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L.OI CAM DOAN

Toi xin cam doan day la cong trinh nghién cttu clia rieng ching t6i. Cac s6 lieu
va két qua nghién citu trong luan vin nay la trung thiyc va khong tring lap vdi

cac de tai khac.



L.OI CAM ON

Chung toi xin chan thanh cdm on thay Lé Ngoc Thanh di tan tinh huéng
dan, truyen dat kién thitc va kinh nghiém, va dua ra cic gidi phap cho ching
toi trong su6ét qua trinh thyc hién dé tai luan van tot nghiép nay.

Xin gui 10i cAm on dén quy thay c6 Khoa Cong Nghe Thong Tin truong Dai
Hoc Khoa Hoc Tu Nhién - Dai Hoc Qudc Gia Thanh Phé Ho Chi Minh, nhitng
nguoi da truyén dat kién thiic quy bau cho chiing toi trong thoi gian hoc tap
vira qua.

Dong thoi cdm on cac nha khoa hoc da nghién citu vé dé tai ma ching toi
da trich dan dé c6 thé c6 nhiing kién thic hoan thién luan van ctia ching toi.

Sau ciing chting toi xin gt 16i cdm on dén gia dinh, ban be,.. nhitng ngusi
luon dong vién, gitp dé chung toi trong qua trinh lam luan van.

Mot lan nita, xin chan thanh cdm on !
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

Danh sach Ky hiéu

Ky hiéu | Mo ta

g Do thi

Grono Do thi dong nhat

Ghete D6 thi khong dong nhat

Gnow Do thi tri thic

V.E Tap hop dinh, Tap hgp canh

e, e Thuec the, thuc thé thi ¢

T, T Quan hé, quan hé thit &

tijks tfj Mot canh/bo ba

.7 Thyc thé nhing, quan hé nhing
(h,r,t) Bo ba gom thue thé dinh (head), quan hé (relation), thic thé duoi (tail)
v, T° Tap hgp loai dinh, loai canh

N., N, S6 lugng tap thuc thé, tap quan he
Nhead S6 luong dinh tu cha ¥

R Tap s6 thuc

E,R Ma tran nhing thuc thé, quan he
S Tap dit lieu huan luyen

* Phép tinh tich chap

o Ham bién ddi phi tuyén tinh

W Ma tran trong s6

I, Phép ghép chong tir 1 dén K 16p
I Phép ghép chong

T Phép chuyen vi

W3 Chuan héa L2

V, A Phép hoi, phép giao

) Phép toan hai ngoi

N Phép hop

Phép phu dinh




Phép noi lien

Bién le

Téc do hoc

S6 luong 16p tich chap

Bo loc tinh tich chap




BANG CHU THICH THUAT NGU

Thuat ngw Y nghia day du
AnyBURL Anytime Bottom-up Rule Learning - Thuat toan

hoc luat tir duéi len bat ky lic nao

Knowledge Graph (Ginow) | DO thi tri thitc - Tap hgp cac ground atoms hodic

facts

ConvE / ConvKB Mo hinh CNN cho nhiing do thi - Bién thé ding

vector nhung cho (h,r,t)

Graph Attention Network | Mang do thi cht ¥ - Stt dung attention dé tong hgp

(GAT) thong tin tir lan can

KBGAT GAT c6 vector nhiing quan hé - Bién thé GAT két
hgp thém nhing quan hé

Saturation (SAT) Do bao hoa - Ty 1é luat mdi hoc duge so véi luat
da hoc
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Tém tit

D6 thi tri thic 1a cau tric gitp biéu dién thong tin trong thé gisi
thuc da duge Google nghién ctu va phét trién cho cong cu tim
kiém ctia minh rat thanh cong [15]. Viéc khai thac do thi tri thic
khong chi c6 truy van, phan tich ma con hoan thién nhitng thong
tin con thiéu cling nhu dy doan lién két dya trén nhiing thong
tin sén c6 trén do thi tri thitc. Chinh vi vay, trong bao cdo nay
ching toi sé trinh bay co ban vé do thi tri thitc va hai phuong
phap dé du doan lien két trong do thi 1a phuong phép dua trén
luat va phuong phap duya trén hoc sau. V6i phuong phap dya
trén luat, chiung t6i dya trén mo hinh AnyBURL va cung cap
thém 2 chién luge thém tri thitc méi vao do thi.

Véi phuong phap hoc sau, ching toi trinh bay lai co ché chu
v trong xtt 1y ngon ngit tu nhién, tit d6 dude ap dung vao do
thi tri thitc va trinh bay lai day di mo hinh cai tién 13 mo hinh
KBGAT. Bang cach ghép chong cac 16p v6i nhau ma nhitng dinh
c6 thé chd ¥ v6i nhitng dac trung lan can ma khong tén chi phi
tinh toan nao hoac phu thuoc vao viéc biét trude cau tric do thi
truée d6. Hai mo hinh ctia ching toi dat duge két qua tot hon
dang ké so vdi cac phuong phap du doan lien két khac duge ap

dung trén boén tap dit lieu chuan.



Chuwong 1. GIOI THIEU

Ngay nay do thi da dude ting dung vao moi méit ctia doi séng, véi do thi ve
mang xa hoi (Facebook [44]) thé hién thong tin két ndi timg ngudi véi nhau,
nhiing noi chiing ta dén, nhitng thong tin ching ta tuong tac, do thi ciing dudc
stt dung lam céu tric trong he thong goi v video (Youtube [3]), trong mang céc
chuyén bay, hé thong dinh vi GPS, nhiing tinh toan khoa hoc hay tham chi 1a
két n6i nao. DO thi tri thidc cia Google (Google’s Knowledge Graph [15]) dudc
Google gi6i thiéu nam 2012 [22], mot loai do thi biéu dién thong tin, 13 mot
trong nhitng ing dung ro rang nhat vé do thi tri thic ciing nhu cach dit liéu
duoc khai thac va biéu dién trén do thi tri thiec.

Khai théac do thi tri thic hiéu qua cung cap cho ngusi ding hiéu sau hon vé
nhitng gi ding sau dit lieu va tit d6 c6 thé mang lai lgi ich cho nhiéu tng dung
trong thitc té. Tuy nhién trong thuc té, luon c6 nhiing tri thitc méi duge sinh
ra moi ngdy, thong tin thu duge thuong bi mat mat va khong day du, tit d6
néy sinh ra van dé hoan thién do thi tri thic (knowledge graph completion) hay
dy doan lien két (linking prediction) trong do thi tri thitc. Hau hét cdc phuong
phap tiép can hién nay 13 duy doan mot canh méi noi tit dinh nay t6i dinh khac.
Véi cach tiép can nhu vay do thi tri thic c6 day da cac tri thitc néi cach khac
lam cho do thi day dic nho tao them cach canh néi. Nhung nhu vay chi méi gidi
quyét duge van dé hoan thanh do thi, van dé them mot (hodc mot lugng) tri
thitc mé6i vao do thi van con 13 mot cau hoi md. Hien nay cac bai toan lién quan
dén hoan thanh do thi tri thiic c6 hai cach tiép can chinh 1a t6i wu héa ham
muc tiéu titc 14 dua ra dy doan diya trén c6 sai s6t it nhat nhu trong RuDiK([34],
AMIE[14], RuleN[29] lién quan t6i cac tng dung phan loai dinh, phan loai canh.
Hodc dua ra mot danh sach gom & tng vien véi s6 diém dai dien cho do tin cay
gidm dan nhu trong céc nghién citu TransE[5], ConvKB[48] lien quan tdi cac he
thong goi ¥ (recommend system)...Céach tiép can ctia ching to6i dua trén cach

tao ra mot danh sach gom k tng vién nay.
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V6i méi cach tiép can trén c6 hai phuong phap chinh dwa ra nghién citu mot
cach dya trén luat nhu trong AnyBURL[27] hodc dya trén nhung do thi nhu
trong ConvE[11], TransE[5], ComplEx [43]. Vi mong mudn dugc tiép can céc
phuong phap c6 hé théng nén ching t6i chon & ca hai phuong phéap dé nghién
cttu thyc hien de tai nay. Do6i v6i phuong phap dua trén luat ching to6i chon
phuong phap AnyBURL[27] con véi phuong phap dua trén nhing do thi ching
toi chon phuong phap KBAT [32] st dung co ché cha ¥.

Déng gop clia ching t6i trong phuong phap AnyBURL|[27] gom ma nguon
Python !, cting vé6i d6 ching toi cung cap thém hai chién luge dé them tri thic
mdi vao do thi ma ching to6i goi 1a online-to-offline 13 md rong cia AnyBURL
trong viéc tao ra céc luat khi ¢6 mot lugng (tap hgp) tri thic méi duge them vao.
Online-to-online sé tao ngay cac luat mdéi khi ¢6 mot tri thitc méi(canh) duge
thém vao. V6i phuong phap dya trén nhing do thi ching toi sé trinh bay lai vé
cd ché chu ¥ (attention mechanisms [45]), cach co ché chu y duge ap dung vao
dd thi tri thiic bing mo hinh Mang D6 Thi Chu Y (Graph Attention Network
[46]), mo6 hinh KBGAT [32]. Déng gbp ctia ching t6i trong phuong phép hoc sau
bao gom ma nguon trén Github va qua trinh huan luyén trén Colab dudc cong

khai 6 ma nguon github ? vé qua trinh huan luyén va két qua ctia mo hinh.

Thttps://github.com/MinhTamPhan/mythesis
Zhttps://github.com/hmthanh/GCAT



Chuong 2. CAC CONG TRINH LIEN QUAN

Trong phan nay ching to6i sé trinh bay vé cac dinh nghia co ban vé do thi tri
thitc, dé tit d6 hiéu dude nhiem vu du doan lien két trong do thi tri thic 1a gi
cling nhu cidc huéng nghién citu bén khéc lien quan vé do thi tri thiec.

2.1 Dinh nghia do thi tri thic

Céc dinh nghia co ban vé do thi tri thitc duge nhom tac gid Cai, Hongyun[7] va
Goyal, Palash[16] tong hgp va phan loai nhu sau :

Hinh 2.1: Example of an input graph

e Dinh nghia 1 (D6 thi) G = (V,E), trong dé v € V la mot dinh vi e € E
la mot canh. G duoc lién két vdi ham danh za loai dinh f, :V — TV va ham
anh za loai canh: fo: B — T€ .

Trong d6: TV va T¢ lan luot 1a tap hop céac loai dinh va loai canh. Mai
dinh v; € V thudc vé mot loai cu thé, tic 1a, f,(v;) € T%. Tuong tu, d6i véi
eij € B, fe(ei;) € TC.



e Dinh nghia 2 (D6 thi dong nhét) Do thi dong nhat (homogeneous graph)
* Ghomo = (V. E) la do thi trong dé | TV |=| T¢ |= 1. Tat cd cdc dinh trong G

thudc vé mot loai duy nhdt va tat cd cic canh thuoc vé mot loai duy nhat.

e Dinh nghia 3 (D6 thi khéng dong nhat) Do thj khong dong nhdt (het-
erogeneous graph) : Guere = (V, E) la mot do thi trong dé | T |> 1 hodc

| T¢ |> 1. Tuic la c6 nhiéu hon mot loai dinh hodc nhiéu hon mot logi canh.

e Dinh nghia 4 (D6 thi tri thic) Do thi tri thitc (knowledge graph) Grnow =
(V,R,E) la mot do thi cé hudng, cé tap dinh la biéu dién cho cdic thuc thé
(entities), tap quan hé biéu dién cic moi quan hé (relations) gitta cac dinh,
tap canh (edges) biéu dién cdc su kien E CV x RxV la gom bo ba subject-
property-object. Méi canh la mot mau gom (entity,..q, relation, entity,,;)
(ky hiéu la (h,r,t)) biéu thi moi quan hé clia r tu thuc thé h dén thic thé
t .

Trong d6 h,t € V 1a cac thyc thé vi r € R 1a cac quan hé. Ching ta goi
(h,7,t) mot bo ba (triples) do thi tri thric.

Vi du: trong Hinh 4.7 ¢6 hai bo ba: (Tom Cruise, born _in, New York) va
(New York, state of, U.S). Luu ¥ réng cac t huc thé va quan hé trong dd
thi tri thic thuong c6 cac loai khac nhau. Do d6, do thi tri thiic c6 thé
duge xem nhu 14 mot vi du ctia do thi khong dong nhat.

2.2 Du doan lién két trong do thi tri thiic

Dy doan lien két (link prediction) hay hoan thién do thi tri thic (knowledge
graph completion) 1a nhiém vu khai thac nhiing sy kién ¢6 sdn trong do thi tri
thitc dé suy luan ra su kién con thiéu. Diéu nay tuong duong véi viec doan ding
thuc thé dusi (h,r,?) (dut doan dudi) hodc (?,r,t) (dy doan dau). Dé don gian,
thay vi goi du doan dau hoic duoi, mot cach tong quat ching ta goi thuc thé
ngudn (source) la thite thé da biét trong viéc dit doan, thic thé dich (target) la
cai ching ta can du doan.

Hau hét cac nghién cttu hién tai vé viec di doan lién két ctia do thi tri thiic
déu lien quan dén cac phuong phap tiép can tap trung vao khéi niém nhtng

mot do thi da cho trong mot khong gian vects c6 so6 chiéu thap. Ngude lai vdi



céc tiép can nay la mot phuong phap dya trén luat duge nghién citu trong [27].
Thuat toan cot 16i clia né dya trén ldy mau mot luat bat ky, sau dé khai quat
thanh cac quy tac Horn[25]. Tiép d6 dung théng ke dé tinh do tin cay clia cac
luat duge khai quat. Khi dy doan mot lien két mdi (canh méi) ctia do thi ching
ta du doan mot dinh ¢6 canh ndi v6i mot quan hé cu thé (label) v6i dinh con lai
hay khong. Ciing da c6 rat nhiéu phuong phap dude nghién citu, dé xuat dé hoc
cac cac luat trong dd thi chang han nhu trong RuDiK[34], AMIE[14], RuleN[29].
Nhu da néi trong phan trude c6 hai cach tiép can chinh cho bai toan nay mot 1
t61 uu héa ham muc tieu. Tim ra mot bo quy tiac nhé bao gom phan 16n cac vi
du la ding va it sai s6t nhat c6 thé nhu duge ngien citu trong RuDiK[34]. Con
cach tiép can con lai ciing 1 cach tiép can ma ching toi chon nghién citu 1a ¢
gang tim hiéu moi quy tic kha thi c6 thé sau d6 tao xép hang k ting vien tiém
nang véi mot do tin cay nhat dinh duge do trén tap huan luyeén.

Phuong phap dua trén luat ctia ching toi phan 16n dya vao phuong phap
Anytime Bottom-Up Rule Learning for Knowledge Graph Completion [28] ma
sau day ching t6i goi la AnyBURL. Nhu tén ciia phuong phap nay phuong
phap chii yéu cht trong vao van dé hoan thanh do thi, dién nhitng phan con
thiéu vao do thi. Van dé ton dong lai 6 mo hinh nay khi c6 mot canh mdi hay
mot tri thic méi duge thém vao do thi sé phai dao tao lai toan bo mo hinh.
Chiing toi gidi quyét van deé nay theo hai chién lugc offline-to-online tiic 13 khi
théem vao do thi tap hop cac canh thi mdéi thyc hién lai qua trinh dao tao lai
mot phan ctia do thi va chién luge thit 2 1a online-to-online khi thém mot canh
méi sé thue hien dao tao lai ngay mot phan c6 lien quan t6i canh vita them vao.

Trong nhanh cac phuong phap vé hoc sau, rat nhiéu ki thuat hoc sau thanh
cong trong xu Iy anh va xit Iy ngon ngtt tu nhién dude 4p dung vao do thi tri thiic
nhu : Mang Neural Tich Chap (Convolution Neural Network - CNN [24]), Mang
Neural Hoi Quy (Recurrent Neural Network[20]), va gan day nhu Transformer
([50]), Mang Neural Bao Boc (Capsule Neural Network - CapsNet [38]). Bén
canh do6 cac nghién cttu con st dung mot s6 ki thuat khac nhu Random Walks,
cac mod hinh dya trén cau tric phan cap, .. Uu diém chung ctia nhom céc phuong
phap hoc sau trén do thi tri thic do6 1a tu dong rat trich cac dic trung va cé
thé khai quat héa cau tric phtc tap ctia do thi dua trén mot luong 16n dit lieu

huan luyén. Tuy nhién, mot s6 phuong phap chi chii yéu tap trung vao cau tric



dang lu6i ma khong giit dude dic trung khong gian ctia do thi tri thitc. Co ché
cha ¥y hay 16p chi § da dinh (multi-head attention layer) da duge ap dung vao
dd thi bing mo hinh Mang D6 Thi Cha Y (Graph Attention Network - GAT
[46]) gitip tong hop thong tin clia mot thyc thé dua vao trong sé chu ¥ clia
thuc thé goc déi véi cac thuc thé lan can. Tuy nhién, mo hinh do thi chd ¥ lai
thiéu thong tin clia vector nhiing quan hé ciing nhu cac vector nhing lan can
ctia mot thuce thé goc, mot phan rat quan trong gitp thé hién vai tro clia ting
thuc thé. Van dé dé da duge giai quyét trong bao céo Learning Attention-based
Embeddings for Relation Prediction in Knowledge Graphs (KBAT [32]), mo
hinh dudc ching t6i chon lam co s6 nghién cttu. Co ché cht v dang 1a mot trong
nhiing cau tric hoc sau dat duge hieu qua nhat hién nay (state-of-the-art) vi
n6 da dugc chiing minh 1a thay thé cho bat ky phuong phéap tinh tich chap nao
[9], hon nita n6 ciing ndm trong cau tric co ban dé ap dung trén cadc mo hinh
mdi nhat trén ngon ngt ty nhién nhw mo hinh Megatron-LM [39], v& trén phan
doan hinh d4nh nhu mé hinh HRNet-OCR (Hierarchical Multi-Scale Attention
[41]). Mot s6 phuong phap tha vi [10] d& cai tién dua trén co ché cha §, tuy
nhién n6 lai chua duge ap dung vao do thi tri thiic, vi vay ching t6i chon nhém

phuong phép nay dé 4p dung cac cai tién méi nhat vao do thi tri thie.

2.3 Cac linh vuc nghién cttu vé do thi tri thic

Biéu dién tri thic da timg c6 lich st phat trién sudt chiéu dai lich st trong linh
vire logic va tri tué nhan tao. Trén do thi tri thic, c6 4 bon nhém nghién citu
chinh da dugc phan loai va tong hop & bao céo [22] bao gom : Hoc Biéu Dién Tri
Thitc (Knowledge Representation Learning), Thu Nhan Tri Thic (Knowledge
Acquisition), D6 Thi Tri Thitc Vé Thoi Gian (Temporal Knowledge Graphs),
Ung Dung Nhan Biét Tri Thiec (Knowledge-aware Applications). Tat ca cac
danh muc nghién cttu duge minh hoa 6 Hinh 2.2.

Hoc biéu dién tri thic

Hoc biéu dién tri thitc 14 van dé tim hicu thiét yéu ctia do thi tri thic giap
mé ra rat nhiéu ting dung trong thuc té. Hoc biéu dién tri thiic duge phan loai

thanh bén nhém con bao gom :

e Biéu Dién Khong Gian (Representation Space) nghién citu vé cach céc
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Hinh 2.2: Danh muc cac linh vitc nghién citu trén do thi tri thic

thyc thé va quan hé dugc bicu dién trong khong gian. Biéu dién khong
gian bao gom khong gian diém (point-wise), da tap (manifold), khong gian

vector s6 phitc (complex), phan phoi Gaussian va khong gian roi rac.

Ham Ddnh Gid (Scoring Function) nghién citu vé ham do luong gia tri ctia
mot bo ba trong thuec té, bao gom cac ham danh gia dira trén khodng cach

hoac dua trén su tuong dong.

Mé Héa Mo Hinh (Encoding Models) nghién cttu vé cach biéu dién va hoc
cic tuong tac gitta cac moi quan hé. Day 1a huéng nghién citu chinh hién
nay, bao gom cidc mo hinh tuyén tinh ho#ic phi tuyén tinh, phan ra ma tran

hodc mang neural.

Thong Tin Bo Trg (Auxiliary Information) nghién cttu vé cach két hop vao
cac phuong phéap nhing, cac thong tin bo trg bao gom van ban, hinh anh

va loai thong tin .

Thu nhan tri thic
Thu nhan tri thitc nghién cttu vé cach thu nhan tri thiic dya trén do thi tri
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thitc, bao gom hoan thién do6 thi (knowledge graph completion), khai thac quan
hé va khai pha thuc thé. Khai thac quan hé va khai phat thuc thé 1a nhém
phuong phap khai thac tri thitc mdi (bao gom cic quan hé hodc thuc thé) trong
do thi tur van ban. Hoan thién do thi 1a nhiém vu md rong do thi tri thic dua
tréen do thi dang c6. Hoan thién do thi bao gom cac huéng nghién cttu nhu :
xép hang dya trén nhing (embedding-based ranking), dy doan duong di quan
hé (relation path reasoning), du doan dya trén luat (rule-based reasoning) va
hoc siéu quan hé. Khai phé thuc thé bao gom nhan dang, phan biét, dinh kidu
va sap xép. Cac mo hinh khai thac quan hé st dung co ché chi y, mang do thi
tich chap (graph convolutional networks), huan luyén déi nghich (adversarial
training), hoc tang cudng (reinforcement learning), hoc sau va hoc chuyén tién
(transfer learning), day 1a huéng nghién cttu trong phuong phap dé xuat cta
chung toi.

Ngoai ra, trén do thi tri thic con cé cac huéng nghién citu nhu dé thi tri
thitc veé thoi gian va tng dung nhan biét tri thic. Do thi tri thic vé
thoi gian sé két hop thém thong tin thoi gian tréen do thi dé hoc céch biéu
dién, con ting dung nhan biét tri thitc bao gdm hiéu ngon ngit ti nhién (natural
language understanding), tra 16i cau héi (question answering), hé thong goi ¥
(recommendation systems) va nhiéu nhiem vu khac trong thé gidi thiic ma né

tich hop tri thiic vio dé cai thién qua trinh hoc biéu dién .



Chuong 3. PHUONG PHAP DUA TREN LUAT

Trong phan nay ching t6i mo ta lai cach mo hinh hoa lai bai toan theo phuong
phap duya trén luat AnyBURL,thuat toan 1lay mau luat (duong dan) va thuat
toan khai quat héa mot luat dé luu tri tré thanh tri thic ciia mo hinh. Clng
v6i nhitng cai tién ctia ching to6i trong qua trinh dao tao khi c6 mot tri thic

mdi duge them vao do thi(them canh).

3.1 Luat Horn

Trong logic toan hoc, mot cong thiic nguyén tit (atomic formula)[19] con duge
goi don gian 13 mot (nguyen ti-atom) 13 mot cong thitc khong c¢6 cau triic ménh
dé, nghia 1a mot cong thitc khong chia céc lién két logic noi lien ho#ic noi roi
(V, A) ho#ic tuong duong (<) 14 mot cong thie khong c6 cac mau con nghiém
ngat (tic 14 atom khong thé chia nho ra thanh cac atom con nita). Do do, cac
cong thiic nguyeén ti 1a cong thic don gian nhat dé hinh thanh luat cta logic.
Cac cong thitc hop duge hinh thanh bang cach két hop cac cong thitc nguyén
ti bang cach sit dung cac lién két logic.

Mot literal[6] 14 mot cong thic nguyén ti (atom) hodc phu dinh cia né.
Dinh nghia chii yéu xuat hién trong 1y thuyét logic c¢d dién. Literal c6 thé dudc
chia thanh hai loai: Mot positive literal chi 1a mot nguyén ti (vi du: z). Mot
negative literal 1a phi dinh ctia mot nguyén tit (vi du: —z). Su phan chia cia
literal la positive literal hay negative literal tuy thudc vao viéc literal dugc
dinh nghia.

Mot menh dé (clause) 1a mot literal hodc ndi roi ctia hai hodc nhiéu literal.
O dang Horn mot meénh dé ¢6 nhidu nhat mot positive literal. Luu ¥: Khong
phai moi cong thic trong logic ménh dé déu c6 thé dua vé dang Horn. Ménh dé
xac dinh khong c6 literal doi khi duge goi 1a menh dé don vi (unit clause) va

mot menh dé don vi khong c¢6 bién doi khi duge goi 1a facts[25]. Mot cong thiic



nguyéen ti dudc goi 1a ground hoac ground atoms néu né dudge xay dung hoan
toan tit cdc ménh dé don vi; tat ca cac ground atoms c6 thé ghép lai tit mot tap
hop ham va cac ky hiéu vi tit nhat dinh tao nén co sd Herbrand cho cac bo ky
hiéu nay/[1].

3.2 Dinh nghia ngén ngi do thi logic

Khac véi cac dinh nghia vé do thi tri thic tong quat dude ding cho céc phuong
phap nhiing do thi. Trong phuong phap dya trén luat ctia ching toi. Ching toi
xem do thi nhu 14 mot ngon ngit hinh thite. Dué6i day 1a cac dinh nghia theo
ngon ngit hinh thic ctia do thi tri thic.

Mot do thi tri thiic Gynew duge dinh nghia trén mot bo tit vung (C,R) trong
do6 C la tap hop cac hiang s6 va R 1a tap hop cac vi tit nhi phan.Khi d6, Gruow =
{r(a,b) | r € R,a,b € C} la tap hop cac ground atoms hoac facts. Mot vi tit nhi
phan dugc goi 1a quan hé va hang s6 (hodc hing s6 duge dé cap dén) duge goi
13 thiyc thé (entity) tuong tng véi mot dong dit liu trong tap huan luyén. Sau
day ching to6i stt dung cac chit cai viét thuong cho cac hang va chit in hoa cho
cac bién cho cac thio luan dudi day. Vi chung ta khong hoc cac quy tiac Horn
tly ¥, va chi hoc doi véi loai quy tic nao co the dude khai quat héa nhu duge
thao luan dudi day.

Chung ta dinh nghia mot quy tac 1& h(cg,c,) < bi(co,c1),. .., bn(cn, cnr1) 12
mot duong dan ground atoms c6 chiéu dai n. Trong do6 h(...) dudc goi 1a head
atoms va bi(co,c1),...,bn(cp, cne1) duge goi la body atoms. Ching t6i sé phan
biet dudi day ba loai quy tic ma ching toi goi 1a: quy tac nhi phan (B) 1a quy
tac trong head atoms chita 2 bién, quy tdc don nguyén két thic bang mot dinh
treo va atom nay chi chiia bién khong chita hing s6(Uq) va head atoms chi chia
1 bién. Con quy tac don nguyen két thic biang mot atom (U.) va head atoms
ciing chi chita 1 bién.(U) c6 thé 1a mot dinh treo t6i mot hing sé bat ki néu
hang s6 nay trung mdi hing s6 trong head atom thi tao thanh mot duong dan

¢6 chu trinh.
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n
B: h(Ag, Ay) + /\bz’(Az‘flaAi)
i=1

Ug: h(Ao,c) /\bi(Ai—laAi) (3.1)
i=1

n—1
U : h(A(), C) — /\ bi(Ai—lu Az) A bn(An_l, C/)
=1

Chiing t6i goi cac quy téc clia cac loai nay 1a quy tac duong di (path rules),
bdi vi cac body atoms (phan sau dau <) tao thanh mot duong di. Luu ¥ rang
né ciing bao gom cac bién thé quy téc véi cac bién duge dio ngude trong céc
nguyén t1i: duge dua ra trong do thi tri thiic Gyew, duong dan c6 do dai n 14 mot
chudi gom n bo ba p;(c;, ¢; + 1) v6i pi(ci, ¢ + 1) € Ginow hoiic pic; +1,¢) € Grnow
vl 0 > i < n. Cac mau quy tac tritu tugng (abstract rule patterns) duge cho
& trén c¢6 do dai n vi body atoms ctia ching c6 thé duge khéi tao thanh mot
duong dan c6 do dai n — 1. Vi dy nhu Hinh 3.1 ' . Khi lay may duong dan véi
do dai bang 3 ching ta c6 thé c6 hai quy tic sau: Quy tic duge danh dau mau

xanh 14 cay va quy tac dude danh dau mau do

(xanh 14 cay) speaks(ed, d) < married(ed, lisa) A born(lisa,a)
(do6)  speaks(ed,d) + lives(ed,nl) A lang(nl,d)
Ngoai ra Quy tiac B va quy téc U, ciing duge goi 1a quy tac két ndi kin.
Chung duge khai thac bdi mo hinh AMIE duge mo ta trong [13, 14]. Quy téc
Uy 1a quy tac khong déng hay duong di khong tao thanh chu trinh vi A4, 1a bién

chi xuat hien mot lan. Vi du:

speaks(X,Y) — lives(X,Y) (1)
lives _in_city(X,Y) <« lwes(X,A), within(Y, A) (2)
gen(X, female) — married(X, A), gen(A, male) (3)
profession(X, actor) <« acted_in(X, A) (4)

Quy tdc (1) 1a quy tdc B(quy tdc nhi phan) quy tac nay néi rang néu mot
ngudi (thue thé) X néi nguon ngit Y néu ngudi X séng & dat nude Y.R6 rang

quy téc nay la mot quy tic khai quat mién khi nao thuc thé X c6 canh noi véi

Thttp://web.informatik.uni-mannheim.de/ AnyBURL/2019-05/meilicke19anyburl.pdf
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nl (Netherlands)

d (Dutch)
lan R

lisa

a (Amsterdam) male

Nguon: tham khdo meilickel9anyburl. pdf

Hinh 3.1: Vi du do thi tri thic

thuc thé Y véi nhan 1a lives thi c6 thé két thém 1 canh v6i nhan speaks gitta X
va Y. Quy tac (2), (3) diéu la quy téc U. ,quy tic (2) noi rang ngusi X séng &
thanh phd Y néu nguoi X séng 6 quoc gia A va thanh phd Y nidm trong qubc
gia A, quy tac (3) néi rang néu mot nguoi X 1a nit néu ho két hon véi mot nguoi
A va nguoi A c6 gidi tinh nam. 0 quy téc (3) khong tao thanh chu trinh trén do
thi nhu quy tac (2) dinh (Y) lap lai 6 head atom va dinh cudi cung trong body
atoms. Quy tac (4) 1a quy tac Uy noi rang nguoi X 1a mot dién vien néu ngudi
X dong trong mot bo phim A.

Tat ca cac quy tac duge xem xét sé duce loc lai dua trén diéem dude goi
la do tin cay clia quy tac la duge do trén tap dit lieu huan luyeén. Do tin cay
nay dude do bang ty 1é body atoms dan dén head atoms chia cho tat ca cac
duong dan chita body atoms.Vi du khi ta c6 quy téc sau: gen(X, female) +
married(X, A), gen(A, male). Khi d6 ching ta thiyc hien dém tat ca cac cip thuc
thé c6 quan he married(X, A), gen(A, male) duge goi 1a s6 dudng dan chita body
atoms, sau d6 thie hien dém tat ca cac thuc thé thoa quan he gen(X, female) <
married(X, A), gen(A, male) dugc goi 1a s6 body atoms dan dén head atoms. Sau
do6 chia s6 body atoms dan dén head atoms cho duong dan chia body atoms

ducc goi 1a do tin cay clia quy tac.
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3.3 Thuat toan AnyBURL

Trong phan nay ching t6i mo ta lai thuat toan chinh ctia phuong phap Any-
BURL né cing dugc moé ta trong [27] cing nhu hai thuat todn md rong cta
chiing toi dé giai quyét van dé khi do thi dugc théem mot hosic mot luong tri
thitc m6i (thém canh). Ngoai ra chiing t6i ciing mo té so luge lai cach khéi tao
mot luat ciing nhu cach thite tinh toan do tin cay bang cach lay mau trén tap
huan luyén va van dé do tin cay khi du doan mot luat khi tinh toan do tin cay

bang viéc 1ay mau.

3.3.1 AnyBURL

Thuat toan 1 Anytime Bottom-up Rule Learning
1. procedure ANYBURL (Gknow, S, SAT, Q, TS)

2: n=2

3: R=1

4 loop

5: Ry=1

6: start = currentTime()

7: repeat

8: p = sample Path(Gynow, 1)
9: R, = generateRules(p)

10: for r € R, do

11: score(r, s)

12: if Q(r) then

13: Rs = RsU{r}

14: until currentTime() > start + ts
15: R.=RsNR

16: if |R'|/|R|>SAT then
17: n=n+1

" I‘etﬁrIzl % nh

Dau vao clia thuat toan Gpow, S, SAT, Q,TS. Dau ra la tap hop R cac luat
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hoc dude. Trong d6 Gunow 12 mot do thi tri thitc duge cho tur tap dit lieu dao
tao. S 1a tham s6 cho biét kich thuéc ciia mot 1an 1ay mau trén dit lieu dao tao
dé tinh toan do tin cay. SAT cho biét do bao hoa(saturation) ciia cac luat dudc
sinh ra trong 1 lan lap do bao hoa nay dugc tinh bang sé luat mdéi hoc dudge &
lan lap hién tai so véi s6 luat da hoc duge. Néu nhé hon do bao hoa thi chiing toi
cho ring van con tiém nang dé khai thac cac luat véi do dai n. Nguge lai ching
toi ting do dai ctia luat sau do tiép tuc khai thac. Q la mot ngudng dé xac dinh
xem luat méi duge sinh ra c6 duge them vao két qua trd vé hay khong. Con T7'S
cho biét thoi gian hoc clia thuat toan. Ching toi bat dau véi n bang 2 tic 1a
cac luat c6 do dai duong dan bang 2 vi trong path rule yéu cau it nhat 1 literal
trong head atom va 1 trong body atoms. 0 phan lay mau 1 luat(samplePath)
chi don gian 1 ching ta chon mot dinh bat ki trong do thi duyét qua tat ca cac
duong dan ti dinh d6 di qua n dinh khéac, sau d6 chon ngau nhién mot ducng
dan trong s6 cac truong dan duyet dudc.

3.3.2 Tao luat

Thuat toan 2 Generate Rules(p)
1. procedure GENERATE _RULES(P)

2 generalizations = )

3: is_binary rule = random.choices([true, false])
4: if is_ binary rule then

5: replace _all _head by wvariables(p)
6: replace _all _tail _by wvariables(p)
7: add(generalizations, p)

8: else:

9: replace _all _head by wvariables(p)
10: add(generalizations, p)

11: replace _all _tail _by wvariables(p)
12: add(generalizations, p)

return generalizations

O thuat toan nay ching toi thay cdc hing sb vao cac head va tail trong toan

bo path rule ctia luat duge lay mau ¢ bude trude néu luat can hoc 1a luat nhi
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phan ngugc lai chiing toi chi thay ho#ic head ho#ic tail roi them vao luat tra ve
sau d6 ching toi lay mau trén tap huan luyén 1 tap hgp cac luat sau dé tinh
toan do tin cay nhu dude mo ta trong Ticu muc 3.3.2. Dé gidm chi phi tinh toan
chiing toi chon cach lay mau trén tap huan luyen dé tinh toan. Khi dua ra du
doan cac tng clt vién ciia mot luat ching to6i sé tinh toan lai bang cach thém
vao mot lugng bicu dién s6 luat bi sai ma ching t6i chua nhin thay trong qua
trinh lay mau dé tinh toan do tin cay. Déi v6i mo hinh clia chiing thoi sau khi

thit nghiém tham s6 trong khoang [5,10] cho két qua t6t nhat.

3.4 Thuat toan AnyBURL ma rong

3.4.1 Thuat toan 3 hoc offline-to-online

Thuat todn nay la phan bo xung clia ching toi dé tranh viéc phai dao tao lai
toan bo mo hinh khi c¢6 mot luong tri thiic méi duge théem vao do thi. Khi them
vao do thi ching t6i kiém trd xem phan tri thic méi c6 két néi véi tri thic
cit hay khong (tinh lien thong) néu c6 ching toi thyc hién phép toan @ lay tat
ci cac phan trong batch edge thém véi 1 phan lien thong véi nhitng canh lién
thong v6i do thi véi do dai 1a 5, Néu khong ching toi 1ay tat ca cac phan trong
batch _edge sau d6 thuc hién lai cac buée nhu thuat toan Anytime Bottom-up

Rule Learning.
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Thuat toan 3 BatchAnyBURL Learning batch size

1. procedure BATCHANYBURL (Grpow, SAT, Q, TS, BATCH EDGE)

2 is__connected = add(Gynow, batch _edge)

3: if is _connected then
4: G’ = Grnow @ batch__edge
5: else
6: G’ = batch_edge
7: n=2
8: R=1
9: loop
10: Ry=1
11: start = currentTime()
12: repeat
13: p = samplePath(G',n)
14: R, = generateRules(p)
15: for r € R, do
16: score(r,G")
17: if Q(r) then
18: Rs = RsU{r}
19: until currentTime() > start + ts
20: R.=RsNR
21: if |R'|/|R|>SAT then
22: n=n+1
23: R=R;NR
return R
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3.4.2 Thuat toan 4 hoc online-to-online

Thuat toan 4 EdgeAnyBURL
1. procedure EDGEANYBURL (Gknow, S, SAT, QQ, TS, EDGE)

2 is__connected = add(Gypow, edge)
3: R=10

4: if is _connected then

5: n=2

6: Rs=1

7: repeat

8: p = samplePath(edge, n)
9: R, = generateRules(p)
10: for r € R, do

11: score(r, s)

12: if Q(r) then

13: Rs = RsU{r}

14: until currentTime() > start + ts
15: R.=RsNR

16: if |R'|/|R|>SAT then
17: n=n+1

18: R=R;,NR

19: return R

Thuat todn nay 14 mot phan bo xung cho Thuat toan 3. S& di ching toi goi la
online-to-online 1a vi khi ¢6 mot canh méi(tri thic méi) duge them vao do thi
ching toi sé thic hién viéc hoc ngay tiic khic trén cac path rule lién quan téi
canh d6 khong giong nhu ¢ Thuat toan 3 khi c6 dt 1 lugng tri thic mdéi dude

thém vao.
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Chuong 4. PHUONG PHAP DUA TREN HOC
SAU

Trong phan nay ching toi trinh bay vé Do Thi Tri Thite (Knowledge Graph), va
mo t4 lai bai toan Nhing D6 Thi (Graph Embedding), so luge vé céc ky thuat
nhting do thi hién tai. Chtng toi sé trinh bay lai vé co ché chi ¥ cling nhu cach
co ché chu § duge 4p dung vao trong do thi tri thic bang mo hinh GAT[46].
Dong thoi, chiing toi sé trinh bay mot phuong phap cai tién dya trén mo hinh
mang do thi chi § 1& m6 hinh KBGAT[32] biang cach b6 sung thém thong tin

quan hé va cac quan hé lan can .

4.1 Nhing do6 thi

Trong thé gisi thue, viec biéu dién cac thuc thé va quan hé thanh cac vector cé
thé dugc hiéu mot cach tuong minh la qua trinh anh xa cac dac trung, cac dac
tinh ctia mot déi tuong nao dé xudng khong gian c6 s6 chiéu thap hon véi moi
thanh phan dai dién cho mot dac trung don vi ndo d6. Vi du, ta biét Donald
Trump cao 1m9 va c6 ngudsi vo 1a Melania, vi vay ta co thé bieu dién thuc thé
Donald Trump thanh mot vector

Trump = [1-9neigh, Oareas Lyife is Melanias Owife is Taylor)- VO cdc déc trung khong thé
do hodc khong c6 gid tri (.area) S€ bang 0, véi cac dic trung 1a gia tri ma khong
c6 do 16n (i) thi ta chia thanh do 16n 1a xac suat clia cac ddc trung thanh
phan don vi (.wife is Melanias -wife is Taylor)- NOU vay moi doi tuong trong thé gidi
thyc déu cac c6 thé nhing thanh céc vector mot cach tusng minh.

Dé tim hiéu vé cac phuong phéap va ki thuat nhing do thi (graph embedding)

can hiéu cac dinh nghia co ban nhu sau :

e Dinh nghia 5 (Lan Can Bac Nhéat) (First-Order Provimity) gitta dinh

vi va dinh v; la trong so A;j ciua canh ejj.
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Hai dinh giéng nhau hon néu ching dudc két n6éi bdi mot canh c6 trong

0 16n hon. Suy ra lan can bac nhat gita dinh v; va v; 1a sgjl.), ching ta
c SE}) = A; ;. Goi 52(1) _ [Sﬁ)’ sg), . 7S§|1‘)/|i| biéu thi lan can bac nhat giita

v; va cac dinh khéac. LAy biéu do trong Hinh 2.1 lam vi duy, lan can bac
nhat v; va vy 1a trong s6 ciia canh ejo, ky hicu la 3%12) = 1.2. Va 851) ghi
lai trong s6 clia cac canh két noéi vy va cac dinh khac trong do thi, tic 1a,

8:([1) - |:07 127 157 07 07 0’ 07 O’ O:| '

e Dinh nghia 6 (Lan Can Bac Hai) (Second-Order Proximity) sg) d gitia
(1)

1

dinh v; va vj la su tuong dong gidia v} ving lan can s
(1)

S\
J

va v} vung lan can
Lay Hinh 2.1 lam vi du: 3522) la diém tuong dong giita sgl) va, sgl). Nhu da gidi
thieu trudc, s\ = 0,1.2,1.5,0,0,0,0,0,0] va sy = [1.2,0,0.8,0,0,0,0,0,0]-
Chiing ta hdy xem xét cac diém tuong dong cosine sg) = cosine(sgl), sgl)) =
0.43 va 5525) = cosme(sgl), sgl)) — 0. Chiing ta c6 thé thay rang lan can bac
hai gitta v1 va v bang 0 vi v; va vs khong chia sé bat ky hang x6m 1 hop
pho bién nao. v; va vy chia sé mot hang xém chung v, do d6 khodng cach

thit hai 3(122) cua ching 16n hon 0.

Céc do do lan can bac cao hon (higher-order proximity) c¢6 thé duge dinh
nghia tuong tu. Vi duy, lan can cach thit k£ —th gitta dinh v; va v; 1a su tuong
(k1) s (kD)

i va Sj

dong gitta s
e Dinh nghia 7 (Nhiing d6 thi) Cho dau vao ciia do thi G = (V, E) va s6
chiéu dugc zdc dinh trudc cia nhing d(d <|V |), van de nhing do thi la
chuyén G thanh mot khong gian d-chieu, trong dé thuoc tinh do thi duoc
luw gitt cang nhiéu cang tot. Thuoc tinh do thi cé thé dugc dinh lugng bing
cach st dung cdc bién phdap lan can nhu lan can bic nhat va bac cao hon.
Mbi do thi dugc biéu dién dudi dang mot vector d chiéu (cho toan bo do
thi) hodc mot tap cdac vector d chiéu vdi méi vector biéu thi viéc nhing mot

phan cia do thi (vi du: dinh, canh, cau tric con).

Nhiing do thi 1a qua trinh bién déi cac dic trung ctia do thi thanh cac vector
hoac tap hop nhitng vector c6 s6 chiéu thap. Cang nhting hiéu qua, thi két qua

clia do chinh xac trong viéc khai thac va phan tich do thi sau dé cang cao.
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Thach thiic 16n nhat ctia viec nhing do thi phu thuoc vao cach thiét 1ap ctia bai
toan (problem setting), bao gom dau vao nhing va dau ra nhing nhu trinh bay
6 Hinh 4.1.

| Nhingddthi |

— T~

{ DAu vao nhing dd thi J [ DAu ra nhing dd thi }
D6 thi dong nhit Nhing dinh
Db thi khong déng Nhing canh
nhit -
Nhing két hop
Db thi véi théng tin

phu tro Nhing toan bd db thi

Db thi cAu tric tur dir

lieu phi quan hé

Hinh 4.1: Cac k§ thuat nhung do thi

Dura trén dau vao nhtng ta phan loai thanh cac nhém phuong phap da khao
sat ¢ [7] nhu sau : D6 thi dong nhat (homogeneous graph) Do thi khong dong
nhat (heterogeneous graph) Do thi véi thong tin phu trg (graph with auxiliary
information) Do thi cau truc tit dit ligu phi-quan hé (graph constructed from
non-relational data).

Cac loai dau vao nhing khac nhau mang thong tin khac nhau dugc giit lai
trong khong gian nhing va do d6 dat ra nhitng thach thic khac nhau doi vdi
van dé nhing do thi. Vi dy, khi nhing mot do thi chi véi thong tin cau truc,
cac két noi gitta cac dinh 1a muc tiéu can duge luu gitt. Tuy nhién, déi véi do
thi c6 nhan dinh hodc thong tin thuoc tinh ctia mot thuc thé, thong tin phu trg
cung cap thuoc tinh do thi tit cac ngit canh khéc va do dé ciing c6 thé duge xem
x6ét trong qué trinh nhung. Khong gidng nhu dau vao nhing (embedding input)
duge cho tit cac tap dit ligu va ¢d dinh, dau ra nhung (embedding output) dugc
xac dinh theo ting nhiem vu cu thé. Vi du, loai dau ra nhing phoé bién nhat 13
nhing dinh, dai dién cho cac dinh déng vai tro nhu cac vector thé hien do tuong
tu gitta cac dinh. Viec nhing dinh c6 thé c6 1gi cho cac bai toan lien quan dén

dinh nhu phan loai dinh, phan cum dinh, v.v.
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Tuy nhién, trong mot sé truong hop, cac bai toan cé thé lien quan dén do
chi tiét cao hon ctia do thi, vi du: ciap dinh, do thi con, toan bo do thi. Do do,
thach thitc dau tién vé nhing 13 tim ra loai dau ra nhing phit hop cho ting dung
quan tam. C6 4 loai dau ra nhting dude minh hoa & Hinh 2.1 gom : Nhting Dinh
(Node Embedding 4.2), Nhing Canh (Edge Embedding 4.3), Nhing Két Hop
(Hybrid Embedding 4.4) va Nhing Toan Bo D6 Thi (Whole-Graph Embedding
4.5). Cac mric do chi tiét dau ra khac nhau c6 cac tieu chi khac nhau sé c6 thach
thiic khac nhau. Vi du, mot dinh nhtng tot luu gitt sy tuong tu véi cac dinh lan
can clia n6 trong khong gian nhing. Ngudc lai, viéc nhing toan bo do thi tot
thé hién toan bo dd thi dusi dang mot vector sao cho do tuong tu & miic dd thi

duge gitt nguyén.

4.1.1 Phuong phap thiét 1ap bai toan nhing do thi

Véi cac dau vao da dude thiét 1ap phu thuoc vao thong tin can luu gift, trong
khi d6 dau ra thay doi tity theo muc tieu khai thac dd thi ma ching ta mong
mudn. Vi vay 6 day chiung toi dé cap chi tiét hon dén cac phuong phap thiét lap
do thi theo két qua dau ra trong bai toan nhing do thi.

Nhing dinh

3 T T T
2
1 O
@)
1.5 3 :
O
é 6 7
0 o~ 8 9 -
@ @
—~15} .
-3 | | |
0 0.75 1.5 2.25 3

Hinh 4.2: Node embedding with each vector representing node features

Nhing dinh (node embedding) biéu dién mdi dinh nhu mot vector trong

khong gian s6 chiéu thap. Cac dinh gan trong do thi duge nhing cé cac biéu
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dién vector tuong tu nhau. Sy khac biét giita cdc phuong phap nhing do thi
khac nhau ndm & cach ching xac dinh do gan nhau gitta hai dinh. Lan can bac
nhat (Dinh nghia 5) v& lan can bac hai (Dinh nghia 6)) 1a hai s6 ligu thuong
duge st dung dé tinh do tuong tu dinh theo cap. Trong mot nghien ctu, su gan
nhau bac cao ciing dugc kham pha ¢ mot mic do nhat dinh. Vi du nam bat
céc quan hé hang x6m k-step (k = 1, 2, 3, --+) trong qua trinh nhing ctia ching
duge dé cap trong nghién citu clia nhom téac gia Cao, Shaosheng][8].

Nhiing canh

3 T T T
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Hinh 4.3: Edge embedding with each vector representing edge features

Trai nguge véi nhing dinh, nhing canh (edge embedding) nham muc dich
biéu dién mot canh dudi dang vector c6 sbé chiéu thap. Nhing canh hitu ich
trong hai truéng hgp sau :

Thtt nhat, nhing do thi tri thic. M6éi canh 1a mot bo ba (h,r,t) (Dinh nghia
4). Phép nhiing dugc hoc dé béo toan r gitta h va t trong khong gian nhtng,
dé mot thuc thé hosic quan hé bi thiéu c6 thé duoc du doan chinh xéc véi hai
thanh phan con lai trong (h,r,t).

Thit hai, mot s6 cong viec nhing mot cap dinh lam dic trung vector dé lam
cho ciip dinh nay c6 thé so sanh véi cac dinh khac hodc du doan sy ton tai clia
mot lien két gitta hai dinh. Viéc nhing canh mang lai 16i ich cho viéc phan tich
dd thi lien quan dén canh (c&p dinh), chang han nhu dy doan lien két, thuc thé
biéu dién tri thitc/du doan quan hé, v.v.

Nhung Két Hop
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Hinh 4.4: Embedding a graph substructure

Nhiing két hop (hybrid embedding) 14 nhing két hgp céc loai thanh phan do
thi khac nhau, vi du: dinh + canh (tic 1a cdu tric con), dinh + bo phan. Viec
nhiing cau tric con hodc bo phan ciing c6 thé duge bat ngudn bang cach tong
hop céc dinh rieng 1é va nhiing canh bén trong né. Tuy nhién, kiéu tiép can gidn
tiép nhu vay khong dugce t6i wu héa dé thé hién cau tric ciia do thi. Hon nita,
nhing dinh va nhing bo phan cé thé ciing ¢6 1an nhau. Nhing dinh t6t hon vi
n6 hoc dugc cach phdi hgp tit su quan tam ctia nhém lan can bac cao, nhing
bo phan tot hon khi phat hién chinh xac hon dinh nhing duge tao ra.

Nhiing Toan B6 Do Thi

3 x x x
1.5} |
0f Gl. 1
—15] .
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Hinh 4.5: Whole-graph embedding
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Nhiing toan bo do thi (whole-graph embedding) thudng danh cho céc do thi
nhd, chang han nhu protein, phan t, v.v. Trong truong hop nay, mot dd thi
dugc biéu dién dusi dang mot vector va hai do thi tuong tu duge nhing dé gan
nhau hon. Viéc nhiing toan bo do thi mang lai lgi ich cho nhiém vu phan loai
do thi bang cach cung cap mot giai phap don gian va hieu qua dé tinh toan
do tuong dong ctia do thi. Dé thiét lap sut théa hiép gitta thoi gian nhing (tinh
hiéu qua) va kha nang luu giit thong tin (tinh bic¢u dat), phuong phap Nhing
do thi phan cap [31] thiét ké mot khung nhing do thi phan cap. N6 cho rang su
hiéu biét chinh xac vé thong tin do thi toan cuc doi héi phai xit 1§ cac cau tric
con ¢ cac quy md khac nhau. Mot kim tir thap do thi duge hinh thanh trong
d6 mbi cap la mot do thi tém tit & cac ty lé khac nhau. Biéu do dugc nhing &
tat ca cac cap va sau d6 dude noéi thanh mot vector. Viéc nhing toan bo do thi
yéu cau thu thap duge thong tin thudc tinh clia toan bo do thi, va vi vay sé tén

nhiéu thoi gian hon cac phuong phap thiét lap khac.

4.1.2 Céac ky thuat nhang do thi

[ Ky thuat nhiing dé thi]

[ Phan rd ma tran j [Ta’i cAu tric canh] [

( Hocsau | M6 hinh sinh

D6 thil6i |

St dung budc

ngau nhién

D4 thi toan tir

Laplace Eigenmaps

Khéng st dung

buéc ng3u nhién

Phan rd ma tran

bing x4p xi dinh

>

Cuc dai héa xac
sult tai cAu tric

canh

>

Téi thiéu héa
mAt mét dua trén

khoang céch

> Dua trén graphlet

Nhiing db thi dua

trén khong gian 3n

Dua trén mau

nhanh cay

Nhing két hop
ngli nghia

Dua trén buéc

nhdy ngiu nhién

Tbi thiéu héa x&p

> hang mAt mét dua

trén |é

Hinh 4.6: Cac ky thuat nhung do thi

Trong phan nay, chiing toi phan loai cic nhém phuong phap nhtng do thi
dira vao ki thuat st dung, nhu da néi § trén, muc tiéu ctia viec nhing do thi
1a biéu dién mot do thi vao khong gian c6 s6 chiéu thap ma van giit viing dudc
nhitng thong tin vén c6 ciia do thi nhiéu nhéat cé thé. Cac ky thuat nhing dd
thi co ban khac nhau & cach dinh nghia cac dic tinh von c6 clia do thi can dugc

luu gitt. Vi muc tiéu chinh ctia chiing t6i 1 tim hiéu vé cAc nhom phuong phéap
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nhiang do thi duya trén ki thuat hoc sau nén ching toi chi trinh bay so lude doi
v6i cac nhom phuong phap khéac.

Hoc sau

O phan nay ching t6i sé trinh bay chi tiét vé cac hudng nghien ctu clia k§
thuat hoc sau (deep learning) bao gom : sit dung bude nhay ngau nhién (random
walk) va khong sit dung bude nhéy ngau nhién. Ky thuat hoc sau duge sit dung
phd bién trong viec nhing do thi bdi vi sy nhanh chéng va hiéu qua trong viéc
thu thap cac dac trung mot cach ty dong. Trong cac phuong phap st dung ki
thuat hoc sau nay, cd 3 loai phuong phap thiét lap do thi dya trén dau vao
(ngoai trit do thi cAu trac tir dit lieu phi-quan he) va 4 loai dau ra (Hinh 4.1)
déu c6 thé ap dung k¥ thuat hoc sau.

K7 thuat hoc sau vdi bude nhdy ngau nhién

Trong nhém phuong phéap nay, lan can bac hai (Dinh nghia 6) trong do thi
s¢ duge bdo dam trong khong gian nhing bang cach cuc dai hdéa xac suat clia
nhitng hang xém quan sat ctia mot dinh dieu kién trén vector nhtng ctia no.
Do thi sé duge biéu dién nhu 1a mot tap hop mau bing cach lay mau tit nhing
bude di ngau nhién, va sau d6 cac phuong phap hoc sau sé duge ap dung vao do
thi nhing dé van dam bao dic tinh ctia do thi mang theo thong tin dudng di.
Céac phuong phap stt dung nhém phuong phap nay nhu : Deep Walk [35], LINE
[40], Node2Vec [17], Anonymous Walk [21], NetGAN [4], ...

K7 thuat hoc sau khong s dung budc nhdy ngau nhién

Trong phuong phap nay, nhitng cau tric hoc da 16p sé dudc ap dung mot
cach nhanh chéng va hiéu qua dé bién doi do thi thanh khong gian s6 chiéu thap
hon. Phuong phap nay sé ap dung cho toan bo do thi, c6 mot sé6 phuong phap
pho bién hién nay da duge khio sat va trinh bay & bao cdo [37] nhu sau :

e Mang Neural Tich Chap (Convolutional Neural Networks)

M6 hinh nay stt dung nhiéu 16p tich chap : V6i méi 16p thyc hién tinh tich
chap trén dit lieu dau vao mot bo loc ¢6 s6 chicu thap. Két qua 1a mot anh
xa dic trung, sau dé lai tiép tuc di qua mot 16p két ndi day du dé tinh
gia tri xac suat. Vi du nhu ConvE [11] : Méi thuc the va mdi quan he sé
dugc bicu dién bing mot vector sé chiéu thap d — chiéu. Vi mdi bo ba,
né ghép va thay doi kich thude ciia vector nhing dinh A va quan hé r vao

mot dau vao duy nhat [h, r] véi kich thuée két qua 1a d,,, x d,,. Sau d6 né di
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qua 16p tich chap vdi bo loc w ¢6 kich thuée m x n, roi di qua mot 16p két
no6i day du (fully connected layers) va céac trong s6 W. Két qué cudi cung
dugce két hgp véi vector nhiing dudi ¢ bang cach st dung tich vo huéng (dot

products). Kién triic nay c6 thé coi la mot kién tric phdn logi cdc ldp .

Mot mo hinh pho bién khac 1a ConvKB [33], tuong tu nhu ConvE, nhung
n6 ghép ca ba vector nhung h, r va t vao mdt ma tran [h,r,¢] kich thuée
d x 3 chiéu. Sau d6 né di qua mot 16p tich chap v6i T bo loc w kich thude
1 x 3. Két qua 1a T x 3 anh xa dic trung. Sau d6 anh xa dic trung lai di
qua lép két ndi day du va trong s6 W. Kién tric nay co thé coi la kién

tric phan loai nhi phan.

Mang Hoi Quy Tuyén Tinh (Recurrent Neural Networks)

Nhitng mo6 hinh nay sé cho mot 16p hoac nhiéu 16p hoi tuyén tinh dé phan
tich toan bo duong di (mot chudi sy kien/bo ba) 1ay ra tit tap huan luyén,
thay vi chi xit Iy cac su kién mot cach riéng biét. Vi du nhu RSN [18], nhan
thay mo hinh hoi quy tuyén tinh truyén thong khong phit hop cho do thi,
v6i mdi lan thire hien né chi lay thong tin ctia méi quan hé ma khong lay
thong tin ctia vector dinh ctia lan thire hién trude dé. Vi vay né khong xit
Iy 16 rang su luan chuyén cac dudng dan clia cac thic thé va quan he. Dé
gidi quyét van dé nay, ho dé xuat RSN (Recurrent Skipping Networks [18])
: v6i mbi bude nhay, néu dau vao la quan hé, mot trang thai an dude cap
nhat dé tai st dung thém vector dinh. Sau do6, két qua dau ra dugc nhan

tich vo huéng v6i moi vector nhing muc tiéu.

Mang Neural Bao Boc (Capsule Neural Networks)

Mang bao boc (capsule networks) sé sip mot nhém neural lai v6i nhau
goi la vién nang , mdi vién nang nay sé ma hoa nhiing dic trung dic biét
ciia dau vao, nhu 1a dai dién cho mot nhém hinh anh cu thé. Uu diém cta
mang bao boc d6 1 gitp nhan ra nhitng dic trung ma khong mat thong
tin khong gian so véi viéc tinh tich chap thong thuong. Moi mot vién nang
tim ra nhitng dic trung theo kich thuéc vector dau ra. Vi du nhu : CapsE
[48], m&i thye thé va quan hé duge xem la mot vector nhiing nhu trén,
tuong tu nhu ConvKB, no6 sé ghép ba vector nhung h, r va t thanh mot ma
tran nhing kich thuée d x 3. Sau d6 né di qua 16p c6 E bo loc tich chap
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c6 kich thude 1 x 3. Két qua 1a mot ma tran kich thuéc d x £ ma véi moi
dong tht i — th dai dién cho nhing thyc thé hli], t[i] va quan hé r[i] riéng
bigt. Ma tran nay sé di 16p bao boc ma moi vién nang (4.1.2) riéng biét xi
Iy mdi cot, vi vay né nhan duge thong tin dua theo mot dac trung ctia bo
ba dau vao. Va 16p thit hai v6i mot 16p bao boc duge st dung dé dua ra

két qua dau ra.

Mang d6 thi chi y (Graph Attention Networks)

Nhom phuong phép nay st dung co ché cht § (attention mechanism [45])
ma da dat duge két qua cai thien dang ké trong xtt 1§ ngon ngit tut nhien.
O nhém phuong phap nay véi mdi vector nhing, cac thuc thé dude tong
hop thong tin chid ¥ tit cac thuc thé ké can, sau dé cac thong tin chd ¥
dugc ghép chong v6i nhau va di qua mot 16p két noi day du va trong soé
dé bién do6i thanh cic vector nhiing cubi cting. Vi du nhu : GAT [46] véi
moi bo ba tir tap huan luyén duge nhing va ap dung co ché chi ¥ da dinh
dé cho ra mot vector nhing. Sau d6 vector nhiing nay tiép tuc di qua mot
ma tran trong s6 dé bién doi thanh vector nhing méi c6 s6 chiéu 16n hon
tong hop thong tin tit cac dinh ké can tit bo ba ban dau. Mot cai tién khac
ctia GAT bang cach thém thong tin ctia vector nhing quan hé 13 KBGAT
[32]. Cac phuong phap nay duge trinh bay cu thé & cdc phan tiép theo.

Ngoai ra con mot sé6 phuong phap khac nhu st dung ki thuat tu dong
ma hoa (autoencoder) nhu Mang Nhing Cau Tric Sau (Structural Deep
Network Embedding [49]) .

Phan ra ma tran

Phan 14 ma tran (matrix factorization) dya trén dd thi nhing biéu dién

nhiing dac tinh ctia do thi (vi du nhiing cap tuong dong hay giéng nhau) dudi

hinh thitc mot ma tran va phan rd ma tran nay dé lay dudce thong tin nhing

ctia dinh. Dau vao ctia nhém phuong phap nay thuong 1a nhiing dic trung phi-

quan hé nhiéu chiéu va dau ra 1a tap hop cic dinh nhing. C6 hai phuong phap

nhing do thi dya trén phan rd ma tran bao gom : Do Thi Toan T Laplace

Eigenmaps (Graph Laplacian Eigenmaps) va Phan R4 Ma Tran Xap Xi Dinh

(Node Proximity Matrix Factorization)

e Do Thi Todan Tt Laplace Eigenmaps
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Nhém phuong phap nay sé dam bdo dic tinh ctia do thi bang cidch phan
tich nhiing cip tuong dong va sé phat nang nhitng dinh c6 sy tuong dong

16n hon ma nhing xa nhau.

e Phan Ra Ma Tran Xap Xi Dinh

Nhém phuong phap nay sé xap xi cac dinh lan can trong mot khong gian
s6 chiéu thap st dung k¥ thuat phan ra ma tran. Muc tiéu la dé bao toan

nhitng dinh lan can dé tdi thiéu héa ham xap xi.

Tai ciu tric canh

Phuong phép tai ciu tric canh (edge reconstruction) sé xay dung cac canh
dua trén nhitng dinh nhiing sao cho gidéng véi nhitng do thi dau vao nhat cé the.
Phuong phap nay toi toi da hoa xac suat tai tao canh hodic t6i thifu hoa ham
mat méat tai tao canh, ngoai ra con chia ra ham mat méat dua trén khoang cach

va ham xép hang mat mat mat dya trén lé .

o Cuc dai hoa xdc suat tai cau truc canh

O phuong phap Cuc dai hoa xac suat tai cAu tric can (maximize edge
reconstruct probability), mot dinh nhing tot sé cyc dai héa xac suat sinh
clia cac canh quan sat trong mot do thi. Nghia 1a mot vector dinh nhiung
tot sé duge tai xay dung lai nhu 13 do thi dau vao goc. Ching dude phan
biét bang cach cic dai héa xuat xuat sinh clia tat ci cac canh quan sat st

dung vector dinh nhing .

o T6i thiéu héa mat mat dua trén khodng cdch

Trong phuong phap t6i thiéu héa mat mat dya trén khodng cach (minimize
distance-based loss), cac dinh lan can tinh toan dua trén vector dinh nhing
phai cang gan nhat véi nhitng dinh 1an can trén cac canh dang quan sat
cang tot. Cu thé 1a, do gan ctia dinh c6 thé dude tinh toan dua trén nhiing
dinh nhing hodc dugc tinh toan theo kinh nghiém da trén cac canh duge
quan sat. Sau dé sé dudc t6i thieu hoéa su khac biét giita hai loai lan can

dé dam bao do gan tuong tng.

o T6i thiéu héa xép hang mat mat dua trén lé
Trong phuong phap tbi thiéu xép hang mat mat dga trén 1& (minimize

margin-based ranking loss), cac canh ctia do thi dau vao thé hien su tuong
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quan gitta nhitng cap dinh. Mot s6 dinh trong do thi thi thuong lien két
v6i nhitng tap hop dinh lien quan. Cu thé phuong phap nay sé gitp cac
dinh vector nhiing sé gan nhau néu cac dinh lien quan dén nhau hon so

v6i nhitng dinh khong lién quan khac.

D thi 16i

V6i do thi 16i (graph kernel) toan bo cau tric do thi c6 thé duge biéu dién
nhu 13 mot vector chita s6 luong cau tric con co ban duge phan tach tit do thi.
K3 thuat do thi 16i bao gom cac nhanh phuong phap con gom : graphlet, mau
do thi con (subtree patterns) va dya trén buéc nhiy ngau nhién .

Phuong phap nay dugc thiét ké dé nhing toan bo do thi chi lay dac trung
toan cuc ciia toan bo do thi. Dau vao clia phuong phap nay thuong 1a do thi
dong nhat. hodc do thi v6i théng tin bd trg

M6 hinh sinh

Mot mo hinh sinh (generative model) c6 thé duge dinh nghia bang cach xac
dinh su phan phéi chung ctia dic trung dau vao va nhitng 16p nhan, va dugc
diéu chinh dya trén mot tap nhiing tham s6. C6 hai nhém phuong phap con
clia mo hinh sinh bao gdm : Nhing do thi dua trén khong gian an (embed
graph into latent space) va nhting két hop ngit nghia (incorporate semantics for
embedding). Mo hinh sinh c6 thé dugce dung cho ca nhing dinh va nhing canh
. N6 duge xem nhu 1a dinh nhiing ngit nghia véi dau vao thuong 1a cac do thi
khong dong nhat ho#c do thi v6i thong tin phu tro.

e Nhiing do thi tren khong gian ngd nghia an
V6i nhom phuong nay, cac dinh duge nhing vao mot khong gian ngit nghia
an noi khodng cach gitta dinh mo ta dude cau tric ctia do thi.

o Nhiing két hop ngit nghia

Phuong phap nay thi méi dinh sé gan v6i do thi va c6 ngit nghia ma né
phai duge nhing gan hon. Nhitng dinh ngit nghia c6 thé dugc tim ra tir

nhitng dinh mo6 ta thong qua mot mo hinh sinh.

Téng két : Cac phuong phap nhing do thi déu c¢6 wu nhuge diém rieng dugc
nhém tac gid Cai, Hongyun[7] tong hop va trinh bay lai 6 Bang 4.1. V6i nhém
phuong phap phan ra ma tran dya trén do thi nhing sé hoc nhiing dai dién dira
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trén viéc phan tich sy tuong dong cac cap toan cuc. V6i nhom phuong phap hoc
sdu, nhitng mo6 hinh nay dat duge két qua hita hen so v6i nhitng phuong phap
khac va phit hop cho viéc nhing do thi vi né c6 kha nang hoc duge cac bicu

dién phtc tap tit cac cau trac do thi phic tap.

Béng 4.1: Bang so sanh wu va nhuge diém ctia ki thuat nhing do thi
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Phuong phap Danh muc con Uu diém Nhugc diem

) Tan dung nhiéu N
Nhing ket hgp . N Yéu cau mot
3 3 thong tin nguon o
ngtt nghia lugng 16n du lieu

huan luyén mot

cach tu nhién

Hoc sau (Deep | St dung budc | Hieu qua va nhanh | Chi xem xét dén
learning) ngau nhién chong. Khong phai | néi dung cuc bo
trich dac trung trong mot dudng
di. Kh6 dé tim
kiém chién ludc

lay mau t6i uu

Khoéng st dung Chi phi tinh toan

budc ngau nhién cao

Céc phuong phép st dung ky thuat budc nhay ngau nhién trong hoc sau ¢6
chi phi tinh todn thap hon so véi cac phuong phap sit dung k§y thuat hoc sau.
Cac phuong phap truyen thong coi do thi nhu mot lué6i, tuy nhién né khong
giéng v6i ban chat ctia do thi. V6i nhém phuong phap tdi cdu tric canh sé toi
uu ham muc tiéu dya trén cac canh quan sat hodic xép hang cac bo ba. Nhom
phuong phap nay hiéu qud hon nhung vector nhing két qua lai khong quan
tam dén cau tric toan cuc ctia do thi. Nhom phuong phap do thi l6i chuyen
do thi vho mot vector dé dé dang thuc hién cac nhiéem vu phan tich do thi nhu
phan loai do thi. Vi vay n6 chi hiéu qua khi liet ké nhitng nhanh cau tric don
vi mong mudn trong mot do thi. Véi nhém phuong phap mé hinh sinh, né tan
dung thong tin mot cach ty nhién tit nhiéu nguon khac nhau trong mot mo hinh
duy nhéat. Viéc nhiing do thi vao khong gian ngit nghia an tao ra nhitng vector
nhing c6 thé duge dién gidi bang cach st dung ngit nghia. Nhung gia dinh vé
viéc lap mo hinh quan sat bang cach st dung cac phan b6 nhat dinh 1a khé
c6 thé bien minh. Hon nita, phuong phap sinh can mot lugng 16n dit lieu huan
luyén dé uéc tinh moé hinh két qua phit hop véi dit lieu. Vi thé né cé thé khong
dat két qua tot cho nhitng do thi nhé ho#c s6 lugng nhé do thi.

Trong cac phuong phap trén, nhém phuong phap nhing do thi bang hoc sau
gitip hoc dugce cac biéu dién phiic tap va dat dude két qua hita hen nhat hién
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nay. M6 hinh mang cht ¥ trén do thi dya trén co ché chi ¥ gitp tong hop thong
tin clia mot thuc thé dua vao cac trong so chi ¥ clia cac thuce thé lan can doéi
v6i thuc thé gbc. Ching toi cho rang day la huéng nghién citu tuong tu nhu
quan hé gita chi ¥ va ghi nhé [47], sy phan bd clia chu ¥ s8 quyét dinh trong
s6 hay su quan trong ciia mot thuc thé nay déi véi mot thuc thé khac. Ciing
nhu vector nhiing bicu dién cho mot thuc thé sé bi anh hudng béi sy chi ¥ hay
s quan trong cua cac vector nhiung lan can. Vi vay day la huéng nghién citu

chting t6i chon trong cac nhém phuong phéap trén.

4.2 Co ché chu y da dinh

Nam 2014, co ché chu y da dinh (multi-head attention) duge phat minh bdi
nhém téc gia Bahdanau, Dzmitry[2] nhung mai dén nam 2017 né méi duge phd
bién thong qua mo hinh Transformer ctia nhém tac gia Vaswani, Ashish[45].
Co ché cht ¥ 1a mot phuong phap hieu qua gitp thé hién sy quan trong cia
mot tir véi cac tir khac trong mot cau, né con duge chitng minh la dai dién cho
bat ky phép tinh tich chap ndo trong bao cdo clia nhom téc gid Cordonnier,
Jean-Baptiste[9]. Dé hiéu vé cach co ché chi § da dinh duge 4p dung vao trong
do thi, trong phan nay chtng to6i sé trinh bay lai chi tiét vé co ché chi ¥ da dinh
dé tit d6 hieu dugc cach co ché chu ¥ duge 4p dung vao nhiem vu du doan lien
két trong do thi tri thiec.

4.2.1 Co Ché Chi Y (Attention Mechanism)

Dau vao cuia co ché chta ¥ 13 hai ma tran nhing X = {171),:?2), ,m} vayY =
{y_f, Uy, y_Ny)}, v6i mdi dong i*™® hay j*™ trong ma tran X hay Y 14 mot vector
nhing 77 € R>Pn 37 ¢ R1*Pin. Cg ché chii ¥ 1a qua trinh bién ddi vector c6 Dy,
chiéu thanh vector dau ra c6 Dastention chiéu dé thé hién su quan trong cta ting
N, phan t1t z so vi tat cd N, cac phan tit y. V6i X € RMe*Din yva Y € RVy*Din |3
cdc ma tran nhing dau vio, va H € R¥e*Dasension 13 ma tran nhing dau ra cta
co ché cht § clia nhém tac gid Vaswani, Ashish[45] theo cong thiic sau :

: QKT
H = Attention(Q,K,V) = softmax(—)V (4.1)

vy,
v6i Q = XWq, K = YWy, V = YWy
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Céc ma tran trong s6 Wg € RPinxPr W € RPinxDk v Wy, € RPinxDattention
la cAc ma tran thé hién qué trinh tham s6 héa dé bién doi cac vector nhing
dau vao Dy, chiéu thanh vector nhing dau ra c6 Dy, hodc Daitention chicu. QKT
1a qua trinh nhan tich vo huéng clia timg vector nhing  ban dau véi tat ca
vector nhiing y. Viéc chia cho v/dj, 1a dé chuan héa theo s6 chiéu k. Sau d6 két
qué dudce chuan hoa lai bing ham softmaz dé c6 thé so sanh giita cac hé s6 chi
5 khac nhau. Ta c6 thé coi softmaX(Q—\/%T) 1a mot hé so chi ¢ theé hien su quan
trong clia tiing phan tit y déi v6i mdi phan ti x. Cudi cuing, két qua duge nhan
v6i vector nhiing V dé bién dodi tit vector nhing Dy, chiéu thanh vector nhing
M6i Dattention ChifU .

Néu X =Y nghia la ching ta dang tinh sy quan trong ctia mot phan tit so
v6i chinh céc phan tit khac trong ma tran nhting ban dau va ta goi no6 1a co ché

tu-cht y (self-attention mechanism) .

4.2.2 Cha Y DPa Dinh (Multi-Head Attention)

Co ché chi ¥ da dinh 13 cach ghép cac 16p chi ¥ & trén lai dé gitp 6n dinh qué
trinh hoc. Tuong ty nhu co ché chi ¥ & trén, co ché chi y da dinh (multi-head
attention mechanism) 1 qué trinh bién ddi N, vector nhiing ban dau Dj, chiéu
thanh vector nhing Dy yihead chifu véi thong tin duge tong hop tit nhiéu dinh
khac nhau gitp o6n dinh trong qua trinh huan luyén. Co ché chi y da dinh sé
ghép Npeaq cac dau ma tran chi y H roi sau dé tiép tuc nhan v6i mot ma tran

XDin

trong s6 dé bién ddi tit ma tran nhing X € RN« ban dau thanh ma tran

nhting méi X’ € RNe*Pmuihead nhir cong thitc sau :

Nhead
X' = || BH" | w?
h=1

thad
= ( | Attention(XW(h),YW%)7YW$))> w¢

(4.2)

Q
h=1

Trong d6 cac ma tran trong s ng ), W&?) € RPinxDi v Wg/h ) € RDwxDastention
thudc vao titng 16p chit ¥ h € [Npeaq] khac nhau. WO e RNveaa Dastention X Dmutii-head {é
tham s6 hoa qué trinh bién déi ma tran céc dinh da ghép thanh mot ma tran

nhing két qua cudi cing.
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Dén day chiing toi da trinh bay vé co ché chi ¥ tinh hé s6 chd ¥ va tong hop
thong tin nhing tit cac vector nhing lan can. Trong phan tiép theo ching toi

sé trinh bay ve cach co ché chu ¥ dude a4p dung vao trong do thi tri thic .

4.3 Mang do thi cha y

Donald
of Trump
Melania
Trump first _1aqy
@5
native _of

b .
Ol’n\ in

Hinh 4.7: D thi tri thitc va cac hé s6 chid § chuan héa ciia thuc the

Véi thanh cong clia co ché chi ¢ da dinh trong ngoén ngt tu nhién, né con
dugc nghién cttu dé ap dung vio cac mo hinh ctia xit Iy anh [36]. Chinh vi vay
co ché chi ¥ da dinh da ducc nghien ciu dé 4p dung vao cac mo hinh nhing
do thi tri thitc thay cho phuong phap tinh chap nhu Mang D6 Thi Tich Chap
(GCNs [23]). O phan nay ching toi sé trinh bay chi tiét vé céch co ché chi ¥ &
4.2.1 duge ap dung vao viéc nhiing do thi theo phuong phap Mang D6 Thi Chu
Y (Graph Attention Network - GAT [46]).

Dau vao ctia mo hinh mang do thi chi ¢ 1a tap hop cac vector nhing dudc
khéi tao ngdu nhién theo phan phdi chuan biéu dién diic trung clia ting thuc

thé (entity) : E = {e_f, A e_NZ} Muc tiéu ctia mé hinh 1a bién doi thanh ma

o

tran nhung dau ra méi E” = {el, ey, ...,e’_](,:} v6i kha nang tong hop thong tin
nhing tit cac thuc thé lan can; E € RYexDin va E € RVxD” tyong ting 1a ma
tran nhing dau vio vd ma tran nhing dau ra ctia ctia tap hop thuc thé, N, 1
kich thuéc ctia tap thuc thé, Dy, v D” tuong tng la sb6 chiéu nhing dau vao,
va s6 chiéu nhing dau ra.

Tuong tif nhu co ché chi ¥ da dinh duge trinh bay 6 muc 4.2.1, viéc ap dung
clia co ché chi ¥ da dinh trén do thi tri thic sé 4p dung vé6i chinh mdi vector

nhiing thuc thé gibng nhu co ché tu-chii i (self-attention mechanism), méi dinh
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sé cha ¥ vdi tat cd cac dinh khac trong do thi. Tuy nhién, viéc tinh hé s6 cha
¥ gitta tat ci cac dinh v6i nhau trong do thi 1a khong c¢6 ¥ nghia néu khong co6
modi quan gitta ching va khéi lugng tinh toan rat 16n, vi vay mo hinh ap dung
co ché goi 1a mat na chi 3 (mask attention) bang cach bd di tat ci nhimg he
s6 chi ¥ khong c6 quan hé trong do thi, d6 chinh xéac 1a gia tri clia 1an can bac
nhat (Dinh nghia 5) ctia mot dinh trong do thi. Khi d6 X =Y = E (4.2.1) va he
s6 chi § ciia cia co ché mit na chd § duge hiéu la su quan trong ciia mot dinh
j € N; dbi véi dinh gbc i, véi N; 1a tap hgp tat cd nhiing hang xém ctia dinh 4
(bao gom ca i).

Viéc ap dung co ché cha y da dinh (multi-head attention) & 4.2 vao do thi

dugc mo ta nhu sau :

Cij = Jmask attention (W?L We—;) (43)

trong d6 e;; 1a he s6 cht ¥ da dinh clia mot canh (e;, ;) ddi véi thuc thé goe
e; trong do thi Gruow. W 12 ma tran trong sé dé tham sé hoa qua trinh bién ddi
tuyén tinh. fiask attention 12 ham ap dung co ché chu .

Trong mo hinh GAT, mo hinh sé di qua hai qué trinh bién ddi vector nhiing
e/ cia thuc thé e;. Toan bo mo hinh bao gom hai bude bién déi, véi mbi budc
1a mot qué trinh bién déi vector nhiing bang co ché chi ¥ da dinh nhu sau :

1 2
? fl(na?sk attention/ ? fr(na)sk attention ? (44)

AN
1 7 1

7

O qua trinh chi ¥ da dinh dau tien ( fr(nla)sk attention): MO hinh sé tong hop
ﬁ
62 3

v6i ? e R § budce thit hai (f& ), 16p chi ¥ da dinh da dinh khong

mask attention

thong tin tit cdc thuc thé lan can va ghép chong lén nhau dé tao ra vector

con nhay cdm véi qué trinh ty-cht ¥ nén két qué sé dugce tinh trung binh thay
Z tiép tuc duge xem la vector nhing
?i/ c RlxD".

vi ghép cac dinh chu ¥ lai v6i nhau, vector
dau vao dé bién doi thanh vector nhiing 67 cudi cling véi

Dau tién, giong nhu co ché cha ¥ 4.1, mdi vector nhiing sé dugc nhan véi
mot ma tran trong s6 W; € RP»*DPin dé thé tham sé hoéa qua trinh bién doi
tuyén tinh ting vector nhing ciia thuc thé tit sé chidu Di, lén s6 chidu Dy, c6

dic trung cao hon :

= Wief (4.5)



khi d6 & € RPx1 5 hi € RDwx1

Sau dé, ta ghép cac cdp vector nhiing thuyc thé vira bién doi tuyén tinh véi
nhau dé tinh hé s6 chi ¥, hé s6 cht ¥ e;; thé hign sy quan trong ciia dic trung
canh (e, e;) doi vé6i thuc thé gbc e; hay su quan trong ctia mot thuc thé e; o
quan hé véi thuc thé goc e; , ta ap dung ham LeakyReLU dé lay gia tri tuyét

ddi ctia he s6 chi §, moi he s6 chi ¥ e;; duge tinh theo cong thic sau :

Ril])) (46)

v6i T 1a phép chuyén vi, || 1a phép ghép. Tuong tu 4.1, tuy nhién thay vi

eij = (LeakyReLU (‘W;T[

thiyc hién tinh tich vo huéng thi ta st dung mot co ché chi 4 chung (shared
attentional mechanism) VV; : RPe x RPe — R dé tinh hé s6 chii y. Nhu da trinh
bay & 4.3, ta thuc hién tu cha y gitta tat cd cac dinh véi nhau bang co ché
mat na chi ¥ dé bé hét tat ca thong tin cau trac. Dé c6 thé dé dang so sanh
cac hé s6 chi ¥ v6i nhau giita tat ca cac thuc thé, mot ham softmazr dude ap
dung dé chuan héa trén tat ca cdc hang x6m e; c6 quan he véi thie thé goc e; :
ayj = softmax;;(e;;). Két hop lai ta c6 cong thite ctia he s6 cht ¥ chuan héa ciia

timg hang xém dbéi véi thuc thé géc nhu sau :

exp (LeakyReLU (W;T[QHF;] )) “n
J |

Qjj = —. =

ZkeM exp (LeakyReLU (WQT[hi | |hk]) > )
O bude nay, mo hinh GAT tuong ty nhu GON [23], cac vector nhing tit hang
xém sé duge tong hgp véi nhau va mé rong hay thu nhé (scale) theo hé s6 chi

y da chuan hoa :

%

ji =0 Z Ozijhj (48)

JEN;
Tuong tut nhu 16p chi ¥ da dinh, ta sé ghép Nyeaq dinh lai v6i nhau dé gitap

on dinh qua trinh hoc & budc ( fr(nla)hsk attention +-4) dau tién ctia mo hinh:
Nhead
_>

Z = | o Z a?jWhhj (4.9)

h=1 JEN;
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trong dé o la bat ky ham bién doi phi tuyén tinh nao, afy 1a hg s6 chi ¥
duge chuan héa ctia canh (e;,e;) duge tinh tit 16p thit A", tuong tu nhu cong
thiic 4.1 W" 1a ma tran trong sé6 dé bién doéi tuyén tinh vector nhing dau vao,
v6i W thuoc cac 16p ghép chong h'"* khac nhau. Cudi cling vector nhiing méi
Z € RUD v6i D' = Nyeaa Dx tiép tuc duce xem 1a vector dau vao dé thuc hien
co ché chi §. Tuy nhien & bude thit hai (f2 . 4.4) gid tri chi § da dinh

sé dugc tinh trung binh thay vi ghép chong lén nhau theo cong cong thiic sau :

Nhead
i 1 Z Z hwh o
! Nhead h=1 jeN; Y ’ ( )

Téng két : Dén day ching t6i da trinh bay dude cach co ché cha ¥ téng
hop mot vector nhing thuc thé trong do thi tri thic tit cdc vector nhing lan
can va ghép lai v6i nhau dé tao ra vector nhing két qua. Trong phan tiép theo
chtng toi sé trinh bay day di vé mo hinh nhing ctia chiing t6i dya trén mo hinh
KBGAT ctia nhom téc gia Nathani, Deepak[32] .

4.4 Mo hinh KBGAT

Trong do thi tri thic, mot thuc thé khong thé 1a mot dai dien day da cho mot
canh, vi mot thuc thé c6 thé dong nhiéu vai tro khac nhau phu thudce vao ting
loai quan hé khac nhau. Vi du nhu Hinh 4.7, Donald Trump vita dong la vai tro
la tong thong, vira déng vai tro 1a ngusi chong. Dé gidi quyét van dé nay, mo
hinh nhing do thi dya trén cha § - KBGAT (graph attention based embeddings
[32]) 1& mot cai tién clia mo hinh GAT bang cach két hop thém thong tin clia
quan hé va ddc trung cdc dinh hang xém vao trong co cha y. Trong phan nay
chting t6i sé trinh bay chi tiét vé mo hinh KBGAT. Cau tric cia KBGAT la
mot mo hinh méa héa-giai ma (encoder-decoder) trong dé 16p méa héa ching toi
stt dung mo hinh Mang do thi chi ¥, con véi mo hinh gidi ma ching toi st dung
mo hinh ConvKB dé tién hanh du doan. Cac bude ctia mo hinh KBGAT dugc
minh hoa & 4.11.

... Embedding**' _____, Embedding®*? ConvKB443
entities ————— ETransti ——————— EKBGAT ————— €prob (4.11)

Dau tien, cac vector nhing ctia mdi thuc thé duge khdi tao bing mo hinh
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TransE dé hoc dudgc cac dic trung khong gian giita cac dinh dé thu duge vector
nhtng. Sau d6 cac vector nhing nay dude tiép tuc huan luyén bang mo hinh
mé héa dé hoc dugc cac dic trung lan can dé c6 dude vector nhing méi. Cudi
ciing, cac vector nhing nay di qua 16p du doan biang mo hinh ConvKB. Tat ca
cac cong thitc ciia ching toi déu duge trinh bay lai theo nhém tac gia Nathani,
Deepak][32].

4.4.1 Khdi tao vector nhing

—
Yy taJllinvaulid
-~ . . / \\'
o feoatailyag
—.> Pt - 7/7/74"' \\ \
relation - \
\\\ \\\ ———%
' headinyalia
\\\ ———_>
headaiiq
xXr
S

Hinh 4.8: Minh hoa vé cac vector nhting trong mo hinh TransE

Tuong tu nhu phuong phap Word2Vec[30], mo hinh Bién doi vector nhiing
dé mo hinh héa dit licu da-quan hé (TransE [5]) thuoc nhom céc phuong phap
nhing hinh hoc dé bién déi cac thuc thé va quan hé trong do thi tri thitc thanh
céc vector nhing dau ra sao cho :

\

entity g + relation & entity, (4.12)

Dau tién, céc vector nhung thuc thé vd quan hé duge khéi tao ngau nhien
bang phan phéi chuan theo s6 chiéu ctia vector khéi tao Di,, sau d6 dude chuan
héa theo kich thuéc ctia tap thuc thé nhing, va quan hé nhing. Sau doé, ta
ldy mau (sampling) tit tap dit lieu huan luyén dé c¢6 duge mot 10 bo ba hop lé
(Spateh)- V61 mdi b ba nhu vay, ching ta 1ay mau bo ba khong hop 1¢ bang cach
thay thuc thé dau hodic thuc thé dusi bang mot thuc thé ngdu nhién trong tap
thuc thé dé dugc 10 bo ba khong hop 1é (S aten)- Sau do ta nhém timg bo ba hop
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le v6i khong hop 1é dé tao ra 6 hudn luyén (Tiaen). Cudi cling, ta cap nhat gia

tri cac vector nhiing dé dam bao diéu kien 4.12 .

Thuat toan 5 Thuat toan hoc vector nhing TransE [5]

Input : Tap huan luyén S = (h,r,t), tap thuc thé E, tap quan hé R, bién 18
7, 80 chiéu nhtng Dj,
Initialize

d 6 6 Lot . ~
T uglform(—ﬁ, \/TTH) v6i moi quan hé r € R
2 7 4 g5y vOi mbi r € R

@ « uniform(— v6i méi thue the e € E

6 6 )
V Din ’ V Din
4. loop
5: ?%H—gﬂvéim(x)ieeﬁ?
6: Spateh < sample(S,b) // 1ay mau minibatch kich thuéc b
7 Tbatch —

8 for (h,r,t) € Spaten do

9: (W, t') < sample(S(,, ) // lay mau tit bo ba khong hop le
10: Tbatch — Tbatch U { (<h7 T, t)7 (h’lu T, t/>) }

Cap nhat nhiang

((h,’f‘,t),(h/ ,T,t/)> eTbatch

Output : tap cac vector c6 s chiéu 1a Dj, dai dién cho cac thuc thé va quan
hée

M5 hinh TransE ctia nhém téc gid Bordes, Antoine[5] dugce trinh bay & thuat
toan 5.

Trong d6, dau vao ctia mo hinh TransE 1a tap dit lieu huan luyén v6i mdi
phan tit 1a mot bo ba (h,r,t). h,t € E la cac thuc thé dau va thuc thé duoi,
r € R la cac quan he.@ va 7 lan lugt 1 cac vector nhing ctia thuc thé va quan
he, va || €| va || 7] lan lugt 1a do 16n ctia tap thuc thé va tap quan hé. S va
Spateh tuong tng 1a tap dit licu hudn luyén, va mot 16 (batch) lay ra tir tap dit
lieu huan luyen. Tiaian 12 mot 16 bao gom ca bo ba hop 1é va bo ba khong hop
lé dé tinh ham mAt mat 4.13 .

B¢ ba hop l¢ (valid triple) 1a bo ba lay tit 16 huan luyén (Spaten), b0 ba khong
hop lé (invalid triple) 1a bo ba lay tir 16 huan luyen 16i (5] , ;) duge bé di thuc
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thé dau hoic thuc thé dudi va thay thé cac thuc thé dé bang cach chon mot
thuc thé ngau nhién trong tap thuc thé :

Sthrny = L0 0|0 € EY U{(h,r )]t € B} (4.13)

-

? . N Z 7 %
Deée dat dugc muc tiéu la tao ra cac vector nhing sao cho h + T ?, v
tuéng ctia mo hinh la cac vector nhung trong 16 hgp lé thi vector nhing dudi

. ? % . , - ~ ~ ~
7 phai & lan can cta h + 7, ngugc lai cac vector nhing trong 16 khong hop 1é

- RN L e N 2 p
h + 7 (hoic 7) thi phéi nim xa so véi ¢ (hosic h + 7) theo ham mét mat

sau :
L= > Yoo ld-d+ly (4.14)
(h,rt)esS (h’,r,t’)GS(hyr’t)
H F
° — @'X\ °
t —
t=(-1.9 /
E
N De
B
r=(0}2) o
C
h=+(2,3)
¢
A
(a) Vector embedding TransE ban dau (b) TransE embedding sau khi bién do6i

Hinh 4.9: M6 hinh nhing do thi TransE

Vé6i v > 0 1a bien 1&, ' va ¢’ 1an luot 1a cac thuc thé lay mau trong cong thiic
4.13 ; A va A’ 1an luot 1a ham do gia tri sai khéc cia cac thiyc thé nhing trong 16
hopled=||A, = || +7 - 7||, valo khong hop le &' = ||A'||, = ||/ +7 =7,
(|/ll1 1& ham chuan héa Ll-norm) . Theo minh hoa trong Hinh 4.9, ta thay néu
d>d hay d—d > 0 thi 7 +7 56 nim gan T hon so véi #. Ta muén cac vector

nhung thoa man diéu kién 4.12 nén T phai cang gan ¢ cang tot, nghia 1a
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¥

mudn A’ cang 16n bang A cang tot va néu A’ > A hay d’ —d > 0 thi ta khong can

— R .
h +7 cang gan t' thi cang khong ding. Vi vay trong qua trinh huan luyén ta
cap nhat cic trong s6 nhing ntta. Vi vay trong ham mat mat 4.14 [d—d' +~]; 1a
ta mudn lay phan duong vi phan am di dam bao tinh ding dan cia diéu kién

4.12 trong qué trinh huan luyén.

4.4.2 Mo hinh ma hoéa

Sau khi ¢6 duge cac vector nhing hoc duge cac dac trung khong gian 6 trén ctia
do thi. Céc vector nhing tiép tuc duge di qua 16p nhing tiép theo dé tong hop

them thong tin lan can ctia mot thuc thé.

N
| e ®
o . H e @
o 6 Attention Qo o @ ®
9 \ O Head 1 7 @ p @
. Y ) @ P 4.21
Triple 1 — N 1O 0% N @ i Y @
— \ AY
Donald Trump . \ O Graph : \\\ . Graph . / .
president_of .---%O . AN . . . 2,
United States (] /// @) Attention /:. Attention "@ —
o —~/ @ Layer 115 Q@ Layer 24.20 @ @
g 8 / : @ L 4
Triple N h— H . @ .
@) Attention o () ]
Tom Cruise h— . . .
born_in Head 2 .
) @
New York D — () ] —
@ :

|

Hinh 4.10: Minh hoa cac 16p méa hoéa cia mo hinh KBGAT

M5 hinh sé bién doi tit ma tran nhtng thuc the
—

E — {e—{e—g 67} LR = {Z/?; egfv} voi E € RNxDin i B

RNxD" Ddng thoi bién d6i ma tran nhing quan he R = {ﬁ,r_z),,ﬁ} —
_> !/

R’ = {771’,772’, ...,rf(,r} vii R € R¥*Pn vy R” € RV*P" Tuong tit nhu mo hinh
GAT da trinh bay ¢ muc 4.3, mo hinh sé bién doi vector nhtng thuc thé Dy,
chiéu thanh D” chiéu véi thong tin duge tong hop tit cac hé s6 chid ¥ lan can.
P, va P lan luot 14 s6 chiéu ctia vector nhiing quan hé dau vao va dau ra. N,
N, tuong tng la kich thuéce ctia tap thuc thé va tap quan hé trong Ginow-

Mb hinh KBGAT sé ghép céc vector nhiing thuc thé va vector nhing quan

hé theo cau tric nhu sau :
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tijr = Waler|[ef]|77) (4.15)

Vi zﬂ la vector nhiing dai dién cho bd ba tf} = (e, 7%, €5) VOL ej, va 1y lan
lugt 1a cdc thuc thé hang xém va quan hé ndi gitta dinh goc e; véi dinh e; |
W e RPxx(2Dnt+Fn) 13 ma tran trong sé thé hien qua trinh bién déi tuyén tinh
tlt cac vector da ghép lai v6i nhau thanh mot vector véi s6 chiéu Dj, mdi. Cac
ma tran trong sé trén dugce khéi tao ngau nhién theo phan phéi chuan hosc tai
huan luyén (pre-train) bang mo6 hinh TransE [5].

Tuong tu véi cong thitc 4.7 cia mo6 hinh GAT, ta can tinh heé s6 cha ¥ clia
timg canh déi véi ting dinh, sau d6 ap dung ham softmaz dé chuan hoa hé s6

lai theo cong thiic sau :

aij, = softmax j (LeakyReLU(Wat;;1))
exp (LeakyReLU (Wy%i) ) ) (4.16)

D neN: 2orer,, OXD <LeakyReLU <W2tz;n>) )

trong do A; 1a tap hop hang xém ctia dinh goc e; c6 do sau Nhop; Rin la tap
hop tat ca nhitng quan hé nam trén dudng di (path) tit thuc thé goc e; véi thuc
thé e, € N;. Tuong tu cong thitc 4.8, cac vector nhing t_f; sé duge thu nhé hoac
md rong khi nhan véi hé sé cha ¥ da duge chuan héa :

jGM kERij

Tuong tu nhu cong thic 4.9 clia co ché mat na chi 4, ta sé ghép Nyeaq dinh

chi ¥ lai v6i nhau dé on dinh qué trinh hoc :

Nhead
P | o Z@(’”‘)t(—h; (4.18)

ijk"ijk
h=1 JEN;

Tuong tu nhu cac vector nhing thyc thé, cac vector nhiing quan hé ciing
dugc nhan v6i mot ma tran trong s6 Wy dé thuc hién bién ddi tuyén tinh céc

vector nhing quan hé P chiéu lén vector nhing c6 P’ chiéu :
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R’ = RW%; voi: W e RPXF (4.19)

Dén day, ta da c6 hai ma tran H' € RVxD" va R’ € RV tuong tng 13 ma
tran quan hé va ma tran thuc thé v6i sé chiéu méi. Mo hinh sé di qua 16p cha
¥ cubi cling v6i dau vao cac vector nhing quan hé va thuc thé méi nhu 4.10 .
Tuy nhién, néu ching ta thuc hién chd ¥ da dinh trén 16p cudi ciing nay dé du
doan, phép ghép chong sé khong con nhay cdm véi co ché tuy-cha y. Vi vay thay
vi ghép chong, mo hinh sé tinh trung binh va sau dé ap dung ham phi tuyén

tinh cudi cung :

Nhead
N I agg.’,?t@ (4.20)

N,
head h=1 jeN; kGRij

Vi oz;g.z) v, tgy,? tuong ting 1 hé s6 chi y da chuan héa va vector nhing dai
dién cho mot bo ba (e;, rg, ;) thudc cac 16p (h) khéc nhau.

Dén day, mo hinh KBGAT da ap dung giéng nhu mo hinh GAT 4.3 nhung ta
b6 sung thém thong tin vector nhing thuc thé v thong tin cac dinh hang xém
céch nyep bac, ta da thu duge ma tran nhing thyc the E” € RNexD” va ma tran
nhing quan he R” € RVr*P " Tuy nhién, sau khi trai qua qua trinh hoc ma tran
nhiing méi, ma tran nhing thuc thé E” mat di thong tin nhing khéi tao ban dau
do x4y ra hién tugng bién mat dao ham (vanishing gradients). Dé gidi quyét
van dé nay, mo hinh sit dung ky thuat hoc con s6t (residual learning) sé cho nhan
ma tran nhang khéi tao ban dau E v6i mot ma tran trong s6 WE € RPnxD” 38
tao thanh ma tran nhing méi rdi cong truc tiép ma tran nhing dé vao dé dam

béo thong tin nhing khdi tao trong qua trinh huan luyeén :

H=WF’E + E/ (4.21)

Cudi cling, cac bo dit lieu huan luyen sé duge 1ay mau dé tao ra bo ba hop
lé (valid triple), va bo ba khong hop 1é (invalid triple) tuong ty nhu mo hinh
TransE dugc trinh bay & trén dé hoc duge cac vector nhing. Tuy nhién cong
thiic tinh su khac biét giita cac vector nhing dugc chuan héa L1 theo cong thiic
sau @ dy,; = ||h: + g1 — h}”l.

Tuong ti, ching toi huan luyén st dung ham mat méat-1é :

43



Ly=> > max{dy — di,; + 7,0} (4.22)

tij €St €8’
trong d6 v > 0 1a tham s6 1&, S 1a tap hop bo ba chuan (valid triple), va S’
14 tap hop cua ba 161 (invalid triple) theo cong thic sau :

S = l[tf,ﬂeé e\ ei}J u i{tf},le; €&\ ej}J (4.23)

thay thé thuc thé dau  thay thé thuc thé dusi
Dau ra ctia moé hinh KBGAT la cac vector nhing thuc thé va céc vector
nhing quan he, sau do6 cac vector nhing nay tiép tuc di qua mo hinh ConvKB

dé tién hanh du doan.

4.4.3 M6 hinh du doan ConvKB

(O =
[OI00I0) -
[OI00I0) ~

Hinh 4.11: Minh hoa cac 16p giai ma ctia mo hinh ConvKB véi 3 filter

Sau khi ching ta biéu dién céc thuc thé va quan heé lén khong gian sé chiéu
thap, mo hinh sé& st dung [33] lam mo hinh dé phan tich cac dic trung toan cuc
clia mot bo ba t;, qua mdi chidu dé khai quat héa cac dic trung bién doi clia
mo hinh bing céc 16p tinh tich chap. Ham tinh diém s6 véi nhiing anh xa dic

trung dugce tinh theo cong thiic sau :
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Q
f(tijk):( | ReLU([aﬁ,Z]*wm))w (4.24)
m=1

trong d6 w™ thé hién bo loc tich chap tht m — th, w 1a siéu tham sb vé s6
lugng 16p tich chap, = la thao tac thuc hién tinh tich chap, va W e R%x1 bigu
thi ma tran bién doi tuyén tinh dugc sit dung dé tinh két qua cudi ciing ctia bo

ba. M6 hinh dugc huan luyén bang lé-mém (soft-margin) nhu sau :

A
E k 2
tre{sus’}

) 1 fort}esS
trong do6 [, =
ij

—1 fortj; e 9
Dau ra cubi ciing ctia mé hinh ConvKB la diém s6 xép hang tuong ing clia

tung dy doan.
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Chuong 5. THUC NGHIEM

| =
1.23-107

1.2-10°% n
1-10° |- 1
80,000 - |
60,000 |- N
II Entities
40,943 40,559
40,000 | IIRelationS
20,000 [14,951 14,541 -
;345 237 18 11 37
0 T T T T
FB15k FB15k-237 WN18 WN18RR YAGO3-10

Trong phan nay ching toi mo ta lai cac bo dit lieu ma ching toi dung dé
thiic nghiém danh gia phuong phap ciia chiing t6i ciing véi so sanh véi cac két
qua khéc clia cac cong trinh ndi bat khac dude bao cao trong Bang 4.1. Ngoai ra
ching t6i ciing c¢6 gang danh gia hai dé xuat clia chiing toi trong viéc thém mot
luong tri thitc méi vio do thi bang cach ching toi xem tap test 1a mot lugng
tri thitc méi can them vao va diing tap vadidation dé danh gia lai phuong phap
clia chiing t6i. Két qua chi tiét dude bao cdo 6 Bang 5.2, Bang 5.3.

5.1 Cac tap di liéu huan luyén

Trong thi nghiém ciia ching toi, ching toi thuc hién trén bén tap dit lieu pho
bién la FB15k, FB15-237 ([42]), WN18 va WN1SRR ([12]). M&i bo dit lieu déu
bao gdm 3 thanh phan : tap dit lieu huan luyén (test), kiem dinh (valid) va tap
dit liu kiém thit (test). Thong tin chi tiét vé cac tap dit litu duge trinh bay &
bang Bang 5.1. Mo6i tap dit lieu nay 1a tap hgp cédc bo ba (head, relation, tail) .
FB15k, WN18 la cac bo dit lieu trich xuat tit bo dit lieu 16n goc 1a FreeBase va
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# Edges
Dataset Entities Relations Training Validation Test

FB15k 14,951 1,345 483,142 50,000 59,071
FB15k-237 14,541 237 272,115 17,535 20,466
WN18 40,943 18 141,442 5,000 5,000
WNISRR 40559 11 86,835 3,034 3,134
YAGO3-10 123,182 37 1,079,040 5,000 5,000

Bang 5.1: Thong tin cac tap dit liéu

FB15k 592,213 L

FB15k-237 |

310,116 =

WN18

151,442 =

WNI18RR |

YAGO310 — 1,089,040
|

T T T T T T T T T T T
100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000 1,000,000 1,100,000

93,003 -

o

’ B Training I Validation [0 Test

WordNet bao gdm rat nhiéu quan hé dao nguge, nén né cé thé dé dang cé thé
doan dudc v6i hau hét cac bo ba. Bang cach loai b cac quan hé nay, hai bo dit
lieu FB15k-237 v WN18RR dugc tao ra dé gitp bo dit lieu thé hien dang dit

lieu trong thuc té dé nghién citu vé nhiem vu du doan lien két .

5.1.1 Bo dit lieu FB15k

Bo dit licu nay duge tao bdi nhém nghién citu A. Bordes, N. Usunier [5] bang
cach trich xuat tit bo dit lieu Wikilinks database '.Wikilinks database thu thap
cac siéu lien két (hyperlinks) dén Wikipedia gom 40 trieu lugt dé cap trén 3
trieu thuc thé, ho trich xuat tat ca cac dit kien lien quan dén mot thuc thé nhat
dinh ¢6 hon 100 lan dugc dé cap dén bdi cac tai lieu khac ciing véi tat ca cac dit
kien lien quan dén thyc thé d6 (bao gdm ca nhitng thitc thé con duge nhic dén
trong tai lieu Wikipedia d6), ngoai trit nhitng thong tin nhu: ngay thang, danh

Thttps://code.google.com/archive/p/wiki-links/
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tit rieng, v.v ... Ho cling chuyén doi cac dinh c6 bac n dudce biéu dién thanh cac

nhoém cac canh nhi phan tuc 1a liét ké cac canh va quan hé cia moi dinh.

5.1.2 Bo dit lisu FB15k-237

Bo6 dit lieu nay la mot tap hop con cia FB15k duge xay dung bdi Toutanova va
Chen [42] 1ay cAm hiing tit quan sat rang FB15k bao gom dit lieu thit nghiém
dugc cadc mo hinh nhin thay tai thoi diém dao tao (test leekage). Trong FB15k,
van dé nay la do su hién dién ciia cac quan hé gan giong nhau hoac nghich do
ctia nhau.FB15k-237 dude xay dung dé tré thanh mot tap dit lieu thach thic
hon: cac tac gia da chon cac dit kién lien quan dén 401 quan hé xuat hién nhicu
nhat va loai bo tat ca cac quan hé tuong duong hodc nghich dido. Ho ciing dam
bao rang khong cé thuc thé nao duge két néi trong tap huan luyén ciing dude

lien két trie tiép trong tap test va validation.

5.1.3 Bo dit lisu WN18

34, 7)634 832

29,715
30,000 |- i
20,000 |- i
10,000 |- 7,382 7,402 n
4,816 4,805
2,921 2,935 3,118 3,116
1,299 923 629 l s 903 630 1,138
ol - ] i

@ " - o e, N o K N N
& X <° <° 6\ <° o(\ X o xS o o 9 R
M ‘\o( ¢ & & © o“\\ \o“\\ (o“* & o \»"7’% N I I S g &
% ;
¥ SN & & & K # R T R é\&\ & S & X7
</ )
& & AN N boé\ bo‘(\ bo@ &7 @,)\0 / S 3
& 7 3 x? & & [ & o &
@ & & & & & ° &7 ) ? &
S &7 P &7 &7 &£ &7
S &0 & L& @
& &e,é‘ & & & B B

Bo dit lieu nay duge gidi thieu béi cac tac gid cia TransE [5], duge trich
xuat tit WordNet?, mot ban thé hoc ngon ngit KG cé nghia 1a cung cap mot
tit dién/tlit dong nghia dé hé tr¢ NLP va phan tich van ban ty dong. Trong

2https://wordnet.princeton.edu/
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WordNet, cac thic thé tuong ting véi cac tap hop (word senses) va cac quan hé
dai dién cho céc két noi tit vung ctia chiing (vi du: “hypernym”). Dé xay dung
WNI18, céc tac gia da sit dung WordNet lam diém bat dau va sau dé lap di lap

lai loc ra cac thuc thé v méi quan hé véi qua it lan duge dé cap.

5.1.4 Bo dit lisu WN18RR,

Bo6 dit liéu nay la mot tap hgp con cia WN18 duge xay dung bdi DeSmers et
al.[11], cling 1a nguoi gidi quyét van dé ro ri thit nghiem (test leakage)trong
WNI18. Dé giai quyét van dé do, ho xay dung tap dit lieu WN18RR théch thiic
hon nhiéu bang cach ap dung mot phuong phap tuong tu duge sit dung cho
FB15k-237 [42)].

5.2 Cac do do

Trong phan nay ching toi mo t& lai cdc phuong phap danh gia (do do), moi
truong thuc hién cling nhu cac tap dit litu ma ching toi st dung dé danh gia
phuong phap ctia minh. Céc phuong phap danh gia (do do) nay ciing pho bién
n6 duge danh gia cho hau hét cac mo hinh du doan lien két trén do thi. Chung
toi tién hanh so sanh véi bén phuong phap ndi bat khac dude bao céo trong
137].

5.2.0.1 Do do Hit@K (HOK)

D6 1a ty 1é cac du doan ding ma rank nhé hon hodc bang ngudng K:

g € Q :rank(q) S K |

HQK =
| Q|

5.2.0.2 Mean Rank (MR)

Day la gia tri trung binh ctia rank thu dugc cho moét dy doan chinh xac. Cang

nho thi mé hinh cang chinh xac:

1
MR=—— rank(q)
a1 2
q€Q
Trong d6 | Q | 1a do 16n ctia tap hop cac cau hoi bang do 16n clia tap test hoic

vadidation. Khi du doan chtung t6i du doan ca head va tail cho mdt dong tuong
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ting trong tap dit liéu thit nghiém. Vi du chin t6i sé du doan (7, relation, tail)
va (head, relation, ?) cho 1 dong tuong iing, ¢ thé hién cho cau héi ching toi du
doan va rank(q) thé hién cho két qua ding clia cau hoi ding & vi tri thit may
trong xép hang ctlia chiing t6i sau dé lay trung binh rank ctia cic du doan head
va tail. RO rang do do nay nam giita [1,| s6 lugng cac entity || do c6 t6i da n
canh né6i 1 dinh t6i n — 1 dinh con lai va thém canh néi t6i chinh dinh né(canh
khuyén). Va do do nay dé bi &nh hudng bdi nhiéu vi ¢6 nhimg quan hé c6 nhiing
thuc thé duge xép hang gan cudi. Dé giai quyét van dé nay nhom ching toi va

cac nhém nghién cttu khac st dung thém do do Mean Reciprocal Rank (MMR)

5.2.0.3 Mean Reciprocal Rank (MMR)

Day la xép hang déi ting trung binh, 13 nghich ddo clia gia tri trung binh ctlia
rank thu duge cho mot du doan chinh xac & trén. Va cang 16n thi mo hinh cang
chinh xac. Do do do nay lay nghich ddo clia cidc rank nén tranh dudc van de

nhiéu ciua do do MR & trén.

1 1
MRR=—= 3 ———
| Q | rank(q)
q€Q

5.3 Phuong phap huan luyén

5.3.1 Huan luyén trén moé hinh KBGAT

Dau tién ching toi khéi tao cac vector nhiing bing mo hinh TransE ([5]). Dé
tao ra cac bo ba khong hgp le, ching toi thay thé cac thuc thé dau va thuc thé
dudi bang mot thuc thé khac duge lay ngau nhién trong tap thuc thé .

Sau d6 chiing to6i chia ra lam hai phan huan luyén, phan dau tién dudc xem
nhu mé héa (encoder) gitip bién doi céc vector nhiing khéi tao ban dau thanh
céc vector nhiing méi tong hop thong tin cac nit lan can bang moé hinh KBGAT
dé tao ra cac vector nhing ciia thuc thé va quan hé. Phan tht hai duge xem
nhu qué trinh gidi ma (decoder) dé thitc hién nhiém vu du doan, bing cach lay
them thong tin ctia n-hop gitp ching toi tong hop them thong tin tit cac thuc
thé lan can, ngoai ra ching t6i con st dung quan hé phu trg dé tong hop them
thong tin hang x6m trong do thi thua. Ching toi sit dung ham t6i wu Adam vdi

téc do hoc p = 0.001. S6 chiéu cudi ciing ctia cd thuc thé va quan hé déu bang
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200. Cu thé céc sieu tham s6 wu dude tim kiém bing thuat toan tim kiém luéi

(grid search) dugc trinh bay ¢ Phu luc A.

5.4 Két qua thuc nghiém

Nhu da néi truée day véi mo hinh dya trén luat cia ching t6i hoan toan co
thé thue hién trén mot laptop véi cau hinh thong thuong. Trong thi nghiém cta
chiing toi cau hinh may dé thuc thi nhu sau: T480, core i5 8th Gen, ram 16GB,
4 core 8 thread. Ma nguon thyc thi duge viét bang ngon ngtt Python phién ban
3.6 va dung cidc ham ho trg c¢6 san trong Python véi khong mot thu vién bén
thit ba nao. Thi nghiem dugc thyce hién v6i bon tap dit lieu pho bién 1a FB15k,
FB15-237, WN18 va WN18RR. Thong tin chi tiét cac bo dit lieu nay duge mo
ta & Muc 5.1 cac tap dit lieu huan luyen.

Nhu mo ta & phan Thuat toan 2, thuat toan AnyBURL nay sé hoc cac luat
duge sinh ra trong mot khodng thoi gian nhat dinh do nguoi ding cau hinh.
0 day chtung toi chon cau hinh thoi gian 14 1000 giay tuong duong khoang 17
phiut dao tao, véi do bao hoa (SAT) 0.85, do tin cay Q 0.05, kich thuéc mau
S (5 tap huan luyen). V6i cau hinh nhu vay mo hinh phien ban Python cia
ching tdi cho két qua tuong duong v6i phién ban Java nhém tac gid Meilicke,
Christian et al. [27] v6i cau hinh tuong tuy nhung thoi gian training 1 100 giay.
St khac biet ve thoi gian hoc tap ¢ day chi yéu 1a do hiéu ning ciia hai ngon
ngt Python va Java. o) day ching t6i chon ngoén ngt Python vi né duge dung
lam ngon ngit chinh cho nhiéu mo hinh tri tué nhan tao gan day, va cling thuan
tién cho ching t6i khi so sanh hiéu nang ciing nhu danh gia véi cac phuong

phap hoc sau khac da s6 duge viét bang Python.
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FB15k FB15k-237

H@1 | H@10 | MR | MRR | H@1 | H@Q10 | MR | MRR
ComplEx 81.56 | 90.53 | 34 0.848 | 25.72 | 52.97 | 202 | 0.349
TuckER 72.89 | 88.88 | 39 0.788 125.90 | 53.61 | 162 | 0.352
TransE 49.36 | 84.73 | 45 0.628 | 21.72 | 49.65 | 209 | 0.31
RoteE 73.93 | 88.10 | 42 0.791 | 23.83 | 53.06 | 178 | 0.336
ConvKB 59.46 | 84.94 | 51 0.688 | 21.90 | 47.62 | 281 | 0.305
KBGAT 70.08 | 91.64 | 38 0.784 | 36.06 | 58.32 | 211 | 0.4353
AnyBURL | 79.13 | 82.30 | 285 | 0.824 | 20.85 |42.40 |490 | 0.311

Bang 5.2: Két qua thiyc nghiém trén tap FB15k, FB15k-237

WN18 WN18RR
H@1 | H@10 | MR | MRR | H@1 | HQ10 | MR | MRR
ComplEx 94.53 | 95.50 | 3623 | 0.349 | 42.55 | 52.12 | 4909 | 0.458
TuckER 94.64 | 95.80 | 510 |0.951 | 4295 |51.40 | 6239 | 0.459

TransE 40.56 | 94.87 | 279 | 0.646 | 2.79 94.87 | 279 | 0.646
RoteE 94.30 1 96.02 | 274 |0.949 |42.60 | 57.35 | 3318 | 0.475
ConvKB 93.89 | 95.68 | 413 |0.945 | 38.99 | 50.75 | 4944 | 0.427
KBGAT 35.12 | 57.01 | 1974 | 0.4301

AnyBURL | 93.96 | 95.07 | 230 | 0.955 | 44.22 | 54.40 | 2533 | 0.497

Bang 5.3: Két qua thuc nghiém trén tap WN18, WN1SRR
Bang 5.2, va Bang 5.3 mo ta cic két qua thuc nghiém ctia ching toi v6i cac

do do HQK cung v6i cac két qua thite nghiém clia cac phuong phap khac duge
dé cap trong khéo sat [37]
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AnyBURL | Batch edge AnyBURL | Edge AnyBURL
hit@10 | 82.22 82.48 83.08
FB-15k MR 285 250 220
MRR | 0.824 0.853 0.866
hit@10 | 42.40 43.40 43.51
FB15k-237 | MR 490 472 441
MRR | 0.311 0.353 0.377
hit@10 | 95.07 95.09 95.19
WN18 MR 230 229 228
MRR | 0.955 0.955 0.956
hit@10 | 54.40 54.63 54.70
WN18RR | MR 2533 2346 2215
MRR | 0.497 0.553 0.581

Bang 5.4: Két qua do chinh xac hai chién luge thém tri thic méi

Bang 5.4 mo td cac két qua thic nghiém ciia ching toi véi hai chién luge

thém tri thitc méi vao do thi. Ching t6i danh gia trén tong s6 luat duge sinh

ra, va so luat c¢6 do tin cay >= 50% va >= 80%.

Batch edge AnyBURL | Edge AnyBURL
num rule 1011 1367
FB15k confidence 50% | 416 (41,14%) 1185 (86,69%)

confidence 80% | 284 (28, 09%) 481 (35,18%)
num rule 1120 756

FB15k-237 | confidence 50% | 244 (21,79%) 660 (87,30%)
confidence 80% | 95 (8,48%) 162 (21,43%)
num rule 533 260

WN18 confidence 50% | 270 (38, 46 %) 252 (96,92%)
confidence 80% | 240 (34,19%) 225 (86,54%)
num rule 439 106

WN18RR | confidence 50% | 110 (25,05%) 102 (96,22%)
confidence 80% | 83 (18,91%) 85 (81,19%)

Bang 5.5: Két qua danh gia vé s6 luat hai chién luge thém tri thitc méi
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Chuong 6. KET LUAN

Trong phan nay, chting toi da trinh bay cac két qua dat duge ctia mo hinh dé
xuat, kém theo cac phan tich chi tiét trén ting tap dit lieu khac nhau nham lam
r6 nhitng diém manh ciing nhu céc han ché con ton tai. Qua dé, ching toi xéc
dinh céc huéng nghién citu tiém nang dé cai thien mo hinh trong tuong lai.

Mic dit phuong phap diya trén luat clia ching to6i cho thay hiéu suat so sanh
duge véi cdc mo hinh hoc sau hien dai (state-of-the-art), dong thoi c6 wu thé
ro rét vé thoi gian huan luyén - chi khoang 17 phit so v6i hang gio 6 cAc mo
hinh hoc sau - diéu nay khong c6 nghia rang cac mo hinh hoc sau khong dang
duge nghién cttu. Trai lai, qua phan tich hiéu qua trén cac tap dit lieu khac
nhau, ching t6i nhan thay rang véi nhing bo dit lieu c6 da dang quan hé nhu
FreeBase, mo hinh KBGAT stt dung co ché chi ¥ cho két qua vugt troi so véi
trén cac tap nhu WordNet, von ¢6 s6 lugng quan hé it hon. Diéu nay cho thay
tiem niang ctia viec khai théac cac co ché hoc sau phit hop véi ting dic diém cta
du liéu.

Diéu nay chitng té co ché chi ¥ bo sung thém thong tin vector nhing quan
hé gitp hoc dude cac cau tric ctia do thi tét hon trén cac tap dit lieu nhiéu loai
quan hé. D6i véi tap dit lieu c6 nhiéu mau tuong tu va nghich ddo nhu FB15k va
WN18RR, mo hinh duya trén luat AnyBURL dat dudce két qud vugt troi, trong
khi véi phuong phap hoc sau mo hinh chi dat két qua trung binh so véi cac
phuong phap khac. Mo hinh dya trén luat AnyBURL c6 wu thé t6t hon trén
cac tap du lieu FB15k va WN18RR, tuy nhién vé6i cac tap dit lieu da loai bo
cac thong tin tuong tu hodc nghich dao nhuw FB15-237 va WN18RR thi phuong
phap dua trén luat to ra kém hiéu qua hon vi mo hinh nay hoc dya trén cac
duong di hoac lien két da xay ra. V6i phuong phap hoc sau, mo hinh biéu dién
cac quan hé va thuc thé len khong gian dé hoc duge moi quan hé gitta ching,
chinh vi vay ma mo hinh hoc sau dat két qua tét hon trén céc tap dit lieu nhu
FB15k-237 va WN18RR so véi cac tap dit lieu nhu FB15k va WN18. Mot trong
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nhiing wu diém cia phuong phap dua trén luat dé la cac luat dude sinh ra cé
the 1y giai dude trong qua trinh hoc, va c¢6 thai gian hoc vuct troi so véi cac
phuong phap khac. Tuy nhién, sau qua trinh hoc phuong phap dua trén luat
phai duyét qua tat ca cac luat da hoc méi co thé dua ra duge du doan. Day la
mot diém ma cac phuong phap hoc sau thé hién t6t hon, vi thong qua cac trong
s6 da hoc, mo hinh hoc sau KBGAT thong qua cac 16p tinh toan c6 thé bién
déi dau vao thanh cac két qua xac xuit du doan nhanh hon. Nhuge diém véi
phuong phép hoc sau la qua trinh hoc khong thé 1y giai duge, hon nita chi phi
huan luyén rat ton kém. D6i v6i hai thuat toAn md rong clia ching toi trong
viéc thém tri thic méi vao do thi ching to6i nhan thay rang 1a vudt troi hoan
toan so véi cac phuong phap hoc sau.

Qua trinh nhing do thi gitp bieu dién cac dic trung ctia thuc thé, quan hé
hay cac diac trung ctia do thi tri thitc thanh cac vector c6 so6 chiéu thap hon
(Muc 4.1), nhung trong thic té, mot tri thic duge biéu dién bang nhing thuc
thé va nhiing quan hé 14 hoan toan doc lap v6i nhau nén can phai biéu dién
chiing thanh cic vector c¢6 s6 chiéu khac nhau, ty 1& s6 chiéu gitta ching ciing
13 van dé quan trong can nghién cttu. Bén canh d6, trong thé gidi thuc, yéu t6
thoi gian 1a thong tin quan trong cé thé thay doi hoan toan ¥ nghia ctia mot
tri thic. Vi vay, cach co ché chi ¥ bd sung thém thong tin thoi gian 1 mot
trong nhitng huéng nghién ctu ching toi can ap dung dé dam bao tinh ding
dan ctia do thi tri thic. Déi véi phuong phap hoc trén luat AnyBURL, gan day
nhanh hoc tang cudng (reinforcement learning) kha phat trién va nhém téc gia
Meilicke, Christian and Chekol [26] gan day cfing da c6 1 nghién citu dé t6i wu
hoa lai phuong phap AnyBURL nay. Ching toi cling ¢6 ¥ dinh nghién citu ve

huéng nay va c¢d gang bao céo lai trong mot tuong lai khong xa.
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Phu luc A. CAC SIEU THAM SO TOI UU

Trong phan nay, ching toi trinh bay tap hop cac siéu tham sb t6i wu duge si
dung cho ca hai mo6 hinh: mo6 hinh dya trén co ché chi § va mo hinh ConvKB.
Qua trinh tdi wu siéu tham s6 duge thie hién thong qua phuong phap tim kiém
ludi (grid search) dua trén chi s6 déanh gia Hits@10. Ddi v6i mo hinh cha ¥,
ching toi huan luyén trén toan bo tap dit lieu ma khong thic hién chia nho.
Trong khi d6, déi v6i mo hinh ConvKB, ching toi ap dung cting mot kich thude
sieu tham s6 cho tat ca cac tap dit lieu. Chi tiét cac sieu tham s6 duge thé hien

trong bang sau:

1 Weight decay Epochs negative ratio Dropouts apeakyRELU Nhead Diinal Y
FB15k le-3 1le-5 3000 2 0.3 0.2 2 200 1
FB15k-237 1le-3 1le-5 3000 2 0.3 0.2 2 200 1
WN18 le-3  be-6 3600 2 0.3 0.2 2 200 5
WNI8RR 1le-3 be-6 3600 2 0.3 0.2 2 200 5
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