BO THONG TIN VA TRUYEN THONG
HQC VIEN CONG NGHE BUU CHINH VIEN THONG

NGUYEN XUAN DUNG
NGHIEN CUU CAC THUAT TOAN RUT GON PO THI VA

UNG DUNG PE PHAT HIEN CONG PONG TREN MANG XA HOI

Chuyén nganh: H¢ thong thong tin
Ma so: 9.48.01.04

TOM TAT LUAN AN TIEN SI KY THUAT

Ha N¢i - 2021




CONG TRINH PUQC HOAN THANH TAL:
HOQC VIEN CONG NGHE BUU CHINH VIEN THONG

TAP THE NGUOI HUONG DAN KHOA HQC:
1. PGS.TS Poan Vian Ban
2. TS. Bd Thi Bich Ngoc

Phén bién 1:
Phén bién 2:
Phén bién 3:

Luan an duoc bao vé trude Hoi déng chdm luan cép Hoc vién
Hop tai: Hoc vién Cong nghé Buu chinh Vién thong
Vaohdi  gid ngay thang nam 2021

C6 thé tim hiéu luin an tai:
- Thu vién Hoc vién Cong nghé Buu chinh Vién thong

- Thu vién vién Qudc gia Viét Nam




MO PAU
1. Tinh cAp thiét ciia luin 4n

Trong vai thap ky gan day, cac mang xa hoi di trd nén phd bién va thu hut duoc su chu ¥ cua cac nha
khoa hoc thudc cac nganh khac nhau, nhu xa hoi hoc, dich té hoc, kinh té, khoa hoc may tinh, vién thong va
nhiéu nganh khac. Mang xa hoi dang phat trién manh mé tai khap moi noi, trén moi qubc gia va trd thanh
phuong tién quan trong, khong thé thiéu trong cudc séng dé két ndi quan hé clia moi nguoi trong xa hoi. Hién
nay Facebook, Twitter, Youtube, WhatsApp, Instagram, Google+, Linkedin, ... 1a nhitng mang xa hoi phd
bién dugc nhiéu nguoi sir dung nht.

Phan tich mang xa héi 1a mét tap hop cac phuong phap thu thép va xu 1y dir li¢u, cac khai niém, cac ly
thuyét nham mo ta va phan tich cac mdi quan hé giita cac thyc thé trong mang, céc qui luat hinh thanh va bién
d6i ctia nhitng mdi quan hé d6, va nhat 1a 1am sang to nhitng anh hudng twong quan ciia cac mdi quan hé trong
xa hoi (hay ciu trac cla mang) dbi voi hanh vi cua cac thyuc thé tham gia. Vi du: Phan tich théng k& mang xa
hoi, phat hién cong déng trén mang xa hoi, dy doan lién Kkét, phan tich vai tro va phan loai cac tac nhan trén
mang xa hoi, ... Trong linh vyc phéan tich mang xa hoi, viéc phan tich va phat hién cac cong dong trén mang
xa hoi mang nhiéu y nghia quan trong va co nhiéu ung dung trong cac linh vyc xa hdi khac nhau nhu xa héi
hoc, sinh hoc, khoa hoc may tinh, kinh té, chinh tri, .... Cong déng mang xa hdi 1a mdt nhém cac thuc thé
trong mang xa hoi c6 nhiing tinh chét tuong tw nhau, lién két chit ché véi nhau va ciing dong mot vai trd nhat
dinh. Cong déng mang xa hdi 1a nhiing céu trac xa hoi duge xac dinh dya trén nhiing mbi quan h¢, co moi
quan tim chung nhu: s¢ thich, linh vic ma cac thanh vién ctia cong dong cling quan tim, tham gia hay mot
muc tiéu, dy 4n chung, vi tri dia 1y, hodc nghé nghiép. Viéc phat hién va phan tich cac cong dong mang xa hoi
s& cung cap cho chiing ta nhitng thong tin quy gia dé hiéu biét va hinh dung dugc nhimg ciu triic ctia mang.

Phat hién cong dong trén mang x3 hoi cling 1a mot nhiém vu quan trong hang du trong phén tich mang
xa hoi. Dé giai quyét vin dé nay, nhidu thuét toan phat hién cong dong trén mang xa hoi da dugc dé xuat. Tuy
nhién, cac thuat toan nay phén 16n chua dat dugc hi¢u qua trong viéc phat hién cong déng trén cic mang xa
hoi quy mo 16n. Phat hién cong dong mang xa hoi con dugc goi 1a phan cum db thi, 1a mot trong nhimg k§
thudt phan tich mang co ban va quan trong dugc str dung dé phat hién cic mdi quan hé giita céc thanh vién
trong mang x3 hoi. Lién quan dén viéc xac dinh s6 lugng cong dong trong mang xa hoi va sé lugng thanh vién
ctia mdi cong dong, voi nhidu twong tac giira cac thanh vién trong cting mot cong dong nhiéu hon giita cic
thanh vién trong cong dong ciia nd véi phan con lai ciia mang. Vi sy phat trién manh mé ctia cong nghé thong
tin, viéc sir dung mang xa hoi trong xa hoi ciia chiing ta dang phat trién theo cdp s6 nhan. Mot hé qua 1a sy
thay doi sau sic trong cach ngudi dung tuong tac véi nhau. Cong dong 1a mot dic tinh quan trong clia mang
xa hoi, cong déng thuong dai dién cho cac nhém nguoi dung duoc t6 chirc cu thé voi cac thude tinh, s& thich
tuong tu hodc cac mdi quan hé gan nhau hon.

D6 thi mang xa hoi thudng rat phic tap, c6 sé dinh va s6 canh rat 16n, nén cong viéc phat hién cc cong
dong doi hoi rat nhidu thoi gian va cling 1a mot thach thirc rat 16n. Tuy nhién, cac nghién ciru néu trén hau hét
tap trung giai quyét bai toan phat hién cong dong truc tiép trén do thi ma rat it cong trinh nghién ctru tinh dén
vi€c giam thiéu khong gian dinh va canh cia dd thi nhung bao toan duoc cac tinh chat cua do thi ban dau nham
muc dich giam thiéu thoi gian phan tich, phat hién cac cong dong trén mang xa hoi. Mit khac, d6 thi mang xa
hoi thuong c6 nhidu dinh twong duong voi nhau theo mot s6 do do da dugc xac dinh dic trung cho mang xa
hoi nhu: d9 do trung tdm trung gian, hodc theo nguyén 1y lan truyén nhan, ... Nhiing dinh trong dwong c¢é cling
d6 do trung tim trung gian, hay c6 chung nhén theo nguyén 1y lan truyén nhén tao thanh cac 16p dinh tuong
duong va co thé két hop ching véi nhau thanh mot dinh dai dién gitip cho giam thiéu dang ké sé dinh va s6



canh cua d0 thi mang xa hoi. Qua phan tich va danh gia cac thuat toan phat hién cac cong dong trén mang xa
hdi, nghién ctru sinh da lya chon nghién ctru cac 16p dinh tuong duong dua vao do do trung tdm trung gian va
nguyén 1y lan truyén nhan dé rat gon dd thi mang xa hoi va tur d6 cai tién cac thuat toan phat hién cong déng
mang xa hoi hiéu qua trén d6 thi rit gon nham giai quyét hiéu qua ddi véi bai toan phat hién cong dong trén
mang x hoi c6 cau trac tu do va kich thude rat 1on.
2. Muc tiéu cia luin dn

Muc tiéu cia luan an la:

e Nghién ctru phat trién va thuc nghiém thuat toan rit gon do thi dua vao 16p twong dwong cua cac dinh
trén d6 thi theo do do trung tim trung gian va phwong phap rit gon do thi theo nguyén 1y lan truyén
nhan.

e Phat trién thuat toan phat hién nhanh cac cong dong trén mang xa hoi sir dung d6 do trung tam trung
gian va thuat toan phat hién nhanh céc cong dong trén mang xa hoi da trén tinh chat cia cac 16p dinh
tuong duong theo nguyén 1y lan truyén nhan.

3. Pdi twong nghién ciru cia ludn 4n

e Mang xi hdi va cong dong mang xa hoi.

e  (Céc thuat toan rit gon dd thi.

e Cac 16p dinh tuong duong theo d¢ do trung tdm trung gian va nguyén 1y lan truyén nhén trén do thi
mang xa hoi.

e Céc thuat toan phat hién cong dong mang xa hi.

4. Pham vi nghién ciru cia luin an

e Céc thuat toan phat hién cong dong mang xa hoi: Girvan - Newman, Label Propagation Algorithm.

e Céc 16p dinh twong duong theo do do trung tim trung gian trén d6 thi mang xa hoi.

e Cac 16p dinh twong duong theo nguyén 1y lan truyén nhén trén do thi mang xa hoi.

e Céc thuat toan rt gon dd thi dya vao cac 16p dinh twong duong theo d¢ do trung tdm trung gian va
theo nguyén 1y lan truyén nhan.

5. Phwong phap nghién ciru cia ludn én
Phuong phap nghién ciru ciia luan 4n 1a nghién ciru 1y thuyét va nghién ctru thyc nghiém.
6. Cac dong gép chinh cia luin an

e Dé xuit thuit toan REG (Reduce Equivalence Graph) rit gon db thi dyua vao 16p twong duong ciia cc
dinh theo d¢ do trung tdm trung gian. Thyc hién céc thuc nghiém danh gia tinh hi€u qua va thoi gian
thyc hién ctia thuat toan dé xuét so véi thuat toan gdc dién hinh sir dung d9 do trung tam trung gian.

e D¢ xuit thut toan FBC (Fast algorithm for Betweenness Centrality) cai tién thoi gian tinh do do trung
tam trung gian va dé xuét thuat toan CDAB (Community Detection Algorithm based on Betweenness
centrality) cai tién thoi gian phat hién cac cong dong trén do thi mang xa hoi rat gon dyua vao do do
trung tam trung gian. Thyc hién cac thyc nghiém danh gia tinh hiéu qua va thoi gian thyc hién cta thuat
toan dé xuit CDAB so véi thuat toan gbc dién hinh Girvan-Newman (GN) st dung d6 do trung tam
trung gian.

e D¢ xuét thuat toan LREN (Label based Reduce Equivalence Nodes) rit gon do thi dwa vao 16p dinh
tuong duong theo nguyén 1y lan truyén nhin va phat trién thuat toan LPAA (Label Propagation
Algorithm on Abridged graph) cai tién thoi gian phét hién cac cong dong dua vao nguyén 1y lan truyén
nhan. Thyc hién cac thyc nghiém danh gia tinh hi¢u qua va thoi gian thyc hién cia thuét toan LPAA so
v6i céc thuat toan gdc dién hinh (Label Propagation Algorithm) LPA.



7. B6 cuc ciia ludn 4n

Luén an duoc t6 chuc thanh 3 chuong, trong do:

Chuong 1. Tong quan rut gon dd thi va phat hién cong dong trén mang xi hji

Chuong 2. Thuit toan rit gon dé thi mang xa hdi dwa vao do do trung tim trung gian va nguyén ly lan
truyén nhan.

Chuong 3. Ap dung thuit toan rit gon dd thi dé phat hién cong dong trén mang xi hoi.

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

Chuong nay gidi thi€u téng quan vé mang xa hoi, cong déng trén mang xa hoi, cac thuét toan phat hién
cong dong trén mang xa hdi va cac phuong phap rit gon dd thi cho nhiéu ing dung khac nhau. Trong ndi dung
chwong ciing thyc hién phan tich, d4nh gia r6 nhitng mit han ché, ton tai ciia mdi phuong phap tir d6 xac dinh
hudng phat trién thuat toan rit gon do thi va ing dung dé phat hién cong dong trén mang xa hoi. Cubi chuong
trinh bay mot sé d6 do phd bién duoc sir dung dé danh gia hiéu qua cta cac thuét toan rat gon do thi va thuat
toan phat hién cong dong trén mang xa hoi.
1.1. Mang xa hgi

Mang x4 hoi 1a mot cdu triic x3 hdi dugc tao ra tir cac thuc thé, cac tac nhan hoidc cac to chie duoc lién
két, két ndi boi mot hodc nhiu quan hé véi nhau [8], [42], [102]. Theo Fortunato va cac cong sy [31] mang
x4 hoi la mot tap hop cac thuc thé duoc két ndi voi nhau béng mot tap hop cac moi quan hg, lién két, nhu quan
hé ban be, gia dinh, cong sy hay trao doi thong tin, ...
1.2. Mt s6 hé do quan trong trén dd thi mang xa hgi
Pinh nghia 1.1. D6 thi mang x4 hoi 1a d6 thi G = (V, E), trong d6 V 1a tap cac dinh (ntit) va E 14 tap cac canh
(cung). Tap V biéu dién cho cic thanh vién (tac nhan) ctia mang xa hoi, con tip E thé hién mbi quan hé xi hoi
gitra cac thanh vién véi nhau.
Pinh nghia 1.3. H¢ s6 trung tam tryc tiép Cp clia tac nhan (dinh) v trén d6 thi G, dugc tinh theo bac clia no,
nghia la:

Cp(v) = deg(v) (1.2)

Trong d6, deg(v) 1a s6 béc ciia dinh v.
Pinh nghia 1.4. D6 do trung tim theo bac vao/ ra: Gia sit A € {0, 1}™" 1 ma tran lién k& cta d0 thi dinh

huéng va K™, K™ € R" 1a cac vectors bac vao, ra twong ung. Khi dé

K= A"l (Tong cac cot ciia A); (1.4)
K" = AI (Tong cic hang cia A). (1.5)
Dinh nghia 1.5. H¢ s6 trung tam lan can Cq (goi tat 1a d6 1an can, do g?m nhau) cua dinh v dugc dinh nghia
nhu sau:
Cal(v) = Ltev\w Ove /(n — 1)) (1.6)

Trong d6, oy, 14 sé duong di ngan nhat di v dén t. P gan nhau dugc xem nhu 1 d6 dai ma ludng théng
tin c6 thé trai qua tir mot dinh cho trudc t6i nhitng dinh khac trén mang.
Pinh nghia 1.6. D6 gan nhau Cci(v) cua dinh v dugc dinh nghia 1a ty 1 nghich véi tong cic khoang cach tric
dia t6i tit ca cac dinh cua V:
Ca(v)=1/ ZteV\v Oyt (1.7)
Cho 36 thi G= (V, E) ¢6 n dinh, d0 do trung tdm trung gian Cg(v) cua dinh v dugc xac dinh nhu sau:

- Véi mdi cap dinh (s, t), tinh tat ca cac duong di ngan nhét ndi giita ching - o;



- Vi mdi cip dinh (s, t), tinh phén sb giita nhitng dudng di ngin nhit 6.(v) c6 di qua v va sé cac duong
di ngén nhat tir s ti t 13 o4(v)/o;
- Tinh tong cac phan sd clia tat ca cac cip dinh (s, t).
Ta ky hiéu oy 1a s duong di ngan nhét di tir s t6i t, va (V) 1a s6 duong di ngén nhét di tir s t6i t va co
di qua v.
Pinh nghia 1.7. D do trung tam trung gian ki hi¢u la Cg(v) cua dinh v dugc xac dinh nhu sau:
Co(V) = Xszt2v st (V) /0gt (1.8)
1.3. Bai toan phat hién cng ddng mang xa hji
Phat hién cong dong trén mang xa hoi 1a mot trong nhitng linh vuc nghién ciru quan trong va noi bat
hang dau trong phan tich mang xa hoi. Phat hién cong dong trén mang xa hoi co tim quan trong 16n trong xa
héi hoc, sinh hoc va khoa hoc may tinh, ... Phat hién cong déng trén mang xa hdi gap thach thic 16n dac bigt
su phtrc tap tinh toan bi chi phdi boi hai yéu té chinh. Yéu té dau tién phai ké dén 1a kich thudc cia mang xa
hoi rat 10n nhu mang xa hoi Facebook da dat dén hang ty nguoi ding. Vi vy can c¢6 giai phap thich hop dé
giam kich thuéc ctia d6 thi mang x4 hoi ban déu theo mot cach thirc c6 thé quan Iy va kiém soat duogc. Nho d6
ma chi phi tinh toan giam, thoi gian tinh toan giam nhung khong lam giam chét lugng ciia giai phap hay céu
truc cia mang xa hdi ban dau. Yéu td thtr hai lién quan dén ban chat cua mang xa hdi 1a dong, cAu triic cua
mang bién d6i, phét trién khong ngimg theo thoi gian. Chinh nhiing thach thirc nay da thu hit duge mot sb
luong lon cac nha khoa hoc quan tdm nghién ctru lién tuc trong nhiing nam qua.
1.3.1. Cong ddng mang xi hji
Trong 1y thuyét d thi, chung ta c6 thé dinh nghia cong dong mét cach hinh thirc nhur sau:
Pinh nghia 1.8. Cho trudc d6 thi G = (V, E), v6i V 1a tap cac dinh, E 1a tap cic canh. Cac cong dong la tap
cac dd thi con cua G, C= {Gi, G, ..., G}, voi Gi = (V;, Ei),1=1, 2, ..., k sao cho:
(1) Vi#£j=1,2, ...,k ViNV;=¢, cic cong dong roi nhau
()  UX,V, =V vaUX,E; cE, cong ddng la cac dd thi con cia G
(iii) Céc dinh trong ciing mot cong ddng c6 lién két (canh ndi) voi nhau nhidu hon s6 lién két véi cac
dinh & nhiing cong dong khéc, nghia 1a: |Ei| > [Eijl, véi Eij = {(u, V) € E- (EiUE),u e Vi, v € V;
vai#j=1,2,..,k}.
Mot sd ung dung chinh cta bai toan phat hién cong déng trén mang xa hoi [3], [4], [25] la:
- Phat hién cong dong co thé duoc sir dung trong tur van thong tin va xéc dinh duoc nhitng cong dong
¢6 cing mot sd quan tdm, so thich twong tu.
- Cong dong ciing s& gitip chung ta hiéu ciu triic cia mang xa hoi, 1am rd cac thudce tinh va chirc ning
ciia mang xa hoi.
- Phat hién cc cong ddng dé hiéu hanh vi cia mang xa hoi trong quy mé 16n vi n6 s& lam 13 cac qua
trinh chia sé thong tin va truyén ba thong tin.
- Céc phuong phap phat hién cong dong co 1oi thé 16n trong viée dinh tuyén nhan thic trong xa hoi va
ngan chan thong tin ddc hai trén mang xa hoi.
- Mang xa hoi loai nguoi thé hién cong déng manh m¢&. Mot mang ludi c6 cong déng manh bao gém
cac cong dong, cac cong dong ndy co nhiéu két ndi trong d6 va it két ndi giita cac cong dong.
- Trong h¢ sinh hoc va hé cham séc suc khoe, co nhiéu thuit toan phat hién cong déng duogc phat trién

cho cac mang xa hoi cling c6 thé dugc mo rong thanh cong cho cac mang sinh hoc.



1.3.2. Cac thuit toan phat hién cong ddng mang xa hji

Muc tiéu cua bai toan phat hién cong déng mang xa hdi 1a tir cac mang xa hdi cho trudce, phat hién dugc
cac cong dong nam trong d6 va tim hiéu vé mbi lién hé bén trong cac cong dong ciing nhur giira cac cong dong
v6i nhau, méi lién hé d6 c6 anh hudng thé nao dén toan mang xa hoi.

Bai todn: Phat hién cic cong dong trong mang xa hi.
Pau vao: Do thi mang xa hoi G= (V, E) gém tap V ¢o cac dinh: vi, va,..., va va tap E cac canh E = {(v;,vj)}.
Pau ra: Tap cc cong dong mang xa hoi C.

Trong nhiéu thap ky qua, sd céc giai phap phat hién cong dong trén mang xa hoi da dugc nghién ctru 1a
rat nhiéu va thuong xuyén [3], [12], [17], [21], [22], [24], [37], [39] [44], [45], [49], [52], [59], [66], [67], [69],
[70], [72], [77], [80], [104], [109], [116], [117]. V& co ban, cac thuat toan nay dugc chia thanh 4 nhom thuat
toan chinh.
1.3.2.1. Nhém thuit toin phat hi¢n cong dong truyén thong

Nhom thuat toan phét hién cong dong truyén thong bao gdm cac thuat toan: Phan cum d thi, phan cum
phan cap, phan cum phan hoach, phan cum theo phd va thuat toan phan chia.

Nhirng van dé ton tai khi sir dung cac thuit toan phat hién cng dong truyén théng:

- Mot lugng thong tin bi mat trong qué trinh phan cum dan dén chét lugng thuat todn phat hién cong
dong c6 do chinh xac thuong khong cao.

- Nhom cac phuong phap nay chi tap trung vao cac lién két, két ndi va ciu tric ciia do thi mang xa hoi
ma khong xem xét, chu ¥ dén cac twong tac cia ngudi sir dung mang xa hoi va anh hudng ciia ngudi dung trén
toan mang xa hoi.
1.3.2.2. Nhém thuit toin phat hi¢n cong dong dwa trén t6i wu hoa dd do don thé

Do do don thé Q (Modularity Q) [14], [76], [77] duoc sir dung dé danh gia chat luong thuét toan phat
hién cong déng, d6 do don thé Q c6 gia tri cang lon thé hién d6 chinh xé4c cua thuit toan cang cao, chat lugng
vi€c phat hi¢n cong déng duogc danh gia la tot. Nhom thuét toan nay gém: thuédt toan tim kiém tham lam, md
phong luyén kim, t6i wu hoa mé rong va cac thudt toan tién hoa.
1.3.2.3. Nhém thuit toin phat hi¢n cong dong dwa vao dd do trung tim trung gian

Dua trén ¥ tudng ciia phuwong phap phat hién cong dong dwa vao do do trung tim trung gian, nghién ctru
sinh nhan thiy trén do thi mang xa hoi c6 kha nhiéu dinh twong dwong voi nhau theo cau trac co cung do do
trung tdm trung gian, ching tao thanh cic 16p twong duong va c6 thé két hop chung lai v6i nhau thanh mot
dinh dai dién duy nhat cho ca 16p dinh. Do vay giam thiéu duogc dang ké s dinh va canh cua db thi mang xa
hoi ban dau, giam thiéu dugc chi phi tinh toan ma lai khong dnh hudng dén céu tric cia do thi mang xa hoi
ban dau. Vi vay trong chuong 2 cua luan an nghién ctru sinh dé xuat thuat toan rat gon dd thi mang xa hoi dua
vao d6 do trung tAm trung gian nham cai tién thoi gian tinh toan do do trung tam trung gian va dp dung dé phat
hién nhanh va hi¢u qua cac cong déng trén mang xa hoi.
1.3.2.4. Nhém thuit toin phat hi¢n cong dong duwa trén lan truyén nhin

Trén d6 thi mang xa hoi c6 kha nhiéu dinh c6 nhan giéng v6i nhan (trong cing mét ciu triic cong ddng)
ctia mot trong sd cac dinh 1an c4n, va nhin cua ching luén dugc cap nhat lai theo nhing dinh d6 sudt trong
qué trinh lan truyén nhan. Nhiing dinh nay twvong dwong véi nhau theo cu tric, ludn c6 cling nhin trong cac
budc lan truyén nhén, s& tao thanh cac 16p tuong duong va do vay, c6 thé két hop ching véi nhau thanh mot
dinh dai dién duy nhat cho ca 16p dinh nhim giam thiéu dang ké sb dinh va sb canh cua do thi mang xa hoi

ban dau ma khong anh huong dén cau triic ciia d6 thi mang xa hoi ban dau. Vi vay, chuong 2 luan an d€ xuat



phat trién thudt toan rat gon d6 thi mang xa hoi dwa vao nguyén 1y lan truyén nhan va dp dung dé phat trién
thuat toan phat hién nhanh va hi€u qua cac cong déng trén mang xa hoi.
1.4. Bai toan riit gon dd thi

Bai toan riit gon do thi nham giam thiéu khong gian, thoi gian tinh toan ctia nhitng do thi 16n, phirc tap
12 mot hudng nghién ciru quan trong duoc nhidu ngudi nghién ctru tng dung trong nhiéu linh vuc khac nhau
nhu trong hé thdng quan 1y ludng cong viée, xir Iy anh, mang ngir nghia, xir Iy ngdn ngit tyr nhién, phat hién
mau, phan tich mang xa hoi [7], [58], [61], [90], [100], [103].
1.4.1. Sy cén thiét phai rat gon d6 thi mang xi hoi

Ruat gon dd thi mang xa hoi 1a bai toan quan trong trong linh vyc phan tich dit li€éu. Muyc tiéu cia bai
toan rut gon d6 thi mang xa hoi 1a giam thiéu chi phi, thoi gian tinh toan ma khong lam giam chét lugng giai
phap hoic sira d6i cu triic cua d6 thi mang xa hoi ban déu. Rut gon do thi ciing 1a mot giai phap hitu hiéu dé
tang tdc cac thuét toan thyc thi trén dd thi déng thoi giam kich thudc cua dir li€u. Do tinh chat coa mang xa
hoi c6 céu tric kha ty do va kich thudc rat 1n khong ngimg phat trién theo thoi gian, vi vy cac thuat toan
phat hién cong déng mat rat nhiéu thoi gian va chua thyc sy hiéu qua. Mot trong nhitng cach tiép can dé khic
phuc nhuoc diém trén 1a phuong phap rit gon db thi mang xa hoi dé giam thiéu thoi gian tinh toan. Tuy nhién,
vi€c rut gon dd thi mang xa hdi va van bao toan duoc cac tinh chét cua cong déng van la mot thach thtc 16n
va con tily thude vao cach tiép can ctia phuwong phap phat hién cong dong trén mang x3 hoi.
1.4.2. Cac thuit toan riit gon do thi
1.4.2.1. Thudt todn riit gon do thi trong hé thong qudan 1y luéng cong viéc
1.4.2.2. Thudt todn rit gon do thi trong thi gidc mdy tinh
1.4.2.3. Thudgt todn rit gon do thi trong mang ngit nghia
1.4.2.4. Thudt todn riit gon do thi trong phdt hién méu

Cac cach tiép can rat gon dd thi phén 16n phu thudc vao cac dac tinh co ban cua linh vyc ng dung. Hau
hét khong c6 phuong phap rit gon do thi nao néu trén bao toan dwoc cdu trac thong tin vé cong dong trén mang
xa hoi. Ludn an da dé xuét hai phuong phap rit gon do thi mang xa hdi (chwong 2) va 4p dung phét trién hai thuat
toan nhanh, hi¢u qua phat hién cac cong dong trén do thi rit gon ma van béo toan dugc tinh chét ciia cac cong dong
mang x4 hoi ban dau (chuong 3).
1.5. D) do danh gia thuit toan phat hién cong dong mang xi hji

Muc tiéu ctia rat gon do thi mang xa hoi 1 ap dung dé cai tién thuat ton phét hién cong dong trén mang
x3 hoi. Vi vdy, can danh gia tinh hiéu qua ctia thuat toan phat hién cong dong thong qua cac do do [71].
1.5.1. D) do don thé mé dun Q

Do do don thé mé dun Q dugc dé xuat boi Girvan - Newman [22], [78] dugc sir dung dé do luong mirc
d6 phan chia cong dong clia toan mang.
1.5.2. P§ do F-measure

Do do F-measure 1a d§ do dya trén do tuong tu cap [41], [112], [114]. P§ do nay duoc st dung tir lau
trong céng viéc phan cum dit liéu, xir Iy ngon ngit ty nhién, truy xuat thong tin va hoc may.
1.5.3. P§ do NMI dua trén 1y thuyét thong tin

Céc d6 do dua trén 1y thuyét thong tin dua ra mot cach tiép can khac dé kiém ching chét lugng cong
dong v6i phan ving tham chiéu nhat dinh. D6 do dya trén 1y thuyét thong tin thuong duge st dung 1a d¢ do
thong tin twong hd chuan NMI (Normal Mutual Information) [96].

Luén an st dung cac do do: Do do don thé mo dun Q, do do F-measure va d6 do NMI dé danh gia tinh

hiéu qua ciia thuat toan phat hién cong dong mang xa hoi vi day khong chi 1a cic d¢ do dugc danh gia 1a rat



pho bién, théng dung, hiru hiéu dugc sir dung thudong xuyén dé dénh gia hi¢u qua, chat lugng phat hién cong
dong mang xa hoi [64], [88], [112], [113], [114].
1.6. Py do danh gia thuit toan rat gon do thi

Luén an thyc hién tinh ty 1€ rat gon dd thi Compression (VN) cta thudt toan dé xuat, tir viéc phan tich
hiéu sudt rat gon db thi cho théy hi€u qua cua thuat toan rat gon dd thi mang xa hoi dé xuét.
1.7. Két luan chwong 1

Chuong 1 trinh bay mot sd khai niém co sé vé phan tich mang xa hoi va cac phuong phéap phat hién
cong dong mang xa hoi. Phan tich mang xa hoi 1a mot tap hop cic phuong phap phan tich cac khdi niém, st
dung 1y thuyét d0 thi ¢é m6 ta va phan tich cic moi quan hé giita cac tac nhén (thyc thé) trong mang, xac nhan
cac qui ludt hinh thanh va bién chuyén ciia nhimg mdi quan hé d6, va lam sang to nhimg anh huéng ciia cac
mdi quan hé x3 hoi (hay cau tric ctia mang) ddi véi hanh vi cua cac tac nhan. Dé xac dinh duoc vai trd va méi
quan hé clia cic tac nhan ngudi ta sir dung cic do do trung tim, nhat 1a d6 do trung tdm trung gian clia cac
dinh, canh trén db thi mang xa hoi. Bai toan phat hién cong déng trén mang xa hoi 12 mdt ndi dung chinh cia
phan tich mang xa hoi duoc rat nhiéu sy quan tdm, nghién ciru ctia cac nha khoa hoc trong nudc va trén thé
giéi. Chuong niy gidi thi¢u 4 nhém thuat toan chinh phat hién cac cong ddng trén mang xa hoi: cac thuat toan
phan cum truyén thong, cac thuét toan dya vao don thé hoa, cac thuat toan dya vao do do trung tdm trung gian
va cac thuat toan lan truyén nhan. Do tinh chit cia mang xa hoi co cau trac kha tu do va kich thudce rat 16n
khong ngimg phat trién theo thoi gian, vi vdy bai toan phan tich mang xa hoi, phat hién cong dong mét rat
nhiéu thoi gian va khong thyc sy hiéu qua. Mot trong nhimg cach tiép can dé khac phuc nhuge diém trén 1a
phuong phép rat gon do thi dé giam thiéu thoi gian tinh toan 1a hét strc can thiét. Chuong nay ciing phan tich
cac phuong phép rat gon db thi va tmg dung trong nhiéu linh vyc khac nhau. Tuy nhién, cac phuong phap rat
gon db thi truyén thdng khong bao toan dugc cac thong tin vé ciu trac cong ddng ciia dd thi mang xa hoi gbc,
nén khong thé ap dung cho bai toan phat hién cong dong. Cac chuwong sau s& dé xuét phuong phap rat gon dd
thi mang xa hoi dya vao do do trung tim trung gian va nguyén 1y lan truyén nhén, va dp dung dé phat trién

cac thudt toan nhanh phat hién cong déng mang xa hoi.

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

2.1.  Giéi thiéu

Hau hét cac phuong phap phat hién cong dong trén mang xa hoi déu tap trung vao viéc nghién ciru cac
mdi lién két giita cac thyc thé dé xac dinh cac cong dong. Mang xa hoi rat phong phu, da dang, c6 thanh phan
tham gia rat 16n va c6 thé phat trién, mé rong theo thoi gian. Vi vay cac thuat toan phat hién cong dong trén
d6 thi mang xa hoi déu mat kha nhiéu thoi gian tinh toan va kém hiéu qua. Mot trong cac huéng nghién ciru
dé giam d¢ phuc tap tinh toan 1a hudng rit gon do thi. Nhuoc diém chung ctia hau hét cac phuwong phap rat
gon dd thi truyén thong 1a khong bao toan duoc cac thudc tinh ciu triac ciia dd thi ban dau, khong bao toan
dugc chat luong cong dong va thuong co nhimng yéu cau vé cac thong tin du doén ban dau. Trong chuong nay,
ludn 4n tap trung nghién ctru cac tinh chat cua cac dinh twong duong dwa vao do do trung tim trung gian va
nguyén 1y lan truyén nhan tir 46 dé xuét thuét toan két hop cac 16p dinh twong duong theo do do trung tam
trung gian va nguyén 1y lan truyén nhn dé rt gon d6 thi nhung van bao toan chét luong cong dong va ap dung
rit gon dd thi dé phat trién thudt toan phat hién cong déng trén d6 thi mang xa hoi dgya vao d6 do trung tam
trung gian va nguyén 1y lan truyén nhin. Cac két qua trong chwong nay dugc cong bd trong cac cong trinh

[CT1], [CT3], [CT4]. Dya trén y tudng ctua phuong phap phat hién cong déng dua vao do do trung tim trung



gian, nghién ciru sinh nhan thay trén do thi mang xa hoi c6 kha nhiéu dinh twong dwong véi nhau theo cau tric
c6 cung d9 do trung tim trung gian, ching tao thanh cac 16p twong duong va co6 thé két hop chung lai véi nhau
thanh mot dinh dai dién duy nhat cho ca 16p dinh. Do vay giam thiéu duoc déng ké s dinh va canh ctia d6 thi
mang xa hoi ban dau, giam thiéu dugc chi phi tinh toan ma lai khéng anh hudéng dén cau triic ctia 6 thi mang
x4 hoi ban dau.
2.2, Cic tinh chit ciia d9 do trung tAm trung gian trén d thi mang xi hoi
Do do trung tim trung gian da dugc gidi thiéu & Chwong 1, phan niy nghién ctru mot s6 cac tinh chét
tuong dwong theo d6 do trung tim trung gian cua cac dinh trén do thi. Tir d6, thuat toan két hop cac 16p dinh
tuong duong theo d9 do trung tdm trung gian trén db thi dé thuc hién rat gon dd thi mang xa hoi dugc dé xuat.
Gia thiét mang xa hoi dugc biéu dién béi mot d6 thi don lién thong G = (V, E), trong d6 V 1a tap cac
dinh, E 14 tap céc canh. Ky hiéu oy 1a s6 duong di ngin nhat di tir s t6i t, va (V) 1a s6 duong di ngan nhat di

tur s toi t va c6 di qua v. Khi d6 d¢ do trung tam trung gian cua dinh v, ky hi¢u la Cg(v) [84] dugc tinh nhu sau:

Co(V) = szt 05t (V) /0t (2.1
Do do trung tdm trung gian cua canh e, ky hi¢u 1a Cg(e) [84], dugc dinh nghia nhu sau:
Ca(e) = Xs=t 05t (€) /0t (2.2)

V6i hai dinh s, t € V, canh e € E va 8y(e) 1a s6 duong di ngan nhat di tir dinh s t6i dinh t va di qua canh e.

Do do trung tim trung gian ciia dinh v ciing c6 thé tinh théng qua cong thirc tinh d¢ do trung tam trung
gian cua canh e.

C5(®) = 7 Beery Ca(®) = (n = 1) 2.3)
Trong d6, I'(v) 1a tap cac canh k& voi v va n 13 sb dinh cua thanh phan chira v.

Trén dd thi mang xa hoi co nhiéu dinh tuong duong vdi nhau theo ciu tric dyua vao do do trung tam
trung gian, chung tao thanh cac 16p twong duong va c6 thé két hop ching véi nhau thanh mét dinh dai dién
cho ca 1p ¢6 cing d6 do trung tim trung gian, nham giam thiéu déng ké sé dinh va canh ciia do thi.

2.2.1. Cac l6p dinh treo twong dwong

Muc nay gidi thiéu mot sb cac tinh chat, hé qua vé cac dinh treo tuong duong lam co s& dé thuc hién
thuat toan két hop 16p dinh treo twong duong, c6 cing do do trung tim trung gian thanh mot dinh dai dién
nham giam thiéu khong gian tinh toan ctia d6 thi mang xa hoi. Céc tinh chét sau ddy khang dinh do do trung
tam trung gian ctia cac dinh trong d6 thi rat gon ciing chinh 1 d do trung tim trung gian ciia cac dinh trén do
thi ban dau.

Pinh nghia 2.1. Dinh v € V ciia d0 thi G = (V, E) 1a dinh treo (leaf vertex) [84] néu béac cta v 14 1, ki higu
deg(v) = 1.
Tinh chit 2.1. Néu v 1a dinh treo cta d6 thi G va e = (v, w) € E thi:

(1 Ce(v)=0 (2.4)

(i) Ca(e) = (V|- 1) (2.5)

Pinh nghia 2.2. Cho trudc d06 thi vé hudng lién thong G = (V, E) véiu, w € V 1a hai dinh treo, u tuong duong
bac 1 v6i w, ky hidu u ~; w khi va chi khi chiing ciing lién k& véi v (N(u) = N(w) = {v}), N(u) 14 tap cic dinh
lan can cua u. [83]

Nhiém vu chinh 1a tinh @6 do trung tdm trung gian ciia cc dinh trén db thi, nén viéc két hop nhiing dinh
tuong duong véi nhau (vé d¢ do trung tdm trung gian) thanh mét dinh dai dién cho nhing 16p c6 s6 phan tir
16n hon hodc bang 2, s& lam giam dang ké cac dinh can tinh @6 do trung tim trung gian. Sau khi két hop tat ca
nhitng dinh twong duong cua 16p Ci, | Ci| = 2, 1= 1..k, thanh dinh dai di¢n C’;(cling 1a dinh treo), ta nhan duoc
d6 thi G, = (Vi, E)), trong d6:



e Vi=V-VIu{CC...,C\} (*)
e E=E-{(u,v)|lueVLv=Nu}u{v,Cy)|i=1.k, v=N(u)véiu e Ci}

Do thi G; nhan duge tir dd thi G sau khi loai bo di nhiing dinh treo twong duong véi nhau va cac canh
lién ké véi chung, thay thé bang mot dinh c6 tén tring véi tén ctia 16p va mot canh lién k& voi mot dinh dai
dién cho mdi 16p twong duong. Dé chimg minh ring duoc d6 do trung tim trung gian ciia cac dinh trong do
thi G ciing chinh 1a d¢ do trung tAm trung gian cua cac dinh trén d6 thi G ban dau, nghia 1a d6 thi rit gon bao
toan d6 do trung tAm trung gian cta cac dinh, ta sir dung cac tinh chét sau.

Tinh chit 2.2. Vi moi dinh treo u € V hay deg(u) = 1, v € V 1a dinh lién ké véi dinh u. Tap cac dinh treo
lién ké véi v ky hiéu Ny(v) = { w € V| (w, v) € E, deg(w) = 1}. Khi d6, ta c6 cac tinh chét sau:

(1) Ouw=0dw véimoite V- {u, v} (2.6)

(11)0u(w) = 0u(w), véimoi w € V - {se V|deg(s)=1}, te V-{u, v, w} 2.7)

(i) tw(v)=1,véimoidinht e V - {u, v} (2.8)

(V) CoM=NWHINW)D2HN OV VN ) Bvter -, ) (2.9)

Tinh chat 2.3. Gia sir G; 1a d6 thi rat gon cuia do thi G sau khi két hop dinh twong duwong bac mot. Ta co6 tinh
chit sau:

() (V) =|Ci| * tu(v) néus=C’,i= 1.k u=N(C"), vte Vi - {u, C;} (2.10)

(i) (V) =|Ci| * tw(V) néut=C, i= 1.k, w=N(C"), v#te Vi - {w, C’;} (2.11)

(iii) T(v) =|Ci| * |G| * tuw(V) néus =C’, t=C’;, i, j= 1.k, u=N(C%), w=N(C’), v e Vi - {u, w, C’;, C’}}

(2.12)
2.2.2. Cac 16p dinh swon twong duwong

Muc nay dé xuat mot s6 cac tinh chét, hé qua vé 16p dinh suon twong duong trén do thi lam co s¢ dé
thuc hién thuat toan két hop 16p dinh swon twong duong vé d¢ do trung tim trung gian thanh mot dinh dai dién
bao toan d6 do trung tim trung gian, nhim gidm thiéu khong gian tinh toan cta do thi mang xa hoi. Céc tinh
chit sau khing dinh d6 do trung tAm trung gian ctia cac dinh dai dién trong db thi rat gon ciing chinh 1a d6 do
trung tAm trung gian cta cac dinh trong 16p twong dwong trén do thi ban dau.

Pinh nghia 2.3. Cho d6 thi v6 hudng, lién thong G = (V, E), u € V duoc goi 1a dinh suon (Side vertex) [84]
ctia G néu db thi con sinh boi tap cac dinh lién ké N(u) 1a clique (d thi con day di).

Nhdn xét 2.1. Néu u 1a dinh suon va G khong phai 1a clique thi chic chan c6 it nhat mot dinh v € N(u) c6 bac
khac véi bac cua dinh suon u (deg(v) > deg(u)) trén dd thi G. Ky hiéu I'(u) = {u} U N(u) 1a tap cac dinh lién
ké v6i u va ké ca u.

Nhdn xét 2.2. P thi con sinh boi I'(u) ciing 14 clique, vi ban than N(u) da sinh ra 1a clique, va u lai lién ké véi
tat ca cac dinh ciia N(u).

I't(u)={v eTl(u)]|deg(v)=deg(u)} - Tap nhitng dinh c6 cung bac vdi dinh sudn u trong clique sinh boi I'(u).
Nhdén xét 2.3. Néu G khong phai 1a clique thi IT2(u) = I'(u) - T'1(u) # ¢, nghia 1 chic chin c6 it nhit mot dinh
v € ['2(u) trén clique sinh bai N(u) (hay I'(u)) c6 bac khac véi bac cua dinh suon (deg(v) > deg(u)).

Dé thyc hién thuit toan tinh d6 do trung tdm trung gian cua cac dinh trén dd thi mot cach hiéu qua,
nguoi ta thuong st dung phuong phép duyét theo chiéu rong BFS (Breadth-First Search) [55]. Thuat toan
duyét theo chiéu rong tim kiém cac duong di ngan nhét tir dinh gdc qua cac canh t6i tat ca cac dinh khac trong
6 thi. Céc canh giita cac mirc ctia qua trinh duyét BFS bat dau tir dinh gbc X sé& tao thanh do thi dinh hudng,
phi chu trinh, dugc goi DAGx.

Tinh chit 2.4. Néu u 1a dinh sudn ciia do thi G = (V, E), thi u hodc 1 gbc hodc 13 14 trén cdy DAG duyét theo
chiéu rong (BFS).



Tinh chét 2.5. Gia st S 1a tap cac dinh suon tuong duong, S = {vi, va, ..., va} va néu chon mot dinh suon v,
i=1.h, lam géc dé duyét BFS, thi h-1 dinh con lai déu 1a 14 ¢6 do dai tur géc la 2 va 9 do trung tam trung
gian cta cac canh lién k& cua dinh suon véi cac dinh lién ké trong tmg trén DAG.;: 1a nhu nhau, Cs((v, vj)) =
1/ IN(S)|, voi moi j #1, v € N(S).

Tinh chit 2.6. Gia st S 1a tap cac dinh suon tuong duong, S = {vi, v, ..., vn} va N(S) =N(vi), i = L..h, thi do
do trung tdm trung gian ciia cac canh ndi dinh suon voi cac dinh lién ké twong tmg 1a nhu nhau: Ca((vi, v)) =
Cs((vj, v)), voimoi vi, vj € S, v € N(S).

Tinh chit 2.7. Gia st S 1a tip cac dinh suon tuong duong, S = {vi, va, ..., vn} va N(S)=N(vi), i = 1..h. Khi
d6 cac do thi DAG, duyét theo BFS, véi moi v € S déu c6 chung mét do thi con sinh béi tap dinh Vs =V - S,
Tinh chit 2.8. Néu u la dinh sudn cta d6 thi G, thi

(i) Ox(v)=0,véimoiv eIl'l(u),s #u#teV (2.13)

(i) Cp(v)=0,véimoiv e ['l(u) (2.14)

Pinh nghia 2.4. Cho u, v € V, c6 quan hé ~; vdi nhau, ky hi¢u u =, v khi va chi khi u, v 14 hai dinh suon cua
G va N(u) = N(v). [84]

Nhdn xét: Quan hé ~; 1a quan hé tuong duong.

Nhiing dinh suon twong duong c6 thé két hop thanh mot dinh dai dién dé rit gon sb dinh suon tuong
duong trén do thi. Gia sir G = (V, E) ¢6 cac 16p dinh sudn tuong duong S;, i = 1..h, mdi 16p co it nhat 2 dinh
sudn twong duong véi nhau. Két hop nhiing dinh tuong duong trong cling 16p thanh mot dinh suon dai dién,
ta nhan dugc d thi G, = (Va, Ey), trong d6:

e Vup=V-V2U {S1,S%,...,Sh},v6iV2=S, U S U... USh (**)
e E=E-{(u,v)|lueV2,veNuw}u{v,SH|i=1.h,veN@u)voiueS;}

D¢ ching minh dugc d do trung tim trung gian cta cac dinh trong d6 thi G, rat gon ciing chinh 1a do
do trung tam trung gian cua cac dinh trén d thi G ban dau, nghia la dd thi rat gon bao toan do do trung tdm
trung gian ctia do6 thi ban dau, ta sir dung cac tinh chat sau:

Tinh chit 2.9. Gia sir G, 1 d6 thi rat gon cia dd thi G sau khi két hop cac dinh suon twong duong cua céc 16p
S; thanh mdt dinh dai dién S’;, i = 1..h. Ky hiéu ['2(S’;)) = ['2(u), véiu € Si. Ta c6 tinh chat sau:

(1) T (V) =[S * 8w, ue I2(S%), i=L.h,u=v,t ¢ {u,8’, S, ..., s} (2.15)
() T (V) = [Si] * tul(v), uel2(S%), i=1.h,u#v,t ¢ {u,v,S’1,8, ..., S (2.16)
(iii) Tsgy, (V) = |Si|*Osw, we T2 (S”),i=1..h, w=v,s ¢ {v,S’, S, ..., S’n} (2.17)
(iv) Tss), (V) = |Si|*tew(v), we T2 (S%),1=1.h, vEw,s ¢ {w, S’1, S, ..., S’n} (2.18)
V) sy s, (VFISIFISi Ty w@), uel’2(S%), wel'2(S%), i, j =1..h, ve {u,w,S’,S’;} (2.19)

2.2.3. Cac I6p dinh dong nhit twong dwong
Pinh nghia 2.5. Cho d6 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 1a u ~3 v khi va chi khi N(u) = N(v) > 2 va d0 thi con sinh bdi N(u) khong phai
clique (dd thi con day du). Nhitng dinh dong nhét c6 thé két hop thanh mot dinh dai dién dé rit gon sé dinh
trén d6 thi. Gia st G = (V, E) ¢ cac 16p dinh dong nhat D, i = 1..1, mdi 16p c6 it nhat 2 dinh dong nhat voi
nhau. Két hop nhiing dinh dong nhét (trong cting 16p) thanh mot dinh dong nhat dai dién, ta nhan duogc do thi
G; = (V3, Es), trong do6:

e Vi=V-V3U{D’ D%, ..,D%},vsiV3i=D,uD,uU...UD. (F¥)

o E;=E-{uwv)|lueV3,veNu}u{v,D4]|i=1.l,veN(),voiue S}
Ky hiéu N(D’;) = N(u), u € Dx.
Tinh chit 2.10. Néu u, v 13 hai dinh dong nhét (u =3 v) trén d6 thi G, thi:
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Osi(u) = ds(Vv), vOimoi s #v,u#teV (2.20)
Tinh chét 2.11. Néu u, v 13 hai dinh dong nhét (u =3 v) trén d thi G, thi:
Osi(e1) = dg(€2), véimois #v,u#t e V, voi moi weN(u) = N(v), e1= (u, w), e2= (v, w) (2.21)
Tinh chit 2.12. Gia s G; 1a d6 thi rat gon ctia d6 thi G sau khi két hop cac dinh dong nhat ciia cac 16p D;

thanh mét dinh dai dién D’;, i = 1...1. Ta c6 c4c tinh chét sau:

(1) dpie(v) = |Dj| * du, ue N(D%),1=1.., u=v,t ¢ {u, D’1;, D, ..., D1} (2.22)
(1) dpit (v) = |Di| * due(v), ue N(D%), i=1.1L, u#v,t ¢ {u,D’;, D, ..., D} (2.23)
(ii1) dspi (V) = [Di|*s6w, we N(D%), i=1.., w=v,s ¢ {v,D’|, D, ..., D} (2.24)
(1v) Ospi (V) = |Di[*ssw(v), we N(D*), i=1.., v#w,s ¢ {w, D’;, D, ..., D’} (2.25)
(V) Spinj(V)=|Dil*|Dj|*8uw(v), ueN(D’), weN(D’), 1, j=1..1, v {u,w,D’,D’;} (2.206)

2.3. Thuét toan rit gon do thi dua vao do do trung tim trung gian

Dua trén cac tinh chit cia cac dinh trong duong theo d6 do trung tdm trung gian duoc trinh bay & Muc
2.1, Muc nay trinh bay dé xuét thuat toan REG (Reduce Equivalance Graph) thuc hién két hop cac dinh twong
duong theo d¢ do trung tim trung gian trong do thi thanh mot dinh dai dién. Cong viéc rat gon do thi nay khac
v6i riit gon do thi thong thuong & chd riit gon cac 16p dinh twong duwong theo d6 do trung tim trung gian khéng
lam thay ddi tinh chat ciia d6 thi ban dau va bao toan duoc gia tri cua do do trung tdm trung gian. Nhu vay
thuét toan REG thyc hién két hop cac 16p dinh twong duong theo do do trung tim trung gian trén do thi, giam
thiéu duoc s6 dinh va sb canh trén do thi mang x3 hoi. Qua d6 1am ting hiéu qua, rit gon thoi gian tinh toan
clia cac thuat toan tinh d6 do trung tAm trung gian trén do thi. Pong thoi gitip ting hiu qua ciia nhém céc thuat
toan phan tich, phat hién cac ciu tric cong dong trén d6 thi mang xa hoi st dung d¢ do trung tdm trung gian.
Thuét toan REG (Reduce Equivalance Graph)
Input: Db thi mang xa hoi G = (V, E)
Output: Db thi mang xa hoi Gz = (I, E;) 1a dd thi thu dwgc sau khi thyc hién thuat toan rat gon cac 16p cac
dinh treo va dinh suon tuong dwong vé do do trung tdm trung gian trén do thi mang xa hoi.
Buwéc 1. Tim tit ca cac dinh treo va dinh sudn trén do thi
Budre 2. Tim céc 16p twong duong cac dinh treo va dinh suon trén db thi.
Bude 3. Két hop cac 10p twong duong cac dinh treo thanh dinh treo dai dién va két hop cac 16p dinh suon
thanh dinh suon dai dién. (Dya vao (*) va (**)).
D¢ phire tap cua thuit toan REG.
Thuat toan REG (G) thyc hién qua ba budc.
Buéc 1. Co do phuc tap tinh toan 1a O(n * (d; + d;)), voin = |V| vad,la 6 phuc tap tinh toan cua thu tuc
Neighbor (G, u) va d, 1a d¢ phrc tap tinh todn cta thu tuc Clique (G, N).
Budre 2. Duyét 1an luot cac cip (dinh, tip cac dinh 1an can) duogc 1dy ra tir S dé tim cac 16p twong duong co do
phirc tap tinh toan 1a O(n * k), véi k 1a bac cta cac dinh trén db thi.
Budre 3. Rut gon h 16p twong dwong nén co do phrc tap tinh toan s& 1a O(h * k), thong thuong h <<n. Dbi véi
nhimg d6 thi mang x3 hoi thuong 1a dang dd thi c6 s cac dinh 1an can (bac ctia mdi dinh) d =k <<m, véi d
va m la cac hang s6, nén thuét toan REG c6 d9 phirc tap thoi gian tuyén tinh (O(n)).
2.4. Thuit toan rit gon d6 thi mang xa hoi dwa vao nguyén Iy lan truyén nhin

Trén d6 thi mang xa hoi c6 kha nhiéu dinh c6 nhan gidng véi nhén (trong cing mot cau triac cong dong)
ciia mdt trong s6 cac dinh 14n cén, va nhén cia chung luén dugc cép nhat lai theo nhitng dinh d6 sudt trong
qué trinh lan truyén nhan. Nhiing dinh nay twvong dwong véi nhau theo cu tric, ludn c¢6 cling nhin trong cac

budc lan truyén nhén, s& tao thanh cac 16p tuong duong va do vay, c6 thé két hop ching véi nhau thanh mot
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dinh dai dién duy nhat cho ca 16p dinh nhim giam thiéu dang ké sb dinh va sb canh cua do thi mang xa hoi
ban dau ma khong anh huong dén ciu tric ciia d6 thi mang xa hoi ban dau. Chuong 1 luan an da gidi thigu
mot sb cac thuit toan phé bién dé phat hién céu trac cong déng trén d thi mang xa hdi. Mot trong nhiing thuat
toan hiéu qua trong linh vyc nay 1a thuét toan lan truyén nhan LPA (Label Propagation Algorithm) [85] dua
vao phuong phap hoc ban giam sat trén do thi.

2.4.1. Thuit toan lan truyén nhin

Thuit toan lan truyén nhin LPA [85]

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

Output: Cic cong dong mang xa hoi

Budc 1. Khoi tao nhan duy nhét cho tét ca cac dinh trong mang, L(i) =1i,i € V.

Bude 2. Dt X 1a danh sach (ddy) cac dinh dugc sip xép theo thir ty ngiu nhién.

Budére 3. Vi mdi v € X duoc chon theo thir ty ngau nhién, cap nhat lai L(v) 1a nhan cta dinh lan can xuat hién
thudng xuyén nhat.

Budc 4. Néu mdi dinh c6 nhén 1a sb lugong t6i da ma cac dinh lan can cua no co, thi dung thuat toan, chuyén
sang Budc 5; Nguoc lai tiép tuc thuc hién Budc 2.

Budre 5. Nhitng dinh ¢6 ciing nhén sé tao thanh mot cong ddng trén mang xa hoi.

Do phtrc tap ciia thuat toan LPA 1a O¢m+n) va ddi v6i nhimng d6 thi thua 1a O(n), véin = [V|, m = |EJ;
Nghia 1a d6 phirc tap ciia thuat toan LPA gan tuyén tinh.

Db thi mang xa hdi thuong rat phtec tap, co s6 dinh, s canh rat 16n, nén cong viéc phat hién cac céu trac
cong déng trén mang xa hdi doi héi rt nhidu thoi gian. Vi vay, mac du thuat toan lan truyén nhan da cé do
phirc tap thoi gian tinh toan gan tuyén tinh, nhung gan ddy van c6 rat nhiéu cac nghién ctru tiép tuc cai tién,
phat trién thuat toan lan truyén nhin nhim phat hién cong dong hiéu qua cao hon nira. Tuy nhién, hau hét
nhirng thudt toan cai tién, phat trién thuat toan lan truyén nhan néu trén chua dé cap dén viéc rat gon do thi
mang xi hoi theo nguyén 1y lan truyén nhan c6 thé giam thiéu dugc dang ké sb dinh va s6 canh ciia d6 thi
mang x hoi gitip cho viéc phat hién cong dong mang xa hoi dat hidu qua t6t hon. Phan tiép theo trinh bay tinh
chit twong duong cua 16p dinh theo nguyén 1y lan truyén nhin va dé xuat thuat toan thyc hién két hop nhiing
dinh twong dwong (c6 cuing nhén, chung nhén) véi nhau thanh mot dinh dai dién gitip cho giam thiéu dang ké
s6 dinh va s canh ctia do thi mang x3 hoi.

2.4.2. Rut gon dd thi mang xa hdi dwa vao nguyén Iy lan truyén nhéin

Trén d6 thi mang x4 hoi thuong c6 kha nhiéu dinh c6 nhan gidng véi nhin ctia mét trong sb cac dinh
lan can, va nhan cua chung luén dugc cap nhat lai theo nhitng dinh do sudt trong qua trinh lan truyén nhan.
Nhing dinh nay twvong dwong véi nhau theo nguyén 1y lan truyén nhén, ludn c6 cting nhén trong cac budc lan
truyén tiép theo va s& tao thanh cac 16p tuong duong. Do vy, cac 16p dinh tuong duong nay c6 thé két hop
dugc v6i nhau thanh mot dinh dai dién nham giam thiéu dang ké s6 dinh va sb canh cua do thi mang xa hoi.
Pong thoi giai quyét dugce van dé dit ra 1a phét hién cong dong trén cac mang xa hoi co kich thudc rat 16m,
phat trién khong ngimg theo thoi gian.
2.4.2.1. Lép cic dinh twong dwong theo nguyén 1y lan truyén nhiin

Mang x3 hoi dugc biéu dién dudi dang db thi don, lién thong G = (V, E), V 1a tap cac dinh va E 1a tap
cac canh. Pinh v lién ké (lan can) voi w néu (v, w) € E (hodc (w, v) € E). Gia str dinh v ¢6 k dinh lién ké, ky
hiéu N(v) = {v1, va, ..., vi.}. Mbi dinh lién ké v; mang nhin L(v;) biéu thi cho cong ddng ma v; thudc vé. Phuong
phap lan truyén nhan thyc hién cap nhét lai nhan cua dinh v theo nhan xudt hién thuong xuyén nhat cua cac

dinh lién ké. Mot cach hinh thirc, nhan cta dinh v duge cip nhat theo nhan cta cac dinh u lién ké nhu sau [85]:
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L) = " Ty enn (L) == 1] (2.27)
Trong d6: L(u) ky hiéu nhan hién tai ctia dinh u, L(u) == [ tlrc 1a nhan xuat hién thuong xuyén nhat cta
dinhulal.
L(v) ky hiéu nhdn méi ctia dinh v, N(v) 1a tép cac dinh lién ké (1an can) ciia dinh v
Cong thirc 2.27 xac dinh L(v) nhin xuat hién thudng xuyén nhat (cuc dai) trong tap cac dinh 1an can N(v)
cta dinh v.
Tinh chit 2.13. Néu hai dinh u, v € V ¢6 céc tap cac dinh lién ké (1an can) gidng nhau N(u) = N(v) thi ching
c6 cung nhan, nghia la L(u) = L(v).
H¢ qua 2.1.
(1) Céc dinh treo twong duong dugc cap nhat cing mot nhan
(i1) Céc dinh suon twong duwong dugc cap nhat cung mot nhian
Nhu véy cac dinh treo va dinh suon twong duong dugc trinh bay & trén s€ cé cung nhan véi nhau.
Pinh nghia 2.6. Cho trudc do thi vé hudng, lién théng G = (V, E). Hai dinh u, v € V dugc goi 1a hai dinh
tuong dong trén G, ky hidu 1a u ~ v khi va chi khi N(u) = N(v).
Cho trude dd thi vo hudng, lién thong G = (V, E) va quan hé ~ xéac dinh q 16p twong duong D;, i =1..q.
Két hop nhing dinh tuong dong trong 16p D;, [Di| > 2, i = 1..q, thanh mot dinh dai dién D, dé nhan dugc do
thi rat gon G = (Vi, E1), trong do:
(1) Vi=V-Vu {D’, D, ..., D’}, v6i V2 =Diu DU ... UD,. (2.28)
MEi=E-{(u,v)|ue Vs, veNu}u{v,D5]|i=1.q,v e N(), véiu € Dj} (2.29)
Theo nguyén 1y phuong phép lan truyén nhan, thi nhin cia céc dinh trong mdi 16p twong duong ciing s&
duogc cap nhét lai theo nhan cua dinh dai dién khi qua trinh lan truyén nhan két thuc.
2.4.2.2. Thuit toin két hop cic dinh twong dong twrong dwrong trén do thi mang xa hoi
Trén co sé nghién ctru cac tinh chit twong dwong cia cac dinh theo phwong phap lan truyén nhan, Muc
nay dé xuit thuat toan LREN (Label based Reduce Equivalence Nodes) thyuc hién rut gon do thi trén co sé két
hop cac dinh twong dong twong dwong thanh dinh dai dién nham gidm thiéu khong gian tinh toan ctia do thi.
Thuét toan LREN (G)
Input: G = (V, E) - d6 thi ban dau
Output: Gy = (V1, E;) - d6 thi thu duoc sau khi két hop cac dinh twong dong.
Thuat todan LREN gdm ba budc nhu sau:
Budec 1. Tim tap nhiing dinh dong nhit ciia d6 thi mang xa hoi ban dau
Bude 2. Tim céc 16p twong duwong ciia cac dinh twong dong trén do thi mang xa hoi
Buére 3. Két hop cac dinh tuong duong thanh dinh dai dién D’; theo (2.28) va (2.29).
Do phurc tap tinh toan cia thuit toan LREN
Thuat toan LREN (G) thyc hién qua ba budc vai do phirc tap nhu sau:
Buéc 1. Co dg phurc tap tinh toan 1a O(n * d), véi n=|V| va d 1a d¢ phuc tap cua thu tuc tinh toan Neighbor(G,
u), tim cac dinh lan cén cua u.
Budére 2. Duyét 1an luot cac cip (dinh, tip cac dinh 1an cén) duoc ldy ra tir S dé tim cac 16p twong duong c6
d6 phuc tap tinh toan 1a O(n * k), véi k 1a bac cta cac dinh trén dd thi.
Buwéc 3. Ruat gon h 16p tuong duong nén cd do phirc tap tinh toan s€ 1a O(h * k), thong thuong h <<n.
Dbi véi nhitng dd thi mang xa hoi thuong la dang db thi c6 sb cac dinh lan can (bac ciia mdi dinh) d =k

<<m, véi d va m 12 hang s6, nén thuét toan LREN ¢6 d6 phrc tap thoi gian gan tuyén tinh O(n).
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2.5. Thwe nghiém va danh gia
2.5.1. B dit liéu

bpé théy r0 hiéu qua cda thudt toan dé xuét, nghién ctru sinh thyc hién thyc nghiém trén ba bg dir li¢u.
Nhém thir nhat gém cac bd dir liéu Com-Amazon, com-Youtube va com-DBLP la cac mang xa hdi 16n ¢6 trén
ngudn dir liéu da duoc cong bd cong khai trén Stanford large network dataset collection [60].
2.5.2. Cai dat thwe nghiém
Kich ban thuc nghiém

Céac thuat toan thyc nghiém duoc luan an thuc hién riéng 1€ voi ting bd dit li€u va luc nay trén may tinh
chi thyc hién duy nhat mot chuwong trinh. Méi truong thyc nghiém 1a méay tinh PC véi cau hinh Intel™ Core™
i7-9700CPU @4.70 GHz, 8 GB RAM, sir dung hé diéu hanh Windows 10. Cong cu 1ap trinh thuc hién thuét
toan la ngon ngir 1ap trinh Python.
2.5.3. Két qua thye nghiém

Biang 2.3. SO lwgng dinh va canh ciia d6 thi mang xa hdi rit gon béi REG

Bé dit lié SO lugng dinh | Sé lugng canh S0 lwgng dinh S0 lwgng canh
Stt thwe n hi.éum cia do thi cia do thi cua do thi cua do thi
e nghie ban dau ban dau rut gon rut gon
Com-Amazon 334863 925872 300271 703533
2 | Com-DBLP 317080 1049866 271484 773226
Com-Youtube 1134890 2987624 852189 2095221

Qua s6 liéu Bang 2.3 s6 lugng dinh va s lugng canh dugc giam sau khi thyc hién 1a kha 16n va lan luot
1a 34592 dinh va 222339 canh d6i véi mang Com-DBLP, 45596 dinh va 276640 canh ddi voi mang Com-
Amazon, 282701 dinh va 892403 canh ddi véi mang Com-Youtube.

Biang 2.4. Ty 1§ rit gon db thi boi REG

Stt B0 dir liéu S6 lwgng canh caa S6 lwgng canh caa Til¢ rit gon
thuc nghiém do thi ban diau do thi rat gon do thi
Com-Amazon 925872 703533 0.240
2 | Com-DBLP 1049866 773226 0.264
Com-Y outube 2987624 2095221 0.299

Qua sb liéu Bang 2.4 ta thay ti 1¢ rat gon d6 thi mang xa hoi 1a kha 16n 1an lugt 1a 0.240, 0.264 va 0.299
d6i v6i cac mang Com-DBLP, Com-Amazon va Com-Youtube. Nhu vy, mot nhan xét quan trong dugc khing

dinh 14 hiéu suét rat gon ting khi quy mé mang xi hoi ting 1én va sb lugng dinh va canh rit gon duoc nay c6

¥ nghia quan trong ddi véi bai toan phat hién cong dong trén mang x3 hoi.

Bing 2.5. S6 lwgng dinh va canh ciia dd thi mang xa hgi rit gon béi LREN

Bé dix lié S6 lwgng dinh S6 lwgng canh S6 lwgng dinh S6 lwgng canh
st | N I:"h'?}'m ciia do th ciia do thi ciia do thi ciia do thi
ve nghie ban dau ban dau rut gon rut gon
Com- Amazon 334863 925872 301892 704251
2 | Com-DBLP 317080 1049866 272994 775148
Com-Youtube 1134890 2987624 853874 2116447

Qua s6 liéu Bang 2.5 ) lugng dinh va ) luong canh dugc giam sau khi thyc hién thuat toan rat gon dd
thi theo nguyén 1y lan truyén nhin LREN 1a kha 16n va cac gié tri lan luot 1a 32971 dinh va 221621 canh dbi
véi mang Com-DBLP, 44086 dinh va 274718 canh dbi véi mang Com-Amazon, 281016 dinh va 871177 canh

d6i voi mang Com-Youtube.
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Bang 2.6. Ty 1¢ riit gon dd thi boi LREN

Stt B0 dir liéu S6 lwgng canh caa S6 lwgng canh caa Til¢ rit gon
thuc nghiém do thi ban diau do thi rat gon do thi
Com-Amazon 925872 704251 0.239
2 | Com-DBLP 1049866 775148 0.262
Com-Youtube 2987624 2116447 0.292

Qua sb liéu Bang 2.6 ta thay ti 1¢ rat gon d6 thi mang xa hoi 1a kha 16n 1an lugt 1a 0.239, 0.262 va 0.292
d6i v6i cac mang Com-DBLP, Com-Amazon va Com-Youtube. Nhu vy, mot nhan xét quan trong dugc khing
dinh 1a hiéu suét rat gon ting khi quy mé mang xa hoi ting 1én va sb lugng dinh va canh rit gon duoc nay c6
¥ nghia quan trong ddi véi bai toan phat hién cong dong trén mang x3 hoi.

2.6. Két luan chwong 2

Chuong 2 trinh bay cac tinh chit cta cac dinh twong duong theo d6 do trung tdm trung gian va phuong
phap két hop céc 16p dinh twong duong c6 cling d6 do trung tdm trung gian dé rit gon do6 thi mang xa hoi.
Dong thoi trong Chuong ciing trinh bay phuong phap két hop cac 16p dinh twong duong theo nguyén 1y lan
truyén nhan dé rit gon do thi mang xa hoi. Chuong nay trinh bay cac két qua chinh nhur sau:

- Pé xuit thuat toan REG thuc hién rat gon d6 thi mang xa hoi ban dau dya vao cac 16p dinh twong duwong
theo d6 do trung tim trung gian nhung van bao toan gia tri do do trung tdm trung gian cta do thi. Két qua nay
dugc cong bd trong cong trinh [CT1], [CT4].

- Dé xuit thuét toan rit gon dd thi LREN thyc hién két hop nhiing dinh tuong duwong véi nhau theo tiéu
chi lan truyén nhan thanh dinh dai dién nham giam thiéu sd dinh, canh cua dd thi kha nhiéu va qua d6 giam
d06 phirc tap tinh toan cta cac thut toan phat hién ciu triic cong ddng trén mang xa hoi. Két qua nay dugc
cong bd trong cong trinh [CT3].

- Déng thoi Chuong nay ciing tién hanh thuc nghiém cac thuat toan trén cac bo dir li¢u thuc nghiém tir kho
dir liéu mang xa hdi lon nham danh gia tinh hi€u qua cua cac thuat toan dé xuét.

- Thuat toan rit gon dd thi mang xa hdi dwa trén cac 16p dinh tuong duong vé do do trung tm trung gian
da cai tién higu qua thoi gian tinh toan d¢ do trung tdm trung gian va bao toan duoc gid tri do do trung tam
trung gian trén do thi sau khi rat gon. Thuét toan rat gon d6 thi mang xa hoi dya theo nguyén 1y lan truyén

nhan da dat dugc hi¢u qua.

CHUONG 3. AP DUNG THUAT TOAN RUT GON PO THI PE PHAT HIEN CONG PONG TREN
MANG XA HOI

3.1. Gi6i thiéu

Do tinh chit ctia mang xa hoi ¢6 cdu triic kha tu do va kich thudc rat 16n khong ngimg phat trién theo
thoi gian, vi vy cac thudt toan phat hién cong déng mét rat nhiéu thoi gian va chua thyc sy hi€u qua. Mot
trong nhimg cach tiép can dé khac phuc dugc nhugc diém trén 1a sir dung phuwong phép rat gon do thi mang
x4 hoi va van bao toan dugc cac tinh chét cua cong déng sau khi rat gon dugc dé xuat tai chuong 2 nham muc
dich giam thiéu thoi gian tinh toan. Chuong 3 ludn 4n trinh bay (i) Dé xuét thuat toan cai tién thoi gian tinh do
do trung tAm trung gian trén d6 thi mang xa hoi, (i) D& xuit phat trién thuat toan phat hién cong ddng mang
xa hoi trén d6 thi rat gon dwa vao d do trung tim trung gian, (iii) D& xuat phat trién thuat toan lan truyén nhan
trén do thi rat gon dé phat hién cong dong hiéu qua ma khong yéu cau t6i vu hoéa ham muyc tiéu ciing nhur thong
tin dy doén vé cac cong dong, diéu nay hoan toan phi hop véi tinh chit ciia mang xa hoi 1a khong thé dy doan
trude duge sb lugng cong dong dang ton tai va cong ddng thi thuong xuyén thay doi theo thoi gian. Két qua

thuc nghiém trén cac bo dir liéu mau khéng dinh tinh hi€u qua cua thut toan dé xut va thoi gian thyc hién
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ctia thuat toan dé xuét giam thiéu dang ké so véi cc thuat toan da cong bd. Két qua nghién ctru & Chuong nay
dugc cong bd trong cong trinh s6 [CT2], [CT3]. Xuat phat tir ¥ tuong ciia phuong phap phat hién cong dong
da vao d¢ do trung tm trung gian, nghién ctru sinh nhan thy trén do thi mang x4 hoi ¢6 kha nhiéu dinh twong
duong v6i nhau theo ciu tric c6 cung d¢ do trung tdm trung gian, ching tao thanh céac 16p twong duong va cé
thé két hop chung lai véi nhau thanh mét dinh dai dién duy nhat cho ca 16p dinh. Do vay giam thiéu duoc dang
ké s6 dinh va canh cua d6 thi mang x4 hoi ban dau, giam thiéu dugc chi phi tinh toan ma lai khong dnh huong
dén cau triic cia 6 thi mang xa hoi ban dau. Vi vay nghién ctru sinh dé xut 4p dung thuat toan rit gon do thi
mang xi hoi dya vao d do trung tim trung gian dé cai tién thoi gian ciia thudt toan tinh do do trung tam trung
gian dong thoi cai tién nhom thuét toan phat hién cong dong mang xa hoi dwa vao do do trung tAm trung gian
nhanh va hi€u qua hon.
3.2. Thuit toan tinh nhanh d9 do trung tim trung gian trén do thi mang xa hoi it gon
3.2.1. Duyét db thi theo chiéu rong
3.2.2. Thuit toan tinh nhanh d¢ do trung tim trung gian

Nghién ciru sinh dé xuat thuat toan tinh nhanh d¢ do trung tdm trung gian FBC (Fast algorithm for
Betweenness Centrality) trén dd thi mang xa hoi. Tu tudng cia thuat toan dé xuat 1a thay vi thyc hién tinh toan
d6 do trung tAm trung gian trén do thi mang xa hoi ban dau nhu thuat toan gdc Brandes [19], thuat toan dé xuét
FBC thyc hién rt gon dd thi mang xa hoi ban dau nham giam thiéu khong gian tinh toan nhung bao toan dugc
d6 do trung tam trung gian va thyc hién tinh toan d¢ do trung tam trung gian trén dd thi mang xa hoi rat gon.
Thuét toan FBC (Fast algorithm for Betweenness Centrality)
Input: DS thi mang xa hoi G = (V, E)
Output: Do do trung tam trung gian cla cac canh trén do thi mang xa hoi.
Thuét toan dé xu4t FBC bao gém bdn budc nhu sau:
Buwée 1. Thyc hién thudt toan REG (G) da néu ¢ Muc 2.3 thyc hién rat gon cac 16p dinh treo va dinh suon
tuong dwong vé d6 do trung tim trung gian, chuyén d6 thi mang xa hoi ban dau G = (V, E) vé d thi mang xa
hdi rat gon Gy = (Vy, E)).
Buwée 2. Khai tao cac gia tri cho mang Cg[e] =0, e € E», stack S =, queue Q = I, bon mang bd sung Pry,
Po,, & va d. Mang § x4c dinh ty s6 duong di ngan nhét tir gbc x t6i mdi dinh trén DAG,, mang d do khoang
cach ctia mdi dinh tir gbc x. Ban dau, khoang cach cia cic dinh va gdc déu gén bang -1. Méng Pry, 1a danh
sach cac dinh cha lién két véi mdi dinh v, Pos[v] chira nhitng dinh con & dudi v trong lan duyét theo chiéu rong
BFS tir goc x. Vc 1a tap cac dinh treo, Vs 1a tap cac dinh suon cua do thi Gi.
Budc 3. Duyét theo chiéu rong BFS tir gbc x dé tim nhitng duong di ngan nhat téi tat ca cac dinh khac. Trong
budc nay, moi phén ti dugc dat vao mot hang doi khi né duoc tim théy. Khi duyét theo chiéu rong, khoang
cach tir gdc x toi ting dinh v dugce tinh. Voi mdi dinh v duoc tim thiy trong lan duyét BFS s& twong mg véi
hai danh sach cac dinh cha, dinh con lién k& v va 8[t] 1a s6 duong di ngan nhat di tir x dén t.
Buéc 4. Tinh d6 do trung tAm trung gian Cp ctia cac canh theo k¥ thuat tich lily ctia Brandes. Vi moi DAG,,
X € V2, tinh d¢ do trung tdm trung gian cua cac canh trén DAG;, sau d6 cong ddn vao nhitng canh da dugc
tinh trén nhimg DAG da dugc duyét trudc d6 cho do do trung tdm trung gian cta cic canh trén toan dd thi
mang xa hoi.
Do phurc tap cia thuét toan FBC

Kich thudc bd nhé cia stack, queue va cic mang o va d 1a O(|V2|), nghia 1a ¢& cuia cac ciu trac bo sung
duoc gioi han béng s6 dinh V2 cua do thi. B4 nhé can thiét cho mang lién két duoc gi6i han boi s6 canh Es,

d6 14 O(|E, ). Boi mdi lan duyét BFS duoc tinh doc 1ap, chi can duy tri mot ban copy cta nhiing cau triic nay.
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D6 phuc tap tinh toan cua viéc duyét cdy BFS 1a O(|V2| + |Ei|) va cua viéce tich liiy (accumulation) cling vao
khoang O(|V2| + [Ei]), s6 cac budc cuc dai dugc xac dinh boi sb dinh cha 13 O(|E4[), va s6 dinh con tuong tmg
12 O([V2]). Vay, d6 phtic tap ctia thuat toan s& 1a O(|V2[* +[V2| * |E1|). Trong trudng hop [Ei| > [V2|, thi do phirc
tap cua thuat toan s& 1a O(|V2| * [Ei|). Thut todn ctia Brandes [19] c6 d6 phirc tap 1a O(|V[* +V| * [E|), do vay
thuat toan cai thi¢én nhanh hon, hi€u qua, boi vi thong thuong thi [V2| < |V| va |[Ei| < |E|.

3.3. Thuit toan phat hién cong doéng trén dd thi rit gon dwa vao do do trung tim trung gian

Thuat toan phét hién ciu tric cong dong trén dd thi dwa vao do do trung tdm trung gian dién hinh va
dugc biét téi phd bién nhat chinh 1a thuit todan GN (Girvan-Newman) [76]. Dua vao ¥ tuéng ctia Girvan-
Newman, nghién ctru sinh dé xuat phat trién thuat toan CDAB (Community Detection Algorithm based on
Betweenness) phat hién cau triic cong dong trén do thi rat gon dua vao d6 do trung tim trung gian. Xuét phat
tr @6 phrc tap thoi gian tinh toan ctia thuat toan GN trén dd thi mang xa hdi rat 16m, nghién ctru sinh thyc hién
dé xuét cai tién thoi gian tinh toan bang cach giam thiéu thoi gian tinh toan do do trung tim trung gian cua cac
canh trén dd thi.

Thuit toan dé xuit CDAB goém cac budc nhu sau:

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

Output: Tap céc cong dong mang xa hoi.

Budc 1. Dé xuat thyc hién tinh d6 do trung tim trung gian ciia tat ca cac canh trong mang theo thuat toan tinh
nhanh d6 do trung tim trung gian FBC dé xuat & Muyc 3.1.

Budc 2. Tim nhiing canh ¢6 d6 do trung tim trung gian 16n nhét va loai bo chung,

Buéic 3. Dé xuat thyc hién tinh lai ¢ do trung tAm trung gian cua tat ca cic canh trong cac thanh phan con lai
ctia mang theo thut toan tinh nhanh d6 do trung tam trung gian FBC da dugc dé xuat & Muc 3.1.

Budc 4. Lap lai tir budc 2 cho dén khi dén khi khong co canh nio vugt qua ngudng ciia dd do trung tim trung
gian cho trudc hodc khong con canh trung gian.

Nhu vay thudt toan dé xudt CDAB thyc hién cai tién so véi thuat toan goc GN & Bude 1 va Bude 3 khi
sir dung thuat toan tinh nhanh d6 do trung tim trung gian FBC nham giam thiéu thoi gian tinh toan cta thuat
toan phat hién cong dong mang xa hoi.

Do phuc tap thoi gian tinh toan cia thuit toain CDAB

Dbi voi d6 thi lién thong, vo hudng va khong trong s6 G = (V, E) véim = |E| ,n = |V|

D6 thi ban ddu G = (V, E) sau khi it gon d6 thila G, = (Vi, E;) véimy = |E|,ny = |V| trong d6 m; <
m, n; < n. Do phirc tap cua thuat toan CDAB 1a 0(m,% ny) va déi voi truong hop dd thi thua 1a 0( ny>).

Do phirc tap cua thuat toan Girvan - Newman 12 m canh can loai bo vi mdi bude 1ap c6 do phuc tap
O(mn) can thoi gian 1a 0(m?n) va dbi véi trudong hop do thi thua 1a 0(n®). Vi s6 dinh ciia d thi 16n thuong
nho hon s6 canh rat nhiéu, nghia la n << m, nén d¢ phurc tap cta thuat toan CDAB la nho hon so véi thuat toan
GN. Xuit phét tlr y tuong nhom thuat todn phat hién cong dong dua vao nguyén 1y lan truyén nhan, nghién
ctru sinh nhan thay trén do thi mang xa hoi c6 kha nhiéu dinh c6 nhan gidng véi nhin (trong ciing mot cong
déng) clia mot trong s6 cac dinh 1an can, va nhan cua chung luon dugc cép nhat lai theo nhitng dinh do sudt
trong qua trinh lan truyén nhan. Nhitng dinh nay twong duong véi nhau theo ciu tric, luén ¢é cling nhén trong
cac bude lan truyén nhin, sé tao thanh cac 16p tuong duong va do vay, c6 thé két hop chung véi nhau thanh
mot dinh dai dién duy nhat cho ca 16p dinh nhim giam thiéu dang ké s6 dinh va sb canh cta d6 thi mang xa
hoi ban ddu ma khong anh huéng dén cau tric ciia do thi mang xa hoi ban dau. Vi vdy, nghién ciru sinh dé
xuét thudt toan rat gon d6 thi mang xa hoi dwa vao nguyén 1y lan truyén nhén va ap dung vao nhém thuat toan

phat hién cong dong dya vao lan truyén nhan dé phat hién cong ddng mang xa hoi nhanh va hiéu qua hon.
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3.4. Thuit toan lan truyén nhin phat hién cong ddng trén do thi mang xa hoi rit gon

Theo phwong phap lan truyén nhan, thi nhan cta cac dinh trong mdi 16p twong dwong ciing s& dugc cap
nhat lai theo nhan cua dinh dai dién khi qua trinh lan truyén nhan két thac. Nghién ctru sinh dé xuat thuat toan
LPAA (Label Propagation Algorithm on Abridged graph) lan truyén nhin phat trién trén do thi rat gon.
Input: DS thi v hudng, lién thong G = (V, E)

Output: Cac ciu triic cong déng trén do thi mang xa hoi

Thuat toan thyc hién qua 2 budc:

Budre 1. Sir dung thuét toan dé xuit LREN (G) thuc hién tim cac dinh dong nhat trong duong cta do thi G =
(V, E) va riit gon cac dinh twong duong thanh d6 thi G, = (Vi, E)).

Budic 2. Thyc hién thuat toan lan truyén nhan trén do thi rit gon G, dé phat hién nhimg dinh c6 ciing nhan tao
thanh cac ciu tric cong dong mang xa hoi.

Thuét toan lan truyén nhan phat trién trén do thi rat gon thuc hién lip lai qua nhiéu budc. Mdi budc lap
nhan cia cac dinh trén dd thi s& dugc cap nhat lai theo nhan ctia dinh 1an can xut hién thuong xuyén nhat theo
cong thuc tinh (2.28) va (2.29).

Pidu ki¢n dirng ciia thuit toan: kiém tra xem nhin ciia cac dinh & bude hién tai so véi nhan ciia cac dinh &
budc trude, néu khong co thay doi nhan xay ra thi thuat toan dimg (budc tiép theo sé khong cé su thay ddi bat
ky nhan nao).

Do phurc tap tinh toan cia thuit toan LPAA

Khi thuat toan két thuc thi nhimng dinh c6 cung nhin s& & trong ciing mét cdu tric cong ddng ciia mang
x hoi. Nhirng dinh trong mdi 16p twong duong duge xac dinh trong giai doan 1 ¢ nhan tring véi nhan cia
dinh dai dién, do vy chung ciing s& cting cdu trac cong dong voi dinh dai dién. Thuat toan LREN (G) c¢6 do
phirc tap thoi gian gan tuyén tinh O(n) va thuat toan lan truyén nhén trén d6 thi mang xa hoi ciing c6 do phirc
tap tinh toan gan tuyén tinh, do vay thuat toan LPAA ciing c6 do phic tap tinh toan 1& gan tuyén tinh O(n), v6i
n = |v|. Cac do thi mang xa hoi thuong c6 nhiéu dinh twong dwong véi nhau theo cau triic, c6 cting nhin theo
phuong phép lan truyén nhan. Do véy, viéc két hop nhitng dinh twong duong véi nhau thanh dinh dai dién s&
gitip cho viéc giam thiéu sé dinh va sé canh ctia do thi kha nhiéu, nham gidm thoi gian tinh toén cta cac thuat
toan phat hién cdu trac cong déng trén mang xa hoi. Thuét toan dé xuit LPAA duoc phat trién trén d6 thi mang
xa hoi rit gon kha hiéu qua qua danh gia thuc nghiém va c6 do phic tap tinh toan 1a gan tuyén tinh.

3.5. Thwe nghiém va danh gia

bé théy r0 hi€u qua cua thuét toan dé xuét, tac gia thyc hién tién hanh thyc nghiém trén cung cac b di
lidu dugc gidi thidu trong Muc 2.4.1 & Chuong 2. Nghién ctru sinh tién hanh thyc nghiém trén nhom dir liéu
nay viéc so sanh thuét toan dé xuat tinh nhanh d6 do trung tim trung gian FBC véi thuat toan gdc Brandes
[19], cong cu tinh d6 do trung tAm trung gian tiéu biéu gan day NetworKit [98] va thuat toan d& xuat phat hién
cong dong trén mang xi hoi CDAB véi thuét toan gdc GN nham khang dinh sy vuot trdi, tinh hi¢u qua cua
thuat toan dé xut vé thoi gian thyc hién va chat lugng phat hién cong déng mang xa hoi.

Nhoém thir hai gdbm 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 thyc nghiém trén nhém dir liéu nay viée
so sanh thuat toan dé xuat CDAB véi thuat toan cai tién thuat toan gbc GN tién tién nhat gan day (nam 2018)
1a thuat toan MAA [6]. Thuat todan MAA da cong b cac két qua nghién ctru lién quan dén céc dit liéu thude
nhom thir hai nay. Vi vy nham muc dich két qua so sanh thuat toan khach quan, tin cdy thi nghién ciru sinh
thuc nghiém thuat toan d& xuat CDAB trén nhom dir lidu thi hai va so sanh véi cac két qua MAA di cong bd.
3.5.1. Cai dat thwe nghiém
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3.5.1.1. by do

Nghién ctru sinh str dung d6 do F-measure, d¢ do don thé mé dun Q va d6 do thong tin twong hd chuén
NMI dé danh gia do chinh xac cua thuét toan phat hién céu tric cong déng trén mang xa hoi.
3.5.1.2. Phuwong phap thuc nghiém

D¢ so sanh, danh gia d6 phirc tap tinh toan va hiéu qua cta thuat toan dé xuat FBC tinh nhanh d¢ do
trung tam trung gian va thuat toan dé xuat CDAB va LPAA phat hién cac cong déng trén d6 thi mang xa hoi
rat gon, luan an cai dat chuong trinh va thyc nghiém trén nhiing bd dir li€u néu trén ctia cac thuat toan dé xuat
v6i thuat toan gde 1a thuat toan Brandes [19], thudt toan GN [76], thuat toan LPA [85], dong thoi so sanh véi
cong cu tinh d do trung tam trung gian tiéu biéu gan day (nam 2016) 1a NetworKit [98] thuat toan cai tién GN
tién tién gan day (ndm 2018) la thuat toan MAA [6], thudt toan cai tién LPA tién tién gan day (nim 2018) la
thuat toan OLP [82].
3.5.1.3. Kich béan thuc nghiém

Céc thuat toan thyc nghiém dugc luan an thuc hién riéng 1€ voi ting bd dit li€u va luc nay trén may tinh
chi thyc hién duy nhat mot chuong trinh. Luan an thyc hién thyc nghiém lan luot thuét toan tinh do do trung
tam trung gian cta thuat toan gdc 14 thuat toan Brandes [19], cong cu tinh do do trung tdm trung gian tiéu biéu
gan day NetworKit [98] va thuét toan d& xuat FBC. Thoi gian do bét dau tir luc thuét toan bat dau chay cho
dén khi thuat toan dung. Sau d6, thyc nghiém hai thuat toan phat hién céu trac cong déng trén mang xa hoi 1a
thuat toan GN va thuét toan d& xuat CDAB duoc lan luot thuc hién. Thoi gian cda thuat toan dugc tinh bét dau
tur lac thuét toan chay dén luc thuat toan dung trén tirng bd di 1i€u. Trong do, thoi gian do cia thudt toan deé
xuit CDAB di bao gom thoi gian riit gon cac 16p dinh twong duong theo d¢ do trung tdm trung gian ctia do
thi mang xa hdi. Luén an tiép tuc thuc hién thyc nghiém lan luot hai thuat toan phat hién cdu triic cong déng
trén mang xa hdi la thuat toan LPA va thuét toan dé xuat LPAA. Thoi gian cda thuat toan dugc tinh bét dau tir
lac thuét toan chay dén luc thuat toan dung trén tirng bo dir liéu. Trong do, thoi gian do cia thuat toan dé xuét
LPAA di bao gdm thoi gian rit gon cac 16p dinh twong duong theo nguyén 1y lan truyén nhén cta d6 thi mang
xa hoi. Moi truong thuc nghiém 1a may tinh PC véi ciu hinh Intel™ Core™ i7-9700CPU @4.70 GHz, 8 GB
RAM, str dung hé diéu hanh Windows 10. Cong cu lap trinh thyc hién thuat toan 1a ngdn ngit 1ap trinh Python.
3.5.2. Panh gia két qua

Két qua thyc nghiém bao gom: két qua thuc nghiém danh gia hiu qua cia thuét toan d& xudt tinh nhanh
d6 do trung tim trung gian FBC vdi thuat toan gdc Brandes [19], cong cu tinh d6 do trung tim trung gian tiéu
biéu gan day NetworKit [98] va hiéu qua ctia thuat toan dé xudt phat hién cau triac cong dong trén mang xa hoi
CDAB v6i thuat toan gdc dién hinh GN [76] va voi thuat toan cai tién GN tién tién gan day (nim 2018) Ia
MAA [6]. Noi dung phan niy ciing trinh bay nhiing két qua tinh toan vé thoi gian va d¢ chinh xac thong qua
chit lugng cong dong duoc phat hién ctia cac thuat toan dé xuat so voi nhitng thuat toan pho bién gan day nhu
cac thudt toan MAA [6], va OLP [82].
3.5.2.1. Két qua thye nghiém danh gia d§ phirc tap tinh toan thuit toin FBC

Bing 3.2. Bang thoi gian tinh toin d9 do trung tim trung gian cia thuit toan dé xuit FBC véi thuit
toan Brandes trén do thi mang xa hi

Thoi gian: Gidy

Stt | B dir liu thwe nghiém Thuit to4n Brandes [19] d?;‘:l?ttF";“C
1 Com-DBLP 5849 2105
2 Com-Amazon 1043 263
Com-Youtube 11377 3859
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Qua sb liéu Béang 3.2 ve két qua thyc nghiém cho théy thoi gian thyc hién cua thuat toan dé xuat FBC
cho thoi gian tinh toan vuot trdi so voi thuat toan tinh d¢ do trung tdm trung gian cia Brandes trén tat ca cac
mang Com-DBLP, com-Amazon, va com-Y outube. bPbi véi mang c6 kich thudc cang 16n thi thoi gian thuc
hién cang giam cang nhiéu. Thoi gian thyc hién cua thudt toan dé xuat FBC so véi thuat toan gdc ctia Brandes
trén mang com-Youtube giam 7518 gidy, voi mang com-DBLP gidm 3744 gidy va v4i mang com-Amazon
giam 780 giay.

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

Stt | B$ dit ligu thwe nghiém NetworKit [98] d?;‘:l?ttF";“C
Com-DBLP 4823 2105
2 Com-Amazon 542 263
Com-Youtube 7695 3859

Qua sb liéu Bang 3.3 ve két qua thyc nghiém cho théy thoi gian thyc hién cua thuat toan dé xuat FBC
cho thoi gian tinh todn vuot trdi so voi cong cu tinh d6 do trung tim trung gian tiéu bicéu gan day NetworKit
trén tat ca cac mang Com-DBLP, com-Amazon, va com-Youtube. Ddi véi mang c6 kich thude cang 16n thi
thoi gian thyc hién cang giam cang nhiéu. Thoi gian thyc hién cta thuat toan dé xuat FBC so véi NetworKit
trén mang com-Youtube giam 3836 gidy, voi mang com-DBLP giam 2718 gidy va v4i mang com-Amazon
giam 279 gidy. Nhu véy, thuét toan dé xuat FBC gitp cho viéc giam thoi gian tinh toan d¢ do trung tam trung
gian ciia cAc canh trén mang x3 hoi nhung van bdo toan dugc gia tri ¢ do trung tAm trung gian va str dung
thuét toan FBC vao nhom thuat toan phét hién cau tric cong ddng dwa vao do do trung tim trung gian dé phat
hién cu triic cong déng trén mang xa hdi nhanh va hi€u qua hon.
3.5.2.2. Két qua thye nghiém danh gia d phitc tap tinh toan ciia thuit toin CDAB.

Sd lugng cong déng duogc phat hién boi thuat toan dé xuat CDAB va LPAA duoc so sanh voi ) luong

cong dong duoc phat hién boi thuat toan gdc trong cac mang xa hoi. Két qua dugc trinh bay trong Bang 3.4.
Bing 3.4. S6 cong dong phat hién béi thuit toan GN, CDAB, LPA va LPAA ‘
Don vi tinh: Cong dong

Bé di licu S6 cong dong phat |So cong dong phat|So cong dong phat| So cong dong
Stt thwe nehidm hién béi thuit toan |hién béi thuit toan hién béi thuit toan| phat hién béi
e nghie GN [76] CDAB LPA [85]  |thuit toin LPAA
1 | Com-DBLP 13141 13141 12768 12768
2 | Com-Amazon 19246 19246 18460 18460
Com-Youtube 7933 7933 8138 8138

Qua s6 liéu Bang3.4ta théy s6 lugng cong déng dugc phat hién boi thuét toan GN va thuat toan dé xudt
CDAB la nhu nhau va lan lugt dat 97.5%, 97% va 94.6% so véi sb lugng cong déng thyc c6 trong cac mang
xa hoi com-DBLP, com-Amazon va com-Y outube dugc cong b6. Nhur vay thuat toan dé xuat CDAB bao toan
s6 lugng cong dong phat hién so véi thuat toan gbc GN. Pong thoi ta cling thy s6 lugng cong dong dugc phat
hién béi thuat toan LPA va thuat toan dé xuat LPAA 1a nhu nhau va lan luot dat 94.7%, 93.1% va 97.1% so
v6i sb lugng cong déng thyc co6 trong cac mang xa hdi com-DBLP, com-Amazon va com-Youtube dugc cong
bb. Nhur vy thuat toan dé xuat LPAA bao toan s lugng cong dong phat hién duge so véi thuat toan gbc LPA
trong cic mang xa hoi. Higu suat ctia thuat toan dé xuat phat hién céu tric cong dong CDAB, LPAA tiép tuc

duogc kiém ching thong qua viée so sanh véi thuat toan gdc GN [76], LPA [85].
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Bing 3.5. Két qua so sanh thuit toin GN, CDAB, LPA va LPAA vé thoi gian thuc hi¢n
Don vi tinh: Gidy

Stt B0 dix liéu Thuét toan Thuat toan Thuét toan Thuat toan
thwe nghiém GN [76] dé xuat CDAB LPA [85] dé xuat LPAA
1 | Com-DBLP 26325 10922 645 269
2 | Com-Amazon 5046 2279 245 168
Com-Youtube 57218 24182 1275 592

Qua s6 lidu Bang 3.5 vé két qua thyc nghiém cho théy thoi gian thyc hién cua thuét toan dé xuat CDAB
cho thoi gian tinh todn vuot trdi so v6i thuat toan GN [76] trén tit ca cac mang Com-DBLP, com-Amazon, va
com-Youtube. Dbi véi mang c6 kich thudc cang 16n thi thoi gian thyc hién giam cang nhiéu. Thoi gian thuc
hién cta thuét toan dé xuat CDAB véi mang com-Youtube giam 33036 gidy, véi mang com-DBLP giam 15403
gidy va mang com-Amazon giam 2767 gidy. Dong thoi két qua thuc nghiém cho thiy thoi gian thyc hién cta
thuét toan dé xuat LPAA phat hién cong dong trén do thi rit gon dwa theo nguyén 1y lan truyén nhan cho thoi
gian tinh toan nhanh hon so v&i thuét toan phat hién céu trac cong ddng phd bién LPA. Hiéu qua thé hién 16
trén cac mang co kich thudc cang 16n thi thoi gian thyc hién cang giam nhiéu. Thoi gian thyc hién ciia thuat
toan dé xuat LPAA véi mang com-Youtube giam 683 gidy, vdi mang com-DBLP giam 376 gidy va v6i mang
com-Amazon giam 77 gidy. Nhu vy qua két qua thuc nghiém khang dinh thuét toan dé xuat CDAB va LPAA
phat hién cong dong trén db thi rat gon dua vao do do trung tdm trung gian va nguyén 1y lan truyén nhan cho
thoi gian tinh toan vuot trdi hon so véi thuét toan géc GN va LPA.
3.5.2.3. Két qua thye nghiém danh gia d9 chinh x4c va chit lwgng cic cong dong ciia thuit toan dé xuit
CDAB, LPAA phit hi¢n cong dong trén mang xa hi

Do chinh x4c va chat lugng cic cong dong clia cac thuat todn phat hién cong dong trén mang xa hoi
dugc danh gia thong qua d6 do don thé mé dun Q, do do F-measure va do do thong tin twong hd NML

Biing 3.6. Béing két qui so sanh thuat toan GN, CDAB, LPA, LPAA vé chét lwgng cdng dong thong
qua d¢ do don thé mé dun Q

Stt B0 dir liéu Thuit toan Thuit toan Thuit toan _Thuit toan
thue nghiém GN [76] dé xuat CDAB LPA [85] dé xuat LPAA
Com-DBLP 0.662 0.734 0.671 0.721
2 | Com-Amazon 0.734 0.876 0.786 0.825
Com-Youtube 0.682 0.821 0.512 0.659

Tir sb liéu Bang 3.6, gia tri o do don thé mo dun cua thuat toan CDAB lan luot 14 0.734, 0.876, 0.821
va d6i voi thuat toan GN lan luot 13 0.662, 0.734, 0.682. Ta thiy rang thuat toan CDAB dat dugc hiéu suét t6t
nhét trong tit ca cac mang com-DBLP, com-Amazon va com-Youtube. Gia tri @6 do m6 dun Q cua thuét toan
dé xuat LPAA trén cac mang com-DBLP, com-Amazon, com-Y outube lan luot 14 0.721, 0.825, 0.659 va cua
thuat toan LPA trén cic mang lan luot 13 0.671, 0.786, 0.512. Qua céc s6 liéu do do don thé mé dun Q trong
cac bo dit lidu nay cho ta thay rang phuong phap duge dé xuit CDAB va LPAA vuot trdi hon so véi thudt toan
géc GN va LPA trén tt ca cac bo dir liéu thyuc nghiém. D¢ do thong tin twong hd NMI 1a mot s6 liéu so sanh
tiép theo dé danh gia ty 1& chinh xac dugc tim thdy trong cong dong da biét.

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

Stt B0 dir liéu Thuit toan :I‘huz:lt toan Thuit toan . Thl}zjt toan
thue nghiém GN [76] dé xuat CDAB LPA [85] dé xuat LPAA
Com-DBLP 0.136 0.197 0.367 0.443
2 | Com-Amazon 0.146 0.215 0.356 0.452
Com-Youtube 0.062 0.067 0.033 0.041
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Tir s6 liéu Bang 3.7, gia tri d do NMI cua thuét toan CDAB lan luot 12 0.197, 0.215, 0.067 va déi véi
thuét toan GN lan luot 14 0.136, 0.146, 0.062. Ta thiy rang thuat toan CDAB dat dugc hiéu suét tot nhét trong
tat ca cac mang com-DBLP, com-Amazon va com-Youtube. Dong thoi qua Bang 3.7 ciing cho thiy gia tri
NMI cua thuét toan dé xuat LPAA lan luot trén cac bo dit liéu thuc nghiém Com-DBLP, com-Amazon, com-
Youtube 1an lugt 1a 0.443, 0.452, 0.041 con cua thuat toan LPA ddi véi cac bo dit liéu lan luot 14 0.367, 0.356,
0.033. Nhu vy gia tri d do NMI cua thudt toan d& xuat LPAA 16n hon cua thuét toan LPA trong moi bo dit
ligu thyc nghiém. Diéu do khéng dinh chét lugng phat hién cdu trac cong déng cua thuat toan CDAB va LPAA

1a t6t hon so véi thuét toan gbc GN va LPA.
Bing 3.8. Bang két qua so sanh thuit toan GN, CDAB, LPA va LPAA vé chit lwong cong dong F-

Measure
Stt B0 dir liéu Thuit toan :I‘huz:lt toan Thuit toan . Thl}zjt toan
thuc nghiém GN [76] deé xuat CDAB LPA [85] deé xuat LPAA
1 Com-DBLP 0.542 0.686 0.725 0.786
2 | Com-Amazon 0.614 0.758 0.803 0.858
Com-Youtube 0.041 0.057 0.016 0.028

Tur s6 lieu Bang 3.8, gia tri d6 do F-measure cta thuat toan CDAB lan luot 12 0.686, 0.758, 0.057 va d6i
v6i thuat toan GN lan luot 14 0.542, 0.614, 0.041. Ta thay rang thudt toan CDAB dat duoc hiéu suat tot hon
trong tat cd cac mang com-DBLP, com-Amazon va com-Youtube. Diéu d6 khang dinh ring chat lugng phat
hién cu triic cong dong ctia thuat toan CDAB 14 tot hon so v&i thuat toan GN. Dong thoi qua so lidu Bang 3.8
cho théy gia tri d0 do F-measure cua thuat toan dé xudt LPAA lan luot trén cac bo dir liéu thuc nghiém Com-
DBLP, com-Amazon, com-Youtube lan lugt 1 0.786, 0.858, 0.028 con cua thuat toan LPA d6i véi cac bo dix
lidu 1an luot 12 0.725, 0.803, 0.016. Nhu vay gia tri d6 do F-measure cta thuat toan dé xuit LPAA 16n hon cua
thuat toan LPA trong moi by dit liéu thuyc nghiém. Diéu do khéng dinh chat lugng phat hién ciu trac cong
dong ctia thuat toan LPAA 14 t6t hon so véi thuat toan gdc LPA. Nhu véy, qua s6 liéu cic Bang 3.5, 3.6, 3.7
va 3.8 vé thoi gian thyc hién thuat toan va cac do do chat luong cong dong di khing dinh rang phwong phép
dugc dé xuidt CDAB, LPAA c6 thoi gian thyc hi¢n nhanh hon va hiéu qua hon so véi thuat toan géc GN, LPA
va thuong phat hién cac cong dong c6 chit lugng t6t hon cac cong dong dugc phat hién boi GN, LPA.

Nhiam muyc dich danh gia hi¢u qua ctia phuong phap dé xuat CDAB duoc thé hién théng qua viéc so
sanh v6i thuat toan tién tién nhat cai tién thuat toan GN hién nay la thuat toan MAA [6]. Thuét toan dé xuat
CDAB duogc so sanh véi thuat toan MAA trén 1an luot cac bo dir liéu: Zachary Karate Club va Dolphin Social
Network. Do do don thé mé dun 1a d6 do tiéu chuan quan trong dé do chat lugng cua thuét toan phat hién ciu
tric cong dong. Trong thuc nghiém nay, nghién ciru sinh chi yéu danh gia thuat toan dé xuat CDAB so véi
thuat toan MAA ¢ khia canh anh huéng ctia d6 do don thé moé dun Q. Sau khi chay tuong tng cac thuét toan
trong cac tap dir liéu mang thuc bao gdm Zachary Karate Club, Dolphin Social Network va tinh toan d¢ do
don thé mo du’n phat hién cong ddng. o . .

Bang 3.9. Két qua so sanh thuit toan CDAB, MAA vé chat lwgng cong dong thong qua do do don thé

mo dun Q
At ren - Thuét toan Thuit toan dé xuét
Stt | Bo dir liéu thuc nghiém M (6] CDAB
1 | Zachary Karate Club 0.1128 0.3715
2 | Dolphin Social Network 0.1543 0.3787

Tir s6 liéu Bang 3.9, gia tri d6 do don thé mé dun cua thuit toan dé xuit CDAB lan luot 1a 0.3715,
0.3787 va dbi véi thuat toan MAA 1an lugt 14 0.1128, 0.1543. Nhur vy qua gia tri d6 do don thé mo dun Q da
khéng dinh thuat toan dé xuit CDAB dat duoc hiéu suit tot hon thuat toan MAA trong cac mang Zachary
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Karate Club va Dolphin Social Network. Qua sb liéu Bang 3.9 két qua khing dinh riang phuong phap duogc dé
xuat CDAB hiéu qua hon so v6i thuat toan MAA va thudng phat hién cac cong dong c6 chat lugng tot hon cac
cong ddng duge phat hién boi MAA. Nhu vay, qua cac két qua thuc nghiém so sanh thuat toan dé xuit CDAB
v6i thuét toan gbc GN va thuat toan cai tién GN gan day 1a MAA di khang dinh ring két qua ctia phuong phép
dugc dé xuét 1a dang tin cdy va hiéu qua.

Thuat toan dé xuat CDAB dat hiéu qua cao trong nhitng trudng hop mang xa hoi c6 kich thude 16n do
s6 lugng cac dinh twrong dwong theo d do trung tAm trung gian nhiéu, c6 thé két hop rit gon duwoc nhidu dinh
va canh trén d6 thi mang xa hoi. Két qua thyc nghiém da khéng dinh tinh hi€u qua cua thuat toan CDAB. Tuy
nhién han ché cua thuat toan CDAB con d6 phtic tap vé thoi gian tinh toan va hiéu qua rat thip trong trudong
hop nhitng mang xa hoi nho do sé lwong dinh twong dwong theo d¢ do trung tim trung gian it, lai mat thém
thoi gian rat gon dd thi dan dén viéc chénh léch thoi gian tinh toan so voi thuat toan géc la nho. Ngoai ra vi
thuat toan CDAB 14 cai tién tir thuat toan géc GN nén thuat toan CDAB van gip phai mot s6 han ché cua thuat
toan GN nhu vén str dung phuong phap loai trir dan dén khi khong ¢ canh nao vugt qua ngudng cua do do
trung tAm trung gian cao, vi vay nén sd luong cong ddng khong kiém soat trude dugce. Bén canh do, thuat toan
ciing sir dung nhiéu phép phan ving, khé c6 thé xac dinh dugc phép phan viing nao mang lai hiéu qua tot nhat.
Nham muyc dich danh gia hiéu qua cta phuong phép dé xuat duoc thé hién théng qua viéc danh gia chat luong
va tbe d6 voi thuat toan tién tién hién nay cai tién thuat toan LPA 1a thut toan OLP [82].

Biang 3.10. Két qua so sanh thuit toan LPAA, OLP vé chit hrgng cong dong NMI

A o e " Thuit toin Thuit toan dé xuét
Stt B0 dir li¢u thuc nghiém OLP [82] LPAA
1 | Zachary Karate Club 0.7605 0.8421
2 | Dolphin Social Network 0.7605 0.9042

Qua s6 liéu Bang 3.10 cho thay gia tri NMI ciia thuat toan dé xuat LPAA lan luot trén cac bo dir liéu
thyc nghi€ém Zachary Karate Club, Dolphin Social Network, lan lwot 14 0.8421, 0.9042 con cda thuat toan OLP
dbi véi cac bo dir lidu 1an luot 14 0.7605, 0.7605. Nhu vy gia tri ¢ do NMI cua thuat toan d& xuat LPAA 16n
hon cua thuat toan OLP trong tat ca cac bo dir lidu thuc nghiém. Diéu d6 khéng dinh chat lugng phat hién ciu
tric cong dong cua thuat toan LPAA 1a tét hon so voi thudt toan OLP [86]. Nhu vdy, qua cic két qua thuc
nghiém so sanh thuét toan dé xuat LPAA véi thuat toan gdc LPA va thuat toan cai tién LPA gan day la OLP
da khang dinh rang két qua ciia phuong phap duogc dé xuét 1a déng tin cdy, hiéu qua hon. Thuat toan dé xuét
LPAA dat hiéu qua cao trong nhing truong hop mang xa hoi ¢6 kich thude 16n do s6 lugng cac dinh twong
duong theo nguyén 1y lan truyén nhan 16n, ¢ thé két hop rat gon dugc nhidu dinh va canh trén db thi mang xa
hoi. Pac biét thuat toan dé xuit LPAA dé& thyc hién song song dé phan tich, phat hién nhanh, hi¢u qua cac cau
tric cong dong trén mang xa hoi 16n, phirc tap. Tuy nhién han ché ctia thuat toan LPAA 13 hi¢u qua thap trong
truong hop nhitng mang xa hoi nho do sb lwgng dinh twrong duwong theo nguyén 1y lan truyén nhan kha it din
dén viéc chénh léch thoi gian so véi thuat toan gbc khong dang ké. Ngoai ra thuat toan LPAA van gip phai
mot ) han ché cua thuét toan géc LPA nhu tinh ng?lu nhién cua no, bao gém nhén ban dau ngﬁu nhién, thi tu
cap nhat nhin ngiu nhién va chon ngau nhién mét trong cac nhén téi da lam nhan cua dinh khi nhén t6i da
khong phai 1a duy nhét.

3.6. Két luan chwong 3

Chuong 3 trinh bay két qua ap dung cac thuat toan rat gon do thi mang xa hoi duoc dé xuat & Chuong

2 vao phat trién cac thuat toan phat hién cong dong trén mang xa hoi dwa vao do do trung tim trung gian va

nguyén 1y lan truyén nhian. Chwong nay trinh bay cac két qua chinh nhu sau:
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- Pé xuat thuat toan FBC cai tién thoi gian tinh d¢ do trung tAm trung gian cia cac dinh, canh trén d6
thi mang xa hoi sir dung thuat toan REG rat gon dd thi dya trén 16p dinh tuong dwong dua vao do do trung
tam trung gian.

- Bé xuét thuat toan CDAB phat hién nhanh cong déng mang xa hdi trén co sé rat gon db thi dwa vao
dd do trung tadm trung gian.

- Dé xuét thuit toan LPAA phat hién nhanh cong déng mang xa hoi trén co so rat gon dd thi dya vao
nguyén 1y lan truyén nhan. Dic biét thuat toan dé xuat LPAA dé dang thuc hién song song dé phan tich, phat
hién nhanh, hiéu qua cac cong déng trén mang xa hoi 16n, phurc tap.

- Két qua thyre nghiém cho thay, so véi thuat toan di cong bd, cac thuat toan dé xuat nhanh hon va hi¢u
qua hon do giam thiéu dang ké s6 dinh, s canh cua do thi mang xa hoi. Cac két qua nghién ciru dugc cong
b trong cong trinh [CT2], [CT3].

KET LUAN VA HUONG PHAT TRIEN
I. Két qua dat dwgc ciia luin 4n

Cic két qua chinh ciia luin 4n:

1. Trinh bay mot s6 dinh nghia, d& xuét mot s6 cac tinh chat, hé qua cua cac 16p dinh tuong duong theo
d6 do trung tam trung gian trén dd thi mang xa hoi. Tu do, d@é xuat thuat toan REG thuc hién rat gon do thi dua
vao 16p twong duong ciia cac dinh theo d do trung tdm trung gian. Pong thoi luan an ciing dé xuét thuat toan
FBC cai tién thoi gian tinh d6 do trung tAm trung gian trén d6 thi mang xa hoi rit gon. Bang 1y thuyét va thyc
nghiém trén cac mang xa hoi luan an da khéng dinh tinh hi€u qua cua thuat toan dé xuit va do phure tap thoi gian
tinh d6 do trung tAm trung gian trén d6 thi mang xa hoi gidm rd rét.

2. Phat trién thuat toan CDAB phat hién nhanh céc cong dong mang xa hoi trén co sé rit gon do thi theo
d6 do trung tam trung gian. Bang 1y thuyét va thyc nghiém trén cic mang xa hdi cling nhu so sanh véi thudt toan
MAA méi gén day nhét lién quan dén thuat toan dugc dé xuit luan an da khéng dinh tinh hi¢u qua cia thuét toan
dé xuat va thoi gian phat hién cong dong trén mang xa hoi giam rd rét.

3. Dé xuét thuat toan LREN rat gon do thi dua vao 16p tuong dwong theo nguyén 1y lan truyén nhan va
ap dung dé phat trién thuat toan lan truyén nhan LPAA phét hién cau tric cong dong mang xa hoi trén co so rit
gon db thi theo nguyén 1y lan truyén nhan. Bang 1y thuyét va thyc nghiém trén cdc mang xa hoi ciing nhu so sanh
v6i thuat toan OLP méi gﬁn day nhat lién quan dén thuét toan duge dé xudt ludn 4n da khéng dinh tinh hi€u qua
ctia thuat toan dé xuét va thoi gian phat hién cong dong trén mang xa hoi giam rd rét.

IL. Huréng phat trién ciia luin dn

Trong qua trinh nghién ciru 1y thuyét va tién hanh cac thuc nghiém vé phan tich, phét hién cau tric cong
d6ng mang x3 hoi, hudng phat trién tiép theo ctia dé tai nhu sau:

1. Tiép tuc thyc hién cac nghién ctru tién tién vé cong nghé dir liéu 16n (Big Data) s& giai quyét duoc
cac cong viéc hién con dang gép nhiéu kho khan, thach thirc nhu: phan tich, xr Iy, phat hién cac cAu tric cong
d6ng mang x3 hoi trén nhitng mang xa hoi siéu 16n.

2. Tiép tuc cac nghién ctru phat trién nhitng thuat toan tim cac cau triic cong dong chdng chéo trén do
thi mang xa hdi st dung do do trung tam trung gian cyc bg. Nhiing cai tién, dé xudt vé thuit toan tinh nhanh
dd do trung tam trung gian cuc bg da dugc nghién cuu sinh trinh bay trong cac cong trinh [CT5].

3. Phat trién cac thuat toan song song dé thuc hién dong thoi cong viée phét hién cac cu trac cong dong
trén mang x4 hoi nham giam thiéu thoi gian tinh toan trén cac mang xa hdi c6 quy mo 16n 1 quan trong va

can thiét hon bao gio hét.
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