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TOM TAT

Nghién cttu nay so sanh hiéu qua ctia ba kién tric hoc sau—mang no-ron tich chap
mot chiéu (1D-CNN), b nhé dai-ngan han (LSTM), va mo6 hinh lai 1D-CNN-
LSTM —trong du bao gia dong ctta cua Bitcoin. Dit liéu thu thédp tit Yahoo Finance
(17/09/2014 dén 01/10/2024) dwoc xtx ly bé“mg ky thuat ctra s6 truwgt v6i ba cdu hinh
(10-3, 15-5, 21-7). Két qua cho thdy LSTM vuot trdi trong duw bao ng:fm han, trong khi
mod hinh lai dat hiéu nang t6t hon ¢ cdc du bdo trung va dai han. Cac chi s6 danh gia

nhu MSE, MAE, RMSE va R? déu xac nhan tinh wu viét cia mo hinh lai trong truong
hop chudi du bao dai.

T khoa: Bitcoin, di bao, LSTM, mo6 hinh lai, 1D-CNN.

1. MO PAU

V6i mite d6 bién dong 16n va anh huong ngay cang sau rong, Bitcoin dang khang
dinh vi thé quan trong trong hé thdng tai chinh toan cau. Do d9, viéc du bao chinh xac
gia dong ctra cua Bitcoin tro thanh moét yéu cau thiét yéu trong cac nghién ctru va tng
dung tai chinh hién dai. Cac phuwong phap thong ké truyén théng thuong gdp kho khan
trong viéc md hinh héa cdc dic trung phi tuyén va dong ctia chudi thoi gian gia tién dién
te [1]. Trudc thach thie nay, cong dong nghién cttu da chuyén hudéng manh mé sang
tng dung cac mo hinh hoc sau nhim nang cao do chinh xdc trong du bao. Trong d6, mo
hinh lai gitta CNN va LSTM dang thu htt nhiéu sy quan tdm nho kha nang dong thoi
khai thac cac dédc trung khong gian va thoi gian. CNN c6 thé manh trong viéc trich xuat
cac dac trung cuc b9, trong khi LSTM n6i bat voi kha nang ghi nhé va mo hinh hoa sy
phu thudc thoi gian dai han [2]. Sy két hop gitta hai m6 hinh nay tao ra mét kién tric
linh hoat va cai thién d6 chinh xac trong nhiéu tinh hudng du bao khac nhau.
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Mac du cac mo hinh CNN, LSTM va mo6 hinh lai da duwoc ap dung rong rai trong
nhiéu nghién cttu trudc day, nhung viéc danh gia dinh lwong vé hiéu qua twong d6i cua
ching theo cac khung thoi gian du béo khac nhau (ngan han, trung han va dai han) van
chwa dwgc nghién ctu day du, dac biét trong boi canh thi truong Bitcoin cé mire d6 bién
dong cao. Trong nghién ctru nay, mo hinh lai duoc xay dyng va so sdnh hiéu nang véi
cac md hinh co s la CNN va LSTM dé danh gia vé hiéu qua trong du bao gia dong ctra
Bitcoin, dac biét trong khoang thoi gian trung va dai han.

Doéng goép ctia bai bao bao gom:
- Tht nhat, dé xudt mot kién tric két hop mai gitta 1D-CNN va LSTM nham tan
dung t6i vu vu diém caa tirng mo hinh.

- Thit hai, tién hanh phén tich thuc nghiém dua trén dit liéu giao dich thuec t€ voi
ba cau hinh ctra s6 thoi gian khéc nhau (10-3, 15-5, 21-7).

- Thtt ba, thuc hién so sanh hiéu qua mo hinh dé xuét v6i hai moé hinh co s (1D-
CNN va LSTM) qua cac chi s§ danh gia: MSE, MAE, RMSE, R2. Két qua chi ra rang m6
hinh lai cho hiéu ndng vuot trdi ¢ cac giai doan dw bdo trung va dai han, khéng dinh
tinh hiéu qua va kha nang tng dung thuc tién ctia kién tric lai trong du béo bién dong
gia Bitcoin.

No6i dung tiép theo cta bai bdo bao gom 4 muc. Muc 2 gidi thiéu cac cong trinh
lién quan vé ting dung mé hinh hoc sau trong dv bdo gia tién dién tir. Muc 3 trinh bay
mot s6 kién trtic m6 hinh hoc sau dung trong du bao chudi thoi gian. Muc 4 Tién hanh
thuc nghiém, mo ta két qua va so sanh hiéu nang gitra cac mod hinh. Cudi cung, Muc 5
tong két va danh gid két qua chinh, dé xuadt hudng nghién ctru tiép theo.

2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Thi treong tai chinh, dac biét la tién dién t, vdi tinh chat bién dong manh va phi
tuyén, da thac ddy nhu cau ting dung cac ky thuat tinh toan hién dai d€ nang cao do
chinh xac trong du bao giad. Cac phwong phap truyén thong nhu ARIMA, hoéi quy tuyén
tinh [1] du titng phd bién, nhung dan boc 16 han ché khi xtt 1y dit liéu nhiéu va phi tuyén
nhu gia Bitcoin. Trong bdi canh dd, cdc mo hinh hoc may va hoc sau nhuw CNN, RNN,
LSTM va cac kién truc lai da chiing minh hiéu qua vuot trdi trong viéc mo hinh hda cac
mdi quan hé phtic tap trong dit liéu tai chinh [3]. Tuy nhién, da s6 cac nghién ctu st
dung phuong phap truyén thong hodc hoc sau riéng 1é thuong chuwa danh gid va so sanh
hiéu nidng du béo theo ting khung thoi gian cu thé, dan dén kho khén trong viéc lwa
chon m6 hinh phtt hop véi muc tiéu dau tw ngén, trung hay dai han.

Bai bdo tap trung vao ba hudng ti€p can chinh trong dw bao gia tai chinh va tién
dién t: (1) CNN voi kha nang trich xuat dac trung cuc b trong chudi thoi gian; (2)
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LSTM vdi kha nang hoc cac phu thudc dai han; va (3) mo hinh lai CNN-LSTM tich hop
wu diém cua ca hai kién trac. Cac nghién ctu st dung ba md hinh nay da cho thay két
qua tich cuc trong du bao gia c6 phiéu, chi s6 tai chinh va tién dién t& nhw Bitcoin,
Ethereum. Doc gia ¢ thé tham khao cac tong quan tai [4]-[5] d€ hiéu r6 hon vé ting dung
hoc sau trong linh vuc nay.

Hasan va cong su [6] dé xuat mo hinh CNN két hop di liéu lich st va phan tich
cam xuac tir Twitter d€ du doan gia bon loai tién dién t, dat dd chinh xac 98.75%.
Somayajulu va cong su [7] cho thdy CNN c6 MAPE 3.7%, vuot trdi so voi LSTM (6.5%)
trong du bo gia Bitcoin nho kha nang trich xudt déc trung ngan han. Zhang va cong s
[9] gi6i thiéu md hinh CNN tich hgp co ché€ cht y va kénh bo nhd, gitp cai thién hiéu
nang trong di liéu phi tuyén. Tuy nhién, do khong luu git thong tin theo thoi gian,
CNN don lé gdp han ché€ véi cac xu hudng dai han—ttr d6 thic day viéc két hop CNN
véi LSTM @€ tan dung wu diém cua ca hai kién trac. Nhin chung, cdc nghién ctru nay
cht yéu danh gid hiéu qua CNN trong ngit canh ngan han ma chua lam rd tinh tng
dung khi kéo dai chudi du bao.

Nasirtafreshi [8] sit dung LSTM trong du bdo gia tién dién tir va cho thdy mo
hinh nay vuot trdi hon ANN, Simple RNN va ARIMA qua céc chi s6 RMSE, MAE, MAPE
va R2 Raj va Chattopadhyay [9] dé xudt LSTM Autoencoder t&i wu bang thuat toan FNN
va ham mat mat MSE, gitp du bao chinh xac hudng bién dong gia Bitcoin. Aditya Pai
va cong su [10] phat trién mo hinh LSTM du bao gid mo clra cac loai tién dién tk, c6 thé
trién khai qua APT va WebApp vdi sai s thap. Reepu [11] tiép tuc khang dinh hiéu qua
cua LSTM trong du bédo gia Ethereum va mdi lién hé véi Bitcoin. LSTM ndi bat nho kha
nang ghi nhé thong tin dai han thong qua cac cong nho, phu hop voi dit liéu tai chinh
c6 anh huong kéo dai theo thoi gian. Tuy nhién, m6 hinh nay doi hoi thoi gian huan
luyén dai va dé qua khép néu khong t6i wu hda siéu tham s phti hop, nhat 1a khi xtt ly
di liéu nhiéu cao nhw trong thi treong tién dién tk. Diém han ché chung la phan 16n cac
nghién ctu chi ap dung LSTM doc 1lap ma khong dat trong bdi canh so sanh truc tiép
véi cac kién truc khac d€'lya chon mo hinh t6i wu theo tirng khoang thoi gian du béo.

Nham khic phuc han ché€ ctia ting md hinh don 1é, cac nghién ctru gan day da
dé xudt mo hinh lai CNN-LSTM, két hop kha nang trich xuat dac trung cuc bd cia CNN
va ghi nhé chudi dai han ctia LSTM. Trong khi Peng va cong su [12] tich hop co ché
attention vao mo6 hinh CNN-LSTM dé du bao gia tién dién t&r voi tan suat cao, dat hiéu
qua cao trén di liéu bién dong, Khattak va cong su [13] két hgp mo hinh CNN-LSTM
véi chi bao Fibonacci va phan loai da 1ép nham ting kha ning sinh 1oi cho chién luoc
dau tw. Bén canh d6, Chen va cdng su [14] phat trién mo hinh c6 thé giai thich, dat
MAPE 2.39% va d¢ chinh xac 89.54% trong du bao gia Bitcoin, cho thdy vai tro ctia cac
bién nhu khdi luwgng va gia thi truong. Cong trinh nghién cttu ctia Huang va cng sw
[15] cho thdy CNN-LSTM vuot trdi hon cac mo hinh kinh té€ lwuong nhu GARCH, HAR,
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ddc biét khi tich hgp Markov Transition Field, hiéu qua ro rét trong du bao ngén han (7
ngay), trong khi d6, He va cong su [16] dé xuat NRBO-CNN-BiLSTM-Attention, sit dung
cac thuat toan t6i vu INFO va NRBO, gitp giam MAPE trén 50% va duy tri d6 on dinh
qua kiém dinh MCS. Tuy nhién, da phan cc nghién ctru trén van chi trién khai mot cdu
hinh thoi gian ¢6 dinh va chwa cung cap cai nhin dinh lwong r6 rang vé méi quan hé
gitta do dai ctra s6 dau vao, khoang thoi gian du bao va hiéu suat cta tieng mo6 hinh hoc
sau.

Nghién cttu nay khong chi dé xuat mo hinh lai CNN-LSTM hiéu qua d6i voi cac
mau phtrc tap ma con kiém sodt qua khép t&t hon, déc biét nghién ctru con so sanh hiéu
nang ctia md hinh véi cac chudi di bdo ngén, trung va dai han nho tinh mo rong va linh
hoat vwot troi cia mo hinh dé xuat.

3.MOT SO PHUONG PHAP DU BAO CHUOI THOI GIAN
3.1 M6 hinh 1D-CNN

M6 hinh 1D-CNN la moét loai ddc biét cia mang no-ron tich chap dugc thiét ké
dé xtr ly dir liéu theo cac cdu tric tuan tw nhur chudi thoi gian hodc ngdn ngir ty nhién.
Mot mang 1D-CNN dién hinh bao gom mét s6 16p va thanh phan quan trong [17], [18].
Ham kich hoat (activation function) dwoc cac 16p stt dung ¢ nam bat cac mau phic tap.
Cac 16p gdp (pooling layers) dugc ap dung dé giam chiéu di liéu. Trong nghién ctru
nay, 1D-CNN dugc két noi voi LSTM. Do d6, cac 16p két néi day dua (fully connected
layers) dugc chuyén dén cudi mo hinh lai va sé dugc trinh bay trong Muc 3.3.

Vé mit ly thuyét, mot phép tich chép tai thoi diém ¢, st dung dau vao x va kernel
w 6 kich thudc k, s€ cho dau ra y tai cung thoi diém, nhu trong phuong trinh (1):

k=1
YO = Grw)©) = ) 2t +D-w() (1)
i=0

Trong do:

e xDbiéu thi phép tich chap (convolution),
e x(t+) la phan ti dau vao tai vi tri t+,
e w(i) la phéan t& tht i cua kernel.

Ham kich hoat dwgc st dung trong mo hinh lai nay la ham ReLU (Rectified
Linear Unit). Véi z la dau vao ctia ham kich hoat. Ham duoc dinh nghia trong phuong
trinh (2):

ReLU(z) = max (0,2) (2)

Ham Max Pooling, duoc 4p dung trong mo hinh lai, dugc dinh nghia trong

124



TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, PH Hué

S6 chuyén san Cong nghé thong tin Tap 27, S6 1B (2024)
Phuong trinh ((3):
y(@) =max (x(t), x(t + 1), x(t +p — 1)) 3)
Trong do:

e y(t): gid tri dau ra tai thoi diém t
e x(t+): gia tri dau vao tai cac vi tri trong ctra sO pooling, véi i€[0,p-1]
e p:kich thudc ctra s6 pooling (pool size)
Trong giai doan hudn luyén, 1D-CNN st dung thuéat toan lan truyén nguoc dé
diéu chinh cac trong s6 ctia bo loc dua trén viéc cap nhat lién tuc sai s0. Ham mat mat
(loss function) tinh sai s6 dwa trén sy khac biét gitra dau ra thuc t€ va dau ra du doan.

Gia trj sai s8 nay sau d6 duoc lan truyén nguroc qua mang bang gradient descent dé cap
nhat trong s0. Phuong trinh ((4) dinh nghia gradient ctiia phép tich chap:

oL oL _
E0) = Ztay(t) “x(t+1) (4)

Trong do:
e L:ham mat mét (loss function)
e y(t): dau ra tai thoi diém
e w(i): trong s0 tai vi tri

e x(t+): dau vao tai vi tri twong ting
JL . ) N ~, ‘ N e
e gradient ciia ham mat mat theo trong so wi(i)
M5 hinh 1D-CNN st dung cac 16p tich chap mét chiéu va 16p gdp (max pooling)
dé trich xudt dic trung theo thoi gian tir chudi dit liéu.

3.2 M6 hinh LSTM

Day la mang no-ron hoi ti€p c6 kha nang ghi nhé dai han, dédc biét phu hop véi
dir liéu tai chinh c¢6 mai lién hé kéo dai theo thoi gian. M6 hinh bao gom mot hodc nhiéu
16p LSTM xép chong (stacked), gitp mo hinh hoc duwgc moi quan hé phtic tap gitra cac
budc thoi gian trong chudi dit liéu. Dau ra ctia LSTM duoc két ndi dén 16p Dense dé tao
ra gia tri dw bao cudi cung [19].

LSTM stt dung co ché cong gom: Forget Gate, Input Gate va Output Gate — cho
phép chon loc luu gitt hodc loai bod thong tin theo thoi gian, rat phu hop dé€ xu ly chudi
tai chinh c6 tinh dong phttc tap. Hoat dong noi tai cua mdi cell LSTM dwoc tinh toan
theo cac phuong trinh (12),
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Cong quén duoc tinh toan theo phwong trinh (5):
Fy = o (WyX; + UsH,_y + bf) (5)
Cong vao va trang théi cdc ing vién duoc thyee hién theo phuong trinh (6):
Iy =0 WXy + UH,_1 + b;)
C, = tanh (WX, + U.H,_; + b,) ©)
Cap nhat trang thai 6 nhé theo phuong trinh (7):
Ct:FtOCt—1+1t®Ct (7)
Cong ra va trang thai an dwoc tinh toan theo cong thikc (8):
O¢ =0 WoX; + UgH_1 + bo) (8)
H; = 0, O tanh (C;)
Trong do:
e Xi: dau vao tai thoi diém ¢t
e H:1: trang thai 4n va trang thai 6 nho trude d6
e Ceu: trang thai 6 nhd tir thoi diém trudce
e Fy I, O cac gia tri kich hoat ctia cong quén, cdng vao va cong ra
e (;: trang thai 6 nhé tng vién
e Wk, Ux, b*: cac ma tran trong sd va d¢ léch c¢6 thé huan luyén dugc
e 0: ham kich hoat sigmoid

e tanh: ham kich hoat hyperbolic tangent

O: phép nhan tiing phan ti (theo phan tit teong tng)

Mang LSTM nho vao co ché€ cong linh hoat c6 thé dong thoi hoc duoc ca bién
dong ngan han va xu hudng dai han trong chudi gi tai chinh, phit hop véi viéc md hinh

héa céc phu thudc theo chudi.

3.3 M6 hinh lai 1D-CNN-LSTM

Conv 1D

LSTM
Maxx
Input i : i
Filters: 64 Pooling I=(> its:
Layer Kemner_size: 2 1D Ug;?__t?o

RelLU

Hinh 1. Kién tric md hinh lai 1D-CNN- LSTM
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Kién trac ctia mo hinh lai 1D-CNN-LSTM duoc nhom tac gia nghién ctru dé xuat
trong bai bao nay c6 cau tric nhu Error! Reference source not found.. M6 hinh gom cac
16p chinh nhu sau: 16p dau vao nhan chudi thoi gian da xit ly bang phuwong phép ctra s6
truot; 16p 1D-CNN vdi cac 16p tich chap moét chiéu giup trich xudt dac trung cuc b, lam
ndi bat bién dong gid ngan han; 16p MaxPooling1D gidm s8 lwong tham s3 va chon loc
d3c trung quan trong; 16p LSTM tiép nhan dic trung tir CNN dé ghi nhé chudi thoi gian
dai va hoc quan hé phu thudc theo thoi gian; 16p Dense chuyén ddi dau ra tir LSTM
thanh gia tri du bao cu thé; cudi cing la 16p dau ra cung cdp day gia du bao twong ting
v6i forecast size ctia titng cau hinh.

Mo hinh lai nay duoc thiét k€ nham tan dung t&i da kha nang trich xut déc trung
manh mé cua CNN va nang luc ghi nhé chudi dai caa LSTM. Nho d6, mo hinh ¢6 thé
thich nghi véi ca xu hudng ngén han va dai han trong dit liéu tai chinh, tir d6 cai thién
dang k€ d6 chinh xac du bao.

3.4 Chi s6 danh gi4d mo6 hinh

Dé danh gia va so sanh hiéu nang ctia cac md hinh dy bao, nghién cttu stt dung
bdn chi s8 phd bién trong cac bai todn hdi quy chudi thoi gian: Sai s8 binh phuirong trung
binh (MSE), Sai s0 tuyét ddi trung binh (MAE), Can bac hai caia MSE (RMSE), Hé s0 xac
dinh (R2).

Voi:
e y;: gia tr thuc t€ tai quan sat thir i
e ¥;:gid tri du bdo tai quan sat thit i
e y;: gid tri trung binh cuta tap dir liéu thuc t€
e n:sd luong quan sat

Cac chi s6 danh gia dugc xac dinh bdi cong thiee (9)(12):

N-1
1
MSE,9) = — ) 0= 9 ©)
i=0
NS S (10)
MAE(y,9) = 5 ) vi— 3l
i=0
RMSE(y,9) = MSE(y,5) (11)
R2(,9) = 1 T i — 902 (12)

25 i — y)?

Bon chi s6 nay dugc tinh toan trén ca tap kiém dinh va tap kiém tra, nhdm dénh
gia tinh tong quat hda (generalization) cta tirng mo hinh trong tirng cau hinh treot khac
nhau.
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4. THUC NGHIEM VA THAO LUAN KET QUA
4.1 Dix liéu gia Bitcoin:

Dt liéu st dung trong nghién ctru 1a chudi thoi gian gia Bitcoin thu thap tur
nguon Yahoo Finance' tir ngay 17/09/2014 dén ngay 01/10/2024. Tap dt liéu bao gom cac
thudc tinh: gia mo ctra (Open), gia cao nhat (High), gia thap nhat (Low), gia dong ctra
(Close) va khdi luong giao dich (Volume). Bién muc tiéu duoc lwa chon trong nghién
cttu la gid dong ctra, cé y nghia quan trong trong du bao.

4.2 Tién x& ly dix lidu:

Trudc khi huan luyén mo hinh, dit liéu dwgc xtit ly béng cach loai bo cac gia tri
thidu va chudn héa toan bd tap dit liéu vé khoang [0, 1] bang phuong phap Min-Max
scaling, nhdm dam bao d6 6n dinh va tang tc qua trinh hudn luyén. Phuong trinh cho

pham vi ti 1€ [0, 1] duogc cho béi cong thirc (13):

' Xi = Xmin (13)
X = ———
Xmax — Xmin

Trong do, x; 1a gia tri thuc t€, x,,;, la giad tri nho nhat, x,,,4, la gia tri 1on nhat
trong tap di liéu; x; la gid tri chuan hoa.

4.3 Phuong phép ctra s6 truogt (Sliding window) va ciu hinh dv bao:

Trong nghién cttu nay, ky thuat ctra s truot (sliding window) duoc ap dung dé
chuyén d8i chudi thoi gian ban dau thanh dang dit liéu cé cau tric, phit hop cho viec
hudn luyén cac mo hinh hoc sau. Gia st tap dit liéu goc 1a mot chudi thoi gian da bién,
duoc biéu dién theo Phuong trinh (14):

S = {Sl' S, ...,ST}l St € RD (14)

Trong do, st la dix liéu ¢ phiéu tai thoi diém t, va D 1a s0 lugng dac trung (chrfmg
han nhw gia mo ctra, gia cao nhat, gia thdp nhat, khoi luong giao dich). Toan bo tap div
liéu tao thanh mot ma tran S € R™P, dam bao tinh tuadn tu theo thoi gian.

Ky thuéat ctra sO truegt duoc xac dinh boi cac tham s6:

e Kich thuwdc cira s6’ W: s6 budc thoi gian trong qua khit dugc st dung lam dau
vao cho mo hinh.

o Khodng thoi gian dy bdo £ s6 budce thoi gian trong twong lai can du doan.

Vi moi chi s t €{WHF,..., T}, cac chudi dau vao va dau ra tuong ting duoc dinh
nghia theo Phwong trinh (15) va (16) nhu sau:

1 https://finance.vahoo.com/
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X = [Se-w-r+1, - Se—p] € RWXP (15)
Ve = eepsr, - ye] ERPY (16)

Trong d6, y: thuong la gia dong ctra tai thoi di€ém t, dwoc trich xuat tite vector st.
Qua trinh bién d6i nay cho két qua:

e Tensor dau vao: X € RNW-D

e Tensor dau ra: y € RN

V6i N = T-W-F+1, 1a téng s8 mau dit liéu hudn luyén thu duoc.

Cu thé, mdi chudi lién tiép gdom 1 ngay dit liéu dau vao sé dwoc st dung dé duw
bdo m ngay gid dong ctra ti€p theo, gitp mod hinh hoc duoc cac quy ludt tir qua khir dé€
du doan xu hwéng trwong lai. Nham kiém tra hiéu qua dui bdo & cac khoang thoi gian
khac nhau, nhém tac gia trién khai ba cdu hinh thi nghiém: ctra s6 10 ngay — dw bao 3
ngay (10-3), ctra sO 15 ngay — du bao 5 ngay (15-5), va ctra s6 21 ngay — du bao 7 ngay
(21-7). Dit liéu trong moi cdu hinh dwoc chia thanh 70% cho huan luyén, 15% cho kiém
dinh va 15% cho kiém tra, dam bao danh gia khach quan hiéu nang ctia cac mo hinh
trong cac boi canh du béo ngan, trung va dai han.

4.4 Kién tric m6 hinh hoc siu dé xuit du bao gia Bitcoin

L

L)

L

L)

L)

. - L)

Cry';:h:u:‘n-c:Lcy MNomalization H Appmr;‘udos‘::rdlng H@—i L]
Data [
L)

L)

L)

L)

"

MSE
MAE

I3 RMSE
Models R2

Evaluation

LSTM

1D-CNN - LSTM

Hinh 2. Quy trinh so sanh hiéu qua du bao ctia cac m6 hinh 1D-CNN, LSTM
va mo hinh lai 1D-CNN-LSTM

Trong nghién ctru nay, quy trinh danh gia va so sanh hiéu qua dw bao gia dong
ctra Bitcoin gitra ba m6 hinh — 1D-CNN, LSTM va mo hinh lai 1D-CNN-LSTM — dwoc
minh hoa trong Error! Reference source not found.. Quy trinh dy bao gia Bitcoin bao
gom ba giai doan chinh: thu thap di liéu, tién xtt ly, va hudn luyén mo6 hinh. Dau tién,
dir liéu lich st tién dién ti dwgc thu thap va chuan hoéa. Sau d6, ky thuat ctra s6 truot
(sliding window) duoc &p dung dé tao ra cac chudi con ¢ cau tric dau vao — dau ra. Di
liéu tiép tuc duwoc chia thanh ba tap: huan luyén, kiém dinh va kiém tra.

Ba md hinh hoc sau duoc stt dung dé€ huan luyén gom: 1D-CNN, LSTM, va md
hinh lai 1D-CNN-LSTM. Sau khi huan luyén, cac mé hinh dugc déanh gia bang cac chi
s6 nhu MSE, MAE, RMSE va R? d€lua chon mo hinh t6i wu cho du bao gid dong ctra cia
Bitcoin.
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4.5 Phan tich va thao luin két qua thyc nghiém:

Két qua thyee nghiém cho thdy hiéu qua dw bao ctia cac m6 hinh hoc sau thay doi
dang ké theo ttng cau hinh ctra s6 truot. Trong phan nay, cac biéu d6 duong cong mat
mat (loss) va d6 thi so sanh gitra gia thuc té€ va gia du bdo duoc sit dung d€ phan tich
hiéu nang ctia titng mo hinh trong ba c&u hinh cu thé: 10-3, 15-5 va 21-7.

Cdu hinh 1: Dy bdo 3 ngay vdi cira s6 10 ngay (10-3)

Trong c&u hinh nay, md hinh LSTM thé hién wu thé vuot trdi véi sai s6 du bao
thdp nhat va d6 khop cao nhat gitra gia thuee va gia du bao. Puong cong mat mat trong
Error! Reference source not found. cho thay mo hinh LSTM hoi tu t6t voi sai s6 huan
luyén va kiém dinh déu giam on dinh theo s6 epoch. M6 hinh lai va 1D-CNN maéc du ¢6
dd chinh x4c twong d6i cao nhung van kém hon LSTM trong bdi canh ngéan han.

Hybrid Model Loss 1D-CNN Mode| Loss LSTM Model Loss
14
—— Training Loss 00085 —— Training Loss —— Training Loss
validation Loss validation Less 0.014 validation Loss
0.020 D.0D4D
0.012
00035
0.015 00030 0.010
@ 2 0.0025 i 0008
8 E: g
0.010
0.0020 0.006
00015 0.004
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00010
0.002
\/\A“Mﬂﬁﬂ_,_, \'\J\ A '“"“WH\MWW
T O SR 20005 L S Y N
0.000 0.000

6 20 4 60 80 100 o 20 40 60 0 20 40 60 80 100
Epoch Epoch Epoch

Hinh 1. Duong cong mat mat ctia 3 md hinh du bao véi cdu hinh 1(10-3)

Cdu hinh 2: Dy bdo 5 ngay vdi civa s6'15 ngay (15-5)

O c4u hinh trung han, mé hinh lai 1D-CNN + LSTM cho két qua t8t nhat. Biéu
do gia trong Hinh 5 cho thdy duwong du bao ctia mod hinh lai bam sat gia tri thuc qua toan
bd chudi thoi gian. Dong thoi, duong cong mat mat cia md hinh lai trong Error!
Reference source not found. ciing c6 xu hudéng giam déu, cho thdy kha niang hoc 6n
dinh va kha nang khéi quat tot hon hai m6 hinh don lé.

Hybrid Model Loss 1D-CNN Model Loss LSTM Model Loss
0.008
—— Training Loss 1 —— Training Loss \ —— Training Loss
0.020 ‘ Validation Loss 0.008 \ validation Loss 0014 Validaticn Loss
o007 0.012 \
0.015
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3 0.010 E 8=
1 0.004
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e 0.001 L\——\i 0.002
—
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0 20 40 60 a0 00 25 50 25 100 125 00 25 50 A5 100 125
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Hinh 2. Buong cong mét mat cua 3 md hinh dy bao véi cau hinh 2 (15-5)
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Cdu hinh 3: Dy bdo 7 ngay voi cira s6 21 ngay (21-7)

Vi cdu hinh dy bao dai han, sy khac biét gitra cac m6 hinh cang tré nén ro rét.
MO0 hinh lai ti€p tuc thé hién d¢ chinh xac vuot trdi so voi LSTM va 1D-CNN, ca vé do
trung khép véi gid thuee t€ nhue trong Hinh 6 1an d6 hoi tu cia ham mat mat nhuw trong
Error! Reference source not found.. LSTM bat dau suy giam hiéu qua khi dy béo xa hon,
trong khi 1D-CNN thuong dao dong nhiéu va thi€u tinh on dinh.

Hybrid Model Loss 1D-CNN Model Loss LSTM Model Loss

—— Training Loss ! —— Training Loss —— Training Loss
| Validation Loss Validation Loss 0.016 \ Validation Loss

0.020 4
0.006 0.014
0.012
0.015 - 0.005

\ 0.010
§ § noos \ i

3
0010 4 0.008

0.003
\ 0.006
0.005 4 0.002 L 0.004
S R —
e A

0.001 Lo 0.002

0.000 1 T T T T T T T T T T T T T ™ T
a 20 40 60 0.0 2.5 5.0 7.5 10.0 125 0.0 25 5.0 7.5 100 125
Epoch Epoch Epoch

Hinh 3. Puong cong mat mat ctia 3 md hinh duw bao véi cdu hinh 3 (21-7)

Bang 1. Panh gia hiéu nang cac m6 hinh 1D-CNN, LSTM va m6 hinh lai 1D-CNN-LSTM

Window_size - Forecast_size = Model MSE MAE RMSE R2
Cau hinh 1 Hybrid 0.002039 0.031284 0.045151 0.978926

window_size =10 1D- 0001491 0.027356 0.038613 0.984589

forecast_size=3 CNN

LSTM 0.001077 0.022712 0.032822 0.988865

Céu hinh 2 Hybrid 0.00218 0.033846 0.046694 0.977376

window_size =15 1D- 0003347 0.041884 0.057857 0.965256

forecast_size=5 CNN

LSTM 0.006341 0.060353 0.079629 0.934174

Cau hinh 3 Hybrid 0.002758 0.037433 0.052513  0.97126

window_size =21 1D-  0.006978 0.063264 0.083537 0.927235

forecast_size=7 CNN

LSTM 0.007942 0.062959 0.089119 0.917197

Két qua du doan cua cac mo hinh trén ba cdu hinh ctra s6 truot duoc trinh bay
trong Hinh 4, Hinh 5, va Hinh 6 kem theo cac chi s6 danh gia hiéu nang dwoc tong hop
trong Bang 1. Két qua chitng minh rang md hinh lai 1D-CNN-LSTM lu6n vuot trdi hon
cac mo hinh ddc 1ap trong cac cau hinh ¢6 kich thwdc ctra s6 16n hon (Cau hinh 2 va 3),

131



So sinh hiéu qua mo hinh hoc sdu 1D-CNN, LSTM va m6 hinh lai trong dw bio gid dong cira Bitcoin

dac biét la d6i voi cac du doan dai han. Mac du sai s0 gitta cac mo hinh ¢é chénh 1éch 6,
nghién cttu chwa ap dung kiém dinh thong ké (nhu ANOVA, Wilcoxon test) d€ xac dinh
mttc d¢ y nghia thong ké gitra cac két qua.

Téng quan két qua cho thady mdi md hinh phét huy wu thé & cac khoang thoi gian
du bao khac nhau. M6 hinh LSTM hoat dong hiéu qua trong du bao ngén han (3 ngay),
trong khi m6 hinh lai CNN-LSTM t¢6 ra vuot trdi 0 cac khung thoi gian trung va dai han
(5-7 ngay). M6 hinh 1D-CNN tuy c6 két qua kha quan ban dau nhung giam 6n dinh khi
d6 dai chudi duw bao tang.

o d NI A

Hinh 6. Gia tri du doan caa

Hinh 4. Gia tri dw doan cta
cac mo hinh (D-CNN, LSTM,
Hybrid) va gid tri thuc t€ cua

Hinh 5. Gia tri dw doan caa
cac mo hinh (1D-CNN,
LSTM, Hybrid) va gia tri

cac mo hinh (1D-CNN,
LSTM, Hybrid) va gia tri

CAu hinh 1 thuc t& ctia C4u hinh 2 thuec té cia Cau hinh 3
5. KET LUAN

Nghién ctru nay da tién hanh danh gia va so sanh hiéu qua ctia ba kién tric hoc
sau—1D-CNN, LSTM va mo hinh lai 1D-CNN-LSTM —trong du bao gia déng ctra ctia
Bitcoin, dua trén ba cdu hinh ctra s0 trugt dai dién cho cac khung thoi gian ngén han
(10-3), trung han (15-5) va dai han (21-7). Két qua thuc nghiém cho thay LSTM c6 hiéu
ndang vuot troi trong du bao nge“'m han nho kha nang hoc phu thudc theo chudi, trong khi
mo hinh lai CNN-LSTM cho két qua tdt hon & cac dw bao trung va dai han nho kha ndng
két hop dac trung cuc b va dai han.
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Ttr d6, nghién ctru dé xuat hudng ti€p can linh hoat trong lwa chon md hinh theo
muc tiéu dy bdo: LSTM phu1 hop véi cdc ting dung yéu cau phan trng nhanh trong ngan
han, trong khi m6 hinh lai CNN-LSTM thich hop cho cac chién lugc dau tu va du bao
dai han véi yéu cau 6n dinh va d6 chinh xac cao.

Tuy nhién, nghién ctru van ton tai mot s§ han ché. Thit nhat, chi tap trung vao
dw liéu gia dong ctra ma chua tich hop thém cac yéu t6 bén ngoai nhu dit liéu cam xuc,
tin tirc hodc bién dong vi mo. Thit hai, nghién ctru mdi chi danh gia trén di liéu ciia mot
loai tién dién ti (Bitcoin), do d6 kha nang tong quat hoa sang cac tai san sd khac chuwa
duoc kiém chiing. Ngoai ra, viéc tdi vu siéu tham sd cho titng mo hinh con thyc hién
thta cong, chwa 4p dung cac thuat todn te dong hoa nhu Grid Search hodc Bayesian
Optimization.

Hudng nghién cttu ti€p theo sé tap trung vao viéc mo rong mo hinh véi dix liéu
da ngudn (da bién), tich hop co ché attention dé tang kha nang dién giai, dong thoi so
sanh voi cac kién trac tién tién hon nhu Transformer hoac Temporal Fusion Transformer.
Ngoai ra, viéc danh gia hiéu qua mo hinh trong diéu kién thi treong thuc t€ va ting dung
trong chién luoc dau tu ty ddng cling 1a mot hudng trién vong.
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ABSTRACT

This study compares the performance of three deep learning architectures—1D
Convolutional Neural Network (1D-CNN), Long Short-Term Memory (LSTM), and
a hybrid 1D-CNN-LSTM model —for forecasting Bitcoin closing prices. Historical
data from Yahoo Finance (September 17, 2014 to October 1, 2024) were processed
using a sliding window technique with three configurations: 10-3, 15-5, and 21-7
(input-forecast). Results show that the LSTM model performs best in short-term
forecasting, while the hybrid model achieves superior accuracy in medium- and
long-term horizons. Performance metrics including MSE, MAE, RMSE, and R?

confirm the hybrid model’s advantages, especially in longer prediction intervals.

Keywords: Bitcoin, forecasting, deep learning, hybrid model, LSTM, 1D-CNN
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