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MO DAU
1. Ly do chon dé tai

Mang phtic tap ngay cang tré nén phd bién va cé tim anh huong sau sic dén nhiéu déi
tugng trong doi séng hang ngay. Cac mang nay ton tai song song vai thé gidi thuce, dong thoi
tao ra nhitng tac dong qua lai dang ké dén doi séng thuc té. Khi con ngudi danh ngay cang
nhiéu thoi gian cho cac hoat dong trén mang phac tap, cac quyét dinh va cong viéc thuong
ngay cua ho ciling bi anh huong khéng nho boi cac tuong tac, thong tin thu thap duoc tur ban be
va céc két ndi trong mang.

Trong béi canh d6, nhu cau danh gia mirc do tin cay caa cac ddi tugng, cong dong, hoac
noi dung trén mang phuc tap tro thanh mot yéu té thiét yéu, giup ngudi ding dua ra quyét dinh
phU hop va giam thiéu rai ro. Tin cdy da duoc nghién ciu trong nhiéu linh vuc nhu tim 1y hoc,
triét hoc, x& hoi hoc va khoa hoc may tinh, qua d6 chi ra rang tin cay 1a mot khai niém cha
quan, thay ddi tly thudc vao ting ca nhan, tinh hung va bi canh cu thé.

Mot thach thac 16n ddi véi cac nha nghién ciu 12 viée dinh nghia 1d rang khai niém tin
cay, md ta qua trinh hinh thanh tin cay va phan tich tac dong cta no6 1én con ngudi. Cac nghién
ctu tiép theo di tap trung vao viéc xac dinh cac yéu to tién dé cua tin cay, tic 1 nhitng yéu to
c6 kha nang anh huong dén muc d6 tin cay . Tuy nhién, viéc tong hop va danh gia mic do anh
huong cua cac yéu td nay trong nhitng bdi canh khéc nhau van 1a mot thach thirc dang ké.

Truéc nhitng kho khan d6, dé an nay tap trung nghién ciu va 1am rd khéi niém vé tin
cdy, cu thé hda cac yéu té tién dé anh huong dén tin cay. Tur do, dé an dé xuat cac phuong
phap do luong mirc do tin cay va xay dung cac mo hinh tin cay phu hop cho mang phuc tap.
Dé &n bt dau bang viéc tim hiéu phuong phap mé hinh héa mot mang phuc tap. Theo d6, mot
mang phiic tap truc tuyén co thé dugc mé hinh héa dudi dang mot do thi c6 hudng, trong d6
cac nat biéu thi ngudi dung va cac canh biéu thi mdi quan hé giira chung. Hudng cua canh s&
chi ra nguoi nao dugc xac dinh tin cay.

2. Muc tiéu nghién ciru

Muc dich ctia nghién ctru 1a phat trién va ap dung cac mo hinh hoc sau, dic biét 1a CNN va LSTM, dé

tinh toan do tin cdy trong mang phirc tap. Muc tiéu bao gom:

e Thiét ké va huén luyén cidc mé hinh hoc siu dé trich xut dic trung khong gian va thoi gian
tur dir liéu mang, nham du doan do tin cay chinh xéc.
e Tich hop yéu to khong chic chin va mdi quan hé phirc tap dé cai thién do chinh xac khi dir

li¢u khong hoan chinh hodc c6 bién dong.
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e Toi wu héa mo hinh hgc sau dé cai thién toc do huan luyén, gidm yéu cau dir liéu va nang cao

kha nang du doan d9 tin cdy.

3. Péi twong va pham vi nghién ciu

Nghién ctru tap trung vao cac mang c6 cau trdc phuc tap, dic trung bai mat d6 két ndi cao, tinh

phan tan, va su bién dong dong luc hoc cua céc yéu té trong mang. Nhimng dic diém nay s&

duoc phan tich va tich hop vao mé hinh danh gia do tin cay nham phan anh chinh xéac ban chat

phi tuyén va kho du doan cua hé théng.

4. Phwong phap va pham vi nghién curu

Pham vi nghién ctru cua dé tai bao gom cac khia canh sau:

e Cac loai mang phtic tap: Nghién ctlru s€ tap trung vao cdc mang phirc tap nhu nhu mat

do két nodi, tinh phan tdn va su bién dong cua cac y€u to trong mang s€ dugc phan tich

va dua vao mo hinh.

e (Cac mo hinh hoc sau sur dung trong nghién ctru: Nghién ctru s€ khao sat va sir dung mot

s6 mo hinh hoc sau:

(@)

(@)

(@)

(@)

Mang hoc sau tich chap (CNN)
Mang hoi tiép dai ngan (LSTM
Mang no-ron héi tiép (RNN)

Dt li¢u nghién ctru:

e Dt liéu nghién ctru:

Dt li€u st dung trong nghién ctru ndy s€ dugc thu thdp tir cac mé hinh mang phuc tap

dugc mo phong hodc tur cac co s& dir ligu thuc té cd san trong céc linh vuc mang vién

thong, mang Internet va giao thong. Viéc lua chon dit li¢u tir cac nguén nay nham muc dich

tao ra mot birc tranh toan di¢n vé cac yéu t6 anh huong dén dd tin cdy mang, dac biét 1a

trong cac mdi truong mang c6 tinh phic tap cao va thay d6i nhanh chéng.

Nghién ctu s€ s dung bo dir li¢u tu tdp Stanford Large Network Dataset Collection

https://snap.stanford.edu/data. B swu tip ndy cung cip cac d6 thi mang thuc té voi cac dic

trung cau tric mang phong phd, tir d6 gitip mo phéng cac tinh hudng thuc té hon trong

nghién ctru vé d6 tin cdy mang. Vi¢c st dung dir licu thuc té tir Stanford sé& giup kiém tra

do chinh xac va tinh kha thi ciia cdc mo hinh trong moi truong thuc té, noi ma cac yeu to

phtre tap va khong thé dy doan trude (nhu sy ¢b mang, luu luong giao thong thay doi, v.v.)

c6 thé xdy ra bat ngo.


https://snap.stanford.edu/data

5. Phwong phap 1y thuyét va phén tich

Phin tich dic diém mang phirc tap: Nghién ciru s& bat dau bang viéc phan tich cac
dic diém ctia mang phirc tap, bao gdm ciu triic d6 thi ciia mang, cac yéu t anh hudng
dén do tin cay (nhu do bén cua két ndi, mat do mang, tinh phan tan cua cac thanh phﬁn
trong mang, v.v.). Viéc phén tich nay sé& gitip xac dinh cac yéu t6 quan trong can duoc
dua vao mo hinh hoc sau.

X4y dung md hinh d9 tin cdy mang: trén co so cac 1y thuyét do thi va 1y thuyét vé do
tin cdy, nghién ctru s& xay dyng cac mé hinh co ban dé tinh toan do tin ciy mang, 1am
co s& dé so sanh v6i két qua thu dugce tir cac moé hinh hoc sdu sau nay

Nghién citu cac md hinh hgc séu: nghién ctru s€ phéan tich cic mo hinh hoc sau
CNN,RNN va LSTM. Cac mo6 hinh nay s& dugc chon lya dua trén kha nang xu 1y dir

lidu phtrc tap va cac yéu t6 khong chic chin trong mang phirc tap.

Phwong phap mo phéng va thuc nghiém

Str dung cac bo dir liéu thuc té tir trang https:/snap.stanford.edu/data, bao géom thong

tin vé cau tric mang, két ndi, ty 1& hong hdc va yéu to méi truong.
M6 hinh hoc sau dugc huan luyén: CNN, RNN va LSTM.
Pénh gia mo6 hinh: So sanh két qua tinh toan do tin cay gira cac md hinh dua trén cac

chi s6: do chinh xac, téc do huan luyén va kha ning tong quét hoa.

Phwong phap phan tich két qua

Phan tich hiéu qua mé hinh: Banh gia chi tiét cac mo hinh CNN, RNN, LSTM dua trén
do6 chinh xac va do tin cay.

Pénh gia kha niang 4p dung va tong quéat hoa: Kiém tra hiéu qua caa md hinh trén cac
mang phic tap khac nhau, nhu mang c6 cu tric bién dong hodc khong dong nhat, dé

xac minh kha nang ma rong ra cac bdi canh tng dung khac.

6. Chu tric dé an

Dé an t6t nghiép c6 cdu trac nhu sau:
e Chuong 1: Tong quan vé md hinh tin cay va hoc sau
e Chuong 2: Phan tich déac truong dir li¢u va cdc md hinh hoc sau

e Chuong 3: Thir nghiém va danh gia


https://snap.stanford.edu/data

CHUONG 1: TONG QUAN VE MO HINH TIN CAY VA HQC SAU

1.1 Giéi thiéu
1.1.1 Khai niém va cdc thugc tinh ciia mang phirc tap
Mang phuc tap la mot dang m6 hinh d6 thi gém cac nut (dai dién cho thuc thé nhu nguoi dung,

thiét bi, t6 chic) va canh (dai dién cho moi quan hé hodc twong tac). Mang co thé c6 hudng
hozc vo hudng, c6 trong s6 hodc khong trong sb, va c6 thé chira da quan hé giita cac nut.

Mang phirc tap co6 vai tro quan trong trong viéc mo hinh hoa cac hé thong trong mang xa hoi,
vién thong, IoT, v.v. V61 hon 5 ty nguoi dung Internet toan cau (2023), mang phtre tap ngay
cang anh hudng siu rong dén doi sdng thuc té va cac hoat dong truc tuyén.

Céc thudc tinh n6i bat cia mang phirc tap gom:

« Tinh lién két cao: Mot sd nat co nhidu két ndi vuot troi, 1am tang vai tro trung tam
trong mang.

« Tinh ddng: Mang thay dbi lién tuc do thém hodc x6a nut va canh.

e Tinh phan cum: Cac nat ¢6 xu huéng hinh thanh nhom véi mat do lién két ndi bo cao.

« Tinh anh hwéng va lan truyén: Mot s6 nat ¢ anh huong 16n, ¢ thé khuéch dai thong
tin (influencer).

o Tinh phi tuyén va khong dong nhit: Mang phan phdi khong déu; mot s6 nit chiém
phan 16n lién két, tuan theo phan phdi lity thira.

Nhitng dic diém nay khién mang phtic tap tro thanh dbi tuong 1y tuong dé phan tich hanh vi,
c4 nhan hoa ndi dung, phat hién cong dong va danh gia do tin cdy bang cic cong cu nhu mod
hinh hoc sau.

1.1.2 Phén tich mang phirc tap

Phan tich mang phuc tap 1a phuong phéap st dung ly thuyét db thi dé nghién ciu cau
trdc va hanh vi caa céac hé thong gom nhiéu thuc thé tuong téc, trong dé cac thuc thé dugc md
hinh hoa thanh ndt va cac mdi quan hé 1a canh. Viéc phan tich tap trung vao cac chi s6 nhu
tinh trung tim (do mirc d6 anh huéng caa mot nit), mat do (mac do lién két caa toan mang),
va phat hién cong d¢ong (nhom céc ndt lién két chat chg). Mot ni dung quan trong khac la du
doan lién két — nham uéc lugng kha nang hinh thanh két ndi mai, tng dung trong goi ¥ ban be,
dbi tac hozc thong tin.

Phan tich mang phuc tap c6 vai tro thiét yéu trong nhiéu linh vuc nhu y t& (mé hinh lay
lan dich bénh), kinh doanh (xép hang trang web bang PageRank), va an ninh mang (phét hién
hanh vi bat thuong). Nho d6, phuwong phap ndy cung cip nén tang virng chic dé hiéu va khai
thac cac dic trung dong, phi tuyén cia hé thong mang — tir d6 hd tro hiéu qua cho cac mé hinh

hoc sau trong viéc danh gia do tin cay.
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1.1.3 Cong dong nguwoi diing trén cdc trang mang phikc tap
Trong cac mang phic tap nhu mang xa hoi, cong ddng ngudi dung dwoc hinh thanh tir
c4c nhom cé nhan c6 mire do tuong tac cao va chia sé nhiing dic diém chung nhu s¢ thich, linh
vuc chuy@n mén hoic quan diém x& hoi. Nhirng cong ddng nay khong ton tai mot cach ngiu
nhién, ma duoc cau trdc dya trén cac méi lién két hinh thanh qua thoi gian va duoc cang ¢6

nho lich st twong tac, muc d6 tin teéng va su twong dong gitra cac thanh vién.

Tinh chat mé va linh hoat cua céc cong dong truc tuyén cho phép nguoi ding dé dang
gia nhap, roi bo hodc twong tac chéo gitta cAc nhém, tao nén mot hé sinh thai da tang, phuc tap
va nang dong. Dac biét, hién twong homophily — tire xu hudéng két ndi véi nhitng nguoi co dic
diém gidng minh — déng vai trd quan trong trong viéc duy tri 46 gan két cua cong dong, dong
thoi anh huong manh dén qué trinh hinh thanh niém tin, chia sé théng tin va khuéch tan anh

huong.

Trong bdi canh d6, cac yéu to nhu lich sir twong tac (vi du: s6 lan trao d6i, binh luan
tich cuc), vai trd cia ca nhan trong mang (vi du: nguoi quan tri, thanh vién chu chét), va muac
d6 tuong dong vé gia tri hay hanh vi 1a nhitng co s& chinh dé danh gia do tin cay giita cac
thanh vién. Mot thanh vién thudng xuyén chia sé noi dung chat lwong, nhan duoc phan héi tich
cuc, hoic co do trung tdm cao trong mang sé duoc cong dong mic dinh xem 1a dang tin cay

hon.

Sy ton tai va dic trung cta cac cong dong nguoi ding trén mang khong chi phan anh
hanh vi x& hoi s6, ma con dat nén tang cho viéc xay dung cac mé hinh hoc sdu nhiam dy doan
hoac suy dién d6 tin cay trong cac hé thng mang phuc tap.

1.1.4 Cdc vin dé lién quan dén sw quan tém nguwoi ding

Sy quan tam cua nguoi ding trong mang phic tap khdng chi bi chi phdi bai ndi dung hién thi
ma con phu thudc vao hanh vi twong tac va cac thuat toan ca nhan héa. Hiéu tng “bong bong
loc” khién ngudi ding bi gigi han trong pham vi théng tin quen thuoc, 1am giam kha nang tiép
can da chiéu. Bén canh do, yéu t6 tin cidy dong vai tro then chét trong viéc nguoi ding lya
chon va tiép nhan thong tin. Niém tin nay co thé duoc xay dung tir trai nghiém, lich st tuong
tac hoic céc tin hiéu gian tiép nhu luot theo ddi hay danh gia tich cuc. Dé an dé xuat tich hop
cac yéu tb twong ddng va tin cay vao md hinh hoc sdu nhiam nang cao chét luong dé xuat noi

dung va giam thiéu rai ro tir thong tin sai lech.
1.2 Tin cay

Tin cay la mot khai niém da chiéu, phac tap va phu thuc manh vao ngir canh, dic biét trong
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moi trrong mang phac tap. Trong cac mang nay, do tin cay khong chi dua vao trai nghiém truc

tiép ma con dugc hinh thanh qua lich str twong tac, vai trd x4 hoi, va su tuong dong gitra cac
thanh vién. Cac dinh nghia hoc thuat déu thira nhan ring tin cay bao gom yéu té ky vong tich
cuc tir phia ngudi tin tuong trong bdi canh ¢d thé bi tén thuong.

Viéc do luong do tin cay doi hoi tiép can da phuong dién, théng qua cac chi s6 nhu do
trung tdm, muc d6 twong tac, tinh ddng thuan va uy tin cong dong. Bén canh dé, cac yéu td
nhu phi d6i xang, phu thudc ngir canh, bién doi theo thoi gian va tinh lan truyén khién do tin
cdy tré nén dong va khoé md hinh héa bang cac phuong phap tuyén tinh truyén théng. Do vay,
viéc ang dung mé hinh hoc sau nhu CNN va LSTM gidp khai thac tt hon dic trung thoi gian,
cau tric va moi quan hé phuac hop cia do tin cay trong mang, gop phan nang cao do chinh xac

trong du doan va danh gia.

Anh xa
Dinh nghia d§ tin cay Khai niém hoa d6 tin cay Tin toan do tin ciy

(Definitions) :> (Conceptualizations) :> (Measurements)

i

Cac tién dé

(Antecendents)

Hinh 1.4 Quy trinh danh gid dj tin cdy

1.2.1 Dinh nghia d¢ tin cdy
Do tin cay la trang thai tam ly phan anh ky vong tich cuc cia mot ca nhan hoac hé thdng vao
hanh vi cua bén khac trong bi canh c6 rui ro hoac su dé bi tén thuong. C6t 16i cua khéi niém
ndy nam & viéc ngudi tin tudng chap nhan kha ning bi ton hai dya trén niém tin rang bén con

lai s& hanh dong vi lgi ich hoiac khéng gay hai.

Trong céac linh vuc nhu triét hoc, tim Iy hoc va khoa hoc may tinh, dé tin cay duoc tiép
can tir cac goc nhin khac nhau nhung déu nhan manh vai trd cua niém tin, kinh nghiém qua
khtr, uy tin va su khong chic chén trong twong tac. Dic biét trong méi trudong sb, do tin cay
khong chi hinh thanh tir trai nghiém truc tiép ma con tir cac tin hiéu gian tiép nhu danh gia,

phan hdi, hodc xéc thyc tir cong dong.

Do d6, dinh nghia do tin cay trong mang phirc tap can duoc hiéu nhu mét hién twong

dong, da chiéu, phu thudc ngir canh va c6 thé dugc md hinh hoa thdng qua dir lidu tuong tac,
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lich st hoat dong va vi tri cau tric trong mang.

Ky vong, tin twéng

p
] Ngwoi dwoc
Ngwai tin cay J: S '
cay

L 4

Cung cap thong tin
Hinh 1.5 So dé trung gian ciia ngwoi tin cdy va ngwoi dwoc tin cdy
1.2.2 Cdc tién dé tinh todn dp tin cdy

Do tin ciy trong mang phtrc tap khong hinh thanh mét cach ngau nhién, ma dugc xéc lap dya
trén nhiéu yéu t6 nén tang, dugc goi 14 cac tién dé. Cac tién dé nay co thé chia thanh ba nhom

chinh:

« Tién dé nhan khau hoc: Bao gém cac yéu t6 nhu tudi, gid1 tinh, trinh d§ hoc van, van
héa hodc t6n giao. Nhitng yéu to nay anh huong dén cach mdi ca nhan danh gia va dat
niém tin.

o Tién dé twong tic: Lién quan dén muc do than quen, lich sir giao tiép, tin suét twong
tac, va ddc biét 1a tinh twong ddng (homophily) — xu huéng con ngudi tin tudng nhing
nguoi co dic diém gidng minh vé so thich, gia tri hay hanh vi.

« Tién dé thudc vé nguwoi dwge tin cdy: Gom uy tin xa hoi (dwa trén luot thich, chia sé,
theo di), phong cach thé hién va ndi dung dugc chia sé. Nhitng c4 nhan c6 anh hudng

cao hoic dugc cong dong danh gia tich cuc thuong duge xem 1a dang tin hon.

Viéc nhan dién va tich hop céc tién dé nay 1a co s& quan trong dé mo hinh héa va du doan do
tin cdy mot cach chinh xéc, dac bi¢t khi ing dung trong céc hé théng hoc sau hodc mang phirc

tap c6 nhiéu yéu tb bién dong.
1.2.3 Cac gid tri cia dj tin cdy
Trong mang phtrc tap, do tin cay co thé dugc biéu dién dudi nhiéu hinh thirc khac nhau, tuy

thudc vao muc tiéu phan tich va phuong phap mé hinh héa. Ba dang phd bién nhét gdm:

« Do tin ciy nhi phan: Biéu dién mdi quan hé tin tuong dudi dang co/khong (1 hoic 0).
Pay 1a cach don gian, phi hop véi cic bai toan phan loai, nhung thiéu tinh linh hoat

trong thé hién murc d§ niém tin.
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« Do tin cay cé trong sé: Biéu dién niém tin duéi dang lién tuc (vi du tir 0 dén 1), cho

phép mo6 hinh hoc sdu nhu LSTM hoac GAT hoc dugc cuong do khac nhau trong quan
hé tin cay, phan anh sat hon thuc té.

« Do tin cdy theo thoi gian: La sy thay doi gia tri tin cay theo chudi thoi gian, ghi nhan
su gia ting hodc suy giam niém tin giita cac thyc thé. Pay 1a dang biéu dién quan trong
trong cac mang dong, can dén cac mé hinh nhw LSTM dé khai thac quan hé phu thudc

theo thoi gian.

Viéc lya chon dang bi€u dién phu hgp giip md hinh hoc sau hi€u rd hon vé ban chat cia niém
tin, tor d6 nang cao kha nang du doan chinh xac trong céac tinh hudng thuc té c6 nhiéu bién

dong va tinh bat dinh cao.

1.2.4 Cac thuc tinh cua tin cdy

Do tin cdy trong mang phirc tap khong chi 1a mot gia tri dinh lwong, ma con mang nhiéu thudc
tinh dac trung phan anh ban chat dong va phi tuyén ciia mdi quan hé giita cac thyuc thé. Cac

thudc tinh chinh bao gom:

« Tinh phi d6i xtrng: Mirc d6 tin tuong gitta hai thyc thé khong nhét thiét phai bang nhau
(A tin B # B tin A), do1 hoi mo hinh hoa theo cdp quan hé riéng biét.

« Phu thudc ngir canh: Niém tin thay d6i theo timg hoan canh hodc linh vuc cu thé, vi du
mot nguoi co thé dang tin trong chuyén mon nhung khong trong tai chinh.

« Tinh bién ddng theo thoi gian: Do tin cdy khong ¢ dinh ma thay doi theo lich st
tuong tac; vi vdy can mo hinh chudi nhu LSTM dé phan 4nh xu hudng ting — giam cua
niém tin.

o Tinh lan truyén (transitivity): Niém tin c6 thé lan tir ngudi ndy sang nguoi khac qua

céc dinh trung gian, 1am nay sinh chudi tin cay gian tiép trong mang.

Nhén dién va mé hinh hoa cac thudc tinh nay gitp cai thién dang ké kha ning du doan do tin

cdy trong cac mang dong, phi tuyén va cé cau tric phirc tap.

1.2.5 Vai trd ciia mét dinh dén qud trinh lan truyén dé tin cdy

Trong mang phirc tap, mdi dinh (nut) khong chi 13 diém luu trir thong tin, ma con dong
vai trd trung gian trong qua trinh lan truyén do tin cdy gitta cac thuc thé. Cac dinh giit vi tri
quan trong nhu hub (nit ¢ nhiéu lién két), bridge node (ndi gitta cac cum cong dong) hodc
nit c6 twong tac cao theo thoi gian thudng co anh hudng 16n dén dong chay niém tin trong

mang.
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Su gidn doan tai cac dinh nay — do mét két ndi, thiéu dit liéu, hodc hanh vi bat thuong —

c6 thé 1am dat gdy chudi lan truyén, gy sai 1éch trong viéc suy dién d tin cay gitta cac nit
khac. Pac biét trong mang dong hoac co cAu tric khong dff)ng déu, viéc mot dinh trung gian bi

loai bo ¢6 thé anh huong nghiém trong dén toan bo hé théng danh gia.

Do d6, viéc nhan dién va mé hinh hoa ding vai tro cua timg dinh 1a thiét yéu dé dam
bao tinh chinh xac, lién tuc va kha nang mé rong ctia cac moé hinh hoc sau trong bai toan tinh
todn do tin cay mang.

1.3 M6 hinh tin cay

M6 hinh tin cay la cach tiép can khoa hoc nham dinh luong va du doan mire d6 tin tuong giita
c4c thyc thé trong mang phuc tap. Do tin ciy nguoi ding trong ngit canh dé cap dén muc do
tin tudng gitta moi ngudi trong cdc mang xa hoi khac nhau, dugc hinh thanh tir cac tuong tac,
hanh vi, va bdi canh truc tuyén, dong thoi chiu anh huong tryc tiép tir do tin cay cua cac tai
nguyén ma ho str dung. D& an s& gidi thiéu mot vai mé hinh tin cay dé cd thé danh gia tong
quan xung quanh viéc danh gia do tin cay trong mang phuec tap.

1.3.1 Phdn loai mé hinh tin cdy

Mo hinh tin cdy dugc phéan loai dua trén ddi twong dwge danh gia, phan anh cach tiép can

khac nhau trong tirng ngtt canh rng dung. Theo d6, c6 ba nhém chinh:

« Do tin cdy ndi dung: Panh gia mirc 46 dang tin cia thong tin dugc chia sé (bai viét,
binh ludn, danh gid), thuong dya trén ngir nghia, tinh mach lac, va sy phan hdi tich cuc.
Cac md hinh NLP nhu LSTM, BERT duoc str dung dé trich xuat ddc trung va hoc biéu
dién tin cay tir vin ban.

« Do tin ciy dich vu: Dé cap dén hiéu suat va uy tin ctia hé thong hoic dich vu tryc tuyén
(vi du: website, nén tang thuong mai dién tir). Chi sé nhu PageRank, tén mién uy tin, va
danh gia tir ngudi dung thuong dugce dung dé xac dinh.

o DJ tin cdy ngwoi dung: La mic d6 tin tudng gilta cac cd nhan trong mang, dua trén
lich str twong tac, uy tin x3 hoi va hanh vi trong cong dong. Py 1a loai phd bién trong

cac h¢ thong mang xa hoi, goi y va cdng tac so.

1.3.2 Cac nhom do do tin cdy trong mang xa hoi

Trong mang xa hoi, dd tin cay co thé duoc udc lugng thong qua nhiéu nhom d6 do khac nhau,
phan anh céc khia canh cau trac, hanh vi va cong dong ctia nguoi dung. Ba nhém chinh bao

gom:
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« Do do dwa trén ciu tric mang: Str dung dic diém két ndi giira cac nut dé danh gia do tin

cay. Cac chi sb pho bién gom:
o Degree Centrality — s6 luong lién két,
o Closeness Centrality — mirc d6 tiép can,
o Betweenness Centrality — vai trd cau ndi,
o Eigenvector Centrality — anh huéng gian tiép théng qua cic nat quan trong.
Céc chi sb nay gia dinh rang nat ¢6 vi tri trung tdm va két ndi t6t thi dang tin cay
hon.

« Do do dua trén cong dong: Gia dinh rang cic nut trong cung mot cong dong thuong cd do
tin cdy cao hon nhd chia sé muc tiéu, ngir canh va twong tac thuong xuyén. Mot sé cach
tiép can gdm: do do chong lip cong dong, hodc danh gia tin cdy dwa trén ban kinh cong
d6ng lan can (k-hop community).

« Do do dua trén lich sir twong tic: Khai thac tryc tiép dit liéu hanh vi nhu tan suit tuong
tac, phan hoi tich cuc, tbe do phan hoi, hay d6 6n dinh theo thoi gian. Cac mé hinh thuong
ding nhu trung binh trong s, danh tiéng tich lily, hodc Bayesian trust cho phép uéc lugng

do tin cay tu qua kha.

Mobi nhém d6 do c6 vu diém riéng va thuong dugc két hop trong cac mé hinh hoc sdu dé ning
cao kha ning danh gid tin cdy trong mang phuc tap, dic biét khi dir liéu khong day da hodc c6

tinh dong.
1.4 Két luan chwong 1

Chuong 1 d3 trinh bay tong quan vé mang phac tap, khéai niém d tin cdy va cac céch tiép can
md hinh héa tin cay trong bdi canh mang xa hoi va hé thong phan tan. Qua viéc phan tich céc
dic tinh cau trdc, hanh vi va ngit canh cia mang phac tap, ¢d thé thay rang do tin cay 1a mot
khai niém dong, phi tuyén va phu thusc manh vao lich sir tuong tac ciing nhu vi tri cau tric
cua timg dinh trong mang. Tir d6, chuong 1 tao co sé Iy thuyét va thuc tién vitng chic cho cac
chuong tiép theo, noi cac mo hinh hoc sau nhu CNN, LSTM va cac bién thé tich hop s& duogc
trién khai nham giai quyét bai toan du doan do tin cay mot cach hiéu qua trong moi trudng

mang phuc tap.
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CHUONG 2: PHAN TiCH PAC TRUNG DU LIEU VA CAC MO HINH
HQC SAU

Chuong 2 tap trung mé rong cach tiép can tinh toan do tin cdy trong cic mang phirc hop thong
qua viéc két hop mtc d6 tuong tac, cép do quen thudc, dir li¢u phan tan va yéu td anh huong.
bJ tin cay dugc xem nhu mdt quan hé dinh lugng gitra bén tin tudng va bén dugc tin tuong

trong boi canh c6 sy tuong tc.

Pé thyc hién diéu nay, chuong ung dung cdc mé hinh hoc sdu nhu CNN, RNN va LSTM
nham du doan do tin cdy trén nhiéu bo dir liéu khac nhau. Cac thi nghiém duoc thiét ké dé
khéo sat tac dong cua tuong tac va anh hudng dén hiéu qua du doan. Két qua thuc nghiém cho
thdy rang viéc tich hop dong thoi ca tuong tac va yéu t6 anh huong gitp mé hinh dat d chinh

xéc cao hon so vdi cac phuong phap chi dua trén dit liéu twong tac thuan tay.

2.1 Phan tich va lga chon dac trung dir li€u

Viéc lva chon dac trung dir licu 1a budc quan trong trong qué trinh xay dung mo6 hinh
du doan do tin cay bang hoc sau. Trong muc ndy, tic gia phan tich cac yéu t6 dit liéu c6 anh
huong truc tiép dén do tin cdy, bao gdm: lich sir tuong tac gitta cac cip nguoi dung, sb lan

danh gia, muc d6 quen thudc, thoi gian phan hoi, va hanh vi danh gia.

Céc dic trung dugc chon phai dam bao kha ning biéu dién mdi quan hé tin cdy, dong
thot tuong thich voi dau vao ctiia md hinh hoc sau nhu chudi thoi gian hodc ma tran dac trung.
Pé dam bao tinh tong quét va loai boé nhiéu, dit liéu duoc tién xu 1y thong qua cac budce chuan

hoa, ma hoa thoi gian va tao cdp nguodi dung co6 moi quan hé tin cay lan khong tin cay.

Viéc phan tich k¥ dic trung trude khi hudn luyén giup mé hinh hoc sdu tap trung vao
nhiing tin hi€u mang tinh phan biét cao, tir 6 nang cao dd chinh xac va kha nang khai quat ctua

mo hinh khi 4p dung trén dir liéu thyc té.

2.2 Cong thirc tong quan vé mang phirc tap

2.2.1 Mang phiec tap (Complex network)
Mot mang phtic hop dugc biéu dién dudi dang d6 thi 6 = (V, E) trong d6 V 1a tap hop céc n(it,
va E 14 tap hop cac canh. S6 lwong nut 1a n = |V, va s6 luong canh 1a m = |E|. Trong mang,
mdi nit ¢6 thé gai va nhan thong diép tir cac nut khac. Dua trén cong trinh trude day [30], bai

bao nay khong xét dén noi dung cu thé cua cac thong diép ma tap trung vao cac loai va sé
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lwong twong tac hodc phan hdi, duoc chuyén tiép qua cac két ndi gitra cac nat. Ngoai ra, ching
t6i con sir dung cac chi sb trong cau tric mang dé xay dung thudc do mirc do anh huéng, tir do
gop phan vao viéc udc luong gié tri do tin cay.

2.2.2 Mirc d quen biét (Familiarity)

Familiarity 1a mot dic trung cbt 16i trong viéc danh gia d6 tin cay trong mang phuc tap,
dac biét trong cac mang x& hoi, noi niém tin dwgc hinh thanh chu yéu tir cac tuong tac gitta
nguoi dung. Pac trung nay phan anh mc do than quen gitra hai nat théng qua cac hanh vi

tuong tac truc tiép nhu s6 1an nhan tin, binh luan, hodc twong tac ndi dung.

Familiarity khong chi cho thay mdi quan hé ca nhan ma con 1a mét chi bao tiém ning
cho kha nang hop tac va tin twdng gitta cac thanh vién trong mang. Nguoi dung c6 mic do
quen biét cao vgi nhiéu ngudi khac thuong duge dénh gia 1a dang tin cay hon nho tinh minh

bach va su hién dién lién tuc trong hé thong.

Vé mit dinh luong, Familiarity co thé dugc tinh theo trung binh sé luong twong tac theo
thoi gian, gidp phan &nh tan suat va tinh 6n dinh cua mdi quan hé, tir 6 phuc vu lam dau vao
hiéu qua cho cac mé hinh hoc sau trong du doan do tin cay.

Pinh nghia 2.1: Dt Ii = { Tt c4 nguoi ding tir u; c6 tuong téac cua u; dén w;}. Mirc do quen
biét ctia hai ngudi dung u; va u; dugc dinh nghia nhu sau:

LA

familiarity (i, j) = = ot

(2.1)
2.2.3 Mikc d¢ phdn héi (Responds)

Mtc d6 phan hoi (Response) Trong mdi truong mang x& hoi, mac do phan hoi duoc
hiéu 1a téc do va chat luong nguoi dung phan hdi trude thdng tin sai léch, vi du nhu viéc chinh
stra hoac bac bo tin gia. Pac trung nay dong vai tro quan trong trong viéc xac dinh do tin cay,
vi mot nit ¢é kha nang phan hoi tét thuong duoc xem 13 dang tin cdy hon do c6 thé xt ly tinh
hudng nhanh chdng va chinh xéac. Vi dy, trén Twitter, mot ngudi dung nhanh chéng dinh chinh
thong tin sai léch vé mot su kién c6 thé nang cao do tin cay cua ho trong cong dong.

Dinh nghia 2.2: Gia stt [ ﬁ‘;p la mot tap tat ca cac phan hdi tir w; t6i ngudi dung w;. Trong do,
mot phan hdi duoc tinh 1a mot tra 10i tir w; khi nhan dugc mét thong diép duoc gui di tir u;.

Khi d6 muc d6 phan hdi cua ngudi ding u; toi nguoi dung u;, ky hiéu respond(i, j) dugc dinh

nghia nhu sau:
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resp
response(i, j) = ”IW—’”” (2.2)

resp
|ue 1

2.2.4 Mrc do twong tdac (Dispatching)
Nhu di trinh bay & trén, phwong phéap xac dinh muc d6 tin cay dwa trén tan suat tuong
tac gitta nhitng ngudi dung tron mang phuc tap. Dé an dua ra cong thic tinh toan mirc do

tuong tac gitra nguoi dung nhu sau:

dispathch(i, j) = —tizal_ (2.3)

IR sl
Noi |[I; |l 12 s6 1an anh huong tir u; dén mdiu, € V.

2.2.5 Mirc do anh hwong (Influence)

Anh huong cia mét nat trong mang phuc tap duge xac dinh béi mic do ma néd tuong tac voi
cac nut khac trong mang. Muc dich cta nghién ciu vé anh huong 1a xac dinh cac nat quan
trong trong viéc lan truyén théng tin, va chi dé nay da tro thanh mot hudng nghién ciu tich
cuc trong nhitng nim gan day.
Pinh nghia 2.3: Ham anh huong inf: V — [0,1] dugc dinh nghia 1a m6t ham thoa man cac
diéu kién sau:
(i) Anh huong cua bat ky nat nao déu khéng am:

inf(i) = 0Vi €V
(ii) Gid tri anh huong can dugc chuan héa vé khoang [0,1]:0 < inf (i) < 1VE V

2.2.6 Chi $6 trung tdm

S6 luogng chi sé trung tam 1a mot trong nhitng céng cu truc quan nhat dé xac dinh nat quan
trong trong mang. Trung tam ndt phan anh mac d6 lan truyén tir mot nit trung tam ra cac nit
khac va stiic anh hudng cta nat d6 trong mang.

Pé 4n sé str dung hai chi sb chinh:

Pinh nghia 2.4: Mtc do trung tam degree(i) ctia mot dinh u; ty 16 thuan voi mic do (hoic sé

luong tiép can duoc két ndi truc tiép) cua dinh do:
1 n
degree(i) = — . o (2.4)

Trong do6: «;; =1 néu ton tai u; va u;, nguoc lai o¢;; = 0
Pinh nghia 2.5: Closeness centrality caa mét nat u; la nghich dao cua khoang cach duong di

ngin nhét trung binh tir tit ca n — 1 ndt cd thé tiép can dugc dén nat u;.
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closeness(i) = ﬁ Zi;i d(i, k) (2.5)
Trong d6: d (i, k) 1a khoang cach ngan nhat gitra u; va u,, va p — 1 1a sé lugng nat cé thé tiép
can tu u;.
Két hop cac yéu té trén,mirc do tin cay gitta hai nlt w;(trustor) va w;(trustee) duoc tinh
nhu sau:
Ménh dé 1: Ham anh huéng duoc dinh nghia 1a:
influence(i) = w1 X closeness(i) + wz2x degree(i) (2.6)
Trong d6: w1+ w2=1, w1 w2=>0
Ham két hep kinh nghiém twong tach va anh hwéng
Do tin cay dua trén trai nghiém tuong tac ctua ngudi ding u; ddi véi nguoi ding u;, ky hiéu la
trust®*P (i, j), dugc tinh bang cong thic:

trust®P (i, j) = wa-famili(i, j)+ w2-response(i, j)+ws-dispatch(i , j) (2.7)
Véi cac hé sé: w1 w2, w3 > 0
wl,w2,w3 =1

Dinh nghia 2.6: Cho mot nguoi déanh gia do tin cay u; va mot nguoi duge danh gia u;, do tin

cay tong hop tir trai nghiém va anh husng 1a:
trust PG ) = w1 trust®P (i, ) + w2 - influence (j) (2.8)
Trong d6: w1, w2= 0 , w1+ w2=1

2.3 Tim hiéu vé mé hinh mang no ron nhin tao CNN va LSTM

Trong bdi canh dir liéu ngay cang 16n va phirc tap, cac mé hinh hoc sdu da chting minh hiéu
qua vuot troi trong viée xir 1y, phan tich va du doan cic méi quan hé phi tuyén tinh trong
mang. Trong muc nay, hai kién trc mang no-ron tiéu biéu 1a CNN va LSTM s& dugc trinh
bay nhu 1a nén tang quan trong cho viéc xay dung mo hinh danh gia do tin cay, voi kha ning
khai thac ca diac trueng khong gian va phu thudc thoi gian trong dir liéu twong tac gitra cac

thuc thé trong mang.

e Mang no-ron tich chap (CNN)
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CNN (Convolutional Neural Network) 1a mét kién trdc hoc sau ni bat véi kha ning tu

dong trich xuét ddc trung tir dix liéu dau vao théng qua cac 16p tich chap (convolutional layers).
Trong bai toan danh gia do tin cay, CNN dwogc sir dung dé xtr Iy ma tran diic trung giira cac
cap ngudi dung, tir d6 phat hién cac mau twong tac tiém an c6 lién quan dén muc do tin

teong.

Uu diém chinh cua CNN 1a kha ning giam sé lwong tham sé nho sir dung céc bo loc
chia sé trong s6, ddng thoi phat hién dic trung khong gian hiéu qua ma khong can dic trung
thi cong. Diéu nay rat hitu ich khi xir Iy dix liéu mang dang ma tran, noi cac mdi quan hé gita

c4c thanh phan (dinh — dinh) c6 thé duoc biéu dién truc quan.
e Mang bd nhé dai ngin han (LSTM)

LSTM (Long Short-Term Memory) 1a mot bién thé manh mé cua RNN, duoc thiét ké dé
khic phuc hién twong mat thong tin trong chudi dai bang cach sir dung céc cong diéu khién
(gém cong vao, cong quén va cong dau ra). Mo hinh nay rat ph hop dé xir Iy dix liéu tuan tu,

chang han nhu chudi twong tac theo thoi gian gitta cac ngudi ding.

Trong béi canh danh gia do tin cay, LSTM cho phép hoc va ghi nhé anh huéng cia cac
tuong tac trong qua kha, phan anh su thay ddi niém tin theo thoi gian. LSTM ciing dic biét
hitu ich khi do tin cay khong phai 1a gia tri tinh, ma 13 mot qué trinh tién hoa dya trén hanh vi

lich str.

Viéc st dung LSTM gilp mé hinh hoc dugc xu hudng tin cay dai han, phat hién cac
mau ting — giam niém tin, tir d6 cai thién do chinh xac trong viéc du doan do tin cdy tai cac

thoi diém twong lai.

2.4 M6 hinh CNN két hep véi LSTM

Céc nghién ctru gan dy da chimg minh hi¢u qua vuot trdi ciia mo hinh két hop CNN va LSTM
trong cac bai toan xir 1y dit liéu chudi phirc tap. Vi dy, Yoon et al. (2019) 4p dung md hinh CNN-
LSTM vao du bao chudi thoi gian y té va cai thién do chinh xac so véi viéc st dung riéng 1¢ CNN
hodc LSTM. Tuong tu, Li et al. (2020) cho thdy mé hinh nay giup khai thac dong thoi dic trung khong

gian va thong tin thoi gian, nang cao du bao céac chi sé mang nhu trust va influence.

Mot nghién ctru dién hinh 13 bai bao “A Hybrid CNN-LSTM Model for High Resolution
Melting Curve Analysis” (2019), trong d6 mé hinh CNN-LSTM di duoc str dung dé phan tich duong
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cong néng chay (HRM) véi do phan gidi cao. Két qua cho thdy mo hinh nay dat 6 chinh xac 1én dén

96%, vuot troi hon cac phuong phap nhu CNN thudn tiy va SVM.

M6 hinh CNN-LSTM két hop wu diém ciia CNN trong viée trich xudt dic trung cuc bd va kha
nang xur Iy cac mdi quan hé phu thudc thoi gian dai han cua LSTM, tir d6 cung cép cong cu manh mé

cho céc bai toan dir liéu phurc tap nhu phan tich chudi thoi gian va du béo.

2.5 Két luan chuong 2

Chuong 2 di trinh bay tong quan ly thuyét lién quan dén bai toan suy dién do tin cay trong
mang phuc tap. Tir co so khai niém vé tin cay dén cac phan loai va dic trung ciia mang xa hoi,
chuong nay cho thiy tinh da chiéu, phi tuyén va c6 yéu té thoi gian trong hanh vi tuong tac
giita cac c& nhan, diéu nay khién viéc xay dung mé hinh tinh toan do tin cay trd nén thach thic

nhung ciing giau tiém nang.

Cac mo hinh suy dién do tin cay truyén théng chu yéu dua vao ciu tric mang tinh hoic
c4c chi s6 mang chuan héa. Tuy nhién, sy phat trién cua hoc sau trong xur ly chudi thoi gian va
mang phuc tap dd mé ra mot huéng tiép can méi, noi dit lidu twong tac theo thoi gian gitra cac
cap nut ¢ thé duoc chuyén hoa thanh chudi dic trung dé dua vao cac kién trdc méd hinh manh
m& nhu CNN, LSTM va dac biét 1a mé hinh két hop CNN+LSTM.

Péng cht ¥, viée dua vao cac yéu td nhu sé budc thoi gian, tan suat twong tac va chi sb
anh huong théng qua cac phép bién doi logarit da gop phan 1am ndi bat vai tro cia céc tin hiéu
yéu trong dit liéu, dong thoi giam thiéu anh huong cua cac ngoai 1¢. Pay 1a budc tién dé quan

trong cho chuong 3, noi cac mé hinh hoc sau s& duoc huan luyén va danh gia hiéu suat thuc té

trén cac bo dir liéu co yéu td thoi gian. Cac mé hinh nay khong chi gidp du doan do tin cay
theo huwdng héi quy va nhi phan, ma con thé hién tiém ning mo rong trong cac hé théng

khuyén nghi va phan tich mang xa hoi dong.
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CHUONG 3: THU NGHIEM VA PANH GIA
3.1Téng quan vé thir nghiém

Chuong nay danh gia hiéu qua cua hai mé hinh hoc sau, CNN va LSTM, trong viéc tinh toan
do tin cay cia mang phuec tap, tap trung vao xu 1y dac trung khong gian va thoi gian. Thuc
nghiém trén nhiéu tp dit liéu kiém tra tinh tong quat, dic biét trong moi trudng thay do6i va di
li¢u khong hoan chinh. Cac chi s6 MSE, MAE, F1,... dugc st dung dé so sanh d6 chinh x4c va
kha ning xir 1y yéu t6 khéng chic chin ctia mé hinh. Nghién ciru nhdm chting minh cac mé
hinh hoc sau cai thién d0 chinh xac, déng thoi toi vu hoa tham sé dé giam yéu cau dir liéu va

tai nguyén tinh toan.

3.2 Kich ban thwc nghiém

Trong qua trinh nghién ctru, dé &n trién khai hai huéng tiép can khac nhau dé du doan do tin
cay giira cac cap ndt trong mang: (1) phan loai nhi phan (classification) va (2) hoéi quy lién tuc
(regression). Viéc ap dung ca hai huéng khong chi nham tim ra mé hinh c6 hiéu qua cao hon,
ma con giup danh gia tinh phu hop cua timg phuong phap véi ban chat dir liéu do tin cay trong
mang phuc tap.

a) Mo hinh phén logi (Binary Classification)

O hudng tiép can nay, gia tri do tin cay duoc rat gon vé hai mic do: cao va thdp, théng
qua mot ngudng xac dinh trudc. Nhin dau ra dugc ma hoéa nhi phan (0 hoic 1), va mé hinh
duoc xay dung trén kién traic CNN+LSTM da dau vao, gom:

e Nhanh xir Iy chudi tuan ty: gé)m cac dac trung dispatch, familiarity, response,

di qua cac l6p ConvlD, BatchNormalization, LeakyRelLU, Dropout, sau d6 dua

vao l6p Bidirectional LSTM.

e Nhanh xir ly dic trung phi tuan ty: influence, di qua mang con dense.

e Hai nhanh dugc hop nhat & ting Concatenate, r6i di qua cac 10p Dense VA Dropout.

o Tﬁng dau ra dung ham kich hoat sigmoid, ham mat mat 1a binary crossentropy
b) Mé hinh héi quy (Continuous Regression)

Trong hudng tiép can tha hai, gid tr1 do tin cdy khong con bi phan loai, ma dugc gitr

nguyén dudi dang lién tuc tir [0 — 1]. Diéu nay cho phép mé hinh hoc duge su khac biét min

gifra cac murc dg tin cdy, phan anh ban chat lién tuc cia quan hé mang.
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e CAu trac mang st dung kién tric tuong tu mé hinh classification & trén, tuy nhién thay

ddi ham mat mat sang mean squared error, van giit ham kich hoat sigmoid dé
chuén hoa dau ra.
e Trong mot s6 thur nghiém, mo6 hinh chi stt dung CNN hodc chi LSTM dugc trién khai
riéng r& dé so sanh hiéu suit.
Viéc xay dung song song hai huéng tiép can giup danh gia toan dién kha ning hoc ctia mo
hinh trong ca bai toan ranh gigi va bai toan gia tri lién tuc.
3.3 Thir nghiém va danh gia
Danh sach tap dit liéu dé &n sir dung Stanford Large Network Dataset Collection
“https://snap.stanford.edu/data”
Trong nghién ciru nay, dé an sir dung 5 tap dir liéu mang phuc tap, chu yéu la cac mang x& hoi,
mang giao tiép c6 yéu t6 thoi gian. Cac tap dit liéu duoc lua chon nham kiém tra tinh hiéu qua

va kha niang tong quat hoa ciia md hinh hoc sau trong nhiéu bdi canh mang khac nhau.

A pA L A A ~ 1A Temporal | Static
Tén tap dir liéu Dang dir li¢u Nodes Edges Edges Edges
email-Eu-core- M?_ng_emall co 986 332,334 24,929

temporal thoi gian

CollegeMsg | Mangnhantinco [ 4 goq 20296 | 59,835

thoi gian
sx-mathoverflow | Mang hoi ddp 24,818 506,550 | 239,978
StackExchange
Email Enron Mang email I6n 36,692 | 183,831
Email — EuAll | Mangemailtong | ogn o1y | 400 045
hop c6 thoi gian

Muc dich thir nghiém cta dé an 14 danh gia hiéu qua cta cic mo hinh hoc sau (CNN,
LSTM, va CNN+LSTM) trong du doan do tin cay trong mang xa hoi, tap trung vao xu ly dir
lidu thoi gian va dic trung twong tac mang. Cac mo hinh dugc danh gia qua chi s6 MSE, MAE,
Accuracy, Recall, F1-Score, nhim chimg minh rang su két hop CNN+LSTM c6 thé du doan

do tin cay hiéu qua trong mang phtrc tap.

3.3.1 Dw dodn tin cdy theo hwong phdn logi nhi phan (Binary Classification)

Nghién ciru kiém nghiém hiéu qua mé hinh phan loai nhi phan trong du doan d6 tin cay gita
cac ddi twong trong mang phuc tap, sir dung céc tap di lieu Email Enron va Email — EuAll.
Céc tap dit liéu nay phan anh cac tuong tac trong méi truong to chizc khac nhau va gilp géan
nhan d6 tin cay thanh hai nhan: 0 (tin cdy thap) va 1 (tin cdy cao), tir d6 danh gia mé hinh

trong c4c mang xa hoi ¢6 ciu tric twong dong.
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e Chuén bi dic treng va nhin

Dir liéu duoc doc tir tap dit lidu dudi dang edgelist, biéu dién céc két néi gitra cac thyc thé.

18 dong dau tién cia tap dir 1iéu gdc ===

o
1
A
5
8

Q0 @0l

=== 18 dong dau tién cua DataFrame sau xi ly ===

dispatch familiarity response influence trust
(5] a.3745468 2.95a714 a2.731994 2.083616 9.288256
1 8.598658 2.1560819 2.155995 2.000826 2.891645
2 ©.658084 ©.866176 @.601115 2.001109 ®.152213
3 8.708073 2.02a0584 @.9699106 9.000166 e.169973
£ a.832443 2.212339 2.181825 2.060449 @.122975
5 2.182485 2.384242 2.524756 2.881218 2.182a93
& ©.421945 ©.291229 2.6118532 9.001644 ©.1234653
7 e.129494 ©.2921A45 8.32663262 9.0016093 0.080565
a8 2.456070 @.785176 @.199674 2.001569 9.14519a
9 2.514234 2.592415 2.846450 2.080373 2.115571

- Madi canh trong mang duoc gan 3 thudc tinh ngau nhién:

o dispatch: cudng do két ndi

o familiarity: @6 quen thudc

o response: kha ning phan hoi
- MJdi nit duoc tinh influence dya trén do trung tam (degree centrality).
- Tt cac dac trung nay, gia tri do tin cay (trust) duoc tinh theo cong thuc 2.7.
- Tapgiatri (trust) duoc phan thanh hai I6p dwa trén trung vi hoac trung binh.
- MOdi mau dix liu gém: [dispatch, familiarity, response, influence] — nhan (0/1).
e Kién triic mé hinh huén luyén
Mo hinh str dung ba kién trac hoc siu dugc xdy dung va thar nghiém: CNN, LSTM va
CNN+LSTM két hop. Cac mé hinh déu sir dung dir liéu chudi dic trung dau vao véi do dai cb
dinh, trong d6 mdi budc thoi gian chtra 4 dic trung: sd lwong twong tac, mic d6 phan hoi, chi
s lan truyén va anh huong cuc bo. Tat ca cac md hinh déu sit dung ham mat mat
binary crossentropy v6i ham kich hoat sigmoid tai dau ra nham tra vé xac suat thudc 16p

“tin cdy cao”.

— MO0 hinh CNN:

Mo hinh CNN duoc thiét ké dé khai thac hidu qua cac mau cuc bo trong chudi dic trung thoi
gian. Cau trac gom:
o ConvlD (32 filters, kernel size = 3): trich xuat déac trung tr 3 budc thoi gian lién

tiép.

o GlobalMaxPooling1D: gii lai dic trung ndi bat nhat trén toan chudi.
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o Dense (32 units, ReLU): hoc quan hé phi tuyén.

o Dense (1 unit, Sigmoid): xac sut phan 16p.
— MO0 hinh LSTM

Mo hinh LSTM c6 kha ning ghi nhé mdi quan hé dai han trong chudi. Cdu trac gdm:
o LSTM (64 units): xt 1y thir tu chuodi va hoc phu thudc dai han.

o Dense (32 units, ReLU): tang 4n phi tuyén.

o Dense (1 unit, Sigmoid): dau ra phan 16p.
— M@ hinh két hop CNN + LSTM
M6 hinh lai két hop hai vu thé: trich xuit dic trung cuc bd bang CNN va hoc phu thudc thoi
gian bang LSTM:

o ConviD (32 filters) + BN + Dropout(0.3): loc nhiéu va 6n dinh huan luyén.

o ConviD (64 filters) + BN: tiép tuc ting chiéu sau trich xuét.

o Flatten — Reshape: chuyén dic trung thanh chudi dé dua vao LSTM.

o BILSTM (2x32 units): hoc phu thudc hai chiéu trong chudi thoi gian.

o Dense (32 units, ReLU) — Dense (1 unit, Sigmoid).

e Thuit toan toi wu (Optimizer)

M9 hinh str dung Adam Optimizer, mot thuat toan hién dai két hop wu diém cua AdaGrad va
RMSProp, giup tu dong diéu chinh téc do hoc duwa trén gradient ting chiéu, dam bao hoi tu
nhanh va on dinh thich hop véi dit liéu phi tuyén va huan luyén trén tap 16n.

e Ty I¢ tach tap validation

Trong qué trinh huan luyén, 20% dir liéu huan luyén dwec tach ra lam tap kiém dinh
(validation). Tap nay dé theo ddi hiéu suét (val loss), diéu chinh mé hinh va kich hoat co ché
dirng sém khi can.

e Co ché dirng sém (Early Stopping)

Trong qua trinh huan luyén moé hinh hoc sau, viéc moé hinh tiép tuc cai thién hiéu suit
trén tap huén luyén nhung khong con cai thién trén tap kiém dinh (validation) 1a mdt diu hiéu
ctia qua khop (overfitting). Dé kiém soat hién tugng nay, nghién ciru sir dung k¥ thuat dung
sém (EarlyStopping) nhu mot co ché diéu khién huan luyén théng minh.

Cu thé, EarlyStopping dugc cau hinh theo cac tham s6 sau:

o Tiéu chi theo ddi (monitor): val loss — gié tri ham mat mat trén tap kiém dinh.

o Nguwéng kién nhan (patience): 10 — néu sau 10 vong lap (epoch) lién tiép ma
val loss khong giam thi dirng huan luyén.

o Khoi phuc trong sé tét nhat (restore_best_weights): True — dam bao mé hinh sir

dung trong sé tai thoi diém dat hiéu qua tét nhat.
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o Hién thi chi tiét (verbose): 1 — xuét théng bao khi kich hoat co ché ding.

Co ché nay dic biét phat huy hiéu qua & cac mé hinh c6 sé tham sb 16n nhu CNN+LSTM, noi
ma viéc huan luyén qua lau cé thé lam giam kha nang tong quat héa caa mé hinh.
e Dinh gia mo hinh:
Sau huén luyén, mé hinh duoc danh gia bang cac chi s:
o Phén loai: Accuracy, Precision, Recall, F1-score

o Ha&i quy: Mean Squared Error (MSE), Mean Absolute Error (MAE), Mean Absolute
Percentage Error (MAPE)

3.3.2 hinh hoi quy (Continuous Regression)

Trong nghién cuau nay, cac bo dir liéu: email-Eu-core-temporal, CollegeMsg va Reddit
Hyperlink Network tir tap Stanford dwoc lua chon nham phuc vu bai toan phan tich do tin cay
trong mang dong. Cac dir liéu nay déu c6 dic diém ndi bat nhu: mang yéu t6 thoi gian
(temporal), c6 hudng tuong tac (directed), quy mo 16n, va phan anh da dang cac loai mang xa
hoi thuc té. Nho dé, ching dap ung tét yéu cau cua cac md hinh hoc siu nhu LSTM,
CNN+LSTM va cho phép danh gia hiéu qua suy dién do tin cay trong cac bdi canh khéac nhau
mot cach khach quan va tai lap.
e Budc 1: Cau triic dir lidu dau vao
- Dit liéu gbc ¢6 dang nodel - node2 - timestamp dwoc gom nhém thanh chudi
tuong tac gitra tung cdp nut theo tung ngay.
- Sau khi gom nhém theo ngdy va cip (nodel, node2) — c6 sb luong tuong tac
(interaction count) theo tirng ngay.

E] 10 dong dau tién cla DataFrame géc (df):

nodel node2 timestamp datetime date
a 582 364 0 2022-01-01 00:00:00 2022-01-01
1 168 472 2797 2022-901-01 @0:46:37 2022-81-01
2 168 912 3364 2022-01-01 06:55:84 2022-61-061
3 2 790 4523 2022-91-01 01:15:22 2022-61-01
4 2 322 7926 2022-01-01 ©2:12:06 2022-981-01
5 2 790 8061 2022-01-01 02:14:21 2022-61-061
6 42 402 19403 2022-81-681 65:23:23 2022-01-01
7 870 337 19560 2022-01-01 05:26:00 2022-01-01
8 663 362 21677 2022-81-61 e5:51:17 2022-01-01
9 663 418 21286 2022-81-681 65:54:48 2022-01-01
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E] 10 dong dau tién cla DataFrame d3 loc (df filtered):
nodel node2 date interaction count

4] 2022-04-85
2022-04-06
2022-95-1@
2022-05-17
2022-05-24
2022-05-30
2022-85-31
2022-06-06
2022-06-07
2022-06-08

O 00~ U B W = ®
o I oo T v I v I v B o B v I v i wow
Thoohooh G O O v o Oy
e =Y

- Céc chudi c¢6 du s luong budc thoi gian (vi du > 10 ngay) méi duoc giit lai dé dam bao
chét luong huan luyén.

e Budc 2: Tao chudi tiong tdc
Nghién ctu trich xuat chudi twong tac gitta cac cap nut (u,v) trong mang dong, anh xa thanh
chudi thoi gian thé hién sb lan tuong tac, nham mé hinh héa hanh vi va d6 tin cay. Chudi duoc
chuan hoa do dai bang zero-padding va chuyén thanh vector dic trung (tdn suat, mac lan
truyén, anh huong), cai tién so véi cac nghién ciru trudc chi ding tan suat thd, hd tro hiéu qua
cho hdi quy va phan tich mang x& hoi.
e Budéc 3: Trich xudt dic trung
Qua trinh trich xuét dic trung dong vai trd quan trong trong viéc biéu dién thong tin twong tac
giita cac cap nit dudi dang chudi thoi gian c6 thé xir Iy duoc bang cac md hinh hoc sau. Dya
trén co so 1y thuyét va thyc nghiém tir cdc nghién clru trude do, dé 4n lua chon bdn dic trung
co ban nham phan anh da chiéu hanh vi tvong tac trong mang.
(1) Tan suat twong tac f,: Dic trung nay dai dién cho sb lan tuong tac giira hai nat (u, v) tai
thoi diém t. Pay 1a chi sd co ban thudng duge st dung trong cdc md hinh mang xa hdi nham
do luong cudng do lién két giita cac tac nhan. Gia tri nay phan anh truc tiép xu hudéng cong tac
hoic giao tiép cua cac nat trong qua khi.
(2) Mikc lan truyén chuan héa d,:
Dé tranh hién tuwong cac chudi cé gia tri 16n gdy mat can bang dau vao, muc lan truyén duoc

chuan hoa theo cong thirc:
d, =min ,(1.0) (3.3)

Trong d6, @ 1a ngudng duoc xac dinh thuc nghiém phép chuan héa ngudng nay da duoc ap
dung trong nhiéu nghién ctru mo hinh hoa anh huéng trong mang phirc tap (Leskovec et al.,
2007; Tang et al., 2010)[]. Viéc dua gia tri vé trong khoang [0,1] gitip ting tinh 6n dinh cho

quéa trinh huan luyén.
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(3) Chi s6 anh hwéng twong ddi inf,

lOg (ft+1) (3 4)

lnft - log((fmax+1)

Chi s danh gia muc d6 anh huong trong mang xa hoi, ké thira tir Gupta et al. (2014) va Zhang
et al. (2018), str dung phép bién doi logarit dé giam tac dong cua gia tri ngoai 18 va 1am ndi bat
thay d6i nho trong twong tac, hd trg mé hinh hoc siu khai thac dic trung phi tuyén. Cong thirc
2.3 biéu thi ty 1& anh huéng twong ddi 6n dinh nhung khoéng phan anh thay doi thoi gian,
khong phu hop véi chudi ngan han (CNN) hodc dai han (LSTM), va gdy mat cin bang dic
trung. Pé khic phuc, cong thirc 3.3 méi duoc dé xuat, chuan hoa gia trj trong [0,1], ting cuong
6n dinh, tranh ngoai 18, va hd tro t6i wu gradient cho m6 hinh CNN+LSTM, giup hdi tu nhanh

hon.
(4) Chuin héa dd dai chubi:

Do s6 lugng budce thoi gian giita cac cap nat ¢ thé khac nhau, cac chudi dugc chuan
hoa vé do dai ¢6 dinh T théng qua ki thuat zero-padding. Pay 1a thuc hanh phé bién trong cac
md hinh hoc sau xu ly dix liéu tuan tu, giap dam bao tinh déng nhat cho qua trinh huan
luyén.Viéc lua chon va xay dung cac dic trung noi trén khong chi gitp mé hinh hoc dugc méi
quan hé theo thoi gian giira cac nit ma con duy tri duoc tinh khai quéat va 6n dinh trong huan

luyén, dic biét trong bai toan tinh toan do tin ciy trén mang phuc tap cd yéu tb thoi gian.
3.4 Két qua thwe nghiém
Sau khi trai qua qué trinh huan luyén dé 4n thu duoc cac két qua nhu sau:

e Dbi voi mé hinh dya vao phén loai nhi phan dé an s& sir dung hai b dir liéu “Email Enron”

va “Email — EuAIl” ta dugc két qua nhu sau (Bang 3.1):
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CNN LSTM CNN+LSTM
Tén b dir liéu
MAE MSE MAPE MAE MSE MAPE MAE MSE MAPE
. 0.00000 0.000023 0.023250 0.00000 0.000198 0.174273 | 0.000070 | 0.006618 4631706
Email Enron
) 0.00000 0.000023 0.021432 0.00000 0.000058 0.047296 | 0.000013 | 0.002852 2.451851
Email — EuAll
Tén b die CNN LSTM CNN+LSTM
liéu
A P R F1 A P R F1 A P R F1
Email Enron | 0.999973 | 1.000000 | 0.999946 | 0.999973 | 0.999157 | 0.999728 | 0.998585 | 0.999156 | 0.961487 | 1.000000 | 0.922918 0.959914
Eé‘;";i\'”_ 0.999918 | 1.000000 | 0.999836 | 0.999918 | 0.999562 | 0.999863 | 0.999262 | 0.999562 | 0.988703 | 0.984361 | 0.993191 0.988756

Ghi chu : A: Accuracy, P = Precision, R = Recall, F1 = F1-score

Bang 3.1 Bang so sanh d¢ do cua b dir lieu “Email enron” va “Email-Eull”




28

e B dir liéu Email-Euall

So sanh MAE, MSE, MAPE cia cac mé hinh

257 (mmm MAE
=3 MSE
mm MAPE (%)
2.0
1.5+
=
g
Q
1.0 4
0.5
0.0473
e 0.0000 __ 0.0000 ,_0.0214 0.0001 _ 0.0000 0.0029 _ 0.0000
CNN LSTM CNN+LSTM
M6 hinh
CNN Loss 1e-5 LSTM Loss CNN+LSTM Loss
4.0
—— Train Loss —— Train Loss 0.00040 + —— Train Loss
—— Val Loss —— Val Loss —— Val Loss
0.00014 - 354
0.00035
0.00012 - 304
0.00030
0.00010 - 254
0.00025
& 0.00008 4 w204 w
g g 20 G 0.00020
0.00006 - 154
0.00015
0.00004 1.0+
0.00010
0.00002 - 05
0.00005
0.00000 - 0.0
T T T T T T T T T 0.00000 1 T T T T T T T T T
00 05 10 15 20 25 30 35 40 00 05 10 15 20 25 30 35 40

00 25 50 75 100 125 15.0 175 200

Epoch Epoch

Epoch

Hinh 3.4 Biéu dé6 MAE, MSE, MAPE va biéu dé loss “Email-Euall”

Trén tap dir liéu Email — EuAll, mé hinh CNN vuot troi véi MAE = 0.0000, MSE = 0.0000,
MAPE = 0.0214%, cho thay d6 chinh x&c va 6n dinh cao. LSTM ¢6 MAE tuong duong nhung
MAPE cao hon (0.0473%), thé hién sai léch tuong déi 16n. M6 hinh CNN+LSTM, du phiic
tap, dat MAPE cao nhat (2.4519%) va biéu do loss dao dong o tap validation, cho thay hoc

khong 6n dinh va c6 nguy co overfitting, do s6 tham sé 16n va tap dit liéu don gian, khong du

dé khai thac mé hinh lai.

e B0 ditu liéu Email-Enron
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So sanh MAE, MSE, MAPE cua cac mé hinh

Em MAE SHEED)
= MSE
E= MAPE (%)

©
[C]
2
14
0.1743
0 0.0000 0.0000 0.0233 0.0002 0.0000 0.0066 0.0001
CNN LSTM CNN+LSTM
Mé hinh
le—6 CNN Loss le-5 LSTM Loss CNN+LSTM Loss
—— Train Loss —— Train Loss 0.0008 4 —— Train Loss
—— Val Loss —— Val Loss —— Val Loss
8 24
0.0007 4
0.0006 4
6 3
0.0005 4
@ ] @
k] 3 S 0.0004

0.0003 1

14 0.0002 4

0.0001 4

0.0000 4

0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 0.0 0.5 1.0 15 20 25 3.0 35 4.0 0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
Epoch Epoch Epoch

Hinh 3.5 Biéu do MAE, MSE, MAPE va biéu do loss “Email-Enron”

Trén tip dit liéu Email-Enron, mé hinh CNN dat hiéu qua cao nhit véi sai s6 thip nhit (MAE,
MSE, MAPE), vuot troi vé do chinh xac va 6n dinh. LSTM c6 két qua chép nhén dugc nhung
kém 6n dinh hon. M6 hinh CNN+LSTM, di MAE thap, lai c6 MAPE cao nhét (4.63%) va
biéu d6 loss dao dong trén tap validation, cho thiy tong quat kém va dé overfitting. Do do,

CNN la mo6 hinh phu hop nhét cho du doan do tin cay trén Email-Enron.

Dé cai thien CNN+LSTM (muc 3.2.2), dé an dé xuét tinh chinh kién trac dé khai thac hiéu qua
hon chudi twong tac giita cac cip nit, nang cao kha ning hoc biéu dién phi tuyén va giam sai
s6 trong dir li¢u thoi gian phuc tap. Két qua sau tinh chinh dugc ghi nhan trén ba tap dir liu:

Email-Eu-core-temporal, Email-Enron, CollegeMsg (Bang 3.2).
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PO PO
Tén dir liéu M©é hinh
MAE MSE MAPE A P R F1
email-Eu-core- | CNN 0.3087 0.1173 0.7896 0.96721 0.98068 0.95208 0.96617
temporal
LSTM 0.3278 0.1279 0.8414 0.99590 0.99377 0.99791 0.99584
CNN+LSTM 0.0001 0.0064 0.0193 0.9375 1.0 0.87291 0.93214
CNN 0.3058 0.1162 0.7640 0.91463 0.96428 0.88043 0.88043
LSTM 0.3360 0.1330 0.8498 0.98373 0.99264 0.97826 0.98540
sx-mathoverflow
CNN+LSTM 0.0081 0.0002 0.0229 0.77235 1.0 0.59420 0.74545
CNN 0.2868 0.1224 1.1423 0.75 0.66666 0.83333 0.74074
LSTM 0.2548 0.1158 0.9238 0.85714 0.83333 0.83333 0.83333
CollegeMsg
CNN+LSTM 0.1985 0.0522 1.2711 0.75 1.0 0.41666 0.58823

Bdng 0.1 Bdng so sanh d¢ do 3 b dir ligu “ Email-Eu-core-temporal”,”Sx-mathover”, “CollegeMsg”

Ghi chu : A: Accuracy, P = Precision, R = Recall, F1 = F1-score




Model Accuracy/MAE

B0 dir liéu email-Eu-core-temporal
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Model Loss
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Hinh 3.6 Téong quan hig¢u sudt huén luyén va ddnh gid mé hinh trén tap div liéu email-Eu-core-

temporal

Trong thuc nghiém, ba m6 hinh hoc sdu CNN, LSTM, va CNN+LSTM da duoc huén luyén
va danh gia trén tap dir liéu email-Eu-core-temporal. Két qua cho thay:
CNN+LSTM dat hiéu suat tot nhat vé hdi quy v6i chi s6 MAE = 0.0062, MSE =

0.0001 va MAPE = 0.0205, cho thay kha ning hoc chudi thoi gian va dy doan do tin

cay lién tuc chinh xéc.
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« Trong phan loai, LSTM dat hiéu suit cao hon véi F1 = 0.9958, nhung CNN+LSTM

van manh m€ nho két hgp vu diém cua cd hai mo hinh, dac biét 1a trong bai toan hoi

quy do tin cay.

Tém lai, CNN+LSTM phu hop hon véi bai toan hdi quy, trong khi LSTM manh mé hon trong

phan loai.
e B0 dir liéu CollegeMsg

Tap dir liéu CollegeMsg phan anh ludng tin nhén giita cic sinh vién, v&i cac twong tac ngau

nhién va bung phat theo thoi gian. Trong thuc nghiém:

« CNN+LSTM dat két qua t6t nhat vé MAE va MSE, cho thdy kha ning dy doan d6 tin
cay lién tuc chinh xac, nhung c6 MAPE cao nhat, bi anh hudng bdi ngoai 1€ va sai 1éch
ty 1€ o dir liéu nho.

« LSTM dat hiéu suit phan loai cao nhét v6i F1 = 0.8333 va cac chi sb Precision, Recall
can bang.

« CNN c6 két qua trung binh nhung 6n dinh.

Biéu dd phén tich cho thdy CNN+LSTM c6 d6 1éch du doan cao khi Actual Trust > 0.6 va tap
trung sai s6 O cac gia tri thap, trong khi LSTM 6n dinh hon véi sai s6 thap. CNN+LSTM hoi

tu nhanh va duy tri d6 chinh x&c huan luyén cao, nhung can cai thién xur ly ngoai 1¢€.

Predictions vs Actual Error Comparison
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MAE, MSE, MAPE Comparison Across Models
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Hinh 3.8 Tong quan hiéu sudt huén luyén va danh gid mé hinh trén tgp di ligu sx-mathoverflow

I
MSE MAE MAPE

- CNN+LSTM dat dugc MAE, MSE, MAPE thép nhét, ching té kha nang hoc sau hi€u qua
va md hinh héa tét chudi twong tac.

- Tuy nhién, vé do chinh xac phan loai (Accuracy, Recall, F1), LSTM don thuan lai chiém
uu thé.

- Piéu nay cho thdy ring CNN+LSTM tdi uu réat t6t sai s6 lién tuc (regression) nhung gap
gidi han trong phan loai nhi phan ddi véi tap nay, c6 thé do anh hudng cia chudi dir lidu
ngan va do phén tan cao trong mang.

- Biéu d6 thé hién réng cac dy doan cua CNN+LSTM phan bd sat véi gia tri thuc té, trong
khi sai s6 trung binh ctia CNN cao hon déng ké. Tuy nhién, xét theo do chinh x4c phan loai
(Accuracy, Recall, F1), LSTM vén chiém wu thé, cho thay tinh 6n dinh trong bai toan phan
16p.

Tong thé, md hinh CNN+LSTM phu hop cho cac bai toan hdi quy lién tuc trén mang c6 chudi

tuong tac ngin va phurc tap, nhu sx-mathoverflow, nhd kha ning giam sai sé va hoc dic trung

tot hon.

3.5 Két luan thue nghiém

Ba m6 hinh CNN, LSTM, va CNN+LSTM duoc thur nghiém dé du doan do tin cay tu dir ligu
tuong tac thoi gian trén cac tdp Email-Eu-core-temporal, sx-mathoverflow, va CollegeMsg.
CNN+LSTM vuot trdi vé d6 chinh xé4c, véi MSE = 0.0001, MAE = 0.0062, va Precision = 1.0
trén Email-Eu-core-temporal, nho kha ning hoc chudi phic tap (muc 3.3.1). Trén Email-
Enron, LSTM vuot CNN vé MAE va Fl-score, phu hop hon voi dit liéu thoi gian, du
CNN+LSTM chua dugc thur nghi¢m truc tiép.
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Céac k¥ thuat tinh chinh nhu zero-padding, bién dbi logarit, BatchNormalization, va

Dropout cai thién on dinh, giam overfitting va sai s6. CNN+LSTM 14 huéng di hiéu qua cho
suy dién d¢ tin cdy trong mang phirc tap, véi tiém ning tmg dung trong hé thdng khuyén nghi,

gidm sat hanh vi, va phan tich mang xa hoi dong.
3.6 Két luan chwong 3

Chuong ndy trinh bay viéc trién khai ca&c mé hinh hoc su bao gdm CNN, LSTM, va dic biét
1a CNN+LSTM d¢é giai quyét bai toan suy dién do tin cay trong mang phirc tap. Két qua thuc
nghiém cho thiy CNN+LSTM dat hiéu suit vuot troi ca vé& phan loai nhi phan va hdi quy gia
tri do tin cay, vai cac chi s danh gia nhu MAE, MSE, va MAPE duoc cai thién dang ké so voi

cac mé hinh don 1¢, ddng thoi ¢d sy 6n dinh cao qua cac 1an huan luyén.

Céac md hinh hoc sau, dac biét la CNN+LSTM, da ching minh kha nang hoc dac trung
manh m&, khdng bi gidi han bai cau triic d6 thi tinh hay yéu cau tham sé lan truyén. Nho tan
dung chudi twong tac theo thdi gian va biéu dién dic trung phi tuyén, mé hinh hoc sau cho két

qua chinh xac hon, phan &nh tét hon tinh dong va phuc tap cia hanh vi tin cay trong mang.

Tong quan, chuong ndy ching minh tiém niang tng dung cia md hinh hoc sau trong
viéc tinh toan d¢ tin cay, mo ra mot hudng tiép can hiéu qua hon trong bdi canh dir liéu mang

ngay cang Ion va giau tinh thoi gian.
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KET LUAN VA HUONG PHAT TRIEN

Dé an da trién khai thanh cong cac mé hinh hoc sdu, dac biét 1a su két hop gitra CNN va
LSTM, d suy didn d6 tin cdy trong mang phtc tap. Két qua thuc nghiém cho thiy
CNN+LSTM vuot troi trong ca bai toan hoi quy va phan loai nhi phan, cai thién dang ké cac
chi s6 MAE, MSE, vd MAPE, d6ng thoi phan 4nh tinh dong va phuc tap cia hanh vi tin cay

trong mang.
Han ché va Huéng phat trién

Han ché:

Mic du dé an da dat dugc nhitng két qua thuc nghiém kha quan trong viéc du doan do tin cay
trén mang phuac tap thong qua cac md hinh hoc sdu nhu CNN, LSTM va CNN+LSTM, tuy
nhién van ton tai mot s6 han ché nhat dinh. Trudc hét, cac dic trung dau vao dugc xay dung
cha yéu dua trén chudi sé luong tuong tac gitra cac cap nit theo thoi gian, chwa khai thac sau
cac dic trung ciu trlic cia mang nhu bac nat, do chong cong dong hay anh huong lan truyén.
Bén canh d6, pham vi dit liéu s dung trong nghién ciru con twong ddi han ché, chi yéu tap
trung vao cac mang email véi cau trac khép kin, do d6 tinh téng quét cia mé hinh van chua
duoc kiém ching rong réi trén cac mang x& hoi hoic hé thong thuc té khac. Mot diém han ché
dang chu y 1a kha nang giai thich ciia ca&c m6 hinh hoc sau con thap, gay kho khan trong viéc ly
giai cu thé cac quyét dinh dau ra cia mo hinh. Ngoai ra, qua trinh tinh chinh siéu tham sé cua
mé hinh hién van mang tinh tha cong, thiéu cac ky thuat tdi wu hoa hé théng nhu AutoML.
Cudi cung, dé an chua mé rong sang cac kién trdc mang do thi hién dai nhu GNN hoic GAT,
vbn dugc danh gia 1a phu hop hon cho cac bai toan hoc trén cau tric mang phic tap. Pay 1a
nhitng diém ma cac nghién ctu tiép theo cé thé cai thién dé nang cao hiéu qua va do chinh xéac
cua md hinh dy doan.

Hwéng phat trién:

Trong twong lai, c6 thé ma rong nghién ciru dé xay dung mé hinh da chiéu cho d6 tin cay, két
hop dit liéu dinh tinh nhu hanh vi va cam xGc. Can nghién ciu thém vé dong luc hoc caa sy tin
cay va phat trién mé hinh lai ghép giita hoc sau va cac ly thuyét xa hoi hoc, thm Iy hoc hanh vi.
Cac tng dung trong phét hién thdng tin sai léch, biao mat mang x& hoi, va thuong mai s6 s& lam

noi bat gia tri cua dé tai.
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