Vinh University Journal of Science

Vol. 53, No. 1A/2024

TIM KIEM CONG PONG MANG
DUA TREN TiNH GOC GIUA HAI VEC TO

Lai Vin Trung*, Nguyén Thi Thanh Giang
Trwong Pai hoc Cong nghé Thong tin va Truyén thong, Pai hoc Thai Nguyén, Viét Nam

ARTICLE INFORMATION

Journal: Vinh University
Journal of Science
p-1SSN: 3030-4563

Volume: 53

Issue: 1A
*Correspondence:
Ivtrung@ictu.edu.vn

Received: 08 December 2023
Accepted: 18 January 2024
Published: 20 March 2024

Citation:

Lai Van Trung, Nguyén Thj
Thanh Giang (2024). Tim kiém
céng dong mang dira trén tinh
g0c giwa hai véc to.

Vinh Uni. J. Sci.

Vol. 53 (1A), pp. 95-102

doi: 10.56824/vujs.2023a162

OPEN ACCESS

Copyright © 2024. This is

an Open Access article
distributed under the terms of
the Creative Commons
Attribution License (CC BY
NC), which permits non-
commercially to share (copy
and redistribute the material in
any medium) or adapt (remix,
transform, and build upon the
material), provided the original
work is properly cited.

TOM TAT

Gan ddy, nghién ctru vé bai toan tim kiém cong dong mang da
thu hit sy quan tim ctia nhiéu nha khoa hoc. Hau hét cac loai
mang nhu mang may tinh, mang sinh hoc va mang xa hoi déu co
ciu triic cong dong. Tim kiém cong ddng mang gitup hiéu rd cdu
tric va tinh chat cia mang thuc d6. Pa c6 nhiéu thuét toan véi
cac huong tiép can khac nhau, bao gém ca toa do hoa cac dinh va
xay dung khoang cach phu hop gitta chung. Trong nghién ctru
nay str dung budc di ngiu nhién dé toa do hoa cac dinh ciia do
thi va st dung cosin clia goc giita hai véc to dé phat hién cong
ddéng mang. Bai viét ciing trinh bay ham Modularity dé danh gia
cho viéc phan cum dd thi. Mot s6 két qua thyc nghiém trén dd thi
sinh ngﬁu nhién va d6 thi duoc sinh ra tr bo dir lidu thuc
Zachary’s karate club network dugc trinh bay va so sanh voi
thuat toan K-means++.

Tur khéa: Cong d@)ng mang; budc di ngﬁu nhién; toa do; thuat
toan Cosin; do thi vo hudng; Modularity.

1. Gigi thiéu

Van d& nghién ciu vé ciu tric cia cac mang phic tap nhu
mang x& hoi, mang sinh hoc, mang truyén thdng 1a van dé
thoi sy duoc nhiéu nha khoa hoc nghién ciu trong nhitng
nam gan day [1-6]. Trong dé phat hién cau tric cong ddng
mang 1a mot trong nhimg linh vuc quan trong duoc rat
nhiéu nha khoa hoc quan tam. N6i mét cach don gian, cong
d6ng mang la nhitng nhom dinh ma mat do két ndi giira cac
dinh trong nhém d6 day dic hon so voi mat do két ndi gitra
cac dinh bén ngoai cic nhom d6. Phat hién cong dong
mang la qué trinh phan nhém céac dinh trong mang thanh
cac cong dong. Cac cong dong ton tai trong tat ca cac loai
mang thuc va doéng mot vai trd quan trong trong cau trac,
dong luc va sy phat trién co ban cua mang. P co rat nhiéu
thuat toan duoc dua ra dé giai quyét bai toan tim kiém cong
dd6ng mang véi nhiéu huéng tiép can khac nhau. Mot trong
nhitng huéng tiép can pho bién d6 1a s dung khoang céch
dwa trén ¥ tuong hai dinh clng mét cong ddng thi co
khoang cach nhd, nhu thuat todn K-means [7] va mot cai
tién cua nd 1a thuat toan K-mean++ [8].
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Thuét toan K-means [7] la mot thuat toan don gian phan chia mot tap dir licu gom
n dbi twong thanh k cong dong Vvé6i k 12 mot s6 cho trude. Y tuong cua thuat toan dua
trén viéc cuc tiéu hda ham mét mat

n k
Lzzzyij % -m",
i=l j=1
trong do :{EKEAII:&; X, =(xi1,xi2,. Y ) 1a diém dir lieu tha | va m. =—I21:x

, j=12,...k. Thuat toan K-means véi dau vao 1 tap dir liéu X va sé cum k, daurala k
cum dir liéu da duoc phén chia. Cac budc cua thuat todn K-means:

e Khai tao k diém dit liéu trong tap X lam tam.

e Lap lai cac budc sau dén khi hoi tu

Buwdc 1: Véi mdi diém dir liéu, tinh khoang cach cia nd dén cac tdm va gan né
vao cum ma khoang cach cia n6 dén tdm cum la gan nhat.

Buwéc 2: Voi mdi cum, xac dinh lai thm ciia cum bang céch Iy trung binh cong
cta cac diém dir liéu trong cum do.

Thuat toan s& diing khi viéc chon tdm cta budc sau khong thay d6i hoic thay doi
khong dang ké so Vi cac tam dugc chon vong lap trude do.

Thuat toan K-means 1a mot trong nhiing thuat toan rat quan trong, duoc sir dung
rong rai, thuong tim ra loi giai nhanh chong va hgp ly trong viéc phan cung dit liéu
khong gan nhan. Tuy nhién thuat todn Kmeans con ¢6 mot so nhuge diém trong do c6
mét nhuoc diém 16n d6 1a phép tinh gan dung duogc tim thay cd thé sai tuy 'K dbi véi ham
muc tiéu so véi phan cum téi vu. Dicu nay xay ra do viéc khoi tao chon ngau nhién ban
dau khong tét. Nhuoc diém nay s& duoc khic phuc bang mét cai tién cua thuat toan K-
means++.

1.2 Thudt todn K-means++

Y tuéng cua thuat toan K-means++ [8] 12 viéc trai rong k trung tdm cum ban dau:
trung tdm cum dau tién duoc chon ngau nhién mét cach thdng nhét tir cac diém dit lidu
dang duoc phan cum, sau d6 mdi trung tm cum tiép theo duogc chon tir cac diém dix
liéu con lai véi x&c suat ty 1& thuan véi binh phuong khoang cach cua noé dén tam cum
gan nhat da dugc chon.

Cac budc cua thuat toan K-means++:

* Bwéc 1: Chon ngau nhién mot trung tAm thng nhat trong s cac diém dir lidu.

¢ Buwéc 2: Voi mdi diém dir liéu x chua dugc chon, hiy tinh d(x,C) la khoang
cac gifta X va tim gan nhét da dugc chon, tirc 1a d(x,C)= mind(x,c), voi C 1a tap cdc

tam da chon.
e Buwdc 3: Chon ngau nhién mot diém dir liéu mai 1am tam, sir dung phan bé xac
d? (x C)
Zd

xeX

e Buwéc 4: Lap lai budc 2 va 3 cho dén khi k tim duoc chon.

Suit c6 trong so trong d6 diém x duoc chon véi Xac suat p, =
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 Buéc 5: Khi da chon duoc k tam ban dau, st dung thuat toan K-means dé phan
cum.

Thuat toan K-means++ cai thién dang ké cho thuat toan K-means gdc. Mic du
viéc lya chon ban dau trong thuat toan mat thém thai gian, phan K-means tu n6 hoi tu rat
nhanh sau lan chon tdm nay va do d6 thuat toan thyc sy lam giam thoi gian tinh toan. Céc
tac gia trong [8] da thur nghiém phwong phép cua ho véi cac b dit liéu thyc va téng hop
thi nhan dugc su cai thién gap 2 1an vé téc do va ddi vai mot sb bo dir liéu nhat dinh, 15i
cai thién gan 1000 lan. Trong cac mO phong nay, phuong phap moi hau nhu ludn thuc
hién tét, cai thién duoc dang ké ca vé tc do va sai so.

Dé sir dung duoc thuat toan K-means++ trong phan cum coéng ddng mang trén do
thi, ta thudng tim cach toa do hda cac dinh roi phan cum theo thuit toan K-means++.
Trong bai béo nay, budc di ngau nhién dugc sir dung dé toa do hoa cac dinh cua do thi.

1.3 Buéc di ngdu nhién trén do thi

Xét d6 thi vé huéng G =(V,E), trong d6 V ={V,V,,....V, } la tdp cac dinh va E la
tap cac canh cua do thi. Budc di ngiu nhién trén do thi 1a mot qua trinh ngau nhién mo ta
mot duong di bao gom mot chuoi cac budc ngau nhién trén do thi. Moi budc di 1a viéc di
chuyén tir mét dinh nao d6 dén cac dinh ké vai nd moét cach ngau nhién vai Xac suat nhu
nhau. Xac suat di chuyén ti dinh v, sang dinh v, la

A

deg(v;)

trong d6 A, la phan tir ndm trén giao cua hang i va cot j cua ma tran ké A va
deg(v;) la bac cta dinh v,. Ma tran P=(R))
budc di ngau nhién trén d6 thi G sau mot budc. Xac suat caa viec di chuyén tir dinh i
dén dinh j sau t budc dugc xac dinh la P}, v6i P; la phan tir nam ¢ hang i va cét j cua

1(iv J :1121'"1n)

P =

dugc goi 1a ma tran chuyén cua qua trinh

nxn

ma tran P'.

Trong [9], cac tac gia da chi ra rang néu hai dinh u va v thuéc cung mot cong

dong céac xac suat deé di ngau nhién tir dinh u va dinh v dén dinh tuy y w la gan nhu

nhau, tic 14 P, =P , vi moi dinh W . Do d6 chung t6i nhan thiy khi hai dinh u va v
1 1

D 2P! - D 2P;

cing mot cong dong thi ‘ s& nho, véi [o] 1a chuan Euclidean trong R",

ma tran D la ma tran bac cua do thi G va P!, 1a hang twong @ng véi dinh u cia ma tran

P, Tir d6, chung toi dé xuét viéc toa dd hda cac dinh cua dd thi nhu sau:
1
Véi moi dinh u cua d6 thi G tuwong tng véi mot véc to D 2P;,, hay noi cach

khac toa do cua dinh u duogc xac dinh boi:

Coord (u) = [Pt it R J 1)
o

trong do d, la bac cua dinh v, véi i=12,..,n
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Theo céch tiép can toa do hda cac dinh cua dd thi, di c6 nhidu phuong phap duoc
dua ra, trong d6 phai ké dén phuong phap toa do hoa theo véc to riéng cua Shi va Malid
hay Ng, Jordan va Weiss dugc trinh bay trong [10]. Tuy nhién végi c&c mang thuc 16n,
cac phuong phap nay thuong gap phai kho khan trong viéc tim véc to riéng ctia ma tran
Laplace chuan héa. Trong bai béo nay, chiing t6i sir dung budc di ngau nhién dé toa do
héa cac dinh théng qua viéc tinh ma tran xac suat chuyén P', bang cach nay c6 thé giai
quyét duoc nhanh chéng va chinh xéac vai cac mang thuc 16n.

Tur viéc toa do hda cac dinh theo cong thac (1) va dua vao Cosin caa goc gitra hai
véc to chiing t6i dua ra thuat toan tim kiém cong déng mang theo thuat toan Cosin duogc
trinh bay trong phan sau.

2. Thuit toan Cosin tim kiém céng dong mang

Dua trén nhan dinh rang, néu hai dinh u va v cing thuéc mot cong dong thi goc
gitra hai véc to Coord(u) va Coord(v) s¢ kha nho, hay cosin(Coord (u), Coord(v)) =1.

L=

0 2
o

Hinh 1: Céng dong mang va cdc dinh trong céng dong

Dua vao ¥ tudng trén, chung toi dua ra thuat toan Cosin tim kiém cong dong
mang V&i cac bude nhu sau:

Dir li¢u dau vao: Do thi v6 huéng G=(V,E)vaso cum k.

Pau ra: k cum cong dong da duoc phan chia.

t t P'[
Buéc 1: Toa dd hoa cac dinh cua do thi Coord (u) =[ L J .
e

Bué6c 2: Chon k dinh 1am tdm va mdi tdm coi nhu mét cong dong C,,C,,....C, ,
sau d6 1ap lai cac budc sau dén khi hoi tu:

* V&i mdi dinh u, tinh C =cosin(Coord(u),Center(C,)) , (trong d6 Center(C,) la
tdm cta cum thir i), néu C > 6 thi ta thém dinh u vao cum C, .

* V/6i mdi cum, xac dinh lai tim cua cum bang cach lay trung binh cong cua cac
diém dit liéu trong cum do.

Thuat toan sé& dimg khi tim duoc chon & budc 13p sau gan nhu khéng thay ddi so
V6i bude lap ¢6. Tham sé 6 thudng dugc chon trong ngudng 0.6 <6 <1.

Pé danh gia duoc hiéu qua cua thuat toan Cosin da dé xuat, ching toi thuc hién
thuat toan trén bo dit liéu thuc té Zachary’s karate club network va dit liéu 1a d thi sinh
ngau nhién rdi str dung ham Modularity dé so sanh véi thuat toan K-means++. Két qua
cua thuat toan s& duoc trinh bay trong phan tiép theo.
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3. Két qua thwc nghiém

Ham Modularity 12 mot dai lwong rit quan trong trong bai toan tim kiém cong
déng mang. C6 nhiéu thuat todn tim kiém cong dong mang ndi tiéng duya vao ham
Modularity nhu Phuong phap phd caa Newman [11] hay thuat toan Louvain [12]. Ngoai
ra ham Modularity con 13 thudc do dé danh gia chat luong phan cum cua céc thuat toan
tim kiém cong dong mang. Thuat toan phan cum nao cd gia tri modularity 16n hon thi
chat luong phan cum cua thuat toan dé s& tot hon. Ham Modularity trén d6 thi vo huéng
duoc dinh nghia trong [13] nhu sau:

n

1 Kk
-~ 2m i_l,j—l[Aj 2m jé(Ci ) ),

trong d6 A, 12 phan tir ndm trén giao cua hang i cot j cuamatran ke A; k k; la

bac cta dinh i va dinh j; C,,C; la cac cong dong chtra dinh i va j tuong ung;
1 khi C, =C,,
5(C,.C))= _

710 khi C, #C;.

Mot trong cac b dir lidu thuc té phd bién va quan trong dé thir nghiém trong cac
thuat toan tim kiém cong déng mang 1a bo dir liéu thuc Zachary’s karate club network.
Bo dir liéu nay dugc gigi thiéu boi Wayne W. Zachary [14]. Trong bai bao nay, ching toi
st dung thuat toan Cosin dé tim kiém cong dong trén bo dir liéu thuc Zachary’s karate
club network va thu duoc két qua rat tét, thé hién ¢ Hinh 2-3. Cu thé, Hinh 2 cho thay,
khi thir nghiém thuat toan Cosin trén bo dit liéu Zachary’s karate club network cac dinh
dugc phan thanh ba cum rét rd rang. Hinh 3 cho thay gié tri Modularity thu duogc tir thuat
toan Cosin l6n hon so véi thuat toan Kmeans++. Diéu d6 ching t6 rang chat luong phan
cum caa thuat toan Cosin ma chung toi dé xuét 12 tét hon.

Hinh 2: Tim kiém céng dong mang bang thugt toan Cosin
trén bg dir liéu Zachary’s karate club network
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—— Kmeans++
‘€Cosin algarithm

=
w

Madularity (Q)

=1
-1

2.0

2.00 2.25 2.50 2.75 3.00 325 350 375 4.00
Number of communities (k)

Hinh 3: So sanh Modularity gizza thudt toan Cosin va thugt toan Kmeans++
trén bg dir liéu Zachary'’s karate club network

Ngoai ra, thuat todn Cosin con duoc sir dung dé tim kiém cong dong trén db thi
sinh ngau nhién va ciing thu duoc két qua rat kha quan, thé hién & Hinh 4-5. Cu thé Hinh
4 cho thay, khi thar nghiém thuat toan Cosin trén d6 thi sinh ngau nhién cac dinh duoc
phan thanh nam cum rat rd rang. Hinh 5, cho thay gié tri Modularity thu duogc tir thuat
toan Cosin da phan 14 cao hon so véi thuat toan Kmeans++. Didu d6 chiing to rang chat
luong phan cum ciia thuat toan Cosin ma chiing t6i dé xuat Ia tot hon trén bo dir liéu nay.

Random Community Graph with Cosin algothitm Clustering

Hinh 4: Tim kiém céng dong mang
bang thudt todn Cosin trén trén do thi sinh ngau nhién

081 —— Kmeans++

—— Cosin algorithm

0.7 1

0.6

0.5

0.4

0.3 1

Modularity (Q)

0.2 4

0.1+

0.0 1

T T
2 4

6 8 lll)
Number of communities (k)

Hinh 5: So sanh Modularity gi#a thugt toan Cosin
va thudt toan Kmeans++ trén do thi sinh ngau nhién
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’ Tir két qua thuc nghiém trén cho thdy, thuat toan Cosin dé xuat c6 thé giai quyét
tot bai toan tim kiem cong dong mang trén do thi vo hudng trén ca cac dir liéu thuc va dir
liéu 1a do thi sinh ngau nhién.

4. Két luan

Bai bao da trinh bay viéc s dung budc di ngau nhién trén dd thi dé toa do hoa
cac dinh, tir d6 dé xuat thuét toan Cosin dé phan cum cong ddéng mang. Thuat toan Cosin
duoc dé xuét da giai quyét tét bai toan tim kiém cong dong Mang trén d thi v huong.
Cu thé, két qua thuc nghiém cho thay thuat todn Cosin tim kiém cong dong mang c6 gia
tri ham modularity cao hon thuét toan Kmeans++, do dé chét luong phan cum t6t hon.
Pay ciing 1a mot két qua quan trong dé tiép tuc nghién ciu viéc tim kiém cong dong
mang trén do thi c6 huéng va tim kiém cong d6ng mang chong chéo.
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ABSTRACT

NETWORK COMMUNITY DETECTION BASED
ON THE ANGLE BETWEEN TWO VECTORS

Lai Van Trung, Nguyen Thi Thanh Giang
University of Information and Communication Technology,
Thai Nguyen University, Vietham
Received on 08/12/2023, accepted for publication on 18/01/2024

Recently, the problem of community detection has attracted the attention of many
scientists. Most types of networks such as computer networks, biological networks and
social networks, have a community structure. Community detection helps to understand
the structure and properties of that real network. There have been many algorithms with
different approaches, including coordinating vertices and building appropriate distances
between them. In this paper, a random walk has been used to coordinate the vertices of
the graph and use the cosine of the angle between two vectors to detect network
communities. The article also presents the Modularity function to evaluate graph
clustering. Some experimental results on randomly generated graphs and graphs
generated from the real data set Zachary's karate club network have been presented and
compared with the K-means++ algorithm.

Keywords: Community network; random walk; coordinates; cosine algorithm;
undirected graph; modularity.
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