TNU Journal of Science and Technology 229(15): 103 - 111

USING LSTM DEEP LEARNING MODEL IN STOCK PRICE PREDICTION

Tran Quang Quy"", Nguyen Vu Hai', Ha Van Ninh', Nguyen Thi Thuy?
TNU - University of Information and Communication Technology
2Department of Education and Training of Thai Nguyen City

ARTICLE INFO

ABSTRACT

Received: 14/11/2024
Revised: 18/12/2024
Published: 18/12/2024

KEYWORDS

Deep learning

Time series data

Long Short-Term Memory
Stock price prediction
Recurrent Neural Network

In recent times, the stock market has attracted a diverse range of
participants, from organizations to financial experts, each employing
different investment strategies. The common objective of investors is to
maximize returns through investment. While various prediction
methods have been proposed to mitigate risks, the application of
artificial intelligence in stock price prediction continues to garner
attention and research interest. Particularly, predicting time series data
with irregular, non-seasonal characteristics, such as stock price data,
remains a challenging task. This paper presents a method utilizing the
Long Short-Term Memory deep learning model for stock price
prediction and provides a comprehensive review of this model. The
results indicate that the proposed method can predict stock price trends
of adjusted closing prices with a root mean square error of 0.1387 and
mean absolute error of 0.1007. Although the Long Short-Term Memory
method may not achieve highly accurate predictions, it can offer a
reasonably close approximation to real-world data trends.
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Hoc sau

Dit liéu chudi thoi gian
Long Short-Term Memory
Du doan gia tri ¢ phiéu
Mang no ron hoi quy

Trong thoi gian gan day, thi truong ching khoan da thu hit nhiéu doi
tuong khac nhau, tir nhitng té chirc va cac chuyén gia tai chinh véi cac
cach thirc dau tu khac nhau. Muc tiéu chung ctia nha dau tu 1a gia ting
loi nhuan nhe viée dau tw. Nhiéu cach thic vé du doan dam bao rui ro
da dugc dé xuat, tuy nhién st dung tri tué nhén tao trong du doan gia tri
cd phiéu van dugce quan tdm va nghién ciru. Bac biét, viéc du doan dir
lieu chudi thoi gian tro nén thach thic khi dit liéu mang tinh bat thuong,
khong tuan theo quy luat ¢ dinh, dién hinh 1a dir liéu gia tri c6 phiéu,
V6i cac bién dong kho ludong va khong theo mo hinh dinh trudc. Bai bao
dua ra phuong phap su dung mo hinh hoc sdu Long Short-Term
Memory trong du doan gia tri c6 phiéu va nghién ctru tong quan vé mo
hinh nay. Két qua bai béo co thé du dodn dugc xu hudng gia tri co
phiéu Cua gia dong diéu chinh véi sai s6 do léch binh phuong trung
binh gbc, sai s tuyét dbi trung binh lan luot 14 0,1387 va 0,1007. Tuy
phuong phap Long Short-Term Memory khong the du doan gia trj o
phiéu & muc d6 chinh xdc cao nhung co thé cung cdp mot két qua theo
xu huéng gan dung so vai dir lisu thuc té.
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1. Gioi thigu

Du doan dit liéu chudi thoi gian noi chung va du doan gia tri ¢b phiéu noi riéng ludn gdp
phai cdc thach thuc 16n khi du doan xu huéng, cac bét thudng dic trung cua co phleu [1]. Du
béo loi nhuan ¢ phleu dac biétla ty suat sinh 1oi [2 ], c6 tac dong dang ké dén quyét dinh kinh
doanh cua cac nha dau tu, gop phan dinh huéng chién lugc va toi uu hoa hi¢u qua dau tu. Tir
do, viéc dy doan gié tri ¢6 phiéu van 1a mét trong nhiing cong viéc cap thiét bang nhiéu phuong
phap va hinh thtrc khac nhau. Trong moi linh vuc ciia doi song hién nay, tri tué nhan tao da
duoc tng dung nhu mot phuong phap mang lai hiéu qua vuot troi. Hinh 1 cho thiy tir nim
1995 dén 2019, viéc ap dung tri tué nhén tao trong c6 phiéu luon 1a van d& nhan duoc sy quan
tam tir nhiéu nha khoa hoc trén khap thé gidi [3].

S8 lugng nghién clru

Nam
Hinh 1. Cdc xu hudng nghién ciru vé su dung tri tu¢ nhan tao
danh cho dir liéu cé phiéu tur nam 1995 dén 2019 trong tdi liéu so [3]

Trong thoi gian qua, nhidu nha nghién ciru trong va ngoai nude di d& xuat cac phuong phap
khac nhau nhim nang cao kha ning du doan xu huéng thi truong chimg khoan.

Nhom tac gia Tran Trung Kién [4] di dua ra phuong phap két hop GA-SVR (Genetic
Algorithm - Support Vector Regression) trong du doan va dat dwoc két qua sai sé phan tram tuyét
dbi trung binh (MAPE - Mean Absolute Percentage Error) 1a 1,308. M6 hinh mo TSK (TSK
fuzzy model) da duoc dé xuat dé dy doan gia tri co phiéu Viét Nam bai Nguyén Duc Hién va Lé
Manh Thach [5]. M6 hinh dat dugc cac két qua c6 do sai s6 trung binh tuyét ddi (MAE - Mean
Absolute Error) tir 0,01-0,02. Vii Thi Loan ciing cac tac gia [6] d& xuit phuong phap du bao bién
dong tiép theo cua gia co phiéu trude cac thong tin tai chinh va phi tai chinh bang phuong phap
nghién ciru su Kién (event study) va thuat toan hoc may Random Forest, dua ra cac két qua du
doan bién dong chinh xac gan 90%. Véi cac nghién ctu qudc té, Wenjie Lu va cong su [7] dé
xuat phuong phap phdi hop st dung cac mang no-ron tich chdp CNN-BILSTM-AM trong cac
cong doan dy doan gia tri €6 phiéu, két qua cho ra véi sai s6 MAE va can bac hai cua trung binh
binh phuong sai s6 (RMSE - Root Mean Squared Error) lan luot 1a 21,952 va 31,694. Phuong
phap du doan str dung mang no-ron nhan tao (ANN) dugc Mehar Vijh va nhém tac gia [8] chung
minh 1a t6t hon so v&i phuong phap sir dung thuat todn Random Forest, trong bai toan du doan
gia dong (closing) trong c6 phiéu.

Qua cac nghién ciru, mang hoi quy Long Short-Term Memory (LSTM) [9] dugc chang minh
1a mot phuong phép hiéu qua hon dbi voi dit liéu chudi thoi gian vé linh vurc ¢b phiéu [10], song
viéc du doan gia tri ¢6 phiéu van 1a mot bai toan ddy thach thuc. Vay trong nghién ctru niy,
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chung t6i s€ 1am rd phwong phap st dung mang hoi quy LSTM trong du doan gia tri co phleu va
dua ra cac két qua bd sung cho cac nghién ctru lién quan t6i linh vuc du doan gia cd phiéu.

2. Phwong phap nghién ciru
2.1. M6 ta dir ligu va bai toan nghién ciru

Dir liéu nghién ctru trong bai béo 1a gia ¢6 phiéu cia Amazon V6i ma thi truong la AMZN
[11], dix liéu c6 phicu gom 25 ndm dit liéu. Thong tin dir liéu bao gom gia c6 phieu cao nhat cua

ngdy, thap nhit cia ngay, gid mo cira, gid dong cira, gia dong cira diéu chinh va khoi lugng giao
dich. Bang 1 thong ké dir liéu duoc sir dung cho huan luyén va kiém tra m6 hinh LSTM:

Bang 1. Dir liéu thong ké (Di liéu dinh dang tir ngay 02/01/1999 - 31/07/2024)

Dir ligu Dir li¢u huan luyén Dir ligu kiém tra

Thoi gian 02/01/1999 — 31/07/2024 02/01/1999 — 31/12/2021 02/01/2022 — 31/07/2024

208

—— Dirliéu huan luyén
D{r liéu kiém tra |
il

188

D
—
——
&_
i

o¥ o o .
2 2 2 2 2 257

Hinh 2. Tryc quan bg di ligu si dung

Chi dit liéu gia dong cira didu chinh dwoc sir dung trong qua trinh du doan. Hinh 2 truc quan gia
tri c6 phiéu gia dong ctra didu chinh trén toan b tap dir lidu gom dit liéu st dung cho viéc huan
luyén va kiém tra mo hinh LSTM dé xuat. Muc tiéu ciia nghién nay 1a danh gia kha ning cta
LSTM trong viéc hoc tir dit liéu chudi thoi gian don gian, do d6, ching toi chi sir dung gid dong
ctra diéu chinh dé lua chon cho viéc huin luyén moé hinh, c6 thé 1y giai ki hon 1y do nay qua cac
tiéu chi sau:

- Gia déng cira diéu chinh thuong duge coi 1a dai dién tét nhét cho gia tri ciia mot ¢b phiéu
trong mot ngay giao dich. N6 phan anh tat ca cac thong tin va hoat dong giao dich dién ra trong
ngdy, dugc "tong hop" vao mot diém dit liéu duy nhit. Biéu nay lam cho viéc phan tich va du
doan tré nén don gian hon.

- Dir liéu gia dong cira diéu chinh (da tinh toan ca chia tach ¢6 phiéu, ¢ ticv.v.) c6 san rong
ri va dé dang thu thap tir nhleu nguon khac nhau.

- Viéc sir dung qué nhiéu yéu té dau vao c6 thé dan dén hién tuong "nhiéu", 1am cho mé hinh
khé hoc duoc cac mau quan trong tir dir liéu. Chi sir dung gia dong cira diéu chinh gitp giam
thiéu nhiéu va tap trung vao xu hudng gia chinh.

- Viéc bo qua cac yéu té khac nhu tin tic thi trudng, bao cdo tai chinh, khdi lwong giao dich,...
c6 thé 1am mat di thong tin quan trong anh hudng dén gia c6 phiéu. Tuy nhién, trong mot s6 truong
hop, tac dong cua nhing yéu té nay da dwoc phan anh mot phan vao gia dong cira diéu chinh.
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Dé giai quyét vin dé du doan gia c6 phiéu cia Amazon (AMZN), md hinh mang noron LSTM
s& dugc ap dung nham dy doan gia tri c6 phiéu cho ngay tiép theo. Gia dong ctra ¢ phiéu 1a mdi
chudi gia tri bién d6i theo thoi gian ky hiéu 1a N. Trong d6, P dai dién cho gid dong cra vao ngay
thtr i voi diéu kien 0 < i < N.

Mot ctra s6 truot s& duoc thiét lap trén truc thoi gian, vai kich thudc w duoc giir ¢b dinh va
budéc di chuyén ciing bang kich thude nay, nham dam bao khong co su chong chéo dir liéu. Muc
tiéu 1a sir dung dir liéu trong ctra s6 w(t) dé du doan gia cho w(t + 1).

2.2. Kién triic mé hinh héi quy Long Short-term Memory (LSTM)
2.2.1. Mang no-ron héi quy (RNN - Recurrent Neural Network)

Mang hdi quy LSTM 1a mét dang cua Mang no-ron hol quy RNN. RNN dugc goi la mang no
ron hdi quy vi n6 ap dung ciing mot phép bién d6i cho mdi phan tir cia mot chudi theo cach ma
dau ra cua RNN phu thude vao két qua cua cac 1an lap truée do. Do d6, RNN duy tri mot trang
thai noi bo dé ndm bit thong tin vé cac phan tir trude do trong chudi, giéng nhu bo nhd. Mot don
vi an RNN s& duoc hoc dua vao cong thirc (1), dau ra cia RNN: v, 1a mot phép bién doi phi
tuyén cua tong hai phép nhan ma tran, sir dung vi du nhu cac ham kich hoat tanh hoic ReLU:

Ve = g(Whphe—1 + Winxe) 1)

Trong do:

o W: ma tran dit liéu cin tinh toan

e W),;,: 4p dung cho trang thai & trang thai an tru6c h,_,

e W,,,: 4p dung cho trang thai & trang thai dau vao hién tai x,

2.2.2. Mang hoi quy Long Short-term Memory (LSTM)

Tuy nhién, mang RNN gip phai mot sé han ché dang chua y, bao gdm hién tuong bing né
gradient (gradient explosion) va suy bién gradient (vanlshlng gradient) [12]. Vlec nhan lién tiép
ma tran W(k) khong 6n dinh dan dén viéc gradient bién mat trong qua trinh trién khal thuat toan
lan truyén ngugc, hoic bung nd gradient dan dén cac gia tri I6n mot cach khong 6n dinh. Mang
hoi quy LSTM st dung bdn bién trung gian 7, £, va & c¢6 kich thuéc p chiéu. Ma tran cap nhat
duge ky higu 1a W,va duoc sir dung dé nhan truge véi vecto cot [a, R, 17, Cap nhat ma
tran s& duoc biéu dién bang cong thuc (2):

Céng dau vao T sigm e
Cé : F j [yt ,
ong qren SLM ) ke [thiét 13p tham s6] @)
Cong daura sigm hgk)l
Trang thai c méi tanh

Sy xac dinh vecto trang thai 4n h( ) va vecto trang thai 6 ¢ '( ) sir dung mot qua trinh nhiéu
budc, bat dau bang viéc tinh toan cac blen trung gian tai lan luot (3) va (4).
t® = Fo ™ + 10 ¢ [Chon loc quén va thém vao bd nhé dai han] A3)
h(k) =00 tanh(c k)) [Chon loc 10 i bo Nhé dai han véo trang thai an] (4)
Tai day, phep nhan ting phan cia cac vecto duoc ky hidu bang “©.” va ky hiéu “sigm” chi ham
sigmoid. Tai 16p thir nhat (k=1), hg ) trong phuong trinh trén nén duogc thay thé bang x; va ma tran
W@ ¢6 kich thudc p x (p + d). Trong cac trién khai thuc té, cac hé sb diéu chinh (bias) ciing
duoc st dung trong cac cap nhat ¢ trén. Kién triic mo hinh LSTM s€ dugc minh hoa tai Hinh 3.
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Hinh 3. Kién triic mé hinh LSTM trong qud trinh cdp nhdt ma trgn [13]

2.3. Thiét l@gp mé hinh LSTM va diéu chinh siéu tham sé mé hinh

Mo hinh LSTM duoc sir dung trong bai béo ¢ kién trac bao gdm mét 16p LSTM 200 don vi
v6i ty 1¢ 0,2 trén 16p dropout, diéu nay dugc Iap lai 4 1an. Tham s6 200 don vi 1a kich thuéc cia
no-ron cho I6p LSTM, do d6 trong truong hop nay, 16p LSTM ¢6 200 don vi an hogc 6 an. Lop
dropout dugc thyc hién dé ngin ngira cac van dé qua khép (overfitting), van dé nay cé the gap
phai trong qua trinh huan luyén mo hinh. Trong giai doan huan luyén, cac nit va két ndi dugc
x6a ngau nhién khoi mang. Trong truong hop phuong phap duoc dé xuit, xac suat loai bo 1a
20%. Sau lép dropout cubi cung, mot 16p dense vai 1 don vi duoc st dung. Thong tin chi tiét vé
md hinh duoc dé cap ¢ Hinh 4.

Model: "sequential 5"

Layer (type) Output Shape Param #
1stm 22 (LSTM) (None, 28, 208) 161600
dropout_22 (Dropout) (None, 20, 200) 2]
Istm 23 (LSTM) (None, 28, 26@) 320800
dropout_23 (Dropout) (None, 28, 200) 2]
Istm 24 (LSTM) (None, 28, 288) 328800
dropout_24 (Dropout) (None, 20, 200) 2]
1stm 25 (LSTM) (None, 208) 320200
dropout_25 (Dropout) (None, 208) 2]
dense_5 (Dense) (None, 1) 201
Total params: 1,124,201

Trainable params: 1,124,201

Non-trainable params: @

Hinh 4. M6 hinh LSTM duoc dé xudt

Mo hinh hoc sau str dung thuat toan t6i uu bang cac vong lap, cic tham sb mo hinh s& duoc
cai thién dya vao thudt toan t6i vu méat mat mini-batch gradient descent [14]. Viéc huan luyén dit
liéu nhiéu hon mot lan dé ti uu tham sd, diéu nay sé& phai dung dén siéu tham sb epoch, day cling
biéu din sb lan thuat toan s& chay lai thuat toan lan truyen nguoc va xudi dé cap nhat tham so6
md hinh. Viéc chia dit lidu trong bai toan chudi thoi gian can tuan thu nguyén tic duy tri tinh lién
tuc thoi gian dé tranh ro ri dir liéu. Trong nghién ctru nay, tap dit liéu duoc chia thanh ba phan:
tap huan luyén, tap kiém thir (validation), va tap kiém tra (test). Tap huan luyén dwoc st dung dé
md hinh hoc tur céc mau qué khtr, trong khi tap kiém thu (25% tu cudi tap huén luyén) gitip danh
gia higu suét trong qua trinh t6i wu ma khong anh huong dén tap kiém tra. Tap kiém tra, bao gom
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dir liéu chua tirng xuét hién trong huan luyén hoic kiém thir, duoc sir dung dé danh gia mé hinh
trén dit liéu moi. Quy trinh nay dam bao mé hinh khong tiép can thong tin tir tuong lai, giit viing
tinh khach quan va khoa hoc trong danh gia hiéu qua du doan ctia mo hinh.

Dir liéu s& duoc boc tach ra tirng phan qua mdi lan lap trong 1 epoch, diéu ndy giup md hinh
6 thé huan luyén ma tbi wu toan cuc dir lidu, duoc goi 1a batch size (So luong mau dir ligu). So
lwong mau dit liéu duoc tinh theo cong thire (5), trong d6 N 1a téng s6 mau cua dir lieu, M 14 sb
mau dir liéu qua mot vong 1ap, tir d6 chiing ta suy ra duoc:

N
Batch size

Tir do, chung ta cling suy ra duoc tong s6 lan lap cua 1 epoch s& 1a N/M.

Céc siéu tham sb duoc didu chinh dé str dung cho mé hinh LSTM duoc dinh nghia nhu sau:
Batch size: 128
Epoch: 50
Dir liéu kiém thir (validation): 25% tap huan luyén
Patience: 15 (s& dirng huan luyén sau 15 lan néu mé hinh khong dat hiéu qua tot hon)
Mode: RMSE (Hiéu qua mé hinh dugc do bang chi s6 RMSE, s& duoc dé cap toi & phan
két qua va ban luan)

e Min_delta: 0.000001 (khi hiéu qua mé hinh tai tirng epoch tét hon sé sau, s& khong kich
hoat patience)

Céu hinh mang LSTM duoc d& xuét st dung cac siéu tham sb duoc lua chon dua trén cac thyuc
tién phd bién trong huan luyén mang no-ron. Batch size 128 cho phép xir 1y song song hiéu qua,
can bang gitra tc d6 huan luyén va muc tiéu thu bo nhd. Viéc huan luyén trong 50 epoch cung
cip du s 1an lap can thiét ¢&& mo hinh co6 thé hoi tu, trong khi co ché ding sém véi patience 15
va min_delta 0,000001 gitip giam thiéu nguy co quéa khép bang cach dirng huan luyén khi khong
con cai thién dang ké trén tap kiém thir (validation).

RMSE duoc sir dung lam ham mat mat (loss function) va chi s6 danh gia, phu hop cho cac bai
toan hdi quy va cung cp thudc do truc quan vé do léch gitra gia tri du doan va gi tri thuc té.
Mic du cau hinh nay khong phai 1a t6i wu tuyét dbi va hiéu suat cudi cung phu thuéc manh mé
vao dic diém cua tap dit liéu va bai toan cu thé, cac siéu tham sb duoc thiét 1ap nham téi wu hoa
qua trinh huin luyén va dat duoc hiéu suit tong quat hoéa cao. Viéc tinh chinh cac siéu tham sé
nay c6 thé dugc thuc hién thong qua cac ky thuat nhu tim kiém trén ludi hodc tim kiém ngau
nhién dé dat dugc hiéu suét tt nhat cho timng trudong hop cu thé.

(5)

3. Két qua va ban luin

Dé danh gia tinh hiéu qua mo hinh hdi quy LSTM dugc dé xuét, chung t61 dua ra cac do do
RMSE (Can bac hai d¢ Iéch binh phuong trung binh) va MAE (Sai s tuyét doi trung binh) [15].
Day 1a hai d6 do phd bién dé xét cac gia tri du doan c6 khac biét nhu thé nao ddi voi gia tri gdc.
RMSE s& duogc 1y giai trong cong thurc (6):

RMSE = (6)

Trong do, ¥, la gia tri co phiéu thyc té va y; 1a gid tri ¢6 phiéu ma mo hinh LSTM dy doan,
trong do, n 1a tong sé Miu quan sat. Tuong tu, MAE dugc 1y giai trong cong thic (7):

MAE - zly% @)
i=1
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root_mean_squared_error
o
N

=
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=3
o

Training and validation root_mean_squared_error Training and validation loss
0.40
train_root_mean_squared_error [l — train_loss
val_root_mean_squared_error 0.35 I val_loss
0.30
' 0.25
@ 0.20

10 20 30 40 50 0 10 20 30 40 50
Epochs Epochs

(a) (b)

Hinh 5. Két qua hudn luyén cua tap huan luyén va kiém thiz: (@) RMSE (b) B6 mat mat (Loss)

Qué trinh huan luyén gém 50 epochs duoc minh hoa tai Hinh 5. Trong Hinh 5a, 6 do RMSE
dugc do d6i véi dir liéu huan luyén va kiém thir, Hinh 5b mo ta gia tri cia ham mat mat ddi véi
dir liéu huan luyén va kiém thir. Chiing ta c6 thé thy rang két qua cho ra 1a kha quan dé mé hinh
dur doan gan dung cac xu hudng cb phiéu trong thuc té.

Ta thu duoc chi tiét s6 liéu tai Bang 2, gém cac do do vé mat mat, RMSE va MAE dbi vai tap
huan luyén, kiém ther va kiém tra.

Bang 2. Két qua sau hudn luyén mé hinh LSTM

Do mat mat (Loss) RMSE MAE
Tap huﬁn luyén 0,00008 0,0091 0,0069
Tap ki@m thu 0,0241 0,1553 0,1074
Tap kiém tra 0,0192 0,1387 0,1007
Hinh 6 minh hoa mé hinh LSTM du doan ddi véi tap dit liéu kiém tra tir ngay 02/01/2022 —
31/07/2024. ’
Gi4 déng c8 phiéu AMAZON Thuc t& va du doan (02/01/2022 - 31/07/2024)
250
@ 200 v
2 ara
3 r'ru'f“f\-ﬂﬁ\"*’
G] h\ ’ IJ”'\IJ _/‘q[J\
150 {4 W N
“u1 I 1 m* My AL wa"
Iy “J \A e bl LW"u"
L/ W VA M
I‘r‘l!' v v lH ¢ ,le'lJ
100 Ly M — Dirliéu c8 phiéu thyc té
Wt Mb hinh LSTM duy doan

2022-01 2022-04 2022-07 2022-10 2023-01 2023-04 2023-07 2023-10 2024-01 2024-04 2024-07
Thai gian

Hinh 6. Tric quan dir dodn ciia mé hinh LSTM so véi gid tri thyc té
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Nhu vay, cac két qua thu duoc tir phuong phap dé xuit ddi voi bai toan du doan gia tri ¢o
phiéu bang mo hinh LSTM 1a kha quan. Két qua c6 thé bi anh hudng khi diéu chinh lai cac siéu
tham s6 cuia moé hinh LSTM, luong dit liéu huan luyén, trén hét @6 chinh 1a tinh chat va dic diém
cua gia tri co phiéu. Tinh chét cua dit liéu co phiéu ting giam khong theo mot chu ky bén viing
va ludn dao dong bét thudong phu thude vao yéu té nhu xa hoi, chinh tri va tinh hinh thé gigi. Day
1a mot trong nhitng dir liéu mang téi nhiéu thach thuc khi du doan va nim bat.

Qua Hinh 6, chiing ta c6 thé khiang dinh rang mé hinh LSTM c6 thé du doan tét xu huéng cua
gia tri co phiéu thyc té néi chung va Amazon néi riéng. Tuy nhién, c6 mot sé khoang thoi gian
ma md hinh dy doan gia ting giam khong chinh xéac, diéu nay s& anh huong tryc tiép dén quyét
dinh cua nha dau tu. Trén co s& d6, cac nha dau tu c6 thé xem day 1a mot nguon tham khao va
goi y néu nhin trén mot chu ky ¢6 phiéu dai han, vi du nhu tir ntra nim dén Ién hon mot nam.

4. Két luan

Bai bio mé ta viéc 4p dung md hinh hoc sdu LSTM cho dy doan gia tri co phiéu cua gia dong
diéu chinh cua tap dit lidu c6 phiéu AMAZON. Nghién ctru dem téi mot nguon tai liéu tham khao
cho Iinh vuc lién quan v& mé hinh LSTM trong du doan dit liéu chudi thot gian.

Két qua thu nghiém 1y giai cho viéc st dung LSTM dy doan gia tri Co phleu nhu 1a mot cong
Cu goiy va ho trg quyet dinh cho cac nha dau tu hodc ngudi nam glu' co phiéu va chimg khoan.
Mic dui van con sai s6 nhat dinh so vai dir liéu thuc té, tuy nhién két qua cho ra duoc nhan dinh
1a kha quan d6i voi bai toan du doan xu hudng cd phiéu. Mot s6 v nghia thyc tidn cia mé hinh
nay cé thé duoc sir dung khi dy doan xu huéng thi trudng tai chinh, giup nha dau tu dua ra quyét
dinh mua/ban c6 phiéu hiéu qua hon, t6i wu héa loi nhuan hoic dy bao bién dong gia ca bang
LSTM hd trg nha dau tu quan 1y rui ro danh muc dau tu, giam thiéu thua 1 tiém an.

Viéc diéu chinh tham sé cia moé hinh LSTM va thir nghiém huan luyén mé hinh trén céac tap
dir liéu khac s& duoc tiép tuc nghién ciru va thuc hién nham dwa ra duoc mot mé hinh chinh xéac
hon va c6 tinh 6n dinh hon.
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