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UNG DUNG PHUONG PHAP PHAN CUM PHO
TRONG BAI TOAN PHAT HIEN CONG PONG

Nguyén Hién Trinh, Vii Vinh Quang”
Truong Pai hoc Cong nghé thong tin va Truyén thong - DH Thai Nguyén

TOM TAT

Ngay nay, phat hién cong dong trén mot mang xa hoi dang 1a hudéng nghién ctru quan trong trong
linh vuc khoa hoc may tinh. Mang xa hoi thudng dugc biéu dién dudi dang cu trac dir liéu dd thi.
Chinh vi vay, phét hién cong dong trén mang xa hoi chii yéu gin lién voi bai toan phan cum trén
dd thi. Dé giai quyét bai toan, da c6 rit nhiéu thuat toan dugc quan tdm nghién ctru. Trong bai bao
nay, nhom tac gia s trinh bay cac két qua nghién ctru m6i theo hudng tiép can sir dung khai niém
spectrum (pho) dé dua bai toan phén cym do thi tong quat vé bai toan phan cum trén véc to riéng
s6 thye nham giam sb chiéu cua tap dit lidu, ddng thoi két hop k¥ thuat t6i wu hoa ham Min-cut
nho st dung ma tran Laplace. Huéng tiép can nay s& giam do phirc tap tinh toan cta thuat toan
phat hién clu trac cong déng trén mang xa hoi. Cac két qua thyc nghiém chay trén cac bo sé liéu
thue té di khang dinh tinh hiru hiéu cua thuat toan dé xuat.

Tir khoa: Khoa hoc mdy tinh; Mang xd hoi; cau triic cong dong; khai phd dit liéu do thi; phdn
cum do thi; phat hién cong dong; pho.
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THE APPLICATION OF RANGE CLUSTERING METHOD
IN COMMUNITY DETECTING PROBLEM
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TNU — University of Information Technology and Communication

ABSTRACT

Nowadays, community detection in graphs has been an important problem in computer science
research. Social networks are often expressed in form of structure data graph. Hence, social network
community mining mainly deals with graph clustering problem. To solve this problem, many
algorithms have been proposed. In this article, the authors present new research results based on the
approach of using the concept of spectrum to bring the problem of clustering general graph of
clustering problem on vectors of real numbers only, for this reason, the number of dimensions of the
data set will be reduced, then we incorporate the techniques of optimizing the Min-cut function using
the Laplace matrix. This approach will reduce the calculation complexity and quickly yields the
result of social network community structure mining. The effectiveness of proposed algorithm is
evidenced by experimental results on real data sets.
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1. Mé dau

Phuong phap phan cum la tng dung quan
trong ddi voi cac bai toan ddc trung cho mo
hinh d6 thi trong khai pha dir lidu, nhét 1a van
dé x4c dinh cac cong dong trong mang xa hoi.
Phén tich dau tién vé cdu trac cong dong duoc
thuc hién bdi Weiss va Jacobsen [1] trong
viéc nghién clru tach ra cic nhom lam viéc
trong mot co quan chinh phu. Tir d6 dén nay
di c6 nhiéu thuat toan duoc nghién ctru, phat
trién. C6 thé ké thém cic tac gia khac nhu
Flake [2], Radicchi [3], [4]... d& dé xuit viéc
phat hién cong dong theo phuong phép phan
cum d thi G thanh c4c d6 thi nhd hon véi céc
dac trung riéng. Bai todn dat ra nhu vay thudc
lop NP-Kho, cac tac gia Girvan va Newman
[5] da dé xuat phuong phap phan cum thir bac
phan chia dé phat hién cong dong, & d6 can
tinh d0 do trung gian cua cac canh
(Betweenness) va tir d6 loai trir canh ¢6 do do
trung gian cao nhét. PO phuc tap cua thuat
toan nay 1a twong duwong O(k*n) voi k canh
can loai bo. Dé cai tién toc do cua thuat toan
Girvan-Newman, dd c6 nhiéu nhém dé xuét
cac phuong phap khac nhau nhu Tyler [6];
Gregory [7]; Brandes [8]. Tuy nhién, cac
thuat todn nay van c6 do phirc tap 16n, khoang
O(mn?) véi n 1a sb dinh m 1a sb canh. Hudng
cai tién cua nhom tac gia 1a tim cach giam sé
chiéu cua khong gian véc to (dit lidu gbc)
bang phap phan cum phd, tir d6 rut gon khi
luong tinh toan khi xr ly phat hién cong
ddng, giam do phirc tap tinh toan.

Céu tric ctia bai bdo gdm 4 phan. Phan 1 (Mé
dau): gioi thiéu ndi dung nghién ciru. Phan 2:
tom tit mot sd kién thirc co ban dé cap dén
trong cac thuat toan. Phan 3 trinh bay bai toan
phat hién cong dong bang phuong phap phan
cum phé, dé xuat thuat toan. Phan 4 tién hanh
thuc nghiém thudt toan trén cac bo dir liéu.

2. Mot s6 Kién thirc co ban

2.1. Do thi mang xi héi: Ki hiéu G = (V, E),
trong d6 V 1a tap cac dinh biéu dién cac thanh
vién cua mang xa hoi va E la tdp cac canh thé

hién mbi quan hé xi hoi giita cac thanh vién.
Mot cong dong C 1a tap con cac dinh ciia V
sao cho v&i mdi dinh v € C ¢6 nhiéu canh két
nbi Vi voi nhimg dinh u khéc trong C va it
canh két ndi vi véi nhitng dinh w khac thudc
VAC [9], [10].
2.2. Po thi twong nr: Ki hidu G(V, E, W),
trong d6 V={Xi, X,...,Xn} 1a tdp cac dinh, E
la tap cac canh {(Xi, Xj)}thoa man do do W(X;,
Xj)>0 trong do W 1a d¢ do tuong tu [10], [11].
Pb thi G duogc phan chia sao cho cac canh
trong nhom c6 do do twong tu 16n nhét va cac
canh ndi cac nhom co do do tuong ty nho
nhat. Pé biéu dién d6 thi G, c6 thé st dung
cac phuong phap:
+Matran ké W = (W, ;) trong do
{1, (i,)) €E,

0,(i, j) ¢ E.

+ Ma tran két ndi A=(a

i

i1 )nwn dugc xéc dinh
qua d6 do W duoc dinh nghia theo bai toan.

+Ma trdn bac D=(d, ;),., .

d(v,),i=k; .
"k:{o(iv;s)I: véi d(v)1a bic cua

dinh v,.; G v6 hudng khong co trong s6
i - Dayi#j;
i k=1

0,i=j.

két noi gitra cac dinh; G ¢6 hudng cé trong so.

trong do a;la gia tri

Trong nghién ctru va thyc nghiém, viéc xac
dinh su twong duong giira 2 dbi tugng Xi, X;
dugc danh gia theo phan phéi Gauss:
- x|
W(i, j) =exp(-——=")
20

Trong d6 o 1a do léch chuan. Trong thuc

nghiém, ta Iya chon gia tri nay dé diéu chinh
kich thudc cua cum, gia tri W(i,j) cang cao thi
lién két giira Xi va X cang 16n.

Ngoai ra, khoang cach giira 2 d6i tuong con
dugc xac dinh theo khoang cach Euclid.
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a6 D=,

Hién nhién mdi lién két cao khi va chi khi
khoang cach thap.

Khi d6, tir khoang cach cé thé xac dinh duoc
mdi lién két qua nhidu phuwong phap khac
nhau, mot trong nhiing phuong phép duoc
nhom tac gia lya chon 1a phuong phap phd
[12], [13], nham giam sb chiéu cua dir liéu
dugc xét va do dé qua trinh x4c dinh cong
ddng trén db thi to ra hiéu quéa hon rét nhiéu vé
mat thoi gian va dg phirc tap tinh toan.

2.3. Khdi niém phé: Pho 1a mot tap cac gia tri
dac trung cia ma tran L: Spec(L) =

A trong do A,...4, 1a cac gié tri khac
[ml...mtj
nhau cua gia tri dac trung va m,...m, la cac hé

s6 diéu chinh, L 1a ki hiéu cua ma tran
Laplace. Ma tran Laplace c6 mot s6 tinh chét
co ban sau [10], [14], [15].

+ Tong cac phan tir trén cac hang hodc cot
déu bang khong.

+ L1 ma tran vudng ddi xtmg, khong kha nghich.
+ L la ntra xac dinh duong.

+ L 1a mét toan t&r L:V —R trong do V la
tap cac dinh cua dd thi G, R 1a tap s6 thue.

+ Céc gia tri riéng ctia L 1a tryc chuan (d¢ 16n
bang 1 va tich v6 hudng ciia 2 véc to bang 0).
+ L phuy thudc vao thr ty ctia cac dinh con
phd 12 bat bién ddi vai do thi.

Vin dé dat ra 13 tir ma tran lan can ké A biéu
dién cho d6 thi, ta can xay dung nén mot ma
trdn L tuong duong cling c6 kha niang dac
trung cho dd thi ma ta dang xét.

C6 nhiéu cach dé xay dung ma tran L tir A, vi

1 1
du L=1-D 2AD 2 hoic L=D-A.

Tu phuong trinh Lu=Au, ta s& xac dinh
dugc cac gia tri riéng va véc to riéng cua L.
Céc gia tri cia mot véc to riéng chinh 1a cac
gi4 tri phd cuia dinh d6 thi va duoc sir dung dé
tinh toan phan cum do thi. Ngoai ra, véc to
riéng s& dugc chuan hoa dé dé dang tinh toén
[16], [17]. Nhu vay, s6 chiéu ctia phd nhé hon
sO chidu ciia tap dinh ban dau trong do thi vi tir
ma trin lan cén k& A kich thuéc nxn, ta da
chuyén vé xir Iy véc to riéng c6 n phan tir. S6
cum can phan tich trong phwong phap phan
cum phé tuong tmg véi gia tri k ma chung ta lya
chon cho k¥ thuat phan cum k-mean.
2.4. Tiéu chudn dinh gida céng dong
Newman va Girvan [18], X. Liu va cong su
[19] d4 dua ra dai lwong Modularity va t6i uu
hoa dé danh gia chét luong cong dong:
1
Q :_Z(aij_ pij)é‘(ci’Cj) (1)
2mio
Trong d6 A 1a ma tran ke, pik la s6 canh dy
kién trong C, ham (C;,C;) =1 néu i, j thudc
cung cong dong va &(C;,C ;)=0 néu nguoc
lai. Dua trén xac suat két ndi giita dinh i va
dinh j ta co:
1 kK.
=—> (a;,——1)s(C,,C, 2

v6i ki, kj 1a bac cua dinh i va dinh j. Néu goi
ne 1a s6 cong ddng, I 1a s6 canh ndi cac dinh
ctia cong dong C, dc 1a tong sb bac cua cac
dinh cta cong dong C.

n, |c_$2
Q=2 (% ) (3)

c=1 m

Gia tri 16n nhat cua Q duoc xac dinh:

1 . L e 1 .
Qrax = ——mine {[(m-21) - (m-> E(I)]}= — - ming {/Cutc |-E,Cut.} (4)
c=1 c=1
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2

trong d6 E (I,) = jc 1a s6 luong lién két dy
m

kién,

nC
Cut,:|=m—Z:|c la sO canh lién cdng
c=1

dong cua C va E,Cut,, 1a s6 canh du kién coa
cac cong dong cua C. Mot cong dong C co
Qmax dat gia tri dwong va cang lon thi cong
dong dugc xac dinh cang rd, tic 1a viéc phan
tach cong dong l1a tot.
3. Phwong phap phan cum phd
3.1. Bai todn va phwong phdp phin cum pho
3.1.1. Bai toan: Xét d6 thi mang G = (V, E)
voi tap dinh V ={v,,...,Vy}, mot tdp con
ZcV véi 40 doW(Z,,Z))= D A, J);
i€Z;, jez;
A 12 ma tran lién két hodc ma tran k&. Gia tri
cua tap con Z duge xac dinh Vol(Z)=>"D;,
ieZ
N
trong d6 D, = ZA(i, j);i=1..N la gi tri cua
j=1
dinh tht i cua do thi. Hay xac dinh tép cac tap
khac réngZ,,..Z, sao cho Z,NZ;=¢ va
Z,U..UZ, =V ; dong thoi théa min tiéu
chuan phan ving tét (trong mdi nhom, sd
lugng canh la 16n nhat, nhung s6 lugng canh
gitra 2 nhom 1a bé nhat).
3.1.2. Phuong phdp phéan cum pho: Khi mang
duoc biéu dién boi d6 thi, viéc phat hién cong
dong ¢6 moi quan hé ddc biét voi phan cum
do thi. Viéc phan chia do thi G thanh 2 nhom
A, B sao cho trong so cuia cac canh noi cac
dinh tir A dén cac dinh cua B 1a nho nhat [20],
[21] va céac canh trong mdt nhom ¢6 trong so
cao. Su dung phuong phap Min-cut véi lat cat
Cut(AB)= > w

ieA, jeB

i » Wij la trong s0 cta canh

(i ,j), bai toan dugc thuc hién vai viée chon
lat cat Cut(A,B) dat min, con Cut(A A)va
Cut(B,B) dat max. Lat cit Cut duoc thuc
hién theo chuin
1 1
+
vol(A) vol(B)

Incut (A B) = Cut(A, B)( )

trong do:

) B

Hinh 1. Minh hoa dé thi phén thanh 2 cum A, B

Vol(A) = 3> W, = d

ieA j=1 icA
Vol(B) = 3> W, = >-d,
ieB j=1 ieB

Cach tinh nay c6 49 phtrc tap la O(V||E|) va

s€ khong thuc hién dugc viéc phan chia cum
néu gip dinh c6 lap. Pé khic phuc ching ta
s€ tim cac phuong phap thyc hién khac hiéu
qua hon, mét trong cac phuong phap d6 la su
dung phuong phap phd [18], bang giai phap
dung véc to dic trung X =(V,,V,,...,V,) v6i
L= D-A. hodc dung véc to diac trung
1 1

L=D 2AD 2.
Phuong phap cua UlrikeVon Luxburg [13] c6
két qua phan cum t6t véi thoi gian nhanh hon
cac phuong phap phan cum truyén thong.

3.2. Thudt todn dé xudt

Phuong phap nhom tac gia dé xuit dua trén
nguyén tic trg gitip cla cic véc to riéng cua
ma tran Laplace, thyc hién bién doi tap hop
cac ddi tuong di liéu ban dau thanh mot tap
hop cac diém trong khong gian c6 toa do l1a
cac phan tir cia véc to riéng, sau d6 cac diém
duoc phan cum bang cac ky thuat tiéu chuin
k-mean. Khac vai cac phuong phap khac,
nhom tac gia Iya chon ham phan phdi Gauss
dé xac dinh gia tri ma tran lién két A, dong
thoi gia tri k duoc luong hoa bang kinh
nghiém sau d6 tinh va lya chon k véc to dac
trung tir ma tran L va phan cum k-mean trén
tap phd cua tap dit lidu ban dau. Qué trinh
tinh toan céc gia tri riéng va véc to riéng ciing
dugc cai tién dé giam thoi gian tinh todn
(Thuéat toan 3.2.1). Cac phuong phap hién co
st dung ham udc lugng riéng ung véi tung bd
dir liéu dé xac dinh ma tran lién két A. Qua

Y =(u,u,,...,u,) véi

306

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Hién Trinh va Ptg

Tap chi KHOA HQC & CONG NGHE PHTN

225(06): 303 - 310

qué trinh thuc nghiém voi nhiéu bo dit lidu
(https://snap.stanford.edu), nhém tac gia thay
r::ing vi¢c lya chon ham phan phéi Gauss la
hiéu qua boi hau hét cac thudc tinh phan anh
dbi tuong va tao ra mdi quan hé tuong dong
trong thuc té déu tuan theo phan phdi chuan
Gauss. Phuong phap phd c6 thé tinh toan
nhanh va cho biét kha ning lién két hay xay
ra cling nhu kha nang tdt nhat khi thuc hién
két nap vao cong ddng, didu nay dwoc danh
gi4 qua gia tri modularity xac dinh chat luong
cong dong.

M0 ta cac thuit toan:

Thudt toan 3.2.1 ( Xac dinh vector riéng cua
ma trgn V)

Input : Ma trén V ¢6 s chiéu nxn:
Gia tri véc to riéng

Buge 1. Khéi dong x=u®@;1=1?. Gan

Output:

z‘o):(x*x)_%x 5a0 cho Hz“””:l. Dit t=1.

Budce 2.
+ Xac dinhma tran M =V — A1 ;

+ Giai phuong trinh My® =z"": tinh
1
Z(t) — (y(t) y(t)) 2 y(t) ;

Budc 3.
(t)

. Z,
+ Tinh  p, =—&;

(1 °
kh

Néu V la ma tran

Hermitian thi tinh 2 = (2D y®)?

+ Xéc diph  A®
(t) _ (D)

A=A+ p

= A0 4 Py hoic

Budc 4: t:=t+1; Quay lai Budc 2. Diéu kién
dung lap Hz(t) -zt H <¢
Thuét toan 3.2.2 (Thuét toan SC_NT)

Input: Cho tap dir liéu P e R™ | N: s6 diém di
liéu, F so chiéu khong gian, k s cong dong.

Output: Céc cOng déng Z,2,,..,2,voi
Z ={i|yi eC,,i=1.k}

1. For PeP (iel.N) if
(conect;, (R, P;) then

A, J) =exp(— " ”),I,jel .N

2.For PeP deg(vi )=deg(P,); P eP
3.Fori, jel.N D, =diag(V,V,,...,Vy)
4. Comput L=D-4 // Ma tran Laplace

5. Comput k eigen-vector u,,U,,...,
saocho Lu=Au

6. Select ue{u,,u,,..,u

U, cua L

k}// chon u tr tdp

cac vectou, U,,...,u, 7. Select

y estand{u}// chon cic diém vy, e R tr
tap cdc vecto u, chudan héa u dwoc y
8. C, =k _means(y), i=1.k//Phan cum cdc

diém Y; vao k cum C,,C,,...,C, theo k-Means

9. Return Z, :{Pi‘yi eC}

10. Comput Q

Nhan xét:

+ Khi str dung ham phén phéi Gauss xac dinh
ma tran lién ket A thi chat luong cac cong
dong tot hon, mdi lién két gitra 2 do6i tuong X;,
Xjla cao néu cac doi tuong nay rat glong nhau,
su gibng nhau (twong dong) gilra 2 dbi twong
Xi, Xj duoc x4c dinh theo phan phdi Gauss.

+ Do s6 céac véc to riéng trong y 1a nho hon
nhiéu so chieu khong gian F nén hién nhién
viéc thuc hién thuat toan k_mean trén tap y
s¢ giam d0 phuc tap tinh todn trén toan
khong gian.

+ Vi s6 cong dong can xac dinh 1a k va tir
thuat toan k-Means (budc 8) nén de thay do
phuc tap cua thuat toan dugc danh gia tuong
duong véi O(k*N?).

4. Cac két qua thwe nghiém

Dé kiém tra do chinh x4c cta thuat toan, nhém
tac gia tién hanh thir nghiém thuat toan véi
mot sO by dir li€u cu thé trong d6 cac b di
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liéu test (sé liéu nho) kiém tra do chinh xac cua thuat toan khi phan cum. Cac b dit li€u thyc 16n
[22] nham so sanh thuat toan dé& xuit voi cac thuét toan khac. Thuc nghiém dugc thuc hién trén
moi truong Matlab version 7.0.

Hinh 2. Mang 7 dinh va cdc lién két Hinh 3. Mang va trong sé lién két
4.1. Vi du I Xét dd thi mang gém 7 qéi tuong A(6,8,9); B(8.8,8); C(9,8,7); D(2.3,1); E(1,3,4);
F(4,2,3); G(2,3,4) va cac lién két nhu do6 thi twong ing biéu di€n mang (hinh 2):
Tién hanh thuc hién thuét toan theo cic budc sau

Budce 1, 2, 3: Gia tri cia ma tran lién két A (xac dinh theo phan phéi Gauss) va ma tran bac D:

6 080603 0 0 o0 17 0 0 0 0 0 0O 17 -08 -06 -03 0 0 0
08 0 o's o o o0 o 0 16 0 0 0 0 O 08 16 08 0 0 0 O
! i 0 0 16 0 0 0 O 06 08 16 02 0 0 0
06 08 0 02 0 0 O
D=0 0 0 19 0 0 0] L=[-03 0 -02 19 -07 07 0 -
A=[03 0 02 0 07 07 O
5 0 0 07 0 06 0 0 0 0 0 13 0 O 0 0 0 -07 13 -06 O
o o o 0'7 06 (') 07 0 0 0 0 0 20 0 0 0 0 -07 -06 20 -07
o : 0 0 0 0 0 0 07 00 0 0 0 -07 07

0O 0 0 O 0 07 O
Budc 4: Ma tran L duoc xac dinh: L=D-A
Budc 5: Ho véc to dac trung x dugce xac dinh LX = AX; Gia tri riéng A
Buéc 6, 7: Chon U € R® ; k=3; Chudn héa U tacd Y:

0
o=

v= 'ﬁ} EREDT LsE s ENETN 0.21%
[P Ch.ihen U.ErED R T —.1Ee 0.7706
Ao Ran u.EEn .14 . usEan A=|2.1882
-n.7ani LA 0.5%80 O.1420 O.5655
a.ana a.nnsl 0. =780 0.281s 0.5628 2.2588
n.anan AL 0. 3780 0.3116 0.07%E 25136
a-nETl f-1ana 0.37s0 O.10g0 O.71z&
LG ENR -n.7nna 2.8551

0,3780 -0.3875 -0,0566 0.4486 0.4929 -0.4357% 0.2641

0. aal S 14 <] =0 1376 =0,a018 O.2095 . 0als =U.251%
o.3va0 —0.3142 —0.0o60 —0.aa6v —0.7313 —o0.avay 0.1311
0.3veo0 0.14z0 0.3635 0.5z81 —0.2275 0.0724 —0. 6075
0.3780 o.zele 0.5&8z28 -0.5845 0.2526 -0.27398 o.o0l13z
0.3780 0.3446 0.07z5 0.z2196 0.1383 0.4811 0.6591
0.3780 0.4360 0.7186 0.1033 O.0621 0.1857 O.2141

Budce 8, 9: Phan cum cac diém (Y,),i=1.7 vao3 cum 1,2,3 bé“lng thuat toan k-Means:

Bang 1. Két qua phdn cum trong vi du 1

Poi twong cong dong l

OTMMmMOO >
WNNDNEFE PP

Hinh 4. Két qua phdn thanh 3 céng dong
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Nhin xét. Thuat toan dé xuat thuc hién phan cum 1 tdt, cac cong dong thu duge 1a hop 1y.

4.2. Vidu 2. Xét bd dir liéu gia dinh véi kich thude lon, tién hanh thyc hién thuét toan SC NT va
so sanh v&i thuat toan cua UlrikeVon Luxburg [13]. Nhom tac gia thu duge két qua trong bang 2
(n — s6 dinh, m-sb canh, k-sé cong dong, t-thoi gian).

Bang 2. Két qua so sanh 2 thudt todn
(Don vi tinh thoi gian chay:gidy)

Stt n m k tUVonlLB tSCNT

1 100 500 10 2,45 0,65

2 200 1000 25 7,9 1,85

3 400 2000 32 16,8 4,75

4 600 3000 43 21,3 11,8

5 800 4000 50 28,16 20,8 —
6 1000 5000 67 68,6 45,2 -

Hinh 5. So sdnh thoi gian chay
4.3. Vi du 3. Nhom tac gia xét cac bd dir lidu thuc chuan [22] trén thé gidi, thir nghiém thuat
toan, tinh toan chét lugng céc cong déng thu duoc déng thoi so sanh v&i thuat toan cua
UlrikeVon Luxburg [13]. Két qua thu duoc thé hién & bang 3 (n-sd dinh, m-sb canh, k-sé cong
ddng, Q-chét lugng cong dong, t-thoi gian).

Bang 3. Két qua so sanh 2 thugdt todn (Pon vi tinh thai gian chay: gidy)

N e Lo Q/t

St B dir ligu n m K ~UVon LB 2007 _ SC_NT

1 Karate Club 34 78 2 0,31/1,35 0,45/0,53
2 . 3 0,35/1,55 0,49/0,86
3 Dolphin Group 62 159 2 0.53/2,05 0.55/0,97
4 Les Misérables Group 77 254 5 0,42/3,74 0,52/1,93
5 Book Amazon 105 441 3 0,47/3,93 0,58/1,26
6 Political blogosphere 1490 19090 3 0,49/77,35 0,67/55.23

Von_LB. 2007 va SC_NT

Hinh 6. So sanh thoi gian chay Hinh 7. So sdnh chat lwong céng dong

Nhin xét. Qua cac két qua thuc nghiém trén cac bo dir lidu véi kich thude 16n duoc dua ra trong
bang 3 va cac hinh 6 - 7, chiing ta thdy rang thuat toan d& xuat da thuc hién xac dinh cac cong
ddng 1a tdt, thoi gian chay cua thuat toan dé xudt 1a nhanh hon (trung binh khoang 30%) so véi
thuét toan ciia UlrikeVon Luxburg [13]. Chét lugng céc cong dong thu dugc ciing cao hon (trung
binh khoang 23%). Piéu nay khang dinh tinh hiéu qua cua thuat toan dé xuat.

5. Két luan

Nhom tac gia di gidi thiéu mot phuong phap tong hop tiép can theo hudng giam sb chidu cua dir
liéu (dang ma tran, c6 thé da chiéu) xuong chi con & dang véc to (chudi so thuc), ngoai ra con
phoi hop véi y tuong t6i wu hdéa ham Min-cut nho sit dung ma trén Laplace, do d6 rat hiéu qua
cho qua trinh xir 1y phat hién cau tric cong dong trén mang xa hoi. Nén tang ciia phuong phap dé
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xudt 14 k¥ thuat Spectrum (phan cum phd).
Phuong phap nay c6 thé dam bao lya chon
duge sb lwong cong dong hop 1y cho mang.
Nhom tac gia dd chimg minh thuat toan dé
xuit c¢6 hiéu qua trong viéc phat hién cong
ddng, ddng thoi cho thiy phwong phap dé
xudt c6 thé sir dung dé lam sang t6 ciu tric
phtc tap ctuia cac hé théng mang xa hoi (ma
thuc t& can phai mo ta bang khong gian da
chiéu). Thoi gian thuc hién thuat todn la
nhanh hon so véi thuat toan cta UlrikeVon
Luxburg. Chét luong cc cong ddng thu dugc
cling t&t hon. Trong thoi gian tiép theo, nhom
tac gia s& tiép tuc nghién ciru mo rong, hoan
thién cac thuat toan (cho dd thi c6 huéng, ma
tran thuc, da chiéu...) va cai tién cac ky thuat
phan cum d6 thi nham phat hién nhanh cac
cong dong c6 chét luong cao phuc vu cho
viéc phan tich va khai thic théng tin trén
mang xa hoi.
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