley St2 | S Fork MN 1
Client (source 2)
Cno |LastName | FirstName | Gender | Addyess Phone/Fax
24 | Smith Christoph | M 23 Harley St, Chicago | 333-222-6542 /

IL, 60633-2394 333-222-6599
493 | Smith Kris L. F 2 Hurley Place, South | 444-555-6666

Fork MN, 48503-5998

Customers (integrated target with cleaned data)

No |LName | FName Gender | Street City State | ZIP | Phone Fax CID | Cio

I |Smith |KustenL. |F JHuley |South |[MN [ 48303- | 444-555- 11 493
Place Fork 5998 | 6666

2 |Smith | Christian | M JHuley |South |MN | 48503 24
Place Fork 5998

3 |Smith  |Christoph |M 23 Harley | Chicago |IL 60633- |333-222- |333-222- L
Street 2394|6542 6599

July 1, 2014
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Lam sach di’ lieu

0 Nguyen ly chét lvong dir lieu can dwoc ap dung & moi giai doan qud trinh
quaén ly di liéu (ndm gilr, s6 hoa, lwu trir, phan tich, trinh bay va s dung).

= hai van dé cbt 16i dé cai thién chat lwong - phong ngtra va chinh stra
= Phong ngtra lién quan chat ché véi thu thap va nhap div liéu vao CSDL.
= lang cuong phong ngtra 16i, van/ton tai sai sot trong bé dir lieu I&n

(Maletic va Marcus 2000) va khéng thé bd qua viéc xac nhan va sta
chiva di¥ liéu

= Vai tro quan trong
= “la mot trong ba bai toan I6n nhat cua kho dir li€u"—Ralph Kimball
= “la bai toan “number one” trong kho dir li€u"—DCI khao sat

» Cac bai toan thudc lam sach dir liéu
= X ly gia tri thiéu
= D@ liéu nhiéu: dinh danh ngoai lai va lam tron.

= Chinh stra di¥ liéu khéng nhéat quan
= Giai quyét tinh dw thtra tao ra sau tich hop di liéu.
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XU ly thiéu gia tri

= B& qua ban ghi co gia trj thiéu:
= Thudng lam khi thi€u nhan phan I6p (gia st bai toan phan I6p)
= khong hi€u qua khi ty 1€ s6 gia tri thi€u I6n (ban gidam sat)

= Dién gié trj thiéu bang tay:

= té nhat
= tinh kha thi

= Dién gia trj tw dong:
= Hang toan cuc: chang han nhu“chwa biét”, cé phai mét Iép moi
= Trung binh gia tri thuéc tinh cac ban ghi hién cé
= Trung binh gia tri thuéc tinh cac ban ghi cung I&p: tinh hon
= Gia jtri kha nang nhat: dwa trén suy luan nhw cong thirc Bayes hodc cay
quyét dinh
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DI’ li€éu nhiéu

o Nhléu

= L&i ngau nhién

= Bién dang ctia mét bién do dwoc
= Gia tri khong chinh xac do

« L3i do thiét bj thu thap di liéu

= Van dé nhap di liéu: nguwdi dung hodc may co thé sai

= VAan dé truyén di liéu: sai twr thiét bj gvi/nhan/truyén

= Han ché cla céng nghé: vi du, phan mém cé thé x& ly khdng dung

= Thiét nhat quan khi dat tén: ciing mot tén song céach viét khac nhau
= Cac van deé dir liéu khac yéu cau lam sach dir liéu

= B6 ban ghi

= DU liédu khdng day du

= DU liéu khéng nhat quan

July 1, 2014
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Nam bat dif liéu nhiéu

= Phuong phap dong thung (Binning):
= Sap dir liéu tang va chia “déu” vao cac thung
= Lam tron: theo trung binh, theo trung tuyén, theo
bién...
= Phan cum (Clustering)
= Phat hién va loai bo ngoai lai (outliers)
= K&t hgp kiém tra may tinh va con ngudi
= Phat hién gid tri nghi ngs dé con ngudi kiém tra (chang
han, dGi phd véi ngoai lai cd thé)

= HOi quy
= Lam tron: ghép di liéu theo cac ham hoi quy
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Phuadng phap rdi rac hoa don gian: Xép thung
(Binning)

= Phan hoach can bang bé rong Equal-width (distance)
partitioning:
= Chia mién gia tri: &/ doan dai nhu nhau: uniform grid
= Mién gia tri tu’ A (nho nhat) tGi B (I6n nhat) ->W = (B -
A)/ .
= Dan gian nhat song bi dinh hudng theo ngoai lai.
= Khong xur ly tot khi dir li€u khong can bang (déu).
= Phéan hoach can bang theo chiéu sau Equal-depth
(frequency) partitioning:
= Chia mién xac dinh thanh N doan “déu nhau vé so
lugng”, cac doan cd xap xi sO vi du mau.
= Kha cO dir liéu: tot.
= Viéc quan ly cac thudc tinh I3p: c6 thé “khdn khéo”.
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Phuadng phap xép thung lam tron dir liéu
(Data Smoothing)

* DU lieu dugc xép theo gia: 4, 8, 9, 15, 21, 21, 24, 25, 26, 28, 29, 34
* Chia thung theo chiéu sau:
-Bin1:4,8,9, 15
- Bin 2: 21, 21, 24, 25
- Bin 3: 26, 28, 29, 34
* Lam tran thung theo trung binh:
-Bin1:9,9,9,9
- Bin 2: 23, 23, 23, 23
- Bin 3: 29, 29, 29, 29
* Lam tran thung theo bién:
- Bin 1: 4, 4, 4, 15
- Bin 2: 21, 21, 25, 25
- Bin 3: 26, 26, 26, 34
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Phan tich cum (Cluster Analysis)

_|_
S O
Cum: Cac phén tr trong cum la “twong tw nhau”
Lam tron phan t& trong cum theo dai dién.
Thuat toan phan cum: Chuwong 6.

July 1, 2014

28



July 1, 2014

HOi quy (Regression)

X1
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Chapter 3: Tién xu' ly di lieu

= Hiéu dir liéu va chuén bi dir liéu
= Vai tro cua tién xa' ly di lieu

= Lam sach dir lieu

» Tich hop va chuyén dang dir liéu
= Rut gon d{ lieu

= ROi rac va sinh kién truc khai niém
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Tich hgp dir liéu

= Tich hgp dir lieu (Data integration):
= Két hop di liéu tu’ nhieéu nguon thanh mot nguon Iuu
trir chung
= Tich hgp sieu dit liéu tu’ cac nguon khac nhau
= Van dé dinh danh thuc thé: xac dinh thuc thé thuc té tur
ngudn dir liéu phirc, chdng han, A.cust-id [JB.cust-#
= Phat hién va giai quyét van dé thi€t nhat qua dir lieu

= Cung mdt thuc thé thuc su: gid tri thudc tinh cdc ngudn
khac nhau la khac nhau

= Nguyén nhan: trinh 3ay khac nhau, cG khac nhau,
chang han, don vi qudc té€ khac vdl Anh quoc
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Nam bat du thiura trong tich hgp dir liéu
(Handling Redundancy in Data Integration)

= Du thua dif lieu: thudng co khi tich hgp tu’ nhiéu nguodn
khac nhau
= MOt thudc tinh co nhiéu tén khac nhau & cac CSDL
khac nhau
= MOt thudc tinh: thudc tinh “nguon goc” trong CSDL
khac, chang han, doanh thu hang nédm
= DU liéu du thira cé thé dugc phat hién khi phan tich
tuong quan
= Tich hgp can trong di liu ngudn phdc gilip gidam/tranh
du thua, thi€u nhat quan va tang hiéu qua toc do va chat
lugng
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Chuyén dang dir liéu

= Lam tron (Smoothing): loai bd nhiéu tir dir liéu
= TOong hap (Aggregation): tom tat, xay dung khdi di liéu
= TONng quat hda (Generalization): leo kién trdc khai niém
= Chuan hda (Normalization): thu nho vao mién nhd, riéng
= Chuén hda min-max
= Chuén hda z-score
= Chuén hoda ty Ié thap phan
= Xay dung thudc tinh/dac trung
= Thuoc tinh mdi dudc xay dung tu cac thudc tinh da co

July 1, 2014 33



Chuyén doi di liéu: Chuan hda

= Chuan hda min-max

Vv — (new _ maxAluew_ minA).|ew_ mina
maxa lunA

= Chuan hda z-score

v v [hean.

stand dew.
= Chuén hda ty Ié thap phan

.V . : '
V %O‘ J : s0 nguyén nho nhat ma Max(] [)<l Vv
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Chapter 3: Tién xu' ly di lieu

= Hiéu dir liéu va chuén bi dir liéu
= Vai tro cua tién xa' ly di lieu

= Lam sach dir lieu

= Tich hop va chuyén dang di liéu
= RuUt gon dir liéu

= ROi rac va sinh kién truc khai niém
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Chién lugc rut gon dir liéu
(Data Reduction Strategies)

= Kho diI liéu chira t6i hang TB
= Phan tich/khai pha dir liéu phldc mat thdi gian rat dai khi chay trén
tap toan bo dir liéu
= Rut gon dir lieu
= CO dugc trinh bay gon cua tap di lieu ma nho hon nhiéu vé khoi
ludng ma sinh ra cung (hodc hau nhu cung) két qua.
= Chién lugc rut gon dir lieu
= Tap hgp khoi di lieu
= Giam da chiéu — loai bo thudc tinh khong quan trong
= Nén dir liéu
= Giam tinh s6 hda — d{ liéu thanh mo hinh
= RGi rac hoa va sinh cay khai niém
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Két hap khoi dir lieu (Data Cube
Aggregation)

= MUc thap nhat cua khoi dir liéu
= TOng hgp di liéu thanh mot ca thé quan tdm
= Chang han, mot khach hang trong kho dir liéu cudc goi
dién thoai.
= Cac muc phuc hgp cua tich hdp thanh khoi di liéu
= Giam thém kich thudc di lieu
= Tham khao mutc thich hgp
= S dung trinh dién nhd nhat du dé giai bai toan
= Nén su dung di lieu khoi 1ap phuong khi tra IGi cau hoi
tong hop thodng tin
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Rut gon chiéu
= RUt gon dac trung (nhu'., lua chon tap con thudc tinh):
= Lua chon tap nho nhat cac dac trung ma phan bd xac
suat cua cac I6p khac nhau cho gia tri khi cho gia tri cua
cac I6p nay gan nhu phan bo von co da cho gia tri cua
cac dac trung
= RUt gon # clia cAc mau trong tAp mau dé dang hon dé
hiéu di liéu
= Phuong phap Heuristic (co luc lugng ma # phép chon):
= Khdn ngoan chon chuyén tiép tir phia trude
= K&t hgp chon chuyén tiép va loai bo lac hau.
= RUt gon cau qyuyét dinh
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Vi du rit gon ciy quyét dinh

July 1, 2014

Tap thuoc tinh khoi tao:
{Al, A2, A3, A4, A5, A6}

A4 7

Al?

\

AG?

2 & s

> Tap thudc tinh rut gon: {Al, A4, A6}
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Phan I6p cay quyét dinh

Po thi dang cay
Pinh trong la mot ham test

Cac nhanh tuang Uing vdi két qua kiém tra tai
dinh trong

Cac la la cac nhan, hoac cac I6p.
Xem Chuong 5



Phan I6p cay quyét dinh

//
—
sunny ~

OVEI'CELS'[ rain

" \

hi gh norma true false

SR




Phan I6p cay quyét dinh

= Xay dung cay quyét dinh:
= Xay dung cay quyét dinh
= Phuong phap top-down

= Cat tia cay (pruning)
= Phuong phap bottom-up: xac dinh va loai bo nhirng
nhanh ruém ra tang do chinh xac khi phan I6p
nhirng doi tugng mdi
= SU dung cay quyét dinh: phan I8p cac dobi tugng
chua dugc gan nhan




Nén di lieu (Data Compression)

= Nén xau van ban
= TON tai ly thuyét phong phu va thuét todn dién hinh
« Khdng ton that dién hinh
= Nhung chi cac thao tac han hep ma khong ma rong
= Nén Audio/video
= Nén t6n thét dién hinh, véi tinh loc cai tién
= Vai trudng hagp manh tin hiéu nho dudc tai hdp khong
can dung toan bo
= Day thdi gian ma khong la audio
= Ngan dién hinh va thdy doi chdm theo thdi gian
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Nén di lieu (Data Compression)

— T
S R

Original Data

— T

Original Data
Approximated

\ //
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Chuyéen dang song (Wavelet
Transformation)

A , .. ] HaarZ_ Daubechie4
= Bien dang song rai rac (Discrete wavelet transtorm:DWT):

XL tin hiéu tuyén tinh, phan tich da giai phap
= Xap xi nén: chi luu mot manh nho cac hé s6 song I6n nhat
= Tuong tu nhu bién ddi rdi rac Fourier (DFT), nhung nén
ton that tét hon, ban dia hda trong khdng gian

= Phucng phap:
= DO dai, L, budc la s6 nguyén lly thura 2 (dém thém cac chit s6 0,
khi can)
= Moi phép bién d6i cd 2 chirc ndng: lam min, tach biét
= Ap dung cho cac cdp DL, két qua theo 2 tap DL dd dai L/2
= Ap dung dé quy hai chirc n&ng dén dd dai mong muén
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DWT cho nén anh

= Image

/N

Low Pass High Pass
VRN

Low Pass High Pass

Low Pass High Pass
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Phan tich thanh phan chinh (Principal
Component Analysis )

= Cho Nvector dit liéu A-chiéu, tim ¢ (<= k) vector truc
giao t&t nhat dé trinh dién dir liéu.
= Tap dir liéu goc dudgc rut gon thanh N vector dit liéu c
chiéu: ¢ thanh phan chinh (chiéu dudc rut gon).

= Moi vector dif liéu 1a t& hgp tuyén tinh cla cac vector
thanh phan chinh.

s Chi ap dung cho dir liéu so.
= Dung khi sO chiéu vector IGn.
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Phén tich thanh phan chinh (PCA)

+ X2

Y1
Y2
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Rut gon kich thuGc so

= Phucng phap tham so
« Gld su’ dir liéu phu hop voi mo hinh nao do, udc lugng
tham s6 mo hinh, Iuu chi cac tham s6, va khong luu dir
liéu (ngoai trir cac ngoai lai cd thé co)
= MO hinh tuyén tinh loga (Log-linear models): lay gia tri
tai mot diém trong khdng gian M-chiéu nhu la tich cla
cac khong gian con thich hgp
= Phucng phap khong tham s6
= Khdng gia thiét mo hinh
= Tap hadp chinh: bié;u d6 (histograms), phan cum
(clustering), lay mau (sampling)
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HOi quy va mo hinh logarit tuyén tinh

= HO quy tuyén tinh: DL dugc mo hinh hoa phu hgp vai 1
dudng thang
= Thudng dung phuong phap binh phuong téi thiéu dé
khdp voi duGng
= HO quy da chiéu: Cho mot bién dich Y dugc mo hinh hoa
nhu ot ham tuyén tinh cua vector dac trung da chiéu
= MO hinh tuyén tinh loga: roi rac hoa xap xi cac phan bo

Xac suat da chiéu
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Phan tich hoi quy va mo hinh logarit tuyén tinh

= HOi quy tuyén tinh: v =l Il
« Hai tham s8, [lla [lF5c trung cho dudng va dugc xap

-k
Xi qua dir liéu da nam bat dugc.

= SU dung chién lugc BP toi thi€u téi cac gia tri da biét
Yi, Y2, ..., X1, X2, ....

= HO quy da chiéu: Y = b0 + b1 X1 + b2 X2.

= Nhiéu ham khong tuyén tinh dugc chuyén dang nhu
trén.

= MO hinh tuyén tinh loga:

= Bang da chiéu cua xac suat tich noi dugc xap xi bai
tich cia cac bang bac thap hon

= Xacsuat: p@a, b, ¢ d) =.7l.j.ca’




Lugc do (Histograms)

= KV thuat rdt gon dir liéu 40

phd bién
= Phan dir liéu vao cac

thung va gilr trunh binh

(tbng) cda moi thung

= Cb thé dudc dung toi
uu hda theo 1 chiéu khi

dung quy hoach dong

= CO quan hé tdi bai toan
lugng tU hoa.

4 2 Al - NS | S ]/ S— —
10000 30000 50000 70000 90000
July 1, 2014



Phan cum

= Phan tap DL thanh cac cum, va chi can luu trir dai dién
cua cum

= CAd thé rat hiéu qua néu DL la dugc phan cum ma
khong chira dir liéu “ban”

= Cd thé phan cum phan cap va dugc luu trir trong cau
trdc cay chi so da chiéu

= Ton tai nhiéu lua chon cho xac dinh phan cum va thuat

toan phan cum
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RUt gon mau (Sampling)

= Cho phép moét thuat toan khai pha chay theo do phurc tap
tua tuyén tinh theo cd cua DL

= Lua chon mét tap con trinh dién dir liéu

= L4y mau ngau nhién dan gian cé hiéu qua rat toi néu cd
DL léch
= Phat trién cac phuang phap 18y mau thich nghi
= L4y mau phan tang:
= Xap xi theo phan trdm ctia mai I8p (hodc bd phén ,
nhan dién dudc theo quan tam) trong CSDL tong thé
= SU dung két hop vai dir liéu Iéch
= Lay mau co thé khdng rit gon dugc CSDL.
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Rut gon mau (Sampling)

Raw Data
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RUt gon mau (Sampling)

Raw Data Mau cum/phan tang

0

0 0
00 o o ©
0 o
OOO o
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RuUt gon phan cap

= Dung cau truc da phan giai v8i cac mic do6 khac nhau cua
rut gon
= Phan cum phan cap thuong dugc thi hanh song co khuynh
hudng xac dinh phan vung DL hdn la “phan cum”
= Phucng phap tham so thuong khong tuan theo trinh bay
phan cap
= Tich hgp phan cap
= MOt cay chi s6 dugc chia phan cap mot tap DL thanh
cac vung bdi mién gia tri cua mot vai thuodc tinh
= M0i viing dugc coi nhu mét thiing
= Nhu vay, cay chi s6 vai tich hgp luu trt moi nat 1a mot
so do phan cap
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Chapter 3: Tién xu' ly di lieu

= Hiéu dir liéu va chuén bi dir liéu
= Vai tro cua tién xa' ly di lieu

= Lam sach dir lieu

= Tich hop va chuyén dang di liéu
= RuUt gon dir liéu

= R0i rac va sinh kién truc khai niém

July 1, 2014
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RGi rac hoa

= Ba kiéu thudc tinh:
= Dinh danh — gia tri t mot tap khong cé tha ty
= Th{ tu — gia tri t&r mot tap dugc sap
= Lién tuc — so thuc
= R3i rac hoa:
= Chia mién thuoc tinh lién tuc thanh cac doan

= Mot vai thuat toan phan I6p chi chap nhan thuoc tinh
phan loai.

= RUt gon cd DL bang rgi rac hoa
= Chuén bi cho phén tich tiép theo
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RGi rac hoa va kién truc khai niém

= RO rac hoa

= RUt gon sO lugng gia tri cta thudc tinh lién tuc bang
cach chia mién gia tri cua thudc tinh thanh cac doan.

Nhan doan sau d6é dudc dung dé thay thé gia tri thurc.

= Phan cap khai niém
= RUt gon DL bang tap hgp va thay thé cac khai niém
murc thdp (nhu gid tri s6 cua thudc tinh tudi) bang
khai niém & mUc cao han (nhu tre, trung nién, hodc
gia)
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RGi rac hoa va kién truc khai niém vdi dir lieu
SO

= Phan thung (xem lam tran khir nhiéu)
= Phan tich s do (da gidi thiéu)

= Phan tich cum (da gidi thiéu)

= R3i rac hoa dua theo Entropy

= Phan doan bang phan chia tu nhién
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RGi rac hoa dua trén Entropy

= ChotapvidusS, néu S dudc chia thanh 2 doan S1 va S2
dung bién T, thi entropy sau khi phan doan la

E(S.T) F Ent(S) ii Ent(S»)

= Bién lam cuc tiéu ham entropy tren tat ca cac bién dugc
chon nhu’ mot rGi rac hoa nhi phan.

= Qua trinh dé quy tGi cac vung cho tdi khi dat diéu kién
dung nao do, nhu

Ent(S).E(T S)-

= Thuc nghlem chi ra rang cho phép rut gon cd DL va tang
do chinh xac phan IGp
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Phan doan bang phan hoach tu nhién

= Quy tic don gian 3-4-5 dugc dung dé phan doan dir liéu sb
thanh cac doan tucng déi thong nhat, “tu’ nhien”.

July 1, 2014

Huéng tGi sO gia tri khac biét ¢ vung quan trong nhat
NEu 3, 6, 7 hoac 9 gia tri khac biét thi chia mién thanh
3 doan tuong ducng.

NEu phu 2, 4, hoac 8 gia tri phan biét thi chia thanh 4.
NEéu phu 1, 5, hoac 10 gia tri phan biét thi chia thanh 5.
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Vi du luat 3-4-5

A

Step 1: -$351 -$159 profit $1,838
Min Low (i.e, 5%-tile) High(i.e, 95%-0 tile)
Step 2: msd=1,000 Low=-$1,000  High=%2,000
Step 3: (-$1,000 - $2,000)
(-$1,000 - 0) (0-$ 1,000) ($1,000 - $2,000)
o } = OOO)
(-$400 - 0) (0 - $1,000) ($1,000 - $2, 000)
(©- 1,000 -
(s
-$300) ($200 - 51.200-
$400)
(-$300 - $1,400)
-$200
$200) ($400 - ($1,400 -
(-$200 - $600) $1,600)
-$100) (%600 - (%1,600 -
(-$100 - $1,000) $2,000)

0)
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$4,700
Max

($2 000 - $5, 000)

($2,000 -
$3,000)
($3,000 -
$4,000)
($4,000 -
$5,000)

v
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Sinh ki€n truc khai niém cho dir lieu phan loai

= Dac ta mot th ty bd phan gia tri thudc tinh theo muc
sg d6 do ngudi dung hodc chuyén gias
= Street<city<state<country
= Ddc ta thanh cau tric phan cap nhé nhom dit liéu
= {Urbana, Champaign, Chicago}<Illinois
= Dac ta theo tap cac thudc tinh.
= Tu dong sap x€p mot phan bang cach phan tich s6
ludgng cac gia tri khac biét
= Nhu, street < city <state < country
= Dac ta mot phan thd tu bo phan
= Nhu, chi street < city ma khong co cai khac
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Sinh ki€n truc khai niém tu dong

= MOt vai kién tric khai niém co thé dudc sinh tu dong dua
trén phan tich so lugng cac gia tri phan biét theo thudc
tinh cua tap DL da cho
= ThuOc tinh co gia tri phan biét nhat dudc dat & cap do
phan cap thap nhat
= Luu y: Ngoai tru, cac ngay trong tuan, thang, quy, nam

m 15 gia tr1 phan biét

65 gia tri phan biét
3567 gia tri phan biét
674,339 gia tr1 phan biét
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Chuong 4:
Khai pha luat ket hop

Dua theo "Data Mining: Concepts and Techniques”
Chapter 6. Mining Association Rules in Large Databases
©Jiawei Han and Micheline Kamber
WWW.CS.uiuc.edu/~hanj
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Chuadng 4: Khai pha luat két hgp

= Khai pha luat két hgp (Association rule)

= Cac thuat toan khai pha vo huéng luat két hgp (gia tri
16gic dan chiéu) trong CSDL giao dich

= Khai pha kiéu da dang luat két hgp/tuong quan
= Khai pha két hdp dua theo rang budc

= Khai phd mau day

= Ung dung/md rong khai pha mau phd bién
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Khai niém cg s3: Tap pho bién va luat két hgp

Mot s6 Vi du vé “ludt két hop” (associate rule)

« “08% khach hang ma mua tap chi thé thao thi déu mua
cac tap chi vé 0t0” = su két hop gitta “tap chi thé thao”
v6i “tap chi vé 610 ”

« “60% khach hang ma mua bia tai siéu thi thi déu mua
bim tré em” = sy két hop gitta “bia” voi “bim tré em”

e “CO0 té1 70% nguoi truy nhap Web vao dia chi Url 1 thi
cling vao dia chi Url 2 trong mét phién truy nhap web”
= su két hop gitta “Url 17 vai “Url 2. Khai pha dit
liéu str dung Web (D1t liéu tur file log cua céc site, chang
han dugc MS cung cap).

« Céc Url c6 gan véi nhdn “16p” 1a cac dic trung thi co
luat két hop lién quan giita cac 16p Url nay:.
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Khai niém cg so: Tap pho bién va luat két hap

ocpinion & mizc & brease on-=r L= n i L0 :

rigwrs B s B business & bbe el ET T = e L = e et <07
liwing & business & =pork= & bhs —= fanipage 90.00% fromtpane = frontpEoe = =pors 2.02%
rieses & misc & buainess & spofs - Fontpaga ES EA%™: lozal = Trontpsns 1 B39
riewes B fech & living & buginese S spars —= Fonipage EQ .00,

news & living & business & bbs —= Fonpage EE.O15 On-sir = mizc = an-air 1.7220%
fronpage & 1ech & living & buginess L sporbs - MBEWE ET ETw on-slF = frartpage 1 B9%
fronipage & opinion & living & spors - NAVS EF B1%

frompage & 1ech & opinion & Eving - EWE EF EO% OnN-SiF — NS 1.51%%
fronipage & iech & on-ar & busine== & =ports —=  NEVS EF 554 B Tl"l:l'ITFEIQE: = e 1 .49%
rEers & misc & gports & bbs L ET T BT G5

riewrs & fech & orr alr & busness & spois - Fontpage EF 435 local = nesss 1.468%
rEs & living & bosiness & apors —= fompans EF 19% fronfpage = frompace = buEiness  1.35%
riees B bugin B=s B oSporie & bl -~ Fonipags ES.70%

misc & living & fravel —=  pn-@r EG. 555 MevE =+ sports 1.33%
tech & livinig & sports & bbs - Fonlpage EG.52"% newws = bl 1 2539
tach £ bucine=s & cports & bbe --= fanilpage EBES A0

rees & misc & iving & business —> Fontpage BS T2 % heabbh —= local 1.16%
on-air & busines= & =ports & bh= —= fanipage BG.Z2% MEC = frn:mtp::aga = ﬁ"l:l'ltFIEQE! 1.1 6%
s & fach & misc & bbs -~ fontpage 6.1 A% )

on-aif & mise & busness & opoits —> tonlpage EE.1E% an-Sir = ol T.15%
tach & misc & Fravel L s B6.09 % MEc = on-air - misc 1.15%
tech & Ikng & business & Spois - Fonlpage EE.[E% ..

news Ii'ii'?g E sports & I:|I:|-=I:I = 'i'-\:ln:.|:|:|:l agn Sl frorfpege = frontpace 2 living 1.1 4%
riiEc d buginess & sports - Foanlpage ES.79'% local = frontpsge = Fontpage 1.103%
fronipage & iech E opinion & spori= — MEVEE B THY: i

Freewis QpiFan =] ||i|r"|=_| - SprE —r "l:ll'llfcl-\.:lgl?' ES. B0 hiemibh = miec 1 .42%
misc & busine=s & iravel -  on-amir ES B4 MEC = on-3ir == an-air 1.10%
rEds & tach & misc & busmess - ¥ontpana BS E%% .

misc & business & bis = h:mlp:age E5.57 T lozal = miss 3 local 1.00%
tech & living & spars & bba —5=  nAWE ES 497 MiEC = Meves 1.06%%
Iczal & omisc & business 3 sporis —->  Fonipage ES. 43 % .

nmwes £ opinion & business E:ll:lhs --= fantp :gn BS .52 % neees 3 Iving Uellsis
mews & misc & vng & sports —= Fonlpage ES.19% On-3ir = misc = on-air = misc 1.00%
nEws £ on-3ir & business L sports --= fanilpage BS.O15%%

(a) (b)

[IVO6] Renata Ivancsy, Istvan Vajk (2006). Frequent Pattern Mining in Web Log Data,
Acta Polytechnica Hungarica, 3(1):77-90, 2006
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Khai niém cg s3: Tap pho bién va luat két hgp

Co sé dur [1iéu glao dich (transaction database)
« Giao dich: danh sach cac mat hang (muc: item) trong mot phiéu mua hang cua
khach hang. Giao dich T la mét tap muc.
* Tap toan bo cac muc | = {iy, i,, ..., i} “tat ca cAc mat hang”. Mot giao dich T
lamot tip concua |: T Moi giao dich T ¢d mdt dinh danh 1a T .
«  Alamot tap muc A Jlva T 12 mot giao dich: Goi T chira Anéu A il
e Luat két hc
+ GoiA 1a mot “luat két hop” néu Al 8 v AR
- Luat két hop A [ c6 d6 hd tro (support) s trong CSDL giao dich D néu
trong D ¢6 s% cac giao dich T chira AB: chinh 1a x4c suat P(AB). Tap muc A
c6 P(A) >0 (vai s cho trude) dugc goi 12 tdp phé bién (frequent set). Luat
két hop A c6 dd tin cay (confidence) ¢ trong CSDL D néu nhu trong D
c6 c% céc giao dich T chira A thi ciing chira B: chinh 1a xac suat P(B|A).

« Support (Am = P(A-) 1 (An l

« Confidence (A = P(B|A) 1 (A

+ Luat A duoc goi 12 dam bao do hd tro s trong D néu s(A B L
A-du:qc goi 14 dam bao do tin cay ¢ trong D néu c(A i) . Tap manh.
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Khai niém cd ban: Mau phd bién va luat két hgp

= Tap mucI={i,, ..., i.}. CSDL giao dich
D={d

Transaction-id Itemsbought [ A B - A-=-\9 B 1a luat két hop
10 A B, C = Bai toan tim luat két hop.

20 A C Cho trwdc do hd tro tbi thiéu s>0, do
30 A, D tin cay t6i thieu ¢>0. Hay tim moi luat
40 B, EF két hgp manh X-2Y.
e _ eno
CUStOmer  custorrer G{a s min_support = 50%,
buys bath s diaper min_conf = 50%:

A > C (50%, 66.7%)
C > A (50%, 100%)
= Hay trinh bay cac nhan xét vé khai

niém luat két hop véi khai niém phu
Customer thudéc ham.

buys beer = Cac tinh chat Armstrong & day.
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MOt vi du tim luat két hap

Transaction-id Items bought
10 A, B, C
20 A C
30 A, D
40 B, E F

For rule A |
support = support{ A = 50%
confidence = support({ A} )/support({4}) =

66.6%

July 1, 2014

Min. support 50%
Min. confidence 50%

Frequent pattern Support
{A} 75%
{B} 50%
{C} 50%
{A, C} 50%




Khai niém khai pha két hgp

Which items are fregquently
punchazed together by oy customers7?

Shopping Baskets

| | |
] ILIJI L

T r
\ _ bread { milk  bread I . b ad i
1 mil ke [ ! ¥ '|II rmilk i
1 cereal '5-' =Hlgar =re b é- b e
I'L_l_ ——— - 1
Cu=stormer |1 l:'u stoamer 2 Cnstormer S
[ T1
=11oar i
| cpas é.'
Market Analy=t ==

Custoanmer n

computer = antivirus_software [support = 2%, confidence = 60%]
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Khai niém khai pha luat két hap

m Khai pha luét két hgp:

= Tim tit c& mau phd bién, két hgp, tuong quan, hodc ciu
trd nhan-qua trong tap cac muc hodc doi tugng trong
CSDL quan hé hodc cac kho chira thong tin khac.

= Mau phé bién (Frequent pattern): Ia mau (tdp muc, ddy
muc...) ma xuat hién pho bién trong 1 CSDL [AIS93]

= DOng luc: tim mau chinh quy (regularities pattern) trong DL

= Cac mat hang nao dudgc mua cung nhau? — Bia va bim
(diapers)?!

= Mat hang nao sé dugc mua sau khi mua mot PC ?
= Kiéu DNA nao nhay cdm vdi thudc mdi nay?
= CO kha nang tu dong phan I6p Web hay khong ?
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Mau phd bién va khai pha luat két hgp 13
mot bai toan ban chat cua khai pha DL

= Nén tang cua nhiéu bai toan KPDL ban chat
= K&t hop, tuong quan, nhan qua

= Mau tuan tu, két hgp thdi gian hodc vong, chu ky bd
phan, két hop khong gian va da phuong tién

= Phan I6p két hop, phan tich cum, khoi tang bang, tich
tu (nén dir lieu ngl nghia)

= Ung dung rong r3i

m Phan tich DL bdng ro, ti€p thi chéo (cross-marketing),
thi€t ké catalog, phan tich chién dich ban hang

= Phan tich Web log (click stream), Phan tich chudi DNA v.v.

July 1, 2014
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Chuadng 4: Khai pha luat két hgp

= Khai pha luat két hgp (Association rule)

= Cac thuat toan khai pha vo hudng luat két hgp (gia tri
I6gic don chiéu) trong CSDL giao dich

= Khai pha ki€u da dang luat két hgp/tuong quan

= Khai pha két hdp dua theo rang budc

= Khai phd mau day

= Ung dung/md rong khai pha mau phd bién

July 1, 2014
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Apriori: Mot ti€p can sinh ('ng vién va kiém tra

= Khai quat: Khai pha luat két hdp gom hai budc:
= Tim moi tdp muc pho bién: theo min-sup
= Sinh ludt manh tU tp muc phd bién
= Moi tdp con cla tdp muc phd bién ciing la tdp muc phd bién
= N&u {bia, bim, hanh nhén} |a phé bién thi {bia, bim} cling vdy: Moi
giao dich chlra {bia, bim, hanh nhan} cling chla {bia, bim}.
= Nguyén ly tia Apriori: V&i moi tap muc khong pho bién thi moi tap bao
khong can phai sinh ra/kiém tra!
= Phuong phap:
= Sinh cac tdp muc Uing vién dai (k+1) tir cac tdp muc pho bién cd dd
dai k (D0 dai tap muc la s6 phan t cia nd),
= Kiém tra cc tap Ung vién theo CSDL
= Cac nghién ctu hiéu nang chiing to tinh hiéu qua va kha nang ma rong
cua thuat toan
= Agrawal & Srikant 1994, Mannila, va cong su’ 1994

July 1, 2014 12



Thuat toan Apriori

Trén co sé tinh chat (nguyén ly tia) Apriori, thuat
toan hoat ddng theo quy tac quy hoach ddng
» T céc tap F, = {c| ¢, tap pho bién, || = i}
gOm moi tdp muc pho bién c6 dd dai i voi
1 | .
* ditim tap F,,; g06m moi tdp muc pho bién co
doé dai k+1.
Trong thuat toan, cac tén muc i,, Iy, ... 1y (N =l])
duoc sdp xép theo mot the tw co d‘mh (thuo’ng
dwoc danh chisb 1, 2, . , N).

July 1, 2014
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Thuat toan Apriori

Thuat toan Aprior:i [WKQOE8]:
Input: - Co s& dir liéu giao dich D = {t| t giao dich}
- D6 ho tro toi thidu minsup = 0

Output: - Tap hop tat ca cdc tap pho bién.

0: mincount = minsup * D
1

F, = {céc tap pho bién co do dai 1}

2. for (k=1:F, #2: k++) do begin

3. Cy-y = apriori-gen (Fy): // sinh moi tng vién d6 dai k+1

4. fort £ D do begin

5. C, ={c € Cy=y | c Z t}: //mol tng vién chira trong t
6. forc € C, do

7. c.count ++:

8. end

9. Fp-1 = {c € Cy+y | c.count = mincount} ;

10. end

11. Answer ' Fy :
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Thuat toan Apriori: Thu tuc con Apriori-gen

Trong méi budc k, thuat toan Apriori déu phai duyét CSDL D.

Khéi déng, duyét D dé cd dworc F,.

Céac buwéc k sau do, duyét D dé tinh s6 Iwong giao dich t thod tirng
trng vién c cua C,,;: méi giao dich t chi xem xét mét I1an cho moi trng
vién ¢ thuéc C,,,.

Thu tuc con Apriori-gen sinh tip phd bién: & tudng

Biede noi: Sinh cde tap muc Ry 12 tng vién tap pho bién co do dai k+1
bang cdch két hop hai tap pho bién Py, va Q. c6 do dai k va tring nhau & k-1

muc dau tién:
Ry =Py U Qi = {11 120y 1y, 1, 1} VO
Pi = {11, 12 T g By vA Q= {14, naeey Lo, I
TI"DIlg do i1 = i: . ik-l = il.; = IL
Biede tia: Gitr lai tat ca cdc Ry thoa tinh chat Apriori (VX C Ry va
X=k = X £ Fy). nghia la d4 loai (tia) bot di mo1 tng vién Ry khong dap
tme tinh chat nay.
July 1, 2014 15



Thu tuc con Apriori-gen

(1) for mei t&p muc phd bién /
(2)formﬁﬂmmmm
(3)if (h[1]=L [TDAL[2]=6 [2]) ..
then {
c=1N < L, /l)join step: generate candidates
e ={h[1], L[2].... . h[k-T].h[K].L2 [K]}

m M

~ §,[" &

f1[h’-1'] blk-1])A( h[K]<L[K])

(5) if has_infrequent_subset(c, L,) then
(6) delete c; // buoc tia: bo rng vién khdng dung

else add cto C..q;

(8) }
(9) return Ck;

pmcedure has mfreguent subset(c: tap rng vién dé dai k+1,
L,:tap cac tap muc phé bién dé dai k): // tri thic da cd

(‘1)fnrmwﬂcﬂn sdbdaikcuac
(2) if s L,then

(3) return TRUE;
(4) return FALSE;
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MOt vi du thuat toan Apriori (s=0.5)
Itemset | sup Tt :
Database TDB (A} > cmee {sub
Tid | Items C (B} 3 Ly al; 2
1 {B} 3
10 A C D 1t {C} 3 ) 3
0 [ sce | Lscan |
30 | ABCE {E} 3 B} =
40 B, E
C2 Itemset | sup C2 —
L2 Itemset | sup _ 2nd scan {A, B}
2O p—— 6.0
B, -
B E : {B, C} {A, E}
B 5 {B, E} {B, C}
- {C, E} {B, E}
{C, E}
C,;| Ltemset 3rd scan ‘LS Itemset | sup
{B, C, E} g {B, C, E}

July 1, 2014

17



Chi tiét quan trong cua Apriori

= Cach thic sinh cac Ung vién:
= BudGc 1: Tu két ndi L,
= Step 2: Cét tia
= Cach thic d&m ho trg cho moi (ing vién.
= Vi du thu tuc con sinh Ung vién
« L;={abc, abd, acd, ace, bcdy
= Tu két ndi: L,%,
= abcd tU abc va abd
= acde tuacd va ace

= Tia:
= acde la bo di vi ade khong thudc L,
n C4={ade}

July 1, 2014
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Vi du: D, min_sup*|D| = 2 (C, =

C, L,
TID USI Gf ."temJDs Scan I for ltemset | Sup. count | Compare candidate | liemset | Sup. count
count of cach {11} 6 support count with i} i)
T IR 1= candidate 112} T minimum support (12} T
100 1,12, I5 > | 113} ﬁ count {13} é
T T {14 2 w | (14 2
1300 12, 13
1400 11,12, 14 €, C, L,
_— Crenerate O, liemset | Scan D for | lemset| Sup. count | Compare candidate | liemset | Sup. count
['500 11 3 I3 candidates from L, [{11, [2} | count of each [{I1, 12} i support count with [{T1, 12} 4
o |{I1.13}| condidate |{I1, I3} 4 minimum support | {11, [3} 4
Te00 12, I3 {11, 4] N (S 00 5] I count (1,153 2
- {11, 15} {11, 15} 2 w |[112.13} 4
T700 11,13 {12, 13) {12, I3} 4 {12, 14} 2
112, 14) (12, 14} 2 (2,15} 2
1800 11,12, 13,15 {12, 15} (12,15} 2
113, 14 (13, 14} 0
T900 11,12, 13 (13, 15) msy
{14, 15} (14, I5} 0
G Cs Compare candidate Ly
Generate O Temset Scan D for | Nemsel |Sup, count support count with Tiemsel | Sup. count
candidates rom {11, 12, I3} count 1?1' sach|{11, [2, I3} 2 minimum support |11, 12, I3} 2
L, candidate count
— |{I1, 2, [5}]| — = |{11, 12, I5} 2 |11, [2, [3} 2

July 1, 2014
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Sinh luat két hap

Viéc sinh luat két hdp gobm hai budc

= V& moi tAp phd bién W tim dugc hdy sinh ra moi tap
con thutc su X khac rong ctia nd.

= VGi moi tAp phd bién W va tap con X khac rong thuc

b LitofitemJDs g cya no: sinh luat X IV - X) néu Pow-x|X) Ik
e Nhu vi du d3 néu cé L3 = {{I1, I2, I3}, {I1, I2, I5}}
B0 D Véi d tin cay t6i thi€u 70%, xét tp muc phd bién {I1,
T400 11,12, 14 12, 15} co 3 |Uét nhu dugi déy:
:b:ij :] :: T Ad2 =13, confidence = 2/4 = 50%
700 ];‘ [; 1L A5 =12, confidence = 2/2 = 1004
1500 1L DTS 2n15=11, confidence = 2/2 = 100%
TO00 11.12.13 ..Ir.] = fz ﬂ'f..;', tﬂ”__ﬁdf”[rp — E 'IEF = 3?"'{:..-'..(-

12 = 11115, confidence = 2/7 =29%

Ji=11 112, confidence = 2/2 = 1005
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Cach thirc tinh do ho trg ctia (tng vién

= Tinh dd ho trg (ng vién 1a van dé can quan tadm
= SO lugng 'ng vién la rat I6n
= MOt giao dich chra nhieéu U'ng vién

= Phucng phap:

= Tap muc Ung vién dugc chira trong mot cay-bam
(hash-tree)

= /4 cua cay bam chira mot danh sach cac tap muc va
bo dém

« Nut trong chira bang bam

= Ham tap con: tim tat ca cac Ung vién

July 1, 2014
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Cach thirc tinh do ho trg cuia (tng vién

= Tap cac wng vién C, dwec lwu trir trong moét cay-bam.

= Khi

= Bat

July 1, 2014

Gbc clia cay bam & dd sau 1. L& chira mdt danh sach tap muc

NUt trong chira mét bang bdm: méi thing cla bang trd t&i mot nat khac (Nat & do
sau d tro t&i cac nat & dé sau d+1).

Khi khéi tao, tat ca cac nat 14 I4.

thém mot tap muc c:

bat dau tr gbc di xubng theo cay cho dén khi gap mét la.

Tai moét nat trong dé sau d:

= quyét dinh theo nhanh nao bang cach ap dung ham bam t&i muc th d cla
tdp muc nay.

= Khi sb6 lwong tap muc tai mét 1a vwot qua ngwdng quy dinh, nit 1a dwoc
chuyén thanh mét nat trong.
dau tu goc, tim tat ca cac Ung vién thudc giao dich t:
N&u & nut gbc: bd&m vao mdi muc trong t.

N&u & mdt I4: tim cac tAp muc & 13 nay thudc t va bd sung chi dan tdi cac tdp muc
nay tdi tap tra Idi.

Néu & nut trong va da dat dudc nd bang cach bdm muc i, trén tirng muc ding sau
i trong t va ap dung dé quy tha tuc nay sang nut trong thung tueng ('ng.
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Vi du: Tinh ho trg cc (ng vién

Ham tap con

L@;/T\éfg

2,5,8 \‘

Transaction: 12356

-
—
—
-~
-~
=~ -
-

145 77O 345 356 367

————— 136 368
12+356'“1>///)§§§§§ 659
124 \

July 1, 2014
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Thi hanh hiéu qua thuat toan Apriori trong SQL

s Kho dé cb thé cd mot hiéu qua tot néu chi tiép can
thuan SQL (SQL-92)
= SU dung cac md rong quan hé - doi tugng nhu UDFs,
BLOBs, ham bang v.v.
= Nhan dugc cac thd' tu tang quan trong

= Xem bai: S. Sarawagi, S. Thomas, and R. Agrawal. Integrating
association rule mining with relational database systems:
Alternatives and implications. In SIGMOD98

July 1, 2014
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Thach thdrc khai pha mau phé bién

= Thach thuc
= Duyét phuc CSDL giao dich
= Ludng rat I6n cac Ung vién
= Té nhat viéc tinh todn do ho trg
» Cai tién Apriori: tu tudng chung
= Giam sO lan duyét CSDL giao dich
= RUt sO lugng cac U'ng vién
= Giam nhe tinh do ho trg clia cac ’ng vién

July 1, 2014
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DIC (Dé’m tdp muc d(f)ng): Rut sO ILI’O’ng dUYét CSDL

ABCD )
/\ = Moi khi A va D dudc xéc dinh 13 pho bién
== — thi viéc tinh toan cho AD dugc bat dau
ABC | ABD ACD BCD , = MAi khi moi tap con d6 dai 2 clia BCD

dugc xac dinh la pho bién: viéc tinh todn
cho BCD dudc bat dau.

AB
Allellclp o 1-!temsets X
——7 Apriori 2-1temsets X
{} ’
Itemset lattice 1-itemsets \
S. Brin R. Motwani, J. Ullman, 2-items -
and S. Tsur. Dynamic itemset pic - 3=items

counting and implication rules ~_____.--ottTTTT T
for market basket data. In =~~~ T T

SIGMOD97
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Giai phap Phan hoach (Partition): Duyét CSDL

chi hai lan

= Moi tap muc la phd bién ti€m ndng trong CSDL
bat budc phai pho bién it nhat mét vung cia DB
= Scan 1: Phan chia CSDL va tim cdc mau cuc bd
= Scan 2: Hgp nhat cdc mau phd bién tdng thé

= A. Savasere, E. Omiecinski, and S. Navathe. An
efficient algorithm for mining association in large
databases. In VLDB95
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H

Vi du v& mau phé bién

Chon mdt mau clia CSDL géc, khai pha mau phé bién ndi
bo mau khi dung Apriori

Duyét CSDL mét [an dé kiém tra cac tap muc pho bién tim
thay trong vi du, chi co bao (borders ) dong cua cac mau
pho bién dugc kiém tra

= Vi du: kiém tra abcd thay cho ab, ac, ..., v.v.

Duyét CSDL mot Ian nira dé tim cdc mau phd bién bi méat
(bo qua)

. Toivonen. Sampling large databases for association rules. In VLDB96

July 1, 2014
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..96_Toivonen_Sampling large databases for association rules_10.1.1.96.9385.pdf

DHP: Rut gon sO lugng cac Ung vién

s MOt Atap muc ma bo dém trong 16 bam tuong ’ng dudi
ngudng thi khdng thé Ia tdp muc pho bién
= Ungvién: a, b, ¢, d, e
= Diém vao bam: {ab, ad, ae} {bd, be, de} ...
= 1-t4p muc phd bién: a, b, d, e
= ab khong la mot Ung vién 2-tap muc néu tong bo dém
cua {ab, ad, ae} la dudi ngudng ho trg

J. Park, M. Chen, and P. Yu. An effective hash-based algorithm for mining

association rules. In SIGMOD95

July 1, 2014
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..95_Yu_An effective hash-based algorithm for mining association rules.pdf
..95_Yu_An effective hash-based algorithm for mining association rules.pdf
..95_Yu_An effective hash-based algorithm for mining association rules.pdf
..95_Yu_An effective hash-based algorithm for mining association rules.pdf

Eclat/MaxEclat va VIPER: Tham do dang dir liéu
theo chiéu ngang

= Dung danh sach tid cua giao dich trong mot tap muc
= Nén danh sach tid

= Tap muc A: t1, t2, t3, sup(A)=3

= Tap muc B: t2, t3, t4, sup(B)=3

= Tap muc AB: t2, t3, sup(AB)=2

= Thao tac chinh: lay gidao cua cac danh sach tid
= M. Zaki et al. New algorithms for fast discovery of association rules. In KDD97

= P. Shenoy et al. Turbo-charging vertical mining of large databases. In
SIGMOD'00

July 1, 2014

30



That cd chai cta khai phd mau phd bién

= Duyét CSDL nhiéu la ton kém
= KP mau dai cn nhiéu budc dé duyét va sinh
nhiéu U'ng vién
= D& tim cac tdp muc phd bién /,/...75,,
= # duyét: 100

= # Ung vien: (;001) + (1002 + - + (11,9,0) = 2100-1 =
1.27%1030!

= That cO chai: sinh ('ng vién va kiém tra
= Tranh sinh Ung vién?

July 1, 2014
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KP mau phd bién khdng can sinh UV

= DUng cac muc pho bién dé tdng dd dai mau tUr cac

mau ngdn han

= “abc” Ia mét mau phd bién

= Nhan moi giao dich co “abc”: DB|abc

= “d” 1a mot muc phd bién trong DB|abc > abcd

la mot mau phé bién
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Xay dung cay FP tu mot CSDL giao dich

TID Items bought (ordered) frequent items

100 {f,a,c,d, g, 1,m, p} {f,c,a, m, p}

200 {a, b, c, f I, m, o} {f, c, a, b, m} .

300  {b,f h,j, o, w} {f, b} min_support = 3
400 {b, c, k, s, p} {c, b, p}

500 {a,f,c,e I, p, mn} {f,c,a, m, p} 0

1. Duyét CSDL mot lan, Headler Table

tim cac ]-tap muc pho ltem frequency head | ,—-tfi4 | —~cil

bi€n (mau muc dan) f 4 8
—-——->| C:37| b:1+ b:1
2. S3p x&p cac muc phé | ‘3‘ i
bien theo thlfr|tu giam | 3 a3 ! (e
3 N . | .
dan vé bac, f-list m g N o
P M2 b1 J/

3. Duyét CSDL lan nira,
xay dung FP-tree \ L

F-list=f-c-a-b-m-p S p:2/im:1
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Lgi ich cua cau truc FP-tree

= Tinh day du
= Duy tri tinh day dd thong tin dé khai phd mau phd bién
= Khong pha v& mau dai bdi bat ky giao dich
= Tinh c0 dong
= Giam cac thong tin khong lién quan: muc khdng pho
bién bo di
= S3ap muc theo tan s6 giam: xuat hién cang nhiéu thi
canh hiéu qua
= Khong I6n hon so vGi CSDL thong thuGng

July 1, 2014
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Chuadng 4: Khai pha luat két hgp

= Khai pha luat két hgp (Association rule)

= Cac thuat toan khai pha vo huéng luat két hgp (gia tri
I6gic dan chiéu) trong CSDL giao dich

= Khai pha ki€u da dang luat két hgp/tuong quan

= Khai pha két hdp dua theo rang budc

= Khai phd mau day

= Ung dung/md rong khai pha mau phd bién

July 1, 2014
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Luat két hgp da muc

s Cac muc cé thé da phan cép

= D3t ho trg linh hoat: Muc cap thap hon 1a ky vong ho trg
thap han.

= CSDL giao dich cé thé dugc ma hda theo chiéu va mic

= Tham do KP da muc chia sé

uniform support reduced support
rl;]?xegip o Milk Level 1
- [support = 10%6] min_sup = 5%
Level 2 2% MK | 7 SKIm MK T Leel2

min_sup=5% | [support=6%)] | @ [support=49%] i min_sup=3%

____________________
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Két hop da chiéu

= Luat daon chiéu:
buys(X, “milk”) [lbuys(X, “bread”)
= Luat da chiéu: B chiéu hodc thudc tinh
= Luat két hgp lién chiéu (khong cd thudc tinh 1ap)
age(X,”19-25") [bccupation(X,“student”) [lbuys(X,"coke”)
= Luat KH chiéu-két hop (lai/hybrid) (Iap thudc tinh)
age(X,”19-25") [lbuys(X, “popcorn”) Rys(X, “coke™)
= Thuoc tinh phan I6p
= Tim sO lugng cac gia tri kha nang khong dudc sap
= Thubc tinh dinh lugng
= SO, thi tu ngam dinh trong mién gia tri
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K&t hap da muc: Rut gon loc

= MOt vai ludt co thé du thira do cé quan hé “to tién” gilia
cac muc.

= Vidu
= milk -heat bread [support = 8%, confidence = 70%]
s 2% milk -heat bread [support = 2%, confidence = 72%]
= NOGi rang: luat dau tién la to tién lut th( hai.
= Mot luat 1a du thira néu dé ho trg cla né 1a khit véi gid tri
“*mong mudn”, dua theo to tién cula lut.
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Luat két hgp dinh lugng

= Numeric attributes are dynamically discretized

= Such that the confidence or compactness of the rules

mined is maximized

= 2-D quantitative association rules: Ay, .\quanz -at

= Cluster “adjacent”
association rules
to form general
rules using a 2-D S
grid

= Example

age(X,”30-34”) [hcome(X,”24K -

48K”)
-Jys(X,”high resolution TV”)

July 1, 2014
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Khai pha luat KH dua theo khoang cach

= Binning methods do not capture the semantics of interval

data
Equi-width | Equi-depth Distance-

Price($) | (width $10) (depth 2) based
7 [0,10] [7,20] [7,7]
20 [11,20] [22,50] [20,22]
22 [21,30] [51,53] [50,53]
50 [31,40]
51 [41,50]
53 [51,60]

= Distance-based partitioning, more meaningful discretization
considering:

= density/number of points in an interval
» closeness” of points in an interval
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Po do hap dan: Tudng quan (ndng cao)

« play basketball [t cereal [40%, 66.7%] 1a lac

= Phan tram chung cua sinh vién an ngii c6 la 75% cao hon so vGi

66.7%.

« play basketball ot eat cereal [20%, 33.3%] 1a chinh xac han, do
dd ho trg va tin ciy thaos hon

= DO do su kién phu thuoc/tuang quan: lift (nang cao)

corr P(A-)

“* T P(A)P(B)

July 1, 2014

Basketball | Not basketball Sum (row)
Cereal 2000 1750 3750
Not cereal 1000 250 1250
Sum(col.) 3000 2000 5000
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Chuadng 4: Khai pha luat két hgp

= Khai pha luat két hgp (Association rule)

= Cac thuat toan khai pha vo huéng luat két hgp (gia tri
16gic dan chiéu) trong CSDL giao dich

= Khai pha kiéu da dang luat két hgp/tuong quan
= Khai pha két hdp dua theo rang budc

= Khai phd mau day

= Ung dung/md rong khai pha mau phd bién

July 1, 2014
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KPDL dua trén rang budc

= Tim tit cd cac mau trong CSDL tu’ dong? — phi hién thuc!
= Mau cd thé qua nhiéu ma khéng muc dich!
= KPDL nén la qua trinh tucng tac
= NguGi dung truc ti€p xac dinh KPDL gi khi dung ngon
nglr hoi KPDL (hoac giao dién do hoa)
= KP dua theo rang budc

= Linh hoat ngudi dung: cung cap rang buoc trén cai ma
KP

= TOi vu hé théng: tham do cac rang budc dé hiéu qua
KP: KP dua theo rang budc

July 1, 2014

43



Rang budc trong KPDL

= Rang budc kié€u tri thirc:
= classification, association, etc.
= Rang budc dif liEu — dung cau hoi ki€u SQL
= Tim céc cdp san phan mua cungnhau trong Vancouver
vao Dec.’'00
= Rang budc chiéu/cap
= Lién quan tGi vung, gia, loai hang, I6p khach hang
= Rang budc ludt (mau)

= Mua hang nho (price < $10) nhanh han mua hang I6n
(sum > $200)

= Rang budc hap dan

= Luat mang: min_support 3%, min_confidence |}
60%
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KP rang budc <> tim kiém dua theo rang buoc

= KP rang budc <> tim/lap luan dua theo rang budc
= Ca hai huéng taGi rut gon khong gian tim kiém
= Tim moi mau bdm dam rang budc <> tim mot vai (mot_
cau tra I0i cua tim dua theo rang buoc trong AI (TTNT)
= CO tim theo rang budc <> tim ki€m heuristic
« Jich hop hai cai cho mot bai toan tim kiém thu vii
= KP rang budc <> qua trinh hoi trong hé CSDL quan hé
= Qua trinh hoi trong CSDL quan hé doi hoi tim tat ca
= KP mau rang budc chung mét triét ly tuong tung nhu cd
gang chon vé chiéu sau cta cau hoi
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KP m&u phd bién rang budc: van dé t6 uvu hda cau hoi

= Cho mdt cdu hoi KP M&u phd bién véi mdt tip rang budc C, thi thuét
toan nén 1a

= Manh mé: chi tim cac tap pho bién bao dam rang budc C
= day du: Tim tat ca tdp phd bién bdo dam rang budc C
= Giai phap “thd ngay/hon nhién” (naive)
= Tim tat cat tdp PB sau dd kiém tra rang budc
= Ti€p can hi€u qua han
= Phan tich tinh chat cac rang buoc mot cach toan dién

= Khai thac chiing sau sic cd thé nhat trong tinh todn mau
PB.
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Chong dan diéu trong KP theo rang budc

= Chong don diéu (Anti-monotonicity)
s MOt tdp muc S vi pham rang budc,
moi tap lon hon no cing vi pham
= sum(S.Price) |} 1a ch6ng don diéu
= sum(S.Price) |} 1a khong chéng daon
diéu
= Vidu. C: range(S.profit) 5 13 ch6ng
daon diéu
= Tap muc ab vi pham C
= Cling vay moi tap chua ab

July 1, 2014

TDB (min_sup=2)

TID

Transaction

10

a,b,cd,f

20

b,c,d, f,gh

30

a,cdef

40

cefg

Item Profit

a 40

0

-20

10

-30

30

20

S|~ | Qo |T

-10
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Rang budc nao la chong don di€u

July 1, 2014

Rang budc Chong don diéu
vil§ No
gy ] no
s yes
min(S) ¥ no
min(S) Il yes
max(S) Il yes
max(S) ¥ no
count(S) |l yes
count(S) I no
sum(S)I (a G, aIP) yes
sum(S)IN (a 6, a D) no
range(S) Il yes
range(S) [} no
ol A 1113 convertible
support(S) Il yes
support(S) Il no
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Tinh daon diéu trong KP dua theo rang budc

TDB(min—sup=2)

. T|'nh don diéu TID Transaction
A A , o \ 10 a,b,cdf
= Khi mot tap muc S thoa man rang 20 | bcdfagh
budc, thi moi tap lon hon cua no 30 a, ¢ def
cung thoa mén 40 G &g
= sum(S.Price) [} 13 don diéu Item | Profit
] . \ A a 40
« min(S.Price) W 1a don diéu — ¢
= Vidu. C: range(S.profit) L5 c | -20
A , , d 10
= Tap muc ab dam bao C e | 30
= CUng vay moi tap chua ab f 30
g 20
h -10
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Rang buodc dan diéu

July 1, 2014

Rang budc Don diéu

v . yes
sl yes
S . no
min(s) [l yes
min(S) Il no
max(S) Il no
max(S) Il yes
count(S) .I no
count(S) .I yes
sum(S)IN (= 6. aIP) no
sumS) Il (= 6, aI) yes
range(S) .I no
range(S) Il yes

ol 4 111 convertible
support(S) Il no
support(S) [l yes
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inh co dong

= Tinh co dong:

= Cho A, la tap muc bao dam mot rang budc c6 dong
G, thi moi Sbam dam Cla dua trén A4,, chang han.,
S chua mot tap con thudc A,

= TU tudng: Bo qua xem xét CSDL giao dich, c6 chang
mot tdp muc S bdo dam rang budc C co thé dugc xac
dinh dua theo viéc chon cac muc

= min(S.Price) |} 1a cd dong

« sum(S.Price) |} khong cd dong

= T6i vu hda: Néu C 1a cd dong co thé day dém trude
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Rang budc c6 dong

July 1, 2014

Rang budc Co dong
vil§ yes
sl yes
sl yes
min(S) .I yes
min(S) .I yes
max(S) .I yes
max(S) |} yes
count(S) .I weakly
count(S) .I weakly
sum(S)Il (2 6, a D) no
sum(S) I (a 6, a 1) no
range(S) .I no
range(S) .I no
ol 4 111 no
support(S) IR no
support(S) - no
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Thuat toan Apriori— Vi du

Database D itemset|sup.| | [itemset]sup.
TID |ltems C,| {1} 2 T >
100|134 2y | 3| .| i 3
200(235 |ScanDi g3 | 3 3 | 3
300(1235 {4y | 1 (5} 3
400|2 5 {5} | 3
C, litemset| sup C, [ltemsetl
L, litemset|sup 12} | 1| ScanD {12}
{13} | 2 {13 | 2 | - {13}
23| 2|— {15 | 1 {15}
25 | 3 {23} | 2 {2 3}
35y | 2 {25} | 3 {2 5}
{35} | 2 {3 5}
C3 itemset Scan D L3 itemset Sup
{2 3 5} - {235} 2
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53



Thuat toan Naive: Apriori +rang buoc

Database D itemset|sup.| | [itemset]sup.
TID |ltems C,| {1} 2 1 1} >
100 (1 3 4 2y | 3| .| = 3
200(235 |SCahDl v | 3 (3) =
300(1235 {4y | 1 S
400|2 5 {53 | 3 +5;
C2 itemset| sup C, HSIEE
L, litemset|sup 12} | 1| ScanD {12}
{13} | 2 {13y | 2 | * {13}
Jzsy=|— | {15 | 1 15}
o513 {23} | 2 {2 3}
=R T sl | & w2 ok
{35} | 2 {3 5}
Cslitemset| ScanD  Ls|itemset|sup|  Constraint:
{2 35} - |f23-5—2 Sum{S.price < 5}
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Thudt toan Apriori rang budc: Pay rang
budc chdong don di€u xudng sau

Database D itemset|sup.| | [itemset]sup.
TID [ltems {1} 2 1 1} >
100|134 {2} 3 .| (= 3
200|235 |=CanD| r3y | 3 (3) -
wizes) @ a] e
o3
itemset| sup C, |ltemset E
L, |itemset|sup 12} | 1| ScanD {12}
{13} | 2 13| 2 |~ {13}
o W {2 3}
—P5——3-
—35F T2 TEE IO =25}
— —55F1—2— {351
C, litemset Scan D itemset| sup Constraint:
{ i 23512 Sum{S.price < 5}
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The Constrained Apriori Algorithm: Push a
Succinct Constraint Deep

Database D

itemset

S

up.l | |itemset|sup.
TID [ltems C,| {1} 2 1 1} >
100(13 4 {2} 3 | .| =2 3
200|235 |ScanD| y3v | 3 (3) -
300(1235 {4} 1 (5} 3
4002 5 {5} 3
C, [itemset| sup C, MEmEEl E

L, |itemset|sup {12} | 1 Scan D 112}

13 | 2 13y | 2 | - {1 3}
—2s8y+—=2|— | {15 | 1 {15}
58| | I g
A3S5F 2 259 =%

—35T1—2— 357
C;litemsetl scanD  Lslitemset/sup| Constraint:
{ } - {2385 12 min{S.price <=1}
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Chuadng 4: Khai pha luat két hgp

= Khai pha luat két hgp (Association rule)

= Cac thuat toan khai pha vo huéng luat két hgp (gia tri
16gic dan chiéu) trong CSDL giao dich

= Khai pha kiéu da dang luat két hgp/tuong quan
= Khai pha két hdp dua theo rang budc

= Khai pha mau day

= Ung dung/md rong khai pha mau phd bién

July 1, 2014
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CSDL tuan tu’ va Phan tich mau tuan tu

KDnuggets: Polls : Course Topics (Nov 2004)

July 1, 2014

Foll

Dat= mining courses you want to attend in 2005 [460 votes tot=l]

Data mining Tools and Methods (53) _ 109

Text mining (&31) Q%

Statistical leaming (<31) _0%

Data mining for CRM, Attrition & Cross-Sell (30) _ o %
Data mining for Security and Fraud detection (37) _8%
Time-series o) I - -

Data Quality and Cleaning (3232) - -

Classification and Clustering (32) _7%
Introduction to Data mining (29) _ 5 %6
Hands-on workshop (22) - _ 9%
Link analysis and mining (233 - = 9%
Web content mining (23) - 59
Web usage mining (22) -5%
Data mining for Biocinformatics(21) =08

Other (10) -
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CSDL TT va PT MTT (2)

= CSDL giao dich, CSDL chudi thoi gian <> CSDL tuin tu
= Mau PB <> mau TT (PB)
= Ung dung ctia KP Mau TT
= Tuan tu mua cua khach hang:
« Dau tién mua may tinh, sau do CD-ROM, va sau do la may
anh so, trong vong 3 thang.
= Phau thuét y t&€ tham hoa tu nhién (dong dat...), qua trinh KH
va ky nghé€, chirng khoan va thi truéng....
= Mau go dién thoai, dong click tai Weblogs
= Day DNA va cau truc gene

July 1, 2014
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Khai niem KP mau TT

= Cho mot tap cac day, tim tap day du cac day con
pho bién

diy TT : < (ef) (ab) | (df)|c b > |
CSDL ddy 1T

SID sequence MOt phan tir chira mot tap muc.

10 <a(abc)(ac)d(cf)> |Tap muc trong mot phan tur la khong thir ty
20 <(ad)c(bo)(ae)> , va viet chung theo ABC._

30 <(ef)(ab)(df)cb> bc)de> 1a déy con cla

40 <eg(af)cbc> abc)(ac)d(cf)>

Cho do ho trg min_sup =2, <(ab)c> 1a mau tuan tu
sequential pattern

July 1, 2014
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BAI GIANG NHAP MON KHAI PHA D LIEU

CHUONG 5. PHAN LOP

PGS. TS. HA QUANG THUY

HA NOI 9-2011

TRUONG DAl HOC CONG NGHE
PAI HOC QUOC GIA HA NOI




NOi dung

Gioi thiéu phan Iop
Phan |&p hoc giam sat
Phan |&p hoc ban giam sat




Bai toan phan I&p $35s

o DPauvao
Tap div liéu D = {d}
Tap caclop Cy, C,, ..., C, mOi di¥ liéu d thudc moét Iop C,
Tap vi du D, = D,+D,+ ...+ D, v&oi D={d., ... d thuéc C}
Tap vidu D,,,, daidién chotap D

o Paura
MO hinh phan I&p: anh xa t D sang C

e S dung mo6 hinh
d P \D.... :xac dinh I&p cia dbi twong d



Phan I&p: Qua trinh hai pha

e Xay dwng mo hinh: Tim mo ta cho tap I&p dajco
e Chotruwdctaplop C={C,, C,, ..., C/}
e Cho anh xa (chwa biét) tr mién D sang tap I&p C
o co tap vi du D,,,,=D,+D.+ ...+ D, v&i D={di.....: dl}
D.,.., dwoc goi la tap vi du mau.
e Xay dwng anh xa (moé hinh) phan I&p trén: Day bé phan lop.
M6 hinh: Luat phan I&p, cay quyét dinh, cong thirc toan hoc..

o Pha 1: Day b0 phan lop

o Tach Dgyan, thanh Dy, (2/3) + Diggt (1/3). Dypain V@ Dy “tinh dai
dién” cho mién rng dung

o Dy, : Xay dwng mé hinh phan I&p (xac dinh tham s6 mé hinh)
e D, :danh gia mo hinh phan I&p (cac dd do hiéu qua)
Chon mé hinh c6 chat lwong nhat

o Pha 2. Str dung bd phan I&p
o d.)\DeXam > xac dinh 1&p cua d. 4



Vi du phan Iép: Bai toan cho vay
Tid Refund Marital Status | Taxable Income | Cheat
1 No Single 75K No
2 Yes Married 50K No
3 No Single 75K No
4 No Married 150K Yes
5 No Single 40K No
6 No Married 80K Yes
7 No Single 75K No
8 Yes Married 50K No
9 Yes Married 50K No
10 No Married 150K Yes
11 No Single 40K No
12 No Married 150K Yes
13 No Married 80K Yes
14 No Single 40K No
15 No Married 80K Yes




= = . = ™ i 0000
Phan I&p: Qua trinh hai pha
EE id |Refund |[Marial |Taxable i[d [Refund |[Marnial |Taxable E
.. Status Income |Cheat Status  |Income |Cheat "
L MNo Single | 75K Mo 3 Mo Single | 75K Mo .
E: 2 Yes Married |50K MNo o Yes Married |50K Mo E
w4 |[MNo Married [150K |Yes 12 |No Married [150K Yes EE
w5 [no Single |40K  |No 14 |No Single |40K  |No ;
EE 6 |MNo Married |80K Yes 15 |No Married |S0K Yes F
7 |No Single |75K No
Wl |ves Married [50K  [No "
» [10 o Married [150K [Yes r
w11 No Single [40K  |No ;
w13 [No Married |80K Yes "
EE Pha 1. Hoc bg phin lop E
: Tap dir Hoc b :
7 liéu hoc phén 1ép "
h ;
'Eii A R R e T TR MO N I L R I L T TR T
. efund [Marital [Taxable Marital  [Taxable .
E Status  |Income |Cheat BE‘: phan 1ép Status |[Income |Cheat| ®
¢ |INo Married |75K ? Married |[75K YN E
S Pha 2. Sir dung bé phénlép :

L A N N A NN NN NN NN NN R R R EREREREREREEREREREERERRERRERERRERSRHESRIEHRIEHRIEHSRIEHRIERIER.]
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Phan I&p: Qua trinh hai pha

Tid Attribl | Attrib2 Attrib3  Class Learning
1 Yes Large 125K No a|gO|’Ithm
2 No Medium 100K No
3 No Small 70K No
4 Yes Medium 120K No |ndUCti0n
5 No Large 95K Yes
6 No Medium 60K No
7 Yes Large 220K No L earn
8 No Small 85K Yes Model
9 No Medium 75K No
10 No Small 90K Yes
Training Set
Apply
Tid Attribl | Attrib2 Attrib3  Class Model
11 No Small 55K ?
12 | Yes Medium 80K ? .
13 Yes Large 110K ? DedUCt|On
14 No Small 95K ?
15 No Large 67K ?
Test Set

/

=)



Cac loai phan Iop ‘

e Phan I&p nhi phan/ da I&p:
o |C|=2: phén Iop nhi phan.
o |C|>2: phan lop da lop.
e Phan |&p don nhan/ da nhan:

o Pon nhan: maoi tai liéu dwoc gan vao chinh xac
mot [op.

o DPa nhan: mot tai liéu co thé dwoc gan nhiéu hon
mot [op.

o Phan cap: I&p nay la chal/con cua I&p kia



Cac van de danh gia mé hinh soct

- Cac phwong phap danh gia hiéu qua
Cau hdi: Lam thé nao dé danh gia dwoc hiéu qua
ctia mo6t mod hinh?

- Do do dé danh gia hiéu qua
Cau hdi: Lam thé nao dé cé dwoc wéce tinh dang
tin cay?

- Phuong phap so sanh mo hinh
Cau hoi: Lam thé nao dé so sanh hiéu qua twong
doi githa cac mo hinh co tinh canh tranh?



Panh gia phan I&p nhi phan 43

Theo dir liéu test

Gia tri thwc: P dwong / N am; Gia tri qua phan Ilép: T
dung/F sai. : con goi la ma trdn nham lan
St dung cac ky hiéu TP (true positives), TN (true
negatives), FP (false positives), FN (false negatives)
TP: s6 vi du dwong P ma thuat toan phan I&p cho gia tri dang T
TN:s6vidu&m N ma thuat toan phan I&p cho gia tri dang T
FP: s6 vi du dwong P ma thuat toan phan I1&p cho gia trisai  F
FN: s6viduam N mathuéat toan phan I&p cho gia trisai  F
Do héi tweng [llao chinh xac [llcac @6 do F,va Fg

TP TP (B o 27p
!P‘P !PIN i ol sl

/}2 T+p T+ p

10



Panh gia phan I&p nhi phan 444

00
| X J
- Phwong an khac danh gia mo hinh nhi phan theo °
dé chinh xac (accuracy) va hé so 16i (Error rate)
~ Ma trédn nham lan
Lop =1 Lop =0
Lép=1 f f
Lop thue sw , 2 = =
Lop =0 foq foo
Number of correct predictions fi1 + foo

Accuracy = — =
- Total number of predictions fir + fio + for + foo

Number of wrong predictions f10 + Jou
Error rate = =

Total number of predictions  fi1 + fi0 + fo1 + foo

11



So sanh hai phwong an 43

Tap test c6 9990 vi du I&p 0 va 10 vi du I&p 1. Kiém
thdr: mo hinh dw doan ca 9999 vidu la Iép O va 1 vi
du I&p 1 (chinh xac: TP)
Theo phwong an (precision, recall) co
B 1/10=0.1; 1/1=1; f, = 2*0.1/(0.1+1.0)= 0.18
Theo phwong an (accurary, error rate) co
accurary=0.9991; error rate = 9/10000 = 0.0009
Pwoc coi la rat chinh xac !
f, thé hién viéc danh gia nhay cam voi gia dir
lieu

12



PDanh gia phan Iop da lop i

o

- Bai toan ban dau: C gdm co k 1&p

— Doi v&i mbi lop C,, cho thwe hién thuat toan véi cac div
liéu thudc D, nhan dwoc cac dai lwgng TP;, TF,, FP;, FN,
(nhw bang duwéi day)

G14 tr1 thuc
Lop C, Thude 16p C, Khélgs gliuéc
Gia tr1 qua bd Thuge 1op & TP; TN;
phéri;pép a2 Kh()t}g thudc p. EN.
16p C, ! !

13



Panh gia phan Iop da lop 43

e Tuwong tw bd phan I&p hai lop (nhi phan)
Pd chinh xac Pr; ctia Iép C. la ty 1& sb vi du dwong dwoc thuat
toan phan 1&p cho giéa tri dung trén téng sé vi du dwoc thuat toan

phan I&p vao I&p C,; :
TP,
Pr, .r '
| P .N i

Pd hoi twéng Re, cua Iop C. la ty 1é sb vi du dwong duoc thuat
toan phan Iép cho gia tri dung trén tong s6 vi du dwong thwc sw

thudc I16p C;:
TP
Re. .r '
| Pi .:Pi

14



Panh gia phan I&p da Iop

cac gia tri Jva Il d6 hdi phuc va d6 chinh xac déi
voi lop C..
Panh gia theo cac d6 do

vi trung binh-microaveraging (dwgc wa chudng) .\/é .

trung binh I&n-macroaveraging . va .

15



Cac ky thuat phan lop 3

e CAac phwong phap cay quyét dinh
Decision Tree based Methods

e Cac phwong phap dwa trén luat
Rule-based Methods

e Cac phwong phap Bayes «ngay tho» va mang tin cay Bayes
Naive Bayes and Bayesian Belief Networks

e Cac phwong phap may vector ho tro
Support Vector Machines

e Lap luan dwa trén ghi nh¢
Memory based reasoning

e Cac phwong phap mang noron
Neural Networks

e MOt s6 phwong phép khac

16



Phén I1&p cay quyét dinh ec:

e MO hinh phan 1&p la cay quyét dinh
e Cay quyét dinh
= GOoc: tén thudc tinh; khdng c6 cung vao + khéng/mét sb cung ra
= Ndut trong: ,tén thucf)‘c tinh: C(')’ chinh xa4c mét cung vao va mot s
cung ra (gan voi dieu kién kiém tra gia tri thubc tinh cua nat)
= L& hodc nut két thac: gia tri 1&p; c6 chinh xdc mdt cung vao +
khéng co cung ra.
= Vi du: xem trang tiép theo
e Xay duwng cay quyét dinh
= Phuwong cham: “chia dé tri”, “chia nh§’> va ché ngy”. Mdi nat
twong rng v&i moét tap cac vi du hoc. Goc: toan bd dir lieu hoc
= Mot sb thuat toan phd bién: Hunt, ho ID3+C4.5+C5.x
e S dung cay quyét dinh

= Kiém tra tr gbc theo cac diéu kién



o000
’ " y 4 ] h 2 cese
Vi du cay quyet dinh va st dung 1T
oo
Bat dau tIU’ goc cua cay Test Data
m— Refund Marital Taxable
efun Status Income Cheat
Yes No
No Married |[80K B
NO MarSt
Single, ?'/urced \r:ﬂarred
Taxinc
ﬂaoy \2 80K
NO YES

Két ludn: Géan giéa tri YES vao trwérng Cheat cho ban ghi




Vi du cay quyét dinh phan I&p van ban | se¢

e Phan |&p van ban vao |&p Al

. tri tué nhan tao

e Duwa vao cac tr khda co trong van ban: System, Process,
Timetable (Phan tich mién (*ng dung)

“ System “

Process

Timetable

86 o

If System=0 and Process=0
then Class Al = Yes.

If System=0 and Process=1
then Class Al = No.

If System=1 and Timetable=1
then Class Al = Yes.

If System=1 and Timetable=0
then Class Al = No.



. ] R i o000

Dwng cay quyet dinh: thuat toan Hunt | e3¢
o

e Thuat toan dwng cay quyét dinh s&m nhat, dé quy theo nut cta cay,

bat dau tir gbc
e Input
= Cho nut t trén cay quyét dinh dang dwoc xem xét
= Cho tap céc vi du hoc D..
= Cho tap nhan I&p (gia tri lop) vy, Vi --- Vi (K1OP)
e Output
= X&c dinh nhan nat t va cac cung ra (néu co) cla t
e NOI dung
1: Néu moi vi du trong D, déu thudc vao mot Iep y thi nit t 1a mot |&
va dwgc gan nhan vy.
2: Néu D, chtra cac vi du thugc nhiéu I6p thi
2.1. Chon 1 thudc tinh A dé phan hoach D, va gan nhan nuttla A
2.2. Ta~o phéan hoach D, theo tap gia tri cua A thanh cac tap con
2.3. Moi tap con theo ph{?ln hoach cua D, twong rng vé&i mét nat con u cua t:
cung noi t toi u la mién gia tri A theo phan hoach, tap con noi trén dwoc
xem xét voi u tiép theo. Thwc hién thuat toan véi tieng ndt con u cla t.



Vi du: thuat toan Hunt 34
e00

ia Refund Makal  reare cheat FEIEIRISS o
1 Yeos Siﬁgll':'.' 125K Mo = XUét phé.t tl‘JJ géC Vé’l 10 bén ghl
2 |[No Married |100K No -Thl_J’C hién bwdce 2: chon thUQC tinh Refund cq§ hai glé.
3 [No |single |70k |ne tri Yes, No. Chia thanh hai tdp gdbm 3 ban ghi c6
4 |Yes |Mamed [120K [No Refund = Yes va 7 ban ghi c6 Refund = No
- kB - Xét hai nat con cua goc tw trai sang phai. Nat trai ¢o
o |No (Mamed o0k o 3 ban ghi cung thudc Iop Cheat=No (Buwdc 1) nén lala
To|Yes  (Piveresd 20K o gan No (Don’t cheat). Nt phai cé 7 ban ghi c6 ca No
a Mo Single 85K Yes N A , ’ ~ , .
o |no S " va Yes nén ap dung bwo’c.2. Chon .thl.JQC t|r.1h Marital
10 [no |snge [ook  [ves Status v&i phan hoach Married va hai gia tri kia...

Yes No Yes No

Don't Don't P 1.__~\
( Mauta \
\Status /

Single, =

Divorced Married




Thuat toan cay quyét dinh ID3 8

ID3 (Examples, Target attribute, Aftributes)

G day: Examples 1a tap vi du hoc; Target attribute 1a cac thudc tinh dau ra (16p) cho cay

quyét dinh dir doan; Aftributes 1a danh sach cac thudce tinh khac tham gia trong qua trinh hoc cia
cay quvet dinh. K&t qua thu tuc tra vé cay quvét dinh phan 1ép ding cac mau vi du dua ra.

1.

9

i

Tao mot nit goc Roof cho cay quyét dinh.
Neéu toan bo Examples déu la cac vi du thugc cung maot 1op thi tra lai cay Roof mot nut don
voil nhan + (néu cac vi du thudc lop +) hodc voi nhan - (neéu cac vi du thuodce 1op -).
Neéu Atfributes 14 rong thi tra lai cdv Roof mot nut don vdoi nhin gan bang gia tri pho bién
nhat cua Targer attribute trong Examples.
Con lai
Begin
4.1. Gan A < thudc tinh tir tap Affributes ma phan 16p tot nhat tip Examples.
4.2. Thudc tinh quyét dinh cho Roof «— A
4.3. Lip vdi cac gia tri ¢6 thé v; cia A,
- Cong thém mot nhanh ciy con & dudi Roof, phi hop véi bigu thire kiém tra 4= v;.
- Bat Emmpfes-;i la mdt tap con cua tap cac vi du cd gia tri vi cho 4
- Néu Examplesy, rong
+ Thi durdi moéi nhanh méi thém maot nut 14 v&i nhin = gia tri pho bién nhat cua
Target attribute trong tap Examples.
+ Ngugce lai thi dweéi nhanh mdéi nay thém mdot cay con
ID3(Examplesy,. Target_attribute, Attribute - {A}).
End
5. Return Root.



Thudc tinh tot nhat: Do do Gini o

e Budc 4.1. chon thudc tinh A t6t nhat gan cho nit t.
e TOn tai mét sé do do: Gini, Information gain...

e PO do Gini
Po tinh hén tap cia mot tap vidu mau _ I
Cong thire tinh d6 do Gini cho natt:  GINI(Y) .‘(J 1)
J

Trong do6 p(j|t) 1a tan suét lién quan cda Iép j tai nat t

Gini () I&n nhat = 1-1/n, (v&i n, 1a s6 cac 1&p tai nat t): khi cac ban

ghi tai t phan bd déu cho n, I&p; tinh hén tap cao nhat, khéng co

phan biét gilra cac I&p

Gini (t) nhé nhat = 0 khi tat ca cac ban ghi thudc mot I6p duy nhat.
e Vi du: Bén trwdng hop

C1 0 C1 1 C1 2 C1 3
C2 6 C2 5 C2 4 C2 3
Gini=0.000 Gini=0.278 Gini=0.444 Gini=0.500




Chia tap theo do do Gini oo

e Dung trong cac thuat toan CART, SLIQ, SPRINT
e Khi mét nit t dwoc phan hoach thanh k phan (k nat con cuda t) thi chat
lweng cua viéc chia tinh bang

GINI GINI (i)

split

trong do
n la s6 ban ghi cua tap ban ghi tai nut t,
.n; la sé lwgng ban ghi tai nat con | (cua nut t).



00
Chia tap theo do do Gini: Vi du oo
e Tinh todn GINI cho Refund (Yes, No), Fid Refund Mot T Cheat
Marital Status (Single&Divorced, Married) i |ves |single |iz8Kk |No
va Taxable Income (<80K, JpoK). 2 |No  |Mamed 100Kk |No
o Refund: 3/10 * (0) + 7/10 * (1-(3/7)2 = [} Lo oo 1one |
(4/7)2) = 7/10*(24/49) = 24/70 5 |No Divorced |95K | Yes
e Marital Status: 4/10 * 0 + 6/10 * (1- (3/6)? 5 |No  |Mamed fEOK - fNo
_ (3/6) 2) — 6/10 * 1/2 — 3/10 7 |Yes D.lwrced 220K No
. a Mo Single 85K Yes
e Taxable Income: thudc tinh lién tuc can o |No  |Mamied |75k |No
chia khoang (ton tai mét s6 phwong phap 10 |[No  |Single |90K  [ves

theo Gini, két qua 2 thuing va 80K la mdc) _
GINI GINI (i)
3/10 * (0) + 7/10 * (1-(3/7)2 — (4/7)?) = . ‘

Income bang nhau (24/70) va I&én hon Gini
cua Marital Status (3/10) nén chon Refund
cho gboc cay quyét dinh.

7/10*(24/49) = 24/70 o - I
Nhw vay, Gini cia Refund va Taxable G'n'(t)._(”t)
N

Yes 0
Cheat Cheat




Chon thuéc tinh: Information Gain 111

o0
e DO do Information Gain
= Thong tin thu dwoc sau khi phan hoach tap vi du
= Dung cho cac thuat toan ID3, ho C4.5
e ENtropy . .
= COng thire tinh entropy nut t: Entropy(t) _)(J [Dlog pUITY
Trong d6 p(j|t) 1a tan suét lién quan cuta I&p j tai nat t
dd khdng déng nhat tai nut t.
= Entropy (t) I&n nhat = log (n,) (v&i n, 1a s6 cac I&p tai nat t): khi cac
ban ghi tai t phan bd déu cho n, I&p; tinh hdn tap cao nhat, khdng
co phan biét gilra cac I&p
= Entropy (t) nhd nhat = 0 khi tat ca cac ban ghi thudc mét 1&p duy
nhat.
= LAy loga co sO 2 thay cho loga tw nhién
e Tinh toan entropy (t) cho mét nut twong tw nhw Gini (t)




Chon thuéc tinh: Information Gain 111

o0
e DO do Information Gain

Gainy,., .ntropy(t) ‘entropy(i)

Trong do, n 1a s6 lwong ban ghi tai nit t, k 1a sd tap con trong phan
hoach, n. la s6 lwong ban ghi trong tap con th i.

D6 do giam entropy sau khi phan hoach: chon thudc tinh lam cho
Gain dat I&n nhét.

C4.5 1a mdt trong 10 thuat toan KPDL phd bién nhat.
= Han ché: Xu hwéng chon phan hoach chia thanh nhiéu tap con

e Caitién

. Gain,. .
GainRaTIO il et SplitINFO log™t
plitINFO , n

= Dung GainRatio dé khac phuc xu hwéng chon phan hoach nhiéu
tap con
e Ap dung: Tw tién hanh




0000
Phan I&p dwa trén luat 11T
e GiGi thigu i

= Phan I&p cac ban ghi dwa vao tap cac luat “kiéu” if ... then
Luat
= Luat; <diéu kien> ||l
Trong do:
<diéu kién> 1a sy két ndi cac thudc tinh (con goi la tién dé/diéu
kién cua luat: LHS bén tréi)
y la nhan I&p (con goi la két qua cla luat: RHS bén phai).
= Vidu

Refund = ‘Yes” 'heat = “No”
(Refund = “No”) jMarital Status = “Married”) -heat = “No”
St dung luat
= Mét luat dwoc goi 1a “bao ddm” thé hién r (ban ghi) néu cac thudc tinh cta r dap
trng diéu kién cua luat.

= Khi d6, vé phai cla luat cling dwoc ap dung cho thé hién.



Xay dwng luat phan Iop §§§.
e Gii thidu :

= Truwc tiép va gian tiép
o Tructiép
= Trich xuat luat trwe tiép tir div liéu
= Vidu: RIPPER, CN2, Holte’s 1R
= Trich xuat luat trwe tiép tir div liéu
B&t dau tor mot tap réng
M& rong luat bang ham Hoc_mot_luat
Xba moi ban ghi “bao dam” b&i luat vira dwgc hoc
Lap cac budc 2-3 cho dén khi gap diéu kién dirng
e Gian tiép
= Trich xuét luat tr mé hinh phan 1&p di¥ liéu khac, chang han, md
hinh cay quyét dinh, md hinh mang no ron, ...
= Vidu:C4.5Rule



M¢& rong luat: mot s6 phwong an s

o0
e S dung théng ké
= Théng ké cac dac trwng cho vi du
= Tim dac trwng dién hinh cho tirng 16p
e Thuattoan CN2
= Khéi dau bang lién két réng: {}
= B6 sung cac lién két lam cuwc tiéu entropy: {A}, {A, B}...
= Xac dinh két qua luat theo da sb clia cac ban ghi ddm bao luat
e Thuattoan RIPPER
= B4t dau tr mot luat rong: {3 e
= B6 sung cac lién két lam cwc dai loi ich théng tin FAIL
= RO: {} => |&p (luat khdi dong)
= R1: {A} => 1&p (quy tac sau khi thém lién két)
= Gain (RO, R1) =t[log (p1/ (pl + nl)) - log (pO / (pO + n0O))]
v&i t: 0 thé hién dung dam bao ca hai RO va R1
p0: sO thé hién dung duworc bao dam bdi RO
n0O: sO thé hién sai dwoc dam bao béi RO
P1: sé, thé hién dung dwoc bao dam béi R1
n 1: sO tredng hop sai dwgec dam bao bdi R1




Luat phan Ié&p: tir cay quyéet dinh 33

Tap luat

Liét ké cac dwdng di tir goc
r1: (P=No,Q=No) ==> -

r2: (P=No,Q=Yes) ==> +

r3. (P=Yes,R=No) ==> +

r4. (P=Yes,R=Yes,Q=No) ==> -
r5: (P=Yes,R=Yes,Q=Yes) ==> +




Sinh luat gian tiép: C4.5rules -

e Trich xuat luat ttr cay quyét dinh chwa cat tia
o V&imoiluat, i A—vy

= Xem xét luat thay thé r: A’ — y, trong dé A’ nhan dwoc tr A bang

e Th

cach bo di mét lieén két

So sanh ty 1& 16i r so v&i cac r

Loai bé céc r c6 16i thap hon r

L&p lai cho dén khi khdng cai thién dwoc 16i tbng thé

ay thé sap xép theo luat bang sap xép theo tap con cua

luat (the tw 16p)

Méi tap con 1a mot tAp cac luat véi cung mét két qua (16p)

Tinh toan do dai mé ta cia moi tap con

Po6 dai mo ta = L(16i) + g* L(m6 hinh)

g : tham sd dém sy hién dién cda cac thudc tinh dw thtra trong
mét tap luat (gia tri chuan, g=0.5)



”, o000
C4.5rules: Vi du oo
= [

Name Give Birth Lay Eggs Can Fly |Livein Water| Have Legs Class
human yes no no no yes mammals
python no yes no no no reptiles
salmon no yes no yes no fishes
whale yes no no yes no mammals
frog no yes no sometimes |yes amphibians
komodo no yes no no yes reptiles
bat yes no yes no yes mammals
pigeon no yes yes no yes birds
cat yes no no no yes mammals
leopard shark |[yes no no yes no fishes
turtle no yes no sometimes |yes reptiles
penguin no yes no sometimes |yes birds
porcupine yes no no no yes mammals
eel no yes no yes no fishes
salamander |no yes no sometimes |yes amphibians
gila monster |no yes no no yes reptiles
platypus no yes no no yes mammals
owl no yes yes no yes birds
dolphin yes no no yes no mammals
eagle no yes yes no yes birds




C4.5rules: Vi du 111

C4.5rules:

(Give Birth=No, Can Fly=Yes) -irds

(Give Birth=No, Live in Water=Yes) -shes
(Give Birth=Yes) -ammals

(Give Birth=No, Can Fly=No, Live in Water=No) -eptiles
Live In O) Il phivians
Water?

RIPPER:
(Live in Water=Yes) -shes
(Have Legs=No) -eptiles

(Give Birth=No, Can Fly=No, Live In Water=No)
eptiles

(Can Fly=Yes,Give Birth=No) [|Jlirds
No 0 -ammals

Reptiles

Yes No

Mammals

Sometimes

Amphibians

Yes



Phan Io’p Bayes oo

o Gidithiéu
Khung xac suat dé xay dwng bd phan 1&p
- ).(alcrsuaAt co qleu kién oA lAS)
Hai bién co Ava C P(A)

p(ac) IF LS

P(C)
e Dinh ly Bayes:
P(c|x) = P(x|c).P(c)/P(x)
P(x) bang nhau cho tat ca cac l&p
Tim ¢ sao cho P(c|x) I&n nhat <>Tim ¢ sao cho
P(x|c).P(c) I&n nhat
P(c): tan suat xuat hién cua céc tai liéu thudc 16p ¢
- Van dé: lam thé nao dé tinh P(x|c)?



Dinh ly Bayes: Vi du oce

o0
e Mot bac sy biét
- Bé&nh nhan viém mang néo cé triéu chirng cirng cd S|M:
50%
- Xac suat mot bénh nhan bj viem mang n&o M la 1/50.000
- Xac suat mét bénh nhan bj crng cd S 14 1/20
e M6t bénh nhan bi cirng cb hdi xac suat anh/co ta b
VIEm mang nao ?

P(M [S) .D(s IM)P(M) -).5./50000 B 0002

Pang-Ning Tan, Michael Steinbach, Vipin Kumar. Introduction to Data Mining
(Chapter 5: Classification: Alternative Techniques), Addison Wesley, 2005,

http://www.cs.uu.nl/docs/vakken/dm/dmhcl3.pdf




Phan I&p Bayes ooo

e C4c thudc tinh (bao gom nhén I&p) la cac bién
ngau nhién.
e Cho moét ban ghi v&i cac gia tri thubce tinh (A, A,,
A)
- Can dv bao nhan c
- Tim 1&p ¢ dé cwe dai xac suat P(C|A, A,, ..., A)
e CO thé tinh xac suat P(C|A,, A,, ..., A.) tlr di¥ liéu
hoc?

Pang-Ning Tan, Michael Steinbach, Vipin Kumar. Introduction to Data Mining
(Chapter 5: Classification: Alternative Techniques), Addison Wesley, 2005,
http://www.cs.uu.nl/docs/vakken/dm/dmhc13.pdf




Phan Iop Nalve Bayes

e Gia thiét Naive Bayes:
gid thiét doc lap: xac suat xuat hién cua thudc
tinh trong doéi tweng doc lap voi nglr canh va vi
tri cua no trong doi tvong:

Jeipd 1 cIx,T)p(T I X)
TIn

Plxp,...x | Q) = P, [C) ... P(x|C)



000
~n ’ v rd un 0000
Phan I&p van ban Nalve Bayes | sss:
o0
e Cho o
Tép vi dl_J Dexam = Dlearn + Dtest
Tap twveng V ={f;, f,, ..., iy}
Tap Iop C={C1, C2, ..., Cn} v&i mdi C, mot ngudng B 0
e Tinh xac suat tién nghiém
Trén tap vi du hoc D,
p(C) = Mi/M’ M= [|Djearnll: M; = [|Doc 'Iearn / Doc .i”
Xac suat mot dac trwng (tlr) f; thude lop C:
1lF(f,,C)

P(f; 1)
v |‘(j.,ci>
e Cho tai liéu Doc méi |

Tinh xac suat hau nghiém p(C)*'Fj 1o it

Néu P(C|Doc) > |} P(C | Doc) |
thi Doc .! Ci)*-Fj |Ci)TF(Fj,D00)




Phan I&p k-NN e
*YI

sm(Doc, D;) [fos(Doc, D) - 2
Ll

e Cho truoc
M6t tap D cac dbi twong dir liéu biéu dién ban ghi cac dac trung
Mét do do khoang cach (O'colit) hoac twong tw (nhw trén)
M6t s6 k > 0 (lang giéng gan nhat

e Phan I&p ddi twong méi Doc dwoc biéu dién
Tinh khodng cach (d6 twong tw) tlr Doc t&i tat ca div liéu thude D
Tim k di¥ liéu thudc D gan Doc nhéat

Dung nhan I&p clia k-lang giéng gan nhat dé xac dinh nhan I1&p
cua Doc: nhan nhiéu nhat trong k-lang giéng gan nhat




00
0000
A 4 . 4 LY XX
Phan Io’p k-NN: Vi du 3T
[
. o=~ ._~
+ + '¢ :l-“ + " + 5‘ +
- ';- ~\ - l' — ‘\ _" — “
l‘ X : " X : ' X ,'
“.e’ s " “ '
- P e =N L F
-+ -+ -+ -+ -+ -+
(a) 1-nearest neighbor (b) 2-nearest neighbor (c) 3-nearest neighbor

e Ba trwong hop nhuw hinh vé
1-NN: Chon I&p “-”: lang giéng c6 nhan “-” 1a nhiéu nhat
2-Nl}l: Chon I&op “-: hai‘nhéntcé so lwong nhw nhau, chon nhan
c6 tong khoang cach gan nhat
3-NN: Chon I&p “+”: lang giéng c6 nhan “+” 1a nhiéu nhat



Thuat toan SVM oo

e Thuat toan may vector ho trg’ (Support Vector Machine —
SVM): duwoc Corters va Vapnik gi¢i thi€u vao nam 1995.

e SVM rat hiéu qua dé giai quyét cac bai toan véi dir liéu co
sO chiéu I&n (nhw cac vector biéu dién van ban).



Thuat toan SVM .

e Tap di¥ lieu hoc: D= {(X, C), i=1,...n}
C; € {-1,1} xac dinh dr lieu dwong hay am

e Tim mot siéu phang: asyy .d + b phan chia dir
liéu thanh hai mién.
e Phan I&p mot tai liéu mai: xac dinh dau cla
f(d) = aguy .d + b
Thudc I&p dwong néu f(d) > 0

Thudc I&p dm néu f(d) < 0



Thuat toan SVM
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Thuat toan SVM

e Néu di¥ lidu hoc la tach rdi tuyén tinh:

e Né&u di liéu hoc khdng tach rol tuyen tnn:

Cuec tiéu:

Thoéa man:

Cuec tiéu:

Thoéa man:

1
2

G

(2)

em bién {&1... én}:

1

L
I )

O N




Phan |&p ban giam sat .

e GiOi thiéu phan Iop ban giam sat
Khai niém so bb
Tai sao hoc ban giam sat
e NOI dung phan |&p ban giam sat
M6t sO cach tiép can co ban
Cac phwong an hoc ban giam sat phan lop

e Phan Iop ban giam sat trong NLP



Hoc ban giam sat:Tai liéu tham khao | s¢

1. Xiaojin Zhu ( ***). Semi-Supervised Learhing
Literature Survey, 1-2006. (Xiao Zhu [1])

http://www.cs.wisc.edu/~jerryzhu/pub/ssl survey.pdf

Zhou, D., Huang, J., & Scholkopf, B. ( ). Learning
from labeled and unlabeled data on a directed graph.
ICMLOS, 22nd International Conference on Machine
Learning. Bonn, Germany.

Zhou, Z.-H., & Li, M. ( ). Semi-supervised regression
with co-training. InternationalJoint Conference on
Artificial Intelligence (IJCAI).

Zhu, X. ( ). Semi-supervised learning with graphs.
Dpctoral dissertation, Carnegie Mellon University (ma
sO CMU-LTI-05-192).

1. Olivier Chapelle, Mingmin Chi, Alexander Zien ( ) A
Continuation Method for Semi-Supervised SVMs.
Proceedings of the 23rd International Conference on
Machine Learning, Pittsburgh, PA, 2006.
va



SSLssl_survey.pdf
SSLY_LabeledUnlabeledGraph_ZhouEtAl.pdf
SSL�89.pdf
SSLPhD05_Xiaojin_Zhu_Semi-Supervised_Learning_with_Graphs.pdf
SSLcontTSVM_3931.pdf
SSLSSL_K12HTTT.doc
SSLSSL_K12HTTT.doc
SSLSSL_K12HTTT.doc
SSLSSL_K12HTTT.doc
SSLSSL_K12HTTT.doc
SSLSSL_K12HTTT.doc
SSLSSL_K12HTTT.doc

So bd vé hoc ban giam sat

e Hoc ban giam sat la gi ? Xiao zZhu [1] FQA

Hoc giam sat: tap vi du hoc da dwoc gan nhan (vi du gan

nhan) la tap cac cap (tap thudc tinh, nhan)
vi du gan nhan
Tha cong: kho khan [llhuyén gia B thoi gian, tién

Tw déng: nhw tw déng sinh corpus song hiéu qua chwa cao

vi du chwa gan nhan
Dé thu thap hiéu

Xt ly tiéng noi: bai noéi nhiéu, xay dwng tai nguyén doi hdi cdng phu
Xt ly van ban: trang web v6 cung l&'n, ngay cang dwoc mé rong

co san [ didu kién tién hanh tw dong gan nhan

Hoc ban giam sat: dung ca vi du ¢é nhan va vi du chwa gan

nhan

Tao ra b6 phan lop t6t hon so vai chi dung hoc giam sat: hoc

ban giam sat doi hai diéu kién vé dung lwong khoi lvong



Co so cua hoc ban giam sat °

Biéu dién di liéu chwa mé ta hét anh xa gan
nhan trén dr liéu

chang han, nghich ly “hiéu qua nhw nhau” trong biéu dién van ban
Anh xa gan nhan cé lién quan mé hinh di liéu
(M6 hinh / dac trwng/ nhan / ham twong tw)
mo hinh da cé theo tw nhién hoac gia thiét div
lieu tuan theo.




Hiéu lwc cua hoc ban giam sat oo

e D liéu chwa nhan khéng ludn ludn hiéu qua
o Né&u gia thiét mo hinh khong pht hop llam hiéu
qua
o M0t s6 phwong phap can diéu kién vé mién quyét
dinh: tranh mién cé mat dé cao:
Transductive SVM (may hé tro vector lan truyén)
Information Regularization (quy tac hoa théng tin)
mé hinh qua trinh Gauxo v&i nhiéu phan 1&p bang khéng
phuwong phap dwa theo dd thi v&i trong s canh I khodng
cach
o “TOi” khi dung phwong phap nay song lai “tot” khi
dung phwong phap khac



Phwong phap hoc ban giam sat 33
e Cac phwong phap hoc ban giam sat dién hinh
EM v&i mé hinh trén sinh
Self-training
Co-training
TSVM
Dwa trén do thi

e SO sanh cac phuwng phap

Poi hoi cac gia thlet mé hinh manh. Gia thiét mo
hinh phu hop cau trac di liéu: kho kiém nghiém

M6t s dinh hwéng Iwa chon
Lop Ihan cum tét: dung EM véi mé hinh sinh tron.
Pac trwng phan thanh hai phan riéng ré: co-training
Néu hai diém twong tw hwdng téi mot 1ép: dwa trén do thi
Da s dung SVM thi m¢& rébng TSVM
Khoé nang cap hoc giam sat da cé: dung self-traning
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Phwong phap hoc ban giam sat 34
e Dung di¥ liéu chwa gan nhan 0o
e Hodc bién dang hodc thay dbi thir tw gia thiét thu nhe chi dip &
liéu c6 nhan

e M6 ta chung
Gia thiét dwai dang p(y Ix) con d liéu chwa c6 nhan p(x)
M6 hinh sinh cé tham sb chung phan bd két ndi p(x, y)
Mo hinh tron voi EM m@ rong thém self-training
Nhiéu phwong phap 1a phan biét: TSVM, quy tac hoa thong tin,
qua trinh Gauxo, dwa theo db thi

e Co di lieu khong nhan: nhan dwoc xac suat p(x)
e Phan biét “hoc lan truyén” v&i “hoc ban giam sat”
o Pa dang vé cach goi. Han ché bai toan phan 1op.
e “Ban giam sat”
dung vi du c6 / khéng c6 nhan,
“hoc di¥ liéu nhan/khéng nhan,
“hoc di¥ liéu phan I&p/cé nhan bd phan”.
Co calan truyén hoac quy nap.
o Lan truyén dé thu hep lai cho quy nap: hoc chi di¥ liéu san.
Quy nap: c6 thé lién quan t&i di¥ liéu chwa co.



MO hinh sinh: Thuat toan EM oeo

e SO bd

M6 hinh s&m nhét, phat trién |1au nhat

M6 hinh co6 dang p(x,y) = p(y)"p(xly)

V&i s lwgng nhiéu di¥ liéu chwa nhan cho P(x|y) mé hinh
tron dong nhat. Mién tai lieu dwgc phan thanh cac thanh
phan,

Ly twdng hoa tinh "Bong nhat": chi can moét doi twong co
nhan cho mai thanh phan

e Tinh dong nhat

La tinh chat can co ctia mo hinh

Cho ho phan bb {pgyla dong nhat néu B
cho t&i mot hoan doi vi tri cac thanh phan h H1é tach
cua phan bd t&i cac thanh phan




MO hinh sinh: Thuat toan EM 2

e Tinh xac thuwc cua mo hinh
Gia thiét mo hinh tron 1a chinh xac [ lieu
khéng nhan sé lam tang dé chinh xac phan lop
Chu y cau tric tot mo hinh trdn: néu tiéu dé dugc
chia thanh cac tieu dé con thi nén mé hinh hoa
thanh da chiéu thay cho don chiéu

e Cuwc dai EM dia phuong
Mién ap dung
Khi mé hinh troén chinh xac
Ky hiéu
D: tap vi du da co (co nhan /chwa ¢ nhén)
DX: tap vi du c6 nhan trong D (|DX| << |D))




MO hinh sinh: Thuat toan EM oeo

e NOI dung thuat toan

1: C6 dinh tap tai liéu khong nhan DY [P \ DK duing trong E-buwéc
va M-buéc
2: dung D" xay dwng mo hinh ban dau -
3:fori=0,1,2, cho dén khi két qua dam bao do
4: for moi tai I|eu d .)U do
5: E-bwéc: dung phan I&p Bayes thir nhat xac dinh P(c|d, -
6: end for
7. for moilép c va tw khoa tdo ]
8: M-buéc: xac dinh [l dung cong thire (*) @& xay dwng mé hinh
I+1 , -
9: end for P(dlc) =P(L=¢,l¢) v ) ]_I l,:;'."!:.:-".!l
10: end for ’ {”n; 4.1 ]]_ s '
1y ] Vol d ot
ll"_l:|. . ] .r'll_-'..i'E]!_l:l[ |'. |]I.||||.I|.|I . "I_L J.:'|L||I"|
' | LR L Q|
W[+ 2 gep 2. Pleld) nld, T) Dl i



MO hinh sinh: Thuat toan EM oo

e M6t 6 van dé voi EM
e Pham vi ap dung: mo hinh tron chinh xac
o Néu cuec tri dia phwong khac xa cwce tri toan cuc
thi khai thac dir liéu khédng nhan khéng hiéu qua
o "Két qua dam bao yéu cau": danh gia theo cac do
do héi twang, chinh xac, F;...
o M6t sd van dé khéac can lwu v:

Thuat toan nhan la Bayes naive: c6 thé chon thuat toan
co ban khac

Chon diém bat dau bang hoc tich cuc



MO hinh sinh: Thuat toan khac -4
e Phan cum - va - Nhan oo

e S dung phan cum cho toan bd vi du
ca di¥ liéu c6 nhan va khdong cé nhan
danh tap D, dé danh gia

e PO chinh xac phan cum cao
MO hinh phan cum phu hop dir liéu
Nhan cum (nhan di li€u c6 nhan) lam nhan dir lieu khac

e Phuwong phap nhan Fisher cho hoc phan
biét
o Phuwong phap nhan la mét phwong phéap dién
hinh
o Nhan la goc ctia méd hinh sinh

e CA&c vi du cd nhén dwoc chuyén doi thanh vector
Fisher dé phan I&p



. . 000
Self-Training 33
[
e Gi0Ol thiéu
La k¥ thuat phd bién trong SSL

EM dia phwong la dang dac biét cua seft-training
e NOI dung
Goi
L : Tap cac di¥ liéu gan nhan.
U:Tap céq di liéu chwa gan nhan
L3p (cho dén khi U =
Huan luyén bd phan I&p gidm séat h trén tap L
S dung h dé phan I&p di liéu trong tap U
Tim tap con U’ c6 do tin cay cao nhat:
L+ U’
U-u’
Van dé tap U' c6 "dd tin cay cao nhat"
e Thu tuc "bootstrapping”
e Thwong dwoc ap dung cho cac bai toan NLP




Co-Training
e Tu twdng
o MOt dir lieu co hai khung nhin

e Vidu, cac trang web
No6i dung van ban
Tiéu d& van ban

(a) ! view




Co-Training 13
e MO hinh thuat toan 5553
[ unlabeled training examples }

I

| labeled

: [ unlabeled zmmpIﬂsI
I

I

I

I

I

I

\ X, view
labeled training examples

labeled
unlabeled emmp!es

VIEW

"
/'




Co-Training 33

e Diéu kién dirng
hoéc tap dir liéu chwa gan nhan la réng
hodc sb vong 1ap dat téi ngwdng dwoc xac dinh tredc
o Motsolwuy
Tap di liéu gan nhan c6 anh hwéng Ién dén
co-training
Qua it: khéng ho trg’ co-training
Qué nhiéu: khéng thu loi tir co-training
Co sé& tang hiéu qud co-training: thiét l1ap
tham so
Kich c®& tap dir liéu gan nhan
Kich c& tap dir liéu chwa gan nhan
S6 cac mau thém vao sau méi vong lap
Bd phan I&p thanh phan rat quan trong




Chan thay do6i mién day dac

e Transductive SVMs (S3VMs)

e Phwong phap phan biét lam viéc trén p(y|x)
trwee tiép

» Khi p(x) va p(y|x) khong twong thich [llva
p(x) ra khoi mién day dac

e Qua trinh Gauxo)




Mo hinh d6 thi coe

Biéu dién di liéu chwa mé ta hét anh xa gan
nhan trén d lieu (chang han, nghich Iy “hiéu qua
nhw nhau” trong biéu dién van ban)

Anh xa gan nhan cd lién quan mé hinh di
lieu (Mo hinh / dac trweng/ nhan / ham twong
tu),hé hinh da co theo tw nhién hoac gia
thiét dir liéu tuan theo.
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NOi dung

Gidi thiéu phan cum

Thuat toan phan cum k-min
Thuat toan phan cum phan cap
Gan nhan cum

Danh gia phan cum




1. Bai toan phan cum Web 3
e Bai toan oo

o Tapdir lieu D = {d}

0 Phan céc dir liéu thubc D thanh cac cum
Céc di¥ liéu trong mot cum: “twong tw” nhau (gan nhau)
D@ lieu hai cum: “khdng twong tw” nhau (xa nhau)

0 Po “twong tu” (gan) nhau ?

Tién dé phan cum: Néu ngwdi ding lwa chon mét déi twong d thi ho
clng lwa chon cac doi twong cung cum véi d

Khai thac “cach chon Iwa” cua ngudi dung
Pwa ra mét sé do do “twong tw” theo biéu dién dir liéu

e M6t s6 ndi dung lién quan
0 Xay dwng dé do twong tw
0 Khai thac thdng tin bd sung
o Sb lweng cum cho truwdce, s6 lwong cum khdng cho trwéde



” 000

So bo tiep can phan cum 3

e Phan cum mo hinh va phan cum phan vung
2 M@ hinh: K&t qua la md hinh biéu dién cac cum tai liéu
2 Vung: Danh sach cum va vung tai liéu thuéc cum

e Phan cum don dinh va phan cum xac suat
0 Pon dinh: Méi tai liéu thude duy nhat mét cum
0 XAac suat: Danh sach cum va xac suat mot tai lieu thudc vao cac

cum

e Phan cum phang va phan cum phan cap
0 Phang: Cac cum tai liéu khdng giao nhau
0 Phan cap: Cac cum tai liéu cé quan hé phan cap cha- con

e Phan cum theo 16 va phan cum tang
0 Lé: Tai thoi diém phan cum, toan bd tai liéu da co
0 Tang: Tai liéu tiép tuc dwoc bd sung trong qué trinh phan cum




Cac phwong phap phan cum sese

e CAac phwong phap phd bién

Q

Phan vung, phan cap, dwa theo mat dd, dwa theo lwdi, dwa theo mé
hinh, va m&

e Phan cum phan vung

Q

Q
Q
Q

Xay dwng tirng bwéc phan hoach cac cum va danh gia chung theo cac
ti€u chi twong rng

D6 do twong tw / khoang cach

K-mean, k-mediod

CLARANS, ...

e Phan cum phan cap

Q

Xay dwng hop (tach) dan cac cum tao cau trdc phan cap va danh gia
theo cac tiéu chi twong rng

D6 do twong tw / khoang cach
HAC: Hierarchical agglomerative clustering
CHAMELEON, BIRRCH va CURE, ...



YY)
hwong ph han cum
Cac phwong phap phan cu i
e Phan cum dwa theo mat dé °
o Ham mat do: Tim cac phan t& chinh tai noi c6 mat do cao
Ham lién két: Xac dinh cum 1a 1an can phan t& chinh

Q

o DBSCAN, OPTICS...
e Phan cum dwa theo lwdi

Q
Q
Q

S dung lwdi cac 6 cung co , ,
Tao phan cap 6 lwdi theo mot so6 tiéu chi: s6 lwgng doi twong trong 6
STING, CLIQUE, WaweCluster...

e Phan cum dwa theo mo hinh

Q
Q
Q

S& dung mot s6 md hinh gia thiét dwoc phan cum
Xac dinh moé hinh tdét nhat phu hop voi di liéu
MCLUST...

e Phan cum mo

Q

Q
Q

Gia thiét: khéng c6 phan cum “clrng” cho di liéu va doi twong co thé
thudéc mét sé6 cum

S& dung ham mé tlr cac doi twong téi cac cum

FCM (Fuzzy CMEANS),...



Ché dd va dac diém phan cum web | $:

e Haiché do
o Trwe tuyén: phan cum két qua tim kiém nguwdi ding
o Ngoai tuyén: phan cum tap van ban cho trwdc
e Dic diém
0 Ché do trwc tuyén: téc dd phan cum
Web sb lwong I&n, tdng nhanh va bién ddng 1én
Quan tam t&i phwong phéap gia tang
o Mét Iép quan trong: phan cum lién quan téi cau hdi tim kiém
Trwe tuyén
Ngoai tuyén

Carpineto C., Osinski S., Romano G., Weiss D. (2009). A survey of web
clustering engines, ACM Comput. Surv. , 41(3), Article 17, 38 pages.



Thuat toan K-mean gan cirng

1. Khoi déng: Chon ngau nhién k di liéu trong S lam trong tam
(dai dién) cho caccum S;={c;i: ¢ € S}, ¥i=1,...K
2. Buadc lap:
21.5 =0 /I Cac cum méi la rong
2.2. Yd e S
2.2.1. Tinhsim (d, ¢;), ¥i=1,...k
222 S =S;u{d}néu sim (d, ¢) = max {sim (d, ¢)| i=1,...,k}
2.3. ¥i=1,...k , tinh laitrong tdm caccum S, : ¢, = L s

Sill a=s,

3. Néu chuwa gap Diéu kién dirng thi quay lai buédc 2, nguoc lai Dirng

e MOtsO lwuy

o Diéu kién dirng

Sau buwdc 2 khéng co sw thay déi cum

Biéu kién dirng cudng blrc

Khoéng ché so6 lan lap
» Gia tri muc tiéu dd nho

o Van dé chon tap dai dién ban dau & buwédc Khéi dong
0 Co thé dung dé do khoang céch thay cho do do twong tw




Thuat todn K-mean gan cwng |

n F ik
1] A a ',"0 ‘l. "J 1] ‘~| 'l.""'\.‘ ,'_-E‘\
1] ) ig, 0! o 0’ ’ " + 0 .
w n : +° 'l " * su ;1 |. .n n- 'l.‘ 'f n ﬂ :
0.7% 90 0.2 09y o @ g io o/
: ¢ IF o"' ‘1 aQ f"' ‘I e

_________ M Ty O -

[
fieration 1 (B). Cluster assiznment (). Re-compute centronds . o e L o -
= fteration 3. (F). Cluster assignment (). Re-compute centronds

o M6t sO lwu y (tiép) va vi du
0 Trong bwéc 2: cac trong tam co6 thé khéng thudc S
0 Thuye té: s6 1an 13p O
2 Thi hanh k-mean v&i dir liéu trén dia
- Toan bd di¥ liéu qua I&n: khong thé & bd nhé trong
- V&i méi vong lap: duyét CSDL trén dia 1 1an
« Tinh dwoc do twong tw cua d voi céc’ci. ’
« Tinh lai ¢, moi: buwéc 2.1 kh&i dong (tong, bé dém); budc 2.2
cbng va tang bé dém; bwdc 2.3 chi thwe hién k phép chia.

Bing Liu (2007), Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data, Spinger, 2007.



Thuat toan K-mean dang mém $E
® Input oo
o S6 nguyén k > 0: sb cum biét trwdc

o Tap tai liéu D (cho trwéce)
e Output
o Tap k “dai dién cum” . lam téi wu 16i “lwong t&” Zd 111i11€

e Dinh hudng
o Tinh chinh | dan vei ty 16 hoc [learning rate) K - Ue T J,Ii{:

4

"

d— 1,

-

| n(d — w,.) neu e gan d nhat

ﬂP'l-(,:;: Z ‘ 0

g cac truong hop khac

)
> cxp(—‘d — 1,

exp(—‘d — U,

—(d—u,)
)

10



Thuat toan K-mean 3
e Uu diém -
o Pon gian, dé sir dung

Q

Q
Q

Hiéu qua ve thoi gian: tuyén tinh O(tkn), t 0 lan 1&p, k s0 cum, n
la s6 phan tw

M6t thuat toan phan cum phd bién nhét

Thuéng cho t6i wu cuc bd. Tdi wu toan cuc rat kho tim

e Nhuwoc diém

Q
Q
Q

Phai “tinh trung binh dwoc”: di liéu phan I&p thi dwa theo tan s
Can cho trwédc k : s6 cum

Nhay cdm véi ngoai & (cach xa so v&i dai da so div liéu con lai):
ngoai lé thwc t€, ngoai 1€ do quan sat sai (lam sach di liéu)

Nhay cam v&i mau ban dau: can phwong phap chon mau thé tot
th‘)ng thich hop VG cac tap dir liéu khc‘mg siéu-ellip hoac siéu
cau (cac thanh phan con khong ellip/cau héa)

Bing Liu (2007), Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data, Spinger, 2007. 11



Thuat toan K-mean
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Trai: Nhay cdm v&i chon mau ban dau ‘
Phai. Khéng thich hgp véi bd dir liéu khong siéu ellip/cau hbéa

(B k-means clusters

Bing Liu (2007), Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data, Spinger, 2007.
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3. Phan cum phan cap tir dwei 1én| 822

e HAC: Hierarchical agglomerative clustering

e MOt s6 do do phan biét cum
o D6 twong tw hai tai liéu
0 D6 twong tw gilra hai cum
D6 twong ty gilra hai dai dién
D6 twong tw cwc dai gilra hai tai liéu thuéc hai cum: single-link
D6 twong tw cuc tiéu gitra hai tai lieu thudéc hai cum: complete-link
b6 twong tw trung binh gilra hai tai liéu thudc hai cum

e So bo vé thuat toan
0 Pac diém: Khdng cho trwdc sé lwong cum k, cho phép dwa ra cac
phwong an phan cum theo cac gia tri k khac nhau
o Lwuy: k la mét tham s = “tim k t6t nhat”
o Tinh chinh: T cu thé toi khai quét

13



Phan cum phan cap tir dwéi lén | 222

1. G « {{d} | d = S} (khditao G la tap cac cum chi gobm mét trang web
trong tap S).

2. Néu |G| < k thi dirng thuat toan (da dat duoc sé lwong cum mong
mudn).

3. Tim haicum S;, S, € G sao cho (/,j) = arg max,, sim (S,, S;) (tim hai cum

co do twong tw 1én nhat).

4. Néu sim(S, S) < g thi dirng thuat toan (d6 twong tu cla 2 cum nhd
hon nguwé&ng cho phéep).

5. Loai bo S; S, khdi G.

6. G=Gu{S, S} (ghep haicum S, S,va dua vao trong tap G).

7. Nhay dén budc 2.

e Giai thich
0 G latap cac cum trong phan cum

0 Diéu kién |G| < k c6 thé thay thé bang |G|=1
14



Phan cum phan cap tir dwéi lén | 222

.

Similarity

F
—r
[y
||
|
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

oy 4 o 1 o

() .= [ A NN S S . 1 L

d—- dg  da dyn dyp Documents

e Hoat dong HAC

2 Cho phép véi moi k

o Chon phan cum theo “nguw&ng” vé dd twong tw
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HAC v¢i cac do do khac nhau

2T ds ldg d; dg
1+
0 } }

0 1 2 3 4
k

(a) single-lin

]-xxxxD

0 A

U 12 3 4 56
(a) single-link

EQ

0 1 2 3
(b) complete-lin

nk

dz dg d4 d_;
+ ——
0 /i

(b) complete-link

»

R

%
6

wn 1

Pt ——

e Anh huwdng cua cac db do
o Trén: Hoat dong thuat toan khac nhau theo cé}c dé do khac nhau:
do twong tw cuc tiéu (complete-link) co tinh cau hon so véi cuc dai

0 Dudi: Bo twong tw cwe dai (Single-link) tao cum chubi dong
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4. Biéu dién cum va gan nhan 1
e Cac phwong phap biéu dién dién dinh oo
a Theo dai dién cum

e Daidién cum lam tam
e Tinh ban kinh va d6 lI&ch chuan dé xac dinh pham vi ctia cum
o Cum khéng ellip/ciu hoa: khong tot
Q Theo mo hinh phan lop
o Chi sb cum nhw nhan 16p
o Chay thuat toan phan I&p dé tim ra biéu dién cum
a Theo mé hinh tan sb
e Dung cho di¥ liéu phan loai
o Tan s6 xuat hién cac gia tri dac trwng cho tirng cum

o Lruy
o D@ liéu phan cum ellip/cau héa: dai dién cum cho biéu dién tot
o Cum hinh dang bét thwdng rat kho biéu dién

17



Gan nhan cum tai liéu
e Phan biét cac cum (MU)
I(U;C) = 2 log, — LA log, — a
N " NN{ N "NyNi
+ 1ZD log, — l,ﬂ + == log, — X
N 2NiNg N 2 NyNy
e Chontwr khoa dac trwrng twong quan cum
e Nxy (x cotw khéat, y tai liéu thuéec C)
N11 : sé tailieu cha t thuéc cum C
N10 : s tai liéu chra t khéng thudc cum C
NO1 : s tai liéu khéng chira t thudc cum C
NOO : sb tai liéu khéng chira t khéng thudc cum C
N: Téng sb tai liéu
e Hwdng “trong tam”™ cum
o Dung céac tr khoa tan sé cao tai trong tam cum
e TiEu dé
o Chon tiéu dé cua tai liéu trong cum gan trong tam nhéat

18



dN NNnan cum tal 1ieu eoco
- - eno
labeling method
# docs | centroid mutual information title
oil plant mexico pro- Eiﬁlsﬂﬂ 5_ Tdiuc]gl 03 MEXICCx Hurri-
4 | 622 duction crude power . P cane Dolly heads for
. mexico dolly capacity . :
000 refinery gas bpd petroleum * | Mexico coast
police 5&::%11.'1[}' russian PDliCE_' killed fﬂi]iiary' RUSSIA- Russia’s
9 | 1017 | people military peace | security peace told |y 4 4 o pe
kﬂlﬁ"f told  grozny ;;:;2 forces rebels chief in Chechnya
cour :
U0 00U tonnes traders | delivery traders | {jga. Export Business
10 | 1259 futures wheat prices | futures tonne tonnes | _ Grain/oilseeds com-
T cents september | desk wheat prices 000 plex
tonne 00 ;

e Vidu

0 Ba phwong phap chon nhan cum déi v&i 3 cum la cum 4 (622 tai liéu),
cum 9 (1017 tai liéu), cum 10 (1259 tai liéu) khi phan cum 10000 tai liéu

dau tién cda bd Reuters-RCV1

0 centroid: cac tlr khda cé tan s6 cao nhat trong trong tdm; mutual
information (MU): thong tin lién quan phan biét cac cum,; title: tiéu deé tai
liéu gan trong tam nhat.

Christopher D. Manning, Prabhakar Raghavan and Hinrich Schitze, Introduction to Information
Retrieval, Cambridge University Press. 2008.
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5. Danh gia phan cum

e Danh gia chat lwong phan cum 1a kho khan
o Chuwa biét cac cum thuc sw

e M6t s phwong phap dién hinh

o Nguwdi dung kiém tra
Nghién ctru trong tdm va mién phd
Luat ttr cay quyét dinh
Boc cac dir liéu trong cum

0 Danh gia theo cac dé do twong tw/khoang cach
P6 phan biét gilra cac cum
Phan ly theo trong tam

0 Dung thuat toan phan I&p
Coi m6i cum 1a mot 1&p
Hoc b6 phan Io6p da lop (cum)
Xay dwng ma trdn nham I1an khi phan I&p

Tinh céc d6 do: entropy, tinh khiét, chinh xac, hoi twéng, d6

do F va danh gia theo cac d6 do nay



Panh gia theo do do twong tw 3
e D6 phan biét cac cum T
0 Cuwc dai hoa tdng dd twong tw ndi tai clia cac cum

0 Cuec tiéu hoa tdng dé twong tw cac cap cum khac nhau
0 Lay do twong tw cuce tiéu (complete link), cwe dai (single link)

1< 1 2
J ==Y — d.—d
¢ 9 = S*r' dj;gﬂl J IH
1 k.1 1 & |
J. :_Z— Z n?f?(d d )——Z‘Sr-‘-ﬂﬁ?(sf)
2 i=1 S;— d;.d)eSs, 2 =1

e Mot sO phwong phap dién hinh

o Phan ly theo trong tam

I =3 3|
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Vi du

Bang 7.2 Di¥ lidu mau danh che phin cum phéng

Bang 7.6 Gia tri cua ham danh gia dwa trén dé do twong tw voi giai thuat k-means

k=2 k=3 k=4
1 [8.53381] 1 [2.83806] 1 [3.81771]
Anthropology, History, Music, Art, Communication,

Biology, Chemistry,
Computer Science,
Economics, Geography,
Mathematics, Physics,
Political Science,
Psychology, Sociology

2[6.12743]

Art, Communication,
Criminal Justice,
English, History,
Modern Languages,
Music, Philoscophy,
Theatre

Y= [12.0253]

Philosophy
2 [6.09107]

Anthropology,
Biology, Chemistry,
Computer Science,

Geography,
Mathematics,

Political Science

3 [7.12119]

Art, Communication,
Criminal Justice,
Economics, English,
Modern Languages,
Physics, Psychology,
Sociology, Theatre

I= [12.0253]

English, Modern
Languages

2 [5.44416]
Biolegy, Econcmics,

Mathematics, Physics,
Psychology, Sociology

3 [2.83806]

History, Music,
Philosophy

4 [5.64819]

Anthropology,
Chemistry, Computer
Science, Criminal
Justice, Geography,
Political Science,
Theatre

= [12.0253]

Tén frang web At Az Al A4 AJ Ab
Anthropology 0 0537 | 0477 0 0673 0177
Art 0 0 0 0.951 0,185 0.196
Biology 0 0347 | D924 0 0111 0112
Chemistry 0 0575 0 0 0153 0.158
Communication 0 0 0 0.78 0.628 0
Computer Science 0 0.369 0 0 0.13 0.067
Criminal Justice 0 0 0 0 i i
Economics 0 0 i 0 0 i
English 0 0 0 0.38 0 0.194
Geography 0 0.848 0 0 0.528 0
History 0.951 i 0 0.135 0 0
Mathematics 0 0Dg18 | D548 045 0.198 0.2m
Modern Languages D 0 0 0.928 0 0.373
Musie 0.a7 0 0 0 017 0.172
Philozoghy 0.741 0 0 0.658 0 0.138
Physics 0 0 0854 0 0.315 0.318
Political Science 0 0833 | D348 0 0.062 0.083
Psychology 0 0 0852 | 0.387 0.313 0.162
Sociclogy 0 0 0839 0.57 0459 0.237
Theatre 0 0 0 0 0.%67 0.254
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