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e Lecture 4: Phan tich va kham pha dit liéu

e Lecture 5: Trwc quan hoa di¥ liéu
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Lién két va Siéu van ban

* Cau ho
Cac lién két (link) cé biéu thij gid tri cda cac trang web duoc trd tdi khong?
Liéu chung cé hitu dung dé xép hang web?
* Kha nang trang chd SOICT tré t&di mot trang web vé Toan?

Social network

From Wikipedia, the free encyclopedia

This article is about the theoretical concept as used in the social and behavioral
sciences. For social networking sites, see Social networking service. For the 2010
movie, see The Social Network. For other uses, see Social network (disambiguation).

A social network is a social structure made .
Part of a series on
up of a set of social actors (such as Sociology
individuals or organizations), sets of dyadic
7 AN s i oo :
ties, and other social interactions between
e Cac mién ung dung . .
° actors. The social network perspective
rovides a set of methods for analyzing the
* Web P yaing

structure of whole social entities as well as a

* Email
. Mangxé hoi,
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Links c6 mat khap noi

« Cac nguodn vé do xac thuc (authenticity) va tin cay (authority)
* Mail spam — nhitng tai khoan email nao la spam?
* Host quality — nguén nao thuwong té?
* Logs cudc goi, ...

* The Good, The Bad and The Unknown

Good Bad

b

% 2= (Chris Manning and Pandu Nayak)
U (=== VIEN CONG NGHE THONG TIN VA TRUYEN THONG
B SOICT '

5



Vi du: Good/Bad/Unknown

* The Good, The Bad and The Unknown
* Dinh tot sé khong trd tdi Dinh toi
* Con cac két hgp khac déu hop ly

Good
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Logic do'n gian

* Dinh tot sé khong tro té&i Pinh toi
* Né&u ban trd t&i mot Pinh t6i, ban cling toi
* Néu mot Dinh tot tré tdi ban, ban 1a tot

Good Bad

0

% ‘ |
=n' VIEN CONG NGHE THONG TIN VA TRUYEN THONG
(i o s




Logic do'n gian

* Dinh tot sé khong tro té&i Pinh toi
* Né&u ban trd t&i mot Pinh t6i, ban cling toi
* Néu mot Dinh tot tré tdi ban, ban 1a tot

Good

Bad
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Logic do'n gian

* Dinh tot sé khong tro té&i Pinh toi
* Né&u ban trd t&i mot Pinh t6i, ban cling toi
* Néu mot Dinh tot tré tdi ban, ban 1a tot

Good Bad
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Nhiéu nhu cdu phan tich lién két

Phat hién cdng dong trong
mang xa hoi
= MObi cong déng s& chira mot
s6 ngwdi ma co so
thich/hanh vi gibng nhau
Théi guen mua sam
= Nhirng khach hang ma c6 ban
hay chi tiéu nhiéu thi cling
hay chi tiéu nhiéu
Phan tich trich dan
« Phat hién cac nghién ciru anh
hudng I&n tir cac trich dan

VIEN CONG NGHE THONG TIN VA TRUYEN THO

The reusable holdout: Preserving
validity in adaptive data analysis

Cynthia Dwork,'* Vitaly Feldman,>* Moritz Hardt,>* Toniann Pitassi,**
Omer Reingold,”* Aaron Roth®*

Misapplication of statistical data analysis is a common cause of spurious discoveries in
scientific research. Existing approaches to ensuring the validity of inferences drawn from data
assume a fixed procedure to be performed, selected before the data are examined. In common
practice, however, data analysis is an intrinsically adaptive process, with new analyses
generated on the basis of data exploration, as well as the results of previous analyses on the
same data. We demonstrate a new approach for addressing the challenges of adaptivity based
on insights from privacy-preserving data analysis. As an application, we show how to safely
reuse a holdout data set many times to validate the results of adaptively chosen analyses.

hroughout the scientific community there
is a growing recognition that claims of sta-
tistical significance in published research
are frequently invalid. There has been a great

of these methods focus on a single round of
adaptivity—such as variable selection followed by
regression on selected variables or model selec-
tion followed by testing—and are optimized for

deal of effort to understand and propose
mitigations for this problem, largely focusing
on statistical methods for controlling the false
discovery rate in multiple hypothesis testing (7).
However, the statistical inference theory surround-
ing this body of work assumes that a fixed proce-

specific inference procedures [the literature is
too vast to adequately cover here, but see chapter
7 in () for a starting point]. There are also pro-
cedures for controlling false discovery in a se-
quential setting where tests arrive one-by-one
(6-8). However, these results crucially depend on
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Links va do thi

-

= Dinh (vertex, node): mot doi twong nao do

= VD: mét nguoi, trang web, tai liéu, cong ty, ...
= Canh (edge): mot lién két (cé huwdng) tir dinh nay tdi dinh khac
= DO thi(graph): G = (V,E)

= V:tap tat ca cac dinh

= E:tdp tat cd cdc canh

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG —
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World Wide Web la mot d6 thi

hyperlink Page B

Gia thuyét: moi lién két gitra hai trang web cé thé cung cap minh chirng vé
do tin cay (chat lwong)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Vai bai toan phan tich lién két

Xép hang cac dinh (Vertex ranking)
= Phat hién cdng dong (Community detection)
Phan loai dinh (Node classification)

= Phan doan lién két (Link prediction)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

(' — Py
s = 1T
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Phan tich do trung tam

S0 === VIEN CONG NGHE THONG TIN VA TRUYEN THONG
swibLl '
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Do trung tam (Centrality)

= Nhitng dinh nao quan trong?
= Can mét dod do
= Nhitng dac trung nao mo ta moét dinh
guan trong?
= DO trung tam (Centrality)

= Ungdung: e 0
L . C. ) ®/»
= Phat hién nhitng ngudi c6 anh huwong o ® ®
nhat trén mang g .E”eJ’Page
= Phat hién nhirng vij tri ha tang cot 18i trén aterqes | x
Internet hoéc ma ng CUC b(’j : .l o “ Aménda Seyfried @
u Phét h|én nhﬁ’ng d'ém/ngu\én Sléu Iéy ® ® Alexander Skarsgard
bénh
. ... ® ‘

\

A - Marilyn Manson

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac loai do thi

a) D6 thi vé hwdng

=

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

b) Db thi c6 huéng
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Ma tran ké

A(i,J) =3

\

(1 néu canh (i,j) ton tai

2 néui = jvacdévonglap tai dinh i

0 nguoclai
[2 1 0 01 0
1 01 0 1 0
0O 1. 01 0 O
0O 01 0 1 1
1 1 0 1 0 0
\0 0 0 1 0 0
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Bac cua dinh (Vertex degree)

= d,(i) = s0 dinh tro to1 ¢

= d (i) = sO dinh ma i tro to1




Po thi c6 trong sO

= MO1 canh c6 mot trong so riéng

= Mot d6 thi c6 thé duoc biéu dién bang mot ma tran trong s6 A
- A(i,j) = 0 nghia 12 khong c6 canh n6i dinh i t6i j
« A(i,j) # A(, 1) c6 thé dién ra

bQ 1 :Oc
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Thuat toan Dyjkstra

» Tim dudng di ngan nhat tr mot dinh s tdi cac dinh con lai cla
d6 thi

« d(v): Khoang cach tu dinh s t&1 dinh v
B1: Khoi tao d(s) = 0, d(v) = @
B2: Sap xép cac dinh v theo mét trdt tw xdc dinh trén hang doi QO

B3: Lay mot dinh u thuoc hang doi Q va cap nhdt khoang cach d(v) (néu
can) véi moi dinh v lién ké voi u

Quay lai B2 cho dén khi xir Iy hét cdc dinh

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Dijkstra: Vi du

tn

ni VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Dijkstra: Vi du (tiép)

v s a b ¢ d v
d[v] 0 0o o0 oo o d[v] ‘

pred[v] | nil nil nil  nil nil

color[v] | W W W W W

s a b ¢ d
0 oo o0 oo oo
Q

2 0 s (nf

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

* '7'

Y
n
2
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Dijkstra: Vi du (tiép)

v s a b ¢ d v |a b ¢ d
d[v] 0 2 7 o o dlv] |2 7 oo o0
pred[v] | nil s s nil nil
colorlv] | B W W W W
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Dijkstra: Vi du (tiép)

v s a b c¢ d v |b ¢ d
d[v’ 0 2 5 10 7 dlv] |5 10 7
predfv] |nil s a a a
colorflv] | B B W W W

o) =0
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Dijkstra: Vi du (tiép)

v s a b c¢ d v |[c d
d[v] 0 2 5 6 7 dlv] |6 7
predfv] |nil s a b a
colorlv] | B B B W W

Y
T
O
=]
M.
={
<
-E’
O
O>
-
(9]
=2
(2]
L
=
O>
=2
(9]
=
e
<
>I
=
]
=
2
O:
.
(0]

25



Dijkstra: Vi du (tiép)

v s a b c¢c d
d[v] 0 2 5 6 7
predfv] | nil s a b a
colorlv] B B B B W
0 &
7 |

v‘d

d[v] ] 7

-

=h| a=ems \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Dijkstra: Vi du (tiép)

v s a b c d
d[v] 0 2 5 6 7
pred[v] | nil s a b a
color[v] | B B B B B

0

-
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Closeness centrality

« Gid st ta dd c6 cach tinh khoang cach (ngdn nhat) tir dinh i ti
dinh j (chang han, dung thuat toan Dijkstra)
« d(i,j): khoang cach (ngan nhat) tir dinh i t6i dinh j
= 1: tong s6 dinh trong db thi

» DO trung tam lan can (Closeness centrality):

n—1
1= d(,))

Cc(i) =

» Nguoc lai mic do xa
= Nghich dao cua trung binh khoang cach tir dinh 1 t&1 cac dinh khac

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Betweenness centrality

» DO trung tam trung gian (Betweenness centrality) cua dinh 1:
1 (1
CB (l) _ p ]k( )

, J#k#1 Pjk
= pjk(i): s0 luong dudng di ngin nhat tir j téi k ma di qua i

= Djk: sO luong duong di ngan nhat tir j toi k

= Minh hoa s0 lan ma dinh 1 1am cdu noéi trén dudong di ngan
nhat gitra hail dinh khac

= Cg(i) cao hon ham y dinh i c6 thé quan trong hon S
6
Co(1) = 15, 4
Ca(2) = Co(3) = C4(4) = 0
Cg(9) = Cg(6) = C4(7) =0 3 1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG )




Degree prestige

= D0 quan trong theo bac (Degree prestige) su dung bac cua mot
dinh dé xem murc d0 quan trong

d;(j
Pp(j) =n£])1

« d;(j): s6 luong canh di toi dinh j

= Pp(j) cao hon ham y dinh j c6 thé quan trong hon

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

1_ o= g 2 o= egm
s S CICT 30



Proximity prestige

P.(i) = 1 |1;]
P(l)_n—lzjel_dl%.’lj)

= [: tap cac dinh ma co thé di téi i

= | L|: kich cotap L.

-

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

SCIC
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Thuat toan
PageRank




PageRank

» PageRank dugc phat minh bo1 Larry Page va Sergey Brin vao
nam 1996,
= (C6 thé) 1a thanh phan c6t 16i cia may tim kiem Google
= Viéc Xép hang dua vao cau tric chung cua toan b0 do thi
= Do pho biér} ctia mot trang web i ¢6 thé an trong s6 luong cac trang
khac lién két to1 1
« DO6i vai cac do thi lom, Xép hang co thé duoc Xép X1 b'fmg cach
dung cac budc di ngau nhién (random walk)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tinh diém trong PageRank

* Gia str mot nguoi thuce hién mot bude di ngau nhién trén cac
trang web:
1/3

+ Bét diu tai mot trang nao dé ‘<: 1/3

e Tai mdi budc, v6i xac suat nhu nhau, 1/3
anh/c0 ta di t&1 mot trang khac theo
cac duong links trén trang dang xem

« “Vé lau dai”, moi trang web c6 mot ti 1¢ ghé tham (visit rate)
- ¢6 thé coi nhu diém cua trang web do (page’s score).

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
34



Nhung chua du

» Rat nhiéu trang web chét (dead-end)

e dead-end: khong co lién két toi trang web khac.

« Lic d6 bude di ngau nhién sé& b tac.
* Ti I¢ gh¢ tham khong con y nghia?

35



Ho bién

« Tai mot trang web chét, nhay ngau nhién sang mot trang web
khac.
» Tai cac trang khac, voi xac suat 10%, nhay ngau nhién sang
mot trang web khac.
e Vi xac suat 90%, di dén mot trang web khac theo duong link da co.
e 10% - mot tuy chon (tham so).

-

=h| a=ems \/IEN CONG NGHE THONG TIN VA TRUYEN THONG



Két qua “Ho bién”

* Khong bao g1 b1 tac cuc bo.

e T6n tai mot ti 1 ghé thaim cho moi trang web.

e Lam sao dé tinh duoc ti 16 d6?

A

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG

0
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Chuoi Markov

* Mot chu61 Markov bao gom » trang thai, va mot ma tran xac
suat chuyén P c0 kich c& nxn.

* Tar mo1 budc, mot nguot chi dirng ¢ mot trang thai nao do.

» Thanh phan P; mo ta xac suat dé di chuyén tir trang thai 7 toi ;

(I £ij<n).
0 1/2 1/72 0 0 0)
/2 0 12 0 0 0
p_[0 1 0 0 0 0
o 0 13 0 1/3 13|
o 0 0 0 0 0
O 0 0 12 12 0

E\’
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Chuoi Markov

* Nhu vay Y5 P;j = 1, voi moi i.

e Chuodi Markov la mot vi du cua “random walks.”

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Ergodic Markov

Mot chudi Markov dugc goi la ergodic hay irreducible néu né cho
phep di chuyén tir bat Ky trang thai nao t61 mot trang thai khac voi
xac suat duong.

e Vi cac chudi Markov nay, ton tai duy nhat mot ti 1€ ghé thim lau
dai cho moi trang thai.

e Steady-state probability distribution (phan b6 x4c suat trang thai dirng)

* Dung ti I¢ nay dé do dac mirc do quan trong?

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

1_ = g p o= age
el SCICT "



Vecto xac suat

« Mot vécto xac suat (dang hang) x = (x;, ... x,) mo ta no1 ma
ta dang dirng tai mot thot1 diem.
* Vd: (000...1...000) noi rang ta dang & trang thai i.
1 1 n
* V& tong quat, X = (X, ... X,) NO1 rang ta dang dimg o trang
thai 1 vo1 xac suat x,.

INgE
&3
|
p—

o~
|
p—

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Budc d1 ngau nhién

* Néu co vecto xac suat x = (x,, ... x,) 0 budc hién tai, budc ti€p
theo s€ & dau?
* Chu y: hang i trong ma tran chuyén P no1 vé kha nang di chuyén
tur i to1 cac trang thai khac.
* Do do tu x, trang thai ti€p theo dugc mo ta bo1 xP
« Tiép theo nita la xP2, xP3, ...
« Liéu chudi budc di nay cé hoi tu khong?
« Néu c6 thi hoi tu dén dau? (trang thai dimg)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tim diém ho1 tu

» Goia = (a,, ... a,) la vécto xac suat ding (steady-state
probabilities).

e Néu vi tri hién tai duoc mo ta bdi a, thi vi tri tiép theo dugc
mo ta bot aP.
* Do a la trang thai dung nén a = aP.

* (G1a1 phuong trinh nay s€ tim dugc a.
* Nhu vay a la veécto riéng (eigenvector) cua P.
(vecto riéng tuong rng voi gia tri riéng 1on nhat cua P)

E\’
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Phuong phap mu

« Pé dam bao chudi Markov 1a ergodic, c6 thé thay P bang:

P =dP + 1

n

e d1a mot tham so (damping factor), d € [0,1]; 1 1a ma trn cac s 1

* Phuong phap mu (Power method):
« Khdi tao x(O (vi tri dau tién)
e Tai budc lap t, tinh x® = xE=DPp
* Cho dén khi [|x® — xED|| < ¢ (ngudng sai khac €)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Toc d6 hoi tu

Convergence of PageRank Computation

100000000 -
& 322 Million Links
== 161 Million Links
§ 10000000
g
b
o 1000000
=
8
>
L
& 100000
g
g
o 10000
Q
=
£
(o]
p= 1000
-
i
2 100
10 I I I I I I 1
0 7.5 15 22.5 30 37.5 45

SOJCT V/EN CONG NGHE THONG TIN VA TRUVEN THONG

Number of Iterations

45



Ung dung: Tim kiém Web

Google

university top 100

Q Al B News [ Images

About 2,800,000,000 results (1.45 seconds)

Colleges/Universities

From sources across the web

Stanford University
— Stanford
S

-

University of California, Berkeley
 defie Berkeley

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

[¥] Videos i More

™ Massachusetts Institute of Technol...
oS Cambridge

X & ®Q
Tools
: Harvard University
Cambridge
- University of Oxford
Oxford
The University of Chicago
W Chicago

- University of Cambridge
| Cambridge

California Institute of Technology
Pasadena

University College London
London
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Ung dung: Phan tich trich dan

Guan et al. 2008. “Bringing Page-Rank to the Citation Analysis”

Y All Citations

IS| Database
" Citations
| 2Ly

| X~ Internal >
Citations

7
0

y -

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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]
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Ung dung: Phan tich trich dan (tiép)
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Thuat toan
HITS

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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HITS: Hypertext Induced Topic Search

Kleinberg, Jon M. "Authoritative sources in a hyperlinked environment." Journal of
the ACM (JACM) 46, no. 5 (1999): 604-632.

Spam filtering Query relevance Execution

@ % Online
PageRank Q% Offline

HITS

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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E'HQ’

Hubs and Authorities

e Mot trang hub t6t d6i véi mot chu de S€ tro toi nhiéu trang
tin cay (authoritative pages) vé chu dé do.

* Mot trang tin cay (authority page) vé mot chu dé duoc tré tdi
tir nhi€u hub tot.

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

SCIC



Authority/Hub

Authority: Trang duoc tro tdi nhiéu

Hub: Trang trd ti nhiéu trang khéc

An authority

-

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

A hub

SCIC
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Bigraph

- Cac dinh chia thanh hai tap khong giao nhau
- M6i canh déu noi hai dinh thudc hai tap

u Vv

Authorities

74 , ‘
U === VIEN CONG NGHE THONG TIN VA TRUYEN THONG
=v|Ll ' '

Hubs
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Thuat toan HITS

E\’

Dau vao: Cau truy van g

Pau ra: Biém authority va hub cia cac trang lién quan dén g
Thuat toan:

1 - Truy hoi thong tin

2 - Mo rong do thi

3 - Tinh thu hang

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

SCIC
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1-Truy hoi thong tin

» Dua q vao may tim kiém (Google, Coccoc, ...) va lay vé tap
goc W gom £k trang 11i€n quan nhat dén g (vi du k = 200)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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2- M6 rong do thi

Tu tap goc W, tao tap co so' S
bang cach
» V6i moi trang p trong W
= B0 sung cac trang ma p tro toi
= B0 sung cac trang trd toi p

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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3- Tinh thr hang

* Tu tap S, xac dinh tap nho cac hubs va authorities
—Thuat toan 1ap
Diém ctia Authority: a
Piém ctia Hub: h

Cho trudc do thi G = (¥, E), cac diém duoc tinh nhu sau

a0 = Y. hG); a) =T
(/DEE '
: AG
D= ) al); h(”=||rf|l|)
(i, )EE 1

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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3- Ranking (cont)

HITS-Iterate(G)
ayg< hyo<— (1,1, ..., 1);
k<« 1
Repeat

a, < LTLak_l;
h, < LL'h,_;

a, < a/||ayl|y; // normalization
hy < hy /||l // normalization
k<« k+1;

until ||a, — a,,||, < g and ||h;— || < &
return a; and A,

y -

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thank you
for your
attentions!

@ soict.hust.edu.vn/ ) fo.com/groups/soict




