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TOM TAT

Sy bién dong cua gia hang hda chua chét co tac dong dang ké dén
nén kinh té toan cau. Do dé, viéc dy bao gia cac mat hang nay
nhan dugc nhiéu sy quan tam tir cac nha nghién ctru. Nghién ciu
nay duoc trién khai nham phat trién cac mé hinh dwa trén cac ky
thuat tri tué nhan tao trong maot ngay tai du béo gié thi truong
cho cac mit hang chu chét gdm dong, dau thd, khi dot va bac.
Dit liéu vé& giao dich hang hoa duoc thu thap tir 1/2000 dén
10/2019. Cac md hinh dua trén ky thuat tri tué nhan tao khac
nhau 1a h¢ suy dién mo noron thich nghi (ANFIS), mang noron
nhan tao (ANN), phuong phéap xir ly dir liéu nhém (GMDH),
mang hoc sau (LSTM) duoc phéat trién. Cac chi s6 danh gia
RMSE, MAPE, MAE, R va Theil's U duoc sir dung. Két qua cho
thidy md hinh dé xuat dya trén ky thuat GMDH vuot troi trong
du béo gia ca hang hda.

Tir khoa: Mat hang cha chét; Du bao gia; GMDH; ANFIS;
ANN; LSTM.

1. M& dau

Du béo gia ca cia mot sé mat hang va chi sé ching khoan
duoc quan tdm nghién ctru Vi tinh thyc tién cao. Két qua
cua du bao chinh la thong tin trong tuong lai ciia mot hién
twong dua trén cac thong tin sin c6 nhu dit liéu trong qua
khtr va céac thong tin sy kién co thé anh huong dén hién
twong d6. Dy bao dua trén chudi thoi gian (time series) la
mdt trong nhing k¥ thuat ph6 bién. Cé thé duoc chia cac
phuong phap du bao lam 02 nhom chinh: (1) Cac phuong
phap du bao ¢ dién duya trén cac ly thuyét vé thong ké; (2)
Cac phuong phap dy bdo hién dai st dung k¥ thuat tri tu¢
nhan tao.

D3 c¢6 nhiéu cong trinh ching minh tinh hiéu qua cia dy
bédo khi sur dung cac phuong phép du bao sir dung k¥ thuat
tri tu¢ nhan tao trong du bao gia ca va chi ) chirng khoan
nhu Bakir va cong sy [1] du bao chi s thuong mai dién tir,
Behmiri va Pires Manso [2] du bao gia dau thd, Jeenanunta
va cong su [3] du béo gia c¢d phiéu, Jubinski va Lipton [4]
du bao gia vang, bac va dau, Kristjanpoller va Minutolo [5]
du bdo gid vang. Cac nghién clru nay da xem xét cac thao
tac lya chon sé ddu vao, tién xir Iy dit liéu, thuat toan huan
luyén nham ting kha nang xir Iy va do chinh xac du béo
ciia mo hinh.
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Trong linh vyc nghién ctru dy bao gia & Viét Nam, c6 mdt ) cong trinh ndi bat
nhu: Huynh Quyét Thing va cong su [6] du bao chi s6 VNINDEX, Ngb Vin Toan va cong
su [7] du bao gia vang. Tuy nhlen trong linh vuc du bdo gia & Viét Nam, cac ky thuat chi
dirng lai & viéc thir nghiém mot s6 cdu tric, k§ thuat don 1¢ dé dy bao ma chua c6 nghién
ctru nao thyc hién danh gia va 5o sanh nhiéu k¥ thuét voi nhau. Bai bao nay s¢ thyc hién
so sanh kha nang du bao ngin han (du bao ngay tiép theo) gia ca hodc chi s6 cia mot sb
mit hang. Dong thoi xem x¢t anh huong cua cac bo dir liéu khac nhau 1én két qua du bao.
Tur do6 danh gla tong quan vé kha ning Gmg dung tri tu¢ nhan tao vao du béo gia ca va chi
s6 ciia mot sb miat hang, ddng thoi dua ra mot s6 khuyén nghi vé viée sir dung thuc té.

2. Tong quan
2.1. Bai todn du bdo gia

Trong nhirg nim gan day, gia ca cac mit hang chil chdt ¢6 nhing bién dong manh
theo su 1én xudng ctia ddng USD, bién dong tinh hinh chinh tri cta thé gidi va thi trudng
tai chinh. Kim loai quy, dau thé duoc coi 1a giai phap an toan dbi voi cac nha dau tu. Dé
thanh cong trong qué trinh ddu tu vao mot mat hang can co phuong phap du bao gia, 1a
cong viéc doi hoi nhiéu ky ning, kién thirc, kinh nghiém ciing nhu tu duy [4].

Khoa hoc du béo da hinh thanh tir diu nhitng nim 60 cta thé ki 20. La mot phan
quan trong trong hoach dinh, khi tién hanh dy bao phai can ctr vao sb liéu thu thap duoc,
xac dinh xu huéng van dong cua cac hlen twong trong twong lai nho vao cac mo hinh toan
hoc. Ngay nay, dy bao gia 1a mot nhu cau thiét yéu cua hoat dong kinh té [8] dé giam bét
rui ro. Dong thoi két qua du bao la can ctr dé dua ra céc quyet dinh kip thoi, tao ra loi thé
canh tranh.

Phuong phap du bao chudi thoi gian dugc sir dung phd bién, dugce tiép can boi hai
nhom phuong phép chinh [2]:

(1) Cac phuong phap co dién dua vao cac ki thuat thong ké nhu Autoregressive
Integrated Moving Average (ARIMA), Generalized Autoregressive Conditional
Heteroskedasticity (GARCH) va Seasonal Autoregressive Integrated Moving Average
(SARIMA).

(2) Cac phuong phap du bao hién dai dua trén vao céc k¥ thuat tri tu¢ nhan tao nhu
mang noron (ANN), may vecto hd trg (SVM) hoc sau (deep learning), .

Vi¢c xay dung cac mé hinh dy bao bang cac phuong phap co dlen gap nhleu kho
khin vi cac m6 hinh nay dua vao cac gia thuyét chat ché va cac phan bd xac suat [9] va
cac phuong phap c6 dién khong thé tim ra nhimg mdi quan hé phi tuyén trong du bao [10].
Nhiéu nghién ctru da chi ra réng cac mo hinh dy bdo dya trén k¥ thuat tri tu¢ nhan tao cho
két qua tot hon so véi cac md hinh dua trén ki thuat thong ké [5, 11]. Mot s6 vi du nhu,
mang noron nhén tao c¢6 kha ning dy bao vdi gia tri 18i binh phuong trung binh bing mot
nira so v6i cac md hinh kinh té luong [12]. Tapia Cortez va cong su [13] da chimg minh
rang cac k¥ thuat hoc may hiéu qua hon trong viéc du bao gia quing thd. Do d6, tmg dung
cac k¥ thuat tri tué nhan tao s€ cho két qua chinh xéc, 6n dinh hon trong bai toan dy bao
gia [14, 15].

Nghién ctu nay tap trung vao bai toan dy bao gia cua mot s6 mat hang chu chét
trén thi truong qudc té nhu gia cuia mot sé kim loai quy, dau thd va gas. Cac mé hinh du
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bao gia s& duoc phét trién dua trén mot sb ki thuat tri tué nhan tao, dugc danh gia do chinh
xac dua trén cac chi tieu RMSE, MAPE, MAE, R va Theil's U.

2.2. Dw bdo chuédi thoi gian

Phu:ong phap dugc xay dung dua trén sy phu thudc cia cac gla tri quan sat trong
day sd. Cac yéu td gom tinh xu huéng, tinh mua, tinh chu ki va tinh ngau nhién ¢6 thé dugc
ké dén 1a nguon goc tao ra dac tinh dao dong [16], cu thé:

- Tinh xu huéng: Thé hién chiéu huéng bién dong, ting hodc giam cta hién tuong
nghién ctru trong mot thoi gian dai.

- Tinh mua: Bién dong & mot sb thoi diém (thang/quy) nao dé duogc lap di lap lai
qua nhiéu nim. Kich thudc anh huong mua déu dan hang nam thi duogc goi 1a c6 tinh cong
(additive), con kich thudc cua anh huong mua ti 1€ voi gia tri trung binh dugce goi 1a c6
tinh nhan (multiplicative).

- Tinh chu ky: Bién dong c6 tinh chat ldp di lap lai trong khoang thoi gian nhat
dinh.

- Tinh ngau nhién: Bién dong that thudng, hiu nhu khong thé du doan.

Bon thanh phan trén c6 thé két hop v6i nhau theo md hinh nhan:

Ve = Tp. S¢. Ce. Iy )

Voi: Yy | 1a gi tri quan sat va Ty, S;, C; , I, 1an luot 1a cac thanh phan xu hudng, thoi
vu, chu ky, ngdu nhién & thoi diém t.

Khi xem xét sy bién dong ctia cac thanh phan trong chudi thoi gian, chudi thoi gian
chi gébm hai thanh phan: mot phan xu huéng va mot phan mang tinh chu ky, vi phan mua
vu va cac thanh phan ngiu nhién di bi loai bo.

SI=——>=2% 2)
TC Yt

trong do: ¥ 1a sb trung binh di dong ting VOl Yy

Sau d6, xu huéng cua chudi thoi gian c¢6 yéu t6 muia vu thi can loai bo yéu té mua
vu ra khéi day.

CTI == =% 3)
S I
trong d6 I 1a chi s6 thoi vu.
Bién dong cua yéu td ngau nhién co thé duge xac dinh theo cach sau:
Ve
le=4 T (4)
trong d6: I, 1a chi sé chu ki.

Ngoai ra, chudi thoi gian con c6 cac yéu té khac nhu: tuyén tinh va tinh 6n dinh.
Cac phép sai phan thuong dugc stir dung dé chuyén chudi thoi gian khong dimg vé chudi
dirng [17]. Ngoai ra, con ton tai hé sé tuong quan. Véi mot chudi thoi gian x, voi gia thiét
gia tri trung binh khong d6i, ta c6 thé x4p xi hé sd twong quan giita x, Va x,, nhu sau:

SRS %) (s k=) 5)
YL (xp—%)?

trong do, 1 1 hé s6 twong quan tai do tré k va x 1a gia trj trung binh cua x.

T, =

118



Vinh University Journal of Science Vol. 52, No. 3A/2023

2.3. Cdc phwong phdp dw bdo co dién

Céac md hinh tu hdi quy (AR): M6 hinh chudi thoi gian tw hdi quy hoan toan cé cdu
trac nhu sau:
Yt = alyt_l + azyt_z + -+ ath_P + ut (6)

Trong d6 Y, 1a quan sét thir 1 d6i v6i bién phu thudc sau khi trir di gia trj trung binh
ctia chinh no, u, 13 thanh phan sai s6 c6 dong thai t6t co trung binh bang 0 va phuong sai
khong d6i va khong twong quan voi ug néu t # s (nhidu trang). Thanh phan hing s6 duoc
bo qua vi Y; duoc biéu dién dang 3¢ thién l¢éch khdi gia tri trung binh. Y; da duoc mo hinh
hoa chi véi qua khtr cia né va khong c6 cac bién doc 1ap khac. Pay 1a cac mé hinh ty hoi
quy, AR va mé hinh trong phuong trinh (2) duoc goi 13 mé hinh AR(p), v6i p 1a bac ty hdi
quy.

Céc md hinh trung binh trugt (MA): M6 hinh trung binh trugt - MA bac q, ky hi¢u
12 MA(Q) c6 dang nhu sau:

Ye = v — B1Ve1 — BoVip — - — ﬁqvt—q (7)

Vi v, 1a chudi sai s6 nhiéu trang; Y; 13 t6 hop tuyén tinh ctia cac bién ngiu nhién
nhidu trang.

M6 hinh ARMA, phéi hop gitra cac cong thirc tur hdi quy va trung binh truot, ¢d
dang tong quat nhu sau:

Yi=aYrgtaxYe o+t apVptus + v — B1veq — BaVi—p — = — BgVi—q (8)

3. Mt s6 k¥ thuit tri tué nhén tao trong du bao

Mot bai toan duge xem 12 hoi quy néu dau ra (nhan) khong duoc chia thanh cac
nhoém ma la mdt gia tri thuc cu thé (mién gla tri 1a lién tuc). Cac bai toan du bao (gla cod
phiéu, gia nha, . ) dugc xép vao bai toan hdi quy. Bai toan du béo gia clia mot s6 mat
hang 14 bai toan hdi quy véi dau ra 1a gia cta ngay tiép theo (1a mot gid tri lién tuc) Trong
bai bao nay sir dung ANFIS, ANN, GMDH va LSTM dé dy bao gia ctia mot s mat hang.

3.1. Hé suy dién mo noron thich nghi (ANFIS)

Mang noron va Iy thuyét mo 1a cac cong nghé tinh toan mém duoc sir dung dé xay
dung cac hé théng thong minh. Hé suy dién mo (FIS) sir dung cac luat mo if-then khi thu
thap tri thirc tir cac chuyén gia [18], duoc sir dung rong rai trong nhiéu linh vic nhu tdi uu
hoa, diéu khién va xac dinh hé thong [19]. Mot hé suy dién mo FIS don gian dugc trinh
bay trong Hinh 1. Tuy nhién, hé md khong c6 kha nang ty hoc hoi va didu chinh [20].
Trong khi d6, mang noron c6 kha niang hoc hoi tir méi truong, tu to chirc va thich nghi.
Chinh vi 1y do d6, viéc két hop hé suy dién mo voi mang noron trong mot hé noron mo
duogc str dung dé tao ra cc hé co s& luat mo. Trong khi nhiém vu cua cac quy tac if-then
mo 1a mo hinh hoa kién thirc chuyén gia, thi mang noron than kinh t6i wu héa cac ham
thanh vién dé giam thiéu ty 1& 15i trong dau ra. Trong cac hé noron md, ANFIS, dé xuét
boi Jang, 12 phuong phap phd bién nhét. Trong cac hé suy dién mo, cac luat if-then mo
duoc xac dinh boi chuyén gia thi trong ANFIS, nd dugc tu dong tao ra boi dir liéu dau vao,
dau ra, va kha nang hoc cia mang noron.
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Rules
Provided by
experts or
extracted from

Fuzzification numerical data Defuzzification
- interface interface —
Activates the Produces the crisp
linguistic rules values
Inference
Determines how
the rules are

activated and

Input fuzzy variables combined

Output fuzzy variables

Hinh 1: Hé suy dién mo [21]

ANFIS 12 mot mang noron truyén thang nhiéu 16p. Mot ANFIS bao gém nam 16p
va mdi 16p dugc hinh thanh béi mot s6 nit va chire niang nat. C6 hai loai nat: nut thich tmg
va nat ¢b dinh. Céc nit thich ung dugc danh dau béng cac 0 vuong dai dién cho céc bo
tham s, c6 thé dugc diéu chinh. Cac nit ¢ dinh duge danh dau bang cac vong tron va cac
bo tham s ciia chiing dugc ¢ dinh trong h¢ thong. Kién tric cia ANFIS gém nam 16p:
16p md hoa, 16p ludt, 16p chuan hoa, 16p gidi md va mot nit tong hop. Gia thiét mot ANFIS
hai diu vao, x va v, hai luat, va mot dau ra, f, nhu trong Hinh 2. MJi nut trong cung 16p
thuc hién chirc ning giéng nhau. Mot FIS c6 hai dau vao va hai luat mo if-then [22] duoc
biéu dién nhu sau:

Luatl: If xisAjand yis By then fi = p1x + qy + 1y
Luat2: If xis A, and y is B, then f, = p,x + @,y + 1, 9)

Trong do x vay la cac dau vao; Ay, A,, By, B, 1a cac bién ngon ngit; p;, q;, 17, (i=1
or 2) la cac tham s6 két qua, duoc xéac dinh trong qua trinh huan luyén; f; va f2 la cac gia
tri dau ra mo. Cong thuc (2.2) thé hién dang 1 cta luat mo if-then trong do dau ra 1a mot
ham tuyén tinh. Gia trj dau ra ciing c6 thé 1a mot hang s6 [23], nhu sau:

Luatl: If xisAjand y is By then f; = (3
Luat2: If x is A,and y is B, then f, = C, (10)

Trong d6 C; (i = 1 hodc 2) 1a cac gi4 tri hang s6. Cong thirc (10) chinh 1a dang 2
cua luat mo if-then.

Dbi véi cac bai toan phuc tap thi dang 2 duogc sir dung dé xac dinh mdi quan hé
giita dau vao va dau ra [24].

Chtrc nang cua cac 16p trong Hinh 2 dugc giai thich nhu sau:

Lop 1 - mo hoa, chira céc nut thich nghi dugce dai dién béi i. Céc nut tao cac gia tri
thanh vién. Pau ra cta cac nit dugc xac dinh qua cong thuc sau:

Ol,i = .uAi(x)’i = 11 2 va 01,i = /lei—z(}’),i = 3’4 (11)

Véi 04, 1a dau ra caa ndt i trong 16p 1, va ud;(x) va uB;_,(y) 1a cac ham thanh
vién mo cua A; VA B;_,. Cac ham thanh vién mo ¢6 thé 1a dang hinh tam giac, hinh thang,
ham Gaussian.
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L6p 2 - quy tac, chira cac nit quy tic hinh tron, c6 nhan la IT. Mot dau ra dai dién
cho mot san pham cua cac tin hi¢u dau vao. Nghia 13, nat c¢b dinh nhan cac dau vao tir cac
nut thich nghi trong tng, va mdi gié tri ddu ra ciia nut biéu dién cudng do ciia mot quy tic
da cho:

02 = w; = pA;(x) X uB;(y),i = 1,2 (12)
V610, la dau ra cﬁa nut i trong 16p 2 Va‘l w; la cuong do mét quy tc.
L6p 3 - chudn hoa, mdi nat 1a mot nat ¢d dinh hinh tron voi s6 lugng cac nat glong

nhu trong 16p 2. Nt thir i dugc tinh la ty 1¢ cua cuong d6 quy tic cua nut thir i so v6i tong
tat ca cac cuong do cua cac quy tic:

O3; =W, = =12 (13)

W1+ 2

Vé6i03; 1a dau ra cua nat i trong 16p 3, va w; 1a cudng do quy tic duoc chuan hoa.

Lép 4 - gidi mo, moi nut 1a mot nut thich nghi hinh vudng, ¢ s6 lwgng giong nhu
16p 3. Pau ra tr moi nut 1a gia tri két qua trong so ciia mot quy tac nhat dinh:

O4; =W, f;,i = 1,2 (14)

Trong d6 0, ; 1a dau ra ciia nut i trong 16p 4, W, 14 dau ra cta 16p 3, vé6i {p;, q;, 11}
la tap cac gia tri. Cac gia tri trong 16p nay dugc goi la cac gia tri két qua cua mo hinh
Sugeno mo.

Lép 5 - tong keét, chi chira mot nat dau ra, ¢6 hinh tron, dugc biéu thi 1a Y, tinh tong
san lugng cua ANFIS, la tong cta cac dau ra cua tat ca cac nuat thich nghi trong 16p 4:

0s; = SiWify = 24t 1 = 12 (15)

1

Vi Os; 1a dau ra caa nut i trong 16p 5.

layer 1 layer 2 layer 3 layer 4 layer 5

T T T
. 1
X<A2
<

X —»
< —>

Forward

Backward

Hinh 2: Kién triic ANFIS véi hai dau vao va hai ludt [25]

ANFIS sur dung mot thuat toan hoc lai dé hiéu chinh mang. Viéc két hop thuat toan
hoi phuc lai VQi t}luat toan xap xi hoég: thuat toan truyén lai duoc sir dung trong thuat toép
hoc lai ghép dé t61 wu hoa cac tham so trong cac 16p 1 va 4. Thuat toan lai ghép 1a viéc két
hop hai phuong phép lan truyén ngugc va phuong phap sai s6 binh phuong nhé nhat.
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D6i voi md hinh mo, méi quan hé phi tuyén vao-ra phu thudc rat nhidu vao cac
phan ving md cua khong gian vao-ra. Trong mang noron md viéc diéu chinh nay c6 thé
xem nhur 13 van dé toi uu dung giai thuat hoc dé giai quyét. Dau tién gia dinh cac ham lién
thudc c6 mot hinh dang nhit dinh. Sau d6 ta thay ddi cac thong s6 cta hinh dang d6 qua
qua trinh hoc (huan luyén) bang mang noron. Nhu vay can mot tap dir liéu ¢ dang cac cap
vao-ra mong mudn dé cho mang noron hoc va ciing can phai c6 mot bang cac luat ban dau
dua trén cac ham phu thudc do [26].

3.2. Mang noron nhdn tao (ANN)

La cong cu tinh todn phé bién trong linh vuc tri tué nhan tao, o CAu tric gé)m mot
tap cac don vi tinh toan va duogc chia thanh nhiéu 16p nhu vi dy Hinh 3. Mtre d6 lién két
gitra cac don vi dugc xac dinh boi mot tap gia tri trong s6. Tham sb Bias (thién vi) duge
stir dung dé tang d¢ thich nghi cia mang v&i bai toan dit ra. SO 16p va cac don vi trong moi
16p phu thudc vao timg bai toan va duoc xac dinh bang thir nghiém. S6 lugng don vi cia
16p ra bang s6 bién cua vecto 101 giai.

Mang noron nhén tao gdbm c¢6 mot nhom cc noron nhan tao (nat) ndi véi nhau, va
xtr 1y thong tin bang cach truyén theo cac két ndi va tinh gia tri méi tai cac nat. Trong do
mang perceptron nhiéu 16p (Multilayer Perceptron -MLP), hay con goi 1a mang truyén
thang nhiéu 16p, mo rong cua m6 hinh mang perceptron, la mang noron nhan tao duoc sur
dung pho bién nhit, déc biét la mang MLP c6 mot 16p an. Cac nghién ctru cho thy rang
mot mang noron truyén thang nhiéu 16p voi mot 16p an co thé xap xi hoa tat ca cac ham sd
lién tyc [27, 28], do d6 dugc Ung dung trong rat nhiéu linh vue [29]. Hinh 3 la mot mang
noron truyén thang nhiéu Iop gom 3 16p. Véi R, N,vasla s6 lwong nat vao, nat an va nat
ra; iw va hw 14 céc trong sé cua nit vao va ndt an; hb va ob 1a cac vecto do 1¢ch bias cua
I6p an va 16p ra; x 1a vecto cac dau vao; ho 1a cac vecto dau ra cua lop an; va y 1a vecto
dau ra. Mang noron trong Hinh 3 dugc trinh bay thong qua cong thirc sau:

= f(XF_yiwj.x; + hb;), v6ij=1,...,N (16)
=f(2k Lhwig. hog + ob;),véii=1,...S (17)

Trong do, f la ham kich hoat (ham chuyen)

Khi xdy dung mot mo hinh mang noron, can phai xac dinh s6 16p va sé niit trong
mdi 16p. Mot mang c6 nhiéu 16p va nut thi mang sé phtre tap. Khi d6 phure tap cua mo hinh
qua cao s€ co hién tuong qua khop (overfiting), co thé dan dén viéc du doan nham nhiéu,
va chét lugng mo hinh khong con tdt trén dit liéu klem tra [30]

_Chtrc nang cua mot mang noron duoc quyet dinh boi cau trac mang (s6 16p, sb nut
trén mdi 16p, lién két gilta cac lop) céc trong so clia cac lién két. Cau triic mang thuong
c¢d dinh, va cac trong so dugc quyét dinh boi cac thuat toan huin luyén. Tién trinh d1eu
chinh cac trong s6 dé mang “nhan biét” dwoc quan hé gilia dau vao va dich mong muén
duoc goi 13 hoc (learning) hay huén luyén (training). Nhiéu thuat toan da dugc 4p dung dé
tim ra tap trong s6 t6i wru 1am giai phap cho céc bai toan, chia lam hai nhém chinh: hoc c6
giam sat (supervised learning) va hoc khong c¢6 giam sat (unsupervised learning).

Hoc cé glam sét la mang duoc huan luyén bang cach cung cap cho né cac cip mau
dau vao va cac dau ra mong mubn (target values). Sy khac biét giira cac dau ra thuc té so
Vi cac dau ra mong mudn dugc thuat toan sir dung dé thich tng cé4c trong sd trong mang.
Diéu nay thudng duoc dua ra nhu mot bai toan xap xi ham sé: cho dix liéu huan luyén bao

122



Vinh University Journal of Science Vol. 52, No. 3A/2023

goém cac cap mau dau vao x, va mot dich twong tng t, myc dich 13 tim ra ham f(x) thoa
man tat ca cac mau hoc dau vao.

Input layer Hidden layer Output layer

Hinh 3: Mang noron truyén thang ba Iop

Pé huan luyén mot mang va xét xem no thuc hién t6t dén dau, ta can xay dung mot
ham muyc tiéu (cost function) dé cung cép cach thirc danh gia kha niang mé hinh. C6 mot
s6 ham co ban dugc sir dung nhu tong binh phuong 15i (sum of squared error - SSE) va
trung binh binh phuong 15i (mean squared error - MSE). Trong qué trinh hudn luyén, s&
dat duoc phuong an t6i wu hodc gan toi uu twong tng véi cic vecto trong sd va do 1éch.
Gia thiét 12 ¢6 m cap dAu vao va dau ra mong muén, X, ti, VoI k = 1,2,...m. Trong qua
trinh huan luyén, céc gié tri iw, hw, hb, va ob s& dugc thay doi dé tdi thiéu hdéa ham muc
tiéu E, gia thiét E st dung ham MSE s& duoc biéu dién nhu sau:

MSE = -7 e} = — St (te — 3’ (18)

Vi y,, 1a dau ra thuc té va t;, 1a dau ra mong mudn

3.3. Phwong phdp xv ly div ligu nhém (GMDH)

GMDH, dé xuit bai Ivakhnenko, 14 cic mo hinh todn hoc va thuét toan hdi quy phi
tuyén [31], duoc tmg dung chu yéu trong khai pha dit liéu, du bao, toi uvu va nhan dang
[32-34]. GMDH c6 thé duogc biéu dién dudi dang mot tap hop cac noron trong d6 lién két
giira cac cip khac nhau trong mdi 16p dugc thyc hién thong qua da thirc bac hai, tao ra cac
noron méi & 16p tiép theo. C6 thé biéu didn mbi quan hé giita cac bién dau ra va dau vao
dudi dang roi rac phic tap bang chudi Volterra.

Y = Qo+ Xing @i + Xieg Xieq QXX + Xing Xiaq D=1 RijeXiXj X + - (19)

Trong biéu thirc trén, duge biét dén 1a da thic Kolmogorov- Gabor, X =
(x4, X2, ..., X,) la vecto dau vao, yla bién dau ra, c6 thé dugc biéu dién béng mot hé théng
da thirc bac hai ban phan chi gdm hai bién (noron) duéi dang:

G(xi, %) = ap + a1x; + azx; + azx;xj + agx? + asx} (20)

Thuat toan GMDH gdm cac budc chinh sau:
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(1) Xac dinh tat ca noron véi dau vao bao gom tat ca cac cap gia tri bien dau vao.
r(r=-1) _
cap (noron).

Do d6, bao gdm

(2) Dung tap hop sb lidu x4c nhan dé chon cac noron phit hop nhit véi tiéu chi lua
chon.

(3) Néu diéu kién dirng thoa man (mang phu hop véi dit liéu véi d6 chinh xac mong
mudn hodc viée gidi thiéu cac noron méi khong 1am ting dang ké kha ning xép xi cua
mang noron), sau do6 s€ cho dung. Nguoc lai, str dung d4u ra cua cac noron phu hop nhét
dé hinh thanh vecto dau vao cho 16p tiép theo, roi sau d6 chuyén sang Budc 1.

Trong thuét toan GMDH, cac 16p duoc xdy dung lién tiép véi cac lién két phirc tap
la cac muc cua mat da thirc. Lép ban dau chi don gian la 16p dau vao, dugc thuc hién b?mg
cach hdi quy cua cac bién ddu vao va sau dé chon cac bién tot nhat. Lop thtr hai duoc tao
bang cach tinh hdi quy cua cac gia tri trong 10p dau tién cung véi cac bién dau vao, co
nghia 14 GMDH vé co ban xay dung cac da thirc cta da thirc.

S6 luong mdi noron duoc xac dinh thong qua s6 dau vao. Vi tat ca cac két hop tirng

D) vi chudi thoi gian
duogc dich chuyén thoi gian vé qua kha p don vi dé tao ra cac dau vao. Mot vi du vé kién
trac GMDH dugc trinh bay trong Hinh 4 gom 03 16p va 04 dau vao. Vi c6 4 diu vao nén
s6 luong noron & mdi 16p 12 06. Tai mdi noron, gia tri dau ra mong mudn dugc tinh thong
qua cac hé sé va gia tri dau vao. Dua vao chi s6 16i binh phuong trung binh (MSE), 4 noron
duoc chon va hai noron bi x6a khoi mang, nhiing déu ra tir cac noron dugc chon sé thanh
dau vao cho cac noron ¢ 16p ké tiép. Cac budc nay duogc lap di lip lai cho toi 16p cudi
cung. Tai 16p cudi cung, chi mgt noron duy nhét duoc chon. Gia tri dau ra cua 16p cudi
cung la gia tri duy bao.

cdp cua cac dau vao déu dugc xem xét nén so lugng noron la h = (

Input

layer Layer 1 Layer 2 Layer 3

X1

X2

Q Unselected ‘ Selected
Hinh 4: Kién tric ciia GMDH

124



Vinh University Journal of Science Vol. 52, No. 3A/2023

3.4. Mang hoc siau (Long Short Term Memory - LSTM)

Mang hoc sau c¢6 2 m6 hinh 16n la Convolutional Neural Network (CNN) cho bai
toan c6 input l1a anh va Recurrent neural network (RNN) cho bai toan dir li¢u dang chuoi,
trong d6 RNN chira cac vong lap bén trong cho phép luu lai cac thong tin.

Xe he—y  X¢ he—y

A -

5 L Té bao
4 nhé
candndate\ / input gate
values O
“' ~ cellstate
St-1 > 'o'/ >+ > S 1 > St
Iforget gate output gate ~m{n |
u ft H 0; :fﬁo; > hy
i 1
Xe he—y Xe hey

Hinh 5: Cdu triic RNN [35]

Hinh 5 mo ta cdu traic RNN véi dau vao x, va dau ra h,. Mot vong ldp cho phép
thong tin c¢6 thé duoc truyén tir budc nay qua budc khic cia mang noron. Cac vong lap
khién chung tao thanh mot chudi danh sach cac mang sao chép nhau. Mang bo nh¢ dai-
ngén (Long short term memory networks), thuong dugc goi la LSTM - 1a mot dang dac
biét cua RNN, ¢6 giai quyét dugc cac van dé phu thudc xa [36]. Mang RNN co ban trong
thuc té khong co6 kha nang ghi nh¢ thong tin tir cac bude c6 khoang cach xa va do d6 nhiing
phan tir dau tién trong chudi dau vao khong c6 nhidu anh huong dén cac két qua tinh toan
du doan phan tir cho chudi dau ra trong cac budc sau.

T R SR AR |
FAj—AA>A A

[
— >

6 6 6 &

Hinh 6: Kién triic bén trong ciia mét té bao LSTM [37]

Mang LSTM c6 thé bao gdm nhiéu té bao LSTM lién két véi nhau, ¢6 kién tric
bén trong nhu Hinh 6. Y tuéng ciia LSTM 13 bd sung thém trang thai bén trong cta té bao
(CeII internal state) s, va ba cdng sang loc cac thong tin ddu vao va dau ra cho té bao bao
gom forget gate f, input gate i,, va output gate 0. Tai thoi diém t, cac cong déu lan luot
nhan gia tri diu vao x, va gid tri h¢_ c6 duogc tur dau ra cua budc thoi gian trude do t — 1.
Thoéng tin duge sang loc tai cac cong khac nhau, cu thé:

v
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- Forget gate: Loai bo nhiing thong tin khong can thiét nhan dugc khoi cell internal

state.
- Input gate: Chon loc nhitng thong tin can thiét nao dugc thém vao cell internal state.
- Output gate: Xac dinh nhiing thong tin nao tur cell internal state dugc sir dung nhu
dau ra.

Voi:

Wre s We o Ws s We iy Wi e, Wiy Wo e, Wi 12 cdc ma trén trong sd trong mdi té bao
LSTM.

bg, b, by, b, la cac vecto bias.

S, S lan luot 1a cac vecto dai dién cho internal state va candidate value.

h, 1a gia tri dau ra cta té bao LSTM.

Trong qua trinh lan truyén xuéi (forward pass), s, va h, duoc tinh nhu sau:

Dau tién, t& bao LSTM quyét dinh nhitng thong tin nao can duoc loai bo tir cell
internal state & budc thoi gian trude do6 s;_;. Gia tri f; tai budce thoi gian t dugc tinh dua
trén x,, gia tri h,_; tir t& bao LSTM & budc trude do va bias b cua forget gate. Ham
sigmoid function bién doi tat ca cac gia tri kich hoat vé& mién cé gia tri trong khoang tir 0
(hoan toan quén) va 1 (hoan toan ghi nhd):

fo = o(Wpx x¢ + Wy he—y + by) (21)

O budc tiép theo, té bao LSTM quyét dinh nhing thong tin ndo can dugc thém vao
S¢. Budce nay bao gom hai qua trinh tinh toan doi vai §; va f;. Gia tri §; dugc tinh nhu sau:

SP'; = tanh(ngx X¢ + W§,h h't—l + bg) (22)
Gia tri kich hoat i; dugc tinh nhu sau:
it = tanh(Wl-,x X¢ + Wi,h ht—l + bl) (23)

O budc thi ba, gia tri moi cia cell internal state s, dugc tinh dya trén két qua tinh
toan thu dugc tir cac budc trude véi phép nhan Hadamard theo tirng phan to dugc ky hiéu
bang ®.

St = ft Osp—q + 1 OF; (24)

Gia tri dau ra h; dugc tinh dya trén hai phuong trinh sau:
O = G(M/c),x X + Wo,hht—l + bo) (25)
h’t = Ot @ tanh ('St) (26)

4. Xay dung mo hinh du bao
4.1. Thu thdp dii li¢u

Dir liéu sir dung trong nghién ciru 14 gia hang ngay ctia mot s mat hang chinh trén
thi truong bao gdm bac, dau tho (Brent and WTI), dong va gas tir ngay 03/01/2001 dén
ngdy 30/09/2019, bao gdm 4995 miu. Dt liéu dwoc thu thiap chu yéu tur
https://www.investing.com/, mot nén tang cung cap dir liéu, bao gia theo thoi gian thuc,
biéu d0, cong cu tai chinh, tin ndng va cac bai phan tich trén 250 san giao dich trén khap
thé giGi v6i 44 phién ban ngdn ngir. Sy bién dong vé gia trong giai doan dir liéu nghién
ctru duoc thé hién trong Hinh 7.
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Hinh 7: Gid hang ngay ciia cic mdt hang tir ngay 03/01/2001 dén 30/09/2019

Céc dir liéu 18i hodc bi mat (missing data) can phai duoc xir 1y, loai bo trudc khi
xay dung mé hinh dé tranh anh huong dén d6 chinh xac cta két qua du bao. Trong nghién
ctru nay phuong phap duoc dé xuit boi Grubbs [38] dugc st dung nham xéc dinh va loai
b6 céc s6 liéu quéa 16n/qua khac so v6i phan con lai. Pbi véi cac dir lidu bi mat, phuong
phép ndi suy tu cac s6 liéu 1an can da duoc st dung.

4.2. Xay dung cac mé hinh dw bao

Céc bude xdy dung mé hinh dugc trinh bay trong Hinh 8, cu thé:

Buée 1: Chudn bi dir liéu

Budc nay s€ thyc hién thu thap dir liéu va tién xtr Iy dir lidu. Di liéu sau khi duoc
thu thap, can phai duogc xir 1y, 1am sach va bién doi trude khi mot ki thuat hoc may c6 thé
dugc huan luyén trén nhimg b dir liéu nay. Cac ky thuat nay bao gom xtr ly dir li¢u bi
khuyét, ma hoa cac bién nhém (encoding categorical variables), chuan hoa dir liéu, ...

Buoc 2: Phan chia dir liéu

Budc nay chun bi dit liéu dé xay dung mé hinh. Kiém tra chéo (cross-validation)
thudng duogc st dung dé chia tap dit liéu thanh hai phan, phuc vu cho huén luyén (training
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datasets) va kiém tra mé hinh (testing dataset). Trong nghién ctru nay, tac gia str dung 75%
dir liéu cho muc dich huan luyén, phan con lai 25% dit liéu cho muc dich kiém tra.

Buoc 3: Xdy dung mé hinh

Muc dich ctia budc nay la tim ra ham f(x) va gan nhan cho di liéu, thuong dugc
goi 1a hoc hay training. Trong d6: x 1a cac dit liéu dau vao, y 1a dau ra cua du bao. D4i Véi
bai toan dy bao chudi thai gian, néu dau ra y = x[s], thi cac dau vao s& 1a x[s — 1], x[s —
2], ...

Céc thuat toan hoc giam sat (supervised learning) 1a ANFIS, ANN, GMDH, LSTM
da dugc sir dung.

Buée 4: Kiém tra: Cac dit liéu méi s& duoc dua vao dé kiém tra, danh gia.

Bueée 5: Pdanh gid va chon ra mé hinh tt nhat

Viéc danh gia dugc thuc hién thong qua cac chi s 16i im duoc trén tap dit licu.
Néu khong dat duge két qua mong mudn thi cac tham sb (turning parameter) ciia cac thuat
toan phai dugc thay doi dé tim ra cac mo hinh t6t hon va thuc hién kiém tra, danh gié lai.
Cudi cung chon ra md hinh dy bao tdt nhat.

Thu thip dir liu

Xir 1y dir lidu

Dir li¢u huén luyén Chia tap dir liéu Dir li¢u kiém tra

Phat trién cac mé Kiém dinh mé
hinh dy bio chuéi ———» ¢ hinh ¢ l———

thoi gian

ANFIS, ANN, GMDH, LSTM

'
'
'
'
'
'
'
'
'
'
'
'
'
|
|
'
|
|
|
|
|
|
L

Mo hinh du bao

Céc tiéu chi dédnh gia mo hinh
Hinh 8: Cdc budc xdy dung mé hinh
Cic tham sé ciia mé hinh
] Dbi v6i md hinh ANFIS, phuong phap phén chia ludi (grid partition) duge sir dung
de tao ra h¢ suy dien mo FIS (Fuzzy Inference System). Ham thanh vién Gaussian duoc

sir dung trong mo hinh ANFIS. Ham thanh vién dau ra 13 tuyén tinh. S6 luong luat fuzzy
14 16, gia tri learning rate 1a 0.01.
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Dbi v6i md hinh ANN, mang noron truyén thing nhiéu 16p v6i mot 16p an duoc sir
dung. Lop an c6 12 units, ham kich hoat 1a ReLU (Rectifier Linear Unit) duoc st dung dé
tang toc do tinh toan. Ham chi phi 1a MSE.

Dbi v6i mo hinh GMDH, s6 16p t6i da 1a 03, sé noron t6i da trong mbi 16p 1a 25.
Trong m6 hinh GMDH, tham sd gi61 han lya chon (Selec‘uon pressure) la gia tri ngudng
dé xac dinh sé luong noron ctiia mdi 16p. Sau khi tinh cac gia trj chi sd cua cac noron,
noron nao ¢ hiéu qua thap nhat (gia tri MSE) sé& bi loai bo khoi 16p. Tham s gidi han lya
chon nam trong khoang tir 0 dén 1.

Dbi voi mo hinh dua trén LSTM, s6 luong 16p 14 03. Kién triic tuan tur (sequential
structure) dugc su dung. Mot s6 tham sd khac nhu sau: s6 unit 16p 4n 14 50; ham ReLU
(Rectified Linear Unit) dugc str dung 1a ham kich hoat; ham chi phi (cost function) 1a MSE.

Cdc chi so dinh gid mé hinh

Sai s6 du bao 1a chénh léch giita gia tri thuc va gia tri du bao nham danh gia chat
luong hay sy phit hop cia mé hinh du béo tai cing mot thoi diém. Sai s6 du béo ciing 1a
cén ctt d¢ thuc hién viéc diéu chinh mo hinh dy béo.

Cin cia sai s6 binh phuwong trung binh (Root Mean Squared Error- RMSE):

RMSE = \/% Tm (e — yi)? (27)

Véi t;, 1a gia tri mong mudn, y; 1 gia tri du béo ctia md hinh, m 14 tong sé mau.
Sai s0 twong doi trung binh (Mean Absolute Percent Error- MAPE)

_1ym |[=Vk
MAPE =~ 2k=1| = | (28)
Sai s tuyét d6i trung binh MAE (Mean Absolute Error)
1
MAE = —¥jzaltc = Vil (29)

Céc chi s6 MAE va MSE va RMSE ¢6 dac tinh, cong nang nhu nhau va thuong
cho cung mot két qua khi danh gia. Tuy nhién, néu gia tri sai 80 & = tx — V¢ déu nhau thi
nén chon MSE dé d4nh gia. Nguoc lai, néu gia tri sai s6 &, qua khac biét, MAE nén dugc
lra chon. Tiéu chi RMSE 14 cin bic 2 cua tiéu chi MSE nén hai tiéu chi vé ban chat 1a
mot; diéu khac biét 1a gia tri cua tiéu chi RMSE bé hon.

Tiéu chi MAPE giup danh gia sai so mot cach twong d6i, do d6 thuong dugc ap
dung khi danh gia sai sO dy bao vai cac bo s6 lidu khac nhau. Nguge lai, v6i ciing mot bo
s6 liéu nhung 4p dung nhiéu phuong phap du bao khac nhau thi khong nén 4p dung tiéu
chi MAPE vi tinh phtrc tap trong tinh toan.

Hé sé twong quan R: C6 gia tri tir -1 dén 1, duoc dung dé do ludng mic do phu
thugc tuyén tinh gitra gié trj thuc té va gia tri du bao. Hé sé trong quan bang 0 (hay gan 0)
c6 nghia 1a khong c6 lién hé gitra hai bién s6; nguoc lai néu bang -1 hay 1 ¢ nghia 1a giita
gia tri thyc t& va gia tri du béo c6 mot mdi lién hé tuyét d6i. Néu R < 0 c¢6 nghia 1a
khi t ting cao thi y giam va nguoc lai; néu R > 0 c6 nghia 14 khi t ting cao thi y ciing ting,
va khi t giam cao thi y ciing giam theo.

R = Yhe (tk—DWE—Y)
Jz}c"zl(tk—f)z.zzl:l(yk—y)z

(30)
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o1 C_ 1
Voit = ;Z;cnﬂ tevay = ;Zi’ilyk.
Theil’s U: Hé s0 nay dugc stir dung dé€ so sanh cac mo hinh du bao, cong thirc nhu
Sau:

Jz;c';l(tk—yk)z

- 2 2
Yk=1tictik=1Yk
Gia tri U nam trong khoang tir 0 dén 1, U cang tién ve 0 thi m6 hinh du bdo cang
chinh xac.

(31)

4.3. Két qud va théo ludn

Céc chi s6 danh gia mo hinh duoc trinh bay trong Bang 1. Céc gié tri RMSE,
MAPE, MAE, R va Theil's U cia m6 hinh GMDH tuong (g 1a 0,0368; 0,0098; 0,0265;
0,9949 va 0,0067 d6i véi gia dong; 1,1430; 0,0143; 0,8644; 0,9987 va 0,0080 ddi véi gia
dau tho Brent; 0,0962; 0,0202; 0,0626; 0,9913 va 0,0154 ddi véi gia gas; 0,2674; 0,0101;
0,1843; 0,9955 va 0,0073 ddi voi gia bac; 1,1226; 0,0154; 0,8392; 0,9982 va 0,0089 ddi
v6i gia dau tho WTL M@ hinh dugc danh gia 1a tét khi cac gia tri RMSE, MAPE, va MAE
nho, R gan gia tri 1 va Theil's U gan gia tri 0. Trong Béang 1, cic gia tri tot nhat dbi voi
mdi chi s6 duoc in ddm va nghiéng. Dé dang nhan théy mo hinh du bao dua trén GMDH
12 mé hinh t6t nhat (04 tiéu chi tot nhét trong 05 tiéu chi). Hau hét cac mo hinh dua trén
k¥ thuat tri tu¢ nhan tao déu cho két qua chép nhan duoc.

Bang 1: C4c chi s6 ddanh gid cac mo hinh du bdo

Loai hang | M6 hinh| RMSE MAPE | MAE R Theil’s U
ANFIS 0,0405 0,0110 | 0,0297 | 0,9942 0,0073
Péng ANN 0,0376 0,0100 | 0,0271 | 0,9948 0,0068
GMDH 0,0368 0,0098 | 0,0265 | 0,9949 0,0067
LSTM 0,0378 0,0101 | 0,0274 | 0,9948 0,0069
ANFIS 1,1780 0,0145 | 0,8775 | 0,9986 0,0083
Dau tho ANN 1,1485 0,0144 | 0,8664 | 0,9987 0,0081
Brent GMDH 1,1430 0,0143 | 0,8644 | 0,9987 0,0080
LSTM 1,2169 0,0156 | 0,9407 | 0,9987 0,0086
ANFIS 0,1725 0,0507 | 0,1482 | 0,9908 0,0271
Gas ANN 0,0962 0,0206 | 0,0636 | 0,9914 0,0154
GMDH 0,0962 0,0202 | 0,0626 | 0,9913 0,0154
LSTM 0,1725 0,0545 | 0,1482 | 0,9908 0,0271
ANFIS 0,2798 0,0106 | 0,1941 | 0,9951 0,0076
Bac ANN 0,2729 0,0102 | 0,1866 | 0,9951 0,0075
’ GMDH 0,2674 0,0101 | 0,1843 | 0,9955 0,0073
LSTM 0,2833 0,0106 | 0,1950 | 0,9953 0,0077
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Loai hang | M6 hinh| RMSE MAPE | MAE R Theil’s U
ANFIS 1,1609 0,0157 | 0,8601 | 0,9981 0,0092

Dau tho ANN 1,1236 0,0155 | 0,8428 | 0,9982 0,0089

WTI GMDH 1,1226 0,0154 | 0,8392 | 0,9982 0,0089
LSTM 1,1231 0,0154 | 0,8421 | 0,9982 0,0089

Céc Hinh 9 dén Hinh 13 thé hién muc d6 phu hop gilra gia tri thyc té va gia tri dy
béo boi mé hinh GMDH. Hinh 9a - 13a 14 cac gid trj thuc té va gia tri dy bao tuong dbi
khop nhau. Gia tri 16i duoc thé hién trong Hinh 9b - 13b. Biéu dd tan suét 16i duoc thé hién
trong Hinh 9c - 13c.

Dbi v6i du bdo gia bac, cac gia tri 16i nhu sau: MSE = 0,071478, RMSE =
0,26735, Loi trung binh = —0,052876 va Do léch chudn = 0,26216.

Déi voi du béo gia dau thd Brent, cac gia tri 16i nhu sau: MSE = 1,3065, RMSE =

1,143, Loi trung binh =

—0,069199 va b6 léch chuin = 1,1413.

Déi voi du bao gia dau thd WTI, cé4c gié tri 16i nhu sau: MSE = 1,2602, RMSE =
1,1226, L6i trung binh = —0,1082 va Do léch chudn = 1,1178.
Déi véi du béo gia gas, cac gia tri 16i nhu sau: MSE = 0,0092529, RMSE =
0,096192, Loi trung binh = —0,0067529 va bo léch chudn = 0,095987.
Déi voi du bao gia dong, cac gia tri 16i nhu sau: MSE = 0,0013519, RMSE =
0,036768, Lbi trung binh = —0,0060239 va bo léch chuin = 0,036283.
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Dw béo gia dau Brent
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Viéc so sanh cac gia tri thuc té va gia tri du bao cua m6 hinh GMDH ciing dugc
thé hién qua Hinh 14. Buong thang 1:1 thé hién gia tri thuc t& va gia tri du béo trung nhau.
Néu tap cac gia tri thuc te va gia tri du bao tép trung quanh dudng thang 1:1 thi gia tri du
bao gan voi gia tri thyc té. Quan sat Hinh 14 nhan thy gia tri du bao bo1 m6 hinh GMDH
va gia tri thuc té trong ddi kh6p nhau do cac diém tap trung gin nhau va co thé vé& duoc
mot duong thang di qua cac diém nay. Hinh 14 thé hién mdi twong quan 14 rat manh.
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Hinh 14: Gid tri thuc té va gid tri dw bdo ciia mé hinh GMDH

Dua vao cac két qué thu dugc, cod thé két luan réng mo hinh dya trén ky thuat
GMDH cho két qua tin cay nhat. Do do, véi bg dir 1iéu da thu thap duge, GMDH c6 thé
duoc ung dung trong viéc du bdo gia.

5. Két luan va hwéng phat trién

Du bao gia cua cac mét hang chinh trén thi truong la mét linh vyc nghién ctru thu
hut sy quan tdm cta nha kinh té, nha phén tich dir li¢u vi tinh Gmg dung cao cua két qua du
bo. Trong nghién ciru ndy, tac gia da phat trién cac md hinh du bao gia ciia mot s6 mat
hang chinh dya trén cac k¥ thuat tri tu€ nhan tao bao gom ANFIS, ANN, GMDH va LSTM.
Két qua thye nghiém da khang dinh ring mé hinh dy bao GMDH cho d6 chinh xac du bao
cao nhat va tin cay nht.

Do han ché vé mit sb liéu nén cac yéu t6 khac anh huong dén gia cic mit hang
nhu chi s6 S&P 500, chi s6 6n dinh chinh tri chua dwa dugc vao mé hinh du bao. Hudng
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nghién ctru tiép theo s& 13: nang cép cac mo hinh da dwoc xay dung trong bai bao thanh
mot hé hd tro ra quyet dinh hoan chinh phuc vu cho du bao gia ciia mot s6 mat hang, bao
gdm 05 thanh phan: hé thong may tinh, co s¢ dit liéu, quan 1y md hinh, quan 1y co so tri
thire, giao tiép véi nguoi dung. DPdng thoi can tiép tuc bd sung thém cac nhan t6 khac c6
thé anh huong dén sy bién dong clia cac mdt hang. Dé tang d6 chinh xac dy béo cua cac
mé hinh, viéc tinh chinh céc tham sb cling can duogc xem xét.
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ABSTRACT

RESEARCH ON THE APPLICATION
OF ARTIFICIAL INTELLIGENCE TECHNIQUES
IN PRICE FORECASTING OF SOME COMMODITIES

Nguyen Thai Son
Faculty of Information Technology, Dai Nam University, Ha Dong, Hanoi, Vietnam
Received on 04/8/2023, accepted for publication on 17/8/2023

The global economy is significantly impacted by changes in the price of primary
commodities. As a result, both the academic and professional sectors have paid attention
to price predictions for major commodities. The goal of this study is to build an artificial
intelligence-based model for one-day market price predictions for important commodities
like copper, crude oil, gas, and silver. The information on commodity trading was gathered
between 01/2000 and 10/2019. Different models based on group method of data handling
(GMDH), long short-term memory (LSTM)), artificial neural network (ANN), and adaptive
neuro fuzzy inference system (ANFIS) were developed. Theil's U, RMSE, MAPE, MAE,
R, and other performance indices were used to compare the models. The findings
demonstrated that, in terms of commodity price prediction, the suggested model based on
GMDH technique performs better than alternative approaches. A viable alternative for
price prediction is the GMDH-based model. For economists and professionals involved in
commaodity price forecasting, the GMDH can be a useful tool.

Keywords: Major commidities; price prediction; artificial intelligence techniques;
GMDH; ANFIS; ANN; LSTM.
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