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MOT PHUONG PHAP NGAN CHAN
THONG TIN SAI LECH LAN TRUYEN
TREN MANG XA HOI TRUC TUYEN

Vi Minh Manh
Hoc vién Cong nghé Buu chinh Vién thong

Tom tdt—Mang xa hoi truc tuyén da tré thanh cong
cu hitu dung giiip con ngudi chia sé va trao ddi thong tin
mot cach nhanh choéng, tién l¢i. Bén canh nhirng nguon
thong tin chinh théng, tin ciy ciing c¢6 nhitng théng tin
gia mao, sai su thét (goi chung 1a thong tin sai 1éch) lan
truyén nhanh va rong rai trén mang xa hoi. Thong tin
sai léch ¢ mot mu’c do nao do se gay ra nhu’ng ton hai t6i
cdc ca nhéan va td chic khi tlep nhén va cé thé din téi
hoang loan trong xa hoi. P& ngin chin hiéu qua thong
tin sai léch lan truyén trén mang xa hoi, mot phu’ong
phap thuong ap dung la chon ra mot s0 ca nhan cé
anh huéng trong mang dé lan truyen thong tln chinh
thong, tin ciy (goi chung la thong tin ding) nham khi
nhlém/dmh chinh thong tin sai l1éch. Tuy nhién cac nghlen
cifu nay déu gia dinh rang chi phi bo ra d€ cac ca nhéan
c6 anh hudng lan truyen thong tin ding 1a nhu nhau va
mic lgi ich khi nhung ngusi dung khong bi tac dong
bdi thong tin sai léch 1a bang nhau. Bai bdo nay nghién
citu bai toan téng quat hon khi xem xét chi phi b6 ra dé
lan truyén théng tin ding va mic lgi ich thu dugc khi
nguoi dung khong bi anh hudng cta thong tin sai 1éch
la khac nhau. Ching tdi da chi ra ham muc tiéu ctua bal
toan khong con tinh don diéu tang, do vay dé giai quyet
thach thitc méi nay ching t01 da dé xut mot thuat toan
tham lam kép véi ky thuat cit tia khong gian tim kiém.
Két qua thuc nghiém trén cac bd dit liéu mang xa hoi da
chitng minh dugc tinh hiéu qua cia thuit toan dé xuét.

Tir khoa—Lan truyen thong tin, M6 hinh lan truyen,
Téi da héa ngan chan anh hudng, Thuit toan xap xI.

I. MO PAU

Su lan truyén cla thong tin trén mang xa hdi truc
tuyén dudc hiéu 1a qua trinh thong tin bat diu tir mot
s6 ngudi dung trén mang xa hoi lan truyén t6i nhiing
ngudi dung khac thong qua cac hanh vi xa hoi nhu chia
sé, thich, nhan tin. Trudc nhiing tic dong clia mang xa
hdi trong qua trinh lan truyén thong tin, c6 ba 16p bai
toan quan trong dudc quan tim nghién ctu gom (1)
mo hinh héa qua trinh thong tin lan truyén, (2) téi da
héa viéc lan truyén thong tin ding, tich cuc téi nhiéu
ngudi dung, chang han nhu chién dich quang cdo san
phdm méi clia mdt cdng ty va (3) ngin chin sy lan
truyén cla thong tin sai 1éch.

Tac gia lién hé: Vi Minh Manh,
email: manhvm@ptit.edu.vn

Dén tda s0an:10/2023, chinh stta: 11/2023, chip nhan ding: 12/2023.

Déi v6i 16p bai toan (3), c6 nhiéu giai phap dudc dé
xudt nham ngin chin thong tin sai 1éch lan truyén nhu
st dung phuong phap dat mdy gidm sdt [1], [2] tai mot
s6 dinh/canh ctia mang, phuong phap tiém vdc xin [3],
[4], [5] hodc phuong phap st dung théng tin ding dé
kht nhiém/dinh chinh théng tin sai 1&ch [6], [7], [8],
[9]. V&i cach tiép can st dung thong tin diing, muc
tiéu ctia cc nghién citu nham tim ra mot tip k ngudvi
ding c6 "4nh huéng 16n" trong mang xa hoi dé bat
dau lan truyén thong tin ding canh tranh anh hudng
v6i thong tin sai léch. VAn dé nghién ctiu nay dudc
xdy dung du6i dang bai toan tdi uu t& hdp goi tén la
T6i da héa ngin chin anh hudng (Influence Blocking
Maximization-IBM).

Tuy nhién, cic nghién ctiu lién quan dén bai todn
IBM déu gia dinh ring chi phi dé nhiing ngudi dung
c6 anh hudng lan truyén thong tin ding 1a nhu nhau,
ddng thoi déu cb dinh truée téng chi phi hay mic ngan
sach can bo ra cho chién dich lan truyén thong tin dl’lng
Trén thuc té, chi phi nay 1a khong gidng nhau, chang
han chi phi ma mot cong ty can chi trd d€ mot ngum
néi tiéng, nhidu ngudi theo doi trén mang xa hoi truyén
tai thong tin diing hay thong tin tich cuc vé san phim sé
cao hon v6i mot ngudi dung binh thudng khac. Ngoai
ra, cic nghién ctiu truéc d6 déu gia dinh mic Igi ich
thu vé khi nhiing ngusi ding khong bi tic dong béi
thong tin sai 1&ch 1a bang nhau nhung né c6 thé khac
nhau v6i nhiing ngudi dung. Vi du nhu toan bd khéch
hang cia mot cong ty dugc chia thanh cac phan khuc
khac nhau theo miic thu nhip, kha nang chi tiéu mua
sam. Do d6 v6i nhiing khach hang & phan khic thu
nhap, chi tiéu mua sam cao khi dudc cai chinh thong
tin sai 1éch, tiéu cuc vé san phim sé mang lai loi ich
16n hon nhitng khach hang & phan khic thu nhép, chi
tiéu mua sam thip. Véi cach tiép can nhu trén thi miic
ngan sach chi tiéu cho chién dich lan truyén thong tin
ding can dugc tinh todn gifta hai dai lugng: chi phi
phéi bo ra va 1oi ich thu vé&. Néu ngan sich dudc dit
qua thip, c6 thé khong tao ra miic do lan truyén thong
tin ding nhu mong mubn dé tdi da héa Igi ich thu
vé. Ngudc lai khi ngan sach dugc dit qué cao, 1di ich
thu vé ctia chién dich lan truyén thong tin ding c6 thé
khong bl dugc chi phi can bd ra. Vi vay, 1am thé nao
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dé x4c dinh dudc miic ngan sich t6i uu 1a mot bai toan
kh6 can phai gidi quyét.

Trong bai bdo nay, chung téi nghién cdu bai toan
IBM & dang t8ng quit hon khi xem xét chi phi bd ra
d€ lan truyén thong tin ding vA mic lgi ich thu dudc
khi ngudi dung khong bi anh hudng cla thong tin sai
1éch 1a khac nhau. L¢i nhuan ctia chién dich lan truyén
thong tin ding dudc tinh bang tdng 10i ich thu vé trir
di téng chi phi bd ra. Muc tiéu clia nghién ctiu nay
cAn tim ra tap ngudi dung lan truyén thong tin ding
nhiam t6i da héa 1¢i nhuan thu vé sau chién dich. Pay
12 bai toan tdi vu va ham muc tiéu cla bai toin dudc
chiing minh khéng con tinh don diéu do vay véi cach
tiép can truyén thong d€ gidi quyét bai toan mdi dit ra
khong con phu hgp.

II. CAC NGHIEN CUU LIEN QUAN

Kiém soat thong tin sai 1éch lan truyén trén mang
xa hoi 14 bai todn nhan dudc nhiéu sy quan tim trong
cong déng nghién cuu [1], [2], [3], [4], [5], [6], [7],
[81, [9], [10], [11], [12]. C6 hai muc tiéu chinh trong
viéc kiém sodt thong tin sai léch gébm: phat hién ngudn
phat tan thong tin sai 1éch va ngdn chdn thong tin sai
léch lan truyén.

Véi bai toan phat hién ngudn phat tin thong tin sai
léch, mot s6 nghién ciu dé xuét gidi phap phat hién
thong tin sai léch bang hoc mdy dua trén dic trung ngit
nghia clia vin ban, tinh chit cd phdp ciia vin ban, dic
diém thoi gian va ciu tric mang [10], [11]. Nguyen
[12] da nghién ctiu bai toan xdc dinh & ngudn phat
tan thong tin sai 1éch kha nghi nhit t tap ngudi dung
bi dnh hudng bdi thong tin sai léch cho trudc. Ho da
chiing minh bai todn thudc 16p NP-khé, dong thai dé
xuét hai thuét toan dua trén cach tiép can heuristic va
tiép can x4p xi dat ti 1& tdi vu (1 — 1/e — ¢).

Trén co s& cic nghién ctiu vé xdc dinh ngudn phat
tan thong tin sai léch, mot s6 tic gid dé xudt cc giai
phép ngin chin thong tin sai 1éch lan truyén [1], [2],
[31, [41, [5], [6], [7], [81, [9]. Zhang [1], [2] nghién citu
bai toan ngin chiin thong tin sai 1éch lan truyén tir tap
nguodn biét trudc téi cac dinh quan trong can bio vé
bing cach dit cic mdy gidm sdt tai mot s6 dinh/canh
clia mang. Mdy gidm sdt c6 thé phat hién va ngin chin
thong tin sai léch lan truyén trén dinh/canh dugc dit
mdy gidm sdt. Cac tic gia dé xuit thuat toan heuristic
dua trén md phéng Monte-Carlo cho hiéu qua t6t. Duéi
gbc do dich t& hoc, mot sb tac gia st dung phuong phap
tiém vdc xin vao tap cac dinh/canh dé€ mién nhiém véi
cdc thong tin sai 1éch sao cho 4nh hudng clia ngudn
phét tdn thong tin sai 1éch cho trudc 1a cuc tiéu [3],
[4], [5]. V& ban chit, cic phuong phap tiém vdc xin
hoic dit mdy gidm sdt trén tap dinh/canh déu tuong
duong véi viée loai bd tip dinh/canh d6 ra khdi mang.

Mot s6 nghién ciu dé xuit gidi phdp ngin chin
thong tin sai léch lan truyén bang cach st dung thong

tin ding dé€ khir nhiém/dinh chinh thong tin sai lé&ch
[6], [7], [8], [9]. Budak [6] da d& xuit md hinh tﬁng
doc lap da chién dich gdm chién dich phd bién thong
tin ding va chién dich phd bién thong tin sai léch cling
lan truyén canh tranh véi nhau, trén co s do thuét toan
tham lam da dudc dé xuét nhidm khai thac thudc tinh
sub-modular cia ham muc tiéu. Zhang [7] nghién ciu
bai toan han ché thong tin sai 1éch dusi mo hinh kich
hoat canh tranh va d& xut thuit toan hiéu qua dé tim
ra cdc dinh lan truyén thong tin ding dua trén vai tro
trung tdm cua dinh trong mang. Nguyen [8] nghién
ciu bai toan ngan chén thong tin sai 1éch v6i hai mo
hinh ting doc 1ap va ngudng tuyén tinh trong d6 xem
x€t ca hai trudng hgp cac dinh phat tan thong tin sai
léch ban diu cé thé biét trudc hoic chua biét trude.
He [9] nghién ctu bai toan t&i da héa viéc ngin chin
anh hudng cla thong tin sai 1éch duéi mo hinh ngudng
tuyén tinh canh tranh 12 md rong cia mo hinh ngudng
tuyén tinh, dong thdi dé xuit thuat heuristic CLDAG
nham khic phuc nhugc diém vé thdi gian thuc thi cham
cua thudt toan tham lam.

Céc nghién citu trong [6], [7], [8], [9] chi dung lai
& viéc xem xét cac chi phi lua chon dinh dé€ lan truyén
thong tin ding 1a bang nhau va coi 1¢i ich thu dugc
clia cdc dinh khi dugc khit nhiém/dinh chinh thong tin
sai 1éch la nhu nhau. Trong bai bdo nay, chung t6i mé
rong bai toan Toi da héa ngin chin thong tin sai 1éch
khi xem xét cic chi phi va 1¢i ich thu vé 14 khic nhau.

III. NEN TANG LY THUYET
A. MO HINH LAN TRUYEN THONG TIN

Trén mang xa hoi truc tuyén, thong tin lan truyén tir
ngudi ding nay dén ngudi dung khic thong qua nhiéu
hoat dong tuong tac nhu ding bai, chia sé, thich, binh
luan, nhan tin. Md hinh héa qué trinh thong tin lan
truyén 13 mot chii dé nhan dudc nhiéu su quan tim. Pa
c6 nhiéu md hinh dugc d& xuét, trong s d6 hai mo
hinh tang doc 1ap (Independent Cascade-IC) va ngudng
tuyén tinh (Linear Threshold-LT) do Kempe [13] d&
xuét dugc dung rong rai trong nhiéu nghién ciu. Hai
mo hinh nay 12 cdc md hinh ngiu nhién mé ta qua trinh
thong tin lan truyén tif nhitng ngudi ding dau tién ding
tai thong tin t6i nhiing ngudi dung khac trong mang.

Trong mo hinh IC va LT gia dinh ring thong tin lan
truyén trén céu tric do thi tinh va theo cic budc thdi
gian roi rac. Tuy nhién & cac mo6 hinh nay chi nghién
clfu sy lan truyén ctia mot thong tin, quan diém. Trong
thuc té sé c6 nhiing thong tin, quan diém trdi ngudc,
phan bac nhau, canh tranh anh hudng trén mang xa
hoi, chang han nhu hai cong ty cling ban mot dong
san pham sé c6 nhiing chién dich quang cdo canh tranh
nhau d€ thu hit su chd y clia ngudi diung trén mang
hodc viéc cdc c¢o quan chinh phii ¢b ging lan truyén
thong tin ding d€ cai chinh, chéng lai nhiing thong tin
sai 1&ch. Trong bai bdo niy, chiing toi xem xét van dé
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trén mo hinh lan truyén ngudng tuyén tinh canh tranh
(Competitive Linear Threshold-CLT) [9] 1a m& rong
ctia md hinh LT véi gia s ring ca thong tin ding va
thong tin sai lé&ch clng lan truyén trén mot mang xa
hoi truc tuyén.

Trong mo hinh CLT, mdt mang xa hoi dugc md hinh
héa dusi dang do thi c6 huéng G = (V, E) trong d6
V 1a tap dinh biéu dién nhiing ngudi dung trén mang
xa hoi va F 1a tap canh c6 huéng biéu dién mdi quan
hé gitta nhiing ngudi dung.

MJdi ngudi ding sé nhan mot trong ba trang thai: kich
hoat dm, kich hoat duong va khong kich hoat. Trang
thdi kich hoat dm biéu thi ngudi ding bi dnh hudéng
clia nguodn thong tin sai léch, trong khi d6 trang thai
kich hoat duong biéu thi ngudi dung bi 4nh huéng ctia
ngudn thong tin ding. Trong trudng hop ngudi dung
khong bi anh hudng bdi ngudn thong tin sai léch va
thong tin ding sé dugc bi€u thi bdi trang thdi khong
kich hogt. M6 hinh CLT gia dinh ngudi dung khi nhan
trang thai kich hoat duong hoac kich hoat dm s€ khong
thay ddi trang thai nay trong sudt qua trinh thong tin
lan truyén.

MBbi canh (u, v) c6 hai trong s6: trong s6 anh hudng
am w,, € [0, 1] bi€u thi mic do dnh hudng thong
tin sai léch ctia ngudi ding v dén ngudi dung v va
trong sd anh hudng duong w;, € [0, 1] biéu thi mic
dd 4nh hudng thong tin ding cia ngudi dung v dén
ngudi dung v. Quy udc rang, mbi dinh v € V déu c6
Ywey Wy < 1vad —wi < 1; moicanh (u,v) ¢
E thi w,, =0 va w}, = 0.

Mbi dinh v € V' ¢6 hai ngudng kich hoat 6, va 6,
bi€u thi ngudng "chiu dung" clia ngudi ding trudc su
anh hudng cla thong tin sai 1éch va thong tin ding tu
nhiing ngudi dung hang xém khéc. Khi anh huéng tu
nhiing ngudi dung hang xém 16n hon ngudng kich hoat
thi ngudi ding d6 sé tiép nhan, chiu anh hudng cta
thong tin hay goi 12 bi kich hoat. Do thiéu thong tin
vé ngudng ctia mdi ngudi diing trong mang xa hdi nén
trong md hinh nay cic gia tri nguéng dudc lya chon
ngiu nhién, doc 1ap phan bd déu trong doan [0, 1].

Gia dinh thong tin lan truyén theo cic budc thdi gian
i rac t = 0,1,2,... O bude t = 0, ky hiéu Ny va P,
12 hai tp dinh nguodn lan truyén thong tin sai léch va
thong tin ding tuong tng. Ky hiéu S, , S;" 1a tap dinh
6 trang thai kich hoat dm va kich hoat duong & thoi
diém ¢ —1 trong d6 S; = Ny va S = Py. O cdc bude
thai gian ¢ > 0, mot dinh v bi kich hoat bdi thong tin
sai léch néu tong trong sb anh hudng am tir cic dinh
hang x6m kich hoat dm 16n hon gia tri ngudng 6., tic
la ) o S, Wuy = 0,5 tuong ty v bi kich hoat bdi
thong tin ding néu Duest Wiy = 0 néu dinh v
dudc kich hoat béi ca thong tin sai léch va thong tin
diing thi kich hoat clia thong tin sai léch sé chiém uu
thé va dinh v nhan trang thai kich hoat dm. Quy tic
nay dugc nghién ctu ky ludng dudi géc do tam ly xa

hoi khi con ngudi ¢6 xu hudng tin vao cac thong tin
sai léch khi dong thdi nhan dugc ci ngudn thong tin
ding va thong tin sai léch. Qua trinh lan truyén thong
tin ditng lai néu khong c6 thém dinh ndo dugc kich
hoat thém.

B. PO KHO BAI TOAN LAN TRUYEN THONG TIN

Cidc bai toan lan truyén thong tin (2), (3) (d& cap
trong Phan I) dudc xdy dung dudi dang cic bai toan
t6i uu t& hop. Hau hét trong sd chiing déu thudc 16p
céc bai toan NP-khé va NP-ddy dii, dong thdi viéc tinh
toan ham muc ti€u trong cac bai toan nay thuong c6 do
kho 12 #P-khé. D€ tim 16i giai cho nhiing bai todn nay,
thuat toan tham lam thudng dudc st dung. Néu ham
muc tiéu cua bai toan cd tinh don di€u ting va tinh
sub-modular thi thuit toan tham lam sé€ cho 16i giai
dat ti 1& t6i uu 1 —1/e. Day 1a hai tinh chit quan trong
ctia hAm muc tiéu cAn phai xem xét khi gidi quyét cac
bai todn lan truyén thong tin.

Goi S va T 1a hai tap hgp théa man S C T C V.
Ham f(S) 1a mot ham cta tap hgp vita c6 tinh don diéu
ting vita c6 tinh sub-modular néu théa man diéu kién
f(S) < f(T),vave V\Ttacéd f(TU{v})—f(T) <
fF(SU{v}) = £(9).

IV. BAI TOAN TOI PA HOA NGAN CHAN ANH
HUONG CUA THONG TIN SAI LECH

A. PHAT BIEU BAI TOAN

Nhu di thao luan, hau hét cac nghién cifu lién quan
dén bai toan t6i da héa ngin anh hudng clia thong tin
sai 1éch déu tap trung vao viéc tim tip ngudi dung cé
kich thuéc cb dinh k cho trudc d€ lan truyén thong
tin diing, trong d6 gia dinh ring chi phi d€ lan truyén
thong tin ding va 1gi ich khi ngén chan dugc anh hudng
cua thong tin sai 1éch trén cac ngudi dung l1a nhu nhau.

Trong bai bao nay, chung t6i nghién ctu bai toan
tong quat hon vdi gid st ring mdi ngudi ding v € V
s& can mot chi phi ¢(v) cho viéc lan truyén thong tin
ding va b(v) la muc 1¢i ich thu dugc khi khong bi anh
hudng cua thong tin sai 1éch. Ngoai ra trong nghién ciu
nay, sé lugng ngudi ding ban dau lan truyén thong tin
ding s& khong bi cb dinh truéc.

Ky hiéu Py va Ny 1an lugt 12 hai tip ngudi dung lan
truyén thong tin ding va thong tin sai léch ban dau;
IB(Py) la tap hgp ngudi dung dugc bdo vé hay tép
ngudi dung khong bi anh hudng bdi thong tin sai 1éch
khi trién khai chién dich lan truyén thong tin ding; nhu
vay I B(P) 1a tip ngudi dung c6 thé bi 4nh hudng bsi
thong tin sai léch néu Py = () nhung sé khong bi 4nh
huéng tir thong tin sai léch néu c6 chién dich lan truyén
thong tin ding tit tap Po; 6(FPpy) va o(FPp) lan lugt 1a
tdng chi phi can bd ra va téng 1gi ich thu dudc ctia
chién dich ngin chin thong tin sai léch.

Ta c6: 6(Fy) = > ,cpclv) va o(F) =
2verB(py) b(©)

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG

127


ILC
Line


SO 04 (CS.01) 2023

MOT PHUONG PHAP NGAN CHAN THONG TIN SAI LECH LAN TRUYEN TREN MANG XA HOI TRUC TUYEN

Goi ¢(Py) 1a 1¢i nhuan thu dugc cla chién dich lan
truyén thong tin diing, dudc tinh bang tdng 10i ich thu
vé tri di tdng chi phi bd ra, tic 1a ¢(Py) = o(Py) —
5(Po).

Muc ti€u nghién ciu cua ching toi 1a tim tip ngudi
ding P, lan truyén thong tin ding dé t6i da héa ham
1¢i nhuin ngédn chin théng tin sai léch ¢(P,). Ching
t6i goi van dé nay 12 bai todn IBM++.

B. PO KHO BAI TOAN

Dinh Iy 1. Trén m6 hinh lan truyén thong tin CLT,
bai toan IBM++ thudc 16p bai toan NP-kho.

Chitng minh. Bai toan IBM da dugc He [9] chiing
minh thudc 16p NP-khé. Chiing ta thiy ring, khi c(v) =
1 va b(v) =1 Vv € V thi bai toan IBM++ trd thanh
bai toan IBM. Do vay, bai toan IBM++ cling thudc 16p
NP-khé.

C. TINH CHAT HAM MUC TIEU

DPinh ly 2. Ham muc tiéu ¢(.) ¢6 tinh sub-modular
néu ham o(.) ¢6 tinh sub-modular.

Chiing minh. Néu ham o(.) ¢6 tinh sub-modular, tiic
la véi bait ky tip hop S C T C Vvav € V\T ta
c6 o(TU{v}) —o(T) < o(SU{v}) —a(S). Do do,
O(T U {o}) — o(T) = o(T U {v}) — 8(T U {v}) —
(o(T)=0(T)) =c(TU{v}) —o(T) —c(v) <o(SU
{v}) — o(9) — c(v) = (S U {v}) — ¢(5). Dicu nay
ching t6 ham ¢(.) ¢6 tinh sub-modular.

Pinh ly 3. Ham Igi ich o(.) ¢6 tinh sub-modular
du6i mo hinh lan truyén thong tin CLT.

Chitng minh. He [9] da chiing minh m6 hinh do thi
canh truc tuyén tuong duong véi mo hinh CLT, tic 1a
phan bd clia cic dinh & trang thai kich hoat dwong va
kich hoat dm trén hai md hinh nay tuong dudng nhau.

Tir d6 thi mang xa hoi G = (V, E), ching ta xay
dung doé thi canh truc tuyén g nhu sau: véi mdi dinh
v € V, tao ra duy nhit mot canh dwong (u,v) véi xic
suit w;, va khong cé canh duong nao dugc tao véi
xdc sudt 1 — 3 wi; tuong ty tao ra duy nhit mot
canh dm (u,v) v6i xdc suat w;, va khong c6 canh dm
nao dugc tao voi xdc sudt 1 — Y . wy,. Trén do thi
g, thong tin ding va thong tin sai léch sé lan truyén
trén cac canh duong va canh dm tuong dng.

Ky hi¢u I B, (P,) la tap hgp ngusi dung duge bao vé
trudc 4nh hudng ciia thong tin sai 1éch khi trién khai
chién dich lan truyén thong tin ding trén do thi g. Tong
lgi ich thu dugc véi chién dich lan truyén thong tin
dung trén g duge xdc dinh oq(FPo) :,EUHBH(PU) b(v).

Trén moéi do thi g, tinh chat sau da dugc
chiing minh trong [9]: v6i mdi tdp hop S C
T C Vvav e VT tacéd IB,(T U {v}) \
IB,(T) C IB4(SU{v})\IB4(S). Nhu véy ta s€ co:
Z'UEIBQ(TU{'U})\IBg(Tg(U) = ZUGIBg(TU{U}) b(v) —

velBy(T) W\ vET By (SU{vH\IB,(S) b\ v) =
2 vern, sufop PW) = Xuerp,(s) b(v). Dicu nay

tuong ducng véi o4 (TU{v})—0y(T) < og(SU{v})—
04(5), tiic 1a ham o4(.) c6 tinh sub-modular.

Vi mbi d6 thi G c6 thé sinh ra nhiéu dd thi g, goi
p(g) 1a xdc sut d thi g dugc sinh ra. Ham tSng 1¢i ich
o(Pp) trén do thi G dugc tinh todn nhu sau: o(Pp) =
>, 0(9).04(Fo). Do p(g) > 0 va ham ogy(.) c6 tinh
sub-modular nén ham o(.) cling cé tinh sub-modular.

T Pinh ly 2 va Binh 1y 3 chiing t6 ham muc tiéu
¢(.) cua bai toan IBM++ c6 tinh sub-modular trén mo
hinh lan truyén thong tin CLT, tuy nhién ¢(.) khong
¢6 tinh don diéu ting do ¢(Py U {v}) — ¢(Po) cb thé
mang gi4 tri am néu loi ich gia ting thém khi bd sung
v vao tdp Py nho hon chi phi ¢(v). Day la mot thach
thic méi khi giai quyét bai toan IBM++.

V. PHUONG PHAP DE XUAT
A. THUAT TOAN THAM LAM KEP

Do ham muc tiéu ¢(.) clia bai todn IBM++ c6 tinh
sub-modular nhung khong don diéu ting, do vay néu
ap dung chién lugc tham lam nhu cach tiép can truyén
théng thi 16i gidi thu dudc sé khong c6 bat ky ti 1& tdi
uu nao dugc dam bao.

Déi véi 16p cac bai toan tdi da héa ma ham muc
tiéu co tinh sub-modular nhung khéng don di€u tang,
Buchbinder [14] da dé& xuit mot thudt toan tham lam
kép d€ tim 15i gidi trong d6 thuat toan tham lam kép
tdt dinh cho chét lugng 15i gidi dat ti 1& t6i wu 1/3
va thut todn tham lam kép ngdu nhién cho cho chit
lugng 15i giai dat ti 1& t6i wu 1/2.

Thuét todn 1 md ta y tudng cua thudt toan tham
lam kép tdt dinh trong bdi canh bai toan ngin chin
thong tin sai léch IBM++. Thuit toan bat dau véi tip
Py =0 vaTy=V\ Ny Tiép theo s& duyét qua tit
ca cdc dinh trong d6 thi d€ quyét dinh thém chiing
vao tdp Py hay loai bd khdi tdp Tj. Thuidt toan sé
dung lai khi Py = Ty, tdp Py thu dugc la tap cac dinh
cin tim. Quyét dinh dua ra v6i mdi dinh v dua trén
muc tang 1¢i nhuin cta viéc thém u vao Py (tdc la
d(PoU{u}) — ¢(Py) ) va mic tang 1¢i nhudn khi loai
b6 u khéi Ty (tdc 1a ¢(Tp \ {u}) — ¢(Tp)). Pinh u
dugc thém vao Py néu nd tao ra mic ting 1¢i nhuan
cao hon khi bi loai bé khdi Ty va ngudc lai. Vi thuat
todn tham lam kép ngdu nhién, u dugc thém vao P
véi xdc suat v+ /(r*t 4+ 77) va bi loai bé khdi T véi
xéc sudt 7= /(rt +r7).

Theo Buchbinder [14], dé& thuit toian tham lam kép
tdt dinh dat ti 1& t6i uu 1/3 va thuat toan tham lam
kép ngdu nhién dat ti 1& t6i wu 1/2 can c6 thém rang
bude cting ¢(V \ No) > 0, tic 1a viéc chon tat cd cdc
dinh trong mang xa hoi d€ lan truyén thong tin ding
van mang lai 10i nhuan. Diéu kién nay khé c6 thé dudc
dam bdo, dic biét trong chién dich truyén thong vé san
phiam ctia mot cong ty khong phai lic nao ciing chic
chén ring 1¢i ich mang vé sé 16n hon tong chi phi bd
ra. Do vay, trong trudng hop ¢(V '\ Ny) < 0 thuét toan
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Algorithm 1: Thuat toan tham lam kép tit dinh

Data: Do thi G = (V, E), Ny la tap dinh lan
truyén thong tin sai 1éch ban dau
Result: Tap Py gdm céc dinh lan truyén thong
tin ding
PO < @;
T() —V \ N();
foreach u € V' \ Ny do
= o(Po U{u}) — ¢(Fo);
r~ <« ¢(To \ {u}) — o(To);
if ¥+ > r~ then
‘ PO — PO U {'LL};
else
| To e To\ {u}:
end

© X N R D=

S

. end
return Py(=Tp);

_ -
N~

tham lam kép sé khong c6 bat ky ti 1& t6i wu nao dudc
dam bao. D€ giai quyét vin dé nay, ching t6i dé xuit
mot thudt toan méi (duge trinh bay ¢ muc B) cho 16i
gidi dat ti 1 t6i vu nhu Thuit toan 1 nhung véi rang
budc mém déo hon.

B. CAT TIA KHONG GIAN TIM KIEM

Y tudng clia ching toi tim cich giam thiéu khong
gian tim kiém 10i giai ban dau tif tap V'\ Ny thanh mot
tdp c6 kich thude nhd hon. Goi A; va B; la hai tap
dinh dugc xac dinh nhu sau: A; = {v: ¢(V \ Ny) —
H((V\No)\{0}) > 0} va By = {v: é(v)—(0) > 0}.
Do tinh sub-modular ciia ham ¢(.), ta ¢c6 A; C Bj.
Goi L; = [Ay, By] 1a khong gian chia tit ca cdc tap
hop Py théa man: A; C Py C B;. Goi Py 1a 1oi giai
t6i vu clia bai toan IBM++, ta c6 dinh ly dudi day.

Pinh Iy 4. L; = [A1, B;] ludn chia 18i gidi tdi vu
Py, tic la Ay C P} C By.

Chitng minh. Do tinh sub-modular ctia ham ¢(.) va
#(V \ Nog) — &((V \ No) \ {v}) > 0 nén véi bét ky
tap Po € (V' \ No) \ {v} ta c6 ¢(Fo Uv) — ¢(Fp) =
(V' \ No) = ¢((V\ No) \ {v}) > 0. Nhu vay PyU{v}
lu6n tao ra Igi nhudn cao hon Py, chiing t6 v phai
dugc chon lam dinh lan truyén thong tin ding trong
16 giai tbi wu, tic 1a A; C F§. Lap luan tuong tu, néu
é(v) — ¢(0) < 0 thi v khdng thé dugc Iva chon vao
16i gidi t6i uu Pj, tic 1a P C By.

Dinh ly 4 giip ta xac dinh dugc cac dinh phai dugc
chon va cdc dinh khong thé dugc chon 1am dinh lan
truyén thong tin ding trong phuong 4n tdi wu. Ta c6
thé "tia b6t" khong gian tim kiém L; = [A;, B;] bing
chién lugc ldp. Cu thé nhu sau: vi cic dinh trong A,
thé thu nho B; thanh By = {U : QS(AlU{U})*qf)(Al) >
0}. Tuong ty, vi céc dinh trong (V' \ Ng) \ By khong

thé dugc lua chon trong 15i gidi t6i uu nén ta c6 thé
md rong A; thanh As = {v: ¢(B1) — ¢(B1 \ {v}) >
0}. Nhu vay, ta thu dugc khong gian tim kiém L, =
[AQ,BQ] nhd hon Ly = [Al,Bl].

Thuat todn 2 md phéng chién lugc "cit tia" khong
gian tim kiém 13i giai t6i uu. Goi A* va BT 1a hai tap
dinh trd v& bsi Thuat toan 2. Theo Dinh ly 4, khong
gian cdc dinh LT = [A*, B¥] chia 10i gidi t6i vu Pj.
Nhu vay, trong thuét toan tham lam kép (Thuét toan
1) thay vi bt diu véi tap Py = () va Tp = V \ N, ta
c6 thé khéi tao Py véi AT va Ty v6i BT va chi ki€ém
tra cdc dinh u trong Bt \ At d€ quyét dinh thém vao
hay loai bo khéi tap Py va Tp.

Algorithm 2: Thuit toan cit tia
Data: Do thi G = (V, E), Ny la tap dinh lan
truyén thong tin sai léch ban dau
Result: Tap A+ va BT
Lt <+ 0;
Ao < @;
- By« (V\ No);
repeat
A1 =A{v: ¢(By) — ¢(Be \ {v}) > 0}
Bevi = {v: 6(A U {o}) — 6(40) > 0};
t=t+1;
until At = At—l va Bt = Bt—l;
. return A; va By;

S I NI S

Dinh ly 5. Gia st trong Thuét toan 1, tip Py va
To duge khdi tao v6i AT va BT sao cho ¢p(AT) +
#(B*) > 0 thi Thuat todn 1 cho 10i gidi dat ti 1& toi
vu 1/3 va phién ban ngdu nhién cho 15i giai dat ti 1&
t6i wu 1/2.

Chiing minh. Ta ¢c6 A* C Py C BT, do vay (P} U
A*)NB* = PN B* = Pr. Khi tap Py va Tp dude
khéi tao v6i AT va BT, thi Trong Thuat todn 1 s& tra vé
16i giai la tdp Py thda man: ¢(FPy)+¢(AT)+¢(BT) <
3.6(Pg). Do vay, néu ¢(A") + ¢(BT) > 0, ta ¢6
&(Po) > (1/3).¢(Ff), tic 1a Thuat toan 1 cho 16i giai
dat ti 1& t6i wu 1/3. Ti 1& t6i uu 1/2 véi phién ban
ngdu nhién dudc ching minh tuong tu.

Nhu vdy, theo DPinh ly 5 cho thdy viéc 4p dung
phuong phdp "cit tia" khong gian tim kiém trudc
khi 4p dung cac thudt todn tham lam kép cho phép
chiing ta duy tri ti 1& t6i vu cta 15i gidi véi diéu kién
P(AT) +o(BF) > 0.

Do Ay C Ayy1 CAY C Py C Biyr € By Wt
0 va ¢(.) ¢ tinh sub-modular, nén ta cé: ¢(A;)
¢(Att1) va ¢(Bt) < ¢(Biy1) V¥t > 0. Suy ra: ¢(V'\
No) = 6(0) +6(V\ No) = ¢(Ao) +6(Bo) < 6(A1)+
¢(B1) < ... < ¢(AT) + ¢(BY). Ching t6 (A™) +
#(B*) > 0 1a diéu kién mém déo hon so v6i diéu kién
ban dau ¢(V \ No) > 0.

>
<
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VI. THUC NGHIEM VA KET QUA
Trong phan nay, ching tdi tién hanh thuc nghiém
nham dénh gid tinh hiéu qui cta thuit todn tham lam
kép véi ky thudt cit tia khong gian tim kiém (dugdc dé
xuét ctia ching t6i) véi cdc thuat toan khac.

A. DU LIEU THUC NGHIEM

Dit liéu tién hanh thuc nghiém la cic mang xa hoi
thuc [15], dugc st dung rong rdi trong cac nghién ciiu
vé lan truyén thong tin [1], [2], [6], [9], [13], [16].
Thong tin vé cic bd dit liéu ndy dudc mo ta trong
Bang 1.

Tén mang So dinh S6 canh Béc trung binh
Wiki-Vote 7,115 103,689 14,5
Twitter 81,306 1,768,149 21,7
Google+ 107,614 13,673,453 127,1
LiveJournal 4,847,571 68,993,773 14,2

Bang I: Cac b6 di liéu thuc nghiém

B. CAI PAT THUC NGHIEM

Cac thuat toan thuc nghiém. Ching tdi so sanh
tinh hiéu qua cda cac thuat toan sau:

e Random (R): Thuat toan chon ngiu nhién k& dinh

dé bt dau lan truyén thong tin diing. Thuc nghiém
VGi cdc gid tri k =1,2,...,| V'\ N | sau d6 chon
gia tri c6 1¢i nhuan 16n nhét.

e Max Degree (MD):. Thuat toan heuristic chon
k dinh c6 bic cao nhit dé bat diu lan truyén
thong tin ding. Tuong ty thuat toan Random, thyc
nghiém véi céc gid tri k =1,2,...,| V'\ N | sau
dé chon gia tri ¢6 1oi nhuan 16n nhét.

o CLDAG: Dy la thuit toan dé xuét giai quyét bai
toan IBM [9]. Thuc nghiém véi cac gid tri k =
1,2,...,] V\ Ny | sau d6 chon gia tri c¢6 1¢i nhuén
16n nhét.

o Thudt todn tham lam kép (TLK): Do thuit toan
tham lam kép tdt dinh va ngdu nhién cho két qua
gan gidbng nhau vé 1gi nhuin thu vé& va thoi gian
thuc hién nén chiing toi chi hién thi két qui thuin
toan tham lam kép tdt dinh d€ céc biéu dd, bang
biéu dé doc hon.

o Thudt todn tham lam kép véi kj thudt cdt tia
(TLKT): Trudc tién tién hanh cit tia khong gian
tim kiém bang thuat toan dé xuét trong muc V-B
sau d6 ap dung thudt toan tham lam kép.

Ly do lya chon thuat todn Random va Max Degree
trong thuc nghiém nay vi day la cac thuit toan cd s
st dung rong rai trong thuc nghiém céc bai toan lan
truyén thong tin [1], [2], [6], [9], [13], [16]. Thuét toan
CLDAG la thuat toan heuristic cho hiéu qua cao dugc
dé xuat bdi He [9] de giai quyét bai toan IBM.

Thiét lap tham s s0. Trong thuc nghiém nay, chung
t6i thiét 1ap cc tham s6 ctia mo hinh lan truyén thong
tin nhu sau:

SO 04 (CS.01) 2023

o Trong s6 anh hudng w, va w;, trong mé hinh
lan truyén thong tin CLT dugc thlet lap gibng Cac
nghién ctiu trlIOC do [9], [16] véi wi, :71”(@)
dm(v), din(v) 1a bdc vao cla dinh v.

o Tap dmh lan truyén thong tin sai léch NO dugc
khdi tao bing cach chon ngau nhién 10% s dinh
dbi v6i mbi bo dit licu.

o Mic Igi ich b(v) cia mdi dinh dugc thiét 1ap nhu
sau: v6i mdi bd dif liéu thuc nghiém sé chon ngiu
nhién 20% sb dinh khdi tao miic 1gi ich trong
khoéng (1, 10], cdc dinh con lai trong mang nhén
gia tri bang 1.

o Chi phi ¢(v) clia mdi dinh v dugc thiét 1ap ti 1&
thuan v6i dyy¢(v) 12 bdc ra cta dinh v, diéu nay
mo phéng ring ngudi dung cang ¢é anh hudng
trén mang thi chi phi cin bd ra cang cao dé ngudi
d6 lan truyén thong tin ding.

M@oi truong. Céc thuit toan thuc nghiém dudc cai
dit bang ngon ngit Python, chay trén mdy tinh ciu
hinh nhu sau: Intel(R) Core(TM) i7-8850H CPU @
2.60GHz (12 CPUs), 16384MB RAM.

Vaw

C. KET QUA THUC NGHIEM

Bai bao danh gia tinh hiéu quéa cia cac thuat toan
thong qua hai tiéu chi: (1) chit luong 15i giai (t6ng ldi
nhuan thu vé) va (2) thdi gian chay ctia cc thuit todn.

So sanh vé chit lugng 15 giai dudc chi ra trong Hinh
1 cho thiy ring thuat toan TLKT do ching toi d& xuét
déu cho két qua t6t hon cac thuat toan con lai trén tt
ca cac bo di liéu. Déac biét trén bo di liéu Google+,
thuat toan TLKT cho chét lugng 15i giai tot hon thuat
toan TLK 11.5%. Thuat toan MD cho két qua kém hon
ca thuat todn ngiu nhién R véi 16i nhuan thu vé 1a am.
Diéu nay dugc ly gidi 1a do cic dinh c6 anh huéng cao
trong mang c6 chi phi lua chon cao, do vy tong chi
phi bd ra sé 16n hon tdng 1¢i ich thu v& khi thuat todn
lya chon nhiéu dinh nhu vy lam tip lan truyén thong
tin ding.

Thoi gian chay cla cac thuit toan dudc chi ra trong
Béang II. Do thoi gian chay cua thuat toan R va MD
rit ngin (dudi 0.01 gidy) nén ching toi bd qua khong
trinh bay trong Béang II. C6 thé thiy ring thuat toin
CLDAG cham hon ddng ké so véi thuat todan TLK va
TLKT trén tit ci cdc bd dif liéu. Diéu nay 1a do thuat
toan CLDAG phai kiém tra v6i tit ca cac kich thudc
ctia tap dinh lan truyén thong tin ding khac nhau dé
tim ra 16i giai tot nhit. Ngoai ra, ta thdy TLKT c6 thai
gian thyc hién nhanh hon so v6i TLK do khong gian
tim kiém da dudc cit tia.

Bang III cho ta thiy két qua ctia viéc cat tia khong
gian tim kiém. C6 thé thiy rang viéc cat tia lam giam
dang ké s6 lugng dinh can dugc ki€m tra d€ chon vao
tap Py, dic biét trén bo dif lieu Wiki-Vote, sé ludng
dinh can kiém tra 13 thip nhét chi chiém 2.8% tdng
s6 dinh ctia mang. Ngoai ra, ta thdy ring ¢(A*) +
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(a) Wiki-Vote (b) Twitter

(c) Google+ (d) LiveJournal

Hinh 1: Téng 1¢i nhuén thu dugc clia cac thuét todn

Tén mang CLDAG TLK  TLKT
Wiki-Vote 1.28 0.09 0.08
Twitter 23.10 4.39 241
Google+ 31.62 7.41 5.15
LiveJournal 2619.38  612.60 382.53

Bang II: Thdi gian chay cla cac thuit toan

#(B*Y) > 0 trén da s cic by dif liéu thi nghiém.
Trong cic trudng hop nay, ky thuat cit tia khong gian
tim kiém dudc dam bao chic chin vé mit ly thuyét ti
18 tbi uu.

Tén mang [ AT ] [ BT ¢(AT) +4(B7)
Wiki-Vote 3,716 3918 7.937
Twitter 25,268 27,163 8,439
Google+ 37,102 41,215 72,947
LiveJournal 1218312  1,639.415 1,182,321

Bang III: Két qua cit tia khong gian tim kiém

VIL. KET LUAN

Trong bai bao nay, chung t6i nghién cdu bai toan
ngin chin thong tin sai léch lan truyén trén mang xa
hdi truc tuyén. Muc tiéu 1a chon ra nhitng ngudi ding
ban dau d€ lan truyén thong tin t6t nham ngin chin
4nh hudng clia thong tin sai 1&ch. Pic diém clia bai
toan 12 ham muc tiéu can tdi vu khong c6 tinh don
diéu ting, do vay khong th€ d4p dung cic phuong phap
truyén thong dé giai quyét. Chiing toi da dé xuit thuat
toan tham lam kép véi ky thuét cit tia khong gian tim
kiém d€ gidi quyét thach thiic méi dit ra. Thuat toan
dugc dé xuét da dam bio dugc ti 1& toi vu vé mit ly
thuyét, ngoai ra két qua thuc nghiém trén cic mang xa
hoi chi ra tinh hiéu qua ctia thuit toan dé xuét.

Trong thdi gian t6i, ching t6i sé xem xét thém cac
rang budc vé giéi han thoi gian lan truyén thong tin
hoic gi6i han vé& vi tri dia ly dbi v6i bai todn ngin
chén thong tin sai 1éch.
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PREVENTING MISINFORMATION SPREAD
ON ONLINE SOCIAL NETWORKS: A
METHODOLOGY

Abstract: Online social networks have become
valuable tools for rapid and convenient information
sharing and exchange among individuals. Alongside
authentic and reliable information, there is
also the rapid and widespread dissemination of
misinformation and fake news (collectively referred
to as misinformation) on social media networks.
Misinformation to some extent can cause harm
to individuals and organizations upon reception,
potentially leading to societal panic. To limiting
the spread of misinformation on social networks,
a commonly employed approach is to select
influential individuals within the network to propagate
accurate and reliable information (referred to as true
information), thereby counteracting and correcting the
misinformation. However, these studies all assume
that the cost incurred for influential individuals to
disseminate true information is equal, and the benefit

when users are not affected by misinformation is
the same. This paper investigates a more generalized
problem by considering varying costs for propagating
true information and different benefits gained when
users remain unaffected by misinformation. We
demonstrate that the objective function of the problem
is no longer monotonic, thus, to address this new
challenge, we propose a dual greedy algorithm
with search space pruning techniques. Experimental
results on various social network datasets validate the
effectiveness of the proposed algorithm.

Keyword: Information diffusion, Diffusion model,
Influence blocking maximization, Approximation al-
gorithms.

Vi Minh Manh Nhan hoc vi Thac si ndm
2017 tai Pai hoc Cong nghé, Pai hoc Qubc
gia Ha Noi. Hién dang cong tic tai Khoa
An toan thong tin, Hoc vién Cong nghé
- Buu chinh Vién thong.

Linh vyc nghién ciu: an toan thong tin, t&i
) uu 8 hop, thuat toan xip xi.
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