TAP CHi CONG THUONG

DU BAO GIA CO PHIEU BYDDY
SU DUNG LSTM VA GENETIC ALGORITHM

® TRAN BA THUAN

TOM TAT:

Bainghién ctu tAp trung vio du bdo gid ¢d phi€u BYDDY ciia Cong ty BYD Company Limited,
nha sdn xudt 6 to dién, pin sac, tim pin mit trdi hang diu Trung Qudc, st dung mang B6 nhé ngin
han dai LSTM 81 vu. K&t qua nghién citu cho thdy, m6 hinh LSTM t6i vu nim bit hiéu qua nhitng
bi€n dong phi tuyé&n ctia gid c6 phi€u BYDDY déng cira. Cac s6 liéu hiéu sudt chinh cia mo hinh
LSTM t5i wu trén tap dif liéu ki€m tra nhu STD = 0.015, MAE = 0.025, MSE = 0.001, RMSE =
0.031 va mitc d6 phut hgp ctia mo hinh la R?=0.92. Nghién cttu nay khong chi néu bat tinh hiéu qua

ctia mang LSTM dudc tdi uu héa trong du bao gid c§ phi€u, ma con cung cAp khudn khd cho nghién
cttu trong tuong lai trong viéc ap dung k¥ thudt hoc sdu vao du doan thi trudng tai chinh.
Tur khéa: du bdo gid c6 phiu, gia c6 phi€u BYDDY, Genetic Algorithm, k§ thut hoc su,

LSTM.

1. Diit van dé

Nghién cifu nay tip trung vao du bdo gid cd
phi€u ctia BYD Company Limited (BYDDY), mot
nha sdn xuit ndi ti€ng cta Trung Qudc chuyén vé
xe dién, pin va gidi phdp ning lugng tai tao. V4i vai
trd quan trong ciia BYD trong thi trudng xe dién
dang phét trién nhanh chéng, viéc du bao chinh xac
gid c6 phi€u BYDDY déng ctta 12 mdi quan tim
ding k& clia cdc nha diu tu va nha phan tich tai
chinh. C4c phuong phap du bio gid c§ phi€u truyén
thong, ching han nhu dudng trung binh dong va mo
hinh trung binh trugt tich hgp tw hdi quy ARIMA da
dugc str dung rong rai.

Tuy nhién, nhitng phuong phap nay thudng
khong thé nim bit dugc cic mo hinh dif liéu phic
tap, phi tuyén tinh va su phu thudc c6 trong dit liéu
chudi thdi gian. P& gidi quyé&t nhitng han ché nay,
nhitng ti€n bd gan day trong hoc siu di cho thay
nhiéu htia hen tich cuc. Trong s& nay, mang bo nhd
ngin han dai (LSTM), mdt loai mang than kinh tai
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phat (RNN), da thu hit duge chd § nhd khd ning
mo hinh héa cac miu va phu thudc dai han trong dit
liéu tudn tv. Mang LSTM dudc thiét k& dé khic
phuc van dé bi€n mat do doc von c6 trong RNN
truyén thdng, khi€n ching rat phit hop @€ du bio
chudi thdi gian. Biing cdch luu giit thong tin mot
cdch hiéu qud trong thdi gian dai, LSTM c6 thé
ndm bit dugc thong tin phifc tap theo thdi gian cia
gia ¢ phi€u.

Muc tiéu nghién ctu 12 tim md hinh LSTM t6i
uu st dung thuat todn Di truyén GA, d€ du bdo gi
c6 phi€u BYDDY déng cilra va ra quyét dinh giao
dich, nhim chitng minh hiéu suit vugt troi cia md
hinh LSTM t8i uu so v6i cdc nghién citu trude day.

2. Tong quan nghién ciru

Tai Viét Nam, Phing Pai Khinh & Nguyén
Xuian Huy (2022) st dung thuit todn di truyén
huin luyén mang LSTM du dodn khai thic dau
khi, hiéu sudt cia md hinh MAE = 1.16, MSE =
1.39, RMSE = 1.18, R? = 0.93. K&t qud 1a cdc ting
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dung ddi mdi ctia hoc may trong quan ly va du bao
tai nguyén. Trin Ping Tuyén (2023) d4nh gid
hiéu qud hoat dong clia cdc md hinh k&t hdp
LSTM-GRU trong du bdo dién bi€n chi s& chiing
khodn trén S& Giao dich chitng khodn TP. Ho Chi
Minh. Nghién cttu nhan manh tinh hiéu qua cla
viéc k&t hop cédc kién triic mang than kinh khic
nhau d€ ¢ hiéu suit du bdo tot hon. Vi Thi Loan
va cédc cdng sy (2023) da cung cAp nhitng két qua
thuc t€ cho cdc nha du tu va cdc nha hoach dinh
chinh sdch, hiéu sudt cia mo hinh 12 MAE = 0.88,
MSE =1.12, RMSE =1.06,R?=0.87.

Trén th€ gidi, Bao, Yue & Rao (2017) dé xuit
mot khung hoc siu k&t hgp cdc bd ma hda tu dong
x&p chdong mang bd nhé ngin han dai (LSTM
Stacked). C4ch ti€p can nay nim bit mot cdch hiéu
qué cdc mo hinh phi tuy&n tinh va tuin tu trong dit
liéu tai chinh, hiéu sudt MAE = 1.34, MSE = 2.87,
RMSE = 1.69, R? = 0.97 cai thién ding k& vé do
chinh x4c ctia du bdo so vdi cac mo hinh truyén
thong. Nghién cttu ctia Fischer & Krauss (2018) cho
k&t qua 13 mo hinh LSTM c¢6 thé hoat dong tdt hon
cdc phuong phip du bdo chudi thdi gian truyén
thong, mod hinh LSTM c6 hiéu sudt MAE = 1.01,
MSE = 148, RMSE = 121, R*> = 0.92.
Bianmengyan & cdng su (2023) da thyc hién mot
nghién ctu vé du bao gid ¢ phi€u cia BYD biing
mo6 hinh LSTM va ARIMA; K&t qui di néu bat
hién sudt vugt troi cia LSTM trong viéc nim bit
céc dong luc cla thi trudng phic tap, hiéu suat tot
nhat 12 MAE = 0.45, MSE = 0.58, RMSE = 0.76, R2
= 0.85. Qua danh gid, mot khodng trong c6 thé dao
sdu nghién ctfu 13 cAn tim ra c4c ki€n triic mo6 hinh
hoc siu tdt nhat, phit hgp véi bo dir lidu gia cb
phi€u BYDDY déng clra. Nghién citu nay c6 thé
dan dén cdc md hinh LSTM t3i vu du dodn chinh
xdac va manh mé& hon, mang lai 1gi ich cho cac nha
dau tu, nha giao dich va nha hoach dinh chinh s4ch.

3. Phuong phap nghién ciu

- Bai todn: dy bio gid c§ phi€u BYDDY déng
clta va dua ra cdc quyét dinh giao dich st dung
LSTM va thuat todn di truyén GA.

Phan 1: sit dung thuit todn Di truyén GA tim bd
siéu tham so tot nhit dé xAy dung md hinh LSTM
t6i vu phit hgp véi dir liu lich s gid cd phi€u
BYDDY déng cira.

Phin 2: sit dung md hinh LSTM t6i wu da huan
luyén du bdo gid ¢ phi€u BYDDY déng cita va ra
quyét dinh giao dich.

- Dit ligu: st dung duy nhat lich stt gi4 c6 phi€u
BYDDY déng ctia (Close) tir ngay 30/12/2009 dén
ngay 09/7/2024, trich tir dit liéu c§ phi€u BYDDY
trén Yahoo Finance. Tap dif liéu gid c¢d phi€u
BYDDY déng clra dudc st dung d€ hudn luyén va
d4nh gid mo hinh LSTM t3i wu, gdm 3.653 ban ghi.

- M hinh LSTM: thiét k&t dic biét dé xdc dinh
cdc mau phc tap trong dit liéu chudi thdi gian nhu
dy dodn gid c§ phi€u. LSTM c6 cic k&t nSi phan
hdi cho phép chiing xt ly khong chi cic diém dir
liéu don 1& ma con toan bd chudi dit liu. Boi véi
mo hinh dy dodn gid ¢ phi€u déng ctta, LSTM
xem xét trinh ty lich st clia gid c6 phi€u déng ctra
dé dua ra du dodn vé gid déng cira trong tuong lai,
tr d6 du bdo cac giao dich tuong tng. Mot don vi
LSTM dugc thi€t k& d€ theo ddi cdc phu thude
trong chudi dau vao thong qua cdc ciu tric goi 1a
cOng diéu chinh ludng thong tin. Cdc cOng nay
quyét dinh nhitng gi can gift lai trong bd nhé va
nhitng gi can quén dya trén dau vao hién tai va
trang thai trudc d6. Vai trd cdc ham s trong md
hinh LSTM nhu sau:

fi= G(Wf[h,_l, X+ bf) (1)
ip= G(Wf[h,_l, x]+b;)) 2)
C,=tanh (W [h,,x]+b.) (3)
C=1"Cr1 ;G “4)
0;,=c(W,[h.1,x]+b,) (5
h; = o, * tanh(C,) (6)

Céng quén (1) quyét dinh thong tin nao tir nit
trang thai nén dudgc loai bd hoic giif lai. Cong dau
vao (2) cap nhit thong tin mGi cho nit trang thai.
Niit dau vao (3) tao ra mot vecto cic gid tri ing clr
vién méi c6 thé duge thém vao nit trang thai. Nut
cip nhit trang thdi (4) day 1a bd nhé cia LSTM
dudc cap nhat biing cdch quén di nhitng gi khong
can thi€t va thém cic gid tri Ging cl vién mdi theo
mifc dd quan trong clia chiing. Céng dau ra (5) nit
trang thdi dugc chuyén qua Tanh d€ ddy cdc gid tri
nim trong khodng tir [-1;1] dem nhin v&i diu ra
clia cdng Sigmoid va xuat ra nhitng quyét dinh.
Trang thdi ddu ra 4n (6) 12 dau ra dya trén niit trang
thai nhung chi mot s& phan nhat dinh dugc phép
xudt ra, dugc diéu khién bdi .
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Trong s6 W va phuong sai b 1a 2 ma trin tham
s6 va véc to tuong tng. Trang thdi 4n trudc d6 va
dau vao hién tai dugc huin luyén trong qué trinh
hoc. Kha ndng duy tri nhd dai han cia LSTM do
nit trang thdi va cdch cdc cdng tuong tic d€ sita
ddi bo nhé nay. Him Tanh f{x) = e* - e*/e* + e~ 1a
ham kich hoat vd Adam 13 thuit todn t&i vu hda
viéc hoc thich hdp véi bai todn c6 do bié€n thién
khong 6n dinh.

- Genetic Algorithm: 13 thuit todn Di truyén
(GA) st dung tim ki€m b0 siéu tham so tOot nhat
gidp xdy duyng mo hinh LSTM t6i vu tuong thich
vdi bo dit liéu lich st ¢d phi€u BYDDY déng cira.
Quy trinh t6i vu héa cdc siéu tham s6 bing GA
bao gdm chon céc siéu tham s6 mudn tdi uu hda,
dinh nghia hAm muc tiéu 12 hiéu sudt clia mo6 hinh
trén tip ki€m tra, tao ra mot quan thé ban diu véi
cdc cd thé dai dién cho cdc bd siéu tham s6 ngiu
nhién, huan luyén mo hinh véi tirng bd siéu tham
s6 va tinh todn gid tri hAm muc tiéu, chon cdc cd
thé tot nhat thuc hién lai ghép va dot bién dé tao
ra cdc th€ hé ti€p theo. Cudi cung, lip lai cdc
buéc trén cho dén khi dat dugc gid tri hAm muc
tiéu mong mudn.

- Hoi quy tuyén tinh: du bio gid c6 phi€u
BYDDY d6ng cita din d&n phuong trinh hdi quy
tuyén tinh y = a*X + b, trong d6 X 1a yéu t& du
dodn, y la gid tri du dodn dugc tinh tir a, b va X.
Muc tiéu cta hdi quy tuyén tinh 12 tim ra dudng
phit hop nhat cho dit liéu BYDDY, diéu nay sé& din
dén gid tri § du dodn gin vdi gid tri y lich sit. Hé s6
b la gid tri dy dodn ctia bi€n phu thudc khi cdc bi€n
doclap bing 0, a 12 dd ddc, ca hai déu 1a gia tri udc
tinh tr hdi quy.

- Pdnh gia mo6 hinh LSTM t6i uu:

Z Y= )A)i

- 1 n A
MAE =441 | MSEz—Z(y, —y,) ,
n =

n

va STD = \/lZ(errori - error)2

n-io
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4. Phan tich thuc nghiém

4.1. Tién xi ly dit ligu

Tap dit liéu c¢d phi€u BYDDY déng cira gdm
3.653 ban ghi dudgc chuin héa vé khodng (0;1)
gitip mo hinh hoc t8t hon. Chia tip dif liéu huan
luyén la 80% va tap dir li€u kiém tra 12 20%. Su
chénh 1&ch 16n giita gid tri nhé nhat $2.91 va gid
tri 16n nhat $84.42 cho thiy c¢d phi€u BYDDY
déng ctta c6 su bi€n dong manh trong thdi gian
dai. P9 1&éch chuin cao $21.60 ciing chi ra ring
gid c6 phi€u BYDDY c6 su bién dong 16n xung
quanh gid tri trung binh $23.25.

4.2. Truc quan hoa dit ligu

Biéu d6 Histogram hd trg quan sit gid ¢d phi€u
BYDDY déng clra dugc phan bd theo tan suit.
Chia bi€u @6 thanh 50 bins dé thdy ré cic dao
dong nhd trong phin phdi gid. Biu dd c6 dang
hinh chudng va tip trung vao mdt gid tri trung
tam, ching té ¢d phi€u BYDDY thudng dao dong
quanh gid tri trung binh, c6 sy 6n dinh tuong ddi.
Pudng KDE x4c dinh phin phdi x4c sudt clia gid
déng ctta tudn theo phan phdi chudn va dang tdng
quét ctia phan phdi so vdi bi€u d6. (Hinh 1)

Hinh 1: Phdn phdi chuén gié BYDDY
déng cua

Standard Destribution of Clesing Prices

Frequency

Ngubn: https://www.kaggle.com/code/thuntrnb/
Istm-fine-tuned-best-model-byddy-pred?script
Versionld = 187689470

D4 thi gia ¢ phi€u BYDDY déng cira cung cap
thong tin truc quan vé bién dong gid déng cla clia
¢ phi€u BYDDY trong khodng thdi gian 15 nim.
Tir db thi, nha diu tu c6 thé quan sit xu hudng
chung ctia gid ¢ phi€u, nhian dién cic dot ting
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Hinh 2: Xu huéng gié cé phiéu BYDDY
déng cda
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Nguon. https://www.kaggle.com/code/thuntrnb/lstm-
fine-tuned-best-model-byddy-pred?script
Versionld = 187689470

gidm v ddnh gid bi€n dong clia gid cd phiu
BYDDY. (Hinh 2)

Pudng trung binh dong MA100 dua trén 100
phién giao dich gin nhat va so sdnh vé6i dd thi lich
st gid cd phi€u BYDDY déng cita, khi duding gid
déng ctra cao hon dudng trung binh dong MA100,
bdo hiéu gia cd phi€u déng cita ting hodc da ting,
nha dau twxem diy 12 tin hiéu mua vao. (Hinh 3)
Hinh 3: budng trung binh déng MA 100

Close Price and MAL00
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Nguén. https://www.kaggle.com/code/thuntrnb/Istm-
fine-tuned-best-model-byddy-pred?script
Versionld = 187689470

Khi dudng gid c6 phi€u BYDDY déng cita dudi
MAI100, diy la xu huéng giam hodc da gidm, nha
dAu tunén ban hoic tranh mua.

4.3. Tim b siéu tham so t6i wu ciia mé hinh
LSTM sit dung GA

Thuat todn Di truyén (GA) 1a mdt phuong phép
t61 uu héa dura trén nguyén 1y ti€n héa t nhién, bao
gdm chon loc tu nhién, lai ghép (crossover), va dot

bi€n (mutation). St dung GA dé t8i wu héa mot tap
céc siéu tham s6 cho 1 mo hinh LSTM.

Ham fitness_function 12 mdt ham muc ti€u ma
GA sé& toi uu hoa. Trong bai todn, ham fitness dugc
st dung dé t6i thi€u héa tdng binh phuong ctia cic
thanh phan trong solution (mdi solution s& 14 mot
tap hop cdc gia tri dai dién cho cdc siéu tham s0).
Muc tiéu ctia GA 1a tim ra giai phap (tic 1a tip hdp
céc siéu tham s6) 1am cho gi4 tri ciia ham fitness 1a
nhé nhat. (Bang 1)

Bdng 1. Hdm muc tiéu fitness_fonction

def fitness_function(solution):

# Example fitness function: minimize the sum
of squares

fitness = sum(x ** 2 for x in solution)

return fitness

Nguoén: Tdc gid

BAng 2. Mé Python cdi dét thuat toan GA

algorithm_param = {'max_num_iteration': 50,
"‘population_size': 10,
"mutation_probability": 0.1,

'elit_ratio": 0.01,
'crossover_probability": 0.5,
‘parents_portion': 0.3,
'crossover_type': 'uniform’,
'max_iteration_without_improv'":
None}

Nguén: Tdc gid

S6 luong vong lip t6i da ma GA sé& chay 1a 50
vong, sd lugng c4 thé trong quin thé mdi thé he 10
cd thé, xdc suat mot ca thé bi dot bién 10%, ty 1&
cdc ca thé ot nhat dugc giif lai qua cac thé he 1%,
xéc suat lai ghép gitta hai ca thé 50%, ty 1é cic cd
thé dudc chon lam cha me 30%, ki€u lai ghép dudc
st dung 12 lai ghép déu (uniform) va s6 vong lip tdi
da khong c6 cai thién true khi dirng (d€ None tic
la khong giGi han). (Bang 3)

6} day, fitness_function la ham muc tiéu can toi
uu, Dimension s lugng siéu tham s6 cAn tdi vu1a 5,
variable_type cho biét ki€u dit liéu cla cdc siéu
tham s6 (real cho cdc gid tri thuc),
variable_boundaries gi6i han cho cic siéu tham s6

S6 18 - Thang 8/2024 307



TAP CHi CONG THUONG

Bdng 3. Mé Python chay thuét todn GA

model = ga(function = fitness_function,
dimension = 5, variable_type = 'real’,
variable_boundaries = varbound,
algorithm_parameters = algorithm_param)
model.run()

Nguén: Tdc gid

va algorithm_parameters gdm cdc tham s§ cia
thuat todn GA dugc dinh nghia. Thuat todn di
truyén GA sé& t6i uu héa mot tap hgp cdc siéu tham
s6 cho mo hinh LSTM, dva trén ham muc tiéu
(fitness function). Qud trinh bao gdm viéc khdi tao
quan thé ban dau, chon loc, lai ghép, dot bién, va
tim ra gidi phdp tot nhat thong qua nhiéu thé hé.
(Béang4)

Bdng 4. Siéu tham s 18i uu fim thdy

Num_layers 1
Units 51
Dropout_rate 0.0077
Learning_rate 0.0008
Activation Tanh
N_lag 60

Nguon. https://www.kaggle.com/code/thuntrnb/
ga-for-fine-tuning-lstm

4.4. Hudn luyén mé hinh LSTM t6i uu

M6 hinh LSTM mot 16p c6 s& don vi (units)
trong 16p LSTM 1a 51 don vi 4n no-ron. S8 lugng
don vi nay quyét dinh kha ning hoc va lvu trif thong
tin ciia mo hinh. K¥ thuit dropout dugc st dung véGi
ty 1& 1a 0.0077, mo hinh khong st dung nhiéu
dropout vi khdng c6 van dé hoc 1éch. T6c dd hoc
learning rate quyét dinh budc nhay trong qu4 trinh
t61 uu héa 1a 0.0008, mo6 hinh LSTM sé& hoc tir tif va
cin thén, gitip trdnh bb qua cac cuc ti€u cuc bod va
ddm bio su hdi tu 5n dinh. Ham kich hoat dudc st
dung trong LSTM t6i uu 1a Tanh, mdt ham phi
tuy€n c6 dau ra trong khodng [-1, 1], giip md hinh
¢6 thé hoc cdc miu phiic tap hon. S& budc thdi gian
60 lags, md hinh st dung thong tin cla 60 ngay
trude d6 d€ du bdo gid tri ngay hién tai. Mot 16p
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Dense dugc thém vao cudi d€ dua ra mot du dodn
duy nhat. (Bang 5)

Bdng 5. Méa Python xdy dung mé hinh
LSTM t3i uu

# Xay dung md hinh LSTM t6i uu

model = Sequential()

model.add(LSTM(units = 51, input_shape =
(X_train.shape[1], X_train.shape[2]),
activation = 'tanh'))
model.add(Dropout(0.0077))
model.add(Dense(1))

model.compile(optimizer = Adam(0.0008),

loss ='mse'")

Nguon: Tdc gid

Téng s6 tham s6 cia mod hinh LSTM t6i vu 1a
32,594, s& lugng tham s& hudn luyén la 10,864 va
tham s6 t6i wu hda 1a 21,730 mo hinh c6 thé hoc va
diéu chinh d€ c3i thién hiéu suit. TAt ci cdc tham
s6 déu c6 thé huan luyén, chitng té md hinh linh
hoat va c6 kha ning hoc tap tir dit liéu. Téng kich
thu6c bd nhé 127.32 KB, diéu nay thuin tién cho
viéc trién khai md hinh. (Bang 6)

BAng 6. Mé& Python hudin luyén mé hinh
LSTM 16i uu

# Huin luyén mo hinh LSTM t3i uu

history = model.fit(X_train, y_train, epochs =
10, batch_size = 16, validation_data = (X_test,
y_test), verbose = 1)

Nguébn: Tdc gid

Mb hinh LSTM t8i vu 12 mdt mang no-ron sif
dung ham model.fit() 12 phuong thitc diing d€ huin
luyén md hinh, gidp cip nhat trong sd cia md hinh
dua trén dit liéu huan luyén va t6i vu héa ham mat
mat. X_train dit liéu dau vao (features) clia tip
huan luyén. M6 hinh sé& hoc tir dit liéu nay dé timra
cédc miu va mdi quan hé trong dit liéu. y_train gia
tri muc tiéu tuong tng véi dit lieu dau vao X_train.
M0 hinh hoc cdch 4nh xa tit X_train d&€n y_train. S&
lugng epoch = 10 12 s& 1an toan bd dit lieu huan
luyén dudc duyét qua mo hinh. Kich thudc
batch_size = 16 mdi 1in cAp nhit trong s sé dua
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trén 16 miu dir litu. DU liéu xdc thuc
validation_data = (X_test, y_test) dung dé danh gia
mo hinh trong qud trinh huin luyén. Py 1a dit liéu
khong dugc st dung trong qud trinh huan luyén,
nhung dugc diing d€ kiém tra hiéu suit clia mo hinh
sau mdi epoch. X_test va y_test 1a dif liéu diu vao
va nhin cda tip di liéu ki€m tra (validation set).
Véi verbose = 1, thong tin vé qué trinh huan luyén
s& dudc in ra sau mdi epoch, cho thiy sy tién trién
ctia md hinh. (Hinh 4)

Hinh 4: M6 hinh LSTM 16i uu

BYDDY Close Stock Price Prediction

Close Price
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Date

Nguon. https://www.kaggle.com/code/thuntrnb/lstm-
fine-tuned-best-model-byddy-pred?script
Versionld = 187689470

4.5. Panh gida mé hinh LSTM t6i uu

Mo hinh LSTM t8i wu da huin luyén st dung
ham y_pred = model.predict(X_test) d& du dodn
cdc gid tri ddu ra (y_pred) dua trén dit liéu dau vao
X_test tir tAp dit liéu kiém tra. K&t qua 1a céc gid tri
du dodn dudc md hinh tinh todn, d6 thi gid ¢ phi€u
BYDDY déng cita dudc du bido bam sit do thi gid
déng ctta thyc t€. (Hinh 5)

Hinh 5: So sanh gia thuc va gia du bao
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Nguén. https://www.kaggle.com/code/thuntrnb/Istm-
fine-tuned-best-model-byddy-pred?script
Versionld = 187689470

M6 hinh LSTM sau khi t8i uu héa da dat dudc
muc dd pht hgp rat cao véi hé sd xac dinh 12 0.92,
nghia la mo hinh c6 kha nidng gidi thich dugc 92%
su bién thién trong dif liéu, chi con lai 8% la do
nhiéu. Mo hinh LSTM t3i uu da chiing té sy hiéu
qua vuot trdi trong viéc du bdo, mang lai niém tin
vitng chic cho cic quyét dinh dua trén két qua tir
mo hinh. (Hinh 6)

Hinh 6: DS pha hgp cua mé hinh LSTM

R2 Score: 0.92

a8

Predctes Valoes

s s or o8 ] 10

Nguén. https://www.kaggle.com/code/thuntrnb/Istm-
fine-tuned-best-model-byddy-pred?script
Versionld = 187689470

Hiéu suit cia mod hinh LSTM t3i uu con dugc
thé hién qua do 1éch chudn thap (STD = 0.015), cho
thiy cdc gid tri du doén it bi€n dong va rat sat véi
gia tri trung binh, chitng t6 md hinh c6 tinh &n dinh
cao. V61 MAE = 0.025, md6 hinh dwua ra cac du doan
gan v&i thyc t&, hd trg nha dau tu dy doan chinh xac
hon gid déng clra cia c¢6 phi€u BYDDY. Chi s&
MSE = 0.001 thé hién midc dd chinh xdc cta du
dodn va gitp giam thiéu rdi ro do sai s6 16n. RMSE
=0.031 khing dinh d6 chinh xédc cao ctia mo hinh
trong viéc du dodn gi4.

Ham 13i ciia mo6 hinh LSTM t6i wu ¢6 xu huéng
hoi tu vé 0. Khi ham 16i ctia md hinh LSTM c6 xu
huéng hdi tu vé 0, md hinh dang dan hoc dudc cdch
du dodn mot cdch chinh x4ac hon va du dodn ctia mo
hinh cang gin vdi gi4 tri thyc t€. Viéc 16i hoi tu vé 0
12 ddu hiéu qua trinh t6i uu héa dang dién ra thanh
cdng. (Hinh 7)

Su hdi tu 6n dinh clia ham 18i 13 diu hiéu
mo hinh d3 dat d&€n di€m t3i vu trong khong gian
tham s6 clia né, md hinh khdng con cdi thién
nhiéu nita va di dat dugc hiéu suit tot nhat cé thé
v6itap dir lidu.

S6 18 - Thang 8/2024 309



TAP CHi CONG THUONG

Hinh 7: Ham 16i héi tu vé 0

Waiting and Valldation Loss

— Wainin Lons
—— Vebdton Lo

Nguén. https://www.kaggle.com/code/thuntrnb/Istm-
fine-tuned-best-model-byddy-pred?script
Versionld = 187689470

4.6. Ung dung mo hinh LSTM t6i uu trong
dubdo

Bdng 7. Mé Python du bdo gié tling ngay
frong tuong lai

future_predictions =[]

for iin range(future_days):
next_pred = model.predict(last_data)
future_predictions.append(next_pred[0, 0])
last_data =np.roll(last_data, -1)
last_datal[O, -1, 0] = next_pred

Nguébn: Tdc gid

Mo hinh LSTM t3i wu dd huin luyén dugc sit

dung mo hinh @€ du bdo gi4 c6 phi€u trong 5 ngay

ti€p theo bit dau tir ngay 10/07/2024 va ra quyét
dinh mua, bén, giit. (Bang 7, 8)

BAng 8. M hinh LSTM 18i uu du bédo

Mo hinh | Ngaydubao | Giadubao | Hanhddng
LSTM 11-07-2024 59.62 § Hold
LSTM 12-07-2024 59.63% Buy
LSTM 15-07-2024 59.62% Sell
LSTM 16-07-2024 59.61% Sell
LSTM 17-07-2024 59.60% Sell

K&t qua du bdo chinh x4dc cia md hinh gitip
chiing ta hi€u diing din va hanh dong kip thdi, tir 46
cdc nha dau tr c¢6 thé tdi da héa 1¢i nhuin va gidm
thi€u i ro trén thi trudng chiing khoan. Md hinh
t6i uu dd huan luyén dy bdo tin hiéu gitt (hold)
trong ngay 11/07/2024 va du bao mua (buy) trong
ngay 12/07/2024, nghia 13 tin hiéu gid c8 phi€u
tdng. (Hinh 8)

Tin hi¢u ban (sell) trong 3 ngay 15,16 va
17/07/2024 cho thay gi4 c8 phi€u dong ctra du ki€n
sé& gidm. Cédc két qua nay phu hgp véi du bdo cha
BYD Company Limited dugc thuc hién bdi 2 nha
phan tich du bdo ctia Wall Street, link kiém tra:
“https://www.tipranks.com/stocks/byddy/forecast”.

4. K&t qua va thio luan

Thuat todn di truyén GA di tim ra bd siéu tham
sO tot nhat dé xAy dung mo hinh LSTM t6i wu phit
hdp v6i bod dit lieu BYDDY. Cong tic huin luyén
mo hinh LSTM t8i wu d cho nhitng két qua vé hiéu
suat dang khich 1& v6i STD=0.015, MAE=0.025,
MSE=0.001, RMSE=0.031 va =0.92. K&t qud nay
khing dinh md hinh LSTM dugc t6i vu héa bdi
thudt todn GA trén dir liéu lich st cia BYDDY
déng ctra cho du bdo chinh xdc va tinh dn dinh cao.
Mic do phi hgp clia md hinh LSTM t6i vu la =
0.92, du dodn cia mo hinh bdm sit gid ¢S phi€u
thuc t&€ trong thdi gian thit nghiém, nim bit dudc ca
nhitng bi€n dong ngdn han va xu huéng dai han.
M6 hinh d3 dy bdo thanh cong gid c6 phi€u
BYDDY d6ng cilra trong tuong lai véi hiéu sut cao.
So sdnh v6i phuong phdp truyén thdng, st dung
thuat todn di truyén GA dé xAy dung mo hinh
ARIMA t65i uu dv bdo gid c¢6 phi€u BYDDY déng
clfta va ra quyét dinh giao dich. K&t qud, mo6 hinh
ARIMA t5i uu da huin luyén c6 cdc danh gia vé
hiéu suat nhu Bdng 9.

K&t qua nay ching td moé hinh ARIMA cho du
dugc t8i wu héa vin khong phit hgp véi ngudn dir

Bdng 9. BPAnh gié hiéu sudt cGa ARIMA 18i uu

MAE MSE RMSE

43.82

Rz Score STD

40.67 | 1920.51 -5.82 16.43

Ngubn. https://www.kaggle.com/code/thuntrnb/Istm-
fine-tuned-best-model-byddy-pred?script
Versionld = 187689470
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Hinh 8: DU’ bao hanh déng mua ban giii trong 5 ngay t6i

BYDDY Stock Price Prediction and Actions

Predicted Price (USD)
$ $ g
g & %

600

20240711 2024-07-12 20240713

20240714

Date

20240715 2024-07-16

Nguon. https://www.kaggle.com/code/thuntrnb/Istm-fine-tuned-best-model-byddy-pred?scriptVersionld = 187689470

liéu 16n phi tuy&n cta gid cd phi€u BYDDY déng
ctta, cdc du dodn sai 1éch 16n. So sdnh véi cdc két
qué nghién cifu cla tac gia Bianmengian Ji & cong
su (2023), trong bai viét c6 twa “The Stock Price of
BYD Prediction using LSTM and ARIMA™, hi¢u
suat tot nhat mo hinh trong nghién cttu cla tic gid
la MAE=0.45, MSE=0.58, RMSE=0.76, R2=0.85.
Vay, mo hinh LSTM t6i wu bdi GA trong nghién
cttu nay chitng minh su hiéu qué trong viéc xt 1y va
hoc héi tir dit liéu 16n chudi thdi gian dai, ¢6 khd
ning nim bit cdc moi quan hé phi tuyén tinh giita
cic diém dif liéu da gép phan mang lai hiéu sudt dy
dodn cao.

5.Ké&tluan

Mo hinh LSTM t6i wu nim bit dudc sy phu
thudc phic tap vé gia c6 phi€u BYDDY déng ctia
trong tap dit liéu lich s&. Dy dodn gid c¢§ phi€u
BYDDY déng ctta va céc giao dich cia LSTM t3i
uu bdi GA, do d6 chinh xdc va ding tin ciy hon.
Nghién cttu phat hién chinh 124 md hinh LSTM t6i

TAILIEU THAM KHAO:

vu du bdo gid cd phi€u BYDDY déng ctta va cic
quyé&t dinh giao dich dat hiéu sudt cao hon so véi
k&t qua nghién cttu du bao gid BYD sit dung mo
hinh LSTM khong dugc t6i uu héa va ARIMA
truyén thong clia cdc nghién ctu trude diy. Mo
hinh LSTM t&i wu ¢6 thé hd trg cdc nha dau tu phat
trién cdc chién luge giao dich hiéu qua hon, cho
phép quan 1y nhitng bi€n dong gid bat 1gi. Phuong
phép nghién citu c6 thé dugce 4p dung cho cic ¢
phi€u va codng cu tai chinh khac. Tuy nhién, vin
con nhitng han ch&, md hinh LSTM i uu cin
ngudn dit liéu 16n, thdi gian hudn luyén dai. Viéc st
dung mo6 hinh hoc sdu vao phin tich dy bdo tai
chinh doi hdi cdc nha hoach dinh chinh sdch phéi
cin nhic ky ludng, d€ dam bio cong nghé dudc
khai thac mot cach hiéu qua va c6 dao dc.

Hudéng nghién cttu mdéi: st dung md hinh
Support Vector Regression va LSTM t6i wu héa bdi
thuét toan GA phén tich dit liéu cam xic va du bdo
gid c§ phicum
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FORECASTING BYDDY STOCK PRICE BY USING THE OPTIMAL
LSTM MODEL AND GENETIC ALGORITHM
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ABSTRACT:

This study focused on the BYDDY stock price forecast of BYD Company Limited, China's
leading manufacturer of electric cars, rechargeable batteries, and solar panels, through using the
optimal long-sshort-time memory model (LSTM). The study’s results show that the optimal LSTM
effectively captures the nonlinear fluctuations of the closing BYDDY stock price. The main
performance metrics of the optimal LSTM model on the test data set are STD=0.015, MAE=0.025,
MSE=0.001, and RMSE=0.031, and the model fit is = 0.92. The study’s results not only highlight the
effectiveness of using the optimal LSTM in forecasting stock prices but also provide a framework
for future research in applying deep learning techniques to financial market prediction.

Keywords: stock price prediction, BYDDY stock price, Deep learning, Genetic Algorithm,
LSTM.
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