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DU BAO GIA BITCOIN BANG CAC MO HiNH HOC MAY

TS. Vii Thi Huyén Trang* - Dang Hai Yén* - Tran Thj Van - Pham Thij Hai Yén* - Nguyén Kim Anh*

Trong ky nguyén Céng nghiép 4.0, Bitcoin da vwon Ién tré thanh biéu twong cta céng nghé Blockchain,
mé ra mét thj trwrong tai chinh diy hira hen nhwng ciing tiém an nhiéu bién déng. Viéc dw bdo gid Bitcoin
déng vai tro quan trong trong chién Iwoc dau tw kinh té. Nghién ctru nay str dung dir liéu gia déng cira cua
Bitcoin ttr ngay 07/10/2021 dén 08/02/2025 va cta cdc mé hinh hoc mdy tién tién (RNN, LSTM, GRU, LSTM-
GRU, GRU-LSTM) dé dw bdo gid Bitcoin va so sénh, ddnh gid hiéu suét ctia céc mé hinh st dung. Két qua
cho thdy, GRU la mé hinh téi wu nhat dé dw béo gid Bitcoin.

» Ttr khoa: gia Bitcoin, dw bao, hoc may, LSTM, GRU, RNN.

In the era of Industry 4.0, Bitcoin has emerged
as a symbol of Blockchain technology, opening up
a promising but potentially volatile financial market.
Bitcoin price forecasting plays an important role in
economic investment strategies. This study uses
Bitcoin closing price data from October 7, 2021 to
February 8, 2025 and advanced machine learning
models (RNN, LSTM, GRU, LSTM-GRU, GRU-
LSTM) to forecast Bitcoin prices and compare and
evaluate the performance of the models used. The
results show that GRU is the most optimal model for
forecasting Bitcoin prices.

» Key words: bitcoin price, forecasting, machine
learning, LSTM, GRU, RNN.
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1. Gioi thiéu

Cudc cach mang cong nghiép 4.0 di thuc day
su phat trién cia cong nghé s6 hoa, dic biét la
Blockchain - nén tang cdt 16i cua Bitcoin. Trudc
b6i canh thi truong gia Bitcoin bién dong khong
ngung, cac mo hinh du bao da tré thanh cong cu
déc luc, khong chi mang lai loi ich kinh té ma con
g6p phan 6n dinh thi truong. Trong linh vyc nghién
cuu, du doan gia Bitcoin thong qua céc thudt toan
tri tu¢ nhan tao Al va sirc manh tinh toan vuot troi
clia may tinh da tré thanh mot hudng di ndi bat.
Vi su phat trién vuot bic ciia phan cting trong thé
ky 21, cong nghé hoc may da khang dinh vi thé 1a
cong cu du bao gia Bitcoin uu viét, nho kha nang
xtr 1y lwong dit lidu khong 10, két hop linh hoat
nhiéu phuong phap du bao va thich mg nhanh
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chong véi bién dong thi truong. Tuy nhién, bén
canh nhiing uu diém vuot troi, cac mo hinh nay
cling d6i mat v6i nhitng thach thire nhu yéu cu dix
lidu ddu vao chét lugng cao, nguy co overfitting va
su phu thudc vao cac yéu td thi truong kho luong.

Nghién curu nay tép trung vao viéc ap dung va
danh gia hiéu suét ctia cac mo hinh hoc may, bao
gdm Recurrent Neural Network (RNN), Gated
Recurrent Unit (GRU), Long Short-Term Memory
(LSTM) va cac md hinh lai LSTM-GRU, GRU-
LSTM trong du bao gia Bitcoin. Két qua khong
chi dong gop cho linh vuc du bdo tai chinh ma con
cung cap nhimg goi y quan trong trong quan ly rui
ro va hoach dinh chién luoc dau tu, hd tro nha dau
tur va cac bén lién quan dua ra quyét dinh hiéu qua
trén thi truong tién ma hoa day bién dong.

2. Co s& 1y thuyét va tong quan nghién ciru

2.1. Co s6 Iy thuyét

Tién mi hoa (cryptocurrency) la mot loai
tién k¥ thuat s6 st dung co ché mi hoa dé dam
bao tinh an toan va xac thyc cho céac giao dich.
Khong gidng nhu tién té truyén thong, tién ma hoa
khong duoc phat hanh boi bat ky chinh pha nao
ma dugc tao ra va quan 1y boi hé thong may tinh
phi tap trung véi cac thuat toan ty dong. Tién ma
hoa hoat dong trén nén tang cong nghé chudi khoi
(blockchain), noi tat ca céc glao dich duoc ghi lai
cong khai trong mot s6 cai phan tan. Pong tién
nay ngoai tinh nang thanh toan con mang tinh dau
tu va hién nay khong chiu sy kiém soat cua bt
ky ngan hang trung wong nao cting nhu khong co
sy dam bao phat hanh. Theo Nakamoto (2008),
tién ma hoa c6 rat nhiéu wu diém vuot trdi: tinh
an toan, tinh an danh, tinh tiét kiém, tinh nhanh
chong, tinh ning chéng lam phat tu dong. Mot
trong nhiing loai hinh tién ma hoa thanh céng nhat
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va duoc chép nhén thanh toan nhiéu nhét hién nay
1a Bitcoin. Mic du con ton tai nhiéu khuyét diém
khi trién khai trong thuc té nhung Bitcoin da gay
ra con dia chin toan cau va lam déy 1én mot cudc
cach mang trong thi truong tién té.

2.2. Téng quan nghién ciru

C6 nhiéu phuong phap di duogc phat trién dé
du bao gia Bitcoin, tuy nhién bén canh nhirng uu
diém thi van con ton tai nhiéu han ché, khong phai
lic nao cling pht hop v6i moi loai dir liéu va diéu
kién thi trurong. Céac nghién ctru du bdo gia Bitcoin
hién nay chii yéu tap trung so sanh hiéu sut du
doan gia Bitcoin giita cac mo hinh; ty suat loi
nhuén va xu hudng gia cua Bitcoin va phat trién
mdt sé6 mod hinh hoc may dé du doan ty gia loai
tién ma hoa nay.

Pau tién, nghién ciru vé RNN cho thiy mo
hinh nay c¢6 kha ning hoc tir cac mdi quan hé
trong chudi dit liéu, hitu ich trong du bao chudi
thoi gian. Pant va cong su (2018) su dung phan
tich cam xuc tir 4254 tweet cung dir lidu gia trén
CoinMarketCap dé du doan gia Bitcoin. Két qua
cho théy, mo hinh RNN dat d6 chinh xac 77,62%
trong dy doan gia Bitcoin va c6 mdi twong quan
0,41 gitra s6 lwong ¥ kién tiéu cuc va gia Bitcoin.

So sanh gitta RNN va LSTM, Gunarto va cong
su (2023) da xay dung va so sanh hi€u qua cua hai
md hinh hoc may nay trong viéc du bao gia Bitcoin
va Ethereum, v6i dir liéu tir ndm 2015 dén nam
2021. Két qua chi ra rang mé hinh LSTM vuot troi
hon so véi mo6 hinh RNN trong viéc dy doan gia
Bitcoin va Ethereum, véi gia tri RMSE thap nhét
12 0,061 va MAPE 1a 5,66% cho Bitcoin, cung voi
RMSE 12 0,036 va MAPE 1a 4,58% cho Ethereum.
Trong khi d6, RNN c6 RMSE 1a 0,102 va MAPE
1a 8,82% cho Bitcoin, cting nhu RMSE 12 0,062 va
MAPE la 6,51% cho Ethereum. Nghién ctru ciing
chi ra riang céc siéu tham sb cia mé hinh c6 anh
huong 16n dén két qua du doan.

Chen (2023) so sanh hdi quy Random Forest
(RF) v&i LSTM, sir dung 47 bién giai thich thudc
8 danh muc, tir gia Bitcoin, cac chi s6 thi truong
dén su chu § |y cua cong chung. Két qua nghién cuu
cho thay hoi quy rung ngau nhién c6 do chinh xac
dy doan gia t6t hon LSTM khi gia Bitcoin tuong
d6i 6n dinh, nhu’ng khong thé du doan cac két qua
ngoai cac mau dao tao. Két ‘qua cung cho thay khi
tang s6 ky qua khir cua bién giai thich, d6 chinh
xé4c cia ca RF va LSTM déu giam. Két lugn nay
gan voi gia thuyét thi truong hiéu qua co dién.

Trong nghién ctu cia Shiri va cong su
(2023) cho thay GRU dat d¢ chinh xac cao trong
cac nhiém vu phan loai. Trén b dir liéu IMDB,
GRU dat duoc d@d chinh xac 87,55% va trén bd
dir liéu ARAS, n6 dat d6 chinh xac 93,65%. Dong
thoi, GRU ciing yéu cau it thoi gian hudn luyén
hon so v&i mot sé mé hinh khéc, diéu nay cho thy
rang n6 1a mot cong cu hiru ich trong viée xu Iy dir
liéu chudi.

Bén canh do, c6 rat nhidu nghién ctru cho két
qua LSTM la t6i wu nhat. Trong nghién ctru cua
Chen va cong su (2021), LSTM ciing cho thdy kha
nang du bao tot hon cac mé hinh ARIMA va SVR
khi sir dung dit liéu kinh té va cong nghé trong
mdt mo hinh hai giai doan. Tuong tu, nghién ctru
cua Phaladisailoed va Numnonda (2018) ciing cho
thay LSTM c6 do chinh xac cao nhat (52,78%)
khi so sanh véi hdi quy Theil-Sen, hdi quy Huber
va GRU. Khéng chi vay, LSTM con duogc cong
nhan 12 mot mo6 hinh hi€u qua trong cac bai toan
du bao muc tiéu nhiéu 1an (Shin va cong su, 2021;
Jagannath va cong su, 2021; Rizwan va cong su,
2019), cho thay tinh linh hoat cuia mé hinh.

Toéom lai, LSTM thuong dugc coi la mot lya
chon hang dau nho kha ning xir Iy dir liéu thoi
gian va d§ chinh xac cao trong cac du bao; cung
v6i d6, hoi quy RF, CNN, RNN hay GRU ciing cho
thdy tiém nang 16n trong viéc dy bao gia Bitcoin.
Tuy nhién, hiéu suit cia cic mo hinh ciing phy
thudc vao cac yéu t6 nhu dit liéu dau vao, bién giai
thich, va thlét lap tham sb. Viéc mé rong nghién
cuu bao gom cac glal doan thi truong khac nhau
¢6 thé cung cép cai nhin sau sic hon vé kha ning
du doan ctia cac mo hinh hoc may.

3. Phuwong phap nghién ciru

3.1. Dir liéu nghién ciru

Nghién ctru st dung dir li¢u gid dong ctra hang
ngdy cua Bitcoin tir ngay 07 thang 10 ndm 2021
dén ngay 08 thang 02 nam 2025, dugc thu thap tu
yahoo finance.

3.2. M6 hinh nghién ciru

a. Mo hinh Recurrent Neural Network - RNN

Mang no-ron hoi quy (RNN) la mot loai mang
no-ron nhan tao chuyén xtr ly dir lidu tuén tu
bang cach duy tri trang thai ndi bo qua cac budc
thoi gian.

_ RNN gdm cac 16p hoi quy, mdi té bao kég hop

dau vao hién tai voi trang thai trudce dé tao dau ra
moi, gitp mang hoc dugc cac phu thudce theo thoi

Tap chi nghién ciu Tai chinh ké toan



( Ky 2 thing 09 (s6 296) - 2025 )

NGHIEN cUU TRAO POI

gian cua dit liéu. O nhé luu trir thong tin cac budc
trudc, hd tro nhan dién xu hudng va mbi quan hé
trong chudi dit lidu (Zahid va cong su, 2022).

a(t) = tanh(W, x(t) + Wya(t —1) + b,)

y(@) = softmax(W,,a(t) + by)

Hinh 1. Ciu tric mang RNN

{RNN_cell_forward

RNN cell

Nguon: Gholipour (2023)
‘Han ché cua RNN /a hién tugng do déc bién
mat khi lan truy€n ngugce, khién mo hinh khé hoc
cac moi quan h¢ xa va ghi nhé thong tin dai han,
tir d6 anh huong dén do chinh xdc. Cac bién thé
nhu LSTM, GRU duoc phat trién dé khac phuc
han ché nay, gitip nham cai thi¢n kha nang luu trir
hiéu suat du bao.
b. M6 hinh Long Short-Term Memory - LSTM

LSTM duoc phat trién boi Hochreiter va
Schmidhuber (1997), 1a mot bién thé manh mé&
cua RNN nham khic phuc cac van dé vé do dbc
bién mat va d6 dbc bung nd (Gholipour, 2023).
Khac voi RNN, LSTM chtra céu truc phtc tap
hon: 6 nh¢ (C), cong quén (f), cong dau vao (i),
cong dau ra (ot) két hop véi cac sigmoid va tanh.

Hinh 2. C4u trac cia mot don vi LSTM

by x, heix,

0, )Output Gate

by
multiply

\[—; ) Forget Gate

hyyx

Nguén: Hu va cong sw (2020)
Hoat dong cua 6 LSTM nhu sau:
+ Cong quén: Loai bo thong tin khong cin

thiet:
fe = o(We[he—1, Xc] + be)

Trong do:
W la ma tran trong s6 ctia cong quén;
b_1a do léch cua cong quén;
o l1a ham sigmoid, dam bao g1a tri cua f nam

trong khoang (0,1), tirc 1a chi gitr lai mot phan
thong tin tir trang thai 6 trude do C .

+ Cong dau vao: Kiém soat thong tin méi dugc
thém vao, dong vai tro l1a dau vao cho trang thai
hién tai cia mang. Gom hai budc nhu sau:

ir = o(Wilhe—1, X, ] + b))
a = tanh(VVc[ht—I'Xt] + bc)
Sau d6, hai vector nay duoc két hop dé cap
nhat 6 nho: ~
Co=(fe*C)+ (U *C)
+ Cong dau ra: Xac dinh trang thai an tiép
theo - dau ra ciia 6 LSTM:
0 = o(Wohe—1, X + b,)
h, = o, * tanh{€,)

Pau ra c6 thé duoc coi 1a gia tri du bao dugc
mo hinh tinh toan cho trang thai hién tai (Zahid va
cong su, 2022).

¢. M6 hinh Gated Recurrent Unit - GRU

GRU la mot bién ‘thé don gian hoa cua RNN,
gitp khéc phyc véan d€ b nhé ngan han. GRU don
gian hon LSTM nho két hgp cong dau vao va cong
quén thanh cong cap nhat duy nhat, khong st dung
trang thai 0 riéng biét.

Mot don vi GRU bao gdm ba thanh phan chinh.
Cu thé nhu sau:

+ Céng cap nhat: Quyét dinh mac do gitr lai
thong tin qua khu:

z; = o(W,[he—1, %] + b,)

Trong do:

W _1a ma tran trong s0;

b_la vector d¢ 1€ch (bias);

6 la ham sigmoid.

+ Céng dit lai: Quyét dinh luong thong tin qua
khur can duoc quén di:

1y = o(Wi.[he—1, %] + by)

+ Noi dung bd nhd hién tai: Pay la mot trang
thai an tam thoi:

h, = tanh(Wj, [ he—q, x,])

Cudi cung, trang thai bo nhé cudi cung duoc
xac dinh:
he = (1 —z)he_qy + 2.k,
o, = o,(W,h; + b,)
Trong d6 ma trén trong s6 16p dau ra 1a va
vector 1&ch 16p dau ra Ia.
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Hinh 3. C4u tric cia mét don vi GRU
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Ngu(fn: Shiri va cong sur (2023)

4. Két qua nghién ctru va thio luin

4.1. Tién xii Iy die ligu

Pé dam bao do chinh x4c ciia md hinh dy doan
gia Bitcoin va tranh sai léch, nhom nghién ctru da
tién hanh chuén héa dir li¢u bang phuong phap
MinMax Scaling. Viéc nay giap xtr 1y cac bién c6
thang do khac nhau mot cach dong deu.

Dt li¢u duge chia thanh hai phﬁn: tap huén
luyén (80%) tir 07/10/2021 dén 13/05/2024 (950
quan sat) va tap kiém tra (20%) tir 14/05/2024 dén
08/02/2025 (271 quan sat).

DPé xay dung va thuc nghiém duge mé hinh,
nhom céc tac gia da sir dung Python 3.13.1 trén moi
truong Google Colab va mdt so thu vién cot 16i.

4.2. Xdy dung va hudn luyén mé hinh

Sau khi hoan thanh xu 1y di liéu, nhom tac
gia s€ dung cac 16p Dense, Dropout, RNN, GRU,
LSTM tr thu vién keras.layers va Sequential tur
thu vién keras.layers d€ xdy dung va tinh chinh
m6 hinh mang no-ron. Chu6i dir li¢u duge xu 1i
chia lam dau vao va du bao xu huéng.

Vi cac md hinh don gém RNN, GRU, LSTM
¢6 cdu trac gdm 2 16p tuong ung. Mbi lop c6 50
neurons va nhan dau vao 1 chudi thoi gian véi
mot dac trung. Lop dau tién st dung refurn_
sequences=True dé tra vé chudi trang thai an, glup
lop tlep theo tiép tuc hoc. Lép thir hai chi tra vé gia
tri cuoi cung Lé6p Dropout (0,5) dwgc thém vao dé
loai bo ngau nhién 50% neurons, giam overfitting
va cai thién kha nang tong quat. Cudi cung, 16p
Dense v6i mot neuron lam dau ra, pht hop cho bai
toan hoi quy du doan mot gia tri duy nhat.

Cac mo hinh lai bao gdm LSTM-GRU va
GRU-LSTM dugc xay dung v6i hai 16p LSTM
(64 va 32 neurons) két hop hai 16p GRU (64 va 32
neurons), tao nén md hinh dy bao phu hop. Lép
Dropout (0,5) dugc thém vao dé giam overfitting,
gitip mo hinh tong quat hoa tot hon.

Trong qua trinh bién dich mé hinh, thuét toan
Adam dugc lya chon do kha nang ty dong dicu

chinh ty 18 hoc, gitp ting téc d6 huan luyén va
giam thiéu rui ro roi vao diém t6i vu cuc bd. Ham
mat mat MAE dugc st dung dé do luong do Iéch
gitta gia tri du doan va thyc té. M6 hinh duoc
luu lai thong qua ModelCheckpoint khi c6 su cai
thién vé hiéu suat. Cac mo hinh don héi tu sau
100 lan lap, trong khi cac mé hinh phirc hop hoi
tu nhanh hon, sau 80 lan lap, voi kich thude 16
batch_size=32. Két qua ham ton that giam nhanh
chong sau tién xir Iy dit liéu, ching minh tinh hop
1y cia dir liéu huén luyén.

4.3. Két qua dw bdo
2 Y ~ Ve Ve ~ ~ ~
Bang 1. o lwo'ng d6 chinh xac trén tap huan
luyén
Théng s6 RNN GRU LSTM LSTM-GRU GRU-LSTM
score 0,99321 0,99221 0,99299 0,99015 0,99117
MSE 1276244,19 1464136,80 1319018,31 1852433,53 1660521,85
RMSE 1129,70978 1210,01521 1148,48522 1361,04134 1288,61238
MAE 721,32787 824,26917 773,89128 1049,75922 965,55714
MAPE 0,02093 0,02358 0,02297 0,03449 0,03062

Nguon: Tinh toan ciia cac tac gia trén Google Colab
Két qua do luong ¢ Bang 1 cho thiy cac md
hinh RNN, GRU, LSTM, LSTM-GRU va GRU-
LSTM déu c6 do phu hop trén 99%, ching to md
hinh hoat dong t6t. Trong s6 d6, RNN ¢6 hiéu suat
tot nhat voi R? score cao nhat va cac chi s sai s6
(MSE, RMSE, MAE, MAPE) thap nhét. Nguoc lai,
LSTM-GRU c6 hi¢u suat yéu nhat véi cac chi sO
sai s6 cao nhat. LSTM ciing cho két qua tot, dic
biét trong viéc giam MAE va MAPE, nhung van
kém hon RNN. GRU ¢6 d6 phu hgp cao nhung chi
s6 sai s6 chénh léch so v6i LSTM va RNN. Cac md
hinh lai nhu LSTM-GRU va GRU-LSTM khong
mang lai cai thién 6 rét so voi mo hinh don.
Bang 2. Po lwdng dd chinh xac trén tap giam sat

LSTM-GRU
0,99015
1852433,53
1361,04134

GRU-LSTM
0,99117
1660521,85
1288,61238

Théng s& RNN GRU LSTM
score 0,99321 0,99221 0,99299
MSE 1276244,2 1464136,80 1319018,31
RMSE 1129,7098 1210,01521 1148,48522
MAE 721,32787 824,26917 773,89128 1049,75922 965,55714
MAPE 0,02093 0,02358 0,02297 0,03449 0,03062

Nguén: Tinh todn cia cdc tac gid trén Google Colab

Tir Bang 2 cho thdy GRU c6 hi¢u suét t6t nhat

trén tap giam sat vdi R2 score cao va sai s thap
nhat, tiép theo 1a LSTM-GRU. Cac mé hinh khac
1an luot 1a RNN, GRU-LSTM va LSTM, trong do
LSTM c6 hiéu suit kém nhat. RNN va LSTM gip
hién twong overfitting, dan dén chénh léch giira
két qua hudn luyén va giam sat. LSTM-GRU du
khong dat hiéu suét cao nhat nhung c6 d6 6n dinh
t6t, cho thay kha ning tong quat hoa cao hon so
v6i cac mo hinh khac.
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Két qua du bao trong Hinh 4 bam sat xu huéng
dir liéu thyc té, cho thiy mé hinh c6 kha ning tong
quat tot. Khi so sanh dir liéu huan luyén va giam
sat, co su tuong déng 0 rét gitta du bao va thyc
té, nhung ciing xuét hién hién tuong overfitting &
RNN, LSTM, GRU-LSTM. Diéu nay thé hién rd
khi mé hinh cho két qua tot trén tip hudn luyén
nhung kém chinh xac trén tap giam sat.

Nhu véy, c6 thé thdy su khac biét dang ké giita
hiéu suit ctia cac mo hinh trén tap huan luyén va
tap giam sat. Trong khi RNN cho két qua tot nhét
trén tap huan luyén, thi GRU lai thé hién hiéu suat
vuot troi trén tap giam sat véi R? score cao nhat
va cac chi s6 sai s thdp nhat. Bén canh dé, cac
mo hinh két hgp nhu LSTM-GRU va GRU-LSTM
chua mang lai su cai thién o rét. Su chénh 1éch
giita tAp huin luyén va tap giam sat phan anh hién
tuong overfitting & mot s6 mo hinh, dic biét la
LSTM. Do d6, GRU duogc xac dinh 1a mé hinh téi
wu nhit, dam bao tinh tong quat va hiéu qua khi ap
dung vao thyc tién.

Hinh 4. D6 thij so sanh giira gia Bitcoin dw bao
va thuc té cia cdc mé hinh
(a) o @ -
) KN'\ ’V'\‘vH
]"‘”’r\""r’»’”ﬁ y MW

Ay phl \'L M\, Y

| v
Wy N

(b) (e)
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(c)
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f\ ‘ (a) M6 hinh RNN;
" i o (b) M6 hinh GRU;
\, " M\»‘ (c) M6 hinh LSTM;
Wy e

(d) M6 hinh LSTM-GRU;
(e) M6 hinh GRU-LSTM

Nguén: Tinh todn cia cdc tac gid trén Google Colab

5. Két luan va khuyén nghi
Nghién ctu ap dung cac moé hinh hoc may
RNN, GRU, LSTM va cac mé hinh két hop dé
du bédo gia Bitcoin, tudn theo quy trinh khoa hoc
tir thu thap dir lidu, huan luyén mo hinh dén danh
gia hi¢u suat. Két qua trén tap huan luyén cho thay
tat ca cac mo hinh déu dat do phu hop cao, trong
d6 RNN c6 hiéu suat tdt nhat, con LSTM-GRU
¢6 hiéu suat kém nhat. Tuy nhién, hién tugng qua
khép van xuét hién & cdc md hinh RNN, LSTM,
GRU-LSTM, khi mé hinh hoat dong t6t trén tap
huén luyén nhung khéng duy tri dugc d6 chinh

xdc cao trén tap giam sat. Bén canh do, GRU la
mo hinh ¢6 hi¢u suat t6t nhat trén tap gidm sat, voi
R? score cao nhat va sai sb thap nhét. Dt liéu dy
bao ciing thé hién su on dinh, khong co bién dong
qua muc so véi dir lidu thuc té, cho thdy mo hinh
hoat dong hop 1y theo thoi gian.

pé nang cao hi¢u qua du bdo gid Bitcoin,
nghién ctru dé xuit mot s6 hudng phat trién quan
trong. Thir nhét, can t6i wu hoa tham sé mo hinh
bang cac phwong phéap dé cai thién do chinh xac va
han ché overfitting. Thi hai 1a mé rong tap dir lidu
dau vao dé gitip mo hinh phan anh day du hon cac
yéu t6 anh huong dén gia Bitcoin, chang han nhu
céc yéu t6 kinh t€ vi mo (1ai suat, ty gia hoi dodi,
gia vang), chi s thi truong (S&P 500, Nasdaq) va
céc bién lién quan dén cong nghe blockchain (d9
kho khai thac, ty 1€ bam), c6 thé nang cao hiéu
sudt du bao. Ngoal ra, can tang cuong giam sat
va kiém sodt rui ro khi tién hanh du béo. Tht ba,
mo rong nghién ctru bang cai tién, két hop cac
phuong phap dé nang cao do chinh xac va tinh
tmg dung. Dic biét, can tiép tuc thir nghiém va
danh gia hiéu suat ciia cac mé hinh hoc may tién
tién nhu Transformer hodc XGBoost dé so sanh
v6i cac phuong phéap hién tai. Diéu nay gitip nang
cao kha niang dy bao, ing dung thuc tién cua cac
mo hinh va cung cap thém thong tin hitu ich cho
céc nha dau tu.
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