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Tém tat. Du bao chinh x4c gia & phiéu la nhiém vu quan trong trong phan tich dau tu va quan tri rai ro
trén thi treong tai chinh. Nghién ctru nay nham nang cao do chinh xac du bao gia déng ctra hang ngay cua
¢6 phiéu VCB niém yét trén HOSE bf?mg cac md hinh hoc sdu. Ba kién tric mang no-ron héi quy gém
LSTM, GRU va BiLSTM duoc xay dung va so sanh trong cting mét khuén khé thiee nghiém. Bai toan duoc
thiét 14p duwdi dang du béo chubi thoi gian don bién, chi st dung chudi gia déng ctra, v6i ky thuat ctra s6
truot 10-1, tée dung dit liéu cta 10 phién trede d€ du doan gia ctia phién k€ tiép. D€ giam su phu thudc
vao qua trinh thir-sai thti c6ng, nghién cttu ap dung giai thuat t&i wu bay dan hat (PSO) nham t&i wu cac
siéu tham s6 quan trong, godm sd nut an, ty 1& dropout, tdc d6 hoc va kich thuéce batch. Két qua thuc
nghiém cho thdy PSO cai thién dang k€ hiéu ndng du bao ctia ca ba md hinh, trong d6 GRU sau t6i wu dat
két qua t6t nhat trén tap kiém tra véi RMSE = 0,6851 va R? = 0,9693. Nghién cttu gép phéan khéng dinh hiéu
qua cuia viéc két hop hoc sdu va t6i vu siéu tham sd trong du bao gia 8 phiéu tai Viét Nam.
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Abstract. Accurate stock price forecasting plays a crucial role in investment analysis and financial risk
management. This study aims to improve the forecasting accuracy of the daily closing price of VCB stock
listed on the Ho Chi Minh City Stock Exchange (HOSE) using deep learning models. Three architectures,
namely LSTM, GRU, and BiLSTM, were developed and compared within a unified experimental
framework. The forecasting task was formulated as a univariate time-series problem using only the closing

price series, with a 10-to-1 sliding window approach in which the prices of the previous 10 trading
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sessions were used to predict the closing price of the following session. To reduce reliance on manual trial-
and-error procedures, Particle Swarm Optimization (PSO) was employed to optimize key
hyperparameters, including the number of hidden units, dropout rate, learning rate, and batch size.
Experimental results show that PSO significantly improved the forecasting performance of all three
models, with the optimized GRU achieving the best results on the test set, with an RMSE of 0.6851 and an
R? of 0.9693. These findings provide empirical evidence for the effectiveness of integrating deep learning

with hyperparameter optimization in stock price forecasting for the Vietnamese stock market.

Keywords: stock price forecasting, Long Short-Term Memory (LSTM), Gated Recurrent Unit (GRU),
Bidirectional LSTM (Bi-LSTM), Particle Swarm Optimization (PSO), hyperparameter optimization

1. Gioi thiéu

Du bdo chudi thoi gian tai chinh tir 1au da 1a mot nhiém vu quan trong nhung day thach
thirc trong nghién ctu va thuc tién. Tinh nggu nhién, phi tuyén va bién dong manh cua thi
truong chiing khoan khién cho viéc du bao tré nén khoé khan, ddc biét 1a tai cdc nén kinh t€ méi
ndi, noi thong tin thi treong con thiéu minh bach va tinh 6n dinh chua cao [1]. Trong quan tri
tai chinh hién dai, du bao chinh xac gia c¢6 phiéu la dau vao quan trong cho viéc hoach dinh
chién lwgc dau tu, phan bo tai san va kiém soat rui ro danh muc. Céac du béo ngén han gitp nha
dau tw xac dinh diém mua - ban t6i wu, danh gia mc do rai ro, ddng thoi cai thién hiéu qua st
dung von. D6i véi nha quan ly quy va t6 chic tai chinh, kha nang dw bao tin cay gitp ting hiéu
qua tai can bing danh muc, giam thiéu ton thit trong giai doan bién dong. O tim vi mé, cdc md
hinh dy bédo chinh xac con gép phan nang cao tinh minh bach va 6n dinh cta thi treong tai
chinh, hd tro co quan quan ly trong viéc giam sat va canh bdo rui ro hé thong.

Mac dt1 cac md hinh théng ké truyén thong nhu ARIMA va GARCH c6 nén tang toan hoc
vitng chic va kha nang dién giai cao, ching thuong chua du kha ning ndm bat day du cadc moi
quan hé phu thudc phtic tap theo thoi gian ciing nhw nhitng bién dong dot ngdt cua div liéu tai
chinh. Nhitng han ché nay cang boc 16 & khi md hinh can nam bat cdc quan hé dai han, phét
hién sy thay d6i dot ngot trong xu hudng hay nhitng bién déi quan trong vé ciu trac thi truong
[2]. Bén canh d¢, tinh phi ditng ctia chudi thoi gian khién viéc m6 hinh héa va du bdo cang tro
nén phtec tap hon [3].

Trong thap ky gan day, sy phét trién ctia hoc may (machine learning) va hoc sau (deep
learning) mang dén nhiing giai phap manh mé nhim khic phuc cac han ché€ ndi trén. Cac md
hinh Recurrent Neural Networks - RNN va bién thé tién tién nhw LSTM, GRU hay cac kién trac
lai két hgp mang no-ron voéi ky thuat thong ké truyén thong da cho thdy kha nang vuot trdi
trong viéc khai thac cadc quan hé phi tuyén va phu thudc dai han [4], [5]. Nhitng m6 hinh nay da
chiing minh dwoc hiéu qua trong viéc mo ta tinh phi tuyén cua bién dong gid, nhan dién cac
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mdi twong quan theo thoi gian ma cac phuong phap truyén thong thuong bo sot. Trong nghién
ctru nay, bai toan du bao duoc thiét 1ap dudi dang du béo chudi thoi gian don bién, trong dé
chi stt dung chudi gia déng ctra ctia cd phiéu VCB. Dit liéu dau vao duoc xay dung bang ki
thudt ctra sO truot véi cdu hinh 10—1, ttc la sit dung muoi quan sat lién tiép dé du bao gia
déng cira cuia ngay ké tiép. Cach ti€p can nay cho phép md hinh khai thac hiéu qua thong tin
ngan han trong chudi thoi gian, dong thoi phtt hop véi dic diém dit liéu gid 6 phiéu hang
ngay tai thi treong Viét Nam.

Tuy nhién, hiéu nidng cua cac mo6 hinh hoc sdu phu thudc rat 16n vao lwa chon siéu tham
s0, bao gom sd luong nut an, téc do hoc, ty 1é dropout va kich thudce batch [6]. Viéc diéu chinh
thti cong cac siéu tham s& nay thuong t&n nhiéu thoi gian, doi hoi chuyén mon va dé dan dén
cau hinh chua t6i wu. D& khic phuc van dé nay, cac thuat toan t6i wu metaheuristic da dugc
tng dung rong rai nhdm tu dong hoa qua trinh tim ki€ém siéu tham sd [7]. Trong s6 d6, giai
thuét t6i wu bay dan hat PSO dwgc danh gia cao nho tinh don gian, hiéu qua tinh toan va kha
nang tim 10i giai t6i vu trong khong gian tim kiém cé nhiéu chiéu [8].

Mic du linh vuc nay da c¢é nhiéu budc tién dang k&, mot s6 khia canh van chua duoc
kham pha day du. Cu thé, cac nghién cttu thyee hién so sanh hé thong gitra nhiéu kién triic RNN
trude va sau khi t8i wu bang PSO trong bdi canh céc thi truong méi ndi nhu Viét Nam van con
thua thét. Hon nira, cac bﬁ“mg chiing dinh luong vé mutrc d0 cai thién d6 chinh xac dy bédo nho
PSO trén dit liéu tai chinh thuce t&€ van chwra dwoc trinh bay mot cach toan dién. Trong pham vi
nghién cttu nay, giai thuat PSO dwoc st dung nh3m t3i wu cdc siéu tham s6 ctia mo6 hinh hoc
sau trén céc kién triic mang ¢ dinh, khong nhdm tim kiém hay t3i wu cau triic mang no-ron.

Dua trén nhitng van dé chua duoc khai thac day du, bai bao déng goép ba phuong dién
chinh. Th¢ nhat, nhom tac gia dé xudt mot khudn kho t6i wu hoa siéu tham s cho cac md hinh
RNN dua trén PSO, gitup giam thiéu qua trinh thir-sai tha cdng va nang cao tinh tai lap. Thi
hai, nghién cttu da tién hanh phén tich, so sanh LSTM, GRU va Bi-LSTM trudc va sau khi t6i
uu, cung cdp nhitng hiéu biét siu sic vé wu va nhuoce diém cta tiing md hinh trong duw bao
chubi thoi gian tai chinh. Cudi ciing, thuc nghiém duwoc kiém dinh trén di liéu cd phiéu VCB
(Ngan hang Thuong mai c6 phan Ngoai thuwong Viét Nam) niém yét tai HOSE, chiing minh
réng PSO cai thién dang ké d¢ chinh x4c du bdo, voi GRU dat két qua t6t nhat (RMSE = 0,6851,
R? =0,9693). Trén co sé dd, nghién cttu nay khong chi danh gia hiéu qua ky thuat cia mo hinh
ma con lam rd gid tri tng dung trong quan tri dau tu va chinh sach tai chinh tai Viét Nam — mot
thi treong méi n6i dang chuyén minh manh mé theo hudng s6 hoéa va di liéu hda. Bén canh cac
déng gop vé mat phuong phap, nghién ctru con nhdn manh y nghia kinh t&€ — quan tri cua viéc

nang cao do chinh xac du béo, qua d6 cung cap bang ching thuc nghiém gitp nha dau tw,
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doanh nghiép va nha quan ly st dung m6 hinh Al trong phan tich thi treong va hoach dinh
chién luoc tai chinh.

Phén con lai cta bai bao duwoc cdu tric nhu sau: muc 2 trinh bay tdng quan cac cdong trinh
nghién cttu lién quan dén du bao gid ¢d phiéu dua trén mo6 hinh mang no-ron hoi quy (RNN)
va cac phuong phap t6i wu hoa siéu tham sd. Muc 3 mé ta phwong phap nghién cttu, bao gom
quy trinh x ly di liéu, cdu tric cac mo6 hinh RNN (LSTM, GRU, BiLSTM) va co ché t6i vu siéu
tham s& bang PSO. Tiép d6, muc 4 trinh bay thiét 1ap thi nghiém, két qua thuc nghiém va thao
luan, qua d6 phan tich hiéu qua ctia ttrng mé hinh trude va sau khi t6i wu. Muc 5 khai théc cac
ham y quan tri va chinh sach, nhan manh gia tri tng dung cua két qua nghién cttu trong thuec
tién quan ly dau tu va thi treong tai chinh. Cudi ciing, Muc 6 dua ra két luan chung va dinh
huéng nghién cttu tiép theo, nhdm mo rong khung du béo cho cac tng dung tai chinh khac
trong tuong lai.

2. Toéng quan nghién ctru

Du bao gia ¢d phiéu tir 1au la mot chu dé trong tam trong linh vue tai chinh va khoa hoc
d@ liéu, thu hat su quan tam cta ca gidi nghién ctru va dau tw. Trai qua nhiéu giai doan phat
trién, cac phwong phap du bao da tién hda tir md hinh thong ké ¢ dién dén cac kién trac hoc
sau hién dai, va gan day la sy xuét hién ctia cac ky thuat t6i wu hoa siéu tham s tién tién. Viéc
tong quan nhing cach tiép can nay giup lam rd diém manh, han ché cua tiing nhdm phuong
phép, dong thoi xac dinh khoang tréng nghién ctu ma bai bao nay hudng téi.

Cac nghién cttu ban dau chu yéu st dung cdc md hinh tuyén tinh ngiu nhién nhu AR,
MA va ARIMA, thuong duwoc mé rong béng cdc ho m6 hinh ARCH/ GARCH dé& md ta bién
dong thay ddi theo thoi gian [9]. Uu diém ctia cdc m6 hinh nay nam & kha nang dién giai cao va
co s6 thdng ké chit ché, dic biét hidu qua khi chudi thoi gian gan tuyén tinh va dwoc xa ly loai
bo yéu t6 mua vu. Tuy nhién, kha nidng biéu dién cta ching bi han ché trudc cadc quan hé phi
tuyén, sw chuyén ché va phu thudc dai han von xudt hién phd bién trén thi truong ching
khoan, nhat la trong cac giai doan bién dong manh hodc c6 ca s6c kinh t€ [10], [11].

Su phat trién cua hoc sau da khién trong tam nghién cttu dich chuyén sang cac kién truc
mang no-ron, von c6 kha nang hoc va biéu dién cac dic treng phtee tap ctia dit liéu. Mang no-
ron hoi quy (RNN), dac biét la LSTM va GRU, giai quyét truc tiép van dé mat dan dao ham
(vanishing gradient) va to ra phu hop dé nim bit phu thudc dai han [12], [13]. BILSTM con
téng cuong kha nang biéu dién bang cach xtt ly chudi dit liéu theo ca hai chiéu, tan dung thong
tin qua khtt va twong lai gan [14]. Cac bang chiing thirc nghiém cho thay LSTM va GRU thuong
vuot troi hon cac mo hinh truyén théng trong du bdo lgi sudt, du bao da budc va moé hinh hdéa

bién dong, dac biét trong diéu kién thi trwong phi tuyén va nhiéu nhidu. Cac kién trac cua
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Transformer dua trén co ché& chti y ciing chiing minh duoc tiém ndng nho kha nang nam bat ca
dac trung cuc bd va phu thudc dai han, nhung doi hoi luwong di liéu 16n va ki thuat diéu chuan
can than — diéu nay doi khi khé dap ting tai cac thi treong méi noi [15].

Mot thach thiee chung ctia cdc md hinh hoc sau la d6 nhay voéi siéu tham s6 thiét ké nhu:
chiéu dai chudi dau vao, s§ 16p, s6 ntt an, tdc dd hoc, dropout hay kich thude batch. Viée chon
siéu tham s khong phu hop dé dan dén hién twong hoc chua da (underfitting) hodc hoc qua
mttc (overfitting), lam suy giam kha nang khai quat héa mo hinh [16]. Ngoai ra, do dit liéu tai
chinh thuong phi ding va c6 thé thay d6i cau truc theo thoi gian, cdc m6 hinh str dung cau hinh
c6 dinh sé dan giam hiéu qua. Biéu nay cho thay can c6 cac quy trinh t6i wu hda siéu tham s6
mang tinh thich tng, dang tin cay d€ duy tri va cai thién hiéu suat dw bao.

Cac phuong phap tim kiém truyén thong nhuw grid search va random search tuy don gian
nhung kém hiéu qua trong khong gian siéu tham s6 nhiéu chiéu, dong thoi ton kém tinh toan.
Céc ky thuat t8i uu Bayesian (Bayesian Optimization — BO) cai thién hiéu qua 1dy mau nho mo
hinh héa bé mit phan hoi nhung cé thé suy giam hiéu nang khi gép ham muc tiéu nhiéu va phi
ditng nhw trong dit liéu tai chinh [6]. Do d6, cac thuat toan metaheuristic da dwoc ting dung
ngay cang nhiéu, bao gom PSO, giai thuét di truyén (GA) va tién hoa vi phan (DE), véi uu diém
la chién luoc tim kiém quan thé, it gia dinh vé tinh tron cta bai toan va kha nang hoi tu téi
nghiém tot trong khong gian phi 16i [17], [7]. Trong d6, PSO dugc wa chudng nho tinh don gian,
hiéu qua tinh toan cao va hiéu nang t6t khi t6i wu cdc mod hinh du béo chudi thoi gian. Nhiéu
nghién ctru trude da 4p dung PSO d€ tinh chinh kién tric mang no-ron, bao gom RNN va
CNN, va bao cdo két qua cai thién rd rét vé do chinh xac va téc do hoi tu so véi diéu chinh thu
cong hoac grid search [18], [19].

Céc cdng trinh két hgp PSO v6i LSTM hoac GRU trong du bao gia ¢6 phiéu, chi sd va ty
gia ngoai héi thuwong t6i wu s6 lwgng nut an, ty 1é dropout, téc do hoc va batch size, va hau hét
déu ghi nhan sy cai thién dang ké& vé RMSE, MAE va do 6n dinh du bao [6]. Tuy nhién, van ton
tai mot sd khoang trong nghién ctru. Thit nhat, nhiéu nghién ctru chi ddnh gia mot kién truic (vi
du LSTM) ma chua so sanh véi GRU hodc BiLSTM trong cuing mét diéu kién thwe nghiém. Thi
hai, phan 16n cac nghién ctru tap trung vao cac thi treong phat trién, trong khi bang ching thuec
nghiém tir cac thi truong maéi ndi nhu Viét Nam van con han ché. Thi ba, cac két qua so sanh
ddi khi chua dugc bao cdo theo giao thirc chuan héa (cung tap dir liéu, thude do va truc quan
héa), gay kho khan trong viéc tong hgp va so sanh.

Nghién cttu nay nham giai quyét cac khoang trong néi trén. Trudc hét, ching tdi thuc
hién so sanh théng nhat gitta LSTM, GRU va BiLSTM trong cung mot quy trinh thwc nghiém,
dong thoi bao céo két qua triede va sau khi t6i wu bang PSO théng qua céc chi s§ chuan nhu
MSE, RMSE, MAE va R?, kem theo truc quan hda két qua. Tiép theo, PSO duoc sit dung dé tdi
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uu dong thoi cac siéu tham s& quan trong, thay thé qua trinh thir-sai tht cong bang mot quy
trinh tim kiém c6 thé tai lap. Cudi cung, két qua thuc nghiém trén dit liéu cd phiéu VCB niém
yét tai HOSE chiing minh rang viéc t8i wu bang PSO cai thién dang ké hiéu nang du bao va cho
thdy GRU la m6 hinh dat hiéu suat vuot troi.

Tém lai, du bdo tai chinh can ca sttc manh biéu dién va t8i wu siéu tham sd hiéu qua.
Nghién cttu nay két hop cac moé hinh RNN phd bién: LSTM, GRU va Bi-LSTM véi PSO dé tu
dong tim siéu tham s t6t nhat, giam thit—sai thu cdng va cai thién kha nang khai quat. Két qua
trén dit liéu thi truong Viét Nam chiing minh tinh wu viét cua cach tiép can, dong thoi cung cap

mot khung t6i vu ¢6 thé ap dung cho nhiéu thi treong khac.

3.  Quy trinh du bao gia c6 phiéu VCB bang cic mdé hinh RNN (LSTM,
GRU, BiLSTM) két hop toi wu siéu tham s6 bang PSO

Nghién cttu dé xudt quy trinh du bao gid c8 phiéu bang cac md hinh mang no-ron hoi
quy két hop t5i wu siéu tham s8 bang giai thuat t&i wu bay dan hat (PSO) dugc mo ta khai quét
trong Hinh 1. Toan bd quy trinh nay sé bao goém céc giai doan chinh nhw sau:

Buéc 1 - Tién xi Iy dit liéu: Dix liéu gia cd phiéu VCB duoc thu thap va sap xép theo trinh
tw thoi gian, sau dé duwgc chia thanh ba tap: hudn luyén (training), kiém dinh (validation) va
kiém tra (test). Qua trinh chuan hoa dir liéu dwgc thiec hién d€ dam bao tinh 6n dinh va hoi tu
cua md hinh trong qua trinh huan luyén.

Buiéc 2 - Xdc dinh khong gian tim kiém siéu tham sé° Céc siéu tham s§ anh huong manh
dén hiéu ndng mo hinh nhw s nut an (hidden units), ty 1é dropout, t6c d6 hoc (learning rate) va
kich thudc batch duoc gidi han trong mot khoang tim ki€m hop ly nham giam chi phi tinh toan
va tranh hién twgng qua khép.

Buéc 3 - Khéi tao quin thé hat: Mot quan thé cac hat duge khoi tao ngﬁu nhién, trong d6
mdi hat dai dién cho mot cau hinh siéu tham sd tiém nang cua md hinh RNN.

Budc 4 - Ddnh gid gid tri thich nghi: Vi moi hat, m6 hinh dwoc huan luyén trén tap di
liéu huan luyén va sai s6 du bao (MSE) duoc tinh todn trén tap kiém dinh. Gi4 tri MSE nay
duoc sit dung lam ham muc tiéu d€ danh gia muc d6 thich nghi cta tirng hat trong khong gian
tim kiém.

Buéc 5 - Cap nhit nghiém t6i wu: O mdi vong lap, cac hat duoc cap nhat theo hai thanh
phén: nghiém t6t nhat ca nhan (pbest) va nghiém t6t nhat toan cuc (gbest). Van tdc va vi tri cua
cac hat dugc diéu chinh dua trén cong thirc cap nhat cua PSO, gitp quan thé dan tién téi vung

nghiém tdi uu.
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Buéc 6 - Tiéu chudn ding: Diéu chinh van t6c va vi tri hat theo cong thirc PSO d€ kham
phé cac nghiém tiém nang madi. Qua trinh t6i wu duoc lap lai cho dén khi dat s6 vong lap t6i da
hodc khi sai s6 hoi tu vé mot ngudng xac dinh trude.

Buéc 7 - Hudn luyén va ddanh gid cudi cing: Sau khi xac dinh dwoc bd siéu tham s6 tdi vu
(gbest), m6 hinh RNN duoc hudn luyén lai trén toan b tap di liéu (train + validation) va kiém
tra trén tap test doc lap. Hiéu nang du bao dwogc danh gia béng cac chi s6 MSE, RMSE, MAE va
R?, nham dam bao két qua c6 do tin ciy va kha nang khai quat cao.

Quy trinh nay cho phép tu ddng hda viéc lya chon siéu tham sd thay vi diéu chinh thu
cong, giup tang toc qua trinh hudn luyén, cai thién d¢ chinh xac du bdo va dam bao kha nang

tai lap thwec nghiém ctia mo hinh.

D{ liéu VCB
Chia d{ liéu train/valtest

Xac dinh khong gian siéu tham s Khdi tao quan thé hat ngau nhién Huén luyén mé hinh
(hiddn_units, dropout, learning_rate, batch_size) (partical posittions & velocities) (Danh gia MSE trén validation)

A 4

C4p nhat van toc va vi tri hat A
(theo cong thirc PSO) Cap nhét pbest &gbest

Hoi tu hodc hét vong 1ap?

Hudn luyén lai md hinh véi
tham s t0i Uru gbest

Danh gia trén tap test
(MSE, RMSE, MAE, R?)

Hinh 1. Quy trinh du béo gia 6 phiéu VCB bang cac md hinh RNNs (LSTM, GRU, Bi-LSTM)
két hop t5i wu siéu tham s§ bang PSO

3.1.  Gidi thigu bg dit liéu va tién xi 1y dit liéu

Dit liéu nghién cttu gom gia giao dich hing ngay cta c6 phiéu VCB (Ngan hang Thuong
mai ¢§ phan Ngoai thuong Viét Nam — HOSE: VCB), duoc thu thap bang thu vién vnstock
trong Python. Tap dir liéu bao gom 2.500 phién giao dich lién tuc tir 05/01/2015 dén 02/01/2025,
dai dién cho mot thap ky bién dong cta thi treong. Mbi ban ghi chita day du cac treong chuan
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OHLCV: gia m& ctra (open), gia cao (high), gia thdp (low), gia déng ctra (close) va khoi luong
giao dich (volume).

Dit liéu dugc sap xép theo thit tw thoi gian va kiém tra tinh toan ven dé phét hién trung
lap hodc thiéu gia tri. Két qua kiém tra cho thay khong c6 ban ghi nao bi thiéu, do dé khong can
thuc hién ndi suy. D€ 6n dinh qua trinh huan luyén mé hinh va tranh ro ri dir liéu (data
leakage), gid déng ctra dugc chudn hda vé khoang [0, 1] bang MinMaxScaler dya trén tap hudn
luyén, nhw biéu thic (1):

X — Xmi
Xscatea = X =

max ~ Xmin 1)

trong d6 Xmin va Xmax [an lwgt la gid tri nho nhat va 1on nhat quan sat duoc trong tap huan
luyén.

Trong nghién cttu nay, di liéu chudi thoi gian dwoc chuyén ddi sang dang hoc c¢é gidm
sat thong qua ky thuat ctra s truot (sliding window). Cu thé, véi cdu hinh ctra s6 truegt 101,
muoi gid tri lién tiép ctia chudi gia déng ctra duwoc st dung lam dau vao dé du bao gia dong ctra

cua ngay ké tiép. Vé mit toan hoc, tap dix liéu duoc xay dung nhw cong thire (2) va (3):

Xe = V-9 Ye—gror Vel 2)

5 = f(x
Vesr = f(Xe) 3)

trong do y, la gia dong ctra tai thoi diém ¢, va f(-) la ham du bao dwgc md hinh hda boi
cac mang no-ron hoi quy (LSTM, GRU hoac Bi-LSTM). Ky thuat ctra s6 truot cho phép mo6 hinh
khai thac hiéu qua méi quan hé phu thudc ngé’m han trong chubdi thoi gian, dong thoi phu hop
véi dac diém dit liéu gia ¢S phiéu hang ngay tai thi truong Viét Nam.

Do ban chat chudi thoi gian ctia dit liéu, tap dit liéu dwgc phan chia theo thit tu thoi gian
(temporal hold-out), khong thiec hién xdo tron nh3m tranh ro ri thong tin tir twong lai. Cu thé,
80% di liéu dau tién duoc st dung cho hudn luyén, trong khi 20% di liéu con lai duwoc dung
cho kiém tra. Trong tap hudn luyén, 10% dir liéu cudi cung duoc tach ra lam tap validation,

twong duong véi ty 1€ 72% hudn luyén — 8% kiém dinh — 20% kiém tra.

3.2.  Cdc mé hinh mang no-ron hoi quy (Recurrent Neural Networks — RNN)
Cac md hinh mang no-ron hoi quy duoc st dung trong nghién cttu bao gom LSTM, GRU
va BiLSTM. Day la nhiing kién tric mang hoc sdu phé bién va hiéu qua trong xt ly dix liéu

chudi thoi gian, ddc biét la chudi dir liéu tai chinh.
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3.2.1. Tong quan cic mé hinh RNN dwoc st dung trong nghién citu

LSTM duoc Hochreiter va Schmidhuber (1997) dé xudt nham khac phuc vdn dé mat dan
dao ham (vanishing gradient) trong RNN truyén thong [20]. LSTM b6 sung ba cong diéu khién
bao gom: cong quén (forget gate), cong nhdp (input gate) va cong xuat (output gate) giup mod
hinh hoc va luu trit thong tin dai han trong qua trinh lan truyén theo thoi gian. Nho co ché nay,
LSTM c6 kha nang ndm bit cic moi quan hé phu thudc dai han trong dit liéu tai chinh, vén
thuong mang tinh chu ky va bién dong theo xu huéng thi treong.

GRU dugc phat trién nhe mot bién thé rut gon caa LSTM, gitp don gian hda cau truc
nhung van duy tri kha ndng hoc phu thuoc dai han. GRU két hop cdng quén va cdng nhap
thanh cong cap nhat (update gate), dong thoi b6 sung cong dat lai (reset gate) d€ kiém soat
ludng thong tin gitta cac bude thoi gian.

BiLSTM mo rong tit LSTM bé“mg cach cho phép mo hinh hoc dit liéu theo hai chiéu thoi
gian — tir qua khit dén twong lai va ngwoc lai. Cau truc nay giup khai thac t6t hon ngir canh cua
chudi, dic biét hitu ich trong cac bai toan nhan dang mau (pattern recognition). Tuy nhién,
BiLSTM c6 d0 phtic tap cao hon, yéu cau tai nguyén tinh toan 1én hon so véi LSTM va GRU.

Trong ba m6 hinh trén, GRU duoc lira chon d€ mo ta chi tiét trong phan tiép theo vi day
la md hinh mang tinh ddi chiing trong tam trong nghién ctru nay do ¢6 cdu tric gon nhe, téc do
huédn luyén nhanh va hiéu ning vwot troi trong cac bai toan dw bao chudi thoi gian tai chinh
quy mo trung binh nhw gia c6 phiéu.

3.2.2. Cdu triic va co ché'hoat djng ciia GRU

Mang GRU la mot bién thé ctia mang no-ron hoi quy dwoc dé xudt nham giai quyét van
dé mat dan hodc bung n6 dao ham trong qua trinh lan truyén nguoc theo thoi gian. Nhu da dé
cap o trén, GRU la mot phién ban tinh gon ctia LSTM, két hop cong quén va cong nhap thanh
cong cap nhat, dong thoi bo sung cong dat lai nhw Hinh 2.
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Cobng dat lai Céng cap nhat Trang thai an ng vién
he 4 N - .3
Y > x >+ >
Trang thai 4n T
x x
A 5 4
o o : tanh

o Ham sigmoid X)) Phép nhan phan tir

tanh Ham tangen + ) Phép cong phan tir

Hinh 2. Kién trac mang hoi tiép nut ¢ cong (GRU)

Nho cdu trac don gian hon, GRU c6 it tham s6 hon LSTM, gitip qua trinh huan luyén

nhanh hon va giam nguy co qua khép khi dir liéu khong qua 16n. O thoi diém t, véi dau vao
X:ER? va trang théi an truéc d6 h-1 € R", cic phuong trinh ciia GRU duoc dinh nghia nhu sau:
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Cong cap nhat (Update gate) duwoc mé ta nhu cong thirc (4):
z; =0 (W,hy_q + U,x + b,) 4)
Cong dat lai (Reset gate) dugc thye hién bf“mg cong thire (5):
. =0 W,hy_y + U,x; + by,) 5)
Trang thai dn Gng vién (Candidate hidden state) duoc thé hién trong cong thic (6):
he = tanh (W, (he_1 @ 17 + Upxe + by) (6)
Trang thai &n dugc cap nhét trong cong thic (7):
he=zOh +(1—2)Oh ) 7)
Trong dé:
X¢: vec to gia co phiéu VCB tai thoi diém t,
he_;, hy: trang thai 4n [an lwot tai thoi diém t-1 vart,
hy: trang thai 4n tng vién,
zy, I'y: gia tri kich hoat cta cOng cap nhat va cong dat lai,

W,, Wy, Wy, Uy, Uy, Uy: Tan lwgt la ma tran trong s6 cua dau vao va trang thai an,
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b,, b,, by: 1a cac vec to bias,

o: ham sigmoid,

tanh: la ham hyperbolic tangen,

Ky hiéu © biéu dién phép nhan phan tt (Hadamard product)

Co ché trén cho phép GRU kiém soat lugng thong tin duwoc gitr lai hodc quén di 6 mbi
budce thoi gian thong qua z, dong thoi diéu chinh tic dong ctia trang thai dn tredc d6 bang 7
biéu nay gitp mod hinh hoc dwgc ca cac quan hé phu thudc nngm han va dai han mo6t cach hiéu
qua.

3.3.  Giai thuit t6i wu hoa bay dan hat PSO

D€ nang cao hiéu ning ctia cac md hinh RNN, nghién cttu nay st dung giai thuét tdi uu
bay dan hat PSO nhdm tw dong tim kiém cdu hinh siéu tham s6 t6i wu. PSO la mét phuong
phép i wu metaheuristic dya trén quan thé, mé phong hanh vi tim kiém thitc dn ctia dan chim
hoac dan ca.

Trong PSO, mét quan thé cac hat (particles) dai dién cho cac nghiém tng vién trong
khong gian siéu tham s& duoc khoi tao ngéu nhién. Mi hat i ¢ vi tri xf va van tdc vf tai vong
13p t. Chat luong ctia mot nghiém dugc danh gid bang ham muc tiéu — trong nghién ctru nay la
sai s6 du bao trén tap kiém dinh (MSE). Qua trinh cdp nhat van tc va vi tri cta hat tuan theo

cac phuong trinh (8) va (9).

vi*t = w.vf + ¢r(pbest; — x!) + c,ry(gbest; — xf)
(8)
xft = xf 4+ it
9)

Trong dé:

- wla hé s6 quén tinh, diéu khién mc anh huong ctia van tdc trude do,

- €1, ¢, la hé s6 nhan thic va xa hoi, diéu chinh muc do hat bi kéo vé nghiém tSt nhat c4
nhan pbest; va nghiém tSt nhat toan cuc gbest,

-1, 7,~ U (0, 1) 1a cdc s6 ngau nhién, tang tinh da dang ctia qua trinh tim kiém.

Quy trinh PSO bét dau bang viéc khéi tao quan thé hat ngau nhién trong khong gian siéu
tham s8, bao gobm s nut dn, ty 1é dropout, t6c dd hoc va kich thude batch. Mbi hat dwoc déanh
gia thong qua viéc huan luyén mo hinh RNN véi cdu hinh siéu tham s6 twong ting va tinh toan
MSE trén tap kiém dinh. Sau d6, nghiém tSt nhét ca nhan pbest; va nghiém t6t nhat toan cuc

gbest duoc cap nhat néu tim thdy gia tri ham muc tiéu t6t hon. Van t6c va vi tri cta cac hat
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duoc diéu chinh theo phuong trinh (8), va (9) d€ dich chuyén vé nghiém tdi wu tiém nang. Qua
trinh danh gid va cap nhat dugc ldp lai cho dén khi dat s6 vong lap toi da hodc sai s6 hoi tu.

Khéng gian tim kiém dugc mé rong dén 256 ntt an ¢ tang dau nham cho phép PSO linh
hoat kham phé cac cau hinh c6 d6 biéu dién cao hon trong giai doan t5i wu. Bang 1 thé hién
khong gian tim kiém céc siéu tham s dé t6i vu theo giai thuat PSO.

Bang 1. Khong gian tim kiém siéu tham s6 t6i wu theo giai thuat PSO

Siéu tham s6 Khoang tim kiém
S6 nat tang an 1 (units 1) [32, 256]

SO nat tang an 2 (units 2) [16, 128]

Ty lé dropout [0,1,0,5]

Tdc dd hoc (learning rate) [104, 102

Kich thudc batch [16, 64]

Sau khi thuat toan hoi tu, nghiém t6i wu gbest duoc lwa chon lam c&u hinh siéu tham s6
cudi cung. M6 hinh RNN twong ting duoc hudn luyén lai trén toan bd tdp hudn luyén (train +
validation) véi bd siéu tham s0 t0i wu nay, trude khi danh gia hiéu nang trén tap kiém tra. Cach
ti€p can nay giup loai bo tinh chl quan trong qua trinh Iwa chon siéu tham sd thu cong, dong
thoi dam bao tinh tai 1ap ctua két qua thuc nghiém.

Can luu y rang trong nghién ctru nay, giai thuat PSO chi duoc st dung d€ t8i uu siéu
tham s6 trén cac kién tric mang cd dinh (LSTM, GRU va BiLSTM), khong nh3m tim kiém hay
t0i wu cdu truc mang no-ron. D€ dam bao kha nang tai 1ap thuc nghiém, giai thuat PSO trong
nghién cttu nay duoc thiét 1ap véi 10 hat va 5 vong ldp, sit dung cdu trac Global Best. Hé s6
quan tinh duoc ¢6 dinh & mtc w = 0,9, trong khi cac hé s6 nhéan thirc va xa hoi lan luot la ¢;= 0,5
vac, =0,3.

Trong qud trinh t&i wu, mdi nghiém tng vién dugc déanh gia bang cach hudn luyén mo
hinh RNN twong ting trong 25 epoch trén tap huan luyén, va gia tri MSE trén tap validation
duoc st dung lam ham muc tiéu cho PSO. Sau khi két thic qua trinh t6i wu, bo siéu tham s6 tot
nhat duoc st dung dé€ huan luyén lai mé hinh cudi cuing trong 150 epoch trén toan bd tap huan

luyén (train + validation), trudc khi danh gid hiéu nang trén tap kiém tra.
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3.4. Chi s danh gia hiéu ning ctia cic m6 hinh
D€ danh gid mot cach toan dién hiéu ndng du bao ctia cac mé hinh RNN duoc t6i uu
bang PSO, nghién cttu stt dung bon chi s§ théng ké phd bién: MSE, RMSE, MAE va R2. Céc chi

s0 nay duoc dinh nghia nhu sau:

- Sai s6 binh phuwong trung binh (Mean Squared Error —- MSE) duoc dinh nghia theo cong
thirc:

N-1
1

MSE,9) = 3 0 = 9? (10)
i=0

MSE do luong trung binh binh phuong sai s6 gitia gia tri thuc yi va gia tri dw béo. Gia tri
MSE cang nhé chiing to6 m6 hinh cang chinh xac.

- Cén bac hai ctia MSE (Root Mean Squared Error — RMSE): biéu dién sai s§ duéi cung
don vi voi di liéu gbc, gitp triec quan hon trong viéc so sanh d¢ chénh léch gitra gia du bao va

gia thuc t& duoc biéu dién nhu cong thirc:

RMSE = VvMSE 11)

- Sai s0 tuyét doi trung binh (Mean Absolute Error - MAE): tinh trung binh gia tri tuyét
ddi cta sai s6. Khac véi MSE, MAE it nhay cam véi cac ngoai 1é (outlier), phan anh sai sd du

bao dién hinh ctia mo6 hinh, dwoc trinh bay ¢ cong thic:

1 N-1
MAE(,9) = ) 1y = 9l
i=0

12)
- Hé s6 xac dinh (Coefficient of Determination — R?) dwgc thé hién ¢ cong thic:
N=1c, 552
RA(y,9) = 1- S U= I
Yico i —¥0) 13)

Trong d6 y la gia tri trung binh cua tap quan sat. Chi s6 R? thé hién ty 1¢é phuwong sai cua
dit liéu dwgc mo hinh giai thich. Gia tri R? cang gan 1 cho thady mo hinh cang phu hop véi di
liéu.

Bon chi s6 trén bd sung cho nhau, trong d6 MSE va RMSE nhan manh sai s6 binh phuong
(phat ndng sai s& 16n), MAE cung cdp thudc do trung binh truc quan, con R? phan anh mte d6
giai thich bién thién cua mo hinh. Viéc st dung két hop ching gitp danh gia toan dién ca do

chinh xac tuyét doi va kha nang khai quat hoa cia mo hinh.
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4. Két qua thuc nghiém va thao luan

4.1. Thiét 1ap thi nghiém

Céc thi nghiém duoc thuec hién trén tap dit liéu gia déng clra hdng ngay ctia ¢ phiéu
VCB dwoc md ta tai muc 3.1, véi tong cong 2.500 phién giao dich tir thang 01/2015 dén thang
01/2025. Dt liéu dwgc chia theo trinh ty thoi gian, trong d6 80% cho huén luyén, 20% cho kiém
tra, nham bao toan ciu trac chudi va tranh ro ri thong tin. Trong tap huén luyén, 10% dit liéu
duoc tach ra lam tap kiém dinh d€ huéng dan qua trinh ding sém (early stopping) va t&i uu
siéu tham s8 bang PSO.

Cac md hinh LSTM, GRU va BiLSTM déu duoc huédn luyén béng thuat toan t6i wu Adam
v6i ham mat mat MSE. S6 vong ldp t6i da duoc dét 1a 150 epoch, két hop ditng soém véi ngudng
kién nhan (patience) bang 10 d& ngan hién tuong quéa khép va tiét kiém chi phi tinh todn. Céc
siéu tham sd s luong nat an, ty 1é dropout, téc do hoc va kich thudce batch duoc thiét lap ¢ gia
tri méc dinh cho mé hinh gdc va duoc t6i wu tw dong bang PSO cho md hinh t&i wu héa.

Céc thi nghiém duoc trién khai bang Python, st dung TensorFlow/Keras d€ xay dung md
hinh va pyswarms d€ thyc hién giai thuat PSO. Hiéu nang mo hinh dugc danh gia dya trén cac
chi s6 MSE, RMSE, MAE va R? duoc dinh nghia tai muc 3.4. Céc chi s6 danh gia duoc tinh toan
sau khi dit liéu du bdo dugc chuyén nguoc ti thang chuan héa vé thang gid gdc, nham dam bao
y nghia kinh t€ ctia cac sai s6 du bao.

4.2. Keét qua huin luyén mo hinh géc

Trudc tién, ba kién truc RNN (LSTM, GRU, BiLSTM) duoc huan luyén véi siéu tham s6
c8 dinh (khong t&i wu héa) nham thiét 1ap duong co s6 so sanh. Két qua trén tap kiém tra dwoc
trinh bay trong Bang 2.

Bang 2. Hiéu nang cuia cac mo6 hinh RNN gdc (chwa t6i wu)

M6 hinh Loai MSE RMSE MAE R?
LSTM Goc 3,0420 1,7441 1,4232 0,8008
GRU Géc 0,9357 0,9673 0,7786 0,9387
BiLSTM Géc 2,8425 1,6860 1,4895 0,8138

Két qua t6i uu siéu tham s6 cho thdy giai thuat PSO da tim dwoc cac cau hinh phu hop
cho ting kién triic RNN. C6 thé nhan thdy rang s6 ntt an t6i wu & tang thit nhat c6 xu huéng
nam & muic cao, phan anh nhu cau tang kha nang biéu dién ctia md hinh khi xtt ly chudi gia cd

phiéu c6 tinh bién dong. Diéu nay cling ly giai cho viéc khéng gian tim kiém cua s6 nat an duoc
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mé rong dén 256 nut, giup PSO linh hoat hon trong qua trinh kham phé nghiém t6i wu. Két qua
thuc nghiém ciing cho thdy GRU vugt troi hon ca LSTM va BiLSTM ¢ RMSE va R?, ching to
kha nidng ndm bat quan hé tuan ty tot hon ngay ca khi chua t5i wu siéu tham s3. Tuy nhién, gia

tri RMSE van con khé cao, ham y rz‘?mg con du dia d€ cai thién du bao thong qua t6i wu hoa.
4.3. Két qua hudn luyén mé hinh dwgc tdi wu bang PSO

Sau khi ap dung giai thuat PSO dé€ tim cau hinh siéu tham s t6t nhat cho titng mo hinh,
cac md hinh dwoc huén luyén lai véi tham s6 t6i wu va danh gia trén tap kiém tra. Két qua duoc
trinh bay trong Bang 3.

Bang 3. Hiéu ning ctia caic mo6 hinh RNN sau khi t6i uu bang PSO

M6 hinh Loai MSE RMSE MAE R?
LSTM T6i wu 1,1167 1,0567 0,8887 0,9269
GRU T6i wu 0,4693 0,6851 0,4972 0,9693
BiLSTM T6i vu 1,1344 1,0651 0,8682 0,9257

K&t qua cho thay t5i wu héa bang PSO gitip giam dang k&€ MSE va RMSE & ca ba md hinh.
Pac biét, GRU sau khi t6i wu hda bﬁ“mg PSO dat hiéu nang t6t nhat (RMSE = 0,6851 thap nhat, va
R2 = 0,9693 cao nhat). Diéu nay cho thdy GRU cé kha ning can bang t5t gitta d6 phtic tap mo
hinh va kha nang hoc cac phu thudc ngén han trong chudi gia 6 phiéu.
4.4. Sosanh hiéu ning ctia cic md hinh trede va sau t6i wu

D€ lam r6 hiéu qua cta PSO, Bang 4 so sanh hiéu nang cua tirng md hinh truede va sau
khi t6i wu.

Bang 4. So sénh md hinh g&c va mé hinh t&i wu bang PSO (kém % cai thién)

M6 hinh RMSE (G8c) RMSE (T8i wu) ARMSE (%) | R2(G6c) R2(Téiwu) AR2?

BiLSTM 1,6860 1,0651 36,8% 0,8138 0,9257 +0,1119
GRU 0,9673 0,6851 29,2% 0,9387 0,9693 +0,0306
LSTM 1,7441 1,0567 39,4% 0,8008 0,9269 +0,1261

Sau khi ap dung PSO, GRU dat cau hinh tdi wu nhu Bang 5. Cau hinh nay giup giam
RMSE tir 0,9673 xudng 0,6851 (giam 29,2%) va nang R? 1én 0,9693. Day cting chinh la mtc cao

nhdt trong ba mo hinh.
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Bang 5. Cau hinh siéu tham s6 t6i wu cho GRU sau khi ap dung PSO

Tham s6 Gia tri t0i vu
SO nut dn tang 1 (unitsl) 192

SO nut dn tang 2 (units2) 96
Dropout 0,27
Learning rate 0,0023
Batch size 32
Epochs (train lai) 150

biéu nay cho thdy GRU tan dung t6t hon thong tin tuan tu khi duoc diéu chinh diung
muc do phtic tap. SO tham sd it hon LSTM gitp giam nguy co qua khép trong tap dix liéu co
trung binh, trong khi cong cap nhat va cong dat lai gitp mang gitt dwgc quan hé dai han. Két

qua nay cting c§ nhan dinh rang GRU la mot trong nhitng lwa chon wu tién cho bai todn du bao

gia c6 phiéu tai thi treong Viét Nam.

4.5. Truc quan héa két qua

Hinh 3 va Hinh 4 minh hoa gid du bao so vdi gia thuc t&€ ctia cac m6 hinh LSTM, GRU va

Bi-LSTM trwdc va sau khi toi wu.

So sanh du doan cla cac mé hinh TRUGC khi téi uu

= Gia thuc té (Actual Price)
| — Du doan LSTM (original)
—— Du doan GRU (Original)
~—— Du doan BiLSTM (Original)

55.0

Gia déng clra (VND)

2023-01 2023-04 2023-07 2023-10 2024-01 2024-04 2024-07
Thai gian

2024-10 2025-01

Hinh 3. Dy bdo cua GRU goc bam sat xu hudng chung nhung con sai léch dang ké tai cac giai

doan bién déng manh
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So sanh du doan clia cdc md hinh SAU khi t8i uu bang PSO
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Hinh 4. Du bdo ctia GRU t6i vu bf”mg PSO gan véi gid thuce t&€ hon, bién d¢ sai s6 thu hep rd rét,
phan anh su cai thién da duoc thé hién & cac chi s6 dinh lugng

Két qua thuwe nghiém cho thay viéc ap dung PSO d€ tdi wu siéu tham sd giap cai thién
dang ké hiéu nang duw béo ctia ca ba mo hinh RNN. Bang céch tim kiém c6 hé thdng trong
khong gian siéu tham s6, PSO xé4c dinh duoc cdu hinh can béng gitta d6 phtic tap va kha ning
khai quat hoa, tir d6 giam sai s trén ca tap kiém dinh va kiém tra.

GRU tiép tuc ching minh la m6 hinh hiéu qua nhat, ca trudc va sau khi t6i wu, nho cdu
truc gon nhe va it tham s hon so véi LSTM, giup han ché qua khdp trong bdi canh dix liéu
khong qud 16n. BiLSTM méc du tan dung duwogc thong tin hai chiéu nhung d6 phtc tap cao cd
thé khong mang lai loi ich twong xting trong bai toan dy bao mot budc trudc (one-step ahead).

Vé mit tng dung, cac két qua nay cé y nghia thyc tién cho nha dau tu va nha quan ly
danh muc. Dy bao chinh xac hon gid dong ctra gitup t6i wu hoa chién lugc mua - ban, ra quyét
dinh phan b6 von hop ly va cai thién quan tri rai ro. Hon nita, quy trinh t6i wu dugc xay dung
trong nghién cttu nay c6 thé 4p dung cho cac cd phiéu hodc chi sd khdc trén thi truong Viét
Nam, h trg phat trién hé théng giao dich thuat toan (algorithmic trading) va ra quyét dinh dwa

trén dir liéu.
5. Ham y quan tri va chinh sach

Két qua nghién cttu mang lai mot s6 ham y quan trong doi véi quan tri dau tu va diéu
hanh chinh sach tai chinh, ddc biét trong bdi canh thi truong chiing khoan Viét Nam dang
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hudng t6i chuyén déi s6 va ing dung cac phuong phap phén tich dwa trén di liéu. Trudc hét,
vé goc dd quan tri dau tu, két qua thuc nghiém cho thdy md hinh GRU duoc t8i wu héa bang
giai thuat PSO c6 kha nang du bao xu huéng bién dong gid ngan han véi dd chinh xac cao hon
s0 v6i cac cdu hinh mic dinh. Do d6, md hinh nay c6 thé dwoc stt dung nhu mdt cong cu hd tro
phan tich, gitip nha dau tw va cac t6 chtc tai chinh cai thién chat lwong thong tin dau vao trong
qua trinh danh gid thi truong va xay dung kich ban dau tu, thay vi dwa hoan toan vao kinh

nghiém hodc cdc chi bdo truyén thong.

Bén canh d¢, trong quan tri ri ro danh muc, cadc m6 hinh dy bao c6 do chinh xac cao
giup cac nha quan ly quy va to chure tai chinh wéc luong t6t hon mée d6 bién dong va rui ro
tiém an cua thi treong, tie d6 hd tro qua trinh giam sat rui ro, diéu chinh co cdu danh muc va
phén b8 nguon lwe médt cach than trong hon. Viéc tich hop cdc mé hinh dw bao dua trén hoc sau
vao hé thong phan tich ndi bo c6 thé gdp phan nang cao tinh nhat quan va minh bach trong

cong tac quan tri rai ro.

Déi véi cac thi truong mdi ndi nhue Viét Nam, viéc tng dung cac md hinh du béo dua
trén tri tué nhan tao con c6 y nghia trong viéc thu hep bét can xting thoéng tin gitra cac nhoém
nha dau tu, dong thoi thic day xu hudng ra quyét dinh dua trén dit liéu va bang chiing thuc
nghiém. Diéu nay gop phan cai thién chat lwgng hoat déng cua thi truong va hudng téi mot

mdi treong dau tu minh bach, hiéu qua hon.

Ngoai ra, két qua nghién cttu cling mang lai mot s6 ham y ddi véi co quan quan ly va
hoach dinh chinh sach vi mé. Cac m6 hinh du bao gia ¢6 d6 chinh xac cao c6 thé duoc xem xét
tich hop vao cac hé thong giam sat thi treong nh3m hd tro phét hién sém cac dau hiéu bién
dong bat thuwong hodc rui ro tich ty, tit d6 cung cdp thém co s¢ thong tin cho qua trinh theo doi

va on dinh thi treong tai chinh.

Tém lai, nghién cttu nay cho thdy cac md hinh dw bao dua trén hoc sau, khi duoc tdi uu
héa siéu tham s6 mot cach hé thong, khong chi mang y nghia vé mat ky thudt ma con déng vai
tro 1a cong cu hd trg phan tich quan trong trong quan tri dau tu va hoach dinh chinh sach tai
chinh hién dai. Khung tdi vu hoéa két hop PSO va GRU duoc dé xuat phtt hop véi xu thé ting

dung tri tué nhan tao va chuyén déi s6 trong linh vuc tai chinh tai Viét Nam.
6. Kétluan

Nghién ctru nay da dé xuat va danh gia hiéu qua cta viéc két hop cadc md hinh mang no-
ron hoi quy (LSTM, GRU va BiLSTM) véi giai thuat t6i wu bay dan hat (PSO) trong bai todn dw
bao gia déng ctra ¢S phiéu VCB. Bai toan duoc thiét 1ap dudi dang duw bdo chudi thoi gian don
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bién véi ky thuat ctra s6 truot 10—1, phit hop véi ddc diém dit liéu gia cd phidu hang ngay tai
thi treong Viét Nam.

K&t qua thuc nghiém cho thdy viéc t8i wu héa siéu tham s8 bang PSO gitp cai thién dang
ké dd chinh xac du bao cua tat ca cac md hinh duoc xét so véi cac cau hinh méac dinh. Trong s
d6, md hinh GRU sau khi t6i wu dat hiéu nang tot nhat, thé hién qua viéc giam sai s6 du bao va
gia tang hé sd xac dinh R? trén tap kiém tra. Diéu nay cho thdy vai trd quan trong cta viéc lua
chon siéu tham s phu hop trong viéc nang cao kha nang hoc va tdng quat hda ctia cac mo hinh
hoc sau.

Bén canh nhitng két qua dat duoc, nghién ctru cling ton tai mot sd han ché. Cu thé, thuc
nghiém chi duoc tién hanh trén mot ma cd phi€u von héa 16n véi mie d6 bién dong trwong ddi
on dinh, va bai toan du bdo méi dung & khung ngén han mot budc trede. Do d6, cac hudng
nghién ctru tiép theo ¢ thé mo rong sang nhom cd phiéu von hda vira va nhd, xem xét dw bao
da budc, ciing nhu tich hop thém céc bién dau vao hodc phuong phép ti wu nang cao nham
danh gia sdu hon tinh tong quat ctia khung phwong phap dé xuat.

Tém lai, nghién cttu cung cap béng chiing thuc nghiém cho thdy viéc két hop cac mo
hinh hoc sau véi t6i wu hoa siéu tham s la mét hudng ti€p can hiéu qua trong dw bao gia c6
phiéu, dong thoi gép phan lam giau thém cac nghién cttu tng dung tri tué nhan tao trong linh
vuec tai chinh tai Viét Nam.
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