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LOI CAM ON

Dau tién, toi xin duge té long biét on sau siac nhat ctia minh t6i PGS. TSKH. Phan Thi
Ha Duong, co da tryc tiép huéng dan va gitp do toi tim ra dé tai luan vin ciing nhu dinh
hinh huéng nghién cttu. Khong chi 1a ngusi huéng dan khoa hoc tan tam, c¢d con cho toi

nhing 161 khuyén, dong vién, khich lé gitp toi trudng thanh hon trong cuoc séng.

To6i xin chan thanh cdm on TS. D6 Duy Hiéu - Vién Toan hoc da huéng dan, goép v va
gitip dd toi rat nhiéu trong quéa trinh t6i doc tai lieu va lam luan van.

Toi xin chan thanh cdm on nhom seminar da dong hanh ciing trong viéc tim hicéu veé
kién thiic lién quan dén bai toin phan cum cho do thi va gép ¥ cho to6i trong qua trinh hoan

thanh luan van.

Toi xin chan thanh cdm on sy hé trg ctia Cong ty C6 phan Tap doan Vingroup da tai
trg cho qué trinh hoc tap ctia toi trong hai nam qua. To6i duge ho trg béi Chuong trinh hoc
bong Thac si, Tién si clia Quy d6i méi sang tao Vingroup (VINIF), Viéen Dit liéu 16n, ma s6
VINIF.2021. ThS.VTH.02 va VINIF.2022.ThS.076.

Trong thai gian hoc tap tai Vien Toan hoc, toi da nhan duge nhiéu sy quan tam, gop ¥,
ho tr¢ quy bau clia cac thay co, anh chi va ban be. Téi xin dude chan thanh chan thanh bay
t6 long biét on sau sic dén cac thay co, anh chi va ban be.

Toi cling xin tran trong cam on Vién Toan hoc va co sé dao tao la Hoc vién Khoa hoc
va Cong nghe, Vien Han lam Khoa hoc va Cong nghé Viet Nam da gitp dé va tao diéu kien
thuan lgi vé moi truong hoc tap cho toi trong suét qua trinh thyc hién Luan van nay.

Cubi cuing, to6i xin t6 long biét on vo han t6i gia dinh toi, bd me luon kién nhan va thuong

yéu toi vo dieu kien.



1ii

Muc luc
Lol cam doam|. ... i
LO1 CAIM OLL|. . . oo ii
MIUC TUC, . oo iv
MG AAUL .« e 1
CHUGNG 1.[KIEN THUC CHU;&N Bl ... 3
1.1. Mot s6 khai niem vé 1y thuyét do thif .......... ... ... ... ... ... 3
1.2. [Khoa hoc mang va cong dong Mang| .............ouuernereineinaraenainann. 4
1.2.1. [Khoa hoc mang| ........ .o 4
1.2.2.1C00E AONE| .+ .ot 4
1.3.IN6i dung chinh ctia [udn vAN| ....... . 8

CHUONG

2.\CAC THUAT TOAN PHAN CUM CHO PO THI LON|.. 10

2.1. |Dong Iiic khoang céch so véi tieu chi cong dong do ngudi dung xac dinh| .. .. 10

2.2. [Kién thtec lien quan

2.3. [Mo6 hinh tuong tac dia phuong

2.4.|Thuat toan Attractor

2.5.|Phan tich do phiic tap

CHUONG 3./CAC THUAT TOAN PHAN CUM CHO PO THI LON HAI
PH AN . 19

3.1.|Phat hién cong dong trong mang hai phan bang dong luc hoc khodng cach| . 19

3.1.1. [bong luc khoang céch trong Unipartite Networks| .................... 19
3.1.2. [Dong Iyc khoang cach trong mang hai phan| ......................... 20
3.2.|Thuat toan phat hién cong dong trén mang hai phan: ComSim| ............. 29
3.2.1 Ham tuong tu] .. ..o 29
3.2.2. [Thuat toan COMSIM| ....... .o 31
3.2.3.|Cal tién thuat toan COMSIM| .. ...t 33




iv

CHUONG 4.MOT SO THI NGHIEM|. ... 34
4.1.|So sanh thuat toan Attractor véi mot sé thuat toan khac| ................... 34
4.1.1. Mang tong hop| .. ... 35

4.1.2. D@ Llidu thuc] ..o 37

4.1.3. [Phat hién cong dong nhé va di thuong| .............................. 42
4.1.4.|T6C do chay] . ..o 43
4.2.1So sanh thuat toan Biattractor v6i mot s6 thuat toan khac| ................. 44
4.2.1. [Thuc nghiém| ... ... 44

4.2.2. IMang tong NOD| . . ..o vt 45
4.3.|So sanh thuat toan ComSim v6i mot s6 thuat toan khac| .................... 47
KOt LUAL . o 50
Tai licu tham Khao|. . ... ... 52

CHUONG A.[THUAT

56

toan Attractor, Biattractor va Comsim trén python




LOI MO DAU

Tong quan tinh hinh nghién c@u va su can thiét tién hanh nghién ciu
Bai toan phét hién cong dong xuat hien va phat trién vao nhing nam 80 ctia thé ki trudc.

Dén nay cac nha khoa hoc da tim ra duge mot s6 thuat toan dé giai quyét bai toan phan
cum nhu: thuat todn Louvain, thuat toan st dung buée di ngau nhién, thuat toan dya trén

dong luc hoc khoang cach.

DA c6 rat nhieu nha khoa hoc nghién cttu vé bai toan nay va c6 nhiéu bai bao duge ding

trén céac tap chi uy tin.

Trong khi khong gian mang ngay cang lén va ngay cang phat trién, bai toan phét hien
cong dong hay phan cum do thi cang duge quan tam va md rong hon nita. Bai toan phat
hién cong dong trong thuc té 13 nhém nhitng dinh c6 nhiéu diém chung, nhiéu lien két lai
v6i nhau trong toan hoc 1a nhém nhiing dinh c¢6 mat do lién két 16n so véi s6 dinh ciia do
thi. Vi du do thi mang lu6i ban be trén facebook hai ngudi két ban véi nhau thi ¢6 mot canh
no6i gitta hai ngudi, viec phan cum nhitng nhém ban ¢6 nhiéu ban chung, c6 nhiéu tuong tac
v6i nhau c6 thé gitp facebook dé xuat mot s6 goi ¥ két ban cho ngudi ding. Bai toan phat
hién cong dong cho do thi hai phan ciing xuat hién nhiéu trong thic té. Vi du bai toan phan
cum do thi hai phan sau: phan 1 cac dinh ctia do thi 1 cac nha khoa hoc va phan 2 cac dinh
ctia do thi cac bai bao cac nha khoa hoc viét. Cac canh ctia do thi dude ndi 1a cac nha khoa
hoc véi bai bao ho tham gia viét. Bai toan dit ra 1 phan cum cac nha khoa hoc c6 chung

nhiéu bai bao vao cling mot cum.

Hien nay bai toan phat hién cong dong trén do thi hai phan (mot 16p do thi quan trong)
nhung chua c6 nhidu két qua (theo hiéu biét clia chiing t6i) nén bai toan nay can duge nghién

citu nhiéu hon nita.
Muc dich, déi twong va pham vi nghién ciu

D6i tuong nghién citu: do thi 16n, do thi 16n hai phan.



Pham vi nghién citu: Dinh nghia tinh chat vé do thi, do thi 16n va do thi hai phan, bai

toan phan cum cho do thi 16n va do thi 16n hai phan.
Phvong phap nghién ciu

Doc hiéu va trinh bay heé thong cac kién thic lien quan dén dé tai luan van tit cac tai

licu tham khéo chuyén nganh.
Céau tric va du kién két qud dat dugc cia lugn van

Ngoai phan Loi md dau, Loi cdm on, Loi cam doan, Két luan va Tai lieu tham khao,

Luan van dugce chia thanh bén chuong.

e Chuong 1: Kién thtic chuan bi.
e Chuong 2: Thuat toan phan cum trén do thi lén.
e Chuong 3: Thuat toan phan cum trén do thi l6n hai phan.

e Chuong 4: Mot s6 thi nghiem.



Chuong 1
KIEN THUC CHUAN BI

1.1. Mot s6 khai niém ve 1y thuyét doé thi
Dinh nghia 1.1. D6 thi vé6 huéng

D6 thi vo huéng G 1a mot cdp ¢6 thit ty G = (V, E), 6 day V' 1a mot tap hop cac dinh
hoac nut, con E la tap cac cap khong c6 thit ty chita cac dinh phan biét, duge goi la canh.
Hai dinh thuoc mot canh duge goi 1a cac dinh dau cudi ctia canh do.
Pinh nghia 1.2. D6 thi c6 huéng

D06 thi ¢6 huéng G 1a mot ciap c¢6 thi tu G = (V, E), 6 day V' 1a mot tap hop cac dinh
hoiic nit, con E 1a tap cac cap co thit tu chita cac dinh phan biét, dude goi 1a canh. Cu thé
hon néu (a,b) € E thi (a,b) la canh cta G vé6i dinh dau 1a a, dinh cudi 1a b va ¢6 huéng di
tit a dén b.
Dinh nghia 1.3. D6 thi hai phan

Mot do thi hai phan x4c dinh bdi: G = (U, V, E) trong d6 U UV 1a tap dinh ctia do thi;
U,V roi nhau. U 1a tap hop cac dinh trai, V 1a cac dinh phai va khong c6 canh néi hai dinh
bat ky thuoc ctiing mot tap hay £ C U x V 1a tap hop cac canh lien két gitta U va V.
Dinh nghia 1.4. Hanh trinh; chu trinh

G(V, E) 1a mot do thi vo huéng. Mot hanh trinh trong G 1a mot day cic dinh vovivs...v,
sao cho v6i moi i = 0,1,....,n — 1,{v;, v;11} 1& mot canh cia G. Cac canh {v;,v;41},7 =
0,1,...,n — 1, cing dugc goi la cac canh cta hanh trinh vyv;...v,. Khi dé n duge goi la do
dai, vy duge goi la dinh dau, v, duge goi 1a dinh cudi cia hanh trinh trén. Mot hanh trinh
dude goi 1a khép kin néu dinh dau va dinh cudi clia n6 tring nhau.

Mot hanh trinh duge goi 14 dudng néu cac dinh ctia hanh trinh dé déu khac nhau.

Mot hanh trinh khép kin dugc goi 1a chu trinh, néu né c6 do dai it nhat 14 3 va khi xoa



di dinh cudi thi tro thanh dudng.

1.2. Khoa hoc mang va cong dong mang
1.2.1. Khoa hoc mang

Khoa hoc mang da phat triéen thanh mot nganh hoc khong 16. Trong phan nay, ching
toi sé giai thich mot sé kién thitc co ban vé khoa hoc mang. Hién nay c6 mot sd sach gigao
trinh t6t vé khoa hoc mang; trong s6 do, ching t6i dé cap dén tai lieu [I] v6i pham vi bao

phti rong va [2] tap trung duy nhat vao mo hinh hoa, gidi thich va chat lugng dit licu.

C6 nhiéu dinh nghia khoa hoc mang va ta c6 thé tim dugc mot dinh nghia vé khoa hoc
mang trong [3]: Khoa hoc mang 1a nghién citu vé cdc mang st dung 1y thuyét toan hoc, tap
trung vao phan tich va mo ta diac diém va trang thai cia mang. Nghién ctu vé cdc mang
da thay nhing nghién citu quan trong, véi trong tam la tim hiéu va danh gia cac dic tinh

thong ké clia cac mang quy mo 16n (Newman, 2003).
1.2.2. Cong dong

Trong muc nay ching toi chit yéu tham khao phan trinh bay vé cong dong & trong tai

lieu [4] va [5].
CAU TRUC CONG DONG

Céc mang thudng duge biéu dién bang cac do thi trong d6 mot nhém cac nit (dinh) c6
cac lien két gitta ching (cac canh) [4]. Ly thuyét do thi 1a toan hoc clia cac mang dang duge
stt dung dé mo hinh héa do thi (Stam, 2014). Erdos va Rényi (1959) da gisi thieu cac do thi
ngau nhién trong dé xac suat canh gitta hai dinh 1a nhu nhau déi véi bat ky cap nao khac.
Nhung cdc mang trong thé gidi thirc khong phai 1a do thi ngau nhién vi ching c6 mot trat
tu tot clia cac mau. Mot trong nhitng dac diém thich hop ctia céc mang trong thé gi6i thuc
1a chiing c6 cau tric cong dong, ¢6 thé duge mo hinh héa mot cach tuong dbi chinh xac bang
cach st dung do thi (Fortunato, 2010; Singh, 2014). Né6i chung, cong dong hodc cum dugc
dinh nghia 14 mot nhom céc dinh c6 cac lien két chit ché khac véi phan con lai clia mang
(Yang va cong s, 2010). Xac dinh cau tric cong dong 1a mot bude tién tdi sy hiéu biét ve
cac cau tric mang khac nhau (Newman va Girvan, 2004) v6i cac ting dung trong mot s6 linh
viyc nhu mang xa hoi tryc tuyén va tat cd cac nganh khoa hoc vat 1y va doi song (Lewis,

2011).

Phat hién cong dong dé cap dén viéc xac dinh cdc nhém dinh c6 nhiéu lien két trong

mang tiy thuoc vao thuoc tinh cau tric ctia ching (Yang va cong sy, 2013; Kelley va cong



sit, 2012). Nhiéu thuat toan dé phat hién cong dong da dugce phat trién, sit dung céc ki
thuat va cong cu tit cac nganh khac nhau nhu sinh hoc, vat 1y, khoa hoc xa hoi, toan hoc
ting dung va khoa hoc méy tinh (Lancichinetti va Fortunato, 2009). Tuy nhién, mot thuat
toan phat hién cong dong duy nhat khong hoat dong trong tat ca cac loai mang (Plantié va
Crampes, 2013; Yang va cong sy, 2016) vi ¢6 rat nhiéu mang phiic tap duge tao tit cac cach
khac nhau [4]. Vi vay bai todn phat hién cong dong van dang duge quan tam va ngay cang

c6 nhiéu thuat toin phat hién cong dong dude dé xuat.

Nhiéu hé théng phitc tap trong tu nhién va xa hoi ¢6 thé duge mo ta dudi dang do thi
(mang 1udi) gidi han mang lui két ndi phiic tap gitta cdc don vi ma ching duge tao thanh
[4]. D6 thi da ndi léen nhu mot mo hinh manh mé dé biéu dién cac loai dit lieu khac nhau.
Vi du: dit lieu khong c6 cau tric (vi du: tai ligu van ban), dit lieu ban cau tric (vi du: co
s6 dit lieu XML) va dit lieu c6 cau tric (vi du: co sd dit lieu quan he) déu c6 thé duge mo
hinh héa dudi dang do thi, trong d6 cdc dinh (nat) tuong ting va cac canh, tuong tng, c6
theé la sieu lien két, mbi quan hé cha-con vi méi quan hé chinh-khéa ngoai. Ngoai ra, céc
biéu do tur nhién phat sinh trong cac linh vic tng dung nhu mang sinh hoc, mang xa hoi

mang thong tin.

Cau tric cong dong ton tai mot cach ty nhién trong nhiéu mang ludi trong thé gisi thuc
nhu mang xa hoi, mang sinh hoc, mang cong tac va truyén thong chi la mot vai vi du [4].
Mot cau héi duge quan tam la lam thé nao dé giai thich cau tric ciia cdc mang nhu vay
vé syt cling ton tai clia cac tiéu don vi cau tric clia chiing (cong dong) gén véi cac bo phan
c6 lien két véi ching cao hon. Viéc xac dinh cac cong dong chua biét truée nay (vi du, cac
nhém nguoi, cdc nganh cong nghiép va céc protein lien quan dén chiic nang) 1a rat quan

trong do6i véi sy hieu biét vé cac dac tinh ciu tric va chiic nang ciia cdc mang.

Dé minh hoa, chting t6i gi6i thieu ba vi du dang chi ¥ vé cac cong dong [5].

e Mang xa hoi tryc tuyén. Mot loai mang ma cong dong thuong xuyén duge quan sat
la mang xa hoi truc tuyén. Duge kich hoat bdi Internet va dude thic day béi su ra
doi gan day ciia céc trang mang xa hoi tryc tuyén nhu Facebook, Google+ va Twitter,
nghién cttu vé kham pha cong dong trén cadc mang xa hoi tryc tuyén da va dang buing
no. V6i sy sin ¢6 cia dit lisu mang xa hoi quy mo 16n, nghién citu da dan dén sy phat
trién ctia nhiéu tng dung tha vi, vi du: kham phé vong két néi xa hoi va tim kiém

cong dong c6 anh hudng.

e Ngoai ra, do su phat trién ctia cac thiét bi dién thoai thong minh, cac mang x& hoi



tryc tuyén da dan dén sy phat trién nhanh chéng ciia cac mang xa hoi dia ly (con
duge goi 1a mang xa hoi dua trén vi tri), ching han nhu Foursquare, Yelp, Google+
va Facebook Places. Trong mang xa hoi dia 1y, ngudi ding dudgc lién két véi thong tin
vi trf (vi du: qué quan va dia diém dang ky) va cong dong bao gom nhitng ngudi ding
duge két noéi chit ché trong 16p xa hoi ciing nhu gan nhau vé mat khong gian trong

16p khong gian.

e Mang cong tac hoc thuat. Mang cong tac hoc thuat noi tiéng 1a mang DBLP, trong
d6 mot dinh dai dien cho mot tac gid va mot canh gitta hai tac gia biéu thi méi quan
hé cong tac, titc 1a ho c6 (cic) an pham dong téc gia. Ngoai ra, cac dinh c6 thé ¢ cac
thuoc tinh dai dién cho linh viuc chuyén moén ctia tac gid nhu an pham, bai bao, sach.
Cac cong dong trong mang DBLP c6 thé dai dién cho mot nhém tac gia thuong xuyen

cong tac véi nhau va lam viec vé cac chu dé tuong tu.

Mang cong tac hoc thuat trong vi du 3 1a mot mang thong tin khong dong nhat [5].
Mang khong dong nhat bao gom cic dinh va cic canh clia cd hai loai khac nhau. Vi duy,
trong mot mang luéi cham soc sitc khde, cac dinh c6 thé 1a bénh nhan, béc si, xét nghiem
y té, bénh tat, thuéc men, bénh vién, phuong phap diéu tri,... Mot mit, viéc coi tat ca cac
dinh ciing loai c6 thé bd so6t thong tin quan trong. Mit khac, viec coi moi dinh 1a mot kiéu
rieng biét c6 thé bd sot bic tranh 1én. Day 1a mot vi du ¢6 dién vé mot mang khong dong
nhat. Nhiéu loai déi tugng nhu vay, cic mang thong tin lién két v6i nhau, khong dong nhat
nhung thuong 14 ban cau tric, lam cho cic cong dong trén cac mang thong tin khong dong

nhat tré nén phitc tap va tha vi.

Trong luan van nay ngoai viéc giai quyét cac bai toan phat hién cong dong thong thuong
c6 tat ci cac dinh cuing loai (chuong 2) thi luan van con tim hiéu vé cach phat hién cong
dong trén cac do thi hai phan dé gidi quyét cho cdc mang ma c6 hai loai dinh khéac nhau
(chuong 3). Ngoai vi du vé mang cac tac gia va cac san pham clia ho thi trong thuc té ta

ciing bat gip rat nhicu cdc mang gom hai loai dinh khac nhau ching han nhu:

e Do thi biéu dién mot s6 dién vien va mot so6 phim ho tham gia déng. Khi do6 tap céc
dién vién va tap cac bo phim dudgc lién két béi cac canh néu dién vién tham gia déng

bo phim nao thi sé c6 canh ndi gifta ching.

e Do thi bicu dién cac cong ty san xuat va ngusi tieu ding. Trong do6 tap dinh gom hai
tap con la cong ty san xuat va ngudi tieu ding. Néu ngudi tieu dimng st dung san pham

clia cong ty thi sé c6 canh lién két giita ching.



PHAT HIEN CONG DONG

Phat hién cong dong trén mang xa hoi cling 14 mot nhiém vu rat quan trong trong phan
tich mang xa hoi. Do tam quan trong clia cac cong dong mang xa hoi va kha ning tng dung
to 16n ctia chiing trong cac linh viic khac nhau da c6 nhiéu cac thuat toin phat hién cong
dong trén mang xa hoi da dude dé xuat. Tuy nhién, hau hét cic thuat toan chua dat duge
hiéu qué trong viéc phat hién cong dong trén cdc mang xa hoi quy mo rat 16n hién nay.
Dong thoi, cing véi sy phat trién manh mé ciia cong nghé thong tin thi viec st dung céc
mang xa hoi clia ching ta dang phat trién theo cap s6 nhan va hé qua 1a quy mo clia mang
x& hoi phat trién nhanh chéng va tréd nén khong 16. Dieu nay dan dén viec phat hien cong
dong trén cac mang xa hoi quy mo rat 16n khong thé gidi quyét bang cac thuat toan truyeén
thong do do phiic tap vé thoi gian va khong gian tinh toan. C6 nghia 13, hau hét cac thuat
toan hien c6 khong thé duge mé rong dén kich thuée khong 16 ciia cdc mang xa hoi. Dé giai
quyét duge thach thite dat ra, can dé xuat cac phuong phap giadm kich thude clia mang xa
hoi dé thuc hien phéat hién cong dong mang xa hoi hieu qua dong thsi van phai dam bao
dude cac tinh chat clia cong dong mang xa hoi ban dau 1a rat ¥ nghia, can thiét va quan

trong [4].

Muc tiéu ctia bai toan phat hién cong dong mang xa hoi 1a tit cac mang xa hoi cho trude,
phat hién dugc cac cong dong nam trong do va tim hiéu vé méi lien hé bén trong cac cong
dong ciing nhu gifta cac cong dong véi nhau, moéi lien hé d6 c6 &nh hudng thé ndo dén toan
mang xa hoi [4]. Mot tap hop cac dinh trén do thi duge coi la mot cong dong néu mat do
canh gitta cac dinh bén trong né cao hon so v6i mat do ctia cac canh gitta dinh ctia né va
nhitng dinh khac bén ngoai. Phat hién cong dong nham muc dich nhém cac dinh lien két
manh theo cac mbi quan hé gitta ching dé tao thanh cac do thi con tit do thi ban dau. Céac
mang xa hoi thudng duge biéu dién dudi dang do thi don nén viec phat hién cong dong trén

mang x4 hoi dua trén co sé 1y thuyét do thi con duge goi 1a bai toan phan cum do thi.
Bai toan: Phat hién cac cong dong trong mang xa hoi.

Dau vao: Do thi mang xa hoi G = (V, E) gom tap V c¢6 cac dinh: vy, v, ..., v, va tap £

cac canh E = {(v;,v;)}.
Dau ra: Tap cac cong dong mang xa hoi C.
THUAT TOAN PHAT HIEN CONG DONG

Trong nhiéu thap ky qua, s6 lugng cac giai phap phat hién cong dong trén mang xa hoi

da duge nghien citu 1a rat nhiéu, thuong xuyén va lién tuc. Hién tai c6 nhiéu phuong phap



phat hién cong dong, ciing nhu vo s6 bién thé va cai tién. Ching t6i dé cap dén mot sd cong

trinh thu thap va so sanh mot sd lugng 16n cac phuong phap.

Nhiéu cudc khdo sat nhém cac phuong phap theo nén tang 1y thuyét/khai niem clia
ching. Vi du, Rosvall et al. [6] phuong phap phat hién cong dong nhém duéi bén goc do:

e quan diém dua trén mit cit, nhim muc dich giam thiéu sé lugng canh giita cac dinh;

e quan diém phan cum, trong dé tim thay cac nhém nit chit ché, day dac;

e quan diém tuong duong ngdu nhién, trong dé suy ra cac nhém biang cach sit dung céc

mo hinh théng ké (nhu mo hinh khéi ngdu nhién);

quan diém dua vao dong luc hoc, dua trén cach cau tric mo-dun tac dong dén su phét

trién cua cac quy trinh trén mang.

C6 nhiéu cach phan loai khéc, xem [6], [7, 8]. M#t khac, mot s6 nghien cttu so sanh céac thuat
toan phat hién cong dong bang cach chay ching trén mot so luong 16n mang va phan tich
két qua. Dao et al. [9] phan loai cac phuong phap thanh ndm nhém chinh: dya trén loai bo
canh, t6i uvu héa mo dun, dya trén quy hoach dong, dya trén suy luan théng ké va nhém
cudi cliing gom cac phuong phap khac khong thuoc bon nhém con lai. Cac phuong phap do
dude chay trén hon 100 mang tit nhiéu mién khac nhau, sau dé dudge so sanh duya trén thoi
gian chay, s6 lugng cong dong dude tim thay va quy mo cong dong, chat lugng cong dong va
sy tuong dong gitta cadc phan viung dude tao. Két qua chi tiét duge dua ra, c6 ¥ nghia cho
viéc Iira chon mot phuong phap phit hgp trong thiuce té. Cac nghién cttu thuyc nghiem khac,
v6i nhiéu cach tiép can khac nhau, bao gom [10] [11], 12].
1.3. N6i dung chinh ctia luan van

Luan van c6 hai chti dé chinh: thuat toan phan cum cho do thi 1én va do thi 16n hai
phan.

Trong chuong 2 chiing t6i trinh bay vé mot thuat toan phan cum cho doé thi 16n do6 1a
thuat toan dua vao dong luc hoc khoang cach (Distance Dynamics).

Trong chuong 3 chiing t6i tiép tuc trinh bay vé thuat toan dya vao dong luc hoc khodng
cach & trén do thi hai phan. Ngoai ra trong chuong nay ching to6i trinh bay mot s6 thuat
todn khéc cho do thi hai phan nhu thuat todan: ComSim (st dung tinh tuong ty ctia chu

trinh va dinh).



Cudi cuing trong chuong 4 chiing toi sé so sanh cac thuat toan nay véi mot s6 cac thuat
toan phd bién khac thong qua phan tich vi du cu thé va thuc hanh chay cac thuat toan trén

Python (trinh bay 6 phu luc ctia luan vin).
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Chuong 2
CAC THUAT TOAN PHAN CUM CHO PO THI

P

LON

Trong chuong nay, dya trén bai bao [I3] cta Junming Shao, Zhichao Han, Qinli Yang,
TaoZhou ching ta xay dung khodng cach Jaccard trén do thi. T d6, chung ta dua ra cach
tinh dong luc hoc khodng cach trén dd thi va ching ta dua ra thuat toan Attractor dé phan

cum do thi duya trén khoang cach chtung ta vita dua ra.
2.1. bong luc khoang cach so véi tiéu chi cong dong do ngudi dung xac dinh

Hién nay, nhiéu tieu chi da dugc dé xuat dé danh gia cau tric cong dong theo céc quan
diém khac nhau va mdi tiéu chi déu c6 nhitng wu vd nhuge diém rieng. Trong nghién ctu
nay, thay vi gi6i thiéu tiéu chi méi do ngusi dung xac dinh, chiing t6i trinh bay mot phuong
phéap phat hién cong dong mdi dira trén dong lirc khoang cach. Tiéu chi co ban 1a hinh dung
mang nhut mot hé thong dong va tim hidu khoang cach dong gitta cac dinh lien ké dé kham
pha cau tric cong dong clia né. So v6i hau hét cac thuat toan hién c6, ngoai trit cach thic
sinh dong dé kham pha cong dong, quan diém méi con c6 them mot sé diem khéi sic dang
mong dogi. (a) Kham phé dong luc hoc khoang céch cung cAp mot hinh &nh tryc quan va
toan dién dé mo hinh héa dong luc hoc mang trong thé giéi thuc. Vi du, mot cong dong
(vi du: mang lu6i tinh ban) thuong duge thiét lap va tang cuong dya trén cdc modi quan hé
thong qua tuong tac (vi du: cac hoat dong xa hoi trong mang luéi tinh ban). (b) Khong st
dung cac bién phap do nguoi dung xac dinh, cac cong dong duge phat hién ty dong do cau
trac lien két dia phuong bén trong ctia mang. (c) Cai nhin sau sic vé dong luc hoc khodng
cach ciing cung caAp mot cach tong quat dé khai thac mang trong khong gian s6 lieu thay vi
khong gian vecto. Diéu nay kha c6 1¢i cho viéc phan tich mang vi thong tin clia cdc mang

trong thé gidi thyc ma ching ta thuong c6 duge 1a cadc mau két noéi ciia ching.

Sau day, ching toi bat dau v6i mot sé dinh nghia can ding dén, sau d6 mot mo hinh

tuong tac duge dé xuat trong muc 2.1.3, muc 2.1.4 trinh bay chi tiét thuat toin Attractor
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va ching toi phan tich do phiic tap vé thoi gian ctia né trong muc 2.1.5.

l_"_l' A l.‘ _- : li - .' f &8 '.i 2 i d .o.'.‘ o’-,":
., ,.. "v 1 li :J;i olA 1'.‘ [ ? _.i. 4 ,}! 'i"'lt j}J’fJ
- . 3 I‘ —> N —
SR A [ o N Sat e
LRV = PR tiik
(a) Trang thai ban dau (b) Trang thai trung gian  (c) Trang thai 6n dinh

Hinh 1: Minh hoa phdt hién cong dong dva trén dong luc hoc khodng cdch. (a)
M6t mang xd hoi, trong dé cic duong dit nét biéu thi mébi quan hé gitta nhing
ngudi vdi nhau va cic mii tén biéu thi cdc tuong tdc truc tiép lan nhau dva
trén cdc moéi quan hé cia ho. (b) Dua vao mé hinh tuong tic dudc dé xudt,
“khodng cdch” gitta moi ngudi sé thay doi theo thoi gian, trong dé nhing ngudi
trong cang mot cong dong cé xu hwdng dan dan di chuyén dén gan nhau trong
khi nhitng ngudi trong cdc céng dong khdc nhau sé cich xa nhau. (c) Trang
thdi on dinh cia con ngudi zét vé “khodng cich”: ba cong dong truc gidc.
2.2. Kién thiic lién quan

Véi muc dich phét hién cong dong, mot sé dinh nghia can thiét trude tien dudge gidi thieu.
Dinh nghia 2.1. Gid st G = (V, E,W) la mot do thi c6 huéng, trong d6 V' 1a tap hop dinh,
F 1a tap hop canh; W 1a tap trong sb tuong tng véi canh. e = {u,v} € E chi ra mot két ndi
gitta cac dinh u va v. w(u,v) biéu dién cho trong sb ctia canh e. Ve = {u,v} € E,w(u,v) = 1,
trong truong hop do thi khong c6 trong so.
Dinh nghia 2.2. (Lan can cta dinh «) Cho mot do thi vo huéng G = (V, E, W), lan can

cia dinh u € V' 1a tap hgp N(u) chita dinh u va cac dinh lan can cia né.

N(u) ={u € V{u,v} € E} U{u} (2.1)

Dua trén hai dinh nghia, chiing toi tiép tuc sit dung khodng cach Jaccard [14] dé xac
dinh khodng cach ban dau gitta hai dinh lién ké. Lita chon bién phap nay chi yéu c6 hai ly
do. Dau tién, khoang cach Jaccard cho chiing ta mot cach truc quan dé mo ta tinh tuong
tu ctia dinh. N6i chung, hai dinh cang c¢6 nhiéu dinh lan can chung thi ching cang c6 nhiéu
diém chung va lien két chit ché hon. Thit hai, khodng cach Jaccard duge tinh theo kiéu dia

phuong va do d6 hiéu qua vé méit thoi gian.
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Dinh nghia 2.3. (Khoéng cach Jaccard) Cho mot do thi vo huéng G = (V, E, W), khoang
cach Jaccard cua hai dinh v va v duge xac dinh la:

[V (u) NN (v)]

4w 0) =1 = R UN )|

(2.2)

Déi v6i do thi co trong s6, khoang cach Jaccard ciia hai dinh v va v dude md rong thém nhu
sau:

erN(u)ﬂN(v)<w(u7 [L’) + w(”? I))

d(u,v) =1-—
Z{%y}EE;I,yEN(u)UN(v) w(z,y)

(2.3)

2.3. Mo hinh tuong tac dia phuong

Dé kham pha cau tric cong dong trong cac mang dua trén dong luc khoang cach, chiing
ta nén xay dung mot mo hinh tuwong tac phut hgp. Do d6, pham vi tuong tac va mo hinh

tuong tac can dude xem xét dau tien.

Pham vi tuong tdc. Dé xac dinh ciu tric cong dong trong cac mang, viec kham pha
cau tric lien két dia phuong 1a diéu can thiét. Do d6, thay vi quan sat tat ca cac tuong tac,
chiing toi tap trung vao dong Iuc khodng cach theo cach dia phuong. R6 rang, cac két noi
bén trong (cic canh) clia cac mang trong thé gisi thyc mang lai mot cach ty nhien dé mo
hinh héa pham vi tuong tac. Chinh x4c 1a ddi véi mdi dinh, né tuong tdc mot cach tyr nhién

v6i cac dinh lien ké ciia no.

; ,
—*< oo o

(a) D thi (b) Anh huong tir cac (c) Anh hudng tir cac (d) Anh hudng tir cac
dinh lién két truc tiép dinh lan cén chung dinh lan cén riéng

Hinh 2: Minh hoa su thay déi khodng cdch gitta cdc dinh bi dnh hwdng bdi ba

kiéu twong tdic riéng biét.

Cdc mau tuong tdc. Sau khi chi dinh pham vi tuong tac, buéc quan trong tiép theo la
xac dinh cac kiéu tuong tac giita cac dinh dé mo phéng dong Iuc khodng cach. Chinh thiic,
dat e = {u,v} € F 1a mot canh gitta hai dinh lién ké u va v, va d(u,v) 1a khoadng cach ban
dau ctia né. Ro rang, bat ky thay dbi nao clia khodng cach d(u,v) déu la két qua ctia sy thay
ddi ctia dinh u va dinh v. Trén thue té, c6 ba tinh huéng riéng biét cho phép anh hudng dén

khoang cach d(u,v), dya vao cau tric to po dia phuong clia n6 (xem Hinh 2). Trong phan
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sau day, chiing toi sé trinh bay chi tiét cdch khodng cach thay ddi twong ting trong ba tinh

hudéng khac nhau.

Truong hop 1: Anh hudng tit céc dinh lien két truc tiép. Khoang cach d(u,v) gitta dinh
u v dinh v 16 rang bi &nh hudng bdi hai dinh lien két tryc tiép u va v. Thong qua si tuong
tac véi nhau, dinh nay hit dinh kia di chuyén vé phia minh va do d6 lam gidm d(u,v) (xem
Hinh 2 (b)). Giéng nhu mot mang lu6i tinh ban, mdi nguoi déu anh hudéng dén nhitng ngudi
quen biét clia ho vd ¢6 xu huéng tang dan tinh gin két (tiic 1a “khodng cach” sé giam di).
Chinh thiic, dé bicu dién cho sy thay déi ciia khoang céch d(u,v), ta dinh nghia DI, biéu
thi 4&nh hudng tit tuong tac clia cac dinh lién két trie tiép, nhu sau:

(0= dw) | FO - d(w)
pr = - (Fs ™) 24)

trong d6 deg(u) (s6 canh lién thuoc véi u) 1a bac ciia dinh w, f(.) 1a mot ham ghép va sin()
duge st dung trong nghién cttu nay. 1 — d(u,v) bidu thi sy gidbng nhau gitta u va v va hai
dinh cang giéng nhau thi ching sé c¢6 4nh hudng 1an nhau cang cao. Thuat ngi: 1/ deg(u)
duge goi 1a he s6 chuan hoéa, dude diing dé xem xét cac anh hudng khac nhau giita cac dinh
duge lien két vé6i cac mitc do khac nhau. Cu thé, cac dinh c¢é nhiéu lien két hon sé khé bi
anh hudng hon so véi cac dinh c6 it lien két hon. Lay mang nguoi huéng dan lam vi du.
Mot nguoi giam sat thuong lien két véi nhiéu sinh vién trong khi mot sinh vien chi két noi
v6i ngusi gidm sat ctia minh. Trong tinh hudéng nay, ngusi gidm sat c6 thé cé6 anh hudng 16n
dén ting hoc sinh trong khi &nh huéng déi véi nguoi gidm sat tit mdi hoc sinh 13 tuong doi

thap. Tom lai, hai dinh c6 lien két tric tiép sé c6 xu huéng lai gan nhau hon.

Truong hgp 2: Anh hudng tit dinh 1an can chung. Ching t6i xem xét kha nang thi hai:
anh hudéng tit nhing dinh lan can chung CN = (N(u) —u) N (N (v) —v) cua cac dinh u va v
(Hinh 2(c)). Vi cac dinh lan can chung ¢6 ca hai lién két v6i hai dinh v va v nén ching hat
hai dinh nay va do d6 dan dén su thay doi khoang cach d(u,v). Cu thé, mdi dinh lan can
chung sé thu hit ca dinh u va dinh v dé di chuyén vé phia chinh né va do dé dan dén viec
giam khodng cach d(u,v) (xem Hinh 2(c)). Chinh thiic, chiing toi xdc dinh sy thay ddi clia

d(u,v) tit 4anh huéng cua cac dinh lan can chung, C'I, nhu sau:

1 1
Jeg(a) S =d(z,u).(1 —d(z,v))) + deg(0)

CI = —S,con ( S —d(2,0).(1 - d(x,U)))

(2.5)

O day, hai thuat ngit (1 — d(x,v)) va (1 —d(z,u)) cho mdi dinh lan can chung duge stt dung

dé dinh lugng thém mtc do &nh hudng so véi &nh hudng tit cac dinh duge lien két truc tiép.
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Tém lai, hai dinh c¢6 cang nhiéu dinh lan can chung cang c6 xu huéng lai gan nhau hon.
Vi du: khi xem xét mot lan can chung x tuong tac véi dinh u (xem Hinh 2(c)), néu z va v
cang giong nhau thi anh hudéng tit = lén u cang 16n tuong tu nhu dnh hudng tit v. Vé mat ly
thuyét, mot khi do giéng nhau giita = va v bing mot (nghia la chiing ¢6 thé duge xem nhu
cting mot dinh), &nh hudng ctia dinh o trén khoang cach d(u,v) chi don gian 1a chuyén vao

mau dau tién.

Truong hop 3: Anh huéng tit cac dinh lan can riéng: Mau tuong téc thit ba xay ra khi
ton tai mot s6 lan can chi thuoc vé dinh w hodc v, lan lugt & EN(u) = X(u) — X(u) U
Y(v), EN(v) = X(v) — 3(u) U X(v). Mic du, gidng nhu mau 1 va mau 2, mdi dinh lan can
rieng ctia u thu hit v di chuyén dén gan chinh né, khong biét lieu dinh u bi thu hat dé di
chuyén dén gan dinh v hay bi thu hit dé di chuyén ra xa v (xem Hinh 2 (d)). Dé xéc dinh
anh hudng tich cyc hodic tieu cyc clia cac lan can rieng d6i véi khodng cach, mot cach tim
hiéu ching duya trén sy tuong dong duge dé xuat. Van dé co ban la diéu tra xem mdi dinh
lan can rieng ctia dinh u ¢6 giéng véi dinh v hay khong va nguge lai. Néu dinh 1an can riéng
ctia dinh u tuong tu v6i dinh v, thi sy di chuyén ctia dinh u vé phia dinh lan can rieng sé lam
gidm khoang cach d(u,v). Tuong ty, néu dinh lan can rieng ctia u khong tuong ty véi dinh
v, thi su di chuyén ctia dinh « vé phia dinh lan can riéng sé dan dén hiéu tng ngudc lai: di
chuyén ra xa khéi dinh v. Do dé, ¢ day ching t6i gidi thieu tham s6 luc dinh ), dé xac dinh
anh hudng co ban nhu sau. Tham s6 lyc dinh A sé duge thao luan thém trong Phan 2.3

(1 —d(z,v)) (1—d(z,v)) > A
p(z,u) = (2.6)

(1 —d(xz,v)) — A truong hgp khac
trong do p(x,u) ddc trung cho miic do anh hudng tich cyc hodc tieu cyc dén khoang cach
d(u,v). Khi d6, su thay ddi ctia d(u, v) 4nh hudng bdi cac dinh lan can rieng, EI, dugce dinh
nghia nhu sau: dic trung cho mitc do anh hudng tich cic hodic tiéu cyc dén khodng cach
d(u,v).

1
deg(u)

—zyew)(@.m — d(y,v)) p(y,v))

EI = _ZCL‘EE‘N(U)(

S —=d(z,u)).p(x,u)) (2.7)

Cudi cling, bang cach xem xét ba kiéu tuong tac ciing nhau, dong Iuc hoc ctia khoédng cach

d(u,v) gitta cac dinh w va v theo thoi gian bi chi phoi bdi:

d(u,v,t+1) =d(u,v,t) + DI(t)+ CI(t) + EI(t) (2.8)
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¢ day d(u,v,t 4+ 1) 1a khoang cach duge gia han tai bude thoi gian ¢t + 1. DI(t),CI(t) va
E1(t) 1an lugt mo ta sy thay doi khodng cach tit cdc dinh duge lien két true tiép, cac dinh

lan can chung va céc dinh lan can riéng.
2.4. Thuat toan Attractor
Trong phan nay, ching toi trinh bay chi tiét thuat toan Attractor. Tuong tac dong.

Duta trén mo hinh tuong tac (xem phuong trinh ([2.8)), dong luc hoc khodng céch c6 thé

dudge mo phong, chit yéu bao gom cac bude sau:

a) Tai thoi diém ban dau (¢t = 0), khong c6 bat k¥ tuong tac niao, mdi canh duge lien
két voi mot khodng céch ban dau. O day, gid tri ban dau duge tinh theo khodng céch
Jaccord v6i Dinh nghia 2.2 hodc Dinh nghia 2.3.

b) Khi thoi gian thay ddi, dya trén cau tric t6 po dia phuong, dong lic hoc ciia timg
khoang cich duge mo phong theo ba mau tuong tac duge dé xuat (Phuong trinh ,
Phuong trinh va Phuong trinh (2.7)). Nho cdc anh huéng dinh huéng to po,
khodng cach giita cac dinh chia sé cing mot cong dong c¢6 xu huéng gidm dan trong

khi khodng cach gifta cac cong dong khac nhau ting dan.

c¢) Cudi cling, tat ca cac khoang cach sé hoi tu va c6 thé dé& dang thu dugc cac cong dong

bang céch loai b6 cac canh ¢6 khoang cach tdi da (tic la d(u,v) = 1).

©
0.2

15
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Hinh 3: Minh hoa vé dong luc hoc khodng cich. (a) Biéu dién dé thi cia mang
xd hoi trong Hinh 1(a), trong dé cdc sé trén cdac canh biéu thi khodng cdch ban
dau gitta cdc dinh dugc két néi. (b) Khoding cdch gitta cic dinh duoc cip nhat

sau mot budc thdi gian. (¢) Trang thdi cudi cung cia mang.

Dé minh hoa, Hinh 3(a)-(c) hién thi ba trang thai cho mang xa hoi ctia Hinh 1 tit ¢ = 0
dén t = 9 trong qua trinh tuong tac dong dia phuong. T = 0 biéu thi khoang cach ban dau
gitta cdc dinh dugc két nbi (Hinh 3(a)). Ké tit thai diém d6, méi dinh tuong tac véi cac dinh

lan can va anh huéng dén khodng cach tuong ting dira trén mo hinh tuong tac dude dé xuat



16

(xem Phuong trinh va khoang cach méi sau mot buée thai gian duge minh hoa ré hon
trong Hinh 3 (b). Sau chin buée, tat ca cac khodng céch hoi tu, 0 hodic 1 va ba cong dong

dude xac dinh mot cach ty nhién bang cich cit bo tat ci cac canh c6 khoang cach bang 1.

Phdt hién cdc cong dong nhé hodc su bat thwong. Trong cic mang trong thé
giéi thuyc, thuong ton tai nhiéu cong dong véi nhiéu quy mo khac nhau. Dac biét 1a trong
cac mang quy mo 16n, quy mo ctia mot phan 16n cong dong thuong nhé [15]. Tuy nhién, dbi
v6i nhieu thuat todn phéat hieén cong dong truyen thong, chdng han nhu Modularity hodc
Ncut, chiing ¢6 xu huéng phan ving toan bo mang thanh cidc nhém c6 kich thuée tuong doi
bang nhau véi kich thude cum khong nhé hon /n (n 1a s6 dinh trong mang) [15] va khong
tim thay cac cong dong nhé do van dé goi 1a “gi6i han do phan giai” [16]. Ddi véi thuat toan
Attractor, vi n6 mo phong dong luc hoc khoang cach va khong dua vao bat ky tieu chi nao
do ngudi dung xac dinh, nén né cho phép tim kiém cac cong dong vdéi kich thude tity ¥ trong
mang mot cach truc quan. Do dé, né cling cung cap mot cach day hita hen dé xtt 1y cac diém
bat thudng/ngoai lé. Trong trusng hop nay, cic diem bat thudsng duge hiéu la cac dinh lien
két véi nhiéu dinh khac hodc cic dinh bat thuong bi co 1ap khoi tat ca cac dinh khac theo

thoi gian va cudi cling sé ty dong bat ra.
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Algorithm 1 Thuat toan Attractor

1: Dau vao: G = (V,E, W), A

2: Khdi tao khoang cach

3: for mobi canh e = {u,v} € F do

4:

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:

5
6
7
8
9

tinh toan khoang cach ban dau d? st dung phuong trinh
for méi dinh € EN(u) do do
tinh khoang cach dgy st dung phuong trinh
end for
for méi dinh y € EN(v) do
tinh khoang céch dj),
end for
end for
Dong luc hoc khoang cach
Flag=FALSE
while Flag do
Flag=FALSE
for méi canh e = {u,v} € F do
if 0 < d! <1 then
Tinh DI, CIt, ET! sit dung phuong trinh ,
Ad, = DIt + CI! + ET;
if Ad, #0 then
tinh toan khoang cach thay ddi theo thai gian
AdiT = db + AdL

if di*' > 1 then

a =1
end if
if d'*! < 0 then
ditt =0;
end if
Flag = TRUE
end if
end if
end for
end while

Tim cong dong
for mdi canh e = {u,v} € E do
if di! =1 then
x6a canh e khéi mang;
end if
end for
tim cac thanh phan két qua (cong dong) C;

Pau ra: C;
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Hinh 4: Dé nhay cia tham sé lién két \ khi phdt hién cong dong.

Tham sé lién két \. D6i v6i thuat toan Attractor, tham sé lien két A dude st dung
dé xac dinh anh huéng tuong téc tich cuc hodc tidu cyc dbi v6i khoang cach tit cac lan can
loai trit (xem phuong trinh ) No6i chung, véi gia tri cao hon cia A, n6 mang lai nhiéu
cong dong hon trong khi tao ra cac cong dong 16n hon véi gia tri thap hon ctia \. Béng
cach diéu chinh tham s6 gan két A, Attractor cho phép phan tich ciu tric cong dong tir
tho dén tinh. Hon nita, A cung cap nhiéu thong tin va dé diéu chinh so vdi cac thuat toan
yéu cau chi dinh s6 lugng cum. Hinh 4(a) bicu thi s6 lugng cong dong tim duge véi cac A
khéc nhau ndm trong khoang tit 0 dén 1 trén mang téng hop. Tt biéu do nay, ching ta c6
the thay rang Attractor cho phép tao ra cach phan cum t6t véi tham s6 A trén pham vi 6n
dinh dai (0,2 — 0,7). Cac két qua phan cum d6i v6i cdc tham sb rieng biét duge minh hoa
r6 hon trong Hinh 4 (b) dén Hinh 4 (e). Céc thit nghiém md rong ching minh thém rang
Attractor khong nhay cam véi két qua phan cum va thuong tao ra két qua tot trong pham

vi A =[0,4;0,6]. Cudi cling, gia code cia Attractor duge dua ra trong Thuat toan 1.
2.5. Phan tich do phic tap

Dé tinh do phiic tap ctia dong luc khoang cach, khoang cach ban dau ciia hai dinh duge
lien két bat ky trong mang 1a bat budc va do dé thoi gian tinh toan la O(|E|). Ngoai ra,
déi vé6i tuong tic dong dia phuong, Attractor ciing can tinh toin khodng cach jaccard tuong
ting cho cac lan can riéng (Thuat toan 1 (Dong 5-10)). Do phric tap vé thoi gian 1a O(k.|E|),
trong d6 k xap xi 1a s6 lan can rieng trung binh ctia hai dinh dugc lien két. Trong qua
trinh tuong tac dong dia phuong, vi tat cd cadc khoang cach da ton tai, Attractor chi can
goi lai cac khodng cach nay & thoi gian truée d6 ma khong can tinh toan khoang cach va
do d6 do phitc tap thai gian 1a O(T.|E|). Tong cong, do phiic tap tinh toan vé thoi gian 1a
O(|E| + k.|E| + T|E]), trong d6 T la s6 budc thoi gian. Trong hau hét céc truong hop, T

nho véi 3 < T < 50.
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Chuong 3

CAC THUAT TOAN PHAN CUM CHO PO THI
LON HAI PHAN

Trong chuong nay, ching t6i phan tich va hiéu thau dao hai bai bao: [17] ctia Hong-liang
Sun, Eugene Ch'ng, Xi Yong, Jonathan M. Garibaldi, Simon See va Duan-bing Chen; [18]
cua Raphael Tackx, Fabien Tarissan va Jean-Loup Guillaume. Chung t6i trinh bay khoang
cach Jaccard trén do thi hai phan duya trén khoang cach Jaccard trinh bay trong chuong 3
va thuat toan BiAttactor dugc cai thién va phat trién tit thuat toan Attactor duge trinh bay
trong 3.1. Ngoai ra chiing t6i trinh bay thuat toan COMSIM st dung chu trinh va sy vé sy
tuong tir clia cac dinh va thuat toan nay duge ap dung trong bai toan phan cum do thi hai

phan trinh bay trong phan 3.2.
3.1. Phat hién cong dong trong mang hai phan bing déng luc hoc khoang cach
3.1.1. bong luc khoang cach trong Unipartite Networks

Trong phan nay, ching to6i mo ta ngin gon thuat toan Attractor dé kham pha céc cong
dong ctia cdc mang don phuong st dung dong liuc hoc khodng cach. Attractor 1a nén ting
clia BiAttractor duge dé xut ctia ching toi trong phan tiép theo. Y tudng vé Attractor duge
lay cdm hiing tit quan diém hinh thanh cong dong tit x& hoi hoc. Mot cong dong ban be
thuong duge thiét 1ap va tang cuong do cac tuong tac nhat quan. Nhiing tuong tac nhu vay
thuong dugce thic day béi loi ich ctia ¥ chi, chia sé lgi ich chung,... Tuong tac giita nhing
ngudi trong xa hoi dua ra mot hinh anh séng dong vé khoang cach dong gitia cac dinh trong
khoa hoc mang. Do dé, Attractor da dé xuat dé kham pha cac cong dong tit cac mang bén
duéi bang cach st dung dong e hoc khoang cach [13]. Mang duge xem nhu mot he thong
dong trong do cac dong luc canh da duge nghién cttu. Do sy tuong tac cua cac dinh véi cac
dinh lan can ctia ching, khodng cach giita ching tang dan theo thoi gian va cudi ciing dat
dén su hoi tu. Cac cong dong c6 thé duge phéat hien mot cach tu nhién bang cach loai bd

cac canh lién cong dong.
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Tiép theo, cdc buéc chinh ctia Attractor da duge gidi thieu. Cho mot mang vo hudng
va khong trong s6 G = (V; F) trong d6 V 1a tap cac dinh va E 1a tap cic canh. Attractor
nham muc dich tim mot phan viing ctia V' thanh cac cong dong Vi; Va; ...; Vo dua trén dong

luc hoc khoang cach.

a) Ban dau, mdi canh dugce lien két v6i mot khodng cach ban dau theo hé sé Jaccard.

b) Theo thoi gian, khodng cach ctia méi canh thay déi do tac dong qua lai gifta cac dinh
lan can dia phuong. Cac mau tuong tac bao gom anh hudéng tit cac dinh duge két ndi

tryc tiép, &nh hudng tit cdc dinh lan can chung va cac dinh lan can riéng.

c) Cudi ciing, moi khoang cach déu dat trang thai hoi tu. Cac canh duge lien két véi s6
0 biéu thi cac canh trong cong dong. Nhitng cai dudc lién két véi mot canh chi ra gitta

cac cong dong da bi x6a dé hinh thanh cac cong dong mot cach tu nhién.

Attractor c¢6 tham s6 A dé xac dinh kich thudc va s6 lugng cong dong. N6 anh hudng
dén nhiing dinh lan can riéeng nhu mot ngudng tac dong tich ciie hodc tac dong tieu cie. Do
phtic tap thoi gian tuyén tinh O(|E|) cho phép né duge 4p dung cho cac mang thua thét co

kich thuéc rat 16n trong mot thoi gian ngan.

Tuy nhién, Attractor chi duge ap dung cho cac mang don phuong chita mot loai dinh.

Vi vay, chiing t6i khai quat héa né dé xit Iy cdc mang hai phan trong phan tiép theo.
3.1.2. Dong lyc khoang cach trong mang hai phan

Trong phan nay, chiing t6i md rong Attractor thanh BiAttractor dé gidi quyét viec phat
hién cong dong trong cac mang hai phan. Mot s6 dinh nghia lién quan sé duge giai thich

nhu sau.

G = (U,V,E) la mot do thi hai phia vo huéng va khong trong s6, trong d6 U va V
dai dién cho hai tap hop cac loai dinh khac nhau. Canh e thuoc F két noi cac loai dinh
khac nhau. Khong c¢é canh gitta cdc dinh tit cing mot tap hop U hodc V. Attractor trong
phan truéc phu thuoc vao lan can ctia dinh va Khoang cach Jaccard. Tuong tuy, phuong
phéap BiAttractor ctia chung t6i phu thudc vao cac lan can bac hai ctia dinh va khoang cach

Jaccard dia phuong (LJD) méi.

Tiép theo, chiing sé dugc gidi thiéu chi tiét.
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(@) (b)

Hinh 5: Cac dinh lan can va cac dinh lan cin bac hat cua cac dinh da cho.
Hinh tron va hinh vudng biéu thi hai loai dinh trong mang hai phan. (a) Dinh
u ctia hinh tron mau luc va cdc lan cin cia né N(u) dudc biéu thi bing cdic
hinh vudéng mau tim. (b) Cdc vong tron mau xanh biéu thi dinh lan can bac
hai NN(u) cta u.

Dinh nghia 3.1. Vung lan can cia dinh v bao gom cac dinh lan can cia u. Tuong t,
chiing ta c6 thé c6 dugc lan can ciia dinh v. Trong cac mang hai phan, cac lan can dugc két
ndi trie tiép clia dinh u thuoce vé tap V duge hién thi trong hinh 5 (a). N6 tuong tu nhu cac

dinh lan can dugc két ndi truc tiép cta dinh v.

N(u) = {vjv € V,(u,v) € E} (3.1)

N() = {u|u e U, (u,v) € E} (3.2)

Dinh nghia 3.2. (Lan can bac hai ctia dinh « va dinh v)

Phan md rong tit dinh 1an can dén dinh lan can bac hai dugc thé hién trong Hinh 5 (b).

Néu ching ta dinh nghia N(u), cac 1an can ciia dinh u, 1a cdc dinh lién ké ctia noé.

Khi d6 cac dinh 1an can bac hai NN (u) duge dinh nghia la cac dinh lan can cua y, trong

do6 y la céc dinh lan can ctia u. Dinh nghia cia NN (v) tuong tu nhu NN (u).

NN(u) ={z|lr € N(y),y € N(u),r € Uy V vaueU} (3.3)

NNw) ={zlr € N(y),y e Nw),x € V;ye U vav eV} (3.4)
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Dinh nghia 3.3. (Khoang cach Jaccard)

Cho mot do thi hai phan vo huéng va khong c6 trong s6 G = (U, V, F), khoang cach
Jaccard ctia dinh u va dinh v duge dinh nghia nhu bén duéi trong biéu thitc N(u)NN(v)
1a tap rong néu u lien thong véi v vi N(u) va N(v) 1a céc loai dinh khac nhau.

[V (u) NN (v)]
[N (u) U N(v)]

djac(u,v) =1 — (3.5)

Dinh nghia 3.4. (Khoang cach Jaccard dia phuong)

Khoéng cach Jaccard hoat dong tot trong Attractor vi cic dinh lan can chung N (u)NN (v)
ton tai trong cdc mang don phuong. Tuy nhién, né khong giéng nhu vay trong cac mang hai
phan. N(u) va N(v) 1a cac loai dinh khac nhau va (N(u)NN(v)) = 0. Tuy nhién, u dinh lan
can bac hai NN (u) la cting loai véi N(v) dinh lan can ctia v. Do quan diém nay, ching toi
dé xuat khoang cach Jaccard dia phuong dé xtt 1y viéc phat hién cong dong trong cac mang

hai phan.

Khoang cach Jaccard dia phuong (LJD) gita dinh u va v dugc hién thi trong biéu thtic
Cac dinh lan can riéng ctia u duge dinh nghia la EN(u) = N(u) —{v}. Tuong tu, ching
ta c6 thé lay cac dinh lan can riéng ctia v 1a EN(v) = N(v) — {u}. Khodng cach Jaccard
gita dinh u va cac dinh lan can riéng ciia v dugc tinh téng va chia cho s6 lan can riéng cia
n6 |[EN(v)]. Vi cac dinh lan can ctia u va cac dinh 1an can bac hai ctia v la cing mot loai
dinh. Tuong tu, khoang cach Jaccard tit dinh v va cac dinh lan cén riéng ctia u dugce tinh
tong va chia cho s6 dinh lan can rieng ctia n6 |[EN (u)|. Gia tri trung binh ctia hai phan d6
dugc dinh nghia la LJD. Ngoai ra, cac dinh lan can bac hai c6 hieu qua dé xit 1y du doan

lien két ctia cdc mang phic [19, 20].

1
d(u,v) = 5 ‘EN Z d]ac u,v') Z djae(v, 1) (3.6)

v'€EN (v uw/'€EN (u)

Dé so sanh Khoang cach Jaccard va LJD trong cac mang hai phan, mot vi du mau duge dua
ra dudi day.

Nhu duge hién thi trong Hinh 6 (a), dj..(u,v) = 1.000 theo biéu thiic . Tuong tu, noé
dugc hién thi trong Hinh 6 (b) trong d6 djac(u,v) = 1.000. Dinh v, va ug c¢6 thong nhau hay
khong khong anh hudng dén dj,. trong Gy va d),,. trong G. Nhung trén thuc té, canh mau
do gitta dinh vy va uz dan dén khoang cach ngan hon gitta u va v trong Gy. Hon niia, chiing
toi ap dung LJD cho ciing mot mau. Nhu duge hién thi trong Hinh 6 (a), d(u,v) = 0,708
theo biéu thitc [3.6] Tuong tu, n6 duge hién thi trong Hinh 6 (b) trong d6 d(u,v) = 0,590.
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d(u,v) cia Go nho hon d(u,v) ciia Gy vi canh d6 gitta dinh vy vA uz lam cho u va v gan

nhau hon.

u
m" 1 .u m" u, .
2 /Uy
u v . .
u V
U, — —0
. V2 . V2 U,y

(@) (b)

Hinh 6

Mot vi du dé so sanh Khoang cach Jaccard va Khoang cach Jaccard dia phuong trong cac
mang hai phan. (a) Mot mang hai phan mau G, = (Uy, Vi, Ey), trong d6 |Uy| = 4,|Vi| = 3
Ei| = 6. Dinh vy va u3 doi dinh. (b) Mot do thi hai phan mau Gy = (Us, Vs, E»), trong
Us| =4, |Va| = 3 va |Ey| = 7. Dinh vy va ug thong nhau.

va

do

a. Mé hinh tuong tac

Trong phan nay, cdc mau tuong tac ctia BiAttractor sé dude giai thich trude khi ching
toi dién giai thuat toan BiAttractor. BiAttractor duge dua ra bdéi cdc mo hinh tuong tac xa
hoi trong xa hoi loai nguoi. Moi ngudi c6 xu hudng c¢6 moéi quan hé than thiét vdéi ban be clia
ho trong ciing mot cong dong, nhung gitt khodng cich nhat dinh véi nguoi la. Mdi quan hée
ctia ho khong hoan toan 6n dinh ma thay ddi theo thoi gian. Lay cdm hing tit ¥ tudng nay,
chiing toi nghi rang cac dinh gan véi cic dinh d6 trong cing mot cong dong nhung céch xa
cac dinh trong cac cong dong khac nhau. Vé mit 1y thuyét, cac moéi quan hé chit ché duge
biéu thi bing cac canh trong cong dong va cdc moi quan hé chung duge biéu thi bing cac
canh lién cong dong.

Can xac dinh pham vi tuong tac trude khi dua ra cadc mau tuong tac. Mot dinh khong
thé tuong téc véi moi dinh khéac trong mang bén dudi. Thay vao d6, né tuong tac véi céc
dinh lan can dé tao thanh cong dong. Pham vi dia phuong thay vi pham vi toan bo dugc

chon trong phuong phap ctia chiing t6i.

C6 ba kiéu tuong tac khac nhau ctia Attractor bao gom anh hudng ctia cac dinh duge
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lien két tryc tiép, anh hudng ciia cac lan can chung va anh hudng ciia cac lan can rieng [13].
Tuy nhién, khong c6 1an can chung ctia u va v trong cdc mang hai phan vi N(u) va N(v) 1a
cac loai dinh khac nhau. Do do, chi c¢6 hai sy tuong tac duge néi t6i trong BiAttractor bao
gom anh huéng ctia cac dinh dugce két noi tryc tiép va dnh hudng ctia cic lan can riéng.

Dinh nghia 3.5. (Sy anh hudng truc tiép)

Khoang cach tryc tiép gitta dinh u va dinh v duge dinh nghia nhu bén dudi. Anh huéng
tryc tiép DI(u,v) dan dén hién tuong u v v di chuyén lai gan nhau do u va v lién thong

v6i nhau.

(3.7)

DI(u,v) = - (f (1= d(uv) | f0- d(u,v»)

deg(u) deg(v)
N6 tuong tu nhu dinh nghia duge dé xuat bdi Shao et al. [13], trong d6 f(u) 1a sin(u), deg(u)
I3 bac ctia dinh u. Biéu thitc minh hoa ctia khai niem nay dugce thé hien trong Hinh 3 (a).
Chiing t6i thay d6i ham khoang cach d(u,v) tit khodng cach Jaccard thanh Khodng cach
Jaccard dia phuong vi Khoadng cach Jaccard luon khong biéu thi duge do tuong tu ciia dinh
trong cac mang hai phan. Ly do da dugc minh hoa truéc day khi chting t6i trinh bay dinh

nghia vé khoang cach Jaccard dia phuong.

L
C v u
N(u)
N(v) Dl(u, v)

(a) (b) (c)

Hinh 7: Cdac mau tuwong tic cia BiAttractor. Hinh tron va hinh vuéng dai

dién cho cac loai dinh khadc nhau.

(a) Tuong tac tryc tiép gitta dinh u va v duge danh dau bang cac dudng lién nét c6 trong

s6. Hinh tron mau lyc u chiu anh hudng ctia hinh vuong mau luc v va ngudc lai.
(b) Anh huéng tieu cuc giita dinh u va cac 1an can rieng ctia né6 N (u) duge minh hoa.
Hinh tron mau luc u di chuyén vé phia hinh vuong mau tim N(u), nhung né di chuyén ra

Xa V.
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(c) Anh hudng tich cue gitta dinh u va céc 1an can rieng ctia né N (u) duge hién thi. Hinh

tron v mau luc di chuyén vé phia hinh vuong mau tim N(u). Béi vi NN (u) duge két ndi
chat ché v6i hinh vuong mau luc v, v gan u hon.
DPinh nghia 3.6. (Anh hudng tit cac lan can rieng) Anh hudéng clia canh (u, v) gitta dinh u
va dinh v tt cac lan can riéng duge dinh nghia 1a phuong trinh . d(u,v) la Khoang cach
Jaccard dia phuong, deg(u) 1a bac ctia dinh u va f(u) 1a sin(u). Khoang cach dong dén ti
céc lan can rieng EN(u) = N(u) — {v} vi EN(v) = N(v) — {u}.

Tuong ty nhu anh hudng tit cadc dinh duge lien két tryc tiép, mdi lan can riéng thu hut
dinh w di chuyén vé phia chinh né vi ching dugc két néi. Nhung chiing ta khong biét lieu
dinh u ¢6 xu huéng tién lai gan dinh v hay khong. Dé minh hoa nhitng anh huéng tich cuc
hodc tiéu cyc ctia nhitng dinh lan can riéng vé khodng cach, mot cach tuong tu véi cach duge
dé xuat bdi Shao et al. [13]. Néu nhu dinh v tuong tu véi cac lan can rieng cia u, viée di
chuyén tit u sang cic lan can riéng ctia n6 dan dén viec giam d(u, v). Mt khac, néu dinh v
khong tuong tu véi cac lan can loai trit ctia u, thi viéc di chuyén tit v sang céc lan can loai

trit cia n6 dan dén sy gia tang cta d(u,v).

s e90)

1 —d(x,v),(1—d(z,v) >\

1 —d(x,v) — A, trong céc truong hgp con lai
Anh hudng tiéu cyc clia nhitng lan can riéng duge thé hien trong Hinh 7 (b). Vi khong c6
lien hé nao gitta v va céc lan can bac hai cia u NN (u), N(u) va v khong nhu vay. Do d6,

cac lan can rieng clia u thu hit u di chuyén dén gan ho hon, nhung v & xa v.

Anh hudng tich cyc ctia nhitng lan can riéng duge thé hién trong Hinh 7 (c). Do cac két
noi gitta v va cac lan can bac hai ctia u, NN (u), v va u 1a tuong tu nhau. Cac lan can riéng

ctia w thu hit ban di chuyén vé phia ho va ban ciing di chuyén dén gan v hon.

Dong luc ciia viéc gidi thieu A trong biéu thic la xac dinh xem anh huéng cia cac
dinh lan can riéng la tich cuyc hay tieu cyc. Néu A nho, cidc dinh lan can loai trit clia u ¢6
tac dong tich cyc dé lam cho u va v tién lai gan nhau hon. Béi vi cac dinh lan can riéng ctia

u tuong tu v6i v, khi A nhé. N6 duge biéu thi bang p > 0 . Mit khac, cac dinh lan can loai



26

trit clia u c6 tac dong ngude chicu lam cho cac dinh v va v dich chuyén ra xa. Anh huéng

tieu cyce duge bicu thi bing p < 0.
Dinh nghia 3.7. (Khoang cach dong)

Xem xét cac anh hudng tit ca cac dinh lan can duge két noi tryc tiép va rieng biet, ching
toi giai thich them vé khai niem khodng cach dong. Khoang cich dong d'*!(u,v) tai budce
thoi gian ¢ + 1 duge xac dinh béi khoang cach d'™(u,v) tai budc thoi gian trude do ¢, anh
hudng tt tuong tac tryc tiép DI'(u,v) v cac 1an can loai trit ET¢(u,v). Gi tri ban dau cia
d'(u,v) duge tinh bang khodng cach Jaccord dia phuong tit biéu thiic . Khoang cach cap
nhat cho dén khi ching hoi tu (d(u,v) = 1 hodc d'™'(u,v) = 0). Khi tat ca cac khoang
cach dat dén trang thai 6n dinh, qué trinh dong cham ddt. Thuat toan chi tiét c6 thé dugc

mo ta trong Thuat toan 2 trong phan tiép theo.

d"Hu,v) = d"(u,v) + DI'(u,v) + ET"(u,v) (3.9)

Tiép theo, ching to6i minh hoa sy giéng va khac nhau giita Attractor va BiAttractor.
Khung chung ctia BiAttractor giéng hét vdi so do Attractor ban dau, béi vi ching toi tuan
theo cling mot ¥ tudng vé dong lie. Ca hai déu dudge thic day bdi cac mo hinh tuong téc
xa hoi trong xa hoi loai ngudi. Moi ngudi ¢6 xu huéng c¢6 mdi quan he than thiét véi ban be
clia ho trong cliing mot cong dong, nhung gitt mot khoang cach nhat dinh véi nguoi la. Do
do6, khoang cach gitta cac dinh trong cling mot cong dong 14 nhé nhung khoang cach giita
cac cong dong khac nhau thi 16n. Khi chiing ta mé rong phuong phap tit mang don thanh

phan sang mang hai phan, cac phan sau duge sita doi.

Dau tien, Attractor dua trén Khoadng cach Jaccard dé do khoang céch dong ctia hai dinh
bat k¥ trong mang. Khodng cach Jaccard duya trén cac dinh lan can chung clia hai dinh da
cho. Nhung trong nghién cttu vé cdc mang hai phan, chiing ta thiy ring dinh u va dinh v 1a
cac loai dinh khac nhau va cac dinh lan can ciia chiing ciing la cac loai dinh khac nhau. Do
d6, khong c6 dinh 1an can chung nao ton tai vé Khodng cach Jaccard gitta hai loai dinh khac
nhau bat ky trong mang hai phan. Quan sat them cho thay cic lan can ctia dinh u N(u) c6
lien két v6i cac lan can bac hai ctia dinh u NN (u). Do d6, ching toi dé xuat Khoang cach

Jaccard dia phuong (LJD) thay vi khoang cach Jaccard trong BiAttractor.

Thit hai, do khong c6 van dé vé dinh lan can chung trong cdc mang hai phan nén anh
hudng clia dinh lan can chung déi véi khoang cach dong bi bé qua. Do dé, mot diém khéc biet
nita gitta Attractor va BiAttractor 1a chi &nh hudng dugc lien két tric tiép va anh hudng ti

cac dinh lan can riéng mdéi duge xem xét trong BiAttractor. Nhung Attractor c6 anh hudng
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ctia nhitng dinh lan can chung con BiAttractor thi khong c6. Hon nita, cAc phuong trinh vé
anh hudng duge lien két trie tiép va anh hudng tir cac dinh lan can rieng dén tit phuong
phap ban dau Attractor. Nhung ching dugce stta doi dé st dung Khoang cach Jaccard dia
phuong (LJD) thay vi Khodng cach Jaccard.

Vi hai Iy do dugc trinh bay & trén, cac phuong trinh thay doi khoang cach dong ciia
Attractor va BiAttractor 1a khac nhau. N6 dugc hién thi trong biéu thiic dé xac dinh qua
trinh thay doi ctia BiAttractor. DI*(u,v) vi EI*(u,v) phu thudc vio Khoang cach Jaccard
dia phuong (LJD).

b. Méau

Trong phan trude, cdc mau tuong tic duge gidi thieu 1a tiéu chi ban dau ctia BiAttractor.

Sau day, chiing toi sé gidi thieu chi tiét vé BiAttractor.

Cho mot do thi hai phia vo huéng va khong trong s6 G = (U, V, E), trong d6 U va V
dai dién cho hai tap hgp cac loai dinh khéc nhau. Khong ¢6 canh gitta cac dinh tir ciing mot
tap hop U ho#c V. BiAttractor nham muc dich xac dinh mot phan viing ctia U va V thanh
k cong dong C,,Cs, ..., Cy trong d6 O, chita hai loai dinh tit U va V. Mo ta chinh thic cia

thuat toan dugc minh hoa trong Thuat toan 2.

Algorithm 2 Thuat toan BiAttractor

1: Dau vao: Cho truéc mot mang hai phan vo huéng va khong trong sé6 G(U, V, E) va tham s ¢ két .

A duge cap nhat lap lai giita [0,1] dé c6 duge phan ving cong dong t6i wu véi Qp toi da.

2: Pau ra: k cong dong hai ché do Cy, Co, ..., Cj.

3: Khéi tao mdi canh e = {u, v} tit E véi khoang cach ban dau d°(u,v) bdi phuong trinh
4: Khéi tao d°(u, ) trong d6 € EN (u) bdi phuong trinh

5: Khdi tao d°(v,y) trong d6 y € EN(v) bdi phuong trinh

6: while khong hoi tu tit tit ci cac canh do

T if 0 < d'(u,v) <1 then

8: d™* 1 (u,v) = d*(u,v) + DI*(u,v) + ET*(u,v) bsi phuong trinh
9: end if

10:  if d*(u,v) <=0 then

11: d'(u,v) = 0,d" hoi tu.
12: end if
13:  if d*(u,v) >=1 then
14: d'(u,v) =1,d" 1a hoi tu.

15: end if
16: end while

17: Tao céc cong dong C1, Cs, ..., C), bing cach loai bd tat ci cac canh c¢6 dt(u,v) = 1).
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a) Ban dau, méi canh duge gan véi mot khoang cach ban dau theo khoéng cach Jaccard

dia phuong theo phuong trinh .

b) Theo thai gian, khodng cach ctia méi canh thay déi do lien két gifta cac dinh duge két
no6i tryc tiép va cac lan can riéng theo phuong trinh . o) day, kiéu tuong tac ciia
BiAttractor khéac véi kiéu tuong tac ctia Attractor. Cac so sanh va 1y do da dugc gisi

thiéu trong phan trudc vé cdc mau tuong téc.

¢) Khoang cach dong d* thay ddi lap di lap lai néu 0 < d*(u,v) < 1. Cac canh trong ciing
mot cong dong c6 xu hudng gidm va canh giita cac cong dong khac nhau c6 xu huéng
tang. Cudi cung, moi khoang cach déu hoi tu (d'(u,v) = 0 hodic d'(u,v) = 1). Cac canh
dugce lien két véi gia tri 0 biéu thi cac canh trong cong dong. Nhitng cai dugc lien két
v6i gia tri mot dai dién cho cac canh lién cong dong da bi x6a khéi cac mang bén dudi

dé hinh thanh céc cong dong mot cach tu nhien.

d) Ly do cua viéc gidi thieu A la dé xac dinh xem anh hudng ctia cac dinh lan can rieng
1a tich cuic hay tiéu ciec. Néu A nho, cac dinh lan can riéng ciia u c6 tac dong tich cuc
dé lam cho u va v tién lai gan nhau hon. Béi vi céc dinh lan can riéng ctia v tuong
tu v6i v, khi A nhdé. Mt khac, cac dinh lan can riéng clia u c¢6 tac dong ngude chieu
lam cho cac dinh u va v dich chuyén ra xa. A dugc cap nhat lap lai gitta [0, 1] dé chay
thuat toan (vi du: A = 0,05 duge dé xuat). Do A t6i uu, phan ving cong dong tbi wu

duge chon v6i mo dun t6i da Q, [21].
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Hinh 8: Mot vi du cia BiAttractor. (a) Do thi bao gom ba thanh phan phu
theo cdc mau khdc nhau trong dé hinh tron va hinh vuéng biéu thi hai loai
dinh khdc nhau. Khodng cich gin vao cdc canh dugc khdi tao & budc dau

tién. (b) 0 budc thoi gian thé hai, khodng cdch dude cap nhat theo
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BiAttractor. (c) Cudi cung, tat cd cdc canh trong cong dong cé do lon 0 va
cdc canh gita cic cong dong cé do lon bang mét. Loai bé cic canh dugc lién

két vdi gid tri c6 thé tw dong phdt hién cdc cong dong.

Dé hiéu r6 hon vé thuat toan BiAttractor, ¥ tuéng co ban dudce trinh bay ngin gon bing
mot vi du trong Hinh 8. Cho mot do thi hai phan don gidn c¢6 mudi dinh va muoi mot canh,
hinh tron va hinh vuéng dai dién cho hai loai dinh riéng biet. Khoédng cach canh biéu thi méi
quan heé giita hai dinh dugc két noéi béi canh. Céc gia tri nhé hon luon biéu thi rang ching c6
nhidu kha ning & trong ciing mot cong dong hon. O bude dau tien, mdi canh dude cung cap
mot khodng cach ban dau theo cac cau tric to po dia phuong duge tinh béi phuong trinh
nhu trong Hinh 8 (a). Khodng céch sé duge cap nhat béi phuong trinh néu ching
khong dat dén trang thai 6n dinh nhu trong Hinh 8 (b). Sau khi tat ci cac khoang cach hoi
tu vé 0 hoac 1, cac cong dong c6 thé duge phan viing khéi mang bén dudi bing cach loai bo
cac canh c6 khoang cach 1 nhu trong Hinh 8 (c). Dugc biét, ba cong dong duge phat hien

bang cach loai bé hai canh lién cong dong.
c. D6 phic tap

Dé nghién citu do phiic tap vé thsi gian ctia BiAttractor, mdi canh ciia mang bén duéi
da dugc tinh toan mot lan dé thu dude gia tri ban dau. Nhu duge hién thi trong dong 3
trong thuat toan 2, do d6 thoi gian O(|E|) duge xem xét & buée dau tien. Tiép theo, nhu
duge hién thi trong dong 4 va dong 5, cac cau tric to po dia phuong yéu cau BiAttractor
thu duge anh hudng tit cac lan can rieng. Do phiic tap thoi gian it nhéat la O(k|E|) trong d6
k 14 s6 lan can rieng trung binh. N6 duge hién thi tit dong 6 dén dong 16 sau 7' budc thsi
gian, BiAttractor hoi tu dén trang théi cudi cung. Do phiic tap la O(T|E|) trong qua trinh

lap.

Do d6, tong do phiic tap thoi gian ctia BiAttractor 1a O(|E|+ k|E|+ T|E|). T 1a hing s6
trong thit nghiém ctia chiing t6i v6i mang bén duéi G. Do phiic tap thsi gian O(|E|+ k| E| +
T|E|) c6 thé duge viét 1a O(z|E|) trong d6 z 1a nhan thong thudng clia mang do trung binh.
Néu mang day dic, do phic tap it nhat 1a bac hai. Mang thiyc thuong 14 mang thua thét va
2 khong doi. Do phiic tap thai gian 1a tuyén tinh trong trudng hop nay.

3.2. Thuat toan phat hién cong dong trén mang hai phan: ComSim
3.2.1. Ham tuong tu

Trong phan nay, ching t6i chinh thic trinh bay thuat toan phat hién danh cho do thi

hai phia. Dau tién ching toi nhic lai cdc dinh nghia can thiét (Phan 3.2.1) trude khi mo ta
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thuat toan ComSim (Phan 3.2.2).
Mot do thi hai phan xac dinh béi: G = (U, V, F) trong d6 U la tap hgp cac dinh trén, V'
1a cac dinh 6 phia dué6i (vi du dién vien) vdi E C U x V tap hgp céac canh vien két gitta U

va V (chang han la cac lién két gitta dién vién va cac bo phim ho tham gia).

Hinh 9: Vi du cia mot dé thi hai phan G = (U,V, E)

So v6i biéu dé mot phan, cac dinh trong biéu dd hai phan duge tach thanh hai tap hop
rdi rac va cac lien két luon ndm gitta mot dinh trong mot tap hgp va mot dinh trong tap
hop kia. Nhung diéu tir nhién 1a cling phai diéu tra xem céc dinh trong cliing mot tap hop
c6 quan hé v6i nhau nhu thé nao. Cach tiép can nay thuong dugc nam bat béi khai niem

hinh chiéu ctia mot do thi hai phan trén mot trong hai tap hop ctia né.

Hinh 10

Vi du vé phép chiéu U cé trong sé cia G s@ dung dinh lan cin chung lam ham

tuong tu

Chang han, néu quan tam dén phép chiéu U, ngusi ta c6 thé nghién citu cach cac dinh
U két ndi theo do tuong tu ctia chiing dude do bang cac lien két ciia ching déi véi cac dinh
U chung. Vé mat hinh thic, do tuong ti nhu vay duge nam bat bdi ham tuong tu 6. Dieu
nay cho phép xac dinh chinh thitc do thi duge chiéu theo trong s6 Gy = (U;6) trong do6
0:U x U~ RT. Do d6, biéu dd nay chi ra sic manh ctia mdi quan heé giita cac dinh U. Do
d6, phép chiéu U ctia biéu do hai bén trong Hinh 9 sé dan dén biéu dd duge mo ta trong

Hinh 10.
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Cha ¥ rang trong phan con lai clia 3.2, ching ta sé st dung ham lan can chung tieu
chuan é(z,y) = |[N(x) N N(y)|. Nhung cach tiép can nay dé dang md rong sang cac ham s6

tuong tir khac nhu chi s jaccard [22], phan bd cac dinh [22] hodc he s6 adamic-adar [23]
3.2.2. Thuat toan COMSIM

Cho mot do thi hai phia G = (U, V, E) vA mot ham tuong tu 6 chang han nhu céc dinh
lan can chung, COMSIM tao mot phan viung theo hai buge. Dau tién, né xac dinh cac cong

dong cot 161, d6 1a cac nhém dinh c6 do twong tu cao theo ham 6.

Nhu moi ngusi c6 thé thay trong Thuat toan 3 trinh bay chi tiét bude dau tien nay,
thuat toan tao ra mot chudi cdc dinh bang cach di theo cic lien két ra ngoai c6 trong so
cao nhat theo 0. Khi chudi nay dén mot dinh da dugc xem xét, dieu dé c6 nghia 13 mot chu
ky da dugc phat hién trong chudi. Chu ky nay sau dé tao thanh cét 16i ctia mot cong dong

trong tuong lai.

Trén vi du vé trong Hinh 9, n6 sé dan dén viéc phat hién ra riang cac dinh A va B tao
thanh c6t 16i ctia mot cong dong, ciing nhu E va F. Diéu nay phu hop véi Hinh 10 cho thay
rang A va B, ciing nhu E va F ¢6 céc lién két c6 trong so cao nhat. Cac dinh khéac (C va D)

duge dé lai trong tap K con lai.

Sau do, giai doan thit hai clia thuat toan c6 gang dinh vi cdc dinh con lai ctia K trong
cac cong dong hién c6 bang cach t6i da hoa do tuong ti gitta cac dinh nay va tat ca cac dinh

clia cac cong dong cot 16i.

Nhu duge mo ta trong Thuat toan 4, bude thit hai xem xét tat ca cac dinh con lai khong
phai 14 mot phan ctia phan ving sau bude dau tien. D6i v6i mdi nit z, n6 xac dinh cic cong
dong c6 it nhat mot lien két véi z. Sau do, thuat toan sé chon cong dong tdi da héa tong s6

diém tuong dong gitta x va tat ca cac dinh ciia cong dong.

Trén vi du vé do choi trong Hinh 9, v& khong phu thudc vao thit tir ma cac dinh C va D
duge xem xét trong buée 2, né sé dan dén viec anh huéng tit dinh C dén cong dong A — B
(tong cac diém tuong dong la 3) va dinh D dén cong dong E — F (tong céc diém giéng nhau
Ia 4).

Di¢u dang chi ¥ 1a vi mot s6 lien két c6 thé c6 trong s6 tuong tir nhau nén hai bude c6
thé phai déi mat véi mot sb tiy chon bing nhau. Trong truong hop dé, thuat toan sé chon
ngau nhién mot tity chon théng nhat trong sb tat ca céc tity chon c6 thé. Vi ly do nay, thuat

toan khong xac dinh vh mot s6 lan chay c¢6 thé dan dén cac phan ving khac nhau.
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Thuat toan phét hién cong dong trén mang hai phan st dung tinh tuong ti ctia chu trinh

va dinh.

Algorithm 3 Thuat toan COMSIM - Buéc dau tien

1: Pau vao: Mot do thi hai phan G = (U, V, E), ham tuong tu 0

2: Pau ra: trd vé mot phan viing P gom céc dinh U va mot tap K cac nit con lai (cho bude thit hai)

3

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:

4
5
6: H
T
8
9

: P:=1{ // tap hgp phan vung

: T:=U //tap hop céac dinh duge xem xét

: 2 :=rand_and_remove(T) // dinh ngdu nhién
=0

:= 0 //tap hop cac dinh con lai

: while T # 0 do

tim mot dinh lan can y € N(N(z)) ctia  ma ham 6(z,y) dat gid tri 16n nhat.
Y= argmaxyEN(N(a:))o(xv y)
if y € H then
C := cycle(H,y,x) //trich xuat chu trinh duge phat hien tit y dén x trong H.
P.add(C)
K := KU (H —C) //luu trt cac dinh khong c6 trong chu trinh C
H:=10
x :=rand_and_remove(T)
end if
if y ¢ H then
if y € T then
H:=HU{y}
zi=y
T:=T-{y}
end if
if y ¢ T then
y da 134 mot phan ti clia P, cac dinh da truy cap dudc luu trit
K=KUH
H:=0
x:=rand_and_remove(T)
end if
end if

31: end while
32: return P and K
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Algorithm 4 Thuat toan COMSIM - Budc thit hai
1: Pau vao: Mot do thi hai phan G = (U, V, E), mot phan ving P, Mot tap hgp K céac dinh du lai sau

(bude dau tién) ham tuong ty 6
Dau ra: trad vé mot phan ving P’ gom cac dinh ciia U va cac dinh khong théa man R
R:=10
P =P
for v6i mdi x € K do

P, = comyeigh(x, P) // Tim tat ca céc cong dong lan can cia x

if P, =0 then

R:=RU{z}
end if
if P, # () then

—_ =
—= O

C = argmazc,ep, Y e, 0(2,y)
Thém x vao phan ving C ciia P’
13: end if

14: end for

15: return P’ va R

,_.
N

3.2.3. Cai tién thuat toan COMSIM

Sau khi phan cum duge mot bén ciia do thi hai phan ban dau thanh cac cong dong chiing
toi tiép tuc phan cum cho bén con lai. Tu trén ching to6i da c6 cac cum cong dong & trong
tap hop dinh U véi cac dinh thuoc tap hop dinh V' ching toi xét s6 lién két tit mdi dinh dén
cac cong dong trong U s6 lien két véi cong dong nao nhiéu nhat ta sé ghép diém vao cong
dong do.

Vi du 6 phia trén ta da phan cum dude tap hop dinh U thanh hai cong dong gom dinh
A, B, C va cong dong gom dinh D, E, F. Ta xét cac diém thuoc V vi du diém 1. Ta thay tong
cac lien két tu 1 dén cong dong A, B,C 1a 2 va 1 khong c6 lién két v6i cong dong D, E, F

vay 1 dude ghép vao cong dong gom 3 dinh A, B, C.

Cudi cuing ta sé thu dugc cong dong can tim.
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Chuong 4
MOT SO THI NGHIEM

4.1.So sanh thuat toan Attractor véi mot sd6 thuat toan khac

Trong phan nay, ching to6i danh gia thuat toan Attractor trén cac mang tong hop cling
nhu trong thé gisi thuc dé chi ra hieu qua ctia né. Trong phan nay ching t6i da tham khao

két qua so sdnh trong tai lieu [13] dong thoi chay thit nghiem trén python (phu luc A).

Luta chon phuong phap so sanh. Dé danh gia hiéu suét ciia Attractor, ching toi so sanh

n6 véi mot s6 dai dién ctia thuat toan phat hién cong dong.

Ncut [24] 13 mot thuat toan ndi tiéng dé phan cum do thi bing cach t6i wu hoa tiéu chi
cit chuan héa. Vi sy phan tich gia tri rieng dude ap dung dé tang téc do tim ra vét cit toi
uu, nén no6 ciing thuong duge goi la phan cum quang pho.

Modularity [25] 1a thuat todn phat hién cong dong phd bién nhat hién nay dia trén phép
do modulairty, sit dung phan cit du kién dé do chat lugng phan cum.

Metis [26] 1a mot cach tiép can phan cum do thi rat nhanh cho cac mang 16n thong qua
phan viing da cap va thuc hién song song.

MCL [27] 1a mot thuat toan phd bién duge sit dung trong khoa hoc doi séng dua trén
mo phong cic luong (ngau nhién) trong do thi.

Louvain [28] 1a mot thuat toan dya trén moé dun noi tiéng khac. So véi thuat toan
Modularity do Newman [11] dé xuét, né cho phép phat hién cong dong c6 thit bac va c6 do
phiic tap vé thoi gian thap hon.

Infomap [29] coi van dé phét hién cong dong 13 mot van dé ma hoéa va nham muc dich
tim cac phan viing t6i wu dua trén nguyen tic do dai mo ta tdi thiéu.

D6i véi Louvain va Infomap, cac tham s6 mac dinh dude stt dung. Chung t6i dat tham

s6 gan két A = 0,5 cho Attractor lam tham s6 mic dinh.
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Ma tran danh gia. Dé so sanh rong rai cac thuat toan phat hién cong dong khac nhau

ve hiéu qua, ching toi danh gia két qua phan cum theo hai cach.

Mang c6 nhan 16p. Déi véi cac mang c6 cong dong da duge biét dén, hiéu suat duge do
trie tiép bang ba bien phap danh gia duge st dung rong rai: Thong tin tuong hé duge chuan
hoa (NMI) [30], Chi s6 Rand duge diéu chinh (ARI) [31] va Do tinh khiét ctia cum.

Mang khong c¢6 nhan 16p. Vi sit that co ban clia cau tric cong dong van chua duge biét,
nén viéc so sanh hiéu suat ctia cac thuat toan rieng biét theo mot cich khach quan 1 mot
nhiem vu khong hé nhé. Dé danh gia chat luong ctia cac cong dong dude tao ra bdi cac thuat
toan khac nhau mot cach hgp 1y, hai phép do noi bo pho bién la tinh mo-dun [25] va phép

cat chuan héa (ncut) [24] da duge ap dung trong nghién cttu nay.
4.1.1. Mang tong hgp

Trong phan nay, trude tien ching toi tao mot s6 mang tong hop c6 céc dic diém rieng
biét dé so sanh hicéu suat clia cac thuat toan phat hién cong dong khac nhau. Dé so sanh
cong bang va dé lam cho cidc mang tong hop nhat quan hon véi cdc mang trong thé gidi
thue, cac mang chuan LFR [32] da duge ap dung, trong d6 c6 thé dé dang kiém sodt sy phan
phéi mitc do va quy mo cong dong ciia cac mang. Dé tang do phiic tap ciia mang, tham s6
tron p [32], duge dinh nghia 1a ty 1é lien két ctia méi dinh bén ngoai cong dong ciia né, duge

stt dung dé kiém soat do khé ciia viec tach cong dong.

Noise Edge: Truée tién, chung toi danh gia mitc do hiéu qua cta cac thuat toan phan
cum biéu do khac nhau cho phép phat hién cac cong dong bang cach thay déi cac canh lien
cum cua ching. Céac canh lién cum, ma ching toi goi la cac canh nhiéu, duge thém vao mang
dé can trd sy phan tach cong dong. Ching toi sita miic do trung binh ctia nit va kich thuée
cong dong, dong thoi thay déi tham s6 tron g tit 0,1 thanh 0,8 dé tao ra mot chudi cac
mang c6 cac canh lien cum khic nhau. Tat ci cac mang bao gom 2000 nit véi miic do trung

binh k£ = 20.



36

HUSE S e ST Sl T 3
v - : Y ==
£::‘:__‘ \‘ ‘\ “IJ\
0.8 . *-e. N KX
N e
,oaT Ay R
S 06/ * _
> & Attractor T ’ A
0.4l | # Neut e L
7 [ mcL b . o
4 Modularity s
0.2k 4 Metis * &
Infomap \ R
@ Louvain

D 1
0 0.1 02 03 04 05 06 07 0.8

Tham s6 tron M
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Hinh 12: Hiéu suét cia cdc thudt todn khdc nhau trén mang diém chuan

LFR bang cdch thay déi mat do cong dong bing mitc do trung binh < k >.
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Data Sets V| |E| #Class AD CC
Zarachy 34 78 2 4.588 0.571
Football 115 613 1 10.661 0.403
Polbooks 105 441 3 8.400 0.488
Amazon 334863 925872 151037 5.530 0.397
Collaboration| 9875 25973 - 5.260 0.312
Friendship 58228 214078 - 7.353 0.172
Road 1088092 1541898 - 2.834 0.047

Bdng 1: Théng ké cdc tap di liéu thuc té, trong dé AD: trinh do trung binh;

CC: hé s6 phan cum.

V6i vige tdng tham sb tron, higu suat (duge do bang NMI) ciia cd nam phuong phéap
dugce hién thi trong Hinh 11. Chiing ta c6 thé thay ring cac thuat toan ciia Attractor, Neut
va MCL gan nhu dat duge cac cum hoan hao bang cach thém cac canh gita cidc cum véi

tham 6 tron len t6i 0,4 (40% canh clia mdi dinh lien két véi cac cong dong khac).

Hiéu suat ctia ching bat dau gidm khi ngdy cang c6 nhiéu canh xen ké duge them vao
mang va Attractor manh hon déi véi cac canh nhiéu nay. Déi v6i Modularity va Louvain,
chiing nhay cdm hon véi céc canh nhiéu nay va hiéu suat ctia ching khong thé so sanh véi
nam thuat todn khéc trén cac mang nay. Doi v6i thuat toan Metis, hiéu suat ctia né bi dao
dong va bat dau gidm déng ké ngay khi thém nhiéu canh xen ké (v6i p = 0,4). Hiéu suat
ctia infomap 14 dang ngac nhién, vi hiéu suat clia né gidm dau tién va sau dé tang lén véi u

nam trong khoang tir 0,5 dén 0,7.

Commaunity Density: Tiép theo, ching t6i danh gia cach cic thuat toin phan tng véi
cac mang c¢6 mic do trung binh khac nhau, ma ching toi goi 1a mat do cong dong. 0 day,
chiing t6i sita cac canh lién cum (g = 0, 1) va thay déi do trung binh & tit 5 thanh 25 dé xem
anh huéng ctia mat do cong dong dén hiéu suat clia cdc thuat toan nay. Hinh 6 cho thay
Attractor, MCL va Ncut mang lai két qua tot cho tat ci cac mang nay, trong khi hiéu suat
ctia Metis vi Modularity kém hon mot chit. Chiing ta c6 thé thay ring Attractor, Metis va
Ncut cho phép tim kiém chinh xac cac cong dong toét ngay ca véi mat do cong dong thap
(k = 5). D6i v6i Louvain, Metis va Modularity, ching nhay cadm hon véi mat do cong dong
trén cac mang tong hop nay. Déi véi Infomap, né hién thi hieu suat bat thuong khi bac k

trung binh la 10.
4.1.2. D1 liéu thuc

Trong phan nay, ching to6i danh gia hiéu suat ctia cac thuat toan phat hién cong dong

khac nhau trén cac mang trong thé gidi thurc, tit cad déu co6 sdn cong khai tit kho luu trit dit
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licu mang UCI (https://networkdata.ics.uci. edu/index.php) va mang 16n Stanford bo suu
tap dit lieu (http://snap.stanf ord.edu/data/). S6 lieu thong ké ctia bady mang duge tom tat

trong Bang 1.

Zarachy Football Polbooks Amazon
NMI ARI Pur. NMI ARI Pur. NMI ARI Pur. NMI ARI Pur.
Attractor 0.859 0.939 1.000 | 0.923 0.897 0.930 [ 0.559 0.680 0.857 | 0.931 0.580 0.998
Necut 0.833 0.882 0.970 0.923 0.897 0.930 0.534 0.645 0.829 - - -
Modulairty | 0.577 0.680  0.970 | 0.596 0474  0.574 | 0.508  0.638  0.838 - - -
Metis 0.836  0.882  0.970 | 0.393  0.095 0.339 | 0.502 0.516  0.781 0.761  0.092  0.989
MCL 0.833 0.882 0.970 0.923 0.897 0.930 0.455 0.594  0.857 | 0.902 0.490 0.991
Louvain 0.524  0.541 1.000 | 0.858 0.807 0.870 | 0.440 0.537 0.857 | 0.738 0.384 0.384
Infomap 0.593  0.702  0.971 0.906  0.857 0.904 | 0476 0.646 0.848 | 0.209 0.009 0.077

Bdng 2: Hiéu sudt cia cdc thudt todn phdin cum do thi khdc nhau trén cdc

mang thé gidi thuc dudc gan nhan.

Collaboration Friendship Amazon Road
#C  mod. ncut #C mod. ncut #C mod. ncut #C mod.  ncut
Attractor | 1384 0.579 1179 8045 0.421 7325 | 23825 0.741 10811 [ 59919 0.856 25055
Metis 1384 0.309 4217 8045 0.138 53984 | 23825 0.451 47336 | 59919 0.673 31542
MCL 2093 0.537 2103 | 13788 0.319 36723 | 46557 0.623 47488 | 86745 0.810 25065
Louvain 475 0.768 10.120 | 746  0.684 38.340 | 240 0.926  9.617 492 0.989 2.032
Infomap 456 0.722  5.470 572 0439 4.104 12 0.4224 0.1249 | 208 0.660 6.088

Bdng 3: Hiéu sudt cia cdc thudt todn khdc nhau trén cic mang thé gidi thuc

lon khong cé thong tin vé lop.

(1). Mang c6 thong tin cac 16p Trude tien, ching toi diéu tra cdc mang ma sy that co
ban vé cau tric cong dong da duge biét dén. Cac bien phap bén ngoai nhuw NMI, ARI va do

tinh khiét dugc béao cao.

Mang lwéi cau lac bo karate cia Zachary: Mang ludi noi tiéng, bat nguon tit quan
sat clia Zachary vé mot cau lac bo karate, phan 4nh moi quan hé ban be gitta cac thanh vien
nay. Dac biet, mang c6 thé dude chia thanh hai cong dong, diéu nay phan anh sy bat dong
gifta quan tri vien va nguoi huéng dan. Hinh 13 cho thay Attractor xac dinh cic cong dong
¢6 mitc do thanh cong cao (véi gid tri NMI, ARI va Do tinh khiét cao) va vugt troi hon céc
thuat toan so sanh khac (Bang 2). Cu thé, hai cong dong duge tim thay thanh cong, ngoai
trit mot thanh vien duge xem 1a nhiéu (dinh 10). Cling that tha vi khi quan sat thay thanh
vién nay nam gitta hai cong dong va lien két tuong tng vé6i cac dinh trung tam ctia hai cong
dong. Trong kich ban thé gii thuc, rat khé dé xac dinh cong dong ctia né thuoc vé. Trén
thite té, c6 nhiéu kha ning sé gan dinh nay cho ca hai cong dong, day 1a cach phan cum
chong chéo ma chiing t6i sé khong thao luan & day. Dé so sanh céc thuat toan ctia MCL va
Ncut, ching ciing dat dugc hiéu suat tét va hau hét cac thanh vien déu duge nhém chinh

xac. Tuy nhién, d6i véi cidc thuat toan Moduleity, Louvain va Infomap, nhiéu thanh vién bi
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nhoém sai, dan dén gia tri NMI tuong déi thap. Hiéu suat clia cdc thuat toan khac nhau duge

tom tat trong Bang 2.

Hinh 13: Attractor trén mang lwdi cau lac bé karate. Mau sdc cia cdic dinh

chi ra cdc cong dong dugc phdt hién khdc nhau.

Mang Amazon: Mang nay bao gom 334.863 dinh va 925.872 canh va mdi dinh dai dién
cho mot san pham trén trang web Amazon. M&i san pham dude phan loai theo cong dong
tuong tng dya trén danh muc do Amazon cung cap va 5.000 cong dong hang dau c6é chat
lugng cao nhat da duge diéu tra trong [33]. Do do phiic tap vé thoi gian va khong gian cao
clia qua trinh phan tach gia tri rieng trong Neut va Modularity, chiing khong thé xit 1§ mang
nay. Dya vao mot phan cong dong dya trén sy that co ban (5.000 cong dong hang dau),
Attractor dat dugc chat lugng cong dong tot nhat so véi cac thuat toan khac c¢6 s6 do cao
(NMI= 0,931, ARI = 0,580, Do tinh khiét = 0,998) (Bang 2). Thuat toan MCL cho phép
dua ra mot két qua hop 1y (NMI = 0,902). Tuy nhién, doi v6i Metis, Louvain va Infomap,
chiing ¢6 xu hudéng that bai, ddc biet 1a déi v6i thuat toan Infomap (NMI = 0,209). Ngoai
ra, dé danh gia toan dién, tat ci cac két qua ctia 5 thuat toan con duge danh gia bang cac

tiéu chi noi tai vé mo dun va ncut (xem Béng 3).

Boéng da dai hoc My (American college football): Mang bat nguon tir cac tran
dau bong da My theo lich thi dau ctia Division I trong miia giai thong thuong Miua thu nam
2000, trong d6 115 dinh trong do thi dai dién cho céc doi va 613 canh dai dién cho cic tran
dau thong thuong trong mia gidi gitta hai doi ma ching két ndi. Cac doi duge chia thanh
12 hoi nghi, moéi hoi nghi c¢6 khoang 8-12 doi va do d6 cau triic cong dong thyc sy da duge

biét dén. Hinh 14 vé so do cac cong dong dude Attractor phat hién. Diéu thd vi can luu y
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la Attractor tuy dong tim ra 12 cong dong c6 chat luong cao (NMI = 0,923, ARI = 0,897,
Purity =93,0%). Tt Hinh nay, chiing ta c6 thé quan sat thay hau hét cAc nhém duge phan
cong chinh xac vao cac cong dong tuong ting. Ncut va MCL nhan thiy ciu tric cong dong
tuong tu nhut Attractor. Tuy nhién, ddi v6i Metis, Modulity, Louvain va Infomap, chting rét

kh6 kham phéa ciu tric cong dong tu nhien (Bang 2).

Hinh 14: Attractor trén mang bong da My.

Sdch vé chinh tri Hoa Ky (Books about US politics): Mang ludi nay, bit nguon
tit nhitng cudén sach chinh tri vé chinh tri Hoa Ky dugc xuat ban vao khoang thoi gian dién
ra cuoc bau cit tong thong nam 2004, bao gdm 105 dinh va 441 canh. Cac dinh dai dién cho
sach duge ban bdi nha ban sach truc tuyén Amazon.com. Cac canh thé hién viéc ciing mua
sach thuong xuyén bdi cliing mot ngudi mua. Mdi cudn sach duge gan nhan 'I’, 'n’ hodc 'c’
dé cho biét ching la "tu do", "trung lap" hay "bdo thi", dua trén viéc Newman doc mo
ta va danh gia vé cac cudén sach duge dang trén Amazon . Thuat toan Attractor cho phép
phan nhém t6t nhitng cudn sach nay thanh céc danh muc, trong dé hai cum tuong tng thé
hién ro rang cac cudn sich ty do va béo thi tuong ing (Hinh 15 va Bang 2). D6i véi cac
thuat toan Mo-dun, Metis va Ncut, ching mang lai két qué tuong duong, trong khi MCL va

Infomap tao ra mot nhém tuong déi kém trén mang nay.
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Hinh 15: Attractor trén trén mang sach chinh tri Hoa Ki.

Mang Amaron: Mang nay bao gom 334.863 dinh va 925.872 canh va mdi dinh dai dién
cho mot san pham trén trang web Amazon. Mbi san pham dugc phan loai theo cong dong
tuong ting dya trén danh muc do Amazon cung cap va 5.000 cong dong hang dau c6 chat
lugng cao nhat da duge diéu tra trong [33]. Do do phiic tap cao vé thoi gian va khong gian
clia viec phan tach gia tri rieng trong Ncut va Mo-dun, chiing khong thé xit Iy mang nay.
Dya vao mot phan cong dong sy that co ban (5.000 cong dong hang dau), Attractor dat
duge chat lugng cong dong t6t nhat so véi cac thuat toan khac c6 s6 do cao (NMI = 0,931,
ARI = 0,580, Do tinh khiét = 0,998) (Bang 2). Thuat toan MCL cho phép dua ra két qua
hop 1y (NMI = 0,902). Tuy nhién, d6i v6i Metis, Louvain va Infomap, ching ¢6 xu huéng
that bai, ddc biet doi v6i thuat toan Infomap (NMI = 0,209). Hon nita, dé danh gia toan
dién, tat ca két qua ciia 5 thuat toan con dudge danh gia bang tiéu chi noi bo module héa va

ncut (xem Béng 3).
(2). Mang khong ¢6 thong tin 16p

Trong phan nay, do do phiic tap vé thoi gian ciia Ncut va Modularity, ching toi gi6i han
viéc so sanh véi cac thuat toan phan cum Metis, MCL, Louvain va Infomap trén cac mang
quy mo 16n khong c6 sy that vé 16p (Bang 3). Vi khong ¢6 bién phap thuyét phuc nao cho
mang khong duge gan nhan, ching toi sit dung Modularity va Ncut dé danh gia cac thuat
toan nay theo cach cung cap thong tin.

Mang cong tac Hepth (Hepth collaboration network): Mang nay la mang cong
tac gom 9.875 tac gid lam viéc vé 1y thuyét vat 1y nang luong cao. Thuat toan Attractor

xac dinh 1384 cong dong, két qua 1a modularity = 0,579 va ncut = 1179. Trén tap dit lieu,
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Metis (K = 1384) va MCL cling mang lai kha ning phan viing t6t trong khi hi¢u suat cia
n6 kém hon Attractor xét theo hai thude do (Bang 3). Néu ching ta chi nhin vao mo-dun
va ncut, thi Louvain va Infomap c¢6 vé tot hon nhiéu so v6i Attractor, MCL va Metis. Tuy
nhién, 1y do 1a hai thuat toan chi mang lai mot vai cong dong, tir nhién dan dén cac gia tri
mo dun va ncut tot hon, dya trén cac dinh nghia. Néu ching toi tdc dong s6 luong cong

dong khac nhau, thi Attractor thuc sy dat duge hiéu suat tét hon.

Mang tinh ban Brightkite: Bi¢u do 1a mang tinh ban dua trén vi trf bao gom 58.228
dinh va 214.078 canh vo huéng. Attractor tim thay 8045 cong dong va cho thay lgi thé ro
rang so v6i hai thuat todn khac dua trén hai thude do. D6i v6i Metis (K = 8045), nhiéu
ngudi ban duong nhu duge nhém khong chinh xac, dan dén gia tri mo dun thap = 0, 138.
Nhu thuong lé, Louvain va Infomap, hai thuat toan c6 xu huéng tao ra s6 luong cong dong
nhé va khong thé phéat hien duge nhiéu cong dong c6 quy mo nhd. Nguyén nhan co thé 1a
do “gi6éi han do phan giai”.

Mang luéi duong Pennsylvania: Mang nay phan anh cau tric duong ciia Penn-
sylvania, trong dé cac dinh dai dién cho giao 10 hodc diém cudi va cac canh dai dién cho
céc duong ndi cac giao 10 hodc diém cudi nay. O day, ching toi dit tham s6 A = 0,6 cho
Attractor va i = 1,4 cho MCL vi gia tri mac dinh ctia hai thuat toan khong thé mang lai
két qua tét do mang rat thua thét. Attractor cudi cing da xac dinh duge 59.919 cum c6 mo
dun = 0,856 va ncut = 25055. MCL dat dugc hiéu suat tuong duong va tét hon thuat toan
Metis. Louvain va Infomap chi tim thiy mot s6 Iugng nhé cac cong dong c6 quy mo bang

nhau (1an lugt la 492 va 208).

Tong cong, cac thit nghiém trén tat cd cAc mang trong thé giéi thuc ching minh ring
Attractor khong chi cho phép phat hién cic cong dong c6 ¥ nghia trong cdc mang c6 nhan
16p (v6i higu suat cao nhat xét vé tat ca cac phép do), ma con md rong cdc mang quy mo
16n va mang lai mot bi¢u do t6t phan vimg theo cac bién phép bén trong (mé-dun va ncut)

va bén ngoai (NMI, ARI va Do tinh khiét) (xem Béng 2, Bang 3).
4.1.3. Phat hién cong dong nhé va di thudng

Trong phan nay, chiing to6i danh gia lieu Attractor c6 cho phép xac dinh céc cong dong
nho va cac diém bat thudng c6 ¥ nghia hay khong. Hinh 16(a) vé biéu dd phan bd quy mo
cong dong cho bén mang 16n trong thé gisi thuc va ching ta c6 thé thay ring Attractor
c6 thé tim thay nhiéu cong dong nhd véi quy mo khac nhau. Dé chitng minh tiém ning

chat lugng cao ctia cac cong dong, ching toi kiém tra them chat luong clia cac cong dong
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nhé (kich thude < 30) tréen mang Amazon vi né ¢6 ¢ sd thuc té cho 5.000 cong dong hang
dau. Diéu tha vi can luu y 1a 1458 cong dong nhé (kich thude 30) dan dén gia tri cao cia
NMI= 0,941, ARI = 0, 637 va do tinh khiét = 0, 989, cho thay dic tinh mong muén clia viéc
phat hién cong dong nhd.

Ngoai ra, dé kiém tra xem cac diém bat thudng duge phat hién c6 phai 1a cac dinh
nhidu/bat thuong tiém an hay khong, ching to6i danh gia mic nhidu dia phuong ctia mdi
dinh, duge dinh nghia la ty 1é clia cap do dinh trén sd lugng tat ci cac lien két cia céac
dinh lan can. Hinh 16(b) mo t4 mitc nhidu dia phuong ctia tat ci cac diém bat thuong phat
sinh so v6i miic nhidu trung binh (duge biéu thi bing cac dusng diit nét) clia Attractor trén
bén mang trong thé gidi thuc, cung cap bang ching tiém ning cho viéc phat hien diém bat

thuong hiéu qua.
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Hinh 16: Danh gid cic cong dong nhé va su bat thuong.

4.1.4. Téc do chay

Dé danh gia kha nang md rong cia Attractor lien quan dén kich thuéc mang, ching toi
tao ra mot s6 mang diém chuan [32] vé6i cac kich thude canh khac nhau, tit mudi nghin dén
mudi triéu bang cach ¢6 dinh mic do nat trung binh & = 20. Hinh 17 cho thay thoi gian
chay cho céc miic do khac nhau. thuat toan phan cum do thi. Ching ta c6 thé quan sat thay
rang Attractor nhanh hon Modulity, Ncut vd MCL vi do phiic tap vé thoi gian clia né tuyén
tinh v6i |E|. Tuy nhién, Attractor cham hon mot chit so v6i cac thuat toan phat hién cong

dong c6 thé mé rong Metis, Louvain va Infomap.
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Hinh 17: Thoi gian chay ctua cac thudat toan khac nhau.

4.2.So sanh thuat toan Biattractor véi mot sé thuat toan khac

4.2.1. Thyc nghiém

Trong phan nay, ching t6i mong mudn danh gid BiAttractor so véi mot s6 thuat toan
noi tiéng hien c6 dé phat hien cong dong trong ca mang hai phan tdng hop. Trong phan nay
chiing toi da tham khéo két qué so sdnh trong tai lieu [17] dong thoi chay thit nghiem trén
python (phu luc A).

Adaptive BRIM Barber da dé xuat BRIM [[21} 134]] dya trén ¥ tudng t6i da hoa lap
lai tinh mo-dun @, trong mang hai phan. V6i méi 1an lap, Q, dude ddm bao khong giam. Tuy
nhién, syt phan chia dugc xac dinh clia cdc mang hai phan dan dén mic toi da dia phuong
chit khong phai mic t6i da toan bo clia Q. Trong khi d6 s6 luong mo-dun ciing duge xac

dinh bang cach tdi da héa mo-dun Q.

LP BRIM Liu vi cong sy. di mé rong cong viec ctia BRIM dé dé xuat mot phuong
phap chung vé truyén nhan (LP) va BRIM c¢6 tén 1a LP BRIM [35]. Do phtic tap vé thoi
gian ctia n6 toi da 1a O(n?) (trong dé n 1a s6 dinh), c6 thé chap nhan duge dé ap dung trong

cac mang thuc.

AsymIntimacy Wang va cong su. cac tham so bat doéi xing duge xac dinh cho miic

do mat thiét gitta cing loai dinh va loai dinh khéac nhau [36]. Ban dau, cac dinh gidng nhau
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duge hop nhat thanh cic tap con do mtc do mat thiét khong déi xing. Sau d6, mot loai
dinh khéc sé két hop vao cac tap hop con do tit bude trude dé tao thanh cac cong dong cot
16i. Mdi cap cong dong cot 16i sé dude hop nhat néu ty 1é giao nhau vust qua ngudng. Qua
trinh tiép tuc cho dén khi khong thé sap nhap thém cong dong cdt 16i nao nita. Do phiic tap

vé thoi gian ctia n6 1a O(2n? + mn) trong d6 m 1a s6 canh va n 1a s6 dinh.

Bién phdp Dé nghién cttu va so sanh cac phuong phap khac nhau, nhin chung c6 hai
loai bién phap. Néu truée d6 phan tich cong dong trén cac co sé mang duge dua ra, Thong
tin hon hop da duge chuan héa (NMI) [37] duge ap dung dé chon diém tit [0, 1]. Mit khéc,
modularity dude sit dung. Tinh toan mo-dun ban dau dude chi dinh cu thé cho cic mang
don phuong. Nhu vay Barber da mé rong dinh nghia vé cong dong thong qua mang luéi bén
trong 1a @, [21]. Gia tri cao hon tit [0, 1] biéu thi nhidu canh trong cong dong hon so véi
mong ddi ctia null. Nhung @ ciing c6 nhitng ché do gisi han dé giai quyét van dé gisi han
do phan giai [38].
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Hinh 18: Vong bicliques. (a) Mot vong gom 4 hinh vudng, moi hinh tron gom
hai hinh tron néi lién véi nhau bang ba hinh vuéng. (b) Mot vong gom 8

bicliques cé6 cung quy tdc nhu & (a).

4.2.2. Mang tong hop
Mot s6 phuong phap phu thudc vao viée t6i uu héa tinh mo dun. Tuy nhién, cac phuong
phap nhu vay c6 thé gap van dé vé giéi han do phan gidi [38]. Chiing c6 nhitng han ché trong

viéc phét hién cac cong dong nhé hon mot quy moé nhat dinh tity thuoce vao tong kich thude
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clia mang va cac két néi bén trong ciia né. Dé ching minh tinh hieu qua ctia BiAttractor,
mot vong bicliques da duge thiét ké véi cac sé bicliques khac nhau. Trén Hinh 18 cho thay
mot vong dude ndi bang 4 bicliques tit dau dén duoi va mot vong khac gom 8 bicliques véi
quy tac tuong tir. Mdi bicliques c¢6 hai dinh mode va hai hinh tron duge két néi hoan toan
bing ba hinh vuong. Cac dic diém cau triic topo co ban da dude tém tat trong Bang 4. Cac

thi nghiém tiép theo dugc thuc hién trén cac vong bicliques ¢6 s6 hugng bicliques khac nhau.

Network ng ng n m (k) C r

4 bicliques 12 8 20 28 2800 0482 -0.5
8 bicliques 24 16 40 56 2.800 0.482 -0.5
16 bicliques 48 32 80 112 2.800 0.482 -0.5
64 bicliques 192 128 320 448 2.800 0.482 -0.5
128 bicliques 384 256 640 896 2.800 0.482 -0.5

Bang 4: Ddac diém co ban cua cac vong bicliques.

BiAttractor  Adaptive BRIM LPBRIM AsymIntimacy

Network

(NMI) (No) (NMI) (No) (NMI) (Ng) (NMI) (No)
4 bicliques 1.000 4 1.000 4 1.000 4 0.714 4
8 bicliques 1.000 8 1.000 8 1.000 8 0.759 8

16 bicliques 1.000 16 0.934 15 0.802 13 0.785 16
64 bicliques 1.000 64 0.986 63 0.887 56 0.816 64
128 bicliques  1.000 128  0.993 127 0.900 113 0.826 128

Bdng 5: Hiéu sudt ciia BRIM thich #ng, LP BRIM, BiAttractor va Bat doi
xing trén cdc vong cia bicliqgues. NMI cho biét d6 chinh zdc cia viéc phdt
hién céong dong hai ché dé. NC la sé lwong cong dong dudc phdt hién bing

cac phuong phap khac nhau.

Nhu da biét tit Bang 5, cd Adaptive BRIM va LP BRIM déu c6 thé phat hién céc cong
dong hoan hao dudi dang BiAttractor khi c6 4 bicliques va 8 bicliques. Tuy nhién, khi mang
1a mot vong gom 16 bicliques, LP BRIM thu duge két qua NMI(= 0,802) véi 13 cong dong.
BRIM thich ting c6 thé phat hien 15 cong dong 6 NMI= 0,934. Bdi vi BiAttractor van
c6 thé tim ra gidi phap hoan hio nén né dat dugce mic cai thien do chinh xéc 1a 7,07% so
v6i Adaptive BRIM va miic cai thien do chinh xac lén t6i 24, 69% so v6i LP BRIM. Nghién
cttu sau hon trén mot vong gom 64 bicliques ciing cho két qua tuong tu. BiAttractor dat
dugc mitc cai thién do chinh xac 1,42% so véi Adaptive BRIM va cai thién 12, 74% so véi

LP BRIM. Thi nghiém cudi cung ciia ching toi duge thyc hién trong mot vong gom 128
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bicliques. BiAttractor van cai thién do chinh xac 0, 70% so v6i Adaptive BRIM va cai thién
11,11% so v6i LP BRIM. So sanh v6i AsymlIntimacy, BiAttractor, Adaptive BRIM va LP
BRIM luén vugt troi hon né vé mat NMI trén tat cd cac vong clia bicliques thé hieén trong
Bang 5. Nhung AsymIntimacy thu duge s6 lugng cong dong chinh x4c so v6i Adaptive BRIM
va LP BRIM. Do d6, cidc phuong phap t6i uu héa mo-dun nhu Adaptive BRIM, LP BRIM
va phuong phap hop nhéat tit dudi len AsymIntimacy c6 nhitng van dé chung dé phat hien
chinh xac céc vat thé nhoé do gidi han do phan giai. Nhung BiAttractor c¢6 thé phat hien

chinh xéc nhitng bicliques nhé nhu vay.

Network — ny o n m (k) G r

SW 18 14 32 89 5.563 0.328 -0.337
AR 136 ) 141 160  2.270 0.781 -0.743
SC1I 108 136 244 358  3.140 0.303 -0.171
CN 829 551 1380 1476 2.139 0.427 -0.166
MG 297 806 1103 2965 5.376 0.227 -0.300
PCD 680 739 1419 3690 1.746 0.407 -0.140
DwW 89356 46215 135571 144342 2.129 0.447 -0.122
Dp 48833 138839 187672 207268 2.209 0.514 -0.138

Bdng 6: Cdc ddc diém co bin cia mang hai phan thuc trong thi nghiém nay.

4.3.So sanh thuat toan ComSim véi mot sé thuat toan khac

Trong phan nay, ching toi mong muén danh gia ComSim so véi mot sé thuat toan ndi
tiéng hien c6 dé phat hién cong dong trong ca mang hai phan. Trong phan nay ching toi da
tham khao két qua so sanh trong tai lieu [I8] dong thoi chay thit nghiem trén python (phu
luc A).

Trude tién, chang toi ap dung thuat toan ciia minh cho hai mang nhé nhung duge cung
cap khai niém vé céc cong dong thurc té ma ching toi sit dung lam tai lieu tham khao dé so

sanh ba thuat toan.

Southern Women 14 mét mang luéi mo ta sy tham gia cia 18 phu nit vao 14 sy kién 6
Hoa Ky dugc quan sat trong khoang thai gian 9 thang vao nam 1930. Mac du nho nhung bo
dit lieu nay rat tha vi vi né da duge cac nha khoa hoc xa hoi nghién ctu rong rai dé hiéu 16
hon. Trong nghién citu nay, ching t6i st dung phan ving dude tim thay trong tai lieu lam

cong dong su that co ban ma ching to6i so sanh ba thuat toan.

20 newsgroups la ky luc ctia khoang 50000 bai dang duge gii bdi 30000 ngusi dung (bot)

trén 20 nhom théo luan.
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Hinh 19: Ddanh gia chat luong phan viang duodc thudt todn phdt hién trén hai

mang 20 newsgroups va Southern Women.

Hinh 19 trinh bay két qua so sanh gita ComSim va hai thuat toan co ban dé phat hien
cong dong hai bén. Tat cd cac thuat toan duge ap dung trén tap dit lieu 20 newsgroups va

Southern Women. Cac 6 hinh hop cung cap céc gia tri toi da, t6i thiéu va trung binh.

Vi chiing t6i ¢6 phan ving thic té co ban cho tap dit lieu nén trude tién ching toi st
dung Thong tin tuong hd duge chuan hoa thong thudng (vi du: NMI) dé tinh toan khodng
cach gitta cdc phan ving duge phat hién va phan vung thuc té co ban. Hinh 19a cho thay
rang do6i v6i ca hai bo dit lieu, ComSim 1a thuat toan dé xuat phan viing trung binh tot nhat.
Ngudi ta cling c6 thé nhan thay ring Infomap tao phan ving tot cho mang 20 newsgroups

va Louvain phan ving t6t cho mang Southern Women.

Dé cung cap quan diém thit hai, ching t6i ciing sit dung Fl-score, mot thude do co dién
dé danh gia hieu suat clia cac thuat toan dy doan (xem [39] dé biét vi du vé Fl-score dugc
stt dung trong boi canh cac van dé phat hién cong dong). Hinh 19b mot 1an nita cho thay
ComSim 1a thuat todn phat hién cong dong tot nhat cho ca hai tap dit lieu. Dieu tha vi la
déi v6i s6 lieu nay, Louvain duong nhu dé xuat cac phan ving trung binh tét cho ca hai tap
da liéu.

Nhin chung, ¢6 vé nhu ComSim dé xuat cac cong dong ro rang khi so sanh véi cac phan
viing thyc té clia mang lu6i hai bén. Phan tiép theo dy dinh nghién cttu hoat dong ctia thuat

toan trén mang quy mo lon.
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Southern women | 20 newsgroups IMDb
U|/|v| /s canh | 18/14/89 20/30K /42K 122K /118K /531K
COMSIM 1,7ms /11,5 MB | 1,1 s / 30 MB 33,5s / 591,6 MB
Infomap 13 ms / 10,7 MB | 951 ms / 6.3 MB | 100s / 374 MB
Louvain 11ms/6,5MB |8 ms/ 10,1 MB | 21 s /43 MB

Béng 7 Hiéu sudt vé thoi gian thwe hién va miic bo nhd téi da cho bon thudt

toan.

Bang 7 trinh bay hiéu suat vé thoi gian thiyc hién va mic bo nhé téi da cho ba thuat
toan trén ba bo dit lieu. Diéu nay cho thay Louvain van la thuat toan hiéu qua nhat vé ca

thoi gian va bo nhd, cho thay chi cham hon trén tap di lieu nhoé nhat.

Tuy nhién, can nhan manh & day viéc st 1y dit liéu ctia Louvain trong Bang 7 da dugc
ghi lai sau phép chiéu U Diéu nay c6 nghia 1a mot phan tai tinh toan lien quan dén ham 6
da dugc tranh, diéu nay khong xay ra véi cac thuat toan khac. Do d6, cac thuat toan chay

sé c6 1oi thé hon khi tiép can Louvain.

Vé van dé do, diéu dang chi ¥ 1a thuat toan clia ching toi mang lai két qua tot. Dic biet

trén IMDb, ComSim chi cham hon Louvain mot chtt v nhanh hon Infomap ba lan.
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KET LUAN

Trong phan nay ching toi sé tom tat noi dung chinh ctia luan van.
Luan vin nay trinh bay vé bai toan phat hién cong dong mang:

Chuong 1 trinh bay mot sé kién thitc nén lien quan dén bai toan phat hién cong dong
trén mang hay phan cum do thi. Trong chuong nay chiing to6i da trinh bay lai mot sd dinh
nghia vé 1y thuyét do thi c6 lien quan dén luan van. Ngoai ra chiing to6i con trinh bay mot
s6 1y thuyét lien quan dén bai toan phat hien cong dong mang va mot sé vi du dién hinh
ma toi da suu tam duge trong sach tham khéo [5], cac tai lieu lien quan khac [4] va mot s6

vi du chting t6i nhan thay trong thé gidi thuc.

Chuong 2 trinh bay chi tiét vé khoang cach Jaccard ( mot loai khodng cach triyc tiép gitta
hai diém), &nh hudng tit cac dinh lan can chung va riéng t6i khodng cach gitta cc diém. Sau
d6 trinh bay thuat toan Attractor phat hién cong dong mang dua trén khodng cach Jaccard.
Trong chuong nay toi da lga chon bai bao [13] cia Junming Shao, Zhichao Han, Qinli Yang,
TaoZhou lam tai lieu tham khdo chinh. Téi da dich bai bdo va trinh bay, dién giai lai bai

bao nay.

Chuong 3 trinh bay mot s6 1i thuyét lien quan dén do thi hai phan sau d6 trinh bay thuat
toan BiAttractor va ComSim dé phat hién cong dong trén mang hai phan. Trong muc 3.1
chiing toi trinh bay vé thuat toan BiAttactor. Ching toi stt dung bai béo [17] ctia Hong-liang
Sun, Eugene Ch’ng, Xi Yong, Jonathan M. Garibaldi, Simon See va Duan-bing Chen lam
tai lieu tham khao chinh. To6i da Iita chon tai lieu nay vi trong tai lieu nay chinh 1 phan
phat trién va md rong clia bai bao [I3] va né dua ra khodng cach Jaccard cho dd thi hai
phan va thuat toan BiAttractor mot thuat toan phat hién cong dong cho do thi hai phan
diéu ma thuat toan Attractor chua thuyc hién duge. Trong muc 3.2 ching t6i trinh bay vé
thuat toan ComSim. Chung t6i sit dung bai béo [I8] ciia Raphael Tackx, Fabien Tarissan va
Jean-Loup Guillaume lam tai lieu tham khao chinh. Ly do dé t6i chon thuat toan nay trinh
bay vao luan van ctia minh vi thuat toan nay cho ta mot cach tiép can truyc quan. Hon thé
nita, trong thic té c6 rat nhiéu vi du vé cac do thi hai phan ma ngudi ta chi quan tam dén
viéc phan cum mot phan ciia né. Thuat toan nay lam rat tot viec phan cum mot phan clia
d6 thi hai phan. Tuy nhién ching ta ciing c¢6 nhiing bai toan can phan cum ci hai phan ciia

do thi thi thuat toan nay chua gidi quyét duge. Chung toi dd md rong va dé xuat mot cach
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phan cum cho phan con lai ctia do thi 6 muc 3.2.3.

Trong chuong 4, ching t6i da so sanh cac thuat toan ching to6i trinh bay 6 trén véi cac
thuat toan pho bién khac. Trong chuong nay ching toi van st dung 3 bai bao [13] 17, 18]
lam tai lieu tham khao chinh ctia minh. Ngoai ra chiing t6i da lap trinh lai cac thuat toan

biang ngon ngit Python (xem chi tiét § phu luc A) dé chay mot s6 thi nghiem trén do.

Chuong trinh chay thuat todn Attractor, BiAttractor va ComSim day du dugce trinh bay

trong phu luc cia luan van.
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Phu luc A
THUAT TOAN ATTRACTOR, BIATTRACTOR
VA COMSIM TREN PYTHON

Thuat toan Attractor

[1] import networkx as nx
import numpy
import math

o G = nx.from_edgelist|([(1,2), (1,5), (2, 5), (2, 3), (2, 6), (3, 5),
(3, 4), (4, 5), (6, 7), (6, 8), (6, 9), (7, 8),(9,10) )]

o nx.draw(G, with_labels=True)

7 N sy hnan thanh liin 17-R4
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[4] # Fomular 3: Compute Direct Distance (Jaccard Distance)
def direct_distance(u,v, G)
#d = 1-( {s6 dinh k& chung}/{sé dinh k& cla hai dinh})
adj_u = set()
adj_v = set()
for node in G.nodes()
if G.has_edge(u, node):
adj_u.add(node)
if G.has_edge(v, node):
adj_v.add(node)
d = 1 - len(adj_u.intersection(adj_v))/len(adj_u.union(adj_v))
return d

[5] def DI(u, v, G:nx.Graph(), f=math.sin):
global distance
return -(f(1l-distance[u][v])/G.degree(u)+f(1-distance[u][v])/G.degree(v))

[6]1 def CN(u,v, G:nx.Graph()):
adj_u = set()
adj_v = set()
for node in G.nodes()
if G.has_edge(u, node):
adj_u.add(node)
if G.has_edge(v, node):
adj_v.add(node)
return adj_u.intersection(adj_v)

[7] def EN(u,v, G:nx.Graph()):
adj_u = set()
adj_v = set()
for node in G.nodes():
if G.has_edge(u, node):
adj_u.add(node)
if G.has_edge(v, node)
adj_v.add(node)
adj = adj_u.intersection(adj_v)
return adj_u-adj

[8] def CI(u,v,G, f=math.sin):
global distance
cn = CN(u,v, G)
result = @
for x in ¢n:
temp = 1/G.degree(u)*f(1-distance[x][u])*(1-distance[x][u])+\
1/6G.degree{v)*f(1-distance[x][v])*(1-distance[x][v])
result += -temp
return result

[9] def rho(x, v, G, 1=0.5):
global distance
tmp = 1 - distance[x][v]

if tmp >= 1:
return tmp
else:

return tmp-1
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[10] def EI(u, v, G, f, 1):
global distance
adj_u = EN(u, v, G)
adj_v = EN(v, u, G)

sigma_u = @
for x in adj_u:

sigma_u += 1/G.degree(u)*f(1-distance[x][u])*rho(x,u,G,1)
sigma v = @
for x in adj_v:

sigma_v += 1/G.degree(v)*f(1l-distance[x][v])*rho(x,v,G,1)
return -{sigma_u+sigma_v)

[11] def update variable(f, 1):
global di_dictionary
global ci_dictionary
global ei_dictionary
di_dictionary = {}
ci_dictionary = {}
ei_dictionary = {}
for u in G.nodes()}:

di_dictionary[u]
ci_dictionary[u] = {}
ei_dictionary[u]

for v in G.nodes():
di_dictionary[u][v] = DI(u,v,G, f)
ci_dictionary[u][v] = CI{u,v,G, f)
ei_dictionary[u][v] = EI{u, v, G, f, 1)
return di_dictionary, ci_dictionary, ei_dictionary

[12] def Attactor_algorithm(G):
alone_node = []
for node in G:
if G.degree(node)==8:
alone_node. append(node)
G.remove_nodes_from(alone_node)

global distance

global di_dictionary
global ci_dictionary
global ei_dicticnary

f = math.sin
1= BL5
for u in G.nodes():
distance[u] = {}
for v in G.nodes():
distance[u][v] = direct_distance(u,v,G)

flag = True
while flag:
flag=False

di_dictionary, ci_dictionary, ei_dictionary = update_variable(f, 1)
for u,v in G.edges()
#det: khoang cach ban dau
if distance[u][v] > @ and distance[u][v] < 1:
delta det = di_dictionary[u][v]+ ci_dictionary[u][v]+ el dictionary[u][v]
if delta det!=8:
distance[u][v]+=delta_det
if distance[u][v]>1 :
distance[u][v] = 1
elif distance[u][v]<@:
distance[u][v] = @
flag=True
for u,v in G.edges():
if distancel[u][v] ==
G.remove_edge(u,v)
return G
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[13] distance = {}
di_dictionary = {}
ci dictionary = {}
el dictionary = {}
G = Attactor_algorithm(G)

[14] from networkx.generators import ego
nx.edges(G)

Edgeview([(1, 2), (1, 5), (2, 5), (2, 3), (5, 3), (5, 4), (3, 4), (6, 7), (6, 8), (7, 8)1)

[15] nx.draw(G, with_labels=True)
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Thuat toan Biattractor

[1] dimport networkx as nx

[2] def find N(u, G: nx.Graph)->set:
""" Neighborhood of vertex u consists of adjacent vertices of u

Input:

- u: A node of Graph G

- G (nx.Graph): Undirected and unweight bipartite network
Output:

- res (set): Set node
res = set()
for v in list(G.nodes()):

if G.has_edge(u,v):

res.add(v)

return res

[3] def compute d jac(u, v, G: nx.Graph)->float:
"""Compute Jaccard Distance between u and v (Eq. 5)
N(u) \cap N(v) is null set if u is connected with v because N(u) and N(v) are different types of vertices

Input:
- u: Node
- v: Node

- G (nx.Graph): Undirected and unweight bipartite network
Output:

- d (float): Jaccard Distance
#d=1-( {s6 dinh k& chung}/{sdé dinh k& clia hai dinh})\
# N(u) \cap N(v) is null set if u is connected with v because N{u) and N(v) are different types of vertices
if G.has_edge(u, v):

return 1
N_u = find_N(u, G)
N_v = find_N(v, G)
d =1 - len(N_u.intersection(N_v))/len(N_u.union(N_v))
return d

[4] def compute d local jac(u, v, G: nx.Graph)-> float:
"""Compute Local Jaccard Distance between u and v (Eq. 6)

Input:
- u: Node
- v: Node

- G (nx.Graph): Undirected and unweight bipartite network
Qutput:
- d (float): Local Jaccard Distance
EN u = find N(u, G) - {v}
EN_v = find_N(v, G) - {u}
# print(’'---*---")
# print(f'EN_{u}:", EN_u)
#t print(f'EN_{v}:", EN_v)
if len(EN u)*len(EN v)==0:
return 1
d 1 = sum([compute d jac(u, v, G) for v in EN v])
d_2 = sum([compute_d_jac(v, _u, G) for _u in EN_u])
d = 1/2*%(1/1len(EN_v)*d 1+1/len(EN u)*d 2)
# print(f'Local Jaccard Distance between {u}, {v}: {d}")
return d
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[5] import math
from typing import Callable

def compute direct influence(u, v, G: nx.Graph, f: Callable=math.sin):
"""Compute Direct Influence between u and v
We change the distance function d(u, v)
from Jaccard Distance to Local Jaccard Distance
because Jaccard Distance always fails to denote node similarity in bipartite networks.
Input:
- u: Node
v: Node
- G (nx.Graph): Undirected and unweight bipartite network
f (function): sin(x)/ cos(X),.... mapping x -> [0,1]

Qutput:

- di (float): Direct Influence between u and v
global local_jaccard_distance
d_uv = local_jaccard_distance[u][v] #compute d_jac(u, v, G)
direct_influ = -(f(1-d_uv)/G.degree(u)+f(1-d_uv)/G.degree(v))
return direct_influ

[6] def rho(x, v, threshold=0.5):
global local_jaccard_distance
tmp = 1 - local jaccard distance[x][v]
if tmp >= threshold:
return tmp
else:
return tmp - threshold

[7] def compute exclusive influence(u, v, G: nx.Graph, f: Callable=math.sin):
global local jaccard_distance
EN u = find N(u, G) - {v}
EN_v = find_N(v, G) - {u}

threshold = 0.5
sigma_u = @
for x in EN_u:

sigma_u += 1/G.degree(u)*f(1-local_jaccard_distance[x][u])*rho(x,u,threshold)
sigma v = @
for x in EN_v:

sigma v += 1/G.degree(v)*f(1-local jaccard distance[x][v])*rho(x,v,threshold)
return -(sigma_u+sigma_v)
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[8] def update variable(G):
global local_jaccard_distance
global direct_influence
global exclusive_influence

f = math.sin
# Update global variable with new graph G
# for u, v in itertools.product(set(G), set(G)):
for u in set(G):
local_jaccard_distance[u] = {}
for v in set(G):
local _jaccard_distance[u][v] = compute _d local jac(u, v, G)

for u in set(G):
# local_jaccard_distance[u] = {}
direct influence[u] = {}
exclusive_influence[u] = {}
for v in set(G):
# local jaccard distance[u][v] = compute_d local jac(u, v, G)
direct influence[u][v] = compute direct influence(u, v, G, f)
exclusive_influence[u][v] = compute_exclusive_influence(u, v, G, f)
return local_jaccard_distance, direct_influence, exclusive_influence

[9] def biattractor_algorithm(G):
global local_jaccard_distance
global direct influence
global exclusive_ influence

local_jaccard_distance, direct_influence, exclusive_influence = update_variable(G)

flag = True # Not convergnece from all edges
iter = @
while flag:
print(f"Iter {iter}: {local jaccard_distance}")
iter+=1
flag = False
for u,v in G.edges():
if local jaccard_distance[u][v] > @ and local jaccard_distance[u][v] < 1:
tmp = local jaccard_distance[u][v]
local_jaccard distance[u][v] = local_jaccard_distance[u][v] + direct_influencel[u][v] + exclusive_influence[u][v]

if tmp != local_jaccard_distance[u][v]:
print(f'Update Distance between Node {u} and {v}: {tmp} --> {local_jaccard_distance[u][v]}")
flag = True

elif local jaccard _distance[u][v] <= @:
local jaccard distance[u][v] = @
elif local_jaccard_distance[u][v] »= 1:
local_jaccard_distance[u][v] = 1
for u,v in G.edges():
if local jaccard distance[u][v] == 1:
G.remove edge(u,v)
return G
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[18] # A Toy Sample Fig. 2 (a)

B = nx.Graph()

# Add nodes with the node attribute "bipartite”

B.add_nodes_from(['u’, 'ul', 'u2', 'u3'], bipartite=0)

B.add nodes from(["v", "v1", "v2"], bipartite=1)

# Add edges only between nodes of opposite node sets

B.add edges from([('v1', 'u'), ('v2', 'u'), ('u’, ‘v'), ('v', ‘wl'), ('v', "u2"), ('v', "u3")])

[11] # nx.draw(B, with_labels=True)

[12] from networkx.algorithms import bipartite
import matplotlib.pyplot as plt

[13] X, Y = bipartite.sets(B)
pos = dict()
pos.update( (n, (1, i)) for i, n in enumerate(X) )} # put nodes from X at x=1
pos.update( (n, (2, i)) for i, n in enumerate(Y) )} # put nodes from Y at x=2
nx.draw(B, pos=pos, with_labels=True)
plt.show()

=
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[14] local_jaccard_distance = {}
direct_influence = {}
exclusive_influence = {}

G = biattractor_algorithm(B)

Iter @: {'u3”: {'u3': 1.0, “wv': 1, 'ul®: 1.8, “u': 1.9, °v2°: 9.7083333333333334, “vl': 0.7083333333333334, "u2®
Update Distance between Node u and v: ©.7083333333333333 --> 0.5405964748042751

Iter 1: {'u3': {'u3': 1.0, "v': 1, 'ul’': 1.0, 'u’: 1.0, 'v2': ©.7083333333333334, 'v1': ©.7083333333333334, 'u2’
Update Distance between Node u and v: ©.5405964748042751 --> ©.37285961627521697

Iter 2: {'u3': {"u3": 1.0, "v': 1, "ul': 1.9, ‘u’: 1.0, "v2': ©.7083333333333334, 'v1': ©.7083333333333334, 'u2’
Update Distance between Node u and v: ©.37285961627521697 --> 0.20512275774615885

Iter 3: {"u3': {"u3": 1.0, "v': 1, 'ul': 1.0, ‘u’: 1.9, 'v2': ©.7083333333333334, 'v1': ©.7083333333333334, 'u2’
Update Distance between Node u and v: ©.20512275774615885 --> ©.037385899217100726

Iter 4: {'u3': {'u3’: 1.0, "v': 1, 'ul’': 1.0, "u’: 1.0, 'v2': ©.7083333333333334, 'v1': ©.7083333333333334, ‘'u2’
Update Distance between Node u and v: ©.837385899217106726 --> -0.1303509593119574

Iter 5: {'u3': {"u3": 1.0, "v': 1, "ul': 1.9, ‘u’: 1.9, "v2': ©.7083333333333334, 'v1': ©.7083333333333334, 'u2’

[15] nx.draw(B, with_labels=True)
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[22] l'unzip '/content/data_undirected2 (1).zip'

Archive: /content/data_undirected2 (1).zip
creating: data_undirected2 (1)/
inflating: data_undirected2 (1)/out.arenas-pgp_1.txt
inflating: data undirected2 (1)/out.as20000102 1.txt
inflating: data undirected2 (1)/out.asoiaf 1.txt
inflating: data_undirected2 (1)/out.dbpedia-similar_1.txt
inflating: data_undirected2 (1)/out.dnc-corecipient_1.txt
inflating: data_undirected2 (1)/out.maayan-vidal 1.txt
inflating: data undirected2 (1)/out.moreno names names 1.txt
inflating: data undirected2 (1)/out.moreno propro propro 1.txt
inflating: data_undirected2 (1)/out.petster-friendships-hamster-uniqg_1.txt
inflating: data_undirected2 (1)/out.petster-hamster-household 1.txt

[23] link_data = '/content/data_undirected2 (1)/out.asoiaf 1.txt'
g = nx.read_adjlist(link_data, create_using=nx.Graph, nodetype = int)
mapping = {list(g.nodes())[i]:i for i in range(len(list(g.nodes())))}
g = nx.relabel nodes(g, mapping)
print("G = (",g.number_of_nodes(),",",g.number_of_edges(),")")

G = (796 , 2823)

[24] nx.draw(g, with_labels=True)
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nx.draw(G)

nx.draw(G, with_labels =True)
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Thuat toan ComSim

[1] import networkx as nx
from tqdm import tqdm
import random
import matplotlib.pyplot as plt
from typing import List

+

[2] # BOLD_GREEN = "\x1b[38;5;2;1m"

RESET_CODE = "\x1b[@m"

+

class ColorFormatter(logging.Formatter):
FORMAT_STR = BOLD_GREEN + "%(asctime)s - %(name)s - %(levelname)s: " + RESET_CODE + "%(message)s"
def format(self, record):
formatter = logging.Formatter(self.FORMAT_STR)
return formatter.format(record)

% R ow #

logging.basicConfig(level=logging.INFQ)
handlers = logging.root.handlers
for handler in handlers:

handler. setFormatter(ColorFormatter())
logger = logging.getlogger()

% % oH R

[3] class colors:
RED = '\@33[91m'
GREEN = '\@33[92m'
YELLOW = "\@33[93m'
# BLUE = '\@33[94m'
BLUE = '\@33[36m' #'\033[34m'
END = '\B33[Om'
VIOLET = '\@33[45m"'
WHITE = "\@33[47m’
BLACK = '\033[48m’

class styles:
BOLD = '\833[1m' #in dam
ITALICS = '\@33[3m' # in nghiéng
UNDER = '\@33[4m' # gach chan
STRIKE = '\@33[9m' # gach ngang

[4] # DPinh nghia 3.1. Ving lan c@n cba dinh u
def find_neighborhood(G: nx.Graph, u):
'''"Tim cdc 1lin cén cda dinh u trong do thi G

Input:
- G (nx.Graph): Do thi 2 phia G
- u: Pinh u cda do thi G

Output:
- N_u (set): Tap hop céc dinh lan can cla u trong G
# N_u = set()
# for v in list(G.nodes()):
# if G.has_edge(u,v):
# N_u.add(v)

N_u = set()

for node in G.neighbors(u):
N_u.add(node)

return N_u
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[5] # Pinh nghia 3.2. (Lan cén bac hai clia dinh u va dinh v)
def find_lv2_neighborhood(G: nx.Graph, u)-»>set:
""'Tim cac 13n cén béc 2 cda dinh u trong dd thi G

Input:
- G (nx.Graph): Do thi 2 phia G
- u: Pinh u cda do thi G

Output:
- N_u (set): Tap hop cdc dinh lan c@n cia u trong G
# N _u = set()
# for v in list(G.nodes()):
# if G.has_edge(u,v):
# N_u.add(v)

N_u = find_neighborhood(G, u)
NN_u = set()
for y in N_u:
N_y = find_neighborhood(G, y)
for x in N_y:
NN_u.add (x)
return NN_u - {u}

[6] def theta(G, x, y)-»int:
*"'Ham theta

N_x = find_neighborhood(G, x)
N_y = find_neighborhood(G, y)
return len(N_x.intersection(N_y))

[7] def create_projection_graph(G: nx.Graph(), U: List, theta = theta)-> nx.Graph():
"""Ham tao 45 thi hinh chiu s8 dinh lan cdn chung cla cac dinh thudc U cha G

Input:
- G (nx.Graph): 95 thi 2 phia G ban d3u
- U (List): Tap cac dinh U cua G

Output:
- P (nx.Graph): D& thi hinh chidu biu thi s dinh 13n cdn chung cla cic dinh thugc U
P = nx.Graph()
P.add nodes_from(U)
for idx, node_1 in enumerate(U[:-1]):
for node 2 in U[idx+1:]:
_weight = theta(G, node_1, node_2)
if _weight == @:
continue
P.add_edge(node_1, node_2, weight=_weight)
return P

[8] def find_cycle(G: nx.Graph(), H: set, y, x)->set:
"*'Trich xuit chu trinh dugc phat hign tir y dén x trong H

print(f'{colors.YELLOW} Trich xudt chu trinh dugc phat hién tir {colors.BLUE}{y} {colors.YELLOW}dén {colors.BLUE}{x} {colors.YELLOW}trong {colors.BLUE}{H} {colors.END}")

# Kiém tra tinh lién théng gilta 2 diém x, y trong G

H_graph = G.subgraph(H)

¥ biae peith v Hove patht, %, %)

3 3T has path:

#  shortest path = nx.shortest_path(G, y, x)

shortest_path = nx.shortest_path(G, v, x)

print(f'{colors.BLUE}C{colors.YELLOW} = {colors.BLUE}{shortest_path}{colors.END}')
return set(shortest_path)
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[9] # A Toy Sample Fig. 2 (a)
B = nx.Graph()
# Add nodes with the node attribute "bipartite"
B.add_nodes_from(['u', 'ul', 'u2', 'u3'], bipartite=0)
B.add_nodes_from(["v", "v1", "v2"], bipartite=1)
# Add edges only between nodes of opposite node sets
B.add edges from([('vl"', 'u'), ("v2', 'u'), (‘u’, "w'), ("v', "ul®), ('v', 'uw2'), ("v', "uw3'}])

[18] def algorithm_3(G: nx.Graph, theta = theta):
'*'"COMSIM Budc tha nhat
Input:
- G (nx.Graph): D56 thi hai phdn G=(U, V, E)
- theta (Callable): Ham tuong ty theta
Output:
- P (set): phan ving P gdm cac dinh U vad mdt tdp hop K cdc nit con lai cho budc thf 2

=

= set() # tap hogp phan ving

[1

[node for node, attr in B.nodes(data=True) if attr['bipartite'] == 0]
= [node for node, attr in B.nodes(data=True) if attr['bipartite’'] == 1]
set(U) # tap hgp cac dinh dugc xem xét

=

#
P
u
#
T

projection_graph = create_projection_graph(G, U)
list_nodes = list(T)

# x = random.choice(list nodes) # dinh ngiu nhién
5T =T - {x}

x = list_nodes[@]
max_value_theta = @
for node in list nodes:
if len(find_lv2_neighborhood(G, node)) > max_value_theta:
x = node
max_value_theta = len(find_lv2_neighborhood(G, node))

H = set() # tap hop cac dinh hién dang dugc xem xét
K = set() # tap hgp cac nit con lai

while len(T) != @:

print(f'{styles.BOLD}{colors. YELLOW}---%---START WHILE LOOP---%*---{colors.END}"')
print(f'Xét node: {colors.BLUE}{x}{colors.END}")
# /* tim mdét dinh 1an cdn y € N(N(x)) clta x mad ham 8(x, y) dat gia tri 16n nhat.
NN_x = find_lv2_neighborhood(B, x)
print(f'Danh sach 1an can bac 2 cia {colors.BLUE}{x}{colors.END}:\n {colors.BLUE}{NN_x}{colors.END}")
if NN_x is MNone:

list_nodes = list(T)

x = random.choice(list nodes) # dinh ng3u nhién

T=T- {x}

continue
max_theta = @
Yy =x
for _y in NN_x:

if theta(B, x, _y) > max_theta:

max_theta = theta(B, x, _y)
Y

print(f'Find node max theta (y): {colors.BLUE}{y}{colors.END}")
print(f'Tap hop cac dinh dugc xem xét (H):\n \t{colors.BLUE}{H}{colors.END}')
print(f'Danh sdch cac dinh dang duwgc xem x&t (T):\n{colors.BLUE}{T}{colors.END}")
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if y in H:
print('---> Case: y in H <---")
C = find_cycle(projection_graph, H, y, x)
for node in C:
P.add(node)
append(C)
=K | (H-C)
H = set()
list_nodes = list(T)
x = random.choice(list _nodes) # dinh ng3u nhién

< o oH R

T.remove(x)
else:
print('---> Case: y not in H <---")
if y in T:
print(f'\t ---> Case: y in T <---")
H.add(y)
Xy
ENin = v}
else:
print(f'\t ---> Case: y not in T <---")
# /* y da 1a mot phan tir cia P, cac dinh d3 truy cap dugc luu trir
K=K |H
H = set()
list_nodes = list(T)
x = random.choice(list_nodes) # dinh ngiu nhién
e
print(f'{colors.GREEN} Update H, T{colors.END}')
print(f'Tap hop cac dinh dugc xem xét (H):\n \t {colors.BLUE}{H}{colors.END}")
print(f'Danh sach cdc dinh dang dugc xem xét (T):\n \t{colors.BLUE}{T}{colors.END}')

print(f'{styles.BOLD}{colors.GREEN}--End of Algorithm -- \n{colors.BLUE}P: {P},\nK: {K}{colors.END}')
return P, K

[11] def algorithm 4(G: nx.Graph, P, K, theta):
"' "COMSIM Budc thir hai
Input:
- G (nx.Graph): do thi hai phan G = (U, V, E)
- P: Mot phan wvung P,
- K: Mot tap hop K cac dinh dv lai sau (budc dau tién)
- 8: ham tuong tu theta (8)
Qutput:
- _P: Pham ving P' gbm cac dinh U va cac dinh khéng thoa man R
R = set()
il
for x in K:
# Px = comneigh(x, P) // Tim t&t ca cac cdng déng 13n cén cia x

P_x = set()

if len(P_x) == @:
R = R.add(x)

else:

# C := argmax CxEPx PyeCx B(x, y)
C.add(x) # ???

A Sample
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[12] B = nx.Graph()
# Add nodes with the node attribute "bipartite"
.add_nodes_from(['A', 'B', 'C', 'D', 'E', 'F'], bipartite=0)
.add_nodes_from(['1', '2', '3', '4', '5', '6', '7', '8'], bipartite=1)
Add edges only between nodes of opposite node sets
.add_edges_from([('1', 'A'), ('1', 'B'),
(28, en), (08 R,
(R30, 0 eni) N3 Bl ) (B3 Ry,
(as, B o), (A, ey, (A, SEDE Y,
(H580 D),
('e', 'D*), (6", 'E'),
('7', 'p*), ('7%, 'E'), (°7', 'F'),
(ie S ER) SRR R )

M # m m

(=]
-
-

[13] bipartite 8 nodes = [node for node, attr in B.nodes(data=True) if attr['bipartite'] == 8]
print(bipartite_©_nodes)

['a', 'B', 'C', 'D', 'E', 'F']

[14] nx.draw(B, with_labels=True)

[15] U = [node for node, attr in B.nodes(data=True) if attr['bipartite'] == @]
P = create_projection_graph(B, U)

# mc.draw(P, with_labels=True)
pos = nx.spring_layout(P)
nx.draw(P, pos, with_labels=True, node_size=1568, node_color="'skyblue', font_size=12, font_color='black', font_weight='bold')

# Lay théng tin trong s6 cia cac canh
edge_labels = nx.get_edge_attributes(P, 'weight')

# V& trong so cua cac canh
nx.draw_networkx_edge_labels(P, pos, edge labels=edge labels)

# Hién thi dd thi
plt.show()
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[16] algorithm_3(B, theta = theta)

Xét node: D
Danh sach lan can bac 2 cia D:
{'"E', 'c’, 'F', 'B'}
Find node max theta (y): E
Tap hgp cac dinh dugc xem xét (H):
set()
Danh sdch cac dinh dang dugc xem xét (T):
1P ERy SR RBag Sehy AV BDE)
---> Case: y not in H <---
---> Case: ¥ in T <---
Update H, T
Tap hop cac dinh dugc xem xét (H):
{'E"}
Danh sach cac dinh dang dugc xem xét (T):
{MCY "8 TEY A DT

Xét node: E
Danh sach 1lan can bac 2 cia E:

{'F', DY}
Find node max theta (y): F
Tap hgp cac dinh dugc xem xét (H):

{'E'}

Danh sach cac dinh dang dugc xem xét (T):
{'c, 'B', 'F', 'A", 'D'}

---> Case: y not in H <---

---> Case: ¥ in T <---

Update H, T
Tap hop cac dinh dugc xem xét (H):
['E', "E'}

Danh sach cac dinh dang dugc xem xét (T):
{'ct, 'a', ‘B, 'D'}



Xét node: F
Danh sach l1an cén bdc 2 cla F:

{'E', 'D'}

Find node max theta (y): E
Tap hgp cac dinh dugc xem xét (H):

'E', 'FY)

Danh sach cac dinh dang dugc xem xét (T):
e, tAt, 'BY, D'}

---»> Case: y in H <---

C [YE"s "E'

Xét node: C
Danh sach 1an cén bdc 2 cla C:
{'a*, 'B', 'D'}
Find node max theta (y): B
Tap hgp cac dinh dugc xem xét (H):
set()
Danh sach cac dinh dang dugc xem xét (T):
(A", 'B’, D'}
---> Case: y not in H <---
---> Case: y in T <---

Update H, T
Tap hgp cdc dinh dugc xem xét (H):
{'B"}
Danh sdch cac dinh dang dugc xem xét (T):
', "'}
Xét node: B

Danh séch 1an can bic 2 cla B:

{'c', 'aY, D'}

Find node max theta (y): A
Tap hgp cac dinh dugc xem xét (H):

{'8'}

Danh sach cac dinh dang dugc xem xét (T):
{'a", 0"}

---> Case: y not in H <---

---> Case: y in T <---
Update H, T

Tap hgp cac dinh dugc xem xét (H):
{'A", "B"}

Danh sach cac dinh dang dugc xem xét (T):

=D

Xét node: A
Danh sach 1an can bac 2 cia A:
re, e}
Find node max theta (y): B
Tap hgp cac dinh dugc xem xét (H):
{'a', 'B'}

Danh sdch cac dinh dang dugc xem xét (T):

{'0"}

---> Case: y in H <---

C ['B", 'A"]

--End of Algorithm --

B [DE "L Dy W

K: set()

([{E', 'F'}, {'A%, 'B'}], set())

{'E,
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