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Tém tat: Va cham 132 mot trong nhiing vin d& co ban cAn phdi xit ly trong cdc hé théng dd hoa mdy tinh va tuong tic
thuc tai 40. Phat hién va cham 14 khau m& dau, mang tinh chit quyét dinh dén cic tic vu xi ly va cham ctia hé théng.
Trong bai bdo nay, chiing tdi trinh bay mot sb cai tién dé phat hién nhanh va cham ctia mo6 hinh vai dudc biéu dién duéi
dang mit tam gidc. Sy tuong tc clia vai vdi cac vat thé€ khac va véi chinh né nhu gip, cudn lam cho qua trinh phat hién
va cham tr§ nén phiic tap hon. Ky thuat dé xuét st dung thuit todn loc pha rong va loc pha hep dudc thir nghiém va cho
két qua tot trén ba bo dif liéu md hinh vai khac nhau trong thu vién GAMMA, tbc do phat hién va cham trung binh nhanh
gip khoang 2.3 1an so v6i phuong phdp clia Tang va cong su, nhanh gip khoéng 1.34 1an so vé6i phuong phép clia Zhang

va cdng su.

Tt Khoa: Phdt hién va cham, mé phong, mé hinh 3D.

Title:
Abstract:

Fast Collision Detection Technique of Interactive Fabrics in Virtual Reality Environment
Collisions are one of the fundamental problems that need to be dealt with in computer graphics and virtual reality

systems. Collision detection is the first step, which is decisive for the system’s collision handling tasks. In this paper,
we present some improvements for fast collision detection of fabric model represented as triangle mesh. The interaction
of the fabric with other objects and with itself, such as folding and rolling, makes the collision detection process more
complicated. The proposed technique using the broad-phase filter algorithm and the narrow-phase filter algorithm is
tested and gives good results on three different fabric model datasets in GAMMA library, the average collision detection
speed is about 2.3 times faster times compared to the method of Tang et al., about 1.34 times faster than the method

of Zhang et al.

Keywords:  Collision detection, simulation, 3D modeling.

I. GIOI THIEU

Phat hién va cham 1a mdt trong nhiing tac vu co ban ctua
cc hé thong mo phong thuc tai 40, dd hoa mdy tinh, diéu
khién robotics, games,... Cac ddi tugng 3D trong hé théng
mo phéng c6 thé 1a cac mo hinh vt thé rin hoic md hinh
vat thé bién dang, trong d6 vai 1a mot trong nhitng mo hinh
vat thé bién dang dién hinh. Bai bdo nay tip trung vio vin
dé phat hién va cham ctia md hinh vai dugc biéu dién duéi
dang mdt tam gidc. Hinh [[|minh hoa qud trinh va cham cta
vai trén mot 14 cd ¢ hinh biéu trung ctia Hdi thio VNICT
dang tung bay trong gio.

Ké thita va phét trién tif cdc phuong phdp ctia Tang va
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cong su [10], Zhang va cong su [20] vé& phat hién va cham
trong cac md hinh vat thé bién dang, ky thuat dé xuit
trong bai bao nay cho phép ting nhanh tbc do phat hién va
cham trong cdc mo hinh vai khac nhau thudc bd dit liéu
GAMMA (Geometric Algorithms for Modeling, Motion,
and Animation) thuoc Truong Pai hoc Maryland, Hoa Ky.

Phan con lai cdia bai bdo dudc ciu tric nhu sau: Muc II
trinh bay vé cdc nghién ctiu lién quan. Muc III trinh bay
ky thuat dé xuét. Két qua thit nghiém dugc trinh bay trong
muc IV. Muc V phén tich danh gid, muc VI 1a két luan va
dinh huéng nghién ciu tiép theo.
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Hinh 1. M6 phéng mét 1a cG dang tung bay theo gid, trong d6 co
céc phan vai va cham va tu va cham

II. CAC NGHIEN CUU LIEN QUAN

Pa c6 nhidu cong bd cai tién ky thuat phat hién va cham
trong cac mo hinh vat thé bién dang [3| 4, [15] [16], hau hét
déu dua trén cAu triic phan hé viing bao (Bounding Volume
Hierarchies - BVH). Di v6i cic mo hinh vat thé bién dang
nhu vai thi chi phi duyét va tdi cAu tric BVH la rét 16n,
van dé dit ra 1 can thiét ké thuat toan c6 thé hoat dong tot
trén cac cAu hinh bién dang khic nhau.  Curtis va cong
su [4] dé xuat st dung tam gidc dai dién d€ loai bd cic
phép kiém tra Lip, miic di c6 ting hiéu qua phat hién va
cham, nhung do tinh ngiu nhién cta thuit toan phan bd
cta no, nén khé tich hgp véi cac thuit toan loc khac. Sau
d6, Tang va cong su [10] da thuc hién mot sb cai tién trén
phuong phap ctia Curtis va cong su [4] d€ gidm hon nita
s6 luong cac phép kiém tra co ban, c6 kha ning mé rong
tot, chi phi luu trit thip. Trong khi d6, Brochu [1]], Tang
va Wang [[14] dua ra cic yéu cau cao hon vé do chinh
x4c tinh toan ctia hé thong.

Céc hé théng mo phong thuc tai 4o thudng xuyén phai
thuc thi céc tac vu phat hién va cham. Qua trinh phat hién
va cham chiém rit nhiéu thdi gian trong cdc mo phdng c6
su chuyén dong, dong thoi ciing 12 phan khé va phiic tap
vé tinh todn, thAm chi c6 thé giy ra tinh trang nghén nut
c6 chai [5 [0]. Nhin chung, c6 hai huéng giai phap dé ting
téc phat hién va cham: huéng thd nhét 1a st dung ciu tric
phan hé vung bao dong [15, 16] va huéng thu hai la st
dung thuat toan loc[5} 12} (19, 20]. Tuy nhién, trong nhiing
mo phéng va cham ma cdc mo hinh c¢6 mic do bién dang
rt 16n thi phuong phap st dung thuat toan loc trong cong
bd ctia Du [5] va Tang [12] t ra kém hiéu qua vi khong
Xt ly dugc truong hgp ludi tam giac bi lat.

III. KY THUAT PE XUAT
1. A. Mb ta k§ thuat
a) Mo td chung

Nghién cifu ctia chiing t6i ké thita va phat trién trén co
s& giadi phap loc cta Tang [10] va Zhang [20] vi tinh kha
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Hinh 2. So do tdng quat ky thuat dé xut

Pha hep

thi vd phit hop dbi v6i vat thé chét lieu vai. Két qua thi
nghiém cho thiy ky thuat dé xuét hiéu qua ngay ca khi
mo hinh vai bi bién dang rt 16n. Qua trinh phat hién va
cham dugc chia thanh hai pha 1a pha rong va pha hep nhu
minh hoa trong Hinh 2. Trong d6, pha rong 1a qua trinh
kiém tra va cham giita cidc hop bao, pha hep 1a qud trinh
kiém tra va cham giita cdc mat Iugi tam gidc. Pha rong
loai trit cdc cip ddi tuong khong thé giao nhau, két qua
ctia pha nay 1a chon ra dudc cac dbi tugng c6 kha ning va
cham. Pau ra ctia pha rong 1a diu vao ctia pha hep. Pha
hep tinh todn d€ xdc dinh chinh x4c nhiing d6i tugng thuc
su va cham. Chiing toi dé xudt mot k¥ thuat ting toc phat
hién va cham cho m6 hinh vai duva trén cdc thuét toan loc
pha rong va loc pha hep minh hoa trong Hinh 2] Ky thuét
dé xuit loai bé céc cip ddi tuong khong c6 kha ning xay
ra va cham va ting tdc phat hién va cham.

Phan hé ving bao BVH 1a mot céu tric dif liéu dang
cdy dugc tao thanh trén co s& phan tich cic dbi tuong
can dugc kiém tra va cham. BVH déng vai trd quan trong
trong viéc biéu dién cdc vat thé va xi 1y phat hién va cham.



Chu tric BVTT (Bounding Volume Traversal Tree) biéu
dién hé théng phan cip cta cic phép kiém tra chong lap
(overlap tests) dudc thyc hién trong qua trinh duyét BVH.
MB&i nit trong BVTT dai dién cho mot phép kiém tra chong
l4p duy nhit gitta mot cip khdi bao.

Cong doan diu tién 1a khdi tao md hinh ba chiéu diu
vao va st dung phuong phap ICCD ciia Tang [[10] d& danh
d4u nhim dam bo ring viéc kiém tra cip ddi tuong co
s3 chi dugc thuc hién mot 1an. Sau d6, cic khdi bao BV
(Bounding Volume) dugc xay dung. Tuy theo cic BV co6
chdng 14p nhau hay khong, c6 thé loai trit mot sb cip tam
gidc va cac cip dbi tuong co sé khong c6 kha ning va
cham.

Chuyén sang cong doan ké tiép, phuong phap loc dua
trén tinh chat hinh hoc ctia Tang [12] dudc st dung dé xac
dinh tinh dong phang, va sau dé phudng phéap loc dua vao
phép toan dai s6 clia Zhang [20] dugc st dung dé xdc dinh
su ton tai nghiém ctia phuong trinh khoang céch.

b) Loc pha rong

Viéc phat hién va cham trén cac md hinh vai tip trung
vao hai vin d& chi yéu 1a cic phép kiém tra co sé va tu
va cham.

Céc phép kiém tra cd s6: Thuc hién 15 phép kiém tra co
sG gilta cac mat (Face), canh (Edge) va dinh (Vertex) cua
hai tam gidc, gdm 6 phép kiém tra dinh-mit (Vertex-Face
ghi tit 1a VF) va 9 phép kiém tra canh-canh (Edge-Edge
ghi tit 12 EE).

Tu va cham: Do chuyén dong bién dang va thay ddi
hinh dang c6 thé din dén tu va cham.

M&i vat thé ba chiéu (3D) dudc tao thanh tif nhiéu mit,
do d6 chi phi dé& kiém tra va cham la rit cao. Hau hét
cdc hé théng thuc té 4o st dung phuong phdp phat hién
va cham dua trén cic khdi bao. Khdi bao 1a mot khong
gian hinh hoc khép kin bao boc hoan toan ddi tugng.
Hinh [3| cho thiy mot s6 loai khdi bao dugc st dung trong
cdc ky thuat phat hién va cham: khéi bao cin chinh theo
truc AABB (Axis Aligned Bounding Box), khdi bao hinh
ciu SBB (Sphere Bounding Box), khéi bao xic dinh theo
huéng dbi tugng OOBB (Object-Oriented Bouding Box)
va khoi bao da dién rdi rac ¢6 huéng k-DOP (k-Discrete
Oriented Polytopes). Bang E] thé hién két qua so sdnh céc
loai khéi bao phé bién theo cac tiéu chi ddnh gia khac nhau.

C6 bdn tiéu chi danh gia trong bang trén vad mdi tiéu chi
danh gia dugc chia 1am bén miic d6 dudc danh sb tir 1
dén 4 (quy udc gia tri s6 1 1a tot nhét, gid tri sb cang cao
thi mic d6 ddp tng cang thip). Viéc chon loai khéi bao
dugc xdc dinh bdi nhiéu yéu t6 nhu: chi phi xiy dung khbi
bao, chi phi cap nhat lai khéi bao khi d6i tuong di chuyén
hoic thay d6i hinh dang/kich thudc, chi phi x4c dinh diém
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Hinh 3. Mbt s6 loai khéi bao dugc sit dung trong cac ky thuat
phat hién va cham

va cham va muc d§ chinh xac cua phuong phap phat hién
va cham,... Trong bai bdo nay, ching t6i Iua chon st dung
khbi bao k-DOP dé€ théa hiép giita céc tiéu chi danh gid va
thuén 1¢i cho viéc tinh toan phat hién va cham ctia caic mo
hinh vii. Khéi bao k-DOP ciing dugc st dung trong céc
nghién ciu cia Curtis [4]], Du [5} 6], Tang [10} [12} [13]] va
Zhang [19, 20].

Cac dbi tugng dugc biéu dién bang ludi tam gidc. Bé
mit 1udi cung cAp rat nhiéu thong tin hitu ich c6 thé dugc
st dung d€ ting téc phat hién va cham. Néu mudn kiém
tra xem hai tam gidc 7, va f, c6 cit nhau trong thdi gian
AT hay khong, cac phuong phéap phat hién va cham truyén
théng can tién hanh giai 15 phuong trinh bic ba, trong d6
gdm 6 phép kiém tra VF va 9 phép kiém tra EE.

Chiing t6i cho rang khong can thiét phai st dung dén 15
phép kiém tra, c6 thé cai tién va thay thé bang mot chién
lugc méi dé€ giam s lugng phép kiém tra. Véi t, va 1, 1a
ké nhau thi chi can dén 4 phép ki€m tra 12: (va.tp ),(Vpala
)(el.e} ) va (ke ). BSi vi viéc phat hién va cham giita
cdc tam gidc lién ké d& dang hon so véi cdc tam gidc khong
lién k&, toan bd qua trinh phat hién va cham dudc chia thanh
hai budc. Budc dau tién kiém tra cdc tam gidc khong lién ké
va budc thi hai ki€m tra cdc tam gidc lién ké. Vi vay, budc
thd hai sé tin dung 1gi thé nay. Trong qud trinh kiém tra
khong lién k&, (tg.tp ) vd (v4.tp) dudc kiém tra dong thdi.
Tuong W, (ta.tn) Va (Vp,t,) dudc kiém tra dong thdi, (fe.tf
) va (el.e; ) dugc kiém tra dOng thdi, (r¢,t4) va (e2.e3)
dugc kiém tra dong thdi. Vi vy, trong tinh hudng nay néu
phép kiém tra cdc tam gidc khong lién k& dudc thuc hién
trude thi c6 thé tranh dugc tit ci cic phép kiém tra céac
tam gidc lién ké. D€ cai thién hiéu qui loc, BVH dugc xay
dung t ba dang BV: BV dinh (V-BV), BV canh (E-BV) va
BV mit (F-BV) [4]. Khi BV ctia hai tam gidc chong 1én
nhau, v& mit 1y thuyét thi cn tién hanh 15 phép kiém tra.
Nhung trén thuc té, néu ching toi st dung cac E-BV thi
chi can 2 phép kiém tra.

Tai thoi diém o thi tam gidc & vi tri thAp hon va tai
thdi di€ém ¢; thi tam gidc chuyén dong dén vi tri cao hon.
Vé mit ly thuyét thi c6 thé st dung mot BV 16n dé bao
pht c hai vi tri, din dén viéc phai tién hanh gidi nhiéu
phuong trinh bac ba d€ kiém tra xem trong thdi gian AT,
dinh c¢6 cham vao tam gidc hay khéng. Trong tinh hubng
nay, ky thuit loc khong thim nhdp 1a mdt cach hiéu qua
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Bang I
SO SANH CAC LOAI KHOI BAO

Loai khéi bao | Tinh don gian | Si dung bd nhé hiéu qua | Mitc dé bé sat (tight-fighting) | Phii hop cho mé hinh vai
SBB 2 1 4 3
AABB 1 2 3 1
OOBB 4 3 2 4
k-DOP 3 4 1 2

va dé dang hon nhiéu dé thuc hién phép kiém tra nay. Gia
st phdp tuyén clia tam gidc thay ddi tif 779 thanh 7, va 7y
12 phdp tuyén tai thoi di€ém bét ky. Chiéu dinh a va p 1én
phép tuyén 72;, néu trong thdi gian AT khoang cich chiéu
luon khac khong thi dinh va tam gidc khong thé tiép xiic
nhau. P& xdc dinh dugc khoang céch nay can st dung dén
cac phép tinh toan, tuy nhién viéc tinh todn don gian hon
nhiéu so véi viéc giai cac phuong trinh bac ba.
¢) Loc pha hep

Gia thiét ring cac dinh ctia tam gidc chuyén dong véi
van tbc khong ddi trong khoang thdi gian ¢ € [0, 1]. Phat
hién va cham lién tuc giita hai tam gidc chuyén dong/bién
dang bao gom mot tip cac phép ki€m tra VF hoic EE Cho
bbén diém xl(t) va van tbc khong ddi ctia ching v; (t) v6i
i=(1,2,3,4), ham khodng cdch d(t) gita dinh x3 va tam giéc
X1x2x3 hodc gifta canh x1x; véi canh x3x4 dudc xdc dinh
nhu sau:

d(1) = [x2(1) = x1 (D] x [x3(2) = x1(0)] x [x4() = x1 ()]

(H
trong d6 ¢ € [0, 1], v;(1)=x;(1)-x;(0), x;(1)=x; (0)+#77, ky
hiéu toan tif "x" bi€u dién phép tich chéo, ky hiéu todn

ti " ." biéu dién phép tich v6 hudng. D€ don gian, ta dit
JZ}=x,-(0), do d6 cong thiic c6 thé biéu dién lai dudi
dang:

d(t) = [x3, + 1v3,] X [x3, + 1v3,] X [x3, + V4, ]

@)

trong d6 ta st dung cdch viét ngn gon X7, va v;, d€ biéu
thi X;-v; va v;-v; tuong Gng. Sau khi sdp xép lai cdc thanh
phan thu dudc d(t) dudi dang mot da thiic bac ba nhu sau:

3

d(l) = a3t3 +a2t2 +ait+a

trong do: as = x3, X x3,.

Bén diém dong phing (tic 1a d(t)=0) la didu kién can
thiét d€ x4y ra va cham giita hai tam giic. Do d6, mot
phuong trinh bic ba ¢ thé dudc suy ra. Nghiém ¢ € [0, 1]
clia phuong trinh d(t)=0 s& 1a thdi gian tiép xic ctia hai
tam giac. Trong thuét toan, va cham dugc phat hién khi
khoang cach nhé hon ngudng cho trudc. Néu khong ton tai
t € [0,1] thi khong c6 va cham gita hai tam gidc trong
khoang thai gian [0,1].

Chiing t6i két hop thuat todn loc dua trén cic phép toan
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dai sb va thudt toan loc dua trén cac dic diém hinh hoc
[12] lién quan dén tinh ddng phang ciia cac cip VF, EE.

Y tudng chinh 1a xdc dinh xem c6 tdn tai bat ky nghiém
nao trong khoang thoi gian [0,1] hay khong bang nhiing
cach don gian va chi phi thap. Néu su khong ton tai cla
nghiém nguyén trong khoang thoi gian ¢t € [0,1] dugc
xdc dinh s6m hon thi c6 thé tranh dugc viéc phdi gidi cdc
phuong trinh bic ba véi chi phi tinh toan khd cao. Cu thé,
chiing tdi 4p dung quy tic diu Descartes va dinh ly Vincent
d€ phan ly nghiém.

Dinh 1y 1. (Quy tic diu Descartes) Goi f(t) 1a mot da
thic theo iy thita gidm dan cda t. Bién ddi diu xdy ra bat
ctt khi nao cac hé sb khiac khong lién ké 1a khac diu. Ky
hiéu VAR(f(t)) 12 s6 cip hé s6 khac khong lién ké c6 dau
ngudc nhau. Trén thuc té, ta chi quan tim dén doan [0,1].
Dinh ly Vincent 12 két qui ctia quy tic Descartes vé dau
khi 4nh xa t tir (0,00) dén (0,1) v6i anh xa r < 1/(t + 1).

binh 1y 2. (Pinh ly Vincent) Xét ham g(¢r) = (r +
D" f(1/(t + 1)), néu VAR(g(t))=0, véi n 1a bac cta f(t)
thi f(t) khong c6 nghiém nao trén [0,1]. S6 nghiém thuc
duong cia g(t) bang s6 nghiém thuc cta f(t) trén [0,1]. V&
ham khoang céach d(t) trong coéng thic (3) la f(t), theo DPinh
ly 2, g(t) dugc biéu dién duéi dang cong thic (4). Ap dung
quy tic dau Descartes cho g(t), ta c6 két ludn nhu trong
Bang [M] dudi day:

Bang II
SU TON TAI CUA NGHIEM

VAR(g(t))
0 0
1 1
2 2 hodc 0
3 3 hoidc 1

$6 nghiém

Tit Bang [II| c6 thé thiy rang st dung Pinh 1y 2 cho ham
khoang cach d(t) c6 thé nhanh chéng x4c dinh su ton tai clia
nghiém clia phuong trinh khoang cach. Khi VAR(g(t)) bang
1 hodc 3, ¢6 thé danh gid rang ham khoang cach cé nghiém.
Trong trudng hop nay, phuong trinh khoang cich cin dudc
tinh toan chinh xac. Néu VAR(g(t)) bing 0 thi phuong trinh
khong c6 nghiém nguyén trén [0,1]. VAR(g(t)) bang 2 thi



su ton tai cia cdc nghiém la khong chic chan. Liic nay,
nghiém c6 thé khong ton tai hodc c¢6 thé c6 2 nghiém.
Trong trudng hop nay, g(t) can dudc phan tich thém. Dau
tién, phan tich g(t) thanh g;(¢r) va g,(#) nhu trong cdng
thic duéi day. Hé s6 b; véi i=(1,2,3,4) trong cong thic (4)
c6 thé dudc tinh bé“mg a; véi i=(1,2,3,4) trong cong thic

).

g =+ D" f(1/t+1) = b3’ +bat*> + byt + by (4)
trong dé b3 = ayp
b2 =a)+ 3a0
bl = a2+2a1 +3a0
bo=az+ar+a;+ay
va
gi1(t) =g(t+1)
= b3t> + (by +3b3)1% + (b +2by + 3b3)1
+ (bo+ by + by + b3) 5)
va
() =+ 1)>g(1/t+1)
= bot> + (b1 +3bo)t* + (by + 2b) + 3bo)t
+ (bo+ by +by+b3) (6)

Néu VAR(g((2)) = 0 thi f(t) (tdc 1a d(t)) khong cé
nghiém trén [0,1/2].

Néu VAR(g>(1)) = 0 thi f(t) khong c6 nghiém nao trén
[1/2,1].

Néu VAR(g(1))=2 va VAR(g (1)) =0 vaVAR(g2(1)) =0
thi ¢6 thé két luan ring d(t) khong cé nghiém nao trén [0,1].
Do d6 c6 thé tranh dudc viéc giai phuong trinh bac ba.

2. Thuat toan

a) Thudt todn pha rong

Pha rong loai trit cdc cip d6i tugng khong c6 kha ning
xdy ra va cham, két qua ctia pha nay 1a chon loc ra dugc
cdc d6i tugng c6 kha ning va cham (néu c6). Thuit todn
Algorithm1 thuc hién tinh toan tai mdi frame dé tra vé céc
cip d6i tuong c6 kha ning xdy ra va cham.

b) Thudt todn pha hep

Pha hep tinh todn d€ x4c dinh chinh xdc c6 xdy ra su va
cham hay khong. Viéc dau tién 1a thuit todn Algorithm?2
tién hanh kiém tra tinh dong phang ctia cic cip VF (hoic
EE). Sau d6 4p dung phuong phap dai s6 dé xdc dinh su
ton tai hay khong ton tai nghiém ctia phuong trinh khoang
cich va dua ra cic két luan tuong tng.
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Thuét toan 1: Algorithml1 //Loc pha rong

1 Dt liéu vao: Mo hinh 3D dugc bi€u dién dang ludi tam

gidc.
2 Dit liéu ra: Céc ciip dbi tugng c6 kha ning xdy ra va
cham.
3 begin
4 Tao BV;
5 Thiét 14p ciu triic phan cAp BVH theo chiéu ti trén
xubng;

6 Thiét 14p ciu triic ciy BVTT duya vio phép duyét ciu
triic phan cip BVH;

7 Kiém tra su chdng 14p, loai bd céc cip cip dbi tugng
khong c6 kha ning xay ra va cham tuong tng la
v6i niit 14 ctia cay BVTT; if khong chong ldp then
8 end

9 exit;

10 (c6 kha niing xay ra va cham) thi chuyén sang thuc
hién Algorithny2}

11 end

Thuét toan 2: Algorithm?2 //Loc pha hep

1 Du liéu vao: Toa do 04 dinh cta cdp VF hodc cip EE
can kiém tra va cham.

2 Dit liéu ra: Két luan va cham (thdng tin diém tiép xdc,
vecto phap tuyén clia mit tiép xuc,...) hodc két luin
khong va cham.

3 begin

4 Kiém tra va thuc hién loc dua vao cic dic diém hinh

hoc (tinh dong phﬁng ctia cap VF hoac cédp EE);

5 Tinh VAR(f(x)) d€ phan tich su ton nghiém trong [0,

1];
6 Ap dung quy tic diu Descartes va dinh ly Vincent;
7 end

IV. THU NGHIEM VA KET QUA
1. Méi truong thit nghiém

Moi trudng tht nghiém 1a may tinh CPU Intel (R) Core
(TM) i7-7820HQ @ 2,90 GHz, st dung ngdn ngit C++ trén
Windows va cac tap du liéu GAMMA (Pai hoc Maryland).

2. Du liéu
Ba bo dit liéu dudc st dung dé€ danh gid hiéu suit ctia
cdc thuat todn bao gom:

(b)

Hinh 4. Minh hoa trén cic bo dit liéu trong thu vién md GAMMA:
(a) BO dir liéu Princess, (b) Bo dit liéu Flamenco, (c) Bo dit liéu
Cloth-ball
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Bo dit liéu Princess (Hinh @. ): M6 phdéng mot ¢6 gai
miic chiéc vy dai thuc hién dong tic mia nhe nhang. Mo
hinh gém 40000 tam gidc.

B6 dit liéu Flamenco (Hinh Eb): Mo phdng mot co géi
mic chiéc vdy xoe c6 07 16p vai thuc hién cic dong tic
mua theo vii diéu Flamenco. Bo dit liéu nay c6 s6 lugng
vai tu va cham réat 16n. M6 hinh gdm 49000 tam gidc.

B6 dit liéu Cloth-ball (Hinh E}:): M6 phédng mdt manh
vai (gdm 92230 tam gidc) phd trén dinh clia qua cau va
khi qui ciu cudn tron cudn theo manh vii din dén c6
nhiéu phan vai ty va cham.

Bang 111
THONG TIN VE BO DU LIEU
Bo dit lidu | S6 tam gidc | SO dinh | S§ canh | S§ frames
Pincess 40000 20000 60000 464
Flamenco 49000 26000 75000 352
Cloth-ball 92230 46598 138825 94

Mobi bd dit lieu c6 nhiéu frames dudc mo ta thong tin
chi tiét trong BANG 3. Tit dit liéu v& cdc mo hinh, ¢ thé
thdy riang néu tit ca cac dinh, mit, canh dugc kiém tra theo
tung cdp theo cach “vét can” ma khong st dung cac thuit
toan loc thi lugng tinh toan 1 rit 16n.

a) Két qud

Két qua trong BANG 4 cho thiy hiéu qua ctia phuong
phép dé xuét dugc st dung trong bai bdo nay. So sanh cho
thiy Flamenco c6 hiéu qua loai b & mic cao. Céc thuat
toan loc hai pha c6 thé phat huy dic tinh loc t6t khi md
hinh vai c6 miic d6 bién dang rét 16n.

V. SO SANH, PHAN TICH VA PANH GIA
1. So sanh va phan tich

Chiing tdi so sanh két qua thii nghiém phuong phép dé
xult v6i cdc phuong phap cla Tang va Zhang
20).

Phuong phdp ciia chiing t6i ¢6 hai uu diém néi bat: Thi
nhét 13 thoi gian thuc hién kiém tra chong 14p khbi bao va
duyét BVH dugc giam ding ké ddi véi cic md hinh vai
trong bo dif lidu thii nghiém vi loai bd sém céc dbi tuong
khong c6 kha ning va cham; thi hai 13 chién lugc loc hai
pha hiéu qua gidm dugc duong tinh gia (False positive-FP)
va ting tdc phat hién va cham.

Biéu d6 trong Hinh [5| so sanh cho thiy phuong phip dé
xuét c6 két qui chay nhanh hon. Ly do 1a ching toi st
dung két hop ci yéu t6 hinh hoc va dai s6 dé loai bd cic
cip VF va cdc cip EE khong va cham, tién hanh dinh gid
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& Phuong phap cla Tang [10]
= Phuong phap cda Tang [12]

Phuong phap cia Zhang (18]
= Phuong phap cla Zhang [20]
u Phuong phap @& xust

g

g

H

hlllLﬁnll |

B6 dirligu
Cloth-ball

86 diF ligu
Princess

86 dit ligu
Flamenco

Hinh 5. Mbt s6 loai khéi bao dugc st dung trong cdc kj thuat
phat hién va cham

su ton tai nghiém clia phuong trinh khoang céch, tiét kiém
mot phan thdi gian cho cdc thao tic gidi phuong trinh,
giam sd lugng phép todn phiic tap.

a) Han ché

Phuong phap trong bai bao chi ap dung cho trutng hgp
cAu tric 1uéi tuong ddi 6n dinh, néu mo hinh bi rach hoic
vO trong qua trinh va cham thi phudng phap chua xu ly
hiéu qua. Ngoai ra, ning lyc tinh toan cia GPU da dugc
ting 1én dang ké trong nhiing nim gan day, dé c6 thé phat
hién va cham theo thdi gian thuc thi phuong phap dé xuét
cin md rong céch tiép can véi GPU.

VI. KET LUAN, PINH HUGNG NGHIEN CUU
PHAT TRIEN

Trong bai bo nay, chiing t6i trinh bay mot sb cai tién dé
phét hién nhanh va cham ctia md hinh vai dugc biéu dién
dudi dang mit tam gidc. Phuong phap dé xuit sit dung
thudt toan loc pha rong va loc pha hep dugc thit nghiém
va cho két qua tét trén ba bo dit lieu mo hinh vai khéc
nhau trong thu vién GAMMA, toc d§ phat hién va cham
nhanh gip khoang 2.3 1in so v6i phuong phap ctia Tang
va cong su, nhanh gip khodng 1.34 1an so v6i phuong
phép ctia Zhang va cong su. Trong tuong lai, ching t6i du
kién nghién ctiu xt& ly va cham vé6i cdc ciu tric lusi mo
hinh c6 thé bi cit hodc rach, v3,... va mé rong cach tiép
can nay v6i GPU dé€ cai thién va ting téc thuit toan hon nita.

VIL. LOI CAM ON

Chung toi xin chan thanh cdm on cdc tic gia cua ba bo dit
liéu md hinh vai khac nhau trong thu vién GAMMA, céc tac gia
Tang, Zhang va cOng su.
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Tém tat: Hau hét cdc phuong phap rit gon thudc tinh theo tiép can tinh todn hat cla tap tho va tap thd mé rong hién
nay déu sit dung cic do do dé ddnh gid do quan trong clia thudc tinh ciing nhu dinh nghia tap riit gon. Cac do do nay
chi yéu lay xip xi do tuong tu giita cac hat thong tin md truc cdm ma khong thé hién day di mic do tuong tu vé mit
cAu triic, do d6 tap riit gon thu dugc con chua hiéu qua vé kich thuéc. Do d6, trong bai bdo nay chiing t6i dé xuit mod
hinh riit gon thudc tinh theo tiép cin topo md truc cam (Intuitionistic Fuzzy Topology - IFT). Trong dé d6 do do khac
biét giifa cic cd sé con (subbase) ctia IFT dugc dinh nghia d€ lam cong cu phén loai thudc tinh va ciu triic co s6 (base)
ctia IFT don vi dugc st dung d€ dinh nghia tap rit gon. Céc két qua phan tich vé phuong dién 1y thuyét va thuc nghiém
cho thiy phuong phap riit gon thudc tinh theo tiép can IFT cho tap riit gon c6 kich thudc nhd hon ding ké so véi tiép
can do do truyén thong, trong khi do chinh xdc phan 16p cda tap rit gon thu dudc c6 thé chip nhan dugc trong mot sd
bai toan thuc té.

Tw khoa: rit gon thudc tinh, tdp tho, tdp mo truc cdm, topo ,topo md truc cdm.

Title: Intuitionistic Fuzzy Topology-Based Attribute Reduction on the Decision Table

Abstract:  Most attribute reduction methods following the granular computing approach of rough sets and extended rough sets
today use metrics to evaluate the attribute’s importance and define the reduced set. These measures mainly approximate
the similarity between intuitionistic fuzzy granular but do not fully represent the structural similarity so that the resulting
reduct could be more efficient in size. This paper proposes an attribute reduction model according to the intuitionistic
fuzzy topological approach. The measure of the difference between the subbases is defined to evaluate the attribute’s
importance, and the unit base of the unit topology is used to define the reduced set. The results of the theoretical
and experimental analysis show that the attribute proposed method has a significantly smaller size than the traditional
measure approach, while the classification accuracy of the reduct is acceptable in some real problems.

Keywords: attribute reduction, rough set, intuitionistic fuzzy set, topology, intuitionistic fuzzy topology.

I. GIOI THIEU bang quyét dinh gbc ma khong phéi trdi qua qua trinh rdi
R rac héa di liéu. Khi d6 khai ni€ém cac hat thong tin mo

Rut gon thudc tinh 1a mot qua trinh tiél} XU ly dit liéu dua trén nén tap mS (Fuzzy Set - FS) [7] va hat thong tin
quan trong trong cic linh vic ,nhzfln \dang mau, khai thac d& e cam dua trén nédn tap md truc cam (Intuitionistic
liéu va hoc mdy. Trong thuc te, nhﬂiéu thudc tinh (attribute) Fuzzy Set - IES) [9, 10, 12] dudgc st dung. Pay la céc
hay cac dic trung (features) c6 thé loai bd khoi tap di liu

) b khdi niém md rong tif hat thong tin truyén thong dé xay
ma khong dnh hudng dén chat lugng cia md hinh dugc xay

¢ dung céc dd do md rong nhu: mién duong md truc cim
dung so véi tap dit liéu goc [2]. (Intuitionistic Fuzzy POS - IFPOS) [10], entropy mJ truc

Déi v6i cic bang quyét dinh c6 mién gid tri s6 (lién cam (Intuitionistic Fuzzy Entropy - IFE) [12], khoang cach
tuc). Céc thuat todn hién nay déu rit gon truc tiép trén cic md truc cam (Intuitionistic Fuzzy Distance - IFD) [9]. Trén
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0 s d6, cic thuat toan rit gon thudc tinh trén tip nén FS
va IFS dugc phat trién [9, 10, 12]. Tuy nhién cac thuét toan
ndy van st dung cdc do do d€ danh gia do quan trong cia
thudc tinh cting nhu dinh nghia tap rit gon. Cac d6 do nay
cht yéu lay xap xi do tuong tu gifta cac hat thong tin mo
truc cdm ma khong thé hién diy di mic do tuong tu vé
mit clu tric, do d6 tap rit gon thu dudc con chua hiéu
qua vé kich thudc.

Gan day tiép can rit gon thudc tinh trén nén khong gian
topo dudc nhiéu nha nghién ctiu quan tdm do nhiing mébi
lién hé vé céu triic giita tap thd va topo néi chung, tip thd
md tryc cam (Intuitionistic Fuzzy Rough Set - IFRS) va IFT
[2-4] néi riéng. Trong d6, mdt sb phuong phap xdy dung
topo da dudc dé xuét thong qua cic phuong phép tiép can
nhu: phuong phéap dua trén quan hé uu tién [11], phuong
phédp dua trén tdp tho (RS) [2-4]. Tuy nhién cac nghién
cliu ndy chi diing lai & khia canh 1y thuyét, chua c6 ting
dung rit gon thudc tinh hoan chinh cho bang quyét dinh
néi chung va dic biét d6i v6i bang quyét dinh c6 mién gia
tri s&/ lién tuc néi riéng.

Trong bai bdo nay chiing ti st dung ciu triic topo md
truc cam dé xiy dung mo hinh rit gon thudc tinh theo tiép
can Filter. Trong d6 tip nén IFS dudc st dung do IFS dudc
cong dong nghién cifu danh gia cao vé kha ning xii ly tot
céc trudng hop dii liéu nhiéu [8, 9, 10]. St dung do do
do tuong tu gitta cdc cAu tric co sd con md truc cim (IF-
subbsae) ctia IFT d€ danh gia thudc tinh va st dung ciu
triic ¢d s md truc cam (IF-base) don vi ctia IFT lam diéu
kién ding ctia thuit toan. Phan con lai ctia bai bdo dudc t&
chic nhu sau:

Phén II nhic lai mot s6 kién thic co ban vé tap nén IFS
va cau tric IFT. Phan III dé xuét phuong phap xiy dung
cau tric IFT va cdc phép toan tuong ting trén cic ciu tric
IF-base va IF-subbase. Phan IV dé xuit mo hinh rit gon
thuoc tinh theo tiép can Filter. Phan V trinh bay mot sb két
qua thuc nghiém va két luan dudc trinh bay trong Phan VI
cua bai bdo.

II. CAC KHAI NIEM CO BAN

Trudc khi di vao ciu tric IFT dugc dé xuat trong Phin
III ctia bai bdo, phan nay nhic lai mot sb khai niém vé
bang quyét dinh mién gid tri s6, cic dinh nghia va céc tinh
chit vé tap nén IFS va khong gian IFT.

Bang quyét dinh mién gid tri s6 dugc ki hiéu bdi trong
d6 O 1a tap khong rong cic ddi tugng, X 1a tap khong réng
céc thudc tinh diéu kién va Y 1a thudc tinh quyét dinh. Dbi
v6i mién gia tri cia mdi thudc tinh diéu kién trong X 1a
céc gia tri s6 lién tuc trong khi mién gid tri ctia thudc tinh
Y la cac gia tri r0i rac.

Dinh nghia 2.1: [3] Cho O 1a mot tap khac réng cac dbi
tugng. Tap md truc cam (IFS) A(Ajr) c6 dang:
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~ BéangI )

BANG QUYET PINH MIEN GIA TRI SO
U X1 X2 X3 X4 X5 X6 Y
o1 1.0 04 08 02 1.0 00 O
07 1.0 04 02 04 02 08 1
o3 08 06 10 00 06 04 O
o, 02 06 08 02 00 10 1
os 02 08 08 02 00 1.0 1
oo 02 08 02 08 00 10 O

Arp = {<0’ﬂA1F (0),vAr (0)) 10 € 0}
V6i mbi o € O , @6 thanh vién cta o in A;r dudc ki

hiéu bdi w4, : O — [0,1] , va d0 khong thanh vién cia
o in Arp dugce ki hiéu bdi ya,,. : O — [0,1], trong d6
0<pa,, (0)+ya,.(0) <1

Ménh dé 2.1: [3] Cho A;r va Byp la hai tdp md truc
cam xac dinh trén O. Ta co:

(1) Arr C Brr iff pa,, (0) < g (0) and ya,,. (0) 2
v,y (0) for all 0 € O.

(2) Ajp =By iff Ajp C Byr and By C Ajfr.

3) Arr = {{0.va,r (0) . pta, (0)) 1 0 € O}

(4) A;r N Byp = {< 0:Harr (0) Nty (0). > to€ 0}

Yar (0) V ¥B (0)
(5) A;jp UBjf = {< 0 s (0) V fyr (0) > i0€ 0}
Yo (0) A Vi (0)

Dinh nghia 2.2: [2] Topo md truc cam (IFT) xac dinh
trén O la mot ho 7~ cdac tap IFS trén O thdéa man céc tién
dé sau:

(T1) Oip, lip €T

(Ih) GinGreT :G1,GreT

(T3) U Gi ET:{GiZGiET,iEI}

Khi d6, cap (O, T) dudc goi la khong gian IFT.

Dinh nghia 2.3: [2] Cho O la tap khong réng cac dbi
tugng, khi d6 co sé (base) cua topo 7 trén O la mot tip
hgp B cla O sao cho:

(1) V6i moi 0 € O , tdn tai G € O sao cho o € G.

(2) Néu 0 € G| NG, , thi tdn G3 € B sao cho o € Gj.
Trong d6 G3 =G| NGy, va G1,G, € B.

Pinh nghia 2.4: [2] Cho khong gian topo md tryc cam
(0,7).Khidé S € 7 dudc goi la mot cd sé con (subbase)
clia 7~ néu giao hitu han cic phan ti cia S tao thanh co
sG (base) B cua T .

III. CAU TRUC TOPO MO TRUC CAM SU DUNG
QUAN HE UU TIEN MO TRUC CAM

Trudc khi di vao dé xuit phuong phép riit gon thudc tinh
cho bang quyét dinh theo tiép can IFT trong Phan IV ctia
bai bdo, phan niy dé xuit phuong phap xay dung cic tap
¢0 s6 mo truc cam (IF-base) va ¢o sG con md truc cam



(IF-subbase). Sau d6 12 mot s6 phép toan va tinh chit hoat
dong trén cac IF-base va IF-subbase dudc khao sat.

Dinh nghia 3.1: Cho bang quyét dinh DT = (0, X,Y).
V6i moi (m,n) € O va 6 € [0.5,1], quan hé vu tién IFR>
tuong dng véi thudc tinh a € X dudc x4c dinh nhu sau:
IFRE (m,n) = (n, fin, Yn)

Trong do:

_| 1=la(m)—a()| if pa(m,n) =6
Hn=V0  if  other )
Yn = I- HMn

Véi: p, (m,n) = M ; a(m) va a(n) la cac gia

tri cia m va n tuong tng véi thudc tinh a.

DPinh nghia 3.2: Cho bang quyét dinh DT = (0, X,Y)
va quan hé uu tién md tryc cam IFRZ tuong Ung véi thudce
tinh @ € X. Khi d6 v6i moi (x,y) € O, quan hé IFRZ ¢6
thé dudc biéu dién dudi ma trin quan hé md truc cdm nhu
sau: My = [IFRZ (x, y)]OxO'

Vi du 1: Cho bang quyét dinh DT = (0, X,Y) nhu trong
Bang I, v6i 6 = 0.5 ta co:

(1,0)
(1,0)
0.1
x' 0,1
0,1
0.1

(1,0)
(1,0)
0,1)
(0,1)
(0,1)
(0,1)

(0.8,0.2)
(0.8,0.2)
(1,0
0,1
0,1
0,1)

(0.2,0.8)
(0.2,0.8)
(0.4,0.6)
(1,0)
(1,0)
(1,0

(0.2,0.8)
(0.2,0.8)
(0.4,0.6)
(1,0)
(1,0)
(1,0)

(0.2,0.8)
(0.2,0.8)
(0.4,0.6)
(1,0)
(1,0)
(1,0

Pinh nghia 3.3: Cho bang quyét dinh DT = (0, X,Y)
va ma trin quan hé MZ, khi d6 IF-subbase S, dugc xéc
dinh nhu sau: S, = {SL, SR}

Trong d6 SE = M2 va SR = (M2)", véi (M2)" 12 ma
tran chuyén vi clia ma trdn M_.

Vi du 2: Tiép theo Vi du 1, ta c6:

(1,0) (1,0) (0, 1) 0,1) (0,1) (0,1)

(1,0) (1,0) 0,1 0,1) (0,1) (0,1)

or | (08,02) (0.8,02) (1,0) 0,1) (0,1) (0,1)
MZ)" = (0.2,0.8) (0.2,0.8) (0.4,0.6) (1,0) (1,0) (1,0)
(0.2,0.8) (0.2,0.8) (0.4,0.6) (1,0) (1,0) (1,0)

(0.2,0.8) (0.2,0.8) (0.4,0.6) (1,0) (1,0) (1,0)

Pinh nghia 3.4: Cho bang quyét dinh DT = (0, X,Y)
va hai IF-subbase S,,S, tuong tng cta p,q € X. Khi doé
giao cia S, va S, dudc xac dinh nhu sau:

SpnSy ={SFnSk.SknsSk} )

Pinh nghia 3.5: Cho bang quyét dinh DT = (0, X,Y)
va hai IF-subbase S,,S, tuong tng cta p,q € X. Khi do6
hop cia S, va S, dudc xac dinh nhu sau:

SpuS, ={Skusk sfusk} ?3)

Pinh nghia 3.6: Cho bang quyét dinh DT = (0, X,Y)
va S, = {SL, SR}, trong d6 S 1a IF-subbase trdi, va SR
la IF-subbase phai tuong tng cia a € X. Khi d6 IF-base
B, dugc xac dinh nhu sau:

B, =S, NS “)
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Ménh dé 3.1: Cho bang quyét dinh DT = (0, X,Y) va
IF-subbase B, tuong tng véi thudc tinh a € X dudc dinh
nghia bdi cong thic (4). Khi d6 B, 1a mot cd sé cua IFT
Ta.

Vi du 3: Tiép theo vi du 2, ta c6:

(1,0) (1,0) (0,1) (0,1) (0,1) (0,1) |
(1,0) (1,0) (0,1) (0,1) (0,1) (0,1)
8 - 0,1) (0,1) (1,0) (0,1) (0,1) (0,1)
X 0,1) (0,1) (0,1) (1,0) (1,0) (1,0)
0,1) (0,1) (0,1) (1,0) (1,0) (1,0)
| (0,1) (0,1) (0.1) (1,0) (1,0) (1,0) |

IV. PHUONG PHAP RUT GON THUQC TINH
THEO TIEP CAN TOPO MO TRUC CAM

Trong phan nay ching toi d& xuét thuit todn rit gon
thudc tinh theo tiép can Filter, st dung cAu triic IFT dugc
dinh nghia trong Phan III ctia bai bdo. Trong d6 do do do
khdc biét gilta cac IF-subbase dudc xay dung d€ dinh gia
thuoc tinh va st dung IF-base ctia IFT don vi d€ 1am diéu
kién ding cta thuat toan. Cubi cling 1a phan danh gia do
phtic tap cta thuét toan.

1. D6 do do khac biét gilta cac ¢o sG con cia topo
mo truc cam
Pinh nghia 4.1: Cho bang quyét dinh DT = (0, X,Y) va
hai IF-subbase S, S, tuong ung cua thudc tinh p,q € X.
Khi d6 khéac biét cia S, va S; dudc xac dinh nhu sau:
¢ (Sp-Sq)

1 9] Lr: L Lr: L1+
o1 2 (|3,, [i] U SL []] - |SE [i] 0 SL [l]|)
l)

Ménh dé 4.1: Cho bang quyét dinh DT = (0, X,Y) va
hai IF-subbase S, S, tudng ung cua thudc tinh p,q € X.
Khi d6 cong thuc (5) 1a tuong duong véi cong thic (6) sau
day:

s)
0]
ety 2 (S5 1070 S5 1] - S 11 0

g (SP";SIQ)
&1 2 (|S,§ [i] U SE [1]] - |SE [i] n SE [1]]

1

) (6)

Ménh dé 4.2: Cho bang quyét dinh DT = (0, X,Y) va
hai IF-subbase Sy, Sxuy. Khi do:
5 Lol
£ (Sx.Sxun) = 157 3 (8F = SF Ll n sk 1]} )
i=1

la do do khac biét gitta Sx va Sxuy-
Ménh dé 4.3: Cho bang quyét dinh DT = (0, X,Y) va
hai IF-subbase Sy, Sk, v6i R C X. Khi do6:

¢ (Sy,Syux) £ ¢ (Sy,Syur)
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2. Rit gon thudc tinh cho bang quyét dinh sit dung
cau tric topo md truc cam.

Pinh nghia 4.2: Cho bang quyét dinh DT = (0, X,Y)
va R C X. Khi d6 do quan trong cua thudc tinh a € X véi
R dudc xac dinh nhu sau:

Sigr (a) = { (Sy, Syurua) — ¢ (Sy, Syur) (8

Ménh dé 4.4: Cho bang quyét dinh DT = (0, X,Y) va
hai IF-subbase Sx, Sg, v6i R C X. Khi d6: néu Bg = B;
thi Bx = 8B;.

Trong d6 By la la mot IF-base cta IFT don vi, v6i By
dugc xac dinh nhu sau:

(1,0):i=j

B
! O0,1):i#j

[i.j1= {
0<i,j<|O|

Dinh nghia 4.3: Cho bang quyét dinh DT = (0, X,Y)
va R € X. Khi d6 R dugc goi la tap rut gon cua X khi va
chi khi:

(1) Br = 8Br;

(2) Br—c # By v6i moi ¢ € R.

Thuat toan 1: Thuit todn Filter thudc tinh theo
tiép can topo md truc cam (F_IFT).

1 D liéu vao: Decision Table DT = (0, X,Y) véi 6 =0.5.
2 Dur liéu ra: Tép rit gon R.
3 begin
R « 0,
Br < [1-]oxo:
Init By;
for ce XUY do
‘ calculate S dua trén cong thic (1);
end
while Br # B; do
for ce X-R do
‘ calculate Sigg (¢) dua trén cong thic (8);

e N e

10
11
12

13 end

14 select c;u € X —R:cm= Max {Sigr (¢)};
ceX-R

15 R — RU{cm};

16 update Bgr dua trén cong thic (4);

17 end

18 Return R;

19 end

Tiép theo ching toi ddnh giad do phiic tap tinh toan ctia
giai thuat rit gon dé xuit F_IFT. Trudc tién ching toi ki
hiéu | X|, |O| tuong ting la kich thudc cuia tap thudc tinh X
va kich thudc cta tap dbi tuong O:

(1). Bo phic tap tinh toan tai cac dong 1énh 7-9 la
o (1x110P) ;

(2). Bo phuc tap tinh todn tai cic dong lénh 11-13
la O(IX—R||0|2) , do phic tap tai dong lénh 14-15

O (IX = R|), do phic tap tai dong lénh 16 1a 0(|0|2).
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Do d6 d6 phic tap tinh toan cua vong lip while la:
o (1x - RI|0P);

Tu (1) and (2), ta ¢6 dd phuc tap tinh toan cia thuat toan
F_IFT 12 O (|X| |0|2).

V. MOT SO KET QUA THUC NGHIEM

DE cling cb co s& ly thuyét vé phuong phép rit gon
thuoc tinh cho bang quyét dinh theo tiép can IFT va dinh
gia hidu niing ctia thuat todn dé xuét F_IFT dudgc trinh bay
trong Phan IV cda bai bdo, phan ndy trinh bay ké hoach
thuc nghiém va cdc két qua thuc nghiém cda thuat todn
F_IFT trén cac bd du li€u thuc.

Bang II
BANG MO TA DU LIEU THUC NGHIEM
ID Data Describe o] 1X] Y|
1 Wine Wine 178 13 3
2 Heart Statlog (Heart) 270 13 2
3 Wdbc Breast Cancer Wisconsin 569 30 2
(Diagnostic)
4 Wpbc Breast Cancer Wisconsin 198 33 2
(Prognostic)
5 Iono Tonosphere 351 34 2
6 UFDC  Ultrasonic flowmeter 181 43 4
diagnostics (C)
7 Sona Connectionist Bench 208 60 2
8 Libras  Libras Movement 360 90 15
9 Musk Musk 476 166 2
10 LVB Voice Rehabilita- 126 310 2
tion(Binary)
11 LVG Voice Rehabilita- 126 310 2
tion(Gender)
12 PD Parkinson’s Disease 756 754 2

Classification

1. Ké hoach va méi trudng thuc nghiém

Viéc thuc nghiém nhiam danh gi4 tinh hiéu qua ctia thuat
toan dé xuét bang cich so sanh thuat todn d& xuit F_IFT
v6i cac thuat toan F_IFPOS [10], F_IFE [12], va F_IFD
[9]. TAt ca cic thuét todn trén déu dugc xay dung theo tiép
can Filter thuoc tinh va sit dung tip nén IFS dé xay dung
cédc do do. Mai trudng thuc nghiém cho céac thuat toan dugc
thuc hién trén nén hé diéu hanh Window 10, CPU core i5
Processor — RAM 8Gb. Tét ca cic thuit toan déu dudc cai
dit bang ngdn ngil 1ap trinh Python va thuc nghiém véi 12
bd dit liéu thuc tir UCI [8]. Chi tiét vé céc tap dif liéu dudc
md ta trong Bang II.

Dé danh gid cac thuat todn, chiing tdi si dung ba tiéu
chi d€ danh gia do la:

1) Kich thuéc cta tap rit gon;

2) Bd chinh xac phan 16p thudc doan [0,1];

3) Thoi gian thuc hién cta thuit toan (s).

Trong d6 dd chinh xdc phan 16p dudc théng ké trén
hai m6 hinh phan 16p SVM va K-ling giéng gan (KNN)



v6i s6 lugng lang giéng 1a K=10 va p = 2 la khoang
cach Euclidean dugc st dung. P do accuracy két hop véi
phuong phap danh gia chéo 10-fold dugc su dung trén ting
mo hinh phan 16p. Céc tap du liéu trude khi rit gon dudc
chuin héa vé mién gia tri [0,1] v cong thic (1) dudc st
dung véi 6 = 0.5. Két qua so sanh trong cic Bang 1a gid
tri trung binh ctia 10 1an chay véi 10 1an liy mau ngau trén
trén tiing tap du liéu.

2. Panh gia thuat toan F_IFT

Bang III mo6 ta cac thudc tinh cta tap rut gon thu dude
tir thuat toan dé xuét F_IFT. Bang IV so sdnh kich thudc
clia tap rit gon gita thuat toan dé xudt F_IFT so v6i nhom
cac thuét toan Filter dugc mo ta & bén trén. Trong khi d6
Bang V va Bang VI dudc ding d€ so sianh do chinh xac
phén 16p trén hai m6 hinh SVM va KNN giita cac tap rut
gon thu dudc. Bang VII dugc dung dé€ so sanh vé thdi gian
tinh toan tip rut gon gitra cac thudt toan.

Nhu chiing ta c6 thé quan sét thiy tai Bang IV, thuit toan
dé xuit F_IFT cho tap riit gon c6 kich thudc tdt hon ding
k€ so véi cdc thuat toan khéc. Thong qua kich thuéc trung
binh (5.33) trén 12 tap dit liéu, chiing ta c6 thé khang dinh
thut toan dé xuat F_IFT cho tap rit gon c6 kich thudc tot
hon so v6i cac thudt todn trén toan bd 12 tap du liéu thuc
nghiém. Hon nifa thdi gian thuc hién ctia thuit todn dé xuét
F_IFT ciing rét tot, cu t€ v6i 12 tap dif liéu thuc nghiém,
thuat toan dé xuit F_IFT c6 thdi gian thuc hién trung binh
nhé nhét (1.25s). Diéu nay c6 thé ly giai dugc 1a do toc do
hdi tu cua thudt toan ti 1é thudn véi kich thude cia tap rut
gon thu dudc.

Tuy nhién, do chinh xac phan 16p cua tdp rdat gon thu
dugc tir thuat todn d& xuit F_IFT con thip hon so véi cic
thudt toan khac trén ca hai md hinh SVM va KNN dugc
xt dung, didu nay cé thé ly gidi do s6 lugng thudc tinh
clia tap rit gon kha nho, anh hudng t6i chat lugng phan
16p cia mo hinh. Thong qua do chinh xac trung binh (0.7)
véi SVM va (0.71) v6i KNN, ching ta c6 thé khang dinh
viéc danh déi giita kich thudc ctia tip rit gon va do chinh
x4c phan 16p hoan toan c6 thé chip nhan dudc vi do chinh
xédc phan 16p ctia mo hinh van c6 thé chip nhan dugc trong
mot sb bai toan trong thuc té.

VL. KET LUAN

Trong bai bdo niy, ching toi di s dung ciu tric IFT
d€ riit gon thudc tinh cho bang quyét dinh mién g tri s6.
Trong d6, céu triic IF-subbase dudc st dung dé xay dung
do do danh gia thudc tinh va ciu tric IF-base ctia IFT don
vi dudc st dung d€ 1am diéu kién diing cho thuat toan. Két
qua thuc nghiém cho thiy phuong phap dé xut 1a hiéu qua
vé thoi gian tinh todn va kich thu6c ctia tap rit gon. Diéu
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Bang III
TAP RUT GON THU BPUGQC TU THUAT TOAN F_IFT

ID Data Reduct sets
1 Wine [7, 11, 9]
2 Heart [0, 7, 9]
3 Wdbc [21, 4]
4 Wpbe [0, 1]
5 Tono [18, 9, 3, 25, 30, 6, 7, 5, 2, 19, 23, 32, 12, 4, 27,
8]
6 UFDC  [3, 26, 10, 42, 6, 29]
7 Sona [19, 30]
8 Libras  [66, 1, 71, 0, 88, 39, 89, 51, 58]
9 Musk [31, 62, 162, 164, 89, 25, 115, 106]
10 LVB [58, 51]
11 LVG [79, 82, 56, 84, 47, 49]
12 PD [0, 420, 421, 422, 423, 424, 426, 427, 430, 437,
502, 613]
Bang IV
BANG SO SANH KICH THUGC GIUA CAC TAP RUT GON
D Data F_IFT [9] [10] [12] 1X]
1 Wine 3 10 13 11 13
2 Heart 3 13 13 13 13
3 Wdbc 2 16 21 7 30
4 Wpbe 2 14 22 18 33
5 Tono 16 16 29 17 34
6 UFDC 6 6 16 5 43
7 Sona 2 10 44 12 60
8 Libras 9 10 22 30 90
9 Musk 8 8 61 10 166
10 LVB 2 5 60 5 310
11 LVG 6 6 60 6 310
12 PD 5 23 90 10 754
Average 533 11.42 3758 12.00 100.18
Bang V

BANG SO SANH bQ CHINH XAC PHAN LOP
TREN MO HINH SVM CUA CAC THUAT TOAN.

1D Data F_IFT [9] [10]  [12] |X]

1 Wine 0.89 097 098 093 098
2 Heart 0.75 084 0.84 084 084
3 Wdbc 0.8 096 097 092 098
4 Wpbe  0.77 076 077 0.76  0.78
5 Iono 0.87 084 0.88 0.86 0.88
6 UFDC  0.36 035 055 043 043
7 Sona 0.64 064 0.67 072 0.65
8 Libras  0.57 059 0.62 065 0.71
9 Musk  0.66 063 072 072 0.75
10 LVB 0.67 0.67 0.86 0.68 0.83
11 LVG 0.67 0.67 0.85 082 0.89
12 PD 0.84 084 0.88 086 0.81
Average 0.70 0.72  0.79 0.76 0.79

d6 cang khang dinh phuong phap chon diéu kién diing cho
thuat toan dé xuit F_IFT theo tiép cin IFT 1a hoan toan
phu hgp véi cach dinh nghia tip rat gon dudc phén tich
trong Phan IV ctia bai bdo.

Tuy nhién do chinh xac phan 16p con han ché so véi cic
thuét toan khac, do d6 chiing ta c6 thé can nhic viéc danh
ddi do chinh xdc phan 16p dé c6 tap rit gon c6 kich thudc
t6t va thdi gian tinh toan hiéu qua.

Hon nifa, cach tiép can chon loc thudc tinh cho tip rit
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Accuracy on SVM (%)

Accuracy KNN (%)

50 ®F_IFT m[9] m[10] =[12] m|[C]| 800 wF FT m[9] m[10] W[12] m[C]
45 700
40
600
35
30 500
& 25 & 400
wv (%)
20 300
15
200
s III II|I | || ||‘ |
5 100 I
. || 100N L] RN B __|, n
Wine Heart Wdbc Wpbc lono UFDC Sona  Libras Musk LVB
Datasets Datasets
Hinh 1. So sanh kich thudc ctia cdc tap rut gon thu dudc
120 wF FT W[9] ®[10] ®[12] m|[C| 100 wF_IFT m[9] m[10] m[12] m|C|
90
100 80
S
80 s 70
> 60
60 & 50
g 40
40 3 30
<
20 20
10
0 0
Wine Heart Wdbc Wpbc lono  UFDC Sona  Libras Musk LVB
Datasets Datasets
Hinh 2. So sdnh d6 chinh xdc phan Ip cda cac tip rit gon trén md hinh SVM
120 EF_IFT m([9] ®[10] ®[12] m|[C] 100 EF_IFT m[9] ®[10] ®[12] m|C]
90
100 80
80 s 70
5 60
60 - 50
g 40
35
40 g 30
20 20
10
0 0
Wine  Heart Wdbc  Wpbc lono UFDC Sona  Libras Musk LVB
Datasets Datasets

Hinh 3. So sanh dd chinh xac phén 16p cia cdc tap rit gon trén md hinh KNN
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Hinh 4. So sanh thdi gian tinh toan tdp rdt gon cua cac thuat toan
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Wine  Heart Wdbc Wphbc lono UFDC
Datasets
Bang VI
BANG SO SANH b0 CHINH XAC PHAN LOP
TREN MO HINH KNN CUA CAC THUAT TOAN.

ID Data F_IFT [9] [10] [12] | X|
1 Wine 0.86 096 098 088 0.96
2 Heart 0.72 077 084 077 0.77
3 Wdbc 0.74 093 097 09 0.95
4 Wpbc 0.74 079 077 078 0.77
5 Tono 0.9 0.89 088 088 0.86
6 UFDC 0.76 0.68 055 0.7 0.79
7 Sona 0.52 0.6 0.67 0.61 0.68
8 Libras  0.76 0.7 0.62 0.77 0.75
9 Musk 0.66 0.66 072 073 0.77
10 LVB 0.57 0.56 086 0.64 0.67
11 LVG 0.62 0.6 0.85 0.75 0.69
12 PD 0.82 0.84 088 086 0.84
Average 0.71 074 0.79 0.76  0.79

Bang VII
BANG SO SANH THOI GIAN TINH TOAN
TAP RUT GON GIUA CAC THUAT TOAN.

ID Data F_IFT [9] [10]  [12]
1 Wine 0.06 0.06 163 048
2 Heart 0.1 0.17 149 1.15
3 Wdbec 0.3 1.9 527 3.84
4 Wpbe  0.06 2.8 6.86 421
5 Iono 0.57 037 542 337
6 UFDC 0.1 0.08 385 29
7 Sona 0.07 024 463 331
8 Libras  0.57 043 7 4.9
9 Musk 0.12 0.07 102 17.77
10 LVB 0.12 034 14 7.15
11 LVG 0.45 0.4 14 6.68
12 PD 12.5 147 372 273
Average 1.25 1.80  9.30 6.92

gon trong bai vin ding lai & tiép can do do, chi c6 diéu
kién diing ctia thuit toan 1a st dung tiép can IFT. Do do,
trong tuong tai ching t6i s€ xay dung phuong phap chon
loc thudc tinh theo tiép can IFT va phat trién mo6 hinh lai
ghép filter-wrapper dé tip rit gon thu dudc tot ca vé kich
thudc va do chinh xac phan 16p.
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Tém tat: Trong nghién ctu ndy, ching tdi dé xuit md hinh hoc tich hgp nhiéu mo hinh hoc mdy theo hai pha. Pha
thi nhit két hop t6 hop cdc mo hinh phan 16p k-Nearest Neighbor (KNN), Logistic Regression (LR) , Support Vector
Machines (SVM) dugc t8 hgp dif liéu mdi. Pha thd hai sit dung mot bd phan 16p trén 6 hop di liéu mdi. Mo hinh nay
dugc dp dung trong giai doan huin luyén mo hinh. Trong giai doan kiém tht, dit liéu thu ti thiét bi dién thoai dudc tién
xt 1y, sau d6 dit liéu dudc dua vao mo hinh du bdo dé udc tinh mot vi tri toa-ting cu thé trong tdoa nha. Dé xuit dugc cai
dit va danh gia trén tap di liéu UJlIndoorLoc dat két qua du bao chinh xdc 98.73%. Két qua nay cao hon két qui cla
cdc mo hinh st dung tiing thuat todn thanh phin va ciing cao hon két qua clia cac nghién ciu khac ding cung thuat todn

va trén cung tap du liéu.

Tix khéa: ddu vét WiFi, cuong do tin hiéu thu-RSS, hé thong dinh vi trong nha, hoc mdy.

Title:
Abstract:

An Efficient WiFi Indoor Positioning Technique using Combined Machine Learning
In this study, we propose a learning model that integrates many machine learning models in two phases. The first phase

combines the combination of k-Nearest Neighbor (KNN), Logistic Regression (LR) and Support Vector Machines
(SVM) classification models to combine new data. The second phase uses a classifier on the new dataset. This model
is applied during the model training phase. During the testing phase, the data collected from the mobile device is
preprocessed, then the data is fed into a predictive model to estimate a specific floor location in the building. The
proposal is installed and evaluated on the UJIIndoorLoc dataset with accurate prediction results of 98.73%. This result
is higher than the results of models using each component algorithm and also higher than the results of other studies
using the same algorithm and on the same dataset.

Keywords:

WiFi fingerPrinting, Received Signal Strength-RSS, indoor positioning system, machine learning.

I. PAT VAN DE

Hé thong dinh vi trong nha (IPS) rét hitu ich trong thuc
té. Trong céc toa nha, IPS ngoai viéc trg gitp diéu huéng
trong ctiu hd, khin cip né con hitu ich trong cic mdi trudng
nhu bao tang, bénh vién, mega mall. Do do, IPS da trd thanh
mot linh vyc nghién cdu rong rai trong hon 20 ndm qua.

Céc phuong phap dinh vi trong nha dugc gidi thiéu trong
tai liéu [1]. Trong d6, phuong phap dua trén cudng do tin
hiéu (Received Signal Strength - RSS) cuia séng radio dugc
phdt ra tif cdc diém truy cip (Access point - AP) va thu
dugc tir cac diém tham chiéu (Reference Point-RP) dudc
st dung nhiéu nhit va phd bién trong cic hé thdng dinh
vi trong nha. C6 rit nhiéu ky thuat dinh vi trong nha dua
trén gid tri RSS, trong s6 d6 fingerPrinting 13 k¥ thuat dugc
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dung hét siic phé bién [2, 3].

C6 hai giai doan trong fingerprinting: giai doan huin
luyén va giai doan kiém thii. Giai doan huin luyén: thuc
hién do céc chi s6 RSS ctia cic AP tir cac RP da biét dé xay
dung co s& dit liéu fingerprinting. Giai doan kiém tht, gid
tri RSS dugc ldy mau theo thdi gian thuc tai vi tri chua biét,
gid tri nay dudc so sanh vé6i co sd dit liéu fingerprinting dé&
tim ra vi tri dinh vi phit hgp nhét.

IPS dung fingerPrinting d6i mit v6i hai vin dé chinh.
Thi nhéit, ciac vector RSS thu dugc cé gid tri bién doi
bat thuong, khong 6n dinh din dén sb luong di liéu
16n nhung khong chét lugng [4]. DE khic phuc vin dé
nay mot sd phuong phap loc va giam kich thuéc di liéu
nhu phuong phdp phan tich thanh phan chinh (Principal
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Component Analysis-PCA) [5] va phan tich biét thiic tuyén
tinh (Linear Discriminant Analysis-LDA) [6] da dugdc ap
dung nhim ting chit lugng tap dif liéu. Thich thic thit hai
1a cht lugng dinh vi can c6 do chinh xédc va hiéu qua cao.
Nhiéu thuit toan hoc mdy nhu KNN, SVM, LR, Decision
Tree(DT), Random Forest (RF), Light Gradient Boosting
Machine (LGBM), Convolutions Neural Network (CNN),
Deep Neural Networks (DNN), Recurrent Neural Network
(RNN), ... da dugc thit nghiém nhim ning cao chét lugng
dinh vi va da dat dudc nhiéu két qua dang ké, tuy nhién
cho dén hién tai chua cé thuét todn nao dudgc cho 1a c6 thé
ap dung cho nhiéu méi trudng [7, 8].

Trong nghién ctu nay ching to6i dé xuit phuong phap
giam kich thudc dit liéu va phuong phdp dinh vi bing mo
hinh mdi, trong d6 chiing tdi tich hgp cac thuit toan hoc
may KNN [9, 10], SVM [11], LR [12] d€ du bdo toa-ting
bing bai todn phan 16p, cic md hinh dudc thuc nghiém trén
tap dit liéu UJIIndoorLoc'[13]. Cu thé nhiing déng gép clia
bai bdo nhu sau:

o Tién xt ly dif liéu trong giai doan kiém thi

« Dé xuét phuong phdp gidm kich thudc dit liéu cho bai
toan phan 16p udc lugng vi tri tdoa nha va tang

« Dé xuit mod hinh két hop céc thuit todn hoc mdy phan
16p ap dung vao bai todn wdc lugng vi tri ting bang
t& hop cac thuit toan phan 16p LR, KNN, SVM

Bai bdo c6 cu tric nhu sau: Phan I dit van dé, Phan IT vé
cédc nghién ctiu lién quan, Phan III m6 hinh dé xuit. Phan
IV thuc nghiém va két qua mdi, Phan V két luan.

II. CAC NGHIEN CUU LIEN QUAN

Cac phuong phdp hoc mdy truyén théng dudc dp dung
trong bai toan dinh vi trong nha dung RSS cta song WiFi
dugc st dung rat nhiéu. C6 thé coi KNN la thuat todn hoc
mdy dudc st dung diu tién va mé ra thdi ky dp dung hoc
mady vao bai todn dinh vi trong nha. Nam 2000 nhom nghién
cdu ctia Microsoft Research da st dung KNN dé€ phat trién
hé théng dinh vi c6 tén RADAR [9], két qua KNN t6t hon
rit nhidu thuat todn fingerprinting. Trong [14] céc tic gia
da st dung KNN két hop véi thong tin vi tri ngusi dung
trong qua khit. Két qua cho thiy phuong phap méi dat hiéu
suit dinh vi cao hon 45% so véi KNN. Cac tic gia cia
nghién ctu [15] két hop DNN va KNN. Két qua do sai sd
trung binh tor 1,39 dén 1,5m tuy vao gia tri K va so sanh
v6i cac phuong phap DT, KNN, DNN, SVM, va RF thi mo6
hinh két hop c6 két qua tot hon.

Giai phap dva trén thuit toan phan 16p SVM da dudc
dé xuit trong[16, 17]. Két qua cla cac phuong phap déu
cho thly SVM cho d6 chinh xdc cao hon thudt todn

Uhttps://archive.ics.uci.edu/ml/datasets/ujiindoorloc
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fingerPrinting. P chinh xac 1a 2m trong 77% va 98,75%
trong 93,75% cac trudng hgp kiém thi.

LR dudc cic tic gia st dung trong [12] sau khi tbi uu
dit liéu, két qua do chinh xic dat 95.83%. Chenlu Xiang
va cdc cong su diung LR két hop véi tdi uu dif liéu & moi
truong phong thi nghiém tiéu chun trong [18, 19] déu cho
két qua sai s dinh vi dat 92cm.

Cic nghién ciu st dung tap dir liéu UJIIndoorLoc.
Trong [20] céc tac gia dung KNN phan cum du bdo vi tri
tdoa nha va KNN hdi quy dé du bdo toa do va RF dé du bdo
tda-tang. Sau khi loai bé cac AP chi xuit hién dudi 2 lan,
két qua cho thiy RF du doan vi tri tda nha ding 100%, du
dodn tang bing RF dat két qua lan lugt 97.95%, 90.87%
and 95.86% cho ba tda nha, két qua du doan kinh do vi do
& ba tda nha c6 gid tri (RMSE) trong khoang 7.1 dén 12.8,
Mean Absolute Error (MAE) trong khoang 5 dén 9.
Trong [21] st dung cach két hop hé théng COSELM
(Constraint Online Sequential Extreme Learning Machine)
v6i KNN thanh hé thong c6 tén AFARLS. Két qua AFARLS
c6 hiéu suat du dodn tang 95.41%, sai s6 vi tri 6.4m, trong
khi KNN du doan ting dat 89.92%. Trong [22], cic tic
gia da bién d6i tap dit liéu huén luyén theo cich riéng cia
minh va tao ra tdp dit liéu thir nghiém mdi tu tap dit liéu da
bién déi, trong d6 520 dic trung chi con lai 60 dic trung.
Thit nghiém dugc thuc thi béi 6 thuét toan, trong dé thuit
toan KNN nhén dién tang dat 97%.

Ap dung lugng tit héa truée khi ap dung KNN, SVM,
RF trong [23], két qua nghién ciu c6 do chinh x4c vi tri
tuong tng véi cac thuat toan KNN, SVM, RF la 67.49%,
62,71% va 68.5%, thuat toan RF dung dé€ wéc luong vi tri
tang dat do chinh xdc 97%.

Nhu viy cic thuit toan KNN, SVM, LR da dudc nhiéu
nhém nghién ciu st dung bing nhidu cich khach nhau.
Theo kién thic tot nhit ma ching toi c6, hién tai trén tap
dit liéu UJTIndoorLoc chua c6 nghién ctiu nao két hop gitta
cdc thuat toan nhu md hinh ching t6i dé xuét. Do d6 trong
bai b4o nay chiing t6i tién hanh xiy dung mo hinh két hop
t6 hop cic thuat toan KNN, SVM, LR cho phan huén luyén
mo hinh & giai doan huin luyén va thuc nghiém trén bo dit
liéu UJlIndoorLoc nham ning cao hiéu suét dinh vi.

III. PE XUAT MO HINH DINH VI
1. Mo ta tap du liéu

Tap di liéu UJlIndoorLoc[13] dudc nhiéu nghién ciu
stt dung [8], UJlIndoorLoc c6 sb lugng RP la 933, cac
RP thudc 3 toa nha cao 4 hoic 5 ting véi tong dién tich
108703m?. UllIndoorLoc ¢6 21049 mAu, trong d6 19938
mau ding cho huin luyén va 1111 mau dung cho kiém
thir. M6i mau gdm 529 dic trung, 520 dic trung diu tién
la gia tri RSS thu dudc tif 520 AP, gi4 tri RSS nidm trong



khoang tli -104dB dén 0dB, gia tri RSS=100 dugc dit mic
dinh v6i ciac AP khong phat hién dugc khi 14y mau. Chin
dic trung con lai 12 cdc nhan gom kinh do (Longitude), vi
do (Latitude), s6 hiéu toa nha (BuildingID), tang trong tda
nha (Floor), sb hiéu ving 14y mau (SpacelD), vi tri tuong
quan xic dinh ving ldy méu 1a trong hay ngoai cic phong
(Relative Position), ma ngudi thu thap di liéu (Userld), ma
dién thoai thu thap di li€u (Phoneld) va thoi gian thu thap
(Timestamp).

2. Pé xuit kj thuat giam kich thuéce dit liéu cho bai
toan phan lép

Tap dit liéu UJlIndoorLoc nhu md ta bén trén la tap di
lidu 16n, do d6 can tién hanh xi 1y dif liéu nham giam thoi
gian tinh toan va ting chét luong dinh vi.

Trong UJlIndoorLoc, mdi toa nha 1a mot 16p bao gdm
nhidu dong dif liéu, mot dong dit liéu gbc cé dang
[RSS1,RSSy, -, RSSIsyp, buildingID], trong d6 520 gia
tri du tién 1a cic gia tri RSS do dugc tir 520 AP, gia tri
cudi cling 1a s6 hiéu ba toa nha, cic toa nha dudc danh
s6 tir 0 dén 2. V6i mdi toa nha chiing toi iy gid tri RSS
trung binh ctia mdi AP, két qué thu dugc 520 gia tri trung
binh. Két qua thu dudc tap dif liéu méi dugc thé hién trong
Phuong trinh (1) v6i 520 dif liéu dau 1a gia tri méi ctia cac
dic trung va cubi cung 12 sd hiéu tdoa nha.

RSS), RSS;, ---, RSSIs, O
RSSi, RSS», ---, RSSIs, 1 |(1)
RSS|, RSS>, ---, RSSIsp, 2

Bai todn phan 16p gia tri gitia cdc diém cang chénh léch 16n
thi cang dé phan 16p, chiang han nhu toa nha dugc phan 16p
tdt hon néu cic dic trung cé nhiéu thong tin clia toda nha.
Do d6, chiing toi tim su khéc biét tuyét dbi giita cac cip toa
nha 0-1, 0-2 va 1-2 bing cach ghép chéo cic cip tuong ung
trong tap dir liu (1), ching t6i thu dugc ba mang tuong
ting v6i cic cip toa nha. Sip xép ba mang thu dugc theo
thi ty gidm dan cdc dic trung va loai bd cic dic trung cé
su khéc biét thap, truing nhau. Két qua mdi méang con lai N
dic trung c6 su khac biét cao nhét. Hop nhit ba mang lai
thanh mot tap hgp déc trung c6 N*3 gia tri cho mo6 hinh
phén 16p toa nha. Phuong phap giam kich thude dit liéu toa
nha thé hién trong Thuit todn 1.

Tap dit liu dung phan 16p ting dudc chiing toi xi ly
tuong tu nhu tda nha. Mot dong dif lieu géc c6 dang
[RSS1,RSS,, -+, RSSIsy, floor], trong d6 520 gia tri dau
tién 12 cac gid tri RSS do dudc tir 520 AP, gia tri cudi ciing
12 sb hiéu cic tﬁng, cac tﬁng dugc danh sb tir 0 dén 4, két
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Thuét toan 1: Thuit toan giam kich thudce dac
trung

Dir liéu vao:

By «:cac dong dit liéu cia buildingID=0;

B «—:cac dong di liéu cua buildingID=1;

B, «:cac dong dit liéu cta buildingID=2;

Dir liéu ra: B: Tip hgp cic dic trung da rit gon.

begin

Budc 1:

1.1. BAy « Tap gia tri RSS trung binh cia By;

1.2. BA| « Tap gia tri RSS trung binh cia B;;

1.3. BA, « Tap gia tri RSS trung binh cua B;;

Budc 2:

2.1. By & BAGUBAy;

2.2. Byy «— BAGUBA,;

2.3. By &« BA|UBA,;

Buéc 3: Sap xép By1, Box va By, theo thit tu giam
dan;

Budc 4: Loai b cic dic trung c6 su khac biét thp,
trung nhau;

Budc 5: B «— By UBpUB»;

D=IN-IEEN B Y

T =
N B W N =S

=
N

17

18 end

qué thé hién theo Phuong trinh (2).

RSS|, RSS>, ---, RSSIsy, 0
RSS], RSSQ, T, RSSISZO’ 1
RSSi, RSS», ---, RSSIs, 2 [(2)
RSS\, RSS», ---, RSSIsy, 3
RSS|, RSS», ---, RSSIsy, 4

Bai toan phan 16p ting tim cdc dic trung nhiéu thong tin
tuong tu, di liéu phan 16p tang dudc xi ly tuong tu nhu dit
liéu toa nha. Chiing tdi két hop cdc cip tang 0-1, 0-2, 0-3,
0-4, 1-2, 1-3, 1-4, 2-3, 2-4, 3-4 tao thanh 10 mang. Sau khi
loai bo céc dic trung c6 do chénh léch thip bang phuong
phap da 4p dung cho tda nha, ching t6i gdp cac mang lai
d€ tao thanh tap dif lieu dau vao c6 10*N dic trung cho
md hinh phan 16p tang.

Cudi cung, gop céac tap dif liéu lai véi nhau, ching toi
thu dugc 13 16p cho cic ting clia cdc tda nha. Gid tri N
dudc tinh theo phuong phap heuristically né anh hudng truc
tiép dén hiéu suit cda thuit todn.

3. M6 hinh dé xuét

Mo hinh co ban clia bai todn dinh vi trong nha bing
fingerprinting dung séng WiFi dua trén hoc mdy dudc thé
hién trong Hinh 1. Trong md hinh, thuat todn hoc mdy s€
dudc 4p dung trén tdp di li€u fingerPrinting (tdp di liéu
huén luyén) d€ dua ra mo6 hinh huén luyén tai giai doan
huén luyén. (o} giai doan kiém thd, tAp RSS thoi gian thuc
duge dua vao mo hinh dy bdo dé tim ra vi tri uéc luong
theo mo6 hinh huén luyén.

Trong bai bdo nay ching toi d& xuit mo hinh hoc may
mdi, md hinh nay dung cdc thuit toan phan 16p nham wéc
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Hinh 1. M0 hinh dinh vi trong nha co ban dya trén hoc may

lugng vi tri theo tda-tang. Khac v6i mo hinh co ban, mo
hinh ctia ching t6i tich hgp nhiéu thuat toan va chia lam
hai pha nhu Hinh 2. Pha dau tién, tip dit liéu fingerprinting
dugc huén luyén bing t& hop cac thuit todn phan 16p LR,
KNN va SV. Pha mot tao ra 8 hop di liéu méi, t6 hop dit
liéu nay 1a dau vao cho thuat toan huin luyén LR & pha
thd hai. Nhu vdy, m6 hinh ctia chiing t6i huin luyén tap dit
liéu theo hai pha lién tiép thay vi mot pha nhu md hinh co
ban. Hinh 3 mo ta chi tiét hoat dong ctia t& hop thuit toan
theo hai pha. Trong dé ¥; ¥> va ¥ la két qua huén luyén
cua ba thudt toan trong pha mdt, ?f 1a két qua ctda pha hai
va cling 12 md hinh huin luyén cudi.

IV. THUC NGHIEM VA PANH GIA KET QUA
1. Tién xt Iy dix liéu

Chung t6i phan tich dir liéu UllIndoorLoc va ching toi
nhén thiy can tién xi 1y dif liéu nhu sau: thd nhét s6 luong
cdc AP nhan dudc tai mot RP nhd nhét 12 0, 16n nhét 1a 51
va trung binh 12 x4p xi 18 AP, trong khi bai toan dinh vi
trong nha chi can t6i thi€u 3 AP 1a c6 thé xdc dinh dudc
vi tri va theo théng ké thi s6 RP c¢6 AP nhd hon 6 (bao
gdm ci cdc RP khong c6 AP nao) 1a 389, do d6 chiing
t6i quyét dinh loai bé cac RP c6 AP nho hon 6, diéu nay
hau nhu khong anh hudng dén chit lugng dinh vi nhung lai
ting toc do tinh toan. Thi hai tai mot RP c6 thé nhan dudc
gia tri RSS tir AP cla toa nha khac, cac AP nay khong c6
tac dung cho dinh vi thim chi 1am gidm chét lugng, do dé
chiing t6i ciing loai bd cac AP nay. Tién xi ly dif liéu dudc
dp dung cho pha kiém thit ciia md hinh phén 16p.
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2. Cac chi s6 danh gia

Bai to4n phan 16p c6 céc chi sb danh gid dua trén ma
tran nham 1an (confusion matrix) d&€ dém dudc sé luong
céc gia tri gdm True Positive (TP): s6 luong diém ctia 16p
positive dugc phan loai ding la positive; True Negative
(TN): s6 lugng di€ém cta 16p negative dugc phan loai ding
12 negative; False Positive (FP): s6 luong diém cda 16p
negative bi phan loai nham thanh positive va False Negative
(FN): s lugng di€ém ctda 16p positive bi phan loai nhim
thanh negativ. Goi T 1a tdng sb cdc diém ctia ca hai 16p khi
d6 cac chi s6 danh gia phan 16p bao gom:

o Accuracy: DBg chinh xac Accuracy =
« Precision:ti 1& sd diém true positive trong sd nhiing

TP+TN
T

diém du’gc ph/én lf>ai 1a positive. Precisi/on = %
« Recall: ti 1€ s0 diém true positive trong s6 nhitng diém
N .. _ TP
thye sy 1a positive. ReCall = 75

o F1-Score: trung binh diéu hoa (harmonic mean) cta
cac tiéu chi Precision va Recall, F1-Score danh gia

khach quan kha nang thyc thi cia mo6 hinh hoc may.
Fi =2 Precision.Recall
I = “Precision+Recall

3. Két qua thuc nghiém

Trong phan nay ching toi cung cip cdc két qua thuc
nghiém thé hién hiéu qui cta cic thuat toan doc 1ap va
phuong phéap két hop ma ching toi dé xuét, két qua cho
thiy khi tich hop cic thuat toan két qua t6t hon khi st dung
tung thuét toan doc lap

Mb hinh két hop du doan toa-tang dugc chiing tdi thuc
hién theo hai budc, dau tién ching toi thi nghiém cic mo
hinh duing thuat toan phan 16p doc 1ap nhiam lya chon cdc
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Hinh 3. Mb hinh hoat déng t& hgp thuit todn phan loai tda-ting

thuat todn t6t nhit. Cac thuit toan ching toi thit nghiém
bao g6m KNN, SVM, LR, Naive Bayes (NB), cay phan loai
va hdi quy (Classification and Regression Tree-CART) va
Linear Discriminant Analysis (LDA).

Céc két qua clia cc thuat toan doc 1ap dudc tdng hop
trong Bang I, gia tri cic chi s& dudc so sanh & bidu dd
trong Hinh 4 va hinh 4dnh cta Hinh 5. Bang I va cac hinh
cho théy tt ca cac chi sd cda cdc thuat toan LR, KNN,
SVM déu cho két qua t6t hon cac thuat todn con lai. Luu
y, chi s6 cia LR va CART rat gan nhau, véi bai toan phan
16p ching tdi chi chon mot, chi s6 ctia Recall cda thuat
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toan LR thip hon cla thuat toin CART, tuy nhién chi s
F1-Score ctia LR lai t6t hon CART, cho thiy m6 hinh cla
LR t6t hon nén chiing t6i chon LR. Duing céc két qua nay,
ching t6i chon 3 thuét toan c6 két qua tot nhat LR, KNN
va SVM vao trong md hinh két hop.

Budc hai, chiing toi thit nghiém mo hinh két hop cic
thuat todn di dudc chon. Trong Bang II 1a két qua tong
hop cia céc chi s6 Precision, Recall, F1-score va Accuracy
ctia mo hinh két hop Két qua ctia mo hinh két hop so véi
cac md hinh sif dung cdc thuét todn ddc 1ap dugc thé hién
& biéu dd trong Hinh 6 cho thiy tt ci cic chi s6 ctia mod
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) Bang I )
TONG HOP KET QUA CAC CHI SO
CUA CAC THUAT TOAN POC LAP

SVM KNN LR CART LDA NB

Precision 98.43 97.71 96.62 96.50 94.42 63.70

Recall 98.47 97.98 96.69 96.71 94.26 55.37

Fl-score 98.45 97.83 96.65 96.60 94.33 47.42

Accuracy 98.57 97.93 96.86 96.76 94.66 49.09

Time (s) 7.95 0.04 3.19 0.47 1.21 0.67
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

Precision Recall Fl-score Accuracy
ESVM mKNN ®LR wCART mLDA mNB

Hinh 4. Biéu dd so sanh gia tri téng hop céc chi sé cidc md hinh
phan 16p doc lap

= =

0.9

0.8

0.7

0.6

0.5

=

LR LDA KNN CART SVM

Hinh 5. Biéu dd so sanh dd chinh xic ciia cdc mo hinh phan 16p
doc lap

hinh két hop c6 két qua tot hon két qua cia tit ca cac thuat
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) Bang II
KET QUA UGC LUGNG TOA-TANG CUA MO HINH KET HOP
Pre- Re- F1- Accu- | Time
cision call Score racy (s)
Mo hinh
Két hop 98.71 | 98.61 | 98.66 | 98.73 | 99.31

toan LR, KNN va SVM.

Nhu vdy, mo hinh két hop cdc thuat toan ctia ching toi
dé xuét dat hiéu suit va két qua tot hon khi ding cac thuat

toan doc lap.

precision

99.00%
98.50%
98.00%
97.50%
’ 97.00%
96.50%
96.00%

95.50%

recall f1-score accuracy

WLR WKNN ®SVM m M6 hinh tich hop

Hinh 6. So sanh céc chi s6 phan 16p giita mo hinh két hgp va cic
md hinh doc lap

4. So sanh két qua véi cic nghién citu khic trén cung
tap du liéu UJIIndoorLoc

Hinh 7 thé hién két qua du doén toa-tang ctia mo hinh
két hop ma ching toi dé xuit v6i cic nghién ciu khic,
trong d6 cac nghién citu khac dugc thé hién bing tén thuat
toan hodc tén do nhém nghién ctu dit cing v6i s6 tham
chiéu ctia nghién cttu. Vi nghién citu clia ching toi, nhiéu
don vi do dugc st dung d€ danh gid két hiéu sudt mo hinh
cling nhu do chinh xdc, tuy nhién, cac nghién ctu khéc
thong thuong chi cong bd do chinh xic, do dé, trong so
sanh ching t6i dung chi s6 d6 chinh xdc (Accuracy) dé so
sanh, ngoai ra v6i cic cong bd khong st dung két qua trung
binh, chiing t6i st dung két qua cao nhit ma nhém cong
bd (ghi chii max). Két qua cho thdy mo hinh ctia ching t6i
du doén t6t hon cidc mé hinh khic sif dung cling cic thuat
toan.

V. KET LUAN

Trong bai bdo nay, phuong phap giam kich thudc dit liéu
dugc dé xuét bang cach phan tich theo cip giita cic toa
nha, gilfa cc tAng da mang lai két qua rét t6t cho cic md
hinh phan 16p doc 1ap va két hop. Két quaz md hinh phéan
16p két hgp c6 do chinh xdc cao 98.73% va cao hon so véi
két qua clia cic md hinh dung céc thuit toan doc 1ap. Gia
tri cdia cdc chi sé Precision, Recall rat cao thé hién hiéu
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(Accuracy)
98.73%
i
RF[20] AFARLS[21] KNN[22] RF[23] M0 hinh as
(max) xuat

Hinh 7. So sanh két qua dy dodn toa-ting theo dd chinh xdic
(Accuracy) cua md hinh két hgp véi cac nghién ciru khac

suat cao ctia mo hinh, gid tri F1-Score cao khang dinh do
on dinh ctia hé théng, cic két qua nay cho thly mo hinh
clia chiing t6i da thanh cong va cho két qui tt. So sanh
két qua vdi cac nghién ciiu khéc trén cung tap di liéu, mod
hinh ciing cho két qua t6t hon. Tuy nhién, md hinh vén c6
nhugc diém 1a thdi gian chay cao do tich hgp nhiéu thuat
to4n, tuy nhién mo hinh dudc dp dung & pha huin luyén
mo hinh nén thoi gian chay lau khong phai 1a vAn dé 16n.

Mo hinh két hop c6 rat nhiéu hida hen 4p dung cho cic
bai toan khac va ching t6i c6 thé nang cip dudc mod hinh
khi thay thé bang cic thuit toan hoc siu.
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Tém tét: Phan tich phién 1am viéc ctia khach hang d€ du bdo kh4 niing ho sé Iya chon sian phim nao tiép theo 1a mot bai
toan du bao kha phd bién trong nganh thuong mai dién td. Viéc du bdo nay gitip cho doanh nghiép dua ra cic y tudng
ban hang phit hgp trong qua trinh ngudi ding tuong tic v6i hé théng ban hang cia minh. Bai bdo ndy dé xuit hudng
st dung mang hoc siu do thi dé xay dung md hinh goi y dua vao phién lam viéc clia khach hang. Két qua thuc nghiém
cho thiy viéc st dung do thi rat phu hop trong viéc biéu dién dif liéu Iua chon san phim thong qua hanh vi nhip chuot
trong phién lam viéc ctia khach hang va md hinh ggi y st dung GNN cho két qua du bdo véi 2 chi sé danh gid md hinh
Recall@20 va MRR@20 t6t hon so v6i cac md hinh trude day.

T khéa: dit licu nhdp chudt, hanh vi mua sdm, hé thong goi ¥, phién lam viéc, mang hoc sdu do thi (Graph Neural

Network).

Title:
Abstract:

Session-based Recommendation using Graph Neural Network
Customer behavior analysis based on the currrent active session to understand and predict what is the next product that

customer might click is a potential usecase in ecommerce. This type of recommendation helps enterprise to promote the
upselling opportunity to increase the purchase behavior. This paper proposes to use a GNN to develop a recommendation
model using the current active session of customer during their purchasing clicks on the website. The experimental
result shows that the GNN is suitable to model a product selection from sequential mouse clicks, and the session-based
recommendation using GNN performs higher than other models with the two performance metrics Recall@20 and

MRR@20.
Keywords:

mouse click, purchase behaviour, recommdendation system, session, graph neural network (GNN)

L. TONG QUAN
1. Tong quan bai toan

Khi mot khach hang vao mét trang thuong mai dién td
thi ¢6 hai xu huéng: hoic ho da dinh huéng dudc sdn phim
ma ho s& mua, hoic 1 ho dugc dinh huéng dugc san phim
ma ho nén mua. Dbi véi kich ban thi hai, ngudi ding sé
gip kh6 khiin hon nhiéu vi ho sé phdi chon san phim phu
hop nhit véi nhu ciu cda ho. VAn dé dit ra 1a 1am sao ho
c6 thé 1am dugc diéu d6 trong vo sd san phim gidng nhau
ma ho dang tim kiém, d6 chinh 13 y tudng xay dung hé
théng goi y [1].

Céc hé thong gdi y ngay nay cang dudc chi trong, nhat 1a
dbi v6i cac nha cung cép dich vu truc tuyén nhu: Amazon,
Netflix [2], Youtube... Mot hé thong goi y hiéu qua sé 1a
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vin dé sbng con dbi véi nha cung cip dich vu hoic ban
hang, né c6 thé lam ting sy hai long cta khach hang va
gilt chan ngudi dung lau dai [3].

Hién nay c6 hai huéng dé xiy dung hé théng ggi y tuy
theo nglt canh tuong tac ngudi dung nhu sau:

o Hé ggi y dua vao thong tin lich st hodc sé thich cia
ngudi dung di dé lai d€ tim ra san phdm phi hop nhit,
hé théng hoat dong kiéu nay kha dé hiéu nhung lai gip
nhiéu thich thic khi cAn dua ra gdi y cho ngudi ding
ngay ca khi ho khong d€ lai thong tin lich sit gi cho
hé thong.

o Hé ggi y dua chi dua vao qua trinh tuong tic hién tai
clia ngudi dung v6i hé thdng, goi 1a phién lam viéc,
nhiam cho phép hé théng c6 thé dua ra gdi y cho ngudi
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dung chi sau vai ba chudi su kién tuong tic ctia ho véi
hé théng, mo hinh nay dudc goi 1a hé thdng gdi y dua
vao phién lam viéc (Session-based Recommendation),
goi tit 1a bai toan SR.

2. Pit van dé

Déi tugng nghién ciu clia bai bdo nay 1a hanh vi nhip
chudt (lya chon sdn phdm) ctia khach hang trong mot phién
mua hang. Muc tiéu ctia bai bdo nay 1a nghién ciu va dé
xuét mo hinh du bdo hanh vi lua chon sdn pham ctia khach
hang m6 hinh mang hoc siu, cu thé hon 1a trd 16i cAu hoéi
"Véi sé lwong sdn phdm dd lua chon trong phién tuong tdc
hién tai thi khd ndng nguoi ding sé chon sdn phdm nao
tiép theo". O miic do téng quan, mo hinh goi y sé khong
chi dua ra mot san phdm tiép theo ma sé dua ra danh sach
goi y K san phdm c6 x4c xudt cao nhit ma khach hang cé
thé Iva chon mot, bai todn nay con goi la bai todn goi ¥
Top-K, ngin gon goi la bai toan Top-K.

Bai toan SR c6 thé dudc md td nhu sau, gid si
V = {vi,v2,..., v} 12 mdt danh muc cic dbi tuong duy
nhit (vi du nhu danh muc sin phdm) dudc cdc ngudi
dung tuong tac trong cac phién lam viéc cua ho, nhu vay
ta co thuc thé phién 1am viéc dudc bi€u dién nhu sau
s = [Vs,1,Vs,2, .0, Vs.n] trong d6 vs; € V ¢6 tinh thd tu
theo chudi thoi gian dé va thé hién mot hanh dong lua
chon (click) nao d6 cuia nguoi dung trong phién lam viéc
s (vi du chon mdt sdn phidm cu thé).

Dé€ giai quyét van dé nay, ta can xdy dung mo hinh du bao
liéu ngudi ding s& lya chon ddi tugng (san phim) vy 4
tiép theo trong phién lam viéc s d6. V6i md hinh goi y nay
cho mot phién lam viéc s cu thé, hé goi y sé& trd vé ham
$ 1a mot véc-to chita danh muc k san phdm goi y nao dé
v6i xdc xuét duge lua chon tif cao t6i thip, danh muc sin
phdm goi ¥ nay dudc goi 1a top — k san phdm goi ¥ cho
ngudi dung.

Hinh 1 minh hoa m6 hinh SR dua ra du bao top —2 san
phim ciing x4c xuét tuong ¥ng ma khach hang sé lya chon
dé click tiép.

Hinh 1. Bai toan goi y top-k san pham

IL. NGHIEN CUU LIEN QUAN

Bai toan ggi y trong linh vuc thuong mai dién t& khong
phéi 13 vin dé méi, ngay tif nhitng nim 2000 JB Schafer
va cong su [1] di néu ra vAn dé ndy d€ tim cich ning
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cao kha ning ban kém va bdn chéo sin phdm cho céc
website ban hang thdi d6, thuat todn dugc dé xuét 1a st
dung céc thong tin trong qua khu ciing nhu sd thich cd nhan
(personalization) cta khach hang dé dé xuit san phdm can
bdn trong tuong lai. Sau d6, nhém tac gia nay tiép tuc cai
thién mo hinh ggi y véi y tudng st dung di liéu tri thic
va su tuong quan (correlation) gitia cac san pham hay giita
c4c ngudi dung dé phan tich hanh vi khich hang (customer
behavior) [4] véi viéc phan tich cic hé théng thuong mai
dién ti thsi d6 nhu amazon hay ebay.

Badrul M. Sarwar va cong su (2000) [5] nhan thiy cic
hé théng goi y dang phéi xt 1y khdi luong thong tin khdng
16 vé san phim, khich hang, don hang giy ra thach thic
trong viéc dua ra goi y, nhém tic gid dé xuit mot trong
nhiing thuat ton phd bién ctia hoc may 1a SVD (Singular
Value Decomposition) véi muc tiéu gidm sb chiéu thong tin
d€ ting tbc do xi 1y clia hé thdng gdi y, nghién ctiu nay
cling dua ra khai niém “fop N list” ciia m6 hinh ggi y. Nam
2002, nhém tac gia ndy tiép tuc dé xuét st dung thuat toan
ngudi lang giéng (neighborhood) [6] dé€ phan nhém khac
hang (clustering) tu d6 xay dung md hinh gdi y theo md
hinh bd loc cOng tac (collaborative filtering).

Nim 2004, Zan Huang va cong su [7] dua khéi niém do
thi vao bai t6i ggi y trong linh vyc thuong mai dién td,
nhom tic gia dé xuit dd thi c6 huéng gém hai 16p: 16p sin
pham va 16p khiach hang ma mdi quan hé giita hai 16p thé
hién thong tin mua sim trong qua khi thong qua trong sd
ctia d6 thi. M6 hinh db thi dugc thuc nghiém véi ci ba k¥
thuat ggi y gém sit dung bd loc cong tic, dua vao ndi dung
va huéng két hop, két quéa cho thidy md hinh nay hoat dong
tot nhit v6i k§ thuat két hop.

Nim 2006, Netflix t& chiic cudc thi tim kiém gidi thuat
goi y tot nhit nham du doan diém ddnh gia ctia ngudi
dung cho céc bd phim cta ho (user ratings) dua vao cac
danh gid trudc day ma khong st dung thém thong tin gi vé
ngudi dung hay bd phim, diy la bai toan gdi y loc cong
tac. Yehuda Koren, Robert Bell va Chris Volinsky la thanh
vién doi thing cudc nim 2019 [2] trinh bay mo hinh phan
tich ma tran thanh nhan t& (matrix factorization) hoat dong
tt hon cdc thuit todn cia dbi thi khic nhu thuit todn
SVD hoiic ngudi lang giéng. Mo hinh phan tich ma tran
thanh nhan t& tim cach phan rd hai véc to dai dién cho
ngudi dung (p,) va bd phim (g;) (con dudc goi la véc to
nhén tb, factor vector) vao mot khong gian nhan tif riéng
(joint-latent-factor space), va van dé ctia mo hinh 13 sao
cho hoc dugc véc to nhan ti p, va g; v6i sai s6 RMSE
(root-mean-square error) nhd nhit.

Balazs Hidasi va cong su (2015) [8] dua ra mo6 hinh
mang hdi quy RNN trong viéc xdy dung hé goi y, khac
v6i bai todn cta Netflix can thong thong tin qud khid
clia ngudi dung, huéng tiép cin ctia nghién ctu niy tap



trung vao nhitng phién lam viéc ngan va hién tai dé€ dua
ra goi y cho ngudi dung, dé la khai ni€ém Session-based
Recommendation. M6 hinh nay st dung thuét todn RNN
phan cp d€ tim ra cic dic trung an trong phién lam viéc
hién tai clia ngudi dung dé dua ra ggi y cho san phidm tiép
theo, thuat toan RNN rét phu hgp véi bai toan khi phai xi
ly chudi sy kién tuan tu (vi du nhu chudi nhip chudt cia
ngudi dung trong phién lam viéc do6 khi Iga chon mua mot
s6 san phim nao dé), nghién ctiu cho thdy mo hinh RNN
v6i bién thé HRNN (Hierarchical RNN) hoat dong tot hon
s0 V6i cdc md hinh truyén thong ciing nhu méd hinh RNN
o sd.

Ké thita nghién ciu ctia Hidasi, Yong Kiam Tan va cong
su (2016) [9] da d& xuét cai tién mé hinh RNN véi thuat
todn xG 1y dit liéu lam viéc theo chudi (phién) phlt hop
hon cho mo6 hinh RNN. Y.K. Tan va cdng su ciing st dung
chung bo dit liéu cua Hidasi nhung da thuc nghiém da dang
hon d€ phan tich mic do hiéu qua cla viéc xi ly di lidu
phién l1am viéc v6i mo hinh RNN. Két qua cho thiy nghién
citu ctia Y.K. Tan va cong su cho két qua tot hon va thuat
toan xi ly dif liéu dudc sit dung tham chiéu trong mot sd
nghién ctu tiép theo vé bai toan nay [10-12]

V6i su ra d6i cia mo6 hinh mang hoc siu va rong (Wide
& Deep Learning) do Google phét trién nam 2016, Heng-
Tze Cheng va cdng su [13], Khang Nguyen va cong su [14]
cling ap dung mo hinh nay trong viéc cai thién tinh tuong
tac gilta cac thudc tinh & ca miic cao va mic thip dé gitip
cho mo hinh goi y c¢6 thé tim ra dugc cic dic tinh dn ot
hon do né via ¢6 tinh téng quét héa cia mé hinh hoc rong
vua ¢6 tinh ghi nhé cia md hinh hoc séu.

Shu Wu va cdng su (2019) [12] sG dung md hinh mang
hoc sau va do thi cting kha nhiéu ky thuat xt ly do thi va
cdc bién thé khac nhau cia GNN dé phan tich bai todn ggi
y dua vao phién lam viéc. Nhém tic gia dé xuit ky thuat
bién d6i véc to phién lam viéc sang mot khong gian nhing
bing céch sit dung mang GNN d& huén luyén va hoc dugc
véc to nhing ctia do thi biéu dién phién lam viéc, cic véc
to nhing ndy thé hién dugc cdc dic tinh 4n cda tiing phién
lam viéc tir d6 ho trg dua ra dugc goi y c6 tinh chinh xéc
hon.

III. PHUONG PHAP LUAN
1. Y twéng xdy dung do thi
Y tuéng ctia nghién citu 1a dé& xuit mot s6 phuong an
xdy dung do thi tif b dif liéu lua chon sdn phim clia ngudi
mua hang. Goi d 1a sb luong san pham trong bd dit lidu va
céc san phdm dudc ddnh diu theo sb thd tu tr 0 dén d — 1.
Cu thé nhém tic gia dé& xuit 3 dang do thi sau:
« Do thi G: d6 thi don thé hién mbi quan hé truc tiép
khi Iva chon sidn pham.
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« Do thi H: dd thi don thé hién cd mbi quan hé truc tiép
va gian tiép khi lua chon cic san phdm trong phién
lam viéc.

« Do thi K: do thi da quan hé (con goi 1a do thi siu)
thé hién dong thdi nhiéu mdi quan hé khic nhau giita
céc san pham thudc nhiéu phién 1dm viéc khic nhau
trong bo dit liéu.

Dé thi G

Goi G la mot dd thi thod man ma trin k& Mg € R9*4
v6i Méj 1a sb 1an san phdm j dudc nhip (click) ngay sau
sén phdm i trong mot phién. Khdi niém ngay sau thé hién
su tuong tac truc tiép tif khi nhip tif san phdm i tSi san
phim j.

Gia st s = {vy,v2,...,v,} dai dién cho mdt phién lam
viéc v6i v; (0 < v; < d) 1a dai dién cho mot san phin dugc
nhap thi i. Lic d6 ta thuc hién, véi mdi i (1 <i < n):

ey

Mg’viH — Méi,viﬂ +1

Nhén xét:

e G la dd thi c6 hudng, cé trong sb.

« Trong G, trong sb canh nbi tit dinh i t6i j c6 gia tri
la My eR

« Theo thong ké, xic suét clia d€ san phdm j dugc nhap
ngay sau san phim i Ia:

Do thi H

Goi H 1a mot d6 thi thod man ma tran k& My € R4*4
véi M;’Ij 1a s6 1an san phdm j dudc nhip (click) sau khi
nhp sin phim i trong mot phién. Khai niém sau khi thé
hién sy tuong tic truc tiép hodc gidn tiép tif khi nhip tu
san phim i t6i san phdm j c6 thé di qua mot s6 san phdm
nao khéc giita hai sin ph4m nay.

Gia st s = {vy,v2,...,v,} dai dién cho mdt phién lam
viéc véi v; (0 < v; < d) 1 dai dién cho mdt san phin dugc
nhép thi i. Liic d6 ta thuc hién, v6i mdii, j (1 <i < j < n):
2

Vi, Vj

Vi,Vj
y <M

M H

+1

Nhin xét:

e H la dd thi c6 hudng, cé trong sb.

« Trong H, trong sd canh ndi tit dinh i t6i j c6 gia tri
la M/ eR

i, i s o

.MGSMH Vl,].QSz<]<d )

o Theo thong ké, xac suat cia dé san pham j dudc nhap
sau sin phim i la:

i,j

H

d-1 i,x
z:x:0 MH

L _
s
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« Goi Ex 1a s ludng canh ctia do thi X. Ta c6, Eg >
Eg.

Do thi K

Goi ¢ 1a s lugng nhip nhiéu nhit ctia mot phién trong
co s dit liéu. Goi K 12 mot d6 thi thod man ma tran ké
Mg € Rdxdxe i M;;’j [#] 12 sb 1an san phdm j dudc nhip
(click) sau khi nhap san phdm i diing ¢ 1an nhip trong mot
phién.

Gia st s = {vy,v2,...,v,} dai dién cho mot phién lam
viéc véi v; (0 < v; < d) 1 dai dién cho mdt san phin dugc
nhép thi i. Lic d6 ta thuc hién, v6i mdii, j (1 <i < j < n):

MY 3)

Wi =1 M —i-1]+1

Nhén xét:

« K 1a dd thi c6 hudng, c6 trong sb.

« Trong K, trong s6 canh nbi tit dinh i t6i j c6 gia tri 1a
MYy’ € RE. Vi thé, n6 chiém bd nhd luu trit, mit thoi
gian truy cap ldy gid tri hon nhiéu do thi H va G.

« Mang thong tin ctia ca 2 do thi H va G

e M =MJ0] Vij:0<i<j<d
o« My =X M 1] Vi,j:0<i<j<d

« Theo thdng ké, xic suit clia d€ san pham j dugc nhip
sau khi nhip san phdm i diing 7 1an nhép la:

i,j
1= i

Pl = KX ——
d-1 i,x
x=0 MK [t]

K
« Goi Ex la s6 lugng canh ciia dd thi X. Ta c6, Ex =
Ey > Eg.

2. Mang hoc sau do thi (Graph Neural Network)

Mang hoc sau dd thi (GNN) dudc gidi thiéu dau tién vao
nam 2005 [15], GNN Ia mdt loai mang no-ron hoat dong
truc tiép trén cu tric do thi, v6i viéc st dung no-ron nhu
1a céc nit trong cAu tric mang, tiing nit s& chifa thong tin
cua riéng né va thu thip thém cac thong tin tir cac nut 1an
can thé hién mdi tuong quan gilta cdc nit trong do thi.

Véi huéng tiép can st dung do thi, GNN ngay cang trd
nén phd bién trong nhiéu linh vuc khic nhau [16], tiém
niing cia m6 hinh GNN cho thiy khi niing tng dung va
xti Iy dudc kha nhiéu bai todn thuc té nhu xdy dung biéu
dd tri thifc, ddnh gia mbi tuong quan ctia mang xa hoi, hé
théng goi y ban hang... Stic manh ctia GNN trong viéc mo
hinh héa dugc su phu thudc giita cic nit trong dd thi cho
phép tao ra budc dot phd trong linh vuc nghién ciu lién
quan dén phan tich do thi.

Trong nghién ctiu ny, nhém tic gia dé& xuét sit dung mo
hinh GNN dé€ xdy dung mo hinh ggi ¥ dua va phién lam
viéc clia ngudi dung. PE c6 su nhit quan trong phan mo
td cac khai niém, nhém tic gia thiét 1ap mot s6 thuat ngit
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chinh nhu sau: khai niém dd thi (graph) sé dung dé biéu
dién phién 1am viéc (session), trong d6 dinh (node) ctia dd
thi md ta san phdm (item) lua chon va canh (edge) clia do
thi md t4 viéc ngudi dung nhip chudt (click) tit san phim
trudc sang san pham tiép theo trong phién.

Véi phuong 4n xdy dung mang no-ron do thi GNN cho
céc dob thi don quan hé G, H va do thi siu K mo ta & phan
trén, do K 12 dd thi siu nén can c¢6 phuong an phit hgp hon
d€ mo6 hinh GNN c¢6 thé hoc dudc tinh chit sau cta do thi
K. Do d6, nhém tic giad dé xuit hai md hinh khdc nhau
cho d6 thi don quan hé va dd thi sau nhu sau:

Mé hinh mang no-ron cho do thi G va H
Mo hinh mang no-ron cho d6 thi don quan hé G va H
dudc biéu dién nhu hinh 2.

o ¢ 12 s6 lugng nhip dugc st dung 1am dau vao ctia mo
hinh, d 1a s6 lugng san phdm c6 trong toan bo phién.
« Dau vao ctia m6 hinh 12 m6t phién gdm ¢ nhip c6 tinh
tht ty 14n 12 s = {id), idy, ..., id} v6i 0 < id; < d.
« V6i mbi nhip id; qua do thi, ta thu dudc mdt vector
trong sb v; véi v; € RY.
« St dung 16p Norm d€ chuin héa v; thanh x4c suét
pi € RY v6i cong thiic sau:
Vi

pi “

- sum(v;)

« Cudi cung, sit dung mot 16p Fully connected layer v6i
ham kich hoat 1a softmax dé tinh toan dau ra ctia mo
hinh.

Mé hinh mang no-ron cho dé thi K
D€ cdi tién mo hinh mang no-ron do thi khi phai lam
viée v6i dd thi K (tic do thi c6 chiéu siu), nhém tic gia
dé xuit st dung thém mot 16p hoc sau (Depth layer) vao
md hinh nhu hinh 3.
« Dau vio ctia m6 hinh 1a m6t phién gdm ¢ nhip c6 tinh
tht tu 1an luot 1a s = {idy, id,, ...,id.} v6i 0 < id; < d
(d 1a sb lugng san phdm trong toan bd phién).
« V6i mdi nhip id; qua do thi K, ta thu dudc mot vector
trong sb v; véi v; € R9X€,
« St dung 16p Depth @€ bién d6i chidu ctia v; thanh R¢
vGi cong thic sau:

zi = f(wivl +b;)

(5)
V6i:
- w; € R¥: trong s6 chiéu sau
— b; € R: trong s tu do clia chiéu sau
- f(z) : 1a mot ham bién ddi z, nhém tdc gia si
dung ham tuyén tinh f(z) = z.
o Sit dung 16p Norm dé chuin héa z; thanh xdc suit
pi € R? véi cong thiic sau:

(6)
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« Cubi cung, sit dung mot 16p Fully connected layer v6i
ham kich hoat 1a softmax dé tinh todn dau ra clia mo
hinh.

IV. NGUON DU LIEU NGHIEN CUU
1. Nguén Du Liéu (Dataset)

Nghién ctu st dung bd dit liéu cung cip bdi YOO-
CHOOSE GmbH, day la bd di liéu dugc st dung trong
cudc thi RecSys Challenge 2015 [17]. Bo dit liéu ghi lai
tap hop nhiéu phién lam viéc clia mot trang web thuong
mai dién tit hoat dong trong linh vuc ban 1é tai chau Au,
trong d6 mdi phién 1am viéc chifa thong tin vé chudi nhip
chuo6t va mot danh sich san phan ma khach hang lua chon
trong subt phién d6. Dit liéu dudc ghi nhan kéo dai trong 6
thang, tif thang 04/2014 dén thang 09/2014. Vi ly do quyén
riéng tu, toan bo thong tin vé ngudi st dung da dudc an di
khéi bd dit liéu.

B6 dif liéu bao gom hai tép dit liéu:
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Dit liéu nhip chudt (yoochoose-clicks.dat): chia dit
liéu vé chudi nhip chudt ctia ngudi dung. Dit liéu bao
gdm cdc trudng: (1) Session ID — ID clia mbi session.
Trong mdi session c6 thé c6 mot hoic nhiéu sy kién
nhép chudt. (2) Timestamp — thdi gian xdy ra clia su
kién nhip chudt. (3) Item ID — ID ctia san phim dudc
chon. (4) Category — danh muc ctia san phim dudc
chon.

Dit liéu nhip chudt danh gia (yoochoose-test.dat):
gibng v6i bo dif liéu nhap chudt da néu & trén nhung
nhiing session trong ddy khong cé trong tip trén. N6
dudc st dung d€ danh gia mo hinh.

Dt liéu mua sim (yoochoose-buys.dat): chua di liéu
vé chudi mua sdm cta ngudi dung. Dit liéu bao gdm
céc trudng: (1) Session ID — ID cia mdi session. Trong
mbi session c6 thé c6 mot hoic nhidu sy kién mua sam.
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(2) Timestamp — thdi gian x4y ra clia su kién mua sam.
(3) Item ID — ID ciia san phdm dugc mua. (4) Price —
gia san phdm. (5) Quantity — s6 lugng san pham dudc
mua.

Mbi Session ID trong yoochoose-buys.dat luén xuét hién
trong yoochoose-clicks.dat — cac du liéu cung Session ID
két hop lai tao thanh chudi nhip chudt ctia mot khach hang
cu thé trong sudt mot phién 1am viéc. Thoi gian clia mot
phién c6 thé rat ngan (vai phiit) hodc rat dai (vai gid), cé
thé bao gdm mot hoidc nhiéu su kién nhip chuodt v mua
hang, phu thudc vao hanh vi tuong tac cia ngudi stt dung.
Thong tin chi tiét vé hai tap dif liéu nay dugc thé hién &
Bang I

) . Bang I
THONG KE VE KICH THUGC BO DU LIEU [17]
yoochoose-clicks.dat | yoochoose-buys.dat
S6 lugng sy kién 33.003.944 1.150.753
S6 lugng san phim 52.739 19.949
S6 lugng session 9.249.729 509.696

2. Mot s6 phan tich bd di liéu

Bang théng ké dit lidu ctia hai tap di liéu huén luyén va
kiém thi dudc mo ta & Bang II.

) Bang 11 )
THONG KE VE BO DU LIEU NHAP

B6 huén luyén | Bo kiém tra Tit ca
S6 lugng phién 9.249.729 2312432 | 11.562.161
S6 lugng san pham 52.739 42.155 54.287
S6 lugng nhip 33.003.944 8.251.791 | 41.255.735
S6 nhép 16n nhét 200 200 200
S6 nhép trung binh 3,5681 3,56845 3,56817
S6 nhép nho nhét 1 1 1
S6 phién 1 nhip 13,619% 13,602% 13,616%
S6 phién 2 nhip 38,467% 38,463% 38,466%
S6 phién 3 nhip 17,442% 17,467% 17,447%
S6 phién 4 nhip 10,118% 10,099% 10,114%
S6 phién 5 nhip 5,866% 5,903% 5,874%
S6 phién 6 nhip 3,926% 3,914% 3,924%
S6 phién 7 nhip 2,565% 2,566% 2,565%
S phién 8 nhip 1,828% 1,833% 1,829%
S phién 9 nhip 1,297% 1,298% 1,297%
S6 phién 10 nhip 0,979% 0,962% 0,976%
S6 phién hon 10 nhip 3,892% 3,894% 3,892%

Véi théng ké dit liéu & Bang II, ta c6 mot sd nhan xét
sau:
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« BO dif liéu chia hon 11 triéu phién, trong d6 b huin
luyén chia hon 9 triéu phién va bd kiém tra chifa hon
2 triéu phién.

« C6 tit c4 54.287 san phidm, bo huin luyén c6 52.739
sén pham. Vi vy c6 1.548 san phadm c6 trong bd kiém
tra ma khong c6 trong bo huin luyén, din dén viéc
khong thé xic dinh (hoc) sd san pham nay. Vi vy, ta
cin loai bé cdc phién c6 san phim nay ra khoi tap
kiém tra (cic nghién ciiu lién quan vé bo dit liéu nay
cling loai bd dir liéu nay).

« Phién c6 it nhét 1 nhip va c6 thé 1én t6i 200 nhép.

« S6 lugng phién chi c6 1 nhip chiém 13,6%, dit liéu
nay gan nhu khong c6 gid tri vi khong dd thong tin
nén can loai bé phién nay. Phién lam viéc c6 s6 lugng
nhip nhiéu nhit 12 2 nhip va 3 nhip véi ty 1¢ 1an lugt
1a 38,5% va 17,4%. Nhu vay phién c6 sd lugng nhip
cang 16n thi cang it xuét hién.

« Trung binh mdi phién lam viéc thi khodng 4 nhép (3,5)

3. Tién xit Iy dit liéu
Cic budc tién xi ly dudc thuc hién nhu sau:
« Chuén héa phién:
— Tong hop phién theo danh sich nhip (danh sich
sén phim)
— Loai bé mot s thude tinh dif liéu khong can thiét
nhu thdi gian nhép, catagory, ...
« B0 cic phién chi c¢6 1 nhip.
o Loai bo phién 1am viéc trong bo kiém tra c6 chifa san
phdm ma khong xuét hién trong bo huan luyén.

Bo dif liéu sau budc tién xt ly dugc mo ta & Bang IIL

4. Phuong An Chia Dit Liéu

B6 kiém tra chia t6i gin 2 triéu phién, day 1a s6 ludng
kh4 16n nén phan thuc nghiém clia nghién ctiu nay chi liy
25% cta bo kiém tra lam tap kiém tra cudi cling (test) va
25% khac ciing thudc bo nay lam tip danh gia (validate).
Luu y, tap kiém tra va tdp ddnh gi4 c6 nhiing phién khéc
nhau va dugc chon ngiu nhién. Ta c¢6 Bang IV.

V. KET QUA THUC NGHIEM VA DANH GIA
1. Tham S6 Panh Gia Mé Hinh

Trong céc bai toan du bdo ban hang thuc té, viéc goi
y cho khich hang mot san phdm tiép theo thuong khong
c6 1oi ich gi, thay vao d6 hé théng goi y cin dua ra mot
danh sich k sin phim d& xuét tiép theo. Vi ly do d6 mot
s6 tham s6 co ban trong qué trinh danh gia md hinh nhu
Precision, Recall hay Accuracy don 1é khong con phu
hop nita. Thay vio d6 cdc nghién ciiu gan dé day xuét si



) . Béang III .
THONG KE VE BO DU LIEU NHAP SAU TIEN XU LY

Bo huén luyén | Bo kiém tra Tt ca

S6 lugng phién 7.990.018 1.996.408 | 9.986.426
S6 lugng sin phim 52.069 38.733 52.069
S6 lugng nhip 31.744.233 7.926.322 | 39.670.555
S6 nhip 16n nhét 200 200 200
S6 nhip trung binh 3,97299 3,97029 3,97245
S6 nhép nhé nhét 2 2 2
S6 phién 2 nhép 44,532% 44,518% 44,529%
S6 phién 3 nhip 20,192% 20,223% 20,198%
S6 phién 4 nhip 11,713% 11,691% 11,709%
S6 phién 5 nhip 6,791% 6,833% 6,800%
S6 phién 6 nhip 4,545% 4,531% 4,543%
S6 phién 7 nhip 2,969% 2,970% 2,969%
S6 phién 8 nhép 2,117% 2,121% 2,117%
S6 phién 9 nhép 1,502% 1,502% 1,502%
S6 phién 10 nhip 1,133% 1,113% 1,129%
S6 phién hon 10 nhip 4,505% 4,498% 4,504%

) _ Bang IV
THONG KE VE BO KIEM TRA VA DANH GIA

B6 kiém tra | Bo danh gia

S6 lhugng phién 499.102 499.102
S6 lugng san phim 30.179 30.278
S6 lugng nhép 1.982.109 1.978.213
S6 nhép 16n nhit 200 200
S6 nhip trung binh 3,971 3,963
S nhip nhd nhit 2 2
S6 phién 2 nhép 44,580% 44,585%
S6 phién 3 nhép 20,132% 20,146%
S& phién 4 nhép 11,643% 11,786%
S6 phién 5 nhép 6,881% 6,769%
S6 phién 6 nhip 4,532% 4,528%
S& phién 7 nhép 2,988% 2,979%
S6 phién 8 nhép 2,129% 2,101%
S& phién 9 nhip 1,478% 1,519%
S6 phién 10 nhip 1,133% 1,131%
S& phién hon 10 nhap 4,504% 4,457%

dung tham sb Recall @K, MRR@K va ACCs@K dé€ danh
gid viéc gdi ¥ ciing lic k san pham. Trong nghién ciiu nay,
nhém tic gia ciing dé xuit st dung cac tham s6 nay, trong
de:
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Recall@K
D& danh gia hiéu suit ctia md hinh v6i mot hé goi ¥,
nghién ctiu st dung chi s6 Recall @K vé6i cong thiic sau:

§ 80ee 053
5

1
Recall @K = —
i=0 rell

n

N

Trong d6, véi n 1a s6 lugng phién cla bd di liéu, S, 1a
tap cdc san phim goi y (g0i y bdi topK - K trong sb 16n
nhét) va Siel 1a tp cdc san phdm dugc nhép thuc té cla
phién thd i v6i 0 < i < n. Thong thudng trong bai toan ggi
Y, tip cic nhap thuc té (Siel) chi c6 duy nhit mot thanh
phan dugc goi 1a next-click. Vi vay, Siel = {id,} véi id, la
san phim dugc nhip gdi y tiép theo sau cdc san phim da
nhép trong phién lam viéc thi i.

MRR@K

MRR@K (Mean Reciprocal Rank) 1a muic trung binh
clia cdc cp bac tuong hd clia cic san phdm mong mudn.
Xép hang ddi ting dugc dit thanh 0 néu thi hang 16n hon
K. MRR tinh dén thi hang clia mit hang, diéu nay rat
quan trong trong cic cai dit c6 thii tu d& xuit quan trong.
MRR@K c6 cong thic tinh nhu sau:

1 ¢ ;i
MRR@K = ~ > RR(id!, SL,.) ®)
i=0

Trong d6, véi n 1a s6 lugng phién ctia b dit lidu, SI,,
la tdp K san pham gdi y dudc sap xép theo trong s tir 16n
dén bé (goi ¥ bdi top — K - trong d6 K trong s6 16n nhét)
va id, 12 san pham dugc nhip gdi y tiép theo sau cic sin
phim di nhép trong phién 1am viéc thi i v6i 0 < i < n.
RR(id, S) 1a 0 néu san phdm id khong c6 trong S, la %
v6i r 1a vi tri cla id trong tdp S tinh tir 0.

Nhu vy, néu hé gdi y cang trad vé ding san phim tiép
theo v6i diém cang cao thi MRR cang cao. Luu y, chi sb
ndy chi d4p dung v6i mot nhip san phim tiép theo thuc té,
khong phu hop cho viéc gdi y mot chudi cic nhip (sd nhip
16n hon 1).

ACCs@K

Bai bdo nay dé xuit mot chi s6 ACCs dé tinh do chinh
x4c trong mot hé gdi y K nhan véi trong s6 (xdc suit) 16n
nhét v6i nhidu nhan thuc té. Pay 1a d6 do d€ tinh cho mot
bai todn nhiéu nhin du ra (mot quan st nhung c6 nhiéu
nhan).

1 ¢ ~ -
ACCs@K = > min(1, [SL,. O SE,,0) ©
=0

Trong d6, véi n 1a sb lugng phién cla bd di liéu, S, 1a
tap cdc san phim goi y (g0i y bdi topK - K trong sb 16n
nhét) va Siel la tp cdc san phidm dugc nhip thuc té ciia
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phién thit i v6i 0 < i < n. Cong thic min(1,|S.,. NS’ ,|)
chi ra ring & quan sat thi i, ¢6 ton tai 1 san phdm nao d6
trong danh sich nhan nam trong K nhan du dodn c6 trong
s6 16n nhit hay khong, gia tri nay bang 1 néu c6 ton tai va
ngudc lai bing 0.

2. Két qua va Nhan xét

Trong thi nghiém nay nhém tac gia cé chay thi nghiém
v6i md hinh thong ké dé 1am két qua co s6 cta thi nghiém.
Két qua ctia qué trinh huén luyén ctia hai mo6 hinh vé6i ba
dd thi G, H, K dugc mo ta & Bang V:

_ Bang V_
BANG KET QUA TONG QUAN
Mo hinh | Stats.H | Stats.G | GNN.G | GNN.H | GNN.K
Recall@1 0,227 0,223 0,218 0,214 0,221
Recall@5 0,500 0,505 0,518 0,512 0,519
Recall@10 0,610 0,615 0,625 0,620 0,626
Recall@20 0,696 0,701 0,708 0,703 0,709
ACCs@1 0,253 0,248 0,241 0,239 0,245
ACCs@5 0,533 0,538 0,549 0,545 0,550
ACCs@10 0,639 0,643 0,651 0,647 0,652
ACCs@20 0,719 0,723 0,728 0,724 0,729
MRR@1 0,227 0,223 0,218 0,214 0,221
MRR@5 0,327 0,327 0,330 0,325 0,332
MRR@10 0,342 0,342 0,344 0,339 0,346
MRR@20 0,348 0,348 0,350 0,345 0,352

Qua Béng V ta thiy:

« Thi nghiém véi 5 mo6 hinh khéc nhau, gom 2 mo hinh
théng ké truyén théng va 3 md hinh hoc sau st dung
dd thi. Luu y m6 hinh théng ké khong hd trg 1am viéc
v6i dd thi sau K.

o Pinh gia mdé hinh dwa trén 3 tham sb chinh
la Recall@K, ACCs@K, MRR@K v K €
[1,5, 10,20]

« MO hinh thong ké véi dd thi H (Stats.H) c6 két qua té
nhét, con t6t nhit 1a md hinh st dung mang hoc siu
GNN véi db thi K (GNN.K).

« Tuy nhién két qua cho thiy khoing céach gid tri giita
cdc md hinh véi tiing tham s khong 16n.

Hinh 4 biéu dién truc quan két qua so sinh cia tiing
nhém md hinh khi thuc hién véi cdc loai db thi khac nhau,
trong khuon khé bai bdo nay tic gia chi biéu dién véi top-
K=20, cic két qua ctia K con lai c6 thé tham khao & Bang V:

3. So sanh véi cac nghién ciru lién quan

D€ s0 sdnh huéng tiép can va két qua dat dudc ctia nghién
ctfu nay, tac gia Iua chon mot sb bai bdo tuong tu cung giai
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0.713

0.732

- H - H - H
07101 @G 07301 @ G 0352{ @ G
0.708 K 0.728 K K
0.350
%0 705 30.726 2
@ @
= 0.703 » 0.724
i S 20.343 -

3 9
© 0.700 < 0.722

N

Stats

0.698 0.720 0346

b4

0.695 0.718

0.344

0.716

Stats GNN GNN Stats

Hinh 4. Biéu dd két qui cho cic md hinh véi top-K=20

quyét bai toan hé ggi y dua vao phién lam viéc va cling st
dung b6 dit liu Yoochoose cla cudc thi RecSys Challenge
2015 [17] nhu trong nghién ctu nay.

Hai nghién cuu cia Balazs Hidasi (2015) [8] va Yong
Kiam Tan (2016) [9] déu si dung mang no ron hdi quy
(RNN) cho bai todn nay, trong d6 Yong Kiam Tan da dé
xuét cdi tién md hinh RNN v6i mot thuit todn lam giau
dit liéu va cho két qua t6t hon han so véi md hinh RNN
cua Balazs Hidasi. Thuét toan lam giau d@ liéu trong qua
trinh tién xir ly dif liéu ctia Y.K. Tan va cong sy d€ sinh
di liéu la: v6i mot phién s [Vs.15Vs.2s ooes Vsin]
thi phién con va nhan Ia

s€ tao ra mot chudi

([Vs,l], VS,2)7 ([Vs,l, VS,2]7 Vs,3), ceey ([Vs,l, V§,25e0s Vs,n—l], Vs,n)

VOi [Vs.1, V5.2, .0s Vs.n—1] 12 chudi nhip diu vao va vy, 1a
nhin next — click. Piém luu y 1a bd di liéu ndy c6 sd sin
phim 14 37.483 sau qua trinh tién xt ly, khic v6i thong
ké gdc ctia bo dit lieu nay 1a 52.739 san pham [17], diém
khic biét ndy sé 1a ding k€ v6i cac mo hinh gdi y phan
16p da nhan.

Do bd dir liéu nay kha 16n, Y.K. Tan va cOng su gap
mot sd khé khin trong qué trinh hun luyén khi bi gi6i
han phan ciing, c6 1€ vi ly do d6 Y.K. Tan va cong su dua
ra y tuéng chia nhd bd dir liu dé thuc nghiém thanh céic
bd Yoochoose nhd hon (1/4, 1/16, 1/64, 1/256). Trong qua
trinh thuc nghiém, Y.K. Tan va cdng su nhin thiy viéc st
dung bd dif liéu day di mang dén két qua kém hon so véi
viéc ding mot phan ctia dif liéu. Ly do chinh ma Y.K. Tan
va cong su dua ra nhan xét nay 1a do s6 lugng nhan qua
16n trén bo dif liu day did, con s6 niy sé& bi giam ding
ké khi tich thanh tiing phan nhé hon nén mé hinh sé hoc
nhe nhang hon nhiéu. Cho du Y.K. Tan va cong su két
luAn mo6 hinh M2 cho két qua tét nhit véi bo dit liéu con
Yoochoosel /64 vGi Recall@20 1a 0,7129 va MRR@20
12 0,3091, tuy nhién mé hinh nay khong thé thuc hién dugc
trén bo di liéu day di do gidi han phan cting. Con véi bo
két dit lieu day dd, md hinh M3 cta Y.K. Tan va cong
su cho két qua tot nhat 12 Recall @20 xip xi 0,680 va
MRR@20 xép xi 0,290.

Jing Li va cac cong su (2017) [11] dé xuét st dung mo
hinh NARM (Neural Attentive Recommendation Machine)
dé xay dung hé goi y phién lam viéc va ciing sit dung bd dit



liéu con Yooochoose 1/4 va 1/64. Thuc nghi€m cda Jing
Li st dung bd dit lidu ki€m tra véi 55.898 phién, sb lugng
san phdm 1a 16.766 véi thyc nghiém 1/64 va 29.618 vdi
thuc nghiém 1/4. Jing Li dat dudc két qua Recall @20 1a
0,6973 va MRR@20 1a 0,2923, véi bo dit liéu 1/4. Trong
bang so sanh két qui v6i nghién ciiu st dung RNN ciia
Hidasi [8] va Y.K. Tan va cong su [9], Jing Li cho ring két
ctia minh t6t hon, du rang néu so sanh ky thi két clia cia
Jing Li khong thuc su ddy di va ndi trdi nhu nghién ciu
ctia Tan, vi du nhu khong thuc nghiém véi bo dit lidu day
du.

Ciing v6i huéng tiép can st dung bd dit liéu con ciia Tan,
Shu Wu va cdng su (2019) [12] st dung md hinh mang hoc
sau do thi (GNN) cung khd nhiéu ky thuat xi ly do thi va
cic bién thé khac nhau cia GNN dé phan tich bai todn ggi
y dua vao phién lam viéc. Nhém nghién ciu nay da dé
xuit mot md hinh st dung ky thuat bién ddi véc to phién
lam viéc sang mot khong gian nhing bang cach st dung
mang dd thi d€ huin luyén va hoc. Khic v6i cic nghién
ctu truéc st dung tham sé Recall @K, Shu Wu dé xuit st
dung tham s6 Precison@K va mot diém luu y 12 Shu Wu
lai so sanh két qua Precision@K ctia minh v6i Recall @K
clia cdc nghién ctu tru6c dy, nén kha ning c6 su nham
14n trong nghién ctiu niy va viéc so sanh két qua 1a khong
hop ly.

Trong nghién ciu cta Kiewan va cong su (2018) [10]
cling st dung md hinh RNN nhu hai bai bao ctiia Balazs
Hidasi [8] va Yong Kiam Tan [9], tuy nhién Kiewan khong
chia nhd b dit liéu nhu Y.K. Tan va cong su ma c6 hudng
tiép can khac biét 1a dua ra khdi niém phién dai va phién
ngan (long and short sequential session), cu thé Kiewan
danh gia md hinh theo 3 nhém phién cé do dai la [2-5],
[6-25] va [26-200]. Kiewan dé xuit mot sb ky thuat khic
nhau (bao gdm chudn héa 16p LN, ma trin nhing dau vao
RE hoic xép chong 16p GRU) dé xiy dung md hinh phu
hop véi cac loai dit liéu phién cé d6 dai ngan khac nhau.
M5 hinh ctia Kiewan cho két quéa t6t nhit Recall @20 la
0,691. Nhu vay, két qua nay 1a t6t hon véi két qua ciia Y.K.
Tan va cong su khi kiém tra v6i bd dit liéu ddy dd nhan
c6 Recall @20 x4p xi 0,680 va t6t hon hin so véi két qua
cia Baldzs Hidas véi Recall@20 1a 0,632. Néu so sanh
két qua nay véi két qua tot nhét ctia Y.K. Tan va cong su
véi tap dif liéu con 1/64 véi sd nhan it hon thi khong tot
bing (Recall @20 trén tap 1/64 1a 0,7129), tuy nhién viéc
so sanh nhu vay cling khong hoan toan hop ly do sb lugng
nhin ctia tip dif liéu diy di ma Kiewan kiém tra (khoang
37 nghin nhan) nhiéu hon so véi tap con 1/64 ctia Y.K. Tan
va cong su (gan 17 nghin nhan).

Sau khi phén tich cac nghién ctu lién quan & trén, tic
gia c6 mot sd nhan xét nhu sau vé két qua clia minh so véi
cac nghién cdu truéc day:
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« Nghién ctiu niy st dung ca tap dit liéu huin luyén va

kiém thit tif bo dit liéu gbc v6i s luong san pham, tic
s6 lugng nhan, 1én téi hon 52 nghin.
Céc nghién ciu trudec day khong st dung bo dit liéu
kiém tht riéng biét cta bo dit lieu gbc, ma trich ra tu
tap dit liéu huén luyén. Piéu nay lam giam s6 lugng
san pham, tic sb luong nhan ctia moé hinh xubng con
tu 10 t6i 37 nghin nhan.

« Nghién ctiu nay dé xuit va xay dung mo hinh c6 tinh

md rong cao khi hoat dong véi dd thi véi hon 52 nghin
dinh, dic biét véi sd luong canh rét 16n véi cac loai
dd thi gian tiép H hay dd thi sau K.
Mot s6 nghién cifu lién quan trinh bay khong thé chay
dugc md hinh véi bo dit liéu day dii, do d6 ho phai
thuc nghiém véi bo dit liéu nhoé hon véi s6 lugng nhin
tham chi con it hon.

e M0 hinh d& xuét ctia nghién ciu nay cho két qua
Recall@20 12 0,712 va MRR@20 1a 0,363, t6t hon
két qua cla Kiewan c6 Recall@20 1a 0,691 va cla
Y.K. Tan va cdng su c6 Recall@20 la 0,680 (Y.K.
Tan va cong su c6 nhidu két qua khic nhau, diy 1a
két qua chay véi bd dit lidu ddy di), va t6t hon han
nghién cifu dau tién ctia Baldzs Hidas v6i Recall @20
la 0,632.

VL. KET LUAN

Nghién cifu nay c6 hai déng gép chinh gdm: (1) sit dung
dd thi d€ mo ta chudi nhap chudt trong qua trinh Iua chon
san pham trong phién lam viéc hién tai, bao gdm ba loai
dd thi truc tiép G, gian tiép H va sau K va (2) st dung
mang hoc sau dd thi GNN d& hoc dif liéu d thi d€ dua ra
cac md hinh ggi y dua theo bai todn rop — K. Thuc nghiém
cho thdy huéng dé xuét clia nghién cifu nay cho két qua
Recall @20 va MRR@20 tot hon han céc nghién ciiu trude
day, dic biét 1a kha ning xi ly do thi v6i sb luong dinh rat
16n va c6 kha ning md rong hon nita, day chinh 1a diém
han ché clia cac nghién ciiu trudc day gip nhiéu khé khin
khi phéi xt 1y bo dif liéu c6 sb lugng san pham (nhin) kha
16n v6i hon 50 nghin nhan, mot sb nghién ctu truée day
con phai chia nhé bd dit 1iéu va nhu vdy da phai gidm nhan
ctia md hinh ggi y.

Hudéng md rong clia nghién citu nay 1a tiép tuc st dung
mot s6 ky thuat bién ddi dd thi (vi du phép nhiing dd
thi) sao cho mé hinh GNN hoat dong hiéu qua hon, hoic
phuong 4n thiét k& t&i wu 16p sau ctia mo hinh GNN dé né
c6 thé hoat dong hiéu qua hon véi d6 thi sau K.



Cic céng trinh nghién cifu phat trién Céng nghé Théng tin va Truyén théng

TAI LIEU THAM KHAO

(1]

(2]

(3]

(4]

(3]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

J. B. Schafer, J. Konstan, and J. Riedl, “Recommender
systems in e-commerce,” in Proceedings of the Ist ACM
conference on Electronic commerce, 1999, pp. 158-166.

Y. Koren, R. Bell, and C. Volinsky, “Matrix factorization
techniques for recommender systems,” Computer, vol. 42,
no. 8, pp. 30-37, 2009.

S. Zhang, L. Yao, A. Sun, and Y. Tay, “Deep learning based
recommender system: A survey and new perspectives,” ACM
Computing Surveys (CSUR), vol. 52, no. 1, pp. 1-38, 2019.
J. B. Schafer, J. A. Konstan, and J. Riedl, “E-commerce
recommendation applications,” Data mining and knowledge
discovery, vol. 5, no. 1, pp. 115-153, 2001.

B. Sarwar, G. Karypis, J. Konstan, and J. Riedl, “Application
of dimensionality reduction in recommender system-a case
study,” Minnesota Univ Minneapolis Dept of Computer
Science, Tech. Rep., 2000.

B. M. Sarwar, G. Karypis, J. Konstan, and J. Riedl, “Recom-
mender systems for large-scale e-commerce: Scalable neigh-
borhood formation using clustering,” in Proceedings of the
fifth international conference on computer and information
technology, vol. 1. Citeseer, 2002, pp. 291-324.

Z. Huang, W. Chung, and H. Chen, “A graph model for e-
commerce recommender systems,” Journal of the American
Society for information science and technology, vol. 55,
no. 3, pp. 259-274, 2004.

B. Hidasi, A. Karatzoglou, L. Baltrunas, and
D. Tikk, “Session-based recommendations with re-
current neural networks,” 2015. [Online]. Available:
https://arxiv.org/abs/1511.06939

Y. K. Tan, X. Xu, and Y. Liu, “Improved recurrent
neural networks for session-based recommendations,”
CoRR, vol. abs/1606.08117, 2016. [Online]. Available:
http://arxiv.org/abs/1606.08117

K. Villatel, E. Smirnova, J. Mary, and P. Preux,
“Recurrent neural networks for long and short-term
sequential recommendation,” CoRR, vol. abs/1807.09142,
2018. [Online]. Available: http://arxiv.org/abs/1807.09142
J. Li, P. Ren, Z. Chen, Z. Ren, and
J. Ma, “Neural attentive session-based recommendation,”
CoRR, vol. abs/1711.04725, 2017. [Online]. Available:
http://arxiv.org/abs/1711.04725

S. Wu, Y. Tang, Y. Zhu, L. Wang, X. Xie, and T. Tan,
“Session-based recommendation with graph neural net-
works,” in Proceedings of the AAAI Conference on Artificial
Intelligence, vol. 33, no. 01, 2019, pp. 346-353.

H.-T. Cheng, L. Koc, J. Harmsen, T. Shaked, T. Chandra,
H. Aradhye, G. Anderson, G. Corrado, W. Chai, M. Ispir,
R. Anil, Z. Haque, L. Hong, V. Jain, X. Liu, and H. Shah,
“Wide & deep learning for recommender systems,” 2016.
K. Nguyen, A. Nguyen, L. Vu, N. Mai, and B. Nguyen,
“An efficient deep learning method for customer behaviour
prediction using mouse click events,” 11 2018.

M. Gori, G. Monfardini, and F. Scarselli, “A new model
for learning in graph domains,” Proceedings. 2005 IEEE
International Joint Conference on Neural Networks, 2005.,
vol. 2, pp. 729-734 vol. 2, 2005.

F. Scarselli, M. Gori, A. C. Tsoi, M. Hagenbuchner, and
G. Monfardini, “The graph neural network model,” IEEE
transactions on neural networks, vol. 20, no. 1, pp. 61-80,
2008.

Yoochoose Dataset, “Recsys challenge,” 2015,
https://github.com/RUCAIBox/RecSysDatasets/tree/
master/dataset_info/ YOOCHOOSE.

82

SO LUQC VE TAC GIA

Nguyén Tuén Khang la nghién ciu sinh
tién sy tai Vién Cong nghé thong tin - Vién
Han 1am khoa hoc va cong nghé Viét Nam.
Hién dang la tu vin giai phdp cong nghé
tai IBM Viét Nam. Linh vuc nghién ctdu:
tu vin cdc giai phap céng nghé thong tin
trong linh vuc tai chinh ngan hang, chuyén
sdu vao mang hoc sdu va phan tich hanh

Email: khang nt@yahoo.com

Nguyén Td Anh t6t nghiép trudng Dai hoc
Thang Long nam 2020, hi¢n dang theo hoc
chuong trinh thac sy tai Vién Cong nghé
thong tin - Vién Han 1am khoa hoc va cong
nghé Viét Nam. Hién dang la giang vién
khoa Céng nghé thong tin cla truong Dai
hoc Thang Long. Linh vuc nghién ctu: thi
gidc mdy tinh va phan tich du liéu.

Email: anh. nt@thanglong edu.vn

Mai Thiy Nga dat hoc vi Tién s§ nganh
Cong nghé thong tin tai Vién Coéng nghé
thong tin - Vién Han 1am khoa hoc va
cong nghé Viét Nam nam 2017. Hién dang
la gidang vién khoa Coéng nghé thong tin
cua truong Pai hoc Thang Long. Linh vuc
nghién cdu: xay dung chuong trinh dao tao
dai hoc, phan tich thiét k& phan mém, hé
théng thong tin quan 1y, tri tué nhan tao va khoa hoc dit liéu.
Email: ngamt@thanglong.edu.vn

Nguyén Hai An dat hoc vi Tién sy nganh
Ky thuat khai thac diu khi tai trudng DH
Mo Pia chit Ha No6i nim 2012; thac s§
Cong nghé dau khi va phat trién md tai
Vién dau Ita Phéap. Hién 1a trudng phong
Khoa hoc cong nghé, TCT Tham do Khai
thac Diu khi. Linh vyc nghién ciu: tng
dung k¥ thuat méi, cong nghé théng minh
trong t6i wu phat trién khai thic cdc mo trén thém luc dia Viét
Nam va ning cao hé s6 thu hdi diu va khi.

Email: annhl @pvep.com.vn

Nguyén Viét Anh dat hoc vi Tién sy
nganh Khoa hoc mady tinh tai dai hoc
Kyoto, Nhat ban va dugc phong ham Pho
gido su nam 2022 tai Vién Cong nghé
thong tin - Vién Han 1am khoa hoc va
cong nghé Viét Nam. Hién la nghién ctu
vién cao cép tai Vién Cong nghé thong tin
- Vién Han lam khoa hoc va cong nghé
Viét Nam Linh vyc nghién cdu: hoc may, di li€u 16n va phan

tich mang xa hdi.
Email: anhnv@ioit.ac.vn



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

Mot phuong phap xay dung hé théng nhén
dang hanh vi cua nguoi trong thoi gian thuc
dua trén cac thuat toan hoc may

Nguyén Quang Huy', Trin Piic Nghial*, Pao To Hiéu?, Tran Pic Tan?, Vi Thi Thuong?, P Xuan Trung*
! Vién Cong nghé thong tin, Vién Han 1dam Khoa hoc vi Cong nghé Viét Nam, Ha Nai

2 Truong Pai hoc Phenikaa, Ha Noi

3 Pai hoc Phuong Pong, Ha Noi

4 Pai hoc Kinh Bic, Bic Ninh

Tic gia lién hé: Trin Piic Nghia, Email: nghiatd@ioit.ac.vn

Ngay nhan bai: 31/08/2022, ngay sta chita: 19/11/2022, ngay duyét dang: 25/11/2022

Pinh danh DOI: 10.32913/mic-ict-research-vn.v2022.n2.1137

Tém tat: Mot trong nhitng vin dé quan trong trong hé théng nhan dang hanh vi ciia ngudi (Human Activity Recognition
— HAR) d6 1a gid thanh, téc do va do chinh xdc. Cung v6i su phat trién cta cac thiét bi di dong, cic bo vi xi ly ngay
cang hién dai di cling véi viéc tich hop nhiéu cam bién khac nhau bao gdm cé gia toc ké di gitp viéc nhin dang hanh
vi ngudi tré nén dé dang va nhanh chéng hon. Tuy nhién, d6 chinh xdc ctia viéc phan loai hanh vi dua trén cdm bién
gia tbc con phu thudc rat nhiéu yéu t6 khac nhau din dén két qua c6 thé cé su sai léch. Bing nhiéu thi nghiém khac
nhau, chiing t6i nhan thiy rang viéc Iua chon cac thudc tinh t6i wu c6 quan hé quyét dinh téi hiéu suit clia viéc phan loai.
Trong bai bdo niy, ching toi d& xuit mot bo thudc tinh don gidn nhung cho két qua rit kha quan véi do chinh xic t6i
99%. Chung t6i da thyc nghiém va so sanh v6i mot vai thuat todn phan loai khac nhau trén tap di liéu thu thap tU mot

s6 tinh nguyén vién.

T khéa: Phdn logi, cam bién gia téc, nhin dang hanh vi.

A Method of Building a Real-time Human Behavior Recognition System based on Machine Learning Algorithms
One of the key issues in Human Activity Recognition (HAR) systems is cost, speed, and accuracy. Along with the

development of mobile devices, integration of various sensors, including accelerometers, has made human behavior
recognition easier and faster. However, the accuracy of the behavior classification based on the accelerometer depends
on many factors, leading to misleading results. In various tests, we found that the selection of optimal attributes has
a decisive relationship to performing the classifier. In this paper, we propose a simple set of attributes but give very
satisfactory results with 99% accuracy. We have tested and compared with a few different classification algorithms on

Title:
Abstract:
a dataset collected from several volunteers.
Keywords:  Classification, acceleration sensor, activity recognition

I. GIOI THIEU

Bai toan nhian dang hoat dong ngudi ndi chung va nhin
dang hoat dong dua trén cam bién gia toc néi riéng dang
chiing t6 dudc tAm quan trong ctia né vdi nhiéu ting dung
trong céc linh vic nhu nong nghiép, y t&, cong nghiép, an
ninh. [1-3]. Tuy nhién, du & linh vuc nao thi viéc thu thap
dit liéu ciing 13 yéu t6 hét sic quan trong. Ngay nay cdc
thiét bi cam bién dugc tich hgp nhiéu trong cdc thiét bi
di dong d€ theo ddi cac chi s6 khac nhau. Chang han nhu
dién thoai thong minh khong chi 1a thiét bi giao tiép thong
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thudng ma con cé thé thu nhan nhiéu tin hiéu mdi trudng
tlf cdc cam bién bén trong né [4]. Mot trong sb d6, gia
tdc ké 1a cam bién dudc st dung thudng xuyén nhit cho
viéc nhan dang hoat dong vi kha nang mang lai do chinh
xédc cao v6i ning lugng st dung thip [5]. V6i uu diém nhu
viy, gia toc ké da dudc nghién ctiu d€ thu thap di liéu tir
nhiéu vi trf khac nhau nhu chan [6], c& tay [7], canh tay
[8], that lung [9]. Ngoai ra, nhiéu nghién ctu da sit dung
két hop cling lic nhiéu cam bién khic nhau dé€ c6 thé phan
loai dugc nhiéu hanh dong hon. Muhammad Shoaib ciing
cong su [10] da ching minh ring viéc két hgp con quay
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hdi chuyén, tir ké va gia toc ké c6 tac dung tuong hd lam
cai thién kha nang nhin dang. Lei Gao va nhdm ciia minh
trong cong bd [11] da nghién ciu phan loai 8 hanh dong
v6i bdn cam bién gia tbc dit & bon vi tri khac nhau 1a
nguc, dudi canh tay trdi, eo va dui. Mdc du phuong phap
da cam bién nay c6 uu diém la gia ting do chinh xdc va
kha ning nhan dang dugc nhidu hanh vi khac nhau, nhung
chiing van c6 nhudc diém nhu gid thanh thiét bi cao, tiéu
hao nhiéu ning lugng va hon c 1a giy khé chiu cho ngudi
mang n6, nhit 12 trong thdi gian theo ddi dai. Trong pham
vi bai bdo nay, chung t6i st dung mo hinh nhan dang dua
trén hanh vi. So v6i cac md hinh khac nhu moé hinh héa
dua trén vector (hoat dong, vi tri), m6 hinh héa dua trén
vi tri, m6 hinh nhin dang dva trén hanh vi da dugdc ching
minh dat dudc dd chinh x4c cao nhit va it ton thai gian
nhét, c6 thé xdc dinh hiéu qua hanh vi ctia con ngudi [12].
Ngoai ra, cic hanh dong ciing dudc gi6i han trong doi séng
hang ngay nhu di lai, ding, ngdi, nim. Viéc gi6i han nay
nham dua ra mot giai phap xi ly t6i uu cho céc thiét bi
phan cing von gidi han & kha ning xir Iy va tinh di dong
ma chiing t6i c6. Do d6, bai bdo nay dé xuét st dung cam
bién gia toc trén dién thoai thong minh deo & that lung,
thuc hién cdc thuit toan nhe vé tinh toan dé€ nhan dang céc
hoat dong cd ban hing ngay ctia con ngudi. Phuong phap
dugc d& xuét st dung mot tip cac thudc tinh tdi thidu dé
hé théng c6 thé nhian dang trong thdi gian thuc nhung vin
cho két qua nhan dang tbt.

II. PHUONG PHAP NGHIEN CUU

1. M6 hinh nhan dang

Kién triic ciia mo hinh ching tdi st dung dé nhan dang
hoat dong ngudi dugc minh hoa trong Hinh 1. N6 bao gdom
ba thanh phan chinh:

(1) Thu thdp di liéu: thu thip cac tin hiéu tho tu cadm
bién gia tdc trén dién thoai thong minh ctia ngusi dung (yéu
cau dién thoai c6 cam bién gia tdc ba chiéu va da dudc cai
dat dng dung thu thap di liéu). Di liéu thu dugc 1a du liéu
gia tdc theo ba truc X, Y, X dugc tién xi ly thanh ludng
da liéu.

(2) Trich chon cdc ddc trung: Ludng dit liéu & trén dudc
phan tich bang ctia s6 trugt dé 1dy mot sd dit liéu chudi
trong thdi gian ngin. Sau d6 dit liéu nay dugc dua vao bd
trich chon céc dic trung va chon loc d€ dua vao bd phin
loai.

(3) Phdn loai hanh déng: Trong phan nay, bo phan loai
dugc huin luyén d€ xay dung md hinh phan loai hanh vi
dua trén cac thuit toan hoc may.
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Hinh 1. M5 hinh hé théng nhan dang hanh vi ngudi

2. Thu thap du liéu

Dé€ thu thap bd di liéu hoat dong, chiing tdi si dung
dién thoai thong minh Android (NotelO Lite) c6 cai dat
ting dung Sensor Data Collector ghi lai dif liéu tir gia tbc
ké. Ba tinh nguyén vién tham gia nghién cifu nay 1a ngudi
16n ¢6 dd tudi, chiéu cao va can ning khac nhau. Mdi ngudi
thuc hién cic hanh vi co ban trong cudc séng hang ngay
la di, ding, nam, ngGi modt cach ty nhién. Trong khi hoat
dong, dién thoai dudc gin cb dinh trén thit lung ctia mbi
ngudi. Qud trinh thu thap di liéu, néu dién thoai & trang
thai st dung man hinh hodc nhin cudc goi, tng dung sé
tam ngiing viéc thu thap. S luong dit liéu thu dudc trong
mot gidy phu thudc vao tan s liy mau cia thiét bi. Chiing
t6i cai dit tan sd 1Hz cho cam bién gia tbc d€ ghi lai dit
liéu hoat dong. Mot sb nghién ctiu gan diy ciing ching
minh ring cic nhiém vu phan loai don gian c6 thé dugc
tién hanh hiéu qua & tan s6 1dy miu va do phan gidi thép,
lam ting tudi tho pin cla thiét bi [13, 14]. Bo dit liéu thuc
nghiém nay dudc thé hién & Bang 1.

) Bang I
SO LUONG THU NGHIEM

Sb lugng <

Hoat 2 S6 lugng o
. phuc vu huan o . Tong

dong . . kiém thu

luyén mé hinh
Ném 11035 7430 15765
Ngdi 7178 3076 10254
bing 6709 2875 9584
bi bo 8253 3537 11790
Tong 33175 14218 47393

Hinh 2 thé hién dif liéu thd tif cdc cam bién tuong ting
v6i mdi hoat dong khac nhau. Dbi véi cac hoat dong tinh
(ndm, ngdi, ding), ching t6i nhan thiy rang khong c6 su
giao nhau giifa cic truc, do cdc cam bién c6 xu huéng 6n
dinh hon cac hoat dong khac. Trong khi do, véi cac hoat
dong di chuyén, dé dang nhan thiy su chdng chéo cdc chi



s6 ctia cam bién. Piéu d6 1a binh thuong va ching té 1a
cdc cam bién dang hoat dong tot.
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Hinh 2. Dit liéu gia tbc cla cic hoat dong: (Lying) - Nam,
(Standing) — bung, (Sitting) — Ngoi, (Normal Walking) — Di
chuyén

3. Phan doan du liéu

Dit liéu thu dudc tif cdm bién gia toc 1a cac dif liéu tho
c6 ban chit 1a cac dao dong theo thdi gian. Cac mo hinh
phan loai khong thé dugc dp dung truc tiép trén céac di
liéu tho nay. Nguyén nhan 13 do mot hoat dong c6 thé kéo
dai vai gidy hodc hon nita, nén mot diém dir liéu riéng 18
khong thé chiia day dd thong tin mo td cho hoat dong da
thyc hién. Phan doan 13 qué trinh nhém di liéu cam bién

85

Tap 2022, 86 2, Thing 12

tho ctia chudi thoi gian lién tuc thanh cdc phan c6 thé quin
ly dugc chua thong tin md td mdt hoat dong [15]. Trong
d6, phuong phap phan doan bang clia s6 thoi gian da dugc
chiing minh 1a cho két qué tot nhit véi viéc nhan dang cdc
hoat dong thudng ngay ctiia con ngudi [16].

S6 lugng dit liéu mAu trong mot phan doan hoic ciia s&
phu thudc vao dd dai clia s6 dugc xac dinh trudc. Viéce lua
chon tham sb cifa s§ thdi gian phi hop ciing c6 hai cich
tiép can. Cach thd nhét 1a thu thap ludng dif lidu theo kich
thudc ctia s6 thai gian cb dinh. Cach thi hai 1a cira s§ thdi
gian chong chéo (hay ctia s§ trugt), tic 1a dit liéu ctia sd
trude d6 dude chong 1én dif liéu clia s6 hién tai theo ty 1&
phan trim dudc xic dinh trudc [15]. Ching tdi Iva chon
st dung phuong phdp ctia s trudt bsi dy 1a phuong phap
phu hgp cho viéc nhan dang cac hanh dong dong va tinh
trong thoi gian thuc [17]. D€ lya chon do6 dai ctia s6 tdi uu,
ching t6i da tién hanh thii nghiém vé6i nhiéu kich thudc
khic nhau (1s — 10s) v6i cic khoing chdong chéo (0% -
95%). Chiing toi nhan thiy néu do dai ctia s& qua ngin thi
sé khong di thong tin d€ mo ti cdc hoat dong. Ngudc lai,
néu kich thudéc ctia s6 qua 16n, dit liéu c6 thé bi nhiéu bdi
trong thdi gian d6 dbi tugng c6 thé da thay ddi cic hoat
dong khic nhau. Nhu vay, khong c6 do dai cira s§ nao 1a
thich hgp cho moi tinh hubéng hoat dong ctia con ngudi.
Tuy nhién, trong thuc nghiém ma chiing t6i tién hanh la
nhin dang céc hoat dong co ban hang ngay véi thoi gian
thuc, ching t6i lua chon d dai ctia s6 1a 3s vdi khoang
chdng chéo 1a 50%.

4. Trich chon dac trung

Dii liéu tho tit cAm bién c6 thé phan tich thanh rit nhiéu
cac ddc trung khac nhau. Trich chon ddc trung la mot ky
thuat trong mién chuyén biét (nhu thdi gian hoic tin sd)
dinh nghia mot dic trung méi tir dit liéu thd nham giam do
phuc tap tinh toan va nang cao quy trinh nhén dang [18, p.
193]. Trude day, nhidu ky thudt trich chon dic trung phic
tap nhu phan tich thanh phﬁn chinh (PCA) [19], phan tich
phéan biét tuyén tinh (LDA) [20] va cac dic trung wavelet
[21] da dudc st dung; tuy nhién, ching rit ton kém vé miit
tinh toan va khé thuc hién. Mot sé nghién ctiu [22, 23] chi
ra riang cic bo dic trung don gian van c6 thé dat dudc do
chinh xac cao.

Déi véi bai todn thuc nghiém nay, ching toi st dung nim
dic trung co ban 13 Trung binh (mean), PO léch chuin
(standard deviation), Gia tri hi€u dung (RMS), Trung vi
(median) va Khoang bién thién (range). Céc dic trung nay
tinh todn nhu trong Bang II.

5. Phan loai hanh dong

Chung t6i sit dung céc bd phan loai c6 sin trong thu vién
Sklearn d€ thuc hién phan loai hanh vi. Bén canh do chinh



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

xdc cao va thdi gian huén luyén ngén, cc bo phan loai con
phéi ddp ting cdc yéu ciu vé thdi gian thuc. Tap hdp céc
dic trung s& dudc dua vdo qud trinh huén luyén va phan
loai. Cic phuong phap phan loai dugc st dung bao gdm:
Cay quyét dinh ting cudng Gradient, Mdy hd trg vector,
Riing ngau nhién, KNN (k-Nearest Neighbor). Pay ciing 1a
cac thuat toan phan 16p dudc st dung rong rdi trong hoc
mdy va phan tich dit liéu.

Bang II
TRICH CHON PAC TRUNG
Pac trung Pinh nghia
N
Trung binh 1 .
(mean) m=y lel @
i=
Do 1éch chuin | N
(standard deviation) | o(Xj) = N Z(x,- —p)? 2)
\V &
N
Gia tri hiéu dung 1 5
(RMS) RMSx = Z;xi 3)
i=
Trung vi X[#N/2] FX[#N/2+1] 4)
(median) 2 (
Khoang bién thién .
(range) [minly, (xi}, max¥, {xi}] s)
Trong d6:

X 1a ban ghi di liéu thi j cta truc X
N 1a sb 1an 1iy mAu trong mbi ban ghi

x; 12 miu thi i ciia ban ghi X

6. Phép danh gia

Dé xac dinh tinh hiéu qué ctia thuat toan hoc may, chiing
t6i biéu dién két qua phan loai dudi dang ma tran nham lan,
v6i cdc phép thi duge tinh nhu sau:

(TP+TN)

accuracy = 6)
(TP+FP+FN+TN)
TP

sensitivity = m (7)
. TP ®)

recision = —————

P (TP + FP)

Trong do:

o TP (True Positive): SO lugng hoat dong dugc gan nhan
ding so vdi quan sat.

* FN (False Negative): S6 luong hoat dong bi gan nhin sai
thanh cac hoat dong khac.

* FP (False Positive): S6 luong hoat dong khac bi gan nhan
sai thanh hoat dong dang xem xét.

* TN (True Negative): S6 luong hoat dong khac dugc gin
nhan ding so véi quan sat.
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II. KET QUA VA THAO LUAN

Két qua chi tiét ctia viéc phan loai hanh vi dudc trinh
bay trong Bang III. Thuit toan phan loai XGBoost cho két
qua tot vudt trdi so v6i cac thuit toan con lai. Trong bang
ma tran nham 14n & Bang IV, hau hét cic mau thit nghiém
vé hanh vi dugc phan biét rat t6t (4710/4710 miu thi hanh
dong nim, 3004/3069 mau thit hanh dong ding, 2777/2843
mau thit hanh dong ngdi, 3561/3596 mau thir hanh dong
di). Nhung ciing c6 thé thiy ring c6 95 miu dudc phén loai
sai do nham lan giita ding va ngdi, trong khi giita diing
va di chi c¢6 46 miu dugc phan loai sai, va gilia cac hanh
dong khac thi con thap hon.

) Bang III
KET QUA THUC HIEN PHAN LOAI HANH VI
A s Két qua
Thuat toan
Accuracy | Sensitivity | Precision
Decision Tree (DT) 91.5% 91% 92%
Gradient Boosted 93% 93% 94%
Decision Tree
(GBDT)
Support Vector 94% 94% 94%
Machine (SVM)
Random Forest 94% 93% 94%
(RF)
k-Nearest Neighbor 95% 95% 96%
(KNN)
XGBoost 99% 99% 99%
Bang IV
MA TRAN NHAM LAN
Hanh vi Hanh vi dugc du doan .
it duo - — - Tong

quan sat dugc | Njm, bung | Ngoi bi

Nim 4710 0 0 0 4710

Diing 0 3004 47 18 3069

Ngdi 0 48 2777 18 2843

bi 0 28 7 3561 | 3596

Téng 4710 | 3080 | 2831 | 3597 | 14218

Trong cudc séng hién dai ngay nay, nhu ciu chim séc
stic khoe ngay cang dugc chu trong, dac biét la ngusi bénh
va nguoi gia. Céc uing dung nhdn dang hoat dong nang cao
dudgc tich hop dé hé trg cdc hoat dong clia con ngudi. Trong
do, viéc lya chon cac dac trung dong mot vai trd quan trong
4nh hudng t6i do chinh xdc va toc do nhin dang. Pa c6
nhiéu nghién cifu lua chon khd nhiéu dic diém dé€ nang
cao ty 1& nhan dién hoat dong nhu [24, 25] st dung 43 dic
trung; [26] st dung 64 dac trung. Nghién cttu hién tai chi



st dung mot bo don gian va hiéu qua gdm nim dic trung
théng ké va kich thu6c ctia s trugt tdi wu cho hidu qua
nhan dang tuong dbi tot.

Hé thong ca chiing tdi ¢6 uu diém 1a do chinh xdc cao
va ¢6 thé chay trong thoi gian thuc, do d6 c6 thé dugc dp
dung cho bénh nhan hoic ngudi gia. Tuy nhién nhugc diém
dé nhan thiy d6 1a hé thdng khong thé dp dung chung cho
nhiéu ddi tugng st dung, dic biét 1a nhiing ngudi ¢ cudng
dd hoat dong cao. Bén canh d6, mot han ché 16 rang ctia
thiét bi 1a cAn phai c6 smartphone mang theo va dit c6 dinh
& tai mot vi tri d€ dam béo thuat toan nhan dang chinh x4c.

IV. KET LUAN

Két qua thuc nghiém cho thiy mo6 hinh nhan dang si
dung cdc thuat toan phan loai phd bién va tap dic trung
clia ching t6i cho két qué rit tt véi cac hoat dong thudng
ngay cuia con ngudi. Viéc don gian hoa bd dac trung va lua
chon kich thudc cira s6 t6i uu tif viéc phan tich dic diém
dit lidu c6 thé lam céi thién tbc d6 nhan dang ma vin dam
bao dd chinh xac. Ngoai ra, viéc lya chon mot thuat toan
phan loai thich hop ciing anh hudng 1o rét t6i két qua nhan
dang. D6i v6i mo hinh thit nghiém ctia chiing t6i, thut todn
XGBoost gitp cai thién dd chinh xac hon so véi Decision
Tree, Gradient Boosted Tree, SVM, RF, KNN. Tuy nhién,
hanh vi clia con ngudi khong chi 1a ty nhién va ty phat,
ma con ngudi c6 thé thuc hién mot sb hoat dong cling mot
lic, hodc thim chi thuc hién mot sb hoat dong khong lién
quan. Pay cling 1a thach thic 16n trong bai toan nhin dang
hanh dong véi thdi gian thuc. Trong tuong lai, chung t6i
tiép tuc phat trién hé théng ctia minh d€ c6 thé du dodn
va xdc dinh cic hoat dong dong thdi, hd trg ting dung cho
cac hoan canh st dung phuc tap hon, hudng t6i cac ung
dung khong chi gin trén ngudi [27], st dung nhitng cim
bién nhd gon hon [28, 29].

LOI CAM ON

Tran Pidc Nghia dudc tai trg béi Chuong trinh hoc béng
sau tién si trong nuéc clia Quy PSi méi sang tao Vingroup
(VINIF), ma s6 VINIF.2022.STS.38.

Bai bdo dugc hd trg béi Vién Cong nghé thong tin
(IOIT), Vién Han 1am Khoa hoc va Cong nghé Viét Nam
(VAST), ma dé tai CSCL02.01/22-23.

TAI LIEU THAM KHAO

[1] N. F. Ghazali, N. Shahar, N. A. Rahmad, N. A. J. Sufri,
M. A. As’ari, and H. F. M. Latif, “Common sport activ-
ity recognition using inertial sensor,” in 2018 IEEE I4th
International Colloquium on Signal Processing & Its Appli-
cations (CSPA), Batu Feringghi, Mar. 2018, pp. 67-71. doi:
10.1109/CSPA.2018.8368687.

87

(4]

(5]

(7]

(8]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

Tdp 2022, S6 2, Thing 12

F. Hussain, F. Hussain, M. Ehatisham-ul-Haq, and M.
A. Azam, “Activity-Aware Fall Detection and Recogni-
tion Based on Wearable Sensors,” IEEE Sensors Jour-
nal, vol. 19, no. 12, pp. 4528-4536, Jun. 2019, doi:
10.1109/JSEN.2019.2898891.

A. Vysocky and P. Novak, “HUMAN — ROBOT COLLABO-
RATION IN INDUSTRY,” MM Sci. J., vol. 2016, no. 02, pp.
903-906, Jun. 2016, doi: 10.17973/MMSJ.2016_06_201611.
Haibo Ye et al.,”FTrack: Infrastructure-free floor localization
via mobile phone sensing,” in 2012 IEEE International
Conference on Pervasive Computing and Communications,
Lugano, Switzerland, Mar. 2012, pp. 2-10. doi: 10.1109/Per-
Com.2012.6199843.

W. T. D. souza and K. R, “Human Activity Recognition
Using Accelerometer and Gyroscope Sensors,” Int. J. Eng.
Technol., vol. 9, no. 2, pp. 1171-1179, Apr. 2017, doi:
10.21817/ijet/2017/v9i2/170902134.

B. H. Dobkin, X. Xu, M. Batalin, S. Thomas, and W. Kaiser,
“Reliability and Validity of Bilateral Ankle Accelerometer
Algorithms for Activity Recognition and Walking Speed
After Stroke,” Stroke, vol. 42, no. 8, pp. 2246-2250, Aug.
2011, doi: 10.1161/STROKEAHA.110.611095.

W.-Y. Lin, V. Verma, M.-Y. Lee, and C.-S. Lai, “Activity
Monitoring with a Wrist-Worn, Accelerometer-Based De-
vice,” Micromachines, vol. 9, no. 9, p. 450, Sep. 2018, doi:
10.3390/mi9090450.

L. Billiet, T. Swinnen, K. de Vlam, R. Westhovens, and
S. Van Huffel, “Recognition of Physical Activities from a
Single Arm-Worn Accelerometer: A Multiway Approach,”
Informatics, vol. 5, no. 2, p. 20, Apr. 2018, doi: 10.3390/in-
formatics5020020.

Y. Zhu, J. Yu, F. Hu, Z. Li, and Z. Ling, “Hu-
man activity recognition via smart-belt in wireless
body area networks,” Int. J. Distrib. Sens. Netw.,
vol. 15, no. 5, p. 155014771984935, May 2019, doi:
10.1177/1550147719849357.

M. Shoaib, S. Bosch, O. Incel, H. Scholten, and P. Havinga,
“Fusion of Smartphone Motion Sensors for Physical Activity
Recognition,” Sensors, vol. 14, no. 6, pp. 10146-10176, Jun.
2014, doi: 10.3390/s140610146.

L. Gao, A. K. Bourke, and J. Nelson, “Evaluation of ac-
celerometer based multi-sensor versus single-sensor activity
recognition systems,” Med. Eng. Phys., vol. 36, no. 6, pp.
779785, Jun. 2014, doi: 10.1016/j.medengphy.2014.02.012.
L. Fan, Z. Wang, and H. Wang, “Human Activity Recogni-
tion Model Based on Decision Tree,” in 2013 International
Conference on Advanced Cloud and Big Data, Nanjing,
China, Dec. 2013, pp. 64—68. doi: 10.1109/CBD.2013.19.
A. Khan, N. Hammerla, S. Mellor, and T. Plotz, “Optimis-
ing sampling rates for accelerometer-based human activity
recognition,” Pattern Recognit. Lett., vol. 73, pp. 33-40, Apr.
2016, doi: 10.1016/j.patrec.2016.01.001.

X. Fafoutis, L. Marchegiani, A. Elsts, J. Pope, R. Piechocki,
and I. Craddock, “Extending the battery lifetime of wear-
able sensors with embedded machine learning,” in 2018
IEEE 4th World Forum on Internet of Things (WF-1oT),
Singapore, Feb. 2018, pp. 269-274. doi: 10.1109/WF-
10T.2018.8355116.

S. Bashir, D. Doolan, and A. Petrovski, “The Effect of
Window Length on Accuracy of Smartphone-Based Activity
Recognition,” IAENG Int. J. Comput. Sci., vol. 43, pp.
126-136, Feb. 2016.

B. Quigley, M. Donnelly, G. Moore, and L. Galway, “A
Comparative Analysis of Windowing Approaches in Dense
Sensing Environments,” Proceedings, vol. 2, no. 19, p. 1245,
Oct. 2018, doi: 10.3390/proceedings2191245.

O. Banos, J.-M. Galvez, M. Damas, H. Pomares, and I.



Cic céng trinh nghién cifu, phdt trién va iing dung CNTT va Truyén thong

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Rojas, “Window Size Impact in Human Activity Recogni-
tion,” Sensors, vol. 14, no. 4, pp. 6474-6499, Apr. 2014,
doi: 10.3390/s140406474.

G. Alor-Hernandez and R. Valencia-Garcia, Current
Trends on  Knowledge-Based  Systems.  Springer
International ~ Publishing, 2017. [Online]. Available:

https://books.google.com.vn/books?id=JzFXDgAAQBAJ
M. B. Abidine and B. Fergani, “Evaluating a new classifi-
cation method using PCA to human activity recognition,”
in 2013 International Conference on Computer Medical
Applications (ICCMA), Sousse, Jan. 2013, pp. 1-4. doi:
10.1109/ICCMA.2013.6506158.

T.-P. Kao, C.-W. Lin, and J.-S. Wang, “Development of
a portable activity detector for daily activity recognition,”
in 2009 IEEE International Symposium on Industrial Elec-
tronics, Seoul, South Korea, Jul. 2009, pp. 115-120. doi:
10.1109/ISIE.2009.5222001.

S. J. Preece, J. Y. Goulermas, L. P. J. Kenney, and D.
Howard, “A Comparison of Feature Extraction Methods for
the Classification of Dynamic Activities From Accelerom-
eter Data,” IEEE Trans. Biomed. Eng., vol. 56, no. 3, pp.
871-879, Mar. 2009, doi: 10.1109/TBME.2008.2006190.
M. B. Dehkordi, A. Zaraki, and R. Setchi, “Feature extraction
and feature selection in smartphone-based activity recogni-
tion,” Procedia Comput. Sci., vol. 176, pp. 2655-2664, 2020,
doi: 10.1016/j.procs.2020.09.301.

M. Zhang and A. A. Sawchuk, “A bag-of-features-based
framework for human activity representation and recogni-
tion,” in Proceedings of the 2011 international workshop
on Situation activity & goal awareness - SAGAware 11,
Beijing, China, 2011, p. 51. doi: 10.1145/2030045.2030058.
J. R. Kwapisz, G. M. Weiss, and S. A. Moore, “Activity
recognition using cell phone accelerometers,” ACM SIGKDD
Explor. Newsl., vol. 12, no. 2, pp. 74-82, Mar. 2011, doi:
10.1145/1964897.1964918.

C. Catal, S. Tufekci, E. Pirmit, and G. Kocabag, “On the use
of ensemble of classifiers for accelerometer-based activity
recognition,” Appl. Soft Comput., vol. 37, pp. 1018-1022,
Dec. 2015, doi: 10.1016/j.as0c.2015.01.025.

G. Vavoulas, C. Chatzaki, T. Malliotakis, M. Pediaditis, and
M. Tsiknakis, “The MobiAct Dataset: Recognition of Activi-
ties of Daily Living using Smartphones:,” in Proceedings of
the International Conference on Information and Commu-
nication Technologies for Ageing Well and e-Health, Rome,
Italy, 2016, pp. 143-151. doi: 10.5220/0005792401430151.
Q.-T. Hoang, P. C. Phi Khanh, B. T. Ninh, C. T. Phuong
Dung, and T. D. Tran, “Cow Behavior Monitoring Us-
ing a Multidimensional Acceleration Sensor and Multiclass
SVM,” Int. J. Mach. Learn. Networked Collab. Eng., vol.
2, no. 3, pp. 110-118, Sep. 2018, doi: 10.30991/1JML-
NCE.2018v02i03.003.

T. D. Tran, D. V. Dao, T. T. Bui, L. T. Nguyen,
T. P. Nguyen, and Sugiyama Susumu, “Optimum de-
sign considerations for a 3-DOF micro accelerometer us-
ing nanoscale piezoresistors,” in 2008 3rd IEEE Interna-
tional Conference on Nano/Micro Engineered and Molec-
ular Systems, Sanya, China, 2008, pp. 770-773. doi:
10.1109/NEMS.2008.4484440.

T.-H. Dao, H.-Y. Hoang, V.-N. Hoang, D.-T. Tran, and D.-
N. Tran, “Human Activity Recognition System For Moderate
Performance Microcontroller Using Accelerometer Data And
Random Forest Algorithm,” EAI Endorsed Trans. Ind. Netw.
Intell. Syst., vol. 9, no. 4, p. e4, Nov. 2022, doi: 10.4108/ee-
tinis.v9i4.2571.

88

SO LUGC VE TAC GIA

m Nguyén Quang Huy tbt nghi¢p Thac si
nganh Cong ngh¢ Thong tin ndm 2017 tai
Hoc vién Cong nghé Buu chinh Vién thong.
Hién 1a nghién cdu vién cua Vién Cong
ngh¢ Thong tin - Vién Han 1dm Khoa hoc
va Cong nghé Viét Nam (VAST).

Linh vyc nghién ctu: phan tich du liéu,
[ } mang cam bién khong day va cdc dng dung.
Email: nghuy @ioit.ac.vn

Tran Pitc Nghia t6t nghiép Tién si Cong
nghé thong tin tai trudng Université Paris
Descartes, Cong hoa Phip nam 2018. Hién
cong tac tai phong Tin hoc quan ly, vién
Cong nghé thong tin, VAST.

Linh vyc nghién cdu: phd EPR, Internet
van Vit, ting dung hoc mdy, cam bién gia
toc.

Email: nghiatd @ioit.ac.vn

Dao T6 Hiéu tt nghiép Thac si nganh Ky
thuét Dién td nam 2017 tai Truong Pai hoc
Bach Khoa Ha Noi.

Hién 1a giang vién Khoa Dién-bién tu,
Truong Dai hoc Phenikaa.

Linh vuc nghién ctu: cic thuit todn hoc
mdy nhe ting dung trén vi diéu khién hiéu
ning thip, thiét bi hd trg linh citu hoa mang
trén ngudi, mang cam bién, ing dung do luong giam sit IOT.
Email: hieu.daoto@phenikaa-uni.edu.vn

Tran Piic Tan tt nghiép Tién si nganh Ky
thuét dién td nam 2010 tai Truong Pai hoc
Cong nghé, Pai hoc Qubc Gia Ha Nai.
Hién la giang vién, Phé trudng Khoa Dién
— Dbién td, Truong Pai hoc PHENIKAA.
Linh vuc nghién ctu: xt ly tin hiéu, mang
cam bién khong diy va céc ng dung.
Email: tan.tranduc @phenikaa-uni.edu.vn
Vii Thi Thuong t6t nghiép Thac si nganh
Khoa hoc may tinh ndm 2009 tai Hoc vién
Ky thuét quan su.

Hién 1a gidng vién Khoa CNTT va Truyén
thong, Truong Pai hoc Phuong Dong.
Linh vuc nghién cttu: Cac phuong phap hoc
mdy nhim cdi thién viéc do tin hiéu, si
dung cdm bién gia toc va thuat toan hoc
may phuc vu bai toan nhan dang hanh vi.

Email: thuongvt@dhpd.edu.vn

D6 Xuédn Trung t6t nghiép Thac si nganh
Ki thuat Dién ti nam 2014 tai vién Pai hoc

{Bye) M& Ha Noi.
= Hién dang cong tac tai Khoa CNTT - Dién
\%/ ti Vién thong, trusng Pai hoc Kinh Bic.
By~ Linh vuc nghién cifu: X ly tin hiéu va

/ thong tin, thiét ké vi mach va tich hgp hé
£ théng
Email: dotrung@ukb.edu.vn



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

An Ontology-based Sentiment Analysis Ap-
proach to Discovering Hidden Affected Objects

Le Anh Phuong!, Nguyen Minh Duc?, Nguyen Dinh Hoa Cuong?, Nguyen Thi Huong Giang!
! Department of Computer Science, University of Education, Hue University, Hue

2 Department of Business Information System, University of Economics, Hue University, Hue
3 School of Engineering and Technology, Hue University, Hue

Tac gia lién hé: Nguyen Thi Huong Giang, Email: nthgiang@hueuni.edu.vn

Ngay nhan bai: 29/08/2022, ngay sta chita: 17/11/2022, ngay duyét dang: 25/11/2022
Pinh danh DOI: 10.32913/mic-ict-research-vn.v2022.n2.1146

Tém tat: Nowadays, the topic of sentiment analysis has attracted a wide range of artificial intelligence technologies such
as Natural Language Processing (NLP), neural network. Long Short-Term Memory (LSTM), a deep neural network, has
proven the effiency in the task of sentiment classification. However, there is a shortage of semantic knowledge from such
classification results. This paper introduces a sentiment analysis approach based on a knowledge model to discover hidden
affected objects, which combines ONtology and SentiMent technology, named ONSEM. In order to confirm the efficiency
of the ONSEM framework, an experiment on a sentiment analysis dataset was developed and then yielded promising
experimental results.

Tt kKhéa: Sentiment analysis, ontology, long short-term memory, semantic reasoning, hidden affected object.

Title: Phuong phap phén tich quan diém dua trén Ontology dé kham pha cic dbi tugng an

Abstract: Ngay nay, nhiéu céng nghé dugc si dung dé nghién ciiu chii d& phén tich quan diém nhu tri tué nhan tao, xi 1y ngon
ngit ty nhién (NLP), mang no ron than kinh. B6 nhé ngin han dai (LSTM), mot mang lu6i than kinh siu, da ching
minh sy hiéu qua trong viéc phén loai quan diém. Tuy nhién, viéc dua vao két qua phéan loai nay bi thiéu hut vé kién
thic ngif nghia. Bai bdo nay gidi thiéu mot phuong phap phan tich quan di€ém dya trén md hinh tri thic dé€ kham pha
nhitng dbi tugng 4n c6 lién quan, dudc dit tén 1a ONSEM. D€ xac nhan su hiéu qua cia ONSEM, mot thi nghiém
trén bo dit liéu phan tich quan diém da dugc phat trién va da git hai nhiing két qua day trién vong.

Keywords:  Phdn tich quan diém, Ontology, tri nhd ngdn han dai, suy ludn ngit nghia, doi tuong dnh hudng bi dn.

I. INTRODUCTION sentiment analysis approach in order to discover objects
' . ) ' hiddenly affected by users’ reviews, named ONSEM. An
Sentiment analysis employing NLP techniques has been experiment on testing the performance of the proposed

widely applied in many fields, such as market research,  framework was deployed. The experimental results showed
finance, politics [1]. In the recent decade, deep learning has the adequacy of the ONSEM framework.
reached a big achivement on sentiment classification [2].

Especially, LSTM, an architecture of recurrent neural net-
work (RNN), has shown an outstanding performance be-
cause of the ability to handle length texts.

The rest of this paper is organized as follows: Section II
presents relevant studies. Section III introduces the ONSEM
framework in detail while the experiment is introduced in

Section IV. Lastly, Section V gives the conclusions and
Although LSTM has been adopted in various studies of  gyggests future research directions.

sentiment classification, the methods of handling knowl-
edge in accordance with sentiment scores were not studied
thoroughly. Specifically, related hidden objects affected by
sentiment evaluations were not discovered. Ontology, the The full elaboration of sentiment analysis studies is out
core of the Semantic Web, has been well-known for the of the scope of this paper. Readers are suggested to find
ability of representing knowledge models and semantic the comprehensively related information in the following
reasoning [3]. This study introduces an ontology-based survey [4].

II. RELATED WORK
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Natural Language
Processing

Rich Extracted
Information

Hinh 1.

Sentiment analysis has strong connection to NLP due to
the task of preprocessing text data. NLP transforms text
to input vectors for classification models. The typical NLP
tasks include: to kenization, POS tagging, lemmatization,
stemming, stop word removal, and named entity recogni-
tion. Typical approaches of sentiment analysis employing
NLP can be found in recent studies [5-9].

Within the domain of classification, in recent years,
the deep learning approaches have been widely applied to
the problem of sentiment analysis because of their high
performances of prediction [10]. The literature has been
introduced many different deep learning approaches includ-
ing: (i) weighted Convolutional Neural Networks (CNN)
for sentiment analysis of texts [5]; (ii) multiple CNNs
composing of CNN, DCNN, MVCNN, and VDCNN for
classifying sentiments of Bangla text [6]; (iii) hierarchy
CNN for analyzing multi-entity sentiment analysis [7];
(iv) Bi-directional RNN for overcoming the limitations of
semantic-information loss and irrelevant shared features [8];
(v) LSTM model for sentiment analysis of hotel reviews [9].

Beside the aformentioned classification models, rule-
based classifiers and ontology have also been applied to
sentiment analysis. For example, a Semantic Web Rule
Language (SWRL) rule-based classifier and ontology was
applied to analyzing sentiment of fake news [11]. Sentiment
analysis was considered under the view of concept levels
with the support of ontology [12]. Sentiment analysis could
be used to predict customer interest by combining with e-
commerce ontology and fuzzy method [13].

III. METHODOLOGY
1. The ONSEM framework

Figure 1 shows an overview of the ONSEM framework,
which consists of three modules including natural language
processing, sentiment classification and semantic reason-
ing. Each of these modules is described in detail as follows.

2. Natural language processing

The first module aims to capture the syntactic and seman-
tic information from the input texts. As shown in Figure 2,
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Conceptual block diagram of the ONSEM framework.
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u ﬁ
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Hinh 2. NLP pipeline.

the NLP module includes 7 steps where some steps are
supported by NLP tool such as Stanford CoreNLP [14].

Firstly, tokenization splits texts into a sequence of tokens,
each storing types of text such as word, number, punctuation
mark or symbol, etc. Next, sentence splitting determines
sentences in the texts utilizing the sentence boundary indi-
cators such as periods, question marks, exclamation points.
Lematization is the task of deriving the root form of each
word in inflectional form or in derivational form. The major
step is POS tagging where each token is labelled with
its part-of-speech such as noun, verb, adverb. Insignificant
words (e.g. ‘a’, ‘an’) are then filtered out by the step of
Removing stop words. The two last steps utilizes a domain
ontology and a set of rules to extract semantic entities from
the input texts. While the major information extracted are
processed at the next module of sentiment classification, the
annotation results of semantic entities are further employed
at the module of semantic reasoning.

3. Sentiment classification

Before being applied sentiment classification, tokens are
vectorized by the TF-IDF method [15] (Term Frequency-
Inverse Document Frequency) to measure how relevant they
are to the input text. The TF-IDF score for the word ¢ in
the document d from the set of document D is presented
in (1), (2) and (3). Specifically, freq(t,d) is the frequency
of the word ¢ in the document d and count(d € D : t € d)



shows the number of document d in the set of document
D containing the word ¢.

ifidf(t,d, D) = 1f(t,d) x idf(1, D) ey
if(t,d) = log(1 + freq(t, d)) ()
idf(t, D) = log N 3)

count(d € D : t € d)

In this study, LSTM network [16] was selected for the
classification model. Figure 3 shows the LSTM structure
at time step . Specifically, i, o, f denote the input gate,
the output gate and the forget gate, respectively. C; is the
memory cell at time 7. The inputs of input gate i,, output
gate o, and forget gate f; are vector x; that the network
receives at time ¢ and its previous hidden state /,_;.

The LSTM component is formalized as follows:

fi=oWex; +Uph;1 + by), )
ir = o (Wix; + Uih; 1 + b;), ©)
0r = 0(Wox; + Uphy—1 + by), (6)
¢ =tanh(Wex; + Uchi—1 + be), @)
¢t = frociy+ipody, 3
hy = oy o tanh(cy), )

where o, o, respectively denote a logistic sigmoid function
and element-wise multiplication; f;, i;, o4, ¢;, h; are the
forget gate, the input gate, the output gate, the memory cell
and hidden state at time-step . W, U, b are respectively two
weights matrices and a bias vector. Within this scope, while
the forget gate decides to forget unnecessary information,
the input gate directs what new information should be stored
in the memory cell. At the final stage, the output gate
determines the amount of information in the memory cell
that should be exposed. The LSTM model could remember
significant information over time steps by this mechanism.

4. Semantic reasoning

The ONSEM semantic reasoning module composes of a
domain ontology and its SWRL base. Theoretically, an on-
tology of domain D is defined as Op = (Cp, Rp, Pp,Ip)
where Cp, Rp, Pp, and Ip are the sets of concepts, re-
lations, data properties, and instances, respectively. Within
the scope of this paper, a domain ontology of book reviews
was developed for the purpose of demonstrating the effi-
ciency of ONSEM framework. An excerpt of this ontology
is illustrated in Figure 4.

Based on this ontology, a SWRL rule base was developed
in order to discover hidden objects affected by users’
reviews. Specifically, results of sentiment analysis found
by LSTM model are populated into the ONSEM ontology.
Then, the semantic reasoning engine implements its SWRL
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Bang I
EXAMPLES OF SWRL RULES

Rule

Book(?b) A Author(?a) A Review(?r) A has_Author(?b, ?a) A
has_Negative_Review(?b,? r) — negative_Affect_By(?a, 7r)

2 Book(?b) A Author(?a) A Review(?r) A has_Author(?b, ?a) A
has_Positive_Review(?b,? r) — positive_Affect_By(?a, 7r)

—_

rules to discover hidden affected objects. Some examples
SWRL rules are presented in Table 1.

IV. EXPERIMENT

In order to demonstrate the efficiency of ONSEM frame-
work, a sentiment analysis dataset was retrieved from the
Book Genome dataset [17]. Specifically, a tabular dataset
containing book title, authors, review text, and rating was
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Bang II
AUC SCORES.
Model AUC scores
LSTM 0.914
SVM 0.670
Naive Bayes 0.553
Decision tree 0.580
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Hinh 5. ROC curves of classifiers.

retrieved from JSON-format files of Book Geneom dataset.
In which, the original 5-star scale rating was mapped to the
binary scale including: (i) negative (1-3 star rating); and
(ii) positive (4-5 star rating). Then, any record, which has
empty review text, is ignored. Based on this standardized
dataset, a 2000-record dataset, which has balance rating
labels, was selected and used in our experiments. Addition-
ally, the objects of this dataset (e.g. authors, books) were
also populated into the ONSEM ontology as instances. The
training set and test set were formed up following the rule
of 70%-30%. All of classification models were trained with
10-fold cross-validation method.

The experiments aimed at: (i) confirming the perfor-
mance of the LSTM model of ONSEM framework; and
(ii) demonstrating the reasoning ability of ONSEM’s se-
mantic module in discovering objects affected by users’
reviews. For the former, the three well-known machine
learning models including SVM, Naive Bayes and decision
tree were used as the baseline methods. The performances
of these classification models were visualized by ROC
curves in Figure 5 and summarized by their AUC scores
in Table II.

As showed in Figure 5, the ROC curve of LSTM-
based model dominated those of the other models. This
domination was also supported by the LSTM AUC score,
which is greater than AUC scores of the other classifiers.
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Hinh 6. Discovering affected objects by reasoning.

The experimental results figured out that LSTM-model
outperformed three baseline models.

In order to measure the efficiency of semantic reasoning
module, we implemented the process of sentiment analysis
and semantic reasoning over the test set and counted the dis-
covered objects affected by users’ reviews. The cumulative
results of negatively affected objects and positively affected
objects are depicted in Figure 6. This promising result
confirmed the ability of discovering hidden information by
using reasoning process of the ONSEM approach.

V. CONCLUSION

In this study, an ontology-based sentiment analysis ap-
proach discovering hidden affected objects was introduced.
The ONSEM framework including three modules of natural
language processing, sentiment classification and semantic
reasoning was described in detail. An experiment on a
sentiment analysis dataset was deployed to demonstrate
the feasibility of ONSEM framework. For further works,
a hybrid approach of LSTM and another deep learning
technique will be considered to gain a better result.
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Tém tat: This paper focuses on an exact algorithm for solving NP-hard combinatorial optimization problems which
frequently requires significant specialized knowledge and trial and error, especially, Mixed Integer Linear Programs (MILP).
This challenging, tedious process can be automated by learning the algorithms instead. In many practical applications, the
same optimization problem is tackled again and again on regular basis, maintaining the same problem structure but varying
in the data. This offers an opportunity for learning algorithms that employ the structure of such recurrent problems. With the
motivation, we present a network model for learning branch-and-bound variable selection policies based on reinforcement
learning, which leverages the natural variable constraint bipartite graph representation of MILPs. The model is trained
going through mimic learning from the strong branching rule. Experimental results claim that using graph convolutional
neural networks for solving MILPs can improve for designing branching rules to solve large problems, and outperforms
prior models.

Tir Khéa: Graph convolution neural network, mixed integer linear programs, branch and bound.

Title:  S& dung mang tich chip dd thi d€ giai cic bai toan quy hoach nguyén hén hop

Abstract:  Nghién cdu nay tap trung vao giai quyét bai toan quy hoach nguyén hén hgp (MILP), bai todn t6i uu héa t& hgp thudc
16p NP-Hard bang gidi thuit chinh x4c. D€ gidi quyét 16p bai toan nay, ching ta can c6 nhiing k§y thuat dic biét, thudng
ddi héi chuyén mén cao vé kién thitc va thit nghiém. Quy trinh giai cdc bai toan nay cé thé dugc tu dong héa bing
cich st dung céc thuit todn c6 kha ning tu hoc. Trong nhiéu ting dung thuc €, cdc bai todn t6i vu héa dugc giai quyét
gibng nhau trén cling mot nén tang va ciu tric nhung thay ddi trong di liéu. Diéu nay cung cip mot co hdi dé hoc
cdc thuit todn st dung cdu tric clia cic van dé lip di lip lai nhu vdy. Do d6, chiing tbi trinh bay mdt md hinh mang
cho viéc hoc chinh sich phan nhanh cho bai toan nhanh cin dua trén hoc ting cudng, tin dung tich chét c6 thé bidu
dién du6i dang db thi hai chiéu giita bién va ring budc ctia MILP. M hinh dugc huin luyén thong qua bit chuéc hoc
tif quy tic phan nhanh manh. Két qui thuc nghiém cho thiy st dung mang tich chap d6 thi dé€ gidi quyét MILP c6 thé
cai thién cho vén dé thiét k& cac luat phan nhinh d€ giai cdc bai toan véi kich thuéc dit lidu 16n, v vuct troi so véi
cac mod hinh trude do.

Keywords:  Mang tich chdp dé thi, quy hoach nguyén hén hop, nhdnh cdn.

I. INTRODUCTION categorized into two main: exact and heuristic methods [2].

Combinatorial optimization (CO) problems occurs in Mixed-Integer Linear Programs (MILPs) are typical of
various of practical applications, such as scheduling, rout- combinatorial optimization problems. Most CO problems
ing, assignment,cutting and packing, network design, pro- can be formulated as MILPs which receive the attention

tein alignment, and many other important domains like of many operations researchers. This interest is due in
economic, industrial and scientific. CO problems can be part to the practical importance of problems, but also to
classified into twofolds as discrete and continuous CO its intrinsic difficulty [2]. Several exact algorithms such
problems. Most discrete CO problems (DCOPs) are NP- as branch-and-bound (B&B), dynamic programming, La-
Hard problems which could not be solved in polynomial grangian relaxation based methods etc., are guaranteed to
time [1]. The available techniques for DCOPs can be  find an optimal solution and to prove its optimality for
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every instance of MILPs. However, the running execution
time often increases significantly with the instance size,
and often only small or moderately-sized instances can
be tackled to provable optimality. In addition, the ability
to execute efficient algorithms is extremely important for
solving real-world large-scale combinatorial optimization
challenges encountered in many established and emerging
heterogeneous areas.

Recently, machine learning (ML) has seen a surge in the
development and especially in the deep learning and deep
reinforcement learning areas [3]. This has led to significant
performance improvements on many tasks within diverse
fields. ML accomplishes the imperative require to effi-
ciently solve practical combinatorial optimization problems
regarding execution time and quality of the solutions. In
many practical application areas we have to access to data
of unprecedented scale and accuracy about the system/
process we want to model. Furthermore, ML provides
techniques to exploit available data and extract value and
useful information, which can be employed for modeling
and solving combinatorial problems. This a major driving
force for devising innovative solutions to combinatorial
challenges. Furthermore, the potential of ML for address-
ing CO problems is examined by academy community.
Recently, novel and advanced techniques for solving CO
problems have been strongly developed in ML area [4].
Noticeably, the inherent structure of the CO problems in
numerous fields or the data itself is that of a graph [5].
In this paper focuses on applying graph convolution neural
network (GCNN) for solving CO problems in generally,
mixed-integer linear problems in particularly [6]. This paper
focuses on tackling MILPs by exact algorithm known as
Branch and Bound (B& B). The idea of B& B algorithm is
that it recursively divides the solution space into a search
tree, and relaxes bounds along the way to prune subtrees
which probably cannot obtain an optimal solution. B& B is
a type of tree search algorithms which is widely used tool
for solving CO problems. However, in many circumstances
it is usually to repeatedly resolver similar combinatorial
optimization problems, e.g., scheduling, and day-to-day
production planning problems [7], which may strongly
differ from the set of instances on which B&B algorithms
are typically evaluated. It is necessary to use statistical
learning for fine-tune B&B algorithms automatically for a
specific class of problems. However, this work exists two
challenges. The first one, it is not obvious how to encode
the state of a MILP in B&B decision process [8], especially
because both search trees and integer linear programs can
have a variable structure and size. The second one, it is not
show how to formulate a model architecture that derives
from rules which can be generalized, at least to similar
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circumstances. To overcome these shortages, this paper
represents how to use graph convolution neural networks for
solving MILP problems. More precisely, variable collection
in branching problem is considered two aspects as follows:

o How to encode the branching policies into a graph
convolution neural network (GCNN), which help with
exploit the natural bipartite graph to represent MILP
problems.

« Strong branching decisions are approximated by using
behavioral cloning with a cross-entropy loss.

The rest of the paper is organized as follows: Related
works are presented in Section 2. Background and for-
mulate the branching problem in Section 3. Section 4
presents methodology for solving the branching problem.
Experimental results are discussed in Section 5. Finally,
Section 6 presents conclusions

II. RELATED WORKS

This section briefly review literature of works that use
of machine learning techniques in the context of branching.
The authors in [9] focused on variable selection. Their
goal is to search a variable selection strategy that intimates
the behavior of the classical branching strategy known as
strong branching while running faster than strong branch-
ing. Alvarez et. al. [8] studied a regression problem and
learn directly the strong branching scores of indicates. They
then proposed the ExtraTrees which are very robust with
respect to the choice of their parameters. Furthermore, in
their work, the feature vectors in the training set describe
nodes from multiple MILP instances. In [5], the authors
was the first proposed a GCNN model for learning greedy
heuristics on NP-hard combinatorial optimization problems
which are defined on graphs. Selsam et al. in [10], also
studied GCNN model, NeuroSAT which can be interpreted
a message passing neural network that learns to tackle
SAT problem after being trained as classifier to predict
satisfiability.

Many works exploited data-driven variable selection
from a purely experiment. Karzan et al.[11] divided tech-
niques for picking problem-specific branching rules based
upon a partial B&B tree. These branching rules will choose
variables that will lead to fast discovering. For CSP tree
search, Xia et. al. [12] implemented existing multi-armed
bandit algorithms to learning variable selection policies
during tree search. In [13], Balafrej et al. applied a bandit
approach to choose different levels of propagation during
search.

Other works focus on using ML to improve variable

selection in B&B, without directly learning a branching pol-
icy. The authors in [14] studied how to use ML to determine
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an optimal weighting of any set of partitioning procedures
for the circumstance distribution at hand using samples. In
[15], Liang et al. investigated a variable selection policy
for solving SAT problem. They then modeled the variable
selection optimization problem as an online multi-armed
bandit, a special-case of reinforcement learning, to learn
branching variables such that the learning rate of the solver
is maximized.

Several works investigate using machine learning tech-
niques in other aspects of B&B beyond variable selection
[5, 16, 17]. Authors in [16] focused on learning a node
selection heuristic by mimic learning of the expert pro-
cedure that widens the node whose feasible set including
the optimal solution. In [18], Song et al. studied for node
selection and pruning heuristics by mimic learning of
shortest paths to obtain good feasible solutions. Khalil et
al. [5] presented a theoretical framework for analyzing this
decision-making process in a simplified setting, proposed
a ML approach for modeling heuristic success likelihood,
and designed practical rules that leverage the ML models
to dynamically decide whether to run a heuristic at each
node of the search tree. Those methods could in principle
be combined together to further improve performance for
solving combinatorial optimization problems. In addition,
many works have divided machine learning approaches to
fine-tune exact optimization algorithms.

III. BACKGROUND
1. Mixed integer linear program

We consider a mixed integer linear program which is
defined as optimization problem as follows:

argmin{c’x|Ax < b, <x <u,x € ZP xR"P}, (1)
X

where ¢ € Z" denotes the objective coefficient vector,
A € R™" is the constraint coefficient matrix, b € R”"
denotes the constraint right-hand-side vector, [;u € R" are
the lower and upper variable respectively, p < n is the
number of integer variables. To solve MILP in (1), the B&B
algorithm is applied to integer programming by relaxing the
integrality constraint. A continuous linear program (LP) is
obtained whose solution by providing a lower bound to
MILP in (1). In addition, LP can be tackled efficiently
by the simplex algorithm as well. If a solution to the LP
relaxation respects the original integrality constraint, then
it is also a solution to the problem in (1). If not, then one
may decompose the LP relaxation into two sub-problems,
by splitting the feasible region according to a variable that
does not respect integrality in the current LP solution x*,

x; < |_fo Vx> [xﬂ Jdi<plxi¢Z 2)
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where |.| and [.] respectively denote the floor and ceil
functions. In practice, the two sub-problems will only differ
from the parent LP in the variable bounds for x;, which get
updated to u; = |x}| in the left child and /; = [x]] in the
right child.

Applying the B & B algorithm [14], in its simplest
formulation, this binary decomposition is performed repeat-
edly, giving rise to a search tree. The best solution of LP is
in the leaf nodes of the tree, which provides a lower bound
to the original MILP, whereas the best integral LP solution
(if any) provides an upper bound. The stop conditions of
B&B algorithm can be obtained whenever both the upper
and lower bounds are equal or when the feasible regions do
not decompose anymore, as of result providing a certificate
of optimality or infeasibility, respectively.

2. The branching problem formulation as a Markov
decision process

The B & B algorithm for solving MILP makes the
sequential decisions which can be become apart of a
Markov decision process [16]. Let the agent be considered
the brancher, the solver be the environment. The decision
of the solver at the #* and in a state s, consist of the B &
B tree with all past branching decisions. The best integer
solution was fathomed so far, the LP solution of each node,
the currently focused leaf node, as well as any other solver
statistics. The brancher then picks to a variable at among
all fractional variables A(s;) C {1,2,..p} at the currently
focused node, according to a policy m(a,|s;). The solver
sequentially extends the B&B tree, tackles the two child
LP relaxations, executes any internal heuristic, cuts off the
tree if warranted, and finally chooses the next leaf node
to split. The algorithm is then in a new state s;.1, and the
brancher is called again to take the next branching decision,
this progress still executes until the instance is addressed,
that is,stop condition of B & B algorithm is no leaf node
left for branching. Figure 1 depicts the Markov decision

process.
Agent
-~

Action
|

State
se 8

Y
Enviroment

Hinh 1. TIllustration of the Markov decision process

Episodic is all states that come in from an initial state to
terminal state. B & B algorithm is a Markov decision pro-



cess and episode as well. Each episode includes of amount
of solving a MILP instanse. Beginning states correspond to
an instance initial sampled among a group of interest, while
ending states mark the finish of the optimization process.
The probability of a trajectory s = (s, 51,...57) € 7 then
depends on both the branching policy 7 and the remaining
components of the solver,

p
p((M)=pGo) [ | D =lalsdplsiilsa) ()
t=0 acA(s;)
Reinforcement learning with a carefully designed reward
function is a natural approach to search good branching
policies.

IV. METHODOLOGY

This section presents methodology for solving MILP
by B & B. In details, we use a mimic learning and a
GCNN model for B & B algorithm. B & B is type of tree
search algorithms. These algorithms recursively partition
the search space to find an optimal solution. To keep the
tree small, it is so important to carefully decide, when
expanding a tree node, which variable to branch on at that
node to partition the remaining space. Therefore, variable
selection problem (VSP) plays an important role in solving
MILP by B & B. VSP can be formulated as a Markov
decision process, a natural way of training a policy would
be reinforcement learning [19].

Mimic learning: Model training intimates the strong
branching rule [6]. First, the expert on a collection of
training instances of interest is run, a dataset of expert state-
action pairs is then recorded Q = {(s;,a;)}. Second, learn
policy should be minimized the cross-entropy loss

L£(6) =-% Z log , (a.ls)

(s,ax)

“

Encoding: the state s, of the B&B process at time ¢ as a
bipartite graph with node and edge features (G;C;E;V)
is encoded. Figure 2 demonstrates the graph are nodes
corresponding to the constraints in the MILP, in which one
per row in the current node’s LP relaxation is their feature
matrix C € R"™*¢,

Figure 3 illustrates nodes with respect to the variables
in the MILP, in which one per LP column, with V € R>d
their feature matrix. An edge (j, j) belongs to E if it links
a constraint node i and a variable node j, mean that A;; # 0
and E € R™*"*¢ ghows features of edge.

Parametertrization The variable selection policy
no(a, s;) is paramerized as a graph convolution neural
network (GCNN). To overcome this issue and stabilize the
learning procedure, we adopt a simple affine transformation
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Hinh 2. Tllustration of the bipartite state s; = (G;C; E;V) with
n = 3 variables and m = 2 constraints

final

initial C-side V-side
embedding
embedding convolution convolution + softmax
v vt »V2 w(x)
nxd nxé nx 64 nx1
E
mxnxe
c o Cc?
mxc m x 64 m x 64

Hinh 3. Demonstration of the architecture of bipartite GCNN for
parametrizing the policy mg(als;)

x <« (x = B)/o, which is pnorm layer (The B and o
parameters are initialized with respectively the empirical
mean and standard deviation of x on the training dataset)

Model: The base of our GCNN model includes: pnorm
layer, 2-layer perceptrons with relu activation functions, and
bipartite graph convolution

V. EXPERIMENT
1. System and data settings

a) System
We train and evaluate in Ubuntu 20.04.4 (LTS) operating
system. This server have configuration:

o Memory: 400GB
« CPU: Intel(R) Xeon(R) Gold 5220 CPU @ 2.20GHz

b) Data settings

The GCNN approach for MILP is evaluated on an
NP-hard benchmark as set covering instances which are
generated in [20] with 1,000 columns. For more details,
each column represents for a variable while each row
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represents for a constraint. Training and testing processes
are employed on instances with 500 rows. Furthermore, the
difficulty of the training set is based on the number of rows,
so we evaluate GCNN model on instances with 500 (Easy),
1,000 (Medium) and 2,000 (Hard) rows.

2. Experimental results

GCNN is compared against two prior machine learn-
ing branchers as (LMART) [21] and (TREES) [8]. The
TREES model uses variable-smart features from bipartite
state, obtained by concatenating the variable’s node features
with edge and constraint node features statistics over its
neighborhood. The LMART model uses re-implemented
within SCIP. Table I, II and III contain the results about
time consumption, a number of wins for each instances,
and a

Bang I
THE EVALUATION OF POLICY ON EASY INSTANCES
REGARDING RUNNING TIME (TIME), A NUMBER OF WINS
(WINS), AND A NUMBER OF BRANCHING NODES (NODES)

Model Time Wins Nodes
TREES 9.28 0/100 187
LMART  7.19 14/100 167
GCNN 6.59  85/100 134

In Table I, the results show a great challenge which is
put on the TREES and LMART models by easy samples.
However, GCNN can handle it easily and it outperforms
the other algorithms at every index. It takes a high number
of wins which is 85 out of 100 instances and also costs the
least time and number of branching nodes.

Bang II
THE EVALUATION OF POLICY ON MEDIUM INSTANCES
REGARDING RUNNING TIME (TIME), A NUMBER OF WINS
(WINS), AND A NUMBER OF BRANCHING NODES (NODES)

Model Time Wins Nodes
TREES  92.47 0/100 2187
LMART  59.98 0/100 1925

GCNN 42.48 100/100 1450

In Table II, GCNN still performs incredibly. The results
show that TREES and LMARTS models totally give up be-
fore medium instances. However, GCNN amazingly solves
each one of them with lower time and less branching nodes
than the rest algorithms. Another notable result is the time,
wins and nodes of GCNN against medium samples is higher
than the easy one, it makes a hypothesis that the higher
branching nodes GCNN creates, the more chances to solve
the problem.
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Bang III
THE EVALUATION OF POLICY ON HARD INSTANCES
REGARDING RUNNING TIME (TIME), A NUMBER OF WINS
(WINS), AND A NUMBER OF BRANCHING NODES (NODES)

Model Time Wins  Nodes
TREES 2869.21 0/35 59013
LMART  2165.96 0/54 45319
GCNN 1489.91 66/70 29981

In table III, the results are similar to table I and table
II. However, GCNN does not completely beat the hard
instances like it has done to the medium ones. It proves
that GCNN still has a limit, which means an instances
with numerous rows can realize make trouble for GCNN.
Therefore, GCNN shows the best result with instances
having from 1000 to 2000 rows.

VI. CONCLUSIONS

This paper presents an exact method, brand and bound
algorithm for solving mixed integer linear programs as a
Markov decision process. By transform the state of branch-
ing process into as a bipartite graph, which reduces the
required feature engineering by leveraging the variable con-
straint structure of mixed integer linear programs naturally.
We implement experiments on an NP-hard, especially, a set
covering problem, by adopting a mimic learning scheme.
We then analyze, evaluate a new approach through extensive
experiments. The results show that the policies learned of
GCNN do better than prior machine learning approaches,
even could outperform the standard branching strategy of
SCIP. Furthermore, the learned policies of GCNN are able
to generalize to instance sizes larger than seen during
training. This result is due to collecting strong branching
decisions, however, training, can be computationally too
expensive on large instances. In short, the GCNN model
is better architecture than previous model for the task
branching in mixed integer linear program.
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