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NGHIEN CUU CAC MO HINH LAl VAR- NEURAL NETWORK
CHO BAI TOAN DU BAO CHUOI THOI GIAN DA BIEN

NGUYEN THI PHUONG
Truong Pai hoc Cong nghé Ky thuat TP. HCM

Nhdn bai ngay 25/4/2026. Stia chita xong 10/6/2026. Duyét dang 14/6/2026.

Abstract

This study proposes and evaluates several hybrid VAR-Neural Network models for multivariate time series
forecasting, including VARNN, VAR+Residual-FFNN, and VAR+Residual-LSTM. The main contribution of this
research is the application of residual learning, where Neural Networks are trained to learn the residual errors
generated by the VAR model in order to improve forecasting accuracy. Experimental results demonstrate that
hybrid forecasting models significantly outperform single forecasting models. In particular, VAR+Residual-
LSTM and VAR+Residual-FFNN achieved lower forecasting errors compared to direct hybrid approaches such
as VAR+FFNN and VAR+LSTM. The findings confirm that residual learning enables Neural Networks to focus on
learning nonlinear residual components after VAR captures linear dependencies.

Keywords: Multivariate Time Series, VAR, LSTM, FFNN, Residual Learning, Hybrid Forecasting.

1.Pat van dé

Trong thuc t€, di liéu chudi thoi gian da bién xuat hién rat nhiéu trong cac linh vuc nhu du bao thoi
tiét, tiéu thu dién nang, tai chinh va giam sat méi trudng. Viéc du bao chinh xac cac chudi dit liéu nay
c6 y nghia quan trong trong qua trinh phan tich va hé trg ra quyét dinh. V&i su phét trién manh mé
clia dir liéu I6n va Internet of Things (loT), khéi lugng dit liéu chudi thoi gian ngay cang gia tang ca vé
s6 luong 1an d6 phc tap. Diéu nay dat ra yéu cau can xay dung cac mé hinh du bao c6 d6 chinh xac
cao va kha nang xu ly hiéu qua cac quan hé phu thudc gitra nhiéu bién di liéu theo thai gian. M6 hinh
thong ké truyén théng Vector Autoregression (VAR) da dugc st dung rong rai trong du bao chudi thai
gian. Dac biét, mo hinh VAR c6 kha nang mé hinh hoa méi quan hé tuyén tinh gilta nhiéu bién déng
thoi va dugc danh gia la phu hop véi dit liéu chubi thai gian da bién. Tuy nhién, VAR gap khé khan khi
dir liéu xuat hién cac dac trung phi tuyén hoac bién déng phtic tap. Song song véi d6, cac moé hinh hoc
sau nhu Feedforward Neural Network (FFNN) va Long Short-Term Memory (LSTM) cho thay kha nang
hoc phi tuyén hiéu qua va dat két qua t6t trong nhiéu bai toan du béo thuc té. LSTM dac biét phu hop
vaGi dit liéu chudi nho kha néng ghi nhd phu thudc dai han. Tuy nhién, cdc mé hinh hoc sau thudng yéu
cau thaoi gian hudn luyén 1én va chua tan dung day du cdu trac tuyén tinh ctia dir liéu da bién. Qua qua
trinh khao sat tai liéu va thuc nghiém, cé thé nhan thay xu hudng két hgp mé hinh théng ké véi Neural
Network dang dugc st dung ngay cang nhiéu nham nang cao dé chinh xac du bao cho d liéu chudi
thoi gian da bién. Cadc mé hinh hybrid gitp tan dung uu diém cla ca hai hudng tiép can: kha nang mé
hinh héa tuyén tinh ctia mé hinh thong ké va kha nang hoc phi tuyén ctia Neural Network. Tuy nhién,
nhiéu nghién ctru hién nay chi yéu tap trung vao viéc két hgp truc ti€p gitta mé hinh théng ké va hoc
sau ma chua khai thac hiéu qua residual learning dé€ giam sai sé du bao. Ngoai ra, tinh én dinh cla cac
mo hinh hybrid trén dir liéu chubi thoi gian da bién van con la mot thach thic I6n. Xuat phat tir cac van
dé trén, nghién ctru nay tap trung xay dung va danh gia cdc mé hinh lai VAR-Neural Network két hop
residual learning cho bai toan du bdo chuéi thai gian da bién.

Cac déng gbp chinh clia nghién ciru gém: 1. Xay dung pipeline forecasting da bién dua trén VAR va
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Neural Network; 2. Dé xuat co ché residual learning nham cai thién sai sé du bao; 3. So sanh hiéu qua
gilta cdc mé hinh truyén théng, mé hinh hoc sau va hybrid forecasting; 4. Danh gia tinh én dinh ctia cac
mo hinh hybrid trén di liéu khi hdu da bién.

2.Téng quan nghién ctu

Du bao chuéi thai gian da bién la mot trong nhiing huéng nghién cttu quan trong trong linh vuc khai
pha ditliéu va tri tué nhan tao. Trong nhiéu nam qua, mé hinh thong ké truyén théng Vector Autoregression
(VAR) da dugc st dung rong rai nha kha nang mo hinh héa quan hé tuyén tinh gitia cac bién theo thai gian.
Dac biét, md hinh VAR cho phép phan tich su phu thudc 1an nhau gitta nhiéu chubi di liéu dong thai. Nha
d6, VAR thudng dugc ting dung trong cac linh vuc nhu kinh té, tai chinh va du bao thai tiét. Tuy nhién, han
ché16n nhat cia VAR la kho xt ly cac dac trung phi tuyén va dir liéu c6 bién déng phic tap. Cung véi su phat
trién clia hoc sau, cdc mé hinh Neural Network nhu FFNN va LSTM ngay cang dugc ing dung manh mé
trong du bdo chudi thai gian. FFNN c6 kha nang hoc cac quan hé phi tuyén gitta cac bién dir liéu théng qua
nhiéu I6p an. Trong khi d6, LSTM la bién thé ctia Recurrent Neural Network (RNN), dugc thiét ké nham x{ ly
hiéu qua dit liéu chudi va ghi nhé phu thudc dai han. Nhiéu nghién ctiu cho thay LSTM dat két qua vuot troi
trong cac bai toan du bao thai gian thuc nha kha nang hoc thong tin theo chudi thai gian. Tuy nhién, cac mo
hinh hoc sau thudng yéu cau thoi gian huan luyén 16n va doi khi chua khai thac hiéu qua cac quan hé théng
ké tuyén tinh gilta cac bién. Trong nhiing ndm gan day, hybrid forecasting trd thanh xu hudng néi bat nham
két hop uu diém clia mé hinh thdng ké va hoc sau. Cac nghién ctu hybrid forecasting cho thay viéc két hop
gitia VAR va&i Neural Network c6 thé cai thién dang ké dé chinh xac du bao.

M6t s& nghién ctiu da dp dung Neural Network dé hoc truc ti€p gia tri du bdo cuing véi mé hinh
VAR. Tuy nhién, cach tiép can nay dé dan dén hién tuong trung lap nhiém vu gitta mé hinh théng ké
va m6 hinh hoc sau. Khi dé, Neural Network phai hoc dong thai ca thanh phan tuyén tinh va phi tuyén
cla dirliéu, lam gidm hiéu qua t6i uu héa. Mac du nhiéu nghién ctu truéc dé da dp dung cac mé hinh
thong ké va hoc sau cho bai todn du bao chudi thai gian da bién, tuy nhién van con tén tai mét sé han
ché dang chu y. Cadc mo hinh théng ké truyén théng nhu VAR c6 kha ndang moé hinh hoa tét cac quan
hé tuyén tinh nhung gap khé khan khi dir liéu xuat hién cac dac trung phi tuyén va bién dong phtic
tap theo thoi gian. Nguagc lai, cdc m6 hinh hoc sau nhu FFNN va LSTM c6 kha nang hoc phi tuyén hiéu
qua nhung thudng yéu cau thoi gian huan luyén 16n va chua khai thac t6i uu cdc moi quan hé théng
ké tuyén tinh gilta cac bién dir liéu da bién. Bén canh dd, nhiéu nghién ctu hybrid forecasting hién nay
chu yéu tap trung vao viéc két hgp truc tiép gitta mo hinh thong ké va Neural Network nhung chua
phan tich sau hiéu qua cla residual learning trong viéc cai thién sai s6 du bao. Ngoai ra, tinh én dinh
clia cadc mo hinh hybrid trong dit liéu chudi thai gian da bién van con la moét thach thic 16n, dac biét
déi véi cac hé théng dit liéu c6 bién ddong manh hoac chira nhiéu nhiéu.

Xuat phat tlr nhitng han ché trén, nghién cru nay dé xuat va danh gia cac mé hinh lai VAR-Neural
Network két hop véi residual learning nham nang cao dé chinh xac va kha nang 6n dinh trong bai toan
du bao chudi thoi gian da bién.

3. Phuong phap nghién ctiu

Phuong phép thu thap dit liéu, tién xur ly dit liéu, xay dung mé hinh. Nghién ctu sir dung nhiéu mé
hinh khac nhau dé thuc hién du bao chudi thai gian da bién, bao gém mé hinh théng ké truyén théng,
mo hinh Neural Network va cac mé hinh lai. Cac m6 hinh dugc xay dung gém VAR, LSTM, FFNN, VARNN,
VAR+Residual-FFNN va VAR+Residual-LSTM.

3.1. M6 hinh VAR

VAR (Vector Autoregression) 1a mé hinh thng ké dugc st dung d€ mé hinh héa méi quan hé tuyén
tinh gilra nhiéu bién theo thai gian. Trong mo hinh VAR, gia tri hién tai cia mot bién phu thudc vao cac
gia tri qué khi clia chinh né va cac bién khac trong hé théng.

Y=c+A Y +AY +.+A Y +E

- - p tp t
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Trong d6:Y,: vector dif liéu tai thoi diém; A:ma tran hé s6 héi quy; p: d6 tré clia mo hinh; g: nhiéu
ngau nhién.
Uu diém clia VAR |a kha nang mé hinh hda quan hé tuyén tinh gilra nhiéu bién déng thai. Tuy nhién,
VAR gap han ché khi di liéu cé dac trung phi tuyén manh.
Hinh 1 (VAR)

3.2. M6 hinh LSTM

LSTM la bién thé ctia mang RNN dugc dé xuat nham giai quyét hién tuong mat gradient trong di
liéu chudi dai. Uu diém clia LSTM gém: Ghi nhé thong tin dai han, hoc dac trung phi tuyén, phu hgp Vi
d liéu chudi thai gian phtc tap. LSTM st dung memory cell va cac co ché gate gom input gate, forget
gate va output gate dé€ ghi nhG hoac loai bd thong tin can thiét trong qua trinh huan luyén. Nh& kha
nang ghi nhé phu thudc dai han, LSTM dac biét phu hgp vai dit liéu chubi thai gian ¢é tinh tuan tu va
bién dong phic tap.

Hinh 2 (LSTM)

3.3. M6 hinh FFNN
Feedforward Neural Network (FFNN) la mang neural truyén thang gém I6p dau vao, I6p an va I6p
dau ra. FFNN thuc hién qua trinh lan truyén tién tir input dén output nham hoc méi quan hé phi tuyén
gita cac bién dirliéu. Trong s6 mang dugc cap nhat théng qua thuat toan téi uu Adam két hgp véiham
mat mat Mean Squared Error. Trong nghién cttu nay, FFNN dugc st dung trong hai truong hop: Hoc truc
tiép gia tri du bao trong mé hinh VAR+FFNN; Hoc residual ctia VAR trong mé hinh VAR+Residual-FFNN.
Hinh 3 (FFNN)
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3.4. M6 hinh lai VAR-Neural Network

Nghién ctiu xay dung ba nhém mo hinh hybrid forecasting gom:

3.4.1. M6 hinh VAR+FFNN (VARNN)

Trong mé hinh nay, két qua du bao clia VAR dugc két hgp truc tiép véi dau ra clia FFNN:
Forecast = VAR_{pred} + FFNN_{pred}. Quy trinh thuc hién: Huan luyén mé hinh VAR, du bao bang
VAR,huan luyén FFNN véi dt liéu goc, du bao bang FFNN, Két hop két qua du bao cuéi cling.

Hinh 4(VARNN=VAR+FFNN)
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3.4.2. M6 hinh VAR+Residual-FFNN
Day l1a m6 hinh hybrid trong tdm ctia nghién ctu. Dau tién, mé hinh VAR dugc st dung dé du bao dir

liéu tuyén tinh: VAR_{pred} Residual = y_{true} - VAR_{pred} FFNN hoc phan residual ctia VAR.

Gia tri du bao cudi cling: Forecast = VAR_{pred} + Residual_{pred}. Cach ti€p can nay gitip FFNN tap
trung hoc cac thanh phan phi tuyén ma VAR chua mé hinh hoa dugc.

Hinh 5 (VAR+Residual-FFNN)
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3.4.3. M6 hinh Hybrid VAR+LSTM

Trong md hinh nay, két qua du bdo clia VAR dugc két hgp truc tiép vsi dau ra cia LSTM:
Forecast =VAR_{pred} + LSTM_{pred}. Quy trinh thuc hién: Huan luyén mé hinh VAR, du bao bdang VAR,
huan luyén LSTM vdéi dit liéu géc, du bao bang LSTM, két hop két qua du bao cudi cuing.
Hinh 6 (Hybrid VAR+LSTM)

Summary table (on Test set)
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3.4.4. M6 hinh VAR+Residual-LSTM
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Tuong tu VAR+Residual-FFNN, mé hinh nay dung LSTM dé hoc residual cia VAR. Gia tri du bao cudi
cung: Forecast = VAR_{pred} + Residual \{LSTM}_{pred}
Hinh 7(VAR+Residual-LSTM)

x 0

4, Thuc nghiém

4.1. Bé dir liéu thuc nghiém

Nghién ctru st dung hai bé dit liéu chubi thoi gian da bién: Bé dit liéu Jena Climate dugc thu thap
tai thanh phé Jena (DPuc) trong giai doan tir nam 2009 dén nam 2016 vai chu ky lay mau méi 10 phut.
D(t liéu bao gém nhiéu thudc tinh khi hau nhu nhiét dé, ap suat khi quyén, do dm, téc dé gi6 va mat do
khong khi, c6 khodng 420.551 dong dit liéu va khoang 15 thudc tinh. Kich thudc: ~42 MB. B6 dir liéu khi
tuong da bién Abbigeri, c6 khoang 123.936 dong va khoang 17 bién, Kich thudc: ~17 MB.

4.2. Cdu hinh thuc nghiém

Cac thuc nghiém dugc thuc hién bang ngon ngl Python, giao dién streamlit trén moi truong Win-
dows 10 véi bo xt ly Intel Core i5/i7 va RAM 8-16 GB. Cac mo hinh dugc xay dung bang céac thu vién
TensorFlow/Keras, Scikit-learn va Statsmodels. D&i vGi cac md hinh hoc sau, cac tham sé huan luyén
dugc thiét lap nhu sau: Optimizer: Adam; Batch size: 32; Epochs: Epochs: 30-50 tuy mé hinh; Ham mat
mat: Mean Squared Error (MSE). D6i v6i md hinh VAR, dé tré t6i uu dugc lua chon dua trén tiéu chi
Akaike Information Criterion (AIC). Hiéu nang mé hinh dugc danh gia thong qua cac chi s6 RMSE, MAE,
MAPE va CV(RMSE). Nghién ctu tién hanh xay dung va danh gia 3 nhém mé hinh:

Baseline Models: 1. VAR; 2. FFNN; 3. LSTM.

Hybrid Models: 4. VAR+FFNN; 5. VAR+LSTM

Residual Hybrid Models: 6. VAR+Residual-FFNN; 7. VAR+Residual-LSTM

4.3. Chi sé ddnh gid

Hiéu qua du bao clia cac mé hinh dugc danh gia thong qua cac chi sé: Mean Absolute Error (MAE);
Root Mean Square Error (RMSE); Mean Absolute Percentage Error (MAPE); Hé s6 xéc dinh R Ngoai cac
chi s6 dinh lugng, nghién ctu con s dung: Forecast Plot (Actual vs Forecast), Residual Distribution
Plot, Loss Curve. Két qua biéu d6 Actual va Forecast cho thdy cac mé hinh hybrid c6 kha nang bam sat
dir liéu thuc té t6t hon dang ké so véi cac mé hinh truyén théng. Diéu nay chiing minh rang residual
learning la mét huéng tiép can hiéu qua trong bai toan du bdo chubi thai gian da bién.

5. Két qua va thao luan

Qua céc lan thuc nghiém vai nhiéu cau hinh, cdc mé hinh hybrid forecasting cho két qua én dinh va
¢6 d6 chinh xac cao hon so véi cac mé hinh don [é. M6 hinh VAR cho két qua thap nhat do chi mé hinh
héa dugc cac quan hé tuyén tinh trong d liéu. Khi dit liéu xuat hién cac bién déng phi tuyén, sai sé
du bao ctia VAR tang dang ké. Cac mé hinh hoc sdu nhu FFNN va LSTM cai thién d6 chinh xac nhd kha
nang hoc phi tuyén. Dac biét, LSTM cho kha nang bam sat di liéu tét hon trong cac chudi thoi gian cé
phu thudc dai han. Tuy nhién, két qua tét nhat thudc vé caéc mo hinh residual hybrid forecasting.

5.1. So sdnh VAR+FFNN va VAR+Residual-FFNN
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Két qua thuc nghiém cho thay: RMSE(VAR+Residual-FFNN) < RMSE(VAR+FFNN). Trong qua trinh chay
thuc nghiém, mé hinh VAR+FFNN d6i khi xuat hién hién tugng hoc chong lap gilta VAR va FFNN. FFNN
phai hoc lai mét phan thong tin tuyén tinh ma VAR da xur ly trudc d6 nén hiéu qua téi uu chua that su tot.
Trong khi d6, 8 mo6 hinh VAR+Residual-FFNN: VAR x( ly linear component. FFNN chi hoc nonlinear residu-
als. Do d6, residual learning gitp t8i uu hoa qua trinh hoc va cai thién dé chinh xac du bao.

5.2. Hiéu qud cua VAR+Residual-LSTM

M6 hinh VAR+Residual-LSTM dat két qua rat cao véi RMSE thap va hé sé R? gan bang 1. Diéu nay
cho thay viéc sir dung LSTM dé hoc residual ctia VAR gitp khai thac hiéu qué phu thudc dai han trong
phan sai s con lai. Biéu d6 Actual vs Forecast cho thdy mé hinh residual hybrid c6 kha ndng bam sat
xu huéng dit liéu thuc té t6t hon dang ké so véi cac mé hinh baseline.

5.3. Cdc hién tuong bdt thudng trong nghién ciu

5.3.1. Phdn tich hién tugng MAPE bdt thudng

Két qua thuc nghiém cho thay chi s6 MAPE clia mot s6é mo hinh co gia tri I6n bat thudng. Nguyén nhan
cht yéu la do di liéu thuc té xuat hién cac gia tri gan bang 0, lam cho c6ng thuc tinh MAPE tr& nén nhay
cadm va gay sai léch Ién. MAPE c6 thé khéng 6n dinh khi gia tri thuc gan bang 0 Do d6, trong bai toan du bao
chuéi thai gian da bién, RMSE va R* dugc xem la cac chi s6 danh gia 8n dinh va phu hgp hon.

5.3.2. Phdn tich mé hinh VAR+LSTM bdt thuong

Trong mot s6 giai doan du bao, mé hinh VAR+LSTM xuéat hién dao dong kha manh va chua bam sat
hoan toan xu hudng dir liéu thuc té. Diéu nay thé hién ré hon khi dir liéu c6 bién déng I6n hoac thay
déi nhanh theo thai gian. Nguyén nhan cé thé dén tu: Sukhong déng b gilra output cia VAR va LSTM;
Qua trinh két hgp truc tiép chua t6i uu; LSTM hoc du thira thanh phan tuyén tinh da dugc VAR mé hinh
hoéa. K&t qua nay cho thay khong phai moi mo hinh hybrid déu mang lai hiéu qua t6i uu. Hiéu suét cta
hybrid forecasting phu thuéc manh vao cc ché két hgp mé hinh va dac diém dit liéu thuc nghiém.

6. Danh gia moé hinh khi run all

Bang so sanh téng thé cho thdy cac mé hinh residual hybrid forecasting dat hiéu qua tét nhat trong
nghién cuu.

g - Qo

: Summary table (on Test set)

@ Ear ppingfor o e

P s mode by RSE VR

€ P M0 C R 044D BHSERECGEE N aY
Model Dic diém Hiéu qua

VAR Chi hoc tuyén tinh Thap
FFNN Hoc phi tuyén Kha tbt
LSTM Hoc phu thudc thoi gian Tét
VAR+FFNN Hybrid tryc tiép Cii thién
VAR+LSTM Hybrid tryc tiép Chua 6n dinh
VAR+Residual-FFNN Residual learning Rét t6t
VAR+Residual-LSTM Residual + temporal learning Tét nhat
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3.2. Kién nghi

Viéc gidi quyét van dé 1 dang duing lai v6i n=7, tic la tim vi tri dat khong qua 7 déi chita chdy trén
dia ban c6 dang hinh tron sao cho khoang cach tir mot vi tri bat ki trén dia ban dén déi chita chay gan
nhat la nho nhat. Déi vai van dé 2, bai viét ciing dung lai & viéc gidi quyét cho trudng hgp dia ban c6
dang hinh vuéng. Trong thai gian téi, ching téi sé tiép tuc nghién ctu cach sir dung nhiéu hon 7 dia
tron nhu nhau dé phu kin hinh tron don vi vai ban kinh dia tron 1a nhé nhat va cach st dung it nhat cac
dia tron c6 ban kinh 0,5 dan vi dé€ phu kin hinh c6 dang khéng phai hinh vuéng.
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7.Kétluan

Nghién ctiu da xay dung va danh gia cdc mé hinh thuc nghiém gém VAR, LSTM, FFNN, VAR+FFNN,
VAR+Residual-FFNN, VAR+LSTM, va VAR+Residual-LSTM trén dir liéu khi hau da bién. K&t qua thuc ng-
hiém cho thay: Cac mé hinh hybrid forecasting vugt troi hon so v6i moé hinh don 1€; Residual learning
giuip cai thién dang ké dé chinh xac du bao; VAR+Residual-FFNN va VAR+Residual-LSTM dat két qua tét
nhat. Tuy nhién, nghién ctiu cling cho thay rang khéng phai moi mé hinh hybrid déu hoat dong hiéu
qua nhu nhau. Viéc két hop truc tiép gitta VAR va LSTM c6 thé dan dén hién tugng du béo chua én dinh
néu co ché két hgp chua phu hgp. Do d6 du dat duoc két qua tich cuc, nghién ctiu van con mét s6 han
ché nhu thai gian huan luyén cia cdc mé hinh hoc sau con kha I6n, qua trinh lua chon tham sé van chu
yéu dua trén thuc nghiém va anh hudng bai cac tap di liéu. Bai bao ké tiép sé nghién clru sau hon 2
van dé bat thudng trén tap di liéu London_daily dugc trich xuat tir London Smart Meter Dataset nham
dam bdo kich thudc dir liéu phu hgp vdi tai nguyén tinh todn theo huéng ma réng /.
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