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MO DAU
1. Tinh cap thiét ciia luin 4n

Trong vai thap ky gan ddy, cdc mang xa hdi (SN - Social Networks) da tré nén
phd bién va thu hut dugc sy cha ¥ ciia cac nha khoa hoc thudc cac nganh khac nhau,
nhu x4 hoi hoc, dich t& hoc, kinh té, khoa hoc may tinh, vién thong va nhiéu nganh
khac. Mang xa hoi dang phat trién manh m& tai khép moi noi, trén moi quéc gia va
tr& thanh phuong tién quan trong, khong thé thiéu trong cudc sdng dé két ndi quan hé
cua moi nguoi trong xa hdi. Hién nay Facebook, Twitter, Youtube, WhatsApp,
Instagram, Google+, Linkedin, ... 12 nhitng mang xa hoi pho bién duoc nhiéu ngudi
sir dung nht.

Phan tich mang x@ hdi (SNA - Social Network Analysis) 1a mdt tdp hop cac
phuong phap thu thap va xir Iy dit liéu, cac khai niém, cac 1y thuyét nham mo ta va
phan tich cac mdi quan hé giira cac thuc thé trong mang, cac quy luat hinh thanh va
bién doi cua nhitng mbi quan hé d6, va nhat 1a 1am sang to nhimg anh hudng twong
quan ciia cac mdi quan hé trong xa hoi (hay ciu trac ctia mang) ddi véi hanh vi cia
cac thuc thé tham gia. Vi du: Phan tich théng ké mang xa hdi, phat hién cOng d@)ng
trén mang xa héi, dy doan lién Kkét, phan tich vai tro va phan loai cac tdc nhan trén
mang xa hdi, ... Trong linh vuc phan tich mang xa hoi, vi¢c phan tich va phat hién
cac cong dong (communities detection) trén mang xa hoi mang nhiéu y nghia quan
trong va co nhiéu ung dung trong céc linh vuc khac nhau nhu xa hoi hoc, sinh hoc,
khoa hoc may tinh, kinh té, chinh tri, .... Cong d@)ng mang xa hdi 1a mét nhom cac
thuc thé trong mang xa hoi c6 nhiing tinh chét tuong tu nhau, lién két chit ché véi
nhau va cting dong mot vai tro nhét dinh. Cong déng mang xa hoi 14 nhiing cau trac
xa hdi dugc xac dinh dua trén nhiing mbi quan h¢, co mbi quan tam chung nhu s&
thich, linh vuc ma céc thanh vién ciia cong déng cling quan tdm, tham gia hay mot
muc tiéu, du an chung, vi tri dia ly, hodc nghé nghiép. Viéc phat hién va phan tich
cac cong dong mang xa hoi s& cung cap cho chiing ta nhiing thong tin quy gia dé hiéu

bict va hinh dung dugc nhiing cau tric cia mang.



Phat hién cong dong trén mang xa hoi ciing 1a mot nhiém vu quan trong hang
dau trong phan tich mang x4 hoi. Do tdm quan trong cta cac cong dong mang xa hoi
va kha nang ung dung to 16n cia ching trong cac linh vuc khac nhau da c6 nhiéu cac
thuat toan phat hién cong d@)ng trén mang xa hoi da dugc dé xut. Tuy nhién, hau hét
cac thuat toan chua dat dugc hiéu qua trong viéc phat hién cong dong trén cic mang
x4 hoi quy mo rat 16n hién nay. Pong thoi, cling véi sy phat trién manh mé ctia cong
nghé thong tin thi viéc sir dung cac mang xa hoi ciia chiing ta dang phat trién theo cap
s6 nhan va hé qua 1a quy mo ctia mang xa hoi phat trién nhanh chéng va tré nén khong
16. Piéu nay dan dén viéc phat hién cong ddng trén cic mang xa hoi quy mé rat 1on
khong thé giai quyét bang cac thuit toan truyén thong do do phirc tap vé thoi gian va
khong gian tinh toan. C6 nghia 13, hau hét cac thuat toan hién c6 khong thé dugc mo
rong dén kich thude khong 16 clia cac mang xa hoi. Bé giai quyét duogc thach thirc dat
ra, can dé xuét cac phuong phéap giam kich thudc cia mang xa hoi dé thuc hién phat
hién cong d@)ng mang xa hdi hi¢u qua d@)ng thoi van phai dam bao dugc céc tinh chét

ctua cong dong mang xa hdi ban dau la rat y nghia, can thiét va quan trong.

Trong nhiing nim gan day, viéc phan tich va phat hién cong dong mang xa hoi
la mdt trong nhitng linh vuc nghién ctru chinh trong khai thac, phan tich mang xa hdi.
Céc thuat toan phat hién cong dong trén mang xa hoi dugc nhiéu nguoi tap trung quan
tam nghién ctru va phat trién (img dung [8], [9], [28], [42], [102], [118], [119], [120],
... V& co ban, cac thuét toan phat hién cong dong mang xa hoi duoc chia thanh 4
nhom. Nhom thuét todn phat hién cong ddng truyén thong, nhom thuat toan phat hién
cong dong dua trén toi wu hoa d6 do don thé, nhom thuét toan phat hién cong dong
dwa vao d6 do trung tim trung gian, va nhém thuat toan phat hién cong dong dya trén
nguyén 1y lan truyén nhin. Trong d6, nhom thuat toan phat hién cong dong truyén
théng bao gém cac thuat toan phan cum dd thi, phan cum phan cép, phan cum phan
hoach, phan cum theo pho [31], [76], [115]. Nhom thuét toan phat hién cong dong
dua trén t6i wu hoa do do don thé bao gdm thuat toan tim kiém tham lam, mé phong
luyén kim, t6i wu hoa m& rong va cac thuét toan tién hoa [15], [78], [91]. Nhom thuat

toan phat hién cong dong dwa vao do do trung tdm trung gian bao gdm ho thuat todn



Girvan-Newman theo d¢ do trung tdm trung gian cia canh, phan chia dinh [33], [34],
[38], [75]. Va cudi cung 1a nhém thuat toan dya trén nguyén 1y lan truyén nhan bao
gdém ho cac thuat toan dya vao nguyén 1y lan truyén nhan [13], [59], [81], [109],
[110].

Do thi mang xa hoi thuong rat phuc tap, co s6 dinh va sb canh rat 16n, nén cong
viéc phat hién cic cong dong doi héi rat nhiéu thoi gian va ciing 1 mot thach thirc rat
16n. Tuy nhién, cac nghién ctru néu trén hau hét tap trung giai quyét bai toan phat
hién cong dong tryc tiép trén dd thi ma rat it cong trinh nghién ciru tinh dén viéc giam
thiéu khong gian dinh va canh cua d6 thi nhung bao toan dugc cac tinh chat cua do
thi mang xa hoi ban dau nham muc dich giam thiéu thoi gian phan tich, phat hién cac
cong d@)ng trén mang xa hoi. Mat khac, dd thi mang xa hdi thuong co nhiéu dinh
tuong duong v4i nhau theo mot sé do do di duoc xac dinh dic trung cho mang xa
hoi nhu: d6 do trung tim trung gian, hodc theo nguyén 1y lan truyén nhén, ... Nhimng
dinh twong duong c6 cung do do trung tdm trung gian, hay c6 chung nhan theo nguyén
Iy lan truyén nhén tao thanh cac 16p dinh twong duong va cé thé két hop ching véi
nhau thanh mét dinh dai dién gitp cho giam thiéu dang ké s6 dinh va sb canh ctia do
thi mang xa hoi.

Qua phan tich va danh gia cac thuat toan phat hién cac cong dong trén mang xa
héi, nghién cttu sinh da lga chon nghién ctru cac 16p dinh twong duong theo do do
trung tAm trung gian va nguyén 1y lan truyén nhin dé rit gon d6 thi mang xa hoi va
tir d6 cai tién cac thuat toan phat hién cOng d@)ng mang xa hdi hi¢u qua trén dd thi rat
gon nham giai quyét hiéu qua bai toan phat hién cong dong trén mang xa hoi c6 cau
tric tu do va kich thuéc rat 16n.

2. Muc tiéu cia luin an
Muc tiéu cua luan an 1a nghién ciru phat trién mot s6 phuong phép phat hién

cong d@)ng trén mang xa hoi. Cu thé:



Nghién ciru phat trién va thuc nghiém thuat toan rat gon dd thi dyua vao 16p
twong duong cua cac dinh trén do thi theo d6 do trung tdm trung gian va thuat
toan riit gon do thi theo nguyén 1y lan truyén nhan.

Phat trién thuat toan phat hién nhanh cac cong d@)ng trén mang xa hodi su dung
d6 do trung tm trung gian va thuat toan phat hién nhanh cac cong dong trén
mang x4 hoi dya trén tinh chét cua cac 16p dinh tuong dwong theo nguyén 1y

lan truyén nhin.

3. Poi twgng nghién ciru ctia luin an

Mang xa hoi, cong d@)ng mang xa hai.

Céc thuat toan rut gon dd thi.

Céc lop dinh twong duong theo d do trung tam trung gian va nguyén 1y lan
truyén nhén trén d6 thi mang xa hai.

Céc thuat toan phat hién cong dong mang xa hoi.

4. Pham vi nghién ctru ciia ludn an

Céc thuat toan phat hi¢n cong d@)ng mang xa hai.

Céc 16p dinh twong dwong theo do do trung tdm trung gian trén do thi mang
xa hoi.

Céc 16p dinh tuong duong theo nguyén 1y lan truyén nhén trén d6 thi mang xa
hoi.

Céc thuat toan rit gon d6 thi dwa vao cac 16p dinh twong duong theo d6 do

trung tdm trung gian va theo nguyén 1y lan truyén nhan.

5. Phwong phap nghién ctru ciia ludn an

Phuong phép nghién ciru cia luan an 13 nghién ctru 1y thuyét va nghién ciru

thuc nghiém.

Nghién cieu Iy thuyét: Nghién ctru va danh gia cic ngudn tai liéu, cong trinh
lién quan mot cach hé théng, toan dién bai todn rut gon dd thi mang xa hdi va
mg dung phat hién cong dong trén db thi mang xa hoi va cac van dé con ton
tai cua cac nghién ctru lién quan. Trén co s¢ do, dé xuét thuat toan rat gon do

thi dua trén cac 16p dinh tuong duong theo mot s6 do do trén do thi mang xa



hdi va phat trién cac thuat toan phat hién cong d@)ng trén do thi mang xa hoi
rt gon. Cac thuat toan dé xuat, cai tién dugc chimg minh chit ché vé 1y thuyét
thong qua cac tinh chat, hé qua vé sy twong duong cua cac 16p dinh rut gon.

o Nghién ciru thuc nghiém: Cac thuat toan dé xudt dugc cai dat, chay thuc
nghiém, so sanh, ddnh gia voi thuat toan khac trén cac bo dir liéu mau tir kho
dir liéu vé mang xa hoi [47], [60] nham minh ching tinh hiéu qua cia cic
nghién ctru vé 1y thuyét.

6. Cac dong goép chinh cia ludn an

e D¢ xuét thuat toan REG (Reduce Equivalence Graph) rat gon do thi dwa vao
16p tuong duong cua cac dinh theo d§ do trung tam trung gian. Thyc hién cac
thuc nghiém danh gia tinh hi¢u qua va thoi gian thuc hién coa thuat toan dé
Xuét so voi thuat toan dién hinh sir dung d6 do trung tim trung gian.

e D¢ xuat thuat toan FBC (Fast algorithm for Betweenness Centrality) cai tién
thoi gian tinh d6 do trung tdm trung gian va dé xuét thuat toan CDAB
(Community Detection Algorithm based on Betweenness centrality) cai tién
thoi gian phat hi¢n cac cong d@)ng trén dd thi mang xa hdi rat gon dya vao do
do trung tdm trung gian. Thyc hién cac thyc nghiém danh gia tinh hi¢u qua va
thoi gian thyc hién cua thuat toan d& xuat CDAB so véi thuat toan géc Girvan-
Newman (GN) va thuat toan dién hinh gan day.

e D¢ xuét thuat toan LREN (Label based Reduce Equivalence Nodes) rut gon
d6 thi dwa vao 16p dinh twong duong theo nguyén 1y lan truyén nhan va phat
trién thuat toan LPAA (Label Propagation Algorithm on Abridged graph) cai
tién thoi gian phat hién cac cong dong dwa vao nguyén 1y lan truyén nhan. Thuc
hién céc thyc nghiém dénh gia tinh hi¢u qua va thoi gian thuc hién cua thuat
toan LPAA so véi thuat toan gc Label Propagation Algorithm (LPA) va thuat

toan dién hinh gan day.

7. Bo cuc cia ludn an

Luan 4n duoc t6 chirc thanh 3 chuong, trong do:



Chuwong 1. Tong quan riit gon do thi va phat hién cong dong trén mang xa hoi

Nbi dung chinh ctia chuong 1 14 trinh bay tong quan vé mang xa hoi, cong dong
mang xa hoi va cac phan tich, danh gia vé cac thuat toan rut gon db thi, thuat toan phat
hién cong dong trén mang xa hdi va cac tmg dung trong cac linh vuc khac nhau. Mot
s6 cac d6 do duoc gidi thiéu dé st dung dénh gia tinh hi€u qua cua thuat toan rat gon
d6 thi va thuat toan phat hién cong dong trén mang xa hoi.

Chuwong 2. Thuit toan rut gon dd thi mang xa héi dwa vao do do trung tim trung
gian va nguyén ly lan truyén nhan.

Chuong 2 nghién ctru céac tinh chét cia 16p dinh twong duong dwa vao do do
trung tdm trung gian, d& xuit thuat toan REG rit gon dd thi dya trén thay thé cac 16p
dinh tuong dwong theo d6 do trung tdm trung gian, dé xuat nay nham muc tiéu giam
thiéu khong gian tinh todn cua dd thi, tir d6 giam thiéu do phuc tap tinh toan cua bai
toan so voi cac phuong phép trude day. Pong thoi trong chuong nay ciing nghién ctru
céc tinh chit ctia 10p dinh tuong duong dua vao nguyén 1y lan truyén nhén, tir d6 dé
xuat thuat toan LREN ruat gon d6 thi dua trén thay thé cac 16p dinh twong duong.

Céc thuc nghiém kh:fmg dinh hi¢u qua cua thuat toan dé xuét trong bai toan rat
gon do thi mang xa hoi. Noi dung trinh bay trong chuong dugc cong b trong [CT1],
[CT3], [CT4].

Chuwong 3. Ap dung thuit toan riit gon dd thi dé phat hién cong dong trén mang
xa hoi.

Chuong 3 dé xuat thuat toan FBC cai tién thoi gian tinh d6 do trung tim trung
gian trén d6 thi mang xa hoi. Dé xuat niy nham myc tiéu giam thiéu thoi gian tinh toan
d6 do khoang cach trén do thi mang x3 hoi phuc vu cho thuét toan dé xuat phat hién
cdu tric cong ddong CDAB trén d6 thi mang xa hoi rit gon. Pong thoi trong chuong
nay cling dé xuat thuat toan LPAA phat hién cac cong d@)ng trén do thi mang xa hoi
rt gon. P& xuat nay nham muyc tiéu giam thiéu thoi gian tinh toan cho thuat toan phat

hién cac cong dong trén do thi mang xa hoi rat gon.



Céc thyc nghiém khang dinh hiéu qua cua thuat toan dé xuét trong bai toan phat
hién cong dong mang xa hoi. Noi dung trinh bay trong chuong duoc cong b trong
[CT2], [CT3].

Cubi cuing 13 két luan va cac hudng phat trién tiép theo.



CHUONG 1. TONG QUAN RUT GON PO THI VA PHAT HIEN
CONG PONG TREN MANG XA HOI

Chuong nay gidi thi¢u téng quan vé mang xa hdi, cong d@)ng trén mang xa hoi,
cac thudt toan phat hién cong d@)ng mang xa hoi va céc thuat toan rat gon dd thi cho
nhiéu mg dung khac nhau. Trong ndi dung chuong ciing thyc hién phan tich, danh
gi4 1d nhitng mat han ché, ton tai cia mdi phuwong phéap tir d6 xac dinh huéng phat
trién thudt toan rat gon dd thi va ung dung dé cai tién thuat toan phat hién cong d@)ng
trén mang xa hoi. Cudi chuong trinh bay mét s6 do do phd bién duoc sir dung dé danh
gia hi¢u qua cua céc thuat toan rut gon dd thi va thuat toan phat hién cong d@)ng trén

mang xa hai.

1.1. Mang xa hoi
Mang xa hdi 1a mot cAu trac xa hoi dugce tao ra tir cac thuc thé, cac tac nhan
hoic cac to chirc dugce lién két, két ndi bai mot hodc nhiéu quan hé voi nhau [8], [42],
[102]. Theo Fortunato va cac cong sy [31] mang x3 hoi 1a mét tap hop cac thuc thé
duoc két ndi v6i nhau béng mot tap hop céac mbi quan h¢, lién két, nhu quan h¢ ban
be, gia dinh, cOng su hay trao ddi thong tin, ... Cac mbi quan hé gitra cac thyc thé c6
thé mang nhiéu ndi dung khac nhau tr sy tuwong trg, trao doi thong tin cho dén viéc
trao d6i hang hoa, dich vy, ... Mang xa hdi cung cép nhiéu cach khac nhau dé céc to
chirc thu thap thong tin, canh tranh voi nhau trong viée thiét 1ap gia kinh doanh hogc
chinh sach, ... Mang xa hi thuong c6 nhiing dac tinh nhu sau [9], [34], [68], [102]:
e Duya vao nguoi dung (User-based): Trudc khi cdc mang xa hdi nhu Facebook,
Twitter, MySpace, ... phé bién trd thanh chuan muc, cac trang web dua trén ndi
dung dugc cap nhat bdi nguoi dung va duge nguodi st dung truy cap trén mang
Internet dé doc, tham khao thong tin. Cac mang xa hoi truc tuyén dugc xay dung
va dinh hudng boi chinh nguoi dung. Nguoi dung thuc hién cac cude hoi thoai
va cac ndi dung trao doi v6i nhau trén mang. Hudng cta ndi dung dé duoc xéac

dinh boi bt ky ai tham gia vao cudc thao luan. Vi vay, mang xa hdi tré nén rat



hap dan, thu hat béi tinh nang twong tac nhiéu hon ddi v6i nguoi dung Internet
thong thuong.

o Tuong tac (Interactive): Mot dac diém khac cta cac mang xa hoi hién dai la cac
thyc thé thuong xuyén tuong tic thong qua cac mbi lién két. Diéu ndy c6 nghia
12 mot mang xa hoi khong chi 1a mot bd suu tip cac phong chat, dién dan, ...,
trang web nhu Facebook ma con chira cac trng dung choi tro choi, quang céo,
ban hang online, tin tirc, ... Cac mang xa hoi ngay nay dang phat trién nhanh
chong va duoc ngudi ding lua chon nhiéu hon so véi truyén hinh bai vi nd
khong chi 1a giai tri, hoc tap, trao doi cong viéc ma do con la cach thuce dé moi
ngudi két ndi, twong tic véi nhau.

o Hudng dén cong dong (Community-driven): Mang xa hoi dugc xdy dung va
phat trién tir cac khai niém vé cong dong. Diéu nay c6 nghia 14 cc cong dong
hodc cac nhom xa hoi trén toan thé gidi dugc thanh 1ap dua trén thyc té 1a cac
thanh vién c6 nhitng s thich, nhitng quan diém chung, ...

o Cdc moi quan hé (Relationships): Khong giong nhu cac trang web trong qué
khur, cac mang xa hoi phat trién manh vé cac mdi quan h¢. Cang co nhiéu mdi
quan hé trong mang, cac thyc thé cang thiét 1ap duoc vai tro trung tim ctia mang
d6. Mbi quan hé giita cac thuc thé nhu mébi quan hé hai ngudi c6 thé 1a ban be
hoac khong quen biét nhau. Ton tai tinh dia phuong, mdi quan hé gitta cac thuc
thé c¢6 xu huéng tao thanh cac cum (cong ddng). Mang xa hoi cung cép tiém
nang rat 16n vé tuong tac va giao tiép gitta rat nhiéu cac thanh vién trong mang
& khap moi noi, khong phu thudc vao khong gian dia 1y. Dong thoi tao moi
truong cho vi¢c tuong tac va chia sé thong tin gitra cac thanh vién trong mang
nhu ngudi than, dong nghiép, gia dinh, ban bé, ngudi ham mo, ... [68].

o Cam xiic vé ngi dung (Emotion over content): Mot dic diém doc dao khac cia
mang xa hoi 12 yéu t6 cam xtic. Mic du cac trang web trong qua kht tap trung
chu yéu vao viéc cung cip thong tin cho nguoi truy cap, nhung mang xa hoi
ngay nay thyc sy mang dén cho ngudi ding sy an toan vé mit cam xac va cam

giac riang du c6 chuyén gi xdy ra, ban bé cuia ho van & trong tam kiém soat.
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Hién nay, mang xa hoi dang phét trién nhanh chéng, v6i sb lugng nguoi ding
va s0 lugng cac mbi quan hé giira cac thanh vién trong mang rat 1on. Tir d6, yéu cau
khéch quan dét ra doi héi phai c6 nhiing phuong phap nghién ctru va k¥ thuat phan
tich mang xa hoi phu hgp.

1.2. Mt s6 hé do quan trong trén do thi mang xi hoi

Phan tich mang xa hoi (Social Network Analysis) [8], [9], [28], [42], [102],
[105] dya vao 1y thuyét do thi 1a mot tap hop cac phuong phap lya chon méu, thu
thap va xur 1y dir liéu, phan tich cac khai niém, st dung 1y thuyét d6 thi dé mo ta va
phan tich cac méi quan hé gitta cac thyc thé, cic tac nhan trong mang, xac nhéan cac
quy luat hinh thanh va bién d6i ciia nhimg mdi quan hé d6, va nhat 1 1am sang t6
nhimg anh hudng cta cac mdi quan hé xa hoi (hay cau tric ciia mang) ddi véi hanh
vi cuia céac tdc nhan. Muyc ti€u chinh ctia phan tich mang xa hoi 1a:

o Xdc dinh nhitng thuc thé, tic nhdn quan trong nhat trong mang xd héi: Do do
trung tdm (centrality) 1a mot do do dién hinh dé xac dinh tAm quan trong cia
mat tac nhan trong mang, dong thoi gitip chiing ta hiéu duge tim anh huéng
va quyén luc ciia mot ca nhan trong xa hoi.

e Phat hién cac cong dé‘ng trén mang xd hoi: Mot $b thuc thé trong mang xa hoi
c6 lién két chit ché véi nhau tao thanh ting cum, va gilta cac cum d6 duogc
ndi voi nhau chi béng mot s it canh khac. Nhiém vu xéac dinh cac cong d@)ng
mang xa hoi duogc thuc hién thong qua nghién ctru cAu truc mang xa hoi va
cau trac lién két gitta céac thuc thé trén mang xa hai.

Muc nay trinh bay khai niém dd thi mang xa hoi va mot s6 hé do quan trong
dugc st dung phd bién trén do thi mang x4 hoi. Mang xa hoi thuong duoc mé hinh
hoa, truc quan héa va biéu dién dudi dang mot dd thi, chi giir lai cac thanh vién va
mdi quan hé giita cac thanh vién trén mang co ton tai hay khong. Thong thuong do
thi mang xa hdi la dd thi vo hudng, vi du nhu dd thi mang ban be trén mang xa hdi
Facebook, ... Nhung chung ciing ¢6 thé 1a dd thi c6 hudng nhu do thi mang x3 hoi

nhitng ngudi theo ddi nhau (followers) trén mang xa héi Twitter hodac Google +.
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Dinh nghia 1.1. Do thi mang xa hoi 1a dd thi G = (V, E), trong do V la tap cac dinh
(nat) va E 1a tap cac canh (cung). Tap V biéu dién cho cac thanh vién (tac nhan) cia
mang xa hdi, con tép E thé hién mbi quan hé xa héi gitra cac thanh vién vdi nhau.

Duya vao ly thuyét dd thi, cau trac mang xa héi cling co6 thé duoc biéu dién thong
qua ma tran lién ké A = (A;j) € R™, véin = |V|, R = {0, 1} va Ajj= 1 néu hai dinh i
va j c6 canh ndi giita chiing (c6 lién két - quan hé truc tiép véi nhau), nguoc lai thi
A;=0.

Pé ap dung duoc ki thuat khai phé dir liéu trong phan tich mang xa hoi, thi
trude tién phai dinh nghia dugc d6 do khoang céach (distance measure) gitra cac dinh,
canh ctia dd thi. Khi cac canh cua d6 thi dugc gén nhan thi cac nhan nay c6 thé duogc
str dung nhu 1a d§ do khoang cach, tuy thudc vao nhirng gi ma chung dai dién. Nhung
khi cac canh khong c6 nhan, nhu dd thi “ban be&” thi can phai dinh nghia d6 do khoang
cach gitra cac dinh.

Trudc tién ta quy wdc, nhitng dinh gan nhau (closed) néu ching cé canh ndi truc
tiép gitra chiing, nguoc lai 1 nhimng dinh xa nhau (distant). Khoang cach gitta dinh x
vay € V, ky hi¢u 1a d(x, y), co thé dinh nghia d(x, y) theo hai céch:

e d(x,y)=0néu(x,y) € E, nguoc lai thi d(x, y) = 1.
e Hoic d(x, y) = 1 néu co canh ndi giira ching, va bang oo khi ching xa nhau,
khong c6 canh ndi giira chiing.

Tuy nhién, ca hai trudng hop trén déu khong phai 1a dinh nghia do do khoang
cach thyc sy (metric), boi ching khong théa man bat dang thirc tam gidc. D& nhan
théy, néu c6 canh ndi A v&i B va canh ndi B vé6i C, thi khong c6 gi dam bao c6 canh
noi A véi C.

C6 nhiéu d6 do (measures) khac nhau duoc sitr dung dé phan loai, phan tich,
danh gia do thi mang xa hoi. Chung thudong dugc sir dung boi cac nha nghién ciru dé
phan tich cac dic diém clia mang xa hoi can dugc xem xét. Cac phép do quan trong
nhét duoc xac dinh phﬁn 16n déu dya trén ly thuyét dd thi. Tasleem Arif [8] str dung
cac hé sd ¢ két mang va hé sb trung tdm vector dic trung [79], [87], [94] dé phan

tich, danh gid mang xa hoi. Freeman [32] dé xuat mot tap hop cac do do (measures)
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xac dinh d¢ do trung tdm cua cac dinh, canh trén db thi, nhu d6 do trung tam truc tiép
theo bac cua dinh, d§ do trung tdm lan can va do do trung tdm trung gian (betweenness
centrality) duoc sir dung rat nhiéu trong phan tich mang xa hdi va phat hién cac cong

dong trén mang xa hoi.

1.2.1. H¢ s6 c6 két ciia mang

Trong phan tich mang xa hoi co rat nhiéu hé sb dé so sanh cac mang xa hdi voi
nhau, mot trong nhimng hé sé quan trong nhat d6 14 hé sb c6 két (density cohesion)
[8]. Khi hé s6 cd két cua mang cang lon, miac do gén két, su chat ché cua cac mbi
quan h¢ gitra cac thuc thé, tic nhan trong mang cang 16m, va do do, su tuong trg, hd
trg, ... gilta cac tac nhan ciling cang nhiéu, cang hi¢u qua hon, su diéu tiét cua mang
dbi véi hanh vi cua tac nhan cling manh m¢& hon va ngugc lai.
Pinh nghia 1.2. Tinh ¢ két cia mang luéi 1a ty 1¢ giira tong cac mbi lién hé thyc té
trong mang va tong cac mdi quan hé 1y thuyét ctia n6 (tirc 1a tong cac mdi quan hé co

thé cé cua mang). HE s co két cua do thi G, dugc tinh nhu sau:

D, = —=% (1.1)

n(n-1)

Trong d6, k 14 tong cic mdi lién hé thyc té ciia mang, k = |E| va n = |V|. Gi4 tri
ctia hé s6 nay trong khoang tir 0 dén 1. Khi gia tri ndy cang gan t6i 1 thi tinh c6 két
cua mang ludi cang manh va do dé sy tuong tro, sy trao doi thong tin, ... gilra cac
thanh vién trong mang dugc dién ra cang tdt va nguoc lai. Theo Scott [95], hé s6 ¢b
két cua mang ludi phu thude vao ) lugng tac nhan cua no, tirc 1a khi cang c6 nhiéu
cac tac nhan thi hé s cd két ciia n6 cang nho va ngugc lai. D6i voi nhitng d6 thi day

du (clique) thi hé s6 ¢ két 1a tuyét ddi, tirc 1a Dg = 1.

1.2.2. Cac h¢ so do tinh trung tim ciia tic nhan

Bén canh viéc do luong hé s cd két cuia ca mang, trong phan tich mang xa hoi
cac nha nghién ctru thuong xuyén stir dung do do trung tim (centrality) [11] dé xac
dinh vi tri cia timg tic nhan trong mang, bai dii mang c6 tinh c6 két cao nhung khong
phai moi tac nhan déu c6 vi tri hay quyén lyc nhu nhau trong mang xa hoi. Dé do

ludng duge sy hon kém gitra cac tac nhan trong mang, thuong phai thong qua mét s6
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dic trung ciu tric mang (structural features) nhu cac dic trung vé do do trung tam
tryc tiép theo bac (degree), do 1an can, hay do gan nhau (closeness), va nhat 1a do do
trung tdm trung gian (betweenness centrality) [8], [10], [29], [30], [32], [36], [48],
[73], [74], [84], [98], [101].

o H¢ 56 trung tam triee tiép (degree centrality)

Hé s nay gitip ching ta do luong dugc sd lwong ciia cac modi quan hé truc tiép
clia mot tac nhan ndo d6 (bac cua dinh trong dd thi) voi cac thanh vién khac trong
mang xa hoi.

Pinh nghia 1.3. H¢ s6 trung tam tryc tiép Cp cua tac nhan (dinh) v trén d6 thi G,
dugc tinh theo bac cua no, nghia la:

Cp(v) = deg(v) (1.2)
Trong d6, deg(v) 1a s6 bac cua dinh v.

Bic ciia dinh thudng 14 d6 do hiéu quéa cao phan anh tim quan trong hodc tim
anh huong (influence, importance) ciia mot tac nhan (dinh). Trong nhiéu mang xa
hoi, nhitng ngudi cé nhiéu lién két véi ngudi khac trong mang thi luén ¢é xu hudng
14 ¢6 tam anh hudng 16n hon va dugc nhiéu ngudi theo ddi hon. Vi du: dién vién dién
anh ndi tiéng, ngoi sao ca nhac, chinh tri gia ndi tiéng,

Céac d6 do trung tdm thuong duoc sit dung cho ca cac mang d6i xtng (d6 thi
twong ung 1a vo huéng) va mang phi dbi xtg (d6 thi twong tng 1a c6 hudng).

Gia sir K € R" 12 vector bac ctia cac dinh va I € R” 1a vector don vi (tit ca thanh
phan 13 1), R 1 tap sé nguyén. Khi do:

K=AI (1.3)

Néu mang 14 d6 thi G ¢6 huéng, thi ngudi ta thuong dinh nghia hai d¢ do trung
tdm: theo bac vao K™ (in degree) va bac ra K° (out degree). Bic vao cua mot dinh 1a
sO cac canh huéng ti dinh d6 con bac ra 14 s6 canh di t6i nhimng dinh khac. Nhimng
dinh ¢6 bac vao K" cao hon s& ¢6 do do trung tim cao hon. Nhitng dinh c6 bac ra

K° cao hon s€ c6 mirc d6 uy tin (prestigious) cao hon.
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Dinh nghia 1.4. D6 do trung tam theo béc vao/ ra: Gid st A € {0, 1}™" 1a ma tran
lién ké cua db thi dinh hudng va K", Ko € R" 14 cac vectors bic vao, ra tuong ung.
Khi d6
Kot = AT] (Tdng cac cot ctia A); (1.4)
K" = AI (Téng cac hang ctia A). (1.5)
Do do trung tam theo bac 1a do do don gian nhat trong s6 cac do do trung tim
cua mang [32].

o H¢ so trung tam lan cdn (closeness centrality)

Han ché cua hé sb trung tam tryc tiép 1a chi tinh cac mbi quan h¢ tryc tiép cua
tac nhan. Mot tdc nhan lan can vdi cc tdc nhan khéc trong mang khong chi bao gém
nhimg quan hé tryc tiép ma con c6 nhiéu quan hé gian tiép. Tinh 1an can ciing 1a mot
trong nhiing tiéu chi quan trong thé hién vi thé ctia tac nhan trong mang.

Mot cach truc quan, hai tap cac thuc thé 1a gﬁn nhau néu chung 1a lan can cua
nhau. Trong 1y thuyét do thi [108], &6 gan nhau la d6 do trung tim ciia cac dinh trong
mot d6 thi. Nhitng dinh che bong cac dinh khac (nhitng dinh c6 khuynh huéng c6
nhing khoang cach tric dia ngan nhat) (short geodesic distances) ti nhimng dinh khéac
s& c6 @6 gan nhau nhiéu hon. D6 gan nhau 1 d6 do trung tdm khé phtc tap. N6 duoc
dinh nghia theo nhiing khoang cach trac dia, 1a s6 cac duong di ngan nhét gitta dinh
v va nhitng dinh khac ma no6 c6 duong di toi.

Dinh nghia 1.5. H¢ ) trung tam lan can Cc (goi tat 1a d6 1an can, do gﬁn nhau) cia
dinh v dugc dinh nghia nhu sau:

Ca(v) = Zter\w Ot /(n — 1)) (1.6)

Trong d6, o, 1a s6 duong di ngan nhat di v dén t. Do gan nhau dugc xem nhur
1a 46 dai ma ludng thong tin co thé trai qua tir mot dinh cho trudc téi nhitng dinh khac
trén mang. Mot s6 ngudi dinh nghia d6 gan nhau khac c6 thé ty 1é thuan hoic nghich
nhau vé s lugng, nhung vé cach ma lugng thong tin truyén thong trén mang 14 nhu
nhau.

Pinh nghia 1.6. P6 gan nhau Cci(v) cta dinh v duge dinh nghia 13 ty 1& nghich véi

tong cac khoang cach trac dia téi tat ca cac dinh cua V:
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Ca(v) = 1/ Xtev\v Out (1.7)
D6 gan nhau duoc nhiéu ngudi sir dung dé phéan tich mang xa hoi [37], [52],
[54], [76], [78].

o H¢ s6 trung tam trung gian (betweenness centrality)

Do do trung tam cua mang hay dd thi duoc xac dinh theo hai cach phé bién.
Céch thtr nhat dya vao 1y thuyét d6 thi, trung tdm cua d6 thi duge danh gia theo bac,
hay dg lan cén cua cac dinh trong dd thi. Nhiing dinh c6 bac cuc dai c6 thé duoc xem
nhu 14 tAm diém cta dd thi. Po theo cach nay thi viéc ung dung s€ bi han ché, boi nd
chi 4p dung duoc cho nhiing bai toan nhu: thiét ké truyén thong voi myc dich nham
dat duoc hi¢u qua truyén thong cuc dai. Cach tht hai 1a dya vao uu thé troi
(domination) ctia cac dinh. Mot thuc thé (dinh) c6 wu thé troi 1a thuc thé c6 thé diéu
khién sy truyén thong trén mang (dd thi).

Theo quan diém cta Freeman [32], mot tic nhan nao d6 trong mang c6 thé it
gian két v6i cac thanh vién khac trong mang (trc hé sé trung tam truc tiép thap, bac
ctia dinh khong cao), cling khéng "gan giii" 1am véi moi thanh vién trong mang (ttrc
hé s6 trung tam 1an c4n thip), nhung lai 12 "cau n6i" (bridge), 1 "trung gian" can thiét
trong moi cudc trao doi trong mang. Néu mot tac nhan déng vai tro trung gian cang
16n trong mang ludi, tdc nhan do6 s€ cang & vi tri thuan lgi trong viéc "kiém soat" cac
giao dich, cac thong tin trong mang, tic nhan d6 ciing tac dong dén mang mot cach
dé dang bang cach thanh loc hogc "14i" thong tin luu chuyén trong mang theo huéng
¢6 lgi cho minh néu mubn; dong thoi tac nhan d6 ciing dung & vi tri tot nhat dé thuc
day su phdi hop giira cac thanh vién khac trong mang. Freeman [32] da dé xuat do do
trung tam trung gian (betweenness centrality) ciia mot dbi tugng trong mang xa hoi,
1a s6 céc ca thé c6 thé trao d6i v6i nhau thong qua ddi tugng d6. Nhiing dinh (c4 thé)
xuét hién trén nhiéu duong di ngin nhat giita cac dinh c6 do do trung tim trung gian
cao hon nhing dinh khéng nam trén nhitng duong di ngan nhat do.

Chung ta xét mot d6 thi don lién thong G = (V, E) (nhiing dinh doc lap khong
can xét). Xét cap dinh {vi, v} bat ky, khong phan biét thi ty dinh dau, dinh cudi.

Giita ching c6 thé c6 mot hodc nhiéu dudng di. Néu c6 dudng di giita ching thi do
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dai duong di 1a bang s canh (tong trong sb trén cc canh ddi vai do thi cé trong so)
trén duong di d6. Trong s6 cac duong di d6 s& c6 mot sé duong di ngan nhéat. Néu
(vi, Vi), (vi, vi) € E, thi duong di ngan nhat s& c6 d6 dai 1a 1. Truong hop duong di
ngan nhat c6 d6 dai (tong sé canh trén dudng di) 16n hon 1 thi chic chan phai co it
nhat mot dinh khac nam trén dudng di ngan nhat ndi gitra vi v6i vj va nhimng dinh nay
c6 tiém nang dé dicu khién sy lién thong hay truyén thong gitta cac dinh vi, vj.
Cho d6 thi G = (V, E) c6 n dinh, d6 do trung tam trung gian Cg(v) cua dinh v
duoc xac dinh nhu sau:
- Véi mdi cap dinh (s, t), tinh tat ca cic duong di ngan nhat ndi gitta chung - ox;
- 'V&i mbi cap dinh (s, t), tinh phan s giira nhitg duong di ngan nhat 6«(v) c6 di
qua v va sb cac duong di ngan nhat tir s t6i t 13 ow(v)/os;

- Tinh tong cac phan s6 clia tat ca cac cap dinh (s, t).

Ta ky hiéu o 1a s dudng di ngén nhat di tir s tdi t, va ox(v) 1a sé duong di ngan
nhat di tir s t6i t va c¢6 di qua v.

Dinh nghia 1.7. B§ do trung tam trung gian ki hiéu la Cg(v) cta dinh v dugc xéc
dinh nhu sau:

Co(V) = Xst2v st (V) /0t (1.8)

Heé s6 ndy ciing c6 gia tri trong khoang tir 0 dén 1. Khi mot tac nhan nao d6 co
d6 do trung tAm trung gian cang gan dén 1 thi sé luong quan hé giita cac tic nhan
khac phai "thong qua" tic nhan niy cang nhiéu va do d6 anh hudng cua tac nhan nay
trén mang cling cang 16n.

Chung ta nhan thdy, do do trung tdm trung gian cta dinh v dat duoc gié tri cuc
dai khi moi dinh khac trong G déu c6 canh ndi v4i dinh v va dinh v ndm trén tit ca
cac duong di ngan nhat c6 d6 dai 16n hon 1. Nhitng d6 thi nhu thé s& c6 dang hinh
sao (star) hodc hinh banh xe (wheel) [8], [32].

Tuy nhién, vi¢c sir dung nhitng d§ do nay chi phu hop cho nhitng mang, trong
d6 khai ni¢m dd do trung tdm trung gian (betweenness centrality) dugc xem la quan

trong trong kha ning anh hudng téi qua trinh xtr 1y sy lién két giita cac dinh.
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Leavitt [32] da nghién ctru méi quan hé giita diém trung tdm va mic d6 thoa
maén (satisfaction) ctia con ngudi cung tham gia giai quyét cic van dé dat ra. Mdi
ngudi tham gia c6 moét mau (mot phan) tin can thiét dé giai mot bai toan. Mdi nguoi
chi c6 thé trao d6i véi mot sé ngudi duoc chi dinh khac va bai toan duge giai khi tat
ca cac mau tin dugc chia sé giita nhitng nguoi cing tham gia giai bai toan d6. Leavitt
da tinh todn d¢ do trung tdm cua dinh theo ham d¢ dai cia duong di hoac khoang
cach gitra cac dinh trén d6 thi. Qua d6 x4c dinh duoc mdi quan hé nguyén thay gitra
d6 dai duong di voi mirc do thoa man cia nhitng ngudi tham gia giai quyét cong viée.
Thong qua trao d6i v6i nhitng ngudi khac, mdi ngudi c6 thé nhan duge nhiing thong
tin quan trong dé giai quyét bai toan va ho cam thay théa man, nghia la d¢ do trung
tAm trung gian 16n hon thi mc d6 thoa man sé& 16n hon. Pdi véi nhitng mang da duoc
Leavitt nghién ctru, d dai duong di va do do trung tdm trung gian cia céc canh co
mdi lién hé chat ché v6i nhau. Canh ndi gitta cac nhom (cong dong) cé anh hudng rat
16n dén dong chay cua thong tin giira cac tac nhan (dinh) khac nhau, dic biét 14 trong
truong hop thong tin luu truyén trong mang chi yéu theo con duong ngan nhat [32].

Girvan-Newman [37] dé& xuat dinh nghia do do “trung tdm trung gian”
(betweenness centrality) ctia canh (a, b) 13 s6 cac cap dinh x va y ma canh (a, b) nam
trén duong di ngan nhat ndi giita x va y. Thuat toan dién hinh, pho bién nhét trong
cac thuat toan st dung do do nay dé phat hién cong d@)ng trén mang xa hoi 1a thuat
toan Girvan-Newman.

Brandes [19] da dé xuét thuat toan tinh d6 do trung tm trung gian theo k¥ thuat
tich ltiy phu thudc (dependency accumulation technique). Thuat toan nay dugc thuc
hién qua 2 budc:

Budre 1. Tinh do dai va sé dudng di ngan nhét giira cac cip dinh
Buwérc 2. Tinh tong tit ca cac phy thudc cap dinh.

Déi véi do thi lién thong, vo hudng va khong trong s6 G = (V, E) thi thuat toan
Brandes c¢6 d6 phtrc tap thoi gian tinh toan 1a O(mn) véim = |E|,n = |V|.

Trong nhiing nam gan day, do do trung tdm trung gian da duoc rat nhidu cac

nha khoa hoc quan tdm, nghién ciru dé phan tich, phat hién cic cong dong trén mang
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xa hoéi [22], [33], [37], [40], [76], [78], [84]. Viéc tinh todn d) do trung tam trung
gian va do gan nhau cua tit ca cac dinh trén do thi lién quan dén viéc tinh sb cac
duong di ngan nhét gitta cac cap dinh trén d6 thi. Nhu chiing ta da biét, bai todn tim
duong di ngan nhat trén do thi 1a bai toan NP-day du. Hon nita, do thi mang xa hoi
c6 kich thudc ngay mot 16n do sd lugng ngudi tham gia (dinh) cling nhu cac mbi
quan h¢ (canh) gitra nhitng ngudi tham gia trén mang xa hi ngay cang gia tang nhanh
chong. Do vay, nhiéu thudt toan tinh toan do do trung tim trung gian va phat hién
cong d@)ng mang xa hdi khong thuc sy mang lai hi¢u qua cao.

Trong Chuong 2 nghién ctru sinh tap trung nghién ctru cac tinh chat tuong
duong clia cac 16p dinh dya vao do do trung tim trung gian tir d6 thuc hién dé xuat
thuat toan rut gon db thi mang x3a hdi nhung van bao toan gia tri do do trung tam trung
gian. Pong thoi phat trién mot s6 thuat toan cai tién thoi gian phat hién cong dong
trén mang xa hoi.

1.3. Bai toan phit hi¢n cong ddong mang xa hoi

Phat hién cong d@)ng trén mang xa hdi la mot trong nhitng Iinh vuc nghién ctru
quan trong va noi bat hang dau trong phan tich mang xa hoi. Phat hién cong dong trén
mang xa hdi co tam quan trong 16n trong xa hoi hoc, sinh hoc va khoa hoc may tinh,
... Phat hién cOng d@)ng trén mang xa hdi gap thach thic 16n dac biét su phirc tap tinh
toan bi chi phéi boi hai yéu t6 chinh. Yéu té dau tién phai ké dén 1a kich thudc cua
mang x3 hoi rat 16n nhu mang xa hoi Facebook da dat dén hang ty ngudi dung. Vi
vdy, can c6 giai phap thich hop dé giam kich thudc cua d6 thi mang xa hoi ban dau
theo mot cach thirc c6 thé quan 1y va kiém soat dugc. Do d6 ma chi phi tinh todn
giam, thoi gian tinh toan giam nhung khong 1am giam chét luong ciia giai phap hay
tinh chit ctia mang xa hoi ban dau. Yéu t6 tha hai lién quan dén ban chat cia mang
xa hoi la dong, cAu trac cua mang bién doi, phat trién khong ngung theo thoi gian.
Chinh nhirng thach thirc nay da thu hut dugc mot $6 lugong 16n cac nha khoa hoc quan
tam nghién ctru lién tuc trong nhitng nam qua.

1.3.1. Cong ddng mang xa hoi
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Cong déng mang xa hoi (social network community) 13 mot tdp hop céc tac
nhan twong tac voi nhau thong qua cac phuong tién truyén thong cu the, co kha ning
vugt qua nhiing ranh gi¢i dia 1y va chinh tri dé theo dudi loi ich hay muc tiéu chung.
Cong d@)ng mang xa hdi [a mot nhém céac thyce thé ¢6 nhitng tinh chét tuong ty nhau,
lién két chit ché véi nhau hon va cung dong mot vai tro nhét dinh trong mang xa hoi.
Cong d@)ng mang xa hdi con dugc dinh nghia 1a nhiing cAu trac xa hoi rit manh mé
va duoc lién két v6i nhau dya trén nhimg méi quan hé, quan tdm chung. N6 c6 thé 1a
mot s& thich, mot linh vyc ma cac thanh vién trong cong dong cliing quan tim, hay
mot muc tiéu, du an chung, theo vi tri dia ly, hodc nghiép vu. Nguoi tham gia vao
cong dong, vi quan tam dén loi ich chung ndy ma gan két cac thanh vién cong dong
v6i nhau. Mot cong dong duge mo ta nhue mot nhom cac dinh (dd thi con) cung chia
sé cac thudc tinh chung hodc déng vai tro twong ty trong mot mang. Mot cong dong
c6 thé duogc dinh nghia 1a mot tap hop cac dinh c6 mat do lién két gitta cac dinh cao
va mat do lién két thép voi phﬁn con lai cia mang. Noéi cach khac mdt cong d@)ng
duogc tao ra bdi mot tap hop cac tac nhan co twong tac thuong xuyén vdi nhau hon so
v6i nhitng ca nhan khac ngoai cong dong. Do vy, nd thudng 1a mot tap hgp nhu: ban
bé, dong nghiép, nhém nhimg ngudi co cung sé thich, cing chuyén mén, mbi quan
tam, ... [22], [31], [40], [52], [53], [76], [77], [78], [99], [106], [107].

Trong ly thuyét d6 thi, chiing ta c6 thé dinh nghia cong dong mét cach hinh thic
nhu sau:

Pinh nghia 1.8. Cho trudc d6 thi G = (V, E), voi V 14 tap cac dinh, E 1 tip cac canh.
Cac cong dong 1a tap cac d6 thi con ciia G, C = {Gi, Go, ..., Gk}, v6i Gi = (Vi, Ey), i
=1, 2, ..., ksao cho:
() Vi#j=1,2,...,k ViN V=4, cic cong dong roi nhau
(i) UK.V, =V vaUL,E; cE, cong dong la cac do thi con cia G
(iii)  Céc dinh trong cliing mot cong dong c6 lién két (canh ndi) véi nhau nhidu
hon s6 lién két véi cac dinh & nhitng cong dong khac, nghia 1a: [Ei| > |Eij|,

voiEij={(u,v) e E-(EiUE),ueVi,veVjvai#j=1,2,...,k}.



20

Tuy nhién, trong bai toan phét hién cong ddng trén mang xa hoi, phan 16n chiing
ta chi quan tam t6i viée xac dinh céc tap dinh (tdc nhan) Vi, i=1, 2, ..., dai dién cho
cong dong mang xa hoi.

Vi du 1.1. Céc cong dong trong mang ludi cac cong tac nghién ciru clia cac nha

khoa hoc lam viéc tai Vién Santa Fe.

Agent-based
Models

Mathematical
Ecology

PAN

4&: of RNA
Hinh 1.1. Cong dong trong mang lu6i cic nha khoa hoc 1am viéc tai vién
Sante Fe [31]

Hinh 1.1 biéu dién cac thanh phan két n6i 16n nhat trong mang luéi cac cong
tac nghién ctru cua cac nha khoa hoc lam viéc tai Vién Santa Fe (SFI). Do thi bao
gém 118 dinh dai di¢n cho cac nha khoa hoc lam vi¢c tai SFI va cac cOng tac vién
ctia ho. Cac canh dugc lién két gitta cac nha khoa hoc khi ho da cong bd cung voi
nhau it nhat mot bai bao. O mang nay ta quan sat dugc mat $6 cong déng, moi cong
d6ng biéu hién cho nhitng tac gia da cung nhau cong bé mot hay nhiéu bai bao khoa
hoc. Mt khéc ta ciing thay gitta cac cong dong trong mang trén chi c6 mét sé it mbi
lién két. Cac dinh cting mau 1a ciing mot cong dong theo cac linh vyc nghién ciru cia
SFI.

Trén mang xa hoi, viéc trich xuat va phat hién dugc nhitng cong dong 1a rat hiru
ich vi no gitp chung ta nghién ctru duoc cau tric tong thé clia mang. Khai niém cua
kham pha, phat hién cong dong twong tu nhu phan phan cum d6 thi nhung c6 mét s6

khac biét nhu trong phan cum d6 thi, s6 lugng nhom va kich thudc cta chung da duoc
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biét trudc, nhung trong truong hop phat hién ra cong dong, chung ta khong biét vé s6
luong cong dong trong mang va cong dong ciing c6 thé khong cung kich ¢& véi nhau.

Mot s6 ing dung chinh cuia bai todn phat hién cong dong trén mang xa hoi [3],
[4], [25] la:

- Phat hién cong dong c6 thé dugc sir dung trong tu van thong tin va xac dinh
dugc nhitng cong dong ¢ cing mot sd quan tim, sd thich twong ty. Vi du:
Trong linh vuc kinh doanh, viéc phat hién va xac dinh duoc cac cong dong,
nhom khach hang c6 chung s¢ thich, mdi quan tdm trong mot mang ludi c6
thé gitip ta xay dung dugc hé thong cham soc khach hang, hé thong tu van véi
cac chinh sach kinh doanh dat hi¢u qua hon.

- Cong dong ciing s& giup ching ta hiéu cdu triac cia mang xa hoi, 1am rd cac
thudc tinh va chirc ndng cia mang xa hdi.

- Phat hién cac cong dong dé hiéu hanh vi ciia mang xa hoi trong quy mé 16n vi
n6 s& 1am rd cac qua trinh chia sé thong tin va truyén ba thong tin.

- Céac phuong phap phat hién cong dong co loi thé 16n trong viée dinh tuyén
nhan thuc trong xa hdi va ngan chdn thong tin ddc hai trén mang xa hdi. Vi
du: Viéc phat hién va xéc dinh dugc céac thong tin doc hai chinh 1a co so dé
dua ra cac quyét dinh khuyén cao nang cao canh giac, chii dong phong chéng,
gop phan giit vitng an ninh, trat tw an toan x4 hoi.

- Mang xa hoi loai nguoi thé hién cong d@)ng manh m&. Mot mang ludi cd cong
d6ng manh bao gém cac cong dong, cac cong ddong nay cé nhidu két ndi trong
d6 va it két ndi gita cac cong dong. Vi du: Cong ddng khong chi anh hudng
dén sy lay lan cta bénh truyén nhiém trong cong dong nhung ciing bao vé
mang khoi dich bénh quy mé lon.

- Trong hé sinh hoc va hé¢ cham soc stc khoe, co6 nhiéu thuat toan phat hién cong
ddng duoc phat trién cho cac mang xa hoi ciling c6 thé duoc md rong thanh
cong cho cac mang sinh hoc. Vi du: Phat hién cong dong duoc sir dung trong

Calderone dé so sanh cac mang tuong tdc Alzheimer va Parkinson.
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1.3.2. Cac thuét toan phat hién cong dong mang xa hoi

Muc ti€u cua bai todn phat hién cong d@)ng mang xa hoi 1a tr caic mang xa hoi
cho trudc, phat hién dugc cac cong dong nam trong d6 va tim hiéu vé mdi lién hé bén
trong cac cong dong ciling nhu giita cac cong dong véi nhau, mdi lién hé d6 co anh
hudng thé nao dén toan mang xa hoi. Mot tdp hop céc dinh trén dd thi dugce coi la
mot cong dong néu mat do canh giita cac dinh bén trong nd cao hon so véi mat do
cua cac canh gitra dinh cia n6 va nhitng dinh khac bén ngoai.

Phat hién cong dong nham muc dich nhém cac dinh lién két manh theo cac mbi
quan h¢ gitta chung dé tao thanh cac dd thi con tir d6 thi ban dau. Cac mang xa hoi
thuong duge bicu dién dudi dang dd thi don nén viéc phat hién cong dong trén mang
x4 hoi dua trén co s¢ Iy thuyét dd thi con dugc goi 1a bai toan phan cum d6 thi.

Bai todn: Phat hién cac cong dong trong mang xa hoi.

Pau vao: PO thi mang xa hoi G = (V, E) gém tap V c6 cac dinh: vi, va,..., va Va tip
E cac canh E = {(vi,vj)}.

Pau ra: Tap cac cong dong mang xa hoi C.

Trong nhiéu thap ky qua, s6 lugng cac giai phap phat hién cong dong trén mang
xa hoi di duge nghién ctru 1a rat nhiéu, thudong xuyén va lién tuc [3], [12], [17], [21],
[22], [24], [37], [39] [44], [45], [49], [52], [59], [66], [67], [69], [701, [72], [77], [80],
[104], [109], [116], [117]. V& co ban, cac thudt toan ndy duoc chia thanh 4 nhém
thuat toan chinh d6 12 nhém thuat toan phat hién cong dong truyén thong, nhom thuat
toan phét hién cong dong dua trén tdi wu hoa d6 do don thé, nhom thuat toan phat
hién cong dong dua vao do do trung tdm trung gian va nhém thuat toan phat hién
cong dong dya trén lan truyén nhin. Duéi ddy sé trinh bay chi tiét vé cac nhom thuat
toan nay.
1.3.2.1. Nhém thuit toan phat hién cong ddng truyén thong

Nhom thuat toan phat hién cong dong truyén théng bao gém cac thuét toan:
Phén cum dd thi, phan cum phan cip, phan cum phan hoach, phan cum theo phd va

thuat toan phan chia.
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e Thuit toan phan cum db thi (Graph clustering)

Thuat toan phan cym d6 thi thuc hién chia do thi ban dau thanh cac d6 thi con
(cum) c6 kich thude duoc xac dinh trude va sé canh trong mot cum nhiéu hon so véi
sO canh giita cac cum hay mot phan ving va dugc dénh gia 13 t6t néu sé canh trung
gian gilra phan vung d6 voi phan vung khéc 1a it [31]. Giai thuat phan cum tim ra céc
cum dinh bang cach sir dung d6 do giita cac cip dinh. Minh hoa dién hinh vé thuat
toan phan cum theo db thi 14 thuat toan Kernighan - Lin ctia Kernighan va Lin [50].
Nhugc diém chinh cua thuat toan Kernighan - Lin 1a phai chi dinh trudc kich thudc
ctia hai cong dong. Tuy nhién, ngay ca khi han ché nay co thé khic phuc thi thuat
toan Kernighan - Lin van con han ché gidng nhu céc thuat toan phan chia khac 14 nd
chi chia mang thanh hai nhém chtr khong phai 1a mot sé nhom tiy y. Vi nhimng 1y do
ké trén, cac phuong phap phan ving d6 thi hay phan cum d thi khong thyc su hi¢u
qué dé phan tich dir liéu mang 16n.

e Thuit toan phan cum phin cip (Hierarchical agglomerative clustering)

D6 thi co thé chira ciu triic phan cap, mdi cong ddng co thé 1a mot tap hop cac
cong dong nhé & cac cap do khac nhau [31]. Trong cac truong hop nhu vay, ki thuat
phan cum phén cap [92] thudng dugc sir dung dé xac dinh cong dong nhiéu cap cia
d6 thi. K§ thuat phan cum phan cp dya trén do do twong ty cta dinh. Chung khong
can xac dinh trude kich thude va sé lugng cac cong dong. Nhung chat lwong phat
hién cong dong khong cao do viée lwa chon do do twong ty cta dinh. Thuat toan sap
xép dir liéu ban dau thanh cau tric c6 dang hinh cay, cay nay dugc xay dung theo k¥
thuat d¢ quy theo hai phuong phap Bottom-up va Top-down.

- Thuat toan phan cum phén cép dién hinh sir dung chién luge phan cum Top-
down la thudt toan BIRCH (Balanced Iterative Regucing and Clustering using
Hierarchies) [109].

Dau vao: Co sé dir 1iéu gom n doi tugng, ngudng T cho trudce.

DPau ra: k cum dir liéu
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Budce 1. Thuat toan duyét tat ca cac di tugng trong co so dir liéu va khoi tao mot ciu
tric cay. Mot dbi tugng duoc cheén vao dinh 14 gﬁn nhét tao thanh cum con. Néu
duong kinh ctia cum con nay 16n hon ngudng T thi dinh 14 duoc tach. Khi mot ddi
tugng thich hop duoc chén vao dinh 14, tit ca cac dinh tro téi gbe cua cdy duoc cap
nhat véi cac thong tin can thiét.

Budérc 2. Néu cay hién thoi khong co du bo nhé thi tién hanh xay dung mot cay nho
hon bang cach diéu khién boi ngudng T, khi ting ngudng T thi dong thoi s& nhap mot
s6 cum con thanh cum 1én, lam cho cay nhd hon.

Budre 3. Thyc hién phan cum, cac dinh 14 ciia cay luu giir cac dai luong thdng ké cia
cac cum con. Thuat toan str dung cac dai lugng thong ké nay dé ap dung mot sé k¥
thuat phan cum nhu k-means.

Bud6rc 4. Phan phéi lai cac d6i tugng dit lidu bang cach dung cac ddi tuong trong tim
cho cac cum da dugc kham pha tr Budce 3.

Thuét toan BIRCH gip mot s6 han ché nhu: chat lugng phan cum khong cao do
viéc lya chon ngudng T ban dau anh hudng rat 16n t6i chat lugng phan cum.

Huawei Shen va cac cong su dé xuat thuat toan EAGLE (agglomerativE
hierarchicAl clusterinG based on maximaL cliquE) [44] dé phat hién nhiing cong
d6ng ca gdi nhau 1dn phan cap. Thuat toan dé cap dén tap cac cliques cuc dai va thuc
hién theo k¥ thuat gdp nhém (tich tu dan). Clique C [57] ciia d6 thi G 1a tap cac dinh
ctia mot d6 thi con dﬁy du cua G, sao cho gitta hai dinh bat ky cua C déu c6 canh ndi
gitta chung. k-Clique C cua dd thi G 1a tap cac dinh ctia mét dd thi con cua G, sao
cho duong di ngan nhét (dudng tric dia) giita hai dinh v, w bat ky déu c6 do dai 1 <
d(v, w) <k.

Mot cong d@)ng dugc xem nhu 1a mét tap céc dinh, trong d6 ching lién két voi
nhau nhiéu hon phan con lai ctia mang. Diéu nay chi ra rang cong dong co6 mat do
lién két twong dbi cao. Noi chung, mat do lién két ciia mot clique 14 cao nhét trong tat
ca cac tap dinh con cia mang (d thi). Nhitng cong dong c6 mat do lién két cao thuong
chira mot clique 16n, duoc xem nhur 13 18i (core) cua cong dong. Dya vao quan sat

nay, thut toan EAGLE duoc phat trién dé phan cum phan cip va gop nhém dé nghién
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ctru cong ddng. Su chong l1ap (gdi nhau) giira nhing cliques cuc dai (khong phai 1a
tap con cia clique nao khac) dam bao rang c su giao nhau giita cac cong dong va
cdu tric phan cap nhimng cong dong nay duge phat hién béi qua trinh phan cum phan
cap tich tu dan. Do vdy, mé rong do do don thé (modularity) ctia phuong phap phan
hoach mang, chung ta st dung Q. dé danh gia chat luong cac thuat toan phat hién
cong dong cuia mang.

Trong thuat toan EAGLE, trudc tién chiing ta can tim tat ca cac cliques trong
mang. Luu ¥ rang, khong phai tat ca cac cliques cuc dai tim dugce déu duge sir dung
dé phat hién nhiing cong dong gdi nhau va phan cép trong mang. Nhing clique cuc
dai ma dinh cta ching 1a dinh ctia nhiing clique cuc dai 16n hon, dugc goi 1a clique
cuc dai thir cap (subordinate maximal cliques).

e Thuat toan phin cum phan hoach (Partitional clustering)

Phan cum phan hoach [26], [31], [35] phan chia d6 thi ban dau thanh mot s6
cum khong chong chéo duge xac dinh trude. Muc tiéu 14 chia d6 thi thanh cac cum
dé t6i vu hoa ham muc tiéu dua trén do d6 khac nhau gitra cac dinh. Mot s6 ham muc
tiéu duoc sir dung 1a K-mean, K-clustering va K-center. Minh hoa dién hinh vé k¥
thuat phan cum phéan hoach bao gdm phan cum K-means [69] va phan cum K-means
mo [14]. Thuat toan K-Means c6 uu diém la don gian, dé cai dat va co thé ung dung
voi tap dir liéu 16n. Tuy nhién, thudt toan K-Means c6 han ché 1a hiéu qua cua thuat
toan phu thudc vao viéc lya chon s6 nhom K (phai xac dinh trudc) va do phuc tap
thuc hién vong 1dp tinh toan khoang céch 16n khi s6 cum K va dit liéu phan cum l6n,
ngoai ra con han ché vé kich thuéc cum, mat 36 cum, hinh dang cum, viéc khoi tao
cac tam cum duoc lua chon ngﬁu nhién anh hudng 16n to1 két qua phan cum.

Han ché ddi véi cac thuat toan phan cum phan hoach 1a cac thuat toan phan cum
phan hoach thudng phu thudc vao khoang cach co ban giita cac diém dé lya chon cac
diém dir liéu nao c6 quan hé 12 gan nhau v6i mdi diém khac va cac diém dir liéu nao
khong c6 quan hé hodc cé quan hé 1a xa nhau véi cac diém khac. Phuong phap nay

khong thé xur ly dugc cac cum co6 hinh dang dac biét hodc cac cum c6 mat do diém
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day dic, da chiéu. Cac thuat toan phan cum phan hoach c6 d6 phirc tap tinh toén cao
khi thyc hién viéc xac dinh nghiém t5i uu toan cuc cho bai toan phan cum dit liéu.

e Thuit toan phan cum theo phd (Spectral clustering)

Phan cum theo phé bao gém tat ca cac ky thudt sit dung ma tran véc to dac trung
dé phan chia dit liéu dya trén sy tuong dong vé cap gitta ching [1], [26], [31] dién
hinh 14 cAc thuat toan: phan cum theo ph6 khong chuan héa, phan cum theo phd chuan
hoa theo Shi va Malik [97] va Jordan va Weiss [2]. Piém khac nhau giita cac thuat
toan trén 1a chiing str dung cac dd thi Laplace khac nhau. Trong céc thuat toan thii
thuat chinh 14 thay dbi cach biéu dién cua cac diém dir lidu triru tugng.

Nhitng van dé ton tai khi sit dung cic thuit toan phat hién cong dong
truyén thong:

- M6t lugng thong tin bi mat trong qua trinh phan cum dan dén chat lugng thuat
toan phat hién cong dong c6 do chinh xac thuong khong cao.

- Nhom cac phuong phéap nay chi tap trung vao cac lién két, két ndi va cau trac
ctia d6 thi mang xa hoi ma khong xem xét, chii ¥ dén cac tuong tac ciia nguoi sir dung
mang xa hoi va anh hudng cua ngudi dung trén toan mang xa hoi.
1.3.2.2. Nhém thuit toin phat hién cong dong dua trén toi wu hoa d do don thé

P do don thé Q (Modularity Q) [14], [76], [77] duoc st dung dé danh gia chat
luong thudt toan phat hi¢n cong d@)ng, d6 do don thé Q co gia tri cang 16n thé hién d6
chinh xac cua thuat toan cang cao, chét luong viéc phat hién cong d@)ng dugc danh
gid 1a tot.

Nhom thuat toan ndy gdm: thuét toan tim kiém tham lam, mé phong luyén kim,
t61 vu hoa mo rong va cac thuat toan tién hoa.

e Thuit toan tim kiém tham lam (Greedy techniques)

Thuét toan tim kiém tham lam ctia Newman [23], [78] 1a thuat toan dau tién
dugc dé xuat nham tdi uu hoa do do don thé. Pay 1a mot ki thuat tich tu, trong do
ban ddu mdi dinh thudc vé mot md dun riéng biét, sau d6 chiing duge hop nhat lap

lai dua trén muc dd tdng cac md dun. Thudt todn c6 do phuc tap thoi gian tinh toan
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1a 0(n®) , v6in 1a s6 dinh ctia d6 thi. Thuat toan tim kiém tham lam dién hinh 13 thuat
toan don thé hoa Louvain (Louvain modularity) [43]. Thuat toan Louvain 1a mot
phuong phap phan chia cong d@)ng va thuc hién ldp di 1dp lai viéc phan chia cong
d6ng nhiéu lan dé c6 dugc mo dun t6i da ciia toan bo mang. N6 gan cac cong dong
khac nhau cho mdi dinh va lip lai viéc hop nhét cac dinh dya trén mac do tang cua
d6 do don thé. Thuat toan duoc lap di lap lai cho dén khi khong thé cai tién thém nira.
Do phuc tap tinh toan cuia thuat toan 1a O(nlog(n)). Cac budc chinh cia thudt toan
nhu sau:

Budrc 1. Dau tién, gan mot cong dong khac nhau cho mdi dinh ciia mang, vi vay trong
phan viing ban dau, sé luong cong dong nhiéu nhu s dinh.

Buée 2. Bi voi mdi dinh, xem xét cac dinh 1an can cua nd va danh gia gia tri tinh
mo dun sau khi loai bo mot dinh khéi cong d@)ng cua dinh d6 va dat dinh d6 vao mot
trong nhiing cong dong 1an can cta né. Néu AQ duong, dinh van & trong cong dong
ban dau cta né, néu khong dinh duoc dit trong cong dong cap nhat.

Buwére 3. Lap lai Budc 2 dén khi cong dong cua tat ca cac dinh khong con thay doi.
Budce 4. Xay dung mdt dd thi méi va mdi dinh dai dién cho mot cong d@)ng dugc phan
ving bai Bude 3. Thuc hién Bude 2 va Budc 3 lién tuc cho dén khi dat duoc gia tri
mo dun 16n nhat.

Thuét toan Louvain can lap lai lién tuc dé tim ra cong d@)ng t6t nhat cho mdi dinh
trong Budc 2 va qua trinh nidy mat qua nhiéu thoi gian trong cic mang 16n. Vi vay,
cac thudt toan cai tién thuat toan Louvain 1a thuat toan Louvain-LPA [43], thuat toan
IG [62] da duoc dé xuat dé khic phuc cac han ché trén.

e Thuit toan mo6 phéng luyén kim (Simulated Annealing)

Thuét todn mo phong luyén kim dugc gidi thi¢u bdi Kirkpatrich, Gellatt va
Vecchi [54]. Thuat todn dugc xay dung dua trén md phdng luyén kim véi cac tham
sO diéu khién bién thién theo chu trinh tién héa cta giai thuat. Day 1a mot cong cu
hiéu qua dé xur 1i cac bai toan tim kiém va ti uu, dic biét 1a nhitng bai toan c6 khong

gian tim kiém 16n. Han ché ctia thuat toan mo phong luyén kim la xac suat chap nhan
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101 giai kém hon tiy thudc vao tham sb nhiét do, thuat toan dé roi vao cuc tri dia
phuong, t6n nhiéu thoi gian tinh toan vi phu thudc vao qua trinh ngiu nhién héa va

thudt todn chi dung lai & muc chap nhén dugc nén két qua cuoi cung chua cao.

e Thuit toan t6i wvu héa mé rong (Extremal Optimisation)

Boettcher va cac cong su [16] da dé xuat thuat toan toi wu hoa mo rong nhu mot
k¥ thuat tim kiém heuristic cho muc dich chung cho cac van dé t6i uu hoa va t6 hop.
Thuat toan tap trung vao vi¢c tdi uu hoa cac bién cuc bd. Duch va cac cong su [27]
da str dung d¢é t6i wu hoa do do don thé. N6 bat dau bang cach chia ngu nhién mang
thanh hai phan ving c6 cung thir ty va lap lai viéc dua cac dinh véi lién két thap nhat
dén cac phan ving khac. Sau mdi lan thay doi, cac phan ving déu cé sy thay doi, do
d6 no tinh toan lai lién két cuc bo cua nhiéu dinh. Qua trinh lap lai cho dén khi dat
duogc gia tri tdi wu cia d6 do don thé toan mang. Thuat toan tdi uu hda mo rong co
d6 phirc tap 1a O(n?logn) véi n 1a s6 dinh cia do thi.

e Cac thuat toan tién hoa (Evolutionary algorithms)

Thuat toan tién hoa 1a mot thuat toan téi wu hoa. Thuét toan nay dugc chia thanh hai
nhom dya trén ti wu héa don muc tiéu va t6i uu hoa da myc tiéu. Toi uu héa don muyc tiéu
trong d6 moi diém trong khong gian tim kiém cua bai toan duge anh xa thanh mot gia tri
muyc tiéu vo hudng. Tdi uu héa da myc tiéu trong d6 mdi diém trong khong gian tim kiém
cua bai toan dugc anh xa thanh mot véc to cac gia tri muc tiéu [20], [46].

Han ché cua thuat toan tién héa 1a tap trung vao viéc giai bai toan tb1 uu tai mdi
thoi diém dua trén mot quan thé ma chua c6 sy quan tdm dén viée giai quyét nhiéu
bai toan ti wu khac nhau cing ltc trén cing mét quan thé. Pong thoi ddi voi mbi bai
toan, moi giai doan khac nhau thi viéc Iya chon thuat todn heuristic hodc thay ddi cac
tham sb phu hop dé c6 dugc két qua t6i wu 1a khong dé dang thuc hién.
1.3.2.3. Nhém thuit toan phat hién cong dong dwa vao do do trung tim trung
gian

Bai toan phat hién cong d@)ng tap trung vao viéc tr mot mang xa hdi, tim ra

nhitng cum, nhém cong dong cd mai lién h¢ chat ché vdi nhau. Qua truc quan co6 the
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dé dang tim ra nhitng nhém cong dong tap trung, nhung khong phai cong dong nao
cling duoc hinh thanh bang cac mdi lién hé chit ché va dé thiy, mot s6 cong dong cd
thé duoc hinh thanh an. Diéu quan trong la phai tim duoc cac cong dong ton tai trong
mang xa hoi.

Thay vi viéc tim kiém nhiing dinh trong d6 thi c6 d6 gan két cao véi nhau,
phuong phap phat hién cong dong bang thuat toan phan chia dugc dua ra nhu mot
cach giai quyét hitu hi¢u. Dé tranh cac han ché cia phuwong phap phan cum phan cép,
thay vi c6 ging dé xay dung mot giai phap tim canh trung tim ctia cong dong, chiing
ta di tim nhitng canh c6 d6 do trung tdm trung gian cao nhat, canh d6 duoc goi tén 1a
canh ndi giita cac cong dong. Girvan-Newman [76] cho rang khi cac cong dong dugc
gan két v6i nhau thi duong di giita cong dong nay dén cong dong khac s& di qua cac
canh ndi gilta cac cong ddng véi tan suat cao. Muc dich chinh cta thuét toan 1a tim
nhing canh ndi d6. Thay vi viéc xdy dung cong dong bang cach thém vao cac canh
c6 d6 do trung tAm cao nhat, chiing ta s& xay dung bang cich loai bé dan cic canh
ndi tir 40 thi ban dau. Khi do, cic cong dong trong mang sé& bi ngat két ndi v6i nhau,
qua d6 ta c6 thé xac dinh dugc cach phan viing d6 thi thanh cac phan nho riéng biét.
Pé lam duoc viée nay, diéu quan trong nhét cta thuat toan 1a viéc tinh toan nhu thé
nao, su dung tinh chét nao dé phat hién ra nhitng canh ndi nay, tir d6 loai bd chung ra
khoi dd thi. Thuat toan dau tién dugc dé xuit boi Freeman [32], [34]. Theo Freeman,
cac canh ndi 1a canh c6 s6 luong con duong ngan nhat giita cac cap dinh khac nhau
chay qua né. Canh ndi c6 anh huéng rat 16n dén dong chay cia thong tin giira cac
dinh khac, ddc biét 1a trong truong hop thong tin luu truyén trong mang chu yéu theo
con duong ngén nhét. Thuat toan dién hinh, phé bién nhét 13 thuat toan Girvan-
Newman [37], [76].

Thuét todn Girvan-Newman (GN) [76] la phwong phap phan cum phén cap,
va la mot trong nhirng thuit todn phat hién cong dong mang xa hoi dién hinh,
phé bién, va dwgc str dung rong rii, thwong xuyén. GN phat hién cac cong dong
trén do thi mang xa hoi bang cach s dung do do trung tAm trung gian ctia canh

dé loai bo cac canh trung gian cao nhat trong modi 1an I3p. Qua trinh nay sé dwoc
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tiép tuc, cho dén khi n6 dat dén cac cong dong c6 dd don thé cao. Néi cach khic,
cac chirc nang mo6 dun dwoc st dung dé danh gia chat lwong cda cac cdng dong
dwoc phat hién.

Input: D6 thi mang x3 hoi G = (V, E) gdm V 1a tap cac dinh va E 14 tip cac canh.
Output: Tap cac cong dong C; va tap hop cac dinh thudc cac cong dong do.

Thuét todn Girvan-Newman duyét qua mdi dinh v mot 1an va tinh s6 duong di
ngan nhét tir v t6i nhitng dinh khéc c6 di qua ting canh d6. Tu tuong chinh cua thuat
toan GN dugc thuc hién theo k¥ thuat phan cum phan cép nhu sau:

Budrc 1. Tinh d do trung tdm trung gian cua tat ca cac canh trong mang,
Budrc 2. Tim nhimng canh c6 d6 do trung tim trung gian 16n nhét va loai bo chung,
Budre 3. Tinh lai d6 do trung tAm trung gian cua tit ca cic canh trong cac thanh phan
con lai,
Buwée 4. Lap lai tir budce 2 cho dén khi dén khi khong c6 canh nao vuot qua ngudng
ctua dg do trung tam trung gian cho trudc hodc khong con canh trung gian.

Thuat toan Girvan-Newman cho két qua tuong ddi tt trong nhiéu trudng hop,
mic du vay n6 van gip phai mét sé nhuogc diém:

- Thuat toan Girvan-Newman st dung phuong phap loai trir dan dén khi khong
¢6 canh nao vuot qua ngudng cua do do trung tim trung gian cao, vi vay nén sb
luong cong dong khong kiém soat trude duoc. Bén canh dé, thuat toan sir dung
nhiéu phép phan ving, kh6 cé thé xac dinh dugc phép phan ving nao mang lai
hiéu qua tot nhat.

- Do tai mdi lugt thuc hién, thuat toan tinh lai d6 do trung tAm trung gian ctia moi
canh lién quan sau khi x6a di canh c6 do do trung tdm trung gian 16n nhat nén
d6 phuc tap thoi gian tinh toan cao. Gia st v6i d6 thi n dinh, s6 canh phai x6a
di khoi db thi 1a m canh thi ta can luong thoi gian tinh toan O(mn) cho mdi lan

lap. Tong thoi gian chay cua thuét toan 1a O(m’n).

Trong thoi gian qua c¢6 kha nhiéu thuit toan cai tién, phat trién thuit toan

GN dwoc dé xuit [6], [20], [22], [38], [40], [41], ... Dua trén nhitng wu diém va
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nhuge diém trén ctia Girvan-Newman, cac nha khoa hoc di dua ra nhiéu cach dé cai
tién thuat toan nham khic phuc nhitng nhugc diém do.

Gan day, thuat toan méi nhét phat hién cong d@)ng thuc hién cai tién tir thuat
toan Girvan-Newman dua trén do do trung tdm trung gian cua canh la cua tac gia
Majid Arasteh va cac cong sy (nam 2018) [6] goi tat 1a thuat toan MAA. Thuét toan
MAA c6 mét sé tinh ning quan trong nhu sau:

- Thuat toan dua trén phuong phap tham lam, phan cum va phan cap.

- Thuat toan khong phu thudc vao viéc yéu cau cac thong tin xac dinh trudc sb
luong cac cong dong.

- Céc thanh phan cla cac cong dong duoc phat hién khong thé thudc vé nhidu
hon mot cong dong, nghia 1a khong c6 cong dong chong chéo nhau.

- Pé xuit mot 36 do méi thuc hién tinh toan ty 1¢ do do trung tdm cua canh.

- Nhiéu canh duoc loai bo sau mdi lan lap. Mot s6 canh c6 d6 do trung tam cao

nhat s€ bi x6a bd ¢ cung mot lan lap.

Thuat toan MAA c¢6 do phic tap tinh toan 1a O(m?) d6i véi ca do thi cé trong
s6 va khong c¢o trong s6. Trong d6 m 1a téng sd canh cua db thi mang xa hdi. Thuat
toan MAA dugc str dung dé so sanh trong chuong 2 cua luan an.

Duya trén ¥ tuong ctia phuong phap phat hién cong dong dwa vao do do trung
tAm trung gian, nghién ctru sinh nhan thay trén d6 thi mang xa hoi c6 kha nhiéu dinh
tvong dwong véi nhau theo cdu triic cé cing d6 do trung tim trung gian, ching tao
thanh céc 16p twong duwong va co thé két hop chung lai v6i nhau thanh mot dinh dai
dién duy nhat cho ca 16p dinh. Do vy giam thiéu dugc dang ké s6 dinh va canh cia
d6 thi mang xa hoi ban dau, giam thiéu duoc chi phi tinh toan ma lai khong anh huéng
dén cdu tric ciia do thi mang xa hoi ban dau. Vi vay trong chuong 2 cua luan 4n
nghién cuu sinh dé xuét thuat toan rat gon dd thi mang xa hoi dua vao do do trung
tAm trung gian nham cai tién thoi gian tinh toan d6 do trung tAm trung gian va ap
dung dé phat hién nhanh va hi¢u qua cac cong dong trén mang xa hoi.

1.3.2.4. Nhém thuit toan phat hién cong dong dwa trén lan truyén nhin
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Thuat toan dién hinh va pho bién tiép theo trong linh vuc phat hién cong dong
mang xa hoi 1a thuat toan lan truyén nhan LPA (Label Propagation Algorithm) dugc
gi6i thidu boi Raghavan va cac cong sur [85]. Lan truyén nhin 14 thuat todn phat hién
cac cong dong trén mang xa hoi trong thoi gian gan tuyén tinh. Thuat toan duoc nhiéu
nha khoa hoc quan tdm nghién ciru, phat trién va ap dung cho nhiéu cac truong hop
khéc nhau.

Thuét toan LPA thuc hién theo cac bude: Bude dau tién 1a gan cho mdi dinh
mot nhan duy nhat. Nhin sé dai dién cho cong d@)ng cuia moi dinh. Tiép theo, cac dinh
dugc sap xép theo thtr tu ngiu nhién va cap nhat cong dong theo trong sb cla cac
dinh 1an can cua chung. Qua trinh nay dugc lap lai cho dén khi khong c6 thém dinh
nao duoc cap nhat theo cong dong.

Sau khi Newman gi6i thiéu tinh moé dun dé do ludng chat lugng phan chia mang,
Barber va Clark di dé xuét thuat toan LPAm [13] dé kiém soat qua trinh lan truyén
nhan, Liu va cac cong sy gidi thi€u thuat toan cai tién lan truyén nhan LPAm+ [65].
Tiép theo, Zhang va cac cong su tiép tuc dé xuat thuat toan LPAp [116].

Tuy nhién, nguyén 1y lan truyén nhan van ton tai hai van d¢. Pau tién, nhin
duoc lan truyén s€ khong hdi ty trong mot ) mang (vi du dd thi mang bi-partite) va
thir hai, thir tuy ngau nhién cac dinh duoc xem xét dé lan truyén nhén ¢6 thé anh huong
16n dén viéc phat hién cac cong dong.

Gan day, thuat toan cai tién LPA cta Matin Pirouz va cong su [82] dé xuat nim
2018 duoc goi la OLP. Thuat toan OLP gém 2 budc: Trong budc dau tién, mot nhén
ngau nhién s& dugc gan cho nhimng dinh trong dd thi. Bang cach nay, mdi dinh dugc
dit trong cong dong riéng ciia né. Tiép theo, mdi dinh trong mang co co hoi tham gia
mot trong nhitng cong dong 1an can cta nd. Thuét toan lya chon nhin dya trén lan
can nhin ctia dinh ma n6 ké thira. V4i hé thong lan truyén nay, cac dinh cé bac cao
hon s& dugc uvu tién cao hon. Do do, cac nhin thude vé cac dinh phé bién hon sé tré
thanh pho bién hon va cong ddng ciia mang sé& duoc tao ra. Trong budc thir hai, kiém
tra sy hoi ty cia thuat todn. Trong budc nay, mdi dinh s& kiém tra xung quanh céc

dinh lan can cua chiing dé kiém tra xem nhan cua chiing da khop véi nhan cua phan
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16n dinh 1an can chua. Néu nhan chua khép véi phan 16n cac dinh 1an can, thi nhin
ctia dinh nay s& tiép tuc dugc cap nhat cho dén khi thoa man yéu cau va hoi tu. Dén
cudi mdi lan lap, tat ca cac dinh gilt cung mot nhan dugc tinh 1a mdt cong d@)ng. bo
phuec tap cua thuat toan OLP 1a O(n) véin la s6 dinh cta dd thi. Thuat toan OLP dugc
sir dung dé so sanh trong Chuong 3 cta ludn an.

Tuy nhién, cac nghién ctru néu trén hau hét chi giai quyét bai toan tim cong
dong tryc tiép trén d6 thi ma rat it c6 cong trinh nghién ciru tinh dén viéc giam thiéu
khong gian dinh va canh ctia do thi dé giam thiéu thoi gian phan tich, phat hién cac
cong dong mang xa hoi. Trén dd thi mang xa hoi cé kha nhidu dinh c¢6 nhan giong
v6i nhan (trong cung mat cAu tric cong d@)ng) cua mot trong s6 cac dinh 1an can, va
nhin cua chiing ludn duoc cap nhat lai theo nhitng dinh d6 sudt trong qua trinh lan
truyén nhan. Nhimng dinh ndy twong duong véi nhau theo cdu tric, luén c¢é cing nhin
trong cac budc lan truyén nhin, s& tao thanh cac 16p twong duong va do vy, co thé
két hop chiing v&i nhau thanh mot dinh dai dién duy nhat cho ca 16p dinh nham giam
thiéu dang ké s6 dinh va sé canh ctia do thi mang xa hoi ban ddu ma khong anh hudng
dén ciu triic cua d6 thi mang x4 hoi ban dau. Vi vay, Chuong 2 luan an dé xuat phat
trién thuat toan rat gon do thi mang x4 hoi dwa vao nguyén 1y lan truyén nhan va ap
dung dé phat trién thut toan phat hién nhanh, hi€u qua céc cong d@)ng mang xa hai.

Téng hop mdt s6 thuat toan phé bién phat hién cong d@)ng mang xa hoi dugc
trinh bay trong Bang 1.1 sau day.

Bang 1.1. Mot s6 thuat toan phd bién phat hi¢n cong dong mang xa hoi

Stt Nhom Tén
thuét toan thuét toan Thuit toan minh hoa dién hinh
Thuat toan phan cum | Kernighan - Lin
dd thi
Thuat toan phan cum | e BIRCH
Nhoém thudt | phéan cap e EAGLE
toan phat hién | Thuat toan phan cum | ¢ K-means
1 Céfig d@IAlg phﬁn hoach e K-means m&
truyén thong Thuat toan phén cum | e Phan cum theo pho khong chuan
theo pho e Phan cum theo phd chuan ho4
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Nhoém thuat
toan phat hién

Thuat toan tim kiém | e Louvain
tham lam e Louvain-LPA
Thuat toan mé phong | M6 phong luyén kim

cong dong dva | lyyén kim
trén toi vu hod | Thuat toan tdi vu hoa | Tdi wu hda mé rong
do do don thé | mg rong
Céc thuat toan e T6i wu héa don muc tiéu
tién hoa e T6i wu héa da muc tiéu
Nhom thuat e Girvan-Newman
toan phat hién | Ho thuat todn Girvan- | e MAA
3 | cong dong dya | Newman
vao do do trung
tam trung gian
Nhom thuat e LPA
toan phat hién | Ho thuat todn lan e LPAm
4 | cong déng dua truyén nhan e LPAmM+
trén lan truyén e LPAp
nhan e OLP

1.4. Bai toan rit gon do thi

Bai toan rat gon d6 thi nham giam thiéu khong gian, thoi gian tinh toan cua
nhing d6 thi 16m, phirc tap 1a mot hudng nghién ctru quan trong dugc nhiéu nguoi
quan tdm nghién ctru va duge Gmg dung trong nhiéu linh vuc khac nhau nhu trong hé
thong quéan 1y ludng cong viée, xir Iy anh, mang ngit nghia, xir Iy ngdn ngit tw nhién,
phét hién mau, phan tich mang xa hoi [7], [58], [61], [90], [100], [103].
1.4.1. Sy cin thiét phai rut gon dd thi mang xa hoi

Rit gon dd thi mang xa hoi 14 bai toan quan trong trong linh vyc phan tich dir
liéu. Muc tiéu ctia bai todn rut gon d6 thi mang x4 hoi 1a giam thiéu chi phi, thoi gian
tinh toan ma khong lam giam chét luong giai phap hodc sira doi cu tric cua dd thi
mang xa hoi ban dau. Rat gon dd thi cling 1a mot giai phap hitu hiéu dé tang tbe cac
thuat toan thyc thi trén d6 thi dong thoi giam kich thude cua dit lidu.

Do tinh chét cta mang xa hdi co cau tric kha tu do va kich thuéc rat 16n khong
ngimg phat trién theo thoi gian, vi vay cac thuat toan phat hién cong dong mat rat

nhiéu thoi gian tinh toan va chua hiéu qua. Mot trong nhimng cach tiép can dé khic
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phuc han ché trén 1 phuong phap rit gon d6 thi mang xa hoi dé giam thiéu thoi gian
tinh toan. Tuy nhién, vi¢c rut gon dd thi mang xa hoi va van bao toan dugc cac tinh
chat ctia cong dong 1a mot thach thirc 16n va con tily thudc vao cach tiép can cia
phuong phap phat hién cong dong trén mang xa hoi.
1.4.2. Cac thuét toan rut gon dd thi

Rit gon d thi thudng duoc duogc nghién ciru va ing dung trong cac hé thong
quan 1y ludng cong viéc (workflow management system), thi gidc may tinh (computer
vision), d0 thi ngit nghia (semantic graphs), phat hién mau trong cac d6 thi 16n
(sampling from large graphs), va cac tng dung khéc.
1.4.2.1. Thudt todn rit gon dé thi trong hé thong qudn Iy luéng cong viéc

Sadiq va Orlowska trong [89] di trinh bay mot thuat toan rit gon dd thi va ap
dung dé dé phat hién su ton tai cua cac xung dot cau tric (structural conflicts) trong
d6 thi quy trinh lam viéc. Y tudng co ban ctia phuwong phép nay 1a loai bo mét s6 dinh
va hay hodc canh khéi d6 thi ludng cong viéc va lap lai dé rat gon do thi ludng cong
viéc. Thuat toan rat gon mot do thi ludng cong viéc khong co xung dot cu tric s& rit
gon thanh mat dd thi tréng. Nguoc lai, néu luéng cong viéc cd chua tac nghén
(deadlock) hodc khong dong bd hoa, xung dot ciu tric cé thé xac dinh tudng minh
trén d6 thi it gon. Lin va cac cong sy [63] dwa ra mot tap cac quy tic rat gon do thi
luéng cong viéc va xac dinh cac xung dot, cac tac nghén va thiéu d@)ng bd trong mat
qué trinh nghiép vu (business process). Thuat toan rat gon do thi cé thé loai bo tat ca
cac dinh tic nghén va xung dot cau tric khoi do thi quy trinh nghi€p vu. Thuat toan
rat gon do thi quy trinh nghiép vu theo chu ky (cyclic workflow graph) thanh d6 thi
phi chu trinh, sau d6 kiém ching d6 thi quy trinh nghiép vu phi chu trinh két qua dé
khang dinh tinh hop 1y, hiéu qua cua quy trinh nghiép vu. Cac thuat toan nay duoc
mg dung hi¢u qua trong viéc xac minh quy trinh quy trinh nghiép vu dya trén do thi
ludng cong viéc thuc té.
1.4.2.2. Thudt todn rit gon dé thi trong thi gidc mdy tinh

Thi giac may tinh bao gdm céc cong viéc chinh nhu phan doan (segmentation),

phuc hoi hinh anh (image restoration), udc luong 4m thanh ndi (stereo) va dbi sanh
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hinh dang, ... Thuat todn GraphCuts phan doan anh bang d6 thi Slim c6 thé dugc sir
dung dé giai quyét hiéu qua cac van dé ghi nhan trén hinh anh c6 do phan giai cao
hoic cac hé théng han ché tai nguyén [93]. D6 thi Slim dugc xay dung bang cach hop
nhat cac dinh dugc két ndi v6i nhau bang cac canh don. Cac tac gia da chung duoc
rang gia tri ciia luéng cuc dai trén d6 thi Slim bang voi ludng cuc dai ciia do thi goc.
Céc dinh dugc két ndi boi mot canh don s& ¢6 ciing nhan trong phan doan cudi cling
va ¢6 the duge hop nhat thanh mét dinh duy nhét. Phuong phép dé xuat yéu cau it bo
nhd hon nhiéu cho bai toan phan doan anh truyén thong va c6 kich thuéc hop 1y ngay
ca trén thiét bi di dong. Viéc giam thoi gian tinh todn ciing c6 thé dat duoc bang cach
sir dung kién triic phan cing xir Iy song song.
1.4.2.3. Thudt todn rit gon do thi trong mang ngir nghia

Sy san c6 ngay cang ting cua thong tin truc tuyén da doi hoi cdc nha nghién
ctru tap trung chuyén sau bai toan tom tit vin ban (text summarization) ty dong trong
linh vyc xtr Iy ngon ngit ty nhién. Tom tat van ban tu dong co thé duoc thuc hién hiéu
qua thong qua viée stir dung k¥ thuat rat gon mang ngit nghia dugc bicu dién dudi
dang d6 thi ngit nghia (semantic graph). Trong viéc xdy dung mot do thi ngir nghia
rat gon, mdt budc quan trong 1a nhom cac khai niém tuong ty ¢6 cung mdt nhan va
két ndi chiing véi cac kho luu trit bén ngoai. Mot phuong phap méi [111] duoc dé
xuat dé giam d6 thi c6 huéng 16n thanh d6 thi don gian hon véi it dinh hon. Viéc rit
gon duoc thuc hién théng qua tap hop dinh va canh dya trén nguyén tic entropy cuc
dai. Phuong phap nay 4p dung cho bai toan rat gon mo hinh chudi Markov (Markov
chain model-reduction problem) [111], cung cap mot phuong phép phan cum mém
cho phép tong hop cac ma tran chuyén doi trang thai tot hon cac phuong phap hién
c6. Rut gon dd thi dugce st dung dé hiéu qua trong 1ap chi muc va cac hé théng tim
kiém (indexing and retrieval).
1.4.2.4. Thudt todn rit gon do thi trong phdt hién méu

Bai toan phat hién (ldy) mau bao gdm phat hién mau dinh (vertex sampling),
phat hién mau canh (edge sampling) va phat hién mau duya trén truyén tai (traversal -

based sampling).
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K¥ thuat phat hién mau dinh lya chon p dinh dau tién ciia d6 thi va giir lai cac
canh (lién két) giita chung. K thuat phat hién mau dinh dién hinh 13 iy mau dinh
ngiu nhién RN (Random node sampling) va ldy mau theo béc ciia dinh ngiu nhién
RDN (Random degree node) [100]. RDN Iya chon mét tip cac dinh dong nhét ngiu
nhién. Str dung tap hop dinh tao ra mot dd thi con bao gém cac canh 1a cac két ndi
gilta cac dinh dong nhat. Stumpf va cac cong sy [100] dd ching minh rang nhugc
diém ciia RN 1a khong giit nguyén dugc quy ludt phan bd cia mang ciing nhu khong
bao toan tinh chat ctia dd thi ban dau. Thay vi ldy mau dinh déng nhat, cac phuong
phap cai tién ldy mau dinh lya chon nhiing dinh c6 xac suat khac nhau duya trén cac
tinh chit cia dd thi ban dau. Trong RDN, cac dinh dugc lya chon dé rat gon ty 1€
thuan v6i bac cua dinh. Tuy nhién, do thi rat gon c6 s6 lugng dinh ¢ bac cia dinh
cao hon va phan b d6 thi thu dugc trd nén day dic hon.

Phét hién mau canh ngau nhién RE (Random edge sampling) [61] gap han ché
1a cac d6 thi dugc 1dy mau c6 rat it két ndi véi nhau do d6 s& wu tién nhing do thi con
c6 kich thuéc 16n hay nhiing cong dong 16n ma bé qua nhimng d6 thi con c6 kich thudc
nho hay nhiing cong ddng nhé. Mot bién thé ciia RE 1a RNE (Random node - edge
sampling), dau tién chon ngau nhién mot dinh d@)ng nhét va ngau nhién mot canh
ddng nhat ndi v6i dinh d6. Theo cac cong trinh nghién ctru trude do, Leskovec va
Faloutsos [61] da chimg minh thi ca RE va RNE déu khong béo toan dugc cac cong
ddng vi cac d thi con dugc 1dy mau duoc két ndi v6i nhau rat it trong khi d6 ca RE
va RNE déu wu tién lya chon céc dinh c¢6 bac cua dinh cao do x4c suit chon mot dinh
tang theo bac cua no.

K¥ thuat phat hién mau bat dau tir mot tap hop dinh ban dau sau d6 mo rong
mau theo cac quan sat hién tai. Dién hinh 12 chon mau lan truyén hon tuyét lan SES
(Snowball Expansion Sampling), thuét toan FFS (Forest Fire Sampling). Trong k¥
thuat léy mau SES, ta bat dau v6i mot tap dinh ban dau duoc lua chon ngau nhién.
SES giit lai cic mau c6 dic tinh mé rong tot, day 1a mau dai dién cho cdu tric cua d6
thi ban dau. SES chon mét ti 1¢ c¢b dinh cac lang giéng duoc truy cap & mdi lan lap

[58]. FFS la mot phién ban xac suit cua SES. Trong SES ta lya chon ¢ dinh cac lang
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giéng & mdi budc thi trong FFS cac lang giéng duoc chon theo x4c suat. Thuat todn
lya chon mot dinh ngau nhién lam trung tim, sau d6 cac canh va cac dinh tuong ung
dugc ghi déng thoi. Néu mét canh duge ghi, dinh ¢ dau kia s& ghi nhén céc canh ndi
v6i né va ci tiép tuc nhu vay. Mo hinh ndy c6 hai tham sé twong tng véi xac suat
ghi. D6 thi 1dy mau thu duoc khi dat dén s6 dinh mong mudn hoic khong thé ghi
thém dinh nao nita. Chét lugng lay miu ciia phuong phap nay phu hop véi cac ciu
tric khac nhau cua do thi géc nhu: d6 phan bo, hé sb phan cum va kich thudc cac
thanh phan. Phuong phap nay duoc dénh gia tét hon RE va RN. Ngoai ra, FFS dap
mg dugc 15% cac thudc tinh cia do thi ban dau. P9 phtc tap cta thuat todn khong
con 1a tuyén tinh.

Céc céch tiép can rut gon do thi phan 16n phu thudc vao cac dic tinh co ban cua
linh vyc ing dung. Hau nhu khong c6 phuong phéap rat gon do thi nao néu trén bao
toan dugc ciu truc thong tin vé cong d@)ng trén mang xa hdi. Luédn an da dé xuat hai
phuong phép rit gon do thi mang xa hoi (chuong 2) va dp dung phat trién hai thuét toan
nhanh, hi¢u qua phat hién cic cong d@)ng trén dd thi rat gon ma van bao toan duoc tinh
chit ctia cac cong dong mang xa hoi ban dau (chuong 3).

1.5. Do do danh gia thuit toan phat hién cong dong mang xa hdi

Muc tiéu ctia rat gon do thi mang xa hoi 14 4p dung dé cai tién thuat toan phat
hién cong d@)ng trén mang xa hoi. Vi vay, can danh gia tinh hi¢u qua cua thuat toan
phat hién cong dong thong qua cac d6 do. PO do (measures) [71] duoc dung dé danh
gi4 hiéu qua, chat luong ciia thuat toan phat hién cong dong so véi cac cong ddng co
trong thyc té&. PO do ciing duoc dung dé do sy twong dong hay giéng nhau gitra két
quéa phat hién cong dong cua cac thuat toan so véi cac cong dong co trong thuc té.
Muc ndy trinh bay cac do do nay nham danh gia tinh hiéu qua cua cac thuat toan rit
gon d6 thi duoc dé xuat trong chuong 2 va cac thuat toan phat hién cong dong trén
mang xa hoi dugc dé xuét trong chuong 3 cta lun an.

1.5.1. P9 do don thé md dun Q
D6 do don thé mé dun Q dugc dé xuit boi Girvan - Newman [22], [78] dugc sir

dung dé do ludng mirc d6 phan chia cong déng cua toan mang. Mang c6 do do don
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thé md dun Q cao cho thiy c6 rat nhicu cac lién két gita cac dinh trong cting mot
cong dong va c it lién két gitra cac dinh trong cac cong dong khac nhau. Vi vay, do
do don thé mo6 dun Q co gia tri cang cao thi dong nghia két qua phan ving trong mang
cang tot.
1 d;d;
Q= 5= %14y — D€, 6) (112

Trong do:
A;; 1a ma trén lién k&, m 1 tong sb canh cua d6 thi, d; 1a bac cta dinh i, d; la bac cua
dinh j, C; C; 1an luot la cac cong dong ma dinh i va dinh j ¢ trong cong dong do.
5(C;,C)=1 néu dinh i va dinh j cing thudc mot cong dong nguoc lai 5(Ci, Cj) =0.

Do do don thé moé dun Q duoc sir dung rong rii vi don gian dé tinh toan va cé
thé danh gia chinh xac chat luong cta cac phan ving trong mang [64], [112], [114].
1.5.2. B¢ do F-measure

Do do F-measure 1a d6 do dua trén d6 tuong tu cap [41], [112], [114]. BS do
nay duoc su dung tur lau trong cong viéc phan cum dir li€u, xur Iy ngdn ngtr ty nhién,
truy xuat thong tin va hoc may. Do do F-measure gitta tip cac cong dong thuc C va
tap cac cong dong dugc phat hién C’ dugce tinh bang cong thirc nhur sau:

2 = Precision (C,C") * Recall (C,C")

F-measure (C,C") = Precision (C,C')+ Recall(C,C") (1.13)
Trong d6: Precision (C,C’°) = Ile;fl | (1.14)
Recall (C,C’) = 'Crccl | (1.15)

Trong d6 C la tap cac cong dong thuc (ground-truth, known communities) va
C'la tap cac cong dong duge phat hién. Do do F-measure dé danh gia chat luong cia
cac cong dong duoc phat hién vi c6 hai yéu to: d6 phuc tap tinh toan 1a tuyén tinh va
dé thuc hién ciing nhur giai thich giita cac thudc do bén ngoai.

Pé thuc hién tinh gia tri 6 do F-measure trén dd thi mang xa hoi. Budc dau
tién thyuc hién tinh toan d6 do F-measure ting cdp giira tat ca cac cong dong duoc
phat hién béi thuat toan phat hién cong dong va tat ca cac cong dong thyc trong mang.

Trong trudng hop thyc té mang xa hdi c6 n cong ddng thyuc (ground-truth), ma thuat
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toan phat hién cong dong lai tinh ra m cong dong thi ta tién hanh tinh d6 do F-measure
lan luot timg cip gitta tat ca cac cong ddng thuc (ground-truth) véi tit ca cic cong
d@)ng dugc thuat toan phat hién. S6 lan tinh do do F-measure dugc thuc hién 1a n*m
lan. Sau d6 ta chon n két qua F-measure cao nhat & trén va tinh gia tri trung binh.
Cubi cung, 14y gia tri trung binh ctia 46 do F-measure [64], [88], [113].
1.5.3. Do do NMI dua trén ly thuyét théng tin

Céc do do dua trén 1y thuyét thong tin dua ra mot cach tiép can khac dé kiém
chtng chét luong cong dong véi phan ving tham chiéu nhat dinh. P do dua trén 1y
thuyét thong tin thuong duoc sir dung 12 d6 do thong tin twong hd chuan NMI (Normal
Mutual Information) [96]. P do NMI dinh nghia N 12 ma tran sai s6 voi cac hang
tuong Gmg voi cong dong trong thuc té, cac ¢t twong tmg vdi cong ddng dugc phat
hién, cac hang biéu dién tp A cac cong dong thuc va cic cot twong tng tap B cac
cong dong dugc phat hién. Cac phan tir bén trong ma tran N mé ta d6 twong tu gitra
cac nhom. N;; (hang thir i, ¢t thir j) la sO cac dinh cta cong dong thyc i xuét hién
trong cong dong dugc phat hién j. D6 do NMI giita hai mang A va mang B dugc tinh
theo cong thuc:

Ca vCB .. NiN
_221::12]':11\”‘] lOg (NiSNjS)

NMI(A’B) B Zlcf1 N; log (%)"' 2]C=B1 Njslog (%)

(1.16)

C,, Cg twong mg 13 sé cong dong thuc (ground-truth) va sé cong dong duoc
phat hién bdi thudt toan phat hién cong d@)ng trong mang, N; va N;_dai dién cho téng
sO phan tir trén hang i va cot j twong (mg ctia ma tran N. Gi4 tri cia NMI ndm trong
khoang tir 0 dén 1. Chi s6 NMI bang 1 néu cong dong tim kiém trung véi cong dong
thuc. Nguoc lai NMI bang 0.

Luén &n su dung cac do do: B do don thé mo dun Q, do do F-measure va do
do NMI dé danh gia tinh hi¢u qua cua thuat toan phat hién cong d@)ng mang xa hoi
vi day khong chi 1a cac d6 do duge danh gia 1a pho bién, thong dung, hitu hiéu duoc
sir dung thuong xuyén, lién tuc dé danh gia hiéu qua, chat luong phat hién cong dong

mang xa hoi [64], [88], [112], [113], [114]. Ngoai ra mét yéu t6 quan trong khac nita
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dé dam bao yéu t6 tin ciy, khach quan cta cac thuat toan dugc ludn an so sanh, tham
chiéu di cong bd cac két qua nghién ciru lién quan dén cac loai do do nay.
1.6. P do danh gia thuat toan rut gon do thi

Ty 1€ rat gon db thi cta thuat toan cho théy hi€u qua dat dugc cua thuat toan rit
gon d6 thi mang xa hoi dé xuat. Néu |E| va |Ec| 1a sb canh ctia d0 thi ban dau va do
thi sau khi rat gon, khi d6 ty 1€ rut gon (Compression) [51] duoc tinh theo cong thuc:

|E|—|Ec|
|E|

Compression (VN) = (1.17)

Gia tri cua chi s6 nay nam trong khoang tir 0 dén 1. Gi4 tri cia chi s6 cang cao
thi déng nghia hi¢u suét rat gon dd thi dat duoc cang tdt.
1.7. Két luén chuong 1

Chuong 1 trinh bay mdt s6 khai niém co s& vé phan tich mang xa hdi va cac
phuong phap phat hi¢n cong d@)ng mang xa hoi. Phan tich mang xa hdi 1a mdt tap
hop cac phuong phép phan tich cac khai niém, st dung 1y thuyét d6 thi dé mé ta va
phan tich cic mbi quan hé giita cac tac nhan (thyuc thé) trong mang, xac nhan cac quy
luat hinh thanh va bién chuyén ciia nhimg méi quan hé do, va lam sang té nhiing dnh
hudng ciia cac mbi quan hé xa hoi (hay ciu trac cia mang) ddi v6i hanh vi caa cac
tac nhan. Pé xac dinh duoc vai trdo va mdi quan hé ciia cac tac nhan ngudi ta s dung
cac do do trung tdm trung gian, nhét 1a d6 do trung tam trung gian cua cac dinh, canh
trén dd thi mang xa hai.

Bai toan phét hién cong dong trén mang xa hoi 1a mot noi dung chinh cia phan
tich mang xa hoi dugc rat nhiéu sy quan tim, nghién ctru clia cac nha khoa hoc trong
nudc va trén thé gidi. Chuong niy da gidi thidéu 4 nhom thuat toan chinh phét hién
cac cong d@)ng trén mang xa hdi: cac thuat toan phan cum truyén théng, cac thuat
toan dua vao do do don thé héa, cc thuit toan dua vao do do trung tam trung gian
va cac thuat toan dya vao nguyén 1y lan truyén nhan.

Do tinh chét cua mang xa hoi co cau trac kha tu do va kich thuée rat 16n khong
ngung phat trién theo thoi gian, vi vy bai toan phan tich mang xa hdi, phat hién cong

d6ng mat rat nhidu thoi gian va chwa hiéu qua. Mot trong nhiing cach tiép can dé
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khac phuc nhugc diém trén 1a dé xuat phuong phép rat gon do thi dé giam thiéu thoi
gian tinh toan 1a hét strc can thiét. Chuong ndy ciing phan tich cic phuong phép rat
gon db thi va tmg dung trong nhiéu linh vuc khac nhau. Tuy nhién, cac phuong phap
riit gon d6 thi truyén thong khong bao toan duoc cac thong tin vé cong dong ciia do
thi mang xa hoi ban dau. Cac chuong sau dé xuat phuwong phap rit gon do thi mang
x4 hoi dwa vao do do trung tim trung gian va nguyén ly lan truyén nhéin, tir d6 ap
dung dé phat trién céac thuat toan phat hién nhanh, hi¢u qua cac cong d@)ng trén mang

xa hoi.
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CHUONG 2. THUAT TOAN RUT GON PO THI MANG XA HOI
DUA VAO PQ PO TRUNG TAM TRUNG GIAN VA NGUYEN LY
LAN TRUYEN NHAN

2.1. Gidi thiéu

Hau hét cac phuong phéap phat hién cong dong trén mang xa hoi déu tap trung
vao viéc nghién clru cac mdi lién két gitra cac thuc thé dé xac dinh céc cong déng.
Mang x4 hoi rat phong phil, da dang, c6 thanh phan tham gia rat 16n va cé thé phat
trién, mo rong theo thoi gian. Vi vay céc thuat toan phat hién cong d@)ng trén do thi
mang xa hoi déu mat kha nhiéu thoi gian tinh toan va kém hiéu qua. Mot trong cac
hudng nghién ctru dé giam do phirc tap tinh toan 13 hudng rat gon d6 thi. Nhuoc diém
chung ctia hau hét cac phuong phéap rit gon trong 1y thuyét d6 thi truyén thong 1a
khong bao toan dugc céc thudc tinh cAu tric cta do thi ban dau, khong bao toan duogc
chat luong cong dong va thuong c6 nhiing yéu cau vé cc thong tin du doan ban dau.
Trong chuong ndy, luan 4n tap trung nghién ctru cac tinh chat cua cac dinh tuong
duong dya vao d6 do trung tAm trung gian va nguyén 1y lan truyén nhin tir 46 dé xuét
thuat toan két hop cac 16p dinh twong duong theo do do trung tim trung gian va
nguyén 1y lan truyén nhin dé rt gon d6 thi nhung van bao toan chat lugng cong dong
va ap dung rat gon do thi dé phat trién thuat toan phat hién cong dong trén do thi
mang xi hoi dua vao d6 do trung tim trung gian va nguyén 1y lan truyén nhan. Cac
két qua trong chuong nay duogc cong b trong cac cong trinh [CT1], [CT3], [CT4].

Duya trén ¥ tudng ctia phuong phap phat hién cong dong dua vao do do trung
tAm trung gian, nghién ctru sinh nhan thay trén d6 thi mang xa hoi c6 nhiéu dinh
tvong dwong vaéi nhau theo cdu triic cé cling d6 do trung tim trung gian, chung tao
thanh cac 16p twong duong va c6 thé két hgp ching lai véi nhau thanh mét dinh dai
dién duy nhat cho ca 16p dinh. Do vay giam thiéu dugc dang ké s6 dinh va sé canh
ctia do thi mang xa hoi ban dau, giam thiéu duoc chi phi tinh todn ma lai khong anh

hudng dén cau tric cia do thi mang xa hoi ban dau.
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Phat hi¢n cong d@)ng trén mang xa hdi 1a mot nhi€ém vy quan trong hang dau
trong phan tich mang xa hoi. Dé giai quyét bai toan nay, nhiéu thuat toan phat hién
cong d@)ng trén mang xa hoi da dugc dé xuét. Tuy nhién, cac thuat toan nay hau hét
chua dat hiéu qua trong viéc phat hién cong dong trén cac mang xa hdi c6 kich thudc
rat 16n. Véi sy phat trién manh mé& cua cong nghé¢ thong tin, viéc st dung mang xa
hoi ciia chiing ta dang phat trién theo cap s6 nhan. Hé qua 1a quy md ciia mang xa hoi
cang phat trién va trd nén khong 16. Diéu nay dan dén viéc phat hién cong dong trén
cac mang xa hoi quy mo rat 16n khong thé duge giai quyét bang cac thuat toan truyén
thong do do phurc tap vé thoi gian va khong gian tinh toan. C6 nghia 1, hau hét cac
thudt toan phat hién cong d@)ng mang xa hoi hién khong thé dugc mé rong dén kich
thudc khong 16 clia cic mang xa hoi. Dé giai quyét thach thirc 16n nay, nghién ciru
sinh dé xuat cac phuong phap rat gon d6 thi mang xa hoi nham giam thiéu kich thudc
clia mang xa hoi dé phat hién cac cong dong trén mang xa hoi nhanh, hiéu qua tuy

nhién van bdo toan dugc cac tinh chat ciia cong dong mang xa hoi ban dau.

Bai toan rut gon dd thi da duoc trinh bay tai muc 1.4 ctia chuong 1 trong luan
an, chuong 2 bao gdm cac muyc trinh bay vé cac dinh nghia, dé xut cac tinh chat, hé
qua cua do do trung tdm trung gian tir d6 d& xuat thuat toan rat gon do thi mang xa
hoi dua vao cac 16p dinh twong duong theo do do trung tdm trung gian. Tiép theo,
chuong 2 trinh bay nguyén 1y lan truyén nhin dé tir 46 dé xuat thuat toan rat gon do
thi mang xa hoi dua vao cac 16p dinh twong duong theo nguyén 1y lan truyén nhan.
Céc thuat toan dé xuat dé rat gon dd thi mang xa hdi trong chuong 2 nham muc dich
ap dung hiéu qua cho bai toan phat hién cong dong trén mang xa hoi rat Ion tuy nhién

van bao toan duoc céac tinh chat clia cong dong mang xa hoi ban dau.

2.2. Cac tinh chit ciia d§ do trung tim trung gian trén dd thi mang xa hoi
Do do trung tim trung gian da dugc gidi thiéu & Chuong 1, phan nay nghién

ctru mot s6 cac tinh chat twong duong theo d6 do trung tim trung gian cua cac dinh

trén d6 thi. TUr d6, thuat todn két hop céc 16p dinh tuong dwong theo d6 do trung tim

trung gian trén db thi dé thuc hién rat gon dd thi mang xa hdi dugc dé xut.
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Gia thiét mang xa hoi dugc biéu dién boi mot d6 thi don lién thong G = (V, E),
trong d6 V 1 tap cac dinh, E 1a tap cic canh. Ky hiéu oy la sé duong di ngan nhat di
tir s tdi t, va os(v) 13 s6 duong di ngan nhat di tir s toi t va co di qua v. Khi d6 d6 do
trung tam trung gian cua dinh v, ky hi¢u la Cg(v) [84] dugc tinh nhu sau:

Ca(V) = Xsztzv 05t (V) /05t (2.1)

Do do trung tam trung gian cua canh e, ky hi¢u la Cg(e) [84], dugc dinh nghia
nhu sau:

Ca(e) = X5t st (€) /05t (2.2)

Véi hai dinh s, t € V, canh e € E va 8«(e) 1a s duong di ngan nhat di tir dinh s
to1 dinh t va di qua canh e.

Do do trung tAm trung gian cua dinh v cling c6 thé tinh théng qua cong thirc
tinh do do trung tam trung gian cua canh e.

Cz(®) = > Yeerey) Ca(e) — (= 1) (2:3)
Trong d6, I'(v) 13 tap cac canh ké véi v va n 13 s dinh cua thanh phan chua v.

Trén dd thi mang xa hoi c6 nhiéu dinh twong duwong véi nhau theo ciu tric dwa
vao d do trung tdm trung gian, chung tao thanh cac 16p twong dwong va co thé két
hop ching v4i nhau thanh mdt dinh dai dién cho cé 16p c6 cung dd do trung tdm trung
gian, nham giam thiéu dang ké s6 dinh va s canh ciia d6 thi mang xa hoi.

2.2.1. Cac lop dinh treo twong dwong

Muc nay gidi thiéu mot sb cac tinh chat, hé qua vé cac dinh treo tuong duong
1am co so dé thyuc hién thuét toan két hop 16p dinh treo trong duong, c6 cing do do
trung tAm trung gian thanh mot dinh dai dién nham giam thiéu khong gian tinh toan
ctia @ thi mang xa hoi. Cac tinh chat sau day khang dinh d¢ do trung tdm trung gian
clia cac dinh trong do thi rat gon ciing chinh 1a d§ do trung tdm trung gian cta cac
dinh trén do thi ban dau.
Pinh nghia 2.1. Pinh v € V cua d thi G = (V, E) 1a dinh treo (leaf vertex) [84] néu
bac cua v 1a 1, ki hiéu deg(v) = 1.
Tinh chét 2.1. Néu v 1a dinh treo ctia d6 thi G va e = (v, w) € E thi:

(1) Ca(v)=0 (2.4)
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(ii) Ca(e) = (V|- 1) (2.5)

Chung minh.

(1) Vi v la dinh treo nén os(v) = 0, theo cong thirc (2.1) thi Ce(v) =0

(i) G 1a lién thong nén véi moi v’ € V - {v} déu c6 duong di t6i v, nghia 14 ¢o
duong di ngin nhat giita v va v’. Vi v 1a dinh treo ctia d6 thi nén moi duong di
ngan nhat giita chung déu di qua e = (v, w). Theo dinh nghia d6 do trung tam

trung gian cua canh thi Cg(e) = (|V| - 1). n

Pinh nghia 2.2. Cho trudc do thi vo hudng lién thong G = (V, E) v6iu, w € V 14 hai
dinh treo, u twong dwong bac 1 vdi w, ky hiéu u =1 w khi va chi khi chiing cing lién
ké voi v (N(u) = N(w) = {v}), N(u) 1a tap cac dinh lan can cua u. [84]

D@ nhén ra quan hé ~ 13 quan hé twong duong. Ta ky hi¢u V1 1a tap tat ca cac
dinh treo ctia do thi G thi: V1 = {u € V | deg(u) = 1}.

V1/=; s€ tao ra cac 16p cac dinh treo tuong duong vdi nhau, V1/=1 = {Ci, C,,
..., Ck}. Nhing dinh treo cung lién ké v6i mot dinh s& cing 16p twong duong va
chung c6 cung bac 1 va cung do do trung tdm trung gian 1a 0.
Nhu vay, u~ wthiu, w € Ci, i= 1.k va deg(u) = deg(w) = 1, Cs(u) = Cg(w) =0.
Vi du 2.1. Xét d6 thi vo hudng lién thong G sau:

Hinh 2.1. P6 thi vé huwéng lién thong G
Nhu trén d3 phan tich, tat ca cac dinh treo déu c6 d6 do trung tdm trung gian bang 0,
nghia la:
Cs(1) = Cr(2) = Cs(3) = C(10) = Cp(11) = Cp(12) =0



47

Pinh s6 4 ¢6 3 dinh treo lién k&, N(4) = {1, 2, 3}, 1 =12 ~ 3, tuong ty N(9) = {10,
11} va 10 =1 11.

Nhiém vu chinh 14 tinh d6 do trung tdm trung gian cta cac dinh trén d thi, nén
viéc két hop nhiing dinh tuong dwong véi nhau (vé do do trung tdm trung gian) thanh
mot dinh dai dién cho nhing 16p c6 s6 phan tir 16n hon hodc bang 2, s& lam giam
dang ké cac dinh can tinh d¢ do trung tim trung gian. Sau khi két hop tat ca nhiing
dinh twong duong cua lop C;, | Ci | = 2, i = 1..k, thanh dinh dai dién C’; (ciling la dinh
treo), ta nhan duoc d6 thi Gi = (V1, E1), trong do:

e Vi=V-V1u{CC?>,...,Cx} (*)
e Ei=E-{(u,v)|lue V], v=N@u)} U {v,C%|i=1.k v=N()véoiu e Ci}

Db thi Gi nhan duoc tir d6 thi G sau khi loai bo di nhitng dinh treo twong duong

v6i nhau va cac canh lién ké v6i chung, thay thé bang mot dinh cé tén tring véi tén
ctia 16p va mot canh lién ké vdi mot dinh dai dién cho mdi 16p tuong duwong.
Vi du 2.2. Xét d6 thi G tirvidu 2.1 ¢6 V = {dinh 1, dinh 2, ..., dinh 12}, ta thdy cac dinh 1,
dinh 2, dinh 3 13 cac dinh treo lién ké vé6i dinh 4, do vy chung twong dwong bac 1 voi nhau.
Tuong tu, dinh 10, dinh 11 lién ké véi dinh 9 va trong duong bac 1 voi nhau. O d6 thi nay
¢6 2 16p tuong duong bac 1 ¢6 nhiéu hon 1 phan tir 1a: C; = {dinh 1, dinh 2, dinh 3}, C; =
{dinh 10, dinh 11}. Két hop cac dinh treo tuong duong ciia, ta c6 do thi Gi.

' () () —) 2
- N i

Hinh 2.2. P6 thi G két hop cac dinh treo twong duwong
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Vi du 2.3. Cac mang xa hoi c6 nhiéu dinh treo twong duwong [22], [83].

Hinh 2.3. Minh hoa cic mang xa hdi xuit hién nhiéu dinh treo

Pé chimg minh rang dugce do do trung tdm trung gian ciia cac dinh trong do thi
G ciling chinh 14 d do trung tAm trung gian cua cac dinh trén d6 thi G ban dau, nghia
1a d6 thi rt gon bao toan do do trung tim trung gian ciia cac dinh, ta st dung cac tinh
chat sau:
Tinh chit 2.2. Véi moi dinh treo u € V hay deg(u) = 1, v € V la dinh lién ké véi
dinh u. Tap céac dinh treo lién ké v6i v ky hiéu Ni(v) = { w € V| (w, V) € E, deg(w) =
1}. Khi d6, ta c6 c4c tinh chat sau:

(1) Ou=0w, voimoit e V - {u, v} (2.6)
(1) Ou(w) =0w(w), voimoiw € V - {se V|deg(s)=1}, te V-{u,v,w} (2.7)
(ili)) tw(v)=1, véimoidinht e V - {u, v} (2.8)

(V) Co=NiWFN WD 2HN OV (N Esevater-nym o (29)

Chung minh.

(i) u la dinh treo va lién k& vé6i v, nén moi dudng di tir u dén t déu phai di qua v,
nén 8ui(V) = Suy * 8vi = dv, Vi duy = 1 (deg(u) = 1).

(i) u la dinh treo va lién k& vé6i v, nén moi dudng di tir u dén t déu phai di qua v,
nén Sut(W) = duy * Ovt(W) = dvi(W) Vi duy = 1.

(iii) Moi dudng di ngan nhat di tir dinh treo u (deg(u) = 1) d&ént € V - {u, v} (nhiing
dinh con lai cta dd thi) déu phai di qua dinh lién ké véi u 1a v, vay suy ra Su(v)

= Out, nghia 1a tu(v) = 1.
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Ni(v) 14 tap céac dinh treo lién ké véi v. Néu [Ni(v)| > 1 thi gita 2 dinh treo lién
ké voi v s& co 1 dudong di ngan nhét di qua v. Khi d6 ta co:

IN1(V)[*(N1(v)|-1)/2| dudng di ngan nhat giita 2 dinh treo lién ké v6i v va di qua
v. Vi mbi dinh treo u lién k& véi v, tiép tuc dua vao tinh chat 2.2 (i) ta co: [V-
{N1(v), v}| duong di ngin nhat di tir u téi nhimng dinh con lai. Dinh v ¢ [N1(v)|
dinh treo lién k&, do vy s& ¢6 [Ni(v)|*|V- {u, v}| duong di ngan nhat tir cac dinh
treo lién ké vé6i v, di qua v dé dén nhitng dinh con lai cua d6 thi. Con lai,

§ \LA . A A . < s \ .
Zsivit,s,tev—Nl(v)% la tong cac do phu thudc cac cap dinh con lai (V-

{N1(v)}- {v}) vao v (di qua v). "

Tinh chat 2.3. Gia sitr Gi 1a d6 thi rat gon cta d6 thi G sau khi két hop dinh twong

duong bac mot. Ta c6 tinh chat sau:

(1)

Tst(V) = |Ci| * Tu(V) néus= Ci,1i=1.k,u=N(C%), v£te Vi - {u, C’i} (2.10)

(i) (V) =|Ci| * tsw(v) néu t = C’;, i= 1.k, w = N(C”), v#te Vi - {w, Ci} (2.11)
(iii) Ts(v) = |Ci| * |Cj| * Taw(V) néus = C%, t=C’;, i, j = 1.k, u=N(C”), w = N(C?)),

veVi-{uwCi, Cj} (2.12)
Chung minh.

(1)

(ii)

(iii)

Pinh dau s = C’; dai dién cho 16p twong duong c6 |Ci| > 2 phan tir. Vi s cling 1a
dinh treo, nén moi dudng di ngan nhét tir s = C’; dén t qua v déu phai di qua mot
dinh lién ké ctia s 14 u. Trén db thi G, mdi dinh C’; s& dai dién cho |Ci| dinh treo
tuong duong & do thi G, nén s6 dudng di ngan nhat tir s dén t qua v: ts(v) s&
turong ung voi [Ci| * Tu(V).

Pinh cubi t = C’; dai dién cho 16p twong duwong c6 |Ci| > 2 phan tir. Vi t ciing 1a
dinh treo, nén moi dudng di ngan nhét tir s dén t = C’; qua v déu phai di qua mot
dinh lién ké (tién t0) ctia t 1a w. Trén db thi Gi, mdi dinh C’; s& dai dién cho |Cj
dinh treo twong dwong & do thi G, nén s6 duong di ngan nhét tir s d&én t qua v:
Tst(V) = |Ci| * Tsw(V).

Truong hop dinh dau s = C’; dai dién cho 16p twong duong c6 |Ci| > 2 phan tir

va dinh cubi t = C’; dai dién cho 16p twong dwong c6 |Cj| > 2 phan tir. Vis, t
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cling déu 1a dinh treo, nén moi dudng di ngin nhat tir s = C’; d&én t qua v déu
phai di qua mot dinh lién ké (hau td) ctia s 1a u va phai di qua mot dinh lién ké
(tién t6) cta t 14 w. Trén dd thi Gi, mdi dinh C’; sé& dai dién cho |Ci| dinh treo
twvong duong va mdi dinh C’; s& dai dién cho |Cj| dinh treo twong dwong & do thi
G, nén s6 dudng di ngan nhat tir s d&én t qua v: ts(v) = |Ci| * |Cj| * Tuw(V). u
2.2.2. Cac lop dinh swon twong dwong
Muc ndy dé xuat mot sb cac tinh chat, hé qua vé 16p dinh suon twong duong
trén do thi 1am co s¢ dé thuc hién thuét toan két hop 16p dinh suon twong duong vé
dd do trung tdm trung gian thanh mot dinh dai di¢n bao toan do do trung tdm trung
gian, nham giam thiéu khong gian tinh toan ctia d6 thi mang xa hoi. Cac tinh chat sau
khang dinh d6 do trung tim trung gian cuia cac dinh dai dién trong d6 thi it gon ciing
chinh 14 d6 do trung tdm trung gian cua cac dinh trong 16p twong dwong trén d thi
ban dau.
Pinh nghia 2.3. Cho dd thi vo hudng, lién thong G = (V, E), u € V dugc goi l1a dinh
sudn (Side vertex) [84] ciia G néu dd thi con sinh bai tap cac dinh lién ké N(u) 1a
clique (d6 thi con day du).
O day, ta chi xét nhitng dinh suon cé [N(u)| > 2, vi truong hop nguoc lai, [N(u)|
=1 thi u 1a dinh treo da dugc nghién ctru ¢ trén.
Nhén xét 2.1. Néu u 1a dinh suon va G khong phai 1a clique thi chac chan c6 it nhat
mot dinh v € N(u) ¢6 bac khac v6i bac cua dinh sudn u (deg(v) > deg(u)) trén db thi
G.
Ky hiéu T'(u) = {u} U N(u) 1a tap cac dinh lién ké v&i u va ké ca u.
Nhén xét 2.2. B6 thi con sinh bai I'(u) ciing 1a clique, vi ban than N(u) d3 sinh ra 1a
clique, va u lai lién ké v&i tat ca cac dinh ciia N(u).
I'l(u)={veTl(u)|deg(v)=deg(u)} - Tap nhitng dinh c6 cung bac voi dinh
suon u trong clique sinh boi ['(u).
Nhdn xét 2.3. Néu G khong phai 1a clique thi I'2(u) = T'(u) - T'l(u) # ¢, nghia 13 chic
chén c6 it nhat mot dinh v € I'2(u) trén clique sinh bdi N(u) (hay I'(u)) c6 bac khac

v6i bac cua dinh suon (deg(v) > deg(u)).
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Pé thyc hién thuat toan tinh d6 do trung tim trung gian ciia cac dinh trén do thi
mot cach hidu qua, ngudi ta thuong sir dung phuong phap duyét theo chiéu rong BFS
(Breadth-First Search) [55]. Thuét toan duyét theo chiéu rong tim kiém cac duong di
ngan nhat tr dinh gdc qua cac canh t6i tat ca cac dinh khac trong do thi. Cac canh
gita cac murc ctia qua trinh duyét BFS bat dau tir dinh gbc X sé tao thanh d6 thi dinh
hudng, phi chu trinh, dugc goi DAGx.

Tinh chét 2.4. Néu u 13 dinh sudn cua d6 thi G = (V, E), thi u hoac la géc hoac 1a l1a
trén cdy DAG duyét theo chiéu rong (BFS).
Chung minh.

Gia sir u khong phai 1a dinh gbc va ciling khong phai 14 14 trén cay DAG duyét
theo BFS. Vi u 1a dinh trong trén DAG, nén c6 duong di ngan nhat di qua u. Moi
duong di ngan nhat tir gdc di qua dinh u thi phai di qua it nhat hai dinh v, w lién ké
v6i dinh u. Khi u 1a dinh sudn, theo dinh nghia thi N(u) 1a clique, nghia 1a (v, w) €
E, v&i moi v, w lién ké voi u. Khi d6 duong di qua u khong phai duong di ngan nhat
trén DAG, diéu ndy mau thuan véi tinh chat 1a moi dudng di trén DAG 1a duong di
ngan nhat. u
Tinh chit 2.5. Gia sur S 1a tip cac dinh suon twong duong, S = {vi, va, ..., vn} va néu
chon moét dinh suon vi, 1= 1..h, lam géc dé duyé¢t BFS, thi h-1 dinh con lai déu lala
c6 do6 dai tir goc 1a 2 va d6 do trung tAm trung gian ctia cic canh lién ké ctia dinh suon
v6i cac dinh lién ké twong tGng trén DAGy; 1 nhu nhau, Cg((v, vj)) = 1/ [N(S)|, véi
moi j #1, v € N(S).

Chung minh.

Theo gia thiét, cac dinh vi, i = 1..h, 1 cac dinh suon twong duong, ching co
cung tap cac dinh lién ké N(S) = N(vi), i = 1..h. Khi 1dy mét dinh vi dé duyét BFS,
thi c6 [N(S)| dinh lién ké véi vi déu & muc 1 (cé khoang cach t6i goc 1a 1), dong thoi v
e N(S) lai 1a cha ciia tat ca cac dinh suon tuong duong con lai vj (6 mirc 2), nghia 13 v;
s& c¢6 [N(S)| dinh cha, va do vy, ty sé duong di ngin nhat tir v; (dinh gbc) dén cac dinh
suon tuong dwong khac trén DAG.; va di qua mdi canh (v, vj) 1a 1/ [N(S)|. -
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Tinh chat 2.6. Gia sir S 1a tap cac dinh suon tuong duong, S = {vi, V2, ..., Vn} va
N(S) = N(vi), i = 1..h, thi d6 do trung tdm trung gian ctia cac canh ndi dinh sudn véi
cac dinh lién ké twong tng 14 nhu nhau: Ca((vi, v)) = Ca((vj, V)), véi moi vi, vj € S, v
e N(S).
Chung minh.

Theo gia thiét, cac dinh vi, i = 1..h 1a cac dinh sudn trong dwong, nén ching cé
cung tap cac dinh lién k& N(S) = N(vi), i = 1..h. Khi d6, voi moi dinh v € N(S), déu
c6 canh ei = (vi, v) € E, v6i moi i = 1..h. Theo tinh chat 2.4 moi dinh sudn chi c6 thé

1a dinh gbc hodc 1a dinh 14 trén cac DAG, suy ra Cg(ei) = Ca(e;), voi moi i, j = 1..h.
|

Tinh chat 2.7. Gia sir S 1a tap cac dinh suon tuong duong, S = {vi, V2, ..., Vn} va
N(S) =N(vi), 1= 1..h. Khi d6 cac dd thi DAG, duyét theo BFS, véimoiv € S déu co
chung mot d6 thi con sinh bai tap dinh Vs =V - S.

Do thi con sinh chung ctia DAGy, v € S, 1a d6 thi thu dugc tir DAGy, sau khi bo
di cac dinh suon twong duong S cing cac canh lién thudc véi chung. PO thi chung
nay c6 thé khong lién thong.
Tinh chét 2.8. Néu u 1a dinh sudn cua dd thi G, thi

(1) Ox(v)=0,véimoiv € I'l(u),s #u#teV (2.13)
(i) Cs(v) =0, vdéimoiv e I'l(u) (2.14)
Chung minh.

(i) Truonghops #v#t e V, moi duong di ngin nhat di qua mot dinh u thi chiing
phai di qua it nhat 2 dinh v, w lién ké v6i dinh u. Khi u 1a dinh suon, theo dinh
nghia thi N(u) 1a clique, nghia 1a (v, w) € E. Theo céc tinh chat ciia duong di
ngan nhét thi Svw(u) = 0 vi do( v, w) < da( v, u) + do( u, w). Nhu vay ta co
dst(1) = Oy * duw(u) * Swt = 0.

(ii) Nhu nhan xét ¢ trén thi d6 thi con sinh boi I'(u) 13 clique va deg(v) = deg(u), nén
theo tinh chat ciia dudng di ngan nhat va tinh chat 2.8 (i) suy ra 8«(v) = 0, voi moi
v eTl'l(u). u
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Pinh nghia 2.4. Cho u, v € V, ¢6 quan hé =, v6i nhau, ky hi¢u u =, v khi va chi khi
u, v 12 hai dinh suon ctia G va N(u) = N(v). [84]

Nhan xét: Quan hé =; 1a quan h¢ tuong duong.

Tir dinh nghia va tinh chét 2.8 suy ra, u ~; v thi deg(u) = deg(v) = [N(u)| - 1| va Cs(u)
=Cg(v) =0.

Vi du 2.4. Xét d6 thi G duoc cho nhu trong Hinh 2.4 dudi day.

Hinh 2.4. P6 thi G c6 cac dinh swon twong dwong
Céc dinh 1, 2 1a hai dinh sudn twong duong, 1 =2 2, bdi N(1) =N(2) = {3, 4, 5}
va db thi con sinh boi {3, 4, 5} 1a clique. Ngoai ra, cac dinh 6, 8, 9, 10, 11 cling 1a
cac dinh suon vi do thi con sinh boi tap lién ké véi chiing ciing déu 1a clique (2 dinh
¢6 1 canh ndi voi nhau), trong d6 6 =2 8, bai N(6) = N(8) = {7, 9}.

Nhiing dinh suon tuong duwong cé thé két hop thanh mot dinh dai dién dé rat gon
sO dinh sudn tuong duong trén do thi. Gia st G = (V, E) c¢6 céc 16p dinh suon tuong
duong Si, i = 1..h, mdi 16p c6 it nhat 2 dinh suon twong dwong véi nhau. Két hop
nhting dinh twong duong trong cung 16p thanh mdt dinh sudn dai dién, ta nhén duogc
d6 thi G2 = (V2, E2), trong d6:

o Vu=V-V2U {S’1,S,...,Sh},v61V2=S1U S U ... U Sh (**)
e E2=E-{(u,v)|lue V2, veNu}ui{v,Si|i=1.h,veNu)voiue Si}
Vi du 2.5. D6 thi mang x hoi cau lac bo Karate ctia Zachary [31] xuat hién cac dinh

suon tuong duong.
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Hinh 2.5. P6 thi mang xa hdi cau lac bd karate ciia Zachary xuét hién nhiéu
dinh swon.

Trén dd thi mang xa hoi cau lac bo karate ctia Zachary [31] gdm c6 34 dinh va
68 canh thi dinh sb 18 va dinh s6 22 14 nhitng dinh suon va chung co thé két hop véi
nhau thanh mét dinh dai dién. Tuong tu nhu vay cac dinh s6 15, dinh s6 16, dinh s6
19, dinh s6 21 va dinh s 23 ciing 13 nhitng dinh sudn tuong duong va chung cé thé
két hop voi nhau thanh mot dinh dai dién duy nhat. Nhu vy ¢ thé két hop cac dinh
suon tuong duong ta thu dugc dd thi mang xa hoi rut gon g6m 29 dinh va 58 canh da
giam 5 dinh va 10 canh so voi dod thi mang xa hdi ban dau.

Pé ching minh dugce d6 do trung tim trung gian ciia cac dinh trong do thi Gz
rit gon ciing chinh 1 d6 do trung tim trung gian cua cac dinh trén d6 thi G ban dau,
nghia 13 dd thi rat gon bao toan d6 do trung tim trung gian cua dd thi ban déu, ta sir
dung cac tinh chat sau:

Tinh chit 2.9. Gia st G2 1 d6 thi rit gon cua db thi G sau khi két hop cac dinh suon
tuong duong cua cac 16p Si thanh mot dinh dai dién S’;, i = 1..h. Ky hi¢u I'2(S’;) =

I'2(u), véiu € Si. Ta cé tinh chét sau:

(i) T (V) =ISi| * Su, ue T2(S%),i=1l.h,u=v,t ¢ {u,S’1, S, ..., S} (2.15)
(i)  Tse (V) =ISi| * tu(v), uel2(S%), i=1.h,u#v,t & {u,v,S’1,5%, ..., 5’n (2.16)
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(ii1) Tsgy, (V) = |Si[*6sw, we T2 (S%),1=1..h, w=v,s ¢ {v,S’1,S’2, ..., S’} (2.17)

(iv) Tsg, (V) = [Si|*tsw(v), we T2 (S%),i=1..h, v£w, s ¢ {w, S’1, S, ..., S’n}
(2.18)

(V) ’Cs,iS,j(V):|Si|*|Sj|*’CuW(U), uel'2(S%), wel2(S%), i, j =1..h, v {u,w,S’;,S’;}
(2.19)

Chung minh.

(i) Pinh déu s = S’; dai dién cho 16p twong dwong ¢ |Si| > 2 phan tir. Vi s cling 1a

(ii)

(iii)

(iv)

v)

dinh sudn, nén moi dudng di ngan nhét tir s = S’; dén t qua v déu phai di qua
mot dinh lién ké ctia s 1a u, u € I'2 (S”), u khong phai 1a dinh sudn. Trén do thi
G», mdi dinh S’; s& dai dién cho |Si| dinh suon twong duong & dd thi G, nén sb
duong di ngan nhit tir s dén t qua v: ts(v) = [Si| * Suckhi v = u.

Tuong ty (2.15), trén d thi G2, mdi dinh S’; s& dai dién cho [Si| dinh sudn twong
duong & d6 thi G, nén sé dudng di ngan nhét tir s dén t qua v: (V) = [Si| * Tu(V),
khi v #u.

Pinh cubi t = S’; dai dién cho 16p tuong duwong co [Si| > 2 phan tir. Vi t ciing 13
dinh suon, nén moi dudng di ngan nhét tir s dén t = S’; qua v déu phai di qua
mot dinh lién ké (tién td) cta t 1a w € I'2(S’;), w khong phai 12 dinh sudn. Trén
d6 thi G2, mdi dinh S’; s& dai dién cho |Si| dinh sudn tuong duong & do thi G,
nén s6 duong di ngan nhat tir s dén t qua v: ts(v) = [Si| * Ssw khi v =w.

Tuong ty (2.17), trén d thi G2, mdi dinh S’; s& dai dién cho [Si| dinh sudn twong
duong & d6 thi G, nén sé duong di ngan nhat tir s dén t qua v: (V) =[Si| * Tsw(V)
khi v#w.

Truong hop dinh dau s = S’; dai dién cho 16p tuong dwong c6 [Si| > 2 phan tir va
dinh cudi t = S’; dai dién cho 16p twong duong cé |Sj| > 2 phan tir. Viss, t ciing
déu 1a dinh suon, nén moi duong di ngin nhat tir s = S’; dén t qua v déu phai di
qua mot dinh lién ké (hau t6) ctia s 1a u va phai di qua mot dinh lién ké (tién t6)
ctia t 1a w. Trén do thi G, mdi dinh S’; s& dai dién cho |Si| dinh sudn tuong

duong va mdi dinh S’; s& dai dién cho |S;| dinh suon tuong duong & d6 thi G,
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nén sd duong di ngan nhat tir s d&én t qua v: t(v) =|Ci| * |Cj| * Tuw(v) khi v # u,

V£ W. "
Vidu 2.6. Xét dd thi G, dugc rat gon tir G cho trudce trong Hinh 2.1.

Céc dinh 1 va dinh 2 13 hai dinh sudn tuong dwong, dinh 1 ~» dinh 2, duoc két
hop v6i nhau thanh dinh dai dién S°1 va cac dinh 6 két hop véi dinh 8 thanh S, nhur
trong hinh 2.6

OGO @ O

O
O

Hinh 2.6. Pb thi G, dwoc rit gon bang cach két hop dinh 1 va dinh 2 thanh
dinh swom S’1, con dinh 6 va dinh 8 két hop thanh S,

2.2.3. Cac 16p dinh dong nhat twong dwong
Pinh nghia 2.5. Cho dd thi vo hudng, lién thong G = (V, E). Hai dinh u, v € V dugc
goi 1a dong nhat (Identical vertex) [84] trén G, ky hiéu 13 u ~3 v khi va chi khi N(u) =
N(v) > 2 va db thi con sinh bai N(u) khong phai clique (dd thi con day du).
Vidu 2.7. Xét dd thi G duge cho nhu trong Hinh 2.1.
Ta thiy cac dinh 5, dinh 8 13 hai dinh dong nhat, dinh 5 ~; dinh 8, boi N(dinh 5) =
N(dinh 8) = {dinh 4, dinh 6, dinh 7, dinh 9}. P4 thi G c6 mét 16p D1 = {dinh 5, dinh
8} hai dinh dong nhét v6i nhau. Két hop dinh 5 va dinh 8 thanh mét dinh dai dién D’
dé duoc db thi rat gon Gs nhu hinh 2.7
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Hinh 2.7. P thi G3 sau khi két hop cac dinh dong nhat twong dwong
Nhiing dinh déng nhat c6 thé két hgp thanh mot dinh dai dién dé rat gon sé dinh
trén db thi. Gia sit G = (V, E) ¢6 céac 16p dinh dong nhat D;, i = 1..1, mdi 16p c6 it nhat
2 dinh dong nhat véi nhau. Két hop nhing dinh dong nhét (trong cing 16p) thanh mot
dinh dong nhat dai dién, ta nhan duoc dd thi Gs = (V3, Es), trong do:
e Vi=V-V3U (DD, ..,D%},v6iV3i=DiuD,uU... UD (F*%)
e E3=E-{(u,v)|ue V3, veNu}ui{v,D5|i=1.1LveN(),vdiuceS;}
Ky hi¢u N(D’;) = N(u), u € D
Tinh chit 2.10. Néu u, v 13 hai dinh ddng nhét (u =3 v) trén do thi G, thi:

dst(u) = Os(V), vOIimois Zv,u#te V (2.20)
Chung minh.

Truong hgp s #v, u#t € V, moi duong di ngan nhat di qua mot dinh u thi, trudc
khi di dén u, chiing phai di qua it nhat mot dinh p 1ién ké voi dinh u (p € N(v)), sau
d6 phai di qua mot dinh q khac lién ké voi u (q € N(u)) sau khi d3 qua u. Viu= v,
nén theo dinh nghia N(u) = N(v), do d6 ciing s& c6 dudng di ngan nhat. qua dinh v.
Do vay, 8s(u) = dsp * Opg(t) * Sqt = Osp ™ Spg(V) * Oqt = dsp(V). u
Tinh chit 2.11. Néu u, v 14 hai dinh dong nhét (u =3 v) trén do thi G, thi:

Ssi(e1) = dst(e2), véimois Zv,u#t e V, véi moi weN(u) = N(v), 1= (u, w), e2=
(v, W) (2.21)
Churng minh.

Twong ty nhu tinh chét 2.10, nhung thay vi xét sé dudng di ngan nhat qua dinh, &

tinh chat 2.11 xét s6 duong di ngan nhét qua canh lién thudc véi hai dinh tuong duong
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u, v va vi tap cac dinh lién ciia u, v bang nhau, nén sé cac dudng di ngan nhit qua e,
e> luén bang nhau. n
Tinh chat 2.12. Gia s G; 1a d0 thi rt gon cta d6 thi G sau khi két hop cac dinh
dong nhét cta cac 16p D; thanh mot dinh dai dién D, i = 1...1. Ta c6 céac tinh chat
sau:

(1) dpi(v) = |Di| * 0w, ue N(D’),i=1..1,u=v,t ¢ {u,D’1;, D2, ..., D1} (2.22)
(i) dpit (v) = |Di| * du(v), ue N(D%), i=1l..Lu#v,t ¢ {u,D’1,D’,...,D1} (2.23)
(iii) Ospi (V) = [Di[*ssw, we N(D%),i=1..1, w=v,s ¢ {v,D’;, D, ..., D1}  (2.24)
(iv) dspi (V) = |Di|*ssw(v), we N(D’y), i=1..1, v#w, s ¢ {w, D’, D2, ..., D1} (2.25)
(V) dpipi(v)=|Di[*|Dj[*6uw(v), ueN(D’), weN(D’)), 1, j =1..1, ve {u,w,D’;,D’;} (2.26)
Chung minh.

(i) Pinh dau s = D’; dai dién cho 16p twong dwong ¢ |Di| > 2 phan tir, nén moi dudng
di ngan nhat tir s = D’ dén t qua v déu phai di qua mot dinh lién ké cia s lau, u €
N(D’). Trén d6 thi Gs, mdi dinh D’; s& dai dién cho |Di dinh dong nhat ¢ d6 thi G,
nén sd duong di ngan nhat tir s dén t qua v s& 13: 8s(v) = |Di| * Suckhi v = u.

(i) Tuong tu (2.22), trén dd thi G2, mdi dinh S’; s& dai dién cho |Si| dinh sudn tuong
duong & dd thi G, nén sé duong di ngin nhét tir s dén t qua v: 8x(v) =|Si| * Su(v), khi
V£ U.

(iii) Pinh cubi t = S’; dai dién cho 16p twong duong co [Si| > 2 phan tir. Vi t cling 1a
dinh sudn, nén moi dudng di ngin nhat tir s dén t = S’ qua v déu phai di qua mot dinh
lién ké (tién t6) ciia t 1a w khong phai 1a dinh ddng nhat. Trén d6 thi G, mdi dinh S’;
s& dai dién cho |Si| dinh dong nhat twong duong & d6 thi G, nén s6 dudng di ngin nhat
tir s dén t qua v: 8s(v) = |Si| * Ssw khi v =w.

(iv) Tuong tu (2.24), trén d6 thi G2, mdi dinh S’; s& dai dién cho |S;| dinh trong duong
& d6 thi G, nén sé dudng di ngan nhat tir s dén t qua v: 8x(v) = |Si| * Tsw(V) khi v #
w.

(v) Trudng hop dinh dau s = S’ dai dién cho 16p tuong duong co [Si| > 2 phan tir va

dinh cudi t = S’ dai dién cho 16p tuwong dwong c6 [Sj| > 2 phan tir. Vi s, t cling déu 1a
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dinh dong nhat, nén moi dudng di ngan nhat tir s = S’ dén t qua v déu phai di qua
mot dinh lién k& (hau td) cta s 12 u va phai di qua mot dinh lién ké (tién t6) cua t 13
w. Trén dd thi G2, mdi dinh S’ s& dai dién cho |Si| dinh tuong duong va mdi dinh S’;
s& dai dién cho |S;| dinh twong dwong & d6 thi G, nén s6 dudng di ngan nhat tir s dén
t qua v: 8s(v) = |Ci| * |Cj| * Tuw(Vv) khi v #u, v # w. Trén dd thi G, dinh D’; dai dién
cho |Dj| > 2 dinh ddng nhat va trén d6 thi G mdi dinh v e D; lién ké véi [N(D”)| =
IN(v)| dinh. Do vay, lu6n c6 [N(D’;)| duong di ngan nhét tir dinh dai dién D’; toi chinh
no, trong d6 c6 mot dudng di ngan nhat di qua dinh lién ké v cia dinh dai dién D’;
trén d6 thi Gs. Tir d6 suy ra Spipj(v) = 1/ [N(D%)| véi v € N(D’). -
2.3. Thuit toan rit gon d6 thi dua vio d do trung tAm trung gian

P do trung tam trung gian ctia canh duoc tinh dya vao sé dudng di ngan nhat
gitta cac cap dinh khéac nhau trén dd thi. Do thi mang xa hoi thuong rat phuec tap, co
sO dinh va canh 14 rat 16n, nén viéc tinh cac d6 do trung tim trung gian rat tén thoi
gian. Bai toan tim duong di ngin nhat giita cac dinh trén do thi 14 bai toan thudc 16p
NP-kho.

Duya trén céac tinh chét cia cac dinh twong dwong theo d¢ do trung tim trung
gian dugc trinh bay & Muyc 2.2, Muyc ndy trinh bay dé xuat thuat toan REG (Reduce
Equivalance Graph) thuc hién két hop cac dinh tuong duong theo d6 do trung tim
trung gian trong dd thi thanh mét dinh dai dién. Cong viéc rut gon dd thi nay khac
v6i rat gon d6 thi thong thudng ¢ chd rat gon céac 16p dinh tuong duong theo do do
trung tAm trung gian khong lam thay doi tinh chét ctia d thi ban dau va bao toan
dugc gia tri cuia do do trung tdm trung gian.

Nhu vay thuat toan REG thuc hién két hop cac 16p dinh tuong duong theo do
do trung tam trung gian trén dd thi, giam thiéu dugc sb dinh va sb canh trén d6 thi
mang xa hoi. Qua do lam tang hi€u qua, rat gon thoi gian tinh todn cta cac thuat toan
tinh do do trung tdm trung gian trén do thi. Pong thoi gitip tang hiéu qua cia nhom
cac thuat toan phan tich, phat hi¢n cac cAu tric cong d@)ng trén do thi mang xa hoi su

dung d¢ do trung tam trung gian.
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Thuat toan REG (Reduce Equivalance Graph)

Input: Do thi mang xa héi G=(V, E)

Output: D thi mang xa hoi G2 = (V,, E,) 1a d6 thi thu dugc sau khi thuc hién thuat
toan riit gon cac 16p cac dinh treo va dinh sudn tuong duong vé d do trung tim trung
gian trén dd thi mang xa hai.

Bude 1. Tim tit ca cac dinh treo va dinh suodn trén d6 thi

Budrc 2. Tim cac 16p twong duong cac dinh treo va dinh suon trén do thi.

Buée 3. Két hop cac 16p tuong duong cac dinh treo thanh dinh treo dai dién va két
hop céc 16p dinh sudn thanh dinh sudn dai dién. (Dya vao (*) va (*%)).

Gia ma thuat toan Reduce Equivalence Graph (REG)

Input: G=(V, E) i )
Output: G = (V1, E1) - d6 thi thu dugc sau khi két hgp cac dinh twong duong
V¢, Vs - Tap cac dinh treo, dinh suon dai dién cho 16p tuong duong
V1 = V;

E = E;

Pl =; //Stack luu cac cap (dinh treo, dinh lién ké)

P2=; //Stack luu cac cap (dinh suon, tap dinh lién k&)
foru e Vi do{

N[u] = Neighbor(G, u); // Tim céc dinh lién ké v&i u
if(deg(u) == 1) then {// Tim tat ca cac dinh treo
v = N[u]; // N[u] 12 mét dinh lién ké véi u
P1.push(u, v); / Luu cap (dinh treo u, dinh lién ké&) vao P1
Vi =V, - {u}; Ei =E - {(u, v)}; // Loai b6 dinh treo va canh lién ké
} // if(deg(u) == 1)
// Tim tét ca céac dinh suon
if (Clique(N[u])) then {  // Kiém tra d thi cam sinh N[u] Ia clique
Vi=Vi-{u};  //Loaibo dinh suon ukhéi do thi G
for v e N[u] do{ //Loai bo cac canh lién ké véiu
Ei=Ei - {(u,v)}; // Loai bé céac canh lién k& v&i u
P2.push(u, N[u]); // Luu cap dinh suon va tap lién ké (u, N[u]) vao P2
}
}
}// foru e Vi
// Tim cac 16p tuong duong cua cac dinh treo
k=1;
(u, v) = P1.pop(); // Lay ra ting cip dinh twong tng cta dinh treo
Clk] = {u} // Mang 16p cac dinh treo tuong duong
N[k] = v; // Pinh lién ké véi dinh thudc 16p C[k]
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while( P1 != ) do {
(u, v) = P1l.pop();
=L
loop = true;
while (j <=k && loop) do {
if (N[j]==v) then { // Kiém tra nhiing dinh treo c6 dinh lién ké 1a v
C[j] = C[j] U {u}; // Bé dua vao ciing mdt 16p
loop = false;
}elsej=j+1;

if (loop) then { // Khi dinh cac 16p trude khong tuong duong voi u
k =k + 1;// Tim 16p ti€p theo

Clk] = {u};

N[k] =v;

}

}+ // while( P1 1= )

// Két hop cac dinh twong tuong duong & 16p C[j] thanh dinh treo dai dién C;
Ve=0;
for j=1tokdo { //kldéptuong duong cac dinh treo

Ve=Vcu {C’j}; . )
Ei=Ei U {(C’;, N[j])} // B6 sung thém canh ndi dinh dai dién 16p tuong
V1 = V1 V) Vc;

/i forj=1tok
// Tim cac 16p tuong duong cta cac dinh sudon

h=1;

(u, M) = P2.pop(); // Lay ra timg cip (dinh suon, tap dinh lién ké)
S[h] = {u} // Mang céc 16p dinh suon

N[h] =M; // Tap cac dinh lién ke véi dinh suon thude 16p S[h]

while( P2 =) do {
(u, M) = P2.pop();
=L
loop = true;
while (j <=h && loop) do {
if(N[j] == M) then { //Kiém tra nhitng dinh sudn tuong duwong
S[j1=S[j] v {u}; // Binh u vao 16p twong duong S[j]
loop = false;
telsej=j+1;

if (loop) then {
h=h+1;
S(h] = {u};
N[h] =M;

}

b

/1 Két hop céac dinh twong twong duong ¢ 16p S[j] thanh dinh suon dai dién S;
Vs =;
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forj=1tohdo {

Vs =Vsu {S’j}; // Tap céac dinh sudn dai dién tuong duong

for v e N[j] do {

Ei=Ei v {(S%, v)}

}
}
foru e V,do {
| Wi(u)=W(u); //Nhimng dinh khong 1a dinh swon van giit nguyén trong 5O

}
V1 :Vl UVs;

Thii tuc tinh toan Neighbor(G, u): Tim cac dinh lién ké ctia u trong d6 thi G
Input: D6 thi G = (V, E, W) vadinhu e V
Output: N - tap cac dinh lién ciia u trong do thi G
N =
forv e Vdo {

if ((u, v) € E) then {

IN=NU {v};

H

H

return N;

Thii tuc tinh toan Clique(G, N): Kiém tra xem d0 thi con sinh bdi tp N trong d6 thi G ¢6 1a d6
thi con day du hay khéng.
Input: DO thi G=(V, E, W) vatap dinh N c V
Output: True néu do thi con sinh boi tap dinh N trong d6 thi G, 1a clique, nguoc lai False
foru e Ndo {
forv e N- {u} do {

if ((u, v) ¢ E) then {

| return false;

}

}
}

return true;

Vi du 2.8. Minh hoa thuat toan REG
Xét @6 thi mang xa hoi Kite [56] nhu sau:

c

Hinh 2.8. P6 thi mang xa hdi Kite



63

Thyc hién tinh d¢ do trung tdm trung gian cua cic dinh trén d6 thi mang xa hoi
Kite ta c6 dugc Bang 2.1 nhu sau.

Bang 2.1. P9 do trung tAm trung gian cac dinh trén dé thi mang xi hgi Kite

Stt Pinh ciia do thi Do do trung tam
mang xa hji trung gian cua dinh
1 Dinh A 0.023
2 Dinh B 0.023
3 Dinh C 0.000
4 Dinh D 0.102
5 Dinh E 0.000
6 Dinh F 0.231
7 Dinh G 0.231
8 Dinh H 0.389
9 Dinh I 0.222
10 Dinh J 0.000

Qua s6 liéu tai Bang 2.1 ta thay d6 do trung tAm trung gian ciia cac dinh trong do
thi mang xa hdi nhu sau:

Cs(A) = Cs(B) = 0.023, Cp(C) = Cs(E) = 0.000, Cg(F) = Cs(G) = 0.231

Nhu vay céac dinh tvong duong véi nhau vé do do trung tdm trung gian: gém dinh
A véi dinh B, dinh C v¢i dinh E, dinh F véi dinh G.

Thuét toan REG thuc hién két hop cac dinh A va dinh B thanh mdt dinh dai dién
A’, tuong tu két hop dinh C va dinh E thanh mét dinh dai dién C” va cudi cliing két
hop dinh F va dinh G thanh mot dinh F’. Két qua thu dugc d6 thi mang xa hoi Kite

rat gon nhu sau:

1'/.> ->\.L
[cC )
A A

| A ) } { F )
A A A
7\ 7\
X T
D
\__/

Hinh 2.9. P6 thi mang xa hdi Kite riit gon
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Do phirc tap ciia thuit toan REG.

Thuat toan REG (G) thyc hién qua ba budc.

Budce 1. Co do phuc tap tinh todn 1a O(n * (d; + d,)), véi n = |V| va dq1a d phic
tap tinh toan cua thu tuc Neighbor (G, u) va d, 1a d0 phuc tap tinh toan cua thu tuc
Clique (G, N).

Budc 2. Duyét lan luot cac cap (dinh, tap céc dinh lan cén) dugc léy ra tir S dé tim
cac 1op twong duong c6 do phuc tap tinh toan 1a O(n * k), véi k 14 bac cua cac dinh
trén do thi.

Bude 3. Rut gon h 16p twong duong nén c6 dd phic tap tinh toan sé 1a O(h * k), thong
thuong h << n. Ddi véi nhitng d6 thi mang xa hoi thuong 1a dang d6 thi c6 sd cac
dinh 14an can (bac ciia mdi dinh) d =k <<m, véi d va m 1a cac héng s6, nén thuat toan

REG c6 d6 phirc tap thoi gian tuyén tinh (O(n)).

2.4. Thuit toan rit gon d6 thi mang xa hgi dua vao nguyén ly lan truyén nhén

Trén d6 thi mang xa hdi c6 kha nhiéu dinh c6 nhin gidng véi nhan (trong cung
mot cau tric cong dong) ciia mot trong s6 cac dinh 1an can, va nhan cua ching ludn
dugc cap nhat lai theo nhiing dinh d6 sudt trong qua trinh lan truyén nhan. Nhiing
dinh nay tuong duong v6i nhau theo ciu tric, luén cé cing nhén trong cac bude lan
truyén nhén, sé tao thanh céac 16p twong dwong va do vay, c6 thé két hgp ching véi
nhau thanh mot dinh dai dién duy nhat cho ca 16p dinh nham giam thiéu dang ké s6
dinh va s canh ciia d6 thi mang xa hoi ban ddu ma khong anh huéng dén ciu trac
cua d6 thi mang xa hoi ban dau. Chuong 1 luan an da gidi thi¢u mot s6 cac thuat toan
pho bién dé phat hién cau tric cong dong trén d6 thi mang xa hoi. Mot trong nhimng
thuat toan hi¢u qua trong linh vuc nay 13 thuat toan lan truyén nhin LPA (Label
Propagation Algorithm) [85] dwa vao phuong phap hoc ban giam sat trén do thi.
2.4.1. Thuit toan lan truyén nhin

Nguyén 1y co ban phuwong phép lan truyén nhan 1a sir dung thong tin nhan cia
cac dinh duoc gan nhan dé dy doan thong tin vé nhin cua nhitng dinh chua duoc gin
nhin. LPA néi chung hoat dong nhu sau: ban d¢au mdi dinh trong mang dugc gan mot

nhan duy nhat. Trong moi lan lap, cac dinh s€ cap nhat nhan cuia né thanh nhan xuat
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hién thudng xuyén nhat trong ving 1an cén, néu c6 nhiéu dinh c6 nhan thuong xuyén

nhat thi chon mét cach ngiu nhién. Phuong phap lan truyén nhin dé cap dén ba tinh

nang chinh nhu sau:

(1) Tinh ning dau tién 1a d6 phirc tap thoi gian gan tuyén tinh. D6i véi mot mang
gdm n dinh va m canh, d6 phtc tap thoi gian cia thuat toan lan truyén nhén la
O(m+n).

(i)  Tinh nang tht hai 12 kha ning phat hién cdu tric cong dong ctia né khong phu
thudc vao quy mo, do 16n cua mang. N6 khong bi anh huong boi gidi han do
phén gidi nhu cac phuong phéap dua trén mo dun.

(iii)  Tinh ning thir ba 14 tinh ngéu nhién ctia n, bao gdbm nhin ban dau ngau nhién,
thir ty cap nhat nhan ngiu nhién va chon ngiu nhién mét trong cac nhin tdi da
lam nhan cia dinh khi nhin téi da khong phai 1a duy nhat.

Uu diém 16n nhat ciia thuat toan lan truyén nhan 13 thuat toan khong yéu cau
bat ky tham s6 nao va thuat toan c6 do phirc tap thoi gian tinh todn gan tuyén tinh, do
d6 hiéu qua thyc hién cia thuat toan lan truyén nhéan trong cdc mang xa hoi 16n 1a
tuong ddi cao.

Mang x4 hoi duoc biéu dién bai d6 thi v6 hudng lién thong G = (V, E), V 1a tap
cac dinh va E 1a tap cac canh. Pinh v lién ké (1an can) v6i w néu (v, w) € E (hoic
(w,v) € E). Gia sir dinh v c6 k dinh 1ién k&, ky hiéu N(v) = {vi, va, ..., vk}. Mdi dinh
vj lién ké véi v mang nhan L(v;) biéu thi cho cong dong ma v; thudc vé.

Mdi dinh dugc khdi tao bang mot nhan duy nhat va dé cac nhan truyén qua
mang. Khi cac nhan lan truyén, cac nhém dinh duge két ndi day dac nhanh chong dat
duogc sy dong thuan vé mot nhom cling nhan duy nhat dugce tao trén mang, chung tiép
tuc mo rong ra bén ngoai cho dén khi c6 thé lan truyén tiép. Vao cudi qua trinh lan
truyén, cac dinh c¢6 cung nhan dugc nhém lai thanh mét cong d@)ng.

Trong qué trinh cdp nhat lan truyén nhén, dinh x tai 1an 1ap thur t cdp nhat nhan
ctia n6 dua trén nhin ciia cac 1an can cua no tai lan lap thir t - 1. Ly twong nhat 14 qua

trinh 13p lai s& tiép tuc dén khi khong c6 dinh nio trong do thi thay d6i nhan.
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Thuit toan lan truyén nhin LPA [85]

Input: Do thi mang xa héi G=(V, E)

Output: Céc cong dong mang xa hoi

Budce 1. Khoi tao nhan duy nhét cho tat ca cac dinh trong mang, L(i)=1,1 € V.
Budére 2. Dt X 1a danh sach (ddy) cac dinh duoc sap xép theo thi ty ngiu nhién.
Budc 3. Voi mdi v € X dugce chon theo thit ty ngau nhién, cap nhat lai L(v) 1a nhan
ctia dinh 14n can xuét hién thuong xuyén nhat.

Buée 4. Néu mdi dinh c6 nhan 1a s6 luong t6i da ma cac dinh 1an can cia n6 co, thi
dung thuat toan, chuyén sang Budc 5; Nguoc lai tiép tuc thuc hién Budc 2.

Buwée 5. Nhitng dinh c¢6 cting nhan sé& tao thanh mot cong dong trén mang xa hoi.

Do phiic tap ctia thuat toan LPA 1a O(m-+n) va d6i véi nhitg do thi thua 1a O(n),
v6in = [V|, m = |E[; Nghia 1a d6 phirc tap ctia thuat toan LPA gan tuyén tinh.

Nhiéu dé xut phat trién, cai tién thuat toan lan truyén nhan bang cach thay d6i
cach gan nhin ban dau, cach lién két ngau nhién bi pha v& va liéu mot dinh c6 bao
gdm chinh né trong viéc tinh toan nhin thuong xuyén nhat trong ving 1an can.

Nam 2010, Liu va céac cong su [66] dé xuét cai tién thuat toan lan truyén nhan
ELPA dya vao d6 do don thé nang cao (Advanced modularity) dé phat hién cac cau
trac cong dong trong mang hiéu qua hon bang cach két hop cac lgi thé ty nhién cia
cau triic cong dong. Nam 2012, Wu va cac cong su [109] str dung phuong phap lan
truyén da nhan can bang EMLPA (Balanced multi-label propagation) dé phat hién
cac cau truc cong dong gdi nhau. Sau d6 nhiéu nhém nghién ctru tiép tuc cai tién thuat
toan lan truyén nhin, nhu Wang va cac cong su [104] dé xuat thuat toan lan truyén
nhan lai HLPA, st dung mot chién lugc cap nhat lai dé cai thién hiéu qua qua trinh
lan truyén nhan. Nam 2014, Zhang va cac cong sy [117] dé xuat thuat toan lan truyén
nhan dy bao chuyén doi ty 18. Nam 2018, Arab va Hasheminezhad [5] dé xuat thuat
toan phat hién cong dong hiéu qua vai viée truyén nhin bang cach sir dung tim quan
trong cua cac dinh va trong s6 cuia cac canh.

Do thi mang xa hdi thuong rat phuc tap, co s6 dinh, sb canh rat 16n, nén cong

vi€c phat hién cac cau tric cdng dong trén mang xa hdi doi hoi rat nhiéu thoi gian.
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Vi vay, mic du thuat toan lan truyén nhan di c6 do phic tap thoi gian tinh toan gan
tuyén tinh, tuy nhién gan day van c6 rat nhiéu cac nghién ctru tiép tuc cai tién, phat
trién thuat toan lan truyén nhan nham phat hién cong dong nham dat duoc hidu qua
cao hon nira. Tuy nhién, hau hét nhitng thudt toan cai tién, phat trién thuat toan lan
truyén nhan néu trén chua dé cap dén viéc rat gon do6 thi mang xa hoi theo nguyén ly
lan truyén nhan c6 thé giam thiéu dugc dang ké s6 dinh va sé canh cua do thi mang
x4 hoi gitup cho viéc phat hién cong ddng mang xa hoi nhanh, hiéu qua t6t hon.

Phan tiép theo trinh bay tinh chat twong duong ctia 16p dinh theo nguyén 1y lan
truyén nhin va dé xuét thuat toan thyc hién két hop nhimng dinh twong dwong (c6 cling
nhan, chung nhan) v6i nhau thanh mot dinh dai dién giup cho giam thiéu dang ké sb
dinh va s6 canh cia d6 thi mang xa hoi.
2.4.2. Rut gon d6 thi mang xa hoi dwa vao nguyén Iy lan truyén nhin

Trén dd thi mang xa hoi thuong cé kha nhiéu dinh cé nhan giéng véi nhin cia
mot trong s6 cac dinh 1an c4n, va nhan cua ching luon dugc cap nhat lai theo nhiing
dinh d6 sudt trong qua trinh lan truyén nhan. Nhiing dinh nay tuong dwong véi nhau
theo nguyén 1y lan truyén nhén, luén cé ciing nhin trong cac budc lan truyén tiép theo
va sé tao thanh cac 16p tuong duong. Do vay, cac 16p dinh trong duong niy co thé
két hop dugc voi nhau thanh mot dinh dai dién nham giam thiéu dang ké s6 dinh va
s6 canh cua d6 thi mang x4 hoi. Pong thoi giai quyét dugc van dé dat ra 1a phat hién
cong dong trén cac mang xa hoi cé kich thude rat 1on, phat trién khong ngimg theo
thoi gian.
2.4.2.1. Lép cac dinh twong dwong theo nguyén ly lan truyén nhéin

Mang x3 hoi duoc biéu dién dudi dang do thi don, lién thong G = (V, E), V 1a
tap cac dinh va E 1a tdp cac canh. Dinh v lién ké (lan can) voi w néu (v, w) € E (hoac
(w, v) € E). Gia str dinh v ¢ k dinh lién k&, ky hiéu N(v) = {v1, V2, ..., vk}. Mdi dinh
lién ké v; mang nhan L(v;) biéu thi cho cong dong ma v; thudc veé.

Phuong phép lan truyén nhan thyc hién cap nhat lai nhan cia dinh v theo nhan
xuat hién thudng xuyén nhat cta cac dinh lién ké&. Mot cach hinh thire, nhin cua dinh

v duoc cap nhat theo nhén cua cac dinh u lién ké nhu sau [85]:
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L) =TT v L) == 1] (2.27)
Trong d6: L(u) ky hiéu nhén hién tai cta dinh u, L(u) == [ tic 1a nhan xuat hién
thudng xuyén nhat ctia dinh u 1a [.

L(v) ky hiéu nhan méi cua dinh v, N(v) 1a tap cac dinh lién ké (14n can) cta dinh v
Cong thirc 2.27 x4c dinh L(v) nhin xuét hién thuong xuyén nhat (cuc dai) trong tap
cac dinh l1an can N(v) cua dinh v.
Tinh chit 2.13. Néu hai dinh u, v € V ¢6 céc tap cac dinh lién ké (lan can) giéng
nhau N(u) = N(v) thi chung c6 cung nhan, nghia 1a L(u) = L(v).
Chitng minh. Suy ra truc tiép tir cong thirc (2.27) [
Nhan cua u, v dugc cap nhat lai theo nhan cua cung mot dinh xuét hién thuong xuyén
nhat. Vi dy dinh w € N(u) = N(v).
H¢ qua 2.1.

(1) Céc dinh treo tuong duong dugc cap nhat cung mot nhan

(i)  Cac dinh suon tuong duong dugce cap nhat cung mot nhan

Nhu vay céc dinh treo va dinh sudn twong duong dugc trinh bay ¢ trén s€ co
cung nhan vdi nhau.

Pinh nghia 2.6. Cho trudc dd thi vo hudng, lién thong G = (V, E). Hai dinh u, v €
V dugc goi 1a hai dinh twong dong trén G, ky hiéu 1 u ~ v khi va chi khi N(u) = N(v).
Vidu 2.9. Xét dd thi duoc cho nhu trong Hinh 2.10.

5 @ ® @
OROROS0
SO0 ©©

O

Hinh 2.10. P6 thi mang xa hoi G
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D@ thay, cac dinh 1, dinh 2, dinh 3 twong dwong véi nhau, dinh 1 ~ dinh 2 ~
dinh 3 vi N(dinh 1) = N(dinh 2) = N(dinh 3) = {Dinh 4}. Tuong ty nhu vay, dinh 6 =
dinh 7 vi N(dinh 6) = N(dinh 7) = {dinh 4, dinh 5, dinh 8, dinh 9} hoac dinh 14 =
dinh 15 vi N(dinh 14) = N(dinh 15) = {dinh 10}.

Quan hé ~ hién nhién 14 quan hé twong duong, do vay, nhitng dinh tuong dong
(twong duong) sé& tao thanh céac 16p twong duong. Tat ca cac dinh trong 16p tuong
duong, c6 thé két hop lai thanh mot dinh dai dién dé rat gon s6 dinh va sb canh trén
do thi.

Cho trudc d6 thi vo hudng, lién thong G = (V, E) va quan hé ~ xac dinh q 16p
twong dwong D;, i = 1..q. Két hop nhiing dinh tuong dong trong 16p D;, [Di| > 2, i =
1..q, thanh mot dinh dai dién Dy, dé nhan duoc dd thi rit gon G = (V1, E1), trong
do:

1) Vi=V -Vou {D’1,D’, ..., D’g}, v6i V2 =D1u DU ... UD,. (2.28)
(i) Ei=E-{(u,v)|ue Vo, ve Nu}ui{v,D%l|i=1.q,ve N(),vdiu e
Di} (2.29)

Theo nguyén 1y phwong phép lan truyén nhin, thi nhan cua cac dinh trong mdi
16p twong duong cling sé dugc cap nhat lai theo nhan cua dinh dai dién khi qua trinh
lan truyén nhan két thic.

Vi du 2.10. Két hop nhiing dinh dong nhat cta do thi G trén Hinh 2.10 nhu sau. Lép
tuong duong gdm cac dinh 1, dinh 2, va dinh 3 s& dugc dai dién bang dinh 3', 16p
tuong duong gom cac dinh 6 va dinh 7 két hop véi nhau va duoc dai dién bang dinh
7'. Tuong ty, 16p twong dwong goém cac dinh 11 va dinh 12 dugc dai dién bang dinh
12' va 16p tuong duong gém dinh 14 va dinh 15 dugc dai dién bang dinh 15'. Khi d6

dd thi G & Hinh 2.10 s& duoc rat gon nhu sau:
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Hinh 2.11. Db thi G rit cic dinh twong dwong tir G

D6 thi G c¢6 16 dinh, 21 canh dugc rit gon thanh G; con 11 dinh va 12 canh.
Hién nhién, L(dinh 1) = L(dinh 2) = L(dinh 3) = L(dinh 3°), L(dinh 6) = L(dinh 7) =
L(dinh 7°), L(dinh 14) = L(dinh 15) = L(dinh 15°) va L(dinh 11) = L(dinh 12) =
L(dinh 12°), Vi=V -V U {D’,D’, ..., D’q}, v61i V2=D1u Dy U ... U Dq.
2.4.2.2. Thuit toan két hop cac dinh twong dong twong dwong trén dd thi mang xa
hi

Trén co so nghién ciru cac tinh chat twong dwong cua cac dinh theo phuong
phap lan truyén nhan, Muc nay dé& xuat thuat toan LREN (Label based Reduce
Equivalence Nodes) thuc hién rat gon dd thi trén co s két hop cac dinh twong dong
twvong dwong thanh dinh dai dién nham giam thiéu khong gian tinh toan cua do thi.
Thuéat toan LREN (G)
Input: G = (V, E) - db thi ban dau
Output: G = (V1, E1) - d6 thi thu duoc sau khi két hop céac dinh tuong dong.
Thuat toan LREN gdm ba budc nhu sau:
Budre 1. Tim tap nhiing dinh dong nhét cua do thi mang xa hoi ban dau
Budrc 2. Tim cac 16p twong duong clia cac dinh tuong dong trén d6 thi mang xa hoi
Buéc 3. Két hop céc dinh tuong duong thanh dinh dai dién D’} theo (2.28) va (2.29).
Gia ma thuat toan Label based Reduce Equivalence Nodes (LREN)

Input : G=(V,E)

Output: Gy = (V1, E;) - db thi thu duoc sau khi két hop cac dinh twong dong
Vp - tép nhitng dinh trong dong cia d6 thi G
Vi= V;
E, = E;
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S =; // Stack luu cac dinh twong dong va tap dinh lién ké
// Buéc 1. Tim tap cac dinh lan cén va luu vao S
for u € V do { // Tim tét ca cic dinh tuong dong
N[u] = Neighbor(G, u); // Tim céac dinh lién k& viu
if (!Clique(N[u] && |N[u]| > 1) then { // Kiém tra u ¢6 thé 1a dinh tvong dong
| S.push(u, N[ul); // Luu cip (u, N[u]) vao S
}
; :
// Budc 2. Tim cac 16p twong duong cua cac dinh tuong dong
h=1;
(u, M) =S.pop(); // Lay ra timg dinh va tap dinh lién ké ctia n6
S[h] = {u} // Lép cac dinh twong dong
N[h]=M; // Tap cac dinh lién k& véi dinh twong dong thudc 16p S[h]
while( S =) do {
(u, M) = S.pop();
j=1L
loop = true;
while (j <=h && loop) do {
if(N[j] == M) then { // Kiém tra nhitng dinh sudn tuong duwong
D[j]1=D[j] v {u}; // Bua u vao 16p tuong duong D[j]
Vi =V, - {u}; //Loaibo dinh u dé sau d6 thay bang dinh dai dién
for v e N[j] do {
| Ei=E; - {(u, v)}; // Loai b6 cip canh lién ké u, v
}

loop = false;

j
if (loop) then {
h=h+1;
D[h] = {u};
N[h] =M;

It

}
J ‘ ‘ ‘
k = 0; // Chi xét nhiing 16p c6 nhicu hon hodc bang 2 dinh tuong dong
forj=1tohdo {
if |D[j]| = 2) then {
k=k+1;
D’[k] = D[jl;
N'[k] = Njl;
j
}

// Buéc 3. Két hop cac dinh twong twong dwong & 16p D[j] thanh dinh twong dong dai dién D’

Vp = @;

forj=1tokdo {
Vp=Vpu {D’}; //Bb sung dinh dai dién 16p tuong dwong
for v e N’[j] do {
| Ei=E;uU {(D’;, v)} // B sung cac canh lién ké ciia dinh dai dién
}

}
Vi=V,u VD;
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Thii tuc tinh toan Neighbor(G, u): Tim cac dinh lién ké ctia u trong d6 thi G
Input: D6 thi G = (V, E, W) vadinhu e V
Output: N - tap cac dinh lién ciia u trong do thi G
N =
forv e Vdo {

if ((u, v) € E) then {

IN=NU {v;

}

}

return N;

Thii tuc tinh toan Clique(G, N): Kiém tra xem d0 thi con sinh bdi tap N trong d6 thi G ¢6 1a do
thi con day du hay khéng.
Input: DO thi G =(V, E, W) va tap dinh N ¢ V
Output: True néu do thi con sinh bi tap dinh N trong d6 thi Gy 1a clique, nguoc lai False
foru e Ndo {
forv e N- {u} do {

if ((u, v) ¢ E) then {

| return false;

}

}
}

return true;

Do phirc tap tinh toan cia thuat toan LREN
Thuét toan LREN (G) thuc hién qua ba budce vdi do phuc tap nhu sau:
Buwée 1. Co do phuc tap tinh toan 1a O(n * d), véin = [V| va d 1a d§ phuc tap cua thu
tuc tinh toan Neighbor(G, u), tim cac dinh lan can cua u.
Budc 2. Duy¢t lan lugt cac cap (dinh, tap cac dinh lan can) dugc léy rater S dé tim
cac 16p twong duong c6 do phuc tap tinh toan 1a O(n * k), véi k 14 bac cua cac dinh
trén do thi.
Bude 3. Rut gon h 16p twong duong nén c6 dd phuc tap tinh toan sé 1a O(h * k), thong
thuong h <<n.

DPéi véi nhitng dd thi mang xa hdi thuong 1a dang dd thi c6 sb cac dinh 1an can
(bac cua mdi dinh) d =k <<m, véid vam la héng s6, nén thuat toan LREN co6 do

phirc tap thoi gian gan tuyén tinh O(n).
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2.5. Thue nghiém va danh gia

Vi¢c danh gid muc do cai thién vé do phuc tap va tinh hi¢u qua, chét lugng rut

gon cua cac thuat toan dé xuat duge thuc nghiém trén cac bd dir liéu mang xa hoi
chuan [47], [60].
2.5.1. B dir liéu

Pé thay 16 hiéu qua cia thuat toan dé xuat, nghién ciru sinh thuc hién thyc

nghiém trén ba bo dir li¢u. Nhém thir nhét gém cac b dir liéu Com-Amazon, com-

Youtube va com-DBLP la cac mang xa hoi 16n c6 trén ngudn dir liéu da dugc cong

bb cong khai trén Stanford large network dataset collection [60].

Co-product purchasing network (Com-Amazon) [60]: Cac dinh dai dién cho céac
san pham. Cac dinh lién ké dai dién cho cac san pham thudong duoc mua lai. Cac
cong dong trong mang dugc xac dinh theo hé thong phan loai san pham. Hé s6
phan cum trung binh ctia mang 13 0.3967, s6 luong cau tric cong dong thuc 13
75149 cong dong.

Co-publishing network (Com-DBLP) [60]: Cac dinh dai dién cho cac tac gia.
Céac dinh lién ké dai dién cho cac tac gia co it nhat mot an phém duoc chia sé.
Céc cong dong duge xac dinh 14 tip hop cac tac gia da xuat ban trong cling mot
tap chi hoac hoi nghi. H¢ ) phan cum trung binh ciia mang 1a 0.6324, ) luong
cdu triic cong dong thuc 1 13477 cong dong.

Com-Youtube [60]: Cac dinh dai dién cho nguoi ding va céc canh thé hién mbi
quan hé giita hai ngudi dung. Cac cong dong duge xac dinh boi tu cach thanh
vién trong cac nhém do ngudi dung tao ra. Hé s6 phan cum trung binh clia mang

13 0.0808, s6 lugng ciu trac cong dong thuc 1a 8385 cong dong.

Nhu vay qua phan tich ba bg dit liéu mang Com-DBLP, com-Amazon va com-

Youtube ta thdy diém khéac biét giira cac bo dir liéu nhur sau:

Tht nhat hé sb phan cum cua mang Com-DBLP c6 gia tri 16n nhét 0.6324, sau

d6 dén mang Com-Amazon 1a 0.3967 va cubi cing nhé nhat mang com-Youtube 13

0.0808. Hé s6 phan cum khac nhau phan 4nh ciu triic cac mang khac nhau.
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Tht hai xem xét ti 16 s6 canh - sb dinh trén ca ba mang la kha tuong d@)ng nhau,
ddi véi mang com-Amazon la 2.76, mang com-DBLP 1a 3.31 va mang com-Youtube
la 2.63.

Thir ba quy md cong ddng trung binh trong mang com-DBLP 14 53.41 16n hon
s0 v&i hai mang con lai, gap 2.75 1an mang com-Amazon 1a 19.38 va gap 3.96 lan
mang com-Y outube 1a 13.50

Thir tw cong dong trong mdi bo dir lidu 14 khac nhau. Cong dong & mang com-
Amazon la danh muc cac san phém, dbi véi mang com-DBLP 1a noi xuat ban, va
mang com-Y outube 1a mdt nhém nguodi dung.

Cubi cung, quy md thanh vién trung binh trong mang khac nhau. Trung binh,
mot san phém cua com-Amazon dugc phan vao 8,74 danh muc san phém khac nhau;
mot tac gid trong com-DBLP xuat ban t6i 1,69 dia diém va chi c6 mot trong s6 muoi
nguoi dung com-YouTube tham gia nhom s¢ thich.

Nhu vay ba bg dir li¢u dugc dua vao thyc nghiém la cac bo dir li¢u co6 tinh da
dang tir cu trac mang dén tinh chat ciia mang, dam bao dugc yéu t6 khach quan trong

thuc nghiém.

Bang 2.2. Bang cac bd dir liéu thudc nhom thir nhat

Stt B0 dir liéu Sf') dinh cua S(f) canh caa Sf')‘lu’(yng )
thwe nghiém do tl}i mang do tl}i mang cong dAﬁng tlA’u.rc te
xa hoi xa hoi cong bo
1 | Com-DBLP 317080 1049866 13477
2 | Com-Amazon 334863 925872 75149
3 | Com-Youtube 1134890 2987624 8385

2.5.2. Cai dat thwe nghiém
Kich ban thuc nghiém
Céc thuat toan thuc nghiém duoc luan an thyuc hién riéng 1¢ vdi tirg bo dir licu

va lic ndy trén may tinh chi thyc hién duy nhat mot chuong trinh.
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Méi truong thyc nghiém 1a may tinh PC véi cdu hinh Intel™ Core™ i7-
9700CPU @4.70 GHz, 8 GB RAM, st dung hé diéu hanh Windows 10. Cong cu lap
trinh thuc hi¢n thuat toan la ngdn ngir 1p trinh Python.

2.5.3. Két qua thue nghiém

S6 luong dinh va s luong canh ctia do thi rat gon sau khi thuc hién thuat toan

REG dugc thé hién trong Bang 2.3.

Bang 2.3. S6 lwong dinh va canh ciia dd thi mang x4 hdi rut gon béi REG

Bé dit licu S6 lwong . S6 lwong . S6 lwong . S6 lwong .

Stt thue nehiém dinh clia d0 | canh cia do | dinh cia do | canh cia do
we ngie thi ban dau | thi ban dau | thi rat gon | thirat gon

1 | Com-Amazon 334863 925872 300271 703533
2 | Com-DBLP 317080 1049866 271484 773226
3 | Com-Youtube 1134890 2987624 852189 2095221

Qua s6 liéu tai Bang 2.3 thi ) luong dinh va canh dugc giam sau khi thyc hién
rt gon dd thi REG 14 kha 16n va 1an lugt 1a 34592 dinh va 222339 canh dbi véi mang
Com-DBLP, 45596 dinh va 276640 canh ddi voi mang Com-Amazon, 282701 dinh
va 892403 canh d6i véi mang Com-Youtube. Nhu vay két qua thuc nghiém cho thay
réng kich thudc ciia mang xa hoi cang 16n va cAu tric cla mang xa hoi xuat hién
nhiéu cac dinh twong duong theo do do trung tdm trung gian s& quyét dinh dén sb
lugng dinh va canh giam dugc.

Bang 2.4. Ty 1¢ rut gon do thi béi REG

A 1s1iA So lugng S6 lwong Tilé
B{ dir licu s A MY .
Stt thu:c I hi-ém canh cua ‘do canh cua do rut gon
e ngie thi ban dau | thi rit gon do thi
1 | Com-Amazon 925872 703533 0.240
2 | Com-DBLP 1049866 773226 0.264
3 | Com-Youtube 2987624 2095221 0.299

Qua sb liéu & Bang 2.4 cho théy ti 1¢ rut gon dd thi mang xa hoi 1a kha 16n lan

luot 13 0.240, 0.264 va 0.299 ddi v6i cac mang Com-DBLP, Com-Amazon va Com-
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Youtube. Nhu vay, mot nhan xét quan trong da dugc kh:fmg dinh réng hiéu suét rat
gon db thi ting khi quy mo ciia mang xa hoi ting 1én, dong thoi gi tri s6 lugng dinh
va canh riit gon dugc c6 y nghia quan trong d6i v4i bai toan phat hién cong dong trén
mang xa hdi. Tiép theo, s lugng dinh va canh cua dd thi rat gon sau khi thyc hién
thuat toan LREN duoc thé hién trong Bang 2.5.

Bang 2.5. S6 lwong dinh va canh ciia dd thi mang xa hgi rat gon béi LREN

Bé dit licu S6 lwong . S6 lwong . S6 lwong . S6 lwong .

Stt thue nehiém dinh clia d0 | canh cia do | dinh cia do | canh cia do
e ngie thi ban dau | thi ban dau | thi rat gon | thi riat gon

1 | Com- Amazon 334863 925872 301892 704251
2 | Com-DBLP 317080 1049866 272994 775148
3 | Com-Youtube 1134890 2987624 853874 2116447

Qua s liéu tai Bang 2.5 cho thiy s6 luong dinh va canh dugc gidam sau khi thuc
hién thuat toan rat gon do thi theo nguyén 1y lan truyén nhan LREN 14 kha 16n va cac
gid tri 1an lugt 1a 32971 dinh va 221621 canh d6i véi mang Com-DBLP, 44086 dinh
va 274718 canh d6i v6i mang Com-Amazon, 281016 dinh va 871177 canh ddi véi
mang Com-Youtube.

Bang 2.6. Ty 1¢ rut gon do thi béi LREN

Bj dirligu | Do lwongcanh | S0 lugng canh Ti 18 rit gon
Stt ° A cua do thi cuia do thi A e
thuc nghiém A , : do thi
ban dau rut gon
1 | Com-Amazon 925872 704251 0.239
2 | Com-DBLP 1049866 775148 0.262
3 | Com-Youtube 2987624 2116447 0.292

Qua s6 liéu tai Bang 2.6 cho théy ti 1€ rat gon dd thi mang xa hoi cia thuat toan
LREN 1a kha 16n va lan luot 14 0.239, 0.262 va 0.292 dbi v6i cac mang Com-DBLP,
Com-Amazon va Com-Youtube. Nhu vy két qua thuc nghiém tai cac bang 2.3, bang

2.4, bang 2.5 va bang 2.6 khang dinh rang kich thudc ctia mang xa hoi cang 16n va
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cdu tric clia mang xa hoi xuét hién nhiéu cac dinh twong dwong theo d6 do trung tam
trung gian va nguyén 1y lan truyén nhan quyét dinh dén s6 luong dinh va canh giam

duoc.

2.6. Két luan chwong 2

Chuong 2 trinh bay céc tinh chat ciia cac dinh twong duong theo do do trung
tAm trung gian va phuong phap két hop cac 16p dinh twong duong c6 ciung do do
trung tm trung gian dé rat gon do thi mang xa hoi. Pong thoi trong chuong 2 ciing
trinh bay phuong phap két hop cac 16p dinh twong duong theo nguyén 1y lan truyén
nhin dé rat gon d6 thi mang xa hoi. Chuwong nay trinh bay cac két qua chinh nhu sau:

- Pé xuit thuat toan REG thuc hién rat gon dd thi mang xa hoi ban dau dua vao
cic 16p dinh twong dwong theo d6 do trung tAm trung gian nhung van bao toan gid tri
d6 do trung tdm trung gian cua do thi. Két qua nay duoc cong bd trong cong trinh
[CT1], [CT4].

- Pé xuit thuit toan rat gon dd thi LREN thuc hién két hop nhiing dinh tuong
duong v&i nhau theo tiéu chi lan truyén nhin thanh dinh dai dién nham giam thiéu
s6 dinh, canh ciia d thi kha nhiéu va qua d6 giam do phiic tap tinh toan ctia cc thuat
toan phat hién cau triic cong dong trén mang xa hoi. Két qua nay dugc cong bd trong

cong trinh [CT3].

- Pong thoi trong churong nay ciing tién hanh thyc nghiém cac thuat toan trén cac
bd dir liéu thyc nghiém tir kho dir li€éu mang xa hoi lon nham danh gia tinh hi¢u qua
ctia cac thuét toan dé xut.

- Thuét toan rat gon do thi mang xa hoi dua trén cac 16p dinh twong duong vé do
do trung tAm trung gian da cai tién hiéu qua thoi gian tinh toan do do trung tim trung
gian va bao toan dugc gia tri 6 do trung tdm trung gian trén d6 thi sau khi rit gon.
Thuat toan rat gon dd thi mang xa hoi dya theo nguyén 1y lan truyén nhan da ching
minh dugc hi¢u qua. Chinh vi vay, luan an tiép tuc dé xudt ap dung thuat toan rat gon
db thi mang xa hdi dé cai tién thuat toan phat hién cong d@)ng trén mang xa hdi nhanh,

hi¢u qua cao hon.
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CHUONG 3. AP DUNG THUAT TOAN RUT GON PO THI
DPE PHAT HIEN CONG PONG TREN MANG XA HOI

3.1. Gi6i thi¢u

Do tinh chat cua mang xa hoi co cAu trac kha tu do va kich thuée 16n, khong
ngimg phat trién theo thoi gian, vi vay hau hét cac thuat toan phat hién cong dong
truyén thong mat rat nhidu thoi gian va chua thyc sy hiéu qua. Mot trong nhiing cach
tiép can dé khac phuc duoc han ché trén 14 sir dung phuong phap rat gon d6 thi mang
xa hoi va van bao toan duoc cac tinh chat cia cong dong sau khi rit gon duoc dé xuat
tai chwong 2 nham muc dich giam thiéu thoi gian tinh toan. Chuong 3 cia luan 4n
trinh bay (i) D& xuat thuat toan cai tién thoi gian tinh d do trung tim trung gian trén
dd thi mang xa hoi, (ii) DPé xuit phat trién thuat toan phat hién cong d@)ng mang xa
hoi trén dd thi rat gon dua vao do do trung tdm trung gian, (iii) Pé xuét phat trién
thuat toan lan truyén nhén trén dd thi rat gon dé phat hién cong d@)ng nhanh, hi¢u qua
ma khong yéu cau tdi vu héa ham muc tiéu ciing nhu thong tin du doan vé cac cong
d6ng. Diéu nay hoan toan phii hop véi tinh chat ciia mang xa hoi 1a hau hét khong thé
du doan trude duoc sd lugng cong déng dang ton tai va cong déng thi thuong xuyén
thay doi theo thoi gian. Két qua thuc nghiém trén cac bo dir liéu mau khang dinh tinh
hi€u qua cua thuat toan dé xuét, thoi gian thyc hién cua thuat toan dé xuat giam thiéu
dang ké so v6i cac thuat toan da cong bd trude do. Két qua nghién ciru & chuong nay
dugc cong bd trong cong trinh s6 [CT2], [CT3].

Xuat phat tir y tudng ctia phuong phap phat hién cong dong dwa vao d6 do trung
tAm trung gian, nghién ctru sinh nhan thay trén d6 thi mang xa hoi c6 kha nhiéu dinh
tvong dwong véi nhau theo cdu triic cé cling d6 do trung tim trung gian, ching tao
thanh cac 16p twong duong va c6 thé két hop ching lai véi nhau thanh mét dinh dai
dién duy nhat cho ca 16p dinh. Nho vay c6 thé giam thiéu duoc déng ké sé dinh va
canh cua dd thi mang xa hdi ban dau, tiét kiém dugc chi phi tinh todn ma lai khong
anh hudng dén cau trac cua do thi mang xa hoi ban dau. Vi vay nghién ciru sinh dé

Xuét ap dung thuat toan rut gon dd thi mang xa hoi dua vao dé do trung tam trung
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gian dé cai tién thoi gian tinh todn clia thuat toan tinh d¢ do trung tdm trung gian dong
thoi cai tién nhom thuét toan phat hi¢n cong d@)ng mang xa hoi dua vao do do trung
tam trung gian nhanh va hi¢u qua hon.

Phat hi¢n cong d@)ng trén mang xa hdi 1a mot nhi€ém vy quan trong hang dau
trong phan tich mang xa hdi. bé giai quyét nhiém vu nay, nhiéu thuat toan phat hién
cong d@)ng trén mang xa hoi da dugc dé xuat. Tuy nhién, cac thuat toan nay hau hét
chua dat hiéu qua trong viéc phat hién cong ddng trén cac mang xa hoi quy mo rat
16n do do phirc tap vé thoi gian va khong gian tinh toan. Dé giai quyét thach thic dat
ra, chuong 2 luén an da dé xuét cac thuat toan rat gon dd thi dwa vao cac 16p dinh
twvong duwong vé do do trung tdm trung gian va theo nguyén 1y lan truyén nhan. Dong
thoi, tién hanh thuc nghiém trén cac mang xa hoi khac nhau cung voi do do ty 1€ rit
gon dd thi da chung minh tinh vu vi¢t va hi€u qua cua thuat toan rat gon dd thi dé
Xuét. Chuong 3 luédn an tiép tuc ap dung cac thuat toan rat gon dd thi mang xa hdi da
dugc dé xuat & chuong 2 dé thyc hién phat hién cac cong ddng mang xa hoi hiéu qua.
Déng thoi trong chuong 3 ludn an cling thyc hién cac thyc nghiém trén cac mang xa
hdi khéc nhau va st dung cac do do dé danh gia tinh wu viét va hiéu qua cta cac thuat

toan phat hién cong dong trén mang xa hoi dé xuat.
3.2. Thuit to4n tinh nhanh d9 do trung tim trung gian trén do thi mang x hdi rit gon

Theo Jamour va cong su (nam 2018) [48], Nakajima va cong su (nam 2020)
[74] déu khang dinh rang thuét toan tinh do do trung tim trung gian ctia Brandes [18],
[19] dé xuat dén nay van 1a mot trong nhiing thuat todn nhanh nhat dé tinh toan d6 do
trung tam trung gian trén dd thi kich thudce 1on. Vi vay viéc phat trién dua vao thuat
toan gdc Brandes van dat dugc nhiing hiéu qua nhat dinh. Dya vao phuong phap tinh
dd do trung tam trung gian Cp theo k¥ thuat tich Iy phu thudc cua Brandes [18], [19]
va st dung cac dinh nghia, tinh chat néu & Muc 2.1 cua chuong 2, luan an dé xuét
thuat todan FBC tinh nhanh d¢ do trung tdm trung gian Cg cla cc canh trén do thi
mang xa hai.

3.2.1. Duyét dd thi theo chiéu rong
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Pé thyc hién thuat toan tinh d6 do trung tim trung gian ciia cac dinh trén do thi
mot cach hidu qua, ngudi ta thuong sir dung phuong phap duyét theo chiéu rong BFS
(Breadth-First Search) [55]. Thuét toan duyét theo chiéu rong tim kiém cac duong di
ngan nhat tr dinh gdc qua cac canh t6i tat ca cac dinh khac trong do thi. Cac canh
gita cac murc ctia qua trinh duyét BFS bat dau tir dinh gbc X sé tao thanh d6 thi dinh
huéng, phi chu trinh, duge goi DAGx. V6i mdi dinh v trén DAG,, khoang cach cua
dinh v dén géc X, dugc ky hi¢u 1a dy, 1a s6 cac canh trén duong duong di ngén nhét
tir x dén v.

Thuat toan BFS
Input:. G=(V,E),xeV
Output: D6 thi duyét theo chiéu rong BES: DAG,
Budce 1. Duyét theo chiéu rong BFS bat dau tir dinh x € V.
Budéc 2. Gan nhin cho timg dinh bang sé cac duong di ngin nhat di tir goc x t6i
chung. Pinh gdc bat dau duge gin nhan bang 1. Sau d6 thyc hién tir trén xudng, nhin
ctia cac dinh & muc tiép theo bang tong s6 nhan cta cac dinh cha cia chung.
Budre 3. Tinh s6 cac duong di ngan nhat tir goc trén DAGyx
e Bit dau tir dinh gdc x véi khoang cach cho trude dx = 0;
e Ddi v6i mdi dinh i lién ké v6i x (voi (x, 1) € E) ta thuc hién tinh khoang cach
di=dx+ 1.
e Lip lai budc 3 cho dén khi khong con lai dinh nao 13 khong dugc gin nhén.
3.2.2. Thuét toan tinh nhanh dj do trung tim trung gian

Nghién ciru sinh dé xuét thuat toan tinh nhanh d6 do trung tdm trung gian FBC
(Fast algorithm for Betweenness Centrality) trén d6 thi mang xa hoi. Y tudng cia
thuat toan dé xuat 1a thay vi thyc hién tinh todn d6 do trung tdm trung gian trén do thi
mang xa hdi ban dau nhu thuat toan géc Brandes [19], thuat toan dé xuat FBC thuc
hién rat gon d6 thi mang xa hoi ban dau nham giam thiéu khong gian tinh toan nhung
van bdo toan dugc gia tri do do trung tAm trung gian va thyc hién tinh todn d6 do

trung tdm trung gian trén do thi mang xa hoi rat gon.
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Thuat toan FBC (Fast algorithm for Betweenness Centrality)

Input: DO thi mang xa hoi G = (V, E)

Output: P9 do trung tdm trung gian ctia cac canh trén d6 thi mang xa hoi.

Thuét toan dé xuat FBC bao gdm bdn budc nhu sau:

Bude 1. Thyuc hién thuat toan REG (G) da néu ¢ Muc 2.3 thuc hién rat gon céc 16p
dinh treo va dinh suon twong duong vé do do trung tim trung gian, chuyén do thi
mang xa hdi ban dau G = (V,E) vé dd thi mang xa héi rat gon Gi = (Vy, Ei).

Bude 2. Khoi tao cac gia tri cho mang Cgl[e] =0, e € E,, stack S =&, queue Q =,
bbn mang bd sung Pry, Pox, & va d. Mang & xac dinh ty s6 duong di ngan nhat tir gc
X t6i mdi dinh trén DAGy, mang d do khoang cach ciia mdi dinh tir gc x. Ban dau,
khoang cach cua cac dinh va gdc déu gan bang -1. Mang Pry, 1a danh sach cac dinh
cha lién két véi mdi dinh v, Pos[v] chita nhitng dinh con ¢ duéi v trong 1an duyét theo
chiéu rong BFS tir goc x. Vc 1a tap cac dinh treo, Vs 1a tap cac dinh suon cia Gi.
Budre 3. Duyét theo chiéu rong BFS tir gbc x dé tim nhitng dudng di ngén nhat téi tat
ca cac dinh khac. Trong budc nay, moi ph@fm to dugc dat vao mot hang doi khi nd
duogc tim thdy. Khi duyét theo chiéu rong, khoang cach tir goc x téi timg dinh v dugc
tinh. V&i mdi dinh v duoc tim thay trong 1an duyét BFS s& tuong mg véi hai danh
sach cac dinh cha, dinh con lién ké v va §[t] 1a s6 duong di ngan nhat di tir x dén t.
Buwéc 4. Tinh do do trung tdm trung gian Cg cta cac canh theo k¥ thuat tich lily ctia
Brandes. Vi mdi DAGy, x € V2, tinh d9 do trung tAm trung gian cua cac canh trén
DAGgy, sau d6 cong ddn vao nhitng canh da dugc tinh trén nhitng DAG da dugc duyét
trudc d6 cho do do trung tm trung gian cta cc canh trén toan d6 thi mang xa hoi.

Gia ma thuat toan Fast Algorithm for Betweenness Centrality (FBC)

Input: + G = (V, E) d6 thi mang xa hoi
Output: + Cg(e), e EE
// Buée 1.
G =RED (G); // Két hop cac dinh treo, suon twong dwong, Gi = (V1, Ei)
V¢, Vs - tép cac dinh treo, dinh suon cia G
/I Bwée 2. Khai tao cac gia tri
foralle €E; do {
| Cgle] =0;//Khoi tao gid tri do do trung tim trung gian ban dau 13 0
b
V2=V:-Vg // Tép céc dinh khong phai la dinh treo
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for x € V2 do { //Duyét BFS bt dau tir dinh x — khong phai dinh treo

S=; //empty stack;

Q =; //lempty queue;

for we V; do {

Pr,[w] = &; // Danh séach cac tién t6 (dinh cha) lién k& voi w trén DAG,

Pox[w] = &; // Danh sach cac hau t6 (dinh con) lién k& voi w trén DAG,

3[w]=0; // Trong sb cia dinh w

d[w]=-1; //Khoang cach tir x dén w, ban dau 1a -1 (chua duoc duyét)

§

// Buée 3. Duyét BFS tir goc x dé tim nhitng duong di ngan nhét t6i tat ca cac dinh khac
d[x]=1; // S6 duong di ngan nhat tir x

d[x] =0; // Khoang cach duong di ngin nhét di tir x

Q.enqueue(x); //Nap x vao hang dogi Q

while (Q != @) do{ // Duyét theo chiéu rong BFS

v = Q.removefront(); // Ly ra phan tir dau hang doi Q va gén cho v

S. push(v); // Bua v vao S (stack)

for w € N[v] do{ // Vi moi dinh w lién ké véi v, ban dau 1a x

if (d[w] < 0) then { // Khi dinh w chua duoc duyét - gip 1an dau

Q.enqueue(w); // Pua w vao hang doi Q

d[w] = d[v] + 1; // Tang khoang cach dudng di ngin nhit lén 1

o[w] = 3[v];

// Khi duong di ngan nhét tir x t6i w di qua v trén do thi DAG,
if (d[w] ==d[v] + 1) then {// Khi w la con cta v trén DAG

o [w]=8[w]+3[V];

PrJw].append(v);  // B6 sung v vao danh sach Prw]
Pox[v].append(w); // B6 sung v vao danh sach Pox[w]

}

/I Buéc 4. Tinh tich lily d6 do trung tam trung gian Cp cia cac canh trén DAG,
while (S != &) do {//S chira cac dinh theo thir tu khong giam theo khoang céach tir x
w = S.pop(); // Lay phan tir & cudi Stack S va gan cho w

if (Pox[w] == ) then {// wlala

v =Prw] NN [w]; // v1acha ciaw

e=(v,w);// e €E

if (W € V) then { // Néu w 1a 14 va 1a dinh treo

| 1[e] = Wi(w); // Tinh do do trung tAm trung gian cta canh e trén DAGy
Yelse if (W€ Vs) then {//Néu w la dinh suon valala

| el [VIS [w]* Wiw) + 1IN[wI|;

}else { // wla va khong phai dinh treo, khong phai dinh suon

| t[e]=0[v]/6[w]; Tinh do do trung tam trung gian canh e trén DAGy
b
Cg[e] = Cs[e] + t[e];// Cong don do do trung tAm trung gian canh e
/] if(Pox[w] == &)
else {// Khi w khong phai 1a 14 trén DAG
m = 0;
for all k € Po,[w] do{

e =(w, k); // ¢ € Exva t[e] da duoc tinh & budc trude
m =m + t[e]; / Tong d6 do trung tAm trung gian cac canh lién thugc w

}
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for all v € Pr,[w] do {

e=(v,w); //e€E,

if (v==x && v € Vs) then { // Khi gbc x 1a dinh sudn
| tle]=((m+ 1) * 8 [v]/ & [w]+ 1/[NX)|) * Wax);
telse{

| tle]=(m+1)*3[v]/6[w];

}

Cs(e) = Cs(e) + 1[e];

J

} // else Khi w khong phai la 14
} // while (S != &) —khi w chua phai la gbc
} // for x € V2

Do phirc tap cia thuat toan FBC

Kich thudc bo nhd cua stack, queue va cac mang o va d 1a O(|V2|), nghia la c&
clia cac cau triic bo sung duoc gidi han bang sé dinh V2 ciia d6 thi. Bo nhé can thiét
cho mang lién két dugc giGi han boi s6 canh Ea, d6 13 O(|[E1|). Bdi mdi 1an duyét BFS
dugc tinh doc lap, chi can duy tri mot ban copy ciia nhimng cau tric nay. Do phirc tap
tinh todn cua viéc duy¢t cay BFS 1a O(|V2| + |E1]) va cuia viéc tich lily (accumulation)
cling vao khoang O([V2| + [E1), s cac budc cuc dai duge xac dinh boi sé dinh cha
1a O(|E1]), va sd dinh con twong tmg 1a O(|V2|). Vdy, d6 phirc tap ciia thudt toan sé 1a
O(|V2P +|V2| * [Ei|). Trong truong hgp [Ei| > |V2|, thi dd phtrc tap cua thuat toan sé&
1a O(|V2| * [E1|). Thuat toan cta Brandes [19] c6 dd phtc tap 1a O(J[V]> +[V| * |E|), do
vay thuat toan cai thién nhanh hon, hi¢u qua, béi vi thong thuong thi [V2| <|V|va |Ei|
<E|.
3.3. Thuét toan phat hién cong dong trén do thi rit gon dwa vao d do trung tim
trung gian

Thuat todn phat hién cau triic cong dong trén do thi dya vao do do trung tam

trung gian dién hinh va phd bién nhat chinh 1a thuat toan GN (Girvan-Newman) [76].
Duya vao y tuéng ciia Girvan-Newman, nghién ctru sinh dé xuat phat trién thuat todn
CDAB (Community Detection Algorithm based on Betweenness) phat hién ciu triic
cong dong trén dd thi rat gon dua vao do do trung tAm trung gian. Xuat phat tir do

phuec tap thoi gian tinh todn cia thuat todn GN trén dd thi mang xa hoi rét 16n, nghién
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ctru sinh thyc hién dé xuét cai tién thoi gian tinh todn bang cach giam thiéu thoi gian
tinh toan d¢ do trung tim trung gian ctia cac canh trén db thi.

Thuit toan dé xuat CDAB gdm cic budc nhu sau:

Input: DO thi mang xa hoi G = (V, E)

Output: Tap cac cong dong mang x3 hoi.

Budée 1. Bé xuét thyc hién tinh d6 do trung tAm trung gian cua tat ca cic canh trong
mang theo thuit toan tinh nhanh d6 do trung tim trung gian FBC dé xuat & Muc 3.2.
Budrc 2. Tim nhimng canh c6 d6 do trung tim trung gian 16n nhét va loai bo chung,
Budée 3. Dé xuat thyc hién tinh lai d6 do trung tdm trung gian cua tt ca cac canh
trong cac thanh phﬁn con lai cua mang theo thuat toan tinh nhanh d¢ do trung tam
trung gian FBC da duoc dé xuat & Muyc 3.2.

Buwée 4. Lap lai tir budce 2 cho dén khi dén khi khong c6 canh nao vuot qua ngudng
ctua dg do trung tam trung gian cho trudc hodc khong con canh trung gian.

Nhu vay thuat toan d& xuit CDAB thuc hién cai tién so v&i thudt toan géc GN
¢ Budc 1 va Bude 3 khi st dung thuat toan tinh nhanh do do trung tdm trung gian
FBC nham giam thiéu thoi gian tinh toan cua thuat toan phat hién cong dong mang
xa hoi.

Vi du 3.1. Minh hoa thuat toan CDAB

- Cho @6 thi mang xa hoi Kite ban ¢au nhu Hinh 2.8

- Thyc hién thuat toan REG rat gon céc dinh tuong duong theo d do trung tam trung
gian ta thu duogc dd thi mang xa hdi Kite rat gon nhu Hinh 2.9

- Thuc hién thuat toan GN trén d6 thi mang xa hoi Kite rat gon ta thu dugc hai cong

d6ng nhu Hinh 3.1
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gbm tap cac dinh {D, A’, C’, F*}
Hinh 3.1. Cac cong ddng ciia dd thi mang xi hoi Kite
Trong 46 A’ = {A, B}, C’ = {C, E}, F’ = {F, G}. Vay cac cong dong ctia d6 thi
ban dau ¢ Hinh 2.8 1a C; = {D,A,B,C,D,E,F,G}va C, = {H,1,]}.

Do phirc tap thai gian tinh todn cta thuat toin CDAB

D4i v6i dd thi lién thong, vo huéng va khong trong sé G = (V, E) véim =
|E|,n = |V|. D thi ban dau G = (V, E) sau khi rit gon db thi 1a G, = (Vy, E;) véi
my, = |E|,ny; = |V| trong d6 m; < m, n; < n. Bd phirc tap cia thuat toan CDAB
14 0(m,* ny) va ddi voi truong hop dd thi thua 1a 0(n, ).

Do phuc tap cua thudt toan Girvan - Newman la m canh can loai bo v&i mbi
budc lap cé dd phirc tap O(mn) can thoi gian 1a 0 (m?n) va ddi voi trudng hop do thi
thua 12 0(n®). Vi s6 dinh ctia d6 thi 16n thuong nho hon sb canh rat nhiéu, nghia la
n << m, nén d¢ phurc tap cua thuat toan CDAB la nho hon so véi thuat todn GN.

Xuat phat tir y twong nhom thuat toan phat hién cong dong dya vao nguyén 1y
lan truyén nhan, nghién ctru sinh nhan théy trén do thi mang xa hoi c6 kha nhiéu dinh
c¢6 nhin giéng v4i nhin (trong cting mot cong déng) ctia mot trong sd cac dinh lan
can, va nhan ctia chung luén dugc cap nhat lai theo nhitng dinh do6 sudt trong qua
trinh lan truyén nhin. Nhimng dinh nay tuong duong véi nhau theo cau tric, ludn co
cuing nhén trong cac budc lan truyén nhan, sé tao thanh céac 16p tuong duong va do
vay, c6 thé két hgp chung v6i nhau thanh mot dinh dai dién duy nhat cho ca 16p dinh

nham giam thiéu dang ke s6 dinh va so canh ctia d6 thi mang xa hoi ban dau ma khong
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anh hudng dén céu trac cua do thi mang xa hoi ban dau. Vi vay, nghién ctru sinh dé
xuét thuat toan rat gon do thi mang xa hoi dya vao nguyén 1y lan truyén nhin va ap
dung vao nhom thuat todn phat hién cong dong dua vao lan truyén nhan dé phat hién
cong dong mang xa hoi nhanh va hi¢u qua hon.

3.4. Thuit toan lan truyén nhin phat hi¢n cong ddng trén do thi mang xi hdi rit gon

Theo phuong phap lan truyén nhan, thi nhan cia cac dinh trong mdi 16p tuong
duong cling s€ duoc cap nhat lai theo nhan cua dinh dai di¢n khi qua trinh lan truyén
nhan két thuc. Nghién ctru sinh dé xuat thuat toan LPAA (Label Propagation
Algorithm on Abridged graph) lan truyén nhin phat trién trén d6 thi rit gon.
Input: D6 thi vo hudng, lién thong G = (V, E)

Output: Cac cau tric cong dong trén do thi mang xa hoi

Thuat toan thyc hién qua 2 budc:

Buwéce 1. Str dung thuat toan dé xuat LREN (G) thyc hién tim cac dinh dong nhat
tuong duong cia d6 thi G = (V, E) va rit gon cac dinh twong dwong thanh dd thi G
= (V1, E1).

Budée 2. Thyc hién thuat toan lan truyén nhéan trén dd thi rat gon G dé phat hién
nhing dinh c6 cliing nhan tao thanh cac cau tric cong dong mang xa hoi.

Thuat toan lan truyén nhan phat trién trén dd thi rat gon thuc hién ldp lai qua
nhiéu budc. Mdi bude 1ap nhan cua céc dinh trén dd thi s& duoc cap nhat lai theo
nhin cia dinh 14n can xuat hién thuong xuyén nhat theo cong thirc tinh (2.28) va
(2.29).

Piéu kién dirng ciia thuit toan: kiém tra xem nhin cia cac dinh ¢ budc hién tai so
v6i nhan cia cac dinh & budc trude, néu khong cé thay doi nhin xdy ra thi thuat toan
dirng (budc tiép theo s& khong cé sy thay doi bat ky nhan nao).

Gia ma thuat toan LPAA

Input: DS thi v hudng, lién thong G = (V, E)
Output: Céc cong dong trén mang xi hoi

LREN(G); //Két qua la do thi rat gon G, = (V1, E))
i=0;//Lan lap thir i

for v € V,do //Khéitao nhan cia G,

| LG, v)=v;

while (Chua thoa Piéu kién dimg thuét toan) do {
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i=i+1; //Lan truyén nhan & budc tiép theo
for v e Vi do{
N(v) = Neighbor(G, v); //Tim cac nut lién ké véi v
//X&p cac nut 14an can cua v theo thir tw ngéu nhién thanh mang A[]
ALK] = NW)[K]; // k= [N()
/Dém s6 lan xuét hién thuong xuyén ciia nhin trong A[]
j=0; max = 1; //max s6 1an xuét hién cyc dai
for (j=1;j <k; j+H){
dem = 0;
//Pém 6 lan xuét hién thuong xuyén ciianhan A[j]
for (1=0;1<k; 1++)
if (L(G-1, A[1]) == L(-1, A[j]))
| dem = dem +1;
if (dem > max)
| max = dem;

}

//Géan nhan v theo nut trong N(v) xuat hién thuong xuyén nhat 1a A[j]
L@, v) = LG-1, A[jD;

}//Théa méan <Piéu kién ding lan truyén nhan>

} // return L(i, v) voimoi nlit v € Vi & lan lap i cubi cung.

Thii tuc tinh toan Neighbor(G, u): Tim cac dinh lién ké ctia u trong d6 thi G
Input: D6 thi G = (V, E, W) vadinhu e V
Output: N - tap cac dinh lién ciia u trong do thi G
N =
forv e Vdo {

if ((u, v) € E) then {

IN=NU {v};

H

H

return N;

Do phirc tap tinh toan cia thuat toan LPAA

Khi thuat toan két thiic thi nhiing dinh c6 cung nhin s& ¢ trong ciing mot cong

d6ng cuia mang xa hoi. Nhiing dinh trong mdi 16p twong dwong dugc x4c dinh trong

giai doan 1 c6 nhan trung véi nhan cua dinh dai dién, do vdy chung ciling s€ cung

cong dong voi dinh dai dién.

Thuat toan LREN (G) c6 do phirc tap thoi gian gan tuyén tinh O(n) va thuat

toan lan truyén nhan trén do thi mang xa hoi ciing c6 do phc tap tinh toan gan tuyén

tinh, do vay thuat toan LPAA ciling c6 d6 phuc tap tinh todn la gﬁn tuyén tinh O(n),

voin = |v|.
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Céac d6 thi mang x3 hoi thudng c6 nhiéu dinh twong duong véi nhau theo cau
tric, c6 cung nhin theo phuong phap lan truyén nhan. Do vay, viéc két hgp nhiing
dinh twong duong v6i nhau thanh dinh dai dién s& gitip cho viéc giam thiéu sé dinh
va s6 canh cua dd thi kha nhiéu, nham giam thoi gian tinh todn cua céc thuat toan
phat hi¢n cAu tric cong d@)ng trén mang xa hoi. Thuat toan dé xuit LPAA dugc phat
trién trén dd thi mang xa hoi rut gon khé hi€u qua qua danh gia thuc nghi¢m va c6 do
phirc tap tinh toan 1a gan tuyén tinh.

3.5. Thue nghiém va danh gia

bé théy r0 hi€u qua cua thuat toan dé xuat, nghién ctru sinh thyc hién tién hanh
thuc nghiém trén cung cac bd dir li¢u duoc gidi thiéu trong Muc 2.5.1 & Chuong 2.
Nghién ctru sinh tién hanh thuc nghiém trén nhom dir liu nay viéc so sanh thuat toan
dé xuat tinh nhanh d6 do trung tdm trung gian FBC véi thuat toan gdc Brandes [19],
cong cu tinh d do trung tAm trung gian tiéu biéu gan day NetworKit [98] va thuat
toan dé xuat phat hién cong dong trén mang xa hoi CDAB véi thuat toan gbc GN
nham kh:fmg dinh sy vuot trdi, tinh hi¢u qua cta thuat toan dé xut vé thoi gian thyc
hién va chat luong phat hién cong d@)ng mang xa hai.

Nhom thir hai gom céc bo dit liéu gdm Zachary Karate Club va Dolphin social
network duoc cong bd trén The Koblenz network collection [47]. Nghién ciru sinh
tién hanh thuc nghiém trén nhom dir li€u nay viéc so sanh thuat toan dé xuit CDAB
v6i thuat todn cai tién thuat toan gdc GN tién tién nhat gan day (niam 2018) la thuat
toan MAA [6]. Thuat toan MAA da cong bd cac két qua nghién ciru lién quan dén
cac dir li¢u thugc nhom thir hai nay. Vi vay nham muc dich két qua so sanh thuat toan
khéach quan, tin cdy thi nghién ctru sinh thyc nghi¢m thuat toan dé xuat CDAB trén
nhom dit lidu tht hai va so sanh két qua vé6i cac két qua MAA da cong bb.

e Zachary karate club [47]: Mang luéi cau lac bo Karate noi tiéng ciia Zachary 13
mot bo dir lidu chuan dé phat hién cac cau trac cong dong. Zachary quan sat 34
thanh vién cua mdt cau lac by Karate & Hoa Ky trong hai nam. Do su bat d@)ng
giita quan tri vién va ngudi huéng dan cua cau lac b, mot cau lac bo méi duge

thanh 1ap béi ngudi hudng din bang cach 1y khoang mét nira s6 thanh vién cau
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lac bd ban dau. Canh gitta cac dinh (thanh vién) cia mang nay thé hién mbi
quan h¢ hay su tuong tac xa hoi gitra cac thanh vién bén ngoai cau lac bg. Hai
cdu trac cong dong ban dau nay duogc chi dinh véi cac hinh dang hinh tron va
hinh vuong.

e Dolphin social network [47]: Mang ca heo cho thdy mdi lién hé thudng xuyén
giita 62 con ca heo séng & New Zealand. Cac dinh 14 c4 heo va cic canh giita

cac dinh cho ta thay moi quan h¢ gitra cac con ca heo twong img véi nhau.

Bang 3.1. Bang cac b§ dir li€éu thugc nhom thir hai

Stt Bé dit liéu S6 dinh d6 thi | S6 canh db thi | S0 cong dong
thuc nghiém mang xa héi mang xa héi thue
1 | Zachary Karate Club 34 78 2
2 | Dolphin social network 62 159 2

3.5.1. Cai dat thwe nghiém
3.5.1.1. b do

Do do danh gia hidu qua ctia thuat todn dé xuét so véi phuong phap khac nghién
ctru sinh str dung d6 do F-measure, d¢ do don thé mé dun Q va do do thong tin tuong
hd chuan NMI dé danh gia do chinh xac cta thuat toan phat hién cau tric cong dong
trén mang xa hoi. Chi tiét cac do do F-measure, 46 do don thé mé dun Q va do do
thong tin twong hd chuan NMI dugc trinh bay trong Muc 1.4 & chuong 1.

Nhiém vu chinh cua bai toan phat hi¢n cAu tric cong d@)ng trén dd thi mang xa
hoi 1a du doan sb céu triic va cac thanh vién trong cau triic cong dong d6. Bé danh
gi4 hiéu qua cua thuat toan phét hién cdu tric cong dong trén do thi mang xa hoi cac
dd do dugc st dung thuong 1a 46 do dua trén phép tinh toan cdp (pair-counting), do
do dya trén d6 trung cap (set-matching based) va do do dua trén 1y thuyét thong tin
(information theoretic). Mot sé ¢ do phd bién thuong dugc st dung dé dénh gia chat
luong cong déng mang xa hdi bao gém: Do do Rand, do do Rand diéu chinh, do do
tuong tu Jaccard, d6 do don thé mé dun Q, d6 do F-measure va do do thong tin twong

hd chuan NMI (Normal mutual information).
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Tuy nhién, dé danh gia tinh hi€u qua, chét luong phat hién cong d@)ng cua thuat
toan phat hién cau triic cong dong trén mang xa hdi dugc dé xuat véi cac phuong
phéap khéc luan an st dung cac d¢ do: do do F-measure, d§ do don thé mo dun Q va
d6 do thong tin twong hd chuan NMI. Luén an sir dung cac do do nay vi ngoai yéu td
day 1a cac do do rat pho bién, thong dung dé danh gia hiéu qua, chat lugng phat hién
cong dong mang xa hoi [64], [88], [111], [112], [113]. Ngoai ra thém mdt yéu td nita
1a dé dam bao yéu tb tin cay, khach quan céc thuat toan dugc luan an so sanh da cong
bb két qua nghién ctru lién quan dén nhom cac do do nay. Chi tiét do do F-measure,
d6 do don thé mé dun Q va d6 do NMI di duoc trinh bay chi tiét trong Muc 1.4 tai
chuong 1 cua luan an.
3.5.1.2. Phwong phap thwe nghiém

Pé so sanh, danh gia dg phuec tap tinh todn va hi¢u qua cua thuat toan dé xuat
FBC tinh nhanh d6 do trung tdm trung gian va thuat toan dé xuat CDAB va LPAA
phat hi¢n nhanh cac cong d@)ng trén do thi mang xa hdi rut gon, ludn an cai dat chuong
trinh va thuc nghiém trén nhitg bd dit liéu néu trén cua cac thuat toan dé xuat vai
thuat toan gbc 1a thuat toan Brandes [19], thuat toan GN [76], thuat toan LPA [85],
d6ng thoi so sanh véi cong cu tinh do do trung tAm trung gian tidu biéu gan day (ndm
2016) 1a NetworKit [98], thuat toan cai tién GN tién tién gan ddy (nam 2018) 1a thuat
toan MAA [6], thudt toan cai tién LPA tién tién gan day (nim 2018) 1a thuat ton
OLP [82].

Sau khi thyc hién do thoi gian, luan 4n thyc hién tinh cac d6 do vé chat lugng
cua thuat toan phat hién cAu trac cong déng mang xa hoi 1a d6 do F-measure, d do
don thé moé dun Q va do do NMI ciia 1an lugt g thuat toan véi timg bo dit lidu.
3.5.1.3. Kich ban thwe nghiém

Céc thuat toan thuc nghiém duoc luan an thyuc hién riéng 1¢ vdi tirng b dir licu
va lic ndy trén may tinh chi thyc hién duy nhat mot chuong trinh.

Luan an thyc hi¢én thuc nghi¢m 1an luot thuat toan tinh d6 do trung tam trung

gian cua thudt toan gdc 1a thuat toan Brandes [19], cong cu tinh d6 do trung tdm trung
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gian tiéu biéu gan day NetworKit [98] va thuat toan dé xuat FBC. Thoi gian do bat
dau tir lac thuat toan bat dau chay cho dén khi thuat toan dimng.

Tiép theo, cac thuc nghiém thuat toan phat hi¢n cAu tric cong d@)ng trén mang
x4 hoi 1a thuat toan GN va thuat todn dé xuat CDAB dugc lan lugt thyc hién. Thoi
gian cua thuat toan dugc tinh bat dau tir lac thuat toan chay dén luc thuat toan dung
trén timg bo dit liéu. Trong d6, thoi gian do cta thuat toan dé xuat CDAB d3 bao gdm
thoi gian rat gon céac 16p dinh twong duwong theo d do trung tdm trung gian cta dd
thi mang xa hoi.

Luan an tiép tuc thuc hién thyc nghiém 1an luot hai thuat toan phat hién cAu truc
cong dong trén mang xa hoi 1a thuat toan LPA va thuat toan dé xuat LPAA. Thoi gian
cua thudt toan duoc tinh bat dau tir luc thuat toan chay dén luc thuat toan dung trén
timg bo dit liéu. Trong do, thdi gian do cua thuat toan dé xuat LPAA da bao gdm thoi
gian rt gon cac 16p dinh twong duong theo nguyén 1y lan truyén nhan cia do thi
mang xa hoi.

Méi truong thyc nghiém 1a may tinh PC véi cdu hinh Intel™ Core™ i7-
9700CPU @4.70 GHz, 8 GB RAM, st dung hé diéu hanh Windows 10. Cong cu lap
trinh thuc hi¢n thuat toan la ngdn ngir 1p trinh Python.

3.5.2. Panh gia két qua

Két qua thyc nghiém bao gom:

o Két qua thyc nghiém danh gia hiéu qua ctia thuat toan dé xuat tinh nhanh d¢ do
trung tm trung gian FBC véi thuat toan gdc Brandes [19], cong cu tinh d6 do trung
tAm trung gian tiéu biéu gan day NetworKit [98].

e Két qua thyc nghiém dénh gia hiéu qua cuia thuat toan dé xuat phat hién ciu tric
cong dong trén mang xa hoi CDAB véi thuat toan gdc dién hinh GN [76] va véi thuat
toan cai tién GN tién tién gan day (nam 2018) 1a MAA [6].

o Két qua thyc nghiém dénh gia hiéu qua cuia thuat toan dé xuat phat hién ciu tric
cong dong trén mang xa hoi LPAA voi thuat toan goc dién hinh LPA [85] va véi thuat
toan cai tién LPA tién tién gan day (nam 2018) 1a OLP [82].



92

3.5.2.1. Két qua thwc nghiém danh gia do phirc tap tinh toan thuit toan FBC

Hiéu suat cua thuat toan tinh do do trung tam trung gian dé xuat FBC dugc so
sanh v6i thuat toan gbc Brandes [19] trong cic mang x3 hoi 16n [60] bang cach sir
dung s lidu vé thoi gian tinh toan (giay).

Béang 3.2. Bang thoi gian tinh toan d§ do trung tim trung gian cia thuit toan

dé xuat FBC véi thuit toan Brandes trén do thi mang xa hoi

Thoi gian: Gidy

Thuat toan Thuat toan
Stt Bd dir liéu thuc nghiém Brandes [19] dé xuat FBC
1 | Com-DBLP 5849 2105
2 | Com-Amazon 1043 263
3 | Com-Youtube 11377 3859

Qua sb liéu Bang 3.2 vé két qua thuyc nghiém cho théy thoi gian thyc hién cta
thuat toan dé xuat FBC cho thoi gian tinh toan vuot troi so voi thudt toan tinh d6 do
trung tAm trung gian ctia Brandes trén tat ca cac mang Com-DBLP, com-Amazon, va
com-Youtube. Dbi vdi mang co kich thudc cang 16n thi thoi gian thuc hién cang giam
cang 1on. Thoi gian thuc hién cia thuat toan dé xuat FBC so véi thudt toan géc cua
Brandes trén mang com-Youtube giam 7518 giay, véi mang com-DBLP giam 3744
gidy va véi mang com-Amazon giam 780 giay.

Hiéu suat cta thudt toan tinh d6 do trung tam trung gian dé xuat FBC tiép tuc
dugc so sanh voi cong cy tinh do do trung tAm trung gian tiéu biéu gan day NetworKit
[98] trong cac mang xa hoi 1on [60] bang cach sir dung s6 liéu vé thoi gian (gidy).

Bang 3.3. Bang thoi gian tinh toan d§ do trung tim trung gian cia thuat toan
deé xuat FBC véi NetworkKit trén do thi mang xa hoi
Thoi gian: Gidy

) Thuat toan
o n " NetworKit [98] A oz
Stt B0 dir li¢u thwe nghiém de xuat FBC
1 | Com-DBLP 4823 2105
2 | Com-Amazon 542 263
3 | Com-Youtube 7695 3859
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Qua s lidu Bang 3.3 vé két qua thuc nghiém cho thiy thoi gian thuc hién cua
thuét toan dé xuat FBC cho thoi gian tinh todn vuot trdi so vdi cong cu tinh do do
trung tim trung gian tiéu biéu gan day NetworKit trén tit ca cic mang Com-DBLP,
com-Amazon, va com-Youtube. Dbi v6i mang c6 kich thudc cang 16n thi thoi gian
thyc hién cang giam cang nhiéu. Thoi gian thyc hién cua thuat toan dé xuat FBC so
v6i NetworKit trén mang com-Youtube giam 3836 gidy, vdi mang com-DBLP giam
2718 giay va véi mang com-Amazon giam 279 gidy.

Nhu véy, thuat toan dé xuat FBC gitip cho viéc giam thoi gian tinh toan do do
trung tAm trung gian clia cic canh trén mang xa hoi nhung van bdo toan duoc gia tri
dd do trung tam trung gian va st dung thuat toan FBC vao nhém thuat toan phat hi¢n
cau trac cong dong dya vao do do trung tdm trung gian dé phat hién ciu tric cong
d@)ng trén mang xa hoi nhanh va hiéu qua hon.
3.5.2.2. Két qua thue nghiém danh gia dd phirc tap tinh toan ciia thuit toan
CDAB.

S6 lugng cong dong dugce phat hién boi thuat toan dé xudt CDAB va LPAA
duoc so sanh voi s6 lugng cong déng dugc phét hién boi thuat toan géc trong cac
mang x4 hoi. Két qua duoc trinh bay trong Bang 3.4.

Bang 3.4. S6 cong dong phat hién béi thuit toan GN, CDAB, LPA va LPAA
Pon vi tinh: Céng dong

sf') cong sf') cong sf') cong sf') cong
A v i dong phat dong phat dong phat dong phat
Stt ﬂ?u‘;’c‘:l“’ ll:le‘:n hignbéi | hiénbdi | hiénbsi | hién béi
He ngie thuat toan thuat toan thuat toan thuat toan
GN [76] CDAB LPA [85] LPAA
1 | Com-DBLP 13141 13141 12768 12768
2 | Com-Amazon 19246 19246 18460 18460
3 | Com-Youtube 7933 7933 8138 8138

Qua s6 lidu Bang 3.4 ta thay sb luong cong dong dugc phat hién boi thuat

toan GN va thuét toan dé xudt CDAB 1a nhu nhau va lan lugt dat 97.5%, 97%
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va 94.6% so v6i s6 lugng cong dong thuc co trong cic mang xa hoi com-DBLP,
com-Amazon va com-Youtube dugc cong bd. Nhu vay thuat toan dé xuit
CDAB béo toan sb lugng cong dong phat hién so voi thuat toan gdc GN.

Pong thoi ta cling thay sb lugng cong ddng duoc phat hién bai thuat toan
LPA va thuat toan dé xuit LPAA 1a nhu nhau va lan luot dat 94.7%, 93.1% va
97.1% so voi s6 lugng cong ddng thuc co trong cac mang xi hoi com-DBLP,
com-Amazon va com-Youtube dugc cong bd. Nhu vay thuat toan dé xuit
LPAA bao toan sd lugng cong déng phat hién duoc so vdi thuat toan géc LPA
trong cac mang xa hdi.

Hiéu suét cua thuat toan dé xuit phat hi¢n cAu trc cong déng CDAB,
LPAA tiép tuc dugc kiém chung thong qua viée so sanh véi thuat toan goec GN
[76], LPA [85] trong cic mang xa hoi bang cach sir dung s6 liéu vé thoi gian
thuc hién (gidy).

Bang 3.5. Két qua so sanh thuit toan GN, CDAB, LPA va LPAA vé thoi gian
thuc hién

Don vi tinh: Gidy

) j CDAB LPAA
1 | Com-DBLP 26325 10922 645 269
2 | Com-Amazon 5046 2279 245 168
3 | Com-Youtube | 57218 24182 1275 592

Hiéu suét cua thuat toan phat hién cAu truc cong d@)ng CDAB va LPAA duoc
khang dinh thong qua viéc so sanh thoi gian thuc hién véi thuat toan goc GN va LPA
trong cac mang xa hoi bang cach sir dung s6 liéu vé thoi gian tinh toan 1a gidy.

Qua s6 lidu Bang 3.5 vé két qua thuc nghiém cho thiy thoi gian thuc hién cua
thuat toan dé xudt CDAB cho thoi gian tinh toan vuot troi so voi thuat toan GN [76]

trén tat ca cac mang Com-DBLP, com-Amazon, va com-Youtube. P6i vdi mang cd
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kich thuéc cang 16n thi thoi gian thuc hién giam cang nhiéu. Thoi gian thyc hién cta
thuat todn dé xuat CDAB v&i mang com-Youtube giam 33036 gidy, voi mang com-
DBLP giam 15403 giay va mang com-Amazon giam 2767 gidy.

Pong thoi két qua thuc nghiém cho thay thoi gian thyc hién ciia thuat toan dé
xuit LPAA phét hién cong dong trén do thi rat gon dua theo nguyén 1y lan truyén
nhin cho thoi gian tinh toan nhanh hon so vé&i thut toan phat hién céu tric cong dong
pho bién LPA. Hiéu qua thé hién 1 trén cac mang cé kich thudc cang 16n thi thoi
gian thyc hién cang giam nhiéu. Thoi gian thyc hi¢n cua thudt toan dé xuat LPAA
v&i mang com-Youtube giam 683 gidy, vdi mang com-DBLP giam 376 gidy va voi
mang com-Amazon giam 77 gidy.

Nhu vay qua két qua thuc nghiém khang dinh thuét toan dé xuit CDAB va
LPAA phét hién cong dong trén do thi rat gon dya vao do do trung tAm trung gian va
nguyén 1y lan truyén nhan cho thoi gian tinh toan vugt tréi hon so vai thuat toan gbc
GN va LPA.
3.5.2.3. Két qua thuc nghiém danh gia dd chinh xac va chit lwong cac cong dong
ciia thuit toan dé xuit CDAB, LPAA phat hién cong dong trén mang xa hoi

Do chinh xac va chét luong cac cong dong ciia cac thuat toan phat hién cong
ddng trén mang xa hoi duoc danh gia thong qua do do don thé mé dun Q, do do F-
measure va do do thong tin twong hd NMI.

Biing 3.6. Bing két qua so sanh thut todn GN, CDAB, LPA, LPAA vé chit
lwgng cong dong thong qua d§ do don thé mo dun Q

S| il | Todoin | Toojioin | Tt o
: : LPAA

1 | Com-DBLP 0.662 0.734 0.671 0.721

2 | Com-Amazon 0.734 0.876 0.786 0.825

3 | Com-Youtube 0.682 0.821 0.512 0.659

Tir s6 liéu Bang 3.6, gia tri d6 do don thé mo dun cua thuat toan CDAB lan luot
14 0.734, 0.876, 0.821 va dbi vai thuat toan GN lan luot 13 0.662, 0.734, 0.682. Ta
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théy réng thuat toan CDAB dat dugc hiéu suit tot nhét trong tat ca cac mang com-
DBLP, com-Amazon va com-Youtube. Gia trj d6 do mo6 dun Q cua thut toan dé xuat
LPAA trén cac mang com-DBLP, com-Amazon, com-Youtube lan luot 13 0.721,
0.825, 0.659 va cua thuat toan LPA trén cac mang lan luot 14 0.671, 0.786, 0.512.
Qua céc sb liéu d6 do don thé mé dun Q trong cac bd dit liéu ndy cho ta thdy rang
phuong phap duoc dé xuat CDAB va LPAA vuot troi hon so vé6i thuat toan goc GN
va LPA trén tit ca cac bo dit liéu thuc nghiém.

Do do thong tin tuong hd NMI 1a mot s6 liéu so sanh tiép theo dé danh gia ty 16
chinh xac dugc tim thay trong cong dong da biét. Gia tri NMI cang cao dong nghia ti
1€ chinh xac cang 16n, it sai khac.

Bang 3.7. Bang két qua so sanh thuit toan GN, CDAB, LPA va LPAA vé chit
lwgng cong dong NMI

: : CDAB LPAA
1 | Com-DBLP 0.136 0.197 0.367 0.443
2 | Com-Amazon 0.146 0.215 0.356 0.452
3 | Com-Youtube 0.062 0.067 0.033 0.041

Tur s6 liéu Bang 3.7, gia tri 36 do NMI ctia thuat toan CDAB lan luot 14 0.197,
0.215, 0.067 va d6i voi thuat toan GN lan luot 1a 0.136, 0.146, 0.062. Ta thay rang
thuat toan CDAB dat dugc hiéu suit tot nhat trong tat ca cac mang com-DBLP, com-

Amazon va com-Y outube.

Pong thoi qua Bang 3.7 ciing cho thay gia tri NMI cua thuat toan dé xuat LPAA
1an luot trén cac bo dit liéu thuc nghiém Com-DBLP, com-Amazon, com-Youtube
lan luot 12 0.443, 0.452, 0.041 con cla thuat toan LPA ddi voi cac bo dit liéu 1an luot
14 0.367, 0.356, 0.033. Nhu vay gia tri @6 do NMI cua thuat toan dé xuat LPAA 16n

hon cua thuat toan LPA trong moi b dir li¢u thyc nghi€ém.
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Piéu d6 khang dinh chat lugng phat hién cau tric cong dong cta thuat toan
CDAB va LPAA 1a t6t hon so véi thuat toan gdc GN va LPA.

Bang 3.8. Bang két qua so sanh thuit toain GN, CDAB, LPA va LPAA vé chit
lwgng cong dong F-Measure

‘ * CDAB LPAA
1 | Com-DBLP 0.542 0.686 0.725 0.786
2 | Com-Amazon 0.614 0.758 0.803 0.858
3 | Com-Youtube 0.041 0.057 0.016 0.028

Tu s6 liéu Béang 3.8, gia tri d0 do F-measure cua thuat toan CDAB lan luot 1a
0.686, 0.758, 0.057 va ddi v6i thuat toan GN lan lugt 13 0.542, 0.614, 0.041. Ta thay
réng thuat toan CDAB dat dugc hiéu suit tot hon trong tat ca cac mang com-DBLP,
com-Amazon va com-Youtube. Diéu d6 khing dinh rang chat lugng phat hién ciu
trac cong dong ciia thuat toan CDAB 14 tét hon so véi thuat toan GN.

Podng thoi qua sd liéu Bang 3.8 cho thay gia trj 46 do F-measure cta thuat todn
dé xuat LPAA lan luot trén cac bo dit liéu thuc nghiém Com-DBLP, com-Amazon,
com-Youtube lan lugt 13 0.786, 0.858, 0.028 con ciia thudt todn LPA dbi voi cac bd
dit liéu 1an luot 1a 0.725, 0.803, 0.016. Nhu vay gia tri d0 do F-measure cua thuat
toan dé xuit LPAA 16n hon cua thuét toan LPA trong moi bg dir li€u thyc nghi¢m.
Diéu d6 khang dinh chét lugng phét hién cu tric cong dong cua thuat todan LPAA 1a
t6t hon so vé6i thuat toan gbc LPA. Nhu vy, qua sb liéu cac Bang 3.5, 3.6, 3.7 va 3.8
vé thoi gian thyc hién thuat toan va cac do do chat lugng cong dong da khang dinh
rang phuong phap dugc dé xudt CDAB, LPAA c6 thoi gian thyc hién nhanh hon va
hiéu qua hon so véi thuat toan géc GN, LPA va thuong phat hién cac cong dong co
chét luong tdt hon cac cong déng dugc phat hién boi GN, LPA.

Nham muc dich d4nh gia hiéu qua ctia phuong phap dé xuat CDAB duoc thé
hién thong qua viéc so sanh voi thuat toan tién tién nhat cai tién thuat toan GN hién
nay 1a thudt toan MAA [6]. Thuat toan dé xudt CDAB duoc so sanh voi thuét toan

MAA trén lan lugt cac bo dit lidu: Zachary Karate Club va Dolphin Social Network.
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Do do don thé mé dun 1 do do tiéu chuan quan trong dé do chat luong cua thuat
toan phat hién cdu tric cong dong. Trong thyc nghiém nay, nghién ciru sinh chil yéu
danh gid thuat toan dé xuit CDAB so véi thuat toan MAA & khia canh anh huong
ctia d6 do don thé mé dun Q. Sau khi chay twong (mg cac thuat toan trong cac tap di
liéu mang thuc bao gdm Zachary Karate Club, Dolphin Social Network va tinh toan
d6 do don thé mo dun phat hién cong dong.

Bang 3.9. Két qua so sanh thuit toin CDAB, MAA vé chit hrong cong dong
thong qua do do dom thé mé dun Q

A 1soren <A Thuat toan Thuit toan dé xuat
Stt | Bo dir li€u thuc nghiém MAA [6] CDAB
1 | Zachary Karate Club 0.1128 0.3715
2 | Dolphin Social Network 0.1543 0.3787

Tir s6 liéu Bang 3.9, gié tri o do don thé mo dun cua thuat toan dé xuat CDAB
lan luot 1a 0.3715, 0.3787 va déi véi thuat toan MAA lan lugt 1 0.1128, 0.1543. Nhu
vay qua gia tri 6 do don thé mé dun Q di khang dinh thuat toan dé xudt CDAB dat
dugc hiéu suat tét hon thuat toan MAA trong cac mang Zachary Karate Club va
Dolphin Social Network. Két qua thuc nghiém khang dinh rang phuong phap duoc
dé xuat CDAB hiéu qua hon so v&i thuat toan MAA va thuong phat hién cac cong
ddng c6 chat luong tot hon cac cong dong duoc phat hién boi MAA.

Nhu vy, qua cac két qua thuc nghiém so sanh thuat toan dé xuat CDAB véi
thuat toan goc GN va thuat toan cai tién GN gan day 1a MAA da khang dinh rang két
qua ctia phuong phap duoc dé xuat 1a dang tin cdy va hiéu qua.

Thuat toan dé xuat CDAB dat hiéu qua cao trong nhimng trudng hgp mang xa
hoi ¢6 kich thudce 16n do sé lwong cac dinh twong duong theo d6 do trung tam trung
gian nhiéu, co thé két hop rut gon dugc nhiéu dinh va canh trén dd thi mang xa hoi.
Két qua thuc nghiém da kh:fmg dinh tinh hi€u qua cua thuat toan CDAB.

Tuy nhién han ché cua thuat toan CDAB con d6 phtc tap vé thoi gian tinh toan

va hiéu qua rat thap trong truong hop nhitng mang xa hoi nho do sé lugng dinh tuong



99

duong theo d6 do trung tdm trung gian it, lai mat thém thoi gian rat gon d6 thi dan
dén viéc chénh 1éch thoi gian tinh todn so v&i thuat toan géc 1a nho.

Ngoai ra vi thuat toan CDAB 1a cai tién tir thuat toan géc GN nén thuat toan
CDAB van gip phai mot s6 han ché cua thuat toan GN nhu van st dung phwong phap
loai trir dan dén khi khong c6 canh ndo vuot qua ngudng cua do do trung tim trung
gian cao, vi vy nén sb lugng cong dong khong kiém soat trudc dugc. Bén canh do,
thuat toan ciing sir dung nhiéu phép phan viing, kh6 cé thé xac dinh duoc phép phan
ving nao mang lai hiéu qua t6t nhat.

Nham muc dich dénh gia hiéu qua cta phuong phéap dé xuat duoc thé hién thong
qua viéc danh gia chét luong va tdc d0 v4i thuat toan tién tién hién nay cai tién thuat

toan LPA la thuat toan OLP [82].

Bang 3.10. Két qua so sanh thuit toan LPAA, OLP vé chat lwgng cong dong

NMI
Stt B9 dir liéu Thuat toan Thuit toan dé xuat
thuc nghiém OLP [82] LPAA
1 | Zachary Karate Club 0.7605 0.8421
2 | Dolphin Social Network 0.7605 0.9042

Qua sb liéu Béang 3.10 cho théy gia tri NMI cua thudt toan dé xuat LPAA lan
lugt trén céc bd dir liu thuc nghiém Zachary Karate Club, Dolphin Social Network,
1an lugt 14 0.8421, 0.9042 con cia thuét toan OLP déi véi cac b dit liéu lan luot 1a
0.7605, 0.7605. Nhu vay gia tri d6 do NMI cutia thuat toan dé xuat LPAA 16n hon cia
thuat toan OLP trong tat ca cac bo dit liéu thuc nghiém. Piéu d6 khfmg dinh chat
luong phat hién cu tric cong dong cua thuat todan LPAA 1a tét hon so véi thuat todn
OLP [86].

Nhu vy, qua cac két qua thuc nghiém so sanh thuat toan dé xuat LPAA véi
thuat toan géc LPA va thuat toan cai tién LPA gan day la OLP di khang dinh rang
két qua cta phuong phap dugc dé xuat 1a dang tin cdy, hiéu qua hon.

Thuat todn dé xuat LPAA dat hi¢u qua cao trong nhiing trudng hop mang xa

hoi ¢6 kich thude 16n do s6 lwong cac dinh tuong duong theo nguyén 1y lan truyén
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nhén 16n, ¢ thé két hop rat gon dugc nhiéu dinh va canh trén db thi mang xa hoi.
Dic biét thuat toan dé xuat LPAA d& thyc hién song song dé phan tich, phat hién
nhanh, hiéu qua céc cdu tric cong dong trén mang xa hoi 16n, phuc tap.

Tuy nhién han ché cta thuat toan LPAA 1a hiéu qua thap trong truong hop
nhimg mang xa hoi nhé do sé lugng dinh twong duong theo nguyén 1y lan truyén
nhin kha it ddn dén viéc chénh léch thoi gian so vai thuat todn gde khong dang ke.

Ngoai ra thuat toan LPAA van gap phai mot s6 han ché ctia thuat toan gbc LPA
nhu tinh ngau nhién cta nd, bao gém nhén ban dau ngau nhién, thir ty cap nhat nhin
ngau nhién va chon ngiu nhién mot trong cac nhin t6i da lam nhén cua dinh khi nhan
t6i da khong phai 1a duy nhat.

3.6. Két luan chwong 3

Chuong 3 trinh bay két qua ap dung céc thuat toan rut gon dd thi mang xa hdi
dugc dé xuat & chuong 2 vao phat trién cac thuat toan phat hién cong dong trén mang
x4 hoi dya vao do do trung tAm trung gian va nguyén 1y lan truyén nhan. Chuong nay
trinh bay cac két qua chinh nhu sau:

- Pé xuét thuat toan FBC cai tién thoi gian tinh d6 do trung tim trung gian cia
cac dinh, canh trén db thi mang xa hoi st dung thuat todn REG rat gon dd thi dua
trén 16p dinh tuong duong dua vao do do trung tdm trung gian. Bang 1y thuyét va
thuc nghiém trén cdc mang xa hoi luén an da kh:fmg dinh tinh hi¢u qua cua thuat toan
dé xuat FBC.

- Pé xuét thuat toan CDAB phat hién nhanh cong dong mang xa hoi trén co sé
rt gon db thi dwa vao d6 do trung tdm trung gian. Bang 1y thuyét va thuc nghiém trén
cac mang xa hoi ludn an da kh:fmg dinh tinh hi€u qua cua thuat toan dé xuat CDAB.

- Pé xuét thuat toan LPAA phat hién nhanh cong d@)ng mang xa hoi trén co s&
rt gon d6 thi dwa vao nguyén 1y lan truyén nhan. Dic biét thuat toan dé xuat LPAA
dé dang thyuc hién song song dé phan tich, phat hién nhanh, hi¢u qua cac cAu truc cong
d6ng trén mang xa hoi 16n, phic tap. Bang 1y thuyét va thyc nghiém trén cac mang xa

hoi luan an da khang dinh tinh hiéu qué cua thuat toan dé xuat LPAA.
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- Cac két qua nghién ctru trong chuong 3 duoc cong bd trong cong trinh [CT2],
[CT3].
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KET LUAN VA HUONG PHAT TRIEN
I. Két qua dat dwoc ciia luin an

Mang xa hdi 1a mét cAu trac xa hoi duoc tao ra tir rat nhiéu thuc thé, tac nhan
hay cac t6 chirc lién két voi nhau theo mot hay nhiéu mdi quan hé va thuong duoc
biéu dién boi do thi mang x3d hoi. Cong ddng mang xa hoi 1a mot nhoém cac thuc thé
c6 céc tinh chat tuong ty nhau lién két chat ché véi nhau va cing déng gop vai trd

nhat dinh trong mang x3 hoi.

Muc dich cta luan an 14 nghién ctru phat trién cc thuat toan rat gon d6 thi mang
xa hoi dya vao cac 16p dinh tuong duong theo do do trung tdm trung gian va nguyén
Iy lan truyén nhan dé 4p dung phat trién cac thuat toan phat hién cong dong trén mang
xa hoi. Tinh hi€u qua cta thuat toan dé xuét duoc thuc nghiém trén cdc mang xa hoi
thuc. Két qua thyc nghi¢m cho théy thuét toan duoc dé xuit c¢6 hiéu suit tét hon trong
viéc phat hi¢n céc cong d@)ng mang xa hdi so voi cac thuat toan khac vé chat luong
cong dong va thoi gian thuc hién thuat toan. Cac két qua chinh ciia luén an:

1. Trinh bay mot s6 dinh nghia, d& xuat mot s cac tinh chat, hé qua cua cac lop
dinh tuong duong theo do do trung tdm trung gian trén dd thi mang xa hoi. Tu do, dé
xuét thuat todan REG thyc hién rat gon do thi dwa vao 16p tuong duong ciia cac dinh
theo do do trung tAm trung gian. Pong thoi ludn an ciing dé xuat thuat toan FBC cai
tién thoi gian tinh d¢ do trung tdm trung gian trén do thi mang xa hoi rat gon. Bang
Iy thuyét va thuc nghiém trén cic mang xa hoi luan 4n da khang dinh tinh hiéu qua ciia
thuat todn dé xuat va do phc tap thoi gian tinh do do trung tim trung gian trén do thi
mang xa hoi gidm 10 rét.

2. Phat trién thuat toan CDAB phat hién nhanh cac cong d@)ng mang xa hdi trén
co s& rit gon do thi theo d¢ do trung tAm trung gian. Bang 1y thuyét va thuc nghiém
trén cac mang xa hoi ciing nhur so sanh véi thuat toan MAA mdi gan day nhét lién quan
dén thuat toan dugc dé xuat luan 4n da khang dinh tinh hiéu qua cta thuat toan dé xuat
va thoi gian phat hién cong dong trén mang xa hoi giam rd rét.

3. Pé xuit thuat toan LREN rut gon db thi dwa vao 16p twong duong theo nguyén
Iy lan truyén nhin va ap dung dé phat trién thuat toan lan truyén nhan LPAA phat hién
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cau triic cong dong mang xa hoi trén co sé rit gon d6 thi theo nguyén 1y lan truyén
nhan. Bang 1y thuyét va thyc nghiém trén cic mang xa hoi cling nhu so sanh voi thuat
toan OLP m&i gan day nhat lién quan dén thuat toan dugc dé xuat luan an da khang
dinh tinh hiéu qua cua thuat toan dé xuét va thoi gian phat hién cong dong trén mang
xa hdi gidm 10 rét.

II. Hwéng phat trién ciia luin 4n

Trong qua trinh nghién ctru 1y thuyét va tién hanh cac thyc nghiém vé phan tich,
phat hién cau tric cong dong mang xa hoi, huéng phat trién tiép theo ciia dé tai nhu
sau:

1. Nhu chiing ta da biét dit liéu mang xa hoi (Social Data) c6 kich thudc vo cling
16n, kha niang phét trién nhanh, khé thu thap va phan tich v6i cac cong cu thong ké
hay ung dung co sé dir li¢u truyén théng. Vi vay, viéc tiép tuc thuc hién cac nghién
clru tién tién vé cong nghé dit liéu 16n (Big Data) s& giai quyét dugc cac cong viee
hién con dang gip nhiéu khé khan, thach thirc nhu: phan tich, xir 1y, phat hién cac
cau tric cong dong mang xa hoi trén nhimg mang xa hoi siéu 16n.

2. Hién nay, luan 4n da thyc hién dé xuat cai tién phuong phéap phat hién cong
d@)ng mang xa hdi dya trén thudt toan dién hinh GN. Nghién cttu sinh nhan théy co
thé thyuc hién tiép tuc cdc nghién ctru phét trién nhiing thuat todn tim céc cau trac
cong dong chong chéo trén d6 thi mang xa hoi sir dung do do trung tim trung gian
cuc bd. Nhiing cai tién, dé xuét vé thuat toan tinh nhanh do do trung tim trung gian

cuc bd da dugc nghién ctru sinh trinh bay trong cac cong trinh [CT5].

3. Mang xa hoi dang phat trién rat nhanh, véi s6 lugng ngudi ding va mébi quan
hé trong mang véi nhau rat 1on. Tir d6, yéu cau khach quan dit ra 1a phai c6 nhiing
phuong phép nghién ctru va cac ky thuat phan tich mang xa hoi phu hop. Vi vay, viéc
phat trién cac thuat toan song song dé thyuc hién dong thoi cong viéc phat hién cac
cdu tric cong dong trén mang xa hoi nham giam thiéu thoi gian tinh toan trén dir liéu

mang xa hdi c6 quy md 16n 1a quan trong va can thiét hon bao gio hét.
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