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DU BAO GIA C6 PHIEU TREN THI TRUONG CHUNG KHOAN
THONG QUA MO HINH PHUC HGP LSTM — GRU HYBRID

TRINH VIET GIANG

Gid cd phiéu la dit liéu phi tuyén rdt phuic tap, bi dnh huéng béi nhiéu yéu té, do dé du dodn chi sé gid c6
phiéu la cong viéc rdt kho khdn. Tai Viét Nam, hién rdt it mé hinh phic hap sit dung mdy hoc va hoc siu
duocthiét ké béi Python véi cdc goi hé tro cé sdn dé du bdo bién sé kinh té. Nghién ciiu nay ddnh gid so
sdnh cdc mé hinh hoc sdu LSTM, GRU va mé hinh phiic hgp ciia chiing dé du bdo cho chi s6 Vn-Index trén S&
Giao dich Chiing khodin Ho Chi Minh tirngay 01/01/2009 dén ngay 01/01/2024. Két qud ddnh gid mé hinh
hoc siu phiic hgp cho thdy ty Ié sai léch so vdi thuc té la thdp nhdt, tir do, khuyén nghi cdc doanh nghiép,
cdc nha ddu tu va nha hoach dinh chinh sdch nén tdng cuong sir dung céng nghé trong viéc du bdo nhdm

hé tro dwa ra quyét dinh.
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FORECASTING STOCK PRICES ON THE STOCK MARKET THROUGH
LSTM - GRU HYBRID COMPLEX MODEL

Trinh Viet Giang

Stock prices are highly complex, nonlinear data,
influenced by numerous factors, making the prediction
of stock price indices a challenging task. In Vietnam,
there are currently very few complex models using
machine learning and deep learning, designed
with Python and its available support packages, for
forecasting economic variables. This study focuses
on a comparative evaluation of deep learning models,
including LSTM, GRU, and their hybrid models,
to forecast the Vn-Index on the Ho Chi Minh Stock
Exchange from January 1, 2009, to January 1, 2024.
The evaluation results of the hybrid deep learning
model show the lowest deviation from actual values.
Hence, it is recommended that businesses, investors,
and policymakers should enhance the use of technology
in forecasting to support decision-making processes.
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Gidi thiéu
Du doan gia cd phiéu la ddi twong nghién ctru

cua nhiéu hoc gia véi cac phuong phap du doan va
mo hinh hda chi s gia ¢6 phiéu nhu: mé hinh truyén

thong va cac mo hinh mang no-ron. Thuec t€' da cho
thay cac md hinh truyén théng khong thé nam bat
duoc cdc mau phi tuyén tinh. D& khac phuc han ché
nay, cac m6 hinh mang no-ron da dwoc stt dung
rong rai trong viéc du doan cac chudi thoi gian phi
tuyén tinh (Ferreira va cong su, 2008) nhw chi s6 gia
6 phiéu.

Nghién cttu nay st dung két hgp gitta LSTM,
GRU dé phat huy thé manh cta cac m6 hinh du bao
nhu: mang LSTM ¢6 dung luwong bo nhé dai hon dé
leu gitr va xt ly thong tin trude d6, do d6, d6i véi
d@ liéu 16n, mang LSTM c6 thé mang lai két qua tot
hon. Tuy nhién, GRU nhanh hon nhiéu so véi LSTM
vinoé co it tham s6 hon. D& tan dung l¢i thé ctia mdi
mo hinh, bai viét nay da két hop LSTM va GRU, va
dé xudt mot md hinh mang GRU-LSTM chinh quy
moi ¢ hiéu suat tét hon giup dy doan gia dong clra
cua chi s6 Vn-Index.

Co s& ly thuyét va phuong phap nghién ctiu
Co'sd ly thuyét

Chi s6 VN-Index: La chi s0 dai dién cho toan bo
6 phiéu niém yét tai S& Giao dich Chiing khoan TP.
H6 Chi Minh (HOSE). Puoc tinh toan dya trén gia
va khdi luwong giao dich cuia cac ¢6 phi€u trén san
HOSE, VN-Index phan anh mtrc d6 bién dong chung
cua TTCK Viét Nam. Day la mot trong nhiing chi s&
quan trong nhat cho nha dau tw va nguoi theo doi
TTCK. VN-Index thé hién xu hudéng gia cd phiéu
hang ngay thong qua viéc so sanh gia tri von hoa
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HINH 1: PHUGNG PHAP DU BAO THEO MO HINH HOC SAU

‘ Bo di lidu |
1

‘ Chuan héa dir liéu |

1]

| Chia b dir liéu khao sat |

Model

M6 hinh

LSTM, GRU.. ‘ Huan luyén mo6 hinh |

‘ Ap dung mé hinh du doan |

‘ Panh gi4 hiéu suit mé hinh |

‘ Du bao I

Ngudn: Tdc gid tong hop
cua thi truong ¢ hién tai voi gid tri von hod cta thi
treong co so, xem chiing da thay d6i bao nhiéu lan.

M6 hinh nghién cau

M6 hinh LSTM

Hochreiter (1997) lan dau tién dé xuat LSTM vao
nam 1997 va sau d6 da tro nén pho bién rong rai,
dac biét la d€ st dung trong viéc giai quyét cac van
dé lién quan dén dy doan chudi thoi gian. LSTM bd
sung cdu trac "cong" so véi Mang no-ron hoi quy
(RNN) thong thirong, mdi 6 nhé thuong c6 ba cong:
cong vao, cong quén va cdng ra. Chirc nang chinh
cua cac cong vao la ti€p nhan mot loat thong tin va
xac dinh thong tin nao cd thé dugc gitr lai trong
trang thai 6; cong quén quyét dinh loai thong tin
nao sé bi loai bd khoi trang thai 6, budc nay cd thé
dat duoc b:?mg ham kich hoat sigmoid. Két qua tinh
toan va gia tri dau ra c6 thé thu duoc thong
qua cdng ra.

M6 hinh GRU

M6 hinh GRU hay con goi 1a mang no-ron hoi
ti€p voi nat cdng, dwoc gidi thiéu boi Cho va cong
si (2014). GRU c6 thé xem la mot bién thé thé hé
méi caa LSTM, vé cau truc GRU don gian chi véi 02
cong: Cong khoi tao (reset gate) va cong cap nhat
(update gate). Véi thiét k&€ don gian nhu vay, mo
hinh GRU giam s0 luong tham
sO so voi LSTM, diéu nay lam
cho m6 hinh nay nhanh hon
trong viéchuan luyén va dubdo.

M hinh GRU-LSTM phitc hop

M6 hinh phttc hop cua
nghién cttu nay la st dung 02 |, ...
16p an déau tién ctia mo6 hinh
LSTM hodc GRU lam 02 16p an
dau vao ctia mot mo hinh tong
quat. Bai nghién cttu nay st

— Toigr b ting

£l VHS)

mo hinh va GRULSTM Hybrid la trueong hop
nguroc lai.

Cdc chi tiéu ddnh gid chdt luong du bdo

- Sai s0 tuyét d6i trung binh (MAE): La dang
thudc do hdi quy don gian nhat, né duoc tinh bang
cach 14y gia tri tuyét doi trung binh ctia cac phan du
ctia gid tri thuc t& va gia tri dw doan. Moi phan du
s€ ty 1é vdi tdng sai s6, nghia 1a cac sai s6 1on ciing
s€ tuyén tinh véi tong sai s6. Mot MAE nho sé goi y
réng md hinh rat tot trong viéc du doan.

n

- Sai s6 binh phuwong trung binh (MSE): MSE chi
don gian dé cap dén gia tri trung binh cta chénh
léch binh phuong gitta tham s6 du doan va tham s&
quan sat dugc. MSE sé luén 16n hon MAE nén khong
thé so sanh MSE v6i MAE. Tuy nhién, c6 thé so sanh
cac gia tri nay vdi cac chi s6 cia mot md hinh khac.
Diéu nay sé gitp ching ta chon md hinh t6t hon
cho dix liéu.

n o2
MSE = 721-:1(?3:1 vi)

- Can béc hai cta sai s6 binh phuong trung binh
(RMSE): L&i trung binh binh phuwrong g6c (RMSE) 1a
thudc do mirc do hiéu qua ctia mo6 hinh. RMSE cang
nho tiec la sai s6 cang bé thi mirc d6 wdc luong cho
thdy d¢ tin cdy ciia mo hinh c6 thé dat cao nhat.

RMSE = /Zm(zi-yﬂz

- Sai s6 twong d6i trung binh (MAPE): Phan anh
gia tri du bao sai khac bao nhiéu phan tram so voéi
gia tri trung binh.

1 -
MAPE == E (il
n yi

k=1

HINH 2: HUGNG BIEN DONG CHi SO VN-INDEX

TU NGAY 01/1/2009 PEN NGAY 01/01/2024

— Tio s ke

] %

K

i
./

dung thuat ngtt LSTM-GRU | ==

2018 moca 2a1m o 202 1 m 218 e o 04

T g

Hybrid chi cach st dung 02 16p
an cua LSTM lam dau vao cta
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Trong do:

+n: Tdng s6 mau

+yi: Gid tri thuc t& mau thit i

+yi: Gia tri dg doan mau thit i

- Panh gia mic d¢ phu hgp ctia m6 hinh R2 (r2_
score - Rsquared score): La mot chi s6 quan trong dé€
danh gia hiéu qua ctia cac mo6 hinh hoi quy, nhung
nén duoc st dung két hop voi cac chi sd khac dé co
cai nhin toan dién hon vé hiéu suat cia md hinh. Gia
tri 12_score nam trong khoang tir 0 dén 1 va cho két
qua gan twong dwong nhau, néu gid tri cia nd cang
gan 1 thi m6 hinh du bao cang hiéu qua:

rczore_E?ﬂ |in—J71|2—'Z?'il lyi-y1?
Yiky lyi=yu?

Trong do:

+n: Tdng s6 mau

+y.: Gia tri thuc t&€ mau thi i
+y”i: Gia tri du doan mau th i
+y’i: Gi4 tri trung binh ctia mau i

Phuong phap nghién cittu va dit liéu nghién ciu

Phuong phdp nghién ciru

Phuwong phap nghién ctru cua bai viét duwoc minh
hoa qua Hinh 1.
Dir liéu nghién ciu

Bai viét nay chon gia tri chi s6 Vn-Index giao dich
lac déng ctra hang ngay ctia HOSE lam bién s6 uy
quyén cta gia giao dich chitng khoan lam bd di liéu
nghién cttu chinh. Toan bd ca di liéu duoc 1ay tir co
so dit liéu cia M.S Fusion Media Ltd (https://www.
investing.com/indices/vn-historicaldata) titr ngay
01/01/2009 dén ngay 01/01/2024 véi tdng s6 3.753
quan sat. Trong m6 hinh hoc sau, b dir liéu huin
luyén chira 3.002 quan sat, chi€ém 80% tap di liéu goc
va by di liéu giam sat chira 751 quan sat, chiém 20%
cudi cung cua tap dir liéu goc, cu thé bieu do dic ta
xu hudng bién dong chi s6 Vn-Index trudc — Hinh
2(a) va sau khi chia tap dit liéu chinh - Hinh 2(b).

BANG 1: DO LUONG DO CHINH XAC TREN TAP GIAM SAT

CUA 3 MO HINH LSTM, GRU, LSTM-GRU

Théng sé LSTM GRU LSTM-GRU Hybrid
RMSE 20.224 18.385 17.1823
MAE 15.150 13.773 12.8728
MSE 409.016 338.079 262.2162
MAPE 0.01554 0.01149 0.0098

R2 Score 0.9716 0.9796 0.9876

Nguén: Tdc gid tong hop
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HINH 3: CAC CHi S6 MAT MAT (LOSSES) CUA MO HINH

Loss and Mean Absolute Error vs. Epochs
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Két qua nghién ciu

Trong bai viét nay, cac md hinh don 1é va phuc
hop LSTM, GRU duoc trién khai b:?mg cach stt dung
cac goi cua ngdn ngit lap trinh Python trong
Jupyter Notebook.

Két qua chay mé hinh LSTM trong Python

M6 hinh nay bao gém ba 16p LSTM (c6 kich
thwdce 150, 100, va 100 don vi) két hop voi cac 1op
Dropout nham ngan ngira overfitting. Sau d6 la ba
16p Dense dé chuyén déi di liéu tit LSTM thanh cac
dau ra du bao. M6 hinh nay ¢6 279.129 tham s6 va
khong c6 tham s6 nao khong thé huan luyén. Mo
hinh LSTM nay duoc thiét ké d& du bao chudi thoi
gian vdi nhiéu dau ra.

Két qud chay GRU trong Python

M6 hinh GRU vdi 128 don vi GRU va 4 dau ra la
mot kién trac twong d6i nho va gon. SO luong tham
s6 chi hon 51.000 gitip md hinh dé dang hudn luyén
va tinh toan, dac biét khi tai nguyén phan cting han
ché. Véi cau trac don gian, mo6 hinh nay phu hop
véi cac bai toan du doan chudi thoi gian hoac bai
toan c6 dau ra nho, khong qua phuec tap.

Két qud chay mé hinh phi'c hop LSTM-GRU
trong Python

M6 hinh LSTM-GRU Hybrid la mét cach tiép can
manh mé dé& xt ly chudi thoi gian, tan dung diém
manh ctia ca LSTM va GRU dé ghi nh¢ thong tin dai
han va ngan han. M6 hinh c6 167.684 tham s, gitip
can bang gitta do phitc tap va hiéu qua trong cac bai
toan du bao chudi thoi gian phtic tap hodc da bién.

Két qua do luong cac chi s6 MAPE va R2 Score ¢
Bang 1 cho thay hai m6 hinh déu cho d6 phu hop
kha t6t. Tuy nhién, mo hinh LSTM-GRU Hybrid gia
tri dw doan chi s6 Vn-Index thap nhat so voi gia tri
thuc t€ (1,84%) va sy pht hop ctia mé6 hinh 14 98,16%.
Do d6, m6 hinh LSTM-GRU Hybrid c6 chi s6 do
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luong thong ké tot nhat, lam co
s0 cho tién hanh cac du béo tiép

HINH 4: SO SANH KET QUA DU BAO TREN TAP DU LIEU HUAN LUYEN VA GIAM SAT

CUA CHi SO VN-INDEX
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theo trong nghién ctru.

Cac chi s6 mat mat cia md
hinh theo cac epoch trong qua
trinh huan luyén LSTM-GRU
Hybrid dwgc thé hién ¢ Hinh 3.

Nghién cttu nay ap dung moé
hinh duy bao xu hudng bién
dong cta chi s6 Vn-Index véi
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ngay dau tién va 60 ngay ké
tiép. Két qua cho thdy chi sd
Vn-Index tdng nhanh nam 2012-
2022 va giam manh nam 2023.

Thdo ludn két qud nghién ciu

Nghién cttu da cho thdy mo6 hinh LSTM-GRU
Hybrid 1a su lya chon t8i wu bang cich danh gia
hiéu suat cia md hinh vdi cac chi tiéu: MSE, RMSE,
MAE, MAPE, R2 Score cho du bado gia chiting
khodn. Két qua nghién ctru cting phtu hop véi cac
nghién ctu trudc vé md hinh phtec hop doi voi
chudi thoi gian tai chinh (Alpaydin, 2020; Patra &
Mohanty, 2022; Tran Dang, 2024). M6 hinh LSTM-
GRU phtic hgp khong chi ké thira cac vu diém cta
tirng mo hinh don 1é ma con khac phuc duoc nhitng
han ché cua chting. Diéu nay cang khang dinh
thém rgmg mo hinh LSTM-GRU Hybrid la lia chon
thich hop cho nhiém vu du bao chi s6 chiing khoan
trén TTCK Viét Nam trong thoi gian tdi.

Két luan va khuyén nghi

Trén co so két qua nghién ctu, tac gia dé xuat
mot s6 khuyén nghi nhu sau:

Déi véi nha ddu tu, doanh nghiép

Bén canh cdc phuong phap phan tich truyén
théng nhu phuong phép phan tich co ban trén san
chting khoan, can tim hiéu hoc tap nghién ctru nham
tng dung cac phuwong phap hién dai duwa vao hoc
mady, hoc sau LSTM-GRU Hybrid d€ du béo gia
chttng khodn dem lai d¢ chinh xac cao. Tt d6, nha
quan tri dwa ra quyét dinh mua, ban c6 phiéu, phat
hanh c6 phiéu, tdng von hay tai cdu truc tai chinh.
Hon ntra, viéc st dung du bao giup nha quan tri
quan ly tai san va dong tién tot hon, t6i wu hda loi
nhuén ttr cidc khoan dau tu.

Déi véi co quan nha nuédc

Nha nudc ¢ thé sit dung cac mo hinh du bao
dé nhan dién sém cac dau hiéu bat 6n trén thi
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truong, nhw bong bong tai san hodc sy sut giam
dot ngot ctia mot s6 nganh nhét dinh. Diéu nay
gitp co quan quan ly can thiép sém bang cac bién
phap chinh sach thich hop, ngan ngtra cac rui ro
hé thdng. Bén canh d6, Nha nudc ciing can c¢d cac
chinh sach hd trg phat trién ha tang cong nghé va
d liéu tai chinh; Tang cuong tinh minh bach
trong viéc chia sé di liéu thi treong nhdm dam
bao tinh chinh xdc ctia cdc mo hinh dy bao. Ngoai
ra, Nha nuéc c6 thé xay dung khung phép ly hd
tro cho cac doanh nghiép cong nghé tai chinh,
dong thoi tao diéu kién cho viéc 4p dung hoc sau
trong dy bao tai chinh mot cach an toan va
hiéu qua.
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