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KET QUA PE XUAT THUAT TOAN
PHAT HIEN CONG PONG TREN MANG XA HOI
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YTruong Dai hoc Cong nghé théng tin va Truyén théng - DH Thdi Nguyén,
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TOM TAT

Hién nay, phat hién cong dong trén mang xa hoi 1a mot huéng nghién ciru dang duge nhiéu nha
khoa hoc quan tdm. P4 c6 rat nhidu thuat toan dugc dé xuat, nhung mot trong nhiing van dé can
phai khic phuc d6i voi cac mang xa hoi 1a trong thuc té sé lugng dinh va canh ciia d6 thi cuc ky
16n dan t6i khdi lugng tinh toan trong cac thudt toan rat 16m, khé dép img dwoc véi yéu cu thuc
tidn. Trong bai bao niy, chung toi d& xudt mot giai phap mai dua trén tinh chit ciia mot s6 dinh
dic biét c6 trén dd thi, tir d6 dua ra thuét toan bién dbi dd thi ban dau vé dang rat gon twong duong
nham giam kich thuéc cta dd thi, ddng thoi két hop véi ki thudt lan truyén nhén, xdy dung ham
heuristic dé ting téc d6 xtr 1y cho thuat toan phat hién cong dong. Két qua thuc nghiém trén cac b
dir liéu chudn cho thdy so véi phuong phap lan truyén nhin gdc LPA thoi gian xir Iy trung binh
giam xubng con 85,5% trong khi d6 chat lugng cong dong tang 1én trung binh 14 1,145 1an, tir 6
da khéng dinh dugc tinh hi€u qua cua thuat toan dé xut.

Tiwr khéa: Khoa hoc mdy tinh; mang xd hdi; cdu triic cong dong; phdt hién céng dong; do do
trung gian dinh/canh, lan truyén nhan
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ABSTRACT
Nowadays, community detecting on social network has been an orientation which draws attention of
many researchers. Numerous algorithms have been proposed, but one of the problems that need to be
solved for social networks is the fact that the number of vertices and edges of the graph is extremely
large. As a result, the volume of calculations in the algorithms could be significantly large, and thus it
is difficult to meet with practical requirements. In this article, we introduce a new approach based on
certain attributes of special vertex on network and then propose the algorithm of merging vertices of
the same centrality to reduce input vertices/ edges of network, and develop in conjunction with label
propagation techniques, build a heuristic function to speed up community detection algorithms.
Experimental results on the standard data sets showed that, compared to the original label propagation
method LPA, the average processing time was reduced down to only 85.5%, while the quality of the
community is increased by an average of 1.145 times, thereby confirming the effectiveness of the
proposed algorithm.
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structure; the betwenness centrality for vertex/ edges; label propagation

Received: 17/6/2020; Revised: 31/8/2020; Published: 31/8/2020

* Corresponding author. Email: vwquang@ictu.edu.vn

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn 103


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

Nguyén Hién Trinh va Prg

Tap chi KHOA HQC & CONG NGHE PHTN

225(09): 103 - 111

1. Mé diu

Trong cac mang xa hoi, mdi cong déng duoc
coi 1a m¢t nhém cac dinh c6 thude tinh chung
hodc c6 vai tro tuong tu. Dé nhan biét ra ciu
truc cia mdt cong déng, chung ta dua vao
nhan xét: mdi quan hé giita cac dinh trong
cung mot cong déng la su gén két manh, chit
che, day dac va nguoc lai, vdi cac dinh ngoai
cong déng la su gén két yéu, nho 1é, roi rac.
Muc tiéu chinh ctia bai todn phat hién cong
ddng 1a tir mang xa hoi G=(V, E), chung ta
tim céach phan 16p cac dinh trong mang thanh
cac nhom tuong duong. Trong nhiing nam
qua, nhidu phuong phép di dwgc dé xuat dé
phat hién cong dong, co thé ké dén cac tac gia
Flake [1], Radichii [2] da x&y dung céc thuat
toan phat hién cong dong theo phuong phap
phan d6 thi G thanh cic d6 thi nho hon véi
cac dac trung riéng; Girvan va Newman [3]
da su dung ky thuat phan cum thr bac phéan
chia dé phat hién cong dong; Tyler va cong su
[4]; Pinney va Weshead [5]; Rattigan [6];
Gregory [7] dua ra cac két qua cai tién cac
thuét toan ctia Girvan va Newman bang cac ki
thuat tinh toan khac nhau. Tuy nhién, tit ca
cac thuat toan do cac tac gia dé& xudt déu co
d6 phuc tap 16n do phai tinh do do cua tit ca
cac canh trén dd thi & mdi bude xtr Iy. Huéng
cai tién ciia chung t6i 1a tim cach giam chi phi
tinh toan d¢ do canh xubng bang cach nghién
ctru mot s6 dinh dic biét va tinh chét cua
chung, tir d6 xay dung phép bién ddi tuong
duong dé giam sé dinh va sé canh cia d6 thi,
cubi cung két hop vé6i thuat toan lan truyén
nhén trén dd thi da duge rat gon dé phat hién
cong ddng nhanh hon. Huéng cai tién nay s&
tang dugc tdc do cua cac thuat toan phat hién
cong dong.

Céu trac bai bo gébm 5 phan. Phan 1 (mé
dau): gi6i thiéu vé ndi dung nghién ciru. Phan
2: tém tit mot sé kién thirc co ban ding trong
mb ta thuat toan. Phan 3: trinh bay vé 16p dinh
treo twong duong, thuat toan két hop, phép bién
dbi twong duong va do thi rat gon. Phan 4: phét
trién thuat toan gan nhin nhim phat hién cong

ddng thuce hién trén do thi rat gon. Phan 5: dua
ra cac ket qua thyc nghi€m kiém tra cac thuat
toan dé xudt trén cac bo dit lidu.

2. Mt s6 kién thirc co ban

2.1. Dé thi mang xi hoi: La ciu traic G=(V,
E), trong do V 1a tap cac dinh va E 1a tap cac
canh, trong d6 tdp canh E thé hién moi quan
hé xa hoi gilta cac thanh vién véi nhau [8].

Db thi G ¢6 thé 1a vo hudng hodc cd hudng
tly theo mdi quan hé giita cac thanh vién.
Céu trac cong dong C duge dinh nghia 1a tap
con cac dinh ctia V sao cho véi mdi dinh v €
C c6 nhiéu canh két ndi v voi nhing dinh
khéc trong C va it canh két ndi v v6i nhiing
dinh khac thuge VIC [8]. Ta ky hiéu §_1a s
duong di ngan nhatdi tr s toi t; 6, (v) 1a so

duong di ngdn nhét di tir s toi t va co di qua v;

6,(v)

7,(v) = 5— 1a d§ phu thudc cua cap dinh
st

s, t vao dinh v. Khong lam mét tinh tong quét,
gia thiét G 1a d6 thi vo6 hudng va ap dung mot
s6 tinh chat vé duong di trong d6 thi G [9],
khi d6 cac canh va cac duong di ludn co tinh
d6i ximg nghia la:

(u,v) € E thi (v,u) € F,

8, = 8,0 8,(0) =6,(v), 7,() =7, (v):

2.2. Dy do trung gian (The betwenness
centrality): 1a d6 do cua mot ddi tuong v
trong mang G duoc xac dinh bang tong sb cac
d6i twong khac trong mang c6 thé trao ddi va
lién két voi nhau théng qua ddi tuong d6 trén
G [9]. P6 do trung gian dugc xac dinh bang
cong thuc:

0= rw= 4

sEL=V s#=LZY st
Trong d6, néu s = ¢ thi §(s,t) =1,
néu v = shoic v =t thi §(s,t) =0,
o(s,t) = Z 8(s,u) trong d6

ueEN(t)

N(t) ={u:(u,t) € E;d(s,t) = d(s,u) +1};
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d(s,t) 1a khoang cach giira hai dinh s va t.

Trong cong thirc (1), do tinh chit ddi xtng
clia cac dudng di, ta chi can tinh mot chiéu tir
s dént. Gia tri C,(v)c6 ¥ nghia 14 hé s6 tiém
ning dé diéu khién su lién két giita cac dinh
trén dd thi. Noi cach khac, do trung gian cla
dinh v 1a tong cic xac sudt nhitng duong di
ngan nhat di qua v trén tit ca cac cip dinh co
thé ciia @ thi G.

2.3. D§ trung gian ciia canh: C (e) 1a d6 do
trung gian cta canh e = (a, b) trén dd thi
mang G duoc dinh nghia bang ty sb cac cip
dinh X va y ma canh e ndm trén duong di ngan
nhit giita X va y, véi moi x, y € V [9]. Po do
trung gian duoc x4c dinh bang cong thirc:

6,(¢)
Cule)=> -1~ (2)
s=t st

Do tinh d6i ximg nén d6 do trung gian cia
canh e theo cong thuc (2) s€ bang hai lan tong
cua 7_(e) tinh theo mot chiduvéi s =teV.,
Pé tinh d¢ do trung gian cta cac dinh va cac
canh trén G, ta thuong st dung phuong phap
duyét theo chiéu rong BFS bat dau tir dinh x
bat ky, két qua s€ dua ra mot d6 thi dinh
hudng phi chu trinh DAGx (Directed Acyclic
Graph) trong d6 mdi canh ctia DAGy s& la
mot phan cua mdt duong di ngan nhat xuat
phat tur X.
2.4. Tiéu chudn dinh gid cong dong
Newman va Girvan [10], X. Liu va cong su
[11] da dua ra dai lugng Modularity va toi uu
hoéa dé danh gia chat lugng cong dong:

1
Qzﬂizj:(aij_ pij)é‘(ciicj) (3)

Trong do, Az(aij )n 1a ma tran ke,

2m= Zaij , Pi 1a s6 canh du kién c6 trong
ij

C, ham s(c,c))=1 néu i, j thudc cing mot

cong dong va 6(C,,C)=0 néu nguoc lai.

Dua trén xac suat két nbi giita dinh i va dinh j
ta co:

1 kK
= — 4.——I ) . . 4
Q= Eij (=5 )9(C.C)) (4)

v6i ki, ki 1a bac cua dinh i va dinh j. Néu ki
hiéu nc 1a sb cong déng, Ic 14 s6 canh ndi cac
dinh, d; la téng s6 bac cua cac dinh cua cong
ddng C. Khi d6 ta co:

Ne I
Q=.(=—(

26
Mot cong dong C co dai luong Q dat gid tri

dwong va cang 16n thi cong ddng dugc xac dinh
cang 10, turc 14 viéc phan cong dong 1a tot.

e )2y (5)

2m

3. L6p dinh treo twong duong

3.1. Dinh treo va lop dinh treo twong dwong

Pinh nghia 1: Cho d6 thi mang G = (V, E),
dinh v € V' dugc goi la dinh treo néu béc cua
nd la 1. Xét W 1a ham trong s6 cua cac dinh
thugc G. Khi d6 G c6 dang G = (V, E, W). Véi
d6 thi mang G = (V, E, W) vo hudng lién thong,
uvaw € V la hai dinh treo, u twrong duong bac
1 voi w, ky hiéu u =1 w khi va chi khi chung
cung lién ké véi v, (N(u) = N(w) = {v}).

Dé nhén thiy quan hé ~, la quan h¢ tuong
duong. Ky hiéu V7 13 tap tit ca cac dinh treo
cua do thi G, V,={ue V‘deg(u) =1}, tap
cic dinh V/ ~, s€ tao ra cac 16p clia nhiing
dinh  treo twong duong v6i nhau,
V./~=1{C,C,,...,C}. Nhing dinh treo

tuong duong voi nhau s€ cung lién thudc véi
mot dinh va c6 cung mot do do trung gian. Tu
day ta c6 thé két hop tt ca nhimg dinh treo
twong duong cua 16p C,,i =1..k thanh dinh

dai dién C '1_ (cling la dinh treo), ta nhan duogc
d6 thi G, = (V,,E,W,), trong do:
V=V -V, U7,
V,={ue V|deg(u) =1};
V, = {C'I,C;,...,C'k},

E=E-{uv)ueV,veNuwpu{uC )ji=1kveNu)uel}

W (v) = 1voi

1
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veEV -V, W) =[C|veV,

Xuat phat tir khai niém dinh treo, 16p dinh
treo tuwong duong, chung ta nhan dugc cac
tinh chat sau:

Tinh chét 1. Moi dinh treo cta d6 thi G hodc
Ia géc hodc 1a 14 trén cac DAG dugc duyét
theo BFS.

Tinh chat 2. Néu v 14 dinh treo ctia d6 thi G

Vae=(v,w) € E thi Cyle)=(V|-1).
Tinh chat 3. Néu v 1a dinh treo cta do thi G
va w la dinh liéen ké véi v, (v,w)e€ E thi
DAG va DAG cung c6 chung mot dd thi
con G, = DAG N DAG .
Tinh chit 4. Véi rpoi di‘nh treo uevV,
veV la dinh liecn ké voéi dinh u
(u € P (v)). Khido taco cic h¢ thic:
(i) 6, =06, v6imoi t €V —{u,v}
(i) ¢ ,(w)=20,(w) voi moi
weV—{se V‘deg(s) =1},
teV—{uuvw}
(iii) Tut(v) = 1 v6i moi dinh
teV—{uv}

+ 0y

2 szv=teV-N, (v) (Sst

(V) ¢, ) =[N,

Tinh chit 5. Gia st G 1a d6 thi rat gon cia
dd thi G sau khi két hop cac dinh treo tuong
duong, V, 1a tap cac dinh treo cua G, . Khi d6
ta co:

(i).7,(v) = W,(C))* T_(v) néu

2

S:C;,izl..k,u:N(C;), VZE U,
teV, -V, —{u},

(iii). 7, (v) = W,(C') * W,(C") * 7., néu

I '
i 7 oW

s :C;,t:(];,i,j =1.ki=7,

1

v=N(C),w=N(C,)),
(iv).7,(v) = W,(C)) * W,(C)) * 7, (v) néu
s=C,t= O;,i,j =1.ki=7,
U = N(C;),w = N(CJ) y eV, =V, —{u},

V). 7,(v) = Wl(C’f) *7 () néu

K3

sgV.,t=C,i=1k, w=N(C),
veV —V,.

Chirng minh:

Tinh chat 1: Pinh trén DAG ma khong c6
duong di nao qua né duge goi la 1a. Dé nhan
thay, cac dinh treo néu khong phai la dinh gdc
cua DAG thi phai la 1a.

Tinh chat 2: Vi G 1a lién thong nén véi moi
v €V —{v}déu co dudng di téi v. Vi v la
dinh treo nén moi dudng di ngin nhét giita
chung déu di qua e. Theo dinh nghia, do trung

gian cua canh s€ 1a C(e) = ‘V‘ —1.

Tinh chdt 3: Hién nhién dd thi Gi chinh 1a dd
thi con cia DAGv (hoac DAGw) thu duoc
bang cach bo di cac dinh treo lién thude voi w
cung canh ndi gitta chung.

Bing lap ludn twong ty, ta chimg minh duoc
cac tinh chét con lai.

3.2. Thudit todn két hop cdc dinh treo twong duong
Xuét phat tir khai niém va cac tinh chét vé 16p
cac dinh treo, chiing toi dé xuat thuat toan két
hop cac dinh treo trong dwong nhim giam s6
dinh ciia d6 thi ban dau G vé db thi rat gon G.
Thuét toan 1 (Két hop cac dinh treo twong
dwong)

. L (W(EC)=1)
(i)). 7 ,(v) = W,(C) * (1(2# , Néu Input : Mang G = (V, E)
, o N Output: Gy = (V1, Ex) // d6 thi thu dwoc sau
s=0,t=0C,0,0 €C,i,j=1.k, khi két hop cdc dinh treo twong dwong
v=N(C), Begin
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for uw € V' do W(u)=1// Xdc dinh W
V=V,E =E;P=¢;

forueV do
if (deg(u) ==1& &(u,v) € E') then
{ P.push(u,v);

Vi=V,—{u}; B, = E —{(wv)}}

k =1; //Tim cdc lop dinh treo twong dwong
(u,v)=P.pop(); C[k] = {u} ;N[k] = v;
while (P! = ¢ ) do
{ (u,v)=P.pop() ;j =1, loop = true;
while (7 <= k & & loop) do
if (N[j] == v) then

{C[j] = Clj]U{u};loop=false} else j = j + 1,
if (loop) then { k =k + 1;
Clk] =A{u}; N[k =v}}
Vo =19;
IIKét hop cdc dinh treo twong dirong
forj=ltokdo{V, =V, U{C};
W,(C) =|Cli]; B, = E, U{(C.N[j})}}
for v € V, do
W (u)=W(u); V, =V, UV,_;
End.
Nhin xét: Thuat toan can duyét qua tt ca cac
dinh cta dd thi dé xac dinh tap cac dinh treo
(vong lap thir 2), do d6 d6 phurc tap cua thuét
toan 1a O(n) vai n 1a sé dinh ctia mang.
4. Phat trién thuat toan gin nhin dé phat
hién céu tric cong dong
4.1. Gigi thi¢u vé thugt todn LPA
Thuat toan gan nhan (LPA) la mdt thuat toan
duoc dé xuét bai Raghavan va cac cong su
[12]. Y tuong cbt 18i ctia LPA 1a gan timg niit
trong mang vao mot cong dong, noi ma hau
hét cac nut lang giéng ciia n6 s& quyét dinh no

¢6 thudc vé cong dong méi hay khong. Cu
thé, cho mot mang c6 n nut, trong d6 nut x co6
nhdn & lan lap t dugc ky hiéu la Cx(t), LPA
duoc mo ta nhu sau:

1. Khoi dong nhan ban dau Cx (0) = X.

2.Patt=1.

3. Ldy danh sach cac nhan dwoc cdp nhdt
cho cdc niit theo thit tw ngau nhién.

4. Do6i véi moi mit trong danh sach, xdc dinh

Cx(t) = f(Cxa(t), ... , Cxm(t), Cxm + 1(¢ — 1),
ey CXn(t = 1)).

(Trong d6 Cxa(t), ... , Cxm (t) la nhan cua
cac nut lan can da duogc cap nhét trong lan lap
hién tai, cOn Cxm + 1(t - 1), ... , Cxn(t - 1) 1
nhan cua cac nut lan can trong lan cap nhat
truée. Ham f tra vé nhin duoc chap nhan boi
hau hét cac nat 1an cén cua no.)

5. LPA dat dén su hdi tu néu moi nit cé
mit lang giéng la nhiéu nhdt cé thé cé), thi
dirng thudt todn. Néu khéong , datt =t + 1 va
quay lai buoc (3)

6. LPA dimg néu dat dwoc sé6 lan héi tu hodc
$6 lan Iap t6i da do ngueoi diing dinh nghia.

Nhan xét: LPA la mot thuat toan heuristic,
chay nhanh va cho két qua kha tét d6i voi cac
tap dir liéu 16n [13]. LPA s& phu thudc vao
viéc chon ham f la ham heuristic, gia tri cta
ham phuy thudc vao trang thai hién tai cta bai
toan tai mdi budc giai va dua ra tinh toan dé
xac dinh nhan hgp ly trong tirng budc cua
thuat giai [14], [15]. Mic du chua khing dinh
vé tinh on dinh va do chinh xAc, song thuat
toan LPA duoc danh gia 1a mot thuat toan don
gian va hiéu qua d6i v6i bai toan xéc dinh cdu
tric cong déng trén mang xa hdi [16], [17].

Tir két qua nghién ciu 16p cac dinh treo
tuong duong va LPA, chung t6i dé xuét thuat
toan moi phat hién cong déng méi dwa trén
viéc rut gon cac dinh treo va phat trién thuét
toan lan truyén nhén trén tu twdng gan nhén
cho cac nuat chua duge gin nhan trude dé trén
dd thi d3 duoc rat gon.

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

107


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

Nguyén Hién Trinh va Prg

Tap chi KHOA HQC & CONG NGHE PHTN

225(09): 103 - 111

4.2. Dé xuat toan 2:
(LPA_Degree)
Nhu chung ta da biét, nhan cua nit tha i, ki hiéu

14 Ci dugc xac dinh bai cong thirc tong quét:
€= 1= {(C0.C.0..Col)Cpult-D.C 1,0, D)
(6)
Trong d6, ham f 1a ham Heuricstic can xac
dinh. Trén co s¢ cua thuat toan LPA, ching
toi s€ lya chon ham f theo mét trong nhiing
quan diém da dugc dua ra dé danh gia xu thé
hinh thanh cong d¢ong cho mang x& hoi. Theo
Phillip Bonacich [18] va Linton Freeman [19]
thi d0 do trung tdm cua mot dinh v
(degree(v)= tong sb canh két ndi véi dinh v)
1a tri s6 ndi 1én vai tro quan trong, muc do
anh huong cua dinh d6 di vai cac lang giéng
noi riéng va véi cong dong ma nd thudc vé
néi chung. Hiéu theo nghia nao d6 thi mot
dinh duogc coi nhu mot tdc nhan va tac nhan
cang cé nhiéu méi quan hé (quan hé rong) thi
nd cang quan trong ddi véi cong dong (suc
lan téa va anh huéng cia ca nhan d6 véi cong
ddng cang 16n, sirc thu hat dé hinh thanh nén
cong dong cang cao v.v...). Nhu vay, theo
quan diém do6 thi d6 do trung tdm s& dong vai
tro quan trong nhat trong viéc xac dinh cong
ddng. Dé thiét ké thuat toan, ching toi ciing
s& dit trong tAm vao tham sé nay vi tinh thuc
tién, don gian va hiéu qua cua thuat toan khi
can xu ly véi dir liéu lon. Do vay, ham gan
nhan ma chung toi lva chon khi cai dat thuat
toan duoc x4c dinh bang cong thuc:

Ci = fi = fDegree = MaXJEN(i){deg ree(j)} (7)

Nhur vay, tai mdi vong lp cua qua trinh lan
truyén nhan, nit i s& lra chon theo xu thé nga
vé nguoi lang giéng c6 vai trd quan trong nhat
(c tri s6 degree 16n nhat). Néu ¢ nhiéu hon
mét lang giéng co degree I6n nhat bang nhau,
ndt i s& lay ngau nhién theo mot trong sb do.
Néu khong ai tot hon né, n6 sé khong doi nhan
(tac la né chinh Ia vai tro trung tdm trong giai
doan dang xét). Vong 1ap s& tiép tuc cho dén khi
dat dugc trang thai hoi tu. Trén co s¢ do, thuat
toan dé xuét duoc md ta nhu sau:

thugt LPA D

Algorithm LPA_D

Input: Mang G =(V, E), biéu dién bsi ma tran
ke A;

Output: Tap cac cong dong cua mang.

Begin

1. Két hop cac dinh treo twong dwong
(Thugt toan 1) thu dugc do thi rat gon
G1=(Vy, E1)

2. Fo~r each x € Vi, Cx (0) =X; //Khéri tao
moi nut 1a mot cong dong, thé hién
bang nhan cua no.

3. Vong lp lan truyén nhén
31t=1;

3.2. Tao tap X gom cac nut theo thu tu
ngau nhién
3.3. Foreachx € X
331, For y € N(x) tinh
Cx = fx = fDegree = MaxyeN(x){deg ree(y)}
3.3.2. Cap nhat nhan cta x theo y,
xéc dinh cong dong ma x, y thudc Vé.
3.4. Néu moi nut c6 cuing nhan vai cac
lang giéng thi dirng thuat toan.
Néu khong, dit t = t + 1 va quay lai
budc (3.2).

4. Xac dinh két qua:

4.1. Cong dong gdom cac node cé cling

nhén
4.2. S6 luong nhén (kiéu caa nhan) cho
biét s6 luong cong dong.

End.
Do phuc tap thoi gian cia LPA D dugc danh
gia bang Max{O(kin), O(kzn)} vai n 1a sd
dinh cua Gy, ki 1 s6 lang giéng 16n nhét cua
dinh trong G; va ko 1a sb 1an l3p lan truyén
nhan (k. >1,i=1,2).
Nhan xét
+ Trong thuat toan LPA D, ching ta da su
dung thuat toan két hop cac dinh treo tuong
duong ngay tai bude dau tién, do d6 hién
nhién ta thu duoc dd thi rat gon G; = (V1, Ey)
v6i s6 dinh nhé hon nhiéu so véi do thi ban
dau G =(V, E), do d6 d6 phirc tap cua thuat
toan lan truyén nhan 4p dung véi dd thi rat
gon s& giam so vai do phac tap cua thuat toan
&p dung cho d6 thj ban dau.
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+ Theo phan tich vé y nghia ciia d6 do trung
tdm, trong thuat toan da st dung ham gan
nhan theo cong thirc (7), khi d6 chat lugng
cong dong thu duoc tir thuat toan LPA_D
chéc chdn s& tét hon so véi viéc sir dung cac
ham géan nhén khéc.

5. Mot s6 két qua thwe nghiém

Dé kiém tra tinh hiéu qua cua thuat toan da dé
Xuit, chding t6i tién hanh thuc hién thuat toan
trén mot s6 bo dir lidu thuc gia dinh voi kich
thude 1on ciing nhu mot s6 b dir liéu mau tham
khao trong cac thu vién qudc té di dugc cong
bd. Trong céc thuc nghiém ndy, ching i tién
hanh so sanh vé thoi gian chay ciing nhu chat
lwong cong dong cua thuat toan dé xudt voi
thuat toan LPA gdc. Cac chuong trinh duoc
thuc hién trén moi truong Matlab 2012.

Vi du 5.1. Les Misérables Group: Nam 1993,
nha nghién ctu D. E. Knuth cta dai hoc

Stanford (My) da xay dung bo dit liéu dua
vao tac pham Nhitng nguwoi khon kho cia Dai
van hao Victor Huygo, md ta mdi quan hé
gitra cac nhan vat (cO 77 node tuong Gng voi
77 nhan vat, néu nhan vat nao cung xuét hién
trong mot chuong (chapter) thi hai node dé cé
canh nbi). Do vy d6 thi c6 77 node va 254
canh. (Dir lidu lay tir:
https://github.com/gephi/gephi/wiki/Datasets.
Chung t6i da sir dung bd dir li€u d6 va thyc
hién LPA D, chi v6i 6 vong lap, thu dugc hai
cong ddng véi cac dinh duge mé ta nhu trong
hinh 1 (D6 thi biéu dién boi phan mém Gephi
0.9.2). Qua hinh biéu dién, d& dang nhan ra
hai nhan vat quan trong trong mang 1a 2 nhan
vat c¢6 anh hudéng 16n dén cong ddng (co
degree cao), d6 1a nut s 11 (Valjean) va sb
48 (Gavroche). C6 thé xem d6 chinh 1a 2 nat
trung tim tao ra 2 cong dong.

Hinh 1. Két qua cdc cong dong

Vi du 5.2: Xét 6 bo dir liéu gia dinh vé6i kich thudc 16n, tién hanh thye nghiém thuét toan LPA_D
va so sanh vé&i thudt toan LPA [12]. Nhom tac gia thu dugc két qua trong bang 1 va hinh 2.

Bang 1. Két qua so sanh hai thudt todn
(n-so dinh, m-so canh, k-so dinh treo, |-so I6p dinh treo twong dwrong, t-thoi gian)
(Don vi tinh thoi gian chay:s)

St n m Kk | tLPA tLPAD
1 100 500 15 5 17 11
2 300 1500 45 14 6,8 5.2
3 500 2500 75 23 115 87
4 700 3500 105 32 133 10,7
5 900 4500 135 41 16,1 11,5
6 1000 5000 150 45 236 17,6

Thei gian thue hign (s)

Thoi gian thye hién LPA_D va LPA trén mang gia lip

100 300 500 700 900 1000
- a77 859 95!

58 dinh cia mang

BT T —T

Hinh 2. So sdnh thoi gian thyc hién
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Vi du 5.3: Tiép tuc xét cac bo dit lieu chuan duoc cong bé trong thu vién Quéc té [20], ching toi
tien hanh thir nghi¢gm thuat toan, danh gia ve kich thuéc mang, so sanh thoi gian chay, tinh toan
chat lwong cong dong thu dwoc va so sanh vai LPA [12], két qua duoc dua ra trong bang 2 va cac

hinh 3 va hinh 4.

Bang 2. Két qua thire nghiém trong vidu 5.3 (1?-s6’ dinh, m-soé caqh,k—sé dinh treo, I-sé I6p dinh treo tirong
dwong, L- 50 lan lap, c-so cong dong, Q-chat lugng, t-thoi gian)
(Don vi tinh thoi gian chay:s)

Q t

STT B9 dir liéu n m k I c L LPAD LPA LPAD LPA
1 Dolphin Group 62 159 9 7 3 5 0515 0,458 0,62 0,83
2 Les Misérables Group 77 254 17 7 5 6 055 0,502 0,75 0,92
3 Book Amazon 105 441 27 2 3 5 0,592 0,548 1,14 1,73
4 Email-Eu-core 1005 25571 123 77 15 6 0623 0529 18,67 24,59
5 Orkut 1247 15511 207 102 19 8 0,719 0,675 24,23 28,21
6 Political blogosphere 1490 19090 257 87 3 7 0,688 0,557 37,2 30,35
7 Youtube 3088 6695 347 157 23 9 0,794 0,645 67,43 73,28

Thii gian chay khi thye hign LPA_D va LPA trén mang thye Modularity khi thue hién LPA_ D vaLPA
Qs
: ;

YRR
SESs8&8a

105 1005 1247

62 1450 3088
55 70 83 228 1145

1403 2931

$& dinh ciia mang thyc

—PAD === LPA

3‘; 70 83 a8 1145 1403 2931
S6 dinh cia mang the

— [ PA_[) - LPA

Hinh 3. So sdnh thoi gian thuc hién

Nhian xét: Két qua dat dugc chimg t6 ring,
thuét toan két hop cac dinh treo twong dwong
va thuat toan LPA_D do chung toi dé xuét 1a
hi€u qua vi da giam kich thudc cua mang ban
dau thong qua thuat toan rat gon; dong thoi
khi sir dung ham gan nhan va lan truyén nhin
foegree d3 cho phép viéc phan lap cong dong
nhanh voi chat luong cao, tir d6 giam thoi
gian tinh toan, chét lugng cong dong thu dugc
1a t6t hon so véi thuat toan LPA [12].

6. Két luan

Chuing t6i da gioi thi¢u mot cach tiép can moi
d6i v6i bai toan phat hién cong dong bao gdm
nghién ctru tinh chat cua 16p cac dinh treo
tuong duong, tir d6 d& xuét thuat toan két hop
cac dinh treo twong duong dé dua dd thi mang
ban ddu vé d6 thi rit gon nham giam kich
thudc cia mang ban dau. Xuat phat tir thuat
toan gan nhan LPA, két hop thuat toan rit
gon va viéc lya chon ham gén nhin va lan
truyén nhin foegee, ching t6i di phat trién
thuat toan LPA thanh thuat toan LPA D dé

Hinh 4. So sanh chat lwong céng dong
xéac dinh cAu tric cong déng, thuat toan c6 do
phire tap tuyén tinh. Céac két qua thuc nghiém
da chung té thuat toan dé xut co tde do chay
nhanh hon thuat toan LPA, chét luong cong
ddng thu dugc 1a cao hon.
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