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MO DAU

Su phat trién cta Internet va cong nghé Web da gitip mang lai nhiig nén
tang c6 kha nang két ndi toan cau, trong do ndi bat 1a céac mang xa hoi truc tuyén,
noi moi nguoi cé thé tao 1ap va chia sé thong tin t6i hang triéu nguoi khac mot
cach vo cung nhanh chong. Loi ich to 16n cta cac mang x3 hoi 1a khong thé phu
nhan. Pay 1 noi moi ngudi c6 thé két ndi véi nhau, vuot qua cac rao can khong
gian va thoi gian dé hoc tap, giai tri va kinh doanh. Mang xi hoi ciing giup tao
nén nhitng hién tuong chua timg c6 tién 18 nhu hién trgng nha bao cong dan, nha
bao thoi gian thuc, trong d6 mdi mot nguoi dung mang déu c6 thé dé dang trd
thanh mot phong vién viét tin va dua tin. R4t nhidu cac van dé xa hoi ¢ Viét Nam
cling nhu trén thé gidi nhd c6 mang xa hoi da lan truyén dén dugc v6i nhiéu ngudi
hon, nhanh hon, tir d6 gitip nang cao nhan thirc xa hoi, gitip dua dén cac giai phap
hiéu qua va kip thoi.

Cung véi loi ich ma nd mang lai, mang x4 hoi cling c6 thé giy ra nhitng bat
tién, tham chi 14 nguy hai cho ngudi dung, gay thiét hai kinh té. Thong tin sai léch
c6 thé don gian chi 1a mot tin giat gan dé gy su chi ¥, mot quang cao ban san
phém ¢ chét luong kém hon thuc té, nang hon co thé 1a nhirng thong tin mang
tinh bia dat, vu khéng 1am giam uy tin ciia cac to chirc, ca nhan. Cac tin gia vé
kinh té c6 thé anh huéng dén thi truong chimg khoan. Nhiing tin gia vé thién tai,
dich bénh c6 thé gay hoang mang trong xa hoi. Mot sb khao sat gan ddy cho thay
nguoi ding ngay cang thich doc tin tirc tir phuong tién truyén thong xa hoi hon 1a
tir cac ngudn tin tic truyén thdng. Piéu nay khién viéc ngan chin va ngin chin
su phat tan ctia thong tin sai 1éch ngay cang tré 1én cap thiét nham tao 1ap mot moi
truong mang xa hoi lanh manh hon, bao vé quyén loi hop phéap ctia ngudi ding.

Pé han ché sy anh hudng cua thong tin sai 1éch c6 rat nhiéu thach thirc phai
giai quyét lién quan dén cac khia canh sau:1) Xac dinh, phan tich nguyén nhan, 1y

do hinh thanh tin gia; 2) Xéc dinh cac dic trung ciia tin gia, diic trung nguon phét tan



thong tin gia; 3) Xac dinh, du bao quy mé lan truyén va anh hudng cia su lan
truyén dén cong dong; 4) Xac dinh phuong phap ngin chin lan truyén khi d xac

dinh duoc tin gia cung ngudn phat tan;

Bai toan han ché anh hudng cta thong tin sai 1éch da thu hat su cha ¥ cta
cac nha nghién ctru trén thé gidi va ca ¢ Viét Nam thoi gian gan day do ¥ nghia
thuc té cling nhu cac thach thirc ma n6é mang lai. Cac van dé nghién ctru duoc tap
trung giai quyét bao gom: i) co ché va mé hinh lan truyén thong tin; ii) du bao lan

truyén thong tin; va iii) ngan chin su phat tan thong tin.

Trong d& tai nay ca nhan tap trung giai quyét van dé& mo hinh héa sy lan
truyén thong tin, trén co s& d6 ap dung giai phap hiéu qua ngan chin sy phat tan

thong tin trén mang xa hoi.

Muc dich nghién ciru: Nghién ctru mot s6 phwong phap ngan chin thong
tin sai léch trén mang x3 hoi v&i nhiéu chu dé. M6 phong duogc bai toan bang
phuong phap db thi va ap dung k¥ thuat, thuat toan gitp han ché sy lan truyén
thong tin sai 1éch mot cach hiéu qua nhit ciing nhu 13 kip thoi ngin chin duoc

nhitng ton that, gy hai dén cac t6 chirc, ca nhan.

Nhiém vu nghién ctru: Nghién ciru cac co ché va mé hinh lan truyén thong
tin néi chung va thong tin sai léch noi riéng trén cic mang x4 hdi truc tuyén. Xéc
dinh va phan tich cac dic trung cua thong tin sai 1éch, cac nhan td anh huong trén
mang xa hoi (nhu cac ¢4 nhan, cong dong) dong vai tro quan trong trong viéc phat

tan thong tin.

Ap dung cac phuong phap, k¥ thuat hiéu qua gitp han ché lan truyén thong
tin sai 1éch. Tp trung vao bai toan trong d6 thong tin duoc phat tan tir nhiéu
nguén, thudc nhiéu chu dé khac nhau, co ché phat tan thay doi theo thoi gian,

dong thoi phai théa man cac rang bude vé chi phi ngan chan.

Xay dung, thir nghiém, danh gia hi€éu qua cac phuong phap trén cac bg dir

liéu mo6 phong va dir liéu tir cac mang xa hdi thuc.



Péi tuong nghién ctru: Phuong phap ngan chin phat tan thong tin sai léch

trén mang xa hoi.

Pham vi nghién ctru: Gia str da phat hién ra dugc thong tin sai léch véi
nhiéu cha dé, nhiéu ngudn phat tan. Nghién ciru dua ra phuong phép, ki thuat

hiéu qua ngan chin lan truyén thong tin sai léch nay trén mang xa hoi truc tuyén.

Thir nghiém ngan chan lan truyén thong tin sai 1éch trén trén cac bo dir liéu

mau md phong mang xa hdi str dung cac thuat toan.

Phuong phap nghién ctru 1y thuyét: 1) Tiép can 1y thuyét db thi trong viéc
mo hinh hoa bai toan lan truyén thong tin, lan truyén thong tin sai 1éch va ngan
chin thong tin sai léch; 2)Tiép can tinh toan x4p xi, quy hoach tuyén tinh, tham
lam va tiép can heuristic dé xay dung cac thuat toan ngan chan thong tin sai léch
nhim giam thiéu thoi gian thyuc hién; 3)Tiép can mo phong trong viéc phan tich,
danh gia két qua; 4) Tong hop cac nghién ciru lién quan dén bai toan ngin chin
thong tin sai 1éch trén cac mo hinh lan truyén théng tin di cong bd, trén co so do
xéac dinh cac van dé con ton tai va giai phap thuc hién.

Phuong phap nghién ctru thuc nghiém: 1) Cac thuat toan trén db thi, cac
phuong phap phan tich, khai phé dir liéu do thi; 2) Sir dung cong cu 1ap trinh 1a
Python dé cai dat, danh gia cac thuat toan; 3) Tién hanh cai dat, tha nghiém cac
phuong phap, thuat toan trén cac bo dir licu mo6 phong va dir li¢u tir cdc mang xa
héi thyc nhim ching minh tinh hiéu qua cua giai phap.

B cuc luan vin gom 3 chuong:

Chuong 1: Téng quan vé bai toan ngan chin thong tin sai 1éch trén mang
xa ho1 truc tuyén

Chuong 2: M6 hinh giai quyét bai toan ngin chin thong tin sai léch trén
mang xa hoi

Chuong 3: Thir nghiém va dénh gia két qua



CHUONG 1: TONG QUAN VE BAI TOAN NGAN CHAN THONG TIN
SAI LECH TREN MANG XA HQI TRUC TUYEN

1.1. Gi6i thiéu vé mang xi hdi true tuyén

Mang x4 hoi tryc tuyén 1a mot hé théng thong tin cung cap cho nguoi sir
dung mang internet cac dich vu luu trit, tim kiém, chia sé, st dung va trao doi
thong tin v6i nhau, bao gom dich vu tao trang thong tin dién tir ca nhan, dién dan
(forum), nhom cung sé thich (group), trd chuyén truc tuyén (chat), chia sé 4m
thanh, hinh anh, biéu thi cadm xtc va cac hinh thirc dich vu tuong tu khéc. Vi du
MXH Facebook cho phép nguoi dung tao trang ca nhan, tao group, tao Fanpage,
cho phép chia sé thong tin qua viéc dang bai Ién trang ca nhan, group, fanpage va

chi s¢ dén nhiing ngudi ban khac, vv..

1.1.1. Cac thanh phan co ban ciia MXH
M6t MXH thuong duogc cdu thanh tir 04 thanh phan co ban sau day:

- Newoi ding: La mot thuc thé trén MXH, thuc thé nay c6 thé 13 mot ca
nhan, mot doanh nghiép hoac mét td chure bat ky nao do, goi chung la nguoi dung
hay cu dan mang. Vi du d6i v6i Facebook.com ngudi dung duoc thé hién 1a mot
tai khoan ca nhan hodc mot nhém cung s¢ thich (group) hodc mdt trang nguoi
ham mo (fanpage), vv...

- Lién keét: La thé hién moi quan hé va sy anh hudng giita nhiing nguoi ding
trén cung MXH. Khai niém lién két trong cac MXH 1a khac nhau. Vi du ddi véi
Facebook.com, Zalo.me thi /ién két twong ung véi quan hé ban bé, voi

Instagram.com lién két twong Gmg véi chirc ning “theo ddi”, vv...
- Théng tin: Trén MXH nguoi dung chi dong tao ndi dung théng tin va chia
sé n6i dung nay dén cac thanh vién khac theo nhiéu hinh thirc khac nhau. Thong

tin co thé 1a: doan tin ng.‘fm (blog), bai viét, hinh 4nh, Am thanh, video, vv... ¢4 noi



dung thudc nhiéu chu dé riéng biét hodc 1an 16n. Vi du bai viét vé chil dé thé thao

hoac bai viét vé ca kinh té va chinh tri, vv...

- Twong tdc: Tuong tac giup MXH trd thanh mot khéi van dong khong
ngimg, giup ngudi dung tao mdi quan hé qua lai va hiéu biét 1dn nhau. Khai niém
twong tdc dugc hiéu 1a phan hdi ctia nguoi dung dbi véi cac théng tin cua ngudi
dung khac, diéu nay duoc thé hién thong qua viéc dang bai, chia sé, binh luan,

theo doi, vv...

1.1.2. Mt s6 diic trung co ban ciia MXH

- Ddc trung thé gidi nhé: Nam 1967, Stanley Milgram thuc hién thi nghiém
thé giéi nho (Small World) dé cho thdy khoang cach giita hai nguoi dung trung
binh dé két n6i bat ky 13 5.5 hodc 6.0 ngudi khac (budc) [1]. Sau d6, mot sé nghién
ctru khac da chimg minh dugc hau hét cac MXH no ding véi ’thé gid nho”. Nam
2008 thi khoang cach trung binh cta mang Facebook 1a 5.28, dén nam 2011
khoang cach con 4.74. Nhu vdy, dé hai ngudi bat ky trén thé gidi quen nhau trén

MXH thi qua nhiéu nhat 1a 06 ngudi khac.

- Ddc trung tdp nhan: Mot s6 nguoi dung quan trong cé stc anh huong 16m
t6i CAu triic va su van dong cua moi MXH. Nhitng nguoi dung nay thuong cd bac
cao, duoc goi 1a n(t trung tam hay nGt nhan [2], “bac” & day duogc hiéu 1a sb nit
khac co lién két vai nguoi dung d6. Mot h¢ théng phan cép s& dugc cu tao boi
cac MXH chira mét lugng 16n nhitng nut ¢6 bac cao, bao quanh cac nat nay la cac
nut co bac thép hon, va quanh nhiing nuat c6 bac thép hon lai 1a cac nut c6 bac thép
hon chiing. Viéc két néi ludng thong tin cia toan mang 1a phy thudc vao cac nit
nhan. Khi cac mang phéan chia thanh nhiéu cac nhom 16 1ap nhau thi 1y do d6
thuong la dua mot nut thudc tadp nhan ra khéi mang va mot nut médi vao mang
thudng c6 xu hudng két nbi dén nhitng nut c¢6 bac cao. Pidu ndy giai thich tai sao
nguoi ndi tiéng thudng duge moi lam quang cdo cho cac san pham va ngudi noi

tiéng cling c6 thé bi loi dung dé phat tan TTSL, vv...



- Ddc trung cdu triic cong dong: Tuong tu nhu trong thuc té, ludn co nhiéu
nhom khong twong dong nhau, vi du nhu nhém dong nghiép cé cung so thich di
du lich, nhém nhirng nha khoa hoc chuyén nghién ctru vé MXH, céc cau lac bd
van hoa, thé thao vv... Tuong ty vy MXH ciing ¢4 nhiéu nhém nhu thé, cé tén
goi nhimg cong ddng truc tuyén. Trong MXH thi c6 rat nhiéu, da dang cac cong
déng 16n, nho, nhimg cong ddng nhé nam trong cong dong 1on. Mat do két ndi
giita cac nut trong cong dong 1a rat 1on con hon ca nhiing nut bén ngoai. Mot
nguoi dung c6 thé thudc mot cong dong duy nhat hodc mot, nhidu cong dong khac

nhau.

- Ddc trung phdn bo liiy thira: Xéac xuat ctia mot nat c6 bac 13 k duoc tinh
bai phan bd bac caa cac ndt trong mang duoc md ta bai ham P(k), Ham P (k) =
kia, véi k 16n va a > 1 xac dinh duoc 1a phan bb bac cia mot mang theo lity thira
néu xac suat mot nat c6 bac 1a k. Phan bo bac liy thira [3] 14 hién nay hau hét cac
MXH déu ¢ phan bd bac lily thira nhu thé.

1.4. Biéu dién MXH bing d6 thi

Goi do thi G(V, E,w) 1a d thi biéu dién cho mot MXH, trong d6 V 13 tap
dinh, E 14 tap canh, w 1a tap trong sé cta cac canh. D6 thi G duoc xac dinh 1a do
thi ¢6 huéng vi méi quan hé trén mang doi khi khéng dong nhat giita chiéu di va
chiéu vé, c6 nhitng mdi quan hé chi anh huang mét chiéu con nhiéu nguoc lai anh
huong khong déang ké. Mdi nit v € V 1a dai dién cho mot nguoi dung, cac canh
{(w,v), (v,u)} € E dai dién cho mdi quan hé tir u dén v va nguoc lai. Trong s6
w(u, v) biéu dién cho mac d6 anh huong cua u dén v, néu w(u, v) € E thi
w(u, v) = 0; w(u, v) nay cang Ién thi v chiu chi phdi béi u cang nhiéu. Thong
tin duoc lan truyén tir nGt ndy sang nut khac théng qua cac canh, w(u, v) ¢6 anh
huong dang ké trong viéc théng tin lan truyén tir u c6 thé dén duoc v hay khong?.
Tuy vao timg ciu trac cia MXH ma db thi c6 nhimg tham s6 khac nhau. D6 thi

thuong duoc luu dudi dang danh sach canh, ma tran trong $0.



1.1.3. Loi ich caa MXH

- Cdp nhdt tin tirc: Vi toc do lan truyén théng tin nhanh chong, MXH gitp
nguoi dung cap nhat thong tin kip thoi va thuan tién. Dudi goc do dit lidu, MXH
1a mot kho dir liéu khong 10, trén d6 c6 rat nhiéu tai nguyén va tri thirc thudc moi
linh vuc cua x3 hoi ma moi ngudi dung déu dugce quyén khai thac. Kho tri thuc
nay ngay mot rong 16n hon va phan anh kip thoi su phat trién khong ngimg ciia

xa ho1 thong qua viéc cap nhat thong tin hang ngay ctia nguoi dung.

- Két noi va tim kiém cac moi quan hé: Pac trung chinh cia MXH d6 chinh
1a két ndi cong déng, tao lap cac mbi quan h¢ va duy tri cac mbi quan h¢ do. bac
bi¢t trong dai dich Covid-19, cac mbi quan h¢ trén MXH cang tré nén can thiét

hon khi ma con ngudi han ché tiép xac tryc ti€p véi nhau.

- Kinh doanh va qudng bd thuwong hiéu: V&i s6 lugng ngudi dung 10n, cac
MXH la mo6i truong kinh doanh va quang ba thuong hiéu nhanh va hi¢u qua hon
bat ky nén tang ndo. Cac nha kinh doanh c6 thé sir dung MXH dé tham do y kién
khach hang, khao sat thi trudng, trao ddi véi dbi tac, vv...MXH ciing cho phép
xay dung cac cong dong khach hang, cac nhom ciing sé thich dung ciing san pham,

VVv...

1.1.3. Tac hai caa MXH

- Lan truyén TTSL: Mot trong nhirng tac hai 16n nhét caia MXH d6 1a su lan
truyén nhanh chong TTSL bét chip su kiém soat cua cdc nha mang va co quan
Chinh phii. TTSL c6 thé don gian chi 1a mot tin giat gan dé gy sy chi y, mot
quang c4o ban san pham c6 chat luong kém hon thuce té, nang hon c6 thé 13 nhimg
thong tin mang tinh bia dat, vu khdng lam giam uy tin ctia cac to chtrc, ca nhén,
tham chi c6 thé gay ra nhitng thiét hai vé kinh té, chinh tri hoic gdy hoang mang

du luan [4], [5] [6] [7].



- Lira ddo va thu rdc: Céc tai khoan MXH c6 thé bi mao danh dé lira dao
chiém dung tai san hodc dé danh cip thong tin ca nhan. Ngoai ra, ngudi dung
MXH c6 thé gip phai nhitng bat tién va rai ro khac nhu: thuong xuyén nhan duoc
tin nhén rac, thu rac, 1o moi quang céo, tham chi co thé bat nat trén mang, lay
nhiém ma ddc va ning hon 13 loi dung tai khoan c4 nhan dé phuc vu cho cac muc

dich x4u, wv...

1.2. M6 hinh va bai toan ngan chin anh hwéng thong tin sai léch

1.2.1. C4c md hinh va co ché lan truyén thong tin trén mang xi hoi

Hau hét MXH, céc hoat dong tuong tac nhu la: chia sé, dang tin, dang bai,
biéu 16 cam stc, binh ludn, vv... cic hoat dong nay gian tiép lan truyén thong tin
giita moi nguoi trong MXH. Khéac han véi LTTT truyén théng, qué trinh lan
truyén nay quy mé va mirc lan truyén rat 16n, nhanh chong. Bé con nguoi co thé
quan tri, diéu hanh, diéu khién cac thong tin nay c6 tinh hitu ich cao nhat thi can
phai nim va hiéu rd qua trinh nay trén MXH. Dé dat dugc muc dich d6, qua trinh
LTTT phai dugc mod ta mot cach ngén gon d& nhan biét b.%mg mo hinh lan truyén

thong tin (information diffusion models).

Theo khao sat cia Domingo va Richardson [6] vé lan truyén tiép thi san
phém gitra cac nguoi dung, D. Kempe va mot ) cong su dua ra duoc 1an dau tién
vé hai m6 hinh lan truyén thong tin: 1) M6 hinh Ngudng tuyén tinh (LT — Linear
threshold) va mé hinh Béc ddc 1ap (IC — Independent Cascade) dé giai quyét bai
toan toi vu hoa anh hudng [8]. Ké tir khi duoc dua ra, ching duoc xem 1a mé hinh
LTTT pho bién, co ban nhat [9], [10]. Khong nhitng thé, hai mé hinh nay con
dugc tiép tuc nghién ciru theo nhiing bién thé khac nhau dé phuc vu, phii hgp hon
trong thuc tién: bién thé tng véi thoi gian lién tuc [9], [11], bién thé tmg voi
khoang cach [12], bién thé Gmg vé&i chi dé trong lan truyén anh hudng [13],
vv...Ngoai ra, nhiéu mé hinh LTTT khac ciing dugc cac nha khoa hoc quan tm,

c6 thé ké dén 1a: Mo hinh dich t& (Epidemic Model) [14], mé hinh lan truyén, lan



toa anh huong canh tranh (Competitive Influence Diffusion Model) [15], m6 hinh
trivalency [16], m6 hinh giai tich ODE (Ordinary Differential Equations), PDE
(Partial Differential Equations) [17],vv... V& khia canh mé hinh “ngudng” c6 thé
ké dén cac mo hinh: MT (Majority Threshold Model), CT (Constant Threshold),
UT (Unanimous Threshold) [18], vv...

Xét vé mit tinh chat, mo hinh LTTT c6 thé dugc chia 1am 02 nhém chinh,
d6 1a nhdém mo hinh LTTT ro1 rac va nhém md hinh LTTT lién tuc. Trong do,
nhom mo hinh LTTT 1di rac trong nghién ctru thi duge st dung pho bién hon.
Trong luan van, hai mo hinh roi rac la LT va IC dugc sir dung lam can ban cho
cac nghién ciru. Dé hiéu r6 hon vé hai mé hinh nay, tiép sau day luan van gidi
thiéu cac khai niém co ban vé ly thuyét dd thi, mé hinh LTTT roi rac dua trén d6

thi va chi tiét hai mé hinh LT va IC.

1.2.1.1 Ly thuyét dé thi co ban

Str dung d6 thi ¢é mo ta qua trinh LTTT 1a mot lua chon phd bién trong cac
nghién ctru [19], [20]. Sau day luan vin gidi thiéu mot sb kién thuc co ban vé do
thi [21] ¢6 lién quan hodc str dung trong cac mo hinh LTTT roi rac trén MXH.

Pinh nghia 1.1: (D6 thi) La mot cau trlc roi rac gdm cac dinh va cac canh
ndi cac dinh d6. Pd thi duoc ky hiéu 1a G(V, E), trong d6 V 1a tap dinh (Vertices)
va E 1a tap canh (Edges).

Tap céc canh E c6 s6 luong va loai do thi co dic tinh c6 thé phan loai. Co
d6 thi G(V, E) dugc mo ta cac dang nhu sau:

- Do thi G(V, E) 1a don do thi néu gitta hai dinh u, v € V ¢6 nhiéu nhat mot
canh trong E ndi tr u dén v.

- Do thi G(V, E) 1a don db thi néu gitta hai dinh u, v € V ¢6 nhiéu hon mot

canh trong E ndi tir u &én v (Hién nhién don d6 thi ciing 1a da db thi).
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- D6 thi G(V, E) duoc goi 1a d6 thi vo huéng néu cac canh trong E khong
dinh hudng. Tuc la tap E gdm cac cap (u, v) khéng tinh thi tw, (u, v) = (v, w).

- Po thi G(V, E) duoc goi 1a d6 thi c6 hudng néu cac canh trong E ¢o dinh
huéng, cd thé cé canh ndi tir u dén v nhung chwa han d3 c6 canh ndi tir v dén wu.
Hay néi cach khéc, tap E gom céc cap (u, v) ¢6 tinh thir tu, (u, v) # (v, u). Trong
d6 thi c6 hudng cac canh dugc goi 1a cac cung. Do thi vo hudng ciing c6 thé coi
1a d6 thi c6 hudng néu coi canh ndi gitra hai dinh u, v tuong duwong véi hai cung

(u,v) va (v,u).

- Po thi G(V, E) duoc goi 1a d6 thi co trong sé néu dinh hoic canh hoic ca
dinh va canh duoc gan vai mot sb thuc nao dé. Trong LTTT, trong sé dinh goi 1a
ngurong (threshold) va trong sb canh goi 1a xac sudt danh hwong (Influence
Probability) [22].

Trong pham vi cta luan vin, mot don d6 thi c6 huéng s& mo ta mot MXH,
c6 trong s khong am, ky hiéu 1a G (V, E). Khai niém dinh trong d6 thi dugc goi

la nut (node). Bé thuan tién trong cach goi, mot MXH c6 thé goi 1a mot do thi.

1.2.1.2 Mé hinh lan truyén thong tin roi rac

D6i véi mo hinh roi rac, MXH duoc thé hién bang bai dé thi c6 hudng
G(V,E). Trong d6 |V| = n la tap nat biéu dién tap tat ca nguoi dung trén MXH.
|E| = m la tap canh biéu dién lién két gitta cac ngudi dung trén MXH. M&i nit
v € V ¢0 tap nut vao, ky hiéu Ny, (v) = {u|(u,v) € E} va tap nat ra, ky hiéu
Nyt (W) = {u|(v,u) € E}. Bac twong trng vao va ra cua nut v duogc ky hiéu la
dip = |Nin)|, dyyr = |Noye (v)]. Trong sé canh goi 12 X&c sudt danh hirong va
trong s6 nat goi 1a nguéng [19]. Puong dan trong d6 thi 1a mot chudi cac nit
khong lap lai ma giira moi nat lién tiép déu c6 mot canh. Hai nguoi dung duoc két
ndi v6i nhau trén d6 thi G(V, E) néu ton tai mot duong dan gitra ho. Cac thanh

phan cua mé hinh LTTT roi rac dugc mé ta nhu sau:
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- Trang thai nGt: Moi n(t v € V twong ung Vi hai trang thai: 1) kich hogt
(active); 2) khong kich hoat (inactive). Néu v & trang thai kich hogt thi ngudi dung
v chip nhan thong tin truyén théng mai, ¥ tuong méi duge chia sé lan truyén tir
mot hodc nhiéu ndt trong tap nat vao Ny, (v), dbi vé6i trang thai khong kich hoat
c6 nghia 1a chua chap nhan nhimng thong tin truyén thong nay, hay chua tin tuéng
vé y tudng méi duoc chia sé d6. Trang thai nut dugc thé hién dudi nhidu muc do,
phu thudc vao tirng MXH. Vi du: Chéip nhén email, chia sé bai viét, binh luan,

biéu hién cam xuc, vv...

- QU4 trinh théng tin dwoc lan truyén: Bbi voi LTTT, quéa trinh nay hoat
dong tuong rng cac budc thoi gian roi rac voi thoi giant=0,1, ... Goi S S V la
tap nat co trang thai kich hogt, thi tap S goi la tap nguon hay tap hat giéng, 1a tap
nGt phat tan thong tin dau tién hay 1a tip bi kich hoat dau tién. Tap nat nay dai
dién cho nhitng ngudi dung ban dau duoc chon dé lan truyén anh hudng hoic dai
cho nhitng ngudi dung dau tién phat tan TTSL. Két thiic cta qué trinh nay 1a khi

khong con kich hoat thém sau mdi budc lan truyén.

Qua trinh phat tdn cua thong tin ro1 rac nay la mot qua trinh chung trong
qua trinh phat tan thong tin, nhung dbi v6i mbi mé hinh khac thi ¢6 quy luét lan
truyén tir S;_, t6i S, cu thé thi khac nhau.Van dé nay thé hién chi tiét d6i véi LT
IC 14 hai mo hinh phat tan thong tin trinh bay trong luan vin. Biéu dién MXH
bang cach thé hién dudi d6 thi vo hudng, nod ciing co thé xem 1a mot d6 thi co
huéng ma tat ca cac canh déu ton tai canh nguoc lai va tap nit vao/ra ctia mdi nut
14 nhu nhau, bac vao/ra mdi nat ciing bang nhau, nghia 1a Ny, (v) = N, (v),

dout (V) = din(v).

Khi két thlic qua trinh lan truyén thong tin, ta goi @(S) 1a tap cac niit & trang
thai kich hoat. Quan trinh lan truyén ngly nhién trén mo hinh rdi rac, ta c6 Tap
@(S) 1a mot tap ngau nhién. Bién ngau nhién cé gia tri ky vong, goi gié tri nay Ia

E(X); Ham lan truyén anh huang cua tap S hay khi qua trinh lan truyén théng tin
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két thuc thi gié tri ky vong sb dinh ¢ trang thai kich hoat duoc goi D(G, S), khi do
D(G,S) = E(|2(S)D.

1.2.1.3 Mé hinh Ngudng tuyén tinh

Déi v&i md hinh LT, cach thé hién MXH 1a bang cach biéu dién trén mot do
thi G(V,E,w), mdi canh (u,v) € E ¢6 trong sé6 w(u, v) € [0,1] thé hién anh
huong cua ndt u dén ndt v, Néu (u, v) € E thi w(u, v) = 0, dugc phan bd sao
cho tong trong so cac nlit u dén nit v thoa man dicu kién: Yyen, oy W, v) < 1.
Mai nit v € V ¢6 2 trang thai: 1) kich hoat (active); 2) khong kich hoat (inactive)
va tap S € V 1a tap nguon phat tan thong tin sai léch. M&i nit v € V ¢6 ngudng
kich hoat y,, € [0,1], néu y,, 16n thi can nhiéu nit hang x6m kich hoat v, néu
bé thi nit v dé bi kich hoat boi cac nat hang xom. Goi DE(G, S) 1a tap cac nat bi
kich hoat bai S tai thoi diém ¢ trén d6 thi G, mo ta qud trinh lan truyén Gng véi

tung budc thoi gian o1 rac nhu sau:

- V6i thoi diém t = 0, tat ca cac nat trong tap S = D°(G, S) déu co trang
thai kich hoat.

- V6i thoi diém ¢ > 1, cac nit v dang c6 trang thai khong kich hoat, s& d6i
trang thai sang kich hoat néu cac nat hang x6m c6 tong anh hudng 16n hon ngudng
Yv, twong tmg 1: Y ent-1qp,, ) W(U, V) = ¥,,. Céc nlt ¢ trang thdi kich hoat s&
tiép tuc trang thai trong nhimng thoi diém tiép theo. Khi khong c¢6 nut nao duoc

kich hoat thém thi qua trinh lan truyén nay két thc.

Trong khi chiju anh hudng cta cac nhan khac thi mé hinh LT thé hién hanh
Vi “nguong” cia con nguoi. Bdi vi ngudng kich hoat ctia cac ca nhan ludn thay
ddi nén thuong kho xac dinh duoc. Vi vay, ngudng kich hoat duoc chon ngau
nhién trong khoang [0,1] trong mo hinh nay thé hién sy thiéu tri thirc vé ngudng

anh hudng that cua ngudi dung.
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Hinh 1.1: Qua trinh lan truyén thong tin trén mé hinh LT

Hinh 1.1 md ta qua trinh cua lan truyén truyén thong tin trén md hinh LT.
Trang thai kich hoat va khong kich hoat twong tng lan luot véi cac nit mau da
cam va mau xanh. C4c canh mau dé lién ké nhau ndi voi nit v mo ta dang lan
truyén thong tin va ¢ kich hoat ndt v va thanh céng. Tai thoi diém t = 0, trong
khoang ngudng y, € [0, 1] toan bd cac nit duoc khoi tao ngau nhién, hai nit v,
va v, 1a cac nit hat gidng. O thoi diém t = 1, v; VA v, kich hoat thanh cong v,
v; cling kich hoat thanh cong v va v, kich hoat thanh cong v,; tuy nhién v lai
khéng bi kich hoat vi tong trong sd cac canh di dén v 14 0.3, trong khi ngudng
kich hoat cua v 1a 0.7. Tai thoi diém t = 2, c4c nit hang x6m di dén v, 1a
vy U, Vs da dugc kich hoat cho nén téng trong sb cac canh di dén 13 0.7 du dé
kich hoat vg. Tai budc t = 3, qua trinh lan truyén thong tin két thuc do khong co

nut nao duoc kich hoat thém.

1.2.1.4 Cdc bién thé ciia mé hinh LT

Ngoai md hinh LT trén duoc sir dung rong rii, mot so tac gia di mo rong
cac md hinh trén véi sy két hop ciia cac yéu td vé thoi gian, khoang cach dia 1y,
do tré cua qua trinh lan truyén, v.v dé nim bt cac khia canh trong thuc té. Mo
hinh IC [19] ciing 12 mé hinh ngau nhién roi rac. Qua trinh lan truyén thong tiun
doc theo cac canh mot cach doc 1ap chinh la dac trung chinh ciia mé hinh nay.

MObi ntit chua bi kich hoat thong tin s€ bi kich hoat mot cach doc 1ap bai tung nut
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1an can d3 nhiém thong tin voi mot xac suat xac dinh. Khac voi mé hinh LT, Méi
nut trén moé hinh IC chi ¢c6 mét co hoi duy nhét kich hoat mot nat khac. M6 hinh
nay thuong dugc dung trong dy bao va nghién ctiru anh hudng. Chi tiét mé hinh

IC duogc trinh bay nhu sau:

Trong md hinh IC, mdi canh (u, v) € E duoc gan mot xdc sudt dnh huwéng
p(u,v) € [0,1] biéu dién mtc d6 anh huong cta nlt u vai ndt v. Néu (u, v) € E,
thi p(u, v) = 0. Mdi nit ciing chi c6 thé nhan mot trong hai trang thai kich hoat
hodc khong kich hoat. Goi DE(G, S) 1a tap cac nit bi kich hoat bai S tai thoi diém

t trén do thi G, qua trinh lan truyén theo céc budc roi rac nhu sau:

- Tai thoi diém t = 0, tat ca cac nGt trong tap nguon S = DO(G, S) déu co

trang thai kich hoat.

- Tai thoi diém t > 1, mdi nat u € DEY(G, S) c6 mét co héi duy nhdt kich
hoat dén ndt v € N, (w) V&i Xac suat thanh cong 1a p(u, v). Bién c6 nay co thé
duogc thyc hién bang cach ap dung phép thir Bernoulli (Phép tung dong xu doc
lap) véi xéac suat thanh cong 1a p(u, v). Néu thanh cong ta thém v va tap
DE(G, S) va ndi rang u kich hoat v tai thoi diém t. Néu nhiéu nat kich hoat v tai
thoi diém t, két qua tuong tu xay ra, v dugce thém vao tap DE(G,S). Mot nit &
trang thai kich hoat, né s& git nguyén trang thai. Qua trinh lan truyén két thtc khi

gitra hai budc khong c6 nut nao bi kich hoat thém.

Vi du 1.2: Mot MXH cho bai @6 thi G (V, E), tap nat nguon S = {v,}, cac
nat mau xanh la nat ¢é trang thai kich hoat thdng tin, cac nat khdng mau la nat co
trang thai khdong kich hoat thdng tin. Canh nét lién thé hién mot nit dang cd gang
Kich hoat nit 1&n can. (Hinh 1.2). Qua trinh LTTT theo m6 hinh IC duoc thuc hién
nhu sau: Tai thoi diém t = 0, nat ngudn v, 6 trang thai kich hogt; Tai thoi diém
t = 1, nit v, kich hoat cac nut 1an can gdm {v,, v3, v,}, trong d6 chi thanh cong
v6i nat v,; Tai thoi diém t = 2, n(t v, kich hoat thanh cong nat v,; Tai thoi diém

t = 3, qua trinh lan truyén két thac vi khong c6 niit nao bi kich hoat thém.
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Hinh 1.2: Vi du vé lan truyén théng tin trén mé hinh IC.

Pé tinh toan chinh xac gia tri D(G,S) véi S 1a tap nguodn (hat giéng) ban
dau 1a mot bai toan #P-kho trén ca hai mo hinh LT va IC, ngay ca khi tap S chi
g6m mot nit, Wei Chen va cac cong sy [15], [10] d4 chi ra rang viéc. M6 hinh d6
thi canh truc tuyén LE (live edge) (mdt cach goi khac 1a mé hinh db thi canh sdng
hay d6 thi mau) cling cuing twong dong véi hay mé hinh IC va LT, tuy nhién hai
mo hinh nay lai khong twong dwong véi nhau. Khi qua trinh LTTT két thuc ma c6
cung tap nat bi kich hoat { DE}_, , T 1a s6 budc lan truyén. Vay nén mo hinh IC
va md hinh LT ¢6 thé duge thay thé boi md hinh LE. M6 hinh LE duoc dinh nghia

nhu sau:
- M6 hinh Canh tryee tuyén twong dwong véi mo hinh LT

La mot db thi g duoc sinh ngau nhién nhu sau: Mdi niit v € V, chon nhiéu
nhat mot canh dén (u,v),u € N;,,(v) VGi Xac suat chon canh 1a p(v, g,G) =
w(u, v) néu (u, v) € g va xac suat khong co canh nao duoc chon lap(v, g,G) =
1 — Yuen,,w) W(u, v) néu (u,v) & g. Nhitng canh duoc chon goi la canh truc
tuyén, thong tin tir tap ngudn S duoc lan truyén trén tap canh nay, cac canh con
lai goi 1a canh bi chin (block edge). Nhu vy g 1a @6 thi gdm tap cac ndt chiu anh

huong bai ngudn S va tap canh truc tuyén.

Do thi G 6 thé sinh ra tap G gom nhiéu do thi truc tuyén (ky hiéu la g~G)

Vi xac suat khac nhau. Goi Pr[g~G] 1a xac suit lya chon d6 thi g~G, ta co:
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Prig~G = | [p(v.0.6) (LD

vev
Goi tap nat bi kich hoat tai thoi diem ¢ 1a: R,(g,S) = {u|d,(S,u) < t},
trong d6 d (S, u) la khoang cach tir tap nguon S dénu trén do thi g, dot <n —1
nén tap nat bi kich hoat trén mé hinh canh truc tuyén 12 R(g,S) = R,,_1(g, S).
Céc tac gia trong [19] di chi ra su ddng nhét gitra tap nat duoc kich hoat gitra hai

mo LT va mo hinh canh tryc tuyén. Theo dinh 1y 1.1 trong [19], ta co:

D(S) = ) Prig~G]IR(g,5)| (12)
g~G

- M6 hinh Canh triee tuyén twong dwong mé hinh IC

La mot @6 thi truc tuyén g duoc xay dung ngiu nhién theo cac bude nhu
sau: Mdi canh (u, v) € E, ta chon canh (u, v) vao do thi g voi xac suat chon 1a
p(u, v) va xac suat khdng chon (u, v) 1a 1 — p(u, v). Goi E(g) la tap canh duoc
chon, ta cd xéc suat sinh ra d6 thi truc tuyén g~G la:

Prig~G1 = | [p(e) | | 1 -pee) (13)

ecEy eE€E\Ey

Anh huong caa tap nguon S trén do thi truc tuyén duoc xac dinh 1a:

D(S) = ) Prig~GlIR(g,)| (14)
g~G

Tap nut bi kich hoat trén mé hinh nay va mé hinh IC dugc chimg minh 1a
nhu nhau [19]. Nhiing két qua trén 1a tién dé cho cac nghién ciru sau nay ciing
nhu dugc tac gia sir dung trong luén van.

Vi du 1.3: Mot MXH duoc cho boi db thi G(V, E) gom c6 04 ndt va 05

canh, tap ndt nguon S = {v,}. Co thé sinh ngau nhién ti da 25 = 32 do thi truc
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tuyén tir d6 thi ban dau theo mé hinh LE, hinh (a),(b),(c) 1a 3 trong 32 d5 thi dd

thi truc tuyén duoc tao ra tir do thi géc ban dau.

(a) (b) ()
Hinh 1.3: Vi du vé xdy dung d6 thi miu theo mé hinh LE

1.2.2. Bai toan Ngin chin anh huéng |B trén mang xa hoi truc tuyén

Tt nhiing g1 ich cling nhu cac nguy co ma MXH mang lai, cac nghién ctru
vé MXH vi thé ciing dugc nhiéu nha khoa hoc quan tim, trong d6 tap trung chu
yéu vao cac bai toan: (1) Ti da hoa anh hudong IM (Influence Maximization) ; (2)
Ngan chan anh huong IB (Influences Blocking; (3) Phat hién thong tin ID
(Information Detection); (4) Khai pha dit liéu; (5) Phat hién cau triic cong dong;
(6) Dy doan lién két mang, vv..Trong tiéu luan nay, Hoc vién giéi thiéu 01 bai
toan da dugc nghién ctru va c6 lién quan truc tiép dén cac cong bd ctua Hoc vién,
dé 1a bai toan IB.

1.2.2.1 Gioi thiéu bai toan

Bai toan ngén chan anh hudng IB (Influences Blocking) trén mang xa hdi
chinh 1a mot van nan rat nguy hiém can phai giai quyét bai toan mot cach cap
thiét, nhanh chéng va hiéu qua. Sy lan truyén thong tin sai 1éch trén MXH rét da
dang vé thong tin nhu 1: tin x4u, thong tin sai 1éch, hodc ngudn phat tan virus
vv... VAy nén yéu cau cip bach ngay liic nay 1a ta phai dua ra nhitng giai phap

ngin chan lay lan, phat tan dé van dé nay.
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1.2.2.2 Cac huong nghién cuu

1.2.2.2.1 Ngdin chén théng tin xdu bang vé hiéu héa nguwoi diing

Khalil va c4c cong su [5] da bat dau nghién ciru bai todn nay. Cu thé 1a bing
cach loai bo tap k canh (Edge deletion) sao cho anh huéng tir ngudn S cho trudc
dat gia tri cuc tiéu, tac 14 tim tap canh X, |X| = k sao cho a(S\X) dat gia tri nho
nhat. Ho chizng minh ham muc tiéu o (S\-) 14 supermodular va don diéu giam, tac

lavoitap AC T € Vvae € E\T, ta co:
(1) o(S\T) < o(S\X) (don diéu tang);
(2)a(S\(X + {v}) — a(S\X) < a(S\(T + {v})) — o(S\T)(supermodular)

Duya trén tinh chat nay, thuat toan tham lam tim tap loi giai X, thoa man
h(X) = (1—-1/e —€)h(X"), Vvoi h(X) = a(S) — a(S\X).

Phuong phap nay di dugc ap dung dudi goc do dich t& hoc, tiém vic xin
mién nhiém vao tp cac nit hodc canh dé mién nhidm véi cac yéu td xdu [27-30]
(trong cac nghién ctru ndy goi 13 dich bénh). Duéi goc do cau triic mang, viée loai
b6 tap canh va nlt twong duong vai viée tiém vac xin vao tap canh hodc nut do.
Gan day, Song [9] dua ra bai toan NIIP voi muc dich tim cac tap nlt Ay, 4,, ..., A,
dé tiém vac xin phong nura & cac budc thoi gian lan truyént = 1,2,..,n tuong
g sao cho sd lwgng nat bi nhidm 14 nho nhat. Trén md hinh LT, bai toan phan
phdi vic xin dén ting cum (nhém) cac canh dé diéu khién su phét tan cua dich
bénh, Yao Zhang va céc cong su [11] nghién cau. Vé6i do thi G, gia st rang tap
ndt hozc canh chia thanh cac nhém € = {Cy, C,, - -, C,,}, cong dong C c6 thé biéu

dién cho cac cong dong, dia phuong.

1.2.2.2.2 Ngdin chén théng tin xdu bang phdt tan thong tin tot

Gia sir da c6 sy xuat hién cua thong tin xau, mot s6 nguodi dung di bi lan
truyén, anh huong boi thong tin sai 1éch ndy. Y tuéng chinh ctia phuong phéap nay

tim mot sé ngudi dung dé khdi tao su phat tan cia thong tin tt, thong tin chinh
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thong dé lam rd tinh dung sai cua thong tin nay ciing nhu 1a han ché thong tin sai
1éch bi lan truyén. Trong trudng hop nay cac nghién ctiru chi yéu tap giai quyét
van dé nay trong trudng hop ngudn thong tin xau da duogc phat hién trude. Budak
va cac cong su [12] da bat dau cho hudng nghién ctru ndy. Ho dua ra hudng giai
phap bang cach tim tp nat phat tan, lan truyén thong tin tét dé 1am rd tinh dung
sai cua thong tin sai 1éch va lam cho anh hudng cia thong tin sai 1éch. Bai toan
nay ciing dugc He va cac cong su phat trién trén mot mo hinh bién thé cua LT 1a
CLT (Competitive Linear Threshold) [13]. Trong thyc té, thoi gian han dé han
ché anh hudng cta thong tin rit quan trong. Viéc han ché cang sém thi thiét hai
gay ra cang nho. Con mot phuong phap han ché anh hudng cua thong tin sau léch
bang cach theo thdi gian tré, phuong phép nay duoc Song va cac cong su [14]
nghién ctru boi bai todn TIB (Temporal Influence Blocking). Puong nhién cac
hudng nghién ctru ndy déu dang mic dinh, gia st d3 phat hién duge ngudn lan

truyén thong tin sai 1&ch.
1.3 Két luan chwong 1

Chuong 1 da gidi thiéu vé Mang xa hdi truc tuyén, mot s6 mo hinh lan
truyén thong tin phd bién trén MXH va bai toan: Ngin chin anh huong IB.
Chuong 1 di trinh bay bai toan cu thé theo hai khia canh: Mé hinh lan truyén
thong tin va thuat todn. Bai todn giai quyét cac van dé trong thyc té dat trong d6
cac md hinh lan truyén thong tin thuong duogc str dung rong rai 1a mé hinh ngudng
tuyén tinh va mo6 hinh bac ddc l1ap. Véi dac tinh cua hai mo hinh nay, trong hau
hét cac bai ton viéc tinh todn ham muc tiéu 1a #P-Kho dan dén viée tim kiém 10
giai 12 mot thach thirc 16n dbi véi 10p bai toan nay. Do vay, Chuong 1 ciing trinh
bay mot s6 phuong phap chung dugc phat trién gan day dé giai quyét chung. Pay
cling c6 thé 1a nhitng phuong phap hiéu qua dé giai quyét nhitng van dé méi dat
ra. Pong thoi viéc tim hiéu cac hudng nghién ctru trong Chuong 1 1am tién dé cho
nhimg cong bd ctua Hoc vién. Trén co s& nghién ciru tong quan cac van dé lién

quan dén luan van, Hoc vién s€ ti€p tuc nghién ctru c4c bai toan lan truyén thong
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tin theo hudéng cai tién thuat toan va mé rong mo hinh dé t6i wu hoa cac bai toan
lan truyén thong tin ¢6 thé ap dung cho cac mang c6 quy mé 16n trong mot khoang

tho1 gian va ngan sach cho phép.
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CHUONG 2: MO HINH GIAI QUYET BAI TOAN NGAN CHAN
THONG TIN SAI LECH TREN MANG XA HOI

Dé giai quyét duoc bai toan ngan chin thong tin sai 1éch trén mang xa hoi.
Thi tién dé cho ngdn chin thong tin sai 1éch nay 1a phai phat hién ngudn phat tan
thong tin sai 1éch trén MXH. Giai thuyét rang, chung ta di biét duoc mot tap nguoi
phéat tan thdng tin sai léch. Cau hoi dit ra 13 1am thé ndo dé ngan chin (han ché)
dén murc thdp nhét anh hudng cua thong tin sai 1éch tir tap nguoi dung d6 lan
truyén trén MXH. Bai toan nay da duoc nhiéu nha khoa hoc nghién ctru, tuy nhién
trong cac nghién ctru ciia ho chua sét dén mirc d6 anh huong anh TTSL theo ting
chu dé. Vi du: TTSL vé chinh tri hodc kinh té c¢6 thé anh hudng dén mot nguoi
dung nao d6 khac nhau. Dé giai quét van dé nay, luan van trinh bay bai toan ngin
chin TTSL nhiéu cha dé trén MXH c6 rang budc vé ngan sach (MBMT). Luan
van trinh bay mot phién ban méi moé hinh LT cho bai toan LTTT nhiéu chu dé va
dua ra mot s 1y thuyét vé do kho cua bai toan trén mo hinh nay; trinh bay thuét
toan hiéu qua cho bai toan va tién hanh thu nghié¢m trén cac bg dir licu MXH thuc
dé so sanh thuat toan méi so voi thuat toan co s dua trén hai yéu t6 1a hiu xuét

va thoi gian thuc hién.
2.1. Pit van dé

Pé ngan chin TTSL lan truyén trén MXH, mt trong nhing chién lugc
phé bién 13 chon mét nut hodc mot tap nat dé vo hiéu hoa hoic loai ra khoi mang.
D3 c6 rat nhiéu nghién ctru, nhung van dé ngan chan TTSL [23], [24] nhiéu chu
dé khac nhau chua xem xét giai quyét. Thuc té cho thdy, thong tin thudc cha dé
khac nhau s& anh hudng dén nguoi dung ¢ nhiéu muic do khac nhau va gay ra thiét
hai ciing khac nhau. Xét vé hanh vi “ngudng”, mdi nguoi ding c6 ngudng chap
nhan thong tin theo ting chi dé& khac nhau 1a khac nhau. D& ngin chin TTSL
thudc nhiéu cha dé. Luan vin nghién ctru bai toan: Phuong phap ngan chin, toi

ru hoa anh hudng thong tin sai 1éch nhiéu chu dé trén MXH truc tuyén c6 rang
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budc vé ngan sach (MBMT — Misinformation Blocking with Multiple topics).
Ngin chin ¢ day duoc hiéu 1a giam dén muc tdi da c6 thé nhitng anh hudng cua
TTSL trén MXH va ngan sach duoc hiéu 1a chi phi dung dé ngan chin anh hudng
ciia TTSL. Ngoai nhitng thanh thirc chung cta bai toan 1B di thé hién trong
Chuongl, mot s6 thach thirc khac khi nghién ctru bai toan MBMT la:

1. Phén loai chu dé cua thong tin va xac dinh ty 1€ cua cac chu dé trén mdi
bai dang (bai viét, video, hinh anh, vv.. s

2. Xay dung mo hinh MXH thé thién qua trinh lan truyén thong tin nhiéu
cht dé mot cach ngan gon va dé nhan hiéu.

3. Nghién ctru thuat toan hiéu qua dé ngan chin cung lac nhiéu TTSL theo
nhiéu chii dé v6i han ché ngudn ngan sach va thoi gian thuc hién phai
du tot dé tranh viée ngan chan cham hon sy bung phat TTSL.

2.2 Phat biéu bai toAn MBMT

Mot MXH duogc biéu dién béi do thi G(E, V) trong d6 tap nit V, tap canh
E,|V| = n, |E| = m. Thong tin lan truyén trén mang gom cac bai dang (bai viét,
video, hinh anh, 4m thanh, vv...) c¢6 chra TTSL thudc g chu dé khac nhau, nhu:
Kinh té, Chinh tri, Van hoa, vv...., gia thiét ré'mg, moi bai ding chi chtra ndi dung
thudc mot chii d& duy nhat va ty 1é TTSL trong mdi bai dang 14 nhu nhau. Khong
Xét cac bai ddng 1an 16n nhiéu chi dé. Vi du: Bai dang chtra 50% TTSL vé Kinh
té va 50% TTSL vé Chinh tri, vv..; Mdi bai dang chira TTSL c6 thé lan truyén va
anh huong khap toan mang; Bang phuong phap phét hién nguén TTSL, ta da biét
trude ngudn thong tin sai 1éch ndy phét tan tir dau. Gia xt ngudn théng tin sai léch
thuoc g chu dé 1a: S = U?=1__q S;, diéu nay cho thay mdi nat c6 thé 1a ngudn phat
tan cua nhiéu chu d& TTSL. Luan van chi xét truong hop tai mot thoi diém mdi
ngudi dung chi phat tan 01 bai ddng vé mot cha dé thong tin, khong xét truong

hop ngudi dung phat tan cung lac nhiéu bai chita TTSL cling mot chi dé.
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Mdi ngudi ding u néu bi kich hoat TTSL chu dé i s& trd thanh nit ngudn
phat tan TTSL m6i, gay ra thiét hai duoc luong hoa boi dai luong ;-4 4 (u) = 0,
dé khong mit tinh tong quat ta gia thiét rang r;(w) = 1, i = 1..q, thiét hai cua
TTSL mdi nit gay ra vé6i g chu dé trén mang duoc xac dinh 14 tong thiét hai trén
tat ca cac chu dé, do lar(u) = ¥, r;(w). Nhu vay, thiét hai mdi nit gy ra bang
tong s6 chu dé& ma nat d6 bi kich hoat. Suy ra, tong s nut da kich hoat 1a thiét hai
cuia tap nguon S cua cac chu dé thong tin sau khi qua trinh lan truyén thong tin két
thic. Goi D(.) 1a ham anh huéng cua tap nguon S gay ra trén MXH, thi D(.) duoc
tinh bang tong s6 luot nlt bi kich hoat trén g cha dé théng tin. Mdi ngudi ding u
c6 chi phi loai bé khoi mang dugc Iwgng héa la c(uw) = 0, muyc tiéu caa MBMT
tré thanh tim tap nt A nhé nhat dé loai bé khoi mang sao cho sé luot nt bi kich
hoat trén g cha dé 1a nho nhét, véi didu kién chi phi loai bo tap ndt A khong vuot
qua ngan sach B. Chi phi cho viéc ngin chin TTSL duoc lugng héa bang mot dai

luong B > 0 goi la ngan sach.

Vi du 2.1: Mot MXH cho boi d6 thi G(V, E), tap nguon S gom c6 2 chu
dé TTSL la chinh tri, kinh té (Hinh 2.1), ngan sach d¢ loai bo nit B = 1. Bé cho
anh huong cua tap nguon S 1a nho nhat thi hay tim nat A loai bo ra khoi mang.
Véi ngan sach B = 1, (c(u) = 1, cing v&i chi phi dé loai bé nat u € V ra khoi
mang 1a c(u) = 1 nén tap A chi c6 mot nut duy nhat. Anh huéng cia tap S dugc
chia theo 02 chu dé: (1) P6i véi cha dé Chinh tri, néu loai bo vy: 6(4) = 3, loai
b6 v, 6(A) = 2, loai bd v5: 0(4) = 0; (2) Pbi véi chu dé Kinh té: loai bo vy:
a(A) = 0, loai b6 v,: 6(A) = 2, loai bo v5: 0(A) = 2. Nhu viy, dé ngin chin
anh hudng cua S trén ca 02 chu dé, phuong 4n chon A = {v,} 1a mot giai phap du

t6t cho bai toan, vi o(v,) = 2 + 2 = 4, la gia tri I6n nhat so voi cac tap A khac.
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Hinh 2.1: Vi du vé chon tap A dé loai b6 kh6i mang cho bai toan MBMT.

2.2.2 Xac dinh ham muc tiéu

Véi cha dé thong tin i, mdi mot ndt u c6 mot ngudng kich hoat 1a . va
c6 mot trong s6 anh huong dén céc nit gan ké v 1a: w; (u, v) = w(u, v).pl, trong
d6 w(u, v) la trong s6 anh huong chung cua u véi v va pl 1a mic mo anh huong
cua u d6i vai v theo chi dé i. Goi D;(G, S;) 1a ham anh huong theo chu dé i trén
d6 thi G bang tong s6 nit bi kich hoat, khi d6 D;(G,S;) = Y0 DE(G, S;). Suy ra,
ham anh huong cua S trén G véi trén g cha dé, ky hiéu 1a D(G, S), duoc xac dinh

nhu sau :

q
D(G,S) = z D,(G,S;) (2.1)

Muc tiéu cta bai toan 14 tim tap nat A dé loai bo khoéi mang sao cho ham
D(.) dat gia tri nho nhat. Mot nat b loai khoi mang duoc hiéu 1a nat khong co
kha nang phat tan hodc nhan thdng tin tir cac nit khac. Goi GOA 1a mot d6 thi da
loai bo tap nat A. Ap dung cong thac 2.1, ham anh hudéng cua S trén G sau khi

loai bo tap A la:

D(GOA,S) = Z?_IDL-(GL-@A),SL-) (2.2)
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Sau khi loai bo tap A, udc lugng dugc ham gidm anh hudng nhu sau:
0(G,S5,A) =D(G,S) —D(GOA,S) (2.3)

Goi c(u) = 0 1a chi phi dé loai bo nut u € V khoi mang va ngan séach loai

bo tap nat A khong vuot qua B. Bai toan MBMT dugc dinh nghia nhu sau:

Pinh nghia 2.1: (MBMT) Mot mang x& hoi truc tuyén dugc biéu dién boi
d6 thi G(V, E), c6 trong sé khong am, gom n nat, m canh va nguon ngan sach B.
Cho tap nguon q chi dé: S = UL, S;, trong d6 S; la tap cac nut phat tan thong tin
sai léch chu dé i. Bai toan dit ra 1a tim tap nat A dé loai bo khoi d6 thi G, sao cho
ham ¢ (G, S, A) dat gia tri cuc dai véi diéu kién c(4) = X,e1c(v) < B.

Vi du 2.3: Mot MXH biéu dién boi db thi G(V, E) gém 10 nat, 12 canh. Tap
ngudn S c6 02 chi dé TTSL, gom: S; = {v;} la tdp nat nguon phat tan Gng vai
cha dé thong tin Chinh tri (mau d0), S, = {v,, v3} 1a tip nut ngudn phat tan Gng
v6i chu d@é thong tin 1a Kinh té (mau xanh). Cho ngudn ngan sach B = 1, kinh phi
dé loai boé mdi nat u ra khoi mang la c(u) = 1. Tim tap nut A dé loai khoi mang
sao cho anh huang cua TTSL tir tap ngudn S trén mang nho nhat (Hinh 3.3). Véi
B =1, tap A chi c6 thé chon 01 nat duy nhat. Hinh 3.2 cho thay, chon A = {v,}
1a phuong 4n tét nhat cho bai toan. Vi trén ca 2 chu dé thong tin, do giam anh
hudng cua tap A 12 16n nhat, 0(A) = 2 + 2 = 4 luot nut bi kich hoat.

U7

Vy
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G(V,E,w) Loai bo (v,): 6(A) =3 Loaibod (v,): 6(4) =0
Loai bo (v,): 6(A) =2 Loaibod (v,): 0(4) = 2

Loai bo (v3): 6(A) =0 Loaibo (v3): 0(4) =2
Hinh 2.3 Vi du vé tim tap A cho bai toan MBMT.

2.2.1 M0 hinh hoa bai toan

Trong cac bai toan LTTT, mé hinh LT [25] dang duoc st dung pho bién.
DPdi véi mo hinh LT, lan truyén thong tin dugc dua trén su tdc dong déng thoi cua
nhimg nat hang x6m 1én mot nat khac, diéu nay gay ra kiéu hiéu tmg dam dong,
rat phi hop voi muc dich phat tan TTSL. Tuy nhién, véi nhiéu cha dé thong tin
cung lan truyén trén mang thi moé hinh LT tryc tiép khong thé ap dung, ma can co
nhig cai tién dé phu hop véi bai toan. Chuong 2, luan van dua md hinh LT véi
bién thé mdi, goi 1a mé hinh Ngudng tuyén tinh nhiéu cha dé¢ MTLT (Multiple
Topics Linear Threshold), chi tiét xdy dung mé hinh nay nhu sau:

Mot MXH duogc biéu dién béi do thi G(E, V) trong d6 tap nit V, tap canh
E,|V| =n,|E| = m; Ny (v), N,y (v) lan luot 12 tap ndt vao va ra caa nat v; mi
canh xéac dinh (u, v) € E duoc gan mot trong sé6 w(u, v) € [0,1] biéu dién do anh
huong cua nit u dén nit v, Néu (u,v) € E thi w(u, v) = 0, cic nat duoc phan
b6 théa man véi tong trong sb nit u dén v phai véi didu kién:

> w(u,v) < 1.

UEN i, (V)
Trén dd thi G(E,V), gia thiét rang tdp nGt nguon phat tan TTSL S =
U?=1..q S; (goi tat 13 tap ngudn) da duogc biét trude, voi S; 1 tap cac ndt phat tan
TTSL chu dé i va q 1a s chu dé thong tin duge xem xét. Vi du: S;: chu dé kinh
té, S,: chu dé x4 hoi, S,: chu dé chinh trj, vv...
MJi nit v € V trong tap g + 1 c6 thé c6 mot hodc nhiéu trang théi sau:

Q = {inactive, active_1,active_2,...,active_q} cho biét hanh vi hoat dong cua
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v. Néu nit v & trang théi inactive thi 1a v khdng bi kich hoat bai tap S, néu v c6
c4c trang thai active_i, 1a no di bi kich hoat béi ngudn S;. Tap trang thai Q cho
théy, tai mot thoi diém vai nhiéu chu dé o thé kich hoat bat ky nlt nao, cling nhu
1a mdi nat co thé kich hoat boi bt ky mot hodc nhiéu cha dé. Vi du: nt v ¢o tap
trang thai Q, = {active_1, active_2} nghia la v di bi kich hoat boi thong tin vé
kinh té va xa hoi.

MJi nit v € V c6 vecter ngudng kich hoat y,, = (2, ¥2, ..., 7, ) theo ting
chu dé; trong 46, y} dai dién cho gii han bi chi dé i kich hoat theo i caa nut v.
Bén canh d6, méi nit v ciing c6 vecter anh huong theo chu d& P, =
(pL,p2, ...,pY), trong d6 pl, € [0,1] 1a anh huéng caa nit v dén nhiing nit hang
X0m véi cha dé i; Gia tri ¥, P, cho thay, mdi nit toi hang xom thi déu c6 anh
huéng véi timg chu dé khac nhau nén suy ra c6 ngudng kich hoat img véi mdi nut
theo timg chui dé ciing s& khac nhau.

M6 hinh MTLT dién ta qu4 trinh lan truyén thong tin dugc dién ra theo cac
budc thoi gian roi rac t € Z,,. Goi Df (G, S;) 1a tap ndt bi kich hoat béi S; tai thoi
diém t trong d6 thi G, ta co:

- Tai thoi diém t = 0, tit ca cac nat trong cac tap ngudn S; déu cd trang thai
active_i, Vi i = 1..q;

- Tai thoi diém t > 1, tat ca cac nat bi kich hoat boi tap S; trong buoct — 1
van giir trang thai. Mot nit v € V chua bi kich hoat boi S; s& co trang thai kich

hoat active_i néu thoa man: ¥ ey ynpt-1(6,s9 W V). Py 2 ¥o;

Khi dén budc khong con nut nao duoc kich hoat véi cac chu dé thi qué trinh
lan truyén két thic.

Vi du 2.2: Mot MXH dugc cho bai d6 thi G(V, E) gom 10 nat, 12 canh.
Tap ngudn S ¢6 02 chu dé TTSL, gom: S; = {v;} 1a tap nht ngudn phat tan tGng

v6i chil dé thong tin Chinh tri (mau do), S, = {v,, v3} 1a tp nut ngudn phat tan
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g voi chu dé thong tin 1a Kinh té (mau xanh). Trén mo6 hinh MTLT, thong tin
tir tap nguodn S lan truyén trén mang duoc thé hién chi tiét trong hinh 2.2. Hinh
2.1 cho thay, TTSL tir 02 tip ngudn S; Va S, duoc lan truyén trén 02 d6 thi logic
khac nhau: Théng tin tir tip S; dugc lan truyén trén do thi G, (Vy, E;) va thdng tin
tir tap S, duogc lan truyén trén db thi G, (V,, E,), trong d6 trong s6 canh ctia d6 thi

theo chu dé wy(w,v ) = w(w, v).p3 va wy(u,v) = w(u,v).p2.

vy
Vs
v, v
S1
Vg
V1o
G(V,E) G;(Vy, Eq) G (V2. Ez)

Hinh 2.2 Vi du mé hinh lan truyén théng tin MTLT

2.2.3 D§ khé cua bai toan

Bai toan MBMT la bai todn NP-kho trén mé hinh MTLT ngay ca khi chi
c6 mot chu dé thdng tin (g = 1) va dd thi 1a cay c6 gc tai nit nguon duy nhat.
Tinh chét nay 1a co so dé thiét ké thuat todn xap xi va heuristic; Tinh todn ham
giam anh huong o (.) khi loai bo tap nit A 12 #P-kh6 va (.) 1a ham c6 tinh chat
don diéu va submodular, day 1a co s& dé thiét ké thuat toan tham lam dat ty 1€ Xép

xi (1 = 1/+/e), vdi e 1a co sb cua logarit tu nhién.
Pinh ly 2.1: MBMT la bai toan NP-kho.

Dinh 1y 2.1 dd duoc chimg minh bang bai toan xép ba 16 (Knapsack) dén
bai toan MBMT. Bai toan Knapsack duoc biét dén 1 bai toan NP-kho.
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NOGi cach khac, néu c6 thé tim ra giai phap tdi wu cta bai toan MBMT thi
c6 thé tim ra giai phap t6i wu cho bai toan Knapsack. Vi vay, bai toan MBMT
cting 1la NP-kho.

Pinh ly 2.2: Ham giam anh huong o (.) khi loai bo tap A 1a #P-kho.

Pi ching minh duoc dinh 1y 2.2 vi ta suy dién tir bai toan MBMT dén bai

toan s — t paths, da duoc chirmg minh 1a bai toan #P-kho.

Pinh nghia 2.2: (s-t paths) [25] Cho dd thi G (V, E), n nit, m canh, hay s6
tinh s6 dudng don tir Nt s dén nit t (dudng di don 1a dudng di qua mdi nut khdng

qua mot 1an).

Chting minh: Bé chiing minh tinh toén o (.) 1a #P-khd, ta xét trudng hop
don gian nhat, d6 1a MBMT chi c6 mét cha dé thong tin sai léch (g = 1) va tap
ngudn S chi c6 mot ndt duy nhat: S = {s}. Goi P(G, s) la tap tat ca cac duong di
don bat dau tir s trén d6 thi G (dudng di don 1a cac dudng di qua mdi ndt chi mot
lan duy nhat), P(G 4, s) la tap hop tat ca cac nat trén duong di don bat dau tir s
cho dén khi bi chin bai A. Tir cdng thic (2.3) 6(G, S, 4) = D(G, S) — D(GOA, S)
day chinh 1a s6 nat trong P (G, s) trix di s6 nat trong P(G A, s). Néu ching ta tinh
duoc s6 lugng nut trong P(G, s) thi ching ta ciing c6 thé dém sb luong duong di
don trong P(G, s). Pém tit ca cac dudong di don chinh 1a 16i giai cho bai toan s —
t paths da duoc Valiant ching minh 1a # P-hard [25]. Néu g > 1, tinh a(.) ¢c6
phan khé hon s — t paths, suy ra tinh ¢ (.) 1a #P-kho.

Pinh ly 2.3: Ham ¢ (.) c6 tinh chét don diéu va submodular.
Dinh ly 2.3 da duoc ching minh theo bd dé 2.1 va 2.2

B6 dé 2.1: Anh hudng cua tap ngudn S trén d6 thi G twong duong vai tong

anh huong ctia cac tap S; trén cac do thi G; theo md hinh MTLT.
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Bo dé 2.2: Trén d6 thi G;, ham anh hudng D;(G; © 4,S;) c6 tinh chit don
diéu va supermodular nghia la: D;(G; O 4,S;) < D;(G; O T, S;) va
Di(G; O (Au{v}),S) —Di(G; OAS)
<Di(G; O (TU{w}),S) —Di(G;OT,S)
VACST CV,vveT\A

2.3 Thuat toan cho bai toan MBMT

2.3.1 Thuat toan IGA

Thuat toan duogc chia lam hai giai doan nhu sau:

- Giai dogn 1, sir dyng chién luoc tham lam dé xay dung tap nit A. Trong
mai budc, chon ndt v sao cho & (v) la ty 1¢ gitra do tang cua Ham giam anh hudéng

a(.) véi chi phi loai bo nit v 14 16n nhat, ham & (v) dugc tinh nhu sau:

B (0(G,S,AV {v}) —0(G,S,A)
B c(v)

Khi ngan sach B cho phép bi vuot qué hoic dd xét hét cac ndt thi qué trinh nay

d(v) (2.4)

két thiic. Két thiic giai doan nay ta thu duoc tap cac nit A dé loai bo. Tuy nhién,
v6i didc trung tp nhan cia MXH, nhiéu trudng hop loai bd mot tip nat chua han

d3 hiéu qua bang loai boé mot sd niit quan trong (nut siéu anh huong).

- Giai doan 2, Xét v,,4,, 1a N0t ¢6 anh huong 16n nhat véi c(vy,4,) < B.
Cubi cung thuat toan so sanh khi loai bé nut v,,4, va ham giam anh hudng khi
loai bo tap A dé tra vé 10i giai tét nhat cho bai toan MBMT. Vén dé cai tién caa
thuét toan IGA so vdi chién lugc tham lam ¢d dién duge thé hién & viée xét nit
Vmax, NAY €ON goi 1a NGt siéu anh huong. Trong thuc té, nguoi dung thuong loi
dung ngudi ndi tiéng dé phat tan TTSL, diéu nay cho thay tinh thuc tién rat cao
cua thuat toan IGA trong van dé ngan chin anh hudng cia ngudi ndi tiéng khi ho

la ngudn phét tan TTSL.
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Thuit toan 2.1: Thuit toan tham lam cai tién -

IGA

Input: G = (V, E), tap ngudn S, ngan sach B;

Output: Tap ndt 4 can loai bo khoi mang;

1. A« Q;
2.U <V,
3. Repeat
4, U < argmaxyey\46(v)

5. if (c(A) + c(u) < B then

6. A< Au{u};
7. end:

8. U« U\{u};

9. Until U # @;

10. VUmax € argmavaV,c(v)sBo-(v);
11. If (0(Vayx) = 0(A)) then A « v,y ;
12. Return A4;

C6 thé thiy rang, d6i véi truong hop thuat toan x4u nhit, thue hién k2 vong
l3p toi da dé tinh lai Ham giam anh huong o (.), véi k 1a s6 luot kich hoat trén g
cha @& céac nat bi kich hoat. Nhung theo cong thic 2.3, dé tinh ham giam anh
huéng o(.) can tinh duoc ky vong sd lugt cac nit bi kich hoat TTSL trén q chu
dé. Viéc tinh toan chinh xac gia tri ky vong nay la #P-kh6. Vay nén, IGA khong
kha thi ap dung trong MXH thuc, ngay ca khi mang nhé. Giai phap cho van dé
nay, luan vin st dung phuong phap moé phong Monte-Carlo (MC) dé udc tinh
ham anh hudng (thuat toan 2.2).

Tung tap ngudn S; st dung md phong MC qua trinh lan truyén théng tin

ngau nhién T lan. M&i vong duyét tir mot cho dén T lan, tinh tong sb ndt da bi
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kich hoat, tir @6 tinh tong trung binh trén T 1an mé phong. Cubi cung tinh trung
binh trén g chu dé. Bé c6 duoc udc luong ky vong c6 do chinh xac cang cao thi

s6 1an mo phong phai cang 1én.

Thuat toan 2.2: Thuit toan udc luong gia tri ham

D;(G;, S;)

Input: B4 thi theo chi dé G; = (V;, E;), tip nut ngudn S;;

Output: Ham anh huong D;(G;, S;);

1. count « O;

2. fori=1toT do

3. M6 phong ngau nhién qué trinh lan truyén thong
tin tir tap S; trén db thi G;;

4 N; < sb nat bi kich hoat bai chu dé i;

5. count « count + N;;

6. end;

7. Return cout/T.

Tuy nhién, rat kho dé xac dinh sé 1an mé phong dé lay xap xi trung binh
mau. Trong truong hop thyuc hién T 1an md phong MC, thuat toan IGA ¢6 d6 phic
tap theo thoi gian la O(TRn?). Trong d6, R 1a do phtrc tap cia mo6 phong MC. Vi
d6 phuc tap nay nén thuat toan IGA khong thé ap dung duoc cho cac mang nho,
vira va 1n. Vi vay luan van st dung thuat toan GEA dé giai quyét van dé nay ma

con chay nhanh hon trong muc tiép theo.

2.3.2 Thuat toan GEA

Trong tiéu muc ndy, dé giai quyét kho khan trong tinh ham anh huéng o (.),
luan vin st dung phuong phap gop cac ndt ngudn theo ting chu dé TTSL, xay

dung dd thi truc tuyén dudi dang cdy c6 gdoc la ndt nguén duy nhét va cap nhat
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nhanh ham anh huéng o(.) trén cdu tric ciy bang phwong phéap xap xi trung binh
mau. Trén cdu tric cdy, mo rong thuat toan Tham lam goi 1a GEA (Greedy Expand
Algorithm), thuat toan cé thé ap dung cho mang xa hdi vira va 16n. Thuat toan

duoc chia lam 03 giai doan nhu sau:

- Giai doan 1: c6 mdt hodc nhiéu nat, nén céc bac nut hang x6m cua S; ¢6
thé bi tac dong tir nhiéu nut c6 chung mot chii dé, dé thuén tién cho viéc cap nhat
nhanh ham muc tiéu ma van dam bao cac tinh chat lan truyén ctia mo hinh MTLT,
chung t6i tién hanh hop nhét cac nat trong tip ngudn S; thanh mot nit ngudn duy
nhat H; thu dugc d6 thi (G';, H;) (thuat todn 2.3). B6 dé 2.3 chi ra rang hai thé hién

trude va sau khi hop nhét cac nat ngudn cung chu dé 1a twong duong.

Thuit toan 2.3: Thuat toan gop nut ngudn erger(G;, S;)

Input: B6 thi theo chi dé G;(V;, E;), tap ntat nguon S;;

Output: Do thi di gop nit ngudn (G';, H,);

G'; « Gj;
Thém nat H; vao G';
. forx € S; do
if (canh ra (x, v)) then
if (H;,v) # G'; then
Thém canh (H;,v) vao G';;
wi(H;,v) = w;(x, v).py;

else

© ®©® N o 0 kR~ w0 Db RE

wi(H,v) = wi(H;,v) + w;(x,v);

[
©

end;

11. V6 hiéu hoa canh (x, v) khoi Gj;
12. end;

13.end;
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14. V6 hiéu héa tat ca cac nit trong tap ngudn S; khoi G/;

15.Return (G;, H,).

B6 dé 2.3: Thuét toan 2.3 cho thay thé hién bat ky (G;, S;, w;) tuong duong

v6i thé hién (G';, H;, w';), v6i H; 1a nat hop nhit cua cac nat trong tp ngudn S;.

- Giai doan 2: M&i d6 thi G; sau khi d& hop nhat nat ngudn, ta ap dung
phuong phap mé phong MC dé tao ngau nhién n; d6 thi mau g tir do thi G; theo
mo hinh canh truc tuyén [10]. Trong n; do thi duoc tao ra, c6 nhiéu d6 thi khong
bao gém niit ngudn H;, nghia 1a TTSL khong c¢6 anh hudng trén nhitng d6 thi nay.
Vi vay, ta chi giit lai nhitng d6 thi ¢6 chtra nut H;. Do da hop nhat nat ngudn, nén
d6 thi truc tuyén duogc tao ra dudi dang ciy c6 gbe 1a nat ngudn H;. Thao tac nay
lam giam dang ké s6 luong cac d6 thi miu vo nghia, gitp cap nhat gia tri trung
binh mau dat xap xi gan hon v&i gia tri t6i wu. Tir n; mau, luan vin dit bo 7; chira
goc clia n; cdy. Voi mdi cdy Tj—y ,,, € T, goi f (T}, A) la gid tri cua ham giam anh
huéng o(G;,S;, A) trén cdy T;, tac gia quan sat thay ring f(Tj,u) =
|{v|v € subtree(u)}| va co thé tinh f(Tj,u) chomoinitu € T; biang thuat toan
duyét sau (thuat toan 3.4). Do ngan sach B dung dé ngin chan g chu dé thong tin
va mot nat c6 thé thudc nhiéu cdy khac nhau, vi vay dé tinh o(.) trén q chu dé, ta
ap dung tinh xap xi trung binh mau dé tinh o (.) nhu sau:

q
(G, S, A) ~ (G, S, A) = zni z £(T,,4) (2.5)
i=1 ' T;ER;

- Giai doan 3: Thuat toan &p dung chién lugc tham lam dé xay dung tap nut

A, bang céach bd sung dan céc nit u vao tap A theo chién luoc tham lam, sao cho
mitrc tang cua d6 giam anh huong khi thém nat u vao A la: 6 (u) dat cuc dai, qué
trinh 13p lai cho dén khi hét ngan sach B hoic khong c6 nut ndo khac duge thém
vao sau mdi vong lap. Cubi ciing, chon nit umax sao cho c(u,g,) < B va xép xi

trung binh mau & (u,,,4,) dat gi tri cuc dai (dong 22). Gia sir A’ 1a giai phap hién
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tai trong vong lap t. Ta uéc tinh ham &(.) s& tang dan khi loai bo nat v theo

phuong trinh sau:

5(A',v) =a(G,S, A"+ {v}) — (G, S, A) ~

q
< Y T H) - T O v, H) (2.6)

Sau khi chon u vao Hj, tién hanh xem xét tat ca cac cay T, eT,i=1.q
dé dé loai bo ndt u ra khoi cac cay T; va nhat ham f(Tj,u) trén cay T; € J; nhu
Sau:

1) Néu v 1a con chéu cua u, ta s& vo hiéu hoa v, vi khong thé di dén v tir
Hi;

2) Néu v 14 t6 tién cua u, cap nhat: f(T] Ou, v) = f(Tj,v) — f(Tj,u);

Thuat toan 2.4: Cap nhat gia tri ham
f(T,w)

Input: Cay T; c6 gbc H; vanitu € V;;
Output: (T}, w);

1. If (ulald) Then

2. r« 1;

3. for (v la con cua u) do
4. r <71+ f(Tju),;
5. End;

6. else

1. re1;

8. end;

9. Returnr.
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Két qua thuat todn GEA tra vé loi giai tot hon 1a umax va A’ bang cach so
s&nh 6 (Upq,) VA 6(A"). Thé hién chi tiét nhit trong thuat toan 2.4. Do phuc tap
cia GEA. Tao mot tap hop 7; dugc thuc hién trong (n;(n + m)). Tinh toan
£ (T;,w) dugc thuc hién bang thuat toan 2.5, thoi gian chay 0 (n). Trong mdi budc
chon nit u c6 gia tri §(A, w) 14 16n nhat can 0(n), cap nhat tp hop cac cay 7; can
0(n;n). Do d6, tong thoi gian cua thuat toan GEA la 0((Zf:1ni)(m + kn)).
Trong d6, q 1a s6 chii d&, n, m 14 s6 nit, sé canh cuaa db thi G(V, E); n; 1a s6 cay

duoc tao ra trong md phong MC vai chu dé i.

Vi du 2.4: Qua trinh thuc hién thuat toan GEA trén d6 thi lan truyén thong
tin cha dé i = 1, tap ngudn S;. Trong hinh 2.5: (a) 1a mét trong q dd thi theo chu
dé duoc tao ra tir d thi gbc ban dau, biéu dién lan truyén TTSL tir nguon S; trén
d6 mang. (b) 1a d6 thi duoc gdp cac nit trong tap ngudn S; thanh mot nut ngudn
duy nhat H;. (c) 12 mot trong n; d6 thi mau dugc sinh ngau nhién tir d6 thi da gop
nut ngudn. Do chi c6 mot nat ngudn duy nhat, nén doi thi truc tuyén tro thanh cay

co goc la H;.

Vs

0.4

Vg

(@) (b) ()

Hinh 2.5: Vi du vé qu4 trinh thwc hién thuit toain GEA
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0.6

Hinh 2.6: Vi du vé cip nhit ham giam anh hwéng khi loai bé nit
Trong hinh 2.6, khi chua loai bé nut v, thi f(Tj, H,) = 7; f(Hy,v3) = 3;
f(Hy,v4) = 3 Sau khi loai bo v, ching ta cap nhat f(T; @ v, Hy) =7 — 3 = 4.

Thuat toan 2.5: Thudt todn tham lam moé rong — GEA

Input: G(V, E), tap ngudn S, ngan sach B;
Output: Tap nit A can loai bo khoi mang;

1. U<V,

2. A" « @;

3. Xay dung g d6 thi G;(V;, E;) tt G(V, E) theo md hinh MTLT;

4. (G, H;) < Merge(G;,S;) v6i i = 1...q; (thudt toan 2.3)

5. Foreach G;_, , do

6 Tao n; dd thi mau (cay Ti—1.n;) ngau nhién c6 gbe H;, luu gde vao
tap Ji;

7. foreach T; € T;, cap nhat f(T;, u), Yu € Tj; (thudt todn 2.4)

8. end;

9. Repeat

10. cjpin < argmin,eyc(v)

11. If ¢;pin + c(A") > B then break;

12. u « argmaxyey c(»<p0(4’, v); (Cong thirc 2.6)

13. U « U\{u};
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14. if c¢(A,) + c(u) < B then
a. A"« A"u{u};
b.for i=1toqdo
i. foreach Tj_, ,,, € 7; do
ii. if w € Tj,vohiéuhoanatuvacapnhat f(T;,v), Vv € T;
lii. end;
c. end;
15. end;
16. Until U = @;
17. Umay © ATgMAXpey ()58 (V);
18. A « argmax, 4. {6(G,S, umax), 6(G,S, AN},
19. Return A.

2.4 Két luan chwong 2

Trong chuong nay, luan vin da trinh bay két qua nghién ciru bai toan Ngan
chan thong tin sai léch nhiéu chu ¢&¢ MBMT véi rang budc vé ngan sach. Luan
van trinh by mé hinh mé&i dé mo ta qua trinh lan truyén thong tin nhiéu chu dé
trén MXH, dé 1am dugc diéu nay, luan van dinh dua ra hai tham s6 cho mang do
1a trong s6 anh huong va ngudng kich hoat theo timg chu dé, dva trén tham s6
nay va mo hinh Ngudng tuyén tinh LT dé dua ra mo hinh méi, goi 14 mé hinh
Ngudng tuyén tinh nhiéu chi & MTLT. Trén mé hinh nay, luan vin phan tich do
kho cua bai toan va trinh bay 02 thuat toan hiéu qua cho MBMT theo hai hudng
tiép can: thuat toan x4p xi va heuristic. Trong d6, thuat toan IGA sir dung chién
lugc tham lam c6 cai tién bang viéc xét tinh hudng ngudi phat tan TTSL sir dung
ngudi ndi tiéng dé lan truyén thong tin; thuat toan GEA sir dung cdy tric cay theo
mo hinh canh tryc tuyén (LE) d6i v6i d6 thi theo chi1 dé, bang cach gdp niit ngudn
va cap nhat ham muc tiéu bang phuong phap xap xi trung binh mau trén ciu trac

cdy. Cac két qua thuc nghiém cho thiy cac thuit toan cho hiéu qua tét hon cac
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thuat todn co so. Bac biét, ching cling c6 kha nang mé rong voi cac mang quy

mo 1on.
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CHUONG 3: THU NGHIEM VA PANH GIA KET QUA

Thuc nghi¢m dugc thuc hi¢n trén cac 03 bo dir liéu cua MXH thyc voi quy
mo khéc nhau, tir hang nghin d&én hang chuc nghin nat va hang chuc nghin dén
hang traim nghin canh, duoc lay tir ngudn [http:/snap.stanford.edu/data/]. Thuét
toan GEA duoc do sanh vdi cac thuit toan co sd trén mo hinh MTLT, bao gém
Random va Degree. Banh gia dlugc thuc hién dua trén hai ti€u chi do 1a hiéu suat

(gia tr1 ham gidm anh hudng) va thoi gian thuc hién thuat toan.

3.1. Cai dat thuc nghiém

3.1.1 Cai dat bg dir liéu

Thuc nghiém duoc thuc hién trén ba bd dir licu MXH thuc 1a Gnutella [25],
NetHepPh [26] va Epinions [27]. Tém tat mé ta cac bo di liéu duogc trinh bay trén
bang 3.1. Thuc nghiém duogc viét ma bang Python 2.7 va thyc hién trén may tinh
hé diéu hanh Linux, CPU Intel Core i7 — 8550U 1.8Ghz, RAM 8GB DDR4
2400MHz.

Bang 3.1. B¢ dir li€u thuc nghiém

Tap dir liéu Kiéudd Sénat So canh Bac trung

thi binh
Gnutella C6é huéng 6K 20K 3.29
Epinions Co6 huéng 75K 508K 6.7
NetHepP  C6 huong 34K 421K 12.2

- Gnutella: Gnutella 1a mt mang chia sé tap tin ngang hang, dugc xay dung
vao ndm 2000. St dung mot trinh khéach (Client) Gnutella dugc cai dat trén may,
nguoi dung co thé tim kiém, tai Xuéng, tai 1én cac tép tin trén mang. Bo dir liéu
thu dugc bang mot loat cac bic anh chup nhanh (Snapshot) ctia mang chia sé tap

tin ngang hang Gnutella. Téng cong c6 9 birc anh chyup nhanh vao thang 8/2002.
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Céac nlt cua do thi dai dién cho céac may tram trong t6 po mang, cac canh biéu dién

cac két noi gitra nhitng may tram nay.

- Epinions: Pay 1a mang xa hdi tryc tuyén cua mot trang web danh gia
nguoi tiéu dung noi chung Epinions.com. Cac thanh vién cia trang web c6 thé
quyét dinh xem c6 nén " tin tudng " 13n nhau hay khong. T4t ca cac mdi quan hé
tin cdy tuong tic va tao thanh Web tin cdy, sau d6 duoc két hop véi xép hang

danh gia dé xac dinh danh gia nao duoc hién thi cho nguoi dung.

- NetHepPh: D6 thi trich ddn Arxiv HEP-PH (hién tugng vt 1y ning luong
cao) lay tir arXiv e-print va bao gdm tit ca cac trich dan trong tap di liéu gom
34.546 bai bao vai 421.578 canh. Néu mot bai bao i trich din bai béo j do thi chira
mét canh c6 hudng tir i dén j. Néu mot bai béo trich dan, hodc duoc trich dan boi
mot bai bao bén ngoai tap dit liéu, biéu d6 khong chira bat ky thong tin nao vé
diéu nay. Dir liéu bao gdm cac bai bao trong khoang thoi gian tir thang 1 nim

1993 dén thang 4 nam 2003 (124 thang).

3.1.2 Cai dit tham s6

Vi kho ¢d thé xac dinh chinh xé4c trong sé anh huong cua u ddi véi v, nén
tac gia can c trén cac nghién ciru trude [28], dé phan bé déu trong sé cua moi
canh (u,v) la: w(u, v) = 1/Nin(v), nghia la vai tro kich hoat nat hang xém cua
cac nut 1a nhu nhau. Trén mo6 hinh MTLT, ngudng kich hoat va vecter anh huong
theo chu dé cuia cac nut duoc lay ngau nhién pl,yt € [0,1.0],i = 1..q. Tap nit
nguon gdom c6 03 chu dé thong tin sai léch S = U3, S; véi |S;]| = 100, S, =
100, |S53| = 100 duoc chon ngau nhién trong tap nat V. Gidi han cho thoi gian
chay thir nghiém 13 72 gio. P6i v6i thuat toan IGA mo phong MC duoc thyc hién

10.000 1an dé 14y trung binh mau, udc tinh gia tri ham giam anh hudng.
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3.1.3 Thuét toan dwge so sanh

Do chua tim thay cac nghién ctru vé bai toan ngan chan thong tin sai léch
nhiéu chu dé, nén tac gia so sanh cac thuat toan GEA va IGA véi nhau va so sanh
véi 02 thudt toan co s& khac 1a Random va Degree, day la cac thuat toan thuong
dugc dung trong cc bai toan lan truyén thong tin néi chung va ngin chin anh

huong néi riéng [29], [30], [31], [32], [33], [34], cu thé la:

- Random: La thuat toan lay cac ndt vao tap A mot cach ngau nhién cho dén

khi chi phi loai bo A vuot qua ngan sach B.

- Degree: La thuat toan xay dung tap A bang cach thém dan cac ndt vao tap

A theo bac cua cac nit tir cao dén thap cho dén khi chi phi buot qué ngan sach B;
3.2 Panh gia két qua

Céc thuat toan duoc danh gia dya trén hai tiéu chi: (1) Chét luong 101 giai
dugc xac dinh la gia tri cia ham giam anh huong o(.), gia tri ham cang 16n thi
thuat toan cang tdt hon; (2) Thoi gian chay cua thuat toan dugc tinh b'fmg giay.
Thuat toan dugc GEA so sanh véi hai thuat toan co s¢ 1a Degree va Random. bé
danh gia toan dién va day du hiéu qua cta thuat toan, qua trinh danh gia duoc chia
lam hai truong hop: Truong hop chi phi chung (general cost), chi phi loai bo nat
c(w),u € V dugc phan bd dong déu trong khoang [1.0, 3.0]; Truong hop chi phi

d6ng nhét (units cost), chi phi loai bo cac nut 1a nhu nhau, c(u) = 1,u € V.
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3.2.1 So sanh hiéu suit thuit toan
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Hinh 3.2: So sanh hiéu suit thuit toan véi chi phi dong nhat.

Trong thir nghiém nay, ngudn ngan sach B thay ddi tir 0 dén 100. Trudng

hop chi phi chung, Hinh 3.1 cho thiy hiéu suét ciia cac thuét toan trén cac bo dir

liéu Gutella, NetHepPh va Epinnions nhu sau: Thuat toAn Random it hi€u qua

nhit trong moi trudng hop, thuat toan GEA t6t hon 1.1 dén 2.24 1an so vai thuat

toan IGA va tét hon téi 121 1an so voi Degree. Thuat toan IGA d6i véi dir lidu

Epinions chi xét dén muc chi phi B = 40 vi thoi gian chay vuot qua mutc 72 gid;

Truong hop chi phi ddng nhat, Hinh 3.1 hién thi két qua ctia cac thuat toan. Gidng

nhu phién ban chi phi chung, GEA ¢ hiéu suat tot nhat, vuot xa hiéu suat Random

va Degree, ngan sach B cang ting thi su vuot troi cang thé hién rd hon, riéng voi

bo Epinions IGA c6 thoi gian thuc hién qué 72 gio ddi voi B > 40, nén chi so

sanh dén truong hop B = 40.
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3.2.2 So sach thoi gian thuc hién thuat toan

Hinh 3.3 va 3.4 hién thi thoi gian chay cta cac thuat toan trén ba bo dit lidu.
Thuat toan Random va cac thuit toan heuristic don gian nén thoi gian chay rat
thap, chi khoang vai gidy. Diéu nay dan dén thoi gian chay cta ho 12 nhanh nhat.
C4 cai dat chung va don vi, GEA da chay nhanh hon IGA t&1 196 lan. Kich thudc
ctia tap dit liéu 16n hon, téc d6 ciia IGA cham hon. Trong thoi gian cai dit chi phi

chung ciia tat ca cac thuat toan déu 16n hon 1.05 dén 1.2 14n so véi cai dat chi phi

don vi.
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Hinh 3.3: So sanh thoi gian chay thuit toan véi chi phi chung.
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Hinh 3.4: So sanh thoi gian chay thuit toan véi chi phi dong nhit.

3.3 Ké luén chwong 3

Trong chuong nay, luan vin da trinh bay két qua nghién ciru bai toan Ngan

chan thong tin sai léch nhiéu chu d& MBMT véi rang budc vé ngan sach. Luan
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van dé xuat mo hinh m&i dé mé ta qua trinh lan truyén thong tin nhiéu chu dé trén
MXH, dé lam duoc diéu nay, luan van dinh dua ra hai tham s6 cho mang do la
trong s6 anh hudng va ngudng kich hoat theo timg chu dé, dua trén tham sd nay
va mo hinh Ngudng tuyén tinh LT dé dwa ra mé hinh méi, goi 14 moé hinh Ngudng
tuyén tinh nhiéu cha & MTLT. Trén mé hinh ndy, luan van phan tich d6 kho cua
bai toan va dé xuat 02 thuat toan hiéu qua cho MBMT theo hai hudng tiép cén:
thuat toan xép xi va heuristic. Trong do, thuat toan IGA st dung chién lugc tham
lam ¢6 cai tién bang viéc xét tinh hudéng nguoi phat tin TTSL sir dung ngudi noi
tiéng dé lan truyén thong tin; thuat toan GEA str dung cay triic cdy theo md hinh
canh truc tuyén (LE) ddi v6i dd thi theo chu dé, bang cach gdp nat ngudn va cip
nhat ham muc tiéu bang phuong phap x4p xi trung binh miu trén cau trac cay.
Céc két qua thuce nghiém cho thay cac thuat toan dé xuat cho hiéu qua tot hon cac
thuat toan co so. Pac biét, ching cling c6 kha nang md rong voi cac mang quy
mo 16n.

Luan van nghién ctru mot s6 bai toan vé phat hién va ngan chan thong tin
sai 1&€ch trén mang xa hoi truc tuyén, thudc 16p cac bai toan lan truyén thong tin,
bao gdm 02 bai toan: (1) Phat hién thong tin sai 1éch véi ngudn ngan sach tdi thiéu
dam bao dat it nhat mot ngudng cho trude (MBD) va (2) Ngin chin thong tin sai
léch nhiéu chu dé c6 rang budc vé ngan sach (MBMT). Cac dong gop cta Luan
vén bao gom:

1. 01 bién thé cua md hinh LT cho bai toan LTTT nhiéu cha dé trén MXH,
goi 1a: M6 hinh ngudng tuyén tinh nhiéu chu d& MTLT.

2. 02 thuat toan hiéu qua ap dung cho bai toan Ngan chdn thong tin sai 1éch
nhiéu cha dé trén mang x4 hoi truc tuyén c6 rang budc vé thoi gian, rang budc vé
chi phi, bao gdm: Thuat toan IGA cho ty 1& xap xi (1 — 1/+/e), thuat toan GEA
khong cho ty 1€ xép xi nhung cai thién duoc tdc do thue hién ddi véi céc mang

nho va vira.
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- Tuy da c6 nhimg hét qua budc dau, nhung bai toan MBD, MBMT van
con nhiéu thach thirc ma luan van chua giai quyét. Trong thoi gian toi tac gia

nghién mong mudén mo rong cac ndi dung nghién ctru nhu sau:

1. Nghién ctru phuong phap xac dinh ty 18 (%) cta cac chu dé trong mdi
bai ding va muirc do thiét hai khi mdi nguoi dung bi kich hoat theo ting chu dé

thong tin khac nhau.

2. Nghién ctru bai toan c6 yéu téc nhiéu mirc do kich hoat bai dang, giai
phap danh gia mirc anh huong theo ting mure kich hoat. Vi du: Muc @06 kich hoat

trén facebook: Chia sé lai, comment, like, vv...

3. Nghién ctru phat trién thuat toan hiéu qua cho bai toan MBD theo cach
tiép can thuat toan x4p xi va giam thiéu s6 mau can dung, dong thoi tang toc do
thuc hién cua thuat toan.

4. Nghién ctru cac bién thé c6 tinh ing dung thyc tién dbi véi cac bai toan
Phat hién thong tin ID va ngan chin anh huong IB. Cac thuét toan di manh dé xir
Iy cac mang x4 hoi hang ty nit va canh trong thoi gian tuyén tinh.

5. Nghién ctru sir dung phuong phap hoc siu (deep learning) dé phat hién

thong tin sai 1éch va ngudn phat tan thong tin sai 1éch.
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