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Tom tat: Trong nghién ciru nay, chung t6i dé xuat mot cach tiép can moi dé
giai quyét bai toan dy doan lan truyén chu dé trén mang hoc thuat voi sy két
hop cua cac yéu t bén ngoai va noi tai. Ching tdi str dung hoc may dé du
doén sy lan truyén cia mot chi dé voi sy két hop cuia céc ddc trung khac nhau.
Pau tién, chung toi dé xuat mot phuong phép méi dé tinh xac suat kich hoat,
hay con goi la x4c sudt lay nhiém tir mot niat da dwoc “kich hogt” sang mot
nat “chuwa dwoc Kich hogt” dya vao thong tin meta-path va thong tin van ban
(text). Xé&c suit nay duogc xem xét nhu mot yéu td tac dong tir bén ngoai dé
mot nat c¢d thé bi kich hoat. Bén canh dé, chung toi ciing khai thac so thich
cua tac gia d6i vai chu dé lan truyén, day dugc xem xét nhu yéu td noi tai cua
tac gia ma c6 thé dan dén viéc “lay nhiém” chu dé. Cudi cling, chiing tdi két
hop giira dic trung vé XAc suat lay nhidm va so thich cua tac gia trong du doan
lan truyén chu dé. Céc thuc nghiém duoc tién hanh trén cac chu dé khac nhau
cuia c4c tap dir liéu mang hoc thuat va thu duogc cac két qua thoa man.

T khéa: Mang xa hoi, mang hoc thuat, mang da quan hé, lan truyén thong
tin, du doan lay nhiem.

1. GIOI THIEU

Van dé lan truyén thong tin (information diffusion) da dwoc nghién cau rong réi voi muc
dich d6 1a mo phong va du doan qua trinh lan truyén thdng tin gitra cac dbi tuong trong mot
mang khi ching két ndi vai nhau. Qua trinh lan truyén thong tin dugc mé ta voi hai trang
thai co ban: trang thai “kich hoat” (active) hay con goi 1a “nhiém” va trang thai “chua kich
hoat” (inactive) hoac con goi chura nhiém. Céc nit mang dugc xem xét & trang thai kich
hoat théng tin néu nhu ching di thyc hién nhitng hanh dong lién quan téi thong tin dé, vi
du nhu mét tac gia dugc goi la “kich hoat” véi chii dé “machine learning” ké tir khi tac gia
d6 da nghién ctru va xuit ban duoc cac bai bao khoa hoc lién quan toi chu dé “machine
learning” hay trong chién lugc marketing vé dién thoai iPhone, mot khach hang dugc danh
ddu 12 da “kich hoat” néu khach hang d6 di mua san pham dién thoai iPhone. Pa s6 cac
nghién cau vé lan truyén thdng tin déu dwoc thuc hién trén cic mang ddng nhat
(homogeneous network), noi chi 6 mot kiéu ddi twong va mot kiéu lién két ¢ trong mang,
vi du nhu mang dong tac gia vai cac ddi tuong 1a cac tac gia va lién két dong tac gia hay
trong mang x& hoi Twitter thi dbi tuong 1a cac user va lién két d6 1a follow. Tuy nhién,
trong thuc té thi da s cac mang déu ¢ dang khong dong nhat (heterogeneous network),
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trong d6 c6 nhiéu kiéu ddi twong va nhiéu kiéu lién két gitra cac dbi tugng, vi du nhu mang
hoc thuat (bibliographic network) la mét mang khong dong nhat, trong d6 c6 nhiéu kiéu
déi tuong bao gom nhu tac gia, bai bao, hoi nghi, t6 chic lién két,... va nhiéu kiéu quan hé
nhu quan hé ddng tac gia, quan hé ciing dong tac gia véi mot tac gia thir ba, quan hé cing
tham gia nop bai & mot hoi nghi,... Trong nghién ctu nay, ching toi tap trung va nghién
ctu van dé lan truyén thdng tin trén mang khong dong nhét.

C6 hai cach tiép can chinh d&& md phong va du doan lan truyén thong tin trén mang khong
dong nhat. Tha nhat, qua trinh lan truyén thong tin duwgc mé phong théng qua cac mod
hinh lan truyén, bao gom mé hinh ngudng tuyén tinh (linear threshold model (LT)) [5,
10], mo hinh thac nudce doc 1ap (independent cascade model (IC)) [4], m6 hinh thac nudc
giam dan (decreasing cascade model) [8], md hinh ngudng tong quat (general threshold
model) [9], m6 hinh dya vao khuéch tan nhiét (heat diffusion-based model) [17],... Vi
cach tiép can nay, mot vai nat mang da kich hoat s& tac dong dén cac hang xom chua kich
hoat ciia ching va c6 thé s& bién cac hang xom d6 chuyén sang trang thai kich hoat. Ba
c6 mot vai mé hinh mo rong tor mé hinh IC nhu TextualHomo-IC (Homophily
Independent Cascade Diffusion) [7] hay m6 hinh HPM-IC (Heterogeneous Probability
Model — IC) [11]. Bén canh d9, ciing c6 mdt vai md hinh m¢é rong tie mé hinh LT, vi du
nhu mé hinh MLTM-R (Multi-Relational Linear Threshold Model - Relation Level
Aggregation) [6] va md hinh HPM-LT (Probability Model-LT ) [11]. Tat ca cac md hinh
trén déu di dwa ra cac phuong phép tinh xéc suat 18y nhiém caa mot nlt & trang chua kich
hoat dya vao théng tin meta-path hoac dya vao thong tin van ban. Do d6, cac nghién cuu
trén chi mai xem xét sy anh huong tir bén ngoai, cu thé 12 tir cac hang x6m, ma chua xem
xét dén yéu té noi tai ciia cac nit chwa 1ay nhiém, vi du nhu mie d6 thich thi cua tac gia
d6i vai cha dé lan truyén hay tam anh huong cua tac gia,... Do d6, cach tiép can thtr hai
Xuit hién véi su két hop cua cac dic trung trong dy doan lan truyén thong tin.

Céch tiép can thir hai trong du doan lan truyén théng tin trén mang khong ddng nhat do
| str dung hoc may va hoc sau, khai thac cac ddc trung khac nhau. Su lan truyén cua cac
tweet trén Twitter da duoc nghién ctu vai phuong phap hoc c6 gidm sat [16], Bén canh
o, su lan truyén thong tin trén Github ciing da dugc nghién ciu sir dung phuong phap
hoc ¢ giam sat [1]. Hon nira, hoc sau ciing da duoc st dung dé nghién cau vé du doan
lan truyén thong tin trén mang khong dong nhét [12]. Lan truyén thdng tin trén mang hoc
thuat da dugc nghién ctu véi cach tiép can tha nhat théng qua nhiéu mo6 hinh lan truyén
khéc nhau. Bén canh d6, van dé nay ciing da dugc nghién ciu & cach tiép can thi hai voi
phuong phap str dung hoc sau [12]. Tuy nhién, phuong phap hoc may thi chua duoc su
dung trong nghién ctu vé du doan lan truyén thong tin trén mang hoc thuat. Do do,  trong
nghién cttu ndy, ching toi s& tap trung vao str dung hoc may cho dir doan lan truyén cac
chu dé trong mang hoc thuét.

Trong nghién ciru nay, ching toi dé xuat mot cach tiép can méi do 1a két hop giita yéu to
tac dong bén ngoai va yéu té ndi tai trong viéc du doan lan truyén chu dé trong mang hoc
thuat. Pau tién, ching tdi xem xét nhan t6 anh huong tir cac hang x6m da kich hoat bang
cach d& xuat mot phuong phap mai trong viéc tinh xac suat 1ay nhiém tir mot nit kich hoat
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sang mot nat chua kich hoat dua vao ca thong tin meta-path va théng tin van ban. Thém
vao do, chung t6i xem xét dén yéu té noi tai cua cac ndt chwa kich hoat dya vao mic do
thich thd cua tac gia dbi véi cha dé lan truyén. Ching t6i st dung hoc ¢ giam sat dé rit ra
duoc cac hé s tot nhit lién két véi cac dic trung dugc trich rat tir dit lidu. Két qua thyuc
nghiém cho thay ring phuong phép tinh xac suat Iy nhidm mai mang lai hiéu qua tot hon
trong du doan lan truyén thdng tin so v6i phuong phap tinh cii d6 1a chi st dung meta-path
hoic thong tin vin ban mot cach riéng biét. Bén canh do, su két hop giita yéu t6 tac dong
bén ngoai va yéu tdi noi tai mang lai higu qua cao hon so véi chi sir dung mét trong hai mot
cach doc 1ap. bac biét, su két hop giita yéu té bén ngoai theo phuong phap tinh xac sut
lay nhiém mai va yéu té noi tai mang lai do chinh xac cao nhét.

2. CAC NGHIEN CUU LIEN QUAN

Lan truyén thong tin 1a qua trinh mot phan thong tin duoc lan truyén tir ca nhan hoic cong
d6ng nay sang ca nhan hoac cong dong khac trong mot mang lu6i. Ba c6 nhiéu nghién
ctiru phan tich su lan truyén thdng tin, chu yéu tap trung vao viéc nghién ctu thdng tin
nao dugc lan truyén nhanh nhat, cac yéu t6 ndo anh hudng dén su lan truyén thong tin, va
mo hinh nao dé mod phong va du doan su lan truyén. Nhiing cau hoi nay dong mot vai tro
quan trong trong viéc tim hiéu hién twong lan truyén thong tin. Chung da duoc tra loi boi
cac két qua trong céc nhanh nghién ciu nho hon bao gém nhu cdc mé hinh Iy lan dich
bénh, phan tich sy anh hudng va mé hinh du doan.

Phan 16n cac nghién ctu vé lan truyén thong tin da duoc nghién ciru vé mang ddng nhat
noi chi ton tai mot loai déi twong va mot loai lién két trong mang ludi. Tuy nhién, trong
thé gigi thuc, phan 16n cac mang khong dong nhat khi c6 nhiéu loai d6i twong khac nhau
va nhiéu quan hé trong mang, vi du, mot mang hoc thuat 1a mot mang khong dong nhat
chtra nhiéu dbi tuong, bao gém tac gia, bai bao, dia diém, don vi lién két, v.v., dong thoi
t6n tai nhiéu mdi quan hé giira cac tac gia nhu quan hé dong tac gia, méi quan hé véi
d6ng tac gia chung,... Nghién ctu cia ching t6i tap trung vao thong tin lan truyén trén
cac mang khdng dong nhat.

Pé nghién ciu cac mo hinh du doan trén cac mang khong dong nhat, c6 hai cac phuong
phép tiép can dé md hinh hoa va dy doan su lan truyén thong tin. Thi nhat, qué trinh lan
truyén thong tin dugc mé phong théng qua cac mé hinh lan truyén, bao gom mé hinh
ngudng tuyén tinh (linear threshold model (LT)) [5, 10], md hinh thac nudc doc 1ap
(independent cascade model (IC)) [4], mé hinh thac nudc giam dan (decreasing cascade
model) [8], m6 hinh ngudng tong quét (general threshold model) [9], m6 hinh duwa vao
khuéch tan nhiét (heat diffusion-based model) [17],... Vi céch tiép can nay, mot nit
mang da kich hoat s& tac dong dén cac hang xom chua kich hoat cua ching va c6 thé s&
bién cac hang x6m d6 chuyén sang trang thai kich hoat. Vi duy, trong mé hinh IC, mét niit
mang & trang thai kich hoat c6 thé tac dong va lay nhiém mot nit mang khéc & trang thai
chua kich hoat véi mot xac suat nhat dinh. Trong mé hinh LT, mot ndt & trang thai chua
kich hoat s& b tac dong va chuyén sang trang thai kich hoat néu nhu tong trong sé gitra
cac nat hang xom da dugc kich hoat vai n6 16n hon mdt ngudng nao d6. Ba cé maot vai
md hinh m¢é rong tir mo6 hinh IC nhu TextualHomo-IC (Homophily Independent Cascade
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Diffusion) [7], trong d6 X&c suat lay nhidm duoc ude luong dia vao mac do dong nhat
vé thong tin vin ban hay mé hinh HPM-IC (Heterogeneous Probability Model — IC) [11]
trong d6 xac suat lay nhidm duoc tinh toan bang xac suat diéu kién dya vao thong tin
meta-path. Bén canh d6, ciing c6 mot vai mé hinh ma rong tier mo hinh LT, vi du nhu mo
hinh MLTM-R (Multi-Relational Linear Threshold Model - Relation Level Aggregation)
[6] va md hinh HPM-LT (Probability Model-LT ) [11]. T4t ca cac mé hinh trén déu da
dua ra cac phuong phap tinh xac suat 1ay nhiém tir mot nit mang da kich hoat sang mot
nuat khac chua kich hoat dua vao théng tin meta-path hoac dya vao thong tin van ban. Do
d6, cac nghién ctu trén chi méi xem xét sy anh huong tir bén ngoai, cu thé 1a su anh
huéng tir cac hang x6m ma chwa xem xét dén yéu td noi tai cia cac nit chua lay nhidm,
vi du nhu muc d6 thich thi cia tac gia ddi voi cha dé d6 hay tim anh huong cua tac gia,...
Do d6, cach tiép can tha hai xuat hién su két hop cua céc dic trung khéac nhau trong du
doan lan truyén thong tin.

Hoc méy va hoc sau 1a cach tiép can tht hai trong du doan lan truyén théng tin trén mang
khong dong nhat trong d6 khai thac va két hop cac dac trung khac nhau. Sy lan truyén
cua cac tweet trén Twitter da dugc nghién ctiru véi phuong phap hoc ¢6 gidm sat [16],
trong d6 khai thac hai dic trung 1 s& thich cua nguoi dung va do twong tu vé noi dung
giita nguoi ding da kich hoat va chua kich hoat. Thong tin vian ban duoc sir dung dé wéc
luong cac dic trung trén str dung ki thuat mé phong chii dé, cu thé 1a phan bo Dirichlet
tiém an. Bén canh do, sy lan truyén thong tin trén Github ciing da dugc nghién cau su
dung phuong phép hoc c6 gidm sat [1]. Hon nita, hoc sau cling da dugc st dung dé nghién
ctiu vé dy doan lan truyén thong tin trén mang khong dong nhat [12].

Lan truyén thdng tin trén mang hoc thuat da duoc nghién ctu véi cach tiép can thir nhat
thong qua nhiéu md hinh lan truyén khac nhau. Bén canh d6, van dé nay ciing da duoc
nghién cttu ¢ cach tiép can thir hai véi phuong phap st dung hoc sau [12]. Tuy nhién,
phuong phap hoc may thi chua dugc su dung trude do6. Do do, trong nghién ciru nay,
ching tdi s& tap trung vao st dung hoc may cho du doan lan truyén cac chii dé trong mang
hoc thuat. Hon nira, dic trung vé X&c suat lay nhiém trong cac nghién ctru trude day déu
chi dugc udce lugng dya vao mét trong hai thong tin meta-path hodc thong tin van ban.
Do d9, trong nghién ctu nay, chung toi dé xuat két hop gitra hai thong tin gom thong tin
meta-path va thong tin vin ban dé ude lugng dic trung vé xac suat lay nhidm thay vi chi
str dung Mot trong hai thdng tin nhu & cac nghién ciru trude day. Bén canh do, chung toi
con khai thac thém dic trung vé sé thich cua tac gia véi chu dé lan truyén, day chinh 1a
dic trung thé hién yéu té noi tai. Chang t6i mudn nghién ctu va danh gia su hiéu qua caa
su két hop gitra céc thdng tin trén trong dy doan lan truyén théng tin so véi truong hop
st dung ching mot cach riéng biét.

3. KIEN THUC NEN TANG

Meta-path P 12 mét siéu duong dan duge dinh nghia trén luoc d6 téng quéat caa mé hinh
mang Te= (A, G), trong do A la tap cac nit mang va G la tap cac quan hé gitta chang [6,
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R2 R3
11, 15]. Meta-path duoc ki hiéu A, —>A2 —A; > . —>Al+1 Mbi quan hé tong hop thu

duge dudi dang R = R10R20 ...Ry gitta A1 VA A, trong d6 o chinh 1a toan tir két hop.

bo dai cua P chinh 1a s6 luong quan hé ¢ trong P. Hon nira, mot meta-path P duoc goi la
doi xtng néu nhu cac moi quan h¢ R dugc dinh nghia trong P la doi xing. Vi du nhu
trong mang hoc thuat, moi quan hé dong tac gia cé thé duoc dinh nghia thong qua mot

writing _ written by

meta-path ddi xing voi do dai bang 2 nhu sau: A

Mot duong p = (a1 a2 ...a+1) gitta a1 va a1 trong mang G tuén theo cu phap cta meta-path
P néu Vi, @(a;) = A; vamoi canh e; =< a;a;,, > thudéc moi quan hé Ritrong meta-path
P. Chlng ta goi cac duong p nay la céc thé hién cua P (path instance), dugc ki hiéu p € P.

Vi du: Hai loai meta-path APA va APVPA dugc md ta nhu ¢ Hinh 1.

Meta-path: Author - Paper - Author (APA) Meta-path: Author-Paper-Venue-Paper-Author (APVFA)
write written-by write is published at publish written-by
> p » P e Y > P >

4 4 »

Hinh 1. M@ td vé hai logi meta-path APA va APVPA

Meta-Path | Path instance
APA A-P2-B
C-P5-D
APVPA A-P1-V1-P4-C
A-P2-V1-P4-C
B-P2-V1-P4-C
B-P3-V2-P5-C
B-P3-V2-P5-D

Bibliographic network

Hinh 2. Vi du vé meta-path va path-instance trén mang hoc thugt

Vi du nhu ¢ Hinh 2 thé hién mé hinh mang hoc thuat véi cac nat mang gom c6 4 tac gia,
5 bai b&o, 2 hoi nghi nop bai. Trong mé hinh Mang trén d6ng thoi thé hién cac méi quan
hé gitta cac ndt mang. Chlng ta c6 thé thay rang trong mé hinh mang trén chira 2 loai
meta-path d6 la APA va APVPA. Tuong tng v&i meta-path APA, ching ta c6 2 path-
instance va c6 5 path-instance d6i voi meta-path APVPA.

4. GIAI PHAP DE XUAT

Trong phan nay, chling t6i mo ta chi tiét vé mot céch tiép can mai trong viéc giai quyét
bai toan du doan liéu rang mot tac gia trong mang hoc thuat cé bi “nhiém” mot chia dée
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lan truyén hay Ia khdng. Céch tiép can nay bao gom md ta vé phuong phap hoc 6 giam
sat cho bai toan dy doan lan truyen chu dé va phuong phap trich rat cac dac trung.

4.1. Hoc c6 giam sat cho bai toan dw doan lan truyén chia dé trén mang hoc thuat

Chung tdi sir dung cac phuong phap hoc ¢ giam sat dé du doan lan truyén chu dé trén
mang hoc thuat. D6i vai mot chii dé cu thé, chling toi du doan liéu ring mot tac gia “chua
kich hoat/ chwra nhiém (inactive) ” s& “kich hoat/nhlem (active) ” chu dé d6 trong thoi gian
tuong lai T2 hay khong dya vao cac thong tin dé co san cua tac gia do trong thol gian qua
kha T1. Tat ca cac tac gia xuat ban cac bai bao lién quan téi chu d lan truyén dugc gan
nhan 1a “da kich hoat/dd nhiém (active)” va nguoc lai.

Trong budc huan luyén, dau tién ching t6i lay mau mot tap céc tac gia “chua tung kich
hoat/nhiém” trong giai doan T1, va trich rut cac dic trung. Sau d6, hoc may sé& duoc s
dung dé xay dung mé hinh huan luyén dé hoc cac hé sé tot nhat lién két véi cac dic trung.
Trong budc kiém tra, chiing tdi 4p dung mé hinh da huan luyén & trén 1&n tap dit liéu kiém
tra dé so sanh két qua do chinh xéc vai dit liéu thyc té.

4.2. Pic trung xac suit kich hoat/lay nhiém

Pau tién, chlng ti xem xét dén yéu td tac dong anh huong tir bén ngoai ma cé thé dan
dén sy kich hoat/ 1ay nhidm. Mot tac gia c6 thé bi kich hoat/lay nhidm tir cac hang x6m
ctia ho véi mot xac suat nhat dinh. Xac suat nay goi 1a xac suat kich hoat hay con goi xéac
suat lay nhidm. Xac suat kich hoat tir mot hang xom da kich hoat u dén mot tac gia chua
ting kich hoat v ¢6 thé duoc xac dinh bai nhiéu cong thic khac nhau: dwa vao thong tin
meta-path hoic dira vao thong tin vin ban (text). Chling tdi s& tong quat lai cac phuong
phap udc lugng xac suat kich hoat & cac nghién ctru trude ddy, sau d6 dé xuat mot phuong
phap udc lugng mai.

a. Xac sudt kich hoat da vao théng tin meta-path:

Xéc suat kich hoat dugc ude lugng dya vao do tuong ty vé thong tin meta-path théng qua
cac cbng thic sau:

PathSim: Day 1a mot d6 do twong tu dua trén thong tin meta-path [6, 15]. Cho mot meta-
path doi xtng Ex twong ung v&i moi quan hé k, PathSim gitra hai d6i twgng c6 thé duoc
dinh nghia nhu ¢ cng thac (1):

E
|P (ukv) |

stk(u,v) =

1)
| (uu)| + (VV)l
Trong d6 P, (u ) la tap hop cac meta-path ciia mi quan hé k, bat dau tir u va két thic tai
v. |.| thé hién kich thudc cua tap hop.

X&c suat kich hoat dya vao thong tin meta-path va Bayesian [11]:

nk_, (2)

k
Zre nei, Nysr

AP(MP) = P*(u|v) =
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m k
1k Zre neiy nv—>r
P(ul{v}) = maxM—l...n(P(ulv) 4)

Cong thie (2) thé hién xac suat kich hoat tir mot nut da kich hoat v sang mot nat chua
kich hoat u trong meta-path k. n%_,,, 1a s6 thé hién dudng di theo meta-path k tir v qua u.
Xéc suit kich hoat tir nit v qua u duoc thé hién ¢ cong thic (3) vai su tong hop cua tat
ca céc loai meta-path k. Cudi ciing, cong thuc (4) thé hién xac suat kich hoat cia mot nat
u bang céch t6i da hoa cac xac suat kich hoat tir cac nut hang x6m da kich hoat v cua u.

b. X&c sudt kich hoat dwa vao théng tin vin ban (AP(IS))

Xéc sut kich hoat ciing da dugc wdc luong tir théng tin van ban (text) [7] ké tir khi thong
tin van ban chira dung nhiéu théng tin quan trong cua tac gia. Trong mang hoc thuat,
thong tin vin ban trong cac bai bao xuit ban dong vai trd quan trong trong viéc thé hién
chuyén nganh nghién ctru cua céc tac gia. Do d6, thong tin van ban v cung quan trong
trong cong viéc du doan lan truyén chu dé gitra cic nha khoa hoc.

Pau tién, chlng ta cd thé udc luong thdng tin cua tac gid dya trén thong tin vén ban su
dung céc ki thuat khai pha van ban, bao gom tan suat xuat hién cac tir - dao nguoc tan
suat cua van ban (Term Frequency — Inverse Document Frequency, TFIDF) [14] hoic md
phong chu dé (Topic Modeling) [2, 13].

Sau khi khai thac thong tin van ban, chlng ta cé thé sir dung cac do d6 khoang cach dé
do lugng d6 tuwong ty gitta hai nit mang. Di voi TF-IDF, khoang céch cosin thuong dugc
sir dung dé do luong do twong tu ¢ cdng thuc (5). Péi vai mod phong chu dé, dau ra cua
mé phong chu dé 1a cac vector phan phol X4c suat. Do do, chung ta c6 thé chon mét trong
cac d6 do khoang cach lién quan dén khoang céch vector, vi du nhu Euclidean hoic
Cosin, Jaccard,... Tuy nhién, két qua thuc nghiém & nghién ciu truéc cia ching toi [3]
da chtng minh rang s& tot hon néu ching ta sir dung d6 do khoang céch lién quan tgi
phan phdi xac suat nhu KullbackLeibler Divergence (Céng thic 7), Jensen-Shannon
divergence (Cong thuc 8), Hellinger distance (Cong thtc 6),...
T,.T,

IS(u, U) = COS(Tu,Tv) = W (5)
1 K
mmm=@m®=7§Z}ﬂ—ﬁW) (6)
P
mmw=@mmm=2m@&? G

xX€EX

20;
I1S(u,v) = dys(P, Q) = Zm Zm N ©

Trong d6, where Ty, T, 1a cac Vector TFIDF tuong ung cua u and v; P, Q 1a phan phéi
Xac SUit cua cac chu dé cua hai nat u va v.
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c. X&c sudt kich hoat téng hep dwa vao théng tin meta-path va vin ban

Théng tin v& meta-path va vin ban déu di duoc st dung dé wdc lwong xac suat kich hoat,
tuy nhién ching lai duoc sir dung riéng 1é. Do d6, trong nghién ctru ndy, chung t6i dé xuét
phuong phap méi dé ude lugng xac suat kich hoat caa mot nat vai sy két hop giira hai
thong tin 12 meta-path va vin ban, duoc dat tén 1a x4c suat kich hoat tong hop (aggregated
activation probability, viét tit AP(MP+1S)).

AP(u,v) = (1 - 0) x AP(MP) + o  AP(IS) ©)
AP (u, {v}) = maxy=1.,(AP(u,v)) (10)

Cong thirc (9) thé hién xéac suit kich hoat tong hop tir mot nit di kich hoat v sang nat
chua dugc kich hoat u dua vao thong tin meta-path va vian ban. AP(MP) 1a xac suat kich
hoat dugc wde lugng dua vao thdng tin meta-path nhu & céng thic (3) va AP(IS) 1a do
tuong tu vé & thich gira hai ndt u va v dua vao thong tin van ban, nhu & ¢éng thic tir (5)
dén (8). o la tham s6 dung de dieu khién ti I¢ anh huong cua xéc suat kich hoat dya vao
meta-path va do twong tu vé so thich Ién xéac suat kich hoat tong hop. ¢ € [0,1], néu o Ién
thi dong nghia voi viéc ching ta tap trung vao thong tin van ban va nguoc lai. Cudi Cung,
ching ta cd thé dinh nghia xac suat kich hoat tong hop cia mot nut chua kich hoat u bang
cach t6i da hoa cac xac suat kich hoat tong hop tir cac hang x6m da kich hoat v cua u (&
cong thuc 10).

4.3. Pac trung sé thich cia tac gia

Bén canh sy anh huong bén ngoai tir cac hang xom, chung toi xem xét dén cac yéu td noi
tai ciia C4c tac gia trong viéc du doan lan truyén chi dé trong mang hoc thuat. Yéu té noi
tai 6 thé 1a tim anh huong cua tac gid, so thich cua tac gia,... Trong nghién cau nay,
chding t6i tap trung vao xem xét yéu té so thich cua tac gia dbi véi cha dé dugc lan truyén.

Bén canh sy tac dong tir cac hang x6m, mot tac gia c6 thé bi kich hoat/Iay nhiém véi mot
chu dé phy thudc vao sé thich cua ho déi voi chit d& do. S6 thich cua tac gia d6i voi mot
cha dé c6 thé duoc hinh thanh thong qua cac cach khac nhau nhu thdng qua ban bé gioi
thiéu, doc cac bai bao khoa hoc, hoic c6 thé thong qua viéc tham gia cac hoi thao khoa
hoc,... Cac hai nghi khoa hoc 13 noi cung cip céac dién dan hoc thuat dé cho cac nha khoa
hoc chia sé cac két qua nghién ctiu cua ho. Tham gia céc hoi nghi khoa hoc chinh 13 co
hoi dé gap g, chia sé va co thé bat dau nghién caru mot linh vuc, chu dé mai. Do do, dé
wdce lugng mire do thich tha cua tac gia dbi vai cac chi dé lan truyén, chung toi dé xuat
tinh s6 lwong hoi nghi lién quan téi chu dé d6 ma tac gia da tirng tham gia.

5. THUC NGHIEM VA KET QUA
5.1. Thwc nghiém

Tap dir liéu: Chang toi sir dung tap di liéu "DBLP-SIGWEB.zip”, duoc téng hop tir
1995 @én 2015 tir co s6 dix liéu DBLP. Tap dir liéu ndy chira tat ca cac théng tin lién quan
t6i cac bai bao xuét ban va hd so cac tac gia tir 7 hoi nghi ACM. N6 con chira céc théng
tin lién quan téi tac gia, co quan lién két, cac thdng tin vé cac hoi nghi,...
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Cai dit thuc nghi¢ém: Ching t6i xem xét qua trinh lan truyén ciia mot chu dé T. Ching
t6i tién hanh thuc nghiém vai 3 chi dé “Data Mining”, “Machine Learning” va “Social
Network”. Dau tién, chiing tdi 1ay mau cac tac gia ma ho di kich hoat véi chi dé T va st
dung tap tac gia ndy nhu 1a cac nit v6i nhin “active”. Ching toi cling 14y mau gom mot
tap cac tac gia chua kich hoat véi chi d@& T va duoc gan nhén 1a “inactive”. Hai tap mau
“active” va “inactive” co kich thudc bang nhau dé tap di liéu huan luyén can bang.
Chung t6i str dung cac phuong phap phan loai nhu la cac moé hinh du doan. Trong tap dir
lieu huan luyén, mot tac gia X da kich hoat vai chii @& T vao nam Yxr, ching toi sé trich
XUAt cac dic trung cia X trong giai doan T1 = [1995, Yxt — 1]. M6t tac gia Y chua kich
hoat, ching tdi trich xuat cac dic trung ctia Y trong giai doan T1 = [1995, 2015].
Bang 1. Su két hop giita cdc dic trung

S6 thir tw | Cac diic trung
1 Xéc suat kich hoat dua trén meta-path (AP(MP))
Xéc suat kich hoat dya trén thong tin vin ban (AP(IS))
Xac suat kich hoat tong hop (AP(MP + 1S))
S thich cua tac gia ddi vai chu dé T (Al)
AP(MP) + Al
AP(IS) + Al
7 AP(MP+IS) + Al

OO WIN

Chung t6i tién hanh thyc nghiém trén céc tap dic trung khac nhau dé danh gia sy cai tién
vé hiéu suat. Su két hop cua cac dic trung dugc thé hién ¢ Bang 1. Ching toi tién hanh
tat ca 07 thuc nghiém voi su két hop giita xac suat kich hoat va sé thich cua tac gia doi
véi cha @ lan truyén. Thuc nghiém (1) va (2) thé hién cho phuong phép tinh xac suat
kich hoat cii dua trén théng tin meta-path va thong tin vin ban, trong khi d6 (3) thé hién
phuong phap ma chiing t6i dé xuat. Thuc nghiém sé (4) thé hién s¢ thich cua tac gia doi
véi chii dé lan truyén T. Thuc nghiém s6 (5), (6), (7) 1a su két hop giita xac sut kich hoat
trong nhiéu phuong phap tinh khac nhau véi dic trung sé thich caa tac gia. Ching toi sir
dung két qua cua thuc nghiém (1, 2) nhu 1a co sé dé so sénh véi thyc nghiém (3), tir 6
thay duoc hiéu qua ctia phuong phap tinh xac suat kich hoat méi. Bén canh do, céc két
qua thuc nghiém cua (1, 4), (2, 4) va (3, 4) 1am co s¢ twong tng cho cac thuc nghiém (5),
(6), (7), tir 6 nhin thay tm quan trong cua dic trung sé thich cua tac gia ciing nhu hiéu
qua cua viéc két hop gitra dic trung xac suét kich hoat va sé thich cua tac gia.

Déi véi viéc tinh toan AP(MP), ching t6i sir dung hai loai meta-path d6 1a APA (Author-
Paper-Author) va APAPA (Author-Paper-Author-Paper-Author). Bé tinh AP(IS), dau
tién chdng toi liy cac thong tin van ban tir cAc tir khoa cua cac bai béo cua céc tac gia
trong giai doan T1, sau d6 st dung cong thic (5) dé wdc lugng do tuong tu vé sé thich
gitra hai tac gia. Cudi cung, AP(MP+IS)(MP+IS) dugc tinh véi tham sé o = 0.5.

Trong nghién ctru nay, chung téi thuc nghiém vai 03 thuat toan phéan loai d6 1a Support
Vector Machine (SVM, Linear Kernel), Decision Tree (DT) va Random Forest (RF). Bé
danh gia 6 chinh xac cua viéc du doan lan truyén thong tin, ching tdi sir dung hai chi s6
d6 1a Accuracy va ROC-AUC dé danh gia hiéu qua.
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5.2. Két qua

Accuracy AUC
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Hinh 5. Két qua phan logi véi chi dé “Social Network”

Két qua thyc nghiém thé hién hiéu qua caa viéc phan loai sir dung cac tap dic trung khac
nhau duoc trinh bay & Bang 2, 3 va 4. Pau tién, chlng ta xem xét hiéu qua caa phuong
phap wéc luong xac suit kich hoat moi ma ching toi dé xuat. Péi voi chu dé “Data
Mining” (& Hinh 3), hiéu qua caa AP(MP+IS) chi thé hién & phan loai Random Forest.
Tuy nhién, hiéu qua caa AP(MP+IS) lai thé hién rd nét trong két qua phan loai dbi véi
hai chu dé “Machine Learning” va “Social Network” (Hinh 4 va 5). Ddi véi ca ba thuat
toan phan loai, ching ta c6 thé thiy ring AP(MP+IS) mang lai d6 chinh xac cao hon so
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Vé6i cac phuong phap uée lwong xac suat kich hoat cii (AP) d6 1a chi dwa vao mét trong
hai thdng tin meta-path hoac thong tin van ban.

Su két hop giira hai thong tin meta-path va vian ban trong viéc udc luong xac suat kich
hoat da mang lai hiéu qua cao hon so vai viéc chi si dung moét trong hai théng tin. Cac
két qua nay thé hién tinh hop Iy bai vi ca hai loai thong tin nay déu chtra dung thdng tin
quan trong trong du doan lan truyén théng tin : meta-path chtra dung cac thong tin lién
gquan téi cau trdc cua cac nit mang con théng tin van ban chira ndi dung caa cac nit mang.
Do d6, khi két hop hai loai thong tin nay lai v&i nhau sé mang lai hiéu qua cao hon so v&i
viéc s dung mot cach riéng lé.

Bén canh do, cac két qua phan loai ciing thé hién tam quan trong cua dic trung vé o thich
cua tac gia ciing nhu hiéu qua cua viéc két hop giira yéu té tac dong bén ngoai va yéu to
noi tai trong du doan lan truyén chu dé. Chidng ta cd thé thay rang su két hop giira
AP(MP), AP(IS) hoic AP(MP+1S) vai Al hau hét déu mang lai d6 chinh xac cao hon so
Véi viéc chi s dung ching mot cach riéng 1¢. Bac biét, thuat toAn Random Forest véi su
két hop gitra hai ddc trung AP(MP+IS) va Al dat dugce do chinh xac cao nhat ddi véi tat
ca cac chu dé lan truyén xem xét.

Cac két qua nay thé hién tinh hop 1y bai vi vai su tac dong tir bén ngoai két hop vai s6
thich cua c& nhan thi mot tac gia c6 thé dé dang kich hoat mot chu dé so véi truong hop
chi chiu sy tac dong tir bén ngoai nhung ban than khéng thich chu dé dé hoic trong truong
hop téc gia thich chi dé dé nhung lai khdng ¢ cong dong xung quanh kich hoat.

Tom lai, két qua thyc nghiém da ching minh rang phuong phap udc luong xac suét kich
hoat tong hop (AP(MP+IS)) véi su két hop giira thong tin meta-path va thong tin vin ban
mang lai d¢ chinh xac cao hon so véi cac phuong phap udc lugng cli chi dgya vao mot
trong hai théng tin mot cach riéng lé. Hon nita, sy két hop gitra nhan t6 tac dong bén
ngoai va nhan tb noi tai trong du doan lan truyén cha dé trong mang hoc thuat dat duoc
d6 chinh xac tot hon so véi chi sir dung dic trung don 16. Dac biét, sy két hop giira
AP(MP+1S) va Al trong thuat toan Random Forest dat dugc d6 chinh x4c cao nhat.

6. KET LUAN VA CONG VIEC TUONG LAI

Trong nghién ciru nay, chung toi da d& xuat mot cach tiép can mai trong viéc dy doan
liéu rang mot tac gia cd bi kich hoat/lay nhiém mét cha dé trong mang hoc thuat hay
khong. Chung t6i da phan tich dua trén hai thong tin do 1a meta-path va thong tin van ban
(text), tir 46 d& xuat mot phuong phap udc luong xac suat kich hoat méi dya vao ca hai
thong tin trén. X4c suit nay dugc xem xét nhu 1a nhén t6 tac dong tir bén ngoai ma cé thé
lam cho mat tac gia kich hoat/lay nhidm maot cha dé lan truyén. Bén canh dé, ching toi
ciing khai thac dic trung vé sé thich cua tac gia d6i voi chii dé lan truyén, day chinh la
yéu t6 ndi tai. Hon nita, chung t6i d& xuat két hop ca hai dic trung trén trong viéc dy doan
lan truyén chu d& trong mang hoc thuat. Ching tdi st dung hoc méy véi céc thuat toan
phan loai dé du doan liéu rang mot tac gia c6 kich hoat/lay nhiém mét chu dé T hay khéng
dira vao cac dic trung duoc trich rat tir dit liéu. Két qua thuc nghiém cho thay riang nhiing
phuong phap ma chung t6i dé xuat déu cai tién dugc do chinh xéc trong du doan lan
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truyén cha dé trong mang hoc thuat. Trong tuwong lai, ching toi s& tién hanh cac thuc
nghiém t[én nhiéu tap dir liéu khac vai tap dir liéu van ban 16n hon va stir dung mé phong
chu d¢ dé udc luong d6 twong tu gitra cac tac gia.
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Title: INFORMATION PROPAGATION PREDICTION ON BIBLIOGRAPHIC NETWORK:
A NEW APPROACH WITH AMALGAMATION OF EXTERNAL AND INTERNAL
ELEMENTS

Abstract: In this research, we propose a novel approach to solve the topic’s propagation
prediction problem on a bibliographic network with a combination of external and internal factors.
We use machine learning to predict the spread of a topic with a combination of different features.
Firstly, we propose a new method to calculate activation probability from an active node to an
inactive node based on both meta-path and textual information. This activation probability is
considered as an external factor. In addition, we also explore the author's preference for the topic,
which is considered as an intrinsic factor of the author that can lead to the "infection™ of the topic.
Finally, we amalgamate the activation probability feature and the author’s preference feature in
the topic’s spreading prediction. Experiments were conducted on dissimilar topics of the
bibliographic network datasets and demonstrated satisfactory results.

Keywords: Social Network, Bibliographic Network, Multi-Relation Network, Information
Diffusion, Activation Prediction.



