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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. Gi®i thiéu vé khai pha text

e Khai niém

e S can thiét cua khai pha text

e Dac trwng cua khai pha text

e Cac bai toan co ban trong khai pha text
e M0t vi du vé bai toan khai pha text

e Xu huwdong nghién ctru khai pha Text




Khai niem °ce
- o0
e Tiép can vé khai niém khai phé text
= Khai pha text la khai pha dir liéu dbi v&i loai dir lieu text.
= Qua4 trinh phat hién tri thrc mai, c6 gia tri, tiém an trong tap hop van
ban
= Mang tinh da dang vé phat biéu khai niém khai pha di liéu

e NOGI dung
= Khai pha text = Khai pha di¥ liéu + X& ly ngdn ngl tw nhién - XLNNTN
(Natural Language Processing: NLP)
= CA4c bai toan chung vé khai pha di liéu cho di¥ liéu dac thu
= M6t sé bai toan riéng dién hinh cho khai phé text

e MOGi quan hé gitra Khai pha Text va XLNNTN

=  XLNNTN cung cap tai nguyén, céng cu co s& cho khai pha Text
= Khai pha Text m& réng cac bai toan cia XLNNTN
= Pan xen gitra Khai ph&a Text v&i XLNNTN
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e Tuan theo quy trinh chung cua khai pha di liéu

=  Nhw da trinh bay trong khai pha d liéu

e Quy trinh toi gian
= Tién xt ly

= COng cu cua X ly ngébn ngr tw nhién

= M6 hinh cAu tric van ban

= Biéu dién van ban
=  Phu hgp véi thuat toan

= X® ly (khai pha) d¥ liéu theo dang biéu dién

= Ap dung khai pha di liéu



Sw can thiéet caa khai pha text

e Text gan gii nhat v&i con nguoi
= | & ddi twong quan trong nhat chuyén tai thdng tin cua loai ngudi
= Phuwong tién trinh bay tri thiec [ lhuyén giao nguoi khac
= Hoc chi¥ la bai toan quan trong cua moi con nguwoi
e Dac thu cua ngdn ngl tw nhién
= Tinh da nghia, ddng nghia ctia don vi ct phap nhé nhat 1a t
= Tinh cam ng{r canh khi trinh bay ndi dung van ban
= Tinh bién déng ciia mdi ngdén ngir tw nhién: bd sung, thay déi. ..
e Su tang trwvdng cua dir liéu Text
= Kha nang tao moi
=  Kha nang lwu trir



Dac trwrng cua khai pha text oce

Dau hiéu phan biét

Khai pha dir liéu

Khai pha Text

Poéi twong dir lidu

D@ liéu s6 / phan loai

Van ban

Cau trac doi tuong

CSDL quan hé

Text dang tw do: khdng cau
tric, nra cau tric

Tim kiém théng tin lién quan,

Muc tieu Dw bao, doan nhan hiéu nglr nghia, phan Iop /
phan bd
Phuong phap Hoc may: DT, MBR, ... Chi s0, xt ly mang noron,

ngdn ng, kién tric

Kich cé thi trirong

Tram nghin phan tich vién
tlr coOng ty I&n va vira

Hang triéu nguwdi dung tw
hang va ca nhan

Tinh trang

Quang ba tir nam 1994

M&i quang ba tr nam 2000

Sergei Ananyan (2001). Text Mining: Applications and Technologies,
Megaputer Intelligence Inc.. (truy nhap ngay 13/9/2003) !




Mot so bai toan dién hinh trong TM

e Biéu dién Text
= L& mét trong nhirng bai toan quan trong nhat trong khai phéa Text
= Nghich ly vé “hiéu qua nhw nhau” trong tim kiém Text
= Tim biéu di&én phu hop nhét cho bai toan khai phéa text
= Mbt I&p hwéng mé hinh biéu dién Text: M6 hinh sinh Text
= NOi dung cua chuwong 2.

e Tim kiém/thu hdi Text (Text Search/Retrieval)
= Cho m6t tAp van ban va mot yéu cau tim kiém cla ngudi dung
(dang van ban / khac).
= Muc dich: Tim tap van ban trong CSDL dap ng yéu cau nguwdi
dung
= P3 tén tai mdt CSDL Text: Tim kiém full-text trong CSDL nay
=  Tim kiém trén Internet. May tim kiém: Noi dung chwong 5.




M6t s bai toan dién hinh trong TM (2) | s85¢

e Phan |&p van ban
= Twong &ng hoc cé giam séat (hoc co thay)
=  Cho trwéce tap I1&p va tap vi du
=  Muc tiéu : mot mo hinh phan I&p thwe hién anh xa méi van ban vao 1&p
= Vjdu:
e Phan cum van ban
= Twong wng hoc khong giam sat
= Cho trwéce tap van ban
= Muc tiéu : tdp cum van ban va tom tat cum.
= Vidu:

e Phan doan van ban

= Phan cum va phan Iép
= Vidu:



M6t sO bai toan dién hinh trong TM (3) | s2:¢

Phan tich nglr nghia
Hiéu van ban (xem DUC: Document Understanding Conferences va TAC:
Text Analysis Conferences)

Ng¥ nghia cla céc thanh phan trong van ban

Phat hién quan hé thyc thé trong van ban

Taxonomy, ontology, web nglr nghia (semantic Web)

Roxana Girju [Gij08] liét ké mét sd danh sach quan hé nglr nghia, trong

do6 c6 danh sach 22 quan hé do chinh tac gia téng hop:
o HYPERNYMY (IS-A)  PART-WHOLE (MERONYMY)  CAUSE POSSESSION

o KINSHIP MAKE/PRODUCE INSTRUMENT TEMPORAL

e LOCATION/SPACE PURPOSE SOURCE/FROM EXPERIENCER
e TOPIC MANNER MEANS GENT

e THEME PROPERTY BENEFICIARY MEASURE

e TYPE DEPICTIONDEPICTED.

[Gir08] Roxana Girju (2008). Semantic Relation Extraction and its Applications,
Invited Tutorial, Hamburg, Germany, August 2008
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Mot so bai toan dién hinh trong TM (4)| 32::

e Trich chon dac trwng

Phat hién/lwu trir tir khoa (term), dac trweng (feature), cum ttr mang nghia
Pac trwng chwa dinh trwde: xac dinh dong théi vai phan tich ndi dung
Phan biét trich chon dac trwng (feature extraction) v&i chon lwa dac trwng
(feature selection)

Phan tich van ban dé phat hién tan s6 xuét hién

e TOmM tat van ban

Document Abstract/Summarization

Xay dwng mét van ban thu gon hon (ty 1&/s6 lwong tlv/cau) song van gilr
dwoc nglr nghia

Abstract (rat trich cau) /Summarization (xay dwng cau)

Xay dwng tw ddong muc luc van ban

Tém tat don van ban/ tém tat da van ban

Quan hé chat ché v&i “hiéu van ban”

11



Mot s6 bai toan dién hinh trong TM (5)| se::
e Xay dwng ontology oo

=  Kho ngi liéu vé mdt/mot nhom linh v

= Phuc vu, nang cao chat lwong cac bai toan ngir nghia
= Tap khai niém, I&p khai niém, quan hé gitra ching

= Bijéu dién hinh hoc dang dé thi

= Dang dac biét: Taxonomy

= Vjdu: WordNet, TreeBank

e K& thira nguyén ban (Textual Entailment)
= “V&n ban T ké thira gia thiét nguyén ban H” néu tinh chan thwe cta H cé
thé dwoc suy dién tor T.
= “Y nghia” cda T tiém &n trong H: trinh bay n&o d6 ctia H c6 thé phu hop
trinh bay nao dé cua T (mtc dé chi tiét hay triru twong)

e Dan dwong van ban (Text focusing)
= Tich hop x& ly van ban v&i co s tri thirc cho phép két ndi truc tiép tri
thtrc trong qua trinh x&r ly van ban
= Dan dat cAc van ban theo tri thirc da dwoc két ndi

12



Mot so bai toan dién hinh trong TM (6)| 2::

e Khai pha quan diém
= L& cha dé thoi sy hién nay
=  Pbi twong: khdng 1a sw vat/ hién twong ma 1a tinh cdm thai do
=  (ng dung: tiép thi (quan hé khach hang), diéu tra xa hoi hoc...
= M6t sé vi du

e Khai pha Text trong linh vwe cu thé

= Y Sinh hoc: Quan hé twong tac protein — protein, gene — bénh
= Cac linh vwec khoa hoc khéc:

13



Mot so bai toan vi du

e Vidul

= Né&u bai todn: Nham muc dich quan ly, mét cong ty Nhat Ban mudbn xay
dwng moét hé thong “quan ly” cac nbi dung da dwoc may in cua cong ty in
ra.
= Patvan dé:
= Xay dwng hé théng quan Iy van ban véi thude tinh in van ban. Do mét sé Iy do, day khéng
phai 1a diéu céng ty mudn.
= Quén ly moi ndi dung dwoc in ra: DI liéu ngudn chi cé thé 1a dong di liéu di qua may in
cda cdng ty. Can xay dwng hé thdng c6 cac nang luc (1) 1y duwoc dong di liéu Text di toi
cac may in; (2) Té chire lai hé thdng cac van ban dwoc in ra dé thuan tién cho viéc quan ly.
= Giai phap:
= Thu nhan dir liéu: Xay dwng luéng x& ly dong di¥ liéu vao may in, mét ban dwa ra may in
va mdt ban dwa vao thanh phan x ly tiép theo.
= Tb chirc hé théng van ban: Tién xt& ly di liéu; phan I&p da cép (trong d6 c6 phan cum)

Nguén: tlr mot hoc vién cbng tac tai FSOFT lam viéc v&i Nhat Ban

14



Mot s6 bai toan vi du (2) sac:

e Vidu 2. Bai toan cua Rich Caruana & cdng s

= Bai toan: Cho trwdc mét tap (khoang 300000) cong trinh nghién ctru khoa
hoc (bai dang tap chi, bao cao hoi nghi, luan an Tién sy) da dwoc cong bo.
T ndi dung van ban ctia méi cong trinh nghién cru, chiing ta nhan dwoc
tén tac gia (cac tac gia), cac tai liéu tham khao, noi céng bd (tén tap chi,
hdi nghi, héi thao ...).
= Yéu cau: Chidung ndi dung, ndm XB va tén cac tac gid cla tai liéu, tim ra:
= Tim ra dién bién theo th®i gian cla cac chi dé khoa hoc theo mét s6
tiéu chi nhw ty Ié cac tai liéu theo cac cha dé, cac chu dé ndi bat mai,
thdi diem moét chu dé cu thé dat dinh cao nhat, chu dé nao dang tan
lui... va theo do, tim ra dwoc cac chu dé c6 vai tro chd chot.
= Nhan biét dwoc cac tai liéu c6 uy thé 1a tai liéu gidi thiéu cac y twéng
ma&i va co6 chi s6 anh hwéng Ion
= Nhan biét dwoc tac gid co uy thé 1a tac gid c6 anh hwéng I&n doi voi sw
phat trién cua cac chua gdé.

[CIG06] Rich Caruana, Thorsten Joachims, Johannes Gehrke, Benyah Shaparenko (2006).
Patterns and Key Players in Document Collections, KDD Challenge 2005.



Mot so bai toan vi du i
e Vidu 2. Mot két qua [CIGO6] .

JPhan cum tai liéu va gan nhan cum (bang cac tir khda dién hinh trong cum)
_IBiéu dién hinh hoc theo th&i gian

‘ Temporal Cluster Histograms: Results

NIPS k-means clusters Percentage Distribution (k=13)
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Cac khach hang sir dung san pham TextAnalyst ciia Megaputer

TextAnalyst '-'—";“

LOGICON popmepre [
Customer base: 300+ installations ﬂ a’,,,, A NIST |

Sample customers S HEALTHI L (THE CALTEP ORCANTZ ANON]
Ask Jeeves (LISA) Pfizer [USA)

IMS Health (LI5A) TRW (LISa)

The Gallup Organization (USA) McKinsey & Company [LISa)

Centers for Disease Control [LISA) Liberty Mutual (LI54)

Best Buy (LS4) Logicon (l/S5A)]

France Telecom (France) Net Shepherd (Canada)

Skila.com (LISA) Dept of Environmental Protection (Australia)
US Navy (LSA) KPN Research (INetherlands)

Dow Chemical (LUUSA) Talkie.com [LISa)

Clontech (LUSA) NICE Systems (lsrael)

Ngudn:http: //www.megaputer.com /companyZindex. php3



[
Vi du v& Du an Khai pha Text it
1 D

Text Analysis. Decision Forests
Link Analysis
and more in Polyanalyst4.5

KDnuggets : lews : 2004: n22 : tem18

Briefs

TEMIS, Leader in Text Mining in Europe, raises 3.6 million euros.

Paris, November Sth 2004 - TEMIS, provider of corporate Text Mining solutions, has just completed a 3.6 million euro
round of financing with ACE Management and Crédi Lyonnais Private Equity (CLPE).

TEMIS develops and markets software solutions for Text Mining. The software transforms free text into usable data,
enabling ether refrieval of relevant data contained in a document or automatic document classification by topic or by
recipient.

At a time when information flow in organizations is constantly increasing, TEMIS' software plays a crucial role in
processing this information. R enables decisive productivity gains, in particular in the fields of Competitive Inteligence,
analysis of ecientific documents and in customer relationchip management.

TEMIS doubled &s revenue between 2002 and 2003 and is set to achieve a similar performance for 2004 its customers
include major companices such as Novartis, IPSEN, Total, PSA Peugeot-Citroen, DammlerClu ysier, TIM-Telecom Ralia
Mobile, etc.

FOr more information, VISt Hito: /AW ww 1emis-qroup coms

Ngudn:http:/ /www.megaputer.com /companyfindex.php3 =



Nghién ctru vé khai kha Text

e Theo thdng ké tir Google Scholar vé s bai viét:

V&i cum tw “Text Mining”:

= O'tiéu dé: 2.800 bai (khoang)
= O moi noi: 33.000 bai (khoang)
V@i cum tir “Text Analysis™.

= O'tiéu dé: 1.680 bai (khoang)
= O moi noi: 43.300 bai (khoang)

e Noi cong bd tai liéu vé Khai pha Text

Thuwong di kém véei XLNNTN.

The ACL Anthology Network Corpus: . ACL:
“The Association for Computational Linguistics is THE international scientific

and professional society for people working on problems involving natural
language and computation”.

DUC (Document Understanding Conferences: . 2001-
2007) va TAC (Text Analysis Conferences:
: 2008-nay)

Moi hdi nghi, tap chi khoa hoc lién quan
Kdnuggets: 19
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2. Sw can thiet caa khai pha Web -

e Web cling rat gan giii v&i con nguoi
=  Tao ra mdi tredng cua xa héi ao
= Mbt phan quan trong chuyén tai thdng tin cta loai ngudi tr Web
= Phuwong tién chuyén giao tri thirc

e Dac thu cua khai ph&a Text va Web

=  Web c6 ban cau trac
= K&t ndi khdng gian thdi gian
= M0 réng giao lwu: dién dan, blog...

e Su tang trwvdng cua dir liéu Web
= Twong ty nhw dir liéu Text
= D liéu da phwong tién

20



Total Sites Across All Domains
August 1995 - February 2011

SEE00 e Hostrares
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Cl

: (02/2011)
e Khail niém

= Khai pha Web = Khai ph&a Text + WWW

= Trich chon mau méi, hiru ich, hiéu dwoc, tiém an trong Web
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EKHAL FHA WEE

e
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Ehat phandi dong
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Cre loal Fhai pha Web

@ Khai phd ndi dung Web
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i vu higu qua tra v

web: D6 %é

@ Khai phd sir dung web

- Phan tich c4c mAu truy cap
- Phén tich cdc xu huéng ca n

phén cum)
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Cac chu deé cua khai pha Web

Tim kiém va thu hoi: Thu hdi va tinh hang

Phan tich d6 thi Web va Khai pha cau truc Web
Phan cum Web va Phan |&p Web

Trich rat théng tin, Quang cao va téi wu hoa Web
Loc cOng tac va loc ndi dung

Phan tich web log va Khai pha st dung web
Mang xa hoi trén Web

Web nglr nghia

Khai pha quan diém trén Web

Céac van dé vé hé thong Web

Reproduced from Ullman & Rajaraman with permission



Mot sO dédc diem cua khai pha Web | g3::
e Web qua I&n dé td chirc thanh kho di liéu oo

= Tang kich c& DW cham hon nhiéu tdc do phat trién Web

e DO phlrc tap cla trang Web la rat Ion
= Cac kiéu to chire
= Cac kidu di lieu

e \Web: ngudn tai nguyén théng tin cé dé thay dbi cao
= Tang nhiéu va mat nhiéu

e Web phuc vu mé6t cong déng nguwoi rong lon va da dang
= Phan anh toan bd thé gi&i

e Chi phan rat nho thdng tin trén Web la thwe sy hivu ich
= PA4i voi toan bd va tirng ca nhan

e Khai pha Web c6 loi thé: ban cau truc, giau thdng tin

(thé, lién két, file log)
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Nghién ctru vé khai kha Web

e Theo thdng ké tir Google Scholar vé s bai viét:

V&i cum t “Web Mining”:

= O'tiéu dé: 2.680 bai (khoang)

= O moi noi: 20.000 bai (khoang)
V@i cum tr “Text Analysis”:

= O'tiéu dé: 240 bai (khoang)

= O moi noi: 4.300 bai (khoang)
V&i cum tr “Search Engine”:

= O'tiéu dé: 6.260 bai (khoang)
= O moi noi: 414.000 bai (khoang)
V&i cum tr “Image Search”;

= O'tiéu dé: 890 bai (khoang)

= O moi noi: 15.800 bai (khoang)

e Noi cong bo tai liéu vé Khai pha Web

Bi kem v&i XLNNTN va khai pha Text
Kdnuggets:
Moi hdi nghi, tap chi khoa hoc lién quan
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BAI GIANG KHAI PHA D LIEU WEB

CHUONG 2. KHAI PHA SU’ DUNG WEB
VA KHAI PHA CAU TRUC WEB

PGS. TS. HA QUANG THUY

HA NOI 10-2010

TRUONG DAl HOC CONG NGHE
PAI HOC QUOC GIA HA NOI




NOi dung

1.

2.

Khai pha str dung Web
Khai pha cau trac web




1. Khai pha swr dung Web

e Gidi thiéu chung
e Phan tich mau truy nhap Web

o Mang tinh théi quen c6 tinh cong ddng

o Khai pha mau truy nhap theo luat két hop
e Khai pha xu hudng str dung

e Canhan hoa

o Céac hé tw van




1.a. Gi¢i thiéu chung oce

e Nguon dir liéu
= Céc logfile (may chd, may khach, may trung gian)
= CSDL khach hang

e MO hinh di liéu
=  Thuc thé: nguwoi si dung, khung nhin trang web, file trang Web, trinh

duyét, phuc vu web, phuc vu ndi dung, phién ngwdi sir dung, phién
phuc vu, day cac s kién lién quan (episode).

o Tién xwr ly di¥ liéu

= Loai: cau trdc, ndi dung

= Baitoan: x& ly van ban, rat gon dac trweng, mé hinh dir liéu.
e Phat hién mau

= MAau quan hé: thong ké, luat két hop, luat chudi, phan cum, phan 16p,
mo hinh phu thudc

= Paiching va ca nhan hoa



~ < . , cece
1.a. Mot quy trinh khai pha sw dung Web| 322
o0
- o
'f"jf-f"f .:': -t -t d -\.‘-%HHHHHH"\-\.
f,f’” Structure Data T
o S .
L T L _ ~. S ~.
|.Hh|=-'repmc955|ngﬁj' {%ﬂia_rii DIS_Ei-‘J_'t'ir}:'f,. HPat_tt_ain An_a_l?"i&f;'

Raw Usags F'rE_pr-}:::EEEed Rules. Patterns, Interesting
Data Clickstrean and Statictics Fules, Patterns,
Diata and Statistics

Qua trinh khai pha st¢r dung Web [Coo00]

= |nput: D& liéu str dung Web
= Qutput: Cac luat, mau, thong ké hap dan
= CA4c budc chi yéu:

= Tién x ly di¥ lidu

= Kham pha mau

= Phan tich mau




So do ghi dir lieu vao logfile oos
o0
KDnuggets.com TM«- ==

Server

Page contents

http://www.kdnuggets.com/jobs
Web server log

152.152.98.11 - - [16/Nov/2005:16:32:50 -0500] "GET /jobs/ HTTP/1.1" 200 ..

e ThOng tin truy nhap nguwoi dung
= Server to chirc ghi nhan vao logfile
= Ho tror quan ly diéu hanh ,
= Tai nguyén Khai pha di¥ liéu, nang cao hiéu nang hé théng



Mot dong vi du trong weblog $35s

152.152.98.11 - - [16/Nov/2005:16:32:50 -0500] "GET /jobs/ HTTP/1.1" 200 15140
"http://www.google.com/search?q=salary+for+data+mining&hl=en&lr=&start=10&sa=N" "Mozilla/4.0
(compatible; MSIE 6.0; Windows NT 5.1; SV1; .NET CLR 1.1.4322)“

152.152.98.11 bDia chi cua hotname
- - Tén va login cua ngwei dung tir xa: thwong la “-”
[16/Nov/2005:16:32:50 -0500] Ngay va gi® truy nhap.
Gier GMT: (+|-)HHOO US UST: -500
"GET /jobs/ HTTP/1.1" Phwong thirc l1ay thdng tin, URL lién quan
t&i tén mien; giao thirc
200 Trang thai 200 - OK (hau hét, dat dworc) | 206 — truy nhap bd phan — chuyén

hwéng vinh vién (truy nhap téi/ tién trinh dinh hwong lai /tién trinh/ )| 302 — dinh
hwdng tam thoi| 304 — khong thay déi | 404 — khong thay|...

15140 Dung lwong tai vé may khach | “-” néu trang thai 304

"http://www.google.com/search?qg=salary+for+data+mining&hl=en
&lr=&start=10&sa=N" URL cua ngwi tham (& day la tir Google)

"Mozilla/4.0 (compatible; MSIE 6.0; Windows NT 5.1; SV1; .NET
CLR 1.1.4322)" dai ly cua ngwei dung



< 0000
Mot vi du ve log files °ce

| | . .
AnonlID Query QueryTime Rank ClickURL
479 farmily guy movie references 2006-03-03 22:37:46 1 http : //www.familyguvyfiles.com
479 top grossing movwvies of all time 2006-03-03 22:42:42 1 http ://Tmovieweb.com
479 top grossing movies of all time 2006-032-032 22:42:42 2 http :/fwww.imdb.com
479 car decals 2006-03-03 23:20:12 4 http :/fwww.decaljunky.com
479 car decals 2006-03-032 23:20:12 1 http : //www.modernimage.net
479 car decals 2006-03-03 23:20:12 5 http : //fwww.webdecal.com
479 car window decals 2006-032-03 23:24:05 Q http ://www.customautotrim.com
479 car window sponsor decals 2006-03-032 23:27:17 3 http ://wwww . streetglo.net
479 bose 2006-03-03 23:30:11 1 http : //www.bose.com
479 bose car decal 2006-03-032 232:21:48 1 http ://stickers.signprint.co.uk
479 bose car decal 2006-03-032 23:31:48 1 http ://stickers.signprint.co.uk
479 bose car decal 2006-03-03 23:31:48 7 http ://www.motorcitydecals.com
479 chicago the mix 2006-03-04 22:11:31 1 http - //www.wtmx.com
479 chicago the drive 2006-032-04 22:14:51 2 http =//www. wdrv.com

q —
URL =
IP =
Cookie =
Browser =

Time =

cars

WWW.google.com/search?g=cars
72.14.253.103
PREF=ID=03b1d4f329293203:LD=en:NR=10..
Firefox/2.0.0.4;Windows NT 5.1

25 Mar 2007 10:15:32

M6t phan query log ctia AOL (trén) va Cau tric log clia Google (dudi) .




1.b. Phén tich mau truy nhap

LOG files

h
Preprocessing

| Data cleanlng |

I
| Session identification |

L
|

| Data conversion I
l minsup

»

Frequent Frequent Frequent
Itemset Seguence Subtree
Discovery Discowvery Discovery

|

| 1 F’;lttern
éESULTS Analysis
e Phan tich mau tir logfile
= Tim tap muc phd bién, day phd bién, cay con phd bién
= Phan tich mau phd bién tim dwoc

[I[VO6] Renata Ivancsy, Istvan Vajk (2006). Frequent Pattern Mining in Web Log
Data, Acta Polytechnica Hungarica, 3(1):77-90.




1.b. Vi du vé mau pho bién str dung Web| 22¢:

[ X
ocpinion & mizc & brease =  pn-=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] Renéta Ivancsy, Istvan Vajk (2006). Frequent Pattern Mining in Web Log Data,
Acta Polytechnica Hungarica, 3(1):77-90, 2006 10



1.b. Vi du vé mau két hop ese’

g

< Mot so Vi du ve “ludt ket hop” (associate rule,

> “98% khéach hang ma mua tap chi thé thao thi déu mua cac tap chi vé
0td ” = su két hop gitra “tap chi thé thao” véi “tap chi vé 6td”

> “60% khach hang ma mua bia tai siéu thi thi déu mua bim tré em” =
su két hop gitta “bia” v&i “bim tré em”

> “CO0 té1 70% nguoi truy nhap Web vao dia chi Urll thi cing vao dia
chi Url2 trong mot phién truy nhap web” = su két hop giita “Url 1”7
v6i “Url 2”. Khai pha dit liéu st dung Web (lay dit liéu tir file log cua
cac site, chang han duoc MS cung cap).
Céac Url c6 gan vai nhan “1ép” 1a cac dac trung thi c6 luat két hop lién
quan gitra cac 16p Url nay.

% Khai niém co so vé luat két hop

11



Khai pha luat ket hop: Co s&

Co s& dir 1icu giao dich (transaction database)

» Tap toan bo cac muc | = {iy, iy, ..., I} “tAt c4 CAC mat
hang”.

» Glao dich: danh sach cac mat hang (muc: item) trong mot
phiéu mua hang cta khach hang. Giao dich T 1a mot tap
muc.

Mot giao dich T 13 mot tap con cua I: T [l Méi giao dich
T c6 mot dinh danh la T .

> Ala mot tap muc A Jva T 12 mot giao dich: Goi T chita A

néu A .

12



Khai pha luat ket hop: co s s

Luat két hop

> Goi A 3 mot “luat két hop” néu A B8 Iv: AR

> Luat két hop A - c6 @6 hd tro (support) s trong CSDL giao dich
D néu trong D c6 s% cac giao dich T chtra AB: chinh la xac suat
P(AB).
Tap muc A c6 P(A) >0 (véi s cho truoc) duge goi 13 tdp phé bién
(frequent set).

> Luat két hop A <6 do tin cay (confidence) ¢ trong CSDL D néu

nhu trong D ¢6 ¢% cac giao dich T chira A thi cling chira B: chinh la
X4c suat P(B|A).

support AD =Pl HAED B
Confidence (A ) = P(B|A) M N ¥ )

> Luat A duoc goi 1a dam bao d6 hd trg s trong D néu s(A
.. Luat uoc goi la dam bao dod tin cay ¢ trong D n¢u c(A

B) . Tap manh.

13



000
(| X J
Vi du: Mau pho bién va luat ket hop 2
Tap muc I={i,, ..., i,}. CSDL giapo dich
D={d Il
A, B AR - B 13 luat két hop
10 A B C Bai toan tim luat két hop.
20 A C Cho trwdc o hé tro tdi thidu s>0, do
30 A, D tin cay toi thieu c>0. Hay tim moi luat
40 B, E,F két hgp manh X-2Y.

Customer

buys beer

Gia sw min_support = 50%, min_conf
= 50%:

A > C (50%, 66.7%)

C 2> A (50%, 100%)

Hay trinh bay cac nhan xet vé khai
niém luat két hop v&i khai niém phu
thuéc ham.

Céc tinh chat Armstrong & day.

14



Mot vi du tim luat két hop

10 A B, C
20 A, C
30 A, D
40 B, E,F

For rule A -:

oo0o
o0
O
Min. support 50%
Min. confidence 50%
{A} 75%
{B} 50%
{C} 50%
{A, C} 50%

support = support({A}-:}) = 50%
confidence = support({A}-:})/support({A}) = 66.6%

15




Khai niém khai pha két hop

Which items are fregquently
punchazed together by oy customers7?

Shopping Baskets

ILIJ 1

]
_ bread { milk  bread I . b ad i
milk [ 'I| I'I. milk i
cepzal L'ITJ.I =zar smEs é- (ST P=)
——— - 1
Cu=stormer |1 l:'u stoamer 2 Cnstormer S
I |LI'I
=1 par i
| cpas é.'
Market Analy=t ==

Custoanmer n

computer = antivirus_software [support = 2%, confidence = 60%]

16



Khai pha luat ket hop S8

e Khai pha luat két hop:

> Tim tat cd mau pho bién, két hop, twong quan, hoac
cau tri nhan-qua trong tap cac muc hoac doi twong
trong CSDL quan hé hoac cac kho chira thdng tin
khac.

> - la mau (t&p muc, day
muc...) ma xuat hién phd bién trong 1 CSDL [AIS93]

e DoOng Iwc: tim mau chinh quy (regularities pattern) trong
DL

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

» Mat hang nao sé dwgc mua sau khi mua mot PC 7?
~ Kiéu DNA nao nhay cam véi thudc maéi nay?
» C6 kha nang tw déng phan I&p Web hay khong ?

17



M&u phé bién va khai pha luat két hop la | 3332
mot bai toan ban chat cua khai pha DL :

e Nén tdng cua nhiéu bai toan KPDL ban chat
o K&t hop, twong quan, nhan qua
o MAu tuan tw, két hop thdi gian hodc vong, chu ky bd phan, két hop
khong gian va da phuwong tién
o Phan I&p két hop, phan tich cum, khéi tdng bang, tich tu (nén di¥
liéu nglr nghia)
e Ung dung rong rai
e Phan tich DL bdng rd, tiép thi chéo (cross-marketing), thiét ké
catalog, phan tich chién dich ban hang
e Phan tich Web log (click stream), Phan tich chu6i DNA v.v.

18



Apriori: Mot tiép can sinh trng vién va kiém tre

e Khai quat: Khai pha luat két hop gdm hai budrc:
o Tim moi tdp muc phd bién: theo min-sup
o Sinh luat manh tir tdp muc phd bién
e Moi tAp con cua tdp muc phd bién ciing la tAp muc phd bién
o Néu {bia, bim, hanh nhan} 1a phd bién thi {bia, bim} ciing vay: Moi
giao dich chtra {bia, bim, hanh nhéan} cling chra {bia, bim}.
e Nguyén ly tia Apriori: V&i moi tdp muc khong phd bién thi
moi tap bao khéng can phai sinh ra/kiém tra!
e Phwong phap:
e Sinh cac tap muc tng vién dai (k+1) tlr cac tap muc pho bién c6 do
dai k (B6 dai tap muc la s6 phan t& cua nd),
o Kiém tra cac tap ng vién theo CSDL
e Cac nghién ctru hiéu nang chirng té tinh hiéu qua va kha nang mé réng
cua thuat toan
e Agrawal & Srikant 1994, Mannila, va céng sy 1994

19



Thuat toan Apriori
< Trén co s& tinh chat (nguyén ly tia) Apriori, thuat
toan hoat ddong theo quy tac quy hoach déng
QO Tw cac tap F, = {c| ¢, tdp pho bién, |c| = i}
gdm moi tdp muc phd bién c6 dd dai i voi
1
Q di tim tap F,,, gom moi tp muc phd bién co
doé dai k+1.
“*Trong thuat toan:
cac tén muc iy, iy, ... i, (n = |I]) duwoc sdp xép
theo mét th tw cé dinh: thworng dwoc danh chi
s61,2,..,n.

20



000
0000
n , . socs
Thuat toan Apriori T
u o
Thuat toan Apriori [WEKQOR]:
Input: - Co s¢& dir liéu giao dich D = {t| t giao dich}
- D6 hoé tro to6i thidu minsup = 0

Output: - Téap hop tat ca cac tap phd bién.
0: mincount = minsup ¥ |[D)|:

1. F; = {cac tap phod bién c6 dd dai 1}
2. for (k=1: Fyp #<: k++) do begin
3. Cr+1 = apriori-gen (Fi): // sinh moi rng vién do dai k+1
4. fort = D do begin
5. C; ={c e Cpy | c t}: /fmol rng vién chira trong t
6. for ¢ € C; do
7. c.count ++:
8. end
9. Fre1 = {c € Cy+y | c.count = mincount }
10. end
11. Answer 'y Fyi

21



Thuat toan: Thu tuc con Apriori-géfi:

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

Khéi dong, duyét D dé cé dwoc F,.

Céac budc k sau do, duyét D dé tinh sé lwong giao dich t thoa tirng
tng vién c cua C,,;: mdi giao dich t chi xem xét mét 1an cho moi ng
vién c thuéc C,,,.

Tha tuc con Apriori-gen sinh tap phé bién: tw twéng
Birde noi: Sinh cac tap muc Ry~ la trmg 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:

Ri-1 =Py W Qi = {11, 12aeny g, 1, 1) VO

Pr = {11, 10 eps I} VA Qi = {14, 12aee L, 1)
trong do1; <€ 1H= L€ 11 S ISy
Birdc tia: Gitr lai tat ca cdc Ry.; thoa tinh chat Apriori (VX < Ry va
X=k = X £ F}). nghia la da loai (tia) bot di moi1 g vién Ry, khong dap
g tinh chat nay.
22



Thu tuc con Apriori-gen

(1) for mei tép muc phd bien /
(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; 03




Mot vi du thuat toan Apriori (s=0.5)
_

Database TDB
Tid Items
10 AC D
20 B, C E
30 A B, C E
40 B, E

g Ttemset || sup |

{A, C} 2
{B, C} 2
{B, E} 3
{C, E} 2

{A}

{B}

{C}

{A C}

{B C

L,

{A}

{B}

—

{C}

{E}

WIWIWIN

2nd scan

{B, E}

iC E}

Cq H 3rd scan L,
{B, C, E} - [{BCE [ 2 ]

{A, B}

{A C}

{A E}

B, C}

{B, E}

{C E}

=

24



Chi tiét quan trong cuia Apriori | £

e Cach thurc sinh cac rng vién:
o Budc 1: Twkétndil,
o Step 2: Cét tia
e Cach thirc dém hd tro cho mdi trng vién.
e Vi du thu tuc con sinh trng vién
o Ls={abc, abd, acd, ace, bcd}
o Tuwkétndi: Ly*L,
abcd twabc  vaabd
acde twwacd vaace

o Tia:
acde la bo di vi ade khéng thubc L,
o C,={abcd}

25



000
D, m D|=2(C, = esee
I du: D, min_sup?| C, 33
o0
o
C, L
. , Scan [ for ltemset | Sup. count | Compare candidate | liemset | Sup. count
TID L'SI Uf I't'E'mJDS count of each f11} i support count with [ [§]
candidate {12} 7 minimum suppord {12} T
i IR I= > 113} fy counl {3} &
115} 2 {15} 2
T200 12, 14
T300 12, 13
s 5 L,
T400 11, IE, 14 Crenerate O lemset | Scan D for | Temset [ Sup. count | Compare candidate | liemset | Sup. count
candidates from L, [{I1, [2} | count of each [{I1, 12} 4 support count with [ {T1, 12} i
T500 I 1, 13 o 111,133 ]| candidate |{IL, L3} 4 minimum support  |[{I1, I3} 4
(I — o I 14} 1 count (11,15} 2
' {11, 15} {11, 15} 2 I LY £ 4
1600 12,13 12, 13} {12, 13} 4 (12,14} 2
- (12, 14} (12, 14} 2 (12,15} 2
T700 11,13 12,15 (12,15} 2
- HERCY {13, 14} 0
T800 11,12, 13, 15 {13, 15} (13,15} 1
{1415} (14,15} i
T900 11,12, 13
G G Compare candidate Ly
Generate O Nemsel Scan D for | Nemsel  |Sup, count support count with [lemsel  [Sup. count
candidates [rom {11, 12, 13} count ol each| {11, 12, I3} 2 minimum support  |{I1, [2, [3} 2
Ly candidate count
— {11, 12, 15| ——— |11, 12, 15) 2 » |(11, 12, 15} 2
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Sinh luat két hop

Viéc sinh luat két hop gdm hai buwéc

TID

e V&i mbitap phd bién W tim dwoc hay sinh ra moi tap
con thwe sy X khac rong cla no.

List of itemJDs ® V&i moi tap phd bién W va tap con X khac réng thuc

T100
T200
T300
T400
T500
T600
T700
T800
T900

I1,
12,
12,
I1,
I1,
12,
I1,
I1,
I1,

[2
14
[3

[".'
ot ]

I3
[3
[3
I2

['T

ey

[F
s L2

, 13, 15
[3

sw cua no: sinh luat X

B - X) néu PW-X|X) I}

Nhw vi du da néu co L3 = {{I1, 12, I3}, {11, 12, I5}}
Vé&i do tin cay t6i thiéu 70%, xét tap muc phd bién {I1, 12,
15} ¢6 3 luat nhw dudi day: Duyét CSDL ?

fti = 5(}Q£
/2 = 100%

I AI2 =15, confidence =
Ialy=12, confidence =
2nrls=11,

Il = 12713, confidence =
12 =11AI5, confidence =
Ji=11 112, confidence =

1
=
1
e
confidence = 2/2 = 100%
1
=
1
=
1
=
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1.b. Luat két hop va luat day str dung Web |

copinion & mizc & travel

Fiewps B risc B hosinese & Db

living & business & zpor= & bhs

riewes & misc & businase & spons

riges B tEch & livng & buginese S spars
news & living & business & bbs
fronlpage &1ech & living & business & aports
fromipage & opinion £ living & spors
fronlpage &1ech & opinion & iwving
frompage & 1ech & on-=ir & busine== & =panorts
viewes o riisc B sponts & bbs

nEwsS & feEch &L ofr 8l & busoness & spois
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1.c. Nghién ctru ve luat két hop s

e Thong ké tlr Google Scholar vé sb bai viét:

= V&I cum tw “Association Rule’:
= (O'tiéudé:  2.060 bai (khoang)
1.000 bai (2006 — nay)
= O moinoi: 27.400 bai (khoang)
= V&i cum tw “Apriori Algorithm?”:
= O'tiéu dé: 350 bai (khoang)
219 bai (2006 — nay)
= O moinoi: 8.820 bai (khoang)
= V&i cum twr “Sequential Pattern”
= O'tiéu dé: 590 bai (khoang)
270 bai (2006 — nay)
= O'moinoi: 15.700 bai (khoang)
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1.c. Khai pha xu hwéng ca nhan oco

o0
e Gi0i thiéu
= “C&nhan hoa’: Thong tin ca nhan va tw van ca nhan hoa
= Thong tin ca nhan: CSDL quan ly; May khach
= Ng{¥ canh lam viéc cua ca nhan
e Mot sO hinh thire

= Khai pha xu hwéng ca nhan tir thdng tin may khach
= Heétwvan

e Hé tw van
=  Recommendation Systems

= Loc cdng tac, loc ndi dung, loc két hop
= Hoi thao danh riéng: cac nam 2007, 2009, 2010
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1.c. SInh tw van dwa theo tieu sw

000
000
. = d “ o0
ngwo’l aung o
ﬁ Web Site

LOG SYSTEM =

Refined Topolo 2

Usage Data Data Miming e =

Capturing Recommended o

Sub-Topelogy =

Detection of Locality Tactical Adaption 3

Window Size w ) ) -

L L Strategic Adaption =

Extracted Fanked 'y ;

User Profiles Pages I,:.:

g

_"‘-\_._\_\_ o

Web Ontology Recommendation E

O T| Beeme®® S

Ontology

Profiles Ontology

+

[RKO7] Tarmo Robal, Ahto Kalja (2007). Applying User Profile Ontology for Mining Web
Site Adaptation Recommendations, ADBIS Research Communications 2007
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1.c. Khai pha sww dung Web 33T
ene
Wb Usaae [
E Web Llsage Cinsolagy - b . =
" : \ | Sam A - —
Client-side " '3";”::_5*;'" - S Intermet =l | SeTAntE e (T
Aecass Loos Genarat R Personaized
E Web Resources
Liser
Web Usapgs "Welb Usage Pruned "Nelh Usage
Conbaxt Laiines -.Il:Ll'_l=I Ll mage Chnbesd ey
| D y 2
Webh Usage e i i = o
1 Apg= L [ ﬁﬁ"":"-* I --"I o "‘-q:'-'
¥ * --""-...+ ..T ----""--..T
Consbruciing Consbruciing Pruning . | Generaling
FPreprocassing WWeb Usage Web Usage | o | WVeb Usage | ]| Web Usage
et Lalbea I LSS : I:lrlb'_ﬂu-g:.l

Hé thong khai pha st dung Web tw van hwéng ca nhan

= Kién tric hé thdng (trén)

= va sinh ontology str dung Web (dwdi)

Baoyao Zhou, Siu Cheung Hui, Alvis C. M. Fong (2005). Web Usage Mining for Semantic

Web Personalization, Workshop on Personalization on the Semantic Web, 66—72,
Edinburgh, UK, 2005.



1.c. Hé thong tw van: loc néi dung T

Théng tin san pham
thich 9 P

- 0 A

\
tw van ' l chon dac trung

Mau: do

- . ' Hinh: tréon, tam giac

so sanh

San pham tuong tw HO so ngudi dung

Lay ndi dung thudc tinh cac san pham nguwoi dung da wa
thich dé dw doan san pham wa thich tiép theo
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1.c. Hé thong tw van: loc cdng tac 113

I, Du doan
", [tem j cho

Du Poan :> User a
U, :> . Danh sach
G101 thicu N Item cho

User a

U

m

Ma tran dit liéu Loc cong tac Két qua

Quan hé& ngwdi dung — san pham: nhom nguwdi dung
“twong tw nhau” va khi co0 moét ngwdi dung trong “thich”
thi cac nguoi khac cling “thich” twong tw 3



1.c. Hé thong tw van: loc cdng tac
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1.c. Hé thong tw van: loc cdng tac

Recommendations

2] y " o User
Visnalization b
Toals ¥ Q
] !
. -l"—,"'"“,—“‘- Cusiomers
Recommendations Engine
— Mining for
P-EfEnl'IEll]EﬂIlnl‘] Recommendatinns
Buslness Engine Layer
Model
=
=
2= OLAF lJﬂWlF—‘dllE'
ﬁ- 'I].ﬂs.-e-
7S
o .
—-
Diata Diata Diata Dada Layer
Warehouse) | Cube Base

|T'Mmf'|mn¢- |

ar

@xm Log
Files

Heurstic Cleaner Bewdanientinm
Laye
Web Log
werynSLT Integratiom
Xq Parser Layer

'l.'u
[ll:s

o000
0000
( X X X
| XX
[ X |
[ ]

User ant N
e
_________ o

E I T Infernet Data

> | /I _
st User

User | N Prafes

T Logial Pah

Jinhua Sun, Yangi Xie (2009). A Web
Data Mining Framework for E-commerce
Recommender Systems, Computational
Intelligence and Software Engineering,
2009. CiSE 20009.
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http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5362500

Nghién clru vé khai kha str dung Web | s2¢

e Thong ké tlr Google Scholar vé s bai viét:

= Voi cum tv "Web Usage Mining”™:
= O'tiéu dé: 860 bai (khoang)
280 bai (2006 — nay)
= O moi noi: 171.000 bai (khoang)
= Vo&i cum tv "Web Log Mining”:
= O'tiéu dé: 340 bai (khoang)
140 bai (2006 — nay)
= O moi noi: 137.000 bai (khoang)
= Vo&i cum tr “Recommendation System”™
= O'tiéu dé: 1.750 bai (khoang)
750 bai (2006 — nay)
= O moinoi: 1.760.000 bai (khoang)
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2. Khai pha cau triac Web s

o0
e Hai bai toan dién hinh
> Khai pha lién két Web
> Khai phéa c4u tric trang Web
e Khai pha lién két Web
> Mbi trang Web la mot dinh
> Lién két cac trang Web hinh thanh cac cung
> D0 thj c6 hwéng hodc v hwéng
> Web phan anh xa hoi: do thi Web la mét loai mang xa hoi
> Hang trang Web, mét bai toan dién hinh: tinh “d6 quan trong”
cua mét trang Web (mot nat trén do thi Web)
> Khai pha lién két Web: Phan I6p trang web dwa theo lién két,
Phan tich cum dwa theo lién két, Kiéu lien két; D6 manh lién két;
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e 0000
2. Khai pha lién két Web 5
e Phan I&p Web dwa theo lién két o
> Khai thac théng tin lién két cho phan I&p Web

e Phan cum Web duwa theo lién két
> Tim ra sy xuat hién tw nhién cac I1&p con: di liéu 14 lién két
e Phan tich kiéu lién két
> Duw bao vé sw ton tai cla lién két
> Du bao muc dich cla lién két
e Phan tich dd manh lién két
» D06 manh clia cung va dinh (hang trang)
e Phan tich so lwong lién két

> Du bao so lwong lién két gitra cac doi twong

Miguel Gomes da Costa Janior, Zhiguo Gong (2006). Web Structure Mining: An

Introduction, the 2005 IEEE International Conference on Information Acquisition: 590-595
39



2. Khai pha cau truc trang Web °ce

e CAu truc trang Web

> Trang Web dwoc viét theo ngbén nglr trinh bay Web: chang
han HTML, XML

> Trang web duoc td chirc dwdi dang hinh cay
> CAu tric trinh bay ndi dung trang web
e Phan tich cau trac trang Web

> Tim cac mau ciu trdc trang Web
> Két hop v&i khai pha ndi dung Web
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2. Khai pha cau trac trang bao dién tr | s2¢

ELXW e e 3
Lawypwr gratelol ’—wtﬂv‘b
courthouss vhaosing S,
b " a
Sertion [l:u-f'r! 1!’-‘.Ill|l|;'{lv e A s > ,\-W
s L e
SISV T = - =

Furst dected black governir
FATLINE to pelMmcy

- -
5

-

News page template

Davi de Castro Reis, Paulo B. Golgher, Altigran S. da Silva, Alberto H. F. Laender
(2004). Automatic Web News Extraction Using Tree Edit Distance, Proceedings of the
Thirteenth International World Wide Web Conference: 502-601, ACM Press, New York,
NY, May 2004, ISBN 1581139128
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2. Khai pha cau trac trang bao dién tfl" oce

R ICEY S
~ MG Y

e e e e e = = e e e e e e e e e —— — -

Clustering Extractor Generation
ne patterns
o N ro T T k
.'I i I:-‘_::I I ! | = g
SReL, : Y O+ + Crawled | ! — i S <titles ... </title>
"-‘I;l % : —~. . Pages I : : <hodys ... </body=
-y ~ * : L — : * : : *
7= I I ! ' <titles ... </title>
£ ' ! —a<tites . <titles |
+'::.i' r,:' : O I + : : =hody=>. =1 <hadys ... <fbody>
| A | . !
SROL L _____ o _-——____ I |
ne patterns Data Matching Data Labeling

Davi de Castro Reis, Paulo B. Golgher, Altigran S. da Silva, Alberto H. F. Laender
(2004). Automatic Web News Extraction Using Tree Edit Distance, Proceedings of the
Thirteenth International World Wide Web Conference: 502-601, ACM Press, New York,
NY, May 2004, ISBN 1581139128
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2. Ap dung: bao dién tir Viét Nam 33

NGHIEN CU'U CONG NGHE KHAI PHA DU’ LIEU VAN
BAN, AP DUNG CHO CAC TRANG TIN TUC TREN
CAC THIET Bl CAM TAY (PDAs & SMARTPHONES)

Sinh vién thuwe hién: KS. Vi Ngoc Anh
Gido vién hwdng dan: TS. Ha Quang Thuy
Lép: KOT3

Wednesday. November 10, 2010  Kénh tin tirc dién tlr cho PDAs & Smartphones Trang 1
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2. Ap dung: bao dién tir Viéet Nam -

khic 58 & cip nhdt sam nhat ;D

CaC trarg tn khic

+ BBCCosk

+ QN o

+ GOOCke nerws
L * 4 >

2 NQOC Ay - K9T3

View Tools @ ) &3 7 o =)~

o N o1 e

hodn @51 hdi a3a ho, rtung
ching mdy khi rhan Augc s hal kng
hay 1 tEn thuing theit su. Va thé 15
TN sauWB tharh tracic s an 6 mit mdl, chin ndn, fuydt vong, u ult
PV 18 s ban by gt

Cac bai Tam s khac

L muce tn

- Cooyrgivt @ 20086 Wi NQoc anh - K9 F

View Took @ @ ¥ & @9 wmTes S OA ST -

Kénh tin tdc dién t&r cho PDAs & Smartphones

Wednesday, November
10 2010

Vi Ngoc Anh (2006). Kénh tin tirc dién t&r cho PDAs & Smartp, Ludn van
Thac sy, Trweodng DPHCN-DHQGHN

Trang 29
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2. Ap dung: bao dién tir Viéet Nam =

; Tho
sau, 08 Thang mwoi hai 2006, 02:31 GMT+7

> “4. \lienews - kénh béo dién ti trén thiét bi dién thoai di ddng thdng
minh (Vi Ngoc Anh, Ha Duyén Hoa - Ha N&i): San pham ho tro thiét
bi di déng cam tay doc bao dién t&r qua mbéi trwdng Internet khong
day”.

e http://www.tapchibcvt.gov.vn/vi-

vn/dacsan/2006/8/17521.bcvt ; 7:58, 02/01/2007
> 7. Giai Ba: San pham doat giai: “Cac kénh béo dién tir trén thiét
bi dién thoai di dong théng minh” cua Ha Duyén Hoa (Ha Noi).
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BAI GIANG KHAI PHA DY LIEU WEB

CHUONG 3. MOT SO KIEN THUC
TOAN HOC BO TRO’

CHUONG 4. MOT SO BAI TOAN XU LY
NGON NG TU NHIEN NEN TANG

PGS. TS. HA QUANG THUY

HA NOI 10-2010

TRUONG DAl HOC CONG NGHE
PAI HOC QUOC GIA HA NOI




NOi dung

1.

Mot s6 kién thire Toan hoc bd tro
2. M6t sO bai toan xt& ly ngdn ngly
tw nhién nén tang




C3. M6t so kien thirc Toan hoc bo trof $22.

e Toan hoc Internet -

» Ra d&i mét Iinh vwee méi: Internet Mathematics
~ Cdng doéng Toan hoc Internet: Internet Mathematics Community

e DOi twong va cac cha dé
»  Dbi twong: Mang phtrc tap trén Internet va Web: dé thi Web, db thi
Internet, mang xa hoi trwc tuyén (Facebook, Linkedin, va
Twitter...), mang sinh hoc trén Web...
~ Céac chu dé thudc khai pha va mé hinh héa web (co sé ly thuyét
va rng dung thwc tién) trong moi trwdrng mang phire tap.

e Tap chi Internet Mathematics

> (2/2011 - xem trang sau)
~  Pong Trwdng ban bién tap:
Fan Chung Graham ( ). DBLP: 137 bai bao
Anthony Bonato ( ). DBLP: 35 bai bao

~ Co6ng bd bai bao chat lwong cao vé mang phirc
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Tap chi Internet Mathematics 33
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e Ban bién tap tap chi: B6 sung mot s6 chuyén gia

Jennifer Tour Chayes htip://research.microsoft.com/en-us/um/people/ichayes/. “She is the co-author
of over 100 scientific papers and the co-inventor of more than 25 patents”

Rick Durrett hitp://www.math.duke.edu/~rtd/ .

Andrew Tomkins http://www.tomkinshome.com/andrew/paperlist. DBLP: 88 bai bao

MOt sO bién tap vién duwoc lvu y
Ronald L. Graham (http://www.math.ucsd.edu/~ronspubs/). DBLP:116 bai bao. Nhiéu giai thwéng
Frank Kelly (http://www.statslab.cam.ac.uk/~frank/ )
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http://en.wikipedia.org/wiki/Frank_Kelly_%28mathematician%29
http://en.wikipedia.org/wiki/Frank_Kelly_%28mathematician%29
http://www.statslab.cam.ac.uk/~frank/

Mot so ndi dung Toan hoc bé tro

e M6 hinh do thi

» Mot sb kién thirc co s&

~ D0 thi ngau nhién

>

e Hoc may xac suat Bayes
» M6t sb kién thirc co s&
» Hoc may xéac suat Bayes
» Ua&c lwong gia tri tham sb

Mang xa hoi

e Thuattoan Viterbi

~ Ly thuyét quyét dinh hén hop

>

NOi dung thuat toan




Do thi Web va do thi ngau nhién| ::::
e DO thi Web

~ Web c6 cau truc do thi

Po6 thi Web: niat <> trang Web, lién két ngoai < cung (cé hwdng,
vO hudong).

Ban than trang Web ciing ¢6 tinh cau trac cay (do thi)
~ M6t vai bai toan do thi Web
Biéu dién ndi dung, cau trac

Tinh hang céac dbi twong trong dd thi Web: tinh hang trang, tinh
hang cung..

Nghién ctru vé doé thi Web (xem trang sau)
e DO thi ngau nhién
~ Tinh ngau nhién trong khai pha Web
WWW co6 tinh ngau nhién: mai, chinh stra, loai bd
Hoat déng con nguwdi trén Web ciling ¢é tinh ngau nhién
» La n@i dung nghién ctru thoi sw




Bibliography Webgraph Papers eees
Dragomir R. Radev, 03/4/2010 -$4-
1542 127 61 36 13 237

e S0 many webgraph research papers.

e Some previous versions of “Bibliography Webgraph Papers” by
Dragomir R. Radev

e 1601: http://clair.si.umich.edu/~radev/webgraph/webgraph-bib.html

496 1212 1361 1457 1471 1542 1601



Ly thuyét vé do thj Ion e

Po thi lon
e SO dinh 1&n t&i hang ty
e Biéu dién cung chinh xac khéng con 1a quan trong

Co sé ly thuyét trong nghién ctru do thi Ién
e Kha nang Ia Iy thuyét sinh d& thi

e BAt bién t&i mot s thay ddi nhé trong dinh nghia
e Phai c6 nang lwc chirng minh cac dinh ly co ban

[HopO07] John E. Hopcroft (2007). Future Directions in Computer
Science,


http://www.cs.cornell.edu/jeh/China 2007.ppt

Po thj ngau nhién: M6 hinh Erdds-Renyi | 838

e DO thi ngau nhién: c6 thé md hinh mang thé giéi thud,
e Dinh nghia: c6 hai dinh nghia
Chon ngau nhién: G,  dwgc chon ngau nhién tu’:,\, = {moi

dd thi c6 n dinh va N cung} cac phan t trong y 1a dong
kha ndng dwoc chon vai xac suat 1/((" ,)/N);

Qua trinh hinh thanh céac cung trong G, la ngau nhién: moi
canh xuéat hién véi xac suéat p, sw xuat hién hay vang mat hai
canh la dép lap nhau.

[ER61] P. Erdés, A. Rényi (1961). On the evolution of random graphs, Théorie
de L'Information: 343-347, 1961.



Db thi ngau nhién: Mo hinh Erdds-Renyi | see:

e Dat tén: Paul Erdés va Alfréd Rényi o

e La mdt trong hai mé hinh sinh cac dé thi ngau nhién

e Cha tap cac nut ma moi nit trong moi tap d6 co xac
suat nhw nhau, doc lap voéi cac cung khac

e n nit: M&i bd n2 cung tiém nang dwoc biéu dién voi
xac xuat doc lap

N | nn N-n
: p" (1-p)
SO luong — {n}

cac nut

Po nut
Phan b6 d6 nhi thirc ?
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[Hop07] John E. Hopcroft (2007). Future Directions in Computer Science,
http://www.cs.cornell.edu/jeh/China%202007.ppt
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http://www.cs.cornell.edu/jeh/China 2007.ppt

M6 hinh sinh do thi

e (Cac nut va cung duoc bo sung sau moi don vi thoi gian o

e Quy tac xac dinh noi cung xuat hién (noi dat cung maoi)
o Xa&c suat dong nhat
o Dinh kém wu dai — dwa dén phan bb theo luat sb 1&én

Pinh kém wu dai cho phep tang phan
bd dd t&i luat sé 1&n chung cho nhiéu
dd thi

Sé
dinh

P66 cua dinh

[Hop07] John E. Hopcroft (2007). Future Directions in Computer Science,
http://www.cs.cornell.edu/jeh/China%202007.ppt 12



http://www.cs.cornell.edu/jeh/China 2007.ppt

Mang xa hoi Ses

e Mang xa hoi

> Internet, Web Ia m6t xa hoi ao
Nhiéu hoat dong (dac biét 1a hoat ddng théng tin) trong thé gioi
thwe dwoc thi hanh
“Thé gi¢i phang”, “toan cau hoa” va “ban dia héa”

» Khai niém
Me_,mg xa hoi Iérmar]g ctia mét nhém ngwdi cé hoat ddng va cac
moi quan hé gan két ho v&i nhau.
Mang xa hoi la moét kiéu cua mang phurc tap

> Mot sb vi du mang xa hoi trén Internet
Dién dan, Blog, Mang e-mail, mang xa hoi chuyén de
M6t sb vi du khac (trang bén)

» Nghién ctru mang xa hoi
Van dé nghién ctru thoi sw.
Két hop nhiéu linh vire, chang han nhw CNTT + X4 hdi hoc

13



Mang

xa hoi: vi du

Events and News
Duncan J. Watts's
new book is out now!

Project Information
In the Press
Description
Procedures

Security and Privacy
Articles/Refaronces
Results

Research Team
Duncan J. Watts

Vijay (Delhi, india) al an sngir firm with home

my small world
chat

FAQ

refated links

1ogin [

sign up [ |

The SMALL WORLD project is an online experimeant
1o test the idea thal any two people in the world can
be connected via 'six degrees of ssparation’

Your objective is 1o get a message to s “target person”,
somewhere in the world, by forwarding the message to

Peter Hausol

a friend of yours--someone who Is "cioser” 1o the target
than yvou are. (If you happen know the target, you can
of course send it to them)

iIf we have asked you to participate (you would
h=ve received a message from a friend of
yours), you shouid continue the chain.

If you are jus: visiting us. sign up o start
a new chain.

http://www.uvm.edu/~pdodds/teaching/courses/2008-01UVM-
295/docs/2008-01UVM-295smallworldnetworks-slides-handout. pdf

14



Social Networks: Properties

The small-world property
Almost any pair of people in the world can be connected togeth

r by a

short chain of intermediate acquaintances, usually about six lengths.
[TMG69] Jeffrey Travers, Stanley Milgram (1969). An Experimental Study of the Small

World Problem, Sociometry, 32(4): 425-443, Dec., 1969.

Power-law degree distributions / the scale — free property

Social network’s nodes (also edges) are distributed under the power-law

degree
Network transitivity

o Structure and dynamics of the network influenced by nodes with the large
number of connectings (using to detect communities in a social network!)

Community structure

0 Networks are divided into communities in which the nodes in the same community

closed links, and links communities liquid

o A community in social networks as an “interest group” in the real world.
as meaning of “nhom
loi ich” in Viethamese. See also “Advocacy group”, “Lobby group”. 5P&5C

marketing model: People = Customer approach (Product = Consumer

Price = Cost; Place = Convenience; Promotion = Communication)
0 Flexible community structure: one community structure for one case.

desire;
15
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http://en.wikipedia.org/wiki/Interest_group_(disambiguation)
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http://en.wikipedia.org/wiki/Interest_group_(disambiguation)

Social Networks: Properties

Small-world Networks

Almost any pair of people in the world can be connected to one
another by a short chain of intermediate acquaintances, of
typical length about six.

Bui, N, Lan; Tran, Q., Anh; Ha, Q., Thuy User's authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCA2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology,

1(2): 173-180, 2006.

16



E-mail Networks 33

P.O.Boykin and V.Roychowdhury’s research

The quantitative definition of the clustering coefficient

2F,
 ki(ki—1)

C;

@ (; is clutering coefficient of node i/ in email networks.
@ k; is degree of node i (or node i has k; neighbors)
@ F;is the number of links between k; neighbors of i.

Comments
@ Can't calculate in case K; = 1.
@ |f £; =0then C; =0, independent of %;

Bui, N., Lan; Tran, Q., Anh; Ha, Q., Thuy User's authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCAZ2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology, 17

1(2): 173-180, 2006.



Proposed method

Clustering coefficient

2UE; + 1) 2)

C; =
ki(ki—1)+1

Comments
@ Formula (2) can't discriminate between users who sent
e-mails from users who received e-mails.
@ For this reason, we consider the email network graph as
directed graph.

Bui, M., Lan; Tran, Q., Anh; Ha, Q., Thuy User's authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCAZ2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology,

1(2): 173-180, 2006.
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E-mail Networks 33

Proposed method

New clustering coefficient formula

E(Er‘ -+ l)
C; = ¢ b > R; 3
S S—n+1 )
Formulas of £;.5;.R;
FEdge
E;=» (14+w;x0.05) (4)
=1
Send
Si = (14+w;x0.05) (5)
=1
Recieve
Ri= > (1+w; x0.05) (6)
=1

Bui, M., Lan; Tran, Q., Anh; Ha, Q., Thuy User's authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCAZ2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology, 14

1(2): 173-180, 2006.



E-mail Networks 33

Experimental Data

@ The e-mail network studied here is constructed from log
files of the VNUH e-mail server.

@ Logs over of a period of one week (from March, 28th to
April, 4th, 2006.)

@ Consists of 19876 users (1149 in-users, 18727 out-users).

@ TJotal of exchanged messages in this time is 88842
messages

Bui, N., Lan; Tran, Q., Anh; Ha, Q., Thuy User's authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCA2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology, 20

1(2): 173-180, 2006.



E-mail Networks HE

Email Network Graph

e A i e LUK e G ol M K
- - - o - B - -

Figure: Email network graph is constructed from log files of VNUH in
an hour

Bui, N., Lan; Tran, Q., Anh; Ha, Q., Thuy User’s authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCA2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology, 21

1(2): 173-180, 2006.



E-mail Networks 33

Figure: Email network graph is constructed from log files of VNUH in
a week

Bui, N, Lan; Tran, Q., Anh; Ha, Q., Thuy User's authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCA2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology,

1(2): 173-180, 2006.



E-mail Networks 33

I (n=ide users BN Outside users
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Figure: Clustering coefficient

A . . Figure: Clustering coefficient
distribution diagram of in-users 9 J

distribution diagram of
out-users

Bui, N., Lan; Tran, Q., Anh; Ha, Q., Thuy User's authentic rating based on email networks

Lan N. Bui, Anh Q. Tran, Thuy Q. Ha (2006). User authentic Rating based on Email Networks,
ICMOCCA2006: 144-148, Seoul, Korea & International Journal of Natural Sciences and Technology, 23

1(2): 173-180, 2006.



Mang XH va céng déng [For10] | :::

Cau lac bd karatg cula
Zachary (dwgc quan sat
trong 3 nam), mot kiém
chirng chuan cho phat hién
cong dong. CAc mau sac
twong wng vo&i phan hoach
tot nhat tim dwoc bang cach
ti wu cac md dun cla
Newman va Girvan.

- Db thj gdm 34 dinh thanh vién cla cau lac bd. Canh ndi cac ca nhan cé twong tac bén
ngoai cac hoat déng cua cau lac bé. Theo quan sat, cd xung dot gilra chu tich cau lac bd
va nguwdi hwéng dan dan dén sy phan hoach cau lac bd thanh hai nhom riéng biét,
twong rng Gng hd ngwdi hwdng dan va chu tich (chi dan hinh vudng va hinh tron). Cau
hoéi dat ra la liéu tr cAu tric mang ban dau cé thé suy luan cac thanh phan cla hai
nhom.

- Nhin vao hinh, c6 thé phan biét hai tap hop, mét tap quanh cac dinh 33 va 34 (34 la chi
tich), tap con lai quanh dinh 1 (nguoi huwéng dan).

- Ciing c6 mét sb dinh nam gitra hai cau trac chinh, chdng han nhw 3, 9, 10; dinh nhw vay
thwérng khong phan loai dwoc theo phwong thire phat hién cdng dong.

[ForlO] Santo Fortunato (2010), Community detection in graphs, Technical Report, Complex

Networks and Systems Lagrange Laboratory, 1SI Foundation, Torino, ITALY. ”



Mang XH va cong dong [For10] 3:::

o000
Mang hop tac gitra ffang
cac nha khoa hoc lam viéc
tai hoc vién Santa Fe
(SFI). Cac mau chi dan
cong dong & mirc dd cao
thu dwoc theo thuat toan
cua Girvan va Newman
(muc VA) va twong wng
kha chat ché v&i cac don
vi nghién clru cua hoc
viéen. Phan chia nhd hon
twong wng voi cac nhom
nghién clru nhd hon, xoay
guanh cac lanh dao dv an.
Po thi hién c6 118 dinh (cac nha khoa hoc dai dién cho cw dan tai SFI va cong
tac vién cda ho). Cac canh ndi cac nha khoa hoc da cling cong bd it nhat mot
bai bao. Triwc quan cho phép phan biét dwgc cac nhdm chuyén nganh. Trong
mang nay, khi quan sat nhiéu nhom, |a tac giad ciia mot bai bao thi tat ca cung
lién két véi nhau. C6 chi mot sé it cac két ndi gitra hau hét cac nhom.
[ForlO] Santo Fortunato (2010), Community detection in graphs, Technical Report, Compl2e5x
Networks and Systems Lagrange Laboratory, 1SI Foundation, Torino, ITALY.




Mang XH va cdng dong [For10] ::3:

e00

.R{ I Mang Lusseau cac c& heo mdi to.| Nhirng

/me_fg: B mau nhan céng dong dwoc xac dinh| qua toi

.DNW ,F 329/5721 /ﬁouas. wu hpa mot phlenX banA mo’ dun cua ewman

1 Ga”\a o) va Girvan, theo dé xuat cua Arenas va codng

~ / sw. Phan hoach phu hop véi cac I&p sinh hoc
‘maz \5 « \b/ >~umm.1 clia ca heo duwoc Lusseau dé xuat.

Hién c6 62 ca heo, cac canh ndi cac ca heo
dwoc nhin thay thwong xuyén hon so véi dw
kién. Tap cé heo bj tach thanh hai nhém sau
khi cA heo mot trai noi danh cho mot sé thoi
gian (hinh vudng va hinh tron trong Hinh vé).
Cac nhom nhw vay 1a kha cd két, véi mot vai
cum (clique) ndi bd, va dé dang dinh danh:
chi c6 sau canh ndi cac dinh cla nhém khac
nhau.
Do mang nay phan Iép ty nhién cd heo
. Lusseau, cling nhw cau lac bd karate cua
h Fork ~Whitetip . . 2 .z
) .- OTSN% ZachAary, ttho’ng dwo’,c dyAng qe kleEn tra thwe
120 CTRSS nghiém thuat toan phat hién céng dong
[Forl0] Santo Fortunato (2010), Community detection in graphs, Technical Report, Complexs
Networks and Systems Lagrange Laboratory, 1SI Foundation, Torino, ITALY.



Mang XH va céng dong: twong tac) ss:.

protein - protein [For10]

. =
Tr:ar:ucl:?i:::zn : \\\_ Proteasome
LR :
\
N

wWascular endothelial — Endofexonucliease

growih factors WVEGF

EGF-like domains

Breast cancer

Lo in kinase
anti-estrogen resistance HARISTAT assin kin

e
cascade e Tukulin

2 — . MNF-kappaB
ﬂ\ / regulation
i —— Hypoxia inducabls

factor

Muclear hormone SErpins
receptors

Peroxisomal ATP transporter
proteins proisins

[ForlO] Santo Fortunato (2010), Community detection in graphs, Technical Report, CompleX
Networks and Systems Lagrange Laboratory, ISI Foundation, Torino, ITALY.



Hoc may xac suat Bayes 3

e MOt sb kién thirc co s& vé ly thuyét xac suat

>

AN
V&

YV V VY

\74

ANE

»

Khéng gian do dwoc

Khéng gian xac suét

Sigma — trwdng

Hé thdng déng

Qua trinh ngau nhién thoi gian roi rac
Ky vong

Entropy

Trong tai liéu

e Nhac thém vé hoc may xac suat

>

28



Hoc may xac suat Bayes 3T

e M6 hinh tan so
» Tién hanh thir nghiém lap di lap lai
~ Ty s6 xuat hién trén toan bo sbé lan thir
e M6 hinh xac suat
-~ Xac suét co didu kién: su kién e véi tri thiee nén [l Pl
~ Trithtre nén 1a sw xuat hién cua tai liéu (trai) hodc sw xuat
hién cua tai liéu maoi.
»  XAac suat tién nghiém va xac suat hau nghiém.

(Dle)P(e) (D,le, D)P(e|D)
P(e\ D) .D >(D) P(e|D,D,) .D (D, D)

29



U&c lwong gia tri tham so 3

e Hai bai toan
~ Lwa chon mé hinh hay dang ham: Dwa trén tri thirc mién da
co
»  Mb&i md hinh/ham cé bd tham sb twong rng
~ Can xac dinh bd tham sé nay
e Xac dinh tham s6
> Thwong theo woc lveng
» Uédc lwong tham s6 mé hinh
» Udc lwong tham s6 cho trwong hop cu thé

30



Thuat toan Viterbi 3

e Thuattoan Viterbi ®

» M6 hinh may trang thai htru han

xac dinh tham sb mé hinh phu hop tap vi du hoc
~ Ly thuyét quyét dinh hdn hop .o (2
~ Baitoan giai ma o

Da c6é mo6 hinh may trang thai hiru han

Tim day trang thai phu hop nhat véi trwdng hop cu thé
> NOI dung thuat toan

Xem trong giao trinh

Tnpaii: F=z.7>.....Z, // day quan sat dau vao
Cutput: Puong di1 ngan nhat tvong 'mg vol day quan sat daa vao
Khé tao:
k<1 Jehi =6 1lap
S('Cl) < _ )
Lic;) «— O //bién clnra tong &6 dai. lkhér tao 1a O
Bre quy:
repeat )
For ¥ bo chuven ty, = (¢4..C1q )
L{ck.Cir1 )} <— Licy) + 1t = (Cr.Ciq )] theo 7 ¢y
Tim L(cHl) = 11111 L{Cy.Crpq )
For moi1 ¢y
I T cpey) va vét Sicy) tirong tmg
Ik «— k+1
until k=n 31




C4. Mot so bai toan xtr ly tiéng Viét

e Linh vwe x&r ly ngén nglr tww nhién
» X ly ngén nglr tw nhién (tw dong hoa)
» Ra d&i khoang nhirng nam 1950
~ Ngay cang phéat trién
e Phan loal
> X ly
Co ban
U'ng dung
» Tai nguyén
Co ban
Mcrc cao

32



Bal toan tach cau eoes

e DAy la bai toan kha don gian

e Khai niém
~ Chubi ky tw két thuc bang dau chadm, cham hai, cham than
~ Van co trwdng hop ngoai lé (khoang 10%)

Céc dau trén khong két thuc cau (trong nhay kép)
M6t s6 dau khac két thuc cau

e M6t sO trwdng hop
» Duwa theo kinh nghiém
» M@0 hinh ME (Le Hong Phuong & Ho Tuong Vinh)
» Xem giao trinh

33



Bai toan tach tw Tt
e DAy |3 bai toan rat co ban, ludn thoi sy

o T van phat trién bd sung, thay dbi

o Ngén cach hién, nhap nhang, md

e “Ong gia di nhanh qua” | “Hoc sinh hoc sinh hoc” ...
e Khai niém

» Cho moét cau hay xac dinh cac twr trong cau

> “Phu hgp nglr canh”
e M6t sO phuwong phap

» Khop téi da

~ May trang thai hiru han c6 trong s6 (WSFT)

Trwong ngau nhién co diéu kién
» Xem giao trinh

34



Phat hién quan hé ngir nghia cocs

e La baitoan co ban

e Quan hé nglr nghia gilra cac dbi twong nglr phap

e M6t s6 quan hé nglr nghia: theo cach tiép can
e Khai niém

» Cho mdt tap cac van ban

~ Tim ra cac dbi twong nglr phap va cac quan hé gitra ching
e M6t sO phuwong phap

» DIPRE

» SNOWBALL
» Xem giao trinh

35



Phwong phap Snowball 14

B F i

Seed Tuplea] & | Find Occurrences of Seed Tuples
L - /f”_..-"r L A \\
/ \

(Generate New Seed Tuples - Tag Entities

.-.‘ ||
\ /

Generate Extraction Patterns

'\-..

i *

. J

Auzment Table -lll—\\

",

Eugene Agichtein, Luis Gravano (2000). Snowball: extracting relations from large
plain-text collections, ACM DL 2000: 85-94
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Phat hién quan hé ngir nghia 44+

Levels of Language Analysis - Computational challenges

Morphology> Syntax >

Discourse

(

S

Pragmatics Knowledge

Five men lift a piano /a chaf'r?l

Could you pass me the salt? Yes or passir? I

Bill was about to be impeached. and he called his lawyer.

ADDITIVE or RESULT? I

:’—

-

bank
cotton bag

Fiver or financial?

PART-WHOLE or PURPOSE? | -

~ walks
=~ rice flies

Nowun or Ferb?

(NP (NN rice) (NNS flies)) or
(S (NP (NN rice) (VP (VBZ flies)))

Untieable knot

(un)tieable or untiefable)? I

4

Cac murc: Hinh vi, Cu phap, Ngir nghia, Dién ngén, Phat ngon (?), Tri thirc

Roxana Girju (2008). Semantic Relations:Discovery and Applications 37



Quan hé nair nahia: Naén nair hoc| 22::

Lists of Semantic Relations:
Approaches in Linguistics (10)

= Two syntactic processes are used:

= predicate nominalization:
= those involving nominalizations, i.e., compounds whose heads are
nouns derived from a verb, and whose modifiers are interpreted as
arguments of the related verb

= E.g.: "X such that x plans cities” => city planner;

= predicate deletion:
= List of relations: cause, have, make, use, be, in, for, from, about
= E.g.: "field mouse” derived from “a mouse which is in the field” ("in”
deletion);

= Deleted predicates represent the only semantic relations which can
underlie NCs not formed through predicate nominalization;

42
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Quan hé ngir nghia: XLNNTN

Semantic
Relation

Definition/ Example

HYPERMNY MY
(IS-A))

an entity/event/state is a subclass of another; {( daisy Forer:
farge comean)y,. swalfr as Microsoft )

PART-VWHOLE
(MEROMNYMY)

an entity/event/state is a part of another entity/event/state;
( door krnob, the door of the o3 );

CAUSE an event/state makes another event/state to take place;
(rmrafaria mosguitos,: "destf Sy HAunnger s VTHhe eartfigouaie
gencerated & Hig Tswurramy’ );

POSSESSIOMN an animate entity possesses (owns) another entity; ( a7

estate; the girf has 3 new carn )

KINSHIP an animated entity related by blood, marriage, adoption or
strong affinity to another animated entity; ( Soys sister, Mary
has a daughter)

MAKE/PRODUCE an animated entity creates or manufactures another entity;

( Ahorney bees: GNM makes cars )
INSTRUMENT an entity used in an event as instrument; { pwme drainage, He

broke the box withr & Asmumer. )

TEMPORAL

time associated with an event; (5-O7 olock fes, e store opens
FE S FI7 )

LOCATIONS spacial relation between two entities or between amn event and
SPACE an entity;

( Fela mrowse, T lferff the feys i e oar )
PURPOSE a state/activity intended to result from another state/event;

{ mrigraine Jrugs e mwas goiielt o order nolt o GisturtS e )

SOURCE/FROM

place where an entity comes from;
{ offve ofd )

Roxana Girju (2008). Semantic Relations:Discovery and Applications
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~ ~ ~ 0000
Quan hé ngir nghia: XLNNTN '+t
u " o000
L X
EXPERIENCER | an animated entity experiencing a state/feeling; ( desire for ()
chocolate, Mary's fear. )
TOPIC an object specializing another object; ( #hey argued abowt politics )
MANMNER a way in which an event is performed or takes place; (Aarg-

working fmmigranits; performance with passion )

MEANS the means by which an event is performed or takes place; (bus
service, I go to school by bus. )

AGENT the doer of an action; ( the investigation of the
police )

THEME the entity acted upon in an action/event ( music
lover )

PROPERTY characteristic or quality of an entity/event/state; (

red rose; the jufce Has a funny cofor. )

BEMEFICIARY an animated entity that benefits from the state

resulting from an event; (cwstformer service, I wrote
Mary a letter. )

MEASURE an entity expressing gquantity of another entity/event;

| FOo-frmr agistance, THe fackel costs S60) & e OF SLagar )

TYPE a word/concept is a type of word/concept; { "Jrember statfce,
IS orii LT )

DEPICTIOMN- an entity is represented in another; { &%e oicture of &9 oird )

DEPICTED

Roxana Girju (2008). Semantic Relations:Discovery and Applications 40



Phat hiéen quan hé ngir nghia 4+

. Processing Question and
Question :9[ Extracting Answer Answer

-
Data Set

[ Extracting Patterns and ]

Tuples

Tap seed Thu thap ap trang web o - Tap cau
moi dor liéu chira tap seed Tien xu ly chira seed
B Gan nhan

tong quat

Tap seed Sinh seed Mau két Phan MAu thé
maoi moi qua cum mau

Vu Tran, Vinh Nguyen, Uyen Pham, Oanh Tran and Quang Thuy Ha (2009). An
Experimental Study of Viethamese Question Answering System, International Conference

on Asian Language Processing (IALP 2009): 152-155, Dec 7-9, 2009, Singapore, i


http://www.computer.org/portal/web/csdl/doi/10.1109/IALP.2009.39
http://www.computer.org/portal/web/csdl/doi/10.1109/IALP.2009.39
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http://www.computer.org/portal/web/csdl/doi/10.1109/IALP.2009.39
http://www.computer.org/portal/web/csdl/doi/10.1109/IALP.2009.39
http://www.computer.org/portal/web/csdl/doi/10.1109/IALP.2009.39
http://www.computer.org/portal/web/csdl/doi/10.1109/IALP.2009.39
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Mot s6 cdng cu hguon mé i

e Chuyeén tir trang Web sang van ban
» B& phan tich HTML (http://jexpert.us), TAc gia: Jose Solorzano
~  Métsb cdng cu tinh ché cho tiéng Viét (html2text.php, text2telex.php

hitp://203.113.130.205/~cuongnv/thesis/code/tools.tar.qz). Tac giad: Nguyén Viét Cuéng
e Mot sO bd cong cu xi Iy
» Nhoém KPLD phat trién (PXHiéu, NCTU, NTTrang)

Bb cong cu x&r ly Text trén Java: JtextPro (hitp://jtexipro.sourceforge.net/) va JwebPro
http://jwebpro.sourceforge.net/)

Phan mém phan doan tr tiéng Viét: JvnSegmenter
(http://[vnsegmenter.sourceforge.net/)
~ San pham tai nguyén va coéng cu cla Dé tai “Nghién ctru phat trién
mot sb san pham thiét yéu vé xir ly tiéng néi va van ban tiéng Viét*
ma sd KC.01.01/06-10 do PGS, TS. Lwong Chi Mai chu tri.
http://visp.vietlp.org:8080/demo/?page=home

~ M6t sb tién ich lién quan: hitp://vnlp.net/blog/?p=229 va
http://vnlp.net/blog/wp-content/uploads/2010/08/Toolkits.pptx
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Project target products

SP8.1
Speech analysis tools

—
SP6.1

Corpora for
speech recognition

—

SP6.2
Corpora for
speech synthesis

—

SP6.3
Corpora for
specific words

P1
Apllicationoriented 4/‘ l

systems based on p—

\4

Vietnamese speech | SP7.3

Vietnamese tree bank

—
SP7.4
E-V corpora of aligned

entences

\4

SP7.2

Viet dictionary

SP8.2
Viethamese word
Segmentation

A\ 4

\ 4

SP8.3
Vietnamese POS tagger

SP8.4
Vietnamese chun

—
4

\ 4

SP8.5
Vietnamese syntax
analyser

ker

\ 4

SP3
English-Viethamese
translation system

Chu tri dé tai KC.o1.01/06-10: Prof. Luong Chi Mai (IOIT), Prof. Ho Tu Bao (JAIST, IOIT)




BAI GIANG KHAI PHA D LIEU WEB

CHUONG 5. BIEU DIEN WEB
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NOi dung

Gidl thiéu

Phan tich van ban
Biéu dién Text

Lwa chon dac trwng
Thu gon dac trung
Biéu dién Web




Gid&i thiéu i
e Biéu dién van ban oo

» La bwdc can thiét dau tién trong x& ly van ban

~ PhU hop dau vao cla thuat toan khai pha di liéu

~ Tac doéng téi chat lwong két quéa cla thuat toan KHDL

~ Thuat nglr tiéng Anh: (document/text) (representation/indexing)
e Pham vi tdc ddng clia mét phwong phap biéu dién van

ban

~ Khong ton tai phwong phap biéu dién Iy twéng

~ Ton tai mét sé phwong phap biéu dién phd bién

~ Chon phuwong phap biéu dién phu hop mién &ng dung

® Mf)t so do soO |U’C_)’CZ Tomek Strzalkowski: Document Representation in
Natural Language Text Retrieval, HLT 1994. 364-369

text == NLP }———={ repres. —::-databasa
NLP: tagger = parser |———>== terms

stemmer |




Nghién ctru ve bieu dién van ban | 2

e Nghién ctru biéu dién van ban (Text + Web)
» Lubn la ndi dung nghién ctru thoi sy
~ Biéu dién Web bd sung mot s6 yéu td cho biéu dién Text
e S0 cong trinh lién quan
» "Document representation”
moi noi: 8000 bai; tiéu dé: 200 (60 bai tir 2006-nay)
» “Document indexing”
moi noi: 5200 bai; tiéu dé: 220 (60 bai tir 2006-nay)
» “Text representation”
moi noi: 9200 bai; tiéu dé: 240 (60 bai tr 2006-nay)
» “Text indexing”
moi noi: 6800 bai; tiéu dé: 210 (60 bai tr 2006-nay)

Ghi chu: cac bai “¢ moi noi” phan ddng thudc vao cac bai toan xi Iy
van ban bao gom bwéc trinh bay van ban



" A ! 4 )\ u l-,\ = A b > . . . o
Nghién clru vé biéeu dién van ban (2) | eece
o000
R esearch paper Document Feature Learning
reference Representation Selection algorithm
Apté et al. [6] bag-of-words (freq) stop list+ Decision Rules
frequency
Armstrong et al. [7] bag-of-words informativity TFIDFE
Winnow, WordStat
Balabanovic¢ et al. [9] bag-of-words (freq) | stop list+stemming—+ TFIDF
keep 10 best words
Bartell et al. [11] bag-of-words (freq) latent semantic —
indexing using SVD
Berry et al. [12] bag-of-words(freq) latent semantic TFIDFE

Foltz and Dumais [28]

indexing using SWVD

Cohen [21]

bag-ol-words

infrequent words
pritnec

Decision IRRales
1L

Joachims [40)]

bag-ol-words [Ireq)

infrequent words—+

informativity

Trinr, e I'ripr.,
MNaive Baves

Lam et al. [G0]

bag-ol-words [Ireq)

mutual info.

Bavesian Network

Lewis et al. [66]

bag-ol-words

log likelihood
ratio

logistic regression

with MNWaive Bayes

Maes [6Y]

bag-ol-words+

header info.

mail /news header +

selecting keywords

Memory-Based

reasoning

Pazzani et al. [83, 84]

bag-ol-words

stop list—+
informativity

TrIDE., Naive Bayes,
Nearest Weighbor, WNenaral
Networlk, Decision Trees

Sorensen and
Me Elligott [97, 23]

n-gram graph

[only bigrams)

welghting graph

edges

connectionist combined
with GGenetic Algorithms

Yang [10i)]

bag-ol-words

stop lisi

adapted
k-IWearest NWeighbor

Dunja Mladenic' (1998). Machine Learning on Non-homogeneous, Distributed Text
Data. PhD. Thesis, University of Ljubljana, Slovenia.



Phan tich van ban :

e Muc dich biéu dién van ban (Keen, 1977 [Lew91])

‘\\i

T dwoe chon lién quan téi cha dé ngwdi dung quan tam

Gan két cac tv, cac chi dé lién quan dé phan biét dworc tir
o cac linh vuwc khac nhau

Dy doan dwoc dd lién quan cua tr véi yéu cau nguwdi dung,
vO'i linh viee va chuyén nganh cu thé

e MO6i trwdng biéu dién van ban (danh chi sd)

Thu cong / tlr dong héa. Tha cong van c6 ho tro' clia cong
cu may tinh va phan mém

Dieu khién: chon loc tir 1am dac trung (feature) biéu dién) /
khéng diéu khién: moi tw déu dwoc chon.

Tw dién dung dé danh chi s6. T don va tb hop tur.



Luat Zipt sese

o000
e
Luat Zipt o
o Cho day dir lieu dwoc xép hang X, LI} I -
thi hang tuan theo cong thirc Y T
C la héng sb, llban 1; ky vong dang loga E(log x,,,) = ¢ —olog(r)
l o )
e Dang ham mat do: p(x) = C “,1 = ’i
on x'T x
Mot s6 dang khac C
» Phan phéi Yule 0T e
e M0 hinh thong ké E(logx,, ) =c¢ —olog(r)—be" "

c=log(C), b=log(B)

» Bién thé loga-chuén E(logx,) = ¢~ o log(r)—b(log(r))’

» Phan phéi Weibull véi o<l E(logx, ) = c —olog(r)— be”'="



Luat Zipt trong phan tich van ban | sss.

o Trong sO cua ttr trong biéu dién van ban (Luhn, 1958) | eee

» DAu hiéu nhan manh: mét biéu hién cda do guan trong
thwong viét 13p lai cac tle nhét dinh khi phat trién y twéng

f

hoac trinh bay cac lap luan,

phan tich cac khia canh cta chu dé. ...

~ CAc tlr c6 tan suat xuat hién cao nhéat lai it nglr nghta. Tw xuét
hién trung binh lai c6 dé lién quan cao.

o Luat Zipt

La mét quan sat hién twong ma khéng phai la luat thwe sw:
xem hinh vé “Alice & x(r s& mat troi”

r, * f, = K (hang so):

hién tir t. C6 thé logarith

the 632

and 338

a 278

to 252

she 242

of 199

it 182

i1 178

was 167

alice 167

in 163

said 144

you 118

her 108

that 105

as 91

at 79

with 67

s 66

had 65

all 64

on 64

little 59

out 54

down 32

this 51

t 50

for 48

but 47

they 45

r. : d& quan trong cua tir t; f,: tan sO xuat

log(rank)
6.3‘_>
6.0 3
[
P
5.5 Te—a
\“*m

5.0 -
4.5 \Q

-«

- S k log(F=q)
0.5 1.0 15 2.0 2.5 3.0
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Luéat Zi ieng Anh
ua IPpt trong tieng AN e0eo
. o000
the ] ; ; ; ;
— e M6t |lwong nhd |cac tlr xuat hién rat|thwdng
— XUYyen...
— o CAac v c6 tan suat xuat hién cao nhat lai it ngl
= nghig, thwong la cac tw chire nang trong cau
— (chang han, gioi ti)
— e Hau hét cac tr co tan suat thap.
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Luat Zipt: wéc lwong trang web dworc chi sO| sees

e Udc lwong toi thiéu lwong trang web chi sd hoa oo

Luat Zipt: tr kho nglr lieéu DMOZ c6 hon 1 triéu trang web
Dung luat Zipt d& wdc tinh lwong trang web chi s héa.
M&i ngay: 50 tir (déu & doan logarith luat Zipt) giri t&i 4 may tim
kiém Google, Bing, Yahoo Search va Ask.

Trir bot phan giao wéc tinh gitra cac cong cu tim kiém: 1am gia
Th tw trir bét phan giao — téng (dwoc lam non)

The size of the indexed HWorld MWide bLiebk
CHumber of webpages)
wr GYBA = Sorted on Google, Yahoo!, Bing and Ask
N Y¥GBA = Sored on Yahoo!, Google, Bing and Ask '
35 i
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http://www.worldwidewebsize.com/
http://www.worldwidewebsize.com/
http://www.worldwidewebsize.com/
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http://www.worldwidewebsize.com/
http://www.worldwidewebsize.com/

Cac mau luéat Zipt khac 22e.

e Dan s6 thanh pho
- Dan s0 thanh pho trong mét quoc gia: c6 B 1. b3 xac nhan
@ 20 qudc gia.
~ CO6thé mé rong sang: dan cw khu dé thj, ving lanh thd
e Luwottham trang web va mau giao van Internet khac
~ S0 lwot truy nhap trang web/thang
» Cac hanh vi giao van Internet khac
e Quy md cong ty va mdt s so lidu kinh té khac
~ Xép hang cong ty theo: s6 nhan vién, loi nhuan, thj trwdng
» Cac hanh vi giao van Internet khac

[LiI02] Wentian Li (2002). Zipf's Law Everywhere, Glottometrics 5
(2002): 14-21

11



Phwong phap lwa chon tw Luhnb58| 3222

Bai toan o

~ Input: Cho mdt tap van ban: c6 thé coi tat ca cac van ban

trong mién (*ng dung; nguwdng trén, ngwdng dwdi dwong.

~ Output: Tap tr dwoc ding dé biéu dién van ban trong tap

Giai phap

~ Tinh tan s xuat hién mai tir don nhat trong trng van ban

» Tinh tan sb xuat hién cla cac tw trong tap toan b6 van ban

~ Sap xép cac tir theo tan sb giam dan

~ Loai bd cac tir c6 tan sb xuat hién vwot qua ngwdng trén
hoac nho thua nguwdng duwdi.

~ Cac tir con lai dwoc dung dé biéu dién van ban

» “Tw” dwoc mé rong thanh “dac trwng”: n-gram, chu deé..

Lwuy

V4

V4

Chon nguéng: nguwdng cd dinh, ngudng dwoc diéu khién

Lién hé van dé chon Iwa dac trwng (muc sau). .



Phwong phap danh trong so cua tiy &:::

e Baitoan
- Input: Cho mét tap van ban mien (ng dung D va tap t
dwoc chon biéu dién van ban V (sau buéc trede day).
» Output: Danh trong so tr trong moéi van ban = Xay dwng
ma tran {w; } la trong sb cua tw W, - trong van ban d; -
e Giai phap
~ Mbt sbé phwong phap dién hinh
~ Boolean
~ duwa theo tan sb xuat hién tir khoa
~ Duwa theo nghich dao tan so xuat hién trong cac van ban
e Phuwong phap Boolean
~ DPon gian: trong sb 1a xuat hién/ khéng xuat hién
sW = 1 néu W; xuat hién trong van ban dj, nguwoc lai w;; = 0.

13



Cac phwong phap danh trong so | :3::

cua tw theo tan so6 -
e Dang don gian: TF
~ w;; = f;;: trong do f;; 1a sO lan tir khéa w; xuat hién trong van
ban d,
e MOt sO phién ban khac clia dang don gian
~ Can dbi sb 1an xuat hién cac tr khoa: gidm chénh léch sb

lan xuat hién
~ Giam theo ham can w;; = tfij
~ Tranh gia tri “0” va giam theo ham loga: w;; = 1+log(f;;)

e Nghich dao tan s6 xuat hién trong tap van ban: IDF
-~ T xuat hién trong nhiéu vén ban thi trong s trong 1 vén
ban sé thap
» wp = tog) llogm Mbgcer)
Trong dé m = |D|, df, 1a |d [Jp: w; xuét hién trong d}

14



Phwong phap TFIDF T

e Tich hop TF va IDF

>

»

Dang don gian: w;; = f;* df; /m
Dang can chinh theo ham loga

l)g(tfu )) Iog(—) tflj .
0 1f, I

Ngoal ra, c6 mot s6 dang tich hop trung gian khéac

WI ’j

15



M6 hinh biéu dién van ban 3
e Baitoan :

~ Input: Cho tap van ban mién (*ng dung D = {d; }, tap dac
trung dwoc chon biéu dién van ban V = {w; }, ma tran trong
sOW = (W,,J)

-~ Output: Tim biéu dién clia cac van ban d B
o MOt s6 mo hinh

» M6 hinh Boolean

» M0 hinh khéng gian vector

~ M® hinh tai cac tlr (M6 hinh xac suét)

» Cac mo hinh khac
e MO hinh Boolean

~ Tap cac tir thudc V ma xuat hién trong van ban

16



MO hinh khong gian vector 433

e NOI dung chinh
~ Anh xa tap tai liéu vao khéng gian vector n =|V| chiéu.
~ MOAi tai liéu dwoc anh xa thanh 1 vector
di & (Wig, Wig, .., W;p)
e DO do twong tw nbi dung van ban
»  Chuan hoa vector: dwa vé do dai 1
Do “twong ty nbi dung” gilra hai van ban < do twong tw gitra hai
vector

M6t sb phwong an so khai “cac thanh phan gibng nhau’,
dao khoang cach”,

~ Phd bién la tinh dc} do cosin cua goc gilra hai vector: khéng

yéu cau chuan hoa
*
V,,V,) - et
sim(d,, d,) 1’ l

R K

” 1]

nghich




MO hin
Vocabulary

W,
W,
W,
1k‘h‘r}!

Doc. 1

Doc. 2

Doc. 3

Doc. 4

Doc. m

‘

Term-to-Document
Matrix

Khaled Shaban (2006). A semantic graph model for text representation and
matching in document mining, PhD Thesis, University of Waterloo, Canada 18




Mo hinh xac suat

e Gia thiét chinh

’\

M6 hinh xéac suat: cap (Y, P) v&i Y la tap quan sat dwoc va
P 1& md hinh x&c suat trén Y (c6 thé coi Y 1a quan sat dwoc
cac tw/dac triwng trén van ban).

Céc tr xuat hién trong van ban thé hién ndi dung van ban
Sw xuét hién cda céc tir 1a doc 1ap 1an nhau va doc lap ngly
canh

Dang don gian: chi liét ké ti, dang chi tiét: liét ké tir va so
lan xuat hién

Luu y: C4c gia thiét ve tinh ddc Iap khdng hoan toan dung
(d6c lap lan nhau, déc lap nglr canh) song mo hinh thi hanh
hiéu qua trong nhiéu trwed'ng hop.

e DO do twong tw nbi dung van ban

So sanh hai tui tw

19



-~

MO hinh tui tw (bag-of-word)

e

Eaufman. ..

e -

Journal of .1|'tifi:inlW

JAIE. 15 a refereed joumal, coyes areas

ch is distributed

e inteffiet. Each volt

[ g::.

o T e T = T s T S

learning
journal
mntelligence
text

agent

internet
webwatcher

perls

volume

Dunja Mladenic' (1998). Machine Learning on Non-homogeneous, Distributed Text

Data. PhD. Thesis, University of Ljubljana, Slovenia.
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Mo hinh biéu dién LSI va theo phan cum

e Gidithiéu
~ Ton tai nhiéu phwong phéap biéu dién khéac
~ Ton tai nhiéu phién ban cho mét phwong phap
~ Gan day c6 mdt sd phwong phap maoi
~ Hai phwong phap phd bién: LS| va theo phan cum
~ Lwuy: Gia phai tra khi tién xt ly d& lidu
e MO hinh phan cum
~ Phan cum céc tr trong mién &ng dung: ma tran trong sb
» Thay thétr bang cum cha n6

e MO hinh biéu dién LSI

~ LSI: Latent Semantic Indexing biéu dién nglr nghia an
Nang mire nglr nghia (trleu twgng) cua dac trung
Rt gon tap dac trwng, giam so chiéu khong gian biéu dién
Khdéng gian tir khdéa = khéng gian khai niém (chu de).

~ Phwong phap chuyén doi
Ma tran trong sd = ma tran hang nhd hon
Phép bién dbéi dé T khda = khai niém. Thay thé biéu dién.

21



Lwa chon tir trong biéu dién van ban

e Loaibd tr dirng
» Nhirng tir dwoc coi la khbng mang nghia
~ C6 san trong ngoén ngly

e Duwa vé tlr goc

~ Céac ngdn ngl¥ co bién dang tir: Anh, Nga...

~ Thay t bién dang vé dang gbc

e Chon dac trwng n-gram

-~ Céc am tiét lien nhau n-gram
Uni-gram: chi chtra mot am tiet
Bigram: chira khdng qua 2 am tiét
Trigram: chtra khGng qua 2 am tiét
N-gram: Thwdng khdong qua 4 gram

~ M6t sb dac trwng
Chinh xac hon vé ngir nghia
Tang sb lwong dac trwng
Tang d6 phurc tap tinh toan

22



Mét s6 dé do cho lwa chon déc trung | seee

e Gi0i thiéu chung
~ Lwa chon dac trwng: Ioi thé chinh xéac, loi thé tdc dd hodc
ca hai
~ Céac do do gitup khang dinh lgi thé
e Phan nhdm do do
» Hai nhém: theo tan sb va theo ly thuyét thdng tin
o MOt s6 dd do dién hinh
» Xem hai trang sau

23



Mot so do do cho lwa chon dac trwng cece
P(#, ¢;) ki hiéu la xac Suit cua tir £ c6 trong chu dé ¢, va P(#;, ¢, ) la xac suat cua
tir £ khong ¢ trong chu dé c,.
1L, DIA (Darmstadt Indexing Approach — Tiép can danh chi sé6 Darmstadt):

Puoc dé xuat béi Fuhn va dong nghiép [FHK91].
f(tx, ci) = z(tg, c;) = Plcilts)

2. Do do IG (Information Gain).
f(tk_C,-]ZIC;(t;\.-C,-): Z Z P([.L‘)'l()g

ce{ei G} te{t .t}

P(t.c)
P(t) - P(c)
Do do thong tin twong hd (mutual information).

P(ty. ci)
iy, C; — log -
fte, ) = log 5y Pler)

4. Do do Khi -binh phuong (Chi-square).
T'r| - [P(tx, ci) - P(tx, G) — Pltx, i - Plt, ci)))
P(tk) - P(tx) - P(e:) - P(&i)

D, Do do lién quan (Relevancy score).
X i P(tile;) +d
f(tx, c;) = RS(tx,c;) = log Plslc) + d
6. Ty le du (Odd Ratio).
f(te, c;) = OR(tg, c;) =

42

f(tlwca') = \Q(fk.(",) —

P(tilc;) - (1 — P(tg]e;))
(1 — P(trlc;)) - Pte, |c:)
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Mot s6 dd do cho toan bd cac 16p 3+

ee
Cac do6 do trén la tinh cho tung lop. D6 do cho toan bo cac 16p trong tap hop co
thé duoc tinh theo nhiéu cach khac nhau,

|

f(te) = 2 f(tx, ci)

i —

hoac

hoac

25



Thu gon dac trwng 334

e Gi0i thiéu chung
» “Téi wu hoa” chon tap dac trung
S6 lwong dac trwng nhd hon
Hy vong tang tc“)g do thi hanh
Tang cwong chat lwgng khai pha van ban. ? Giam dac trwng di
la tang chat lwong: c6 cac dac trwng “nhiéu”
Hoac ca hai muc tiéu trén
e Hai tiép can dién hinh
~ Tiép can loc
~ Tiép can bao goi
e V&idl liéu van ban
» Tap dac trweng: thwdng theo moé hinh vector
» Tinh gi& tri cua tirng dac trwng gilr lai cac dac trwng dwoc
coi la “tot”.

26



Tl l'\ N l-,\ r - I . . . (]
iep can tong quat: loc eecse
" " o000
Space of feature subseats ot
. o
1
——————— e N EE N EE N M EE BN N M N M M M M N M N M NN MM M MM M M M M B M M B M B Em Em B Em Em
| ! dommain represented :
: ¥ with selected feamres :
| = Evaluation function :
i > . . 1
: Optimization alg feature subset quality independent of hL !
: iy alzorithin I
I
| :
I

1 .
EBesr featurs sulbset

¥

Laarm modal

[ AL alzgorithinm ]

e Tiépcanloc
~ Pau vao: Khéng gian tap cac tap dac trung
~ Pau ra: Tap con dac trwng tot nhat
~ Phuwong phap ,
Do tim “cai tién” bé dac trwng: Thuat toan téi wu hda
Danh gia chat lwgng moé hinh: déc lap v&i thuat toan hoc may 27

Filtering approach




Tiép can bao géi tong quat

Space of feanme subseis

Best kaal.'nre sulb=et

domain represanted

with selected feanires

1
1

1

1

1

:

: Cptimization alg. feanure subser quality
1 i

1

1

1

Eztimate nueds] guoalice

[ M. slzorithin ]

L= nuo-del

[ NI alzorithin ]

Wirapper approach

e Tiép can bao goi
-~ Dau vao: Khong gian tap céc tap déc trung
» Daura: Tap con dac trwng tét nhat

» Phwong phap

DO tim “cai tién” bd dac trwng: Thuat toén tbi wu hoa

Panh gia chat lwong md hinh: Dung chinh thuat toan hoc dé danh

gia

28



Thu gon dac trweng van ban text

Wector of faatures

individaal fesnare

fasnire score Sooring mEssre

Sort oo score
{aftar all features i
are scored)

Firz=t k _"JIEE.I.'LEE'E-

Leasriy maodal

[ BT algorithin 1

o indisddnsl
fasnires)

Approach wsed on text dars

e Thu gon dac trung
~ Pau vao: Vector dac trwng
~ Pau ra: k dac trwng tot nhat
» Phuwong phap (lui)

Sap xép cac dac trwng theo dd “tét” (dé loai bé bot)

Tinh lai d6 “t6t” cla cac dac trung
Chon ra k-dac trwng tét nhat

e Cac kiéu phwong phéap

~ Tién/ Tién bac thang (c6 xem xét thay thé khi tien)
» Lui/ Lui bac thang (c6 xem xét thay thé khi lui)

29



Thu gon dac trwng
phan Iop text nhi phan

SELECTFEATURES(DD, ¢, k)

1

H= L 2

o LN

V — EXTRACTVOCABULARY(DD)

L« |]

for eacht € V

do A(t,c) «— COMPUTEFEATUREUTILITY(DD, ,c)
APPEND(L, (A(t,c), t))

return FEATURESWITHLARGESTVALUES(L, k)

Mot thuat toan Iwa chon dac trwvng text
» V:Bang tr vieng co duoc tir tap van ban D
» cC:lop dang dwoc quan tam

» gia tri A(t,c): mét trong ba thu tuc tinh toan

Ba kiéu thu tuc tinh toan A(t,c)
~ Thong tin twong hé

» Lwa chon dac trwng theo khi-binh phwong (chi-square)

~ Lwa chon dac trwng theo tan suat

30



Thu gon dac trwng: théng tin twong ho | 832

P(U C ) 000
- — — = Fa r — Fh ={"L- ..
“U.-(—]' Z Z F{U e, C l{.“l.'lbz P[t.f=l’rJP{C:Ff'} o

g { ].”} Pes : |,ﬂl-
Nll lo J\“‘\rll " J\r“-l log NNU'I Jh'JT“]l i N]\.‘I—“] 'I\"'I-i'.l{] LNTJ?.J[H"
i\.‘r

¥ - oy — lcyir
52 NLN_[ N 52 Nn_f\r_l+ N 52 J‘\']_;"'JT_[} + N V62 Nl_l_hr_n

I(U;C) =

e CoOng thic MI (Mutual Information)
~ Bién ngdu nhién U: tir khoa t xuét hién/khéng xuét hién
~ Bién ngu nhién c: tai liéu thudc/khdng thuée 16p ¢
» Uaoce lweng cho MI

e Vidu: BO di lieu Reuter-RCV1
» L&p poultry, tir khda export

€ = Eexport = 1 e= Eexport = U
Er = poultry = 1 N]] =49 N{}l = 141
€ = Epoultry = () Nip=27,652 | Ny = 774,106

S 801,948 - 49 O 801,948 - 141

I{U;C) = go1,948 %82 (49227,652)(49=141) _ 801,048 82 [141=774,106) (49=141)

L 2,652 i, 801,948 - 27,652 774,106 - 801,948 - 774,106
801,948 2 (49+27,652)(27,652~774,106) 801,948 2 (141-774,106)(27,652~774,106)

~ (0.000105 31



BO dir lieu Reuter-RCV1

v, X X ’ 00
10 dac trwng tot nhat cho 6 Iop s
- 'YX
o000
LIK China poultry :.
london 0, 1925 china 0,097 poultry 0.0013
uk O755 chinese 00523 meat 0.0008
british (0. 05%6 beijing O O444 chicken 0.0006
stg 0.0555 yuan 0.0344 agriculture 0.0005
britain RRIETA shanghai | 0.0292 avian 0.0004
plc (O35 hong .O198 broiler 0.0003
england | 00235 kong 0.0195 veterinary 0.0003
pence 0.0212 xinhua 0.0155 birds 0.0003
pounds 0.0149 province 0.0117 inspaction 0.0003
english U126 taivwan (O 10 pathogenic | 0.0003
coffee elections sporis
coffee 0.0111 election 0.0519 soccer 0.0681
bags 0.0042 elections 0.0342 cup 0.0515
growers 0.0025 polls 0.0339 match 0.0441
kg 0.0019 voters 0.0315 matches | 0.0408
colombia 0.0018 party 00303 played 0.0388
brazil 0.0016 vote 0.02949 league 0.0386
export 0.0014 poll 0.0225 beat 0.0301
exporters | 00013 candidate 0.0202 game 0.0299
exports 0.0013 campaign 0.0202 games 0254
crop 0.0012 democratic | 0.0198 team 0.0264
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Thong ké khi-binh phwong va tan sé

X?(D,t,c) =

e Thong ké khi-binh

phwong

~ Cong thirc xac suat: e,
e. : nhw MI, cac bién E
la ky vong, N la tan sb
guan sat dwoc tw tap
tai liéu D

» Waoce lwgng cho MI: cac
gia tri N nhw Ml

e Tansbd
> M6t wdce

o000
000
e00

. 2
Nee —Ezie o0
XEI:]]:}JIE} — E E I: frf;E frfj o
ErEﬁ[ﬂri}E"E{ﬂrl} Erf:
(N1 + Nig+ Noi + Nog) % (N3 Ngg — NygNgg )2
(N11 +Np) % (N1 + Nig) % (N1g+ Npg) % (Np1 + Noo)
@ |
o
- e
@ f % [ A
gad ¢ | ® 3 ¥
g s R~
w :'I'." ) -*ﬁ‘-"'(:ﬁ' “=b-b
.‘ 1' - mutnomial, Mi
: - 8- nu‘timn*m:. chsgquare
lwong xac 2 ed” o Droma b
1

suat

0 100 1000 10000
number of features selected
33



Thu gon dac trwng phan Iop 34
text da Iép se:

e Baitoan phan lop da lop
» TapC={c; ¢Cy ..., Cp)
» €an cho dac trwweng tét nhat cho bd phan I&p da Iop

e Phwong phap thong ké khi-binh phwong
~  M@i tr khéa
Lap bang xuéat hién/khéng xuat hién cac dac trwng trong 1&p van
ban
Tinh gié tri thdng ké khi-binh phwong
» Chon k dac trung (ttr khéa)

e Phuwong phap lwa chon twng |&p
» Tinh bd dac trwng tot cho trng phan I&¢p thanh phan
» Két hop cac bd dac trwng tot
Tinh toan gia tri két hop: trung binh (c6 trong sd xuét hién) khi két
hop
Chon k-dac trwng tdt nhat sau khi tinh toan két hop
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Bieu dien Web
e DO thi Web

~ Web c6 cau truc do thi

Po6 thi Web: niat <> trang Web, lién két ngoai < cung (cé hwdng,
vO hudong).

Ban than trang Web ciing ¢6 tinh cau trac cay (do thi)
~ M6t vai bai toan do thi Web
Biéu dién ndi dung, cau trac

Tinh hang céac dbi twong trong dd thi Web: tinh hang trang, tinh
hang cung..

Nghién ctru vé doé thi Web (xem trang sau)
e DO thi ngau nhién
~ Tinh ngau nhién trong khai pha Web
WWW co6 tinh ngau nhién: mai, chinh stra, loai bd
Hoat dong con nguwoi trén Web cling co tinh ngau nhién
» La n@i dung nghién ctru thoi sw
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Mét so dd bidu dién tai liéu Weq 3T

] ::.
documents epresented usiag word Jocuments represented usng
r SROUENGES (474 Elcted featues (1-orams,
. - ) .
Dim documents | Feafure constucion VRIS
> 51 Word Sequences faeslectn | ——
*
\ / . )
{ 3
—+ : =
BTN e e
0 0 - .
1511 fOIC CtEgOmES il
\ /

Dunja Mladenic' (1998). Machine Learning on Non-homogeneous, Distributed Text
Data. PhD. Thesis, University of Ljubljana, Slovenia. 36



Mot so’ do bieu dién tai liéu Web :3::

C4c biéu didn vector trang Web

Plnrong phap 1. a,b,b
abcdef g C. C

1220000 5
Plarong phap 2 \

abcdef g b, g ;O s

2331111
Phuong phap 3
Poan 1 Poan 2
abcde fg abecde f g
1220008011711 111
Plhnrong phap 4:

Poani Poan 2 Poan 3 Poan 4
abcde fgabcde fg abcdefg abcdef g
12200000001100 1010010 0100001
122000010100100100001 0001100

Dunja Mladenic' (1998). Machine Learning on Non-homogeneous, Distributed Text
Data. PhD. Thesis, University of Ljubljana, Slovenia. 37



Mot sor do biéu dién tai liéu Web 333

M3&y tim kiém tir khéa nhanh: Hé théng chi sb nguoc (Inverted
Index)

@

A manulfaciurer, imporier, or seller ot )
digital media devices may not (1)
sell, or ofter for sale. in intersiate
commerce, or (2) cause to be
transported in, or in a manner
affecting, interstate commerce, a
digital media device unless the device
includes and utilizes standard security

)

computer o

> technologies that adhere to the
/ security svstem standards.... 4
bocks
FOT course, Lissa did not necessarily b

intend to read his books. She might
want the computer only to write her
midterm. But Dan knew she came
from a middle-class family and could
hardly afford the tition, let alone her
readiniefccs. Reading his books
might the only way she could
(Lraduate ...

security -

protected

3,142

)

[

@Remrch in analysis (1e., the e
evaluation of the strengths and

3,167 weaknesses of computer systems) is
essential to the development of

effecti ve security, both for works
protected by copyright law and for
imnformation in general. Such research
can progress only through the open
publication and exchange of complete

| scientific results .

Inverted index Buckets Documents




KHAI PHA WEB
CHUONG 6. TIM KIEM WEB
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CHUONG 6. TIM KIEM VAN BAN

VA MAY TIM KIEM
 Bai toan tim kiém vin ban
— Khai niém
— Danh gia

— Tim kiém x4p xi
» May tim kiém
— Cong cu tim kiém trén Internet
— MOt s6 may tim kiém dién hinh
— Céc thanh phan co ban
— Crawling
— Panh chi so va luu trit
— Tinh hang va tim kiém



CHUONG 6. TIM KIEM VAN BAN
VA MAY TIM KIEM

» May tim kiém thuc thé
— Khai niém
— MOt s6 ndi dung co ban
— Mot s6 nghién ctru tim kiém thyc thé

+ May tim kiém ¢ Viét Nam



6.1. BAI TOAN TIM KIEM VAN BAN

Nguon tai nguyén

— D ={d;: cac van ban}

— cho trude: trong CSDL

— van ban web trén Internet: can thu thap vé (may tim kiém)
Pau vao

— @: Cau héi nguoi dung (q -)

— Tu khéa/ Cym tir khéa/ "Bicu thirc" héi
Két qua

— Tap R (q) cac van ban thudoc D "lién quan" t&1 cau hoi q

— "lién quan": ngam dinh mot anh xa {q}.

— Hg¢ thong tim kiém "xap xi" anh xa noi trén



6.1. BAI TOAN TIM KIEM VAN BAN

« Lo1 g1ai
- - hé thong cho tap R'(q) xap xi R(q)
— Panh gia hé thong: doi sanh R'(q) véi R(q)
— R chua biét [ inh gia qua cac vi du da c6
— Hoc anh xa R": Xép xi R cho hé théng
+ Phan loai tim kiém
— Tim kiém theo lua chon (Document Selection)

— Tim kiém theo tinh hang lién quan (Document Ranking)
— Két hop ca lua chon 1an ranking



TIM KIEM THEO LUA CHON
 Hoc ham f (d, q): D. -),1}

— Chon/Khong chon

— Thuyc tién: Module tim kiém ctia hé thong.

— Ngon ngtr ho1 va "ngilt nghia" cho tirng cau hoi

— v héi q: Cau trd 161 1a R'(q)={d| f(d,q)=1}
e Vidu

— hé théng thu vién dién tor Greenstone

— hé thong tai liéu dién tir CiteSeer: http://citeseer.ist.psu.edu/
 Nhan xét

— Pon gian, dé thuc hién

— Han ché

* Cau ho1 q "qua pho dung": két qua co6 rat nhi€u van ban
* Cau ho1 q "qua chuyén biét": rat it hoac khong c6 van ban



http://citeseer.ist.psu.edu/

TIM KIEM THEO TINH HANG
Hoc ham (mé hinh) f (d, q): DI} IR, 1]

— "Lién quan": Do gan nhau giira cac tai liéu, hang
— Hang tinh trudc, hang vo1 cau hoi
B hoi q: Cau tra 16i 1a R(q)={d| f(d,q) N
— Hé théng c6 ngudng .>O
Yéu cau hoc
— f(d, q) can thoa tinh don diéu: d, "lién quan" t&i q nhiéu hon d, thi
f(d.q,) .0
— Kiém nghiém: cong nhan tuong doi
Vidu
— May tim kiém
Nhan xét
— Mém déo, khic phuc han ché cua lya chon



BAI TOAN HOC (NHAC LAI)
Cé san tap vi du hoc D¢ .)

- - daviét R@) D

Thuat toan hoc

1. Chia ngau nhién tip D¢ thanh hai tdp D, V& Dyog , [Die
.:)Iearnll 2. ,

2. Dung Dy, hoc mo hinh (xac dinh tham s0)

3. Dung D danh giad mo6 hinh

4. Kiém tra diéu kién két thic: chua két thuc vé 1

Thong thuong két thic ngay
St dung danh gia chéo (cross validation)

— th@ng qua k lan thyuc hién qua trinh trén: Két hop danh gia

k lan.



DANH GIA MO HINH TIM KIEM

Giai thich k¥ hiéu
— R, R'lién quan dén cic vin ban trong D,
R: tap dung hoan toan, R' 1a tdp hé thong cho 1 ding

P hdi phuc (recall) |
D0§ chinh xac (precision) .
D¢ do Fgva d6 do F; D9 do Fgla tong quét con
F, 1a thong dung.

lR N R " \leﬂ>

2 N -
+) 7, =P
= fo= o h=

R| R| P Fren Y omep



TIM KIEM XAP XI

Pat van dé
— Tinh x4ap xi trong ngdn ngir tu nhién: tir dong nghia, tir gan
nghia, phu hop ngtr canh
— Tinh xap xi trong biéu dién vin ban
+ Biéu c}ién vecto: cO dong, tién lqi, xtr 1y song tinh ngir nghia kém bo
di nhiéu thir (chang han, vi1 tri xuat hién cua cac tir khoa)

«  Biéu dién “xau céc tir”: c6 ngit nghia cao hon song luu trix va xir 1y
phtrc tap, bo di1 mot s6 yéu to ngir nghia (tu dung...)

— Van dé tim kiém xap xi 1a van dé tu nhién

Do hoi phuc (recall) .

D06 chinh xac (precision) .

Do do Fggva do do F; DO do Fgla tong quat con
F, la thong dung.

10



6.2. MAY TIM KIEM

Céng cu tim kiém trén Internet

Mot sé may tim kiém dién hinh

M6t sé dac trwng va xu thé phat trién
Cac thanh phan co ban

Crawling

Panh chi sb va lwu triv

Tinh hang va tim kiém

11



CONG CU TIM KIEM TREN INTERNET

« Hai ki€u cong cu tim kiém di€n hinh

May tim kiém (search engine)
Thu muc phan 16p (classified directory)

e Thu muc phan 16p

s6 luong it ta1 lieu Web

t6 chire dang thu muc

tim kiém theo thu muc

két qua danh sach theo thu muc.

Lycos, Yahoo, CiteSeer ... thu muc phéan 16p dién hinh.

o Két hop thu muc phan 16p vao may tim kiém

AltaVista: co cac dich vu catalog; Lycos: tron dich vu vao chirc nang.
Northern Light: ¢6 dich vu tim kiém t6 chitc dong két qua cta tim
theo tir khda thanh nhom theo chu dé tuwong tu hoac nguon/kiéu.

12
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THU MUC PHAN LOP: CiteSeer
http://citeseer.ist.psu.edu/directory.html

CiteSeer.IST

Scientific Literature Digital Library

Computer Science Directory

égents Architecture Assistant Agent.. BDI Pdohile & -ents .

Apphcations Face Recognitio.. Finarcial Predi. Speech Recognit..

Architecture Clusters Distributed Arc.. Parallel

Axtificial Intellicence Expert 3vstems Knowledge Repre.. Hatural Lanpuag.. Optimization ...
Clompression Audio Text WVideo

Databases Concurrency Data Warehousin.,. Deductive Object-oriented .

Hardware CISC Hizgh Perfortmanc., Logic Desizn Memory Stractur.

Human Computer Interaction Collaboration Craphics Interface Desiz. Dlultitnedia ..
Information Eetinteval Classification Dizital Librari. Extraction Filtering ..

MMachine Learning Case-based Lear.. Fuzey Systems CJenetic Algorit. Meural Neturorks ..
Networking ATM Internet Local Area Dulticast ..

Operating Svstems Clusters Distributed Fault Tolerance Linux ..

Pl‘l:lgl‘:c'llmnillg Compiler Desion  Compiler Optitnd.. Functional Jaswa

Secmity Access Control Encryption  Information War,. Intellectual Pr.. .

Software Engineering Data 3tructures Parallelism Randomized Algo..

Theorvy Computational @, Formal Language. Logic Quantum Comgouati..

World Wide Web Agents Electronic Comun.. Metasearch Search Engines .
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CONG CU TIM KIEM TREN INTERNET

May tim kiém
—  Co trudce tap lon cac tai ligu Web
— Tim kiém dya theo tu khoa ,
— Keét qua: danh sach tai1 li€u theo tap x€p hang
Han ché
— 50 lugng tu khoa it, danh sach két qua dai, nglr nghia kém.
Phan loai
—  May tim kiém chung
« {6 chinh xé4c thap
« AltaVista, Hotbot, Infoseek
—  Dich vu tim ki€ém
*  Mién thu hep

«  Chinh xéac cao
* Inktomi, Excite, www.netpart.com, Cora
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SO BO QUA TRINH PHAT TRIEN MAY TIM KIEM

« 1994

—  May tim kiém dau tien WWWW (WWW Worm)
— McBryan

— Index chung 110.000 trang web
3/1994-4/ 1994 nhan 1500 cau hoi hang ngay

. 1997 (khi xuat hién Google)
— WebCrawler: 2 tri¢u ->Watch 100 triéu trang web
— Alta Vista nhan 20 triéu cau hoi / ngay
« 2000-nay
— Tang nhanh vé s6 luong
— hang ty trang web
— hang tram tri€u cau hoi / ngay
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i3

MAY TIM KIEM ALTA VISTA

» He¢ thong
— Mot module tim kiém
— Log cau hoi
»  Module tim kiém
— MO hinh viector ¢6 trong 0
— Ngon ngtr ho1: hat mode hoi

Don gian: tr khoa/day tir khoa (hodc phép toan OR)/-word (tai liéu
khong chira word -phép toan NOT)/+word : tai li¢u chira ca word/"day
tu": tai liéu chira day tu ¢6 thu tu chat nhu cau hoi.

mé rong : phép toan l6gic and, or, not thuc hién theo tai liéu; phép toan
near cac tr lan can khong chat nhu “”. Cho chirc nang dat cau hoi theo
"Vét".

Két qua: Hién 10 URL / 1 trang, theo thir tu "hang". Mobi URL c6 tiéu dé
va mot sO thong tin khac.
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MAY TIM KIEM ALTA VISTA

Log cau hoi

—  Muc ti€u: Hu:cmg nguoi dung (Khal pha yéu cau st dung)
—  Log cau hdi gom file text va mot s6 thanh phan khac

File text
— Cau ho1 mon
— Man hinh két qua tr yéu cau da guti
— Cau hoi
e tem thoi gian dugc g1 (don vi mili gidy tor 01/01/1970)
* cookie: co khong hai cau ho1 tir cung mot nguo1 dung
« tem cac sb hang duoc giri di
«  man hinh két qua
«  cac bién dang tir ngudi dung: ngay/khoang ngay
* dang cau hoi: don gian/mé rong
* trinh duyét, dia chi IP
Cac khai niém phién, tap dir icu log .
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SO BO MAY TIM KIEM GOOGLE

 Tén go1 va tac gia

— tén goi: choi chit 101%0: may tim kiém 16n
— tonam 1997
— Sergey Brin va Lawren Page: hai nghién ctru sinh Stanfort

« Mot so thong s6
— Dinh huéng nguoi dung: c6 log cau hoi
— Yc€ucau

crawling nhanh: thu thap tai liéu web va cap nhat vao kho
Hé thong luu trit hiéu qua: chi s6 va chinh tai liéu

Hé thong index: hang trim gigabyte dit liéu hiéu qua
Ho61/dap nhanh: tram nghin cau hoi / giay.
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SO BO MAY TIM KIEM GOOGLE

Bai viet dau tien ve Google (nam 1998)

File: brin98anatomy.pdf

,,,,,

@ Sergey Brin received his B.S. degree in mathematics and computer science

= from the University of Malyland at College Park in 1993. Currently, he is a
Ph.D. candidate in computer science at Stanford Umiversity where he received
his M.S. in 1995. He is a recipient of a National Science Foundation Graduate
Fellowship. His research interests include search engines, information
extraction from unstructured sources. and data mining of large text collections
and scientific data.

Lawrence Page was born in East Lansing, Michigan. and received a B.S.E.
in Computer Engineering at the University of Michigan Ann Arbor in 1995.
He is currently a Ph.D. candidate in Computer Science at Stanford University.
Some of his research interests include the link structure of the web, human
computer interaction. search engines. scalability of information access
interfaces. and personal data mining.

The Anatomny of a Large-Scale Hypertextual
Web Search Engine

wergey Brin and Lawrence Page
Camputer Science Depariment,
Stantard Uxniversitv, Stanfard. CA 94305, U/SA 22




i3

SO BO MAY TIM KIEM GOOGLE

Mot sO phan tich
—  hiéu qua: téi vu truy nhap nhanh va hiéu qua
e chi sb: thuan/ngugc
e cau trac dit liéu tot: hé thong file riéng
«  yéutd “tap trung hoa”.
—  Danh chi sb
«  1994: moi thtr tot néu bd chi sé day du
»  1997: luén diém trén khong dung. Chi so day du khong ting chat
luong tim ki€ém (chi ¢6 1/4 top may TK thuong mai tim dugc
chinh minh trong top ten).
«  Dinh hudng: can ting d6 chinh xac ctia cc trang, dic biét 10 trang

dau.
o Tap trung hoa chi so: ting toc do tim kiém
Mo1 truong hoat dOng

— Hé diéu hanh Linux
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MOT SO PAC TRUNG VA THI TRUONG

| earch Engine e A free entry to WIN $10,000 ;
o wwy When you take a quick e-survey ¢;77” ey
The Users' Guide
to Web Searching | Home Chart Reviews Statistics Learn Directories Search |

Search Engine Features Chart

* See aleo Search Engines by Search Features. Last updated Oct. 31, 2003,
* Search engines grouped by swze; all words link to more detailed reviews. by Greg R. Notess.

Boolean Default  Proximity Truncation Case Fields Limits Stop Sorting

-, OR and Phrase No No intitlc,v inurl, Language, Varies, Relevance,
more filetype, date, + site
domain searches

and, or, andnot, ( ), and Phrase No No title, URL, link, Language, No if Relevance,
+, =, or with () more filetype, date, not site

dormain rewritten

+, - and Phrase No No title, URL, link, Language, No Relevance
more damain

AltaVista Simple +, -, AND, OR, AND and, Phrase, NEAR Yes * No title, URL, link, Language, Yes Relevance,
Review NOT, () phrase more filetype site

AltaVista Adv. and, or, and not, phrase Phrase, near, Yes * title, URL, link, Lanquage, No Relevance, if
Rewview () within, <, <~ more filetype, date used
HotBot (Inktomi) AND, OR, NOT, and Phrase No title, more Language, Some Relevance,
Review GXis date site
MSN Seaxch AND, OR, NOT, and Phrase No title, link Language, Some  Relevance
Raview () - filetype, date

-, OR and  Phrase No intitle, inurl Language, site Yes, + Relevance,

searches metasites

- only and Phrase No No Languagse Yes, + Relevance,
cearches site

AND, OR, AND NOT, or Phrase No title, site, ip, Domain, type No Relevance
()t~ more




MAY TIM KIEM: THI TRUONG

Nam 2010:

- Larry Page va Sergey Brin cing xép thr 11 v&i tai san 15 ty USS.
http://www.forbes.com/wealth/forbes-400?boxes=listschannellatest#p 2 s arank -1

- B&o céo Hién trang thi trirong may tim kiém thuong nién lan thdr sau cla
SEMPO (Search Engine Marketing Professional Organization) thi trwdng cong
nghiép tiép thi may tim kiém khu vwec Bac My ndm 2010 tang trudng 14% tir
14,6 ty db la My nam 2009 |én 16,6 ty d6 la My nam 2010 (Chris Sherman

(2010). The State Of Search Engine Marketing 2010,
http://searchengineland.com/the-state-of-search-engine-marketing-2010-38826. Mar 25,
2010 at 5:00pm ET).

Figure 7: Which of the following types of activity does your organization carry out?
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Search engine optimization Faid search marketing {(paw- Social media marketing (e.q.
(SEOD S organic search) paer-cliclk f search engine social networlks |, Twitter,
advertising) Dlogging )
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MAY TIM KIEM: THI TRUONG

Figure 8: What was your company's budget for search engine optimization (organic
search) in 2009? (Including agency, staff and technology costs)
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Nam 2010: Kinh phi tiép thi trén may tim kiém Respondents: 416

http://searchengineland.com/the-state-of-search-engine-marketing-2010-38826. Mar 25,
« Search engine optimization (SEO): nang cao kha nang hién thj trén may tim kiém theo
két qua tim kiém, m& rdng gidi phap tiép thi
» Search engine marketing (SEM): dwoc dwa vao danh sach wu tién do c6 tra phi 26
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= NGHIEN CU’U THU HOI THONG TIN

L

« Theo Google Scholar, s bai chira “Search Engine”: moi noi: 424.000 bai; tiéu dé:
6350 (2730 bai tir 2006-nay)

« Theo thw vién bai bao khoa hoc cia ACM (ACM Digital Library): c6 trén 40.400 bai
bao khoa hoc trong thw vién co lién quan t&i “search engine”.
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CAC THANH PHAN CO BAN CUA MAY TIM KIEM

Mot s0 thanh phan co ban

—  Module phan mém co ban

« module crawling (crawler)

— o theo lién két trén Web
e  thu thap ndi dung trang Web
e luu vao cac kho chtra

* module indexing (indexer - danh chi muc)
— duyét ndi dung trang web da tai
* phantich, tinh hang cho céac trang nay
— luu trit trong céc cau truc
e moduleranking
—  tinh hang céc trang: ¢ dinh, theo cau hoi
* module searching (Tim ki€m)
— truy xuat co so dir li¢u
e tra vé danh sach tai liéu théa min yéu cau ngu’m dung
—  sap xép cac tai liéu nay theo mirc d6 hop 1& so véi cau hoi
« module interface (giao di€n)
— 1nhén cau truy van cua nguo1 dung
— gui cho module tim klem
— nhan két qua tra vé va hién thi

— T6 chire dir licu
- H¢ thong file

 (Cac cau trac dir liéu
28



@CAC THANH PHAN CO BAN CUA MAY TIM KIEM
May tim ki€ém Google

29



CAC THANH PHAN CO BAN CUA MAY TIM KIEM
May tim ki€ém AltaVista

'| Irnde:x Databas Ej

Juery Enzine

Pand

Interface Tndewrer

g pu———

= e
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MAY TIM KIEM ASPSEEK

2 )
Cdc tir ¥hod \  Eétqua
(quefies) {Results)

SV
7 : Analysis
Module

Crawl Control

Indexes: Telft Sticture
| ]

7

Usage feedback

May tim kiém Vietseek (trén nén ASPseek)
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CRAWLING

G101 thi€u
— mot thanh phan quan trong
— hau hét cac may tim kiém

Chtrc nang
— thu thap cac trang web tu cac site khac nhau trén Internet
— luu gitr vao kho luu trir (phuc vu bd tao chi muc)
— lam tuwong n01 dung cac trang web duoc luu triv
Hoat dong
— khai thac cau tric lién két web
— lan theo cac trang web
— thu thap va lam tuoi
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Crawling Loop

.,
!

CRAWLING
Thuét toan Crawler tuan tu tong quat
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CRAWLING TRONG Virginia

o Tap trung thuit todn nham ting toc do thoi gian
» Modun dugce viét trén Java va két n6i CSDL MySQL

- Tgai sao Java ma khong phdi C++ hay ngon ngiz khac ?
- Chuong trinh trén ngon ngtr khac chay nhanh hon
- dic biét khi duoc toi vu hda ma
- Crawler: nhiéu vao-ra ma khéng qua nhiéu xu Iy ctia CPU
- thoi gian dang ké mang va doc/ghi dia.
- d6 nhanh - cham CPU Java va C++ khong khéac
- Java doc 1ap nén ha tang (dich sang ma byte)
- I chu crawler sang may khac dé thuc hién.
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CRAWLING TRONG Virginia

Crawler Program Crawler Program

Database

o —— e
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CRAWLING TRONG Virginia

 Tang toc

— cau trac hai mic dong thoi
* muc crawler
« muc ludng trong crawler

» Pong thoi murc luong
— ludng chay ddng thoi trong chuong trinh
— dong nhat
— duoc diéu khién bdi médun NewUrlBuffers
» Pong thoi crawler
— file cau hinh: phan hoach mién Internet dé tai
— ta1 cac trang web theo phan hoach
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CRAWLING TRONG Virginia

NewUrlBuffer
Module

Parse
the web
page

Getting
the next
URL

Crawler Threads

Cac thao tac chitc ning mot ludng trong crawler
(chong ludng trong mot crawler)
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CRAWLING TRONG Virginia

e Thu vién chay ludng
— Ma thao tac luong
* file CrawlerThread.java
— Di1€u khién chay ludng
« NewUrlBuffer
« file NewUrlBuffer.java

e Quatrinh Parser

— file Parser.java
— Tim ki€m thong tin hitu dung
« URL
« thong tin lién keét,
* meta-thong tin trong HTML,
. text



CRAWLING TRONG Virginia

Hoat dong cua mot luéng

Nhan mot URL mot tur buffer
« Néu c0, chuan bi tai file HTML tai server tr xa

« nguoc lai, chd mot sd gidy: nhan tiép URL (néu co)
« Pong bo gitra tai va Parser: Buffer ¢& 10 URL
Nhan trudng dau HTML can tai tir server tir xa
o thu théng tin trang thai cua file (kiéu file, dung luong, ...)
« quyét dinh c6 tai hay khdng ?

Truong hop quyét dinh
« Tai thuc su
* Pua noi dung file vao bo nhé
* Parser phan tich va dua ndi dung cua file Ién dia

Tiép tuc chu trinh
viét tdi 7 phién ban cho Crawler
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2.

3.

4.

Indexer cO cac chuc

CRAWLING TRONG GOOGLE

URLserver

giri danh sach URL
webpage s€ dua vé cho
cac crawler phan tan.

Céac crawler
crawling webpage vé
gui cho StoreServer.
StoreServer

nén va luu webpage 1én
dia (vao kho chira).

nang:
doc tai liéu tir kho chira
giai nén
Parser

40



CRAWLING TRONG GOOGLE

5. Index cung Sorter

- gan DoclD cho Web page (DocID dugc gan moi khi Parser phat hién mot
URL m&i).

6. Moi tal liéu
- Puoc bién d6i thanh tap cac xuat hién cua cac tir khoa (goi 12 hit)
- Hit: tir khoa, vi tri trong tai liéu, font (cd, ...), hoa/thuong.
Indexer
- phan bo cac hit thanh tap cac “barrel” luu trit cac chi s6 da duoc sap xép.
7. Indexer
- phan tich cac siéu lién két
- Iuwu cac thong tin quan trong trong file “anchor” cho phép xac dinh

« ngudn, dich cua siéu lién két
« ndi dung vin ban trong siéu lién két.

o (7b) sinh tir dién tra ctru tir khda. s



- CRAWLING TRONG GOOGLE

Vin ban trong siéu lién két:
- nhiéu hé chi gan vao trang nguén
- Google gn vao ca trang dichjij ich
- cho thong tin chinh xac hon, tham chi chinh trang web
¢ “tom tat”
* ”qua chuyén gia xur ly”
- index cho trang web
- “khong van ban”(anh, chuong trinh, CSDL ...)
- - tri truong hop trang web chua ton tai
- lay van ban anchor l1am “noi dung”!
- Tu tudng nay co trong WWW Worm (1994) va c6 trong Google
0 két qua chat luong hon
0 chay: crawling 24 triéu trang c0 td1 259 triéu anchor.

8. URLsolver

- doc file anchor
- bién ddi URL twong dbi RL tuyét déi
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- CRAWLING TRONG GOOGLE

9. URLsolver
- cap nhat lai [ lciD
10. URLsolver

- dua text anchor vao index thudn (huéng tré anchor).
11.URLsolver

sinh CSDL lién két gom céc cap lién két (duge dung dé tinh PageRank).
12. Sorter

- doc cac Barrel (xép theo DoclID) dé sap lai theo WordID tao ra c4c index
nauoc.

- Sinh ra danh sach cac wordID va gia s6 trong index nguoc.
13. DumpLexicon

- lay tur lexicon+danh sach wordID
- sinh ra lexicon méi.

14. Searcher

- chay do webserver tra 161 cau hoi
- dua trén lexicon moi PageRank, index nguoc.
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CRAWLING TRONG GOOGLE

- Chay craw Google:

- Chay craw la bai toan thach thirc: can thi hanh tinh xao - tin cay
(quan trong). Dé do v do tuong tac hang tram nghin phuc vu
web va v0 s phuc vu tén.

- Hang tram triéu webpage, hé crawler Google phan tan, nhanh. 1
phuc vu URL don dua danh sach cac URL cho cac crawler
(Google dung 3 trinh Crawler).

- Phuc vu URL va cac crawler viét trén Python.

- Mdi crawler gitr 300 két ndi tai mot thoi dlem Can tim kiém page
da nhanh. May cham lam 4 crawler, mdi crawler giir 100 két
ndi. Hiéu ning chinh xem DNS o
crawler duy tri cache SNS. - "Trang thai™: nhin DNS, két noi
host, gui yeu cau, nhan tra 101.

Phan mot crawler két noi voi hon nira triéu phuc vy, sinh hang chuc
triéu thuc thé log, vo s6 cudc thoai va thu,
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CRAWLING: BAI TOAN LAM TUOI TRANG WEB

[l Web search Engine diing crawler da thanh phan:
- Duy tri ban sao dia phuong cua trang web,
- Tao c4c cau trdc dit liéu (nhu index nguoc)
IDéc trang web duoc thay d6i thuong xuyén:
- 23% trang web thay d6i hang ngay
- 40% trang web thuong mai thay d6i hang ngay
- Chu ky phan rd mét trang web 20 ngay (half-life 10 ngay)

.Srawler thuong xuyeén tham trang web dé bao dam tinh “twoi” -
"Tham" thé nao cho toi uu?
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CRAWLING: CHIEN LUQC TOI UU

B So dd chién luoc t6i wu gdm hai thanh phan:
- Giai bai toan “Tinh thudng xuyén”
- Giai bai toan “Lap lich crawling”
.I'hénh phan 1: Giai bai toan “tinh thuong xuyén”:
+ Muc tiéu:
(1) Téi wu s6 lugng 1an crawling mdi trang,
(2) Téi wu héa thoi diém crawling mdi trang.
+ N1 dung:
(1) Xac dinh metric #6i wu thich hop hon: dua trén mac do “kho
xtr” ? ma khong theo “tinh trang cii”
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CRAWLING: CHIEN LUGC TOI UU

(2) Khung canh hop nhat (xir Iy diém bat dong) trén co s¢ kiéu
phan bo pho bién cap nhat trang web:

- Possion, Pareto, Weibull,

- Quasi-deterministic
(3) Thuat toan hién dai nhéat (state-of-the-art) dé tim s6 t6i vu do
tim:

- chung va riéng: cac rang budc doi song thuc,

- hiéu qua tinh toan dic biét: lugng tinh do so
(4) Thuat toan tim ra cac thoi diém do tim Iy tuong
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CRAWLING: CHIEN LUQC TOI UU

.Fhénh phan 2: Giai bai toan “Lap lich crawling”:
+ Muc tieu: Tao lich crawling thyc hién duoc t6i wu dua trén cac
thot diém crawling ly tudng hoa,
+ Néi dung: - Giai phap van dé chuyén tai chinh xac,
- C4c rang budc cudc song thuc

+ Thir nghiém: Phan tich mau cap nhat tr mot s6 website ma
IBM c0:

-Grant Slam Tennis: Uc+Phap+My mé rong, Wimbledon

- Golf: Cac cup Master, Ryder,

- Olympic: bong Nagano-1998, He Sydney-2000

- Awards: Tonys, Grammys
+ Két qud: phan bo thoi gian lién cap nhat phu mién réng theo
ung xu
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npc

= MOT SO VAN DE LIEN QUAN VOI CRAWLER

 Cach chon tai trang web

— Khong thé tai moi trang web
0 Khong glan web qué 16n
0 Tap tai vé cd "gié tri" nhat
— Tap kho1 dong
0 Nguon dé tai tap trang web: "nhan" crawler
0 Puoc cong bd

— Thur tu trong frontier
0 Chon trang "quan trong" ?
0 Hang?

« Cach lam tuoi trang web

— Tht ty lam tuoi

0 Lam tuoi theo dinh ky

0 Trang bién d6i nhiéu 1am twoi nhanh hon
— Tinh twoi cua trang web

0 Chir ky noi dung trang (Vinahoo: Thuat toan MD5)
0 So sanh hai chir ky
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MOT SO VAN DBE LIEN QUAN VOI CRAWLER

Tbi thiéu hoa viéc tai nap cac site da tham

— (Ghi nhan cac site da tham

— So sanh: twvong tu nhu URL, st dung thuat toan MD5
Song song hoa qua trinh do tim

— chay trén nhiéu may

— song song thuc hién

— khong tai bo1 trang web

50



Thisad

[rmmmmmmm -

CRAWLER DA LUONG

Fromtiar
|
4 'y
SGat LIFL Add LIRLs =l LIEL SAdd LIHL=
Y ¥
:__—-{':“'I'EI':H tar hﬂmlnahn@m_’@ =nd :_-—-:I::Gl'ﬁl-:l-: tar mminnmﬁlﬂﬂ_’@
[ rel dare] [r=ai dans]

Linkics froakisr

Thiisad

[rmmmmmmmm -

Lbrd ol ki

51



&

CRAWLER SONG SONG
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DANH CHI SO VA LUU TRU TRONG GOOGLE:
BIGFILES

Nguyén tac
- “t6iuu”
e tap dur liéu 1on duoc do tim
* index va tim kiém khong ton kém
- MOt sb cin ctr
phU hop di chuyén dia
e cau tric dir liéu thich hop
« Bigfiles
- Hé thong file
«  dathanh phan
«  Hé thong file ao
- Goi Bigfiles
«  dinh vi trong h/thong file da t/phan duoc ty dong
« dam nhan dinh vi/giai dinh vi dac ta file
«  ho tro nén noi dung file
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KHO LUU TRU TAI LIEU TRONG GOOGLE

Kho luu trir
Luru moi trang web
ké tiép nhau

Nén chuan zlib
. dung hoa téc do nén - 1€ nén

« nén3:l (so sanh vai bzip 4:1 song toc do nén cham)

Vi chi 1 cau truc
« dambao nhat quan

o dé phét trién )
i}i dung CTDL khac chi tir 1 kho va 1 file hi¢n 10i clawer

Sync: tong kiem tra ?

Repository: 50,5 GB-147,8 GB uncompressed

Sync |length | compressed packet

Sync |length | compressed packet

Tung goi nén (compressed packet)

DoclD |ecode |ur||en|page|en |ur| |page
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PANH CHI SO TAI LIEU
- Document index
- giir thong tin vé timg document (TL)

¢ dinh mode ISAM theo DocID
ban ghi

* trang thai hién thoi (clawled|chua clawled)
con tré 1 (to1 kho)
checksum,
cac thong ké
con tro 2*:

- t¢i file Doclnfo d6 dai bién thién chira URL+title (khi TL da clawled)
- t61 URLIist chira URL (chua clawled).

- file chuyén URLJJbcID

- danh sach (checksum URL, DoclD twong trmg) xép theo checksum URL.
K¥ thuat URLserver tim DoclID theo URL

e Tinh URLchecksum,

o Tim kiém nhi phan file chuyén theo URLchecksum

e Cho phép tim kiém theo mode 1. Mode 10 can cho dit liéu 16n (vi du
332 triéu links) ? cau hoi hang ngay nhiéu ?



TU DIEN VA DANH SACH HIT

(4) Tir dién
- Mot s6 dang biéu dién
dat BNT khi thuc hién
Gom 2 phan
« ddy tir cach nhau 1 déu c&ch (ngoai ra c6 cac théng sé khac)
* bang bam cac con tro,
(1998): may co BNT 256MB, 14 tri€u tir,
(5) Cac danh sach hit
- mot danh sach -y xuat hién mét tir & mot tai liéu
e vi tri, font, hoa-thuong,
- biéu dién ca index - index ngugc
- [ bay hicu qua nhat c6 thé duge
- chon lya ma hoa
* don gian|cb dong
- DPon gian: bo nho it hon
- CO0 dong: ch¢ bién bit it hon
- Huffman |Huffman ? -é hoa cd dong t6i wu (compact).




CAU TRUC HIT TRONG GOOGLE

i3

Hit, 2 bytes
_ ] N ~ plain:[cap: T T Tinp:2 posifion: 12
hit (nhu hinh Ve) fancy:[cap:1 [imp =7 [type: 4 | position: &
- 2 byte (16 bit) anchor.[capd [ imp =7 [iype' 4 [hashd [pos: 4

hai kiéu: plain va fancy
« plain: word trong ndi dung; hoa/thuong 1 bit; font .ﬁ plain, =111 fancy; vi
tri > 4096 dat =4096
« fancy: hai loai thuong/anchor
« Anchor: 4 bit vi tri trong anchor+4 bit hash cho DoclD chira anchor
» Nghién ctru giai phap anchor+hash dai hon
Tiét kiém bo nhé
« hit két hop WordID & index thuan| DoclD & index nguoc thanh 4 byte
Do dai thuc 16n hon
« ma escape dugc dung (00000-00000000 ?) va hai byte tiép chira d6 dai thuc
Thoa gidi han thiét ké Google nim 1998
- 224 (14 triéu) Word
- va 227 (100 triéu) TL
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CHI SO THUAN: TIM TH

i3

50 TAI LIEU

Forward Barrels: tofal 43 GB

o Il

e Index thuan

wordid 24

rhits: &

NIt AT AT hit

wordid 24

nhits; B

hit it bt Ft

AUl W e

| ti ]

wordid! 24

rhits: &

Mt At AT hit

wordid: 24

rhits: &

Mt AT AT it

wordid! 24

rhits: &

Mt AT AT hit

AL WA relicd

— Phan hoach 64 barrel thuan

— Mot barrel -c}t vung chi s6 WordID

- Néu Doc c6 Word & barrel (JJfjung chi
= ghi DoclD vao barrel,

s0)

= tiép 1a diy WordID kém danh sé&ch hit twong tng words
« thém chat it bo nhd (mot doclD ghi trén nhiéu barrel) song ich lgi

= vé do phuc tap thoi gian
= mi hoa khi index cudi ciing.

- * ghi gia s WordID (+WordID dau)[Jllt kiem kh/gian
= 24 bit cho WordID trong barrel chua sap

= danh 8 bit ghi @6 dai danh sach hit.
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& CHI SO NGUQC: TIM THEO TU
nmy —= dy my —= dy/1
care —= dy:d, care —= d{/2,6,9;d,/2,6,9
s —=d 15— dy/3:dy/3
dy —s My care is loss of care loss — dy;d> loss —= dy/4
with old care done.
of —=dy;id of  ——= dy/5;d>/5
with — d4 with ——= dy/7; d2/7
old —= d; old — dy/8
dy —s Your care is gain of done— d, done— dy/10
care with new care won.
your —= ds your —= d5/1
gain —= d, gain —= d,/4
new —= ds new —= d5/8
Won —= s won —= d>/ 10
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CHI SO NGUQC: TIM THEO TU
Index nguoc Lexicon: 203ME Inverted Barrels; 41 GB

- T vung: 293 MB wordid] ndocs] —me-[ docid: 27 nhits:E] kit hit hit hit

wiordid] ndocs| - docid; 27| nhits: 5l kit hit hit

- Barrels ngUO’C woatdid! nolocs u,%____.‘ docid; 27 nhits: 5 hit kit hit hit

41 GB ' “a F!I?":Id: Z7] nhits:5[ hit hit
- chira barrel nhu thuan

- sap theo wordID.
- irordID: tir dién tro barrel

e chua word -i doclist cac DoclD + day hit twong tng.
* Quan trong: Thi ty DocID xuat hién tai doclist ra sao ?

(1) bon gian: Sap theo DocID-on nhanh cac doclist theo cau hoi
word da thanh phan ,

(2) Xép theo “hang” xuat hién cac word trong Doc: tra 16i 1 word tam
thuong, word da thanh phan nhanh;

- Kho khan: (i) tron, (i) tinh lai hang khi dung lai index
(3) i phap dung hoa (1)+(2) cé hai tap index nguoc:

(a) hit tiéu dé + hit anchor,

(b) moi hit list [Jém tra tap hit tiéu dé + anchor.

(c) Néu khong du phi hop ém tra tap th hai.
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TRUNG TAM DU LIEU GOOGLE NGAY NAY

» Chi s6 quy mé6 WWW: phai str dung mot cum may
tinh phan tan
— May tinh don dé bj 151, dé that thuong: cham/that bai
* Trung tam dur licu Google:
— Chu yéu chtra cac may tinh dich vu/hang hoa
— Puoc phan tan trén toan thé gidi

— Udc lugng
. Téng cong khoang 1 trieu may phuc vu, khoang 3 tri¢u bo xur 1y 161
(Gartner, 2007)
« Khoi dong 100.000 may phuc vu mdi quy
« S& tién t6i khoang 10% cong suat tinh toan trén thé gidi
— Chi phi trung tam dir liéu khoang 200-250 triéu US$ moi
nam
— Van dé khai thac xau may tinh do so
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KHAI THAC XAU MAY TINH

» Diéu khién chi muc phan tan
— Duy tri mot may quan ly (“tap trung hoa”) chi dao cong
viéc chi muc — giai phap “tin cay”
— Phan chia cong viéc chi muc thanh céc tap viéc song song
— May quan ly gan mdi viéc cho mot may nhan roi tir cum.
* Vi€c “song song”
— Hai kiéu viéc song song va trién khai hai kicu may thi hanh
twrong irng ki€u viéc song song
« Phén tich cu phap
* Chi muc ngugc
— Téach bo tai liéu dau vao thanh cac doan theo hai loai trén
— MOodi doan 1a mot tap con tai licu
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roi

XU LY CAC TAP CON TAI LIEU
« Phan tich cu phap
— May quan ly gan moi doan t&i mot may tinh phan tich cd phap

— BO PTCP doc tung tai liéu va cho ra cac cap (tt, tai lieu)
— B& PTCP viét cac cap vao j phan hoach theo mién chi¥ cai dau
tién cta tir, chang han va&i j=3: a-f, g-p, g-z.

* Chi muc nguoc
— M@&i bd chi muc ngwoc thu thap moi thiét dat = cap (tw, tai liéu)
cho mét phan vung twr khoa

— Sap xép va ghi vao danh séch céc thiét dat

splits assign---A[maStel’] g.ssign postings
(pa ser\f - a- fHQ plq Zl fflnverter/f[ afj
\\ ’;_t_,—ix = . e I oo o
N == 7 - — Se—
\._,\\\/;P?.I"Sie r —a-flg-p|qg-z ‘ |( \ inﬁve n?r >4-[__|D_/J
) g — f |n:/z;£er a[ . lj
lr/ -(xipilrs?r>%-} a-flg-pla-=z| — — La-=z
segment
map filas reduce
phase phase
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TINH HANG

« Hang cua trang web
— Thudc tinh

« “quan h¢” gilra cic trang web

— Theo nghia d§ quan trong
« So sanh 1an nhau

— Sur dung
« Hién thi khi tra 16i nguoi dung
» Khai thac, phat hién cac thudc tinh khac

* Phuong phap
— Tinh theo m6 hinh d6 thi web
— Cau hoi nguoi dung
« La bai toan pho dung
— Mang phurc hgp, mang xa hdi, mang gene, do thi web
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PO THI WEB
Chuyén giao hang gitra cac trang qua lién két
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TINH HANG DON GIAN

* Cong thirc PageRank A

4

0.2

o A ) —\\i

<>

— N(i) : S6 lién két ra ctia trang i

— B(i) : Tap cac trang c6 lién két t6i trang i
— I, =r (1) : Hang cua trang 1

— rla gia tri riéng cia AT

— Lap dé tinhr.

— Van dé hoi tu ?

1 oo

-
i

C
0.4

N —
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HANG TRANG PON GIAN: TON TAI

e MotsOluuy
— Chu trinh: ¢6 thé lip mot vong mai mai

— Trang khong c6 lién két nao: hang =0.

* Trang nao cling co6 y nghia vi vay hang can 16n hon 0

» Can cong thuc phtrc tap hon

[ ] o0 DG)
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HANG TRANG DPON GIAN: CAI TIEN

e Ma tran cai tién duoc xay dung tir ma tran don gian theo cac
budc:
— Thém 1/N vao hang gom toan 0
— Nhan ma tran voi d
— Cong thém gia tri (1-d)/N

AR W/ N)E
tén tai vector PR riéng ./(’)i ‘ -

Lap vo1 vong 1ap 20
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CONG THUC CAI TIEN

e (CoOng thure cai tién

- J)
r(D.zI.jF/N(j)l.l.i)/n

» Po him d (0.80-0.85)
= Ma tran khong suy bién -§n tai vector riéng on dinh
= Co so toan hoc
= Paolo Boldi, Massimo Santini and Sebastiano Vigna (2005). PageRank as

a Function of the Damping Factor. Proceedings of the 14th international
conference on World Wide Web, 557— 566, Chiba, Japan, 2005, ACM

Press
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- HANG TRANG DON GIAN VOI CAU TRUY VAN

NO1 dung
- (14 tr1 hang PageRank
» Pugc tinh mot 1an
= Ngoai tuyén cho toan khong gian Web, doc 1ap véi cau truy van

query
4

¥

Query Processor

‘ Web graph \ page -nk
Query-time

N

PageRank()

Offline




i3

PAGERANK HUONG CHU DE
(Topic-Sensitive PageRank)

query
e CONEXE

/

X
Query Processor
(page,topic) t ¢
—
Classifier
ranktOpiC
Query-time

pd
TSPageRank()

Yahoo!
or ODP

Offline

* NO1 dung
- Tinh hang dua trén lién két (Link-base score)
- Quan tam dén truy van (Topic-sensitive) -p tai licu lop ciu truy van

- Toi thiéu truy van thoi gian (Minimum query time processing)
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HANG TRANG: MOT SO NGHIEN CUU GAN PAY

« Bai toan thot su trong may tim kiém
— Cac nhom nghién ctru
« Amy N. Langville, Carl D. Meyer
« Paolo Boldi, Sebastiano Vigna
— Cac ho1 thao quoc té
* HoO1 thao WWWO05

 Fourteenth International World Wide Web Conference, Chiba, Japan,
2005

— Khur spam
» Tu nang hang trang

« Mot sbd phuong phap: no1 dung (nd1 dung: (1) che phan nang hang, (2) gia
dang; lién két: tang lién ket t61)

» Ap dung linh vuc khac
— Mang phtrc hgp: mang xa hdi, mang gene

— Vai tro cac thuc thé trong mang
Tham khédo Nguyén Thu Trang, Nguyéen Hoai Nam, Pang Thanh Hdi 72



Thuat toan PageRank

Mot so bai bao Fan Chung Graham (Internet Mathematics)
http://math.ucsd.edu/~fan/

PageRank and random walks on graphs , Proceedings of the "Fete of Combinatorics”
conference in honor of Lovasz, to appear,

(with Wenbo Zhao)

Diameter of random spanning trees in a given graph , Journal of Graph Theory, to appeear,
(with P. Horn and L. Lu)

Small spectral gap in the combinatorial Laplacian implies Hamiltonian,

Annals of Combinatorics, 13, (2010), 403--412.

(with S. Buitler)

A local graph partitioning algorithm using heat kernel pagerank, WAW 2009, LNCS 5427, (2009),
62-75.

A network color game , WINE 2008, Lecture Notes in Computer Science, Volume 5385 (2008),
522--530.

(with K. Chaudhuri and M. S. Jamall)

The giant component in a random subgraph of a given graph , Proceedings of WAWZ2009,
Lecture Notes in Computer Science 5427, 38--49.

(with P. Horn and L. Lu)

PageRank as a discrete Green's function, Geometry and Analysis, |, ALM 17, (2010), 285--302.
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TiM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

‘ Data-Aware Search on the Web

Act. 2: Entity SearCh

Are you searching for what you want?

Kevin C. Chang

o B A w
DM || The Database and Information Systems Laboratory
I Fered g carnd Seareh at Tha Univarsity of Nincis at Urbana-Champaign
Firara Adfining S el u Lorge Scale Ingformarion Menageomere

PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2(;98



FTiM KIEM THUC THE - ENTITY/OBJECT SEARCH ENGINE

‘V\That have you been searching lately?

= The university and areas of Kevin Chang?

= The email of Marc Snir?

= Customer service phone number of Amazon?

= What profs are doing databases at UIUC?

= The papers and presentations of SIGMOD 20077
= Due date of SIGMOD 20087

= Sale price of “Canon PowerShot A4007?

= “Hamlet” books available at bookstores?

NISDM [LLINOIS
PGS. Kevin C. Chang: Bai trinh bay tai PHCN, BPHQGHN ngay 08/7/2%)8




DTIM KIEM THUYC THE - ENTITY/OBJECT SEARCH ENGINE

‘ D ata of all sorts--- Prevalent on the Web!

g5 Kevin Chen-Chuan Chang

I Fignt|2=PRrng i Arcran i Travel
elent Cacres & et [ o) m Tm= |} - 10 0of 7,148 results for databases:
" peor: | Relevance v &
A >
MERIGAN . Fundamentals of Database Systems (5th Edition)
~ AIRLINEE aad 1 E=a ,“"' sana| 132 [5i11) 5y Ramez Elmasri, Shamkant B. Navathe (Hardcover -
JPES ‘T'lil. e — —_— March 7, 2006)
O] 2ICA &
= EiolE 4min Avg. Customer Rating: AAArde
Satm res wamml
AR 764 o7 "es so | G Other Editions: Hardcover | Textbeok Einding | Sse all (81
AIRLINES
2y Enos T 2Enous
A&\ =t Price: $100.00 =ed & new from 570.43
AMBRICAN Ewv neve: $100.00
AR ". L e 07 26/2008 IR 07282008 " ~
oF ;IFL"::E‘ 4401 | empnign |08 24 A g ta Al ERs *= | Gl
) AMERICAN 8w
y AGLE daminl P, Databases Demystified EDemzstified!
by Andrew Oppel (Paperba - March 1, 2004)
. < ess s 1s2e | G Avg. Customer Rating: Ak
Othar Editions: Daperbaclk | Digital (Adobe Rexadar) | Sesa
all (3)
a4g E‘: o g:':wﬁ gme |20 | 120 (CEHB sy s s 2anous
x - = e e 1900 | f5€ Drize: 81008 Ueod @ nou: feamm =@ .02
(@) a¢ min| Puy new: $12.97
Bedrooms / Bathr] Excerpt from Page 1: "... This chapter introduces fundsmentsl concepts and
definitions regarding Jatabases, including properties common to databases,

nt datak

2 ST T
Living Arca squar]© Se 1710 5_5"‘*“

735 ALVARADOCT Approximate Lot
STANFORD. CA 94305

Surprise mel See 3 reandom page in this book.

A

Property Age: <C
Property Class: H

3. Refactoring Databases : Evolutiona Database Design
PMLS #: 633342 (Addison Wesley Signature Series)
by Scott W. Ambler. Pramodkumar J. Sadalage
Status: Actve (Hardcover - March 3, 200€)

ViSDM ILLINOIS

PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2%)8



iM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

IThe Web is a Huge
Supermarket!

) s L 3 | ) ; = =
LD R _ S 18O 8 @S-l e - o ol

e | i 8

& &l | 1‘1‘_?-}3‘[{_"_%"!/

g : "1, T ="
-5 - - F r— 9 Aa > ' o 1 . -
31 - 4 =¥ 35 =58 | P : < =)
. g . Maae | O anrallie Y=

¥ — ! * g.

= Y=

WiSDM ILLINOIS
PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2(;98



JTIM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

‘ What yvou search is what you want?

(8> .
t% t%

‘ Search Engine

| ey e~

- ﬁéﬁ*ﬂ" L O e
J‘&

N15DM [LLINOIS

PGS. Kevin C. Chang: Bai trinh bay tai PHCN, BPHQGHN ngay 08/7/2%)8



TiM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

‘ Our View-

Web is “interlinked pages” of “data objects”.

_ AL,
I e
. : .'IJ'I IIl

NISDM ILLINOIS
PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2%)8



TiM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

Challenges on the Web come in “dual”:
Getting access to the structured information!

FKevin's 4- quardants:

Surface Web

DM

Web Indexing and Search
for Data Mining

Access

Structure Y JER |Tf R

N1ISDM [LLINOIS
PGS. Kevin C. Chang: Bai trinh bay tai PHCN, BPHQGHN ngay 08/7/2%(())8



TiM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

‘ACt 1. Challenge of the Deep WEb:
MetaQuerier:

Data Hidden behind Query Forms.

__ MetaQuerier: Exploring and Integrating the Deep Web [SIGMOD'03, SIGMOD 04,
KDD'04, VLDB'05, CIDR'05, KDD'05, TODS'06, CACM'07, VLDB'07a] (Demos:

SIGMOD'04, SIGMOD 05, ICDE'0S, ICDE'0T)

WI5DM [LLINOIS

PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2%98



IM KIEM THUC THE - ENTITY/OBJECT SEARCH ENGINE

Example Applications fla

ﬂpanment Search eein

|Current State of the Art

( L= http: //waww.apartments.com/Results.aspx?page =results&stype —city&city—=champaign&state=il&rad =20

== Demos — Biblios ~ Grants ~ Computing ~ Services ~ Scarch ~ References ~ Recents Sage Fee

I graduated in:

) ctanmates-com

Search Options
1 -3 of 3 itinos restalitstings found (3 Meonagec | Refine Searcn | View Favotios ™
7 . Find Your
Sort By b Name City Price Video Tour Spociat Source ¥

Town anc Courtry Urbara, L S550 <o § Gl’aduatlng
Aper LTeiits Slevs 1LY l
1032 Kot Ave. C ass
Fora sron tme ol 12ma. cases sanaged
Wi s TAOG A yor fres
MOS ont! Now loasing new 1
RNC Z Ded ApanITenis HJUTY troy

jave Lo Favooites woet las long! marg 2o
Cal (340) 3741942
Preivie Gresn Apartmeents Ubana, 1L sS40 <=~
2502 Prairie Green o, oracs s m
Sane a bx of grean” & Prarie
Groon Acanmments marg >> Managed
Cal (S0 T 3017

Save to Favorites
ig m?mgu: Canmons RANTOUL. 1L S439

C0 'Wiest F rost Averue s18ee sa20
i Peirte Commons
- SCSUSNES Managed
D )

commurity. pare>>
Cal (84C] 334 1588 3 .

Save to Favorites I Graduated in:

smnaicc 0 you | 1-30of 3 Winos restal tisthgs fourd ¢ $ Managee ) Ratine Search | Vew avorties m
E— 1978

WISDM T IRRN eI

Web Indoxing and Search

PGS. Kevin C. Chang: Bai trinh bay tai PHCN, PHQGHN ngay 08/7/20%8



iM KIEM THUC THE - ENTITY/OBJECT SEARCH ENGINE

Cm le
ﬁpa rtment Search eera

selact Area: | ** Select ¢ :‘ City: | LI

WisDM ILLINOIS
PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2%98



TiM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

‘ACt 2. Challenge of the Surface WEb:
won WISDM:

Data Hidden within HIML Web Pages.

Kevia Chen-Chuan Cha Associats esmnr ] , N ) i |
roperty Deta
PN T T . PRE
- Res N - Fipaty Inte gy b ot i L B o
oo s A AR o reva s O Contaet Us B Back to Scarch Rosults
Al Offersd at: $1,830,000
-l .~ ——r b =T+ Areas; 243 Sanford
ot P athro
s, TSRS i quare
e - 735 ALVARADO CT s
Wy vk ek STANFORD. CA 33305 -
An S = — st
=X - ~
Sebext Pakdi -

PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2%98



iM KIEM THUC THE - ENTITY/OBJECT SEARCH ENGINE

‘We take an entity view of the Web:

PGS. Kevin C. Chang: Bai trinh bay tai DPHCN, DPHQGHN ngay 08/7/2%98



TiM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

‘What is an “entity”?
Your target of information- or, anything.

= Phone number

= Email address

| PDF

= Image

= Person name

= Book title, author, ...
= Price (of something)

PGS. Kevin C. Chang: Bai trinh bay tai PHCN, BPHQGHN ngay 08/7/2%98



TiM KIEM THU'C THE - ENTITY/OBJECT SEARCH ENGINE

‘From pages to entities

Traditional Search Entity Search
£ o O3

SRS B QS

&

PGS. Kevin C. Chang: Bai trinh bay tai PHCN, BPHQGHN ngay 08/7/2(?398



2 TiM KIEM THUC THE - ENTITY/OBJECT SEARCH ENGINE

‘ Entity Search Problem:

— —

Given:

Input: Keywords & Entities (optionally with a pattern)

E.g. Amazon Customer Service #phone

Output: Ranked Entity Tuples & | 0-90

cf: 0.80
ﬁ 0.60

Két qua trich chon théng tin: chwong 9.

PGS. Kevin C. Chang: Bai trinh bay tai PHCN, BPHQGHN ngay 08/7/2008
88




Hé thong tim kiém thwe thé ngu o

« Day hdi thao WePS Web People Search
 http://nlp.uned.es/weps/
« WePS-1
* June 23-24, 2007
* Prague, Czech Republic
* in association with Semeval/ACL 2007
« WePS-2
* April 215t
« Madrid, Spain
» Co-located with the WWW2009 conference
« WePS-3
« 23 September 2010
« CLEF 2010 Lab in Padova (Italy)

89


http://nlp.cs.swarthmore.edu/semeval/
http://nlp.cs.swarthmore.edu/semeval/
http://nlp.cs.swarthmore.edu/semeval/
http://clef2010.org/
http://clef2010.org/
http://clef2010.org/

WePS 123 - Web People Search

WePS growth path

. WeP52

(2009)

People search
Consolidated
methodology & metrics
Commuruty
consolidation
Task 1: person mame

ambiguily in search
results

Task 2: person
attEibute extrnetion

e WePS1 (2007)

Feople search
Data acquusition
Commmurty building

Task: person name
ambiguity in search

resulibs

. WePS 3

(2010)

People + orgaiizations
Input from commercial
stakeholders (Spock,
Llorente & Coenca)
Eealistic scale dataset
Tasl 1@ persom wame
ambiguity + attribute
extraction in search
resulls
Task2: o nization
name ambiguity for

online reputation
managemaent



i3

WePS 123 - Web People Search

« WePS-1

« Bai toan: Person names disambiguation in a Web
searching

« 29 nhém tham gia va 15 bai bao céng bd
c WePS-2
« Bai toan
» Person names disambiguation in a Web searching
» Person Attribute Extraction
« 21 bai bao cong bb
« WePS-3
 Bai toan:
« Két hop hai bai toan tir WePS-2: ? Tiéu str nguoi
« Mo ho tén “t6 chrc” va quan ly danh tiéng “t6 chirc”
ol 2 bao cao m¢iva 13 bao cao khac



WePS-1: Bai bao mo6 ta bai toan

« Task description
« B6 dir lidu dung thi: phién ban chuyén thé
WePS-06
» B dir liéu hoc, kiém, tra; clng cach [éy tr 3
nguon (diéu tra dan s6 My, Wikipedia tieng Anh,
va Ban chuwong trinh héi nghi ECDLO06)
- Tién hanh chu giai
« S6 nhom tham gia va bao céo
« 29 nhom
« 16 bao cdo dung han

[AGSO07] Javier Artiles, Julio Gonzalo and Satoshi Sekine (2007).
The SemEval-2007 WePS Evaluation: Establishing a benchmark
for the Web People Search Task., WePS-1

92



WePS-1: Bai bao mb ta bai toan [AGS07]

ool - W T 1 e e = 1 A0 T N T T T 1 (e BRI o it D= o}
TS Akd e diEm mErTee =
T Fennss oy =F == [=]
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e ey L e =+ L= = L7
Jamaw= Fluanmbe o 1= k= = ==
FPawul Tloaagz=h 1 =¥ e e}
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WePS-1: Bai bdo mo ta bai toan
[AGSO07]

Name | entities | documents | discarded | Todd Plats 2 239 144
Wikipedia names Stacey Doughty 1 2 0
John Kennedy X7 a9 6 | Young Dawkins 4 &1 35
Georgs Clinton 7 a0 & | Luke Choi 13 i &
Michaal Howard a2 v} g | Gregory Brenonan a2 06 I8
Paul Collins a7 08 6 lone Wastovar 1 4 '\
Tomy A hbott 7 R 0 Parrick Karlsson 10 24 2
Alxander Macomb 21 100 14 | Celeste Paquetie 2 17 2
David Lodge 11 100 9 | Elmo Hardy 3 55 15
Average 23,14 Q0,00 5og | Lovis Sidot 2 & 3
ECDL-0% Mames Alexandar Markham 0 32 16
Edward Fox 16 100 35 | Helen Cawthome 3 46 13
Allan Hanbury 2 100 32 | Dan Rhone 2 4 2
Donna Harman 7 08 6 | Maile Doyle 1 13 1
Andmw Powall 10 08 48 Alice Gilbraath ] 74 S0
Grepory Crane 4 Qi 17 Sidney Shorter 3 4 0
Jane Ha ks 15 00 0 Alfrad Schroadar as 112 58
Paul Clough 14 100 35 | Cathie Ely 1 2 0
Thomas Baker 60 100 31 | Martin Nagel 14 55 3
Christine Borgman 7 Vs 11 Abby Watkins 13 124 35
Anita Coleman 9 o9 78 h’.[_ar_;-' Lemanski 2 152 78
Average 15,30 99,20 30.30 Gillian Symons 3 30 .
WEB(3 Corpus Pam Tetu ! 4 2

' H =5 B
Tim Whisler 10 3 g | Duylrider . - 0
. . - | Armando Valkncia 16 9 20
Ry Tamashiro ] 23 f Hannah Bassh - 3 0

Cynthia Voigt 1 405 314 EE“”l g m : y
Miranda Bollinger 2 2 0 arlotte Hergeron : 2 8
Guv Dunbar 4 51 34 Average 5.90 47210 18,00
TDEEI Plait=s 2 230 144 Crlobal average 10,76 71.02 2600

_Bo di liéu hoc: sO thwe thé, so tai liéu, do thai hoi(?)



[AGS07]

WePS-1: Bai bao m6 ta bai toan

Name entities | documents | discarded
Wikipadia names
Arthur Morgan 19 100 il
Jimes Morehead 48 100 1
James Davidson 39 08 16
Patrick Killen 25 06 4
William Dhckson 01 100 8
Georpe Fosir 42 0 1
James Hamilton 81 100 15
John Nelson 33 100 25
Thomas Frasar 7 100 13
Thomas Kirk 12 100 20
Average 36,500 049,30 17.50
ACLO& Names
Dekang Lin 1 0 {
Chris Brockett 19 08 3
James Curran 63 09 9
Mark Johnson 70 09 1
Jerry Hobbs 15 09 1
Frank Keller 28 100 20
Leon Barrett 33 08 9

BoO di¥ liéu kiém tra

95

Leon Barrett 3 08 9
Robert Moare 38 08 28
Sharon Goldwatar 2 07 4
Stephen Clark 41 07 39
Average 3100 08.40 12,80
US Census Names
Alvin Cooper 43 W 9
Harry Hughes 39 0 9
Jonathan Brooks 83 07 8
Tude Brown 32 100 39
Karen Peerson fd 104) 16
Marcy Jackson ]| 1) 3
Moartha Edwards 82 100 9
Neil Clark 21 00 7
Stephan Jolnson i6 100 2
Violet Howard 32 08 27
Average 30,30 09,10 14,90
(robal average 45,93 0893 15,07




WePS-1: Bai bao mbé ta bai toan [AGSO07]

[ M) s |

Precision(C 5. L ;) = TaA

Purity = Z €

i
T
Inverse Purity = E

max Precision(C;, L)
| L]
)

1
F= F 15— + (1 — ex) S
Purity Inverse Purity

max Precision(L;, C';)

Cac do do danh gia
« D6 chinh xac: co t tim kiém thong tin
« C: tAp cum dwoc danh gia; L: tap céac I&p (cha gidi bang tay), n:
s phan t dwoc phan cum
- I 0.2 : IP trong sb cao hon P (d6 thuan khiét)
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WePS-1: Bai bao mo ta bai toan
[AGS07]

Macro-ave raged Scores
F-measures
rank e ani-id o — = v — o Fur Inv_Pur
1 CU_COMSERM RS B3 iy EE
2 IEST-BF TS TT TS B0
3 PSNUS TS T8 T3 B2
4 LI ST 52 ey 60
5 SHEF Kals T3 S0 B2
G FICOy o TS 53 90
ri LI 2 ST L0 T3
& ONE TN ONE - d a2 &0 AT
9 AL S0y T3 S50 B
1 SWAT-IV 58 5 55 71
11 UUA-FZSA 58 JS0 58 64
1= TITFI1 ST .71 A5 o
13 JHLTI-13 53 65 A5 B2
14 DFKIZ2 S0 53 39 B3
15 WIT A0 L5 A6 03
15 LIC3M_L 3 AS O A5 25
| UBC-AS A0 55 A0 21
& AFT I O . <L T . 29 £.0a

Table 3: Team ranking

Két qua danh gia cac doi
Lwu y ONE-IN-ONE: Cac thwc thé ma chi mét tai liéu dai dién
97
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WePS-1: 13 bai bao mé ta hé thong

PSNUS: Web People Name Disambiguation by Simple Clustering with
Rich Features. Ergin Elmacioglu, Yee Fan Tan, Su Yan, Min-Yen Kan and
Dongwon Lee; The Pennsylvania State University, (My) + NUS

AUG: A combined classification and clustering approach for web people
disambiguation.Els Lefever, Véronique Hoste and Timur Fayruzov; Ghent
University Association; My ?

CU-COMSEM: Exploring Rich Features for Unsupervised Web Personal
Name Disambiguation.Ying Chen and James H. Martin; University of
Colorado at Boulder, Bi

DFKI2: An Information Extraction Based Approach to People
Disambiguation.Andrea Heyl and Gunter Neumann; Artificial Intelligence —
DFKI, Blrc

FICO: Web Person Disambiguation Via Weighted Similarity of Entity
Contexts.Paul Kalmar and Matthias Blume, Fair Isaac Corporation, My
IRST-BP: Web People Search Using Name Entities.Octavian Popescu and
Bernardo Magnini; FBK-irst, Trento (ltaly)

JHU1 : An Unsupervised Approach to Person Name Disambiguation
using Web Snippets.Delip Rao, Nikesh Garera and David Yarowsky; Johns
Hopkins University (My?)



10.

11.

12.

13.

14.

WePS-1: 13 bai bao mé ta hé thong

SHEF: Semantic Tagging and Summarization Techniques Applied to
Cross-document Coreference.Horacio Saggion; University of Sheffield,
Anh

TITPl: Web People Search Task Using Semi-Supervised Clustering
Approach.Kazunari Sugiyama and Manabu Okumura; Tokyo Institute of
Technology

UA-ZSA: Web Page Clustering on the basis of Name Disambiguation.
Zornitsa Kozareva, Sonia Vazquez and Andres Montoyo, University of
Alicante, Tay Ban Nha

UC3M_13: Disambiguation of Person Names Based on the Composition
of Simple Bags of Typed Terms.David del Valle-Agudo, César de Pablo-
Sanchez and Maria Teresa Vicente-Diez; Universidad Carlos Il de Madrid,
Téy Ban Nha

UNN-WePS: Web Person Search using co-Present Names and Lexical
Chains.Jeremy Ellman and Gary Emery; Northumbria University, Anh

UVA: Language Modeling Techniques for Web People Search. Krisztian
Balog, Leif Azzopardi and Maarten de Rijke; University of Amsterdam, Ha
Lan

WIT:. Web People Search Disambiguation using Random Walks.José lria,
Lei Xia and Zigi Zhang; The University of Sheffield, Anh
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WePS-2: mé ta bai toan va dé danh gia

* M0 ta bai toan (2 bai bao)
— WePS 2 Evaluation Campaign: Overview of the

Web People Search Clustering Task, Javier
Artiles, Julio Gonzalo and Satoshi Sekine

— WePS 2 Evaluation Campaign: Overview of the
Web People Search Attribute Extraction Task,
Satoshi Sekine and Javier Atrtiles.

. D0 do danh gia (1 bai bao)
« Combining Evaluation Metrics with a Unanimous
Improvement Ratio and its Application to the Web

People Search Clustering Task. Enrique Amigo,
Javier Artiles and Julio Gonzalo.
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WePS-2:

[UVA] The University of Amsterdam at WePS2. Krisztian Balog, Jiyin He,
Katja Hofmann, Valentin Jijkoun, Christof Monz, Manos Tsagkias, Wouter
Weerkamp and Maarten de Rijke.

[UPM] Learning by doing: A baseline approach to the clustering of web
people search results. José Carlos Gonzalez, Pablo Maté, Laura Vadillo,
Rocio Sotomayor and Alvaro Carrera.

 [PolyUHK] PolyUHK: A Robust Information Extraction System for Web
Personal Names. Ying Chen, Sophia Yat Mei Lee and Chu-Ren Huang,
The Hong Kong Polytechnic University

[UMD] Determine the Entity Number in Hierarchical Clustering for Web
Personal Name Disambiguation. Jun Gong and Douglas Oard.

[CASIANED] CASIANED: Web Personal Name Disambiguation Based on
Professional Categorization. Xianpei Han and Jun Zhao.

[CASIANED] CASIANED: People Attribute Extraction based on
Information Extraction. Xianpei Han and Jun Zhao.

[ITC_UT] Person Name Disambiguation on the Web by TwoStage
Clustering. Masaki lkeda, Shingo Ono, Issei Sato, Minoru Yoshida and
Hiroshi Nakagawa.

[FICO] Features for Web Person Disambiguation. Paul Kalmar and Dayne
Freitag.

[ECNU] Which Who are They? People Attribute Extraction and
1Ia'hsambiguation in Web Search Results., Man Lan, Yu Zhe Zhang, Yue
Lu, Jian Su and Chew Lim Tan, East China Normal University



f WePS-2:

[AUG] Fuzzy Ants Clustering for Web People Search. Els Lefever, Timur
Fayruzov, Véronigue Hoste and Martine De Cock.

[UNED] Web People Search Disambiguation using Language Model
Techniques. Juan Martinez-Romo and Lourdes Araujo.

[UCI] Exploiting Web querying for Web People Search in WePS2. Rabia Nuray-
Turan, Zhaoqi Chen, Dmitri Kalashnikov and Sharad Mehrotra.

[UC3M] UC3M at WePS2-AE: Acquiring Patterns for People Attribute
Extraction from Webpages. Cesar de Pablo Sanchez and Paloma Martinez
Fernandez.

[BUAP] An Unsupervised Approach based on Fingerprinting to the Web
People Search task. David Pinto, Mireya Tovar, Darnes Vilariio, Héctor Diaz
and Hector Jiménez-Salazar.

[XMedia] XMedia: Web People Search by Clustering with Machinely Learned
Similarity Measures. Lorenza Romano, Krisztian Buza, Claudio Giuliano and
Lars Schmidt-Thieme.

[GUELP] Web People Search Based on Locality and Relative Similarity
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WePS-2: Bai vé do do
F function [10]:
FaoilA.B)=A+«sB/llaxsxR+(1 —a)*P)

Thuwdng két hop cac chi sé C. Van Rijsbergen (1974) nhw cdng thirc trén
(véi R: D6 hoi twdng va P: dd chinh x&c).
Muc dich bai b&o: Nghién clru tadc ddng anh hwéng cia cac trong sb
Pé xuat dd do nang cao chat lwgng danh gia khéng phu
thudc vao trong so.
Cai thién theo nhat tri: Unanimous Improvements

Ox(a) >v Ox (b) if and only if z(a) > z(b)vr € X
Hé s cai thién theo nhat tri: Unanimous Improvements Ratio

UIRx r(a,b) = |Taz-ﬁb||;|ITb:_wa| —

[t eT/Qx(a) 2v Qx(b)| -t e T/Qx (b) 2v Qx(a)|
7|
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User

Interface

Y

Dispatcher

Scoring
Module

Processor

Result

Figure 3.1: Architecture of a web metasearch engine.

User
Interface

Source
Selector
Query .| Request Request Ej .
Generator | Generator Submitter Ej’: R
Dispatcher
Fioure 3.2: A possible desion of a dispatcher.
)
Page Result Scori
[ WWW, a ,| Scoring
| Retriever Extractor Module

Result Processor

Figure 3.3: Two subcomponents of a generic result processor.

Eric J. Glover (2001). Using Extra-Topical User Preferences To Improve

Lser
Interface

MO hinh Meta-Search [Glo01]}

Figure 3 4: A metasearch engine based on wrappers.

Source | Query ,| Hequest Request

Selector Geenerator Generator Submitter [

Scoring Result . Fage

Module Extractor Retriever
Wrapper

BEY

Figure 3.5: The internal subcomponents of a wrapper.

Web-Based Metasearch. PhD Thesis, The University of Michigan.
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MO hinh Meta-Search [MEOS]

World Wide Web

Query/|Result

SEs.).

(Search
Google

User Interface —h[ Pre Pracessing}

' I Cluery
| |

A J

. Issue Queries
! HE‘E"":”"'Q & & collect
P xtra . documents
| Processing Fusion & Post | |
' Processing

: Meta Search Engine web-site

[MEOS8] Manoj M, Elizabeth Jacob (2008). A Personalized Search Engine Based on MS
engine: an overview, J. of Scientific & Industries Research, 67: 379-386. 105



MAY TIM KIEM O VIET NAM

Mot s6 may tim kiém TV trudc day:

PanVietnam cta Netnam: giai 2002, cam ching
VinaSEEK cua Tinh Van: may (200 tr), chay nhu hién nay
Hoa tiéu cia FPT (Vuong Quang Khai): noi, cdo lui 8/2002

Mot s6 may tim kiém hién nay

Xalo.vn (http://www.xalo.com): C/ty Tinh Van
Socbay (http://www.socbay.com):  C/ty NAISCORP
Baamboo (http://www.baamboo.com): C/ty CP Truyén thong Viét Nam

Mot s6 nhéan dinh trén mang

Search ctia Viét Nam: Canh chg chiéu!
Bui Diing: Google dd "nudt chieng" céng cu tim kiém Viét Nam?
(http://vietnamnet.vn/cntt/2005/11/517349/)
Van duy tri cong cu tim kiém ctia Viét Nam!
Lé Ngoc Quang (IDG Ventures Vietnam)

* gan nhu bo khong khong tao a’oanh thu rdt it nguoi diimg -> 18ng phi
“Cong cu tim kiém Viét Nam: Mot c6 hai trong”

http://sggp.org.vn/dientutinhoc/2010/9/236722/
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http://www.xalo.com/
http://www.socbay.com/
http://www.baamboo.com/
http://vietnamnet.vn/cntt/2005/11/517349/
http://sggp.org.vn/dientutinhoc/2010/9/236722/

COLTECH-DM: CAC MAY TIM KIEM

Xuat x(
— Vietseek do Bui Quang Minh, 2002
— Trén co s6 ASPseek
— Chay thir trén cong VDC véi 2 triéu trang web
— Module tiéng Viét
Du an Vinahoo (VNSEN)
— Nhom nghién ctru “Khai pha dit li¢u”

— Hoat dong va du kién

May tim kiém thuc thé
— Lién két v6i nhom UTUC (PGS. Chang C. Kevin)
— Tim kiém nguoi, da phuong tién.
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CICC�_1_SearchEngine.ppt

COLTECH-DM:MAY TIM KIEM VIETSEEK-2002

. Tirn kiérn ndng cao  Tro gidp
\/ 1 etS€€k netnam Tim kiém_|

O Of © Telex O %R © WIQR

Tai liéu

k&t qui 1-10 trong tdng =6 317, Tim hét 0.05 gidy.

VietSeeeeeeeceeeeck B
Wétqua 1 2 3 4567 8 9101112 Tiép

1. NetMNam - VWelcomes to NetNam ISP & [CF corporation. [100.00%]

... HNetHam Corp., ISP since 1993, ICP since 2001, Metwark Solution Provider, B2B, B2C, B2G Portal Company in Yietnam.
vietnam ... Provider, B28, B2C, B2G Portal Company in Yietnam. vietnam, vn, internet, netnam, ioit, ncst, isp, icp, intranet,
extranet ...

MG 143 MetNam Corp, I5SF since 19935, 1OF since 20071, Mebworlk Solution Frowvider, B28, B2C, B2E Faortal Compa

home.netnam.ovnd - 45k - Ban (o trk - ThEm trén site nay

2. NetMNam Lifestyle [100.00%]

... HetHam Lifestyle - the most interesting “ietnamese Entertainment Magazine an the net. vietnam, vn, internet, netnam,

init ... technology, software, portal, computer science, it, information, application, asp HetMam ICP Music home Thanh wign ...
hid 14 MNetham Lifestyle - the most interesting Visetnamese Entertainment Magazine on the net.

music. netham.ovnfindex. asp?sysid=292cofwrPrmve Ssy sidold=wonS pevuwn237 sy sidoldold=4m33nnpwezn36 & - 24k - Ban lwo trik -
Thérmn trén site nay

3. NetMNam - Yelcome to NetNam ISP & [CF corporation. [100.00%]

... NetNam Caorp., ISP since 1993, ICP since 2001, Metwoark Solution Provider, B2B, B2C |, B2G Portal Company in Yietnam.
vietnam ... Provider, BZB, B2C, BZ2G Portal Company in “ietnam. vietnam, vn, internet, netnam, ioit, ncst, isp, icp, intranet,
extranet ...

fE 14 Metam Conp, I5FP since 1993, ICF since 2004, Nebwork Solution Prowvider, B2B, B2C, B2G Portal Cormpa

weorw oo netnam.ovndindex. asp - 52k - Ban lwu tri - Thém trén site nay
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COLTECH-DM: MAY TIM KIEM THUC THE

a) Query Form b) Search Result

AnnieSearch Oemo - Professoe Homepage Ssarch - S— —— s

»

]

OO 0wt 4 wesconie

; S—

c} Snippet

e b e 4 e

Lgceys \ Teinls dorvs Fege

Foma | tdca .
[ —— . com
| Ao b G
-
- ..q‘ .

Lt sy of WAGCOrvaln Vo o LTT08 28R For

RS 8 RGN W0 T DRt M T S
EA O] S g A A) . S o) S S 3 o o
Bagpey Ruesiritivery's Stiee Pege Tt e § Rt B T
ervons of tw Dutabese Swdars Crog o Pw Cormpute ‘ e et el gy~ e ey
re o MVasaor wwe OB .
i
S o mr e U ‘
Pt St Bt e En

Real estate Search

Location hoang mai

Property Tvpe

Price min 10000000 max 1000000000
Bedrooms min 2 max 9
Bathrooms  min max

Area hin hax

Search Clear

[ SEARCH ENGINE A
Object Web
query pages
Smppet Extraction XPath
candidates ul
25
Snippets
Snippet Object ] Object
selection Snippet J snippet

Apartments for Bent: 220 C5 Dai Kitn - 9al3eded

 Location: 229 €8 New Urhan Dai Kim, Hoang Mai District, Ha Noi Property type: Villas Price- 15,000,000
VD Bedrooms: § Batlwooms: 5 Avea 320 mad .

www metvoong com - Original - Cached

House for Sale. House for Rent. Villas, Apariments. ...

_Location: 23 Tan Mai, Tan Mai 28 Tan Ma, Hoang Mai Dhstrict, Ha Ned Properry tpe: Apartmenes, Building
Prce: LOGODGO000 YND | Bult vear: 199 2 bedrooms 2, batloooms. Area: 89.00 m2, Garage...

www tihadat com - Criginal - Cached

Ceeca Nha Diana Van Phong Khac

- 3mZ rent hooory apartments Hoans Mai Ha Mot Category: .. Thanh Xnan, Ha Noi Price: 16,200,000 vad /
m2. Virtual Office in district. Details: Apartment 89 m2 with 2 bedrooms clear designed system

www vanphongtroagor com - Onginal - Cached
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= COLTECH-DM: TIM KIEM GIA CA SAN PHAM

3 ¥nGia.Com, - Mdy tim kiom gid c= son phom - Mozilla Firefo

Fil= Edit Wiew History Bookmarks Tools  Help

é - c x ey I: |j |http:,I',l'vngia.com,l’index.php?m0d=search&q=bén+ghé’&act:searchProductShop&s: ﬁ "l |'|G00gle j?'

Most Visited ’ Getting Started 5. | Latest Headlines

T — )

VnGia.Com - May tim ki€ém gia ca san pham
Phin dinh ¢ho quing cao

Cd tit ¢d 99 sdn pham

Tén Sam Pham : Bé Ban Ghé Phing Khach
Thiéng tin ehi tidt
i i 0o

0 nouedi diing comment, O reviesys, O clicks

Gia:
32.000.000VND

Bia chi website clka hano: http eeneor dogodongkey info

Tén Sam Pham : Bé Ban Ghé Phéng Khach
Thing tin chi tidt
w3 oA i 0%

0 nguedi diing comment, O reviews, 0 clicks

Gia:
25.000.000VND

Bia chi website clka hano: http ey dogodongky info

Tén Sam Pham : Bé Ban Ghé Phing Khach
Théng tin chi tide
o 0%

0 ngueii ding comment, O reviewws, 0 clicks

Gia:
24.000.000VND

Bia chi website clka hano: http eenenr dogodongkey info el

Done

‘s start




BAI GIANG KHAI PHA D LIEU WEB

CHUONG 7. PHAN LOP WEB

PGS. TS. HA QUANG THUY

HA NOI 10-2010

TRUONG DAl HOC CONG NGHE
PAI HOC QUOC GIA HA NOI




NOi dung

Gioi thieu phan Iop Web
Phan |&p hoc giam sat
Phan |&p hoc ban giam sat




Gi¢i thieu

St dung
Két qua

NLP
Chuong 4

: So d6 khai pha Web |

Két qua
mau /
tr1 thire

N

0000
( X XN
/,————_\ XX
-—F\Eé:&g;/ Phurong phap biéu dien
trung ) Chuong 5
\_______,/
v N
\T_’/
Thuat toan KPDL Bieu dién
Céc chirong 7,8... Text/Web
\___4//

o Thuét toan KPDL: phan I&p, phan cum, tom tat... S dung cac thuat
toan KPDL chung (phan I&p, phan cum...)
o Chon céc dac trwng, chon cach biéu dién Web déng vai trd quan trong
trong KPDL Web: Chwong 4 va Chwong 5.

e Cac chuong: phéat biéu bai toan va mot sd thuat toan KPDL dién hinh

3



Bai toan phan I&p Web s3ss

o Dauvao
Tap tai liéu web D = {d}
Tap céaclop C,, C,, ..., C, mOi tai liéu d thudéc mét I1op C,
Tap vi du D, = D,+D,+ ...+ D, voi D={d}., ... d thuéc C}
Tap vidu D,,,, daidién chotap D
o Paura
M& hinh phan I&p: anh xa tiv D sang C
e S dung moé hinh
dfp\D..... : xac dinh 16p cia tai liéu d
o Vi dU
Crawler hwong cha dé: cha dé [llbp
Phan I&p/phan cum tap trang Web tra vé “chu dé/lop



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. 5



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

/
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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?

10



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

11



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

12



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

13



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, ! !

14



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

15



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 .

16



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

17



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 I&p van ban Naive Bayes

e Gia thiét Naive Bayes:
gia thiét doc l1ap: xac suat xuat hién ciia mét tw
khda trong van ban doéc lap v&i nglr canh va vi tri
cua no trong van ban:

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)




Cong thirc phan I&p Bayes thw hai oo

1+ TF(F,;.C)

P(F;|CH= -
I+ S TF(F;.C)
i=1

P(CT) ) 1_[ P( Fj . ) TF(F, Doc)

C|Doc) = fyeboe |

| R , - TF(F,, Doc)
E P(C;) ~ HP(FJ C‘Tf)

i=l1 Fe Do



Phan I&p k-NN e
*YI

sm(Doc, D;) [fos(Doc, D) - 2
Ll

e Cho truoc
M6t tap D cac tai liéu biéu dién ban ghi cac dac trwng
Mét do do khoang cach (O'colit) hoac twong tw (nhw trén)
M6t s6 k > 0 (lang giéng gan nhat
e Phan I&p tai liéu méi Doc dwoc biéu dién
Tinh khodng cach (d6 twong tw) tlr Doc t&i tat ca tai liéu thudc D
Tim K tai liéu thuéc D gan Doc nhat

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
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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 eo

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 |I&p Web ban giam sat .

e GiOi thiéu phan Iop ban giam sat web
Khai niém so bb
Tai sao hoc ban giam sat

e NOI dung phan Iop ban giam sat web
M6t sO cach tiép can co ban
Cac phwong an hoc ban giam sat phan |&p web

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



, ’ - p 000
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.




Hoc ban giam sat voi dir lieu Web 44

e Tailiéu tham khao

Soumen Chakrabarti (2003). Mining the Web:
Discovering Knowledge from Hypertext Data.

Morgan Kaufmann Publishers. Chuwong 6.
SEMISUPERVISED LEARNING)

Céac tai liéu vé hoc may

Pierre Baldi, Paolo Frasconi, Padhraic Smyth
(2003). Modeling the Internet and the Web:
Probabilistic Methods and Algorithms. Wiley,
2003, ISBN: 0-470-84906-1(

).
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Hoc ban giam sat véi div liéu Web 23e

e M6t sO thuat toan dién hinh (xem
[chwong 6])

o Expectation Maximization
Experimental Results
Reducing the Belief in Unlabeled Documents
Modeling Labels Using Many Mixture Components

e Labeling Hypertext Graphs
Absorbing Features from Neighboring Pages
A Relaxation Labeling Algorithm
A Metric Graph- Labeling Problem

e Co- training




