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MO HINH MANG NORON GNN CHO XU LY DU LIEU BIEU DIEN

DUOI DANG PO THI
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Bai bao nay trinh bay tong quan vé mé hinh mang noron d6 thi (GNN) va kha ning tng dung cia
n6. Day 1a mét md hinh mang noron méi, phét trién tir md hinh mang noron dé quy. GNN dugc
thiét ke ddc bigt dé xu ly dir ligu biéu dién dudi dang do thi, mot dang di liéu pho bién trong cac
linh vuc thi gidc mdy, hda hoc phan tir, sinh hoc phan tir, nhén dang mau va khai pha dir li¢u... Bai
béao dé cap téi ngudn gdc ciia mang GNN, kién tric mang, thuat toan hoc va mot sb ung dung thuc
tidn, dong thai chi ra cac danh gia vé két qua, tinh kha thi va dinh huéng nghién ctu tiép theo.

Tir khéa: Mang noron nhdn tao, mang novon do thi, mang dé quy, mang truy hoi, mang truyén thang.

GIOI THIEU

bé biéu dién modi quan hé tuy nhién cta di
lidu, nguoi ta thuong str dung cdu tric dit lidu
dd thi. Céu trac dit liéu nay dugc ap dung
nhiéu trong céc linh vuc thi gidc may, hoa hoc
phén ti, sinh hoc phan tr, nhdn dang mau,
phén tich anh, xur ly ngdn ngli ty nhién va
khai pha dir liéu... Ung dung thudc céc linh
vuc nay dugc chia lam hai loai: graph-
focused va node-focused. Vi du, cic ung
dung phan 16p anh thudc loai graph-focused,
con tng dung nhan dang dbi tugng trong anh
thudc loai node-focused. Tuy nhién, ciu triic
dd thi twong dbi phirc tap va duoc chia 1am
nhiéu loai nhu: db thi ¢6 hudng, vo hudng, co
chu trinh va khong c6 chu trinh...
nghién ctfru cdc md hinh tinh toan phu hop la
can thiét. Trong linh vuc mang noron nhan
tao, da c6 mot vai mo hinh mang ap dung cho
dang dir liéu nay. Vi du nhu, mang noron dé
quy (Recursive neural networks-RNN) [1][2]
ctia M. Gori. Nhung RNN khéng tryc tiép xur
1y dit lidu dd thi, ma trude d6 phai tién xur Iy
dé anh xa dir liéu dd thi thanh vector s6 thuc
[3]. Diéu nay lam méat di mot s6 thong tin quan
trong nhu quan hé vé hinh trang giita cac niit
trong dd thi. Ngoai ra, RNN chi ¢ thé xur ly
dang db thi c6 huéng va khong co chu trinh.
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Niam 2005, M. Gori va dong nghiép tiép tuc
dé xuit mo hinh mang noron do thi (Graph
Neural Network-GNN) [4][8] phat trién tir
RNN, cho phép xu ly true tlep hau hét cac
dang dd thi, ma khong can tién xur Iy dir liéu
vé dang vector. GNN la mé hinh mang noron
c6 giam sat. Moi noron trong GNN twong tmg
v6i mot nit trong dd thi, cac noron dugc két
nbi voi nhau theo cach két ndi cua cac nit
trong dd thi va cap nhat trang thai, trao ddi
thong tin cho dén khi mang dat trang thai can
bang. Pau ra cia GNN dugc tinh toan cuc bd
tai mdi nut dua trén trang thai cta nat do.
Tuong ty nhu md hinh mang noron té bao
[5][6] va Hopfield [7], GNN sir dung co ché
khuéch tan thong tin dé dam bao mang dat
trang thai can bang. GNN da dugc tmg dung
trong nhiéu bai toan nhu dinh vi dbi tuong [9],
xép hang trang web [10], trich rat ndi dung cau
[11], phan 16p anh theo cAu trac [12]...

Trong bai bao nay, phan 2 trinh bay so qua vé
mang noron dé quy — tién than ciia GNN,
phan 3 trinh bay mé hinh mang GNN, phan 4
trinh bay thuat toan huin luyén ciia mang,
phan 5 trinh bay mét sb ung dung va cudi
cung la phan két luén.

MANG NORON BE QUY [1]

Mang noron d¢ quy la mét lop cac mang
noron, dau hiéu dic trung co ban cua mot
mang d¢ quy (RNN) Ia mang d6 phai chua it
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nhét mot chu trinh, khi duoc kich hoat mang
s& c6 thé thuc hién viéc lap. Mang co nhiéu
dang kién tric khac nhau nhung luén cé
chung 2 dac trung quan trong:

- Két hop mot s mang truyén thang da 16p
thanh mot hé thng con.

- Tan dung kha ning 1ap ban dd phi tuyén cua
mang truyén thang da 16p cong voi mot sd
dang bd nho.

| Qutputs ‘
F

/\f(ru )

| Hidden Units |

A

h(t+1)

x(t) h(t)

| Inputs ‘
Hinh 1. Kién triic tong qudt ciia RNN

Hinh 1 minh hoa kién tric tbng quat cia mot
mang RNN véi cac 16p dau vao, 16p diu ra va
16p an. Ngoai ra, “Delay” dugc hiéu 1a do tré
vé& mit tin hiéu cho budc hoat dong tiép theo,
Kkét qua tinh toan hién tai s€ dugc st dung cho
viéc tinh toan lan sau ciia mang.

Nhu da trinh bay, RNN c¢6 thé xtr Iy mot s6
bai toan véi dang dit lidu db thi, nhung khong
truc tiép xtr 1y dit liéu do thi, ma trude do
phai tién xir Iy dé anh xa dir liéu do thi thanh
dang vector sb thyuc [3]. Piéu nay lam mat di
mot s6 thong tin quan trong nhu quan hé vé
hinh trang giita cdc nit trong d6 thi chinh vi
vay GNN di duoc dé xuit dé khic phuc
nhitng diém yéu nay.

MO HINH MANG NORON PO TH] [8]

D6 thi G 1a mot cip (N,E), trong do N 1a tap
cac nlt, E tap cac canh cua do thi. Goi ne[n]
1a tap cac nat lién k& voi nut n, co[n] 1a tap
céc canh ¢6 nat 1a n. Cac nat va canh cta dd
thi c6 thé dugc gin nhdn 1a cac vector sd
thyc, biéu dién cic dic trung hodc cac mdi
quan hé gura chung. Nhan ctia nat n ky hi€u

lal,e R , nhan cua canh (ny, n,) ky hiéu la
Iz € R , V&1 Iy tap cac nhan ctia nut, I tap

cac nhan cua canh. Cac d6 thi duoc xét & mot
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trong hai dang 6 chi sd va khf)ng ¢6 chi sd.
M01 lang giéng U ctia nit n trong do thi co chi
s6 duoc gan mot dinh danh duy nhit v,(u)
bang ham v,:ne[n] —{1,..,|N[} dé chi ra vi tri
logic ctia né.

Goi H1a tap cac d6 thi, N1a tap con cac nut
cua A, gia sur co tap hoc sau:
H={(Gi, nij, )l G=(Ni, E)eG;
tijeR", I<i<p, 1<j<qi}

Trong do, n;jeN;la nat thu j cia tap nat N, t;
la diu ra mong mudn cua nit nij p<|Hl, q;
<|Ni|. Mang dugc thiét ké theo nguyén tic
mdi dinh trong dd thi twong tng véi mot nat
(noron) trong mang. Mot nut n trong mang sé&
duoc gén mot gia tri trang thai X,, va c6 mot
gia tri dau ra 0, dugc xac dinh boi:

njj ENi;

Xn= W(In,lco[n],xne[n],lne[n])
On = Guw(*nIn)
V6i f,y 1a ham truyén, g,, 13 ham dau ra, |, 14
nhan nit n, lgepy 18 nhan cua cac canh cé dinh
13 N, Xnepy 12 trang thai cac nut lang giéng vai n,
lnegry 14 nhdn cac nut lang giéng cta n. Hinh 2
minh hoa cich xac dinh trang thai x; cia nut 1.

1)

Trong truong hop do thi khong danh chi sb,
ham f,, cta (1) dugc thay thé boi:

= > h, ( ¥ u,Iu),neN )

uene[n]

X1=fw(l1, l22), l@1), L4y, lie,2), X2, X3,
X4, X6, 12, 13, J4, ?
co[l

Xne[1] Ir\t%[l]

Hinh 2. Biéu dién trang thdi x1 ciia mit 1 diea vao
théng tin lang giéng ciia né

Dé thyc hién mé hinh mang GNN can dam bao:
C6 phwong phap thuc hién cong thie (1)
C6 thuit toan hoc phu hop d’é diéu chinh f,
va g, st dung tap dir liéu huan luyén
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Dinh 1y diém c6 dinh cta Banach [13] di
chtng minh ton tai duy nhat (1) va goi y cach
tinh trang thai ké tiép cua x theo (3):

X(t+1) = Fu(x(t).1) @)

Thuc té, cong thirc (3) sir dung phuong phap
lap Jacobi giai phuong trinh phi tuyén [14]
nén trang thai va du ra ké tiép duoc tinh:

Xn(t+1)=Fu(ln, lcogn, Xnen1(t), lnern)
On(t) = guw(Xa(t), In),n

Nhu vay, tu dd thi ban dau ta can xay dung
mot md hinh tinh todn thoa man cong thic (4)
bang cach thay thé mdi dinh trong dd thi boi
mot don vi tinh toan f,. M6 hinh nay dugc goi
1a mang ma hoéa (Hinh 3b). Mdi don vi n luu
trlr trang thai hién tai X(t), khi kich hoat s&
tinh trang thai x,(t+1) dya vao nhan cua nd va
cac thong tin tir cic lang giéng, va ddu ra cua
né dugc tinh béi g,. Khi f, va g, duoc thuc
hién bang cic mang truyén thang thi mang ma
hoa tré thanh mang hdi quy. M6 hinh tinh
toan ciia GNN duoc biéu dién nhu Hinh 3c,
trong d6 mdi 16p biéu dién mot lan ldp tinh
toan, cac nut trong mét 16p duogc sao chép lai
tir cac don vi trong mang ma hoa.

(4)

Thuat toan hoc ctia mang [8]

Qua trinh hoc cia mang GNN duogc thyc hién
theo hudong udc lugng tham s6 w vdi giad tri
@y xap xi voi dir li€u trong tdp huan luyén.
Véi ham 161 1a ham bac hai dugc xac dinh
nhu sau:

Thuat toan hoc dwa trén chién lugc giam
Gradient, gdm cac budc sau:

Budc 1: Lap lai viéc cap nhat trang thai X,(t)
theo (4) dén 1an 13p T thoa méan x(T) ex, Vi x
Ia vector tong hop cua tat ca cAc trang thai.

Budc 2: Tinh gradient 8eW—(T)

ow
Budc 3: Cap nhat trong s6 w theo gradient
tinh & budc 2.
Theo d6 thuét toan hoc c6 thé duge minh hoa
nhu sau:

lis Ow

Ou(t)
b) Mang ma hoa

Iy I ). I g, Il o).
4_, 4_'

ly

4_1
<o 5]
4%

_time to

¢) M6 hinh tinh toan cua GNN
Hinh 3. Minh hoa cdch xa”y‘d@mg mot mang GNN
tir mot do thi

[t —eu (G, >)2 ®)

i

p
=2

i=1l j=

Khéi tao w;
x=Forward(w);

Repeat
aﬂ = Backward (x, w);
ow
W=W — \. 08, ;
ow

szgrward(W);
Until (diéu kién dirng)
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Ham Forward(w) nhu sau:

Khoi tao x(0), t=0;

Repeat
X(t+1)=Fu(x(t),1);
t=t+1;

Until ||x(t)-x(t-1)|| < &

return x(t);

Ham Backward(x,w) nhu sau:

O=GW(X IN)!
OF,
A=—""(x1);

2 (k)
oe, 0G
— (1)
do "~ Ox ()
Khéi tao z(0), t=0;
Repeat
z(t)=z(t+1).A+b;
t=t-1;
Until ||z(t-1)-z(t)||<ep;
O, 0G,

" 90 ow (XI )
d:z(t).%ivg(x,n;
oe

—==c+d,
ow

oe,,
return —~;
ow

Pé tinh g, va f, ta xét mang trong hai trudng hop
GNN tuyén tinh (khéng danh chi s) [8]
Cong thuc (2) dugc tinh nhu sau:

hw(ln, I(H,U)a Xuy Iu) = An,uxu + bn . (6)
trong do, b,eR®, A, eR*™® 13 dau ra cua hai
mang truyén thing twong Ung Forcing
Network va Transition Network, cac ham
¢, R SR va p R" —R® dugc thuc
hién boi Forcing Network va Transition
Network. Ta co:

__H =
Ao = s|nefu]| ™ )
bn = Pw <In) (8)

voi ue(0,1), va E:resize(¢w(In,l(n’u),lu)),

resize(.) 1a toan tir chuyén ddi cac thanh phan
cua mot vector S chiéu thanh ma tran sxs. Chu
y, trong truong hop nay Fy(x,1)=Ax + b, vi
oF,
va
Y ox
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GNN phi tuyén (khéng danh chi so) [8]

hy duoc thuc hién boi mang truyén thing da
16p, c6 thé x4p xi bit ctr ham nao. Tuy nhién,
khong phai tat ca cac thong sé déu duoc sir
dung vi phai dam bao ham chuyén d6i tuong
ung 1a mét anh xa thu hep. Do d6, (5) dugc
thém vao mot gia tri diéu chinh nhu sau:

€ =iq2(ti,j —eu(Giny)) L || i |

i=1 j=1
trong do, gia tri didu chinh L(y)=(y-,u) néu
y>u, nguoce lai L(y)=0 va 4=(0,1).

MOT SO UNG DUNG CUA GNN

Xic dinh ddi twong trong anh [9]

Xac dinh d6i tugng co trong anh hay khong.
Anh dua vao dugc mi hoa vé dang dd thi
vung lién ké (RAG). Cac dinh 1a cac Vung
dong nhat trong anh, s¢ c6 mot canh nodi 2
dinh néu 2 vung tuong img la lién ké.

Nhén nut bao gom cac dac trung clia ving
anh nhu mau sic (mau trung binh), hinh hoc
(dién tich, chu vi, trong tam)...trong khi dé
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nhan canh gém dic trung mau sic (s khac
biét mau trung binh gitta 2 nat), hinh hoc
(khoang céch gitia 2 trong tdm cta 2 nut, géc
gitra 2 tryc chinh...)...

Hinh 4. Minh hoa cdach xdy dyng o6 thi viing lién
ke tir anh dau vao

Néu sb chiéu cua trang thai 1a 10, 10 16p an
cho ham f va 10 16p an cho ham g, d6 chinh
xac lén to1 90%

Xép hang cac trang web [10]

Dé co thé tién hanh xép hang cac trang web
v6i GNN ngudi ta tién hanh ma hoa nhu sau:

www.ing.unisiit/~franco

www.ing.unisi.it

www.ing.unisi.it/people

WwWw.ing.unisi.it/~marco

www.uow.edu.au/~linus [

www.uow.edu.au/~markus

WWW.Arc.gov.au/~act

=

Hinh 5. D6 thi héa méi quan hé giita cdc trang web
Mot db thi véi mdi dinh twong tng voi mot
trang web va canh ndi giita 2 dinh s& duoc
thiét 14p néu c6 lién két giita 2 trang web.

(b) Region Adjacency Grapr:
(RAG) using Edge Flow

Hinh 7. M¢t 56 cach ma héa anh thanh do thi
Ung dung thyc hién véi 350 anh cho d6 chinh xac dao dong tir 60% dén 80%.

(a) Original Image

(c) Grid structure using
dense sampling

St dung mang truyén thang véi 3 16p ( mot
16p 4n), 5 noron an véi tap dir licu khoang
4000 trang web thi viéc xép hang theo chu dé
mét khoang du6i 2 phut.

Trich rit ciu [11]

Véi muc dich kha thu vi 1a cho mdt tai liéu
vao rit ra cAu “quan trong” dé 1am ban tom
tat coa tai liéu. Ung dung tién hanh ma hoa
nhu sau:

N\ Y

Input Pre-processing: GNN learning and -
Documents documents analysis testing ‘

Post-processing:
selection of sen-
tences

Representations of Output: sentences
S documents by graph score

)
/

J {sree: | sTep:2 )| sree:s
Hinh 6. Cdch xdy dung dé thi tir mot tai liéu
M3i tai liéu duge to chic thanh mot do thi
véi mdi dinh twong ung véi mot cau, hai
dinh s& dugc ndi v6i nhau thanh mot canh
néu hai cdu twong tng c6 “do twong tu”
vuot ngudong cho trudc.
Mic du chua thé chinh x4c hoan toan nhung két
qua dat duoc khi thuc hién bing GNN dugc
danh gia vuot trdi so voi cac md hinh khac.
Phin loai anh theo céu tric [12]
Véi muc dich phan loai anh theo cAu triic vao
danh muc cho trude. Anh dau vao c6 thé duge
t6 chire dir liéu nhu mot s6 kiéu dudi day:

(d) Minimum Spanning Tree
(MST) using Hessian-Laplace

'(e) Delaunay Triangulation
using Hessian-Laplace
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Gnd ST - unfifened
- RAG Detaungy - uriillered
80t
704 s
g™ ~.
< __.d" ——— -
60 -
a0t :
Bottles Camels Guitars Houses
Categories

"RAG | Grid | MST | Delau |
| | | Unfilt. | Uniffilt. |
| 5835 | 70.21 | 6416 | 6245

Ave AUC

KET LUAN

GNN la mot mé hinh mang noron méi, mé
rong va ké thira tir 2 mé hinh mang dé quy va
chudi Markov. N6 ¢6 thé xir ly duoc hau hét
cac dang dit lidu dd thi: do thi co thé co chu
trinh hodc khong, do thi ¢ hudng, vo hudng
hozc hon hop. M6 hinh nay dua trén mot co
ché phuc hoi va khuéch tan thong tin. Mot
thuat toan hoc co ban cling da dugc trinh bay
phan nao cho chiing ta thay dugc do phirc tap
ctia mo hinh. Bai bao ciing da dé cap téi mot
s6 tmg dung pho bién c6 thé giai quyét bang
GNN. GNN la mot mé hinh méi cho van dé
xtr ly dir liéu biéu dién dudi dang dd thi
nhung lai ¢6 kha nang lam viéc duogc vdi hau
hét cac dang dd thi. Bing cach tiép cin m&i
mé cho nhing van d& tuéng nhu cii ki (phan
loai anh, dinh vi d6i twong trong anh hay xép
hang cac trang web...) n6 hira hen s€ ngay
cang dugc ing dung rong rai.

Tuy nhién ban than do thi 1a mot dang dit liéu
phirc tap, viéc tién xir 1y dé biéu dién dir liéu
khéc vé dang dit liéu dd thi lai cang phirc tap
hon. Ngoai ra, khdi lugng tinh toan theo mo
hinh GNN 1la kha 1én va phuc tap, gay ra
nhiéu khé khan khi trién khai. Pay 1a nhiing
van d& can can nhic va hira hen s& mo ra
nhiéu hudng nghién ctru trong thoi gian t6i.
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SUMMARY
GNN NEURAL NETWORK MODEL
TO PROCESS THE DATA IS PRESENT AS GRAPHICS

Le Anh Tu'", Nguyen Quang Hoan?,

Nguyen Van Nghiem', Le Son Thai'

ICollege of Information and Communication Technology — TNU
2posts and Telecommunications Institute of Technology

This paper presents an overview of the graph neural network model and the possibility of its
application. This is a new neural network model, developed from the recursive neural network
model. GNN is specifically designed to process data which is represented in graphs, a common
data format in the field of machine vision, molecular chemistry, molecular biology, pattern
recognition and data mining... The paper not only refers to the origin of GNN networks, network
architectures, algorithm and a number of practical applications, but also indicates the evaluation of
the results, the feasibility of further research.

Keywords: Artificial neural network, graph neural network, recursive neural network, recurrent
neural network, feedforward neural network.
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