TAP CHi CONG THUONG
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TOM TAT:

Vang 1a kim loai quy hi€m, 12 mit hing trao d6i déng vai trd quan trong trong nén kinh t&. Vi

vay, du bdo gid vang 1a mot diéu rat cAn thiét trong kinh doanh, diu tu, cling nhu trong quan 1y nha
nudc. Nhém tdc gid da tim hi€u md hinh du bio ARIMA (Autoregressive Integrated Moving
Average - md hinh ty hdi quy tich hgp trung binh trugt) va SARIMA (Seasonal Autoregressive
Integrated Moving Average - md hinh ARIMA theo mua), 1a phuong phdp du bao dir lieu theo
chudi thdi gian dé du bdo gid vang trong tuong lai. Céc tic gid da st dung dit liéu thuc t&€ gis vang
trong 4 nim d€ phan tich va danh gid, tim ra k&t qua du b4o tot nhit cla gid vang.

T khéa: mo6 hinh ARIMA, md hinh SARIMA, du bao gid vang, gid vang.

1. Pit van dé

Trong nhitng nim gan day, viéc nghién citu du
bdo da dugc dng dung rong rai, nhu: dy dodn két
qua phan tich dy bdo diu tu, ddnh gid két qud phat
trién trong mot sd linh vuc,.. vd dudc st dung
trong ti€n trinh kham phd tri thitc. Dy bdo mang
dé&n nhiéu 1gi ich, gitip x{& 1y rit nhiu thong tin
dén tir nhiéu ngudn khic nhau va du bdo cic
thong tin d6; & nhitng noi khong c6 chuyén gia, cé
thé gitip tao ra dudgc cac quyét dinh tir cc dit liéu
c6 dugc; cdc thuat todn cé thé gidp xt 1y khi dir
liéu khong day db, khong chinh xdc,...

Do dy bdo mang dé&n nhiéu Igi ich cho con
ngudi, nén nhém tdc gid chon nghién citu vai bai
todn du bdo theo chudi thdi gian, st dung mo hinh
ARIMA va SARIMA d€ dv bdo gid trong tuong
lai. Dit liéu d€ phan tich va du bdo 1a gid vang.
Vang 1a mdt trong nhitng médt hang quan trong
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ddnh gi4 chi s6 lam phdt ciia mot qudc gia. Do d6,
du bdo vé gid vang rit can thi€t. Nhém tdc gid da
ti€n hanh hang loat ki€ém dinh va d4nh gid mo
hinh, cling nhu phan tich nhin t& bi€n dong theo
chudi thdi gian d€ tim ra k&t qua tdi wu nhat, nhim
gia ting hiéu suat du bdo.

2. Cd sé 1y thuyé&t va phuong phip nghién
cliu

2.1. Cdc cong trinh co lién quan

Hién nay, vé@i sy phat trién du bdo dugc thuin
tién hon va c6 nhitng k&t qua du bdo co bdn dip
ting dugc muc dich clia tirng van dé. Nhém tic gid
trich din mot s6 cdng trinh nghién cifu nhu sau.
Nghién cttu 4nh hudng tin titc kinh t€ dé€n gid ca
hang héa, trong dé c6 gid vang trong cong trinh 7
common factors that influence gold prices cla
Williams S. (2018) [2]. Mot s& cdng trinh nghién
cttu dy bdo gid vang biang cdch st dung cédc thuat
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todn mdy hoc, nhu: Predicting future gold rates
using machine learning approach ctia Sami I.
(2017) [3], Time series forecasting using a hybrid
ARIMA and neural network model [4],
Application of SARIMA Model in Cucumber
Price Forecast. Applied Mechanics and Materials
[5], Gold price forecasting research based on an
improved online extreme learning machine
algorithm [6], HolteWinters smoothing enhanced
by fruit fly optimization algorithm to forecast
monthly electricity consumption [7].

Céc cong trinh di dua ra dugc mot s6 mo hinh
duv bdo gid vang, cling nhu gid mdt s6 mit hang
khdc biing cdc thuit todin mdy hoc. P&i v6i cong
trinh nghién ctu gid vang thudng cho k&t qua
chinh xdc v6i gid tri thuc nghiém, nhung khi thir
v6i nhitng gid tri khdc thi cho k&t qud c6 do sai
léch. Tuy nhién, k&t qud cdc cong trinh nghién
citu nay 1a co s& d€ ddnh gid, so sanh thuit todn
ARIMA va SARIMA trong du bao gid vang.

2.2. Co'sdly thuyét

2.2.1. Phuong phdp ARIMA

Phuong phdp ARIMA 1a m6 hinh dy bdo theo
chudi thdi gian dugc phdt minh bdi Box-Jenkin,
k&t qua du bdo phu thudc chudi gid tri trong qud
kha. Phuong phdp ARIMA phén tich dinh lugng
tinh tuong quan giita cac dit liéu quan sat dé dua ra
mo hinh du bdo thdong qua cidc giai doan nhin
dang md hinh, udc lugng cdc tham sd tir dit liéu
quan sat va ki€m tra cdc tham s§ u6c lugng d€ tim
ra mo hinh thich hgp. Phuong phap ARIMA dugc
thuc hién cho di liéu dirng (hay di liéu da loai bd
yé&u t6 xu th€). ARIMA dugc k&t hgp bdi 3 thanh
thanh phan chinh ARIMA(p,q,d):

AR (p): Autogressive (tu hdi quy)

I(q): Integrated (chudi dirng)

MA (d): Moving Arverage (trung binh dong)

Tién trinh x4y dung thuat todin ARIMA gbém c6
6 budc:

Buéc 1: Tinh ACF va PACF ciia dif liéu g6c dé
ki€m tra xem chudi gdc c6 dirng hay khong. Néu
dirng, chuyén sang budc 3.

Budc 2: LAy log rdi 18y sai phan bac mot clia

dit liéu gdc, hodc 14y sai phan tryc ti€p néu dit liéu
it bién dong, sau d6 tinh ACF va PACF cia dit liéu
chuyén ddi.

Budc 3: Phin tich gidn dd tu tuong quan d€ xdc
dinh cdc m6 hinh c6 thé cé.

Budc 4: Udc lugng cdc mod hinh dy kién.

Bude 5: P8i v6i mbi mo hinh dugc udc lugng:

Ki€m tra hé s6 ctia do tré cao nht c6 y nghia
thong ké khong. N&u khong gidm bét do tré cla p
va q.

Kiém tra ACF va PACF ddi vdi phan du.

So sdnh cdc sai s6 du bdo.

Phan tich db thi phan du.

Phan tich d6 thi gid tri du bdo va gi4 tri thuc t&.

Khi danh gid cdc mo6 hinh ARIMA, nén so sdnh
gilta cdc mod hinh.

Budc 6: Néu c6 thay ddi so véi md hinh gdc,
quay lai buéc 4.

Phuong phdp ARIMA dugc 4p dung ddi véi
nhitng chudi thdi gian dirng. HAiu hét, dit liéu
chudi thdi gian 1a cdc chudi c6 xu th€ (gid tri trung
binh clia Yt trong nim nay cé thé khdc nim kia
hoic cdc chudi khong dirng). BE 4p dung dudc mo
hinh ARIMA thi cdc chudi thdi gian phéi khit cdc
y&u t6 xu thé trong cdc chudi dit liéu goc thong
qua quy trinh 13y sai phan.

2.2.2. Phuong phdp SARIMA

Phuong phip SARIMA dudc phdt trién tir
phuong phip ARIMA khi chudi dit liéu c6 tinh
mia vu. C4c do tré theo mia ciia yt trong md hinh
ARIMA d€ trg thanh mo hinh SARIMA. M hinh
SARIMA c6 dang tf;ng quat: (p,d,q)(P,D,Q)s,
trong d6, P 1a AR va Q la MA, D Ia béc sai phan
c6 tinh mua, s 1a s6 ky trong mot vong chu ky (s =
12 khi chudi dit liéu theo thang). Phan tich ACF va
PACEF tai céc tré 12 bdi sd cla do dai mua s gidp
k€&t luan cdc gid tri P, Q phit hgp cho m6 hinh. B&i
v6i thainh phan mia MA, biéu d6 ACF cho thdy
mot dinh nhon & cdc tré mua, con ddi véi thanh
phan mia AR thi bi€u dd PACF thé hién dinh
nhon nay.

Tién trinh xay dung thuit toin SARIMA thuc
hién qua 6 budc sau:
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Buéc 1: Ki€m dinh tinh dirng, tinh miia vu ctia
dit liéu gbc. Céc chudi dudc kiém dinh tinh dirng
ctia dif liéu thdi gian bing phuong phap ki€m dinh
don vi (unit root test) - ki€ém dinh Dickey-Fuller
(ADF).

Budc 2: Chuyén dit liéu sang sai phan. Viéc
chuyén ddi dugc thuc hién bing cdch tinh sai phan
giita cdc gid tri quan sat dya vao gia dinh cdc phan
khdc nhau cta cdc chudi thdi gian. Nghién ctu
thyc nghiém khi chuyén chudi dit liéu sang sai
phan nén dirng lai sai phdn bac 2.

Bude 3: Udc lugng cdc gid tri tham sd ctia md
hinh sau khi chuyé&n thanh chudi sai phan bac d dé
dat tinh dirng.

Budc 4: Xay dung md hinh SARIMA.

Budc 5: Luya chon md hinh va ki€ém dinh mo
hinh cdc tham s& ctia md hinh s& dudc uSc lugng
bing MLE.

Budc 6: Dy bdo sau khi ki€m dinh sai s&, néu
mo hinh 1a phit hgp, sé dugc st dung vao viéc du
bdo. Nghién cdu tinh chi tiéu % sai s§ ctia du bdo
so vGi gid tri quan st dugc va dugc tinh bing
su chénh Iéch gilra gid tri quan sit so v6i gid tri
du béo.

2.3. Phuong phdp nghién ctiu

Phuong phdp dinh lugng: Dy bdo chudi thdi
gian dua trén phan tich gid vang va thoi gian thay
ddi theo titng ngay.

Thu thap va x{t 1y sd liéu s6: chudi dif liéu si
dung 1118 dong quan sdt tir ngay 02/01/2019 dén
ngay 25/8/2022. Mdi dong quan sit bao gdm gid
vang va thdi gian lién tuc mdi ngay lvu trén phin
mém Excel.

Ngudn s6 lidu: LAy tir ngudn dit liéu thuc t&
truy cap tai: https://www.tradingview.com

3. Két qua thyc nghié m va thdo luin

3.1. Phuong phdp ARIMA

V6i cdc phuong phdp dé xuit, ti€n hanh thir
nghiém trén chudi dif liéu gdm 1118 dong quan
sat tir ngay 02/01/2019 d€n ngay 25/8/2022, dugc
18y tif cdc ngudn dit liéu thyc t€ thong qua trang
web Trading View (www.tradingview.com). Du
dodn chudi thoi gian dua trén phan tich gid vang
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va thdi gian thay ddi tirng ngay. Mdi dong quan
st bao gbm gid vang va thdi gian lién tuc trong
ngay dudc luu trif trong phan mém Excel.

Céc két qua phan tich du liéu dua trén phin
mém Rstudio. Tru6c khi ti€n hanh phin tich dit
liéu, biéu dién biéu db gid vang trong thdi gian
quan sat. (Hinh 1)

Hinh 1: Biéu dé gié véng i ngdy 02/01/2019
dén ngdy 25/8/2022
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Nguon: www.tradingview.com

K&t qua bi€u dd gid vang Hinh 1, ta thiy gid
vang 1a chudi dit liéu khong dirng vi ¢6 yé&u td xu
huéng va yé&u t& mia vu. D€ ki€m dinh lai nhan
dinh trén, can ti€n hanh phan tich bi€u dd gian tu
tudng quan ACF cua tap dt liéu gid vang. (Hinh 2)

Dua vao biéu db twong quan tinh d6 tré, hé so
ACF clia tap dit liéu gidm rat chAm va lién tuc
nim ngoai gidi han tin cdy. K&t luan dit liéu gid
vang 1a chudi khong dirng.

Do dit liéu gia vang 1a chudi khong dirng, nén
can loai bd tinh xu huéng va mua vu clia tip dit
liéu bing cdch ti€n hanh 14y sai phan hoic log
trude khi van dung phudng phap ARIMA.

Hinh 3 bi€u dién biéu dd gid vang sau khi 14y
sai phan bic 1, tAt cd cdc gid tri dao dong xung
quanh gia tri [-100,100], ¢ vai di€ém nim ngoai
khodng trén. Sau khi 14y sai phan 1an 1 dit liéu c6
thé c6 tinh dirng.

Biéu dd ham ty tuong quan sai phan bac 1 clia
chudi dif liéu gid vang cho thdy chudi dif liéu sau
khi 14y sai phdn da loai bé thudc tinh mua vu va
xu huéng, nhu vay di dat chudi dirng. K&t luan
q=1.

Biéu d5 PACF ¢6 d9 tré 1a 1. Vay p=1.

Mot s6 md hinh ARIMA c6 thé tng véi cdc gid
tri p=1 g=1,d=1.
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Hinh 2: Biéu dé tuong quan cla dif liéu vang
(& ngay 02/1/2019 dén ngdy 25/8/2022)
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Nguon: www.tradingview.com

Hinh 3: Biéu dé gia vang sau khi Idy sai phdn bac 1

Biéu db gia vang sau khi lay sai phan bac 1
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Ngudn: Nhém tdc gid thuc hi¢n

Hinh 4: So sanh AIC cla céc mé hinh ARIMA dé xudit
véi dii liéu vang
Fitting models using approximations to speed things up...

ARIMA(2,1,2) with drift
ARIMA(0,1,0) with drift
ARIMA(1,1,0) with drift
ARIMA(0,1,1) with drift
ARIMA(0,1,0)

ARIMA(1,1,1) with drift

Now re-fitting the best model(s) without approximations...
ARIMA(0,1,0) : 5340.798
Best model: ARIMA(0,1,0)

Series: seriesdata2
ARIMA(0,1,0)

sigmaA2 estimated as 269.4:
AIC=5340.79 AICc=5340.8

log Tikelihood=-2669.4
BIC=5345.24

Nguén: Nhém tdc gid thicc hién

ARIMA  (2,1.2), ARIMA
(1,1,0), ARIMA (0,1,1), ARIMA
(0,1,0), ARIMA (1,1,1).

Ti€p tuc kiém tra va so sdnh
cdc md hinh ARIMA d€ tim md
hinh ARIMA t6i wu nhat. (Hinh 4)

Theo nhu k&t qud so sianh gid
tri ciia chi tiéu AIC ctia cdc md
hinh dé xudt, thi md hinh tht 5
(ARIMA(0,1,0)) 1a mdé hinh c6
gid tri AIC thap nhat, di€u ndy c6
nghia 1a m6 hinh nay pht hgp véi
tdp dir liéu hon so v6i cic mo
hinh con lai. (Hinh 5)

Biéu @6 du bdo Hinh 5 ting véi
mo6 hinh ARIMA (5i uu nhit,
ARIMA(0,1,0). Nhém tdc gid da
so sanh gid tri du bdo va gid tri
thuc cho md hinh ARIMA. GiA tri
du bdo clia gid vang 12 phan do
thi thé hién d&u +.

3.2. Phuong phdp SARIMA
(Hinh 6)

Dua vao phan biéu dd tuong
quan ACF § trén thi bi€u db thé
hién bi€n dong ting va gidm &
cdc do tré nim trong gidi han tin
cdy, ngoai trir do tré thit 2 c6 gid
tri cia ACF gin v6i gi6i han tin
cdy 95%. Bi€u dd ham ty tuong
quan sai phan bac 2 ctia chudi dit
liéu nay cho thdy chudi dir li¢u
sau khi 14y sai phan bac 2 da loai
bd thudc tinh mia vu va xu
huéng, nhu vdy dia dat chudi
dirng. Ké&tluan g+Q=1.

Phin bi€u d6 tuong quan riéng
phan PACF, tai d6 do tré 2 nim
ngoai pham vi tin cdy. Chon
p+P=1.

Mot s6 md hinh c6 thé tng véi
céc gia tri p+P=1,q+Q=1, d+D=1

Mo hinh SARIMA
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Hinh 5: Biéu dé so sénh gié tri thuc 1& va gid tri du béo
theo mé hinh ARIMA (0,1,0)

Du bao gia vang: Actual & Fitted by ARIMA(0,1,0)
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Ngudn: Nhém tdc gid thicc hi¢n

Hinh 6: So sénh AIC clua cédc mé hinh SARIMA dé xudt
véi dif liéu vang
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: 89.77352

: 89.09006

: 84.7474
: Inf

Best model: ARIMA(0,0,0)(0,1,0)[12]

series: Train
ARIMA(0,0,0)(0,1,0)[12]

sigmaA2 estimated as 57.6: Tlog likelihood=-41.17

ATC=84.35 AICc=84.75 BIC=84.83
[ R SR bl PPl I e R N al Lo G S MR et Kb ikl Gl

Ngudn: Nhém tdc gid thucc hi¢n

Hinh 7: Biéu dé so sanh gid tri thuc & va gid i du béo
theo mé hinh SARIMA (0,0,0)(0,1,0) ;-
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Nguén: Nhém tdc gid thicc hién
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(2,0,2)(0,1,0),, Mo hinh
SARIMA (0,0,0(0,1,0);, ,Mb
hinh SARIMA (1,0,0)(0,1,0) 5,
M6 hinh SARIMA (0,0,1)
(0,1,0), M6 hinh SARIMA
(1,0,1) (0,1,0)»

Theo nhu k&t qué so sdnh gid
tri cia chi tiéu AIC ctia 5 mod
hinh dé xuat, thi mo hinh tha 2
(ttc la mo6 hinh SARIMA
(0,0,0) (0,1,0),,) c6 gid tri AIC
thap nhat, diéu nay cé nghia mod
hinh nay phu hgp véi tap dir
li€u so v6i cdc mo hinh con lai.

Biéu db du bdo Hinh 7 ting
v6i md hinh SARIMA t5i uu
nhit, SARIMA (0,0,0) (0,1,0) 5.
Nhém tdc gia da so sdnh gia tri
du bdo va gid tri thuyc cho mo
hinh ARIMA. Gi4 tri du bdo clia
gia vangla phan thé hién diu +.

3.3. Ddanh gid va so
sdnh cdc két qud thuc nghi¢m

Nhom tic gia da so sanh céc
md hinh nay bing cich st dung
cling mot tAp huin luyén va tap
dit liéu kiém tra trong cling mot
mdi trudng hoat dong. Dir li¢u
dugc chon cho thi nghiém nay
gid vang, la dir liéu giao dich
hang ngay tinh ttr ngay
02/01/2019 dén ngay 25/8/2022
dugc 13y tir co s& dit lieu giao dich
thyc t&. Mdi phan dir liéu bao
gdm gid déng clra, md cita, gid
cao nhit, thdp nhit. Tir két qud
thuc nghiém, nhom tac gid da tim
thdy md hinh i uu cho ARIMA
1a ARIMA (0,1,0) va SARIMA 12
SARIM (0,0,0) (0,1,0) 5.

Trong dé:

MAE: Sai s6 tuyét doi trung
binh (Mean Absolute Error);
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Bdng 1. PAnh gia vé so sénh két qud du bdo cla cac phuong phép

M6 hinh MAE MSE RMSE MAPE MPE
Diligu gia vang trngay 02/01/2019 dén ngay 10/06/2021
ARIMA(0,1,0) 70.26160714 | 6911.57365357 | 83.13587465 0.03993752 -0.03185311
SARIMA (0,0,0)(0,1,0)4, 58.56428571 | 6005.85447714 | 77.49744820 0.03351040 -0.02915437

MSE: Sai s6 binh phuong trung binh (Mean
Squared Error); RMSE: Sai s6 binh phuong trung
binh goc (Root Mean Squared Error);

MAPE: Sai s6 phan trim tuyét d6i trung binh
(Mean Absolute Percentage Error);

MPE: Sai s§ phin trim trung binh (Mean
Percentage Error); l1a cdc thudc do do chinh xdc
cua mOt mo hinh du bdo.

D6i v6i tAp dit liéu gid vang tinh tf ngay
02/01/2019 dén ngay 25/8/2022 dugc st dung dé
du bdo theo cac md hinh ARIMA va SARIMA,
theo nhu két qud ddnh gid dy bdo md hinh
SARIMA(0,0,0)(0,1,0)12 ¢6 d6 chinh xdc cao hon,
phi hop d€ du bdo gid vang tinh tir ngay
02/01/2019 dén ngay 25/8/2022. Tir d6 cho thay
du bdo theo m6 hinh SARIMA 1a hiéu qua hon so
vG6i mo hinh ARIMA. (Bdng 1)

4. K&t luan

Qua viéc 4p dung bai todn du bdo dit liéu chudi

TAILIEU THAM KHA O:

Nguén: Nhém tdc gid thicc hién

thsi gian s dung md hinh dy bdo ARIMA va
SARIMA dé& duy bdo gid vang, nhém tic gid da st
dung dit liéu nghién cttu dudc thu thap tir thuc tién
dé hudn luyén va thit nghiém, nhim ting do chinh
xdc cho qud trinh phén tich du bdo mdt cach diy
dd va lién tuc theo chu ky 4 nim. Theo két qud
thuc nghiém ti€n hanh mot loat thit nghiém va
ddnh gid hiéu qud ciia 2 mdé hinh ARIMA va
SARIMA: m6 hinh ARIMA (0,1,0) hgp 1y nhat d€
du bdo gid vang ddi v6i phuong phdp ARIMA, mo
hinh SARIMA (0,0,0)(0,1,0),, 12 md hinh cho két
qud t&t nhat so vdi cdc md hinh SARIMA. D6i véi
phuong phdp SARIMA, két qud dinh gid thuc
nghiém nghién cu dit liéu gid vang cho thay
phuong phip SARIMA t5i wu hon phuong phdp
ARIMA. K&t qua dy bdo nay c6 thé ting dung vao
thuc t& va cdc phuong phdp nay cé thé dugc
nghién ctu va m§ rong d€ du bio cic loai hang
héa khac trén thi trudng ®
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ABSTRACT:

Gold is a rare and precious metal and it plays an important role in the economy. Hence, it is
necessary for businesses, investors, and also government units to forecast the gold price. This
study explores the use of ARIMA model and SARIMA model to predict the gold price. These
models are based on the time series data forecasting methods. This study uses the actual gold
price over four years to analyze and assess these two price forecasting models in order to find
the best prediction of gold price.

Keywords: ARIMA model, SARIMA model, gold price prediction.
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