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TOM TAT

Du bdo gia tién ma hda la mét bai toan quan trong trong phan tich tai chinh do dédc
tinh bién dong manh va phi tuyén cua thi truong. Bitcoin, voi vai tro la dong tién
ma hda ¢ von hoa 16n nhat, dat ra thach thic dang ké doi voi cac mo hinh du bao
truyén thong. Nghién cttu nay danh gia hiéu nang cua mé hinh hoc sau N-BEATS -
véi diém mdi la tan dung kién tric xép chong khoi du (residual stacking) doc lap dé
tw dong phan ra chudi thoi gian — trong du bao gia Bitcoin theo nhiéu khung thoi
gian va so sanh véi cdc md hinh co sé nhue CNN, LSTM, GRU, Bi-LSTM va mo hinh
lai. Dt liéu duoc thu thap tit Yahoo Finance va xt ly bing ky thuat ctra s truot 30
ngay, voi cac khoang thoi gian dw bao 1, 3, 5 va 7 ngay. Hiéu nang dwoc danh gia
thong qua cac chi s6 MSE, RMSE, MAE va R2 Két qua thuc nghiém dinh lugng cho
thdy, tai khung 1 ngay, CNN canh tranh t6t voi MAE dat 1957.65 (so voi 1981.51 cta
N-BEATS). Tuy nhién, khi mé rong khung thoi gian, N-BEATS thé hién su vuot troi
toan dién va d¢ bén vitng cao. Cu thé, tai khung du bao dai nhat (7 ngay), N-BEATS
dat sai s6 thdp nhat (RMSE = 7815.738, MAE = 6184.976) va d0 phu hop cao nhét (R?
=0.919365). Diéu nay cho thdy N-BEATS dat d¢ chinh xac cao hon ¢ phan 16n céc
khung thoi gian va duy tri mtc suy giam sai s6 thap hon khi m¢ rong khoang du

bao.

T khéa: Bitcoin, du bdo chudi thoi gian, N-BEATS, hoc sau.

1. MO PAU

Trong nhitng nam gan day, thi truong tién ma hoa da phat trién nhanh chéng va
trd thanh mot b phan quan trong ctia hé thdng tai chinh toan cau. Trong d6, Bitcoin la
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tai san co gia tri von hoa 16n nhat va mitc d6 giao dich cao nhat. Tuy nhién, gia Bitcoin
6 dac tinh bién ddong manh, phi tuyén va chiu anh hudng ctia nhiéu yéu t6 kinh t€ — xa
hoi, khién bai toan du bao trd nén phtic tap. Viéc xdy dung cac mo hinh du bao chinh
xéc c6 y nghia quan trong d6i véi quan tri rii ro, phan bd danh muc va hd tro ra quyét
dinh dau tu.

Cac phuong phéap thong ké truyén thong nhu ARIMA hodc GARCH thuong dua
trén gia dinh tuyén tinh va tinh ding cta chudi thoi gian. Trong bdi canh di lidu tai
chinh c6 tinh phi tuyén va phu thudc dai han, cdc mo hinh nay gdp han ché vé kha nang
tong quat hoa [1]. Sy phat trién cta hoc sdu da mo ra hudng tiép can méi cho bai toan
du béo chudi thoi gian. Céc kién trac nhu CNN, LSTM, GRU va Bi-LSTM c6 kha nang
khai thac quan hé phi tuyén va phu thudc dai han trong di liéu. Tuy nhién, hiéu nang
cta cadc md hinh nay c6 thé suy giam khi mé rong khung thoi gian du bao [2].

Gan day, mo hinh N-BEATS duoc dé xuat nhu mot kién trac chuyén biét cho duy
bao chudi thoi gian véi cdu tric khdi du (residual blocks) va co ché phan ra thanh phan
xu hudng va chu ky [3]. Kién trac nay cho phép mo hinh héa truc tiép quan hé gitta dau
vao va dau ra da budc ma khong phu thudc vao cau tric hoi tiép truyén thong. Do do,
viéc danh gia hiéu ndng cua N-BEATS trong bai toan dy bao gia Bitcoin da budce la can
thiét dé x4c dinh kha ning tng dung thuec tién.

Nghién cttu nay thuc hién phan tich so sanh thirc nghiém mo hinh N-BEATS véi
cac mo hinh hoc sau co s6 gom CNN, LSTM, GRU, Bi-LSTM va mo6 hinh lai trong bai
toan du bao gid Bitcoin da burdc thoi gian. Dt liéu dugc thu thap ttt Yahoo Finance va
duoc xt Iy bang ki thuat ctra s6 truot 30 ngay. Bai todn dwoc thiét 1ap véi cac khung
thoi gian du bdo 1 ngay, 3 ngay, 5 ngay va 7 ngay. Cac mo hinh dwoc danh gia dua trén
céc chi s6 MSE, RMSE, MAE, MAPE va R2nhdm dam bao tinh khach quan va dinh lugng.

Nghién cttu nay c6 bén déng gép chinh. Tht nhat, nghién ctru xay dung mot
khung danh gia toan dién cho bai toan dy bao gia Bitcoin theo nhiéu khung thoi gian
dua trén chién luogc ctra s6 trugt ¢d dinh, bao dam tinh nhat quan trong thiét ké thuc
nghiém. Thit hai, nghién cttu thiec hién so sanh dinh lwgng gitta m6 hinh N-BEATS va
nam md hinh hoc sau co so trén cling mét tap dit liéu, qua d6 dam bao tinh cong bang
va khach quan trong danh gia hiéu nang. Thit ba, nghién cttu phan tich xu hudng bién
ddng cta sai s6 du bao khi gia tang d¢ dai khoang thoi gian du bao, giup lam ré mtc do
on dinh va kha nang thich tng cta cdc mo hinh trong cac khung thoi gian khac nhau.
Cudi cting, nghién cttu cung cAp bang chiing thire nghiém c6 gia tri nham hd tro viéc lya
chon m6 hinh dy bao phtt hop trong thi treong tién ma hoa.

Phén con lai cua bai bdo duwoc t6 chitc nhu sau: Phan 2 trinh bay cac cong trinh
lién quan. Phan 3 mo ta phwong phép va kién tric mo hinh. Phan 4 trinh bay thiét lap
thuc nghiém va phan tich két qua. Phan 5 dua ra két ludn va hudng nghién ctu tiép

theo.
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2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Du bao gia Bitcoin va cac tai san tién ma hda da thu hat su quan tdm manh mé
trong nhitng ndm gan day do dac tinh bién déng cao, phi tuyén va chiu anh hwong boi
nhiéu yéu t6 kinh té — tam ly [4]. Nhitng nam gan ddy, xu hudéng nghién cttu chuyén
dich 16 rét tir cac md hinh kinh t& luong truyén thdng sang cac kién tric hoc siu nham
cai thién kha ndng mo hinh hda quan hé phi tuyén va phu thudc dai han [5].

Trong nhém cac md hinh hdi tiép, LSTM va GRU van 1a nhitng kién trac dwoc
st dung phé bién trong dy bao tai chinh. Tripathi va Sharma [6] két hop Bayesian
optimization v6i mang no-ron sau d€ du bao gia Bitcoin va ghi nhan cai thién dang ké
so v6i cac md hinh tuyén tinh. El Abaji va A. Haraty [7] cho thay viéc tich hop dac trung
ky thuat va phan tich cam xtc gitip tdng d6 chinh xac du bao Bitcoin. Giilmez [8] dé xuét
t6i ru cau tric LSTM bang thuat todn metaheuristic va dat cai thién RMSE so véi cau
hinh mac dinh. Li va cng su [9] phat trién mo hinh lai CEEMDAN-Informer-LSTM dé
xte Iy chudi phi tuyén va khong dimg, cho thay wu thé'so véi cac kién triic don 1é. Mohsin
va Jamaani [10] ciing chiing minh hiéu qua ctia hoc sau trong dy bao bién ddng dau mo,
cting & tinh phtt hop ctia cac kién trtic nay cho dit liéu tai chinh c6 nhiéu cao.

Tuy nhién, nhiéu nghién cttu chi ra rang cac mé hinh hdi tiép thuong gip hién
twong tich lay sai s6 khi mé rdng khung thoi gian du bao. Trong béi canh d6, cac kién
tric feedforward chuyén biét cho du bdo chudi thoi gian nhu N-BEATS duwgc quan tdm
dang ké. Oreshkin va cong su [11] gidi thiéu N-BEATS véi co ché residual stacking va
backcast—forecast, cho thdy hiéu nang vuot trdi trong cac bo dit liéu chuadn. Sau do, cac
tng dung thuc t€ trong du bao phu tai dién trung han [12]va du bao nhu cau dién [3]
xac nhan tinh 6n dinh va kha nang tong quat héa ctia mo hinh.

Olivares va cong su [13] md rong kién trac N-BEATS thanh NBEATSx nhim tich
hop bién ngoai sinh trong du bao gia dién, cho thay cai thién rd rét so véi cac kién tric
hoi tiép. Trong linh vuc thi truong ching khoan, Pramanick va cong su [14] két hop
wavelet decomposition véi N-BEATS &€ xt 1y tinh khong dimng ctia chudi va dat mtkc
giam MAPE dang ké. Sbrana va Lima de Castro [15] dé xuat N-BEATS Perceiver cho du
bao danh muc tién ma hda va cho thdy hiéu nang canh tranh véi cac kién trac RNN
truyén thong.

Song song dd, hudng tdi wu hda siéu tham s6 va cau trac N-BEATS dugc phat
trién nham cai thién do chinh xac du bdo. Lin va Wang [16] dé xuat DIGWO-N-BEATS,
tich hgp thuat toan toi wu bay soi cai tién d€ lua chon cau hinh tdi wu va dat cai thién sai
s0 dang ké. Cac nghién ctru khac ciing cho thay viéc diéu chinh sd block va kich thwdc
tang an anh hudng tryc tiép dén hiéu nang du bao [3], [16].

Ngoai linh vuc tai chinh, nhiéu nghién cttu vé du bao theo nhiéu khung thoi gian
trong nang luong va tai nguyén tai tao cung cap co so phuong phap ludn quan trong.
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Putz va cdng su [17] phat trién md hinh du béo dién gié v6i nhigu khung thoi gian bang
mang hoc sdu va chi ra xu hudng sai so tang theo d¢ dai khung du béo, twong tu dic
diém trong du bdo tai san tai chinh. Wang va cong su [18] danh gid cac phwong phap
hoc may trong du bao bién dong tién ma hoéa va cho thady mo hinh hoc sau cé wu thé so
véi cac phuong phép truyén thong trong moi truong bién dong cao. Alessandretti va
cong su [19] chiing minh rang c&u tric mang phi tuyén cé thé khai thac hiéu qua dic
trung dong hoc thi treong tién ma hoa.

Tong hop cac nghién cttu trude day cho thdy: (i) mo hinh hoc sau thuong vuot
trdi hon cac mo hinh truyén théng vé d¢ chinh xac du bao; (ii) cac kién trac hoi tiép con
han ch€ trong du bao nhiéu budc do tich lay sai s6; (iii) N-BEATS thé hién tiém ndng
manh mé trong md hinh hda chudi phi tuyén; va (iv) van ton tai khoang tréng nghién
ctu trong viéc danh gid hiéu ndng theo nhiéu khoang thoi gian du bao déi véi Bitcoin.
Day cling la muc tiéu trong tam ctia nghién cttu nay.

3. MOT SO PHUONG PHAP DU BAO CHUOI THOI GIAN
3.1 Tién xw ly dix liéu

Chubdi dit liéu dau vao ctia nghién ctru 1a gia déng ctra Bitcoin theo ngay, duoc
ky hiéu {y1, y», ..., yr}, trong d6 y: ER biéu dién gia tai thoi diém t. D€ chuyén doi chudi
thoi gian nay thanh dang dit liéu phtt hop cho cdc mo hinh hoc sau, nghién cttu ap dung
k¥ thuat ctra s6 truot, cho phép bién bai toan du bao chudi thoi gian thanh bai toan hoi
quy c6 giam sat.

Vi d6 dai ctra s6 ¢6 dinh L = 30, tai mdi thoi diém t > L, vector dau vao dwoc xay
dung dwdi biéu thuc (1):

Xt = [Ve-r41, Ve-142,-- -, Y] E R 1)

Lwa chon nay duoc can ctt dwa trén chu ky giao dich hang thang tron ven cua thi
treong tién ma hoa (hoat dong 24/7), mirc thoi gian nay da duoc chitng minh trong cac
nghién ctru tién nhiém (Hasriadi et al. [20]; Simtharakao [21]) la du dai d€ trich xuat xu
hwéng, dong luong nge“'m han, dong thoi toi uu hoa chi phi tinh toan va tranh dua vao
dd nhiéu tir cac dir liéu qua khtt xa.

Dai véi bai toan du bao da bude véi khung thoi gian £ €{1, 3, 5, 7}, vector dau ra
twong tng duoc xac dinh bang bidu thiec (2):

h
Yt( ) = [Ves1 Verare-r Vern) € R )

Nhu vay, m6 hinh hoc énh xa fy = R3% > R”", trong d6 6 1a tap tham s& can tdi
wu. Sau mdi bude thoi gian, ctra s6 dich sang phai mot don vi dé tao mau méi dudi cong
thiee (3):
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Xev1 = We-r4200 -, Vesal 3)
Co ché dich chuyén tuan ty nay cho phép khai thac tdi da thong tin lich st va gia
tang s& legng mau huan luyén ma van dam bao bao toan cau trtc thoi gian cta dit liéu.

Truwdc khi tao ctra 88 trueot, dit liéu dwoc chudn héa bang phirong phap Min-Max
Scaling, gitip dua dir liéu vé cung thang do [0, 1], nhu cong thire ((4):

Xi — Xmin
x| = ———— 4)
Xmax — Xmin

Trong d¢, x; la gia tri thuc té, cac gia tri X Va Xmayx chi dwgc tinh toan duy
nhat trén tap di liéu hudn luyén (Training set). Sau d9, hai tham sd nay méi duwoc st
dung dé chuan hoa tap kiém tra (Test set), nham dam bao tuyét d&i khong xay ra hién
twong ro ri thong tin twong lai (data leakage) lam sai 1éch két qua danh gia mo hinh. Dix
liéu duoc chia theo ty 18 80%-20% theo thit tw thoi gian nham dam bao khong ro ri thong
tin tuwong lai.

3.2 Kién trtic N-BEATS

N-BEATS (Neural Basis Expansion Analysis for Time Series Forecasting) 1a mot
kién tric mang than kinh feedforward duoc thiét ké chuyén biét cho du bao chudi thoi
gian [11]. Khac vdi cac m6 hinh hoi tiép nhw LSTM hodc GRU, N-BEATS khong st dung
trang thai an tuan ty ma hoc truc ti€p anh xa toan cuc gitta vector dau vao va vector du
bao dau ra. Kién trac nay déc biét phtt hop cho dy bao da budc truc tiép, trong dé toan
bd khung thoi gian du bao duoc tdi vu dong thoi. Kién triic mé hinh N-BEATS trong
nghién cttu duoc dé xuat nhw Hinh 1.

N-BEATS BLOCK 1

THONG SO CAU HINH CHINH
<> SOLUONG KHOI (Blocks):
& sl ogs)

CHUO! 4 LOP AN
¢~ (Hidden Layers) —

N-BEATS BLOCK 2

2 SOLOP AN MOI KHOI:
o3« 4 16p Fully Connected

%725 SO LUGNG NEURON:
K& S12unitsmoilép

=l o
G rem

(Residual Inpu)
(input)

i T61 VU HOA V61 HAM MSE l

)
[¥.\ /
T Y

DU BAO TOAN QUC (Final Forecast)

LOP TUVEN TINH THETA
(Theta Layes)

FORECAST

Hinh 1. Kién trac N-BEATS dé xuét du bao gia Bitcoin véi nhiéu khung duw bao

Gia st dau vao ctia mé hinh la vector X; € R* duoc xay dung tir ctra so trugt 30
ngay gan nhat. Muc tiéu la wéc luong vector du bao Yt(h) € R, véih €{1,3,5,7). N-BEATS
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thuc hién 4nh xa: f = R3® > R", trong d6 6 1a tap tham sd ctia toan b mang.

Kién triic N-BEATS duoc xdy dung theo co ché xép chong cac khdi (stack of
blocks). Mbi block 1a mot mang fully connected sau, bao gom nhiéu 16p tuyén tinh lién
tiép voi ham kich hoat ReLU. Tai block tht k, phan dw dau vao dwgc ky hiéu 1a Rj-1.
Block thitc hién anh xa nhw cong thite (5):

Ok = fie(Ri-1) ()
trong d6 f; la mang fully connected ctia block thit k, va 6y la vector tham sO trung

gian. Ttr Ox, hai nhanh dau ra dwgc xay dung: backcast va forecast. Thanh phan backcast
duwoc dinh nghia nhu cong thitc (6):

X, = Br(0,) € R3® (6)
Thanh phan forecast dugc dinh nghia theo cong thic (7):
Ve = F(6;) € R" 7)
Phéan du duoc cdp nhat theo co ché residual nhu cong thiec (8):
Ry = Re_y — X (8)

Du bao cudi cung ctia mé hinh duwoc tinh bang tdng cac forecast tir tat ca cac block

K
= Z 7, )
k=1

Co ché residual stacking nay gitip md hinh phan ra dan tin hiéu dau vao thanh

nhw cong thic (9):

cac thanh phan tiém an, cho phép mdi block hoc cac cdu tric khdc nhau ctia chudi thoi
gian. Diéu nay dic biét quan trong déi v6i dix liéu tai chinh c6 tinh phi tuyén va bién
dong manh nhuw Bitcoin.

Trong thuc nghiém nay, kién tric N-BEATS duoc cdu hinh: gom K =5 khdi xép
chéng; mdi block chita 4 16p fully connected; mdi 16p gom 512 neuron; ham kich hoat st
dung ReLU; kich thudc backcast ¢ dinh bang 30; kich thuwdc forecast tuong tng véi ting
khung thoi gian du bao 4. Thuat toan t6i wu st dung Adam véi tdc dd hoc 0,001; batch
size 64; s& epoch t8i da 50; &p dung co ché early stopping dwa trén validation loss nham
tranh qua khop.

Ham mat mat duoc st dung trong huan luyén 1a MSE theo cong thitc (10):
n
1 0112
L) = Y II¥; - %] (10
i=1

Viéc t6i uu truc tiép vector du bao da budc thay vi du bao tuan tu ting budc
gitp N-BEATS han ché hién tuong tich lay sai s6, von thuong xay ra trong cac kién trac
hoi tiép truyén thdng. Ngoai ra, do st dung mang fully connected thay vi cdu tric tuan
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tw, mo hinh c6 thé khai thac toan bd thong tin trong ctta s6 dau vao mot cach dong thoi,
tr d6 ting kha nang hoc cac quan hé phi tuyén phtic tap trong chudi gia Bitcoin.

3.3 Cac mo hinh co sé

bé danh gia khach quan hiéu nang ctia N-BEATS trong bai toan du bao gia
Bitcoin da budc, nghién ctru trién khai moét tdp cac mo hinh hoc sdu phd bién lam d6i
chiing (baseline). Cac mo hinh nay dai dién cho cac kién trac dwgc st dung rong rai
trong du bao chudi thoi gian tai chinh, bao gom mé hinh tich chap, md hinh hdi tiép va
mo hinh lai. T4t ca cdc mo6 hinh dwgc hudn luyén trén cung tap di liéu, cung ky thuéat
clra sO truot va cling cdu hinh chia tadp nham dam bao tinh cong bang trong so sanh.

Mo hinh 1D-CNN duoc st dung d€ khai thac ddc trung cuc bd trong chudi thoi
gian thong qua cac bg loc tich chap trugt trén truc thoi gian [22]. Kién tric 1D-CNN bao
gom mot 16p tich chap mot chiéu (Conv1D) str dung 64 bo loc (filters) két hop ham kich
hoat ReLU, theo sau la mot 16p két ndi day du (FC) véi 50 don vi an. Cdu trtic nay cho
phép mo hinh nhan dién cdc mau (patterns) co ban trong chudi dit liéu ¢ 16p dau tién,
truede khi truyén qua 16p FC dé€ tdng hop thong tin va dwa ra du doan cudi cung. CNN
c6 ru diém vé kha ndng song song hda va chi phi tinh toan thap, tuy nhién han ché trong
viéc mo hinh héa phu thudc dai han.

Mo hinh LSTM duoc trién khai nhdm khai thac phu thudc thoi gian dai thong
qua co ché cdng gom input gate, forget gate va output gate. Vi dau vao dang chudi 30
budc thoi gian, LSTM duy tri trang thai an h: va trang thai bo nhé c: d€ cap nhat thong
tin tudn tw. Trong nghién ctru nay, kién truc LSTM duoc xay dung chuyén biét d€ xtt ly
dit liéu chudi c6 tinh phu thudc dai han thong qua cau triic xép chdng gom 2 ting an lién
tiép. Mbi tang an chra 50 khoi LSTM va stt dung ham kich hoat Tanh mac dinh ctia cdu
tric cong chuan, cho phép mo hinh diéu chinh hiéu qua luéng thong tin di qua cac trang
théi té€'bao (cell states) d€ ghi nhé cac ddc di€ém quan trong theo thoi gian.

M0 hinh GRU dwgc st dung nhu moét bién thé don gian hon cia LSTM. GRU két
hop reset gate va update gate d€ kiém soat luéng thong tin ma khong can tach riéng
trang thai bd nhé. Nho s6 luong tham s6 it hon, GRU ¢6 tdc d6 huédn luyén nhanh hon
LSTM trong khi van duy tri kha nang hoc phu thudc thoi gian. Trong thire nghiém, GRU
cling duoc thiét ké véi 2 tang an x&p chong 1én nhau. Mbi ting ctia m6 hinh bao gom 50
don vi GRU, 4p dung ham kich hoat Tanh médc dinh dé kiém soat luéng thong tin, giap
mb hinh xt Iy chudi dit liéu thoi gian mot cach hiéu qua trong khi t8i wu héa duwgc khéi
leong tinh todn ndi bo.

Mo hinh Bi-LSTM duoc thiét ké nham khai thac thong tin theo ca hai chiéu thoi
gian trong pham vi ctta s6 30 ngay. La phién ban nang cap cia mang LSTM truyén thong,
md hinh Bi-LSTM cho phép hoc thong tin ngit canh tir ca hai chiéu ctia chudi dit lidu (tte
qua khtr dén twong lai va nguoc lai) thong qua 2 tang an. Tinh hai chiéu nay duoc thé
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hién bang viéc cung cap 50 don vi n cho mdi chidu quét trong tirng tang, két hop cling
ham kich hoat Tanh mic dinh & cac cong tinh toan d&€ nam bt toan dién xu huéng ctia
chudi thoi gian.

Mo hinh lai CNN-LSTM duoc xay dung nham két hop wu diém cta hai kién
tric. Kién tric md hinh bat dau bang 16p Conv1D (g6m 64 bd loc va ham kich hoat ReLU)
déng vai tro trich xuat dac trung d€ lam ndi bat tin hiéu quan trong va gidm nhiéu ti
chudi dit liéu thé. Ngay sau do, chudi dic trung da duoc tinh loc sé dwoc dua vao mot
16p LSTM chtra 50 don vi an sit dung ham kich hoat Tanh, gitip m6 hinh hoc cac phu
thudc vé mat thoi gian trén nén dit liéu chat luwong cao truede khi dwa ra két qua.

Tat ca cac mo hinh co s¢ duoc hudn luyén doc lap cho tirng khung thoi gian duw
bao h € {1,3,5,7}. Ham mat mat st dung la Mean Squared Error va thuét toan t&i vu 1a
Adam véi t6c dd hoc ¢8 dinh. Viéc hudn luyén riéng cho tiing horizon dam bao mdi mo
hinh t&8i wu tryc tiép anh xa tir R3° sang R", thay vi duw bdo tuan tw tling bude. Céch tiép
can nay gitup dam bao tinh cong bang trong so sanh véi kién triic N-BEATS.

Viéc lua chon cdc mo hinh co sd néu trén phan anh ba nhém kién trtc chinh trong
dw bao chudi thoi gian: mang tich chap, mang hoi tiép va mo hinh lai. Diéu nay cho phép
danh gia toan dién vu thé cia N-BEATS so véi cac phuwong phap hoc sau pho bién trong
bdi canh di liéu tién ma hoa cé tinh phi tuyén va bién dong cao.

3.4 Chi s6 danh gi4d mo6 hinh

Dé danh gia toan dién hiéu nang cua cac mod hinh du bao gia Bitcoin da budc,
nghién cttu st dung dong thoi bon chi s8 pho bién trong bai toan héi quy chudi thoi gian
gom MSE, RMSE, MAE va hé s0 xac dinh R2. Cac chi s6 danh gia dugc xac dinh boi cong
thiee (11) (14):

N
1
MSEG,9) = 1) 0t = 9 a1
i=1
N
1 (12)
MAE(,9) = = ) Iy = i
i=1
RMSE(y,9) = VMSE(,9) (13)
Y (i — 92 (14)

Rz()’»?) =1- —
N i —3)?

Voi:
e y;: gid tri thuc té tai quan sat th i
e ¥;:gid tri du bdo tai quan sat thit i
e y;: gia tri trung binh cta tap di liéu thuc t€

e n:s0 luong quan sat
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4. THUC NGHIEM VA THAO LUAN KET QUA

D1t liéu gia Bitcoin duoc thu thap tir Yahoo Finance bao gom 3850 mau quan sét
(tte ngay 17/09/2014 dén ngay 01/04/2025). Tap dix liéu sau d6 dwgc chia theo ty 1é 80%
cho huédn luyén va 20% cho kiém tra (twong tng véi 770 ngay cudi cung). Trudc khi tién
hanh chuan héa bang phuong phéap Min-Max Scaler, chudi dit liéu goc da duoc ra soat
dé€ xtr ly cac gia tri khuyét thiéu (missing values) thong qua phwong phap ndi suy tuyén
tinh, dong thoi kiém tra va xtt 1y cc gid tri ngoai lai (outliers) nham loai bo nhiéu. Cac
mau dit liéu duoc xay dung bang ky thuat ctra sd truot 30 ngay. Bai todn dwoc thiét lap
v6i bon khung thoi gian du bdo gom 1 ngay, 3 ngay, 5 ngay va 7 ngay. Mdi md hinh
duoc hudn luyén ddc 1ap cho tiing khung thoi gian nham dam bao t3i wu héa truc tiép
muc tiéu du bao da budc. Hiéu ndng ctia cac md hinh dwgc danh gia trén tap kiém tra
théng qua cac chi s6 MSE, RMSE, MAE, MAPE va hé s6 xac dinh R2. Két qua dinh luong

chi tiét ctia cac mo6 hinh duogc trinh bay trong Bdng 1.

Bang 1. Két qua so sanh hiéu nang dy bao ctia cac md hinh véi thoi gian 1, 3, 5 va 7 ngay

Cau hinh du bdo | Mo hinh MAE MSE RMSE R2

Bi-LSTM 3599.601 21839110 4673.233 0.971612
CNN 1957.651 7406299 2721.452 0.990373
GRU 2014.681 7495670 2737.822 0.990257

1 ngay
Hybrid 3828.093 27084580 5204.285 0.964794
LSTM 1987.804 7367247 2714.267 0.990424
N-BEATS 1981.51 6790470 2605.853 0.991173
Bi-LSTM 6207.927 66554910 8158.119 0.913044
CNN 4907.846 39766480 6306.067 0.948044
GRU 4695.167 | 35908890 5992.403 0.953084

3 ngay
Hybrid 7360.829 | 91133710 9546.398 0.880931
LSTM 5624.316 52110250 7218.743 0.931916
N-BEATS 2469.875 11218300 3349.372 0.985343
Bi-LSTM 7271.569 | 90957880 9537.184 0.880537
CNN 4860.473 | 41159030 6415.531 0.945942

5 ngay GRU 5367.159 48124070 6937.152 0.936794
Hybrid 7754.322 1.06E+08 10276.73 0.861292
LSTM 5911.544 | 58483350 7647.44 0.923189
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N-BEATS 3166.902 18043510 4247.765 0.976302

Bi-LSTM 13064.36 2.84E+08 16866.89 0.624462

CNN 8718.732 1.19E+08 10908.04 0.842936

. GRU 6105.781 62820650 7925.948 0.917075
78y Hybrid 11539.53 2.2E+08 14831.76 0.709618
LSTM 7382.363 91993540 9591.326 0.878566

N-BEATS 6184.976 61085750 7815.738 0.919365

Tt Bang 1 c6 thé quan sét thay sai s6 du bao tang dan khi mé rong khung thoi
gian du bdo. Day la xu huéng phd bién trong cac bai todn du bao chudi thoi gian do mtre
dd bat dinh tang theo thoi gian. Tuy nhién, mtrc gia ting sai s6 gitra cac mo hinh la khac
nhau.

Trong khung thoi gian du bao 1 ngay, cac md hinh déu cho thay kha nang bam
sat bién dong gia kha t6t. Dang chd y, mo6 hinh CNN thé hién su canh tranh rat t6t khi
dat chi s6 MAE thdp nhat (1957.651), nhinh hon d6i chut so voi N-BEATS (1981.51). Biéu
nay cho thay kién triic mang tich chdp c6 uwu thé trong viéc trich xuat cac ddc trung bién
dong ciec ngan han. Tuy nhién, khi xét trén tong thé cac chi s& chiu anh hudng nhiéu boi
cac sai s0 16n (MSE, RMSE) va d6 phu hop (R?), N-BEATS van cho thay su on dinh. Dac
biét, sy vueot trdi cia N-BEATS chi thuc su trd nén ro rét va toan dién khi khung thoi
gian du bdo duwgc mo rong ra 3, 5 va 7 ngay.

So sanh 100 ngay cui - Khung diy bao 1 ngay

125000 { —— Gi4 thuc t& Dy béo GRU
Dy béo Hybrid Dy béo Bi-LSTM

Du bdo CNN Dy béo N-BEATS

Dy bdo LSTM
120000

115000

110000 / s \ \
\ ~ ~ A
A / \ N\ = /

105000 e

Hinh 2. So sanh gi4 tri du bao va gia tri thuc t€ tai khung thoi gian 1 ngay

Tt Hinh 2, c6 thé thay duong du bdo cia N-BEATS bam sat dién bién thuc t&
hon trong cac giai doan bién dong manh, trong khi mot s6 mo hinh hoi tiép xuat hién do
tré pha.

Khi tang thoi gian du bao 1én 3 ngay, sai s6 cua tat ca cac mo hinh déu tang. Tuy
nhién, theo Bang 1, muc tding RMSE va MAE cua N-BEATS thdp hon so véi CNN, LSTM

va GRU. biéu nay cho thdy kién truc residual stacking gitip han ché tich lity sai s6 khi
du bao da budc.
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125000 1 —— Gié thuc t&
Du bao Hybrid
DU bdo CNN
120000 Dy béo LSTM

—— Dy béo GRU
Dy bdo Bi-LSTM
Du bso N-BEATS

S0 sanh 100 ngay cudi - Khung dy bdo 3 ngay

v oo/

115000

110000

105000

100000

95000

Hinh 3. So sanh gia tri du bao va gia tri thuee t€ tai khung thoi gian 3 ngay

Quan sat Hinh 3 cho thay cac md hinh hoi tiép c6 xu hudéng lam muot tin hiéu,
dan dén sai 1éch trong céc giai doan bién dong manh. Trong khi d6, N-BEATS duy tri do
bam sat xu hudng tot hon.

Véi khung duw bao 5 ngay, su khdac biét gitta cdc mo hinh trd nén 10 rét hon. Sai
s60 MAE cutia cac mo hinh co sé tang dang ké. N-BEATS tiép tuc dat RMSE thap nhat va
hé s6 R2 cao hon so v6i phan 16n cac mo hinh so sanh. Diéu nay cho thdy kha nang hoc
truc tiép quan hé dau vao — dau ra da budc gitp mo hinh giam hién twgng lan truyén

sai so.

So sénh 100 ngay cusi - Khung dy bao 5 ngay

125000 { = Gia thuc t& Dy béo GRU

—— Du bo Hybrid Dy bdo Bi-LSTM
Dub4 CNN  —— Dubso N-BEATS

120000 D bdo LSTM

v

115000

110000

105000 / 7 WD Lo Wiy p <
100000

95000

90000

Hinh 4. So sanh gia tri du bao va gid tri thuee t€ tai khung thoi gian 5 ngay

Hinh 4 cho thay cac md hinh hoi ti€p c6 xu hudng léch khoi xu hudng thuc t&
trong cac giai doan dao chiéu manh, trong khi N-BEATS thé hién d6 6n dinh cao hon.

O khung du bao 7 ngay, sai s8 tiép tuc ting & tat ca cdc md hinh do mitc d6 bat
dinh cao cua thj treong tién ma hda. Tuy nhién, theo Bdng 1, N-BEATS van duy tri gia
tri RMSE va MAE thap nhat trong nhém mo hinh dugc so sanh. Mac du hé sd R2 giam
s0 v6i cac khoang thoi gian duw bdo ngan hon, mtic suy gidm caa N-BEATS thap hon so
v6i cac mo hinh hoi tiép truyén thdng.
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So sanh 100 ngay cudi - Khung du bdo 7 ngay

— Gid thuc té Dy bio GRU
— Dubio Hybrid Duisio BI-LSTM

Dy béo CNN —— Du bao N-BEATS

|

120000
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100000 e } N ot
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Hinh 5. So sanh gid tri du bao va gia tri thuc té tai khung thoi gian 7 ngay

Tt Hinh 5 c6 thé nhan thdy sai léch du bao ctia cac mo hinh co so tang ro rét khi
xuét hién bién dong dot ngdt, trong khi N-BEATS van gitr dwoc xu hudng tong thé tot
hon.

Tong hop cac két qua thiee nghiém cho thay: (i) sai s6 tang theo d¢ dai khoang
thoi gian du bao; (ii) N-BEATS dat gia tri MSE, RMSE va MAE thap nhat ¢ phan 16n cac
khoang thoi gian du bao; (iii) hé s6 R2 ctia N-BEATS cao hon so v6i cac mo hinh co so;
va (iv) mtc suy giam hiéu nang ctia N-BEATS khi tang thoi gian dw bao thdp hon so véi
cac kién trtac hoi tiép.

Nguyén nhan N-BEATS duy tri duoc d¢ on dinh khi md rdng khung thoi gian la
nho kién trac gobm nhiéu khdi du xép chdng 1én nhau. Khac véi LSTM hay GRU dé bi
triét tiéu gradient khi du bao dai han, co ché backcast va forecast cia N-BEATS cho phép
md hinh lién tuc tach bdc va hoc cac thanh phan xu hudng (trend) va tinh chu ky
(seasonality) doc lap, tiv d6 bam sat t6t hon cac nhip dao chiéu cta thi truong.

Nhiing két qua nay cho thay mo hinh N-BEATS la lwa chon phtt hop cho bai toan
du béo gia Bitcoin da budc ngén han trong bdi canh dit liéu chudi thoi gian c6 tinh bién
dong cao.

5. KET LUAN

Nghién cttu da xay dung va danh gia mo6 hinh N-BEATS cho bai todn du bao gia
Bitcoin theo nhiéu khung thoi gian (1, 3, 5 va 7 ngay) dua trén d liéu tir Yahoo Finance
va ky thuat ctra s6 truegt 30 ngay. Két qua thuc nghiém cho thdy N-BEATS dat hiéu nang
tot hon so véi cac mo hinh hoc sdu co sé nhu CNN, LSTM, GRU, Bi-LSTM va hybrid
trén phan 16n cac khoang thoi gian du bao, thé hién qua cac chi s6 MSE, RMSE, MAE,
MAPE va R2. Mac du sai sO tang khi mo rong khoang du bao, muic suy giam ctaa N-
BEATS thap hon so véi cac kién trtic mo hinh co s khac. Tuy nhién, nghién cttu con
mot sO han ché: chi sit dung dit liéu don bién (gia dong ctra), chua tich hop bién ngoai
sinh; qua trinh lya chon siéu tham s6 chwa t6i wu hda ty ddng & quy mo 16n; va pham vi
danh gia gidi han trén mot tai san va mot giai doan dit liéu. Thém vao d6, nghién cttu
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nay moi chi st dung cac do do sai s6 trung binh (MAE, RMSE, MSE) ma chua thuc hién
cac kiém dinh thong ké chuyén sau (vi du: kiém dinh Diebold-Mariano) d€ danh gia mrc
dd y nghia thong ké vé sy khéc biét hiéu néng gitta N-BEATS va cac mo hinh d6i ching.
Trong twong lai, viéc md rong sang mo hinh da bién, t&i wu siéu tham s6 bang thuat toan
metaheuristic va kiém chiing trén nhiéu tai san cd thé gitip nang cao kha nang tong quat
hoda cia mo6 hinh.
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ABSTRACT

Cryptocurrency price forecasting is a critical task in financial analysis due to the
highly volatile and non-linear nature of the market. Bitcoin, as the cryptocurrency
with the largest market capitalization, poses a significant challenge to traditional
forecasting models. This study evaluates the performance of the N-BEATS deep
learning model, highlighting its novelty in leveraging an independent residual
stacking architecture to automatically decompose time series for forecasting Bitcoin
prices across multiple time horizons, and compares it with baseline models
including CNN, LSTM, GRU, Bi-LSTM, and a hybrid model. Data was collected
from Yahoo Finance and processed using a 30-day sliding window technique for
forecasting horizons of 1, 3, 5, and 7 days. Model performance was evaluated using
MSE, RMSE, MAE, and R? metrics. Quantitative empirical results indicate that at the
1-day horizon, CNN is highly competitive, achieving an MAE of 1957.65 (compared
to 1981.51 for N-BEATS). However, as the time horizon increases, N-BEATS
demonstrates superior performance and robustness. Specifically, at the longest
forecasting horizon (7 days), N-BEATS achieves the lowest error rates (RMSE =
7815.738, MAE = 6184.976) and the highest goodness-of-fit (R?> = 0.919365). This
demonstrates that N-BEATS achieves higher accuracy across most time horizons

and exhibits lower error degradation as the forecasting window is extended.

Keywords: Bitcoin, time series forecasting, N-BEATS, deep learning.
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