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TOM TAT— Nhitng bai todn dw do4n bang cdc mé hinh 1 nhitng bai todn déng vai tro nén tdng quan trong va dwoc tng
dung rong rii trong nhiéu linh vyc lién quan dén doi song con ngwoi nhw thoi tiét, y té hay gia ca thi tredng. Nhirng bai todn
nay tap trung vao viéc dw doan nhirng két qua cla sw viéc, sw kién hay cac gia tri trong twong lai dwa trén nhirng gia tri dir
liéu lich st thong qua xay dung cac mo hinh dw doan. Noi dung nghién ctru cta bai bao tap trung vao viéc xdy dung cac mo
hinh dw doan trén dit liéu chudi thoi gian cla tip dit liéu chirng khoan dworc trich dan tir san VNINDEX. Théng qua nhitng ki
thuat phan tich, tién x& 1y dit liéu, lwa chon théng sé phl hop cho tirng didc di€ém ctia mo hinh va thwc hién xay dwng, huin
luyén cidc mé hinh dé€ dwa ra dw dodn xu hwéng gia chirng khoan. Mot s6 phwong phép tiéu biéu dwoc st dung bao gom
Autoregressive Intergrated Moving Average, Vector Autoregression, Holt-Winters va Facebook Prophet. Két qua thuwc nghiém
cho thdy phwong phap Facebook Prophet 1a phwong phap dw doan trén chubi thoi gian c6 hiéu suat va d6 chinh xac cao hon
so v&i nhitng phwong phap con lai.

Tir kh6a— Du doan chudi thoi gian, chirng khoan, ARIMA, VAR, Holt-Winters, Facebook Prophet.
I. GIO'I THIEU

Hién nay, sw bung n6 thong tin trong nhiéu linh vuc nhw thi tredng chirng khodn di tao ra lwong thong tin giao
dich mdi gidy dwoc Iwu lai 1 rat 1én. Thi treong chirng khoén 13 noi cdc nha dau tw giao dich chirng khoan lam
tang hay gidm khoan d4u tw ban d4u clia minh. Nhiéu phwong phap va kj thuit da nghién ctu dw dodn xu hwéng
c6 phiéu nhdm han ché rui ro cho cic nha dau tw. Thong thwong, cac nha dau tw sit dung phan tich co ban va
phan tich ky thuat dé phan tich du doan nham lap chién lwoc giao dich c6 phiéu cho riéng minh. Véi sw phat
trién ctia cdng nghé, nhiéu mo hinh thong ké, hoc may, hoc sdu dwoc nghién ctu va cho ra doi dé dw doan dua
trén dit liéu chudi thoi gian néi chung va phan tich, dw doan bién dong gia chirng khoan néi riéng.

Trong bai bao ndy, chiing t6i dé xuit 4p dung cac phwong phap duw bio chudi thoi gian truyén théng nhw ARIMA,
VAR. Tuy nhién cdc mé hinh dw bao truyén théng thwong gap kho khin trong viéc xtr 1y dir liéu va cac yéu t6 nhw
chu ky, mua vu ctia chudi thoi gian khong rd rang. Cho nén, ngodi cic mé hinh truyén théng ching t6i dé xuat
thém cac mé hinh cé thém yéu t6 mia vu nhw Holt-Winters, Facebook Prophet dé cai thién hiéu suit trong viéc
du bao chudi thoi gian néi chung va dw bao bién dong trén tap dir liéu gia chirng khoan néi riéng.

Phan con lai ctia bai bido dwoc t6 chirc véi bé cuc bao gobm: Muc I giGi thiéu bai todn. Tiép theo Muc II mo ta bai
toan va cac khai niém lién quan. Muc III trinh bay cac cong trinh nghién cttu lién quan. Muyc IV va muc V trinh bay
thuit todn dé xuit va cac két qua thwc nghiém. Cudi cing Muc VI 1a phan két luin va dé xudt cac hwéng nghién
ctru tiép theo.

1. MO TA BAI TOAN

Bai toan duw doan xu huéng gia chitng khoan 1a mot bai todn duw bao chubi thoi gian, trong dé muc tiéu la dw
doan xu hwéng ting, gidm hodc di ngang cua giad chirng khoan trong twong lai dwa trén dir liéu lich st va cac yéu
td lien quan khéc. Gia chirng khoan thudng thé hién cac dic trung clia chudi thoi gian nhw xu hwéng, tinh mua
vu va tinh chu ky, dong thoi cing chiu anh hwéng ctia nhiéu yéu t6 kinh té, chinh tri va xa héi. Do d6, viéc dw
béo gia chirng khoan la mdt thach thirc 16n, doi hoi cdc mo6 hinh dw bao phai c6 kha nang x ly tot cac dac trung
nay va thich &ng véi sw bién doéng cla thi treong.

Trong nghién ctru nay, ching tbi str dung bén mé hinh chudi thoi gian phd bién dé dw bao xu hwéng gia chitng
kho4n bao gobm: Autoregressive Intergrated Moving Average (ARIMA) [1, 2, 3], Vector Autoregression (VAR) [4],
Holt-Winters [5] va Facebook Prophet [6, 7].

A. MO HINH ARIMA

Mb hinh tw hodi quy tich hop trung binh trwot, 1a mét mé hinh dw bao chudi thoi gian c6 dién va phé bién. Mo
hinh ndy st dung céc gia tri qua khit ctia chudi d€ du doén gi4 tri twong lai. ARIMA c6 kha ning m6 hinh héa cac
chudi thoi gian c6 xu hwéng va tinh mua vu, nhung c6 thé gip khé khin khi xt 1y dir liéu c6 tinh chat phi tuyén
hodc yéu t6 muia vu phitc tap. ARIMA két hgp ba thanh phian: (i) Thanh phan tw hoi quy (AR): m6 td mdi quan hé
gitra cac gia tri hién tai va cac gia tri qua kht cta chudi; (ii) Thanh phan trung binh déng (MA): mé ta méi quan
hé giita cac gia tri hién tai va cac sai s6 dw bao qua khtr va Thanh phan 14y sai phan (I): 1am cho chudi tré nén
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dirng (stationary) bang cach 18y sai phan ctia chudi géc. Phwong trinh tdng quat ctia ARIMA(p,d,q) dwoc thé hién
trong cong thirc (1).

AYt = ¢1Af—1 + ¢2AY£_2 + A + d)pAY't—p + Olgt—l + 92€t—2 + o + Oqgf—q (1)

Trong d6: AY; la gia tri sai phan bic d ctia chudi tai thoi diém t. @,, ®,, @, 12 cac hé s6 ctia phén hoi quy tw dong
AR v6i cac do tré twong (ng; 6;, 6, 6, 1a cac hé s6 ctia phén trung binh trivgt MA véi cac sai s6 dd tré twong (ng;
&, 1a nhiéu trang tai thoi diém t, véi ky vong bing 0 va phwong sai khong doi.

B. MO HINH VAR
Mb hinh vector tw héi quy, 1a mdét m6 hinh dw b4o chudi thoi gian da bién, cho phép mé td mdi quan hé gitta
nhiéu bién chudi thoi gian khac nhau. VAR biéu dién mdi bién 1a mét ham tuyén tinh clia cac gia tri qua khir ciia
chinh né va cac bién khac trong mé hinh. VAR cé thé nim bt dwoc s twong tac gitta cac bién, nhwng doi héi dit
liéu phai dirng va c6 thé gap kho khan khi xir 1y dit liéu cé s chiéu cao. Phwong trinh téng quat ctia VAR(p) theo
cong thirc (2).

Yt =c+ A1Yt_1 + AZYt—Z + -+ Ath_p + gt (2)
Trong dé: Y, 1a vector cot cac bién ndi sinh tai thoi diém ¢; c 1a vector cdt cac hing s6; A;, A, A, 1a cdc ma trén hé
s6 anh hwéng twong Gng véi cac bién tai thoi diém ¢-1, t-2; &, 12 vector cdt clia cac sai s6 ngau nhién hay 1a nhiéu
trang.
C. MO HINH HOLT-WINTERS
Phwong phap 1am tron s8 mii, 1d mot m6 hinh dw bao chudi thoi gian c6 kha ning xt¥ Iy ¢ xu hwéng va tinh mua
vu. Holt-Winters sitr dung ba thanh phan: (i) Mitc dd (a): wéc tinh gia tri trung binh ctia chudi tai méi thoi diém.
(ii) Xu hwdng (B): woc tinh sy thay ddi ctia mirc do theo thoi gian va (iii) Yéu té mua vu (y): wéc tinh sw lap lai
theo chu ky cda chudi. Phwong phap Holt-Winters duoc phan loai thanh 2 mé hinh nhé Multiplicative Holt-
Winters (MHW) theo cong thirc (3) va Additive Holt-Winters (AHW) theo cong thirc (4).
AHW: Sir dung khi sy bién d6i mua vu khong phu thudc vao mirc dd clia chudi thei gian.

tr=aly;—s;—m)+ (1 —-—a)@ —1+b,—1)

by =B* (=4 — 1D+ 1 —-Bx)b —1 ®
s =Yy —fe—1-b—D+A—-y)sy—m
MHW: St dung khi sw bién d6i mtia vu phu thudc vao mitc d6 ctia chudi thoi gian.
Ve + h|t = (£; + hb)s, + h—m(k + 1)
e=ax*xy/(ssm)+ (1 —a)(f,—14+ b, —1) @

by=B*{—t,—1D)+A—-F*)b—1
Se=Y*ye/(fe—1-b,—1)+ (A —-Yy)s, —m

Trong do: yt 1 gia tri dw doan vao thoi diém t; £,12 mirc dd cip nhét tai thoi diém t; b,1a xu huwéng cap nhat tai
thoi diém t (khoang thoi gian dién ra xu hwéng); s, 1a yéu t6 mua vu cap nhat tai thoi diém t (khodng thoi gian
dién ra mua vu); m 1a chu ky mua vy, thwong m =12 thang (lwong dit liéu dwoc xac dinh); k 13 phan nguyén cia
(h-1)/m d&€ dam bao rang cac wéc tinh chi s6 mua vu dwoc stt dung cho du bio dén tir nam cudi cling cda dit
liéu.

D. MO HINH FACEBOOK PROPHET

M6 hinh Prophet dwoc phat trién b&i Facebook va da tré nén phd bién trong dw bao chubi thoi gian nher vao tinh
linh hoat, dé trién khai va kha ning xtt 1y t&t cac y&u t6 xu hwéng, mua vu va cac sw kién dic biét. Prophet dugc
thiét k& dic biét dé dé st dung cho nhitng ngwdi khong cé kién thirc sdu vé théng ké nhung van cé thé tao ra cac
dy bao dang tin cay.

Prophet chia chudi thoi gian thanh ba thanh phan chinh: xu hwéng, tinh mua vu, va cac ngay 1€ hoic sv kién dic
biét, cling v&i nhiéu ngiu nhién. Prophet cung cip hai lwa chon: mé hinh cong (Additive Seasonality) theo cong
thiec (5) va mo hinh nhan (Multiplicative Seasonality) theo céng thirc (6), tuy thudc vao tinh chit bién dong cia
chudi thoi gian.
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Trong mé hinh céng, cac thanh phin dwgc cong lai véi nhau, thich hop khi dit liéu c6 bién d6 dao ddng 6n dinh,
khi xu hwéng ting nhwng bién do clia cic dao ddng mua vu khong thay déi nhiéu.

y(@) =g@) +s@) +h(t) +e )

Vé&i mé hinh nhan, cic thanh phin nay sé nhin v&i nhau, phtt hop khi dit liéu c6 bién d6 dao dong ting theo xu
hwéng, tao ra sy thay déi phi tuyén tinh.

y(@) = g(t) * s(t) * h(t) * € (6)

Trong do, g(t) 12 ham xu hwéng, dai dién cho sy thay ddi khong co tinh chu ky cta chudi thoi gian. DAy c6 thé 1a
mot xu hwéng tuyén tinh hoic phi tuyén tinh; s(t) 12 hAm mua vu, dai dién cho suw thay d6i c6 tinh chu ky cia
chudi thoi gian, vi du nhw sw thay d6i theo tuan, thang, hodc nim; h(t) 12 ham dai dién cho cac 4nh hwéng cia
ngay &, nhitng ngay dic biét do ngwdi dung cung cip; €,1a sai s6 ngau nhién, dai dién cho nhitng dao dong khong
thé dv doan trudc dwoc trong chudi thoi gian.

Prophet pht hop cho du bao cac chudi thei gian c6 tinh bién ddng manh va xt ly linh hoat cac xu huwéng dai han
va cac yéu t8 mua vy, dong thoi cho phép tly chinh dé dang cac yéu t6 dic biét, mot dic diém quan trong khi dw
béo gi4 chirng khodn vén phu thudc vao cac sw kién bat ngo. Prophet ciing hd tro tt trong cac tinh hudng c6 dix
liéu thiéu hodc nhiéu ngiu nhién.

Trong thuc té, khi lam viéc véi bd div liéu sé gip nhirng giai doan c6 xu huéng 6n dinh trong khoang thoi gian
nay, bién déng 1én trong khoang thi gian kia thi viéc chon mé hinh thich hop ¢ thé gip kho khan, viéc xac dinh
m6t mo hinh cé thé khong du. Vi vay, ap dung cd mé hinh cong va md hinh nhan dé€ so sanh va danh gia hiéu qua
viéc du bao trung han trong twong lai.

I11. CONG TRINH NGHIEN CU’U LIEN QUAN

C6 nhiéu cong trinh nghién cru cac phwong phap, ¢ng dung phan tich va xtr Iy dit liéu véi cdc mo hinh hoc may
trong cac bai toan lam viéc véi chudi thoi gian, dic biét 1 trong linh virc kinh té, cu thé & day 1a du bao xu hwéng
gid chirng khodn. Nhitng nghién ctiu nay dé cip dén dén cic phwong phap, cac cach tién xtr 1y dit liéu va cac mo
hinh hoc may, hoc sau &ng dung vao viéc dw bao xu hwéng gia chirng khoan.

Nghién ctru cia Mehar Vijh va c4c cong s [8] tip trung vao viéc dw doan gia déng ctra clia ¢ phiéu bing cach sir
dung cac ky thuat hoc may, cu thé 1a Mang no-ron nhan tao (ANN) va Random Forest (RF). Cac tac gia da st dung
dir liéu lich st vé gia c6 phiéu (gid m&, cao, thip, déng) dé tao ra cac bién mdi, sau d6 st dung cac bién nay lam
dau vao cho mé hinh. K&t qua thuc nghiém cho thiy rang mé hinh ANN dwa ra két qua du doan t6t hon RF dua
trén chi s6 danh gia MAPE va RMSE.

Mot cong trinh nghién ciru khic cia V Kranthi Sai Reddy [9] dé& xuit sir dung phwong phap Support Vector
Machine (SVM) v&i Radial Basis Function (RBF) kernel, d€ dw doan thi tredrng chirng khoan. Cac tinh ning dwoc
st dung bao gom bién ddng gid c6 phiéu, déng lwong gid, bién déng chi s va dong lwgng chi s8. Nghién ctiru st
dung moi tredrng Weka va YALE Data Mining dé thwc hién cic thi nghiém. Két qua cho thdy SVM c6 thé hoat
dong trén tip dir liéu 1én dwoc thu thip tir cac thi tredng tai chinh toan ciu khac nhau va khéng giap vin dé vé
qua khép.

Shunrong Shen, Haomiao Jiang va Tongda Zhang [10] dé xuat mot thuit toan dw doan md&i khai thac méi twong
quan thoi gian gitra cac thi treong chirng khoan toan ciu va cic san pham tai chinh khac nhau d€ dw doan xu
hwéng gia chirng khodn véi phwong phap SVM (Support Vector Machine). K&t qua thuwc nghiém cho thiy thuit
toan dat dwoc dd chinh xac dw doan la 74,4% trén NASDAQ, 76% trén S&P 500 va 77,6% trén DJIA.

Himanshu Gupta va Aditya Jaiswal [11] d4 tién hanh nghién ctru vé dw bédo gid chirng khoan st dung nhiéu mo
hinh hoc sdu khic nhau bao gom LSTM, RNN va CNN. Trong nghién ctru nay, dit liéu tir chi s6 S&P 500 duogc st
dung dé& thir nghiém cic m6 hinh hoc sau nay. Két qua cho thdy md hinh LSTM cé d6 chinh xac cao nhit khi so
sanh vé&i cac mo hinh khac nho kha ning ghi nhé cac phu thudc dai han trong chubi thoi gian.

Mot nghién ctru khac cda Allison Koenecke [12] tdp trung vao viéc ap dung cac mang no-ron hoc siu vao dw bao
chudi thoi gian tai chinh clia Microsoft. Tac gia st dung LSTM két hop véi hoc ting dan (curriculum learning) dé
cai thién do6 chinh xac trong dw bao. Két qua thwc nghiém da cho thdy phwong phap hoc sdu nay mang lai hiéu
qua dw bdo vwot trdi hon so voi cac ki thuit truyén thong.

Cudi cung, Alexiei Dingli va Karl Sant Fournier [13] da thit nghiém str dung mang no-ron tich chap (CNN) dé dw
bao huéng bién dong gia chirng khoan trong ngin han. Mic du két qua ciia mé hinh CNN chwa vuot qua cac mod
hinh truyén théng nhuw Logistic Regression va Support Vector Machines, nhwng céc tac gia khing dinh ring véi
cc k§ thuat tinh chinh thém, CNN ¢4 tiém ning vwot troi trong cac bai toan du bao chudi thoi gian tai chinh.
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Nhin chung, cic cong trinh nghién cttu déu dé cap dén cac buéc tién xtt Iy dit liéu chudi thoi gian, dong thoi dé
xudt cdc mé hinh dw dodn véi nhirng cai tién dwa trén nhiéu ngudn dit liéu chitng khodn khic nhau. Nhitng két
qua tir cac bai nghién ctru khong chi cai thién d6 chinh x4c cia cdc m6 hinh ma con mé ra nhiéu hwdng nghién
ctu khac nhau trong viéc xt ly dit liéu, toi wu héa mé hinh trong linh vic nay.

IV. MO HINH DE XUAT
Hinh 1 thé hién so d6 x Iy ctia qué trinh dw doan xu hwéng gia chirng khoan. Qua trinh x 1y gom 6 giai doan: (i)

Thu thap dit liéu, (ii phan tich va tién xt 1y di liéuy, (iii) xay dwng va huin luyén cidc mé hinh, (iv) danh gia mé
hinh dw doan va (v) trwc quan héa két qua.

Xay dung va huan
luyén cdc mo hinh
du dodn

[ Thu thap di lidu Hﬂén XU 1y diF liéu

000

. e @ T ho £
*-‘Danh gia mo hinh : TUCQU:lTé 03 ket

Facebook Prophet|

Hinh 1. So do téng quan cdc bwdc thuwc hién.

A. THU THAP DU LIEU

Tap dit liéu chirng khodn 12 tip dit liéu dwoc thu thap bang thw vién VNSTOCK [14] trén san chirng khoan HOSE
véi 30 mi chirng khodn khic nhau dén tir nhiéu cong ty thudc moi linh vwc tir kinh té, thwong mai, cong nghé
théng tin, dau khi, v.v... TAp dir liéu nay gobm 39.280 dong dir liéu v&i 7 thudc tinh dwoc thu thip tir ngay
02/01/2019 dén ngay 26/04/2024. Dix liéu c6 7 thudc tinh dwoc md ta trong Bang 1.

Bang 1. M6 td vé tdp dir lidu

Pac Kiéu dir

STT tru:ng lidu Y nghia Vidu
1 time datetime | Ngay dién ra phién giao dich 02/01/2019
2 open Numeric | Gid mé& d4u cho phién giao dich hay con goi la gid mé ctra 94.900
3 high Numeric | Gia cao nhit dat dwoc trong phién giao dich ciing ngay 96.200
4 low Numeric | Gia thip nhit dat dwoc trong phién giao dich ciing ngay 94.800
5 close Numeric Sflrz; két thiic phién giao dich ciing ngay hay con goi la gia déng 96.000
6 volume | Numeric | Khdilwgng giao dich trong phién giao dich ciing ngay 2.017.000
7 ticker | Nominal | Ma chitrng khodn ctia cac cong ty trén san giao dich FPT

Dit liéu chirng khoan dwoc chia thanh 2 tip dit liéu train va test. V&i dir liéu tip train la tir ngay 02/01/2019 dén
ngay 29/12/2023 v&i 36.940 dong dir liéu. Véi tip test 1a tir ngay 02/01/2024 dén ngay 26/04/2024 véi 2.340
dong dir liéu.

B. TIEN XU’ LY DU LIEU

Thuc hién chuyén d6i dang di liéu cho tip dit liéu thanh dang datetime véi dic trng time dwoc thiét 1ap thanh
index cho tap dir liéu.

C. MO HINH ARIMA
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Tién hanh kiém tra tinh dirng cho chudi dit liéu vé&i tip kiém dinh théng ké ADF, néu chudi khéng dirng thi thuc
hién tinh sai phan dé& chudi dirng sau dé thuc hién vé biéu dd ACF va PACF dé xac dinh cac d6 tré bac p, q cho mé
hinh.

ADF Test Statistic: -1.875136

p-value: @.7248385

Critical Values:

{'1%": -3.4356133284636895, '5%': -2.8638642784217385, '1e%': -2.56888747487594373}
Chudi khéng ding

Hinh 2. Két qud kiém tra tinh dirng trén mét ma SSI.

Két qua trong Hinh 2 cho thdy ring chubi dir liéu ma SSI 14 chudi khdéng dirng, ching ta phai tién hanh tinh sai
phan dé€ bién d6i thanh chubi dirng.

ADF Test Statistic: -14.824543

p-value: @.880828

Critical Values:

{"1%": -3.43561332046360805, 'SX': -2.86386427842173085, '16%': -2.568@0874748754373}
Chudi ding

Hinh 3. Két qud kiém tra tinh dirng ctia md SSI sau khi thwc hién sai phdn

Khi chudi dirng réi ching ta tién hanh vé biéu dé6 ACF va PACF (Hinh 4) dé x4c dinh c4c tham s6 cho mé hinh.

Autocorrelation Partial Autocorrelation
1.00 1.00
0.75 0.75 4
0.50 0.50 4
0.25 0.25 4
o _aal 2 _a _8g® . d L 2P \ PP N J PP | s _a _ 0,0 [ ] [ L 2P N J
0.00 1] L B men vy T 0.00 L] Tviv e 5 v % Ty
-0.25 4 -0.25 4
-0.50 4 -0.50 4
-0.75 4 -0.75 4
-1.00 . : T . T T T -1.00 T T T T . T .
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Hinh 4. Biéu do ACF va PACF cia md SSI.

Sau khi bién d6i cho chudi dirng, thuc hién vé hai biéu d6 ACF va PACF dé xac dinh bac p, q cho mé hinh. Trong
do, dé xac dinh bac p, q chiing ta dwa vao dinh hay bac c6 gia tri do tré cao nhat dé xac dinh mé hinh. Ta thay
dwoc, & 2 biéu do trong Hinh 4, thi ngay & diém 0 clia ca hai biéu d6 déu c6 do tré virot qua mirc 5%, tic 1a gia tri
& dinh 0 cta ca hai biéu dd c6 sw chénh léch cao so véi cac dinh con lai. Cho nén, ta cé thé rut ra ring bac q va
bac p ctia m6 hinh cho mi SSI déu 1a ARIMA (0,1,0).

D. MO HINH VAR

Thuc hién gom nhém di liéu gitta 2 cOt time, ticker roi xt ly cac muc bi triing 13p bang gia tri trung binh mean.
Sau d6 st dung ham pivot cia Pandas dé bién d6i dit liéu v&i cac ticker 1a cac cot, thiét 14p date tré thanh index
va mbi hang twong (rng theo thoi gian thi sé 12 gia déng ctra cia cac ma chirng khodan. Sau khi thuc hién pivot dit
liéu, cadc ma chirng khoan trong cot ticker truwedrc do6 sé tré thanh cac cot dit liéu chira gia tri ca gia dong ctra theo
tirng ma. Tai day, tirng cot dir liéu clia cdc ma chirng khodn sé dai dién cho cac bién riéng biét dwa vao md hinh
da bién VAR (Hinh 5).

E. MO HINH HOLT-WINTERS

Thuwc hién chuyén d6i dang dir liéu cdt ‘time’ thanh ‘Datetime’, ta ti€p tuc d6i tén cot ‘time’ thanh ‘ds’, cot ‘close’
thanh ‘y’ va tién hanh chi chon c6t ‘y’ dwgc gan theo chi muc theo thoi gian d€ don gian héa dir liéu ddu vao cho
md hinh Holt-Winters cho cd mé hinh cong va nhan.

F. MO HINH FACEBOOK PROPHET
Quy trinh thwc hién tién xir ly dit liéu twong tw véi mo hinh Holt-Winters.
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(ticker ACE BCM BID BWH CTa FFT [TTY
time

2e1%-81-a2 G236.8 22296.8 223p8.8 78116.86 12696.8 17306.8 6@132.8
281%-81-83 2806.8 28438.@ 21358.86 78290.8 12886.8 17636.8 G58728.8
281%-81-84 2056.8 21688.@ 216858.8 77760.8 12256.4 17766.8 58598.8
2el1%-81-a7 caye.e 20088.@ 21558.8 7F7760.8 12126.8 18866.8 59338.8
281%-81-83 cgle.e 21688.@ 21358.6 77418.6 11956.@ 18146.8 ol1228.8
2823-12-25 23356.8 o6l1%86.8 43288.06 39380.6 20980.8 9O06@6.8 Ta588.8
2823-12-26 23256.8 o02306.8 43080.0 39580.0 203880.8 97206.8 7J0480.0
2823-12-27 23366.8 o02086.8 43608.8 39550.6 268560.8 94%@6.8 TJ63ee.8
2023-12-28 23756.8 62706.8 42788.8 39680.6 27186.8 96606.8 To0ee.8
2823-12-29 23966.8 02086.8 43488.06 395806.6 27180.8 94le6.8 TL5e8.8
ticker GVR HDE HPG ... TCEB TPE VCB A\
time

2819-81-82 2400.89 9946.2 10280.0 25606.8 7850.8 324568.0
281%-81-83 2316.8 S@36.8 1@3d48.8 25888.@ 7678.8 34508.8
2815-81-84 8316.8 S3ge.e 18419.0 24258.89 7048.8 35880.0
2e1%-81-a7 7966.8 G266.8 18298.0 251@6.8 J728.8 35288.0
2815-81-88 2136.8 9136.8 18118.86 251@6.8 J748.8 35468.0
2823-12-25 28286.@ 191t6.8 27458.8 3g956.@ 17858.8 81586.8
2823-12-26 208386.8 192868.8 278028.0 jgBe8.a 176Pe.8 B28088.0
2823-12-27 28256.@ 19386.8 27758.8 iggte.a@ 17358.8 827986.8
2823-12-28 20386.8 19356.@ 27958.0 315@8.@ 1730e.6 B22800.0
2823-12-29 21286.8 20386.8 27058.8 318@6.2 174908.8 80396.8

Hinh 5. Két qud bién déi di¥ liéu cho mé hinh VAR

G. XAY DU'NG MO HINH
1. MO HINH ARIMA

Bang 2. M6 hinh ARIMA

METHOD: ARIMA_Forecast(data, p, d, q)
INPUT:
data: Chubi thoi gian dau vao
p: Bic cua thanh phan tw héi quy (AR)
d: Bic ctia qua trinh lay sai phan (1)
g: Bic ctia thanh phan trung binh ddng (MA)
OUTPUT:
forecast: Chudi cac gia tri dw bao
BEGIN:
1. IF NOT is_stationary(data): //kiém tra tinh dirng
2. data = difference(data, d)
3. p, q = identify_pq_parameters(data) // thwc hién xac dinh thong sd p,d
4. model = ARIMA(data, order=(p, d, q))
5. model_fit = model.fit()
6. forecast = model_fit.forecast(steps=horizon)
7. RETURN forecast
END

2. MO HINH VAR
Bang 3. M6 hinh VAR

METHOD: VAR_Forecast(data, p)

INPUT:
data: Tap hop céac chudi thoi gian dau vao
p: S8 lwong dd tré (lags)

OUTPUT:
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forecast: Ma tran cac gia tri dw bao
BEGIN:
1. FOR EACH series IN data:
2. IF NOT is_stationary(series):
3. series = difference(series)
4. p = identify_lag order(data)
5. model = VAR(data)
6. model_fit = model.fit(p)
7. forecast = model_fit.forecast(model_fit.y, steps=horizon)
8. RETURN forecast
END

3. MO HINH HOLT-WINTERS
Bang 4.Mé hinh Holt-Winters

METHOD: HoltWinters_Forecast(data, seasonal_type, seasonal_period)
INPUT:
data: Chubi thoi gian dau vao
seasonal_type: Loai mo hinh ("additive’ hodc 'multiplicative')
seasonal_period: Chu ky mua vu
OUTPUT:
BEGIN
forecast: Chudi cac gia tri dw bao
1. IF seasonal_type == 'additive":
2. model = ExponentialSmoothing(data, trend="'add’, seasonal="add’, seasonal_periods=seasonal_period)
3. ELSE IF seasonal_type == 'multiplicative":
4. model = ExponentialSmoothing(data, trend="mul’, seasonal="mul’, seasonal_periods=seasonal_period)
5. model_fit = model.fit()
6. forecast = model_fit.forecast(steps=horizon)
7.RETURN forecast
END

4. MO HINH FACEBOOK PROPHET
Bang 5.M6 hinh Facebook Prophet

METHOD: Prophet_Forecast(data, horizon)
INPUT:
data: Chubi thoi gian dau vao
horizon: SO bwéc dw bao
OUTPUT:
BEGIN:
forecast: Dataframe chira cac gia tri du bao
1. df = convert_to_prophet_format(data)
2. model = Prophet()
3. # Diéu chinh cac tham sd néu cin
4. model.fit(df)
5. future = model.make_future_dataframe(periods=horizon)
6. forecast = model.predict(future)
7. RETURN forecast
END

V. KET QUA THU’C NGHIEM

Sau khi thwc hién thu thip dit liéy, tién x& 1y dir liéu. Ching ta tién hanh xay dwng bén moé hinh théng ké dé &ng
dung vao viéc du doan xu hwéng gia chirng khoan: ARIMA, VAR, Holt-Winters, Facebook Prophet. V&i mo6 hinh
ARIMA s& str dung thw vién statsmodels v&i tir khéa ARIMA d€ goi ra mé hinh; md hinh VAR sé sir dung
statsmodels vé&i tir khéa VAR; mdé hinh Holt-Winters sé st dwung thw vién statsmodels véi tir khoa
ExponentialSmoothing va mo hinh Facebook Prophet sé sir dwng thuw vién prophet d€ xiy dwng mé hinh.
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S dung hai d6 do Root Mean Square Error (RMSE) va Mean Absolute Error (MAE) tir thw vién scikit-learn dé
danh gia hiéu suit cia cdc mo hinh.

(i) MAE [15] 12 1 metric d4nh gia md hinh bang cach tinh trung binh gia tri tuyét d6i sai s6 gitra gia tri thuc té va
gia tri dw doan dworc tinh theo cong thirc 6. Trong do: x; 1a cac gia tri thuc té va y; 12 cac gia tri dw doan

1 n
MAE =" |~y ©®
Némdi=y

(i) RMSE [15] la can bac hai ciia MSE. RMSE do lwong mirc d6 phtu hgp cta cac gia tri dw doan tir mo hinh so véi
céc gia tri thwce t€ dwoc quan sat trong tip dit liéu dworc tinh theo cong thirc 7.

1 n
RMSE = \/;Zizl(xi - y)? 7

Cac thong s8 wéc lwong bing cach xac dinh do tré bing ACF va PACF dé xay dwng cho m6 hinh ARIMA cho tirng
ma nhw trong Bang 6.

Bang 6. Théng sé wéc lwong moé hinh ARIMA cho tirng ma

Mi Théng s6 wéc lwong Ma Thong s6 woc lwong
SSI ARIMA(0, 1, 0) POW ARIMA(2, 1, 2)
ACB ARIMA(O, 1, 0) SAB ARIMA(O, 1, 0)
BCM ARIMA(0, 1, 0) SHB ARIMA(1,1,1)
BID ARIMA(0, 1, 0) SSB ARIMA(0, 1, 0)
BVH ARIMA(0, 1, 0) STB ARIMA(0, 1, 0)
CTG ARIMA(0, 1, 0) TCB ARIMA(0, 1, 0)
FPT ARIMA(O, 1, 0) TPB ARIMA(O0, 1, 0)
GAS ARIMA(0, 1, 0) VCB ARIMA(4, 1, 4)
GVR ARIMA(0, 1, 0) VHM ARIMA(0, 1, 0)
HDB ARIMA(O, 1, 0) VIB ARIMA(O0, 1, 0)
HPG ARIMA(0, 1, 0) VIC ARIMA(0, 1, 0)
MBB ARIMA(0, 1, 0) vJC ARIMA(6, 1, 6)
MSN ARIMA(3, 1, 3) VNM ARIMA(0, 1, 0)
MWG ARIMA(0, 1, 0) VPB ARIMA(0, 1, 0)
PLX ARIMA(5, 1, 5) VRE ARIMA(0, 1, 0)

M6 hinh VAR dwoc wéc lwong thong s6 mo hinh bing cach xac dinh d6 tré bang AIC vé&i két qua tra vé thong s6
t6t nhat dé xay dung mo hinh 1a VAR (1).

V&i md hinh Holt-Winters trai thi cac théng s alphas, betas, gammas sé& dworc t6 hop ba thong sd nay tir 0.1 dén
0.9 v&i bude nhay 1a 0.1. Sau d6 thwc hién vong lip, ldp qua tirng t6 hgp dé€ chon ra théng s6 tot nhit cho mo
hinh. Sau d6 chon ché 6 cho md hinh Holt-Winters 1a Additive hay Multiplicative.

Mo hinh Facebook Prophet 1a md hinh théng ké c6 tinh ch4t mlia vu nén cac thong sé sé phu thudc vao xu hwéng,
chu ky theo ngdy, thang, nam. O’ dy, khi xdy dwng mé hinh nay thi théng s6 changepoint prior_scale hay d6 nhay
diém thay ddi xu hwéng thwong dwoc dit & mic dinh 14 0.05. Ti€p dén 1a thong s6 seasonality_prior_scale 1a
théng s6 1am min cac thanh phin mta vu thi sé 14y & mirc phan dnh vira @0 cac dao dong la 10. Thong s6 chu ki
dién ra trong 1 thang tirc 1a 30 ngdy. Ching ta sé chon ch& do cho mé hinh 1 Additive hay Multiplicative va bat
ché& @6 mua vu theo thiang va theo tuin trong mo hinh Facebook Prophet d€ tién hanh dw doan.
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Bang 7. Két qua trung binh thang do danh gida MAE, RMSE

Model MAE RMSE
ARIMA 42557,947 | 42486,06
VAR 4400,065 3817,61
Additive Holt-Winters 3533,63 4077,04
Multiplicative Holt-Winters 3557,57 4091,04
Additive Seasonality Facebook Prophet 3358,7 4003,01
Multiplicative Seasonality Facebook Prophet | 3887,96 4605,6

Dwa vao Bang 7 ta thdy mé hinh céng Facebook Prophet cé két qua du bao tot nhit véi MAE thip nhit va RMSE
cling thp, chirng t6 dd chinh xac cao trong viéc duw bao chirng khoan. M6 hinh VAR va Holt-Winters (ca cdng va
nhan) ciing cho két qua kha t6t véi MAE va RMSE thip. Trong khi d6, m6 hinh ARIMA c6 két qua dy bao kém
nhit véi MAE va RMSE rit cao, cho thdy mé hinh nay khong phu hop véi dit liéu chitng khoan phikc tap va c6 yéu
t6 mua vu va xu hwéng phi tuyén tinh.

Két qua danh gia thang do & trén 1a téng hop ctia 30 ma chirng khoén. Viéc mo hinh ARIMA cho két qua khéng
cao 1a do dir liéu c6 tinh chit miia vu manh, m6 hinh khéng c6 céc bién xt Iy tinh mia vu pht hep va dir liéu
dwoc trai dai trong gin 5 nam nén ciing ¢ thé anh hwdng dén hiéu suit mo hinh.

M6 hinh VAR vi chi cé thanh phin tw hoi quy cho nén két qua mé hinh c¢6 d6 chinh xac cai thién hon so véi mo
hinh ARIMA. Riéng hai m6 hinh Holt-Winters va Facebook Prophet déu cé thanh phén chu ky, mua vu trong viéc
xay dung mo hinh nén két qua dy doan cho ra gan véi két qua thwc t€ ma chiung ta thu thip dwoc. Va dwa vao
thang do danh gia va cac biéu d6 truc quan két qua da cho thay mé hinh méi nhat Facebook Prophet 1a mo hinh
thé hién dwoc xu hwdng 1én xudng ro rang hon trén toan bo tap dit liéu chirng khoén.

Mot s6 két qua trwec quan dw dodn ctia cdc mo hinh dwoc thé hién trong Hinh 6, Hinh 7, Hinh 8 va Hinh 9.

ACB Closing Prices: Train, Test and Forecast

—— Train Data
— Test Data
—— Forecast Data

35000

30000

25000

20000 4

Closing Price

15000 A

10000

Date

Hinh 6. Két qud dw dodn ctia mé hinh ARIMA
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Actual vs Forecasted Close Prices for MBB
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Hinh 7. Két qud dw dodn ctia mé hinh VAR
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Hinh 8. Két qud dw dodn ctia mé hinh Holt-Winters
Ticker: STB - Seasonality: Unknown
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Hinh 9. Két qud dw dodn trén mé hinh Facebook Prophet
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Duwa trén két qua cia cac biéu do trwc quan, dong thoi dwa trén két qua cta thang do danh gia trén cdc md hinh
ta c6 thé nhan xét nhu sau:

Mo hinh ARIMA (Hinh 6): K&t qua du dodn clia mo6 hinh ARIMA chi 1a moét dwdong thang 1én hodc xuéng. Dwa vao
thang do thi ciing thdy dwgc ring sw chénh l1éch giita gia tri dw doan va gia tri thuc té rat 1&6n. Diéu nay cho thiy
ARIMA khong phu hgp d€ xay dung mo6 hinh dw dodn trén tip dit liéu nay.

Mo hinh VAR (Hinh 7): Pwong dy doan cia mé hinh VAR cé ddc trung la nhitng c6 hinh dang canh cung, véi
nhitng sy bién thién thay d6i radt nhé. Pwong du dodn thwong la nhitng dwong vong cung di tir dwdi 18n hoac di
tlr trén xudng. Két qua dw dodn trén mo hinh VAR d6i véi nhiéu mi c6 sw chénh 1éch rat 16n gitra cac gia tri thuc
té va cac gia tri dw doan. N6 dwgc thé hién ré & cac diém danh gia thang do MAE, RMSE ctia md hinh.

Mo hinh Holt-Winters (Hinh 8): Pwong du doan trén mé hinh cong va mo hinh nhan cia Holt-Winters la nhitng
dwong c6 hinh dang séng 1én xudng & cac diém. Pic diém cta dwong dw doan nay thé hién theo 1 chiéu hwéng
nhit dinh bao gém chiéu hwéng di 18n, di xudng hodc di ngang. Sw chénh 1éch cia két qua dw doan giita hai mé
hinh cé sy khac biét rd. D8i véi mé hinh cong, bam sat véi gia tri thuce té, két qua thang do danh gia thip hon so
v&i mé hinh nhén. Tuy nhién d6i véi mot s6 ma chirng khodan thi két qua du dodn trén mo hinh nhéan lai dua ra
két qua tét hon vi du nhw ma FPT.

M6 hinh Facebook Prophet (Hinh 9): Ddi v&i dwong dw doan cia md hinh Prophet, dwdng dw doan thé hién
hinh dang 1én xudng & cac diém gia tri, gin sat véi hinh dang bién thién ctia mét dir liéu chudi thoi gian. Két qua
cta hai m6 hinh céng va nhin déu dwa ra két qua trén toan tip dir liéu rit sat véi div liéu thyc té trén tip kiém
thir. K&t qua thang do cho thiy, sw chénh 1éch giita cic diém gia tri thwc té va gia tri duw dodn khéng qua cao so
v&i cdc mo hinh con lai dwoc dé cip trong bai bao céo.

Qua két qua cho thdy mo hinh Facebook Prophet cho ra két qua tét hon so véi cdc mé hinh con lai 1a vi mé hinh
nay c6 4p dung dic diém mua vu cta chudi thoi gian vao viéc dw doan. Cho nén két qua ctiia mo hinh Facebook
Prophet sé bam sat v&i cac gia tri dir liéu thuc té.

VI. KET LUAN

V&i viéc xay dung va (rng dung cdc mo hinh dw doan di liéu chubi thoi gian trén tap dir liéu chirng khodn mang
dén mét sd y nghia, lgi ich trong linh vuc kinh té€ - tai chinh. Viéc xdy dwng cdc m6 hinh dw dodn xu hwéng gia
chirng khodn c6 thé gitip cho nhitng ngwdi méi tham gia vao linh vyc nay cé thé dwa ra cac lwa chon dau tu phu
hop hodc d6i v&i cac chuyén gia nghién ctru vé linh vic kinh té thi cdc mé hinh dw doan xu hwéng gia chirng
khoén c6 thé gitip xac dinh cac yéu t6 tdc dong dén linh vic nay. Véi sw gitp d& cia cdc md hinh dw doan, cac
chuyén gia c6 thé phat hién, dwa ra canh bao nhirng yéu td c6 anh hwdng téi nén kinh té.

Véi cac két qua thwe nghiém trén cadc mé hinh ARIMA, VAR, Holt-Winters, Facebook Prophet dwoc huin luyén
trén tip dir liéu chirng khoan cho thiy viéc lwa chon nhitng m6 hinh phu hop v&i dit liéu tirng ma chirng khoan
giup ting do chinh xac cho viéc dw doan xac v&i thuce té. Két qua ctia bai bao cho thiy Facebook Prophet 1a mé
hinh t6i wu nhat véi viéc dwa ra cac dw doan.
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COMPARISON OF FORECASTING MODELS FOR STOCK PRICE PREDICTION

Chu Dang Binh An, Hoang Dinh Thang, Tran Minh Thai

ABSTRACT— Predictive problems using machine learning models are fundamental and widely applied in
various domains, including weather forecasting, healthcare, and financial markets. These problems focus on
predicting the outcomes of events or future values based on historical data values through the construction of
predictive models. This study focuses on developing predictive models for time series data using a stock dataset
from the VNINDEX exchange. Through analysis techniques, data preprocessing, parameter selection appropriate
for each model characteristic, and the construction and training of machine learning models to predict stock
price trends, several representative methods are used, including Autoregressive Integrated Moving Average,
Vector Autoregression, Holt-Winters, and Facebook Prophet. Experimental results show that the Facebook
Prophet outperforms other methods in accuracy predictions and overall performance.

Keywords— Time series forecasting, stock market, ARIMA, VAR, Holt-Winters, Facebook Prophet.
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