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Tom tdt: Nghién cau ndy thir nghiém maot sé thuat toén
hoc méy gdbm XGBoost, ring ngau nhién, cay quyét dinh,
may vecto hd tro, k lang giéng gan nhét cho bai toén du
doan. Tap dix liéu thi truong ching khoan NASDAQ cua
Hoa Ky duoc iy dén hét thang 5/2021 Iam dir liéu thu
nghiém cho cac thuat todn hoc may. Gié tri du doan va
huan luyén 1 gia c6 phiéu trén thi truong chirng khoan dya
trén bo dir liu cua AAPL. Két qua thir nghiém cho thay
phuong phap XGBoost cho két qua dy doan tt nhit so véi
cac thuat toan hoc may khac.

Tirkhoa: Hoc may, Al, XGBoost, rirng ngau nhién, cay
quyét dinh, may vecto hd tro, k lang giéng gan nhat,
NASDAQ, gi4 cé phiéu.

I. GIOI THIEU

Nganh cong nghé tai chinh (FinTech) hién nay dang
phat trién manh mé va c6 tac dong tich cuc dén mot sé hoat
déng cua nganh tai chinh hién dai. Cac tng dung cdng nghé
phan tich dir li¢u dé tim quy luat thi trudng dang ngay cang
duoc sir dung rong réi, cho két qua nhanh va xir Iy duoc
ngudn di ligu 16n. Su két hop giira cong nghé thong tin va
phan tich tai chinh da mo ra khdng gian phét trién mai, ca
vé hoc thuat va ung dung thuc té. Cing véi su phét trién
céc thuat toan tri tué nhan tao (Al) vé téc do, d6 chinh xéac
va kha ning xtr ly, cac ting dung Al ngay cang gidp ho tro
con ngudi nang cao kha nang phan tich va xir ly céc nguon
dir liéu tai chinh. Trén thuc té, cac thuat toan tri tué nhan
tao ¢6 ung dung phd bién trong nhiéu linh vyc tai chinh
nhu: du doén thi truong ching khoan, phan tich thi treong
dau tu cho doanh nghiép, phan tich hanh vi nguoi tiéu
dung, goi y danh muc nganh nghé dau tu c6 tiém ning l4i
suét cao, phan tich cac yéu tb tac dong va du bao sy phat
trién cua cac nganh tai chinh, ngan hang, bao hiém,...

Thi truong ching khoén toan cau c6 gia tri von hda
rat 16n voi mot luu lugng tién khong 16. Nam 2019, tong
gié tri cd phiéu toan cau cua thi truong ching khoan dat
khoang 85 nghin ty d6 1a My [1]. Trong nhiing nim qua,
bai toan dy doan thi truong ching khoan ludn thu hat dugc
nhidu su quan tdm cua cac nha dau tu va cac nha nghién
ctru dé hd tro ra quyét dinh, cung cip thdng tin tham khao
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dé ra quyét dinh dau tu v6i mong mudn thu duoc logi nhuan
cao hon. Trén thuc té, gia c6 phiéu khong chi phu thudc
vao bién dong lich st cua gia qua khir treée kia ma con phu
thuoc nhiéu vao nhiéu yéu t6 khé luong, ching han nhu
dau tu cta chinh phu, chi s chiing khoén cua cac quéc gia
khac, chi s6 gia hang hoa lién quan, tham chi ca nhiing tin
ddn that thiét, cac tin tac lién quan,... Tuy nhién, viéc du
doan gia c6 phiéu dya trén dit liéu lich st va su bién dong
cua chang trong qué khar ciing gidp cung cap théng tin
tham khao c6 gia tri cho cac nha dau tu trén thi truong dé
c6 thé ra quyét dinh dau tu tot nhét cho ho.

ll. CAC NGHIEN Cl’U LIEN QUAN

Trén thyc té, cac hoc gia qudc té da co rat nhiéu
nghién ctu vé du doan gia c6 phiéu trén thé gisi. Mot trong
sb d6 1a nghién ctru [2] da cho thiy mdi lién hé chat ché
gitra mic d6 du doan ding gia chirng khoan vai viéc sir
dung cac phuong phap hoc may khac nhau. Qua ra soat cac
cong trinh nghién ctu, bai todn dy doan gid cb phiéu
thuong duoc giai quyét bang mé hinh LSTM (Long Short
Term Memory). Nghién ctu [3] da thir nghiém mé hinh
LSTM &p dung cho gid mé cua (open price) hang ngay cua
hai ¢6 phiéu NKE (Nike Inc) va GOOGL (Alphabet Inc)
duoc niém yét trén san giao dich ching khoan New York
(NYSE). Két qua cho thdy néu dir liéu dao tao it nhung ¢
nhiéu I6p mang hon c6 thé cai thién két qua thir nghiém va
cung cap cac gia tri du doan t6t hon. Cong trinh nghién ciu
[4] d& cung cap danh gia tong thé 86 bai bao da xuat ban tir
nam 2015 dén ddu nam 2021 vé giai quyét bai toan du doan
gi4 chung khoan. Bai béo cua ho da danh gia cc chi s6
hiéu nang chinh caa mé hinh gdm RMSE, MAPE, MAE,
MSE, d6 chinh xac, ty 1& Sharpe va ty 1& hoan vén. Bai béo
nay da chi ra rang phan Ién cac nghién ciru bai toan dy bao
gia chimng khoan sir dung mé hinh LSTM, két hop Vi sir
dung cac phuong phap khac (vi du DNN). Bai bao ciing chi
ra cac phuong phap hoc cang cb va cac phuong phéap hoc
sau khac ciing mang lai hiéu qua tét.

Cong trinh [5] da &4p dung md hinh mang no-ron tich
chap ¢ cai tién tinh nang hoc nang cao dé &p dung du doan
bién dong gia cé phiéu. Két qua cua ho cho thiy do chinh
xé&c du doan cao nhit cia mo hinh FA-CNN duoc dé xuét
13 64,81% va cao hon 7,38% so voi md hinh LSTM truyén
thong. Cong trinh [6] da sir dung cac thuat toan hoc may
dé dy doan gi4 thi truong chirng khodn S&P 500. Céc tac
gia da 4ap dung cac ky thuat Linear Regression,
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Multivariate Regression, Support Vector Regression,
Decision Tree, Random Forest Regressor and Extra Tree
Regressor. Két qua nghién ctru da chirng minh Random
Forest Regressor and Extra Tree Regressor la cac thuat
toan hdi quy tét nhat cho bai toan du doan ching khoan.
Nghién ctu [7] dd tht nghiém thuit todn LSTM va
Random Forest cho bai toan du doan gia c6 phiéu va cho
két qua du doan phu thudc vao kich thudc bo dir lidu. Thuat
toan LSTM va Random Forest chua cung cap duoc gié tri
du doan chinh xéac cao ddi vai bo dir liéu nho, nhung néu
ap dung cho bo dir liéu dai han va dua 16n, két qua du doan
da kha chinh xac. Nghién ctu [7] cling chung minh rang
thuat toan Random Forest c6 b sung mot s6 dac trung ket
XUat tir bo dir liéu huan luyén cho két qua dy doan gia co
phiéu chinh xac hon.

Cong trinh [8] da thuc hién nghién ciru ap dung mot
s6 thuat toan hoc may nhu Averaging, Linear Regression
va céc ky thuat hoc sdu nhu LSTM &p dung vao tap dir liéu
cua thi truong chang khoan An 6. Bo dit liéu thr nghiém
bao gém loi nhuan, ty 1& phan tram thay ddi gia dong ctra
(close price) cua gi& cd phiéu céc cong ty khac nhau. Cong
trinh [8] d ap dung mot sé k§ thuat khac nhau nhu hdi quy
tuyén tinh, K-Means Clustering, K lang giéng gan nhit,
LSTM,... Nghién ctru [8] da cho két qua ring viéc st dung
cac thuat toan khac nhau ap dung trén cung tap dir liéu s&
cho két qua khac nhau khi giai quyét bai toan du doan gia
twong lai duya trén dix liéu gia ¢ phiéu trong qua kht. Biéu
nay cho thay két qua du doan khong chi phu thugc thuat
toan &p dung ma con ca tap dix liéu thir nghiém.

Cong trinh nghién ctru [9] da thuc hién thir nghiém
mot sb thuat todn véi cac tham sb khac nhau dé du doan thi
trudng chang khoan. Cac tap dit liéu thur nghiém duoc liy
tir Kaggle.com. CAc tac gia da trién khai cac thuat toan hoc
c6 giam sat véi ty 1& phan chia khac nhau déi véi bo dit liu
huan luyén va bo dit liéu du doan. Céc tac gia thir nghiém
thuat toan ap dung cho kich thuéc phan chia bo dir liéu
huan luyén va du doan theo céc ty 1¢ 70:30, 50:50 va 30:70.
Két qua nghién ctru chi ra thuat toan cho hiéu qua tét nhat
la KNN (K-Nearest Neighbor) véi ty 1€ phan chia dit liéu
¢6 kich thuéce la 70:30.

Nghién ctru [10] thir nghiém giai quyét bai toan dy
béo thi truong ching khoan Trung Quéc véi bo dir lieu
trong 8 nam lién tiép. Noi dung nghién ctru da ap dung cé
cai tién ba mo hinh tong hop dé du doan gia c6 phiéu, do
la XGBoost, LightGBM va CatBoost. Két qua nghién ciru
da chirng minh 3 md hinh cai tién noi trén cho d6 chinh xac
t6t hon so v6i cac mo hinh truyén théng. Nghién ctu ciing
da thir nghiém 3 md hinh XGBoost, LightGBM va
CatBoost véi diéu chinh thdng sé Bayes trén tap dit liéu.
Két qua cho thdy 3 md hinh nay hoat dong tét hon va dugc
cai thién cao hon sau khi diéu chinh tham sé Bayes. Ngoai
ra, cac tac gia cling nghién ctru viéc tich hop 3 md hinh nay
va &p dung vao cung bo dit liu. Két qua thir nghiém tich
hop 3 md hinh cho gi4 tri du doan tét hon véi cac chi s6
do: d6 chinh x&c, gid tri F1, gi4 tri AUC so v&i 4p dung trén
ting moé hinh don 18.

. PHUONG PHAP VA DU LIEU AP DUNG
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Trong nghién ctru nay, phuong phéap thuc hién dua
trén cac ky thuat hoi quy (regression) dé dy doan bién dong
gi4 co phiéu tuong lai dua trén céc s6 liéu lich sir cia bo
dir liéu. Nghién ctru da trién khai 5 ky thuat dé kiém tra mo
hinh, d6 1a: Hbi quy may vecto hd trg (SVM- Support
Vector Machine), Cay quyét dinh (Decision Tree), Ring
ngau nhién (Random Forest), K lang giéng gan nhat (K-
Nearest Neighbor) va ting cudng d6 déc XGBoost. Trong
céc noi dung tiép theo, bai bao s& tém tit ngan gon cac khai
niém va y tudng cua 5 thuat todn ndy. Bai bao nay thuc
hién ap dung 5 phuong phap nay vao bai toédn du doan gia
cd phiéu trén thi truong ching khoan.

Dix liéu sir dung trong bai bao nay bao gém gid mo
ctra hang ngay (daily open price) cua ma c6 phiéu AAPL
(Apple Inc) trén san giao dich ching khodn NASDAQ
thong qua co so dir liéu cua Yahoo Finance. Bo dir ligu
duoc trich xuét tir Yahoo Finance cho chudi dit ligu gia ma
chung khoéan AAPL bao gom khoang thoi gian tir ngay 01
thang 6 nam 2001 dén ngay 01 thang 6 nam 2021. Chi tiét
vé phuong phép va tap dir liéu duoc giai thich ngan gon
trong cac doan sau.

1. Support Vector Machine (SVM)

SVM la mot thuat toan hoc may phé bién thuong
duoc st dung trong ca 2 loai bai toan hoi quy va phén loai.
Xeét trén mot sb goc nhin, hdi quy vecto hd tro (SVR) la
tim siéu phang dé phu hgp véi tap dir liéu. Hoi quy SVM
duoc coi 1a mot ki thuat phi tham s6 vi né dua vao céac
chtrc ndng ctia ham hat nhan.

Theo tham khao bai b4o [11], mo hinh SVR duya trén
ly thuyét hoc thong ké, co thé cai thién kha nang tong quat
héa cua may hoc bang cach tim kiém cau tric co sai biét
toi thiéu.

Gia st rang:

SV {(x1, yl) (X2, V2), . (xm, Ym) } 1& mot tap hop
gom m s6 lwong mau dao tao, mdi Mau Xm 12 mot bién dau
vao chira cac thong tin anh huong dén bién dong gia co
phiéu trong tap di IIeu Trong khi d6, ym la gia tri phan
tram thay ddi cua gia c6 phleu twong ng Vi Xm. Cac mau
huan luyén nay dugc diéu chinh theo ham: f (x) = o"x+b
va cac két qua duoc diéu chinh phai thoa man véi d6 chinh
Xac sai so ¢, tac la:

loT™xi+b-yil| <&, v6ii=1,2,...,m (1)

Theo nguyén tic tim kiém ciu tric co sai biét toi
thiéu, f(x) can tao ra gié tri %le |2 1a nhé nhét.

Tiép theo, thuat toan SVR 4p dung céc nguyén tic
kép, thiét lap cac budc khac nhau, ching han nhu giai thuat
Lagrange, 4p dung mot s6 ham hat nhan phé bién nhu ham
polynomial kernel function, radial basis function, sigmoid
kernel function va tinh toan trong khong gian Euclide... dé
tim ra md hinh hdi quy tét nhat véi két qua duoc chi ra bai
céc hé sé o. Trong mod hinh SVR, cac ham kernel function
khéc nhau c6 thé dugc cau tric hda cac bé mat hdi quy khac
nhau dan dén dua ra cac két qua khac nhau. Trong thuc té,
can phai chon ham kernel function phi hop véi cac tham
s6 hat nhan ti wu trong mo6 hinh SVR.

2. Decision Trees
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Cay quyét dinh ciing 1a mot thuat todn hoc may rét
pho bién, thuong dugc &p dung cho ca bai toan hoi quy va
phan loai. Phuong phéap nay su dung giai quyét nhiéu véan
dé bang cach xu ly ca tap dit liéu s6 va tap dir liéu danh
nghia. Phuong phap nay khong yéu cau thdng tin rd rang
vé phan b di ligu va cac gii han khéc trén tap dir ligu. C6
nhiéu thuat toan khac nhau trong phuong phép cy quyét
dinh va mot trong nhing thuat toan phé bién nhat la CART
(Classification And Regression Trees).

Theo mé ta ngan gon dugc néu trong bai béo [12]
thi CART phan bd cac mau dit liéu dudi dang lién két mot
tap thdng sb cac dic trung X twong tng cho mat bién dau
ra Y. Thuat toan chinh duoc sir dung 12 mét cau triic cay
nhi phan véi cdc mau con khong giao nhau duoc goi la cac
nat, xu ly theo mot sb cac quy tic xac dinh. Quy tic cho
mdi 1an tach ctia nat cha T nhu sau: “Néu Xi < Xi, thi néu
Yi €T s& cho Y di chuyén sang nit con bén trai cia T, néu
nguoc lai Y dugc chuyén sang nit con bén phai cua T
Trong d6, X 1a gid tri thir i cua yéu té du doan X va X 12
gia tri nguong (threshold) cua X. Thyc hién Iap lai tung
budc & mdi nit quyét dinh cho budce di chuyén tiép theo,
gi& tri mo hinh dy doan cuia dau ra |a gia tri trung binh hozc
mot gia tri twong ddi cua cac trudng hop da duoc xac dinh
trong mot nGt nhat dinh. Thuat toan tim kiém tat ca cac yéu
t6 du doan X va tat ca cac gia tri ngudng X dé xac dinh
nhitng yéu té giam thiéu gia tri 15i nhat dinh cho md hinh
& mdi budc. Trén thyc té, thuat toan cay quyét dinh ciing
phai dbi mat véi van dé cay phat trién quéa sau (over-
deeping) va md hinh qua khop (over-fitting). Bé giai quyét
nhitng diém yéu nay, thuat toan thiét 1ap va kiém soat mot
s6 tham sb, ching han nhu sb trueong hop téi thiéu cho nat
cha, s6 truong hop tdi thiéu cho nat con, xé&c thuc chéo
duoc ap dung trén tap dir liéu, gii han d6 sau cay, xac dinh
trugc mirc do 16i chap nhan duoc,... Phuong phap hdi quy
CART hoat dong duya trén cac dic diém cua tap dir liéu dé
dat dugc bién phu thudc ¢ do chinh xéac cao va dua ra cac
moé hinh duoc chap nhan, phi hop véi tap di liéu cho bai
toan hoi quy.

3. Random Forest

Rirng ngau nhién 12 mot phuong phap ensemble (két
hop) dwoc st dung dé giai quyét ca bai toan phan loai va
hdi quy, dugc phat trién boi Breiman [13]. Thuat toan thuc
hién bang cach két hop cac thuat toan cay quyét dinh trén
tap dit liéu vai su thay ddi c6 kiém soét.

Theo md ta cua bai béo [14] thuat toan ring ngau
nhién trong héi quy duoc md ta ngén gon theo ngén ngi
thuat todn nhu sau:

*) Giai doan dao tao (Training Phase):

Cho:

- D: tap ‘hua‘in luyén véi n gid tri quan sét, c6 p dac
trung va bien dau ra.

- B: s6 hoi quy trong tap hop.

Thu tuc thuc hién:

Chob=1dénB

1. Tao mot tap mau bootstrapped Dj, tir tap huén
luyén D.
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2. Tao cay hdi quy biang cach st dung maiu
bootstrapped Dj,.

Dbéi vai mot nat t cho trudc,

(i) LAy mau ngau nhién mot sé dic trung (features)
tir bo dac trung day du.

(ii) Tim quy tac tach tét nhat bang cach sir dung tap
hop con dic trung trong mau ngau nhién.

(iii) Tach nat t thanh hai nat con bang cach st dung
quy tac tach tét nhat.

Lap lai budc (i)-(iii) cho dén khi dap wng cac quy
tac dung.

3. Lay mot bo hdi quy da duoc huan luyén Ro.

*) Giai doan thir nghiém (Test Phase):

Déi véi trudong hop ap dung bo thir nghiém x, gia tri
du doan duogc woc tinh bai cac bo hdi quy B va duge dua
ra dudi dang cbng thuc:

B
1
=2 R® @
b=1

4. K-Nearest Neibourgh (k-NN)

Trong phan nay, bai bao dé cap dén thuat toan K-
NN dugc mé ta ngan gon boi Guo-Feng va cong su trong
cong bd [15]. Thuat toan K-NN lam viéc theo huéng tim
ra k mau huan luyén gan nhat véi dbi tuong dich (bién phan
hoi hogc bién dau ra) trong tap huan luyén. Hon nira,
phuong phap K-NN con tim ra ddc diém ndi bat nhat tir k
mau huan luyén va sau d6 ap dung tinh nang nay cho di
tuong dich (véi didu kién k 12 s6 miu dao tao).

Theo nghién ctru [15], ¥ tudng cua thuat todn K-NN
dugc mo ta don gian va ngin gon nhu trong cac ndi dung
sau. Thuat toan K-NN nhiam muc dich tinh toan khoang
cach giita diém dit liéu du bao va diém dit liéu da biét, dé
chon dit liéu c6 nhan k gan nhét, {y1, y2, ..., yk}, trong do
y1 dai dién cho diém dit liéu da biét gin nhat véi diém du
bao; y» dai dién cho diém dir liéu da biét gan tht hai voi
diém du bao,... Do d6, chudi diém dir liéu du béo co thé
duoc thyc hién bang hdi quy thuat toan K-NN nhu phuong

trinh dudi day:
k
= 5 ®
j=1

trong d6 Si dai dién cho gida tri du béao thu i, la gia
tri trung binh cua Sy,; = 1, 2,..., k); S; dai dién cho gia
tri dy béo cua diém dit liéu da biét gan nhat thi j (y;).
5. XGBoost

XGBoost viét tit cua cum tir Extreme Gradient
Boosting, mot thuat todn hoc may hiéu qua cao dua trén su
két hop céc ky thuat dé diéu chinh cac trong s6 15i trén cac
m6 hinh yéu hon dé tao ra mét md hinh manh hon. Nguyén
tic thuat toan XGBoost duya trén cay quyét dinh va ky thuat
tang cuong do déc dé dua ra mé hinh tdi wu. Cac cdy méi
sinh ra tuan tuy dugc giam thiéu 13i tir cay trude dé bang
cach hoc lai 18i cua cay trudce do, thuc hién sira 16i dé dwoc
cay tét hon. XGBoost ban diu dugc Chen va Guestrin
(2016) gisi thigu dé cai thien hiéu suat va téc do cua cay

R(x)

w|+—\
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quyét dinh theo nguyén tic ting cudng do dbc (gradient-
boosted) [16].

Theo mé ta thuat toan dugc dua ra boi cac tac gia
Chen va Guestrin [16], XGBoost hoat dong nhu sau:

D4i vai mot tap dir lidu da cho co n mau dir lidu va
m déc trung D = {(x;, yi)} (ID| = n, X € R™, yi € R), 4p dung
mot mo hinh két hop céc cay sir dung K ham ting cuong
dé du doan dau ra.

9i=00) =) flid fe€F ()
k=1

trong d6 F = {f(x) =wy(X)} (q: R™"— T,weRT) la
khéng gian cua cay hdi quy (con dugc goi 1a CART). O
day q 1a dai lugng biéu dién cho cau tric caa mdi cay, anh
Xa mot mau dix liéu cho chi sb 14 twong ung. T 1as6 la trén
cay. Mdi fx twong (g véi mot ciu trac cay doc lap q va
trong luong 14 w.

Dé tim hiéu tap hop cac ham duogc sir dung trong
m6 hinh, thuat toan ti thiéu héa ham muc tiéu quy chuin
sau:

n K
L@ =Y 1Guy) + ) 0 )
i=1 k

trong d6 Q(f) = yT + %/1||w||2

Trong d6, I 1a mot ham mét mat 16i kha vi duoc
dung dé do ludng su khac biét gitra gia tri du doan §; va
gid tri thuc t¢ yi. Thanh phan thir hai © 1a mtc d6 phat cho
do phic tap cua md hinh (vi du: ham cua cay hdi quy)
Thanh phan quy chuan b sung gitp lam tron cac trong s6
cudi cung da hoc dwoc dé tranh hién tuong qua khop. Vé
mit truc quan, muc tiéu quy chuan c6 xu huéng chon mot
mo hinh str dung cdc ham don gian nhung c6 tinh dy doan
cao.

Thuat toan ting cuong do doc trén cay (Gradient
Tree Boosting) dugc thuc hién khi m6 hinh lién tuc duoc
dao tao theo cach bd sung dic tinh. V& mat hinh thuc, dat
9 1 gia tri du doén thir i tai vong Iap thir t, thuat toan s&
can b sung thanh phan f; dé thu nho ham muc tiéu nhu
sau:

n

£O ="y, 370 + £i) + 0 (6)
i=1
Tbi wu x4p xi bac 2 duoc s dung dé tdi wu hoa

nhanh hon ham muc tiéu trong cai dat thuat toan.

n
® = 5(t-1) Lo 2
LO= 3 |1(yn 3"+ gifi () + 5 hif2(x)
i=1

+Q(f) (7)
do gi = ay(t—l)l(yi,_’)’)(t_l)) va hi =
6;(t_1)l(yi, 9D 1a gradient bac nhat va bac hai trén ham
mat mat. Ching ta c6 thé loai bo cac hang sé dé thu dugc
ham muc tiéu don gian hon nhu sau & budc t.

trong

s 02 (CS.01) 2021

n

LO = Z[g fe(x) +]l( e 4 = hlftz(xi)>

i=1
+Q(f) (8)

Dinh nghia I; = {ijq(xi) = j} 1a tap biéu dién thanh
phan cua |4 j. Ching ta c6 thé tinh trong s6 téi vu w; cia
14 j bang cach:

Zielj )

Wi = — i)
g Yierjhi + 2

tinh gia tri t6i uu twong irng béng céch:

ZlEI gl.
LO® = Z / +vyT (10
I R

Cdng thac (10) c6 thé duoc sir dung nhu mot ham
cham diém dé do chat lugng cua mot cau triic cay q. Piém
nay giéng nhu diém phan loai dé danh gia ciy quyét dinh,
ngoai trir viéc né duoc tinh cho mot pham vi rong hon cua
cac ham muc tiéu.

V& ban chit, thuat toan XGBoost sir dung st dung
k¥ thuat ting cuong do doc (gradient boosting) dé xac dinh
cac cay moi duge sinh ra trén co s giam thiéu 15i tir cay
true do, diéu chinh trong sb 15i dé cé cay tét hon. Do do,
nhitng diém bi 18i & cay trude d6 s& c6 co hoi duoc didu
chinh chinh xac hon & cay tiép theo. Thuat toan XGBoost
da dugc chang minh ti wu hoa vé tée do va hiéu nang cho
viéc xay dung cac md hinh du doan. Dong thoi, thuat toan
XGBoost st dung da dang cac dinh dang dir liéu, ké ca dir
liéu dang bang véi kich thudc khic nhau va ca cac dang di
lieu phén lop.

6. M0 td diz ligu si dung cho nghién ciru

Bai bao nay sir dung dix liéu cua san giao dich chirng
khoan NASDAQ thong qua co s¢ dir liéu cha Yahoo
Finance. Dir liéu trich xuét sau khi loc bo cac ban ghi 6 s6
liéu rdng va chuan héa dit liéu, ta thu duoc 5029 ban ghi
cua ma cd phiéu AAPL (Apple Inc) trén san giao dich
NASDAQ. Dt li¢u dugc thu thap trong khoang 20 nam tur
ngay 01/6/2001 dén ngay 01/6/2021. B6 dit liéu duoc trich
Xuét tryc tiép tir Yahoo Finance, |a c4c s liéu thyc té giao
dich cho chudi dir liéu gia ma ching khoan AAPL bao gém
cac thuoc tinh cua céac giao dich hang ngay.

MGi ban ghi di liéu giao dich hang ngay gom c6 cac
thudc tinh sau:

Date: ngay thuc hién giao dich
Open: gia ma cira cia ¢o phiéu
High: gi& c6 phiéu cao nhat trong ngay
Low: gi& cd phiéu thap nhat trong ngay
Close: gia dong cira cua cd phiéu
Volume: khéi lwong cb phiéu giao dich
Dividends: lgi tirc ¢b phiéu
Stock Splits: chia tach ¢6 phiéu
Ching ta xem xét dac diém dir ligu cua 2 truong
thong tin la Dividends va Stock Splits theo Bang 1 bén
dudi.
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Bdng 1: Dir liéu loi tirc va chia tach

Items Dividends | Stock Splits

count 5029 5029
mean 0.001083 0.002584
std 0.013150 0.117106
min 0.000000 0.000000
25% 0.000000 0.000000
50% 0.000000 0.000000
75% 0.000000 0.000000
max 0.220000 7.000000

Nhu vay, cac gid tri cia 2 truwong thdng tin
Dividends va Stock Splits chi yéu 1a 0. Hon nira bai toan
du doan gia ¢ phiéu khdng phu thudc nhiéu vao céac yéu
t6 loi tirc va chia tach c¢o phiéu. Vi vay, ching ta loai bo 2
truong thong tin nay.

Dir liéu ap dung cho bai toan con lai 5 truong thong
tin, bao gom ngay, gia mo cua, gla dong ctra, gia cao nhét,
gia thap nhit va khi luong cb phiéu giao dich nhu bang 2.

Bdng 2: M0 ta dir liéu gié giao djch

Date Open High Low Close Volume
1-‘]“(;]]-_ 0.3091 0.3238 0.3068 0.3208 | 456075200
4-Jun-
o1 0.3237 0.3242 0.3142 0.3172 281920800
5-Jun-
o1 0.3194 | 0.3240 | 0.3125 | 0.3215 | 471794400
6-Jun-
01 0.3214 0.3214 0.3122 0.3183 | 223176800
7-Jun-
o1 0.3180 | 0.3332 0.314 | 0.3326 | 325180800
24-
126.01 127.94 125.94 127.10 63092900
May-21
25- 127.82 128.32 126.32 126.90 72009500
May-21
26- 126.96 | 12739 | 126.42 | 126.85 56575900
May-21
20| 12644 | 12764 | 12508 | 12528 | 94625600
May-21
28- 125.57 125.80 124.55 124.61 71311100
May-21

Dé c6 bo dit lieu phyuc vy du doan gia cb phiéu, ta tiép
tuc lugc bo trueong dir liéu ngay giao dich. Théng tin mo ta
5 truong dit liéu chinh con lai dé 4p dung vao bai toan duoc
md ta trong Bang 3 duéi day.

Bang 3: Mb ta diz liéu co phiéu

Items | Open High Low Close | Volume

count 5029 5029 5029 5029 | 5.02E+03
mean | 21.116 21.34 | 20.883 | 21.119 | 4.36E+08
std 28.299 | 28.628 | 27.942 | 28.294 | 3.84E+08
min 0.1995 | 0.2025 | 0.1953 | 0.2015 | 3.93E+07
25% 21378 | 2.1789 | 2.0964 | 2.1372 | 1.62E+08
50% 10.753 | 10.856 | 10.665 | 10.764 | 3.18E+08
5% 27.381 | 27.568 | 27.195 | 27.418 | 5.90E+08
max 143.14 | 144.63 | 140.92 142.7 | 3.37E+09
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Bai bao nay sir dung gi4 mé cira (opening prices) dé
lam gia du doan (response) cho bai toan du doan gia ¢
phiéu. Hinh v& 1 bén dudi mo ta xu huéng bién dong hang
ngay cua gia mo cira ¢6 phiéu AAPL trong 20 nim qua.

AAPL Stock Open Price Sold

140

120

=
=}
5}

Opening Price
=]

2}

o 1000 2000 3000 4000 5000
Days from 2001 06 01

Hinh 1 : Bién dong gid mo cira

IV. THUC NGHIEM VA KET QUA

Gia tri du doan la gia mé cira (opening prices) cua
phién giao dich trong ngéy Bai toan dit ra 1a xac dinh
hudng bién dong gia co phiéu. Vi vay, cac dir liéu s€ duogc
xac dinh mirc do bién dong gia c6 phiéu cua ngay hién tai
(i) so véi gia co phiéu ngay trude dé (xi1). Cong thic cu
thé la:

Xi — Xi—1
xr=t Tim1

(11
i
Sau khi chuyén dbi tap dit liéu dé thu dugc cac thong
s6 thé hién su bién dong gia ¢ phiéu, xu huéng thay doi
gid theo thoi gian (duong 13 tang, 4&m 1a giam), ching ta thu
dugc tap dir liéu mé ta nhu trong Bang 4 dudi day.

Bdng 4: Mite do bién dong céc chi sé

Index | Open Close High Low Volume

5024 | -1.4161 | 1.3314 | -0.0469 | 0.5830 | -20.4331
5025 1.4364 | -0.1574 | 0.2970 | 0.3017 | 14.1325
5026 | -0.6728 | -0.0394 | -0.7248 | 0.0792 | -21.4327
5027 | -0.4096 | -1.2377 | 0.1962 | -1.0600 | 67.2543
5028 | -0.6881 | -0.5348 | -1.4416 | -0.4237 | -24.6387

Dé thyc hién qué trinh huan luyén va danh gia, tap 5029
ban ghi dit liéu duoc ldy ngau nhién va chia thanh 2 tap: di
liéu dao tao (traning set) chiém 90% va dix liéu kiém tra
(testing set) chiém 10% tong sb ban ghi.

Dé danh gia hidu nang (performance) ctia cac md hinh,
ching ta str dung cac do do thong thuong dp dung cho bai
toan hdi quy, do 4p dung dit liéu trén mién gié tri lién tuc
(khéc véi gan nhan trong bai toan phan loai), gom c6: MAE
(Mean Absolute Error), MSE (Mean Squared Error), R-
Squared (Coefficient of determination). Cong thic tinh cac
d6 do nay nhu sau:

N
1 —~
MAE ==y =31 (12)
i=1

N
1
MSE == (=9 (13)
i=1

_ Z{v 1 — $)?

=1 1(371 y)?

(14)
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Trong d6, N 13 téng s6 ban ghi, yi la gia tri thyc té, § 1a
gid tri du doan cua y va y la gid tri trung binh (mean value)
cuay.

Déi véi R-Squared, gia tri cang cao thi mo hinh cang
t6t (I6n nhat bang 1), déi véi MAE va MSE thi gia trj cang
thap thé hién sy sai khac giira gia tri du doan va gia trj thuc
té cang nho, tc 1a md hinh cang tot.

Nhur phén trén d trinh bay, chiing ta thir nghiém tap dix
liéu véi 5 thuat toan hoc may gom cd: Hoi quy vecto hd tro
(SVR), Cay quyét dinh, Rung ngau nhién, K-Nearest
Neighbor va XGBoost. Bang 5 dudi day thé hién cac siéu
tham sé &p dung cho mdi thuat toan. Mai truong thir
nghiém sir dung céng cu Google Colab c6 hd trg GPU, véi
ngon ngtt 1ap trinh Python st dung thu vién TensorFlow.

Bang 5: Siéu tham s¢ cho mai thugt toan

Algorithm Hyperparameter

c=1

epsilon=0.1
gamma=‘scale’
kernel=‘rbf’
max_depth=3
random_state=14
min_samples_leaf=1
min_samples_split=2
splitter="best’
max_depth=3
max_features=auto
min_samples_leaf=1
min_samples_split=2
n_estimators=10
random_state=14
max_depth=3
max_features=‘auto’
n_estimators=10
random_state=14
verbose=0
base_score=0.5,
booster=‘gbtree’
gamma=0
learning_rate=0.1
max_depth=3
n_estimators=100
reg="‘linear’
scale_pos_weight=1
max_features=‘auto’
random_state=14

SVR

Decision Tree

Random Forest

K-NN

XGBoost

Céc gi tri d6 do gitra cac thuat toan hoc may gdbm R-
Squared, MAE va MSE dugc trinh bay trong bang 6 duéi
day.

Bdng 6: Két qud dg do giira cac thudt toan

bo do MAE MSE R-Squared
SVR 0.9421 1.7789 0.6610
Random 0.9416 1.8199 0.6532
Forest
Decision 0.9873 2.0945 0.6009
Tree
K-NN 1.0129 2.0553 0.6084
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XGBoost 0.8040 1.2992 0.7524

Két qua thuc nghiém cho thdy md hinh du doan sy bién
dong gia c6 phiéu véi thuat toan XGBoost cho do chinh
xé&c tét nhat. Gi tri R? score dat 0,75 1a cao nhat khi so
sanh vai cac mo hinh hdi quy vecto hd tro (SVR), cay quyét
dinh (Decision Tree), rirng ngau nhién (Random Forest), k
lang giéng gan nhat (K-Nearest Neighbor). Bong thoi gia
tri dung sai gitra gia tri thuc té va gié tri du doan théng qua
gid tri cua cac d6 do MAE va MSE ciing thap nhat, chung
t6 mo hinh dyu doan duya trén XGBoost cho két qua pha hop
nhét véi tap dir liéu thar nghiém trong bai toan.

V. KET LUAN VA HUONG PHAT TRIEN

Bai bao nay da thir nghiém 5 thuat toan hoc may gom
c6: Hoi quy vecto hd trg, Cay quyét dinh, Rirng ngau nhién,
k lang giéng gan nhat va XGBoost cho tap dir liéu gia
chirng khoan ctia md AAPL trén san giao dich NASDAQ.
Dir liéu duoc cap nhat chinh xac hang ngay trong thoi gian
du dai (20 nam) dé 1am co s& dy doan gia ¢ phiéu. Két qua
thuc nghiém cho thay thuat toan XGBoost cho két qua tot
nhét, véi do do chi s6 R2va cac chi s6 MAE, MSE déu tdt
hon céc thuat todn con lai. Piéu nady cho thiy thuat toan
XGBoost c6 hiéu ning tét khdng chi trong cac bai toan
phan loai ma ca cac bai toan hdi quy, vai dir liéu chudi thoi
gian (time-series).

Trén thyc té, gia ¢ phiéu phu thugc rat nhiéu yéu té
khac nhau, khéng chi dua vao gid tri lich sir trong qua khi
cuia né. Vi du, céc chi s6 kinh té vi mo, vi mo, dau tu chinh
pha, chinh sach thuong mai, 14i suit ngan hang, ty gi tién
té... Vi vay, nghién ctru nay chi mang tinh chat tham khao.
Trong twong lai, c&c nghién ciu s& mo rong dir lieu gom
c6 céc chi sb anh huong khéc dén gia cd phiéu, cap nhat
cac dir liu méi nhat. Bong thoi, 4p dung cac md hinh hoc
sAu (deep learning) dé thir nghiém cho bai toan héi quy véi
dit liéu chudi thoi gian. Bong thoi, trong twong lai co thé
xem xét thir nghiém phuong an thuc hién bai todn vai
phuong phap phan loai (classification) vai gid tri muc tiéu
la &m hodc duong, thé hién ma chimg khoan ting hoic
giam so véi mot moc thoi gian trude do.
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EVALUATING XGBOOST WITH OTHER MACHINE
LEARNING ALGORITHMS

Abstract: This study tests a number of machine
learning algorithms such as XGBoost, random forest,
decision tree, support vector machine, k nearest neighbors
for predicting problem. The dataset on US NASDAQ stock
market are collected until end of May 2021 is experimental
data for implementation of machine learning algorithms.
The predicting and training data are the stock prices on the
stock market given by AAPL. The tested results show that
the XGBoost method gives the best prediction results
compared to other machine learning algorithms.

Keywords: Machine learning, Al, XGBoost, random
forest, decision tree, support vector machine, k-nearest
neighbors, NASDAQ, stock price.

s 02 (CS.01) 2021 TAP CHf KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 87


https://doi.org/10.3390/math9080800
https://lib.dr.iastate.edu/creativecomponents/393
https://doi.org/10.3390/app8010013
https://doi.org/10.3390/math8050748
https://doi.org/10.1023%20/A:1010933404324
https://doi.org/10.1023%20/A:1010933404324
https://doi.org/10.3390/app11083428
https://doi.org/10.1145

