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TOM TAT

Dw bao gia chirng khoan 1a mét thach thirc quan trong trong phan tich tai chinh, doi
héi cac md hinh c6 kha ning x ly hiéu qua dit liéu chudi thoi gian va ddm bao hiéu
sudt tinh todn. Nghién ctru nay tip trung phat trién mét mé hinh hoc sau dya trén
kién tric Mamba, stt dung mo hinh Khéng gian Trang thai Chon loc dé xi 1y dit liéu
hiéu qua, cai thién doé chinh xac dw bao gia chitrng khoan, dic biét trong thi treong
bién dong. M6 hinh nay déng thoi tdn dung cac dic treng cia Mamba nhu Kernel
Fusion, Parallel Scan va Recomputation trong nhw t8i wu héa phan cirng dé giam thiéu
tai nguyén tinh toan. Qua trinh huin luyén md hinh da dwoc ap dung ky thuit téi wu
hoa riéng. K&t qua thwc nghiém cho thdy mé hinh nay pht hop v&i cac ng dung tai
chinh thoi gian thwe va mé ra tiém nang phat trién méi.
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ABSTRACT

Stock price forecasting is an important challenge in financial analysis, requiring
models that can efficiently process time series data and ensure computational
efficiency. This study focuses on developing a deep learning model based on the
Mamba architecture, using the Selective State Space model to efficiently process data,
improving the accuracy of stock price forecasting, especially in volatile markets. This
model also takes advantage of Mamba's features such as Kernel Fusion, Parallel Scan
and Recomputation while optimizing hardware to minimize computational
resources. The model training process has been applied with a unique optimization
technique. Experimental results show that this model is suitable for real-time
financial applications and opens up new development potential.
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1. Gidi thiéu

Du doan gia c6 phiéu 1a mot bai toan phén tich
chudi thoi gian phite tap [1] trong Khoa hoc Dix
liéu, thu hut sy quan tam 1én trong linh vyc tai
chinh va diu tw. Thi treong chirng khodan, véi vai
tro 1a chi bao strc khoe kinh té, tic dong truc tiép
dén cac quyét dinh dau tw va chién lwoc tai chinh.
Viéc xay dung mo hinh dy doan chinh xac gia c6
phiéu mang lai lgi ich to 16n, gitp cic nha dau tw
tdi da hda loi nhuén, gidm thiéu rdi ro va nang cao
hiéu qua quan ly danh muc. Tuy nhién, nhiém vu
nay dit ra nhiéu thach thirc do dic thu cta dir liéu
tai chinh:

e Tinh tré (Lagged Dependence) Gia c& phiéu
tai mot thoi diém chiu anh hwdng manh mé tir cac
yéu té qua khir, doi hoi cAc mo hinh Khoa hoc Dir
liéu phai c6 kha ning nidm bat va phan tich méi
quan hé phu thudc theo thoi gian;

e Tinh khong 6n dinh (Non-stationarity): Thi
truong tai chinh bién déng kho lwong do tac dong
cda cac yéu to kinh té€ vi mo, chinh tri va tdm ly nha
diu tw. Piéu nay doi hoi cac mé hinh phai c6 kha
nang thich &ng véi sy thay doi cia phan phoi div
liéu theo thoi gian;

e Tinh chu ky (Seasonality): Dit liéu chirng
khoan thwong thé hién cic xu hwdng lap lai theo
chu ky, nhw bién déng theo ngay giao dich, thang
hodc mua. Cac mo hinh cin c6 kha nang phat hién
va mo hinh héa cdc mau chu ky nay.

Trong boi canh Khoa hoc Dit liéu phat trién
manh mé, dac biét 1a linh vec Hoc Sau (Deep
Learning, DL), cAc phwong phap phan tich chudi
thoi gian tién tién da dwoc ap dung dé giai quyét
bai toan dw doan gia c6 phiéu [2-3]. Hoc Sau, véi
kha ndng hoc cdc m6i quan hé phi tuyén va trich
xudt dic treng an tir dir liéu, cho phép xiy dwng
cac mo hinh c6 d6 chinh xac cao, vwot troéi so véi
cac phwong phap truyén théng [4]. Cic mo hinh
Hoc Sdu nhu Mang No-ron Hoi quy Dai-Ngan han
(LSTM) [3] va Mang No-ron Tich chdp Thoi gian
(TCN) [5] da chirng minh dwoc hiéu qua trong viéc
nam bat cac dic diém phic tap cta dir liéu tai
chinh, tir d6 cai thién dang ké kha ning dw doan
gia c6 phiéu. M& rong huéng tiép cin nay, mé hinh
Mamba vé&i kién tric mang no-ron méi dwa trén
mo hinh Khéng gian Trang thai Chon loc (Selective
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State Space model), dwgc gidi thiéu lan dau vao
nam 2023 trong nghién ctu [6], dang cho thay
nhiéu trién vong trong cac bai toan xt ly dir liéu
chudi, bao gdm ca dw béo gia cd phiéu.

Nghién cru nay hwéng dén viéc phat trién méo
hinh hoc siu dwa trén kién tric Mamba cho bai
todn dy bao gia c6 phiéu v&i cac muc tiéu ting hiéu
sudt dw doan gia c6 phiéu, va danh gia kha nang
ng dung ctia mo6 hinh nay trong cac linh vwec tai
chinh.

bé dat dwoc cdc muc tiéu trén, nghién ctiru dworc
trién khai qua cac bwéc sau:

e Thu thip, x ly va phén tich dit liéu c6 phiéu.
Dit liéu dwoc thu thip bao gom cac dic trung nhw
gia mé& ctra (Open), gida dong ctra (Close), gia cao
nhat (Max), gia thap nhit (Min), va khéi lwong giao
dich (Volume) dworc thu thip tir cAc ngudn uy tin
nhw Yahoo Finance. Xt ly va phan tich dit liéu bao
goém cac budc lam sach dir liéu, x Iy cac gia tri bi
thiéu, va chuin héa nhim dam bao chit lwong dau
vao cho mo6 hinh;

e Khdo sat cic nghién cttu lién quan cho bai
toan duw doan gia c6 phiéu cta cic cdng ty nham
lwa chon phwong an vé mo hinh phu hop;

e Phat trién kién tric mé hinh dwa trén kién
tric Mamba [6] nham cai thién hiéu qua tinh toan
théng qua cac co ché nhw Kernel Fusion, Parallel
Scan, va Recomputation, dong thoi ting cwong kha
ning dw b4o chudi thoi gian dai;

e Hudn luyén va danh gia mé hinh trén tip dir
liéu lich st c6 phiéu, 4p dung cac ky thuit t6i wu
héa nhw diéu chinh siéu tham s6 va tinh chinh tirng
phén. Hiéu suit dwoc danh gia trén tap kiém tra
théng qua cac chi s6 nhuw MSE (Mean Squared
Error), MAE (Mean Absolute Error), va MAPE
(Mean Absolute Percentage Error);

¢ Tién hanh thyc nghiém trong cc tinh hu6ng
thwc té nhw: du bao gid c6 phiéu hang gi¢ hoidc
hang ngay. Panh gia hiéu suit véi muc tiéu cin
bang giita dd chinh xac va chi phi tinh toan.

2. Co s& ly thuyét va phwong phap

Mamba 1a moét kién triic mé hinh héa chudi méi,
dwoc thiét ké dé xtr 1y dit liéu chudi dai mot cach hiéu
qua hon. M6 hinh Khong gian Trang thai Chon loc
(Selective State Space Model - S6) trong kién truc
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Mamba dwgc thay thé cho co ché Attention trong
Transformer, giip Mamba c6 kha nang xt ly cac
chubi dit liéu rat dai ma khong gap phai van dé veé chi
phi tinh toan va bé nhé nhw Transformer [7]. Cac m6
hinh dwa trén Transformer thwong gap khé khan véi
cac chudi dai véi do phite tap tinh toanla O(n?), trong
khi do phirc tap tinh todn ctia Mamba la tuyén tinh
O(n) twong &ng vai ti 1€ tang cda dit liéu. LSTM c6
do phtrc tap tinh todn twong tw nhw Mamba, tuy
nhién Mamba c6 l¢i thé 1¢n nho kha ndng tinh toan
song song, diéu ma LSTM khong co.

2.1. M6 hinh ddy trang thdi va M6 hinh ddy trang thdi
co chon loc

Md hinh day trang thai (State Space Model - SSM)
dwoc dé xuit trong bai bao [8] 1a mdt dang mé hinh
khong gian trang thai c6 cu tric két hop cac y twdng
tir mang no-ron héi quy (RNNs) va mang no-ron tich
chip (CNNs). SSM dworc thiét ké dé xi Iy hiéu qua cac
chubi dit liéu dai véi kha ndng mé hinh héa phu thudc
xa. Mot SSM thwong dwoc dinh nghia béi mot hé
thong cac phwong trinh vi phan (trong truedng hop
thoi gian lién tuc) hodc phwong trinh sai phan (trong
treong hop thoi gian rod rac) mé ta sy tién trién cia
mot trang thai n theo thoi gian dwdi tic dong cia
mot dau vao. Phwong trinh trang thai lién tuc cia SSM
dwoc dinh nghia nhw sau:

h'(t) = Ah(t) + Bx(t) (1D

y(@®) = Ch(t) (2)

trong do6: h(t) la trang thai 4n, x(¢) 1a dau vao, va
y(t) la dau ra. A, B, C la cdc ma tran diéu chinh
dong lwc ctua hé thong,

Sau khi r&i rac héa, phwong trinh (1), (2) dwoc
biéu dién duéi dang tuyén tinh thoi gian bat bién
(LTI) véi:

hy = Ah, _ 1+ Bx, (3)
ye = Chy (4)
Ma tran A va B (3) dwgc roi rac héa bang:
A = exp(AA) (5)
B = (M) Y(exp(0A) —1).AB  (6)

trong dé: A la budc thoi gian; I - ma tran don vi.

Mo hinh Khong gian Trang thai Chon loc (S6) [8] 1a
phién ban mé rong cia SSM, dwoc thém co ché chon
loc phu thudc dir liéu dau vao. C6 nghia la thay vi c6
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dinh cac tham s6 A, B, C, cac tham s6 nay dwoc diéu
chinh dwa trén dit liéu dau vao. Piéu nay gitip mo
hinh xtr ly dit liéu khéng lién tuc va chon loc thong tin
hiéu qua hon.

Co ché chonloc dwoc mo ta bang cac phwong trinh
sau:

Ar = fa(xe) (7)
By = fp(x¢) (8)
Ce = fe(xe) 9

trong d6 cac ham fy, fg, fc dwoc hudn luyén dé
chon loc va xtt ly thong tin theo ndi dung chudi.

2.2. Kién tric Mamba

Mamba 1d mét kién tric dwa trén moé hinh
Selective State Space Model (S6) [6],[8] v&i thiét ké
t6i wu héa cho viéc xir ly dit liéu chudi dai. Kién tric
téng thé cia mo hinh Mamba (hinh1) dwoc xiy dung
bang cach két hop cac thanh phin chinh sau:

e M6 hinh Khdéng gian trang thai Chon loc
(Selective SSM): Pay la thanh phan c6t 16i cta
Mamba, ddm nhiém viéc x( ly trang thai ctia chudi di
liéu. Co ché chon loc cho phép mo hinh tip trung vao
nhitng thong tin quan trong tir dau vao tai mdi buéc
thoi gian;

e Tich chap 1D (Convolution 1D): Lép tich chap
mot chiéu dwgc st dung & giai doan dau dé trich xuit
cac dic trung cuc bd va ndm bat cAc miu ngin han
trong chudi dau vao;

e Ham kich hoat SiLU (SiLU Activation): Ham
kich hoat SiLU (Sigmoid Linear Unit) dwoc ap dung
dé dam bao tinh phi tuyén vao mé hinh, cho phép né
hoc dwoc cac mdi quan hé phirc tap hon trong di
liéu;

e Lép chiéu tuyén tinh (Linear Projection): Cac
16p chiéu tuyén tinh dwoc dit & dau va cudi ciia moi
khoi Mamba. Lép dau tién chuyén doi dau vao sang
khong gian trang thai phu hop, trong khi 1ép cudi
cung chiéu trang thai tré lai khong gian dau ra mong
mudn;

e Két ndi du (Residual Connection): Cac két néi
dw dwoc st dung dé cong truc ti€p thong tin tir dau
vao ban dau véi két qua xtr ly cua cac ting Mamba.
biéu nay gitp duy tri ludng théng tin, ngan chan hién
twong vanishing gradient va cai thién qua trinh huin
luyén mo hinh.
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Selective SSM
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Convolution
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Hinh 1. So d6 ciu truc ctua khéi Mamba.

2.3. Cor ché't6i wu héa ciia Mamba

Mamba t6i wu hoa hiéu suit va tinh toan bang
ba co ché chinh:

e Quét Song Song (Parallel Scan): Tang toc do xtr
ly chudi dai bang cach tin dung tinh to4n song song
trén GPU, gidm thoi gian xtt ly bang cach gidm sw
phu thudc 1an nhau giita cac bwéc tinh ton, t6i wu
héa s6 lwgng phép toan ddu chdm déng (FLOPs);

e Hop Nhat Kernel (Kernel Fusion): Giam sé
lan truy cdp bd nhé (tir b6 nhé bang thong cao
HBM sang b nhé truy cdp nhanh SRAM va ngwoc
lai) bang cach két hop nhiéu phép tinh vao mot
kernel GPU duy nhit. Viéc nayse gitp t6i wu hoa
bing thong va gidm do tré. Cac tham s va cac phép
tinh trung gian dwoc xtr ly trong SRAM ro6i méi ghi
két qua cubi cung tré lai HBM;

e Tinh Toan Lai (Recomputation): Trong qua
trinh lan truyén ngwoc (backpropagation), thay vi
lwu trir tit cd cac trang thai trung gian (t6n nhiéu
bo nh¢), Mamba sé tinh toan lai cac trang thai nay
khi cin. Viéc nay gitp giam dang ké yéu cau bd
nhé, dic biét quan trong khi xir ly chudi rat dai véi
hiéu suat twong dwong véi cac ki thuat nhw Flash
Attention [9].
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2.4. Kién triic téng quan ctia mé hinh dworc dé xudt va
quy trinh hoat déng téng thé

Kién tric cia md hinh dwgc dé xuit (hinh 2) st
dung cac kh6i Mamba trong ca hai phan khung xwong
(Backbone) va phan tiéu dé (Headers) véi cac kién
trdc riéng biét cho cic 16p dau ra twong Gng véi cac
dy doan gia c6 phiéu (Open, Close, High, Low), va
Volume.

a) Backbone:

e Chirc nang: Trich xuat dic trung tir di liéu co
phiéu lich st;

e Ciu tric: Gom N khéi Mamba xép chong lén
nhau, xtt ly tuan tw d€ ndm bat cac méi quan hé dai
han;

e Dauvao: Chudi dirliéu lich st (gid mé ctra, dong
clra, cao nhat, thap nhat, khoi lwong giao dich);

e Diu ra: Vector embedding biéu dién cac dic
trung da trich xuit.

b) Headers:

e Chirc nang: Du doadn cac gia tri cu thé trong
twong lai (gid m& ctra, dong ctra, cao nhat, thap nhat,
khéi lwong giao dich);

e C4u tric: Gom M khdi Mamba, moi khéi xtr 1y
mot chiéu dit liéu. Két qua tir cac khoi nay dwoc tong
hop;

¢ Dauvao: Vector embedding tir Backbone (dworc
sao chép cho moi khdi Mamba);

o Cacbudcxtrly:

- Projection: Mdi kh&i Mamba chi€u vector
embedding thanh gia tri duw doan cho mot thong s cu
thé.

- Concatenation: Ghép noi cac gia tri dw doan tir
tat ca cac khoi Mamba dé tao thanh két qua cudi cung.
¢) Quy trinh hoat dong téng thé:

e Trich xuit dac trung: Dit liéu lich s dwoc dwa
vao Backbone dé tao ra vector embedding;

e Dy doan: Vector embedding dwgc dwa vao
Headers. Cac khoi Mamba trong Headers thuc hién
projection dé dw doan cac gia tri cu thé;

e Két hop: Cac du doan tlr cac khéi Mamba trong
Headers dugc ghép néi dé dua ra du doan cudi cing
veé gid va khéi lwgng giao dich.
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Backbone

Mamba Black ;
xN

Historical Stock Data

Headers

Concatenation Future Stock Prices &
Volume

Residual Connection

Hinh 2. Kién tric tong thé cia md hinh dwgc dé xuit.

3. Xtr ly dir liéu va huan luyén mé hinh
3.1. Tién xit ly dir liéu

Tién xt¥ ly dit liéu 1a buwdc quan trong trong quy
trinh xdy dung mo6 hinh dw doan. Muc tiéu cua
phwong phap nay 1a chuin hoéa dir liéu va tao ra
tap dit liéu huin luyén va kiém thir chit lwong cao,
dwoc mo ta chi tiét
& hinh 3. Quy trinh tién x® ly dit liéu bao gom cac
bwéc sau:

i. Thu thap di liéu: Di liéu lich s c6 phiéu
dwoc thu thap tir Yahoo Finance API [10]. Dit liéu
thé gdbm gia ma, dong, cao, thip va khéi lwgng giao
dich cua 10 ma c6 phiéu (AAPL, AMZN, BRK-B,
GOOGL, JNJ, META, MSFT, NVDA, TSLA, XOM) theo
nhiéu khung thoi gian (Time frames) nhw 5 phut,
30 phut, 1 gio, 4gid, 5 gid, 1 ngay, 1 tudn. nham
dam bao tinh da dang ctia dix liéu.

ii. Chuin héa dir liéu: Dt liéu dwoc chuin hoa
gia tri dit liéu trong khoang [0, 1] theo phwong
phap Min-Max Scaling dé€ ddm bdo tinh dé6ng nhat
ddc trung.

iii. Ti€n hanh tao cdc mAu huin luyén tir cac clra
sO truot (sliding windows): Dir liéu da chuin héa
dwoc chia thanh cac cra s6 thoi gian (sliding
windows) dé tao ra cac mau huin luyén. Déi véi
mo hinh dé xuit nay ching t6i xtr 1y mbi ctra s6 bao
gdm 32 time points . Dt liéu ctia m6i khung thoi
gian va modi ma c6 phiéu dwgc tch thanh tip huin
luyén (Xerain) Yerain) va tap kiém thit (Xeest, Veest)-

iv. Téng hop dir liéu: Cac tip dir liéu tlr cac
khung thoi gian va ma c6 phiéu khac nhau dwoc
tong hop lai bang cach néi doc (concatenate along
axis=0). Sau d6, dir liéu dwgc xdo tron ngau nhién
(shuffle) dé gidm thiéu thién léch trong qua trinh
huén luyén.

¥ahoo Finance API

‘ AAPL 5m raw ‘ ‘ AAPL 1h raw ‘

AAPL 5m scaled ‘ ‘ AAPL 1h scaled ‘

AAPL 5m AAPL 1h
[X_tram] [X_test ] [K_tram] [ X_test ]
[)Ltrain] [ y_test ] [)Ltrain] [ y_test ]

fetch data

‘ TSLA 1d raw ‘ ‘ TSLA 1wk raw ‘

scale to [0, 1]

‘ TSLA 1d scaled ‘ TSLA 1wk scaled ‘

split into window
split into training & testing dataset

TSLA 1d TSLA 1wk
[X_train] [X_test ] [K_tram] [ X_test ]
[)'Jrain] [ y_test ] [)Ltrain] [ y_test ]

concatenate (axis = 0)
shuffle

Final dataset

‘[ Final X_train ] [ Final X_test ] [ Final y_train ] [ Final y_test ]‘

Hinh 3. Quy trinh tién x& 1y di liéu.
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Bang1. Thong ké lich st thu thap time points théng qua Yahoo Finance API theo céc sessions.

Time frames Start time End time Timepoints
5m 2024-08-20 09:30:00 2024-10-25 12:50:00 37070
30m 2024-08-20 09:30:00 2024-11-12 09:30:00 7680
1h 2022-10-20 09:30:00 2024-07-03 09:30:00 29710
4h 2022-10-20 08:00:00 2024-06-20 12:00:00 10030
1d 2019-01-02 00:00:00 2023-09-27 00:00:00 11930
1wk 2019-01-01 00:00:00 2023-10-03 00:00:00 2490

Stock Statistics

500 - Min
. Max
- Mean

- Std Dev

Value

Stock Code

Hinh 4. Biéu d6 biéu thi théng ké cac dic trung cta dit liéu thu thip theo mi cd phiéu.

Stock Price Distribution (Min, Mean, Max)

500

400

w
o
=]

Price (USD)

N
=]
S

100 lj [

Stock Code

Hinh 5. Biéu d6 Plot Box thé hién dic truwng vé gia cia dir liéu da thu thap theo mi cd phiéu.

3.2. Ky thudt t6i wu hod qud trinh hudn luyén mé hinh * Giai doan 1: Hudn luyén toan b m6 hinh;

e Giai doan 2: Tinh chinh tirng Header ddc lap
(hinh 8);

e Giai doan 3: Panh gia va diéu chinh lai toan
b6 mb hinh.

Nham t8i wu ho4 hiéu qua va gidm thai gian dao
tao mo hinh, qua trinh huln luyén dwoc chia lam 3
giai doan:
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Trong giai doan 1, mé hinh dwoc huin luyén
ban diu trén toan bo tip dir liéu. Giai doan nay
nhim dam bdo cic thanh phin Backbone va
Headers hoc dwoc cac dic trung tong quat tr dir
liéu lich st. Trong qua trinh nay, phwong phap
gidm téc dd hoc (learning rate decay) dwa trén
epoch dwoc dp dung dé ting tinh 6n dinh va hiéu
qua hoi tu. Cu thé:

e Backbone: Xt ly va trich xuit cac dic trung
quan trong tir chudi dit liéu dau vao;

e Headers: St dung cac dac trung tir Backbone
dé du doan cac chi sé tai chinh, bao gobm gia co
phiéu va khéi lwong giao dich;

e Learning Rate Decay: Téc do hoc (learning
rate) dwgc giam dan theo cong thirc:

1
Me = Mo T3k ¢

trong do, n; - tdc dd hoc tai epoch t; 1y - toc d6 hoc
ban dau; k - hé s6 gidm t6c do hoc.

Bi€u d6 mit mat sau khi huin luyén mé hinh
20 epoch dwoc biéu dién trong hinh 6.
3.3. Quy trinh hudn luyén

Giai doan 1 sé dworc tién hanh huén luyén toan
bd mo6 hinh véi tap dir liéu dd dwoc str ly. Cac tham
s6 md hinh dwgc thiét 14p trong qué trinh huin
luyén nhw sau:

e Kich thwéc vector an d,p, o501 = 32;

e S6 lop chinh backbone

n_layers_backbone = 3;

trong

e S6 l6p trong phan dau
n_layer_header = 6;

ra (header)

e S3 dic trung dau vao tai moi buéc thoi gian
num_feature 7;

e Kich thuéc trang thai 4n d_state 16;

e Hé s m& rong ting 4n expand_factor = 2;

e Kich thwdc kernel convolution - xt ly cac
twong tac cuc bd ngan han gitra cac thoi diém lién
4;

ké d_conv

e S3lwong mau xir Iy ddng thoi trong moi bwdc
huén luyén - anh hwéng dén téc do va do on dinh
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batch_size 2048;

e S6 lan quét toan bo tip dir liéu huln luyén
epochs 20;

e Tdc do cip nhéit trong so learning_rate
le — 4.

Biéu d6 mit mat ctia qua trinh huin luyén mé
hinh giai doan 1 dwoc biéu dién trong hinh 6.

Stage-1 finetuning

10z 3 4 : v ¢ B 8 W o 1@ 13 W 1 16 I 1B 13 20

Faech

Hinh 6. Bi€éu d6 mit mat clia qua trinh huin
luyén mo hinh giai doan 1.

Sau khi hoan thanh giai doan 1, tirng Header sé
dugc tinh chinh riéng 1é nham t8i wu héa kha niang
dy doan cia ching. Qua trinh nay st dung
embedding vector tir Backbone di dwoc huin
luyén trwéc do, tap trung vao viéc cai thién do
chinh xac cia tirng chi s tai chinh. D€ duy tri cac
dac treng da hoc, Backbone dwoc c6 dinh (Freeze)
trong su6t giai doan tinh chinh, ddm bao rang chi
cac Header méi dwoc cdp nhat trong s6. Moi
Header dwoc huln luyén doc lap dé du doan cac
nhin cu thé nhw gid mé ctra (Open), gia dong clra
(Close), gia cao nhat (Max), gia thap nhat (Min) va
khoi lwgng giao dich (Volume). Péc biét, qua trinh
téi wu héa phép chiéu (Projection Optimization)
trong tirng Header giup cai thién kha nang hoc cac
méi quan hé phirc tap gitra embedding vector va
nhdn du doan, tir dé6 ning cao hiéu suat cia mo
hinh.

Vi ky thuat téi wu hod nay, mé hinh khéng chi
cai thién hiéu sudt dw doan cho tirng chi s6 tai
chinh ma con gidm thiéu 16i dw do4n tdng thé. Ky
thuat giam t6c do hoc va tinh chinh Header cho
phép tang cwong tinh linh hoat cia mo6 hinh, dac
biét trong céc bai toan dw doan dit liéu chudi thoi
gian v&i nhiéu bién sé phirc tap.
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Hinh 7. Biéu d6 m4t mat cia qua trinh hun luyén mo hinh giai doan 2 a- Volume, b-Open, c-High,

d-Low, e-Close.

Backbone

s Embedding
vector
xN

[ Historical Stock Data

Headers

Concatenation Future Stock Prices &
—— 3
Volume

Mamba Block

Residual Connection

Hinh 8. Tinh chinh tirng Header sau khi huin luyén toan bd mo hinh.

4. Panh gia, so sanh hiéu suit moé hinh
4.1. Cdc chi s6 ddnh gid hiéu sudt ctia mé hinh
Hiéu sudt dv doan ctia cdc mo hinh dwoc danh
gia thong qua cac chi so:
e MSE (Mean Square Error): Panh gia sai s6
trung binh binh phuwong;
n
1 -
MSE == ) |X, — X,
e

|2

e MAE (Mean Absolute Error): Po lwong sai
s6 trung binh tuyét déi, it nhay cam véi cac ngoai
1&;

MAE = ~3_ 4|8 — X|

e MAPE (Mean Absolute Percentage Error):
Do lwong sai s6 phin tram, phtt hop dé so sanh
trén cac tap dir liéu khac nhau.
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1w |%, — X,
MAPEz—Z —| X 100
nt=1 Xt

4.2. Két qud thwc nghiém ctia mé hinh da dwoc hudn

luyén

Sau khi d huan luyén xong mé hinh Mamba,
qua trinh thwc nghiém da dwoc tién hanh dé duw

doan gia mé ctra (Open), gia dong ctra (Close),
gid cao nhat (High), gia thip nhat (Low), lwgng
giao dich (Volume) cia 10 ma chirng khoan theo
cac phién khac nhau (5 phuat, 30 phut, 1 gio, 4
gi®, 1 ngay, 1 tuan) gdm 6949 mau, két qua dwoc
hién thi trong bang 2, va biéu do 9.

Bang 2. Két qua. danh gia thwc nghiém ctia mé hinh Mamba dwa trén tip dit liéu cia 10 ma chirng khoan theo
cac phién giao dich khac nhau.

Mamba (396KB)

Phién giao dich
MSE MAE MAPE
30min (529 miu) 1.74291 0.77535 0.31%
1 hour (3496 miu) 412556 1.08378 0.47%
4 hour (1170 mau) 12.8639 2.11662 0.92%
1 day (1452 mAu) 19.70867 2.737 1.37%
1 wk (302 miu) 138.13575 8.93049 3.58%

AAPL - Close Prediction vs Actual (Last 365 Days)

N
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(a) Dy doan trén AAPL phién 1 ngay
GOOGL - Close Prediction vs Actual (Last 365 Days)
MAPE: 1.37%
0 et Close
. Predicted Close f‘ ! w
i
T
170
| P ol
g 160 /
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\
140- &
SAPaA / '\\/
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(c) Dy doan trén GOOGL phién 1 ngay

Close
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AMZN - Close Prediction vs Actual (Last 365 Days)
MAPE: 1.38%
—— Actual Close
Predicted Close
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(b) Dy doan trén AMZN phién 1 ngay

META - Close Prediction vs Actual (Last 365 Days)

- 'H.n‘\\/\/ \.L/M ;m.f%}\ .
Lo

202405 202407 202309 202411 202501

Date

202309 2023.11 202401 2024.03

(d) Dy doan trén META phién 1 ngay
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NVDA - Close Pr
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(e) Dw doan trén NVDA phién 1 ngay

TSLA - Close Prediction vs Actual (Last 365 Days)
MAPE: 2.77%

—— Actal Close
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(f) Dy doan trén TSLA phién 1 ngay

Hinh 9. Dv doan gia déng ctra ctia c6 phiéu theo phién giao dich 1 ngay ctia 6 ma cd phiéu.

4.3. So sanh hiéu sudt ctia mé hinh da dwoc hudn luyén

Mamba véi cdc mé hinh hoc mdy va hoc sdu khdc

Dé& so sanh hiéu suit ciia mé hinh Mamba véi
cac mo hinh hoc may va hoc sau khac, ching to6i
da tién hanh huin luyén va dw doan twong tw
phan 3.2 cho cdc md hinh ElasticNet, CNN1D,
LSTM. Két qua danh gia, so sanh dwa theo chi s6
MAPE theo cac phién giao dich khac nhau va thoi
gian xtrly cho tirng dw doan dwgrc trinh bay trong
bang 3 va 4.

Tl két qua thu dwoc c6 thé thiy rang mo hinh
dwa trén kién tric Mamba c6 thé dw doan 6n
dinh v&i tit ca cac phién giao dich c6 bién do thoi

gian kKhac nhau véi gia tri MAPE trong khoang
[0.111, 1.366], vuot qua ca lgi thé vé db chinh
xac ctia md hinh may hoc cho phién ngan nhu 5
phut, 30 phut, dac biét trong phién dai 1 tuin ba
mo hinh (ElasticNet, CNN1D, LSTM) déu khong
du doan hiéu qua v&i chi s6 MAPE trén 30%. Vé
thoi gian xtr 1y, so véi cdc mo hinh hoc sdu khac,
moO hinh Mamba xr Iy nhanh hon m6 hinh LSTM
7,1 1an, CNN1D - 9,2 lan. Phwong phap may hoc
ElasticNet van chiém wu thé vé thoi gian xtr ly
(nhanh hon 4 14n), tuy nhién phwong phap nay
khong hiéu qua véi nhivng phién giao dich bién
do 16m tir 4h dén 1 tuan.

Bang 3. Két qua danh gid cdc mo6 hinh Elastic, CNN1D, LSTM, Mamba theo chi s6 MAPE.

MAPE (%)
Phitngiaodich ‘et CNNID LSTM  Mamba
(848.05MB) (176.21MB) (396KB)
5min (3169 samples)  0.145 1.735 0.411 0.111
30min (529 samples) 0.88 3.599 4.17 0.314
1 hour (3496 samples)  3.03 9.722 2.8 0.468
4 hour (1170 samples) 9.779 13.942 7.105 0.92
1 day (1452 samples) 25.563 15.375 8.515 1.366
1 wk (302 samples) 96.57 32.439 40.209 3.577

Bang 4. Thoi gian xtr ly cho méi dw doan giao dich cta cac md hinh khéic nhau.

Processing time (ms)

CNN1D

ElasticNet (848.05MB)

3.2 29.7

LSTM Mamba
(176.21MB) (396KB)
22.8 12.6
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5.Két ludn

Nghién cru nay tip trung vao viéc phat trién
mo hinh hoc siu cho bai toan dw doan gia co phiéu.
Nghién ctru nay da tién hanh thwc hién nang cao
hiéu qua duw doan gia ¢ phi€u ctia m6 hinh bang
cac giai phap nhw: xay dwng mo hinh st dung cac
kh6i Mamba va ky thuét t8i wu hod qua trinh huin
luyén mo hinh. Két qua thwc nghiém cho thdy mo
hinh dé xuit nay dat dwgc do chinh xac cao va kha
nang téng quat hoa tdt trén nhiéu ma c6 phiéu va
khung thai gian giao dich khac nhau.

Cac diém noi bat cia nghién ctru bao gom:

e Kién tric mo hinh: Thiét ké va trién khai kién
tric mo hinh két hop gitra Backbone va Headers,
gitip ndm bat hiéu qua cac dic trung cua dir liéu
chudi thoi gian va tdi wu hda kha nang dw doén cla
mo hinh;

¢ Kha ndng dw doan da dau ra: M6 hinh c6 kha
nang du dodn dong thoi nhiéu gia tri, bao gom gia
mé& clra, gid cao nhit, gia thap nhat, gia dong clra
va khoi lwong giao dich;

e Tinh chinh Header ddc lap: Thwc hién tinh
chinh doc lap tirng Header d€ t6i wu héa hiéu suit
dw doan cho tirng chi s6 tai chinh cu thé;

e Kj thuat huan luyén: 'ng dung ki thuat giam
téc dd hoc dwa trén epoch, gidp cai thién do 6n
dinh va t6c d6 hoi tu trong qué trinh huin luyén;

Mic du nghién ctru da dat dwoc nhiéu két qua
dang khich 1¢, tuy nhién van cin phai tiép tuc
nghién cru phwong phap hdu x& ly (post-
processing) khi gap phai cac cac van dé duwéi day:

e T4c dong cla cic yéu t6 ngiu nhién: Thi
trweong tai chinh chiu anh hwéng 1én tir cac yéu té
ngau nhién, ching han nhu cac sw kién bat ngd
(thién tai, khing hodng kinh t€) ma m6 hinh khong
thé dw doan dworc;

e Anh hwéng cua tin tirc tai chinh va chinh tri:
Cac thong tin tai chinh va chinh tri (nhw thay déi
chinh sach thué, quy dinh phap ly md&i, hodc cac
thong bio tir céng ty) co thé tao ra bién dong 16m
trong thi tredng ma mo hinh hién tai chwa tich hop
day du.

Trong twong lai, ching t6i dw dinh mé rong
nghién ctru va tién hanh tich hop ng dung theo
cac hwéng sau:
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e Tich hop dit liéu ngoai sinh: Tang cwdng
kha ning du dodn bang cach két hop phan tich
cac yéu td tac dong tir bén ngoai thi treong nhw
tin tic chinh tri, tai chinh, dir liéu kinh té vi mé,
va mang x4 hoi. D€ phén tich kha nang tac dong
tich cuc, hay tiéu cwc cta dir liéu ngoai sinh néu
trén, cé thé st dung cdc mo6 hinh nhw FinBERT
[11];

e Ap dung hoc ting cwong siu (Deep
Reinforcement Learning) trong giai doan post-
processing dé toi wu héa cac quyét dinh giao dich
dwa trén dit liéu dy doan, gidp mé hinh dwa ra
cac quyét dinh giao dich hiéu qua hon [12];

e Xay dung hé thong kiém thir thoi gian thuc
trén dit liéu m&i nhat dé danh gia va cai thién
hiéu suat mé hinh ngay trong diéu kién thuyec té.
Pong gop cua cac tac gia trong bai bao

Tran Thé Vinh: Phat trién phwong phap; Phat
trién thut toan; Bién soan dit liéu; Thwc hién diéu
tra; Giam sat; Xac thuc két qua; Phan tich chinh
thirc; Truc quan héa; Viét - ban thao goc; Viét -
chinh stra va phan héi. Nguyén Thi Khanh Tién:
Phat trién thuat todn; Bién soan dit liéu; Thuc hién
diéu tra; Giam sat; Xac thuwc két qua; Phan tich
chinh thic; Trwc quan héa; Viét - ban thao goc;
Viét - chinh stra va phan héi. Tran Kim Thanh:
Phat trién thuat toan; Bién soan dit liéu; Thuc hién
diéu tra; Xac thwc két qud; Phan tich chinh thi;
Gidm sat. Pham Tran Nhit Linh: Phat trién thuit
toan, Bién soan di liéu; Thwc hién diéu tra. Mai
Quynh Tram: Bién soan dit liéu; Thuc hién diéu
tra

Tuyén bo khong xung dot loi ich va cam két ban
quyén

Nhém tac gia tuyén b6 vé sy khong xuit hién
nhitrng xung dot tiém 4n tir nghién ctiru nay, va cam
két bai bdo chwa tirng dwoc cong bé trude day.

Chia sé dir liéu theo yéu cau

Dit liéu sé dwgc cung cip theo yéu ciu.

1st Tran Thé Vinh. Vién céng nghé théng tin va Pién,
dién tir, Trwong Pai hoc Giao thdng vdn tdi Thanh phd
HO Chi Minh

2nd*Nguyén Thi Khanh Tién. Vién céng nghé théng tin
va Dién, dién tir, Trwong Dai hoc Giao théng vdn tdi
Thanh phé H6 Chi Minh
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3rdTran Kim Thanh. Vién c6ng nghé théng tin va Dién,
dién tit, Trwdong Pai hoc Giao thong vdn tdi Thanh phd
HO Chi Minh

4thPham Tran Nhat Linh. Vién céng nghé théng tin va
Dién, dién tir, Trwong Dai hoc Giao théng vdn tdi
Thanh phé H6 Chi Minh

5thMai Quynh Tram. Vién c6ng nghé thong tin va Dién,
dién tit, Trwdong Pai hoc Giao thong vdn tdi Thanh phd
HO Chi Minh

*Corresponding author: tienntk@ut.edu.vn
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