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Tém tat: Trong thdi gian gan day, Diém nguy co da di truyén (Polygenic Risk Score - PRS) dugc xem nhu mot cong cu
tiém ning cho y hoc chinh x4c dua trén cac bién di di truyén phd bién c6 déng gép tit nho t6i vita dbi véi nguy co méc
bénh di truyén, nhung tdng gdp cac bién di nay lai c6 thé nang cao gid tri du dodn bénh trong quan thé. Pa c6 nhiéu
phuong phap hoc may dugc dua ra nhim cai tién kha ning du dodn ctia PRS ciing nhu nhiing nd luc dé dua PRS vao
ting dung trong 1am sang. Mic du vy, viéc lua chon phuong phap mot cich hé thdng va nhiing Gng dung ctia PRS van

chua thuc su rd rang. Vi vdy, trong bai bdo tdng quan ndy, chiing toi cung cAp mot cai nhin tdng quan vé diém nguy co

da di truyén va cdc nghién ctu cai tién st dung hoc may nhim ning cao khd ning dp dung trong 1am sang clia PRS.

Tir khéa: Bénh phd bién, diém nguy co da di truyén, GWAS, SNP, mdng SNP, hoc mdy.

Title: An Overview of Machine Learning Applications in Polygenic Risk Prediction Towards Personalized Medicine

Abstract:

In recent times, the Polygenic Risk Score (PRS) has been considered as a potential tool for precision medicine based on

common genetic variants with small to moderate contributions to the genetic disease risk, but the aggregation of these
variations can enhance the predictive value of disease in the population. Many machine learning methods have been
proposed to improve the predictive ability of PRS as well as efforts to bring PRS into clinical application. However, the
systematic selection of methods and applications of PRS are still not really clear. Therefore, in this review, we provide
an overview of polygenic risk scores and innovative studies using machine learning to improve the clinical applicability

of PRS.
Keywords:

Common diseases, polygenic risk scores, GWAS, SNP, SNP arrays, machine learning.

I. GIOI THIEU

Vi su phat trién clia cong nghé sinh hoc, cc nha khoa
hoc ¢6 thé dua vao dit lieu DNA dé du doan nguy cd mic
bénh & ngudi. Ngoai trit cic dot bién xdma, dif liéu DNA
khong thay d6i trong subt thoi gian sdng cla chiing ta. Vi
vdy, nguy cd mic bénh lién quan dén gen clia mot ngudi
c6 thé xuit hién ngay tir khi ngudi d6 sinh ra. Diéu d6 cho
thdy viéc xac dinh nguy co mac bénh v& gen c6 y nghia
rit 16n trong y té du phong. Ching han, mot nghién ciu
vao nim 2017 udc lugng ring c6 khoang 72% phu nit thira
hudng dot bién gen BRCAI va khoang 69% phu nit thita

hudng dot bién gen BRCA2 sé phat trién ung thu trudc tudi
80 [I]]. Viéc phat hién mot bénh nhan mang cic bién di c6
hai s& hd tr¢ bic sy dua ra 15i khuyén gitip thay d6i 16i
séng theo hudng tich cuc hoic dua ra cic can thiép phong
nglia tuy theo mic do nguy co.

V6i cac bénh do mdt gen quy dinh, viéc ude lugng nguy
cd mic bénh clia mot ngudi co thé chi la tim kiém cic
bién di c6 hai trén mot gen nao d6. Cc nghién ciiu phan
tich lién két di truyén (Genetic Linkage Analysis) da dugc
phét trién tir 1au d€ xdc dinh vi tri clia gen bénh dua trén
mbi lién két clia n6 véi cdc vi tri danh diu di truyén trén
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nhiém sic thé. Phuong phap nay da rat thanh cong khi tim
ra cdc dot bién cia mot sd bénh don gen nhu mia giat
[2l B] hay ung thu vi [4]. Tuy nhién, phan tich lién két
chua cho thiy su hiéu qua dbi véi cdc bénh da di truyén va
phd bién. Tt nim 2005, cic nghién cu tuong quan toan
hé gen (Genome-Wide Association Studies - GWAS) da bat
dau tim kiém cdc da hinh don nucleotit (Single-Nucleotide
Polymorphism, SNP) phd bién (tan s alen phu, minor allele
frequency, MAF > 1%) [SH7]. GWAS ngay cang dudc tao
diéu kién thuan i nhS su phat trién cia cic mang SNP
(SNP array) véi chi phi tuong d6i thip, cic mang nay cé
thé chia tir 200.000 dén 2.000.000 SNP [8]. Ngoai ra, qua
trinh phan tich tdng hgp cdc nghién cifu tuong quan toan
hé gen riéng 18 ciing gop phan tao ra cac bo dit lisu GWAS
ngly cang 16n hon. Cic SNP bi thiéu trén mang SNP s&
dugc b sung thong qua qud trinh suy dién théng ké tir cac
SNP da dugc quan sét va cac kiéu gen don boi (Haplotype)
ctia dif liéu tham chiéu Chinh nh& qua trinh nay ma ta c6
dudc cac tap di liéu GWAS 16n nhu UK Biobank: 96 triéu
bién di cho gin 500 nghin c4 thé ma ban dAu chi c6 khoang
800 nghin SNP dugc xdc dinh bdi ki€u gen [9]. Mic du
viy, GWAS van to ra han ché trong du dodn cdc bénh da
di truyén, cho du sir dung cic SNP c6 tuong quan cao véi
bénh thi du doadn ciing khong thyc sy chinh xac [10, [11].
Dé nang cao hiéu suit du dodn, cic nghién ctu tip trung
vao viéc lya chon tdp SNP dic trung, thuc sy anh hudng
dén bénh. Cic phuong phap truyén théng thudng dua vao
dic diém sinh hoc va théng ké, dién hinh nhu loai bd cic
SNP do mit can bang lién két hodc do di truyén cing nhau
ma khong 4anh hudng dén bénh, gitt lai cac SNP c6 tuong
quan cao vSi bénh. V6i mot bénh cu thé, mic du mdi SNP
dic trung chi 4nh hudng mot phan nhd téi bénh, nhung két
hop ching v6i nhau c6 thé gidi thich mot phan dang ké ty
1é mac bénh trong quan thé [8, [12H14].

Dé lua chon tap SNP dic trung, ngoai cac phuong phap
dua vao dic diém sinh hoc, cic phuong phap 4p dung hoc
mdy ciing dang nd ro trong thdi gian gin diy. Cu thé, ta
c6 thé dua vin d& vé bai todn lua chon dic trung [15H17],
déac biét l1a cac phuong phap lwa chon déc trung ap dung
cho dit liéu chidu cao cé sb dic trung 16n hon nhiéu sb
mau. Pa ¢ nhiéu nhém phuong phap khac nhau dugc st
dung nhu loc bang cach dit ngudng [18], loai bd dic trung
ngay trong qué trinh hoc [19-21], ciing nhu tinh dén céc
anh hudng phi tuyén [22]]. Cc phuong phép c6 thé két hop
mot cach khéo 1éo trong mo hinh dy doan nguy co da di
truyén (Polygenic Risk Scores - PRS) [23] d& du doan nguy
cd mic bénh trong mot nhém thuan tap dich sit dung théng
ké tom tit GWAS ctia mot nhom thudn tap cd sd, doc lap
v6i nhém thuan tip dich [24) 25]. Su da dang trong céc
phuong phap gép phan gitip cic nha khoa hoc c6 mot sb
nghién ctiu quy mo trong nhiing nim gan day vdi nhiéu

hon céc bénh di truyén phiic tap, cing véi d6 1a cac tap di
liéu ngay cang 16n. V&i hiéu suit md hinh du dodn ngay
cang dugc cai thién, diém nguy co da di truyén dang gép
phan vao nd lyc phan ting nguy co di truyén va c6 trién
vong ap dung rong rai trong lam sang.

Trong céc phan tiép theo clia bai bdo ching tdi sé trinh
bay vé céc kién thic co s& trong Phin [T vé tién xi ly
dit liéu trong Phan Cic cai tién st dung hoc may dé
nang cao kha nang ap dung trong lam sang clda PRS dugc
trinh bay & Phan Phan [V| dé cap dén cdc xu hudng cii
tién hiéu ning cho md hinh du dodn nguy co da di truyén
trong tuong lai. Cubi cing, ching tdi két luan bai bdo &
Phin

II. KIEN THUC CO SO
1. Nghién citu tuweng quan toan hé gen (GWAS)

Nghién ctu tuong quan toan hé gen (GWAS) la mot
phuong phdp sang loc nhanh cac chi thi phan t& trén toan
bd DNA hoic bd gen ctia nhiéu ngudi, muc dich dé tim céc
bién di di truyén lién quan dén mot cin bénh cu thé hoic
mot tinh trang ma ta quan tim. D€ thyc hién mot nghién
cuiu tudng quan toan hé gen, cac nha nghién ctu st dung
hai nhém ngudi: nhém thuin tip ca bénh (case) va thuin
tap d6i ching (control). DNA thu dudc bing cach tach triét
mau mau hoic té bio niém mac miéng cla nhiing ngudi
tham gia dugc dat trén cac mang SNP va dudc quét trén
cac may tu dong. Cac may nay nhanh chong khdo sat bod
gen ctia mdi ngudi d€ tim ra cac SNP. Néu SNP nao dugc
tim thiy & nhitng ngudi mac bénh véi tan suit cao hon so
véi nhitng ngudi khong mic bénh, thi SNP d6 dugc cho 1a
c6 mdi tuong quan dén bénh. Cac SNP nay c6 thé dong
vai tro 14 nhiing diém danh diu di truyén (makers) chi din
dén khu vuc chifa gen bénh

Do phii tuan theo quy tic bao mit ctia ting du 4n nghién
ciu va cac chinh sach bao mit thong tin ca nhan ma viéc
truy cap vao dit litu GWAS cé hai muc do:

o Miic do thng ké tém tat: bao gdm céc gid tri dai dién
cho nhiéu diém di liéu, chang han nhu mic do anh
huéng va P-value cho sy tuong quan gitta mbi SNP
v6i mot kiéu hinh ma ta quan tim. Chd y rang, miic
do anh hudng dugc biéu dién bing ty 1& chénh léch
(Odds Ratio, viét tat 12 OR) vdi tinh trang rdi rac, va
dugc biéu dién bang chi sb S véi tinh trang lién tuc.
Ngoai ra, dit liéu con bao g6m cac alen, tén SNP va
vi tri ctia ching trén nhiém sic thé.

e Miic d6 ci thé: bao gdm dinh danh ctia ca thé, bd,
me, va pha hé clia ca thé. Hon nita, di liéu cling cung
clp cic thong tin vé& gidi tinh, kiéu hinh, cic alen, vi

Uhttps://www.genome.gov/about-genomics/fact-sheets/Genome-Wide-
Association-Studies-Fact-Sheet



tri cia cdc SNP trén nhiém sic thé, khoang cich di
truyén ciing nhu cic hiép bién. D lieu GWAS & miic
dd c4 thé thuong dugc luu dudi dang céc tép dinh dang
PLINK [26, 27].

Dit liéu thong ké tém tait GWAS c6 thé dudgc tra ciiu dé dang
véi nhiéu tinh trang khac nhau trong Danh muc NHGRI-
EBI vé cic nghién ciiu tuong quan toan hé gen [28§] El
Ngugc lai, cic dit lieu GWAS & mifc dd cd thé can dudc
cAp phép d€ truy cap nhu tai nguyén trén dbGaP [29] hay
UK Biobank [9].

2. Téng quan vé diém nguy co da di truyén (PRS)

Diém nguy co da di truyén (Polygenic Risk Score, PRS)
dugc tinh bang tdng diém c6 trong sb ciia cic alen nguy
0 v6i trong sb dua trén cic miic do anh hudng tif GWAS
[24]. Cong thifc mic dinh d€ tinh PRS trong PLINK [26]
la:

trong d6 mic dd anh hudng cta SNP thi i 1a S;; s6 cac
alen anh hudng ctia SNP thii i dugc quan sit trong mau j 1a
G;,j; don boi clia mau la P (thudng 1a 2 cho ngudi); tOng
s6 SNP ctia miu j 1a N; tong s6 SNP khong thiéu dugc
quan st & mau j 12 M;. Néu mau j c6 mot ki€u gen thiéu
SNP thif i thi tan s alen phu ctia quan thé dugc nhan véi
don boi (MAF;.P) dudc st dung thay thé G j.

Nguy co
mic bénh cao

Tan suat ca thé

Do .

Nguong nguy ca PRS

Hinh 1. Biéu dé phéq phéi cia diém nguy co da di truyén.
Nhiing ca thé ¢6 PRS nim trong ngudng nguy cd & phia dudi phai
ctia phan phdi c¢6 nguy cd mac bénh da di truyén cao.

Diém nguy co da di truyén (PRS) dang dugc coi la do
do tuong dbi d€ moi ngudi c6 thé tim hiéu vé nguy co phat
trién bénh ciia ho. Ta c6 thé biéu dién céc gid tri PRS dudi
dang biéu dd phan phdi tan suit ma mot cd thé c6 nguy co
mic bénh cao sé nim trong ngudng nguy cd & dudi phai ctia
phan phdi (Xem hinh . Tuy nhién, do chinh x4c cuia cac
du doan nguy co mac bénh dbi v6i cac nhém ngudi 1a khac
nhau do né phu thudc vao su diy di cta dit lieu GWAS.

Zhttps://www.ebi.ac.uk/gwas/
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Tinh dén nim 2018, phan 16n cdc nghién ciu tuong quan
toan hé gen da dugc thuc hién vdéi ty 1& sb luong cé thé dua
trén sic tdc bao gdm 78% ngudi chau Au, 10% ngudi chau
A, 2% ngudi chau Phi, 1% ngudi gbc Tay Ban Nha va tat
ca cdc sic toc khac chi chiém nhoé hon 1% GWAS [30].
Ngoai ra, PRS ciing chi ra dong gép ctia cic yéu td da di
truyén ddi v6i mot kiéu hinh ma dit lieu GWAS khong phat
hién dugc. Vao nim 2009, mét GWAS cho bénh tim than
phan liét do Purcell va cic dong nghiép thuc hién da tim
thiy chi mot SNP tuong quan véi kiéu hinh, mic di bénh
nay dugc biét dén nhu 13 mot bénh c6 tinh di truyén cao.
Tuy nhién, bang cach xdy dung mot PRS st dung céc két
qua GWAS va kiém tra diém nguy co da di truyén trong tap
dit liéu doc 1ap khac, Purcell da ching minh ring c6 mot
dong gop da di truyén tSi bénh tAm than phan liét [31]. Do
d6, phan tich da di truyén cho thiy dit lieu GWAS & giai
doan diu 12 chua dd manh, ma chiing ta can c6 ¢ mau 16n
hon [32]. Muc dich khic ctia viéc st dung PRS 1a d€ kiém
tra mbi tuong quan gitta cic SNP v6i mot kiéu hinh khac
v6i ki€u hinh duge st dung trong GWAS. K§ thuat nay cho
phép céc nha nghién citu ching minh ring c6 su dong gép
da di truyén chung gitta hai tinh trang. Cu thé, Purcell da
chiing minh rang c6 su dong gop di truyén chung giita bénh
tdm than phan liét va r6i loan ludng cuc (xem Hinh .

Néu nhu nghién ctiu ctia Purcell di chi ra mot s6 dic
diém co ban 1a nén moéng cta PRS thi gan day mot sd
nghién cttu 16n da cai thién mot cach dang k€ do tin cay
ctia két qua du doan. Nim 2018, Amit V. Khera va cic dong
nghiép da di st dung di liéu di truyén toan bo hé gen va
cdc phuong phdp suy dién théng ké dé€ ddnh gia hang triéu
bién di di truyén phd bién lién quan dén 5 bénh phd bién:
dong mach vanh, rung nhi, tiéu duodng loai 2, viém rudt,
va ung thu vi. P6i v6i mbi bénh, ho di 4p dung mot thuat
toan tinh diém nguy co da di truyén tif tit c cdc bién di
dé€ phan 4nh tinh nhay cam di truyén cia mot ngudi dbi
v6i nhitng bénh nay [33[]. Nam 2019, mdt nghién ctu véi
272 tac gia va td chifc st dung dit lieu GWAS vé ung thu
vii dudc coi 1a 16n nhét véi tap hop tit 69 nghién ciiu gdm
94,075 miu bénh va 75,017 miu dbi ching. Két qua da
tim ra dugc 313 SNP cho tinh todn PRS tdt nhét v6i AUC
dat 63%, do tin cay 95%. Ngoai ra, nhom tac gia da phan
tang nguy cd mic bénh dua trén ca lich sit gia dinh va cdc
yéu td nguy co khac [34]. Mot sb nghién ciiu dot pha trong
lich st phat trién cla phuong phép tinh diém nguy co da
di truyén & trén dudc tom tit trong Béng

D€ xay dung mo hinh tinh diém nguy co da di truyén ta
can hai loai dit lidu:

o Dii liéu co s6 (base data): bao gom cic théng ké tém
tt cia GWAS (vi du, B, OR, P-values) cla tudng quan
kiéu gen-kiéu hinh tai mot bién di di truyén (SNP).

« Dii lidu dich (target data): kiéu gene, ki€u hinh clia



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

Bang I
CAC NGHIEN CUU bOT PHA TRONG TINH TOAN PRS.

Hop 1 | Mét sb khai niém co ban

STT Tac gia Nam Noi dung

Xac dinh anh hudng da di truyén
1 S. M. Purcell | 2009 | chung giita bénh tdm than phan liét
va rbi loan ludng cuc [31].

DPanh gia hang triéu bién di phd
2 A.V.Khera | 2018 | bién lién quan dén nim bénh da
di truyén phé bién [33].

Phén tang nguy co ung thu vi dua
3 N. Mavaddat | 2019 | trén dif liéu 16n ctia miu bénh va
mau dbi ching [34].

P=2x1028

0.03 P<0.1

MP<02

50 IPT< 0.3

HP <04

1x1012 T
0.02 ] P<05
E: 7x10%
0.01
0.008
0.71 O'IOSI 0.30 0.65 0,23 0.06

EA AA UK BDWTCCC CAD CD HT RA T1D T2D
. J

Tam thin phéan liét R&i loan ludng cwc  Khong tam than

Hinh 2. Céc thanh phan da di truyén véi cic mau doc lap cha
bénh tam than phan liét va ri loan ludng cwe. C6 sy dong
g6p da di truyén chung giita bénh tdm than phéan liét va r6i loan
ludng cuc. Hinh anh dugc tham khao tir nghién citu cia Hiép hoi
Tam than Qubc t& [31].

cac c4 thé.

Mot bénh phat sinh ngoai nguyén nhan do di truyén thi
con c6 cdc nguyén nhian khic nhu moi trudng, 16i sbéng. ..
Do d6 bénh khong chi duge du dodn hoan toan nhg cac
yéu t6 di truyén, ma cic yéu t6 nay chi chiém mot ty 1&
nhit dinh h* (ciing dugc goi 1a hé s6 di truyén SNP: £3 .,
xem dinh nghia & hop 1). Vi viéc xdc dinh tap bién di 4nh
hudng hoic udc lugng mic dd anh hudng c6 thé chua chinh
xdc, cling nhu ¢ su khac biét giita cdc mau co s8 va cac
miu dich ma ty 1& dy dodn cia PRS nhé hon h%, . D&
dam bio md hinh PRS ¢6 dugc hiéu suét du dodn cao ta
can kiém tra ky ludng va tién xi 1y dit liéu theo cac tiéu
chi sau:

« Cic mau trong dif liéu co s& va dif liéu dich can doc
lap v6i nhau.

o Di liéu co sé va di liéu dich c6 cac vi tri SNP dudc
xdy dung tif cing modt hé gen tham chiéu.

Alen nguy co (Risk Allele): alen cia SNP
lam ting nguy co mic bénh. Mot alen anh
hudng chi la alen ¢6 tuong quan véi bénh va
c6 thé ting hodc gidm nguy co.

Tan s6 alen (Allele Frequency): ty 1& cic
nhiém sic thé mang alen d6 trong mot quan
thé.

Tan s6 alen phu (MAF): tin s6 ma alen phd
bién thd hai xuit hién trong mot quin thé
nhét dinh.

Bién di nhin qua (Causal Variant): bién di
tai mot vi tri xac dinh trong nhiém sic thé c6
tuong quan manh véi ki€u hinh, cic bién di
ndy thuc su c¢6 anh hudng sinh hoc dén kiéu
hinh [35].

Mic do anh hudéng (Effect Size): mic do
tuong quan gitia tan sb alen cta bién di véi
mot bénh nao do.

He s6 di truyén (Heritability): mic do giai
thich ctia cic yéu t6 di truyén vé6i ki€u hinh
trong mot quan thé (ky hiéu: h? hodc h%
[36].

Mit can bang lién két (Linkage
Disequilibrium, LD): thuéc do su két
hop khong ngiu nhién gilia cic alen & cac vi
tri khac nhau trén cing mot nhiém sic thé
trong mot quan thé nhit dinh. Cac SNP c6
trong LD khi tan s6 tuong quan clia cic alen
cua chung cao hon mong dgi [27].

Phian ting quin thé (Population
Stratification): sy hién dién cda nhiéu
quan thé con (vi du: cdc cd nhan c6 ngudn
gbc dan toc khac nhau) trong mot nghién ciu.
Su phan ting quan thé c6 thé din dén cic
tuong quan duong tinh gia.

ROC (Receiver Operating Characteristic
Curve): dudng cong dic tinh biéu dién tuong
quan gita duong tinh gia va duong tinh that
vGi cac ngudng nao do [37, 38].

AUC (Area Under the Curve): dién tich duéi
dudng ROC, gia tri AUC nam trong khoing
(0, 1), gia tri nay cang 16n thi hiu qua cua
mo hinh cang cao [39].

Precision: ti 1¢ s6 di€m duong tinh that trén
s6 diém dugc phan loai 1a duong tinh (duong
tinh that + duong tinh gia).

Recall: ti 1& s6 diém duong tinh that trén s6
diém thuyc su 1a duong tinh (duong tinh that +
am tinh gia).

Opverfitting: hién tugng mdé hinh tim dudc
quéa khép véi dit lieu huin luyén din dén do
chinh xdc ctia du doan khong con tbt trén dit
liéu kiém thii. Vi tin sd alen c6 thé khac nhau
gitta cac quan thé€ con nén su phan ting quin
thé c6 thé din dén céc tuong quan duong tinh
gia.

Np)




« Thuc hién day dd qua trinh kiém soét chit lugng cho
dit lidu co sd va di lidu dich.

Ngoai ra, phan tang quin thé, yéu t6 gdy nhiéu trong

GWAS, lai ¢6 thé dudc sit dung d€ tinh toan PRS t6t hon.

3. Ung dung ciia PRS trong cong nghiép

PRS c6 thé dugc wng dung dé€ du dodn nguy co mic
bénh trong cong nghiép tif miu nudc bot hodic miu mau
st dung cong nghé dinh kiéu gen (Genotyping) khong ton
kém. Mic du vay, PRS khong bao gid ¢6 thé du doan chic
chin vé tinh trang clia cdc bénh phd bién phic tap vi cic
yéu tb di truyén chi déng gép mot phan nguy co va PRS
cling chi nim bat dugc mot phan cic déng gép di truyén
d6.Tuy nhién, cling gibng nhu y hoc 1am sang sit dung vo
s6 c4c bién phap du doan khac, PRS dong mdt vai tro déng
ké nhu 14 mot phan ciia cac thuit toan du doan da bién [40]).

Bang II )
10 BENH HOAC TINH TRANG Y TE PUQC FDA
THONG QUA CHO CAC XET NGHIEM VE NGUY
CO MAC BENH DI TRUYEN CUA 23ANDME.

Bénh Mo ta

R&i loan hé théng than kinh anh
huéng dén chuyén dong

Parkinson

Ching r6i loan nio tién trién pha
hiy tri nhé va ky nang tu duy

Alzheimer khéi phat mudn

R&i loan din dén khong thé tidu
hoéa gluten

Celiac

Thiéu Alpha-1 antitrypsin

R&i loan lam ting nguy co mic
bénh phéi va gan

Loan truong luc ¢ nguyén
phat khéi phat s6m

R&i loan van dong lién quan dén cic
con co that co khong tu chu va cac
cli dong mat ki€ém soat khac

Thiéu yéu t6 XI

R&i loan déng méu

Gaucher loai 1

R&i loan co quan va md

Thiéu hut Glucose-6-
Phosphate Dehydrogenase

Con dugc goi la G6PD, mét tinh
trang hdng cau

Huyét sic t6 di truyén

R&i loan qué tii sat

Mau khé dong di truyén

R&i loan dong méu

Nim 2017, Co quan Quan ly Thuc pham va Dugc phim
Hoa Ky (U.S. Food and Drug Administration - FDA) da cho
phép tiép thi cic xét nghiém nguy co stic khoe di truyén
(Genetic Health Risk, GHR) cta dich vu hé gen cd nhan
23andMe d6i véi 10 bénh hoic tinh trang y t& (Xem Béang
. Pay 1a cic xét nghiém dau tién dudc FDA cho phép
cung cép thong tin vé khuynh huéng di truyén clia mot ca
nhan d6i v6i mot sb bénh hoic tinh trang y t& nhit dinh
Cic xét nghiém GHR ciia 23andMe hoat dong bang céch
phan 1ap DNA tif miu nudc bot, sau d6 dugc kiém thir véi
3https://www.fda.gov/news-events/press-announcements/fda-allows-

marketing-first-direct-consumer-tests-provide-genetic-risk-information-
certain-conditions
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hon 500,000 bién di di truyén. Sy hién dién hodc ving mit
ctia mot sd bién di nay c6 lién quan dén viéc ting nguy co
phét trién ctia bénh.

Tai hodi nghi South by Southwest (SXSW) 2019,
23andMe di thong bdo ho sé cung cAp phan tich nguy
co dua trén di truyén v6i bénh ti€u duong loai 2 cho hang
triéu khach hang. Thong tin di truyén tif cic ca nhan véi dit
liéu lién quan dén stic khée ciing hd trg viéc xay dung cic
mo hinh thdng ké cho tinh toan PRS va du dodn cic tinh
trang va cic tinh trang y té khac nhau tit mot DNA c4 nhan.
Dic biét trong bdo cio vé bénh tiéu dudng loai 2 vao nim
2022, 1.1 triéu khach hang ctia 23andMe da dong y tham
gia nghién cdu gitip tao ra co s dif liéu ki€u gen-kiéu hinh
16n vé6i 11,999 bién di di truyén. Nho dé, cidc nha nghién
ctiu ctia 23andMe da nang cao dugc do chinh xdc trong
tinh todn PRS véi hon 1000 bién di lién quan dén bénh El

IIL. TIEN XU LY DU LIEU
1. Kiém soat chat luwgng (Quality Control, QC)

Do chinh xdc du doan cia PRS phu thudc 16n vao chit
lugng cla dif liéu co s6 va dit liéu dich. Do dé, da c6 nhiéu
nghién ctiu cho qué trinh ki€ém sodt chit lugng (Quality
Control, QC). Ca hai tap dit liéu thuong dudc tién hanh
QC v6i cac tiéu chudn QC chung cua GWAS [27 41} 42].
Vao nim 2020, Shing Wan Choi va cic dong nghiép da chia
ra ba cip QC lién quan dén ting loai dit liéu [43]]. Dua vao
cac budc QC tu nhiing nghién ctdu trudc day, chuing téi da
sap xép lai d€ dua ra mot quy trinh kiém soat chit lugng
rd rang va ddy da (Xem Hinh [3).

« QC chi lién quan dén dit liéu co s6: gdm kiém tra
hé s di truyén va xdc dinh cic alen anh hudng.

« QC chi lién quan dén dit liéu dich: ¢3 miu dugc
khuyén nghi 16n hon hoic biang 100 [44] va than trong
v6i nhitng phéan tich st dung dit liéu cd sé co hg NP
thip v ¢d miu dif liéu dich nhé. Mit khac, can kiém
sodt chit lugng trén mot sb tiéu chi nhu: i 18 kiéu gen
(Genotyping Rate > 0.99), ty 1&é miu thiéu (Sample
Missingless < 0.02), can bing Hardy-Weinberg (P >
1079), loai bd nhiing c4 thé c6 hé s6 F (dai dién cho
ty 1& di hop ti) 16n hodc nhd hon 3 1an do 1éch chuin
so véi trung binh, loai bd cac SNP tuong quan véi
r? > 0.25.

« QC tiéu chuin: dp dung cho ca dit liéu co s3 va
dit liéu dich. Do dit liéu 16n, ta cAn dam bao dit liéu
khong bi 16i trong qua trinh tdi hodc chuyén tép. Céc
dit liéu can dude QC theo cic tiéu chi chung cho dit
lisu GWAS nhu: tan sb alen phu (MAF > 1%, hoic
MAF > 5% néu sb lugng mau dich nhé hon 1000),
diém thong tin (Info Score) bd sung (Imputation) 16n

“https://blog.23andme.com/23andme-research/screening-for-t2d/
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hon 0.8. Ngoai ra, ta can loai bd céc ca thé c¢6 su khéc
biét gidi tinh, x& ly cac SNP khong khdp, loai bd céac
SNP trung ldp, loai bé cdc miu trung 13p hodc céc
mau cé quan hé ho hang.

Dt liéu co sé va dir liéu dich sau khi duge QC riéng sé
tham gia qua trinh QC tiéu chuin d€ tao ra dit liéu cubi
cung phuc vu cho tinh toan diém nguy co da di truyén.

2. Kiém soat mit can bang lién két (Linkage Disequi-
librium, LD)

Sau qua trinh QC trén dit liéu co s va dit liéu dich va
dinh dang cdc tap dif liéu mot cach phu hop, ta can lya
chon mot tp hdp cdc SNP 4nh hudéng trén toan hé gen dé
phuc vu tinh toan PRS. Cong viéc nay kha phtc tap do mbi
tuong quan giita cac SNP dugc sinh ra tit sy mit cin bing
lién két. Ta c6 thé lua chon tap hop ciac SNP anh hudng
thong qua:

o Tinh todn mit cin bing lién két (Linkage Disequilib-
rium, LD).

o Thu hep muc d6 anh hudng dugc udc lugng bdi GWAS
(Shrinkage).

Phuong phap truyén théng thudng dugc st dung 1a "Nhém
va bit ngudng" ("Clumping and Thresholding", hay con goi
la "C+T"). Cac kiém dinh mbi tuong quan trong GWAS
dugc thuc hién ting SNP mot, trong khi ciu tric tuong
quan trén toan bo hé gen rat phic tap, nén viéc uéc luong
céc tac dong di truyén doc 1ap 1a mot van dé thach thic.
Cac SNP ¢6 thé duge "Nhém" ("Clumping”, C) bdi cong
cu PLINK d€ chon ra cac SNP c6 mbi tuong quan thip véi
nhau. Trudc tién, Clumping chon ra mot SNP dac trung
dugc goi 1a SNP chi muc (SNP index) va tinh toin mbi
tuong quan giita SNP niy véi cic SNP gan d6 (trong mot
khoang céch di truyén vi du 250kb). Sau d6 né loai bd céc
SNP gan d6 néu méi tuong quan giita ching 16n hon mot
ngudng nhit dinh (vi du > = 0.2, [32]). Nhu viy, budc
Clumping gitip loai bd dit liéu du thita do mit can bing
lién két (LD) gay ra. Tap hop SNP ctia GWAS tuong quan
v6i ki€u hinh dudi mot ngudng P-value ndo d6 sé dugc lua
chon dé€ tinh todn PRS, phucng phdp nay con dugc goi 1a
"Pit ngudng" ("Thresholding", T). Vi khong thé xac dinh
trudc ngudng P-value tdi uu, nén nhiéu tip SNP véi nhiéu
ngudng P-value khac nhau sé dudc 1an lugt dugc dua vao
mo hinh huin luyén. Mé hinh nay con c6 su déng gép cla
cac hiép bién va cic thanh phan chinh cla tip dich dudc
tinh todn dua trén phan tang quan thé. Ngudng P-value nao
cho ra dugc do chinh xdc du dodn cao nhét thi tip hop cic
SNP tuong ung v6i ngudng do sé dudc lya chon cho tinh
toan PRS [24, 31}, 45].

Uu diém ciia phuong phap "Nhém va Pit ngudng" 1a
tbc do tinh todn nhanh do céc tap dif liéu tuong ting véi

cdc ngudng khac nhau c6 dang ma tran (cic hang la céac
ca thé, cac cot 1a cic SNP) dugc chuyén vé mot vec to ma
mbi phan td 12 diém nguy co da di truyén cla tiing cé thé.
Tuy nhién, nhudc di€ém 16n cta phuong phdp nay la viéc
lga chon cac ngudng hoan toan dua trén kinh nghiém, vi
viy khé tim ra mot cich dit ngudng nhit quan cho cdc
nghién ctiu khdc nhau. Hon nita, phuong phdp vin c6 thé
bd sét cac SNP ngoai pham vi cia ngudng nhung thuc sy
4nh hudng dén bénh.

Thay vi dua vao kinh nghiém d€ lua chon céc tap SNP,
mot loat cac phudng phap thu gon stt dung hoc may da duge
phit trién dé c6 thé loai bd cac SNP khong anh hudng dén
ki€u hinh ngay trong qua trinh hoc. Ngoai ra, cdc phuong
phdp méi nhét di su vao viéc tim hiéu cic dic diém sinh
hoc két hop véi hoc mdy dé giit lai nhiing SNP thuc su
c6 anh hudng dén bénh cho du ching c6 thé khong doc
1ap v6i nhau. Mot s6 phuong phép ciing gép phan céi thién
kiém sodt mét can bang lién két (Xem Phan [IV).

IV. NHONG CAI TIEN SU DUNG HOC MAY PE
NANG CAO KHA NANG AP DUNG TRONG LAM
SANG CUA DU POAN NGUY CO PA DI TRUYEN

Mic du PRS dudc tao ra tur cac nghién ciiu hé gen quy
mo 16n, nhung do su phic tap cia yéu t6 da di truyén két
hop véi cic yéu t6 mdi truong ma viéc dp dung 1am sang
& quy mo rong cia PRS db6i mit véi nhiing thach thic
ding ké. D€ ning cao khi ning st dung clia PRS trong
lam sang cic nha khoa hoc di dua ra mot sb cich tiép
can khiac nhau. Cach tiép can thi nhit, du doan chi dua
trén cac SNP c6 tuong quan cao véi bénh da biét trong
dit liéu GWAS. Cich tiép can thd hai, cic phuong phap
chon bién va hoc mdy dugc phat trién dé€ thu hep tap SNP
[46] st dung cdc ky thuat diéu chinh/thu hep trong thong
ké nhu LASSO hoidc hdi quy Ridge (Ridge Regression)
[47), hoic st dung cich tiép can Bayes thong qua viéc xic
dinh phan phdi [46] [48]. Céch tiép can thi ba, mo6 hinh du
doan tinh dén ty 1& clia cac bién di nhin qua trong tong
s6 bién di di truyén nhu phuong phiap LDpred. Hiéu ning
clia cdc md hinh dudc danh gid trong Nghién ctu Dich té
hoc Di truyén vé& Stic khoe Ngudi trudng thanh va Lio héa
(the Genetic Epidemiology Research on Adult Health and
Aging, GERA) [49] dudc gidi thiéu & Bang

Hién nay, cic phuong phap chi trong hon dén viéc xic
dinh cic bién di anh hudng thuc su dén kiéu hinh va tim
cach danh trong s6 phu hop cho céc loai bién di nhu: ciy
hdi quy ting cuvng gradient va diéu chinh mét cin bang
lién két (GrabBLD) [50], du doan di truyén da bién véi
ngudng tron [51]], x4c dinh cdc di€ém danh diu di truyén
[52]. Mit khic, diém nguy co da di truyén thudng cung
cip mot do do tuong d6i vé nguy co dudc danh gid & cp
dd mot nhém ngudi chit khong phéi & cip do cd nhan [53]]
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ia 3 No a arn s
gg léﬁll'mc;‘ s& da — QC chi cho dif liéu co'sé Dif liéu dich da QC chua?
QC chi cho dit liéu dich Yes
Dit liéu cd’ sé trén mot
tinh trang hay khéng? >
No . .
—* QC tiéu chuan

Chay phan tich GWAS da tinh
trang (Vi du: GenomicSEM
hodc MTAG).

QC CHi CHO DU LIEU CO SO
* Bam bao b*,, > 0.05
* Xéc dinh cac allele anh hudng.

QC TIEU CHUAN
« MAF = 0.05 (hodc 0.01 néu sd mau > 1000), info score = 0.8.
« Xit Ij céc SNPs khang khdp giita hai tap dif licu.
+ Loai bo cac SNPs tring 13p va khong ro rang,

* Loai bo cac mdu tring lap va cac mau co quan hé gia dinh gitta hai t3p dir ligu.
» Loai bé cdc nhiém sic thé gidi tinh va cdc mau co gidi tinh khing khdp.

QC CHI CHO DU LIEU BICH
* 56 mau 1én hon 100.
= Ty 1& kiéu gene (genotyping rate) > 0.99.
* Ty 1& mdu thigu (sample missingness) < 0.02.
« Can bang Hardy-Weinberg: P > 1.10%
« Di hop tir véi do léch chun 1a 3
* Loai bo cac SNPs tuong quan vdi r* > 0.25

Hinh 3. S¢ dd kiém soat chit lugng cho tinh toan PRS. Trudc tién, dif liu dich va dif liéu co s§ dudc tién hanh QC riéng, néu dit
liéu co sé dugce xdy dung trén nhicu tinh trang thi ta can chay phan tich GWAS da tinh trang. Sau d6, ca hai tip d liéu dugc QC tiéu

chuéin dé tao ra mot tap dif liéu phuc vu cho tinh todn PRS.

nén viéc 4p dung PRS trong ldm sang nhu mdt cong cu
du doan kha ning mic bénh clia c4 nhan gip nhiing khé
khin nhét dinh. D€ gidi quyét van dé nay, phuong phap udc
lugng gidi han tin ciy da cho phép tinh toan gia tri xdc suit
c6 diéu kién cla tinh trang bénh trén tiing c4 nhan [53].
Dic biét, phuong phdp hoc siu ciing cho thiy sic manh
trong viéc du doan nguy cd mac bénh da di truyén khi so
sanh v6i mot loat cdc phucng phdp hoc mdy trudc d6 [54].
Trong khuon khd bai bdo, chiing tdi sé gidi thiéu chi tiét
hon mot vai phuong phéap dién hinh gan day st dung hoc
mdy dudc liét ké trong Bang

1. Mé hinh hoi quy logistic phat (Penalized Logistic
Regression, PLR)

Nhém nghién citu cia Florian Privé da dua ra mo hinh
hdi quy logistic phat (Penalized Logistic Regression, PLR)

d€ cai thién hiéu qua cho tinh todn PRS [53]. Trong md
hinh nay, ham diéu chinh L2 ("Ridge") c6 tic dung thu nhd
cdc hé s6 va ham diéu chinh L1 ("LASSO") dua cic mot
phan cic hé sb vé gid tri 0 va c6 thé dudc st dung dé€ chon
bién ngay trong qua trinh hoc. Két hop giita cdc ham diéu
chinh L1 va L2 ("Elastic-Net") rit hiéu qua trong trudng
hop s6 lugng SNP 16n hon rit nhiéu sé lugng mau.

Cu thé, bai toan dudc dua vé udc luong cic hé sb o, B
dé cuc tiéu héa ham tén that dudc diéu chinh

n
L(,@) == (yilog(z) + (1= y)log(1 - z)
i=1
1
+ (1= a) 115 +allBlh)
trong d6 z; = 1/(1 + e~ Bo+xi B)) x biéu dién kifu gen va

cdc hiép bién (vi du: cdc thanh phan chinh, tudi, gidi tinh),
y 1a tinh trang bénh, A va « 13 hai siéu tham s6 diéu chinh.
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Bang III
SO SANH HIEU NANG CUA CAC PHUONG PHAP THUQC
BA CACH TIEP CAN KHAC NHAU TRONG TINH TOAN PRS
VvOI DU LIEU GERA. BANG SO SANH PUGC THAM KHAO
TU NGHIEN CUU CUA M. THOMAS VA CAC PONG NGHIEP

Céc phuong phap tinh PRS | Sé biéndi | AUC (95% CI)

Cach tiép can 1: Cac bien di GWAS da biét

Cac bién di da biét [ 140 [ 0.629 (0.613-0.645)

Cach tiep can 2: Lua chon SNP va Hoc may

Ridge 10000 0.633 (0.617-0.648)

Lasso 10000 0.629 (0.601-0.646)

Elastic Net 10000 0.630 (0.612-0.641)

XGBoost 10000 0.629 (0.614-0.643)

Cach tiép cin 3: LDpred

LDpred | p =1 1180765 0.620 (0.603-0.637)
p =03 1180765 0.625 (0.608-0.642)
p=0.1 1180765 0.628 (0.611-0.645)
o =0.03 1180765 0.635 (0.619-0.651)
p =001 1180765 0.646 (0.630-0.662)
p = 0.005 1180765 0.649 (0.633-0.664)
p = 0.003 1180765 0.654 (0.639-0.669)
o = 0.001 1180765 0.643 (0.628-0.658)

Véi LDpred, p 1a ti 1& cac bién di nhan qua trong tdng sb bién di

ctia bénh ung thu dai truc trang (Accurate colorectal cancer, CRC).

Dii liéu dudc st dung 1a kiéu gen thuc t& clia cac ca thé
ngudi chau Au tit nghién citu dua trén thuin tip ca bénh
va thuan tip d6i ching cho bénh Celiac [56]. PE loai bd
su phan ting di truyén giy ra bdi phan ting quan thé, cic
tdc gid chi sit dung 15,155 ca thé vé6i 4,496 miu ca bénh
va 10,659 méu dbi ching sau khi loc; ca hai thuan tap nay
chwra 281,122 SNP.

Nhém nghién cttu da xay dung ba kich ban md phong
dé xét dén su dnh hudng cta cic yéu tb da di truyén ciing
nhu ¢ miu dén két qua du doan. PLR cho thiy hiéu qua
du doan tot hon "C+T", gi4 tri AUC (xem hop 1) cao hon,
trong hau hét cic kich ban ngoai trit mot vai trudng hop
yéu tb da di truyén cao va hé s di truyén thip. Ngoai ra,
nhém nghién ciu ciing da phét trién hai géi cong cu trén
R Ia bigstatsr va bigsnpr. Vin dé bo nhé dudc gidi quyét
bing cach st dung dinh dang dif liéu dugc luu trit dudi
dang tép nhi phan. C4c chic ning dudc cung cip trong cic
g6i cong cu nay déu dugc song song héa. Trong khi géi
bigstatsr cung cip cac thudt todn tiéu chuin trong phén tich
théng ké thi goi bigsnpr dudc xdy dung trén géi bigstatsr
cung cip cic thuat toan danh riéng cho GWAS.

2. Cay hoi quy ting cudng gradient va diéu chinh
mét can bang lién két (Gradient Boosted and LD,
GraBLD)

Mot phuong phap méi st dung céc k¥ thuat hoc may dua
trén cay hdi quy ting cudng gradient va diéu chinh mét can
bang lién két (Gradient Boosted and LD, GraBLD) dé ting
hiéu qua du dodn nguy co da di truyén. Day 1a lan dau
tién ma cay hoi quy ting cudng Gradient dugc st dung dé
tdi uu hoa trong sé ctia SNP két hop vé6i viéc diéu chinh

cdc ving giy ra bdi su mit can bang lién két [50]. Mot sd
ké qui kha quan ctia GraBLD 4p dung véi cac bd dit liéu
tuong ung voi céc tinh trang khac nhau dugc liét ké dudi
day:

o Dit lidu théng ké tom tit tit Piéu tra di truyén cdc
tinh trang nhan tric hoc (Genetic Investigation of
Anthropometric Traits, GIANT) cho tinh trang chiéu
cao va tinh trang trong lugng co thé trén binh phuong
chiéu cao (Body Mass Index, BMI) trong nghién cifu
ctia UK Biobank [57] (130 nghin cd thé; 1.98 triéu
SNP): GrabBLD giai thich dugc tuong tng 46.9% va
32.7% clia toan bd phuong sai da di truyén.

« Dif liéu théng ké tom tat tir phan tich tdng hop
va sao chép di truyén bénh tiéu dudng (Diabetes
Genetics Replication And Meta-analysis, DIAGRAM)
trong nghién ciu UK Biobank: dién tich duéi duong
cong dic tinh (AUC) 1a 0.602.

GraBLD vugt trdi hon cdc phuong phap tinh diém truyén
théng khi 4p dung d€ du doan chiéu cao (p < 2.2 10716)
vi BMI (p < 1.57 + 107%), va tuong duong v6i LDpred
dbi v6i bénh ti€u dudng. V& mit phuong phdp, ciy hdi quy
tang cuong gradient la phuong phdp manh mé va linh hoat
két hop céc phan loai yéu dé€ tao ra mot phuong phép hoc
manh cho du doan dau ra 1a bién lién tuc. GraBLD c6 kha
ning cai thién cic trong s6 SNP trong diém nguy co da di
truyén ma khong yéu cau kiéu gen ¢ miic do ca thé vi n6
c6 thé mo hinh héa cic mdi quan hé phi tuyén ma khong
can lua chon dic trung.

3. Du doan di truyén da bién véi ngudng tron
(Smooth-Threshold Multivariate Genetic Prediction,
STMGP)

Nghién ctu clia Yuta Takahashi va cidc dong nghiép
vao nam 2020 da dua ra mot thuit toan du doan mdéi, du
doén di truyén da bién v6i ngudng tron (Smooth-Threshold
Multivariate Genetic Prediction, STMGP), thuit toan da cai
thién do chinh xéc trong viéc du doan céc ki€u hinh bénh
than kinh da di truyén bing cich giam overfitting (Xem
dinh nghia trong hop 1) thong qua viéc lua chon céc bién
di va xdy dung md hinh hodi quy phat [51]. M6 hinh du dodn
stt dung tap huén luyén gdm 3685 ngudi & quan Miyagi, tap
kiém thtt doc 1ap gom 3048 ngudi ¢ quin Iwate tai Nhat
Ban. Trong d6, ki€u hinh 1a cdc triéu chiing trim cdm va
céc kiéu hinh dugc md phong véi do phiic tap khac nhau
va su phan b6 miic d6 anh hudng khic nhau ctia cic alen
nguy co (xem dinh nghia trong hop 1).

Nghién ctiu di chi ra nguyén nhan khién cic nghién ctiu
di truyén trudc day bi han ché trong viéc du doan céc kiéu
hinh ctia bénh tdm than bing cich xem xét hai loai bién di
chii yéu (Xem Hinh :
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Bang IV
CAC NGHIEN CUU NOI BAT GAN PAY SU DUNG HOC MAY PE CAI THIEN PO CHINH XAC CUA DU POAN BENH DA DI TRUYEN.
STT | Tén nghién ciru Tac gia Nam | Phuong phap | Noi dung chinh
Machine-learning heuristic to St dung cdy hoi quy tang cudng gradient va diéu chinh
1 improve gene score prediction of G. Paré 2017 | GraBLD mét can bing lién két d€ ting hiéu qua du dodn nguy
polygenic traits cd mic bénh da di truyén.
Efficient Implementation of St dung md hinh hoi quy logistic phat véi dit liéu kiéu
2 Penalized Regression for F. Privé 2019 | PLR gen-kiéu hinh va céc hiép bién dé chon céc dic trung
Genetic Risk Prediction ngay trong qua trinh hoc.
Machine learning for effectively Phuong phap gitp gilt lai cac bién di nhay thuc sy cé
3 avoiding overfitting is a crucial Y Takahashi | 2020 | STMGP z’mh. hLﬂr()n,g dé& bér.lh:nhung co t.LEdng,quan vGi n}laLE, va
strategy for the genetic prediction loai bo céc bien di rong bang viéc danh trong so céc
of polygenic psychiatric phenotypes tap bién di va xay dung hoi quy ridge.
Ffl;)r:ﬁ:ﬁ?crﬁ Esgg)fné:dﬁ;ii;oiﬁz Dga vao do d9 NCM dugc zipﬂdl_mg trép tap hiéu chinh
4 . . J. Sun 2021 MCCP dé tim xdc suat ma mot ca thé thudc vé mot 16p, tir do
confidence bounds of risk P A « .
L xé4c dinh dugc gidi han tin cdy ctia mot du dodn.
prediction
M0 hinh dudc chiing minh la hoat dong tot hon cic ky
Deep neural network improves the thuat hoc mdy va cdc thudt todn thdng ké truyén théng
5 estimation of polygenic risk scores A. Badré 2021 | DNN nhu BLUP, BayesA va Ldpred nhd tao ra dugc hai
for breast cancer phan phdi chudn cla hai 16p c6 trung binh khac biét va
tinh dén céc anh hudng phi tuyén.
Improving the Utility of Polygenic é(lfl}l; dtL;mgt.r;rthdgu};ltrH{}f l?,c ‘:f danh/ tr(l‘)(rlgtgofihw
6 Risk Scores as a Biomarker for D. Vlachakis | 2021 | Biomarker " tao tien €e cho vice ap dung cac &y thugt hoc
Alzheimer’s Disease mady trong viéc nang cao do chinh xdc cua du doan
AD, ciling nhu cédc bénh da di truyén khéc.

« Bién di nhay thuc su: 1a cic bién di anh hudng dén
bénh. Trong d6, c6 cic bién di nhay thuc su doc lap
v6i nhau (mau cam) va céc bién di nhay thuc su tuong
quan v6i nhau (mau vang). Cac bién di nay lam ting
dd chinh xac ctia du doan.

« Bién di réng (mau xanh): 1a cic bién di khong anh
hudéng dén bénh. Céc bién di rong lam giam do chinh
xac cua du doan.

Do kha niing gidi han trong viéc phan biét cac bién di nhay
thuc su v6i cac bién di rng, nén mo hinh c6 thé khép mot
s6 lugng 16n nhiéu 1a céc bién di réng, két qui din dén
overfitting (Xem dinh nghia trong hop 1). Pay chinh la
vin d& cta cdc nghién ctiu vé PRS truéc d6 khi né uéc
luong qua mic mot sd lugng 16n cac bién di rdng két hop
véi céc bién di dugc nhém trong qua trinh Clumping (Xem
Phan [[I1.2)), ciing nhu loai trif cdc bién di thuc sy nhay
tuong quan v6i nhau nhung c6 lién quan dén bénh.

STMGP xdy dung md hinh du doan dua trén tdp céac
bién di dugc lua chon bdi cic ngudng P-value cia GWAS
tuong tu nhu PRS. Tuy nhién, STMGP khic phuc dudc cac
van dé cia PRS & hai khia canh. Thit nhit, STMGP c6 thé
tranh overfitting béi viéc danh trong sb cac bién di, trong
d6 cac bién di nhay thuc su c6 trong sb cao hon céc bién
di réng. Thi hai, STMGP sit dung ca céc bién di nhay thuc
su tuong quan v6i nhau ma c6 thé déng gép vao do chinh
x4c du doan bdi viéc xdy dung hdi quy Ridge tdng quat.

4. Udc lugng gidi han tin ciy cia du doan nguy co
da di truyen

Dé& du dodn tinh trang bénh cho tiing c4 nhan Jiangming
Sun va dong nghiép di gi6i thiéu mot ky thuat hoc may,
MCCP (Mondrian Cross-Conformal Prediction), d€ tim ra
gia tri xac suét c6 diéu kién vé tinh trang bénh cho tiing c4
nhan thong qua udc lugng gidi han tin cdy cia du doan PRS
t6i nguy co mic bénh [53]. MCCP xay dung do do NCM
(Nonconformity Measures) nho cac gia tri dugc dy doan
trén tip hiéu chinh biang mo hinh dudc huin luyén trén tap
huan luyén (doc 1ap va cling phan phdi véi tap hiéu chinh);
tap hudn luyén va tap hiéu chinh déu chia thong tin kiéu
hinh.

NCM, = -y = d(x;)

trong d6 y la cdc 16p khac khong, chang han (1, -1), va
d(x;) 1a gia tri quyét dinh nhan dugc tif ham quyét dinh
ctia md hinh dugc hoc tir dit liéu huin luyén. Xdc suit ma
cd thé i thudc vé 16p y dudc tinh nhu sau:

. Hi=1.Npe, 1 yi=y,NCM; > NCM;}|
p =
Y {Nhe, +1:y: =y}

trong d6 Npc, 1a cd mau cla 16p y trong tap hiéu chinh.
V6i mot sai sd ky vong a € [0, 1] két qui cda ving du
doan dugc xac dinh duéi day:

'={yeY:p,>a}

trong d6 Y la tap hop céc 16p, py la gid tri xdc sult khi
mot ca thé thuoc vé 16p y, ving du doan I'? 1a mot tap
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a) PRS
P-value cia GWAS
(-log) Huan luyén Kiém thw
Toéng cua tich s6 lvgng
- alen nguy co twong tng
v6i mdi SNPs v6i hé so
] h6i quy cta n6
Cat bd

SG lugng bién di (log)

® Bién di nhay thyc sy (doc 1ap) Il Bién di dugc phan cum
[ Bién di nhay thyc sy (twong quan) O Bién di c6 trong md hinh
® Bién di rong

b) STMGP
P-value cia GWAS
(-log) Huén luyén ?énh trong s6  Kiém thi
Ho6i quy
Ciit b6 = m) Ridge
@it tong quat
S6 luwgng bién di (log)

@ Bién di nhay thuc sv (doc 1ap) ¥ Bién di rong
D Bién di nhay thuc sy (twong quan) O Bién di c6 trong md hinh

Hinh 4. So sanh gita PRS va STMGP. a) PRS bi overfitting
do mb hinh khép v6i mot s6 lugng 16n nhiéu 1a cic bién di rong
(mau xanh) va cic bién di dugc nhém bdi Clumping. Trong khi
n6 chi gift lai cic bién di nhay thuc su ddc 14p (mau cam) va loai
bé céc bién di nhay thuc sy c6 tuong quan véi nhau (mau vang)
nhung lai dong gép vao do chinh xac cia mo hinh. b) STMGP
khong nhiing tranh dudc overfitting do viéc danh trong sb cic
bién di, ma con giit lai dudc cic bién di nhay thuc su c6 tucng
quan v6i nhau nhung dnh hudng dén bénh nhé mé hinh hdi quy
ridge t6ng quét. Hinh dnh dugc tham khao tlf nghién cifu clia Yuta
Takahashi va cic dong nghiép [S1].

hop c6 thé rdng hoic chita mot hodc chia hai 16p. Do tin
cdy cia MCCP dugc dinh nghia nhu sau:

sup{l—a:T% <1}

12 gid tri 16n nhat cia 1 — & v6i T'? 1a mot 16p duy nhét,
ching han 16p bénh hoic 16p dbi chiing. Nhu vay, v6i mot
cé thé ¢6 trang thai dudc du dodn, MCCP c6 thé udc lugng
gidi han tin cdy clia dy doan do.

Nhom nghién citu da 4p dung MCCP dbi v6i bénh dong
mach vanh (CAD), dai thao dudng typ 2 (T2D), bénh viém
rudt (IBD) va ung thu vi (BRCA) st dung tai nguyén cuia
UK Biobank [9, [57] va hai bd dif liéu b8 sung dua trén
quan thé, mau bénh tim than phan liét (SCZ) trong nghién
clfu tam than tich hgp (iPSYCH) [58] va mau T2D trong
nghién ctfu ché d¢ in kiéng Malmo va ung thu (MDC) [59].
Két qua cho thiy & cip d6 ca nhan, MCCP bdo cdo xdc
suit du dodn dugc hiéu chinh tét, u6c tinh c6 hé thong gidi
han tin cdy clia cia PRS trong du do4n nguy co mic bénh
phiic tap & ngudi. O cip do nhém, MCCP vuot trdi hon cic
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phuong phap tiéu chuin trong viéc phan ting chinh xac céc
céd nhan thanh cdc nhém nguy co.

5. Mang no-ron sau (Deep Neural Network, DNN)

Vao nim 2021, Adrien Badré va dong nghiép da so sénh
mot loat cdc mo hinh tinh todn dé€ udc tinh PRS cho bénh
ung thu vd. Mgt mang no-ron sdu (Deep Neural Network,
DNN) dudc chitng minh 13 hoat dong tét hon cac ky thuat
hoc mdy va cac thuit toan thong ké truyén thong nhu BLUP,
BayesA va LDpred [54]]. Vé hiéu qué ctia mo hinh, dién tich
du6i dudng cong dic tinh (AUC) 1a 67,4% dbi v6i DNN,
64,2% dbi véi BLUP, 64,5% dbi v6i BayesA, va 62,4% dbi
v6i LDpred. Uu diém 16n nhét cia DNN 1a c6 thé tach
quan thé ca bénh thanh hai quan thé: mot quan thé con c6
nguy co di truyén cao véi PRS trung binh cao hon ding
ké so v6i quan thé dbi chiing, mot quan thé con cé nguy
cd binh thudng véi PRS trung binh tuong ty nhu quin thé
dbi ching. Nguyén nhan 1a vi PRS do DNN tao ra tuin
theo hai phan phdi chuin vé6i cic trung binh khac nhau 1o
rét. Ngudc lai, BLUP, BayesA va LPpred déu tao ra PRS
tuan theo chi mot phan phdi chuin trong quan thé ca bénh.
Diéu nay cho phép DNN dat dugc recall 18,8% & precision
90% (Xem dinh nghia recall va precision ¢ hop 1) trong
thuan tap ki€ém thd. Mit khac, mo hinh DNN con xdc dinh
dugc cic bién di dic trung ma chi dudc gan gia tri P-value
khong diang k& bdi GWAS, cdc bién di ndy c6 thé tuong
quan v6i kiéu hinh thong qua cdc mdi quan hé phi tuyén.
Pay ciing 12 uu diém 16n clia cdc mang hoc siu so véi cdc
phuong phip hoc mdy truyén thong.

6. Xac dinh cac diém danh diu di truyén

Dé cai thién do do PRS, cic nha khoa hoc di dé xuit
mot quy trinh méi ap dung cho bénh Alzheimer (AD) nhim
nang cao do chinh xic du doan tif cic yéu t6 da di truyén
[52]. Nhom tic gia lac quan ring cic phan tich du kién
trong tuong lai ctia ho sé chiing minh céch tiép can nay c6
thé nang cao dang k& hiéu suit cda PRS va kha ning ting
dung cta né trong 1am sang. Cac budc cua quy trinh dugc
tém tat nhu sau:

» Budc 1: Xem xét mang quan hé gitra cac SNP trong cac
khu vuc gin gen AD. C6 thé c6 cac SNP khong anh
huéng dén kiéu hinh di kém v6i cac SNP dic chung
vi ching dudc lién két hoic di truyén cuing nhau.

« Budc 2: Panh trong s6 cic SNP cao hon trong céc
gen ma héa vi nhitng thay d6i ma chiing mang lai cho
chudi polypeptit c6 thé cé tic dong stia d6i sau dich
ma.

« Budc 3: Panh trong s6 cao hon cho cic SNP tuong
quan véi cac dang nghiém trong hon ctia kiéu hinh bat
nguon tlf cac nghién ciu GWAS khic nhau.



Céc nha khoa hoc da phat trién mot tap di liéu tich hop
v6i tht ca cdc gen lién quan dén bénh Alzheimer. Cac SNP
tu cadc nghién ctiu dudc anh xa vao 1241 gen lién quan
dén AD ma dugc Iua chon theo qui trinh. Két qua cubi
cung cho ra ba nhém SNP. M6t nhém bao géom ciac SNP
dugc xac dinh trong ca tap di liéu bénh Alzheimer va bénh
Alzheimer khéi phat muén ma khong duge thudng hay phat.
Mot nhém bao gdm cac SNP chi ¢6 trong cic nghién citu
GWAS vé AD va lién tiép dugc thudng (vi chiing thudc
nhom biéu hién lam sang ning). Mot nhém bao goém céc
cac SNP chi c6 trong di liéu AD khdi phat mudn va bi
phat vi chiing dudc lién két v6i mot biéu hién nhe hon clia
AD. Phuong phap ndy c6 thé mé dudng cho cic ting dung
méi clia hoc may hé gen vao dif litu GWAS trong nd luc
x4c dinh cic diém danh diu di truyén cho cic bénh phic
tap.

V. CAC XU HUONG CAI TIEN HIEU NANG CHO
MO HINH DU POAN NGUY CO PA DI TRUYEN
TRONG TUONG LAI

1. M6 rong nghién ciru twong quan toan hé gen

Véi su phat trién manh mé cla cdc nghién ctiu tuong
quan toan hé gen, GWAS s€ khong chi tip trung vao nhém
ngudi chau Au ma dang mé rong ra cic nhém ngudi khac
trén toan thé gidi [60-66]. Pidu nay lam cho di lisu GWAS
trd nén dang tin cy hon khi st dung dé du doan nguy co
da di truyén. Hon nita, cic co s6 dit liéu nhu HapMap [67],
du 4n 1000 hé gen [68] vin dang tiép tuc dugc hoan thién
gitip cho qud trinh suy dién théng ké bS sung ciac SNP bi
thiéu trong cac bo dit liéu tir cac nghién cifu riéng 1é trd
nén chinh xac hon [69} [70]. Céc phan tich t6ng hdp (meta
analysis) két hop cic nghién ciiu riéng 18 véi nhau sé tao
nén nhiing bd dif liéu 16n bao gdm nhiéu tinh trang khac
nhau [71174]. Pic biét, xu huéng két hop dit liéu GWAS
v6i dif liéu giai trinh ty thé hé méi dang trd nén phd bién
khi ma gia thanh gidi trinh tu ngay cang ré [73 [76]. Piéu
nay gép phan tao ra mot s6 lugng SNP 16n can thiét ma
tru6c day chua bao gid co.

Nhu vy, nhd sy phat trién manh mé cic nghién cttu ma
cdc bo dit litu GWAS ngay cang day dd va dang tin cay.
Day 1a diéu kién can dé€ thic ddy cdc nghién ciu du dodn
nguy co da di truyén cho nhiéu tinh trang méi véi do chinh
xac cao hon trude, tir d6 gidp md rong pham vi dp dung
ctia PRS trong 1am sang.

2. Phat trién mé hinh dv doén nguy co méc bénh

D& huéng t6i y hoc chinh xdc, cic md hinh du doan nguy
co da di truyén dang dan dudc phat trién dé c6 thé xac dinh
nguy cé mac bénh ctia ngudi trong mot khung thdi gian cu
thé. Pai dién cho huéng phat trién nay 12 mo hinh tinh todn
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nguy co tuyét ddi dugc gidi thiéu bsi Nilanjan Chatterjee
va cdc cong su vio nim 2016 [77]. Tir d6 dén nay di c6
mot sd nghién ctiu vé nguy co tuyét dbi cho cic bénh khéc
nhau nhu: dong mach vanh [78], ung thu va [79]], ung thu
phdi [80], ung thu dai truc trang [81]], ung thu tuyén tién
liét [82]. PE cai thién hiéu ning du dodn, ta c6 thé bé sung
cic yéu t6 dudc tong hop tif cac nghién citu dich t& chét
luong cao véi ¢ mau 16n bao gdm: bién di di truyén, yéu
td nguy co tif mdi trudng, cic diu hiéu sinh hoc v& phoi
nhiém, trong d6 c6 tinh dén su tuong tic gilta cic yéu td
nguy cd. Dic biét d€ du bao nguy co phat trién ctia bénh
trong mot khoang thoi gian cu thé ta can thém phan phbi
clia cdc yéu td nguy co nhu do tudi khéi phat bénh, ty 1&
ti vong trong quan thé nghién ctu. Khi d6 mo hinh cé
kha ning tinh toan xdc suét cia mot c4 thé khong c6 triéu
chiing sé& phat trién bénh trong mot khoing thdi gian nio
do.

Viéc phat trién md hinh du doan nguy co da di truyén
nhiam xdc dinh nguy co tuyét dbi cé tiém ning 16n trong
tuong lai, né cé thé duge ap dung rong rii trong 1Am sing
khi kha niing tiép can cic dif liéu 1am sang va dif liéu dich
t€ trd nén dé dang hon.

VL. KET LUAN

Trong bai bao nay ching t6i da gidi thiéu mot cich téng
quan vé du dodn nguy co da di truyén tii qua trinh phat
trién cia GWAS cho dén cdc nghién cdu cai tién phuong
phép tinh todn PRS lién quan dén hoc mady.

Chiing t6i da phan tich va sip xép lai cic budc kiém
sodt chit lugng dé dua ra mot quy trinh tién xi 1y di liéu
1o rang va diy dd. Pay 1a quy trinh rit quan trong vi né
4nh hudng truc tiép dén hiéu sult cia mo hinh khi ma di
liéu phuc vu cho qua trinh hun luyén mo hinh thuong dén
tl nhiéu nghién ctiu khac nhau. Mit khédc, ching t6i ciing
thiy ducc nhitng thach thiic ma cdc nha khoa hoc gip phai
khi tim cach ap dung PRS vao 1am sang. Vi vdy, nhiing
nhugc diém ctia PRS va cic phucng phdp ngiy cang tot
hon gitip gidi quyét nhiing nhugc diém d6 ciing dugc liét
ké mot cach kha ddy di. Theo d6, mot loat cdc nghién citu
cdi tién dién hinh lién quan dén hoc mdy trong thdi gian
gan ddy dugc Iwa chon va trinh bay tém tit mot cach cé hé
thong.

Véi da dang céc nghién ctiu theo nhiéu huéng tiép cin
khic nhau ctia hoc mdy da gép phan nang cao dd chinh
x4c clia cac du dodn dua vao PRS cho cic bénh phd bién.
Cac tac gia khong nhiing tip trung vao loai bd ciac SNP
la nhiéu do mit can bang lién két ma con xdc dinh dudgc
chinh x4c hon 4nh hudng ctia cdc SNP véi kiéu hinh. Céc
phuong phap xac dinh c6 thé tim dudc cic dnh hudng tuyén
tinh nhu tucng quan gitta SNP véi ki€u hinh, ciing ¢ thé
tim dugc cdc dnh hudng phi tuyén. D6 chinh xdc ctia PRS
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dugc cdi thién gép phan nang cao do chinh xdc cla tinh
todn nguy co tuyét dbi gitip phan tang nguy co di truyén
trong lam sang.

Chiing t6i hy vong cdi nhin tdng quan vé PRS, nhit 1a
trong thdi gian gan dy, sé gidp cic nha nghién ctu dé
dang hon trong viéc tiép can, ciing nhu tim ra nhitng huéng
nghién citu cai tién méi c6 gid tri nham md rong pham vi
ung dung cda PRS trong 1am sang.

LOI CAM ON

Toan bd nghién ctiu dudc tai trg bdi quy Nghién ctiu va
Ung dung LB.Sci ciia Cong ty TNHH LOBI Viét Nam.
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Tém tiat: Khoi tao trong sb st dung phuong phap Glorot 12 mot trong nhiing phuong phap hitu hiéu cho mang no ron
tich chap (CNN). Ngoai ra nhitng nghién cifu truéc diy cling da st dung phuong phap nay cho CNN s6 phic. Tuy nhién,
khong c6 nghién citu nao khang dinh dugc phucng phép khéi tao trong s6 Glorot ¢6 hiéu qua tdt nhat cho CNN s6 phic.
Nghién ciiu nay tip trung vao viéc tdi uu CNN sb phic dua trén cach thic khdi tao trong s6 két ndi clia cic té bao no
ron. Bai bdo ndy dé xuét st dung giai thuat di truyén (GA) dé tim tham sb ti wu cho phan bd Rayleigh d€ khéi tao trong
s6 tru6c khi huin luyén CNN s phiic. Thuc nghiém cho thdy GA di tim ra tham sb t6t hon khi sit dung phuong phap

Glorot nhu cac nghién cdu trudc day.

Tix khéa: Mang no ron tich chdp, sé phiic, gidi thudt di truyén, phuwong phdp Glorot.

Title:
Abstract:

Weight Initialization for Complex Number Convolutional Neural Networks Using Genetic Algorithms
Weight initialization using Glorot method is one of the effective methods for convolutional neural networks (CNN).

In addition, previous studies have also used this method for complex number CNNs. However, there is no research to
confirm that Glorot weight initialization method has the best effect for complex number CNN. This study focuses on
optimizing complex number CNNs based on how to initialize connection weights of neurons. This paper proposes to
use genetic algorithm (GA) to find optimal parameters for Rayleigh distribution to initialize weights before training
complex number CNN. Experiments show that GA has found better parameters when using the Glorot method as in

previous studies
Keywords:

Convolutional neural networks, complex number, genetic algorithms, glorot method.

I. MO PAU

Mang noron tich chap s6 phiic [1, 2] (Complex Valued
Convolutional Neural Networks — CNN s6 phiic) 1a trong
nhiing phuong phap hiéu qua hién nay trong nhin dang [3],
xt 1y nhi€u &nh [4, 5] hay x@& ly tin hiéu [6]. C6 2 hudng
tiép can chinh d6i vé6i t& bao no ron trong md hinh CNN
s6 phic [7]. Huéng thii nhit 1a tich riéng thanh 2 té bao
no ron riéng biét, no ron phu trach tinh todn phan thuc va
no ron phu trach tinh toan phan d0. Huéng thuc hién nay
c6 thé gitip cho cdc nghién ctu c6 ké thita mo hinh CNN
s6 thuc mot cach dé dang nhung né 1am mét di tinh chét
dic biét ctia s6 phiic 1a tich 2 s6 phiic hoat dong nhu mot
phép bién d6i hinh hoc trong khong gian 2 chiéu. Huéng
tiép can thd 2 1a 4p dung sd phiic cho tiing no ron trong
mang CNN sb phiic [8]. C4c tin hiéu diu vao, dau ra va
trong s6 két ndi gifta cac 16p trong mang CNN sb phiic déu
st dung s6 phic. Hudng tiép can nay cho thiy su hiéu qua
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trong cdc bai todn c6 tin hiéu diu vao hay dau ra la sd phiic
nhu két hop véi phuong phap bién ddi Fourier nhanh (Fast
Fourier Transform — FFT) d€ khit nhiéu hay nhan dang tin
hiéu, hinh anh [7].

Bai bdo nay tip trung vao phan tich huéng tiép can thi
2 1a 4p dung sb phiic vao tif no ron trong mang CNN sb
phic. PE huin luyén 1 mang CNN s6 phic, cic phuong
phap truéec day chi trong viéc xdy dung cdu triic mang,
viéc khdi tao céc trong sd bang s phifc it dudc chi y t6i.
Mot s6 phuong phap [9, 10] c6 dé& xuét st dung phuong
phép Glorot [11] trong viéc khdi tao trong sb clia cdc mang
CNN s6 thuc dé€ ap dung cho CNN s phic. Tuy nhién cic
nghién ctiu truée ddy chua ching minh duge viéc khdi tao
nhu viy 1a t6i vu nhét.

Nghién ctiu nay dé xuit phuong phap khdi tao trong s6
cho mang CNN s phiic st dung giai thuat di truyén [12].
Bai bdo nay gébm 5 muc, md dau néu bdi canh va 1y do lua
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chon phuong phap dé xuét. Tiép theo bai bdo gidi thiéu céc
nghién ctu lién quan t6i mang CNN sb phic va giai thuat
di truyén. Tiép d6 la gidi phdp dé xuit va thuc nghiém va
danh gia két qua. Cubi cung 1a két lun.

II. CAC NGHIEN CUU LIEN QUAN

Nghién ctiu nay chi trong viéc khdi tao trong s6 cho
mang CNN sb phic sit dung gidi thuat di truyén. Vi viy
trong muc nay sé gidi thiéu mang CNN s phiic, trong d6
c6 cach thiic khéi tao truée day. Tiép theo, muc nay sé
gidi thidu giai thuat di truyén trong cc bai todn tbi wu cic
tham s6 trong cic mo hinh hoc mdy, dic biét 1a mang no
ron nhan tao.

1. Mang no ron tich chap sé phic

S6 phiic 1a sb trong khong gian C dudc biéu dién duéi
dang:

z=x+iyeC €))]

Véi i = —1 1a sb 40 va x,y € R 1a cdc sd thuc. Mot ham
f trong khong gian C dugc xac dinh bdi:

f:C—-C 2)

f(2) =u(z) +iv(z) 3

v6i u,v : R — R la cac ham dudc xac dinh trong khong
gian s6 thuc.
Mang no ron sb phiic [13][14] dugc trién khai tugng tu
nhu mang no ron sb thuc bing cach dinh nghia lai cach
nhan dbi vé6i trong s6 w = w, +iw; va tin hiéu dau vao
X = x, +ix; € C clia tiing té bao no ron.
wx = (w, +iw;) (x, +1ix;)
. 4)

= (Wpxyr —wix;) +i(wrx; + wix,) € C
Déi v6i, mang CNN sb phiic [8], ta coi nhu céc trong sb
1a mot ma tran s6 phic W = W, +iW; va 16p dau vao ciing
12 mot ma tran sd phic X = X, +iX; v6i W,, W; € RS1*5
va X, X; € RE*L2 1an lugt 1a cdc ma tran sd thuc, S; = S,
1a kich thudc ctia ma tran trong sd va L; = L, 1a kich thude
ctia ma trin dau vao. Liic nay tich chap ctia 2 ma tran trong
s6 va ma tran dau vao 1a mot ma tran kich thudc Ly * L,
v6i cdc phin td Y;; duge xdc dinh bdi cong thic:

S1 S

Yk,l = Z wa,ka+x,l+y

x=1 y=1

%]
(%]
[N

1

[

(&)

(Wx,yr Xk+x,l+yr - Wx,yi Xk+x,l+yi)

=
Il

~

iR

&

Me

+

(Wx,yr Xk+x,l+yl- + Wx,y,— Xk+x,l+yr )

=1 y=1

=
<
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Viéc khdi tao ma tran trong s6 true khi huin luyén thuong

dugc thuc hién dua trén phudng phap ctia Glorot [12] nham

xéc dinh d6 1éch chudn cla cc phan ti trong ma trin trong

s6 trong liic khéi tao. Goi w = w, +iw; 12 mot phan ti bét

ky trong ma tran trong sd, ta c6 thé biéu dién w thanh:
w = |w|e®

(6)

Véi © va |w| 1an lugt 1a géc va do 16n ctia w. Phuong sai
cua w va |w| dugc tinh bdi:

Var(w) = E(w®) = (E(w))? (7
Var(lwl) = E(Jw*) = (E(|w]))? ®)

Khi ta cho gia tri ky vong ctia w la E(w) = 0, tu (7) va
(8) ta co:

Var(w) = Var(jwl) = (E(Iwl))? ©)
Dua trén phan b6 Rayleigh v6i tham s6 o ta co:
s
E(|w]) =0'\/; (10)
va 4
Var(lwl]) = Tﬂaz an
Suy ra:
4—-r b g
Var(w) = ——o02 + 0'\/j =202 12)
2 2
. N 2 i,
Theo nhu Glorot thi ta can Var(w) = , VGi

5 .y o Tin T out
Nin, Noye 1an lugt 1a so lugng tin hi€u dau vao va dau ra

cua teé bao no ron. Vi vdy o = ,[— la gia tri tham
Nin + Nour

s6 ctia phan bd Rayleigh trong cic nghién cifu truéc day.
Tuy nhién viéc khdi tao trong sd dua trén Glorot dbi véi
CNN s6 phic c6 thuc su 1a phuong 4n tdi uu hay chua thi
chua dugc sang to. Vi thé, bai bdo nay dé xuét st dung giai
thuat di truyén nham tim ra phuong phap khdi tao trong sd
cho CNN s6 phiic.

2. Giai thuét di truyén

Giai thuat di truyén (Genetic Algorithm — GA) [15] la
mot phucng phép tdi uu t& hop dua trén co ché di truyén
ctia sinh vat. Gii thuat di truyén thudng dudc sit dung dé
tim ra gidi phdp t&i vu cho cac bai todn NP khé. Giai thuat
di truyén dugc mo ta nhu sau:

Budc 1: Tao tip nghiém ngiu nhién

Budc 2: Danh gid cdc nghiém hién c6

Budc 3: Néu nghiém t6t nht théa man yéu cau thi nhay
dén Budc 7



Budc 4: Lua chon cdc nghiém t6t d€ nhan ban va cic
nghiém xiu dé loai bd
Budc 5: Lai ghép cdc cip nghiém dé tao ra nghiém méi
Budc 6: Dot bién mot s6 nghiém trong tap nghiém.
Budc 7: In ra két qua t6t nhét
D& hiéu ro hon vé giai thuat di truyén, ta lay vi du st dung
giai thuat di truyén dé€ gidi bai toan tim nghiém ctia phuong
trinh:

X2 —12x+36=0 (13)

Budc 1: Thiét ké bd gen 1a cic s6 trong hé nhi phan.
Phuong 4n nghiém ctia bai todn 1a 1 s& khi d6i qua co sd
thap phéan clia bd gen. Vi duy, ta ¢ thé tao ngau nhién tap
nghiém ban diu nhu sau: 0100, 1011, 0101, 1010.

Budc 2: Can | tiéu chi danh gid cdc nghiém hién c6. Ta
c6 thé chon ham danh gia f(x) = |x? — 12x + 36| vi f(x)
cang nho thé hién phuong an nghiém cang gan véi két
qué chinh xac. Khi da c¢6 ham danh gia, ta tinh gia tri
f dbi véi tit ci cac phuong 4n nghiém dang c6. Vi du:
f(0100) =4, f(1011) =25, £(0101) = 1, £(1010) = 16.
Budce 3: Kiém tra két thiic viéc thuc thi hay khong. Gia st
tiéu chi két thic thuat toan f(x) = O thi chua c6 nghiém
nao thda mian tiéu chi két thic.

Budce 4: Lua chon cdc nghiém tot d€ nhan ban va céc
nghiém x4u d€ loai bd. Vi du: nghiém 1011 c¢6 £(1011) =
25 bi loai bo va nghiém 0101 c¢6f(0101) = 1 dugc nhan
ban. Sau khi két thiic bu6c nay, tip hop nghiém sé la: 0101,
0101, 0100, 1010.

Budc 5: Lai ghép. C6 nhiéu hinh thiic lai ghép nhu lai ghép
1 diém, lai ghép nhiéu diém hay lai ghép dong nhit. Gia
st ta chon lai ghép 1 diém tai vi tri k = 1 thi c6 nghia la
bit dau nghiém thid nhit s& ghép vdi 3 bit sau clia nghiém
tht hai va ngudc lai. Trong qua trinh lai ghép theo céach
thic trén, néu cip nghiém 0101 va 1010 dudc lai ghép thi
két qua sé dugc 2 nghiém mdi 1a 1]101 va 0]010. Ta thay
thé 2 nghiém dudc lai ghép thanh 2 nghiém méi trong tap
nghiém.

Budc 6: Dot bién. Tai mot nghiém bat ky, di gid tri 1
thanh 0 hodc 0 thanh 1 & tai 1 bit nao d6. Vi du 0101 duge
chon va dot bién thanh 0100, hoic 0010 dugc chon va dot
bién thanh 0110.

Qua trinh tit Bude 2 dén Budc 6 sé dudc lip di lip lai dén
khi tim dugc ca thé théa man tiéu chi ctia bai toan. Trong
vi du trén thi nghiém 0110 chinh 13 nghiém t6t nhét cia
bai toan.

Viéc dp dung GA trong viéc t6i uu cac tham sd hay ciu
triic md hinh hoc mdy dudc thuc hién rit nhiéu trong nghién
cliu trudc day, dic biét 1a dbi véi cac mo hinh mang no ron
nhan tao. Whitley Darrell [Whitley 1990] dé xuét st dung
GA nhim t6i wu cach thiic két ndi giita cac té bao nd ron
trong md hinh ANN. Cook [16] dé xuat phuong phap tng
dung GA nhim t8i wu cic tham sb trong md hinh ANN.
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Karegowda [17] dé xuét phuong phdp tbi uu trong sd két
ndi trong md hinh ANN sit dung GA. Aszemi [18] dé xuét
phuong phép t6i uu tham s6 cho md hinh CNN st dung
GA. Chung [19] dé xuit phuong phdp st dung GA trong
md hinh CNN nhiéu kénh (Multi-channel CNN).

III. PHUONG PHAP PE XUAT

Bai bdo nay dé xudt md hinh huin luyén CNN s6 phiic
két hop v6i GA nhim tdi wu tham s o cta phan bd
Rayleigh trong qué trinh khdi tao trong s6 dua trén Glorot
dbi v6i CNN s6 phic. Hinh 1 thé hién md hinh khdi tao
trong s6 cho CNN sb phic st dung GA.

Learn

o Selection
Initialize . Complex . Evaluate s ", Grossover
Population valued CNN Models ¥ Mutation
Models e
Training
data
- Best Complex
Testing - valued CNN - labels
data

Model

Hinh 1. Mb hinh khdi tao trong s cho CNN s6 phiic st dung
GA.

Céc bude cu thé trong mo hinh dugc trinh bay nhu sau:
Bude 1: Khéi tao tip nga = 50 cdc cé thé.
Muc dich ctia GA 1a nham t6i vu tham sd o clia phan bd
Rayleigh trong qud trinh khéi tao trong sb dua trén Glorot
dbi v6i CNN sb phic. Bai bdo nay d& xuit:

( : )p
Nin + Nour

véi p € (0,1) 1a tham sb can tim trong qu4 trinh t&i wu ham
danh gia f(CNNco,mplex(p))' Trong do, CNNcomplex(p)
1a md hinh CNN sb phiic v6i khdi tao trong sd theo phan
bd Rayleigh. Méi ca thé dai dién cho p va dugc biéu dién
bing 1 s& & hé nhi phan 32 bit.

(14)

blbz...b32,bi c {0,1} (15)

va

32
0= Z b2~ (16)
i=1
Budce 2: Ung v6i mbi ca thé p, nghién citu xdy dung mo
hinh CNN s phic CNNcomplex(p) st dung dit liéu huén
luyén. Bai bdo sit dung 2 md hinh CNN sé phic tai Hinh
2 va 3 dé danh gia mic do tin cdy cla GA.
Buéc 3: Panh gid cic mo hinh CNN sb phic bang cich
tinh do chinh xdc cta viéc nhan dang dua trén tip huin
luyén. Néu d6 chinh x4c ctia mo hinh t6t nhat dd 16n, qua
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Convolution 2D,
padding = 0,
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Hinh 2. M6 hinh CNN s6 phuc véi so lugng no ron nhd
a \
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Convolution 2D, Convolution 2D,
padding = 0, padding =0, Complex To Flo
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Complex ReLU (CReLU) Full Connection
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Hinh 3. M5 hinh CNN s6 phic véi s6 Iugng no ron 16n

trinh GA sé két thic va dua ra md hinh CNN t6t nhit d6
ciing nhu tham s p, ngudc lai thi tiép tuc Budc 4.

Budc 4: Thuc hién cédc toan ti ctia GA 1a lua chon, lai
ghép va dot bién. Viéc Iua chon dudc thuc hién bing cach
chon pyereciion = 0.8 cic cd thé tot nhit d€ giit lai cho thé
hé sau,l — pgerection cON lai s€ bi loai bo va thay thé b?mg
cach nhan ban ngiu nghién cidc ci thé trong thé hé hién
tai. Viéc lai ghép dugc thuc hién vé6i ti 1€ perossover = 0.3
s6 cip cdc ca thé va st dung phuong phép lai ghép dong
nhit (uniform crossover). Qud trinh dot bién dudc tién
hanh ngiu nhién véi ti 1& purarion = 0.01.

Viéc danh gid dugc dua trén két qua nhan dang doi
v6i tap kiém thir trén mo hinh CNN s6 phic tot nhat. Két
qua nhan dang ctia phuong phap dé xuit dudc ky vong sé
tot hon phuong phdp st dung khdi tao trong s6 dua trén
Glorot dbi v6i CNN s6 phiic bdi vi phuong phap Glorot 1a
phuong phédp st dung tham sb o véi cong thiic ¢ dinh.

1

Nin + Nour

a7

Trong khi phuong phap dé xuat 1a phuong phap tim kiém



tdi uu dbi véi tham s6 o khong cb dinh tiy thudc vao
p € (0,1).
)p

Vi thé, phuong phap dé xuét sé c6 két qua khong thé thip
hon phuong phap dya trén Glorot.

Tuy nhién, v& mit thdi gian d€ tim ra tham s6 t6i uvu cla
phuong phap dé xuit thi rd rang phai thuc hién rat nhiéu
lan viéc huin luyén mang dng v6i tiing tham sd p trong
giai thuat di truyén. Bai bdo nay chi chd trong viéc ching
minh ring phuong phdp khéi tao trong sd dua trén Glorot
chua phai 1a phuong phdp tét nhét, nén khong chi trong
dén viéc toi uu vé mit thdi gian huln luyén.

1
oc=|—— (13)
(nin + Nour

IV. KET QUA THUC NGHIEM

Dé ddnh gida mo hinh dé xuét, nghién cidu di st dung di

liéu MNIST Handwritten Digit Database [20] d€ sinh ngiu
nhién 1000 mau cho tap huén luyén va 5000 mau cho tip
kiém thit. Nghién ctiu st dung GA d€ tim tham sb p ting
v6i 2 mo hinh CNN s6 phitc nhu & Hinh 2 (Model 1) va
Hinh 3 (Model 2).
Hinh 4 12 két qua nhan dang diing cia 2 mo hinh CNN
s6 phiic qua cac thé hé GA. Hinh 4 cho thiy két qua nhén
dang diing ctia ca 2 mo6 hinh CNN sb phifc ting din qua
tiing thé hé trong GA.

Model 1 == == == Model 2

-

Lt Lkl PR

Accuracy
o o
[%s] =]
B (=2}

50 60 70 80 90 100

Generation

Hinh 4. Két qud nhan dang ding cia 2 md hinh CNN s6 phiic
qua céc thé hé GA

Hinh 5 va Hinh 6 1a két qua so sanh ti 1& nhan dang diing
bién thién theo tliing epoch gitta mo hinh CNN s6 phic t6t
nhét do GA dua ra va mo hinh CNN sb phic trudc day
(p = 0.5). Két qui so sanh cho thiy Mo hinh CNN sb
phtc tot nhit do GA dua ra déu t6t hon mo hinh CNN sb
phtic v6i tham sb dugc dé xuét bsi Glorot. Diéu d6 cho
thiy viéc khdi tao trong sb st dung phuong phap Glorot
chua phai phit hgp nhét cho mo6 hinh CNN s phiic. C4 hai
md hinh t6t nhét déu cé khuynh huéng pca < pGioror-
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e Conventional Model 1 (p=0.5) == == == Best Model 1 (p=0.4532)
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Hinh 5. Ti 1¢ nhan dang ding bién thién theo epoch C[(”)i v6i mod
hinh CNN s6 phitc (Model 1) véi tham s6p dugc dé xuat bdi
phuong phdp trudc day va tham so tot nhat do GA tim dudc

e Conventional Model 2 (p=0.5) == == e Best Model 2 (p=0.3621)

1
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09
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Yy
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Hinh 6. Ti 1¢ nhan dang ding bién thién theo epoch dbi véi md
hinh CNN s0 phiic (Model 2) véi tham s6 p dugc dé xuat bdi
phuong phap trude day va tham so tot nhat do GA tim dugc

V. KET LUAN

Bai bdo nay da dé xudt mo hinh st dung thuat toan di
truyén d€ tim tham s6 tdi uu cho viéc khéi tao trong sd
trong md hinh mang nd ron tich chap sé phic. Két qua
thuc nghiém da cho thiy viéc khéi tao v6i tham sb dugc dé
xuit bdi mo hinh d& xut tét hon so vé6i viéc khéi tao bing
phuong phap Glorot. Viéc st dung thuat toan di truyén dé
tim tham s bt budc phdi xdy dung rit nhiéu md hinh
mang no ron tich chip sb phiic nén viéc tim ra mé hinh t6i
wu nhit 1a diéu c6 thé ludng trudc duge. Tuy nhién, viéc
thuc nghiém v6i thuit todn di truyén niay da chiing minh
dudc ring phuong phap khdi tao trong sé Glorot chua phu
hop v6i mo hinh s6 phiic. Huéng phit trién trong thdi gian
t6i cia nghién cdu nay la tim ra dugc cong thic phu hgp
hon cho tham sb khéi tao trong sé ctia mo hinh mang no
ron s6 phiic d€ thay thé cho phuong phap Glorot. Tiép dén
dua ra ciac mo hinh toan hoc dé chitng minh tinh diing dén
clia cong thiic da tim thiy. Cudi cung 1a thii nghiém trén
cac dit liéu 16n hon dé€ kiém ching tinh ding din do.
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Tém tat: Bai bio dé xuét phuong phap tim 16i gidi cho Bai toan MS-RCPSP (Multi Skill-Resource Constrained Project
Scheduling Problem). MS-RCPSP di dugc chiing minh 12 bai toan NP-Khé, do vy can st dung cic phuong phép tinh
toan tién héa, can t6i uu nham tim dudc 16i giai phit hop trong thdi gian chip nhan dugc. Thuét todn dé xuét la thuat toan
lai ghép gitta thuat toan Cuckoo Search (CS) va k¥ thuat Rotate giip m& rong khong gian tim kiém sau mdi thé hé tién
héa, nham ting kha ning tim dudc 15i gidi t6t hon. Thuat toan méi goi 1a Ro-CS c6 kha ning 4p dung dé tim 15i gidi cho
bai todn MS-RCPSP. D€ kiém ching thuit todn Ro-CS, bai bdo tién hanh thuc nghiém trén bd dif liéu chuin iMOPSE,
két qua thuc nghiém dudc tdng hop, danh gid, so sanh, phan tich cho thy tinh hiéu qua cla thuit toin dé xuét.

Tu khéa: Tinh todn tién héa, thudt todn cdn toi wu, bai todn MS-RCPSP,

Title:
Abstract:

The Ro-CS Algorithm Solving the MS-RCPSP Problem
This paper proposes a method to solve the MS-RCPSP problem (Multi Skill-Resource Constrained Project Scheduling

Problem). MS-RCPSP is an NP-Difficult, so it is necessary to use evolutionary, optimization methods to find a suitable
solution in an acceptable time. The proposed algorithm is a hybrid be-tween Cuckoo Search (CS) algorithm and Rotate
technique to expand the investi-gation space after each evolutionary generation, to increase the possibility of find-ing
a better solution. The new algorithm called Ro-CS is suitable to find a feasible solution for the MS-RCPSP. The
proposed algorithm has been experimented on the iMOPSE standard dataset, and the results are synthesized, evaluated,
com-pared, and analyzed to denote the effectiveness of the proposed algorithm.

Keywords:

Evolutionary computing, optimization, MS-RCPSP problem.

I. GIOI THIEU

Bai toan 1ap lich thuc hién dy an véi tai nguyén giGi
han RCPSP (Resource Con-strained Project Scheduling
Problem)[1, 2], la bai toan dat ra muc tiéu tim phuong
4n lich biéu dé bd tri cdc tai nguyén cho trudc thuc hién va
hoan thanh moi cong viéc (tac vu) trong mot dy an véi thoi
gian ngan nhit hodc chi phi thdp nhét hoic cin bing ca hai
yéu t6 thoi gian va chi phi. Thong thudng, sb lugng tic vu
can thuc hién cda du 4n 16n hon nhiéu so véi s lugng tai
nguyén c6 thé st dung. Bai toan MS-RCPSP (Multi Skill -
RCPSP)[1-4] mé rong tit RCPSP bing viéc bd sung thém
rang budc méi, gan vé6i cac du 4n trong thuc té hon, d6 la:
mbi tai nguyén cé thé cé nhiéu ky ning khac nhau va moi
k¥ niing c6 mic/bac ky ning nhéit dinh. Mbi tic vu sé& c6
yéu ciu vé tai nguyén thuc hién can dap tng loai ky ning
cu thé va mic k§ ning nhét dinh. Khi dé, cic tai nguyén c6
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k¥ ning ding theo yéu cau clia tic vu va mic k§ ning 16n
hon hoic bing so véi yéu cau sé c6 ning luc dé thuc hién
tdc vu. MS-RCPSP da dugc ching minh thudc 16p NP-Kho
nén khong thé tim ra 10i gidi t6i vu trong thdi gian da thiic,
thay vi d6, nhiéu nghién ctiu da tip trung vao viéc tim céac
phuong phap gidi tién hoa, can tdi wu dé tim gia 15i giai
chip nhan dugc va di tot trong thai gian phi hop.

Phan tiép theo clia bai bdo c6 céu triic nhu sau: Phan II
gi6i thiéu mot s6 cong trinh nghién ciiu c6 lién quan dén
bai todan MS-RCPSP. Phan III mo t4 phat biéu toan hoc clia
bai todn. Phan IV trinh bay thuét todn dé xuit Ro-CS dé
tim 15 gidi can tdi uu cho bai todan MS-RCPSP. Phan V mo
td cac thuc nghiém dé€ kiém ching thuét toan, phan tinh,
danh gia chit lugng 15i giai. Phan VI tém tit nhiing két
qua chinh clia bai bdo va hudng nghién ctiu sé tién hanh
trong tuong lai.
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II. NHUNG CONG TRINH NGHIEN CUU LIEN
QUAN

Bai toan 14p lich véi tai nguyén gidi han va da ky ning
MS-RCPSP ¢6 nhiéu tng dung trong khoa hoc va thuc
tién nén da dudc nghién ctiu rong rai bdi nhidu nha khoa
hoc va da c6 nhiéu cong bd khoa hoc lién quan dén bai
toan nay. Myszkowski va cong su [5] ¢6 nhiéu cong bd vé
bai toan nay, nhém tic gia da dé& xuit cic phuong phap
tim 161 gidi cho bai toan MS-RCPSP dua trén cac thuit
todn nhu: thuit toan Pan kién [4]; thuit toan GA [5, 14]
va mot s thuit toan khiac. Mot dong gép quan trong clia
Myszkowski va cong su 1a da xdy dung va cong bd bd dit
liéu chuan iMOPSE [5, 6] stt dung cho dé thuc nghiém céc
thudt toan cho bai toan nay. Hosseinian [7] va cOng su cling
¢6 nhiéu nghién ciu vé bai todn MS-RCPSP. Nim 2018,
Hosseinian va Baradaran cong bb két qua nghién citu [7]
vé bai todn Multi-mode Multi-skilled Resource-Constrained
Project Scheduling Problem (MMSRCPSP), mot bién thé
ciia bai toan MS-RCPSP trong d6 b3 sung thém rang budc
rang mdi tic vu chi cé thé dude thuc thi & mot vai ché
dd (mode) dinh trudc va khong thé thay ddi mode mot khi
qua trinh thuc thi da dugc bat diu. DE gidi quyét bai toan,
Hosseinian va cong su da st dung thuit toan GA ¢ dién
két hop véi phuong phap ra quyét dinh dua trén do do thong
tin Shanon-entropy dé lua chon cé thé cho thé hé ké tiép.
Nim 2019 nhém tdc gia nay cong bd bai bo [8] trong d6
st dung thuat toan Dandelion Algorithm dé gidi quyét bai
todn MS-RCPSP, trong bai nay nhom tic gia lya chon thuc
nghiém trén iMOPSE [5, 6, 14].

Javanmard va cong su st dung 2 thuit todn tién hoéa
truyén théng 1a GA va PSO d€ 1én phuong 4n lich biéu cho
céc tai nguyén da ky niing (trén thuc t& 12 cdc cong nhan
va ky su) thuc hién mot du 4n trong nganh héa chit véi
muc tiéu téi thi€u héa tdng chi phi ctia du 4n [9]. Hai thuat
toan dé xuét dudc kiém ching trén bo dit liéu PSPLIB, vén
khong hoan toan thich hgp véi nhiing bai toan 1ap lich co
muc tiéu 12 tbi thi€u héa chi phi.

H. Davari-Ardakani [10] d& xuft mot bién thé da muc
tiéu cta bai toan MS-RCPSP nhim tbi thiu héa hai dai
lugng la thoi gian va chi phi thuc hién cta du an. Dung
lai & viéc phat biéu bai toan, H. Davari-Ardakani va dong
nghiép [11] chua dé xuit dugc giai phdp méi ma chi tién
hanh thyc nghiém véi nhiing giai phap da cé nhu Max-min,
vi vy bai todn c6 th€ coi 1a vin con dé mé.

IIL. PHAT BIEU BAI TOAN

La bai toan md rong tu bai toan RCPSP, MS-RCPSP [1-
3, 12] bé sung thém rang budc vé ky ning clia tai nguyén
thuc hién: mdi thi nguyén c6 nhiéu ky ning (skill) khac
nhau va mdi k§ ning c6 mot mic/bac (level) cu thé. DE

thuc hién dugc tic vu, tai nguyén can dap tGng vé k§ ning
va miic k§ ning theo yéu cau cla tac vu. Cic rang budc
cua bai toan quy dinh, tai nguyén c6 cung loai ky nang va
¢6 miic k§ ning 16n hon hodc bang mic ky ning ma tic
vu yéu cau thi ¢6 thé thuc hién dugc tac vu doé.
Phat bi€u todn hoc ctia bai toan MS-RCPSP
Cac ky hiéu:
o C;: céc tic vu can thuc hién va hoan thanh trudc tic
vu i;
o S: tap k¥ ndng cla tit ca cdc tai nguyén; S': tap céc
ky niing cta tai nguyén i, S’ C S;
o S;: ky nang thu 7;
« t;: thoi gian thuc hién tac vu j;
o L: céc tai nguyén c6 kha nang tai st dung dugc dung
trong dy 4n;
o LK: céc tai nguyén ddp dng yéu ciu cia tic vu k;
Lk cL;
e L;: tai nguyén thi i;
o W: cdc tdc vu can thuc hién cla du 4n;
« WK: tap tac vu phi hdp véi ning luc clia tai nguyén k
L WEkcew;
e W;:tac vu thi i ;
« ri: tap k¥ ning dudc yéu cau dé thuc hién tic vu i;
e By, Ey: thoi diém bat dau va két thic tac vu & ;
o Aqu,v)": c6 gid tri bang 1 cho biét tai nguyén v; dang
thuc hién tac vu u tai thoi di€ém ¢ va ngudc lai;
o h;: mic ky ndng cda ky nang (skill) i;
o g;: loai k§ ning i; m: makespan clia ca thé (lich bi€u);
o P: lich biéu théa min céc rang budc clia bai toan;
o P(all): tap moi lich biéu;
e f(P): ham muc tiéu, trd vé makespan cla lich biéu P;
o z: s6 luong tai nguyén c6 thé st dung ctia du 4n;
o n: s6 luong tac vu can thuc hién ctia du 4n;

Loi giai cua bai toan MS-RCPSP lam tim ra mdt lich
biéu P dé:
f(P) — min (1)

Mot lich biéu ding can dap ting cdc rang budc sau:

sk+o VLpelL )
t;>20 YW; e W 3)
EA,'ZO VW]'EW “4)
E;<E;j-t; YW;eW,j#1,W;e(; (®)]

VW; e Wk 35, € SK: g(S,) = g(r') v h(Sy) = h(r') (6)
n
VLyeL¥gem: ) Al <1 )

i=1
YW; e W3lg € [0-m],!Ly € L : A?’k = 1;vdi A;’.’k € {0;1}
®)



Céc rang budc vé ky ning cda tai nguyén dugc yéu ciu
d€ thuc hién moét tic vu dugec mo ta dudi dang mot ma tran
nhu vi du dugc minh hoa trong Hinh 1 dudi day. Trong
Hinh 1, ky hiéu: S(i.j) nghia 1a k§ nang S; va mic ky
nang j.

IV. THUAT TOAN PE XUAT

Thuit toan 1: fRotate.

1 Dit liéu vao: currentBest (cic thé t6t nhit sau mbi thé

hé)..
2 Dt liéu ra: lich biéu sau khi dugc hiéu chinh.
3 begin
4 makespan = f(currentBest);

newbest = currentBest;

Ly, « lastResource (newbest); //tai nguyén hoan
thanh sau cung

7 Wy, « {cac task vu dugc thyc hién bdi Lp, };

5
6

8 for i = size(W{f) downto 1 do

9 freepos « { Vi tri tai nguyén rdi };

10 if freepos > O then

1 newbest = { ;

12 W; thuc hién tai vi tri freepos;

13 Tinh toan lai vi tri thuc hién cta cac task

khac;
14 }
15 newmakespan = f(newbest); // tinh todn lai
makespan

16 if newmakespan < makespan then

17 makespan = newmakespan;

18 return newbest; / dich chuyén thanh

cong, tra vé két qua va dimg ham

19 end

20 end

21 end

22 return newbest;
23 end

La bai toan thudc 16p NP-Kho, dé tim 16i gidi cho MS-
RCPSP, can sti dung cic phuong phép tim 15 gidi gan diing.
Ro-CS 1a lai giita phuong phdp gan ding Cuckoo Search
va k¥ thuét Rotate.

1. Thuat toan Cuckoo Search (CS)

Thuat toan Cuckoo Search(CS) [12, 13] dugc Yang va
Deb dua ra vao niam 2009, dén nay CS da dudc nhiéu nha
khoa hoc nghién cifu va dp dung cho cdc bai toan tdi wu
khac nhau, trong d6 c6 bai toan MS-RCPSP. Thuat toan
niy dugc phat trién dua trén dic tinh sinh hoat ciia loai
chim Cuckoo va hanh vi bay ctia mot s6 loai chim va rudi
gidm - goi 1a Lévy flight.

CS phit hop v6i cac bai todn tdi uu tinh todn trén di
liéu 16n bang cich tao ra su cin bang trong cac ky thuét
tim kiém nghiém toan cuc va tim kiém cuc bo nham tao ra
cdc nghiém tot hon & thé hé tiép theo. Muc tiéu clia thuat
toan 1a sinh ra nhitng c4 thé méi c6 tiém ning tot hon thay

Tip 2022, S6 1, Thing 6

Thuat toan 2: Ro-CS.

1 Dir liéu vao: dataset, t;,qx : 56 thé hé tién hoa
2 Dt liéu ra: ca thé tdt nhat va makespan

3 begin

4 Load and Valid dataset;

5 t=0;

6 P,y = Initial population;

7 f = {Calculate the fitness, makespan, bestnest};

8 while 7 < t,;,4x do

9 Prew = {Tao cd thé mdi bang Lévy Flight} (
theo cong thiic 10);

10 P; = {L4y ngiu nhién mét ca thé ti P,y };

11 if f(Ppew) < f(Pi) then

12 ‘ Pi = Pnew;

13 end

14 PP = pa% t6 kém nhét tif P,y;;

15 for j = 1 to size(PP%) do

16 Ppew = Tao cd thé méi bing Lévy

Flight(theo céng thiic 9);

17 if f(Ppew) < f(Pj.’“) then

18 ‘ Pf 4 = Prew:

19 end

20 end

21 P = {Thay thé PP¢ vao P,y );

22 f = {Calculate the fitness, bestnest};

23 bestnest = fRotate(bestnest);

24 makespan = f(bestnest);

25 t=t+1;

26 end

27 return {bestnest, makespan};

28 end

thé cdc ca thé (nghiém) c6 chit lugng kém. Viéc tao ra ca
th€ mdéi 4p dung ky thuat Lévy Flight v6i cac phép Tim
kiém toan cuc (Global Search) va Tim kiém cuc bd (Local
Search).

Thé hé tiép theo tao ra bang phép tim kiém cuc bo, ap
dung cong thuc 9:

x;“ :x§+as®H(pa—€)®(x;—x;c) ©)

Thé hé tiép theo tao ra bing phép tim kiém toan cuc, ap
dung cong thic 10:

x =Xl aL(s, A) (10)
véi:
AT (V) sin(za/2) 1
L(s, 1) = AL Wsin(xd/2) —s>>s50>0 (11
T s +4
trong do:

o A: 12 mdt hing s6, 0 < A < 2
e I'(1): 1a ham tra lai gia tri (2-1)!

Thuat toan CS thuc hién bang cach tién héa quan thé qua
nhidu thé hé khac nhau. O mdi thé hé, CS thuc hién tao
mot ca thé méi bang ky thuat tim kiém toan cuc (Glob-al
Search). Sau khi tinh todn, tién héa, thuit todn sé thay thé
mot s6 ca thé kém nhét bang cic ca thé méi, cic ca thé
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v Co thé thiét lap Tic vu
x Khéng thé thiét 1ap S22 S3.1 S22 S
Wi W, 3 Wy
Tai nguyén
513,512 L v x v v
S71,832 L; * v * *
1.2, 821 L * x * v
S52.2, 833 Ly v v v *
Hinh 1. Tai nguyén thyc hién tac vu.
Trrse |t W, W, W, |We W, W,
Rotate ||, W, o W, W, W,
! i -
s |l W, W, W, W W, W,,
Rotate |L, i W, W, we, | w, E

o 1 2 3 4 5 6 7 8 'Ellﬂil12131&15151?131920"[&

Hinh 2. Biéu d6 Gantt khi 4p dung phuong phdp Rotate.

mdi tao ra bang ky thuat tim kiém cuc bd (Local Search).
Két qua ctia thuat todn 1a mot ca thé (lich biéu) véi thoi
gian thuc hién tdi thiéu.

2. Ky thuat Rotate

Rotate 1a k§ thuat xoay vong nham han ché t6i da khoang
thoi gian rdi clia tai nguyén, din dén gidm tdng thdi gian
thuc hién du 4n. Cac budc thuc hién cu thé nhu sau:

o Budc 1: Tim tii nguyén st dung nhiéu nhit trong
Cbest, goi 1a Lb. Day 1a tai nguyén két thic cong viéc
sau cling trong cic tdi nguyén st dung d€ thuc hién
du an.

« Budc 2: Duyét céc tic vu duge thuc hién bsi Lb theo
thd tu ngudc véi thu tu thuc hién tir phai qua trai trén
tai nguyén, tic la tdc vu nao thyc hién sau s€ xem xét
trudce.

WR: tap tic vu vu dang dugc thuc hién béi Ly,

« Buge 3: Vi mdi tic vu W; € WR(

sizeof(W}f)downtol), thuc hién:

— Budc 3.1: Tim khodng thoi gian r6i trén tai nguyén

— Budc 3.2: Chuyén thit ty thuc hién clia tdc vu hién
tai vé vi tri clia thi nguyén rdi néu khong vi pham
rang budc vé thi tu vu tién.
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— Budc 3.3: Biéu chinh thoi gian bit ddu va két thic
thuc hién cta cdc tac vu cé vi tri thuc hién sau
vi tri méi cda tac vu hién tai

— Budc 3.4: Tinh toan lai makespan ctia du 4n, néu
tao ra ca thé t6t hon thi ding thuit toan.

Vé ban chit, phuong phap Rotate 1a cich tai sip xép thi
ty thuc hién cic tdc vu trén tai nguyén hoan thanh céng
viéc sau cting ma khong vi pham céc rang budc vé thi tu
uu tién gilta cdc tdc vu, dong thoi han ché t6i da thoi gian
tai nguyén r6i. Viéc nay gitip gidm tdng thdi gian thuc hién
du 4n dang ké.

Hinh 2 1 vi du v& mét du 4n véi 10 tic vu va 2 tai
nguyén. Trudc khi dp dung ky thuat Rotate, thoi gian thuc
hién tac vu la 20, sau khi ap dung ky thuat Roate, thoi gian
thuc hién du 4n gidm xubng con 10.

Phuong phdp Rotate dugc trinh bay chi tiét trong Thuat
toan 1.

VOi:

o f: ham tinh makespan ctia mdt lich biéu

o size: ham tinh s phan tif clia mot tAp/mang

« lastResource: ham tra v& tai nguyén két thiic thuc hién

sau cung
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KET QUA THUC NGHIEI\E?}%EL BO DU LIEU IMOPSE
Dataset cA Ro-CS
Best Avg Std Best Avg Std

100.5.64.15 478 487 8.2 462 467 2.5
100.5.64.9 453 457 3.2 430 434 2.1
100.10.26.15 221 224 2.1 209 213 1.9
100.10.47.9 247 253 59 237 240 1.3
100.10.65.15 240 244 32 233 236 22
100.20.22.15 109 115 5.2 101 109 5.2
100.20.46.15 145 150 4.1 143 152 7.2
100.20.65.9 124 131 6.5 115 127 6.3
200.10.128.15 440 446 5.7 428 435 4.1
200.10.50.15 468 471 29 465 467 0.5
200.10.85.15 465 469 4 456 458 0.3
200.20.145.15 222 229 6.1 183 192 3.8
200.20.54.15 249 255 5.1 235 240 2.7
200.40.133.15 126 134 74 115 127 9
200.40.91.15 133 139 5.8 119 128 7.1
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Hinh 3. So sinh két qué thuc nghiém cla gia tri BEST.

3. Thuit toan Ro-CS

Ap dung k¥ thuét Rotate vao thuat todn CS ta dugc thuat
toan 2 Ro-CS duéi day.

Vdi:

o f: ham tinh makespan ctia mot lich biéu

«» fRotate: 1a ham 4p dung ky thuat Rotate.

V. KET QUA THUC NGHIEM

D€ kiém chiing thuit toian dé xuit Ro-CS, bai bdo tién
hanh thuc nghiém trén bo dif liéu iIMOPSE [5,6,14] (1a bo
dit liéu chuan qudc té dugc phat trién riéng cho bai todn

MS-RCPSP. B6 dit liéu iMOPSE dudc thé hién nhu trong
Bang II dudi day.
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Trong dé:

o Tasks: 1 sb tac vu can thuc hién cta dy 4n.

« Resources: 12 sb tai nguyén cé thé st dung dé thuc
hién céc tac vy, cac tai nguyén nay c6 kha nang tai su
dung, nghia 13 sau khi hoan thanh mét tic vy, c6 thé
st dung tai nguyén dé dé thuc hién tic vu khac.

« Precedence Relations: 13 tdng s6 rang budc uu tién
gilta cdc tac vu trong bai todn, rang budc uu tién chi
ra thi tu thuc hién cda cac tac vu.

o Skills: s6 ky ning ctia tai nguyén thuc hién, mdi tai
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Hinh 4. So sanh két qui thuc nghiém cta gia tri AVG.
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Hinh 5. So sanh két qui thuc nghiém ctia gid tri STD.

nguyén cé thé c6 nhidu ky ning khic nhau, mdi ky
ning c6 mot muic ky ning cu thé.

1. Tham sb thue nghiém

Thuc nghiém Ro-CS dugc cai dit v6i cic tham sb dau
vao nhu sau:

Du liéu: 15 file dir liéu trong bd dit liéu iMOPSE nhu
trong Béang L.

Khdi tao quan thé ban dau véi 100 ca thé;

S6 thé hé tién héa: 50.000;

S6 1an chay thuc nghiém trén méi bo dit lidu: 25;
MBbi trudng thuc nghiém: Thuc nghiém dugc tién hanh
trén moi truong Matlab 2014
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« My tinh thuc nghiém: CPU Intel Core i5, toc do 2.2
GHz, RAM 6GB, hé diéu hanh Windows 10.

2. Tham s6 thuc nghiém

Két qua thuc nghiém véi bo dit lieu iMOPSE [5,6] dugc
trinh bay trong Bang I.

Trong Bang I, dit liéu cot GA dugc 14y tir phan thuc
nghiém clGa nhom tic giadi Myszkowsky véi cong cu
GARunner [14] do chinh nhém tic gidi cong bd.

Cic thuc nghiém dugc trién khai trén 02 thuit toin GA
va Ro-CS st dung bd dit liéu iMOPSE. Bai bdo da tién
hanh thyc nghiém cac thuét todn mot cach doc 1ap véi cac
tham s6 dau vao cai dit nhu trong muc v. Két qua thuc



_ _Bangll
BO DU LIEU IMOPSE
Name Tasks Resources| Precedence | Skills
Relations

100.5.64.15 100 5 64 15
100.5.64.9 100 5 64 9
100.10.26.15 100 10 26 15
100.10.47.9 100 10 47 9
100.10.65.15 100 10 65 15
100.20.22.15 100 20 22 15
100.20.46.15 100 20 46 15
100.20.65.9 100 20 65 9
200.10.128.15 200 10 128 15
200.10.50.15 200 10 50 15
200.10.85.15 200 10 85 15
200.20.145.15 | 200 20 145 15
200.20.54.15 200 20 54 9
200.40.133.15 | 200 40 133 15
200.40.91.15 200 40 91 9

nghiém dugc trinh bay trong Bang II chi ra thuit todn Ro-
CS c6 chét luong 16i gidi t6t hon thut toan GA trong moi
trudng hop. Cu thé:

« Vdi gid tri tot nhat (BEST) Ro-CS t6t hon GA tir 0.6%
dén 17.6%. So sanh chi tiét dugc thé hién trong Hinh
3.

« Vdi gid tri trung binh (AVG) Ro-CS t6t hon GA tit 0%
dén 16.2%. So sanh chi tiét dugc thé hién trong Hinh
4.

o Tong dod 1éch chuin clia GA 75.4, cia Ro-CS 56.2,
diéu nay cho thiy Ro-CS hoat dong én dinh hon. So
sanh chi tiét dugc thé hién trong Hinh 5.

Nhu vy, thuat todn méi Ro-CS véi viéc bS sung ky thuat
Rotate mang lai qua t6t hon so véi GA.

VI. KET LUAN

Bai bdo nay da trinh bay phat biéu toin hoc cu thé vé
bai toan MS-RCPSP thong qua cac rang budc, day la bai
toan c6 nhiéu ng dung trong khoa hoc va thuc té. D& tim
16i gidi cho bai toin MS-RCPSP, bai bdo da dé& xuit mot
thuét toan méi la Ro-CS, day la thuat toan lai gitta thuat
toan di truyén va ky thuat Rotate nhim md rong khong
gian tim kiém sau mdi thé hé tién héa. D€ kiém chiing tinh
hiéu qua ctia thuit toan dé xut, bai bdo da tién hanh thuc
nghiém trén bd dit liéu iMOPSE (bd dit liéu chuidn dugc
phit trién d€ tién hanh cic thuc nghiém riéng cho bai todn
MS-RCPSP). Két qué thuc nghiém da dudc téng hop, so
sanh v6i GA trén cic gia tri t6t nhat (BEST), gia tri binh
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quan (AVG) va gia tri do 1éch chudn (STD). Thong qua
viéc so sanh cho thdy, Ro-CS mang lai hiéu qua tot hon
GA véi cung bai todn va cung bd dit liéu thuc nghiém, cu
thé: gia tri BEST t6t hon tit 0.6% dén 17.6%, gia tri AVG
tot hon dén 16.2 va téng STD t6t hon 19.2.

Ngoai viéc st dung tim 16i giai cho bai toan MS-RCPSP,
thuat toan Ro-CS con c6 kha niing 4p dung tdt cho cac bai
toan lap lich khic. Trong thdi gian tdi, tic gia sé tiép tuc
nghién cifu va cai tién thuat todn dua trén cdc phuong phap
gan ding khéc, st dung budc di chuyén ngiu nhién dua
trén xdc suat Gauss, Cauchy, ... nham nang cao chit lugng
16i gii.
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Tém tat: Nang cao hiéu suit truy vin anh la vin dé dugc quan tim trong linh vuc thi gidc mdy tinh. Trong bai bdo nay,
mot phudng phéap két hop céu triic R-Tree va KD-Tree Random Forest dugc thuc hién nham nang cao hiéu suit phan 16p
va tim kiém anh. V6i mdi anh dau vao dudc phan 16p biang KD-Tree Random Forest; sau d6, ky thuit gom cum trén
R-Tree dudc thuc hién va tim kiém tip anh tuong tu. D€ thuc hién bai toan niy, phuong phap xiy dung KD-Tree Random
Forest két hop véi ciu tric R-Tree cling véi cac thuit toan xdy dung riing ngiu nhién, phan 16p va tim kiém 4nh dugc
dé xuét. Trén co s d6, mot mo hinh tim kiém anh dua trén sy két hop KD-Tree Random Forest va R-Tree dugc dé xuét.
Thuc nghiém dugc thuc hién trén cic bd anh COREL va Caltech101 nhiam dé ddnh gia tinh kha thi, hiéu qua ctia mo
hinh; dong thdi so sanh véi cic cong trinh khéc thuc nghiém trén cliing bo dif liéu va so sanh v6i két qua truy van anh
khi st dung mot ciu triic riéng 18. Theo két qui thuc nghiém cho thiy phuong phap dé xuét ctia chiing toi 1a hiéu qua va
c6 thé dp dung dudc cho cic hé truy vAn 4nh v6i nhiéu bo dit liéu khac nhau.

Tt khéa: KD-Tree, Random Forest, R-Tree, gom cum, phdn Idp, tim kiém dnh

Title: A Model of Combining R-Tree and KD-Tree Random Forest for Content-based Image Retrieval

Abstract:  Improving image query performance is a matter of interest in the field of computer vision. In this paper, a method
combining R-Tree and KD-Tree Random Forest structures is implemented to enhance the performance of im-age
classification and retrieval. For each input image is classified by KD-Tree Random Forest; then, the clustering technique
on R-Tree is performed and a similar image set is retrieved. To implement this problem, the method of construction KD-
Tree Random Forest combined with the R-Tree structure with the algorithms for building a random forest, classification,
and image retrieval. On that basis, an image retrieval model based on the combination of KD-Tree Random Forest and
R-Tree is proposed. Experiments were performed on the COREL and Caltech101 image sets to evaluate the feasibility
and effectiveness of the model; at the same time experiment is compared with other works on the same data set and
compared with image query results when using an individual structure. The experimental results show that our proposed
method is effective and can be applied to image retrieval systems for many sets of images in many different fields

Keywords:  KD-Tree, R-Tree, Random Forest, Clustering, Image Classification, Image Retrieval

I. GIOI THIEU cao hiéu sut, 6n dinh thdi gian tim kiém ciing nhu t6i uu
héa khong gian luu trit 1a can thiét [1].
Phuong phap két hgp nhiéu k¥ thuat hoc mdy nhim nang
cao hiéu suét tim kiém anh 12 vin dé can dudc quan tim Khong gian luu trit anh sb 13 vin dé can dudc quan tim
trong linh vuc truy van anh va thi gidc mdy tinh. Bén canh va tbi uu nham ddp tng thuc trang gia ting anh s6 trong
d6, dit liéu da phuong tién ting nhanh theo thdi gian vé  bdi canh hién nay. D€ gidi quyét vin d& nay, mot sd ciu
sb lugng va thé loai 1a thach thic cho van d& luu trit, hiéu tric dit liéu nhu S-Tree [2], R-Tree [3], v.v. nhidm tbi uu
suit va thoi gian tim kiém. Vi vay, viéc tich hgp mot s6 ky khong gian luu trit anh s6 da dugc thuc hién da mang lai
thuat va phuong phap cho mdt hé truy van dnh nhim nang nhiing két qua kha quan. Trong bai bdo niy, mot ciu tric
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R-Tree dugc ting dung cho qua trinh gom cum du liéu thanh
cdc cum tuong dong va 4p dung cho bai toan tim kiém anh
dugc dé xuét. Bén canh d6, phan 16p di liéu hinh anh 1a
giai doan diu, dong thdi gép phan nang cao hiéu suit cho
bai todn tim kiém &nh tuong tu. Hién nay, c6 nhiéu k¥
thuat phan 16p hinh 4nh dugc ddnh gid v6i hiéu suit phan
16p kha cao nhu CNN, DNN, k-NN, v.v. Tuy nhién, huéng
tiép can md hinh phan 16p bang KD-Tree 1a mot cai tién
trén KD-Tree da mang lai hiéu suét phan 16p on dinh, dong
thdi 4p dung cho bai toan tim kiém anh hiéu qua [16, 26].
Do d6, trong bai bdao nay mdt phuong phdp phan 16p anh
s6 bing KD-Tree Random Forest dudc thuc hién dua trén
co sd xay dung nhiéu céu triic KD-Tree dong thoi d€ hinh
thanh qua trinh phan 16p anh bing riing ngiu nhién. Bén
canh d6, gom cum trén R-Tree 1a mdt phuong phap ning
cao hiéu qua tim kiém anh [15]. Vi vdy, muc tiéu clia bai
bdo nay 1a thuc hién su két hop nhiing diém manh ctia ciu
triic KD-Tree va R-Tree nham nang cao hiéu suét tim kiém
anh can dugdc thuc hién.

Doéng gop clia bai bio gom: (1) P& xuit phuong phap
két hop céu triic R-Tree va KD-Tree Random Forest cho bai
toan tim kiém anh; (2) P& xuit mo hinh tim kiém anh dua
trén k¥ thudt phan 16p KD-Tree Random Forest va gom cum
R-Tree; (3) Panh gi4, so sanh hiéu suét truy van anh trén
cac phuong phap khac cung bd anh thuc nghiém COREL
[4], Clatech101 [5].

CAu tric cda bai bdo gdom: phan II trinh bay cic cong
trinh lién quan vé gom cum trén R-Tree, phan 16p anh bing
KD-Tree va riing ngiu nhién; phan III dé xuit mo hinh
tim kiém anh dua trén su két hop cta céu tric KD-Tree
Random Forest va R-Tree; phan IV trinh bay ciu triic va
phuong phdp xay dung KD-Tree Random Forest, xay dung
va tim kiém trén R-Tree cho bai toan tim kiém anh; phan
V thuc nghiém va dinh gid két quéa trén bo anh COREL,
Calterch101; két luan va hudng phat trién dudc trinh bay &
phan VL

II. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Phén 16p va gom cum ludn dugc s dung cho bai toan
tim kiém anh vi sut 4nh hudng két qua ctia cdc qud trinh nay
dén két qua tim kiém anh 1 kha 16n. Hién nay, c6 nhiéu
cong trinh tim kiém 4nh da st dung cac ky thuat phan 16p
va gom cum nhu CNN, DNN, k-NN, k-Means, v.v Két hop
v6i ciu tric R-Tree, KD-Tree da mang lai hiéu suét cao tiéu
biéu 1a:

Yugian Zhang va cong sy (2016) [6] da st dung phuong
phdp phin chia viing 4nh d€ nhén dién khuon mit st dung
cAu triic KD-Tree. Tai pha huin luyén, méi anh dugc chia
thanh nhiéu ving; ciu tric KD-Tree dugc xdy dung dua
trén tap anh phan ving nhiam phan 16p va luu trit tdp dnh
huén luyén. Tai pha kiém thir, méi anh dudc chia thanh

30

nhiéu ving va ciu tric KD-Tree dudc st dung trong qué
trinh tim kiém theo k lang giéng gin nhit bing cich d6i
sanh cdc ving anh tim kiém véi anh gdc bang thuit toan
k-NN. Cong trinh nay dugc danh gi 1a su két hop gitta cu
tric KD-Tree va thuat toan k-NN di mang lai hiéu suit cao
hon so véi chi dung mét ky thuat don 18.

Fatin Zaklouta va cdng sy (2011) [17], da thuc hién danh
gid hiéu suit phan 16p anh dén giao thong bang KD-Tree
va rling ngau nhién dé€ phan loai bién bdo giao thong biang
cach st dung dic trung biéu do kich thuée khac nhau bang
déac trung HOG (Histogram of Oriented Gradients) va phép
bién ddi khoang cach (Distance Transforms). Cic tic gia st
dung tap dit liéu 4nh bién bdo giao thong ctia Diic gdm 43
16p va hon 50.000 hinh anh. Trong bai bdo nay, su két hop
ctiia bd phan loai KD-Tree véi dac trung HOG va Distance
Transforms thi ty 1& phan loai I1én t&i 0.97 va 0.8180. Két
qua nay dudc danh gia 1a kha cao va c6 kha nang mé rong
cho cdc hé phan loai dnh khéc.

Weishi Man va cong su (2018) [18] da thuc hién mét cai
tién trong thuat toan tich it riing ngau nhién d€ niang cao
hiéu suét phan 16p hinh anh bing cach két hgp md hinh
phén tich thudc tinh riing ngiu nhién ID3 va CART. Thd
nhét, tinh hop 1 ctia m6 hinh Kim tu thdp khong gian dudc
xac minh dya trén mo hinh tdi tir (Bag of Words). Thu hai,
thuat toan tich nit ctia riing ngau nhién dudc cai tién. Cubi
cung, hiéu qua va do chinh xic ctia thuat todn dé& xuét dudc
minh ching théng qua so sanh thuc nghiém trén b di li€u
hinh 4nh Caltech101 v6i hiéu suét cao, diéu nay cho thiy
phan 16p anh bang riing ngiu nhién la mdt phuong phap
ding dan, hiéu qua.

Vanitha J., Senthilmurugan M. (2018) [7] da d& xut mot
cAu tric cdy chi muc SR-Tree (Sphere Rectangle Tree) 1a
su két hop giita ciy SS-Tree va cdy R-Tree d€ luu trit dit
liéu hinh 4nh dang chi muc. Mot hé théng truy van anh
dua trén ndi dung st dung ciu triic ciy SR-Tree dudc thuc
nghiém trén cdc bd anh véi két qua dudc dinh gid 1a kha
quan. Cung thdi diém nay, Arpitha Y.C va cong su (2018)
[8] da d& xuét mot cach tiép can bai toan x{ ly hinh 4anh da
chiéu bang cich sit dung céu tric R-Tree, trong d6 cac d6i
tugng hinh anh da chiéu dudc luu trit theo phuong phéap chi
muc. Trén co s& ndy, mot phuong phdp tim kiém cac dbi
tugng trong mot ving cho truée va tim kiém lang giéng
gan nhét dua trén cay R-Tree dugc thuc hién di mang lai
két qua tot.

Bén canh d6, Xinlu Wang va cong su (2019) [9] da dé
xuit mot phuong phap truy van dong trén ciu tric R-Tree,
céc tam cum dong dudc t6i uu héa dua trén cAu tric R-Tree.
Bing cach chon mot tim cum t&i wu héa, phuong phap nay
t8 chic luu dif liéu cing mot khong gian con thanh cling
cdy con va xiy dung mot ciy chi muc R-Tree. Két qua thuc
nghiém cho thiy phuong phip dudc dé xuét cdi thién tinh
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on dinh ctia hé théng va hiéu qua cao, dong thdi ing dung
cho hé thdng tra cifu thong tin bénh vién.

Trén cd sG cac cong trinh nghién cuu lién quan, nhém
tac gid Nguyén Thi Pinh va cong su [16, 26] da thuc hién
mot phuong phap phan 16p dit liéu bang KD-Tree va dp
dung cho bai todn tim kiém anh tuong tu. Trong nhiing
cong trinh nay, nhém tac gia da thuc nghiém trén cac bod
4nh COREL, Wang, image CLEF véi hiéu suit kha cao.
Qua trinh xiy dung KD-Tree theo huéng tiép can phan 16p
dit liéu d€ hinh thanh céc phan 16p tai nit 14. Pong thdi
nhom tac gia L& Thi Vinh Thanh va cong su [15] da thuc
hién mot phuong phap gom cum trén R-Tree cho bai toan
tim kiém anh da mang lai hiéu suit cao khi so sinh véi
cac cong trinh khac cung linh vuc. Nhom tac gia da thuc
hién cai tién cAu triic R-Tree nhim nang cao kha ning md
rong khong gian luu tri, t6i vu thoi gian tim kiém.

Tt nhitng cong trinh da khdo sit cho thiy cac loai dic
trung co ban nhu mau sic, hinh dang, két ciu, dudng vién
dugc st dung khd phd bién va mang lai hiéu suit cao. Tuy
nhién cic cong trinh nay chua quan tim dén vén dé t6i uu
kha luu trii. Vi vay, trong bai bao niy mot s6 dic trung sau
khi trich xuét véc-td dugc phan 16p bing KD-Tree Random
Forest, sau d6 gom cum trén R-Tree dé &n dinh thdi gian
tim kiém va ting kha ning luu trit dap ting nhu ciu ngay
cang gia ting dit liéu 4nh s6. Phuong phap két hop giita ky
thuat phan 16p 4nh bing riing ngiu nhién trén co s§ xay
dung nhiéu KD-Tree dong thdi; sau d6 tiép tuc gom cum
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trén R-Tree dia mang lai hiéu suit tim kiém cao, thdi gian
tim kiém &n dinh va 4p dung cho cdc bd anh c6 tinh chit
khac nhau véi hiéu qué cao.

III. MO HINH TIM KIEM ANH DUA TREN R-
TREE KET HOP KD-TREE RANDOM FOREST

D& minh ching cho co sé ly thuyét dé xuit, mdt mo
hinh tim kiém anh két hop ciu tric R-Tree va KD-Tree
minh hoa bdi Hinh 1. Trong d6, cAu tric KD-Tree dudc
st dung cho qud trinh phan 16p hinh 4nh, tif phan 16p dé
thuc hién gom cum trén R-Tree dé trich xuét tip anh tuong
tu tai nit 14 va dudc ké thita tir cong trinh [15, 16]. D&
thuc hién mo6 hinh nay, cic thuit toan dé xuit gom: (1)
thuat todn huin luyén KD-Tree; (2) thuit toan xdy dung
KD-Tree Random Forest; (3) thudt toan phan 16p anh bing
KD-Tree Random Forest; (4) thudt toin gom cum bing
R-Tree; (5) thuit toan tim kiém anh tuong tu trén R-Tree.

Mo hinh truy van anh dua trén ciu tric R-Tree két hop
KD-Tree Random Forest gdm pha tién xt ly va pha truy van
4nh véi cac budc nhu sau: (1) Trich xuat dic trung cho tap
di liéu thuc nghiém thanh tap véc-td dic trung; (2) Xay
dung va huin luyén ciu tric KD-Tree Random Forest tit
tdp véc-td dac trung theo phuong phap Bagging; (3) Phan
16p 4nh bing céu triic KD-Tree Random Forest theo cd ché
phiéu bau d€ trich xuét tén phan 16p anh; (4) Gom cum dit
liéu trén R-Tree da xay dung sau khi thyc hién phan 16p;
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(5) Trich xuét véc-to dic trung cho anh dau vao; (6) Truy
vén trén R-Tree d€ trich xut tip anh tuong tu véi dnh dau
vao.

IV. CAU TRUC KD-TREE RANDOM FOREST VA
R-TREE

Thuét toan 1: Huin luyén KD-Tree

1 Input:Bo Véc-to InitWeight, chiéu cao h, b nhanh
2 Output: Trained-KD-Tree

3 Function: TKDT (InitWeight, h, b)

4 begin

5 Init-KD-Tree = 0;

6 while Pj< P; do

7 Xay dung Init-KD-Tree v6i bd Véc-to InitWeight,
chiéu cao h, b nhénh;

3 Gan nhan cho cac nuat 1a trén Init-KD-Tree;

9 Pi = Tinh hiéu suit phan 16p trén Init-KD-Tree;

10 Xac dinh dudng di sai cda nhiing véc-to fi trén
Init-KD-Tree;

Xac dinh dudng di ding cla nhing véc-ts fi bi
sai dudng di;

Tim vi tri Node; lam sai dudng di cta vectd fi;

TrainVéc-to = Diéu chinh véc-to luu tai Node;
dé f, ding dudng di;

Tao lai Trained KD-Tree theo b TrainVéc-to;

Gan nhan cho cac nut 14 trén Trained-KD-Tree;

Pj= Tinh hiéu sut phan 16p sau khi diéu chinh
véc-td tai Nodei;

1

12
13

14
15
16

end
Véc-t6 = TrainVéc-to; return Trained-KD-Tree;

17
18
19 end

Chu tric dit liu luu trit 12 d6i tuong gidp tdi uu héa
khong gian luu tri¥, gidm thdi gian tim kiém va 4nh hudng
truc tiép dén hiéu suét truy van anh. Trong bai bdo nay, mot
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phuong phép két hop gitta hai cAu tric R-Tree va KD-Tree
Random Forest d€ thuc hién gom cum va phan 16p cho bai
toan tim kiém anh dugc thuc hién.

1. Chu tric KD-Tree cho phan 16p hinh anh

Dua trén tinh chit cdy KD-Tree nguyén thiy [10] va ké
thira tir cong trinh [16, 26], trong bai bdo nay ciu tric KD-
Tree phan 16p dugc xdy dung 1a mot ciy da nhanh can bang,
gdm mot nit gbc luu trit véc-to phan 16p (wo); tip nit trong
Node, mbi niit trong Iuu trit mot véc-to phan 16p (wik) va
tap nut 1a Leaf, mdi ndt 14 chita nhidu véc-to hinh anh F
= fi, f ..., fr. Sau khi xdy dung céu triic KD-Tree phan
16p tai mdi niit 14 12 mot phan 16p chifa tip véc-to hinh 4nh
thuoc nhiéu phan 16p khac nhau. Ciu tric KD-Tree déng
vai trd phan 16p cho anh dau vao tif nit gbc dén nit 14 va
qua trinh phan 16p trén KD-Tree dudc minh hoa nhu Hinh
2.

Do phiic tap ctia thuat toan TKDT (Huin luyén KD-
Tree) 12 O(p*h*n). Trong d6 p 1a s lan diéu chinh véc-to
trong sb; h 1a chidu cao cdy (hing sb); n 1a s6 phan ti
tham gia vao qud trinh xdy dung cdy. Qua trinh huin
luyén ciu tric KD-Tree dudc thuc hién thong qua sb lan
cap nhat trong s6 dé tao ciy. Do d6 do phic tap ctia thuat
toan TKDT la do phic tap clia s6 1an tao cdy. Vi vay, do
phtc tap cua thuit toan TKDT la O(p*n).

2. Xay dung cau tric KD-Tree Random Forest bi“mg
ky thuat Bagging

D€ nang cao hiéu suét phan 16p cho anh du vio, trong
bai bdo niy mdt ciu tric KD-Tree Random Forest dudc
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Hinh 3. Minh hoa KD-Tree Random Forest

xdy dung v6i ky thuat Bagging dudc dé xuit. Trong do,
KD-Tree Random Forest 12 cAu tric gdom nhiéu KD-Tree
dugc xay dung doc 1ap va huin luyén d€ hinh thanh mo
hinh phan 16p bang riing ngau nhién.

Rimg ngiu nhién 12 mét trong nhitng ky thuat phan 16p
hinh 4nh hiéu qua bdi su két hop cic két qua dinh gid
khéach quan tif nhiéu mé hinh phan 16p doc 1ap. Qud trinh
xdy dung riing ngiu nhién két hop véi ky thuat Bagging
dugc nhiéu cong trinh di cong bd véi két qua phan 16p
anh kha quan [19, 20, 21]. Trong bai bao nay, mdt phuong
phép két hgp riing ngiu nhién trong d6 méi bd phan 16p 1a
mot ciu tric KD-Tree dudc xay dung vé6i ky thuat Bagging
nhiam nang cao hiéu suit phan 16p hinh dnh du vao. Ring
ngau nhién ducc tng dung khd nhiéu vao cdc cong trinh
phan loai dit liéu, phan 16p hinh anh [18, 23] bdi hiéu suét
phan loai d6i tuong cao hon mot sd ky thuat hoc may don
1€ nhu k-NN, CNN, ANN, v.v. Tuy nhién chi phi thoi gian
xdy dung va huin luyén md hinh phan loai bing riing ngiu
nhién la kha 16n. Trong bai bdo nay, trén co sé xay dung
KD-Tree Random Forest nhim phén loai di tugng hinh dnh
bing mot md hinh két hop dé thuc hién phan loai hinh dnh
qua nhiéu ciu tric KD-Tree doc 1ap, riing ngdu nhién can
dugc xay dung. Két qua phan 16p hinh anh bing mo hinh
riing ngau nhién dua trén KD-Tree Random Forest bing ky
thuat Bagging 4p dung cho bai todn tim kiém anh dugc
danh gia la hiéu qua.

Trong cong trinh [16, 26] viéc phan 16p anh bing céu
triic KD-Tree 1a thuc hién phan 16p cho dnh dau vao bing
mot cAu tric KD-Tree nén hiéu suit phan 16p chua thuc
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sut khach quan. Do d6, k§ thuat phan 16p anh bang nhiéu
ciy KD-Tree d€ d4m béo tinh khach quan cho ngudi ding
va nham nang cao hiéu suét phan 16p 1a thuc su cin thiét.
D€ thuc hién diéu nay, riing ngiu nhién dudc xiy dung bdi
nhiéu cay KD-Tree d€ thuc hién phan 16p dong thsi cho
4nh dau vao. Sau khi thuc hién phan 16p trén tiing ciy KD-
Tree, phuong phap bd phiéu bau dé 14y sb dong cho két
qua phan 16p bang riing ngiu nhién.

Thuit toan 2: Xiy dung KD-Tree Random Forest

1 Input:Traning set S, Number of KD-Tree B;
2 Output: KD-Tree Forest

3 Function: RF-KDT (S,B)

4 begin

5 foreach x € X do

6 S; = a bootstrap sample from S;

7 h; = Create KD-Tree(S;, Wi;, h, b);
8
9

KD-TreeForest = KD-TreeForest;
U hg;

end

return KD-Tree Forest;

12 end

Trong bai bdo ndy, riing ngiu nhién dudc xay dung la
tap hop nhiéu cdy KD-Tree nhim thuc hién phan 16p nhiéu
lan cho mot anh diu vao (I) dua trén cidc md hinh phéan
16p riéng biét va thuc hién song song. Minh hoa riing ngau
nhién KD-Tree RandomForest va ky thuit Bagging dudc
minh hoa trong hinh 3 gdm cic budc: (1) Xay dung bd
Data Radom (Data;); (2) Xay dung KD-Tree cho tiing bd
Data;; (3) Tap hgp B cay KD-Tree hinh thanh KD-Tree
Random Forest.
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Do phic tap cua thuét toan RF-KDT (Xay dung KD-Tree
Random Fores) 1a B* O(k*h); trong d6 B 1a s6 cdy KD-Tree
can xay dung va O(P) (P = k*h) 1a do phic tap cho xay
dung mot cay KD-Tree c6 k phan tif va chiéu cao h. Vay do
phiic tap ctia thuat toan RF-KDT la O(B*P), vi B la hing
s6 nén do phifc tap cta thuat toin RF-KDT la O(P).

3. Phan 16p anh b%ng KD-Tree Random Forest theo
6 ché phiéu bau

Su két hgp nhiéu ciu tric cdy phan 16p KD-Tree dé
xdy dung ring ngiu nhién nhim thuc hién phan loai d6i
tugng qua nhiéu ciu tric KD-Tree khac nhau. M&i hinh
4nh dudc phan 16p bang nhiéu cidy KD-Tree sé c6 nhiéu
hon mot két qua nhin 16p. Do d6, két qua phan loai dudc
thuc hién thong qua co ché phiéu bau dé mang lai hiéu
qua phan 16p t6t hon cho tip 4nh don dbi tugng ciing nhu
4nh da ddi tugng [21, 22]. Trong bai bdo niy, mot phuong
phap phan 16p bang KD-Tree Random Forest theo co ché
phiéu bau dugc d& xuét va thyc hién. Mot dnh dau vao
dugc thuc hién phan 16p bdi nhiéu ciy KD-Tree, két qua
phéan 16p trén mdi cdy 1a mot phan 16p cho anh dau vao.
Do d6, can thuc hién bd phiéu bau dé€ tim s6 phan 16p
giébng nhau 13 nhiéu nhit cho anh I bdi riing ngiu nhién.
Sau khi thyc hién phiéu bau thi phan 16p cho anh I la
phan 16p c6 phiéu bau nhiéu nhét. Cong thic phiéu bau dé
chon phan 16p cudi cung (Final Class) cho anh du vao I la:

FinalClass(I) = max(number of voting I in Random
Forest)
Trong trudng hop 4nh dau vao thudc m phan 16p khac
nhau, k§y thuat phiéu bau sé dudc thuc hién liy két hop m
phan 16p c6 s6 phiéu bau cao nhat.

Thuét toan 3: Phan 16p dnh bang KD-Tree
Random Forest theo co ché phiéu bau

1 Input:vetor f; of image /
2 Output: Final class name of image /
3 Function: CKDFYV (f;, KD-Tree Forest)

4 begin

5 Khéi tao N KD-Tree cho riing ngiu nhién (KD-Tree
Forest);

6 foreach KD-Tree[i] in KD-Tree Forest do

7 | Phén 16p anh I theo timg KD-Tree[i];

8 end

9 FinalClass(I) = Phan 16p dudc chon theo phiéu bau
nhiéu nhit;

10 return FinalClass(/);

11 end

Do phiic tap cua thuit toan CKDFV 1a O(N*h*k). Trong
d6 B 1a sb cay KD-Tree trong KD-Tree Forest; i 1a chiéu
cao cay KD-Tree va k 14 s6 nhdnh tbi da trén KD-Tree. Vi

B, h, k 1a nhiing hang s nén dit T = B*h*k. Viy do phiic
tap cta thuat toan CKDFV 1a O(T), T 1a hing sb.

4. Chu tric R-Tree gom cum dit liéu

Qu4 trinh gom cum cic vée-td dic trung dua trén ciu
tric RS-Tree [13]. Trong cong trinh nay, tic gia dé& xuét
mot chu tric cdy d€ gom cum va luu trit cic véc-to da
chiéu: RS-Tree, mot ciu tric cii tién ctia R-Tree, 1a cy da
nhanh cin bing ting dung cho bai toan tim kiém &nh tuong
tu. Cay RS-Tree la cdy phan hoach dit liéu khong gian bao
gdm: mot nit gbc, mot tap nit trong va mot tap nit 4.
RS-Tree dudc dé xudt nhiam lwu trit cdc phan tit hinh dnh
trong khong gian d chiéu, mdi phan tif spED 1a mot khoi
cau cé tim _c)x p va ban kinh r,,, chiia véc-to dic trung anh
= (V1. Vi2s s via), Vi vy 12 diic trung cAp thip thd i
ctia hinh 4nh 1. Cic niit trén RS bao gém: Niit trong S,,pqe:
12 mot bd (MBS,p), trong d6 MBS 1a mot khoi cau c6 tim
C node Va ban kinh r,04., p 12 con trd lién két dén cac niit
con. Khéi cau nay bao phii cic khéi ciu ciia cic niit thudce
nhénh cy con. Mdi nit trong S,,,qe c6 s6 phan tif toi thiéu
12 2 va tbi da 1a N. Nut 14 Siear: 1a b0 <MBS, element>,
trong d6 MBS 1a mot khéi ciu c6 tam Clea f va ban kinh
Fleay chita mot tap thuc thé element v6i moi thuc thé spED
12 mot bd <M BS, oid> trong d6 MBS 1a khéi cau c6 tim
_c)X,, va ban kinh ry, chita khong gian dbi tugng, oid la
dinh danh déi tuong f; = (vi1,vi2, .. via). MBi nit 14
Sieay €6 s6 phan t t0i da la M va s6 phan td t6i thiéu 1a
m(l<m< M/2).

5. Xay dung cAu tric RS-Tree

Khi mot phan tii spED = <MBS(Csp,rsp)if>
dugc thém vao ciy RS-Tree, viéc chén dudc thuc hién
bt dau tr ndt gbc, 1an lugt duyét qua tit ca cdc
nit con cda nit gbc va di theo nhdnh c6 khoang
CEleh dmin{dE(Sm,de._c)m,de,spED.?S,,),j\z 1..N}, cho
dén khi tim dugc nut la. Sau d6, phan t& spED;
dugc phan phdi vio nit 14 hién hanh théa diéu kién
dE(spED._c)sp, Szeuf-7leaf)<9- Ngudc lai, mot nit 14 méi
Snewleay dudc tao cung cha véi nit 14 hién hanh dé luu
phan tit spED. Qu4 trinh xdy dung cu tric RS-Tree theo
cdc khdi cAu nham giam khong gian luu trit so véi phuong
phdp xdy dung theo khdi hinh chit nhat, diy 1a mot cai
tién ctia bai bdo st dung ciu tric RS-Tree cho tim kiém
4nh. Thuat todn xay dung RS-Tree dudc trinh bay nhu trong
Thuét toan 4.

Goi n 1a s6 phan ti clia tap dif liéu, M 12 sb phan tir tdi
da trong mot mit ctia RS-Tree. Thuat toan CRST lan lugt
thuc hién duyét tif nit gbc dén nit 14, mdi 1an duyét qua



Thuét toan 4: Xay dung RS-Tree

1 Input: Nit Sy, ngudng M va phan t dit liéu SspED

2 Output: Ciy RS-Tree sau khi thém phan ti

3 Function: CRST (Sy.spED)

4 begin

5 if (Sy khong phdi niit 1d) then

6 Chon nhéanh gin véi phin tif dudc thém vao theo
dd do Euclidean cho dén khi gip dugc niit 14
hién hanh Sy,

se
8 if (Spcr: €6 56 phdn tit nhé hon M) then
Tinh khoang cdch Euclidean d
Euclidean(SspED.?, SLcr,._c))+SspED.r;
if (d < 6) then
Thém phén tit Sspep vao nit 1d Szers;
Cap nhat tdm cum;
else
Tao mot nut 14 méi Sz ey cung cha véi
nadt 14 hién hanh;
Thém phén tit SspEp vao nit 1d méi
SLnew:
Cap nhat tdm cum;
end
se
| Thuc hién tach nit 14 Sjeq rx;
end

10
11
12
13

14

15
16
17 e
18
19
20
21
22 end

end
return RS -Tree;

M phan ti, mbi 1an duyét thuat toan CRST thuc hién phép
cap nhat tim va tich nit tif nit 14 dén nit gbc. M 1a hing
s6. Do do, thuat toan CRST c6 do phic tap 1a O(logn)>.

6. Cai tién tach niit trén RS-Tree

Thuat toan tach nut trong cong trinh [13], viéc phan
hoach tip cdc phan ti vé hai nit con dudc thuc hién bang
cch Iva chon tuan tu ngiu nhién trong tip M — 1 phan ti
dé€ phan phdi 1an ludt vao hai niit con. Trong bai bdo nay,
thuat toan tach niit dudc cai tién nhu sau: tip M — 1 phan
tli s& dudc tinh do do sai biét so v6i hai phan ti dudc chon
lam hai tdm cta hai ndt méi. Trong qua trinh tach nut 14
thanh hai nit con, viéc Iya chon phan ti spED; phan phi
vao hai nut 14 méi cho phu hgp dugc thyc hién dua theo do
sai biét (ky hiéu la dp;s) dugc minh hoa nhu trong Hinh
4, phan tif c6 do do sai biét 16n sé dudc chon dé phan phbi
trudc.

Trong Hinh 4, do do sai biét (dp;r) cua phan ti
spED; so v6i hai phan t& spED; va spED, la hai
phan ti dudc chon lam tAm cda hai nit 14 méi SLeafl
va Srearr dudc tinh nhu sau: dp;r |dy — d»,
trong d6 d; = dE(spEDl-.?S,,i,spEDk.—c)s,,k),d2 =
dE(spEDi._c)S,,i,spED,.?)X,,t). Do sai biét cang 16n thi
kha ning xic dinh phan tif thudc vé mot trong hai nit cang

cao.
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Hinh 4. M0 ta thuat todn tach mit dua vao do do sai biét

D¢ thuc hién tach mit 14 thanh hai nit con, hai khéi cau
SspEDk» SspED: Xa nhau nhét trong nut tach sé dugc chon
dé 1am tam khdi diu hai nit con. Viéc chon hai tim dudc
thyc hién theo Thuét toan 5.

Thuit toan 5: Lua chon hai phan tif 1am tim hai
nut con
1 Input: Nut 14 SI;ean .
2 Output: Hai khoi cau phan t& spEDy, spED;
3 Function: SelectedSpEDs (Spcqf)
4 begin
Khéi tao dermax = 0;
Khéi tao spEDj. = null;
Khéi tao spED; = null;
for Duyét cdc phdn tit trong niit ld Sy .4 r do
Tinh khoang cich Euclidean;
Chon phin \th xa tim nit 14 Syeqf nhit gin gia
tri cho phan t& spEDy;

© ® 9 wn

end

SLeaf = SLeaf‘sPEDk;

for Duyét ca’f phan t trong niit ld Speqy do

Chon phan td xa phan td spED} gan cho
SpEDy;

end
return {spEDy,spED;};

15
16
17

end

DE phan phdi cdc phan ti vao hai nit 14 dudc t6i uu, cic
phan ti trong danh sach nit 14 cin tich dudc sip xép theo
dod do theo do sai biét, thuat toan dudc trinh bay nhu trong
Thuét toan 6.

Sau khi lua chon dudc hai phan ti khdi cAu lam tim cla
hai niit 14 dugc tich ra, cdc phan tif con lai 1an lugt dudc
phan phdi vao hai nit da tach. Qua trinh phan phdi dugdc
thuc hién quy tic chon nhdnh t6t nhit. Thuat toin phan
phdi cic phan tif dudc trinh bay nhu trong Thuét toan 7.

Nt Szeqr bi tran duge xi ly bing cach tao hai nit méi
Sreaf1s SLeaf2, cung muic v6i Sreqr, phdn ving M + 1
phan ti vao hai niit. Khi qua trinh phén tich xay ra c6 thé
lan truyén dén niit trong, thuc hién tach niit trong. Qu4 trinh
nay c6 thé lan truyén dén nit gbc, khi nit gbc day mot niit
gbc méi sé dudc tao ra. Thuit toan tach nit 14 dudc trinh
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Thuét toan 6: Sip xép cac phan tir theo do do
sai biét

1 Input: Ba nit 1a SLeafs SLeafls SLeafZ
2 Output: Danh sich cdc phan tit sau khi sip xép Sr.sors
3 Function: SortListSpED (SreafsSLeaf1-SLear?2)
4 begin
for Duyét cdc phan ti trong niit ld Sp.eq r do
Tinh cédc khoang cich Euclidean
d\=Euclidean(Speaf1.¢,Speaf.SpED|[i] C);
dy=Euclidean(Speaf2¢,Speaf.SpED[i]7C);
Tinh d6 do sai biét; d; |dy — dyl;
Pua cdc phin tif vio danh sich Listgy;
Ll'SZSL‘Add(SLeaf.SpED [i],di);

® N & Wn

9 end

10 Sép xép cac phin ti theo dd do sai biét; Sz sorr =
Listgy .Sort;

return Sy 0,13

11
12 end

Thuét toan 7: Phan phdi cic phan tif vao hai nuit
14

1 Input: Ba nut 1a can tach SLeaf’ SLeufl’ SLeufZ

2 Output: Céc niit sau khi phan phdi xong

3 Function: DistributeSpED (SLeafaSLeafl aSLeafZ)

4 begin

5 Khdi tao

6 Stemp = SorlLiStSpED(SLeaf,SLeafl,SLeafz);
7 while (Stemp == 0||Spear1-size!

=M-m+
1||SLea)‘2 size!l =M — m+1) do
8 Tinh khoang cdch Euclidean dén tim cda hai nut
1& Speaft> SLeaf2s
9 if (Euclidean(SLeafl._c),spED._c> <

Euclidean(SLeafz.—c),spED.—c))) then
Dua phan tif spED vao nit 14 Syeqr1;
Cép nhat tam;

else
Dua phan t&f spED vao nit 1d Syeqf1:
Cap nhat tam;
Stemp = Stemp -
end

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24 end

{spED};

end

if (Spear1-size==M —m +1) then
‘ SLean = SLeafZ U Stemps

else
‘ SLeafl = SLeafl U Stemp;

end

return {SLeafls SLeaf2};

bay nhu Thuét toan 8.

Goi n 1a s6 phan ti cla tap di liéu, M 1a sé phan ti
tdi da trong mot mit RS-Tree. Khi thuc hién tich niit,
trong trudng hop xAu nhét, Thuit toan SplitLeafRST phai
tach tir nit 14 dén nit géc. Moi lan tach nit, Thuat todn
SplitLeafRST phai thuc hién M phép so sinh dé phan bd
vé k-cum. Mit khic, mdi lan thuc hién tich nit, trong
truong hop xau nhat Thuat toan SplitLeafRST phéi goi dé
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Thuat toan 8: Thuit todn tdch nut 14

1 Input: Nit 1a can tich Szq ¢
2 Output: Ciy RS-Tree sau khi tich
3 Function: SplitLeafRST (Sp.q5)
4 begin
Tao nut 14 SLeafl, Tao nut 14 Sz eqp2;
Chon hai phan tit xa nhau nhét trong nt 14 S Leafs
SelectedSpEDS( Speq f);
Dua spEDy vao nit 1d Speq 13
Cép nhat tdm va ban kinh;
Dua spED; vao nut 1a Speq2;
Cép nhat tdm va ban kinh;
X6a hai phan tit nay ra khoi Syeq
Goi ham sip xép cdc phn tit theo do do sai biét;
SLsort = SortngtspED(SLeaf SLeafl SLeafZ)
Goi ham phan phéi cic phan ti vao hai nit;
DistributeSpED(S Lsort:SLeaf1:S Leaf2);
SLpr = Sme .parent;
if (S6 phdn tik niit cha Sy, pr 1hé hon N) then
| Cap nhat tm miit cha;
else
| Tich mit cha;
end

e ® 9 & wn

10
11
12
13
14
15
16
17
18
19
20
21
22
23 end

quy tif nit 14 dén nit gbc. M 1a hing sb. Do d6, dd phiic
tap ctia Thuat toan SplitLeafRST 1a O(logn)>.

7. Tim kiém anh twong tu dua trén R-KD-Tree

Tir ciy phan cum dit liéu khong gian RS-Tree da tao, mot
thudt toan tra ciu anh tuong tu theo ndi dung dua trén cay
RS-Tree dugc dé xuit. Qua trinh tim kiém &nh tuong tu
dugc thuc hién trén cdy RS-Tree va dugc mo ta nhu Thuét
toan 9.

Thuét toan 9: Thuit todn tim kiém 4nh trén
R-KD-Tree

1 Input: Pic trung anh truy vin spED, RS Tree
2 Output: Tap anh tudng tu SI
3 Function: RSIR (Sp,, spED)
4 begin
SNode = SNr; R
if (Snode tro tdi phan ti null) then
| return null;
else

- S

if (Syx khong phdi ld it ld) then

Di theo nhanh gin nhit v6i phan ti truy vin
ky hiéu Syx;

RSIR (Snyg, spED);

11
12
13

else
SI = {Céc phan tit anh tuong ty trong miit 14
hién hanh Sy .,;};

14 end
15
16

17 end

end
return S/;
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Tham so COREL  Caltech-101
M 120 100
m 1 1
N 20 25
6 0.078 0.085
Topk 80 50-100
Thoi gian xdy dung 0.41 2.79

ciy RS-Tree (gid)

Goi n 1a s6 phan ti cta tip dif liéu, M 1a s6 phan ti t6i
da trong mot nit ciia RS-Tree. Thuat toan RSIR lan lugt
duyét qua cac niit tir gbc dén 14, hon nita vi cay RS-Tree la
ciy can bang nén thuat toan RSIR duyét qua chiéu cao A
clia cdy. Mbi 1an duyét, thuat toan RSIR phai so sanh véi
M phin ti ciia mdi mit. M 1a hing sb. Do d6, do phiic tap
cta thuat toan RSIR 1a O(logn).

V. THUC NGHIEM
1. Mo ta dur liéu thuc nghiém

D€ danh gia hiéu ning clia cac hé thdng truy van anh, mot
s6 bo dif lidu 4nh tiéu chuin dugc st dung cho qua trinh
thuc nghiém géom COREL, Caltech101. Bd anh COREL
g6m 1,000 anh JPEG chia thanh 10 cht d& khac nhau. Mbi
chd dé gom 100 4nh. Bo 4nh Caltech-101 gdm 9,144 dnh
JPEG chia thanh 102 chi d&. Mdi chi d& chia tir 40 dén
800 4nh. Mbi 4nh c6 kich thuéc tit 200 — 300 pixels. Mbi
hinh anh dudc trich xuét thanh mot véc-to dic trung c6 81
thanh phan. Qu4 trinh trich xuit véc-to dic trung dugc ké
thira tir cong trinh [16]. D li€u thyc nghiém trong bai bdo
nay khong cé rang budc thém so véi cac cong trinh khac
thuc nghiém trén cung bd anh.

2. Thuc nghiém va danh gia

Trong bai bdo nay, cic tham sb M, m, N, 6 dudc tién
hanh thuc nghiém dé lua chon gid tri nhim ning cao do
chinh xdc truy vin. Goi nMax;,cass 12 s6 phan tit t6i da
trong mot phan 16p. Chung t6i thuc nghi€ém chon M €
[(nMaxinciass — @ nMaxipeiass + @], a 1a hing sb6; N €
[2, M]. Ngudng 6 d€ danh gid do tuong tu cdc phan ti
thuoc mot cum. S6 phan i ctia mdi phan 16p xp xi 10%
ctia bo di liéu. Do do, ching t6i thuc nghiém gia tri 6 €
[0.1 = 4,0.1 + u],p € [0,0.05] 1a hé sb hoc. Thong qua
qua trinh thuc nghiém, cic tham sb tdi uu dudc lua chon
sao cho hé théng dat dudc do chinh xic tot nhit dugc trinh
bay nhu Bang I.

Viéc lua chon tham sb trong qud trinh thuc nghiém phu
thudc vao tap dif liéu bao gdm: (1) s6 cic phan tir dif liéu
mau trong mot phan 16p; (2) s lugng phan ti trong tip dit
liéu anh. S6 phan ti trong mot phan 16p cang 16n thi tham
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s6 M cang 16n. S6 lugng phan td trong tap di liéu 16n thi
N cang 16n nham han ché chidu cao ctia ciy gitip giam
thoi gian tim kiém. Ngudng 6 phu thudc vao do tuong tu
clia cdc phan tif trong mot phan 16p, néu cic phan td trong
mot phan 16p cang gan nhau thi ngudng 6 cang bé. TopK
cang 16n do chinh x4c cang thip, do phi cang cao. Tham
s6 TopK dudc lua chon sao cho do do dung hoa dat t6t
nhét.

Thuc nghiém tim kiém anh tuong tu dua trén clu tric
R-Tree két hgp KD-Tree Random Forest dudc minh hoa bdi
hinh 5. Hé truy vin anh RKDT dua trén két qua phan 16p
4nh dau vao (Load Image) bang KD-Tree Random Forest
(Image Classification on KD-Tree Random Forest), sau khi
da xay dung va huin luyén mo hinh phan 16p bing ring
ngiu nhién 13 nhiéu ciu tric KD-Tree (Create KD-Tree
Randm Forest). Sau khi thuyc hién phan 16p cho anh dau
vio 1a qud trinh gom cum bang R-Tree (Clustering on R-
Tree). Dua trén két qua gom cum tif R-Tree dé tim kiém va
trich xuit tdp anh tuong tu vdi anh dau vao sau khi trich
xuit véc-to dic trung.

7 RKDT Retrieval _ o o

& |0.0156059000896422. 0. 0. 0.0961820552522207. 1.01866188574688E-05, 0.
0.000580637274875723, 0.0194666286366229, 0, 0.0210863010349605,

0.379217260206992. 0. 0. 0.0586036182870182, 0.25969766115231, 0.

0.00102884850460435, 3.05598565724065E-05. 0 05009“91541031 7.0.

£0.0330963246679162, 0. 0. 0. 0.0652962268763752, 0.579764705882353,
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0.954020182291667. 0.5625, 0.384

42.0.1875.0.0.0.0.

Image DBs Precision 93.00% F-measure 87.32%

Recall 82.30% Query Times 2528 (ms)

@ COREL
Create KD-Tree Random Forest Image Classffication on KD-Tree Random
Load Image Clustering on R-Tree Retrieval on R-KD-Tree
Feterton D Tee Teur |

O Caktech101

Hinh 5. Hé truy vin dnh RKDT

Két qua tim kiém tap 4nh tuong tu v6i dnh dau vao (anh
588.jpg bo COREL) dugc minh hoa bdi Hinh 6.
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Hinh 6. Két qua truy vin 4nh 588.jpg (COREL)
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Precision-Recall on COREL dataset

roc curve
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Hinh 7. Biéu dd Precision, Recall va ROC bd dnh COREL
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Hinh 8. Biéu dd Precision, Recall va ROC bd anh Caltech101
) Béng 11 R COREL, Caltech101 v&i d6 chinh xac (Precision), dd phu
HIEU SUAT PHAN LOP ANH BANG (Recall) va d6 dung hoa (F-measure), thdi gian truy van
KD-TREE RANDOM FOREST < L, . . e en
trung binh cua céc bd anh (Time query) tinh theo mili gidy
B dit liéu S6 anh  Hiéu suat phan 16p (ms) dugc trinh bay trong Béng III. Két qua nay cho thiy
COREL 1,000 0.8972 hiéu sut tim kiém 5n cic hd A - 14 - oA
’ iéu suat tim kiém anh trén cac bd anh khi két hgp hai cau
Caltech101 9,144 0.7705 i : P

Sau khi xdy dung va huin luyén mo hinh phan 16p anh
bing KD-Tree Random Forest két qui thuc nghiém phan
16p béng ritng ngiu nhién dugc trinh bay trong Bang II.

Két qua thuc nghiém tim kiém 4nh trén cic bo anh
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tric nay la cao hon so véi cac cong trinh st dung riéng 1&
tliing ciu triic trong cong trinh [15, 16].

Két qua thuc nghiém trén cic bd anh COREL, Cal-
tech101 dugc minh hoa bang biéu dd ROC thuc hién trén
Matlab 2015 dudc trinh bay nhu Hinh 7 — Hinh 8.

Bang IV, trinh bay so sanh thuc nghiém tim kiém anh
hé truy vin RKDT trén tiing bo dit liéu véi cic cong trinh



. Bang 111
HIEU SUAT TRUY VAN ANH TREN HE RKDT
Bo anh  Precision Recall F-measure Query time
COREL 0.8101 0.7344 0.7703 33.16
Caltech101  0.7354 0.7020 0.7183 98.12
Bang IV

SO SANH HIEU SUAT TRUY VAN VOI CAC
PHUONG PHAP KHAC TREN CUNG BO ANH

Phuong phap Tap anh Precision

B-SHIFT (2016), [11] COREL 0.7200
k-NN KD-Tree (2019), [12] COREL 0.6430
ORB 8-D with MPL (2020), [24] COREL 0.6656
RKDT COREL 0.8101
BDIPs, GLCM - Caltech101 0.6314

SVM (2020), [13]
MTSD, (2020), [14] Caltech101 0.6942
Feature Detector (2021), [25] Caltech101 0.6200
RKDT Caltech101 0.7354

khéc 14 cao hon béi cic yéu tb: (1) hé truy vin RKDT da
két hop dudc céu tric R-Tree v6i KD-Tree nén phat trién
nhiing wu diém tif hai ciu triic nay; (2) Qua trinh phan 16p
trén KD-Tree Random For-est truéec khi gom cum trén R-
Tree da gép phan ning cao hiéu suit truy vin anh. Pong
thoi, két qua thuc nghiém bo dnh COREL cho thiy su két
hop ciu triic KD-Tree va R-Tree di mang lai hiéu suit tim
kiém anh cao hon so Vi cic cong trinh di cong bd bdi
chiing t6i da cong bd trude day khi chi ding mot cu tric
KD-Tree hodc R-Tree riéng 18 [15, 16].

Hinh 9 va Hinh 10 biéu dién hiéu suét thoi gian truy van
trung binh cho tiing phén 16p trén cac bd anh COREL va
Caltech101.

Thoi gian truy vAn trén bd COREL (ms)

Beach Bus Castle  Dinosaur Elephant  Flower  Horse Meal  Mountain  Pcoples

Hinh 9. Thoi gian truy vAn trung binh cda bd 4nh COREL

Trong bai bao nay, két qua hiéu suit truy van anh dudc
thuc hién so sianh v6i mot s6 cong trinh khac trén cung
bd anh thuc nghiém nhung khong so sanh chi phi thoi
gian huin luyén mo hinh phan 16p vi cAu hinh mdy tinh
khong dong nhit. Pong thdi, chi phi huin luyén mo6 hinh
phan 16p KD-Tree Random Forest chi thuc hién mot lan
va sau d6 dugc thuc thi nhiéu 1an véi bo trong sé da huin

39

Tip 2022, S6 1, Thing 6

Thoi gian truy vén trén bo Caltech101 (ms)

axcordion

Hinh 10. Thdi gian truy vAn trung binh ciia bo anh Caltech101

luyén. Két qua thai gian truy van anh trung binh trén cdc
bd anh COREL, Cal-tech101 cho thdy phuong phdp phan
16p anh bing KD-Tree Random Forest 1a hoan toan kha
thi va hiéu qui. Tir két qua phan 16p nay thuc hién gom
cum trén R-Tree di mang lai hiéu suét truy van anh dugc
danh gia 1a kha cao.

VI. KET LUAN VA HUGNG PHAT TRIEN

Trong bai bdo niy, mot md hinh truy van anh c6 su két
hop chu tric R-Tree vdi KD-Tree Random Forest dugc dé
xuét va thuc nghiém trén céc bd dnh COREL, Caltech101.
Su két hop hai cAu triic dudgc xay dung theo hudng tiép can
gom cum va phan 16p di gép phan ning cao hiéu suit tim
kiém anh vi phit huy dugc nhiing uu di€ém cda tiing ciu
triic va bd trg cho nhau. Thuc nghiém truy van 4nh trén céc
bd anh COREL, Caltech101 v6i d6 chinh xac trung binh
tuong ung la 0.8101, 0.7354. Trong c6ng trinh nay da cai
tién nang cao hiéu suit cho qué trinh phan 16p bing KD-
Tree Random Forest truéc khi gom cum va tim kiém trén
R-Tree. Pinh huéng phit trién tiép theo ctia chiing toi 1a
tir két qua phan 16p bang KD-Tree Random Forest két hop
céi tién R-Tree va dd thi lang giéng dé nhim thuc hién truy
van trén ontology nhim ning cao hiéu suét cho bai toan
tim kiém 4nh theo ngit nghia va d4p dung cho nhiéu bo dit
liéu nhim da dang tap 4nh thuc nghiém.

LOI CAM ON

Chiing toi xin trin trong cam on Khoa Coéng nghé
thong tin — Trudng Pai hoc Khoa hoc - Dai hoc Hué, nhém
nghién cttu SBIR-HCM da gép y chuyén mon cho nghién
cttu nay. Chung tdi xin tran trong cam on Trudng Pai hoc
Su pham TP.HCM da tao diéu kién vé co s vat chét gitip
ching t6i hoan thanh bai nghién cdu nay.
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Abstract: Requirements engineering is often the first stage
in the software process to understand the problem statement.
Finding mistakes earlier in requirements helps reduce the
development cost. One activity contributing to defining clear,
complete and precise requirements is classifying requirement
items in the specification. This paper presents a classifica-
tion approach of functional and non-functional requirements
in Vietnamese using different supervised machine learning
techniques. Five supervised machine learning algorithms,
including Naive Bayes (NB), Support Vector Machine (SVM),
Logistics Regression (LR), Multi-layer Perceptron Neural Net-
work (MLP), and FastText, are implemented, trained, tested
and compared using a dataset. The experimental results show
that NB is the best model in terms of accuracy.

Keywords: Software engineering, requirements engineering,
requirements classification, machine learning.

I. INTRODUCTION

Requirement Engineering (RE) is a process of eliciting
imprecise, incomplete needs and wishes of the potential
users of the software, analyzing, validating, and translating
them into complete, precise, and formal specifications. This
activity is generally the first step in the software pro-
cess. Misunderstanding requirements could be very serious.
Because fixing a requirement mistake after delivery may
cost up to 100 times the cost of fixing an implementation
mistake. Therefore, the importance of RE is enormous to
develop software and reduce errors at a very early stage of
the development process.

Software requirements are often classified into two types:
functional and non-functional. Functional requirements are
statements of services or functions of software, while non-
functional requirements are constraints on services or func-
tions, such as performance, usability, operating platform,
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and software process... This classification impacts how
requirements are processed during analysis, and validation
activities. The requirement classification is often done
manually in the software process. Thus it could require
many developers’ efforts, and they may fail to identify the
critical requirements.

Recently, several studies have been conducted in this
area to reduce efforts and help to improve the quality of
the software requirements. One of them is automatically
distinguishing functional from non-functional requirements
[1-5, 13] or identifying non-functional [9, 12] or catego-
rizing non-functional requirements [6, 7, 8] or prioritizing
requirements [10, 11]. These works concentrate mostly on
studying requirement specifications in English by using
various machine learning techniques. The results are quite
interesting. However, automatically classifying software re-
quirements in Vietnamese has not been focused in the
literature. Besides, no dataset for this problem has been
built yet.

That is why we are motivated to study the applica-
tion of machine learning algorithms in classifying soft-
ware requirements in Vietnamese into functional and non-
functional categories and evaluating their performance. In
this paper, we first build a dataset consisting of functional
and non-functional requirements, then propose a methodol-
ogy for classifying requirements, select different machine
learning algorithms for experimentation, and evaluate the
experimental results.

The paper is organized as follows. Section I introduces
the motivation of the study. The related works are presented
in Section II. The methodology is described in Section III.
Section IV is reserved for experimentation. The results are
discussed in Section V. Finally, the paper finishes with the



conclusion and future works.

II. RELATED WORKS

The requirements classification is often manually done
late in the software process. Thus, automatic classification
of software requirements into functional and non-functional
requirements is helpful. This task-based on machine learn-
ing has been examined in English requirements.

In [1], the authors used the SVM for requirements clas-
sification. The study combines SVM and linguistic features
as functional and non-functional requirements. It reaches a
recall and precision of about 92% for both classes. This
approach was developed and expanded to 17 linguistic
features [3].

Another approach for preprocessing requirements was
proposed in [2]. It standardizes and normalizes require-
ments before applying classification algorithms. The exper-
imental results show that using this approach improves the
efficiency of algorithms Latent Dirichlet Allocation, Biterm
Topic Modeling, K-means, and Naive Bayes in classifying
requirements.

Software requirements usually vary in wording and style.
Thus, the efficiency of machine learning algorithms reduces
in the case used for unseen projects. To deal with the
problem, using the transfer learning capabilities of BERT
for requirements classification is proposed in [4]. This
approach was used for different tasks in the domain of
requirements classification. Results are similar or better
(F1-scores up to 94%) on both seen and unseen projects
for classifying functional and non-functional requirements.

In [5], the authors examined the problem of combin-
ing feature extraction techniques and machine learning
algorithms for classifying software requirements. The fea-
ture extraction techniques are Bag of Words and Term
Frequency - Inverse Document. The algorithms used for
classification are LR, SVM, NB, and k-Nearest Neighbors.
The experimental results show that the combination of
Term Frequency - Inverse Document and LR has the best
efficiency, with an F-measure of 91%.

In Vietnam, the software industry has been developing
quickly in recent years. The total revenue of the soft-
ware industry reached 5.44 billion U.S. dollars in 2020
[14]. However, the automatic classification of Vietnamese
software requirements has not been investigated in the
literature.

III. METHODOLOGY

This section presents the details of our proposed method-
ology for automatically classifying Vietnamese software re-
quirements. The classification of requirements is performed
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in four phases. As illustrated in Figure 1, software require-
ments are pre-processed, and then features are extracted.
Finally, five machine learning algorithms are performed and
evaluated.

1. Data pre-processing

The most important phase in any data-driven project is
obtaining quality data. Without these pre-processing steps,
the results of a project can easily be biased or wholly
misunderstood. This phase is the process of normalizing
data and removing elements that are not meant for text
classification. In this paper, we realize the following works
for data pre-processing:

e Removing HTML tags. To build the dataset for this
study, requirements were collected from websites.
They may contain HTML tags; thus, it is necessary
to remove these tags. Because HTML tags could lead
to a bad result in text classification, we use regex in
Python to remove these tags.

o Normalizing Unicode encoding. In Vietnamese, there
are several forms of Vietnamese encoding, but the
most popular ones are the combination Unicode and
precomposed Unicode. Using different encoding stan-
dards in the same texts can lead to a problem: when
putting a word into a training model, it will interpret
that word as different words even though humans see
it as the same. Our solution for this case is converting
texts to the precomposed Unicode standard.

o Standardizing typing styles. Different typing styles
could lead to different words in text processing. For

instance, “0a” and “oa” are different. We develop a
Python function to convert texts to the same typing
style.

o Converting to lower texts. This work is essential
because this feature does not contribute to the text
classification result. Converting texts to lower cases
also reduces features and increases the accuracy of the
model.

o Deleting special characters in texts. Punctuations,
numbers, and other special characters do not contribute
to the result of text classification, so we remove them.

e Removing stop words. These words do not contribute to
the classification result, thus we also develop a Python
function to remove them from texts.

o Tokenizing words. There are currently several Viet-
namese natural language processing toolkits such as
VnCoreNLP, underthesea,... In this study, we use
Python programming languages to develop models,
therefore underthesea library, which is a suite of open-
source Python modules, was used to tokenize the
Vietnamese words.
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Figure 1. Schema of classifying software requirements in Vietnamese

2. Feature extraction

Machine learning techniques work on numeric features;
therefore, we need to present them in numbers to be
understood by the algorithms to deal with textual data.
There are currently three popular ways to extract features
from text documents: Bag of Words, Term Frequency -
Inverse Document Frequency, and Word Counts. This uses
word counts techniques with CountVectorizer of Scikitlearn
library to convert texts to vector representations.

3. Classification

Supervised machine learning algorithms are used to clas-
sify software requirements into functional or non-functional
categories. This study applies five algorithms as follows.

o Naive Bayes. It is a probabilistic learning strategy often
utilized in natural language processing. NB computes
each tag’s probability and gives the tag the highest
probability as the outcome.

o Support Vector Machine. SVM is a supervised machine
learning algorithm used for classification and regres-
sion challenges. Each data item is plotted as a point in
n-dimensional. The value of each feature is the value
of a specific coordinate. Then, the category is done by

44

finding the hyperplane that differentiates well the two
classes.

o Logistics Regression. LR is a classification algorithm
that assigns observations to a discrete set of classes. It
is the baseline supervised machine learning algorithm
close to neural networks.

o Multi-layer Perceptron Neural Network. MLP includes
at least three layers: an input layer, a hidden layer, and
an output layer. MLP uses a supervised learning tech-
nique named backpropagation for training. Its multiple
layers and nonlinear activation distinguish MLP from
a linear perceptron.

o FastText. FastText is a method for encoding words as
numeric vectors. It is much faster and easier to main-
tain than deep neural networks like BERT. Pretrained
FastText embedding is utilized for solve problems, for
example, named entity recognition or text classifica-
tion.

4. Evaluation

To evaluate the ability to distinguish functional re-
quirements and non-functional requirements, we use the
Precision, Recall, and Fl-score metrics. Before we get
into precision and recall, we present True positive, True
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TABLE 1
EXPERIMENTAL RESULTS OF FIVE ALGORITHMS

Algorithms Precision | Recall | F1-score | Training time
(seconds)
Naive Bayes 0.929 0.935 | 0.932 0.0172
Logistics regression 0.907 0.935 | 0.932 0.0259
Support Vector Machine 0.895 0.903 0.888 0.0168
Multi-layer Perceptron Neural Network 0.578 0.578 | 0.578 0.0153
FastText 0.755 0.755 | 0.755 1.5640
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Figure 2. Algorithms comparison in terms of precision

negative, False positive, and False negative outcome clas-
sifications. True positives are understood positive results
that the algorithm predicted correctly. True negatives are
negative results that the algorithm predicted correctly. False
positives are positive results that the algorithm predicted
incorrectly. False negatives are negative results that the
algorithm predicted incorrectly. By TP, TN, FP, and FN,
we denote True positives, True negatives, False positives,
and False negatives, respectively.

Precision is the ratio of correctly predicted positive
observations to the total predicted positive observations. It
is determined as follows:

TP

Precision = ————
TP+ FP

ey

Recall is the ratio of correctly predicted positive ob-
servations to all observations in an actual class. Recall is
computed as the following:

TP

Recall = ——
TP+ FN

(@)
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F1-score is the weighted average of Precision and Recall.
It is calculated as follows:
2 % Recall % Precision

F| —Score =

3

Recall + Precision

IV. EXPERIMENT AND ANALYSIS
1. Dataset

Since there has not been an available software require-
ment dataset in Vietnamese yet, we firstly built a testing
sample dataset. It contains 222 requirements collected from
four different software projects on the Internet. The require-
ments are in the form of a sentence or a short paragraph,
such as “San phim phai c6 bang mau va phong chit nhét
quan”. In this dataset, we labeled 131 requirements as
functional and 91 requirements as non-functional.

2. Experimental setups

This study conducts experiments with the requirements
classification in Vietnamese with algorithms NB, SVM,
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LR, MLP, and FastText. These five algorithms all execute
on the same data set that we built. We used the underthesea
library to pre-process Vietnamese texts and the Scikit-learn
library for five algorithms.

3. Experimental results

In this section, we evaluate the experimental results
of five algorithms in the classification of requirements
in Vietnamese. Table 1 shows the performance of each
classification method.

Figure 2 shows a significant difference in precision value
between the algorithms. NB has the best performance with
92.9% precision, and MLP is the worst with only 57.8%.

In terms of time for training models with the same
training dataset size, FastText takes much more time than
the other models, with 1.0629 seconds, while those of
the others are only 0.01 — 0.03 seconds. We can see this
difference clearly in Figure 3. Besides, the precision of
FastText is only 75.5%.

We consider the remaining four models. The training
time of MLP is the smallest with 0.0172 seconds, the
second is SVM with 0.0168 seconds, the third is NB
with 0.0172 seconds, and the fourth is LR with 0.0259
seconds. The difference between these fourth training times
is not significant. Besides, NB has the best performance
in all algorithms with 92.9% precision. We can assume
that NB is best in classifying software requirements written
in Vietnamese in both performance and time of model
training.
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V. DISCUSSION

This section provides a discussion of the results in terms
of the performance and how the results of this study can
be useful for industry practitioners. In this era of software
development, requirement analysis could generate a large
amount of unstructured software specification documents
during the elicitation process. The work in this paper is
concerned with the development of models to classify
functional and non-functional requirements in Vietnamese.
The results of this study could help researchers as well as
practitioners from the software industry find the type of
requirements based on their description in the early phases
of software development. It is a factor that contributes to
software quality.

The experimental results show that NB and LR are the
best supervised machine learning methods for classifying
software requirements in Vietnamese into functional and
non-functional categories. The efficiency of these two al-
gorithms can be further improved by more suitable data
representation.

Determining whether these two algorithms are efficient
for Vietnamese texts in other fields requires much research
with datasets in each field. It is also an issue that we will
delve into in future research.

VI. CONCLUSION

Classification of software requirements into functional
and non-functional is critical in the software process. In
this study, we have presented a machine learning approach
to classify functional and non-functional requirements in



Vietnamese in order to support the requirement elicitation
process. We first built a dataset containing functional and
non-functional requirements and then labeled them. After
pre-processing the requirements, we performed five ma-
chine learning algorithms, including NB, SVM, LR, MLP,
and FastText for the experiment. The experimental results
show that the NB algorithm gives the best performance for
distinguishing the requirements.
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