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Toém tat

Bai bdo nay nham cung cap mot su so sanh vé hiéu qud dw bdo gid dau thé giita cdc phirong
phdp phé bién hién nay. Trong d6, mé hinh di bdo gid dau dwoc nhom tac gia xdy dung trén
cac khia canh chinh cua dong lyc gia dau la chinh sach tién té va tinh trang can kiét dau thé.
Voi dir liéu dieoe thu thdp hang thang tir thang 1 nam 1986 dén thang 5 nam 2020, gid dau thé
dwge dir bao thong qua 3 mé hinh la mé hinh vecto tw hoi quy (VAR), mé hinh hoi quy todn tir
co gon va lwa chon 16i thiéu (LASSO), mé hinh mang by nho ngd’n han dai han (LSTM). Két
qua cho thay theo cd ba chi sé la do léch sai s6 trung binh (RMSE), phan tram sai sé tuyét doi
trung binh (MAPE) va trung binh sai sé binh phirong (MSE), mé hinh LSTM sé cho két qua dir
doan chinh xdc hon so véi mo hinh VAR va LASSO.

Twr khoa: M6 hinh VAR, M6 hinh LASSO, M6 hinh LSTM

Ma JEL: C53, C63, E31.

Crude oil price prediction efficiency: A comparison between the VAR model, the Lasso
Model, and the long short-term memory model

Abstract:

This paper aims to compare the efficiency of crude oil price forecasting methods that are
currently in use. The oil price forecasting model is based on the main aspects of oil price
dynamics, which include monetary policy and crude oil depletion. With data collected monthly
from January 1986 to May 2020, Crude oil prices are forecasted through 3 models, including
VAR, LASSO, LSTM. The results show that according to all three indicators RMSE, MAPE,
and MSE, the LSTM model will provide the most accurate predictive result compared to the
VAR and LASSO ones.
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1. Gi6i thiéu nghién ciru

Dau mo 1a mét trong nhitng nhién lidu dau vao quan trong nhat ciia qué trinh san xuat dbi voi mot nén
kinh té. Theo s6 liéu ctia cong ty BP (2015), 50% luong dau mo s& duoc ding dé san xuét ning luong dién
va nhién liéu cho cac phuong tién giao thong dé van chuyén hang hoa ra thi trudng; 50% con lai duoc dung
cho hoa dau dé san xuét cac chit déo, dung méi, phan bon, nhya duong, thudc trir siu va nhiéu loai san phém
khac. Do d6, dau tho va bién dong gia dau thé c6 anh huong 16n dén kinh té toan cau. Nhin vao thi trudng
kinh té thé giéi, mot diéu hién nhién 1a gia dau dong gbp vao gid tri cua bat ky san pham va dich vu nao dang
luu thong. Tur 46, gia dau dong gop 16n vao su phat trién kinh té cua cac qubc gia trén thé gidi (Godarzi &
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cong su, 2014).

Bién dong cua gia dau tho thuong tao ra nhitng tic dong tich cuc va tiéu cuc dén nén kinh té cta cac qudc
gia trén thé gioi. Khi gia dau tho ting cao, thu ngan sach qudc gia c6 loi nhung sé& lam tang chi phi dau vao
ctia nhiéu nganh trong nén kinh té, anh huéng dén ting truéng san lwong, muc tiéu kiém ché lam phat va
chinh sach tai chinh - tién t&. Nguoc lai, khi gid dau th giam, chi phi nhap khau xing dau cac loai giam,
mang lai nhiéu lgi ich cho cac cong ty, vi ddy 1a nhién liéu dau vao thiét yéu cta nén kinh té. Hon nita, gia
dau giam tao diéu kién cho hau hét ngudi dan tiét kiém chi phi van tai va lam ting tong cau ctia nén kinh té.
Chinh vi nhiing 1y do nay, bién dong gia dau tho va du bao nhiing bién dong d6 dang trd thanh moi quan tdm
clia cac nudce trén thé giéi (Nguyen & cong su, 2018).

Trong nhitng ndm qua, cac nha nghién ctru da phat trién nhidu phuong phap du bao gia dau tho. Mot
s6 phuong phap du bao bién dong gia dau c6 thé ké dén nhu phuong phap vecto tu hdi quy chuyén mach
Markov (Aloui & Jammazi, 2009), phuong phap phuong sai ¢6 diéu kién cua sai sé thay doi tu hdi quy
(ARCH) (Cheong, 2009), phuong phap phuong sai co diéu kién cia sai s6 thay ddi ty hdi quy téng quat
(GARCH) (Wei & cong su, 2010).

Bén canh cac phuong phap du bao truyén thong nhu da ké trén, gia dau ciing thuong dugc wdc tinh bang
cac phuong phap méi, dién hinh 13 cac phuong phap co gon (shrinking). Pic biét, trong phan tich chudi
thoi gian, hdi quy toan tir co gon va lya chon ti thiéu (Least Absolute Shrinkage and Selection Operator -
LASSO) 1a k¥ thuat co gon cung cdp mot wdc tinh hé s6 hdi quy gan ding nhanh chéng va hiéu qua. Hoi
quy LASSO thuong dugce str dung vi n6 ¢6 nhiéu wu diém hon so véi cach tiép can binh phuong bé nhat
(OLS). Cu thé, mé hinh nay c6 két qua du doan chinh xac hon so v6i hdi quy OLS. Mic du, cac udc luong
hé sb hdi quy thu duoc tir OLS 1a khong chéch, nhung phwong sai cao. Trong khi d6, cac hé s6 hdi quy ude
tinh bang phuong phap LASSO c6 thé sai 1éch, nhung phuong sai nhé hon va do d6 d6 chinh xac cua du
bao s€ cao hon (Zou & Hastie, 2005; Zou, 2006; Li & Tsiakas, 2017). Thém vao do, cach tiép can LASSO
tao ra cac uéc lugng khong phu thudce vao gia tri P-value trong qué trinh dénh gia cac hé sb hoi quy khac 0.
Dong thoi, cach tiép can nay thudng chon cac bién giai thich tt nhat cho sy bién dong cua bién phu thudc.
Trong nghién ctru ndy, chung t6i str dung phuong phap LASSO dé du doan bién dong gia dau dua trén mot
loat cac bién vi mé va vi mo. Sau do, két qua dy bao bién dong gia diu theo phuong phap LASSO duge so
sanh voi phuong phap véc to tu hoi quy.

Trong vai nim gan day, cing véi sy phat trién ctiia khoa hoc may tinh, cac phuong phap dua vao tri tué
nhan tao, hoc may bt ddu duoc ing dung va cho thiy hidu qua cao hon cac phuong phap trudc day trong
du bao gia dau tho. Mic du cac phuong phéap vecto tu hdi quy va LASSO ¢6 loi thé do sy d& dang trong tinh
toan. Tuy nhién, nhimg phuong phap nay thuong dua trén viéc xay dung mé hinh tir céc 1y thuyét kinh té va
céc nghién ciru thuc nghiém. Trén thyc té, cac mo hinh 1y thuyét thuong khong 6n dinh do murc do phirc tap
va thay d6i hanh vi cta cac tac nhan trong nén kinh té. Chinh vi vy, cic nha nghién ciru da phat trién cac
phuong phép du bao khong duya trén bat ky 1y thuyét kinh té nao. Cac phuong phap nay khong c6 gia dinh va
thudng c6 thé dugc didu chinh cho bat ky sy thay d6i hanh vi nao. Theo cach nay, dé du doan su bién dong
gi4 dau, cac nha nghién ciru da sir dung cic phuong phap luan tri tu¢ nhan tao nhu mang no-ron nhan tao
va hoc may trong cac md hinh du dodn cua ho (Mingming & Jinliang, 2012; Pan & cong su, 2009). Nhiéu
nha nghién ctru dé chi ra ring mang no-ron nhan tao va hoc may vuot troi hon phuong phap tu hdi quy vé
dd chinh xac trong dy bao. Cu thé, Ramyar & Kianfar (2019) da thyc hién mdt nghién ctru du bao gia dau
thd v6i mo hinh mang noron nhan tao va mé hinh ty hdi quy vector. Két qua nghién ctru cho thdy mé hinh
mang no ron nhan tao chiém wu thé trong viéc du béo gia dau tho. Trong nghién ctru nay, ching t6i st dung
mo hinh bd nhé ngén han dai han (Long Short-Term Memory model-LSTM), m¢t dang mang noron nhan
tao, dé du bao gia dau tho. Két qua du bao bang phuong phap LSTM s& duogce so sanh véi cac két qua cua
phuong phap vecto ty hdi quy va phuong phap LASSO.

Bén canh viéc img dung cac phuong phép truyén thong va hién dai dé du béo gia dau, khong giéng nhu
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cac nghién ctru trude day thuong du bao gia dau tho dua vao cac gia tri trong quéa khi, nghién ciru nay xay
dung mot mo hinh kinh té dé du bao gia dau dua trén sy can kiét dau tho, dy trit ddu thd va chinh sach tién
té. Chung toi s& thao luan vé tac dong ctia cac yéu t6 nay dén gia dau thd trong cac phén sau.

2. Cac md hinh dy bao gia dau

2.1. M6 hinh VAR (Vector Autoregressive Model)

Mb hinh VAR 14 mét trong nhitng mé hinh du bao hi¢u qua, c6 thé mo rong va dé sir dung dé phan tich
chudi thoi gian da bién. M6 hinh VAR t6 ra dic biét hiru ich dé giai thich va du bao cac chudi thoi gian kinh
té va tai chinh. M6 hinh nay ciing cung cép cac du bao vuot troi khi ap dung voi chudi thoi gian don bién va
xdy dung cac phuong trinh dong thoi dya trén 1y thuyét.

Mo hinh véc to ty hdi quy voi p do tré (VAR(p)) c6 dang nhu sau:

Y=ctdY +AY ,++AY +et=1...T (1)

Trongdo, Y = (v,,y,,....y,) 'lamot véc to (nx1) cua cac bién chudi thoi gian, A, la ma tran h¢ s6 hdi quy
cAp (nxn) va €, mot véc to (nx1) cua cac sai s6 nhidu tring c6 trong quan dong thoi voi nhau.

Yéu cau quan trong nhat dé udc lugng mo hinh VAR 1a cac chudi thoi gian phai c6 tinh dimg. Noi chung,
mot qué trinh ngAu nhién dugc coi 14 c6 tinh dimg néu gia tri trung binh va phuong sai ciia né khong thay
d6i theo thoi gian, va gi tri hiép phuong sai giita hai giai doan chi phu thudc vao khoang cach va thoi gian
tré giita hai giai doan. Hai khoang nay khong phu thugc vao phép do hiép phuong sai thyc té. Trong nghién
clru ndy, viéc kiém dinh tinh dimg duoc thyc hién bang kiém dinh Augmented Dickey-Fuller (ADF). Sau khi
kiém dinh tinh dirng cua cac chudi thoi gian, viéc tim ra do tré ti wu cho mo hinh VAR duoc thuc hién dua
trén cac tiéu chi nhu thong ké LR (LR), tiéu chi thong tin Akaike (AIC), tiéu chi thong tin Hannan-Quinn
(HQ), tiéu chi thong tin Schwarz (SC), L&i du doan cudi cung (FPE).

2.2. M6 hinh LASSO (Least Absolute Shrinkage and Selection Operator)

Mb hinh LASSO c6 thé dugc phat trién tir viéc xem xét N quan st clia bién phu thude y,vap bién giai
thich x, = (xi/,...,xip). Trong do, x, va y, tuong ung thudc R? va R.

Muc dich nghién ctru cua ching t6i 1a dy doan Kkét qua cua bién phu thudc dua trén cac bién giai thich.
Két qua s& duoc du doan bang cach sir dung mé hinh hdi quy tuyén tinh sau:

p
FG) = Fo+ ) %8 @)
=1

Do d6, mé hinh hdi quy tuyén tinh dugc tham s6 hoa véi véc to trong s6
B=(B,....)" €RPvah¢ s chin B, € R . Udc luong OLS véi cdp (B,B) dua trén viée tdi thiéu hoa binh
phuong cua sai sO nhu sau:

L& p z L
mir}%r'r‘}ize NE()’i‘ﬁO‘Z"L‘jﬁj) :ﬁ”y_ﬁol_xl?“z (3)

i=1 j=1

Trong do,y = (v,,....y, )", X 1a ma trdn cip (Nxp) va 1 =(1,...,1)". Loi giai cho (3) nhu sau:
p=X"X) Xy

Hastie & cong su (2015) cho ring c6 nhidu cach giai thich khac nhau cho su can thiét phai stra d6i mo
hinh hdi quy OLS. Loi giai thich dau tién 1a wéc tinh d6 chinh xac. Hoi quy OLS dugc ude tinh dé cac udc
luong c6 d6 chéch thép nhung phuong sai lai 16n. Do d6, @6 chinh xac cua dy bao thuong cé thé tang 1én
béng cach giam $6 luong hé s6 hoi quy hodc dat cac hé s6 nhat dinh thanh 0. Do d6, viéc chép nhan mot s6
sai 1éch trong udc tinh hé sé hdi quy theo cach lam trén cé thé giam thiéu phuong sai cia mé hinh va do
do6 tang d6 chinh xac cta cac du bao. Cach giai thich tha hai 12 tip trung vao mot sd bién giai thich c¢6 anh
huong 16n nhét (cac bién giai thich ¢ anh hudng thap s& co hé s6 hoi quy bang 0) dén bién phu thudc s& cd
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tac dung dy doan tét hon.

Viéc stra d6i mé hinh OLS thanh mé hinh héi quy LASSO c6 thé duoc thuc hién nhu sau:

L& P z P L
minimize NZ vi—FBo = Y x5 ”]Z:f" = lly = Bo1 = XBIP + 21181l (4)

j=1

Van d¢ chinh trong mé hinh hdi quy LASSO 1a chon gia tri toi wu cua lambda. Viéc lya chon gia tri
lambda ti wu nay thudng duoc thuc hién théng qua cac phuong phap nhu Cross-validation, Theory-driven,
va Information Criteria. Trong nghién ctru nay, gia tri toi wu ciia lambda dugc chon bang phuong phap
Cross-validation. Muc dich ciia phuong phap Cross-validation 1a dé danh gia hiéu suét ctia cong cu wée tinh
nhu mot cong cu duy doan ngoai mau.

2.3. M6 hinh LSTM (Long Short-Term Memory)

Trong nhitng ndm gan day, M6 hinh LSTM d3 duoc phat trién va diéu chinh dé phu hop hon véi cac dy

Hinh 1: CAu tric ciia mét té bao LSTM

LSTM block

i|11;11! output

- . =
forget input

gate gate

&

Nguén: Fischer & Krauss (2018).

gate

bao trong kinh té, tai chinh (Fischer & Krauss, 2018; Yan & Ouyang, 2018). Do cac dic diém dong nhu
khong tuyén tinh, khong dimg va twong quan dong thoi, dit lidu tai chinh dt ra mot thach thic dang ké
d6i v6i cong tac du bao. Tuy nhién, nghién ciru ctia Fischer & Krauss (2018) da chirng minh rang mé hinh
LSTM c6 thé giai quyét cac van dé kho khan trén vi phuong phap nay khong quan tdm dén dang ham hodc
cac mdi quan h¢ ly thuyét ctia cac bién sb trong mo hinh.

Vé co ban, cac LSTM sir dung khai niém cong (gate): mot co ché nhan théng minh cac thanh phan xac
dinh hoat dong cua ting té bao (6 nhd) riéng 16. LSTM cap nhat trang thai t& bao ctia n6 bang cach kich hoat
cac cong. Pau vao duoc cip cho LSTM duogc dua vao cac cong khac nhau chi phdi hoat dong cia bo nhé
té bao: ghi (cong nhap — input gate), doc (cong xuat — output gate), hodc dat lai (cong quén — forget gate).

Viéc tinh toan gid tri an y, cua mot té bao LSTM duoc cap nhat tai moi thoi diém t. Biéu dién vecto (vecto
biéu thi tat ca cac don vi trong mot 16p) clia ban cép nhat cia mot 16p LSTM dugc biéu thi la céng nhap i,
cong quén f, cong xut 0, 0 nh¢ ¢, va trang thai an h.

fe=0Wsxe + Reyeq +0f O g + by
i =0o(Wix; + Riye1 +pi O c-1 + by
ze = g(Wyxe + Ryye1 + by)
=20l +c10f
0y = o(Woxt + RoYi—q +Po O ¢ + b,
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trong do w.w,w g W,R,R,R,R, 1a cac trong s6 tu’(z“ng Ung v&ix, vay, , trong khi b, b,b b 1a cac vec
to do chéch. © bicu thi toan tr nhan ctia 2 véc to.@ biéu thi viéc thém thong tin.

Trong cac budc trén, o, g va h biéu thi cho cac ham kich hoat. Him sigmoid o(x) = o= duoc su
dung nhu mdt ham kich hoat cong, trong khi ham hyperbolic g(x) = h(x) = tanh(x) duogc st dung nhu mét
ham kich hoat cong nhap va cong xuét ciia mot té bao.

Trong nghién ctru ndy, cac tac gia du bao gia dau thd trong nhirng thang toi theo ca VAR, LASSO va
LSTM. Phuong phap du bao tét nhit s& dwoc chon dya trén ba chi sé 1a d6 1éch sai s6 trung binh (RMSE),
phan trim sai s6 tuyét ddi trung binh (MAPE) va trung binh sai s6 binh phuong (MSE):

RMSE = T = 9)?
N
A
MAPE = - Yi
N
MSE — I —9)°
N

trong do y, la cac gid tri thuc té cua ddura, ; 1a cac gia tri du bao thu dugc tir cac mé hinh VAR, LASSO,
va LSTM.

3. M6 hinh va dir liéu nghién ciru

Nghién ctru nay du bao gia dau tho dwa trén cac yéu t6 md hinh anh huéng dén gia diu. Nhu di nhan
manh trong phz‘in gidi thiéu, cac yéu td thuc déy duoc tiép can trén hai khia canh: chinh sach tién té va tinh
trang can kiét déu tho.

Chinh sach tién t& dugc coi 1a tic dong tir phia cau dén gid dau tho. N6 c¢6 anh hudng dang ké dén thi
truong hang hoa va do d6, dén gia dau thd. Sy co gidn clia cau ddi voi gia dau thd, két hop véi su kho khin
ctia ngudn cung, c6 thé din dén gia dau tho ting nhanh. Anh hudng cta chinh sach tién té dén thi truong
dau tho dugc thuc hién thong qua hai kénh chinh 13 13i suat va ty gia d6 la. Lii suat c6 tac dong manh mé&
dén nhu cau dau tho, vi 14i suat thap dan dén hoat dong kinh té ting lén (Askari & Krichene, 2010). Ngoai
ra, ty gia hbi doai d6 la My, 1a dong tién chinh duoc sir dung dé béo gia dau, s& anh huéng truc tiép dén gia
danh nghia ctia dau (Askari & Krichene, 2010). Trong nghién ctru ndy, chung t6i coi l3i suit ciia Ngan hang
Du trit Lién bang va ty gi hdi doai hiéu luc ctia dong d6 la My 14 hai bién s6 trong mé hinh cac nhan té anh
hudng dén gia dau tho. Trong khi d6, do gia dau thé duoc quy dinh tai S¢ giao dich hang héa New York,
bién dong gia dau tho co thé duoc coi 1a mot phan cua dién bién thi truong hang héa. Do do, chi sb gid ca
thi truong clia hang hoa ciing duoc coi 1a mot yéu t6 anh huong dén gia dau tho.

Hon nita, tinh trang can ki¢t dau dang tr¢ thanh mdi quan tam 16n, dac biét 1a do nguén duy trit diu & cac
nude san xuit dau lon dang can kiét. Cac dia diém san xuét dau 16n, chfmg han nhu & Texas va A Rép Saudi,
dang chimg kién sy sut giam dédng ké vé san lugng. Trén thuc té, mot s6 nguoi da bat ddu suy doan rang
mo dau Ghawar, mé dau thong thuong 16n nhét trén thé gidi, dang suy thoai. Piéu nay cho thiy rang sy suy
giam san luong dau trén toan ciu co thé xay ra (Hamilton, 2009). Do d6, chirc ning thiét yéu cua dau tho
anh huong dén san luong dau va ton kho dau trén mat dat (Brandt, 2010). Cac véan dé khac, chéng han nhu
cang thang dia chinh tri va bat 6n chinh tri, chang han nhu cudc khing hoang & Iraq va Nigeria, dong mot
vai tro quan trong trong viéc san xuat dau tho va anh huéng dén san lwong dau thd. Do d6, diéu quan trong
1a phai dua cac yéu t6 san xuat vao mé hinh du bao. Trong nghién ciru ndy, san lwong dau, ngudn cung dau
va ton kho dau duoc dwa vao mé hinh du bao gia dau.

Do d6, mé hinh dé xuit dé du bao gia dau thd, nhu sau:
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Bang 1: M ta cac bién s6 trong mé hinh

Bién s M0 ti Nguén dir liu
P, Gia dau tho United States' Energy
Information Administration
(EIA)
IR, Lai suat cua Ngan hang Dy trir | FRED Economic Data
Lién bang
REER, Ty gid héi doai hiéu Iyc cua | FRED Economic Data
ddng d6 la My (REER)
oPp, San luong dau: duoc tinh bang | United States' Energy
khdi luong diu thd duoc san | Information Administration

xudt tir cac bé chira dau. Lugng | (EIA)
san xuét nay dugc do bang khdi
lwong dau duoc giao tir cac bon
chira cho thué (toc la diém
trung chuyén luu ky) dén duong
dng, xe tai hodc cac phuong tién

khac dé van chuyén dén cac nha

may loc dau.
0S; Nguon cung dau: bao gom san | United States' Energy
lugong dAu duoc san xuit méi tai | Information Administration

céc bé chira, san lugng dugc tai | (EIA)
tao, san luong dau dang tdn
kho, trr di san lugng diu dau

vao cua cac nha may loc dau.

0C, San luong tiéu thu: do luong | United States' Energy
san luong du duoc tiéu thu boi | Information Administration
cho cac hoat déng ciia nén kinh | (EIA)

té, ké ca diu vao cua cic nha

may loc dau.

Cl; Chi sb gia ca thi truong hang | FRED Economic Data

hoa

Nguon: dé xudt ciia tdc gid.

P,=p,+ B IR + B,REER, + B.OP, + f,0C +B.OS +BCIl +e (5

Céc bién s trong mé hinh duoc mo ta trong Bang 1.

Chudi thoi gian trong M6 hinh (5) dugc thu thap hang thang tir thang 1 nim 1986 dén thang 5 nam 2020.
Nhu vay, moi chuoi thoi gian s€ bao gom 413 quan sat, trong d6 351 quan sat dau tién duoc st dung cho cac
mo hinh huan luyén (VAR, LASSO, LSTM) va 62 quan sat ti€p theo dugc st dung dé danh gia muc do du
doan cua tirng mo hinh thong qua cac tiéu chi nhu RMSE, MAPE va MSE.

4. Két qua nghién ciru

4.1. Két qud duw bdo bang mé hinh VAR

Trude khi wéc lugng md hinh VAR, chiing t6i kiém dinh tinh dimg ctia cac chudi thoi gian trong mo hinh
(5). Keét qua duogc hién thi trong Bang 2.

Két qua kiém dinh tinh viing cho thay tit ca cac chudi thoi gian trong mo hinh (5) khong dimng & chudi
goc nhung lai dung ¢ sai phan béac 1. Do do, sai phan bac 1 cua cac chudi thoi gian s€ dugc st dung dé uoc
tinh m6 hinh VAR.
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Bang 2: Két qué kiém dinh tinh dirng

Bién Théng ké t Bién Théng ké t
(p-value) (p-value)
CI -1.033 ACI -13.019%**
(0.743) (0.000)
IR -1.447 AIR -7.109%**
(0.560) (0.000)
ocC -2.061 AOC -3.071%**
(0.261) (0.030)
OP -2.211 AOP -2.789*
(0.203) (0.061)
(6N -1.096 AOS -3.763%**
(0.719) (0.004)
REER -2.188 AREER -13.447%%*
(0.211) (0.000)
P -2.078 AP -12.315%%*
(0.254) (0.000)
k¥ RE ¥ fromg g voi mike Y nghia thong ké 1%, 5%, va 10%
Nguén: két qua tinh todn cia tdc gid.
Bing 3: Két qua lwa chon dd tré t6i wu
bj tré LogL LR FPE AIC sc HQ
0 -849.2070 NA 8.624347 4.992461 5.070782* 5.023658
1 -849.1776 0.057478 8.673317 4.998120 5.087630 5.033774
2 -847.8861 2.515077 8.658623 4.996421 5.097119 5.036532
3 -844.2072 7.143397 8.524458 4.980800 5.092687 5.025368
4 -840.5110 7.155331 8.391536 4.965079 5.088155 5.014103
5 -839.6757 1.612095 8.399655 4.966039 5.100304 5.019521
6 -833.4951 11.89277 8.149778 4.935831 5.081285 4.993770
7 -829.0908 8.448945* 7.989674* 4.915982* 5.072624 4.978377*
8 -829.0100 0.154577 8.032694 4.921341 5.089172 4.988193

*cho th(fy dé tré dwoc lua chon béi cac tiéu chi
LR: tiéu chi LR
FPE: sai s6 du bdo cudi ciing
AIC: tiéu chi thong tin Akaike
SC: tiéu chi thong tin Schwarz

HQ: tiéu chi thong tin Hannan-Quinn

Nguén: két qua tinh todn cia tdc gid.

bé ude lwgng mo hinh VAR, chung t6i tiép tuc thue hién kiém dinh do tré t6i vu. Két qua duoc hién thi

trong Bang 3.

Béang 3 cho théy dd tré tdi wu cho mé hinh VAR duoc lua chon 1a 7 béi céc tiéu chi luya chon 1a LR, FPE,

AIC, HQ.

Do d6, mé hinh VAR sé& duoc udc lugng vdi sai phan bac 1 va do tré 7 cua cac chudi thoi gian trong mo

hinh (5). Két qua udc lugng cu thé duogc trinh bay tai Bang 4.

Tiép theo, tac gia sir dung mo hinh VAR dé du doan gia dau tho trong giai doan tir thang 4 nam 2015 dén
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Bing 4: Két qua wéc lwgng mé hinh (5) bing VAR

D(P) Hé sb hdi quy Sai s6 chuin Théng ké t
D(P(-1)) -0.011779 0.04385 -0.26864
D(P(-2)) -0.026062 0.04154 -0.62740
D(P(-3)) -0.062937 0.04141 -1.51993
D(P(-4)) -0.082009** 0.04175 -1.96434
D(P(-5)) 0.002738 0.04234 0.06466
D(P(-6)) -0.103884** 0.04236 -2.45266
D(P(-7)) -0.119215%* 0.04075 -2.92529

C -0.303259%* 0.15319 -1.97965
D(CI) 1.854726%** 0.11222 16.5270
D(IR) 0.273187 0.77997 0.35025
D(OC) 7.30E-06 8.7E-06 0.83642
D(OP) -1.77E-05 2.6E-05 -0.67935
D(OS) -1.56E-05* 8.3E-06 -1.89466
D(REER) -0.366765%*** 0.13295 -2.75870

Ky hiéu D(x) la sai phdn bdc 1 of x, P (-t) la dé tré thir t ciia bién P
*¥k KX ¥ fromg g voi mike Y nghia thong ké 1%, 5%, va 10%

Nguén: két qua tinh todn cia tac gi.

Hinh 2: gia tri thye té va gia tri duw bio bing VAR ciia gia diu thé
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thang 5 nam 2020. Gia tri du doan va gia tri thyc té ctia gia dau tho cho giai doan tir thang 4 nim 2015 dén
thang 5 nam 2020 duoc thé hién trong Hinh 2.

4.2. Két qud duw bdo bang mé hinh LASSO

Pé dé& dang so sanh do chinh xac ciia dy bdo v6i md hinh VAR, mé hinh 5 dwoc ude lugng bing phuong
phap LASSO, cling bao gdom tat ca cac bién duoc udc lugng bang phuong phap VAR. Cu thé, mo hinh (5)
bao gom d6 tré 7 cua cac bién , . Tat ca cac bién nay déu ¢ dang sai phan bac 1, nhu trong mo hinh VAR.

Pé udc luong mo hinh 5 bang phuong phap LASSO, can x4c dinh gia tri tdi vu cta tham s lambda.

Trong nghién ctru ndy, gia tri lambda tdi wu dugc chon bang phuong phap Cross-Validation. Két qua lwa
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Bang 5: Két qua lra chon tham s6 lambda

ID | Mo ta lambda | S6 lwong hé so hoi quy | R’ ngodi | Li du doin trung
khéc 0 miu binh CV
1 first lambda 3.1778 |0 0.0019 18.5397
40 | lambda 0.0844 |9 0.5626 8.0941
before
*41 | selected 0.0769 | 10 0.5627 8.0924
lambda
42 | lambda after | 0.0701 | 10 0.5626 8.0950
46 | last lambda 0.0483 | 10 0.5611 8.1217

Nguon: Két qua tinh toan ciia tdc gia.

chon gia tri Lambda dugc hién thi trong Bang 5.

Béang 5 cho the"iy gia tri lambda dugc chon 1a 0,0769 véi sai sb du doan trung binh CV 1a 8,0924. Ngoai ra,
tai gid tri lamdba nay, c6 10 bién c6 hé s6 hdi quy ¢ gid tri khac 0. Cac bién twong tng 1a D(P(-2)), D(P(-
3)), D(P(-4)), D(P(-6)), D(P(-7)), D(OC), D(OS), D(REER), D(IR), D(CI).

Tiép theo, tac gia sir dung mé hinh LASSO dé du doan gia dau tho trong giai doan tir thang 4 nam 2015

Hinh 3: gia tri thuc té va gia tri du bao bang LASSO ciia gia dau thd
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dén thang 5 nam 2020. Gia tri du doan va gia tri thuc té ctia gia dau thd cho giai doan tir thang 4 nam 2015
dén thang 5 nam 2020 dugc thé hién trong Hinh 3.

4.3. Két qua duw bdo bang mé hinh LSTM

Dir liéu dau vao cia md hinh LSTM thuong dugc bién doi dé nang cao hiéu qua du bao (Basheer va
Hajmeer 2000). Dit liéu duoc st dung trong bai bao nay duoc bién déi dé nim trong doan [—1, 1] bing cach
su dung cong thirc sau: X — Xppi

e s ! xscale=2x¢_1
Xmax — Xmin

Gi4 dau tho duoc thu thap hang thang tir thang 01 nam 1986 dén thang 5 nam 2020. Nhu vy, chudi thoi

gian cia Gia dau tho s& bao gdm 413 quan sat, trong d6 351 quan sat dau tién dugc st dung dé huyén luyén
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mo hinh LSTM va 62 quan sat tiép theo duoc sir dung dé danh gia mirc do dy bao cia mé hinh théng qua
cac tiéu chi nhu RMSE, MAPE, MSE.

Bay gio, chiing ta thém 16p LSTM va 16p Dense chi dinh dau ra ciia 1 don vi. Tiép theo, mé hinh phu
hop dé chay trén 100 epoch (Mot Epoch duoc tinh 1a khi chung ta dwa tit ca dit 1iéu vao mang LSTM 1 lan)

Bing 6: Tém tit mé hinh LSTM
Model: "sequential_2"

Layer (type) output Shape paran #
Tstm_2 (LSTM) (1, 1) 12
dense_1 (Dense) (1,1 2

Total params: 14
Trainable params: 14
Non-trainable params: 0

Nguon: Két qua tinh todn cia téc gid.

Hinh 4: gia tri thuc té va gia tri dw bao bang LSTM ciia gia diu thd
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v6i kich thudce batch 1a 1 (chiing ta khong thé dua hét toan bo dit liéu vao huén luyén trong 1 epoch, vi vay
chung ta cn phai chia tap dir liéu thanh cac phan (number of batch), mdi phéan c6 kich thude batch riéng).
Tiép theo, nhom tac gia stir dung mé hinh LSTM dé du doan gia dau tho trong giai doan tir thang 4 ndm
2015 dén thang 5 nam 2020. Gia tri du doan va gia tri thuc té ctia gia dau tho cho giai doan tir thang 4 nam
2015 dén thang 5 nam 2020 dugc thé hién trong Hinh 4.
Cudi cung, chung t6i do luong céc chi s6 RMSE, MAPE va MSE dé so sanh do chinh xac du bao cta ba
mo hinh (VAR, LASSO, LSTM). Két qua ctia phép tinh duoc thé hién trong Bang 7.

Bang 7 cho thiy theo ca 3 chi s6 RMSE, MAPE va MSE, mé hinh LSTM s& cho két qua du doan chinh
xac hon so v&1 mo hinh VAR va LASSO.
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Biang 7: Két qua tinh toan RMSE, MAPE va MSE
cua cac mo hinh VAR, LASSO va LSTM

VAR LASSO LSTM
RMSE 5.876137 5.407809 4.971465
MAPE 0.103235 0.086833 0.082162
MSE 34.52898 29.24439 24.71546

Nguon: két qua tinh todn ciia tac gid.

5. Két luan

Pong gop dau tién ciia bai bao nay 1a cung cap mé phong chi tiét vé cac yéu td tac dong dén gia dau xuat
phat tir khia canh chinh sach tién té va tinh trang can kiét dau thd. Cu thé, két qua udc lugng mo6 hinh VAR
cho thiy gia dau tho chiu su tic dong c6 ¥ nghia thong ké cta gia dau trong qua khir véi do tré tac dong ¢ ¥
nghia thong ké 12 4 thang. Bén canh do, gia dau tho con bi tac dong bai chinh sach tién té thé hién thong qua
ty gia hdi doai hiéu lyc cta dong d6 la My (REER) va bién dong gia cua cac hang hoa khac thé hién thong
qua chi sb gi4 ca thi truong (CI). Két qua vé tac dong cua chinh sach tién té va tinh trang can kiét dau tho
dén gia dau tho mot 1an nira duoc khang dinh thong qua két qua ctia mé hinh LASSO. Cu thé, két qua cua
moé hinh LASSO cho thay cac bién s6 c6 anh huong dang ké dén gia dau th bao gdm gia dau tho trong qua
khur, san lwong tiéu thy, ngudn cung ciu, ty gia hdi doai hidu luc ciia ddng d6 la My, 14i suat cia Ngan hang
Du trit Lién bang va chi s6 gia ca thi truong hang héa. Nhu vay, két qua wde lwong cia mé hinh VAR va mé
hinh LASSO c¢6 sy nhat quan v&i nhau vé tic dong cua chinh sach tién té va tinh trang can kiét dau tho dén
gia dau tho. Cac két qua nay ciing pht hop véi nghién ctru ctia Cheong (2009), Askari & Krichene (2010).

Pong gop thir hai ctia bai bao nay 1a phan tich hidu suat du bao gia dau tho cta cac mé hinh kinh té luong
va mo hinh tri tué nhan tao. Vi tinh chat bién dong va phi tuyén ctia gia dau tho, trong bai bio nay, mé hinh
LSTM nhu mdt cong cy hidu qua dé mé ta cac quan hé anh xa phi tuyén duoc phat trién dé dy doan gia dau
tho. Bén canh d6, cac mo hinh du bao phé bién khéc cling duoc chung t61 wdc lwong nhu mo hinh véc to
tu dong hoi quy (VAR) va mo hinh toan tir lya chon va thu hep tuyét ddi bé nhat (LASSO). Cac két qua du
bao cua cac m hinh sau d6 duoc so sanh véi nhau dé tim ra mé hinh du bao tot nhat. Két qua cho thay theo
ca 3 chi s6 RMSE, MAPE va MSE, mé hinh LSTM s& cho két qua dy doan chinh xac hon so véi mé hinh
VAR va LASSO. Két qua nghién ctru ndy ciing pht hop véi nghién ctru cua Fischer va Krauss (2018) khi
mg dung md hinh LSTM dé dit bao cac chudi dit lidu tai chinh.
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