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Tém tit: Phat hién ngudn phat tin thong tin sai léch trén mang xa hdi truc tuyén déng vai tro quan trong trong viéc han
ché hanh vi sai trdi trén mang. Cic nghién cifu gan day cho thiy, phuong phdp dit mdy giam sit c6 thé phat hién ngudn
thong tin sai 1éch. Tuy nhién, khong thé dit mdy gidam sat d6i v6i tit cd ngudi dung mang vi ngan sich han ché.

Trong bai bdo niy, mot mang xa hoi dugc biéu dién bsi dd thi c6 huéng, méi ngusi dung 1a mot niit trén dd thi va phat
tan thong tin trén dd thi theo mo hinh Bac doc 1ap. Trén md hinh nay, gia st biét truSc tip nit nghi ngd sé& phét tdn thong
tin sai léch, ching toi dé xuit tim tip niit nhé nhit dé€ dit gidam st sao cho s6 nit bi phat hién dat it nhit mot ngudng
cho trudc. Ba thut todn xip xi dudc dé xuit, bao gdm: Tham lam, phat hién thong tin sai léch dua trén tip miu phat
hién va phat hién thong tin sai 1éch dua trén tip mau phat hién quan trong. Cic thi nghiém dudc thuc hién trén bo dit
liéu ctia mang xa hdi thuc cho thiy céc thuit todn clia chiing toi dé xuit vugt troi hon cac thuit toan khac ca vé hiéu suit
va thdi gian thuc hién.

T khéa: Toi wu héa, mang xd héi truc tuyén, phdt hién théng tin sai léch.

Title: Minimum Budget for Misinformation Source Detection in Online Social Networks with Guaranteed to Reach
at Least a Given Threshold
Abstract:  Detecting the source of misinformation on social media online plays an important role in curbing online misconduct.
Recent studies show that the monitoring method can detect the source of false information. However, it is not possible
to set the monitor for all network users because of the limited budget. In this paper, a social network is represented by
a directed graph, each user is a node on the graph and propagates information on the graph according to the Degree of
Independence model. On this model, assuming that we know in advance the set of suspected nodes will spread false
information, we propose to find the smallest set of nodes to set the monitoring so that the number of detected nodes
reaches at least a given threshold. Three approximation algorithms are proposed, including: Greedy, Misinformation
detection based on detection sample set and Misinformation detection based on important detection sample set. Tests
performed on real social network datasets show that our proposed algorithms outperform other base algorithms both
in terms of performance and execution time.
Keywords:  Optimization, online social network, misinformation detection.

I. GIOI THIEU anh hudng dang ké dén kinh t& va chinh tri, v.v.. [1-3]. Do
do, phat hién TTSL truéec khi nd giy ra hdu qua nghiém

Ngay nay, Mang xa hoi (MXH) da va dang trd thainh mot  trong 14 diéu hét stic can thiét. Mot s6 nghién cidu da chi ra
nén tang quan trong trong tuyén thong sb, c6 anh hudng rang TTSL c6 thé dudc phat hién bing hoc mdy dua trén
khong nhd dén ngudi ding. Bén canh nhiing 1¢i ich to 16n dic diém thoi gian, cAu tric, ngon ngii, noi dung bai ding,
thi MXH ciing cho phép phat tan thong tin sai léch (TTSL) V.v..[4-6]. Mot s6 khac dé xuit phat hién TTSL bing cach
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dit giam sit tai mot s6 nit quan trong, nhu phat hién dich
bénh [7], TTSL léch véi kich thude t6i thi€u [8, 9], phat
hién TTSL bing tiép can heuristic [10], v.v.. Nhiing nghién
cliu vé phat hién thong tin 1a tién dé quan trong dé gidi
quyét bai toan phéat hién va ngin chin TTSL trén MXH
[11, 11-15].

Mic du da c6 nhidu nghién citu dit mdy giam st dé
phét hién TTSL, tuy nhién viéc phat hién TTSL trén mang
c6 hang tram nghin ngudi dung la khong kha thi va khong
biét c6 thé dit bao nhiéu mdy gidm sat dé c6 thé phat
hién dugc TTSL va ciing khong thé dit giam sat voi tat
ca nguoi dung mang. Trong bai bdo nay, ching t6i nghién
clfu tim ra tip cic mit nhé nhit dé€ dit giam sat sao cho
cdc niit bi phat hién du kién (chiic ning phat hién) dat it
nhit mot ngudng cho trude trén md hinh Bac doc lap IC
(Independent Cascade) [16], bai toan dudc goi la: Ngin
sach t6i thiéu phat hién ngudn thong tin sai léch MBD
(Minimum Budget for Misinformation source Detection).
Nhitng déng gép cua bai bao nhu sau:

« Bai bdo chi ra raing MBD la bai toan NP-kh¢ trong

truong dat xap xi (1 — €)/nn. Ham phat hién c6 tinh
chit don diéu va submodular va tinh todn ham phat
hién la #P-kho.
Bai bdo d& xuit ba thuit todn x4p xi, bao gdm: Thuat
todn tham lam Greedy; Phat hién dua trén tip mau
SMD (Sampling based Misinformation Detection) va
Phét hién dua trén tip mau quan trong ISMD (Impor-
tant Sampling based Misinformation Detection).

Thyc nghiém dudc thyc hién trén bd dur liéu MXH thuc.
Két qué cho thiy cic thuit todn dugc dé xuit méi vuot troi
hon céc thuat todn khic ca vé hiéu suit va thdi gian thuc
hién. Bai bdo dudc trinh bay bdi 05 phan chinh: Phan I -
Gi6i thiéu, Phan II - M6 hinh va dinh nghia bai toan, Phan
IIT - D& xuit thuat todn, Phan IV - Thuc nghiém va danh
gia két qua, Phan V - Két luan.

II. MO HINH VA PINH NGHIA BAI TOAN

Trong phan nay, bai bdo gidi thiéu md hinh IC [16], day
l1a mo hinh dugc st dung phd bién trong cdc nghién ciiu
bai toan phat tan thong tin trén MXH va dinh nghia bai
todn MBD trén md hinh nay, cac ky hi€u st dung trong bai
bdo dugc thé hién trong Bang L.

1. M6 hinh bai toan

Trong bai bdo nay, ching t6i st dung md hinh IC dé
md ta phat tan thong tin trén MXH. Déc trung chinh cla
md hinh nay 1a qua trinh phat tin thong tin doc theo cac
canh ctia dd thi mot cach doc 1ap véi nhau. Trong md hinh
IC, mbi canh (u,v) € E dudc gan mot xdc suit dnh hudng
(Influence Probability) p(u,v) € [0, 1] bi€u dién miic do
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Bang I
BANG KY HIEU PAC BIET
Ky hiéu Dién giai
n,m s6 nut va sb canh ctia dd thi G

tap nuit vao va ra cua v

Nin(v), Nour (v)
S tap nut bi nghi ngd phat tan TTSL

A tap nut dat giam sat
D(A) ham anh hudng cuda tap nit A.
D(A) ham uéc lugng ctia D(A)
Cov(A, Rj) =min{l, |[ANR;|}
Covg(A) = Yr;er COV(A, Rj), s6 tap DS trong R dugc
bao phu bdi A
2
Ni(5, €) SN 10 (()/8), s6 tap DS tai budc i

e2(y-€y)

4nh hudng cla niit u véi nit v. Néu (u,v) ¢ E, thi p(u,v) =
0 va D' (G, S) 1a tap céc nit bi kich hoat b&i S tai thoi diém
t. Qua trinh phét tdn theo cac budc thoi gian 7 roi rac va
két thiic khi sau médi budc khéng cé mit nao dudc kich hoat
thém. Nghia 13, D'(G, S) = D'"'(G, S).

- Tai thoi diém ¢ = 0, tit ca cic niit trong tip nguodn
S = D°(G,S) déu c6 trang théi kich hoat.

- Tai thoi diém ¢ > 1, m6i nit u € D'"'(G, S) c6 mot
cd hoi duy nhét kich hoat dén niit v € N,,,; (1) v6i xac suét
thanh cong 13 p(u,v). Bién cb niay c6 thé dugc thuc hién
bing céach ap dung phép thit Bernoulli (Phép tung ddng xu
doc 1ap) véi xdc suét thanh cong 12 p(u, v). Néu thanh cong
ta thém v va tdp D'(G,S) va néi ring u kich hoat v tai
thoi diém ¢. Néu nhiéu nit kich hoat v tai thoi diém , két
qua tuong tu xdy ra, v dugc thém vao tap D' (G, S). Mot
nit & trang thai kich hoat, n6 sé gitt nguyén trang thai.

2. Pinh nghia bai toan

D€ phat hién thong tin sai 1éch, chiing tdi dé xuat phuong
phdp tim ra tdp cdc nit A d€ dit mdy gidm sit, sao cho
xdc suét phat hién thong tin sai 1éch dat ngudng y. Goi tap
S C V la tap céc nut bi nghi ngd phat tan thong tin sai 1éch,
tic 12 cic nit c6 kha ning 13 ngudn giy ra thong tin sai
léch. Mdi nit dudc phat hién 12 mot nguodn phét tan thong
tin sai léch véi xdc suat p(u) > 0.

Mo hinh IC tuong duong véi md hinh canh tryc tuyén
[16]. Theo d6, chiing ta c6 thé tao ra mot dd thi miu g tur
dd thi ban diu G dugc ky hiéu 1a g ~ G bing cach chon
tiing canh e = (u,v) € E ddc 1ap, v6i xac suit chon canh
1a p(u,v) va khong chon canh 1a 1 — p(u,v) Xéc suét tao
d6 thi mau g tif dd thi G la:

Prig~Gl= [| pw) [] (=pGuv)

ecE(g) ecE\E(g)

ey

Trong d6, E(g) 1a tip canh clia d6 thi miu g. Néu dit
thiét bi gidm sat tai nit v, né sé phat hién TTSL tli cc niit
dugc két ndi véi né. Goi dg(u,v), 1a khodng céch tir u dén



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

v, thi phdi mét dg(u,v) budc d€ phat hién thong tin @ u.
X4c sult d€ tap A phat hién ra thong tin tif nit u Ia:

D(A,u) = )" Prlg ~ GIR(A,g,u) 2)
g~G
vii:
1,néu d,(u, A) < oo,
R(A,g.u) = { £ 3)
0, ngugc lai

Trong d6, dg(u, A) = min,ea d(u,v), vi Xac sut phat hién
niit # 12 ngudn phat tin thong tin sai léch 1a p(u), nén xdc
suit phat hién clia gidm sit dit tai cdc nit cia tip A nhu
sau (ham muc tiéu):

D(A) = ) p(u) ) Prlg ~ GIR(A,g.u)

ues g~G

“

Bai todn Ngan sich tbi thi€u d€ phat hién ngudn thong tin
sai 1éch MBD dudgc dinh nghia nhu sau:

Pinh nghia 1 (MBD): Mot MXH cho bdi dd thi
G(V,E)) theo m6 hinh IC, Tap S C V la tap cac nuit dugc
nghi ngd 12 ngudn phét tan thong tin sai léch va mdi nit
u € S c¢6 xdc sudt p(u) > 0 1a ngudn thong tin sai léch.
Cho ngudng phat hién thong tin sai léch y > 0, bai toan
dit ra 12 tim tap nhé nhit cic nit A C V dé dit gidam sat
sao cho D(A) > y.

Khi céc nit c6 cung x4c suit 1a ngudn thong tin sai léch
thi gia ham phat hién ctia tip A bang gia tri anh hudng
clia A trén d6 thi ngugc lai [9]. Vi vdy, tinh toan Ham
anh hudng la #P-kho [17], suy ra tinh toan Ham phat hién
D(A) ciing la #P-khé. Dinh 1y 1 trong [18] da chiing minh
rang: MBD chi c6 thé dat xip xi (1 — €)lnn trit khi NP €
DTIME (n©loglogn),

III. PE XUAT THUAT TOAN

Trong phan niy, bai bdo udc tinh ham phat hién trén mo
hinh IC va dé xut cac thuat todn xAp xi, bao gdbm: Greedy,
SMD va ISMD cho bai toanMBD.

1. Uge tinh gia tri ham phat hién (ham muc tiéu)

Phuong phéap udc tinh ham phat hién D(.) dua trén tap
mau phét hién DS (Detection Sampling) dudc thé hién qua
dinh nghia sau:

Dinh nghia 2 (DS): Cho dd thi G = (V,E) trén md
hinh IC, dit p(S) = Y,csp(u). Goi R; 1a by mau phat
hién ngu nhién trén do6 thi G, R ; dudc tao nhu sau:

1) Chon nit ngudn u € V v6i xdc suét ﬁgg;

2) Tao mot do thi mdu g tr G, va trd vé tap R; la cac
niit c6 thé bat dau tir u trong g.

Nit u trong dinh nghia trén dudc goi la ngudn cla R;,
ky hiéu src(R;) = u. Q 1a khong gian xdc suat cta cdc bd
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DS, trong d6 xdc sudt tao R; v6i nit ngudn u (ky hiéu 1a
R;(u)) dugc tinh la:

g~G:R(Rj,g.u)=1

_plu)
p(S)

Pr[R;(u) ~ Q] Pr[g ~G] (5

Vé& co ban, vai trd ctia tip DS tuong tu nhu tip RR
(Reachable Reverse) dudc thiét 1ap trong viéc uc tinh ham

phat tdn [19-23]. Mot bién ngdu nhién X;(A) duge dinh
nghia nhu sau:

1, NéuRjﬂA;&(Z)

(6)
0, ngudc lai

Xj(A) = {
Tuong tu bd d& 2 trong [19], v6i moi tip nit A € V, va
ACV, g0i p(S) = Xyes p(u) ta co:

D(A) = p(S) - E[X;(A)] (7

2. Thuat toan Greedy

Thuit toan Greedy chon niit u cho vao tip A néu miic
ting 16n nhét trong viéc gidm hiéu suét trong mdi buéc,
dugc dinh nghia nhu sau:

6(A,u) = min(D(A U {u}),y) - D(A) ®)

cho dén khi D(A) > y — €, tuy nhién, khong thé ap dung
truc tiép thuat toan cho MXH vi tinh toan ham phat hién
la #P-kho. Vi vdy, bai bdo stt dung mé phdng Monte-Carlo
(MC) d€ u6c tinh ham phat hién dua trén xAp xi trung binh
mau clia cc 1an md phong.

Thuét toan 1: Thuit todn Greedy

Input: D6 thi G(V, E), tap ngudn S C V, ngudng y

Output: Tap nut dat gidm sat A

A« 0;

while D(A) <y — € do
u « argmaxyev\s(min(D(A U {v}),y) - D(A));
A — AU{u};

end

return A.

A O o

Theo két qua chiing minh ctia b8 dé 2 trong [24], thuat
toan Greedy cho ty 1& xap xi (1 — ln%) véi € € (0,v). Goi
R la thoi gian md phdng MC, do phiic tap cia Greedy la
O(Rnk), trong d6 k 1a sb vong lip trong thuét toan, n 1a
s6 dinh cta do thi.

3. Thuit toan dua trén tap mau phat hién - SMD

Thuit toan nay két hop hai ky thuat: (1) tao ra mot bo
cdc DS di 16n dé€ udc tinh chic ning phat hién bing cach
4p dung ly thuyét Martingale [25] va (2) st dung thuat todn
Greedy dé€ tim ra tip A du tot ddm bdo chét lugng 15i giai.



Ky hiéu Covgr(A) = Xg,er min{l,|A N R;| la s6 bo DS
trong R dudc pht bdi A. Chung ta thu duge udc lugng cla
D(A) tu R nhu sau:

vi s6 lugng b DS trong R dugc bao phi bdi A. Tit BS
dé 2 trong [18], chiing ta u6c tinh D(A) tir R nhu sau:

p(S)
IR
Vi Covg() la mot ham don diéu va submodular, D(.) ciing
c6 tinh chét tuong tu. Tap miu DS dudgc tao ra bﬁng thuat
toan 2. Pau tién, chon mot niit ngudn u véi xac suit 2 ES))
(dong 1). Sau d6 st dung hang dgi Q d€ luu tri cdc nut da
truy cap. Trong mbi budc, thuit toan chon mdt nit u trong
Q va thém no vao R;. Sau d6, chon tiing nit 1an can v véi
xdc suat p(u,v) theo md hinh canh truc tuyén (dong 8) va
dua vao Q. Qud trinh nay lip lai cho dén khi Q réng.

Dg(A) = =—>Covg(A) ©)

Thuét toan 2: Thuit toan tao miu phat hién DS
Input: D6 thi G(V, E), tap nguén S C V
Output: tp nut phat hién R;

1. Chon niit u € V véi xéc suat Pr[u] = g gi,
2. Queue Q « {u};

3. while Q chua réng do

4. | u—Q.pop();

5 RJ — RJ U {u},

6. foreach v € N, (u) \ R; do

7. if v ¢ O then

8 Chon niit v véi xac suat p(u,v);
9. if (v duoc chon) then

10. ‘ Q.push(v);

11. end

12. end

13. end

14. end

15. return R;.

Thuat toan SMD dudc thuc h2ién nhu sau: Pau tién, thuat
toan tao ra tap R chita N = % In(n/§) tap DS dam
bio xap xi (4, €) cho giai phdp téi uu A*, nghia la:

Pr(1+€)Dr(A") 2 Dr(A%) > (1 - €)Dg(AM)] 2 1-6
(10)

bing cach 4p dung 1y thuyét martingale [25]. Trong moi
vong lip chon nit u c6 gi4 tri ting 16n nhit ciia ham phat
hién 6(A, v) nhu sau:

5(A,v) =D(A U {u}) - D(A) (11)

Néu gidi phdp hién tai A dat gia tri D(A) > (y —ey) — €
thi thuat todn tra v& A. Mit khac, kiém tra s6 luong miu
hién tai c6 di cho lan lip tiép theo khong? Néu sb luong
mau van dd thi di chuyén vao cdc vong lip tiép theo. Néu
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s6 lugng mau khong di, sé tao thém (N; — N) bo miu mdi
(dong 13) va dit lai giai phdp hién tai A, tic 1a A «— 0
(dong 15). Thuat toan di chuyén dén budc tiép theo va chi
két thiic khi n6 dap ting dugc didu kién D(A) > (y—ey)—e.

Thuét toan 3: Thuét todn phat hién SMD
Input: G(V,E), S CV, y,tham sb €,6 € (0, 1)
Output: Tap nit dat giam sat A
. (2+5€)p(S)

L3 N« 2(7 ) In(n/é);

2. Tao tdp R chita N tap DS béi thuit todn. 2
3. A« 0

4. while True do

5. U < arg maxXyey\a (I@(A Uuv) — D(A))
6. A — AU{u};
7. if D(A) > (y — ey) — € then
8. return A;
9. else
10. i— |Al+1;
2+ € S
1. N; « ( 2(7 )ify))l (( )/6)
12. if N < N; then
13. Tao thém N; — N tap DS dua vao tip R;
14. N « N;;
15. A« 0;
16. end
17. end
18. end
19. return A.

4. Thuat toan dua trén tip mau quan trong - ISMD

Y tudng chinh ctia thut toan 1a sit dung cic miu phat
hién quan trong va ly thuyét martingale dé u6c tinh ham
phét hién. Trong thuit toan 4, d€ tao tip IDS, dau tién
chon niit ngudn IDS (dong 1). Sau d6, tinh todn xdc suét
Pr(E;],i=1,...,1(u) va chon mot nut ra u; trong N, (u)
v6i xdc sudt £ (;Ef)' I (dong 3). Didu nay sé dam béo ring
it nhat mot trong cic hang xém ctia u sé dugc kich hoat.
Cédc nit vy, v, ..., v -1 van khong ki kich hoat va cac nut
Vitl,...,v; sau d6 dugc kich hoat doc 1ap v6i xdc suit
p(u,v;) (dong 7). Phan con lai ctia thuét todn ndy tuong
tu nhu Thuat toan 2.

Chi tiét ctia ISMD dudc trinh bay trong Thuat toan 5.
Pau tién, ISMD tao bd IDS thay vi DS (dong 2) va st
dung chiing d€ udc tinh chiic niing phat hién. Thif hai, trong

2
mdi trinh ldp, SMD can % In(("})/6) bd DS nhung

. 2,
ISMD chi cin q(j;;—_)fy(f)ln(( )/6) ap IDS, véi (¢ < 1).
Goi M 1a thdi gian tao ra mot mau, Thuat todn 5 c6 do

phiic tap thsi gian 12 O (qzmaxp(S) In((, " )/5)6_2)M).

Imax
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Thuét toan 4: Tao miu phét hién quan trong IDS

Thuat toan 5: Thuit todn phdat hién ISM D

Input: D6 thi G = (V,E), tap nguén S C V
Output: Tap mau phat hiér} quan trong R;;
. Chon niit u € V véi xac suat Pr[u] = %f’(");
. Tinh Pr[E;],i=1...1(u);

. Chon niit v; € Ny (u) v6i xdc sudt “1Ed;

(u) °

- Rj—A{u,vi};
. Queue Q « {v;};
.for j=i+11t 1 do
Chon niit v; véi xdc suat p(u,v;);
if (v; dugc chon) then

‘ Q.push(vj), Rj — R; U{v;};
end

__
~ S ©

. end
. while O chua réng do
u — Q.pop();
foreach v € N,,;(u) \ R; do
if v ¢ O then
Chon niit v véi xdc suat p(u,v);
if (v duoc chon) then
Q.push(v);
Rj — R; U {v};
end
end

o —_ [
EEZxIan R ®0

22. end
23. end
24. return R;.

Cic thuat toan SMD va ISMD cung cip ciing mot két qua
ly thuyét, tuy nhién, tdng s6 mau ISMD st dung thip hon
SMD va thdi gian chay ctia ISMD it hon thsi gian cta
SMD. Nhén xét nay phii hop véi két qua thuc nghiém trén
céc tap dif liéu trong Phan V.

IV. KET QUA THUC NGHIEM

DE danh gia toan dién cdc thuit todn dugc dé xuit, thuc
nghiém tién hanh so sanh cdc thut toan dé xuét 1a Greedy,
SMD, ISMD véi nhau va so sanh véi cac thuit toan cd sG
phd bién 1a Deegre va Pagerank. Ngoai ra, SMD va ISMD
dugc so sanh vé6i thuat todan OPIM [22], thuat toan ldy miu
RR méi nhit cho bai todn Téi da héa dnh huéng. Di liéu
dugc 14y tit web: [http://snap.stanford.edu/data/] bao gom
cac OSN c6 quy mo tif hang nghin dén hang triéu canh,
cu thé 1a: Email-Eu-Core [26, 27], Wiki-Vote [28, 29], CA-
HepPh [27], Email-Eu-All [27]. Cac thuat todn dugc cai dat
bing ngdn ngit Python trén mdy tinh c6 ciu hinh: CPU Intel
Core i7 — 8550U 1,8Ghz, RAM 8GB DDR4 2400MHz, hé
diéu hanh Linux.

Input: G(V,E), S C V, ngudng v, €,6 € (0,1)
OUtPUt(in:l;@g rzt;t) dat gidm sat A;

L. N « %ln(n/é)i

. Tao tdp R chita N tdp mau phat hién IDS;

3. A« 0

while True do

5. U arg max, ey\A (D(A Uv) — ]f)(A));

[

ks

6. A — AU{u};

7. if D(A) >y — ey — € then
8. ‘ return A;

9. else

10. end

1. i— |Al+1;

2
12. N; « 4@+3€)p(S) In((7)/6);

eX(y-ey)

13. if N < N; then

14, Tao thém N; — N tip IDS thém vao tip R;
15. N « N;;
16. A« 0
17. end
8. end
9. return A.
Bang II
DU LIEU THUC NGHIEM
B dit liéu Niit Canh Kiéu Biac TB
Email-Eu-Core 1,005 25,571 C6 hudng 25,44
Wiki-Vote 7,115 103,689  C6 hudng 14,57
CA-HepPh 12,008 118,521 V6 hudng 9,87
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Email-Eu-All 265,214 420,045  C6 hudng 1,58

1. Cai dat thuc nghiém

Thuc nghiém dua trén mo hinh Trivalency [6, 16, 23, 30]
dé chon trong s clia cac canh. Xac suit dnh hudng dugc
chon ngiu nhién ti tip dudc xdc dinh trudc, trong thuc
nghiém nay, ta chon p(u,v) € {0,001,0,01,0,1}. Y tudng
ctia mo6 hinh nay 1a cdc canh c6 trong s6 0,001 thi nut
dau dugc coi 1a c6 miic do anh hudng thip, 0,01 tuong
tng véi mic anh hudng trung binh va 0, 1 anh huéng mic
cao. Tham s dau vao dugc chon nhu sau: 6 = 1/n theo
céc nghién citu [20-23]. C4c nit nghi ngd duge chon ngiu
nhién véi kich thuée n/2 va xac suit p(u) dude chon ngiu
nhién trong [0, 1]. Ngudng y va tham s6 e dugc chon tiy
thudc vao quy mo cta mang. Ky hiéu ¥ = y/p(S) phan
dnh mbi quan hé giita y va p(S). Gi4 tri clia cac tham sb
nay dudgc md ta trong Béang III. Trong thuit toan cd sd,
phuong phap Monte Carlo dudc st dung 10.000 1an d& udc
tinh ham phat hién. Dbi v6i mbi thuit todn, chay 10 lan dé
lay két qua trung binh. Thoi gian chay ctia mdi thuat todn



dugc gidi han trong vong 24 gid.

Bang III
THAM SO PAU VAO CHO CAC MANG
Bo dur liéu p(S) ¥ €
Email-Eu-Core 249,33 1,0 0,01
Wiki-Vote 1784,78 02 0,01
CA-HepPh 300929 02 0,01
Email-Eu-All 171217 0,1 0,1

2. Panh gia két qua
a) So sdnh hiéu sudt thudt todn

Hiéu suit ctia cic thuit todn dugc xac dinh bang kich
thudc ctia tap mit dit gidm sat. Thuat todn t6t hon tra vé tap
niit dit giam sat kich thuc nhd hon. Hinh 1 cho thiy SMD
va ISMD c6 cung hiéu suit vudt troi hon nhiéu cac thuat
toan khac trong moi truong hgp, gia tri cia ¥ cang 16n
thi khodng cach vudt cang 16n. Cu thé, véi cling gia tri P,
SMD va ISMD tbt hon OPIM t6i 3,9 1an, t6t hon Greedy
2,3 lan. C4c thuit todn tic gia dé xuit ciing tot hon nhiéu
1an so véi cdc thuat todn co s 1a Degree va Pagerank. Diéu
nay chiing td riang thuit toan SMD va ISMD c6 hiéu suét
tot hon cac thuit toan khac. Ngoai ra, viéc udc luong gid
tri ham phat hién bang cac b mau DS va IDS cho két qua
tét hon so v6i md phong MC trong thuat toan Greedy.

Email-Eu-Core

Wiki-Vote
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Hinh 1. So sanh hiéu suét thuat todn

b) So sdnh thoi gian chay thudt todn

Trong thuc nghiém nay, thdi gian dudc tinh bing gidy
(s). Hinh 2 cho thiy, thdi gian chay ctia thuat toin SMD
va ISMD déu vuot troi hon dang ké so v6i cac thuat todn
con lai. Trong d6 SMD, ISMD nhanh hon OPIM téi 1,5
lan trén hau hét cic mang, OPIM chi cho thoi gian t6t
hon trén mang Email-Eu-Core. Piéu nay 12 do OPIM mét
nhiéu thdi gian d€ tim kiém nhi phan cho céc giai phap. So
v6i Greedy, SMD nhanh hon Greedy t6i 10,2 1an va ISMD
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nhanh hon Greedy t6i 12,4 1an. Di v6i cdc mang 16n nhu
Email-Eu All Greedy khong thé hoan thanh trong thdi gian
gidi han (24 gid) trong khi cac thudt toan SMD va ISMD
van hoat dong va cho két qué t6t. Piéu nay cho thdy viéc
u6c lugng ham phat hién bang DS va IDS nhanh hon so véi
viéc st dung phuong phap mo phong Monte Carlo truyén
théng ciia Greedy. So sanh riéng SMD va ISMD thi thoi
gian chay trung binh ctia ISMD nhanh hon SMD t6i 1,4,
nguyén nhan chinh 1a do s lugng mau yéu ciu ctia ISMD
thip hon so v6i SMD. Céc thuit todn co s6 c6 thdi gian
chay nhé nhit vi chiing 1a céc thut toan heuristic don gin
v6i do phic tap thap.

Email-Eu-Core Wiki-Vote
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Hinh 2. So sanh thdi gian chay thuat toan

V. KET LUAN

Trong bai b4o nay, bai todn Ngan sach tdi thiéu phat hién
ngudn thong tin sai 1éch MBD dudc nghién citu nhim muc
dich tim ra tip hogp cdc nit nhé nhit dé dit giam sat sao
cho phat hién dudc thong tin sai 1éch tu cac nut bi nghi
ngd, chiic ning phat hién du kién didm béo dat it nhat mot
ngudng cho truéc y > 0. Trén md hinh IC, bai bio dé
xudt 03 thudt toan xip xi d€ giai quyét bai toan MB, bao
gdm: Greedy, SMD va ISMD. Thuc nghiém cho thiy thuat
todn SMD va ISMD vugt trdi hon céc thuat toan khac. Tuy
nhién, thoi gian thuc hién thuét toan chua that su t6t dé ap
dung cho cic mang c6 quy mo hang triéu dinh va canh.
Thdi gian tdi, ching t6i nghién citu cai thién thdi gian chay
clia cac thut todn dé c6 thé d4p dung cho cac mang 16n hon.

LOI CAM ON

Cong trinh nay dudc hd trd béi Vién Han 1am Khoa hoc
va Cong nghé Viét Nam, ma dé tai: VASTO01.05 / 21-22.
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