
Nguyin Hi€n Trinh vd Dig Tgp chl KHOA HQC & CONG NGHE 162(02): 73 - 8 

SU' DUNG BQ TRUNG GIAN CUA CAC CANH 
PHAT HIEN CONG D 6 N G G 6 I NHAU 

Nguyen Hien Trinh'", Tran Hai Thanh', C5p Thanh Tiing^ 
Trudng Dgi hgc Cong nghe ihong lin & Truyen thong — DH Thai Nguyen 
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TOM TAT 
Bai bao dl xuSt mpt phuang phap ĉ i tiin nhim phat hi$n cac cpng dong gdi nhau tren do thi 
mgng x§ hgi dya trSn dp trimg gian cua canh. Nghi6n cuu gidi thieu cic khai niem lien quan den 
do thi mgng x3 h$i, dp do trung tam ciia dinh, cua d5 thi, do trung gian ciia canh, phan thyc hien 
thuSt toan GN (Girvan-Newman) vdi ph6p duySt BFS (Breadth-First Search) va cai tiin GN su 
dyng dg do trung gian cgnh dl tia din ĉ c dinh/cgnh khong can thiet va toi uu hoa Uinh tir lua 
chgn dinh d€ phat hî n cac cpng dong goi nhau tren do thi mang hieu qua. 
Til-khoa: £>o//]/, mgngxdhgi, cdu true cgng ddng, do trung gian cgnh. cgng dong gdi nhau. 

MODAU 

Mgng xa hgi thudng dugc mo hinh hda nhu la 
do thi va dugc ggi la do thj mgng xa hgi, Cac 
thyc the la cac dinh (mit) va canh (cung), giii'a 
hai dinh la mdi lien ket giiia hai thyc the tren 
mang. Thong thudng, do thj mgng xa hdi la 
do thj vo hudng, vi dy dd thi mang ban b^ 
tren Facebook. Nhung, chiing co the la do thj 
CO hudng, nhu Ah thj mang xa hgi nhung 
ngudi theo doi (followers) tren Twitter hoac 
Google+. 

Tren mgng, mgt sd dinh cd lien ket chat chS 
vdi nhau tgo thanh timg cym, va giu'a cac cym 
dd dugc noi vdi nhau chi bing mgt vai cgnh 
khac [1]. Cgng ddng la mgt nhom cac thuc 
thi cd nhirng tinh chat tuong ty nhau, lien ket 
chgt che vdi nhau hon va cung ddng mgt vai 
tro nhat djnh trong mgng xa hgi. Vi dy, trong 
mgng trich dan (Citation Network), cgng 
ddng cd the bieu dien cho nhiJng bai bao ve 
cimg mgt chu de, hay tren cac trang web, 
cgng dong cd thi bieu diln cho nhu'ng trang 
web vl nhirng chii dl cd lien quan vdi nhau 
Vigc nghien ciiu, phat hi§n va khai thac hi?u 
qua cac thdng tin tren cac cau triic cgng dong 
ciia mang xa hgi dugc nhieu nha khoa hpc 
gidi thipu va tgp trung nghien ciiu. Trong 
pham vi bai bao, chiing tdi gicri thi?u nhftng 
khai niem ca ban vl md hinh do thi mgng xa 
hgi, cac phuang phap tilp can nham phat hien 
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cau tnic cdng ddng va de xuat phuang phap 
cai tien each sir dung dp trung gian cua cac 
canh nham phat hien cpng dong goi nhau tren 
mang xa hoi, 

Phin cdn lai cua bai bao dugc to chirc nhu 
sau: Phan 2 gidi thieu nhung khai niem co sd 
lien quan va can thiet cua ly thuyet dd thi 
trong phat hien cau triic cpng dong. Phan 3, 
trinh bay Thuat toan phat hien cpng dong sii' 
dung dp trung gian GN va phan thyc nghiem 
bing phep duyft BFS, sau dd trinh bay cai 
tiin GN sit dung dp do trung gian canh de tia 
din cac dinh/canh khong can thiet, tdi uu hoa 
trinh tu lua chpn dinh de phat hien cac cpng 
ddng goi nhau tren dd thj mang, ket qua thuc 
hien thugt toan GN vdi phep duyet BFS va 
GN cai tien, cuoi ciing la ket luan. 
M O T SO VAN DE CO SO 

2.1. Dd thi la cau tnic rdi rgc G = (V, E), 
trong do V la tap cac dinh va E la tap cac 
cgnh. Do thj G = (V, E) la vd hudng neu cac 
canh (v, v') e E khong phan biet thii ty, 
ngugc lai la dd thi co hudng. Dudng di cd dp 
dai n di tir niit v den w la day cac cgnh (vo, 
Vi), (v], V2), •••> (Vn-i, Vn), trong do vo = v, v„ = 
w va(Vi, v,+i) e E. 

2.2. Cho trudc dd thi mang xa hgi G = (V, E), 
trong do V la tap cac dinh va E la tap cac 
canh. Cau true cpng ddng (ggi tat la cgng 
ddng) C la tap con cac dinh ciia V, sao cho 
vdi moi dinh v e C, co nhieu canh ket noi v 
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vdi nhiing cgnh khac trong C va it canh ket 
ndi V vdi nhung dinh w khac thugc V\C. 

2.3. Xet mang xa hgi G = (V, E). Ta qui u6c, 
nhiing dinh (mit) gan nhau (closed) neu chiing 
cd canh ndi tryc tiep giiia chiing, ngugc lgi la 
xa nhau (distant). Khoang each giUa dinh x va 
y e V, ky hipu la d(x, y) va dugc djnh nghTa: 

1. d(x, y) = 0 nlu (x, y) e E, ngugc lai la d(x, 
y)=I , 
2. Hogc d(x, y) = I neu cd canh ndi giira 
chiing, va bang ro khi chiing xa nhau. 

Tuy nhien, ca hai trudng hgp tren deu khdng 
phai la djnh nghTa dg do khoang each thuc sy 
(Metric), bdi chiing khdng thda man bat dang 
thiic tam giac. D6 nhan thay, neu co canh n5i 
A vdi B va cgnh noi B vdi C, thi khdng cd gi 
dam bao cd canh noi A vdi C. 
Xet mpt so dp do (Measures) trung tSm ciia 
dd thi dya tren khai ni^m khoang giua 
(Betweenness) de phat hi?n cac cgng ddng 
mang dugc de xuat bdi Freeman [2], 

2.4. Vdi mang G = (V, E), xet mdt dinh v̂  € 
V va cap cac dinh {v„ Vj) bat ky, khdng phan 
bi?t thii ty vdi \^}^ k, Dp trung gian bp 
phgn cua dinh Vk ddi vdi {v„ Vj}, ky hieu la 
B|j(vi() dugc dinh nghTa: 

Neu giiia Vi va Vj khong cd duong di thi B|j(vk) = 0 
Ngugc lai, neu ^iiia chiing cd dudng di, nghia 
la chiing co the truyln thSng vdi nhau qua 
mpt sd dudng di. Khi dd xac suat trao ddi, 

quan h^ giiia chiing !a—, vdi gy la so dudng 
Sis 

di ngan nhat giiia v; va Vj. Nhu vgy, tilm 
nang ma Vj, dieu khien (control) thong tin trao 
doi giii'a Vi vdi Vj dugc xac djnh bing chinh 
xac suat ma Vk nam tren nhimg dudng di ngin 
nhat giuia chiing. Ky hi$u Gij(vk) la so dudng 
di ngin nhit cd di qua Vk, ta co 

«,(v.).aM (1) 

2.5. Dg trung tam ciia dinh Vk trong dd thi G = 
(V, E), ky hieu 1̂  C(vk) dugc xac dinh nhu sau: 

C(Vk)= ^g^(^j ,vdi |V| = n (2) 

Dp trung tam cua dinh Vk, C(Vk) chi'nh la hf s6 
tiem nang de dieu Idiiln su lien kit giiia cac 
dinh tren do thi. Do trung tam cua dinh Vk dgt 
dugc gia tri cue dai khi mgi dinh khac trong 
G deu CO cgnh noi vdi VkVa Vk nim tren tilca 
cac dudng di ngan nhat cd do dai Idn hon 1. 
Trong dd thi, khi moi dinh deu din dugc toi 
tat ca cac dinh khac (tryc tiep hoac gian tilp 
di qua Vk) thi so dudng di giua chiing la 
"(^-0 , trong do cd n-1 dudng dugc n6i voi 

2 

Vk- Vgy, dp trung tam ciia dinh Vk cue dgi se 
la max C(Vk) = n'jn-i) = n--3«+z (3) 

2 ^ ' 2 

2.6. Dg trung tam tuong ddi cua dinh Vk trong 
do thi G : C'(Vk) = ^C(n) (4) 

« ' -3 /1 + 2 

Cac gia tri C(Vk) va C'(vk) deu co the sir dyng 
de so sanh giu'a cac dd thi doi xiing lien thong 
hogc khdng lien thdng. Ca hai gia tri nay deu 
dgt dugc cue dai d nhirng tam diem cfla 
nhiing do thi hinh sao hoac hinh banh xe. 

2.7. Dinh trung tam ciia do thj G la dinh vt 
cd C'(Vk') dat gia tri cue dai. 
Khi do, do trgi (uu the) cua dinh trung tam nhat 

trong do thi se la CG (5) 

Day chinh la do lech trung binh cua dinh 
trung tam nhat so vdi cac dinh khac tren d6 
thi. Gia tri CG luon nim trong khoang 0 va I. 
De nhgn thay, CG = 0 vdi mgi dd thi G ma dp 
trung tam cua tat ca cac dinh deu bang nhau, 
va Co =̂  1 cho nhiing do thi hinh sao hoac 
hinh banh xe, 

2.8. Dp trung gian cua canh (u, v) la so cac 
cap dinh X va y mi cgnh (u, v) nam tren 
dudng di ngan nhat ndi giiia x va y. 
Nhu vay, cgnh (u, v) giira hai cpng d6ng thi u 
va V khdng nam trong cung mgt cong dong. 
Mpt canh nam giiia hai cgng dong (dugc xem 
nhu la cau ndi giiia hai cgng dong dd), do vay 
so cac dudng di ngin nhit di qua cgnh do 
thudng la kha Idn. Ba dp do C(vk), C'(Vk)- Co 
dugc diing de xac dinh nhiing tam dilm ciia 
d6 thj va chiing dugc irng dyng trong nhieu 
muc dich khac nhau. Tuy nhien, viec su dung 
nhiing do do nay chi phii hgp cho nhiing 
mang trong do khai niem dp trung gian 
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(Betweenness) dugc xem la quan trgng trong 
tiem nang anh hudng tdi qua trinh xir ly sy 
lien ket giiia cac dinh. Nhu trong nghien ciiu 
cac mgng truyln thong (Communication 
Network), vin de quan trgng la can xac djnh 
nhiing diem cd tiem nang dilu khiln truyln 
thdng de dam bao mgng truyen thdng hi^u 
qua va ben vung. 

THUAT T O A N P H A T HIEN CQNG DONG 
Sir DUNG DO TRUNG GIAN 
Thuat toan Girvan-Newman (GN) 
Neu mgt mgng ludi bao ghm cac cgng dong 
hogc nhdm cac cgng dong chi dugc lien ket 
yeu bang mgt sd it cac cgnh noi chiing vdi 
nhau, thi tat ca cac dudng di ngin nhat giiia 
cac cpng ddng khac nhau se phai dl dgc theo 
mdt trong sd it nhiing cgnh do. Vi vgy, nhiing 
cgnh ket ndi cac c^ng ddng se la canh c6 dg 
trung gian cao. Thuat toan Girvan-Newman 
(GN) [3] duygt qua mdi dinh (niit) v mgt lin 
va tinh so dudng di ngin nhat tir v tdi nhirng 
dinh khac c6 di qua tiing cgnh dd. 
Thuat toan GN_BFS dugc md phdng: 
Input: mang xd hoi duac bieu dien bffi mgi 
do thi G = (VfE) khong co trgng so; ngu&ng 
trung gian a 

Output: Thanh phan(cum/cgng dong) du^c 
phdn chia 

Begin 

1. ForveVDo 

If visited(v)=False Then BFS(v); 

2. For ueBFS(v) do <gan nhan c[u] 
theo Qui tic 1> 

3. For eeE do <gan nhan c[e] theo Qui 
tic2> 

4. While (eeE and c[e] < a) or (khdng 
con canh e trung gian) Do 

4.1 Chgn cgnh e={ (u,v)eE and 
c(u,v)->max} 

4.2 E=E-{e} 
4.3 Xac dinh cac cum sau khi logi canh e 
4.4 For BGE DO < Tinh Igi c[e] theo Qui 

tic2> 
5. Return <cac cym>; 
End 

D£ duyet do thi, ta co the sir dung phuong 
phap duyet do thi theo chieu rgng BFS 
(Breadth-First Search) hoac theo chieu sau 
DFS(Depth-First Search), bit diu tut dinh v 
nao do. De thuc hien hieu qua, nhdm tac gia 
sir dung thuat toan duyet dd thi theo chieu 
rgng BFS. Miic ciia mdi dinh trong bieu dien 
duyet theo BFS chinh la dg dai ciia dudng di 
ngan nhit di tu' v tdi dinh dd. BFS(v): Thyc 
hien duy^t dd thi G bit diu tii dinh v va tra ve 
thii tu duy?t. Ham visited(v)=False nlu v chua 
dugc tham va bang True neu v da dugc tham, 
Cac canh giiia cac miic se tgo thanh dd thi 
dinh hudng, phi chu trinh, dugc ggi DAG 
(Directed Acyclic Graph). Mdi cgnh ciia DAG 
se la mpt phan ciia mot dudng di ngan nhat di 
tir dinh goc X, Neu cd cgnh (Y, Z) tren DAG, 
tren do Y d miic tren cua Z (gan gdc X hon), 
thi y la cha cua Z va Z la con cua Y, mac dii 
cac dinh cha khong can thiSt phai la duy nhat d 
trong DAG giong nhu tren cSy (tree). 
De gan nhan cho tiing dinh (nhan ciia dinh v la 
s6 cac dudng di ngin nhat di tii goc tdi v), ta 
thyc hign theo Qui tac 1: Thyc hien tu' 
tren/xu6ng: Dinh goc bat dau dugc gan nhan 
bing 1; nhan ciia cdc dinh Y d miic tiep theo 
bang tong so nhan ciia cac dinh cha ciia chiing. 
Vi du 1: Cho do thj G dugc bieu dien bdi 
Hinhl 

_ Hinh I. 
Xet dang bieu dien duygt theo BFS dd thj G, 
bat dau tir dinh E: 

Muc 3 

Hinh 2. Buac I cua GN 
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Mi>c3 

Hlnh 3. Budc cudi ciia GN, muc 3 

Hinh 4. Budc cuoi ciia GN, muc 2vd 3 

Cac canh net lien la cac cgnh cua dd thi DAG, 

con nhu'ng cgnh net diit la n6i giira cac dinh 

trong ciing mpt mire. Moi dinh tren DAG 

dugc gin nhan la so dinh cha cua chiing. 

Trudc tien dinh gdc dugc gan nhan la 1, sau 

do D, F deu CO mdt dinh cha la E, nen ciing 

dugc gan nhan la 1. Dinh G cd hai cha, mdi 

cha CO nhan la 1 nen dugc gan nhan la 2 = 1 + 

1. Vdi moi canh e e E, ta tinh tdng tren tat ca 

cac ti sd cac dudng di ngan nhat di tir goc tdi 

dinh V ma cd di qua e. Qui t i c 2 dugc thuc 

hi^n tir du'di/len nhu sau: 

1. Mdi dinh la tren DAG, dinh khdng cd cgnh 

tdi dinh khac d miic tiep theo, dugc nhgn gia 

tri 1. 

2. Nhu'ng dinh d tren no (cha), khong phai la 

la, nhgn nhan cd gia tri la 1 cgng vdi tdng ciia 

cac canh trong DAG di til' dinh do tdi nhimg 

dinh d miic tiep theo. 

3. Mdt cgnh e cua DAG noi dinh X vdi nhihig 

dinh d miic tren tryc t i lp (cha ciia X) dugc 

chia se bdi gia tri nhan ciia X la ti 1? thugn vdi 

ti so cac dudng di ngin nhi t di tir gdc tdi X 

ma cd di qua e. Mgt each hinh thiic, gia su 

cha ciia X la Yi, Y2, . . . , Yk (6 miic tren) va 

p, la sd dudng di ngin nhi t di tii gdc tdi Y, 

dugc xac dinh d Budc 2 ciing chinh la nhan 
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cui^ X. Khi dd nhSn ciia cgnh (Y„ X) se la n-

S4tl khi tinh xong cac gia tri nhan cua cac 

dinh, thi tinh nhan cho cac cgnh. Ket qua sau 

khi thyc hien theo thuat toan GN va cac qui 

t ic 1,2 ta thu dugc k i t qua d hinh 2, hinh 3, 

hinh 4 vdi do thi G d hinh 1 va phep dny t̂ 

BFS b i t d iu tii'dinh E, 

Su- dung dg t r u n g gian d l tim cong dong ' 

Do trung gian ciia cac canh trong do thi itfii 

khi dugc xem nhu la dp do dp trung gian cac 

dinh tren do thj. No khdng hoan toan la do do 

khoang each (Metric) truyen thong, bdi theo 

dinh nghTa, no khdng thda bat dang thii'c lam 

giac. Song, chung ta co the phan cym dua vao 

dp trung gian ciia cac canh bang each sap xep-

cac cgnh ciia do thj theo thii tu tang dan ciia 

do trung gian va tao ra mgt dd thi tuong ling. 

Mdi budc, nhiing thanh phan lien thong ciia 

do thj se tao thanh cac cum. Nhu vay, dp 

trung gian Idn han, thi nhan dugc nhieu canh 

hon va cac cum se Idn han. 

Phuang phap nay dugc the hien qua qua trinh 

logi bd dan cac cgnh cd do trung gian Idn hon 

mgt ngudng nao dd. Bat dau tii' do thi co tat 

ca cac canh cho trudc, logi bd di nhQng cgnh 

CO dg trung gian Idn nhat, tiep tuc cho den kl̂ :' 

dd thj dugc chia thanh cac thanh phan lien 

thong theo yeu cau. 

Hinh 5. Dg do trung gian cua dd thftxhinh 1 

Vi du 2. Xet d6 thj cho trudc G d Hinh 1. 

Sii dung thuat toan GN d l tinh do do dp trung 

gian cua G nhu trong Hinh 5. Dya vao GN de 

loai bd di nhiing canh c6 do trung gian Ion nhat 

de phan cum do thj. Bk\x tien, loai bo cgnh (B, 

D) vi nd cd dp trung gian Ion nhit la 12. 

Khi dd ta cd 2 cum la {A, B, C} va {D, E, F, G}. 

Ta CO the tiep tuc logi nhii'ng cgnh co dp trung 

gian Idn nhat trong sd cdn lai la (A, B) va {B,} 
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C) dp trung gian la 5, do thj se chia thanh 3 
cym: {A, C), {B}, va {D, E, F, G}, ... 
Thugt toan phat hi^n cdc cgng dong goi nhau 

Cac thugt toan phat hien cgng dong (gdi nhau) 
tren mgng cd thi chia thanh hai nhdm chinh: 
cdc thugt toan dua vao dinh (node-based) va 
thuat todn dya vao lien kit (link-based). Thugt 
toan phat hien cdng d6ng g6i nhau dua vao 
dinh [4] chia tryc tiep cac dinh cua mang 
thanh nhirng cdng ddng khac nhau. Cac lien 
ket trong mgng bilu dien cho nhOng quan he 
duy nhat, nen nhiing thugt toan phdt hien 
cdng ddng gdi nhau dua vao lien kit thuc 
hien, trudc tien phan cum cac canh, sau do 
anh xg cac cgng dong lien ket vao cac cdng 
ddng dinh bang each ggp nhiing dinh lien 
thugc vdi tat ca cac cgnh ben trong mdi cgng 
ddng [5]. 

Cd nhieu thugt toan phan cym do thi dugc sii 
dyng de phat hien cac c^ng dong rdi nhau, 
nghTa la mdi dinh chi thugc mOt c^ng dong, Tuy 
nhien, trong thyc t l tren mang xa hgi ndi rieng, 
mang truyen thdng ndi chung thi phan Idn cac 
cdng ddng khdng rdi nhau hoan toan ma chiing 
cd thi gdi len nhau (overlap), chdng lap hay 
giao nhau trong mgt phgm vi nao dd, nghTa la 
mgt so dinh cd the thugc nhilu han mdt cgng 
ddng. Vi dy mang cgng tac trong nghien ciiu 
khoa hgc (collaboration networks), mgt tac gid 
CO thi tham gia nghien ciru ciing vdi mot so nha 
khoa hgc khac trong nhilu nhom khac nhau, 
hay trong mgng logic-sinh hgc (bio-logical 
networks), mgt protein cd thi tucmg tac vdi 
nhieu nhdm ciia cac protein khac. 
Trong bai vilt nay, chung toi md rgng thuat 
toan GN dl phat trien thugt toan phat hien cac 
cgng dong gdi nhau tren mgng dya vao do do 
do trung gian canh va ket hgp ca yeu td dinh 
va cgnh trong phan cym dd thi. 
Nhu da trinh bay, thugt toan GN dugc thuc 
hien theo ky thuat phan cym phan cap. Bat 
diu ca mgng n dinh dugc xem nhu mgt cym. 
Sau dd vipc logi bd mgt ho|c mgt so cgnh cd 
do trung gian Idn se chia mgng dd thanh hai 
thanh phan (hai cum). Tiep theo, trong moi 

thanh phan tiep tuc logi di mgt hogc mdt so 
cgnh de chia chiing thanh hai cym nhd han. 
Thuat toan lap lai cho den khi logi bd het cac 
canh ciia timg mgng thanh phan thi mang ban 
dau se chia thanh n thanh phan [6]. Trong 
phan cum mgng, gia thiet rang moi dinh phai 
nam trong mgt cym ciing vdi it nhat mgt phan 
tii lang gilng ciia no, trir khi nd la mgt dinh 
dgc lap hole hoan toan khong cd cym. Vi 
vay, dinh v c6 the phan thanh nhieu nhat 
deg(v) ban sao, trong do deg(v) la bgc ciia v. 
Chiing ta phai quyet dinh chia no bao nhieu 
lan va khi nao can phan chia. Co sd ciia 
phuang phap phan chia dinh dugc thyc hien 
nhu sau: 

i) Khi chia mgt dinh v bat ky thanh Vi va V2, 
ta bd sung mgt canh ao noi Vi vdi V2- Neu u 
la lan can ciia Vi (cd canh ndi vdi nhau) vd w 
la lan cgn cua Vj, thi tat ca cdc dudng di ngan 
nhat di qua v doc theo cac cgnh {u, v}, {v, w} 
bay gid se dpc theo {u, v J , {v,, V2}, {v2, w}. 
ii) Canh ao co trgng so la 0: do dai dudng di 
qua no khSng thay ddi, va khong cd dudng di 
ngin nhat nao mdi dugc tgo ra: nhiing dudng 
di bit dau tir v se khong di qua cgnh nay. 
iii) Tinh dg trung gian C({vi, V2}) cua cgnh ao 
dugc bd sung. 

D I thay, cd 2''̂ '̂''"'-l cdch dl chia dinh v bit 
ky thanh hai phan. Do vgy, de thuc hien phan 
chia dinh hi?u qud thi can chgn nhiing dinh v 
cd do dg trung gian C({vi, V2}) cua canh ao la 
cue dgi [4]. 

Thugt toan GN dugc cai tien sao cho trong 
mdi budc thyc hi^n, ta deu xem xet dp trung 
tam ciia cac dinh cung nhu do trung gian cua 
cac cgnh. Neu do trung tam eye dgi ciia dinh 
Idn han dp trung gian cue dai ciia canh thi 
thyc hien phan chia dinh, ngugc lai phan chia 
theo canh (loai bd canh). 
Djnh nghla 1. Dp trung gian ciia dinh v la sd 
dudng di ngin nhat di qua v va ndi mgt phan 
tir bit k)' cua V| vdi mpt phan tu bat ky ciia 
V2, trong do Vj va V2 la hai tap chua tat cd 
dinh lan ĉ n ciia v. 

Theo djnh nghia, so dudng di ngin nhit nay 
khdng Idn hon so dudng di ngan nhat di qua 
V. Do vgy, cd the tinh do trung gian ciia dinh 
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V thong qua dp trung gian ciia c^nh e [4]. 

C(v)=i5;c(.)-(»-!) («) 

Trong do, r(v) la tap cac cgnh ke vdi v va n la 
sd dinh ctia thanh phan chiia v. 
Mdt cdch tdi iru la co the sii dung dg trung 
gian ciia dinh nhu la can tren de thuc hien phan 
chia: Neu dp trung gian ciia dinh khdng Idn 
hon do trung gian eye dgi ciia cdc canh thi 
khdng can tinh dg trung gian de chia tach dinh. 
Djnh nghla 2. Dp trung gian cap dinh (pair 
betweennesses) cua dinh v doi vdi {u, w}, 
trong do u va w la lan can ctia v vdi u ^ w, la 
so dudng di ngin nhat di qua ca hai canh {u, 
v} va (v, w}. 

Nhu vay, do trung gian ciia dinh v chinh bang 
tdng tat cd cdc dg trung gian cap ctia dinh dd. 
Ta cd the bieu dien dp trung gian cap ciia dinh 
v CO bac deg(v) = k, bing mpt k-cliques (tgp 
cac dinh ciia dh thi con trong G ma giiia 2 
dinh bat ky deu cd dudng di den nhau vdi do 
dai nhd hon hay bang k), trong dd mdi dinh 
dugc ghi nhan bang mgt trong sd cac lan can 
ciia V va mdi cgnh {u, w} dugc ghi nhan bang 
dg trung gian cdp ("sd diem") ciia v doi {u, 
w}. Thd tyc xdc dinh do trung gian cgp va 
each chia dinh v: 
Procedure Mer(T:k-cliques) 

Begin 

1. For eeT Do <Tinh c(e) theo Qui tic 2> 

2. Fori:=l tok-2Do 
2.1. Chpn canh e={ (u,v)£T and 

c(u,v)->min} 
2.2. Ket hgp u, v tgo ra dinh dan uv 
2.3. ForxsTDo 
Thay cgnh (u,x) cd nhan ti va cgnh (v,x) 

cd nhdn t2 bang cgnh (uv,x) cd nhan ti+t; 
End 

Vi du 3. Hinh 6. chi ra each tim dinh phan 
chia tdt nhit. Thugt toan tren lap lai k-2 = 2 
lan; canh dugc chpn trong budc 2 ciia mdi lin 
Igp dugc td dam. 

Thu^t todn GN cai tien lam tang dp trung gian ' 
ciia cgnh {v, w} ddi vdi tit ca cac dudng di'' 
ngin nhat bat dau tir m6i dinh s Trong thuJitl' 
toan, ta lam tang dp trung gian cap cua v dii 
vdi tit ca nhfl'ng cap {u, w} sao cho w la lan 
can ciia v tren dudng di giira u vd w. Thugt 
toan GN cai tien (GN_New): 
Input: mgng xd hgi duffc bleu dien bdi tnpt 
do thi C = (V, E) khong CO trgng so 
Output: Thanh phtin (c^m/cpng dong) duac 
phan chia 

Begin 

1. For eeE Do <Tinh c(e) theo Qui tac 
2>; 

2. While < cdn canh trung gian chua bj 
logi> Do 

2.1 For veV Do •<Tinh c(v) theo cong 
thiic 6>; 

2.2 S={ ueV va c(u)>max{c(v) vdi VGV 
}}; 

2.3 IfS^(})Then 
2.3.1 Mer(S); 

2.3.2 For veS Do <Tinh c(v) theo cong 
thiic 6>; 

3. Chgn canh e={ (u,v)sE and 
c(u,v)->max and u,veS}; 

4. Logi e hogc chia dinh v neu co c(e) 
->max hoac c(v) ->max; 

5. Xdc dmh cum dugc phan chia 
6. Return <cac cym> ; 

End 

Thugt toan GN cd do phiic tgp tinh toan la 
O(m^n), trong dd m la sd cgnh va n la s6 dinh 
ciia dfl thi bilu diln mang. Trong thugt toan cai 
tien, mdi budc thyc hien phan chia dinh tmng 
binh thanh 2m/n dinh, nghTa la sd buoc phSn 
chia dinh c6 do phirc tap 0(m); sd lin lap la 
0(m) va s6 canh khdng tliay ddi. Do vay, dg, 
phiic tap tinh toan ciia thugt todn la 0{ia)-\ 
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K i t qua thux nghiSm thu9t toan GN BFS 
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Ket qua thut nghiem thuat toan GN New 

Bai bao da nghien ciiu khai nigm lien quan 

den dd thi mang xa hgi, dp do trung tam ciia 

dinh, cda do thj, dg trung gian ciia cgnh, thyc 

nghi?m thuat toan GN (Girvan-Newman) vdi 

phep duyet BFS(Breadth-First Search) phan 

cum do thi va cai tien thugt toan GN sii dung 

dg do trung gian cgnh de tia dan cac 

dinh/canh khdng can thiet va toi uu hda trinh 

ty lya chgn dinh de phat hien cac cdng ddng 

gdi nhau tren do thi mang, thuat toan GN cdi 

tien lam tang dg trung gian cap ciia v doi vdi 

tat ca nhffng cgp {u, w) sao cho w ta lan cgn 

ciia V tren dudng di giua u va w. Thugt toan 

cdi tien da giam thieu phep to^n phdn chia 

dinh giup cho do phiic tgp ciia thuat toan 

dugc cdi thien va nhanh chdng phat hien cac 

cgng ddng g6i nhau trong phan tich va khai 

pha cac cau triic cgng dong tren mgng xa hgi. 

Tiep theo chiing toi se nghien cuu ling dung 

cua thuat toan GN cdi tien trong mgng xa hgi 

siic khde nham phat hi$n va khai thac cac 

cgng ddng b^nh nhan cd tinh chat goi nhau. 

Bai bdo Id san pham ciia de tai Khoa hoc & 

cong nghe cap co so ma so T2016-07-10, duac 

tdi tr<? kinh phi bai Trudng Dgi hoc Cong nghi 

thong tin vd Truyen thong - DHTN. 
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SUMMARY 
USE OF EDGES BETWEENNESS FOR MINING ADJACENT COMMUNITIES 

Nguyen Hien Trinh'", Tran Hai Thanh', Cap Thanh Tung' 
'College of Information and Communication Technology - TNV 

'College of Education - TNU 

This article proposes an improved approach to mine adjacent communities in social network based 
on edge betweeness. The research introduces concepts concerning social network graph, measure 
of vertex cenUality, of edge betweeness, implementation of GN(Girvan-Newman) algorithm with 
BFS (Breadth-First search application and an improved GN using edge betweeness measurement 
to trim unnecessary edges vertex and optimize vertex choice order to mine adjacent communities 
in social networks effectively. 

Keywords: Graphs, social network, community structure, edges betweenness, adjacent 
communities 
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