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Bai bao nay ap dung mét chién lwoc dw bao chudi thoi gian nhiéu buwéc duwoc goi la
RU-SVR. Phuong phap nay lién tuc cap nhat mé hinh SVR dé cai thién do chinh xac va
tinh &n dinh cta dw bao trong cac bién dong dir liéu. Nghién ctru da thwc hién cac thuc
nghiém trén tap di liéu chi s6 VN-Index tir san giao dich chirng khoan Thanh phd H6 Chi
Minh, so sanh hiéu qua ctia RU-SVR v&i cac mo hinh dw bao hién dai nhw LSTM, MLP va
ConvLSTM. Két qua thwc nghiém cho thdy RU-SVR khéng chi dat do chinh x&c cao hon
ma con on dinh hon trong dw bao chubi thdi gian nhiéu buéc.

RU-SVR, LSTM, ConvLSTM, MLP, Multi-Step Ahead.

This paper proposes a novel multi-step time series forecasting strategy called RU-SVR.
This method iteratively updates the SVR model to enhance the accuracy and stability of
forecasts amidst data fluctuations. The study conducted experiments on the VN-Index
dataset from the Ho Chi Minh City Stock Exchange, comparing the performance of RU-
SVR against contemporary forecasting models such as LSTM, MLP, and ConvLSTM.
Experimental results indicate that RU-SVR not only achieves higher accuracy but also
demonstrates greater stability in multi-step time series forecasting.

RU-SVR, LSTM, ConvLSTM, MLP, Multi-Step Ahead.

1. GIO1 THIEU

Bai toan du bao chudi thoi gian ludn 1a mot
trong cac van dé trong tdm trong nhiing
nghién ctru vé mit 1y thuyét, ciing nhu trong
nhitng nghién ctru vé mit ung dung thuc tién.
Thong qua viéc du bao chudi thoi gian, nhiéu
van dé ky thudt phtc tap trong cac linh vuc,
nganh nghé khac nhau di duogc giai quyét thau
d4ao, chang han nhu dy bao téc do gio tai cac
trang trai dién gi6 [1], du bdo tinh trang 6
nhiém bui min PM2.5 trong cc thanh phd
16n, du bao gia dau tho [2], du bao gid vang

3], ...

Nhitng m6 hinh dugc st dung trong bai toan
du bao chudi thoi gian rat da dang, tir nhiing
mo hinh théng ké cho dén nhitng mé hinh hoc
méay. Mot s6 md hinh du bao phd bién 1a
md hinh ARIMA (Autoregressive Integrated
Moving Average [4]), m6 hinh GARCH
(Generalized  Autoregressive  Conditional
Hetoroskedasticity [4]), m6 hinh  ANN
(Artificial Neural Network [5, 6]), md hinh
SVR (Support Vector Regression [7]), md
hinh RNN (Recurrent Neural Network [8]),
md hinh LSTM (Long Shortterm Memory
Network [9]), m& hinh CNN (Convolutional
Neural Network [10]), mé hinh TCN
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(Temporal Convolutional Network [11]), m0
hinh  GKFN (Gaussian Kernel Function
Network [12]), md hinh RUGKFN (Recursive
Update Gaussian Kernel Function Network

[12])...

Y twong vé md hinh cap nhat lién tiép duoc
dwa ra 1an dau trong [12]. Trong bai béo nay,
nhém tac gia da xdy dyng mot so dd huin
luyén dua trén hai yéu té chinh: (1) d6 dai cua
vecto dau vao, (2) nhan caa md hinh du bao
chinh 12 mé hinh GKFN. Dya vao y tudng
trong [12], ching tdi xay dung mot so do
huan luyén tuong tu, tuy nhién khac véi [12],
nhan cia mé hinh dy bao cua chidng téi dua
vao mo hinh SVR.

Trong phan tiép theo cua bai bdo, cac muc
dugc phan chia theo ciu tric sau: Muc 2 giéi
thiéu vé cac kién thic chuan bi, muc 3 trinh
bay vé md hinh RU-SVR, 1a mé hinh dé xuét
dugc dua ra trong bai bao, muc 4 danh cho két
qua tinh toan chay trén dit liéu thuc té 1a chudi
chi s VN-Index tir S¢ giao dich ching khoan
Thanh ph H6 Chi Minh. Cubi cung, phan két
luan caa bai bao dugc tom lugc trong Muc 5.

2. CAC KIEN THU'C CHUAN B

2.1. Bai toan dw bao chuéi th&i gian mét
bwéc

Bai toan dy béao chudi thoi gian mot busc
duoc hiéu 1a viéc di tim gia tri ké tiép cua
chudi thoi gian dya trén cac quan sat qua khir
trong mot khoang thoi gian c6 d6 dai ¢é dinh
nao d6. Néu ta goi L 1a d6 dai cua khoang thoi
gian cua cac quan sat trong qua khu thi vecto
X¢; Chua L quan sat trong qua khu tur thoi
diém t, dugc dinh nghia nhu sau:

Xer = (e Xp—1,- ) Xe—p41)

voi x.,t = 1,2,... 1a cac quan sat cua chudi
thoi gian.

V& mat toan hoc, bai toan dy bao chudi thoi
gian mot budc duoc phat biéu nhu sau: Cho
truéc chudi thoi gian x,,t = 1,2,.., ta phai
tim m6 hinh du bao f sao cho gia tri du bao
mot bude dugc tinh theo céng thuc:

Xev1 = f( xt,L)

c6 gia tri gan voi gié tri thyc té trong chudi
thoi gian, tac 12 sai 86 |11 — X¢41|| phai du
nhé. Pé danh gia mo hinh dy béo c6 ph hop
Vvéi dit liéu thuc té hay khdng, ta st dung céc
d6 do sai sb sau didy: MAE (Mean Absolute
Error), RMSE (Root Mean Square Error) va
MAPE (Mean Absolute Percentage Error).
Cac do do nay dugc tinh todn nhu trong
bang 1.

Bang 1. Cong thirc tinh toan sai s6

MAE RMSE MAPE
N N R
7 D | [Bemle ) L D bre = &l
N t=1 N N P Xt
- J?t|

2.2. Bai toan dw bao chubi thei gian nhiéu
bwéc

Thay vi chi du doan gia tri X, nhw trong bai
toan du bao chudi thoi gian mot budc, ta sé du
doan mot loat céc gia tri twong lai

Xt+1,Xt+2) -+ Xt+h

cling mot ldc trong bai toan dy béo chudi thai
gian nhiéu budc. Mot sb chién luoc trong bai
toan du bao chudi thoi gian nhiéu budc dugc
quan tdm nhu: chién luoc tryc tiép (direct
stratery) [3], chién luwoc lip nhiéu budc
(recursive multi-step strategy) [12], chién
lugc nhiéu dau ra (multiple-output strategy)

[1], ...

Trong muc ké tiép ching t6i s& trinh bay md
hinh SVR, Ia m6 hinh du bo cét 16i ma chién
lwoc du bao cua chdng tdi dua vao.
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2.3. M6 hinh dw bao SVR

Thuat todn SVM (Support Vector Machine) la
mot trong nhitng thuat todn hoc cd giam séat
phd bién trong machine learning [14]. SVM
dugc stir dung chu yéu cho cé&c bai toan phan
loai va hoi quy. Thuat ton nay dwa trén viéc
tim kiém mot duong ranh gisi tét nhat dé chia
cac diém dit liéu thanh cac 16p khac nhau.

Ban dau, thuat toan SVM duoc sir dung trong
bai todn phan loai nhi phan [15]. Véi cac diém
dir liéu c6 thé tach tuyén tinh thi ludn ton tai
siéu phang phan chia ma méi 16p cac diém di
liéu s& nam mot phia cua siéu phiang phan chia
nay. C6 mot sb thuat toan tim siéu phang phan
chia nhung thuat toan SVM cho phép tim siéu
phang phan chia mot cach tt nhat, nghia 1a
tim duoc siéu phiang ma co khoang céch tur
cac diém dir liéu gan nhat cia mdi 16p dén
siéu phang 1a I6n nhit. Khoang cach nay goi
la 1& (margin).
Gia su, dir lieu cua tap huan luyén dang
{(x;, ¥}V, -, VOi vecto X; € R? 1a dau vao
ciia mot diém dit lidu va y; € {—1,1} 1a nhan
tuong ung cua diém dir lieu do. Cac gia tri
—1,1 cua y; thé hién viéc diém dir liu x;
tuong tng thuoc class 1, 2. Néu siéu phing
phén chia can tim 1a
wix+b=0 (1)
thi khoang cach tir diém dit lieu (x,, y,) gan
nhat dén siéu phang nay 1a
Y.(W'x + b)

llwll,

Ta can tim cac tham s w, b sao cho 18 dat gi&
tri Ion nhat, tac 1a

margin = min
n

wix+b
(w,b) = arg max lmin M H(2)

n Iwll

Bai toan (2) c6 thé dua vé dang

— s 2
(w,b) = arg min > lIwll3,

thoa man diéu kién
1—y,(Wwi'x, +b) <0,vn=12,..,N.#(3)

Néu tim duoc siéu phing phan chia w'x +
b = 0 thi class cua diém dir liéu x bét ky s&
duoc xac dinh baoi

class(x) = sign(w'x + b),
V6i sign(.) la ham dau.

Khi siéu phang phan tach hai class véi bién
qué nho hoic truong hop dir lieu gan phan
tach tuyén tinh duoc, ta sir dung maot cai tién
cua thuat todn SVM goi la thuat toan Soft-
margin SVM [16]. Y tuéng cua thuat toan
Soft-margin SVM 1a chip nhan cho mot s6
diém roi vao ving khong an toan dé tim dugc
1& 16n. Nhu vay, muc tiéu caa thuat toan Soft-
margin SVM la t6i da 1& va téi thiéu sé diém
roi va vung khong an toan.

Trong trudng hop cac diém dir liéu hoan
thoan khdng phan tach tuyén tinh duoc, thuat
toan Kernel SVM s& tim mét phép bién dbi dé
bién doi dir liéu x tir khong gian cac dac tinh
ban dau téi mot khong gian ¢6 sb chiéu cao
hon [17]. M6t sb ham kernel thudong duoc st
dung la Linear Kernel, Polynomial Kernel,
Gaussian Kernel, Sigmoid Kernel.

Thuat toan SVM khéng chi dugc sir dung cho
bai toan phan loai ma con cé thé &p dung cho
bai toan hoi quy. Trén thuc té, SVM trong hoi
quy thuong dugc goi la SVR (Support Vector
Regression) [18]. Gia str, dit liéu caa tap huin
luyén dang {(x;,y)}",_,, V6i vecto x; € R?
1a ddu vao cia mot diém dir liéu va y; € R 1
bién can du bao twong tng cua diém dit liéu.
Muc tiéu cia SVR la tim mét ham f(x) cd
dang

fX)=wix+b,# (4)

véi w 1a vecto trong s6 va b 1a bias dugc xac
dinh boi
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N
1
(w,b) = argmin = [wl3 + € )" (& + &), #(5)
w,b,§ 2 4
n=

thoa man cac rang budc
Yn — (WTXn + b) <e+ fn;

(WTXn + b) —Yn <eg+ E;;;#
&nén=20,vyn=1.2,..,N,

(6)

v6i C 1a tham s diéu chinh muc d6 quan
trong giita viéc giam 15i va viéc giit cho mo
hinh don gian; e 1a pham vi sai s6 cho phép;
&,, & 1a bién gia cho phép diém dit liéu nam
ngoai khoang «.

Dé giai bai toan téi wu nay, chung ta sir dung
phuong phap nhan t& Lagrange. Ham
Lagrangian cho SVR dugc xac dinh nhu sau:

N
1
L=l C ) Gt &)
n=1

+ an [y, — (W'xp, +b) —e— énl
#(7)

a:l[(WTXn + b) —Yn— €~ En]

+

P A= 1D= 1D

N
nbn + ) Tk,
n=1

S
Il
[y

trong d6 a,, an, N, nn l& cic nhan to

Lagrange.

Giai bai toan d6i ngiu cua ham Lagrangian
nay gitp tim ra c4c gia tri w va b t6i vu.
Trong trong truong hop cac diém dir liéu hoan
thoan khdng phan tach tuyén tinh dugc, ta co
thé st dung ham kernel dé anh xa dit liéu tur
khong gian dau vao ban dau sang mot khong
gian dic trung cao hon, noi ma dir liéu co thé
tré nén tuyén tinh hon hoac dé phan tach hon.
Khi d6, ham £ (x) c6 dang

N (8)
00 = ) (an = a)k(0) + b, #

n=1

Véi k(x) la ham kernel.
Thuat todn SVR duoc thuc hién nhu sau:

Bang 2. Thuat toan SVR

Chuan bi dir li€u: Tién xu ly dir liéu
bang cach chuan hoa va lam sach dix
liéu néu can thiét.

Xac dinh tham s6: Xac dinh C, .

Buoc 1.

Budrc 2.

Bwée 3.| Xac dinh ham kernel: Lua chon ham
kernel pht hop dé anh xa dir lidu vao

khong gian phi tuyén tinh.

Budéc 4.| Xay dung md hinh:

- Thiét 1ap ham muc tiéu (5) va cac
dicu kién rang budc (6);

- Tao ham Lagrangian (7);

+ Giai bai toan d6i ngiu cua (7) dé
tim cac gid triw, b, a,, a;,.

Huan luyén mé hinh:

Str dung dir liéu huan luyén dé xay
dung md hinh SVR. Giai bai toan tdi
vu hoa dé tim trong s6 w va b.

Budrc 5.

Buwérc 6. Danh gia va tinh chinh m6 hinh:

-Str dung cac do0 do nhu MAE, RMSE
va MAPE dé danh gid hiéu sut cia
md hinh.

- Téi wu cac tham sb C va € dé cai
thién hiéu suét ctia mo hinh.

Buwérc 7.| Du doan gia tri méi: St dung md hinh
SVR da duoc huén luyén dé dy doan

gia tri dau ra cho cac dit liéu moi.

Qua cac budc trén, thuat toan SVR c6 thé &p
dung vao bai toan hoi quy va tao ra mot mo
hinh du doan chinh xac cho gia tri lién tuc.
Viéc lua chon ham kernel va tinh chinh tham
sb quan trong dé dat dwoc hiéu suét tét cho
bai toan hoi quy cu thé.

3. MO HiNH BE XUAT
3.1. M6 hinh dw bdo RU-SVR

M6 hinh du bao duoc dé& xuat trong bai bao
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nay la mé hinh Recursive Update SVR (RU-
SVR). Bay la moét phuong phap hoc may dua
trén thuat toan SVR nhung c6 thém tinh nang
dic biét dé cap nhat md hinh khi c6 di lieu
méi dugc thém vao. Piéu nay cho phép md
hinh thich ng véi dir liéu mai ma khdng can
huan luyén lai toan bo dir liéu cii. Do vay, md
hinh RU-SVR ¢6 thé str dung dé du bao céc
gia tri trong chudi thoi gian trén nhiéu budc
tiép theo. Muc tiéu caa mo hinh 1a hoc méi
quan hé giira cac gia tri trong chudi thoi gian
va dy doan cac gia tri tuong lai trong chudi
trén nhiéu budc tiép theo.

Mo hinh dé& xuat trong bai bio nay dugc minh
hoa trong bang 3.

Bang 3. M6 hinh dw bao RU-SVR dé xuat

Xéc dinh khoang quan sat ti uu L tir
dit liéu chudi thoi gian

Buérc 1.

Buéc 2. | Chia dit liéu chudi thoi gian thanh 2
phan: bd dir liéu huan luyén (80%) va

b dir lidu kiém tra (20% con lai)

Huan luyén mé hinh cép nhat lién
tiép RU-SVR trén bo dit liéu huin
luyén

Budrc 3.

So sanh, danh gia, kiém nghiém cac
mo hinh trén bd dit li€u ki€ém tra

Budrc 4.

(20% con lai)

Trong cac muc tiép theo, ching t6i s& trinh
bay chi tiét cac van dé k¥ thuat trong Budc 1
va Bude 3, 1a nhitng budc quan trong trong
chién luoc du bao dé xuit. Cac két qua so
sanh, danh gia, kiém nghiém trong Budc 4 s&
duogc trinh bay chi tiét trong muc 4 cia bai
bao.

3.2. Bwéc 1 trong mé hinh dw bao RU-SVR
de xuat

Pé xac dinh khoang quan sat tbi vu tir dit lidu
dau vao, truoc tién ta can do do tron cua ham
du bao f. B tron cua ham du bao dugc Xac
dinh trong cbng thure sau day [12, 13]:

1 n
SWAH=1- =4 t;Af(xt,L)

trong do Af (x,,) la gradient caa ham f* dugc

tinh nhu sau

If(xe0) — f( X%,L)l
[| X — X%,L I

V6i x¢, la vecto 1an can cua vecto X, ;, trong

khdng gian Euclid nhiéu chiéu cuing vai chuan

tuong ung.

Af( J_ét,L) =

)

Tiép theo, ta s& vé& do thi cia do tron S(L, f)
theo tham s L nhu trong hinh 1.

0.8

0 2 4 6 8§ 10 12 14 16
Khoang quan sat

18 20

Hinh 1. D6 thj thé hién d6 tron S(L, f)
theo tham so6 L

Do thi trong hinh 1 cho ta thy rang S(L, ) s&
tang dan toi 1 khi L ngay cang lén. Néu ta
chon s6 L 16n dé huan luyén cho md hinh thi
thoi gian dé tinh toan va huan luyén mé hinh
s& tang thém nhiéu lan. Vi vay, van dé dit ra
la can chon khoang thoi gian quan sat L mot
cach téi wru sao cho n6 vira du lén dé c6 do
tron gan 1, va vira di nho dé c6 thé huin
luyén mé hinh mot cach nhanh chéng. Trén
thuc té, ta s& chon L sao cho S(L,f) la sb
duong va gia sb bién doi cua S(L, f) s& la 16n
nhat khi L tang giam mot don vi. Vi cach
chon nhu vay, dua vao hinh 1, ta s€ chon
L = 4. Theo cach chon nay, ta s& dé dang
huan luyén dwgc mé hinh va thu duoc gia tri
du bao véi @ chinh xéac cao.
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3.‘3. By’é’c 3 trong mo hinh dw bao RU-SVR
de xuat

Phan quan trong nhat cia mé hinh dugc dé
Xuit trong bang 3 la nhan caa méd hinh, md
hinh du bdo RU-SVR. M6 hinh nay dugc xay
dung bang cach cap nhat lién tiép cac gia tri
dy bdo ¢ ¢ bude trude vao dau vao cho mo
hinh SVR dé du béo cac budc sau. Cu thé, Véi
chudi thoi gian x,,t = 1,2,.., va L da biét,
mo hinh RU-SVR du bao h buéc tuong lai

Xt+1,Xt+2s -1 Xt+h
duogc xac dinh nhu thuat toan trong bang 4.

Bang 4. Tinh toan chi tiét cia Bwoc 3
trong mé hinh dyw bao RU-SVR dé xuat

i:==0.
Tinh

Buwoéc 1.

Buoc 2.
Xivivr = f(ft,L)
v6i f 1a mo hinh SVM hdi quy,

4. KET QUA THU'C NGHIEM

Thyuc nghiém duogc thuc hién trén tap dix ligu
chi s6 VN-Index cua san giao dich chang
khoan Thanh phé Hd Chi Minh tir ngay
01/01/2012 dén ngay 30/03/2023, vdi tong
cong 2803 ngay giao dich. Tap dur liéu nay
duoc chia thanh hai phan: 80% (twong dwong
2242 ngay giao dich) dwoc st dung dé huan
luyén mé hinh va 20% con lai (516 ngay giao
dich) dé danh gia moé hinh. Trong thuc
nghiém, thu vién Tensorflow dugc sir dung dé
xay dung md hinh dy bao tir 1 dén 10 budc
theo phuong phap d& xuat. Két qua thuc
nghiém, dugc trinh bay trong Bang 5, bao
gom so sanh gitra mé hinh dé xuat RU-SVR
véi ba md hinh ConvLSTM (Convolutional-
LSTM), LSTM (Long Short Term Memory)
va MLP (Multi-layer Perceptron). Ca&c mod
hinh nay dugc danh gia dua trén ba chi sé:
RMSE, MAE, va MAPE. Két qua cho thay

Xerir = Foaiy Xenictyeror Xpgie ~ s , . Lo o A
V;“’L Fevi Xerioa cri-L+1) mo hinh dy bdo RU-SVR dat hiéu suat tot hon
- so Vi cac mo hinh con lai ¢ tit ca cac budc
t+j )
Rerj khij >0 dy bao.
= j=iLi—=1,-,i—-L+1 Bang 5. So sanh két qua thwc nghiém
Xesj ngwoc lai trén cac chi s6 RMSE, MAE va MAPE
Buée 3. [Néui = h — 1: Dung. .
L . ) Budc | M6 hinh | RMSE | MAE | MAPE
Nguoc lai: i:=i+1, quay lai
Budc 2. ConvLSTM 35.17 | 26.55 1.99
Hinh 2 minh hoa so d6 tinh toan chi tiét trong 1 RU-SVR 17501240 102
bang 4. LSTM 61.41 | 44.52 3.25
- e e T MLP 59.27 | 45.35 3.37
in|.\l|lsl
ConvLSTM | 42.12 | 32.38 2.43
J outouts RU-SVR 19.51 | 13.83 1.14
2 : : :
s LSTM 64.44 | 46.60 3.40
SVR
J output MLP 54.45 | 42.96 3.25
ORONONO))
inputs,, ConvLSTM | 43.45 | 33.44 2.51
J ontouts 3 RU-SVR 20.65 | 14.80 1.22
OBONON0)
i e ] . LSTM 58.35 | 41.72 |  3.06
Hinh 2. So’ do thée hién tinh toan trong bang 4
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Buwée | MO hinh | RMSE | MAE | MAPE Bwée | MO hinh RMSE | MAE | MAPE
MLP 58.64 | 44.84 3.32 MLP 66.27 | 52.90 3.96
ConvLSTM | 35.37 | 26.79 2.06 ConvLSTM | 62.18 | 50.32 3.75
RU-SVR 21.60 | 15.46 1.28 " RU-SVR 23.77 | 17.30 1.43

4 LSTM 66.85 | 46.26 3.36 LSTM 66.94 | 54.39 4.05
MLP 71.89 [ 58.20 |  4.38 MLP 61.84 | 4868 | 363
ConvLSTM | 4925 | 38.72 293 ConvLSTM | 37.12 | 29.45 2.27

. |RUSVR | 2363|1706| 141 g [RUSVR | 2405 1753| 144
LSTM 45,93 | 32.78 2.42 LST™M 68.46 | 54.07 4.01

MLP 1.62 | 48.27 .
MLP 65.22 | 50.20 3.70 61.6 8 359

ConvLSTM 42,70 | 35.18 2.73
ConvLSTM 54,18 | 43.98 3.32

RU-SVR 24,10 | 17.80 1.46
RU-SVR 24,38 | 17.71 1.46 10

6 LSTM 72.57 | 56.06 413

LSTM 41.09 | 32.22 2.42
MLP 65.86 | 51.44 3.80
MLP 66.05 | 52.57 3.93
ConvLSTM | 57.02 | 4665 350 | Trong hinh 3 minh hoa két qua dyu bao cho 4
7 | RU-SVR 2431 | 17.60 145 mo hinh cEJng véi gia tri that cua VN-Index ¢
budc du bédo thur 5.
LSTM 51.28 | 40.23 3.01
— VN-Index
1400 ConvLSTM
—————— LSTM
1200 - MLP
SVM
1000 .
202101 202104 202107 202110 202201 202204 202207 2022010 202301 202304
Hinh 3. Do thij thé hién két qua dw bao & bwéc thir 5
5. KET LUAN hon trong viéc du bao ma con on dinh hon

Duya trén cac phan tich va két qua thu duoc,
phuong phap dy bao chudi thoi gian nhiéu
budc theo mé hinh dé xuat RU-SVR di ching
t6 hiéu qua tét hon so voi cac phuong phap
LSTM, MLP va ConvLSTM. Cu thé, md hinh
RU-SVR khong chi mang lai d¢ chinh xac cao

trong viéc xir ly cac bién dong dit liéu & nhiéu
budc. Piéu nay cd thé dugc ly giai bai kha
nang cia MmO hinh RU-SVR trong viéc xur ly
cac mau dir liéu phi tuyén va ngoai mau hiéu
qua hon. Do d6, mé hinh RU-SVR la lya chon
t6t cho cac bai toan du bado chudi thoi gian
trong béi canh nghién ciru nay.
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