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TOM TAT: Nhitng ndm gan ddy, mang xa héi trc tuyén (MXH) dang tré thanh phuong tién truyén théng phé bién trén thé
gidi. Bén canh nhimg loi ich ma MXH mang lai thi nd ciing cho phép lan truyén nhanh chdng thong tin sai léch thugc nhiéu chi dé
khac nhau nhue: Vin héa, chinh tri, kinh té,... |am dnh hiéng tiéu cuc dén ngueoi dimg. Pé han ché ngan chan anh hwong ciia théng
tin sai léch trén MXH. Trong bai bao nay, Chung t0i dé xuat gidi phap tim ra mot tdp nit ma khi logi bé ching khoi mang thi han
ché t6i da danh huwong ciia théng tin sai léch trén MXH vdéi thoi gian va chi phi cho phép. Bai toan dwoc chitng minh la NP-kho ngay
ca trong truong hop MXH I cdy c6 g0c tai mit phdt tan théng tin sai léch duy nhat va tinh todn ham muc tiéu la #P-khé ngay cd khi
1dp can xéa chi cé mét mit. Chiing 16i ciing chirng minh ham muc tiéu c¢é tinh chat monotone va submodular, dira vdo tinh chat nay
chiing 16i dé xudt thugt todn Tham lam GA (Greedy Algorithm) cho ty 16 xap xi (1 — 1/+e). Ching t6i tiép tuc d@é xudt thudt todn
Tham lam ting t6c FGA (Fast Greedy Algorithm) dira trén do thi khong c6 chu trinh va vai tro anh hudng ciia cac nut, ching toi
cho thdy tinh t0&n hdam muc tiéu dwoc thirc hién trong thoi gian tuyén tinh Va thudt todn FGA cé thé dp dung asi véi mang lén dén
dén hang triéu canh. Cac thyc nghiém duoc tién hanh trén dif lidu ciia mang xd hdi thiee, két qud cho thdy hiéu sudt ciia cdc thudt
toan chung t6i dé xudt viegt tréi hon cdc thudt todn co sé khdc.

Tir khéa: Mang xd héi, t6i wu héa, lan truyén théng tin, ngan chan théng tin, thong tin sai léch.

I. GIOI THIEU

Nhirng ndm gan ddy, MXH di tro thanh mot nén tang manh mé trong truyén thong s, dong gop dang ké vao su
phét trién cua thé gisi. Tuy nhién, su lan truyén théng tin sai léch trén MXH anh huéng khéng nho dén kinh té, chinh
tri, xa hoi va tac dong tiéu cuc dén cong dong [1, 2]. Do dé, can ¢ nhitng giai phép tdi uvu dé han ché anh huong cua
thong tin sai léch trén MXH, goi chung 1a ngin chin anh huong 1B (Influences blocking - IB). Hai phuong phap phd
bién dé giai quyét bai toan IB 1a: 1) X6a bo mét tap nat (canh) hozc tiém vic xin (theo ngbn ngit dich té hoc) vao tap
nat (canh) dé han ché anh huong cua théng tin sai léch. Vi du, cac tac gia trong [3, 4] dé xuit phuong phap Heuristic dé
loai bo cac canh nham giam thiéu anh huéng ciia mot nhém thong tin sai léch. Dudi goc d6 dich té hoc, mot sb nghién
ctru khac dua ra chién lugc tiém véc xin vao nhém cac nat (canh) dé giam sy lay lan cua dich bénh [5-7]..... 2) Tay
nhiém thong tin, bang cach chon tap nit dé phét tan thong tin tich cuc nham chong lai thdng tin tiéu cuc. Theo hudng
nay, cac tac gia trong [8-10] nghién ctru chon k nut dé lan truyén thong tin tich cuc dé tay nhlem thong tin xau,... Cac
tac gla trén déu xem xét moi thong tin sai léch 1a nhu nhau. Trén thyc té thi thdng tin sai léch rat da dang, thudc nhleu
cha dé va anh huong cua nhirng théng tin nay dén mdi nguoi dung 1 khéc nhau. Ngoai ra, cac tac gia xem xét chi phi
loai b6 cac nut 1a nhu nhau, nhung thuc té thi méi nat cd vai tro, anh huong khac nhau trén mang, nén chi phi x6a bo
cac nut ciing khac nhau. Trong nghién ctu [11,12], cAc téc gia ciing da dé cap dén tac dong cua cac chu dé trong viéc
lan truyén théng tin. Thong tin nhiéu chu dé hay nhiéu khia canh ciing di dwoc xem xét trong cac nghién ciru bai toan
t6i da hoa anh huong IM (Infuence Maximum - IM) [13-15]. Gan day trong [16], CAC tAc gia di nghién ctru ngin chan
thdng tin sai léch nhiéu chu @& cé rang bugc vé chi phi. Vi vay, giai quyét bai toan 1B theo hudng xem xét tac dong cua
tirng chu dé thdng tin sai léch dén nguoi dung 1a mot diéu hét sac can thiét, mang tinh thyc tién cao.

Trong bai bio nay chung t6i d& xuit bai toan: Ngin chin thong tin sai léch nhiéu cha dé trén mang xa hgi
truc tuyen MMBO (Multi-topic Misinformation Blocking on Online social networks - MMBO), bai toan c6 xét den
rang budc vé thoi gian va chi phi. Nhitng dong gdp cua bai bao nhu sau:

a. Dé mo ta qué trinh lan truyén thdng tin nhiéu chi dé trén MXH, ching t6i d& xuat mé hinh Ngudng tuyén
tinh nhiéu cha d& c6 rang bugc thoi gian MLT (Multi-topics Linear threshold model has Time constraints - MLT)
bang cach mé rong md hinh Ngudng tuyén tinh LT (Linear Threshold model) [17]. Trén mé hinh nay, thong tin dwoc
lan truyén dén cac nit dua trén tong anh hudng cua cac ndt hang xém dén cac nat d6 va ngudng kich hoat theo cac chu
dé cua thong tin khac nhau.

b. Ching t6i chi ra ring MMBO thudc 16p bai toan NP- kho, tinh toan do giam anh hudéng khi x6a b tap nit
(ham muc tiéu) 1a #P - kho6 va ham muyc tiéu c6 tinh chat monotone va submodular. Dya trén tinh chat nay ching t6i dé
xuat thuat toan Tham lam GA cho ty I8 xap xi (1 — 1/Ve).

¢. Ching tdi tiép tuc dé xuit phuong phap giai quyét bai toan MMBO duya trén do thi khéng c6 chu trinh
(Directed Acyclic Graph - DAG) va cho thay tinh toan ham muc tiéu trén DAG c6 thoi gian da thirc. Chung toi dé xuat
thuat toan Tham lam ting toc FGA dya trén vai tro anh huéng cua cac nit va cap nhat nhanh ham muc tiéu trén ciu
tric DAG, thuat toan c6 thé &p dung ddi vai d thi 1én dén hang triéu canh.

Céc thir nghiém duoc thuc hién trén cac mang xa hoi thuc bao gdm NetHepP, Epinions va Amazon cho thiy céc
thuat toan dugc dé xuat vuot troi hon cac thuat toan co s¢ khac vé ca vé hiéu xuat va thoi gian thuc hién. Bai bao duoc
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trinh bay gom 06 phan, ngoai phan tom tat va tai li¢u tham khao, bai béo bao gom Phan I - Gisi thi¢u, Phan Il - Md
hinh va dinh nghfa bai todn, Phan Il1 - D& xuat thuat toan, Phan IV - Két qua thuc nghiém va Phan V - Két luan.

I1. MO HINH VA PINH NGHIA BAI TOAN

Trong phan nay, chung t6i trinh bay lai md hinh noi tleng LT[ va xay dyng mé hinh MLT va md hinh canh truc
tuyén tuong tmg dé mo ta qua trinh lan truyen thdng tin nhiéu chi dé trén MXH. Tiép theo, chung t6i dinh nghia bai toan
MMBO trén md hinh MLT, ching tdi cho thiy MMBO la bai toan NP-kho, tinh todn ham muc tiéu 1a #P-khé.

A. Mb hinh nguéng tuyén tinh LT

Trong md hinh LT, mét MXH duoc biéu dién bai do thi G(V, E,w), mdi canh (u, v) € E ¢6 trong s6 w(u, v) €
[0,1] biéu dién anh huong cua ndt u dén nit v. Néu (u,v) ¢ E thi w(u, v) = 0, dugc phan bd sao cho téng trong sé
céc nut u dén ndt v thoa man diéu kién: Yueny, @y W, v) < 1. MGi nit v € V ¢6 mot trong 2 trang thai: kich hoat
(active) hodc khong kich hoat (inactive) va tap S € V l1a tap ngudn phat tan thong tin sai léch. M&i nat v € V ¢6
ngudng kich hoat y,, € [0,1], néu ¥, 16n thi can nhiéu nat hang xém kich hoat v, néu y, bé thi nat v d& bi kich hoat boi
cac nat hang xém. Goi DE(G, S) la tap céc nat bi kich hoat bai S tai thoi diém t trén d thi G, qua trinh lan truyén theo
cac budc thoi gian roi rac nhu sau:

- Tai thoi diém t = 0, tat ca cac n(t trong tap S déu c6 trang thai kich hoat.

- Tai thoi diém ¢ > 1, mdi ndt v ¢ trang thai khong kich hoat, s& bi kich hoat néu tng anh huéng cua cac nat
hang x6m téi n6 vuot ngudng v, nghia la: Yept-1an,, @) WU, v) = ¥,. Cac nit bi kich hoat s& giir nguyén trang thai
trong nhitng budc tiép theo. Qué trinh lan truyén két thic khi sau mdi bude khong co nit nao duoc kich hoat thém.

B. M hinh nguéng tuyén tinh nhiéu chai d@é c6 rang bugc thoi gian MLT

Mot mang xa hoi duoc biéu dién boi do thi G(V, E,w), n = 14! vam = |E], mai Canh (u,v) € E ¢6 trong sé
w(u, v) € [0,1] biéu dién anh huéng cua nat u den nit v, duoc phan b sao cho tong trong sb cac nat u dén nat v thoa
man diéu kién: Duen, W, v) < 1. Tap ngudn phat tan thong tin sai léch g chu dé: § = U{,S;, trong d6 S; ©
V,i=1,...,q latap cac nit phét tan thong tin sai léch chi @& i. Mdi nlt v c6 q ngudng kich hoat theo cac chii dé& 1a:
! € [0,1] la dai dién cho mirc d6 quan tam cua v ddi véi chi dé i. Nut v ¢d thé c6 mot hodc nhiéu trang thai trong tap
q + 1 trang théi sau: Q = {inactive, active_1,active_2,...,active_q}. Néu v c6 trang thai inactive nghia | v khong
bi kich hoat bai bat ky théng tin sai léch nao; Néu v c6 trang thai active_i nghia 14 v da bi kich hoat bai chi dé i. Mdi
nit v con anh huong riéng dén nat hang xém theo ting cha dé, goi 1a anh huong theo chi dé: 0%, 62, ...,67, véi
6% € [0,1]. Nghia 13, trong s6 anh hudng theo ting cha dé 1a: w;(u, v) = w(u, v).6%. Qua trinh lan truyén thdng tin
dién ra theo d budc roi rac. Goi Df (G, S) 1a tap cac nut bi kich hoat bai thong tin cha dé i tai thoi diém ¢, ta co:

- Tai thoi diém ¢t = 0, tit ca céc it trong tap S; déu co trang théi active _i;

- Tai thoi diém 1 < t < d, céc n(t v chua bi kich hoat bai chii dé i s& c6 trang thai active_i néu tong anh huong
tir cac ndt hang x6m toi n6 vugt ngudng y;, nghia 1a: Xye. wyapt=1(6,5) Wt 1)- Oy = vy
1,

Céc nut bi kich hoat s& gitr nguyén trang thai kich hoat trong nhiing buéc tiép theo. Qua trinh lan truyén két thiic
khi sau mdi bugc khong cé nit nao dwoc kich hoat hoic da xét hét cac ndt sau d budc lan truyén. Khi g = 1, mé hinh
LT tro thanh trudng hop dac biét caa mé hinh MLT; khi g > 1, lan truyén théng tin tir tap S; trén do thi G tuong
duong véi trén @6 thi G;(V;, E;, w;), w;(u,v) = w(u, v).6L. Theo [18], md hinh LT twong dwong véi mé hinh canh
tryc tuyén (live edge), vi vay MLT tuong tng vGi md hinh canh tryc tuyén sau:

Tir dd thi G, xay dung g d6 thi G;(V;, E;, w;) théa man didu kién w;(u, v) = w(u,v).0%, V; SV, E; € E; Véi
i=1,...,9.D0 6% <1, mdinlt v € G, taco Lyen,, )Wt v). 0} < Tyen, @ w(w, v) < 1. Suy ra, lan truyén thong
tin tr tap S; trén dé‘thi G; thoa man md hinh LT. Hay néi cach khac, lan truyén cua tap S; trén G; vz}I trén G la tuong
duong nhau. Trén do thi G; sinh ngau nhién tap cac do thi G; theo mo hinh canh tryc tuyen [18], moi do thi g € G; duoc
sinh ra bang cach: Moi nit v € V;, chon nhiéu nhat mét canh dén (u,v),u € N;,,(v) v6i xac suat chon canh la
p(v, g,G;) dugce xac dinh nhu sau: p(v, g, G;) = w;(u, v) néu (u,v) € gvap(,gG)=1- ZMENin(V) w; (u, v) néu
(u,v) € g. Nhu vay g 1a d thi gom tap nit V; 1a cdc nit chiu anh huéng béi ngudn S; va tap canh truc tuyén E, voi
trong b 1a w; (u, v), u,v € V,. Bat Pr[g] la xac suét lya chon db thi g tir tap G;, ta c6: Prlg] = [lvev, (v, 9,G:). Goi
Nq(g,S;) = {v|d,(S;,v) < d} latap cac nit bi kich hoat sau d budc lan truyén, trong d6 dg(S;, v) lakhoang cach tir S;
dén v trén dd thi g. Goi D, (G;, S;) 1a anh huong cua tap S; trén G;. Theo Binh ly 1.1 [18], ta c6:

Da(G1S) = ) Prlgl INa(g, $)) W

geg;

Anh huéng tir tap ngudn S trén d6 thi G sau d budc lan truyén 1a:
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q
D(6,5) = ) Da(GuS) @

So v6i mo hinh LT, MLT la md hinh c6 thé hiéu dién lan truyen thdng tin g chi dé ciing lic trén MXH, ngoai ra
MLT c6 rang budc veé thai gian d, vi vay khéng gian tim kiém cutia bai toan dugc rat ngan.

C. Dinh nghia bai todn

Trong bai b&o nay, chung t6i dé xuat phuong phap xéa bo tap nat A ra khoi do thi G sao cho anh huong cia cac
tap nguon phat tan thong tin sai léch: Sy, S,, ..., S, trén do thi G la nho nhat.

Goi GOA 1a db thi sau khi loai bo tap nit A. Theo cong thtc (1)(2), anh huong cua S trén G sau khi loai bo tap
Ala:

q
DGOAS) = ) DalGOA)S) 3)

Do giam anh huang sau khi loai bo tdp A duge wée luong la (ham muc tiéu):
a(G,S,A) =D(G,S) —D(GOA,S) (4)

Dé ngan chin thong tin sai léch, cong viéc dau tién la phéat hién ngudn thong tin sai léch. Mot phuong phap phd
bién dé phét hién thong tin sai léch 1 sir dung hoc may hodc dat giam sat. Tuy nhién, trong bai bao nay, chung toi gia
sir rang tap ngudn phét tan thong tin sai léch S da dugc biét trude. Gia sir chi phi dé x6a bo nat v 1a c(v) va téng kinh
phi dé x6a bo tap A khong vuot quéa B. Bai toan MMBO duoc phét biéu nhu sau:

Pinh nghia 1: (MMBO) Mot mang xa hoi dugc biéu dién boi d6 thi c6 huong G(V, E,w), b trong sé khong
&m, gém n nit va m canh. Cho tap ngudn phat tan thdng tin sai léch g cha dé: S = UYL, S;, trong d6 S; € V 1a tap cac
nit phét tan thong tin sai léch cha dé i. Bai toan dat ra 1a tim tap ndt A € V dé loai bo khoi G, sao cho anh huéng cua
thdng tin sai léch tir nguon S trén trén G 1a nho nhat, diéu nay tuong duong vai viéc tim tap nit A € V dé loai bo khoi
G sao cho ham muc tiéu (G, S, A) dat gié tri cuc dai v6i nguon ngan séch han ché B, nghia 1a c(4) = ¥peqc(v) < B.

Theo Binh ly 1 trong [16], bai toan MMBO ¢6 d6 phtc tap 1a NP-khé trén md hinh MLT ngay ca khi db thi la
cay c6 gdc tai nGt ngudn duy nhat. Cho g = 1, theo Binh Iy 1 trong [18] tinh toan gia tri ham o (.) 1a #P-khé ngay ca
khi tap A chi c6 mot nlt duy nhat.

I11. PE XUAT THUAT TOAN

Trong phan nay, dau tién chlng t6i chi ra rang ham muc tiéu cé tinh chit monotone va submodular trén mé hinh
MLT, dua trén tinh chét nay, d& xuit thuat toan Tham lam GA dam bao ty 1& xap xi (1 — 1/Ve). Tiép theo, chiing ti
rdt gon dd thi ban dau thanh db thi khéng c6 chu trinh theo cac chu dé va dé xuat thuat toan Tham lam ting toc FGA
dwa trén vai tro lan truyén cua cac nat va cap nhat nhanh ham muc tiéu, ching t6i cho thay tinh toan ham muc tiéu c6
thoi gian tuyén tinh va thuat toan cé thé ap dung cho do thi quy mé lon.

A. Thudgt todn tham lam GA

Theo Binh Iy 2 [18], ham muc tiéu o (.) c6 tinh chat monotone va submodular. Dya vao tinh chat nay, ching toi
dé xuat thuat toan tham lam GA cho ty 18 xap xi (1 — 1/+/e). Trong thuat toan GA, thém dan cac nit vao tap A theo
kiéu an tham, mdi nit v dugc thém vao sao cho ty 1& gitra do tang cua ham muc tiéu o(.) khi loai bo nit v véi chi phi
dé loai n(t v ra khoi mang dat gia tri I6n nhat. Qua trinh két thic khi chi phi x6a céc niit virgt mic cho phép B hoic da
xét hét cac nit sau d budc lan truyén (thuat toan 1).

Thuét toan 1: Thuat todn Tham lam GA (Greedy Algorithm)
Input: ¢ = (V,E), w(u, v), tdp nguon S, chi phi B
Output: Tgp nat A
1. A< @, N« Nyg(5),
repeat

(0(6OAV{U}).S)-a(GOAS)
c(u)

U < argmaxyep\a

if (c(4) + c(u) < B) then
A< AU {u};
end if;
N < N\{u};
until N = ¢;
Return 4;

CoNoor WD
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Tinh to&n chinh xé4c gia tri ham o(.) 1a vin dé #P-kho. Vi vay, thuat todn GA khong thé &p dung truc tiép cho
mang xa hoi thuc. Dé giai quyét vin dé nay, ching toi s dung phuong phap mé phong Monte-Carlo (MC) dé wéc
lugng gié tri ham D(G,S) vaD(G O 4,5). Véi mdichu dé i = 1,2,..,q, trén dd thi G;, tién hanh md phong MC qua
trinh lan truyén théng tin tir tap S; ngau nhién T 1an. Mdi lan, chang tdi tinh téng anh hwong cia cac ndt bi kich hoat,
sau do 1ay trung binh trén T 1an mé phong. Cudi cuing tong anh hudng cua cac ndt bi kich hoat trén tat ca cac chu dé.
S6 1an md phong T cang 16n thi ude lugng Ky vong s6 nt bi kich hoat c6 d6 chinh xac cang cao. Thuat toan GA ¢ do
phtrc tap theo thoi gian 12 O(qTRK?). R 1a do phuc tap thoi gian cia md phong MC, k = |N,;(S)| 1a s6 nit bi kich hoat
sau d budc lan truyén. Do phic tap nay khong cho phép 4p dung cho mang vira va Ién, day chinh 1a co s¢ dé chung toi
tiép tuc dé xuét thuat toan FGA c6 thé 4p dung cho mang 1én dén hang triéu canh.

B. Thugt toan Tham lam #ing téc duwa trén DAG

Trong muc nay, bai bao dé xuat hudng tiép can thuat toan heuristic cho bai toan MMBO. Tir d6 thi ban dau,
chling toi xay dung cac DAG theo g chu de. Sau d6 wéc luong gia tri ham anh huong D(G, S) trén DAG, cép nhat
nhanh ham muc tiéu va dé xuat thuat toan FGA duya trén vai trd anh huang cua cac nat.
1. Xay dyng cac DAG theo chu dé

Goi Py(G,u,v) 1a duong di tir u dén v trén do thi G(V, E,w) V6i do dai (khoang cach) d, Py (G, u,v) = {u =
X1,Xg,...,Xq = v}. Anh hudng theo dudng di tir u dén v trén d6 thi G ky hiéu la Inf(P; (G, u, v)) dugc tinh nhu sau:

d-1
nf(Py(G,)) = | [werxin) )

i=1 , s\
Ta c6, duong di anh huong cuc dai (Maximum Influence Path - MIP) tir u dén v trén d6 thi G véi o dai khéng qué
d, Ki hi¢u la MIP4(G, u, v) dugc tinh nhu sau: MIP;(G,u,v) = argmaxpe(p, (6,uv)up,(Guv),..p4Guvy)INf(P)}.

Pinh nghia 2: Cay anh hudng cuc dai (Maximum Influence Tree - MIT). Goi MIT4 (G, u, B) la cay anh hudng
cuc dai theo duong di trén do thi G, ¢ nat goc u, do dai d va ngudng anh huong B € [0,1], B la gia tri de loai bo
nhitng duong di c6 anh hudng thap trong qua trinh lan truyén, dugc dinh nghia nhu sau:

MIT,(G,u, B) = U MIP,(G,u,v) 6)

VeV, inf(MIP4(Gu,v))zp

Goi D; 1a DAG dugc xay dung tir d6 thi G;(V, E,w;) Véi w;(u,v) = w(u,v).0%. Dé xay dung D;, dau tién
ching tdi gop cc nat nguon S; thanh mot ndt nguon duy nhat H; theo thuat toan 3 trong [16]. Trén do thi G;, xay dung
cay tdi da anh huong theo tirng chu d& MIT(X;, Y;, ﬁl) bang thuat toan Dukstra V6i trong sb canh Ia —logw;(u, v), véi
X latap nat va Y Ia tap canh, B; 1a nguong lan truyen anh huong theo chii dé i. Cay duoc tao ra gdm ndt goc H; va cac
duong di ¢6 anh huong I6n hon ngudng lan truyén. Tiép theo, trén cay MIT(X;, Y;, 8;) thém dan cac canh (u, v) vao cay
sao cho do cao tir H; dén u nho hon d6 cao tir H; dén v va (u, v) € E. Két qua thu dugc 1a DAG D;. (thuat toén 2).

Thuit toan 2: Xay dwng do thi khong c6 chu trinh D; theo chii dé i
Input: G;(V, E, w;), ngudng anh huong f;, nit nguon H;
Output: DAG D;

1.D; = MITy(Gy, H, Bi);

2. foreach adge (u, v) € G;and (u,v) # D; do
3. ifhight(H;,u) < hight(H;, v) then

4. D; = D; U{(u,v)}

5. endif.

6. end for

7. Return D;

2. Uéc luong gid tri cua ham anh huong D(G, S) trén DAG
Tinh toan o (.) trén d thi G 1a #P-khd, chiing t6i cho thay tinh todn ham muc tiéu o (.) trén DAG c6 thoi gian
da thie. Theo cdng thuc 6. Anh hudng tir nGt nguon H; dén ndt v trén D; (ky hiéu 1a f; (H;, v)):
[ = ) ) ™
fPEP(Di,Hi,U)
Trong d6 P(D;, H;, v) la tap duong di tir H; dén v trén D; véi Vv € D;.
Anh huong caa H; trén D; dugc tinh bang téng anh huong cua H; dén tat ca cac nat, u € D;:

DD H) = ) filHyw) = Y > Inf(P) ®

) VED; , i vED; PEP(D;,H;,v) i . i
bé cap nhat gia tri ham f;(H;, w), trong Thuat toan 3, sap xép theo thir ty Topo cac ndt cia D; bat dau tir nat goc H;
theo phuong phap duyét sdu (dong 2) dé dam bao rang khi tinh f;(H;, ) thi cac nat trude n6 da dugc tinh. Tir dong 3
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dén dong 7, tra vé gia tri ham f;(H;, w) bang téng anh huéng cac duong di tir H; dén u trén D;. Thuat toan 4, tinh gia tri
anh hudng cua H; dén trén D;.

Thuéit todn 3: Tinh anh hwéng tir nGt ngudn dén nat u € D;
Input: DAG D;, ndt ngudn H;, u € D;
Output: f;(H;,u)
1. fl(Hl'Hl) « 1! fin(Hivu) « 01
2. Topologically sort all nodes from H; in D; into a
sequence List based on DFS
foreach u € List (from the first to last) do
foreach v € N, (u) do
fin(Hyv) < (fin(Hyv) + fin(Hyw).w; (w, v));
end for
end for
Retturn f;(H;, u).

©ONO kW

Thuit toan 4: Tinh dnh hwéng tir nGt nguén trén DAG D;
Input: DAG D;, nit nguon H;,
Output: D;(D;, H;)
1. x < 0;
foreach u € D; do
call f;(H;,u) (alg 3)
x « x + f;(H;,u);
end for
Retturn x.

ok w

Anh huéng cua tap nguon S trén dd thi G duoc wée lwong bang tong anh huéng caa cac nit nguon H; trén DAG
D;,i=1,...,q, duoc tinh nhu sau:

q
D(G,5) ~ ) DGy, Hy) ©
Suy ra, anh huong S trén G sau khi Ioail?é tapnit A1 D(G O 4,5) =X, DG, O4,S) (10)
Tir cong thie (3), (9) (10) va thuat toan 3, ta nhan thiy, tinh toan o(.) dwoc thuc hién trong thoi gian da thic.
3. Uc luong vai tro anh huéng cua cac nit trén DAG

Vai trd anh huong cia v dua vao anh hudng tir ndt nguon dén v va anh huong tir v dén céc nat khac trén DAG
D. Vai tro anh huong cang 1én thi anh huong caa v trén D cang cao. Vi vay, FGA sir dung dai lugng nay cé thé chon
cac nat dua vao tap o1 giai A, thay thé dai lugng 6 (v) trong thuat toan GA.

Goi f;(w) la anh hudng tir nit u dén cac nat khac trén D;, ta c6: f;(w) = Yivep; Lpep(pyuw) INf(P)
Ky hiéu R;(u) la vai trd anh huéng cua nat u trén D; dugc tinh 1a: R;(uw) = f;(H;, w). f;(w) (Thuat todn 5)

Vai tro anh huéng cua u dbi véi q cia dé duge uée luong 13 (w) = %zle Ry(w) (11)

Thuét todn 5: U'éc lwgng vai tro anh hwéng cia cic nit trén DAG D;
Input: DAG D;, ndt ngudn H;
Output: R;(u),Vu € D;
L four@) = four(Hy) < 1
2. Topologically sort all nodes from H; in D; into a sequence List based
on DFS;
foreach u € D; do
call f;(H;,w) (alg 5)
foreach u € List (from the last to first) do
foreach v € N, (u) do
fout @) < (fout @) + four ). wi(u, v));
Retturn f;(H;, w). f;(w).

4. Thuat toan Tham lam tang toc FGA

N U A~W

Thuat toan FGA (Thuat toan 6) 1a su két hop giira viéc xay dung cac DAG theo chu dé va thuat toan GA. Trong
thuat toan FGA, ham & (u) dugc thay thé bang vai tro anh huong R (). Thuat toan dugc chia 1am 3 phan nhu sau:
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Dau tién, dung g dd thi G;, w;(u, v) = w(u, v). 0% tir d6 thi G. Trén do thi G;, gop cac nut trong S; thanh mot
ndt nguon duy nhat H; (thuat toan 3 trong [17]). Rat gon G; thanh DAG D;, i = 1,2,...,q (thuat toan 4), tinh toan vai
trd anh huong cua tat ca cac ndt va gia tri anh huong cua H; trén D; (dong 1-9), ddng thoi xay dung tap nit ang vién U
la cac nat c6 thé chon dé loai bo ra khoi G, tinh téng anh huong cua tap ngudn S trén do thi G theo cong thic 1 (dong
10). Thir hai, chon tap A 1a mét ndt duy nhat v,,,, c6 vai trd anh huéng 16n nhat trén G ma chi phi loai bo v, Nho
hon hoac bang B (dong 11); Chon nit u thoa man diéu kién R(w)/c(u) 16n nhat va c(u) + c(4’) < B dua vao tap A’
(dong 16), cap nhat lai db thi G; va xay dung D; tir cac do thi G; méi (GUT), tir &6 cap nhat vai tro anh huong méi cua
cac nlt u € D;. Qué trinh tiép tuc cho dén khi tap U = @ hoic c(A") > B. Cudi cing, thuat toén so sénh gia tri anh
huéng cta tap S trén do thi G ddi véi phuong 4n loai bo tap A’ va loai bo tap A dé chon phuong 4n t6t nhét (dong 31
dén dong 35).

Thuat toan 6: Thuat toan tham lam ting toc FGA (Fast Greedy Algorithm)

Input: G(V,E,w),S ={S1,S,,...,S4},B> 0,8 = {B1, B2, ..., By}, d
Output: Tap nit A
1. Construct g graph G;; I/ (w;(u,v) = w(u, v). 0}
. Foreach G;|i =1..q do
(G, Hy) « Merge(G;, S;)
Gl_cur - G’i

2
3
4
5. Construct graph D; = DAG(G';, H;, B)), (thuat toan 4)
6
7
8

Calculate R;(u), vVu € D;, (thuat toan 5)
Calculate R(u),Vu € D;|i = 1..q, (cdng thac 11)
U«Uu{ul,VueDli=1..q

end for

10.Calculate D(G, S) (cdng thirc 9)

11.vpax < argmax,eyR(vV)

12.Repeat

13. cpin < argmin,eyc(v)

14. if (cpin + ¢(A")) = B then break;

15. foreachu € U do

O ¢

16. if (c(w) + c(4") < B) then

17. Umax < argmaquU,C(Alu{v})sBR(u)/c(u)
18. else

19. U « U\{u}

20. end if

21. end for

22. U < U\{Upmax}

23. A"« AU {Upmax}

24. foreach G;|i =1..q do

25 Gicur < Gicur\{umax}

26. Construct graph D; = DAG (G, H;, B;)
217. Calculate R;(u), R(u),Vu € D;|i = 1..q,
28. end for

29. Until U = @ or c(4") = B;

30.x « D(G O A,S); ¥« DGO Vmax,S);
31. Return A, if (x > y) else v,4y-

Do phuc tap cia FGA duogc tinh nhu sau: Goi n;, m; 1a s6 ndt va sé canh cua D;. Tinh toan MIT, (G;, A, 6) thuc
hién trong thoi gian O(m; + n; logn;). Do vay viéc dung DAG D; tr G; 1a O(m; + n; logn;) (dong 5). Tinh toan
ham R;(u),vu € D; sir dung thuat todn 5 c6 d¢ phuc tap 1a O0(m; + n;) (dong 6). Véi vong lap repeat (dong 6-32),
goi k; s vong lap. V6i mdi vong lap, viéc dung DAG va tinh toan r(+) thuc hién trong thoi gian O0(m; + n;) +
0(m; + n; logn,). Viéc so sanh két qua cudi cung thuc tén chi phi 1a 0(m; + n;). Tir cac phan tich trén, véi g cha
dé thdng tin sai léch ta co do phuc tap cua thuat toan 1a 0 (qk;(mm; + n; logn,)).

IV. KET QUA THUC NGHIEM

Trong phan nay, chdng toi trinh bay cach thirc tién hanh thyc nghiém va két qua thyc nghiém nhim danh gia
hiéu qua ctia thuat toan GA va FGA. Mic du da c6 nhiéu cong bd lién quan dén bai toan IB, tuy nhién tac gia chua tim
may cac cong b vé 16p bai toan 1B nhiéu chii dé. Vi vay, hiéu qua cua thuat toan chung toi dé xuat dugc so sanh véi
c4c thuat toan co so 1a Degree va Random. Ching tdi tién hanh chay thuc nghiém trén céc 03 bo dir liéu ciia mang thuc
té 1a NetHepPh[20], Epinions[21], Amazon[22], dugc lay tir nguon [http://snap.stanford.edu/data/]. Céc thuat toén
dugc cai dat bang ngén ngir 1ap trinh Python trén may tinh c6 cau hinh: CPU Intel Core i7 - 8550U 1.8Ghz, RAM 8GB
DDR4 2400MHz, h¢ diéu hanh Linux.
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A. Cai dat thuc nghiém

Vi kho c6 thé xac dinh chinh xac trong s6 anh huong cia u ddi véi v, nén ching t6i can cir trén thyc nghiém
cia cac nghién cueu [9,17,18]: Mdi canh (u,v) c6 trong sb anh huong 1a: w(u,v) = 1/|Ni(v)|, nghia la:
2uen;, @) W, v) = 1; Chi phi loai bé nit c(v), v € V dugc khdi tao ngau nhién trong khoang [1.0, 3.0]; B6 ngudn
phét tan théng tin sai léch S gom cé 03 chu dé (g = 3), mdi chii d&& dugc lay ngau nhién 100 nat: [S;| = 100,1S,| =
100, |S;| = 100. Ngan sach B = 100, s6 budc lan truyén théng tin d = 6. Di voi thuat toan GA, ngudng kich hoat
dugc 1y ngau nhién y;: € [0,1] va phuong phap mdé phong MC duoc thyc hién 10.000 lan dé tinh xdp xi trung binh
mau; Poi vai thuat toan FGA, ngudng lan truyén g = 1/230 [19] cho tat ca cac chu dé.

Bang 1. Bang dix li¢u thuc nghiém

Sénat | Sbécanh | Baclén nhat Béc trung binh
NetHept[20] | 15K 31K 64 412
Epinions[21] 76K 509K 3079 11
Amazon[22] 262K 1.2M 425 9.4

B. Pdnh gid két qud

Céc thuat toan duoc danh gia dya trén hai tiéu chi: 1) Chat luong 10i giai (gia tri caa ham muc tiéu); 2) Thoi
gian chay cua thuat toan (tinh bang gidy). Chlng t6i so sanh thuat toan GA va thuat toan FGA véi hai thuat toan co
ban 13 Degree va Random. Thuat todn Degree: Chon nat cé bac 16n nhét thém vao tap A cho dén khi tong chi phi x6a
bo cac nat vuot qua B; Thuat toan Random: Chon ngau nhién cac nt trong gidi han ngudn ngan sach B.

1. So sanh chét luong 1o giai: Hinh 1 cho thay, hiéu sut thuat toan GA va FGA cao hon rat nhiéu so véi thuat
toan co s& la Degree va Random. Ngéan sach B cang ting va mang cang I6n thi sy vuot troi cang ro rang hon. Véi b
NETHEPTH, B = 20, hiéu suat cia GA, FGA gip 24 lan so véi Degree va Random; véi bo Amazon, B = 100, hiéu
sut thuat toan GA va FGA cao hon Degree va Random hon 500 14an. So sénh giita GA va FGA cho thay, véi chi phi
B tir 0 dén 40, FGA va GA xap xi bang nhau, v&i B > 40 hi¢u suat GA ludn cao hon hoic biang FGA, tuy nhién d6
chénh léch nay 1a khong dang ké, vi vay c6 thé két luan FGA c6 hiéu suit gan bang véi GA va gan dat xap xi 63,3 %.

MNETHEPTH EPINIONS AMAZON
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g -%- GA . o -%- GA Pa C 400| - GA H
£200] m roa S = rGA . 3 .| = FeA X><><
5 150 T s X
: : £ 200 =
E E m N
5 100 & g 528
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o 0000 TS ve P ee vl 0000000000009 0004 o 9000 tedd0edd0ddde
20 40 60 80 100 20 40 60 80 100 20 40 60
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Hinh 1. So sanh hiéu suét cua c4c thuat toan

2. So sanh thoi gian chay cua thuat toan: Hinh 2 cho thay, déi véi 03 bg dit liéu thuc nghiém, thoi gian chay
cua thuat toan Degree, Random 14 thap nhat do tinh don gian cua thuat toan. Thuat toan FGA, véi tinh toan ham muc
tiéu dya trén DAG c6 thoi gian chay xap xi thuat toan Degree va Random. GA t6 ra la thut toan c6 thoi gian chay cao
nhét. So sanh thoi gian chay gitra GA va FGA ta thiy khoang cach nay la qué xa. Vi bo Amazon, B = 100, thoi gian
chay cua GA la 60.000 gidy, trong khi bo dir liéu FGA chi mat 10 gidy dé thuc hién. Vi vay, déi véi mang Ion, thuat
toan FGA to ra vuot troi hon tt ca cac thuat toan khac.
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Hinh 2. So sanh thoi gian chay cua cac thuét toan

V. KET LUAN

Trong bai bao nay, chiing t6i d& xuét giai quyét bai todn ngan chin thong tin sai léch da chu d& trén mang xa hoi
truc tuyén MMBO, c6 xét rang bugc thoi gian va chi phi. Ching t6i chirng minh bai toan MMBO c6 d6 phiic tap NP-
khé va tinh toan ham muc tiéu trén d thi G 1a #P-kh6. Bé mo ta qua trinh lan truyén thong tin nhiéu cha dé trén MXH,
chiing téi xay dyng mé hinh MLT va mé hinh canh truc tuyén twong tng. Trén md hinh nay, ching t6i dé xuét thuat
toan GA theo chién lugc tham lam va thuat toan FGA la sy két hop gitra GA vdi vai trd anh huong cua cac nit va cap
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nhat nhanh ham muc tiéu trén DAG, thuat toan dwoc dé xuét cho hiéu suit cao hon cac thudt toan co sé 1a Degree va
Random. Do ham muc tiéu c6 tinh chat submodula nén higu suat GA dat xap xi (1 — 1/+/e) va vuot troi hon FGA, tuy
nhién do vuot troi nay 1a khong lon. Xét vé thoi thoi gian thi GA khdng thé ap dung cho cac mang xa hoi thuc. Thuat
toan FGA khong dat dén xap xi nhu GA, nhung c6 thoi gian chay da thiic, nén c6 thé 4p dung FGA cho cac mang Ién
dén hang tram nghin dinh va hang triéu canh. Thoi gian ti, ching toi tiép tuc nghién ctru né nang cao hiéu suit cua
FGA va cai tién thuat toan GA dé c6 thé &p dung cho cac mang xa hoi thuc.
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MULTI-TOPIC MISINFORMATION BLOCKING ON ONLINE SOCIAL NETWORKS
Pham Van Dung, Nguyen Thi Tuyet Trinh, Nguyen Viet Anh

ABSTRACT: In recent years, Online Social Network (OSN) is becoming the popular means of communication in the world.
In addition to the benefits that social media brings, it also allows the rapid spread of misinformation, which greatly affects users.
Limit order to prevent the effect of misinformation on OSN. In this paper, we propose a solution to find a node set that, when
removing them from the network, minimizes the effect of misinformation on the OSN with time and cost. Proven problem is NP-hard
even in cases where OSN is a tree root at the node that spreads the only misinformation and calculates the target function as # P-
hard even if the set needs to be deleted with only one node. We also prove the target function of monotone and submodular
properties, based on this property we propose the Greedy algorithm (GA) for the approximate ratio is . We continue to propose Fast
Greedy Algorithm (FGA) based on no cycle graph and the role influence of nodes, we show that target function calculation is done
in polynomial time and algorithm is The proposal is applicable to networks of up to millions of edges. Experiments conducted on
real-world datasets show efficiency and effectiveness of our proposed algorithm in comparison with other state-of-the-art algorithm.

Keyword: Optimization, Social networks, information diffusion, misinformation blocking.



