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1
MO PAU

Thi truong chimg khoan 13 mét trong nhitng linh vuc 16n dugc cac nha dau tu quan
tam, du doan xu hudéng gia co phiéu trén thi truong ching khoan ludn 1 chii dé nong,
mot bai todn khong dé dbi véi cac nha nghién ctiu ¢ ca linh vuc tai chinh va k§ thuat.
D3i c6 nhiéu bai bao nghién ctru vé chu dé véi dir lidu ¢ phiéu & nhimng thi truong voi
nén kinh té 16n nhu My, Anh, Trung Qudc. Nhitng nim gan day, thi trudng chimg khoan
Viét Nam bung nd véi s6 tai khoan mé méi va vé ca khdi luong giao dich. Pac biét
trong bdi canh nén kinh té nudc nha dang khong ngimg phat trién va trién vong nang
hang ctia thi truong, qua d6 thu hat thém nhiéu sy quan tdm ddi véi thi truong ching
khoan va dic biét 1 c6 phiéu. Do d6, d& 4n mong mudn déng gép mot phan nhod vao
hudng nghién ctru nay.

Dé an tap trung nghién ciru vé madi lién hé giita gia co phiéu trong tuong lai véi
nhing chi bao k¥ thuat ctia c6 phiéu do6 thoi diém hién tai va qua khir. Str dung k¥ thuat
hoc sau nhu RNN, LSTM. Qua d6, x4c dinh mdi lién quan, mirc d¢ lién quan giita gia
o phiéu va cac chi bao k¥ thuat va su phit hop ctia cac md hinh hoc sau d6i voi bai toan
du dodn gia c6 phiéu trén thi trudng ching khoan Viét Nam.

Pé 4n gdm ba chuong:

e Chuong 1: Bai toan phan tich gia co phiéu

Trong chuwong niy, dé an s& trinh bay bai toan phan tich xu hudng gia co phiéu, giéi
thi€u cac chi bdo ky thuat va xem xét cac nghién ctru di trude cua bai toan phan tich xu
huéng gia cd phiéu. Cac chuong tiép theo s& di siu vao cac khia canh co so 1y thuyét, ki
thuat va thuc nghiém cua gidi phap, vdi muc dich dua ra mdt cach tiép can hiéu qua cho
van dé.

e Chuong 2: Gi6i thiéu cac mo hinh hgc sau cho bai toan

Chuong niy s& cung cip mot cai nhin tong quan toan dién vé cac k¥ thuat hoc sau
dugc sir dung trong dé an. Phan dau sé gidi thiéu tong quan vé RNN, mang noron nhan
tao chuyén xtr Iy cho dit liéu dang chudi thoi gian. Sau d6, dé an sé& tim hiéu vé kién trac
ciia mang noron LSTM, 14 sy cai tién tir mang noron RNN, giai quyét van dé bién méat
va bung nd do doc (gradients). Chuong tiép theo s& di siu vao viéc trién khai va danh
gia giai phap ndy, bao gdm ca viéc t6i wu mo hinh dé giai quyét nhiing thach thirc cy thé
trong qua trinh nghién ctru ctia dé an.

e Chuwong 3: Thuc nghiém va danh gia

Chuong nay dé an trinh bay khung thir nghiém cho giai phép, tir thu thap dit liéu c6
phiéu Viét Nam, tién xtr 1y va chudn hoa dir liéu sau d6 13 dua vao huin luyén cac mo
hinh d trinh bay & Chuong 2. Sau d6 1a danh gia, thir nghiém so sanh céac bién thé cia

mo hinh. Két qua cho thay tinh hiéu qua cua viéc tng dung cac k¥ thuat hoc siu trong
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viéc du bao xu hudng gia cd phiéu co sir dung thém ca cac chi bao k¥ thuat. Nhimg phat
hién nay khong chi khing dinh phuong phap dé xuit ma con mo ra hudng nghién ciru

trong twong lai vé bai toan du bao xu huéng gia cd phiéu.

CHUONG 1: BAI TOAN PHAN TiCH GIA CO PHIEU
1.1 Giéi thi¢u bai toan

Bai toan phan tich gia ¢ phiéu néi chung c6 hai cach tiép can phd bién d6 1a phan
tich co ban va phan tich k§ thuat. Phan tich co ban doi hoi rat nhidu hiéu biét vé linh
vuc tai chinh va xa hdi va dac thu cua tung doanh nghi¢p. Trong khi d6, phan tich k¥
thuat thi rt truc quan va khong phu thudc vao dic thu cua timg doanh nghiép. Nhiing
nha dau tu dai han s& tip trung nhiéu vao phan tich co ban dé dua ra quyét dinh con
phan tich k¥ thuat dugc nhitng nha dau tu ngin han wu tién st dung.

Phan tich k¥ thuat 1a viéc sir dung dit liéu giao dich trong qua khir dé du doan bién
dong gia trong twong lai. Dya trén tdm 1y thi trudng, kinh té hoc hanh vi va phan tich
dinh luong, phan tich k¥ thuat huéng dén muc tiéu st dung hiéu suat trong qua khr dé
du doan xu hudng cua cb phiéu trong tuwong lai. Hai hinh thirc phén tich k§ thuét phd
bién nhét 12 cac mau biéu dd va cac chi bao ky thuat mang tinh chat théng ké.

O mot khia canh khéc, cac k¥ thuat hoc sau hoat dong theo nguyén tac trich xudt cac
dac trung tur dir li¢u tho béng cach su dung cac noron dé x4c dinh céac khia canh khac
nhau c6 lién quan dén dir liéu dau vao qua d6 du doan dau ra [18]. Qua déy, dit ra bai
toan vé mdi lién hé gitta nhitng chi bao k¥ thuat va kha ning timg dung vao viéc hd tro
trich xuat ddc trung cho cdc mé hinh hoc sau, qua d6 nang cao kha ning dy doan gia cd
phiéu cia md hinh. Do d6, dé an s& tap trung vao bai toan phan tich gia c6 phiéu dua
vao viéc su dung cac chi bao k¥ thuat va cdc md hinh hoc sau dé xac dinh gia dong ctra
cta cb phiéu.

Phat biéu bai toan:
Goi:
e Gia cb phiéu tai thoi diém t 13 p,
o Gia co phiéu dugc dy doan tai thoi diém t+1 13 p,.,

e Ma tran cua céac chi bao k¥ thuat:



B 1, (1) TL(?) TIu(®) N
X,=| TIt1) TL#-1) .. Tly(t-1)
TI,(t-M) TLt-M) ... Tly(t-M)

X, 13 ma tran kich thudc M*N voi N dai dién cho s6 luong chi bao k¥ thudt va M+1
1a s6 ngdy quan sat trong qué kh.

Muc tiéu la tim mot ham dy doén f{(-) sao cho:

Pt = X))
V61 ham muc tiéu la:
min (P - Bar)
f

D3 c6 nhiéu nghién ciru vé bai toan phan tich gia c¢6 phiéu sir dung cac ky thuat hoc
may khac nhau. Mdt ) ky thuat ti€u biéu duoc st dung nhu mo6 hinh théng ké ARIMA,
mod hinh hoc may nhu SVM, RF va trong dé c¢6 ca cac mo hinh hoc sau hién dai nhu
RNN, LSTM.
1.1.1 Gidi thigu vé cdc yéu té ky thudt

Chi bao k¥ thuat 1a cac phép tinh toan hoc duge sir dung dé phan tich dir liéu vé gia,
khoi lugng giao dich. Muc dich chung cua viéc sir dung céc chi bao nay la dé du doan
xu hudng gia, xac dinh cac diém mua ban tiém ning va danh gia rui ro trong giao dich.
1.1.1.1 Nhom chi bao vé xu huéng
1.1.1.2 Nhom chi bao vé bién dong
1.1.1.3 Nhom chi bao vé dao dong
1.1.1.4 Nhom chi bao vé khdi lugng
1.2 Céc nghién ciru lién quan

Nhitng nam gan day, sy phat trién ctia cac mo hinh hoc sau di giup viée giai quyét
cc bai toan vé dir licu dang chudi thoi gian hiéu qua hon rd rét, dic biét 1a viéc tng
dung cua mang noron hoi quy RNN va cac bién thé.
1.2.1 Cac nghién cvuru trong nwdc lién quan

M&b hinh hoc siu két hop sir dung LSTM-GRU

Trong nghién ctiu duoc cong bd vao nam 2024, Tran Pang Tuyén da thuc hién sir

dung cac bién thé ciia mé hinh mang noron hdi quy tiéu biéu nhu LSTM va GRU va ca
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dang phtric hop ctia chung. Nghién ctru cho thiy viéc st dung cic bién thé mé hinh
mang noron hdi quy nhu LSTM, GRU va céac két hop ciia chung cho hiéu qua tét, hia
hen nhitng nghién ctru vé tmg dung ctia cac mo hinh mang noron hdi quy vé6i nhiing két
qua t6t hon nita trong twong lai [5].

1.2.2 Cdc nghién citu Quéc té lién quan

Bai toan phan tich gia ¢ phiéu thu hut dugc rat nhiéu sy quan tdm cua gidi nghién
cuu Quéc té, do do céc ky thuat hién dai nhét déu dugce cac nha nghién ctru thir nghiém
va ap dung.

Trong nghién ctru cong bd nam 2024, Kui Fu va Yanbin Zhang dé xuat mot mé hinh
du doan gia c6 phiéu két hop gitra dir liéu tdm 1y thi trudng va dir liéu gia tir nhiéu
ngudn. Tam 1y thi truong duge mo hinh BERT phan tich tir dif liéu tin tirc va nhimng
binh luan tryc tuyén cua cac nha dau tu. Pong thoi, két hop chi bao ky thuat dé xay
dung mé hinh dy doan thong qua bién thé cia LSTM véi co ché chu y. Két qua thuc
nghiém cho thay viéc két hop tam 1y thi truong cai thién d6 chinh xac cia du doan &
murc do 1on. M6 hinh chirng minh tinh manh mé€ va khai quat trong céc tap dir li¢u thuc
nghié¢m [10].

1.3 Két luin chwong

Chuong nay tao tién dé cho dé an bang cach gi6i thiéu bai toan phan tich gia cb
phiéu, trong phan 1.2, d& an di sau vao bdi canh nghién ciru cia bai toan & ca trong va
ngoai nudc. Chuong tiép theo dé an sé trinh bay khung co s& 1y thuyét ciia cac thanh

phan trong giai phap duoc dé xuat.

CHUONG 2: GIOI THIEU CAC MO HINH HQC SAU CHO BAI TOAN
2.1 Gi6i thiéu md hinh RNN
2.1.1 Kién tritc ciia mé hinh RNN

QOutput O Output O,
bW Wi } ——————
Hidden Layer H Hidden Layer H,
Wi
b W wa 4
Input X Input X,

TFeedforward Neural Network Recurrent Neural Network

Hinh 2.1 Kién tric cia mang FFNN va RNN [20]

Trong d6 cong thirc xac dinh gia tri cua mé hinh RNN:



H = q)h(Xthh tH_ W, * bh) (1)
5 [20]
Ot - q)o(HtWho + bo) ( )
Trong d6 cong thurc xac dinh gié tri cua mé hinh FFNN:
H = cl)h(Xth + bh) 3)
4 [20]
0= cl)O(HWhO + bo) 4)
Véi:
X E 1a gia tri dau vao tuong Gmg véi thoi gian t
H : 1a gia tri trang thai an twong Gng véi thoi gian t
Ot: 1a gi4 tri dAu ra mg véi thoi gian t
th: ma tran tham sé cia mé hinh Ung véi cac gia tri dau vao, dung dé tinh toan
gi4 tri cho trang thai an
Whh: ma tran tham sé ctia mo hinh ung vo1 cac gia tri trang thai an, dung dé tinh
toan gia trj cho trang thai an ké tiép
Whoz ma trin tham sd ctia mo hinh Gmg vé&i cc gid tri trang thai an, dung dé tinh
toan gia tri dau ra ctia mo hinh
b . bias ctia trang thai 4n
bo: bias cia gid tri dau ra
(I)h va (1)0: 1a cac ham kich hoat, thudng 1a sigmoid, tanh hay ReLU d6i v6i mé
hinh RNN

Vi Ht hdi quy bao gébm Ht-1 va qué trinh ndy xay ra & moi budc thoi gian nén RNN
bao gém déu vét cua tit ca cac trang thai an trude Ht-1 ciing nhu chinh Ht-1. Néu chung
ta so sanh ky hiéu d6 cho RNN véi ky hiéu twong tw cho FFNN thi chiing ta c6 thé thay
rd su khac biét ¢ mé ta trudc d6. Trong phuong trinh (3), chung ta c¢6 thé thay tinh toan
cho bién an trong khi phuong trinh (4) hién thi bién dau ra [20].

M6 hinh RNN ¢6 nhiéu bién thé khac nhau, mot sb bién thé duoc biét dén rong rai
nhu 13 mang noron hdi quy hai chiéu (BRNN), mang noron hoi tiép véi nut c6 cong
(GRU) va mang bo nhé dai ngan han (LSTM).

2.1.2 Ung dung ciia mé hinh RNN va cdc bién thé
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Céc bién thé cua RNN dugc st dung trong viéc du doan cac dir liéu dang chudi thoi
gian. Mot sd bai toan xur Iy van ban nhu 1a nhan dang giong néi, sinh vin ban, dich may.
Ngoai ra, cac bién thé cuia RNN con duge tng dung trong linh vyc tai chinh, cu thé 1a
du doan xu hudng gia clia c6 phiéu nhu trong dé 4n nghién ciru nay.

2.1.3 Mét s6 han ché ciia mé hinh RNN

Han ché 16n nhit ctia md hinh RNN 1a van dé do dbc bung nd hodc bién mat.

Do kién trac dic thu, di liéu phai xt 1y tuan tu theo ting budc thoi gian, khéng thé
xtr Iy song song doi hoi strc manh tinh toan va thoi gian huin luyén moé hinh RNN va
cac bién thé.

Ngoai ra, ciing gidng nhu nhitng mé hinh hoc sau khac, voi nhiéu cong, 6 trang thai
va trang thai an khién viéc nim bt tryc quan cach thong tin duoc xur 1y qua mang la
mot van dé 16n, dan dén sy kho khin trong viée 1y giai mo hinh.

2.2 Gidi thiéu mo hinh LSTM
2.2.1 Kién tric ciia LSTM

Mang bo nhé dai ngén han LSTM, mdt mang no ron hdi quy dac bi¢t, duoc thiét ké
dé khic phuc nhitng han ché caa RNN truyén théng trong viéc nim bét cac phy thudc
dai han trong dir liéu chudi. Kién tric cia LSTM duoc thiét ké dé diéu chinh ludng

thong tin, cho phép né ghi nhd va quén thong tin trong nhiéu budc thdi gian mot cach

hiéu qua.
C-1 y ell State e C
R
AT 7 /I: :
S [[EER e it ~ 1 | tanh I
|/ Forget|Gate ' : s \ | :
| : I @ : |
| | | : T |
: ft : : lt Ct : : Ot :
| ]
o |Lsie ), | sig | (tanh f| [ sig | |,
h : A | A A : | T : h
1) | X b R,
\\ i* | I\ ______ ,l I Output GateJ'/
X LSTM CELL
Hinh 2.2 Kién tric cia LSTM [23]
Céc thanh phan cia LSTM:

Cong quén (Forget Gate): Cong quén quyét dinh thong tin ndo can chi ¥ va thong
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tin ndo c6 thé bo qua. Thong tin tir dau vao hién tai X(t) va trang thai an h(t-1) duogc
truyén qua ham sigmoid. Sigmoid tao ra cac gia tri gitta 0 va 1. N6 két ludn xem phan
dau ra cii c6 can thiét hay khong (bang cach dua dau ra gan hon véi 1).

Cong dau vao (Input Gate): Xac dinh mirc d6 thong tin mai s& duge cap nhat vao
6 trang thai. Thong tin tir diu vao hién tai X(t) va trang thai an h(t-1) duoc truyén qua
ham sigmoid va ham tanh, sau d6 chung dugc nhan véi nhau dé tao nén vector thong tin
cho 0 trang thai.

O trang thai (Cell State): diy 14 thanh phan quan trong nhat cia LSTM. Thay vi
chi luu trit thong tin ddu ra nhu RNN, LSTM luu trit thém thong tin trang thai, cho phép
thong tin duoc truyén di twong ddi khong thay doi néu can thiét, dam bao rang mang co
thé duy tri sy phu thudc lau dai. Trang thai 6 dugc cap nhat béng cac céng & mdi budc,
thém hodc b6t thong tin khi can.

Cong diu ra (Output Gate): Cong dau ra xac dinh gia tri cta trang thai an tiép
theo. Trang thai nay chira thong tin vé cac dau vao trudc d6. Str dung ham sigmoid dé
loc thong tin dau vao hién tai X(t) va trang thai an h(t-1), st dung ham tanh dé loc thong
tin cta 0 trang thai. Ca hai du ra ndy déu dugc nhan voi nhau dé cho ra trang thai an.
2.2.2 Mét s6 han ché ciia LSTM

Tuy giai quyét duoc van dé do déc bién mat cia md hinh RNN, LSTM van con d6
van dé vé sitc manh tinh toan va thoi gian huan luyén mé hinh va sy khé khan trong
viéc ly gidi mo hinh.

M6 hinh LSTM rét linh hoat va c6 nhiéu tham s, gitp chung d& dang ghi nhé dir
liéu hudn luyén. Diéu nay c6 thé dan dén viéc qua khop [16].

Su 6n dinh cia cac mé hinh LSTM cling 1a mot van dé, dic biét la trong cac kién
tric nhiéu 16p [16].

Mo hinh LSTM bi anh hudng bai nhiéu siéu tham s6, chi mot thay doi nho & siéu
tham sb nay ciing c6 thé anh huong 16n dén d6 tot cia mo hinh [16].

2.3 Két luan chwong

Tém lai, chuong nay dd cung cdp mot cai nhin tong quan toan dién vé cac mo hinh
lam nén tang cho dé an nay. Bat dau bang viéc kham pha kién triic mo hinh RNN, kién
tric ndy dong vai trd nén tang. Tiép theo dé an tim hiéu sau vé kién trac cia mo hinh
LSTM, mét trong nhitng bién thé phd bién ctia RNN. Chuong tiép theo sé& di siu vao
viéc trién khai va danh gia viéc ing dung mo hinh, bao gdm cé cach tinh chinh céc siéu

tham sd dé giai quyét nhitng thach thirc cu thé trong bai toan phan tich gia ¢ phiéu.
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CHUONG 3: THUC NGHIEM VA PANH GIA
3.1 Thiét ké giai phap

Dé giai quyét bai toan phan tich gia c6 phiéu, giai phap duoc dua ra trong dé 4n s&
chia thanh 5 phan chinh:

Thu thap dir liéu: DT liéu duoc thu thap tr hai nguén. Dau tién 1a tir API cia
https://www.vndirect.com.vn/, dit liéu lich st giao dich cta timg ma c6 phiéu niém yét
trén thi truong ching khoan Viét Nam. Ngudén thir hai 1a tir trang
https://www.investing.com/, dit li¢u vé chi s VNIndex duge tai truc tiép va két qua la
mot t&€p dir liéu dang CSV duy nhéat.

Trich xuét cic chi bao ky thuat: Phan nay di vao viéc ldy dir liéu thd duogc luu trix
trong co so dit li€u, trich xuét cac chi bao ky thuat roi sau d6 xuét dit liéu do ra dang tép
CSYV, thuan loi cho viéc xtr 1y dir liéu va xay dung mo hinh & cac budce sau.

Xac dinh d§ quan trong ciaa cac chi bao: Sau khi da c6 t€p CSV chura thong tin
giao dich cung véi cac chi bao k¥ thuat, phan nay di vao viéc xac dinh d6 quan trong
ctia cac chi bao véi kich thude cira s6 14 20. Budc nay sir dung hai phuong phap dé xép
hang dac trung la RF va MI.

X4y dung md hinh dw bao gia ¢6 phiéu: Budc nay thuc hién viée xay dung mo
hinh hoc sau str dung thu vién TensorFlow, scikit-learn, scikeras vdi 3 bo dit liéu dau
vao tuong ung véi sd luong chi bao ki thuat s dung 13 mot, bén va mudi chi bao. Bude
thoi gian dugc st dung trong dé 4n 1a 20, ndi cach khéc 1a s& dung dit liéu lich st caa 20
ngay trude d6 dé du doan. Cac mé hinh duge thir nghiém 1a mé hinh RNN ¢6 mét 16p
RNN, m6 hinh RNN ¢6 hai 16p RNN, m6 hinh LSTM ¢6 mot 16p LSTM va mo6 hinh
LSTM c¢6 hai 16p LSTM. Céc tham sé duoc t6i wu bang phuong phép tim kiém ludi
nhim di tim mo hinh vi b tham s6 t6i wu gitp viée danh gia khach quan cac mé hinh.

Panh gia: Sau khi c6 duoc két qua du doan gia co phiéu cua cac mo hinh, viéc danh
gia s€ duogc dua trén ba do do 1a MSE, MAE, RMSE, qua do6 phan tich, so sanh vé do tot

cua cac mo hinh, danh gia hi¢u qua va han ché cia mo6i mé hinh.



Hinh 3.1 Chi s6 VN Index

Bang 3.1 Thong tin chung ciia chi s6 VNIndex

coun | mea min max

t n std | min | 25% |50% | 75% | max | date date
781.1307.2(336.7(506.5 1005. 11528.12010-0 |2023-12

3493 | 27 & 3 3 1684.2] 97 57 1-04 -29
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¥

Sinh ra ba tap dir liéu voi lan
Irot 1,4, 10 chi bao ky thuat
quan trong nhat

DG ligu VNIndex théi ban dau|

Thuc hién trén ba

Trich xuat cac chi béo ky tap der ligu voi Chuén héa dir liéu béng
thuat lan luot 1,4, 10 MinMaxScaler

chi bao k§ thuat

quan trong nhat

v6i [an luot cac
bign thé cia RNN
vaLsST™
Xép hang chi bao Chia 80% dir liéu la tap hudn
theo RF va MI luyén, 20% I tap kiém tra
i @
GridsearchCV
Huén luyén mé hinh ——— > @
Du doan
H M8 hinh Banh gia mé hinh
rrrrrrrrrrrrrrrrrrr bén
MSE RMSE,MAE

M6 hinh t6i wu

[Danh gia cac mo hinh)
161 U clia tirng tap
dir ligu va bién thé

RNN, LSTM

Hinh 3.2 Lwu d6 quy trinh xir Iy ciia phwong phap dé xuit

Hinh 3.2 trén thé hién mot cach truc quan quy trinh cac budc thuc hién trong dé an,
v6i viée tap trung di bién thé mo hinh ciia RNN va LSTM tdi wu véi ting tap dit licu.
Phan tiép theo sé& di vao cu thé cac budc cta quy trinh nay.
3.1.1 Tinh todn cdc chi bao ky thudt

Nhu da gidi thiéu & chuong 1, cac chi bao ky thuat dugc phan loai thanh 4 nhom:
nhém chi bao vé xu huéng, nhém chi bao vé bién dong, nhom chi bao vé dong luong va
nhém chi bao vé khéi luong. Hién nay da c6 thu vién ho tro tinh toan cac chi bao nay
trong ngdn ngit 1ap trinh python. Do d6, viéc tinh toan s& sir dung thu vién hd tro. Phan
nay sé& giéi thiéu mot s6 chi bao ky thuat phd bién va cach tinh toan ching.
3.1.2 Xdy dung mo hinh danh gia do quan trong cua cdc chi bao

Sau khi d3 trich xudt cac chi bao ky thuat v6i sb luong tong cong 1a 90 chi bao.

14
A

Phan nay di vao thuc hién viéc xac dinh d6 quan trong cuia cac chi bao qua d6 giam sd
chiéu dir liéu, tap trung vao nhitng chiéu dir liéu quan trong.

Budc nay thuc hi¢n viéc st dung dit li€u cac chi bao k¥ thuat cua hai muoi ngay
lién trude (ki hidu tir t, t1, ..., t19) dé xac dinh d6 lién quan véi gia dong cira ctia ngay

t20. Qua do6 danh gia d6 quan trong cua cac chi bao.
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3.1.2.1 St dung thuat toan RF

Trong nghién ctru cia minh nam 2023 vé nhitng k¥ thuat trich chon va tong hop dic
trung cho bai toan gia c¢d phiéu ctia Htun va cong su, dd nghién ciru tong cong 208 bai
nghién ctru trong vong 12 nam (tir 2011-2022) da két ludn rang k¥ thuat hoc may duoc
st dung nhiéu nhat 1a RF va SVM [11].

Do d6, d& an str dung k¥ thuat hoc may RF dé danh gia do lién quan cta céc chi bao
ky thuat d6i véi gia tri dong cira ctia cd phiéu nhim loc bo nhitng chi bao ki thuat gay
nhiéu.

Feature Importance for RF to Predicting Adjusted Close (adclose_t20)

adlow_t19 others cr 119 adclose_t19 adhigh_t19 adopen_119 adhigh_t18 adclose 118 adlow_t18 adopen_118  trend_ichimoku_base_t4

Hinh 3.7 D§ quan trgng cia cac chi bao theo RF
3.1.2.1 Str dung diém MI
Khéng gidng nhu thuit toan RE, MI xac dinh mdi quan hé don bién, danh gia ting
dac trung mdt cach doc lap, qua do tranh viéc “cho diém” tap trung vao mot vai chi bao
quan trong, khién céac chi bao khac duogc “cho diém” thép, kho danh gid muac d§ quan
trong.

Mi Score to Adjusted Close (adclose_t20)

Hinh 3.8 D§ quan trgng cia cac chi bao theo MI
Qua qua trinh st dung hai phuong phap, ca hai cung c6 chung tap nhiing chi bao
quan trong nhét, nhung RF chi ¢6 5 chi bao c¢6 diém, cac chi bio sau d6 diém gan nhu
bang khong.

Dua trén két qua cua viéc danh gid do quan trong cua cac chi bdo, dé an s¢€ chia dir
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liéu thanh ba tap, tap cdé mot dac trung, tap co bon dic trung va tap su dung muoi dac
trung.

Vi tap c6 moét chi bao dang c6 hai iing cur nén dé 4n sé& thuc hién loai trir béng viéc
chay mo hinh don gidn trén cd hai tip, sau do chon ra chi b4o cho Kkét qua tdt hon. Hai
tap dac trung quan trong duoc xac dinh con lai 1a bon chi bao ky thuat co ban 1a gia mo
clra, gia cao nhét, gia thip nhat va gia dong cira va tip thir ba 1a mudi chi bao quan
trong nhat theo MI sau khi loai bo yéu t6 ngay.

3.2 Cai dat thir nghiém

D¢ 4n st dung phuong phap tim kiém ludi (GridsearchCV) dé di tim m hinh t6i
vu. Tuy nhién, phuong phap nay c6 dic diém 1a duyét hét tat ca nhimg t6 hop cia cac
siéu tham sb din dén sb luong 1an chay thir nghiém s& ting theo cap s nhan tuong tng
v6i s6 lugng gia tri thir nghiém cia siéu tham s6. Do d6, dé giam chi phi cho qua trinh
huin luyén, mdt sb siéu tham sb s& duoc xac dinh doc lap bé’mg mot mo hinh RNN don
gian va tp ditr liéu mét dac trung la gid dong ctra, qua do chon gia tri t6i wu. Cu thé dudi
day 1a khao sat chon gia tri t6i uu ddi véi siéu tham sd 13 kich thude cira s6 (window

size) trén tap kiém tra.

MAE by Data window size

20.0

17.5

15.0

12.5

10.0

7.5

5.0

2.5

0.0 10 20 30 40 50

Hinh 3.9 Diém MAE theo kich thudc cira s6
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MSE by Data window size
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Hinh 3.10 Diém MSE theo kich thwéc cira sb

RMSE by Data window size
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Hinh 3.11 Piém RMSE theo kich thwéc cira so

Nhu khdo sat & trén, kich thudc cira s6 c6 nhitng anh hudng dén do tot cuia mo
hinh, do d6 d& 4an chon gia tri kich thudc cira sé 1a 20, boi con s6 20 ciing twong duong
v6i s6 ngdy giao dich cta bdn tudn va xap xi s6 ngay giao dich trong mot thang.

Ngoai ra, dé an str dung m6 hinh mang no-ron véi kich thudc 6 nhé (batch size)
la 32. Ham relu dugc st dung lam ham kich hoat trong qué trinh dao tao mo hinh. St
dung MSE cho ham mét mat, va thuat todan Adam lam phuong phap tdi wu cac tham sb
cua mo hinh.

Tap c6 duy nhit mot dic trung dang c6 hai dé ctr 1a adlow (gid thdp nhét phién giao
dich) dua theo RF va adclose (gia dong ctra phién giao dich) theo MI. Do d6, dé an thuc
hién chay tim kiém t6i wu bang phwong phap tim kiém ludi (GridsearchCV) v6i mo
hinh RNN mét 16p trén ca hai tap dir liéu dé tim sé noron t6i uvu cho mdi tap dit liéu, sau
d6 danh gia két qua cua hai mo hinh.

Sau khi chay tim kiém téi wu, véi tap dir li€u su dung chi bao adclose, sb luong
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noron toi wu 14 128 va 64 dbi véi tap adlow. Dudi day 1a bang két qua danh gia hai mo
hinh v&i epoch 1a 100. V& dé giam tinh ngau nhién ciia mo hinh, dé 4n s& dénh gia cac
mo hinh bang diém trung binh ctia mudi mo hinh ¢ ciing bo siéu tham sb.

Bang 3.2 Bang danh gia d tot ciia mé hinh trén hai tap dir liéu

Piém danh gia (Tap huin
Chi béo luyén) Piém danh gia (Tap kiém tra)
ky thuat| MSE RMSE MAE MSE RMSE MAE
adclose 66.17 8.13 5.421 249.20 15.79 11.15
adlow 67.74 8.23 5.491 250.14 15.82 11.44
Adlow vs Adclose
0.0006 —— Train Loss (Adclose)
Validation Loss (Adclose)
0.0005 —— Train Loss (Adlow)
—— Validation Loss (Adlow)
0.0004 \
go.oooa N
\/\\/7\/
0.0002 WM\FV/\NW&/\ LU A
0.0001 -
0 20 - ;1077 — 60 7V‘7‘A;;J*:£~;¥vq;00

Epoch
Hinh 3.12 Biéu d6 ham mat mat ciia mo hinh

C6 thé thay hai mo hinh c6 diém danh gia kha tuong dong nhau, tuy nhién, mé hinh
st dung tap dir liéu véi gia dong cira 1am dic trung van tét hon du khong nhiéu. Do do,
tap s dung mot dac trung s€ 1a gid dong cura.

DPdi véi viée chon tap co bon dic trung tdt nhat va mudi dic trung tdt nhat thi hai
mo hinh danh gia c6 sy twong dong.

Bang 3.3 Danh sach cac dac trung wng véi cac tap dir liéu

S lugng
dac trung | Danh sach dac trung
1 adclose
4 adclose,others_cr,adlow,adhigh
10 Adclose,others cr,adlow,adhigh,adopen,trend ichi
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moku conv,

momentum kama,trend ema fast,volatility kcl,vol

atility kcc

3.2.1 Thir nghiém voi mé hinh RNN

Thir nghiém véi mo hinh RNN tir don gian c¢6 1 16p RNN sau d6 dén nhimg mé
hinh phire tap hon véi 2 16p RNN véi s6 nat khac nhau. Viée xac dinh s6 nat cho mdi
mo hinh s& duoc t6i wu bang phuong phap tim kiém luéi (GridsearchCV).

Pé 4n sir dung phuong phéap tim kiém ludi (GridsearchCV) s& sir dung s6 1an lap
n=5. V6i md hinh mét 16p, sé no ron trong ludi tim kiém 1a 32, 64, 128, 256 va 512 con
v6i md hinh hai 16p, s6 no ron trong ludi tim kiém 1a 32, 128 va 256. Trong khi do,
tham sb epoch trong lugi tim kiém 1a 50, 80 va 100.

3.2.1.1 Tinh chinh céc siéu tham sb ctia m6 hinh

RNN 1 layer (128) with 1 feature(s) 0.004 RNN 2 layer (32, 128) with 1 feature(s)

—— Train Loss —— Train Loss

Validation Loss Validation Loss
0.003 0.003'

0.004

#0.002 £0.002
s e
0.001 0.001

| —— =
0.000° ¢ 20 80 100 0000 ¢ 20

40 60 40 60
Epoch Epoch

Hinh 3.13 Biéu d6 ham mat mat ciia mé hinh RNN véi 1 dic trung
Duya vao hinh 3.10, ta c6 thé thay hai mo hinh c6 gia tri hAm mat mat hoi tu kha
nhanh ca trén tap dir liéu huan luyén va tap dir liéu kiém tra. Sau khoang 35-40 epoch

thi di ngang v6i bién do hep.

RNN 1 layer (128) and dropout with 1 feature 0.004 RNN 2 layer (32, 128) and dropout with 1 feature
—— Train Loss —— Train Loss

Validation Loss Validation Loss
0.003 0.003:

0.004

2 2
30 002 g 0.002

0.001 0.001.
e o Arane
60 80 100 0000 ¢ 20 40 60 80 100

0.000° ¢ 20 40
Epoch Epoch

Hinh 3.14 Biéu d6 him mat mat ciia mé hinh RNN 1 diic trung véi dropout=0.2
Duya vao hinh 3.11, viéc thém mdt 16p dropout vao sau 16p RNN vai ty 1€ 1a 20% da
khién cho viéc hoi tu ctia ham mét mat trén tap dir liéu huan luyén bi cham di. C6 thé
thdy 1a viéc st dung dropout ¢ ddy tuy lam giam su qua khép véi dit liéu hudn luyén
nhung ciing giam ca su 6n dinh cia mo hinh véi tap dir liéu kiém tra.
3.2.1.2 Thay d6i tap dir liéu dau vao

Budc nay ta s€ thuc hién viéc thay doi tap dir li€u dau vao, cu thé I1a tim ki€ém mo
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hinh t6i wu trén hai tap dir licu la tap voi bon dic trung va tap vo1 muoi dac trung da

duoc xdy dung. Dudi day 1a két qua cac mo hinh t6i wu thu dugc twong Gng véi cac tap

dir 1i¢
0.004 RNN 1 layer (256) with 4 feature(s) 0.004 RNN 2 layer (32, 256) with 4 feature(s)
—— Train Loss —— Train Loss
Validation Loss Validation Loss
0.003 0.003
20.002 20.002
S S
0.001 0.001
— C
0000 ¢ 20 40 60 80 100 0000 ¢ 20 40 60 80 100
Epoch Epoch
0.004 RNN 1 layer (128) with 10 feature(s) 0.004 RNN 2 layer (32, 32) with 10 feature(s)
—— Train Loss —— Train Loss
Validation Loss Validation Loss
0.003 0.003
20.002 20.002
S ki
0.001 0.001
[ (-
0000 ¢ 20 40 60 80 100 0000 ¢ 20 40 60 80 100
Epoch Epoch

Hinh 3.15 Biéu d6 ham mat mat ciia mé hinh RNN t6i wu trén tip véi 4 va 10
dac trung

Dua vao hinh 3.12, ta c6 thé thiy ca bon biéu dd kha twong dong. Cho thiy tuy la
khéac nhau vé bd dit liéu hay la $6 luong noron, thi su hdi tu trén tap dir li¢u huén luyén
va tap dir liéu kiém tra khong bi anh hudng nhiéu.
3.2.2 Thu nghiém véi moé hinh LSTM

Phéan nay s& di vao viéc thir nghiém véi md hinh LSTM tir don gian ¢6 1 16p LSTM
sau d6 dén nhitng mé hinh phtc tap hon véi 2 16p LSTM vdéi s6 nat khac nhau. Viée xac
dinh sb nat cho méi moé hinh s& dugc tdi wu bang phuong phap tim kiém ludi
(GridsearchCV) str dung sb 1an ldp n=5. Vi mé hinh mot 16p, sé no ron trong ludi tim
kiém 1a 32, 64, 128, 256 va 512 con véi mo hinh hai 16p, s6 no ron trong ludi tim kiém
1a 32, 128 va 256. Trong khi d6, tham sb epoch trong luéi tim kiém 1a 50, 80 va 100.
3.2.1.1 Tinh chinh cac siéu tham s ctia mo hinh

Sau qua trinh tim kiém tham sd tdi wu cho tap dir li¢u c6 mot dac trung, ddi véi mé
hinh c6 s6 16p LSTM 1a mét, sé noron t6i wu 1a 512. Bi v6i mo hinh c6 hai 16p LSTM,
s6 noron ti vu 13 cua mdi 16p 1a 256.

LSTM 1 layer (512) with 1 feature(s) LSTM 2 layer (256, 256) with 1 feature(s)

—— Train Loss —— Train Loss
Validation Loss Validation Loss

0.004 0.004

0.003
§0 002
0.001

0.000 4

20 40
Epoch

0.003:
§ 0.002
0.001

0.000°

20

40 60 80 100

Epoch

Hinh 3.16 Biéu d6 hAm mit mat ciia mé hinh LSTM véi 1 dic trung
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Duya vao hinh 3.13, ta c6 thé thay hai mo hinh c6 gia tri ham mat mat hoi tu kha
nhanh trén tap dir liéu huén luyén. Sau khoang 35-40 epoch, dudng mau xanh di ngang
v6i bién do hep kha gidng v6i mo hinh RNN. Pudng mau cam thé hién gia tri ham mét
mat trén tap dir liéu kiém tra hoi tu voi bién do kha 16n, thé hién sy kém on dinh so voi
mo hinh RNN.
3.2.1.2 Thay d6i tap dir liéu dau vao

Gidng nhu véi RNN, budc nay ta sé thuc hién viéc thay doi tap dit liéu dau vao, cu
thé 1a tim kiém mé hinh t6i wu trén hai tap dir liéu 1a tap vSi bdn dic trung va tap véi
mudi dic trung da duoc xay dung. Dudi day 1a két qua cac mo hinh t6i wu thu duoc

twong ung voi cac tap di liu.

LSTM 1 layer (512) with 4 feature(s) 0.004 LSTM 2 layer (128, 128) with 4 feature(s)

—— Train Loss —— Train Loss

Validation Loss Validation Loss
0.003 0.003:

0.004

§0 002 § 0.002

0.001 0.001. l¥
S

0000 ¢ 20 4 60 80 100 0000 ¢ 20

60 80 100

0 40
Epoch Epoch

LSTM 1 layer (512) with 10 feature(s) LSTM 2 layer (256, 256) with 10 feature(s)

—— Train Loss —— Train Loss

Validation Loss Validation Loss
0.003 0.003/

0.004 0.004

§0 002 § 0.002

0.001 0.001

0000 ¢ 20 40 60 80 100 0000 ¢ 20 40 60 80 100
Epoch Epoch

Hinh 3.17 Biéu d6 him mat mat ciia mé hinh RNN véi 4 va 10 diic trung

Duya vao hinh 3.14, ta c6 thé thay hai mo hinh c6 gia tri hAm mat mat hoi tu kha
nhanh trén tap dir liéu hudn luyén va kiém tra. D4i véi mé hinh c6 hai 16p LSTM, bién
d6 dao dong cua gid tri ham mat mat trén tap dir liéu kiém tra 16n hon 13 rét so v6i mo
hinh c¢6 mot 16p LSTM, va su hoi tu trén tap huin luyén ciing cham hon.
3.3 Danh gia

Phan nay di vao danh gid do tot cua tung loai mo hinh trén hai tap dir li€u 1a tap
huan luyén va tap kiém tra. Két qua thé hién & hinh bén duéi 14 khi cac mé hinh duogc
huan luyén véi siéu tham sé epoch=100.

Bang 3.4 Bang do d chinh xac trén tip huén luyén

S6 36 Piém d,énh gia (Tap
$é | tuong | lugng huan luyén)
Mb |S6 16p| lugng | tham | dac RMS

I4

hinh | 4n |noron| sé |trung [MSE |E MAE
RNN 128 | 16,76 1] 66.17| 8.13| 5.42

—
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9
67,07

1| 256 3 4| 65.81| 8.11| 5.41
17,92

1| 128 1 10| 66.22| 8.14| 5.47
(32, | 21,82

2| 128) 5 1| 69.69| 8.35| 5.60
(32, | 75,42

2| 256) 5 4| 65.77| 8.11| 5.47

(32,

2| 32) | 3,489 10| 77.01| 8.78| 5.93
1,053,

1| 512 185 1| 66.89| 8.18| 5.42
1,059,

1| 512 | 329 4| 68.76| 8.29| 5.51
1,071,

LST 1| 512 617| 10| 73.05| 8.55| 5.88
M (256, | 789,7

2| 256) 61 1| 66.87| 8.18| 5.46
(128, | 199.8

2| 128) 09 4| 67.58 8.22 5.50
(256, | 798.9

2| 256) 77 10| 70.94| 8.42| 5.63

Bang 3.5 Bang do d9 chinh xac trén tip kiém tra

36 | g |Piem danh gia (Tap
S6 | luong | luong ki€m tra)
S6 16p| lwong | tham | dic RMS

Model| 4n [noron| s6 |trung|[MSE| E |MAE
16,76 249.2

1 128 9 1 0 |15.79]11.15
67,07 241.6

RNN| 1 256 3 4 5 |15.55]11.15
17,92 243.0

1 128 1 10 7 |115.59]11.23
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(32, [21,82 256.6

2 | 128)| 5 1 5 116.02|11.26
(32, |75,42 2433

2 [256)| 5 4 3 [15.60]11.39
(32, 294.0

2 | 32) [3,489| 10 1 [17.15[12.13
1,053, 248.6

1 [ 512 ] 185 | 1 1 [15.77]11.31
1,059, 247.6

1 | 51232 | 4 1 [15.74]11.43
1,071, 292.9

IsT| 1 | 512617 | 10 0 |[17.11]13.36
M (256, | 789,7 288.4

2 |256) | 61 1 7 [16.98]12.78
(128, | 199,8 259.7

2 | 128) | 09 4 6 |[16.12]11.91
(256, | 798.,9 254.2

2 [256)| 77 | 10 5 115.95]|11.57

Dua vao bang danh gia trén, c6 thé thay cdc mé hinh c6 do tt kha twong dong, du
md hinh d6 c6 sb lugng tham sb tir vai nghin dén hon mot triéu tham sd hay tap dir li¢u
c6 mdt hay muoi dic trung. Dac biét 1a trén tap huin luyén, diém MSE, RMSE va MAE
ctia cic md hinh kha sat nhau. Diém danh gia trén tap dir licu huin luyén va tap dir liéu
kiém tra c6 khoang cach nhat dinh.

Nam 2024, Tran Pang Tuyén céng bd nghién ciru ciia minh vé viéc st dung mo
hinh phtrc hop LSTM-GRU dé dy béo chi sé6 VNIndex, tuy nhién c6 mét sé diém khéac
nhu tap dir liéu 13 tir ngay 14/7/2008 dén 14/7/2023 véi s6 quan sat 1a 3747 va chon kich
thude budc thoi gian 1a 50 [4]. Dudi day 1a két qua duoc Tran Ping Tuyén cong bd:

Bang 3.6 Bang do d chinh xéc trén tip huin luyén [4]

Thong sé LSTM(0:18:50) GRU(0:13:06) GRU-LSTM(0:14:21) LSTM-GRU(0:12:28)
r2_score 0,99794 0,99866 0,99833 0,99868
ev_score 0,99801 0,99867 0,99868 0,99869
Gamma Deviance 0,00024 0,00017 0,00021 0,00017
Poisson Deviance 0,13842 0,09588 0,11958 0,09361
MSE 93,70231 60,83519 76,14630 59,88852
RMSE 9,68000 7,79969 8,72618 7,73877

MAE 7,16149 5,47041 6,34235 5,37542
MAPE 0,01681 0,00946 0,01093 0,00926
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Bang 3.7 Bang do d9 chinh xac trén tip kiém tra [4]

Thong sé LSTM GRU GRU-LSTM LSTM-GRU
r2_score 0,98028 0,99052 0,98949 0,99108
ev_score 0,99064 0,99061 0,98960 0,99136
Gamma Deviance 0,00039 0,00019 0,00021 0,00018
Poisson Deviance 0,47032 0,23077 0,25072 0,21672
MSE 578,51989 278,18633 308,34858 261,68583
RMSE 24,05244 17,37117 17,55986 16,17671
MAE 20,57606 11,78603 12,81945 11,69156
MAPE 0,01681 0,00979 0,01050 0,00970
(a) (b) © (d)

Taining and validation loss Training and validation loss Training and validation loss X Training and validation loss

— Taining loss — Training loss

— validation loss 0,040 — Validation loss

Hinh 3.18 Biéu d6 so sanh ctia ham loss [4]

Ghi cht: (a) LSTM, (b) GRU, (¢) GRU-LSTM, (d) LSTM-GRU
Khi xét trén thang diém 1a MSE, RMSE va MAE, c¢6 thé thiy mo hinh phirc hop
LSTM-GRU ciia Tran Pang Tuyén cho diém s6 trén tap dir liéu kiém tra khd twong
déng v6i cac mo hinh duge thuc nghiém trong dé 4n, trong khi diém sb trén tap dir licu
huan luyén lai tt hon d6i chut, diéu nay thé hién sy qua khép cia mo hinh.
Duéi ddy 1a mot s6 hinh anh ing dung mé hinh dé an nghién ciru vao dy bao chi s6
VNIndex.

RNN 1 layer (256) with 4 feature(s)

|, — Train
.‘MW‘\ Test
1400 / Predict
i \
/|
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f f 1 J’ \‘W
1000 ﬂ | A ) H \W‘“ !
ey |
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o y
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Hinh 3.19 Xu hwéng gia ciia mé hinh RNN 1 16p trén toan b tap dir liéu
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RNN 1 layer (256) with 4 feature(s)

Test
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Hinh 3.20 Xu huéng gia ciia md hinh RNN 1 16p trén tap dir liéu kiém tra

RNN 1 layer (256) with 4 feature(s)

1160 \ —— Test

\| =1 Predict
1140 W
1120
1100
1080 |
1060

1040

1020
2023-10-01 2023-10-15 2023-11-01 2023-11-15 2023-12-01 2023-12-15 2024-01-01

Hinh 3.21 Xu hwéng gia ciia moé hinh RNN 1 16p trén mdt phan ciia tip dir liéu

3.4 Két luan chuong

Chuong nay d¢ an trinh bay giai phap va cac budc thuc nghiém, tir thu thap dir liéu
dén do ludong danh gia cac phién ban khac nhau ciia md hinh. Két qua cho thay tinh hiéu
qua ctia cac mo hinh hoc siu RNN va LSTM, trong viéc du bao gia co phiéu. Nhimng thir
nghiém nay khong chi khang dinh phuong phap dé xuat 1a ding huéng, ma con mé ra
nhiéu huéng nghién ctru trong twong lai vé dy bao gia cac co phiéu trén san chimg
khoan Viét Nam.
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KET LUAN

Bai toan dy bao gia c¢b phiéu noi chung va du bao gia cd phiéu trén thi truong ching
khoan Viét Nam noi riéng, 1a mot bai toan duoc nghién ctru tir lau bang nhiéu k¥ thuét
hoc méy khac nhau, va cé tinh thyc tién cao. D& an nay nham nghién ciru sir dung
nhimg kha ning ctia cac k¥ thuat hoc sau tién tién trong bai toan dy béo gia cb phiéu.
Véi viée tng dung cac chi bao k¥ thuat va ti vu mo hinh bang tim kiém ludi, dé an da
dat duoc mot sd két qua trong bai toan du bao gia c6 phiéu, ngoai ra ciing dbi mit voi
nhimg thach thirc vén c6 va mé ra con dudng nghién ctru trong tuong lai.

Mot trong nhimg dat duoc ctia dé an 13 trién khai thanh cong céc ki thuat hoc sau
RNN va LSTM vdi tap dit liéu sir dung cac chi bao k¥ thuat ciia ¢6 phiéu. M6 hinh da
dugc thiét ké va tinh chinh dé c6 duge nhiing du bao gia c6 phiéu cho két qua tot, gin
voi thue té.

Mot khia canh quan trong ctia dé 4n ndy 14 viéc tao ra cac mo hinh hoc sau don gian
chi sir dung tir mot dén hai 16p an, véi s6 lugng tham s6 khong 16n, nhung da cho két
qua an tuong. Pay 1a dong gop cho cong dong nghién ciru, cung cip nén tang cho cic
nghién ctru va phat trién mé hinh trong tuwong lai.

Pé 4n ciing gip phai nhitng thach thic, diac biét 1a diém yéu cta cac md hinh hoc
sdu noi chung, d6 1a van dé vé dir liéu. Viéc sb lugng dir ligu vé gia cb phiéu tai thi
truong Viét Nam, chi s6 VNIndex trong mudi ba nam, giai doan tir 01/01/2010 dén
31/12/2023, 1a hon 3400 dir li¢u, twong ung voi hon 3400 ngay giao dich, luong dir li¢u
khé han ché khi so sanh véi sd luong cac tham s6 ctia cac md hinh hoc siu. Viée cac md
hinh thtr nghiém cho két qua kha twong dong du vé6i nhimg tip dic trung khic nhau
cling dit ra bai toan vé danh gia mirc do quan trong cua cac dic trung trong viéc xay
dung mo6 hinh hi¢u qua.

Chi phi tinh toan lién quan dén cac mé hinh hoc sdu nhu RNN va LSTM ciing la
mot thach thuc 16n khac, dat ra nhitng gidi han ddi véi sb luong cac thir nghi€ém cua dé
an, trong khi cdc mé hinh hoc sau nay lai c6 thé tinh chinh, két hop rat nhiéu bién thé.

Trong twong lai d& an c6 thé tap trung vao viéc phat trién thém cac bién thé cia mo
hinh RNN va LSTM théng qua viéc thém sé 16p an, va st dung cac md hinh phirc hop
khac nhau va tim kiém nhitng phuong phap danh gid dic trung méi dé tim ra tap dic
trung t6t hon. Nhimg diéu ndy c6 thé ning cao hon nira chit luong du bao ctia mé hinh.

Ngoai viéc tip trung vao mdt chi sé 1a VNIndex, mo hinh c6 thé thtr nghiém trén
cac ma ¢ phiéu khac trén thi truong.

Tom lai, d& 4n nay da dong gép mot phan nho trong bai toan du bao gia co phiéu
trén thi truong chimg khoan Viét Nam, kiém chimg duoc kha ning tng dung cac mo

hinh hoc sau cho bai toan du bao gia c¢6 phiéu. Nhitng kho khin va van dé gip phai
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trong qua trinh nghién ctru di gitp mang lai nhitng hiéu biét quy gia trong bai toan dy

bao gia co phicu.
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