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2. Nhan dién cong dé{lg
2.1 Nhan dién cOng dong

!: Lo

=n = VIEN cONG NGHE THONG TIN VA TRUYEN THONG
ot

Phat hién cac cong dong trong mang
ludt

Cac thanh vién trong cong dong co
tinh chat twvong tu nhau

Cac cOng dong c6 thé c6 mdi lién hé
vO1 nhau

S6 lwong cong dong phu thudc vao
thuat toan
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a) Zachary’s karate club

% - - b) Collaboration network between scientists working at the Santa Fe Institute
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Community structure of a social v, [ [ /s
network of mobile phone '
communication in Belgium
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Network of friendships
between students at Caltech
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2.2 Thuat toan Kernighan—LIn

Bai toan lat cat nho nhat Phan mién d6 thi vO hudng
thanh hal mién €6 sO dinh twong duong sao cho tong
trong so ctia C4C canh ndi hai cum 12 nho nhat

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thuat toan

s G = (\/, E)
» Chia cac dinh vao hai cum A va B khong trung lap

» dEA:
Chiphibéntrong |, =2 C

ueA “au

Chi phibénngoaiE, =2 _;c_,
D,=E, -1,
= D € B, chi phi gidm néu doéich6avab
Told ) Tnew - Da + Db - 2Ca,b
= Lap lai vié¢ tim cac cdp t01 vu (a,b) d€ giam chi phi
trong khi tong chi phi (cua lat cat) ti€p tuc giam

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cap nhat chi phi

A B
before after AC
swap swap
—Cxa +Cyq +2 Cxa
Gaing.g: Dg—cap
Gain gy : Dp— cap Texb —Cxb —2 Cxb
Internal cost vs. External cost updating D—values

AW \
ﬁ SOICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thuat toan

Algorithm: Kernighan-Lin(G)
Input: G = (V,E),|V|=2n.

1 begin
2 Bipartition (G into A and B such that |Vi| = |Vg|, VanNn Ve =0,
and VUV =V.

3 repeat

4 Compute D,, Vv & V.

5 for i=1 to n do

6 Find a pair of unlocked vertices wv,; € V4 and vy € Vp whose
exchange makes the largest decrease or smallest increase in
cut cost;

7 Mark v,; and v as locked, store the gain g;, and compute
the new [J,, for all unlocked v € V;

8 Find k, such that G = Ei:1§1 is maximized;

9 if G >0 then

10 Move vg1,...,Vqr from V4 to Vp and vpi,....,us. from Vi to Vi;

11 Unlock v, Yv e V.

12 until G, < 0;

13 end

Output: Balanced bi-partition A and B with ‘‘small’’ cut cost.
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D0 phure tap tinh toan

» Khoi tao tinh toan D: O(n?) (line 4)
= Vong lap: O(n) (line 5)
= Théan vong lap: O(n?)
« Budcican (n—i+ 1)? thoi gian
« Mo6i vong lip: O(n®) (line 4-11)
« Gia sir thuat toan két thiic sau r vong lip
« Tong thoi gian: O(rn3)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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e [teration 1:

I.=14+2=3, E,=3+24+4=09,
Iy=14+1=2;, E,=442+4+1=T7,
[.=24+1=3, E.=3+241=6;

[,=4+3=7 E;=34+4+3=10

I.=44+2=6, E.=2424+2=06,

[[=34+2=5 E=4+4+14+1=6

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

costs associated with a
Initial cut cost = (34244)+(442+1 )4+ 342+1) = 22

D,=E,—-1,=9-3=6
DbZEb—be?—Q:S
Do=FE —-I.=6-3=3
Dd:Ed—Iﬂr: 10-7=3
DF:EF_IFZG_GZO




VD (tiép)

&z

e Iteration 1:

I,=142=3;
L=1+1=2;
L=241=3;
Li=4+3=T;
I. =442 =6;
I[j=3+4+2=5;
® Gy = D, + Dy 2f3ry
Had

Hae

Gaf

Ghed

Gbe

Guf

Hed

Hee

Gef

o= e VIEN CONG NGHE THONG TIN VA TRUYEN THONG

E,=34+2+4+4=09
E,=4+424+1=7;
E.=34+24+1=6;
Es=3+44+43=10;
E.=2+4+24+2=6;
E;=4+1+1=6;

64+0—-2x2=2
6+1-2x4=-1
543-2x4=0
54+40-2x2=1

3+43-2x3=0
3+0—-2x2=-1
3+1-2x1=2

e Swap b and f! (g1 = 4)

Diy=E,—1I,=9-3=6
Db—Eb—Ib:?—QZS
Do=E.—-I.=6-3=3
Dd—Ed—Id—ID—?=3
D.=FE.—I,=6—-6=0
Di=FEf—-If=6-5=1

Di+Dy—2c,=6+3-2x3=3

541—-2x1=4 (mazrimum)

16



VD (tiép)

e D' =D, + 2c,,

Gee

A&

OICT VIEN CONG NGHE THONG TIN VA TRUYEN THONG
il |

N —-

— 2¢;q,Vx € A— {p} (swap p and q, p € A, q € B)

= D,+2¢cp—2c;=6+2x1-2x4=0
= D+ 2y —20;=3+2x1-2x1=3
= Dd—|—26df—2cdb:3+2x3—2>(4:1
= D.+2c;—2c,=0+4+2x2-2x2=0

D+ D)—2=04+1-2x3=-5
D+ D — zcﬂ,q:0+0 2x2=_4

D 4+D)—2.,4=34+1-2x3=-2

D.+ D, —2ce =3+0—-2x2= -1 (mazimum)

e Swap c and e! (go = —1)
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VD (tiép)

T |—

[ D;: = D:,,. + 2'3:1:;; - 2(!:,,::}1\0(32‘ €A— {p}
DH —

D!+ 2¢i —2¢,e=04+2x2-2x2=0
r
D, =

Di+2cie —2cie=1+2x4-2x3=3

— H I

guda = D!+ Dj—2c,;=04+3-2x3=-3(g3=-3)
e Note that this step is redundant (>, ¢ = 0).
e Summary: i =gt =4, g2 = gee = —1, §3 = gua = —3.

e Largest partial sum maij‘:lg} =4 (k=1) = Swap b and f.
SOICT
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VD (tiép)

a b cdef
al0 1 2 3 2 4
b|1 01421
cl2 1 03 2 1
d|3 4 30 4 3
el2 2 2 4 0 2
fl4 11320

Initial cut cost = (143+2)+(1+34+2)+(1+342) = 18 (22—4)

e Iteration 2: Repeat what we did at Iteration 1 (Initial cost=22—-4 = 18).
e Summary: g1 = gee = —1, g2 = gup = —3, 93 = gya = 4.

e Largest partial sum = max Ei“:l g =0 (k= 3) = Stop!

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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2.3 Thuat toan Girvan-Newman

» Tim cac cau no1 gitra cac cong dong dua trén kha
nang thong qua

« Lap la1 vd1 cac cong dong dé tim cac cong dong con

. Két qua la cac cay phan cép vOl1 géc 1a toan bd do thi,
14 1a cac dinh cua do thi

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cau

. Cau: két noi cac cong dong trong do thi

« Néu gitta hai dinh c6 k duong di ngén nhat, moi
duong di twong trng vo1 1/k don vi ludng

« VD: 1 dén 5 ¢6 hai duong di ngan nhat twong tmg vai
72 don v1 ludng

21



Kha nang thong qua cua canh

« Kha ndng thong qua cua canh | =
sO ludng tai bai canh i

« VD:
7-8: 49
3-7:33
1-3: 12
1-2: 1

.. *
SR £
5

=Ln| s=ems \/IEN CONG NGHE THONG TIN VA TRUYEN THONG
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Thuat toan

Thuat toan:
1) Tinh kha ning thong qua cua tat ca cac canh
2) Xba cac canh c6 kha niang thong qua cao nhat
3) Tinh lai kha nang thong qua cua cac canh bi anh huong
4) Quay lai 2), dirng khi khéng con canh nao

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

1_ P Pl
sl = O1C T
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Tinh kha nang thong qua

= Tinh kha nang thong qua dua trén BFS
« V6i moi dinh u
1) Thwe hién BFS tw u

2) Tinh s6 dwdng di ngan nhat ti u t&i moi dinh con
lai trong do thi

3) Dwa trén dé tinh tdng sb ludng tt u t&i mbi dinh
con lai

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tinh kha nang thong qua (tiép)

= Ap dung BFS cho mdi dinh
= Dua trén d6 tinh kha ning thong qua cho mdi canh

= Chia d6i két qua (do mdi canh tinh hai lan)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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VD (tiép)

« Buoc 2:

# shortest A-J paths =
# shortest A-G paths +
# shortest A-H paths

# shortest A-l paths =
# shortest A-F paths +
# shortest A-G paths

# shortest A-K paths
= # shortest A-l paths
+ # shortest A-J paths

17 .
U |o=gnpomem= \IEN CONG NGHE THONG TIN VA TRUYEN THONG
aaci oon | =‘v.lL | i
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VD (tiép)
= Budc 3: }Q\
&

2 2 4 2
1(B) (c)1 @1\®1
1 1 2 1 1
éz @1 Ejz
1 12 12 1
36 bs
12 12

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Girvan-Newman: Example

Step 2:

&)G

Hierarchical network decomposition:
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(c) Step 3
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(b) Step 2
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(d) Step 4
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3. Hoc biéu dién d6 thi

» Ma tran ké thuong thua, c6 sé chi€u 1on
= Can hoc ra bi€u di€n cua cac niat vt so6 chi€u thap

» Ung dung vao céac bai toan khac trong phan tich d6
thi, dac bi€t 1a cac bai toan du doan va phan loai

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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node2vec

tang dau vao  tang an tang dau ra

~

<
\ 4

i > neighborhood(v,)

MO HINH SKIP-GRAM

-

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



Tang dau vao

= Bicu dién cac nat dudi dang one-hot
« Gia tr1 1 irng v&1 nut hién tai, g1 tr1 0 6 cac vi tri khac
= S6 chiéu V - s6 nut trong db thi

T VIEN CONG NGHE THONG TIN VA TRUYEN THONG

33



Tang an

= COs0 chiéu K
= SO lién két gitra tang dau vao va tang an V X K

« Trong so lien két gira tang dau vao va tang an duoc
dung lam biéu dién “hoc trudc” cua nat va dugc tinh
chinh trong cac tac vu (co giam sat) khac

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tang dau ra

« C6 56 chiéu V - s6 lugng nut trong d6 thi

« MO hinh skip-gram dung nut hién tai v, dé du doan ra
cac nut hang xém neighborhood(v.)

« Ham kich hoat softmax
= Ham 16i log-likelihood

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

1_ = = >
sl = O1C T =



Neighborhood(v.)

« BFS:

« Lay mau tir cac nut lién ké véi nat V.

« Céc nat trong cuing mot cong dong co biéu dién tuong tu
nhau

« DFS:

. LAy mau trong qua trinh duyét theo chiéu sau

« Cac nut co vai tro glong nhau trong d6 thi c6 biéu dién
twong tu nhau (nut 14, nt trung tam, nat cau ndi)

« Random walk: Céan bang giita BFS va DFS
« Lay mau vdi s6 luong k (k = 3)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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from Aditya Grover and Jure Leskovec. “hode2vec: Scalable Feature Learning for Networks”. KDD2016
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Thank you for
your attentions!
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