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ABSTRACT

The use of a machine learning algorithm in combination with the data on
cryptocurrency market price trends to make buying and selling decisions
is studied in this paper. We suggest that agents combined with data trends
should be used to make financial decisions instead of just using
reinforcement learning. The research question is to answer the problem
that can reinforcement learning (RL) win the financial market? RL that
makes market-based buying and selling decisions can win in terms of
profitability and limit risks? Results suggest that agents combined with
data trends should be used to make financial decisions instead of just
using reinforcement learning. Various financial indicators are applied
such as Maximum Drawdown, Annual Profit, and Accuracy. Analysis
results are conducted on two datasets of Bitcoin and Dogecoin, finding
that the RL based on the trendline has more advantages than the RL
without the trendline based on different performance indicators.

TOM TAT

Viéc ding thudt todn mdy hoc véi sie két hop dir liéu dwong xu huwéng gid
ciia thi trieong tién dién tir dé ra quyét dinh mua ban dwoc nghién ciru
trong bai viét. Thay vi chi sir dung mé hinh hoc tang cieong dé thiec thi
hanh dong trong méi trwong tai chinh, hoc tang cuwong két hop véi xu
hudmg dit liéu dé ra quyét dinh hanh déng. Nghién civu tra 16i cho cdu héi
dimg hoc tang cuong c6 thé chién thing dwoc thi truong tdi chinh hay
khéng? Hoc tiang cuong tir ra cdc quyét dinh mua ban dira trén thi truong
c6 mang lai loi nhudn cho nha dau tw, givip giam rii ro dau tw hay khong?
Két qua nghién civu cho thdy cdc tdc nhan dwoc két hop véi xu hwéng dir
liéu nén dwoc dimg dé ra quyét dinh tai chinh thay vi chi sir dung hoc ting
cwong. Cdc thude do tai chinh vé mike sut giam t6i da, loi nhudn hang
ndm, dg chinh xdc dwoc ding dé danh gia. Két qua phan tich dwoc thuce
hién trén hai tdp dir liéu la Dogecoin va Bitcoin chi ra thudt toan hoc tang
cwong dira trén dwong xu hwéng c6 wu diém hon so véi hoc ting cwong
khong theo dwong xu hwéng trong cdc khia canh sir dung chi s6 danh gid
hiéu nang khdc nhau.

224



Tap chi Khoa hoc Trirong Pai hoc Can Tho

1. GIOI THIEU

Trong linh vuc tri tué nhan tao (Artificial
Intelligence - AI) n6i chung va linh vuc hoc may néi
riéng (Machine Learning - ML), hoc tang cuong
(Reinforcement learning - RL) 1a nhiém vu hoc tu
dir liéu khong dugc gén nhin va myc tiéu cia no 1a
phan cum (Li, 2017). RL 1a mét ky thuat trong Al,
trong d6 cac tdic nhan (agent) twong tic véi moi
truong (environment) thong qua cac hanh dong
(action). Mot trang thai (state) duoc cung cip cho
moi treong va tac nhan chon mot hanh dong dya trén
trang thai d6 dé tdi da hoa phan thudng. Tac nhan
tim hiéu théng qua cac trang thai va hanh dong dé
t6i da hoa phan thuong cia né. RL tap trung vao viéc
lam thé nao dé mot tac nhan trong mot moi truong
¢6 thé hanh dong sao cho lay dugc phan thuong
nhiéu nhét cé thé. Hoc tang cudng khong ¢ cap dir
liéu co gan nhan trudce lam dau vao va ciing khong
c6 danh gia cac hanh dong 1a dung hay sai (Fischer,
2018).

Cong ngh¢ tai chinh con goi la cong nghé
Fintech dang phat trién nhanh. Muc tiéu cta Fintech
dia trén diém manh cua cong nghé dé cai tién cac
hanh dong trong linh vuc tai chinh (Mhlanga, 2020;
Yuan & Jing, 2018). Thoi gian gan day, cong nghé
Fintech dugc mong doi s€ lam thay dbi cach ra quyét
dinh lién quan dén cac linh vuc tai chinh nhu hoat
dong mua ban, hoat dong dau tu, quan ly rai ro, quan
1y danh myc dau tu, tw van tai chinh (Chopra &
Sharma, 2021). Van dé ra quyét dinh thi rat phuc tap
dé tim ra hanh dong bai vi tinh chit ngiu nhién va
thay dbi dot ngot caa dir liéu. Vi vay, xdy dung thuat
toan mua ban 1a quan trong va ciling la thach thuc
trong nén cong nghiép Fintech. Muc tiéu chinh cua
thuat toan mua ban la dé tra loi cau hoi cach nao
thiét ké mot thuat toan dua dua trén thuat toan Al dé
¢6 thé chién thing trong linh vuc tai chinh (Cao,
2020, 2021).

Thi trudng tai chinh bao gom céc loai giao dich
trén céc loai tai san nhu c6 phiéu, vang, tién dién tu,
tai san ¢d dinh... Muc dich cua thi truong 1a thyc
hién giao dich mua va ban nham tim kiém loi nhuan
(Jay et al., 2020). Dy doan gia tién dién tir 1a mot
thach thuc cta linh vuc tai chinh boi vi sy thay ddi
gia cta nd phu thudc vao nhirng sy anh huong cua
tinh hinh kinh té, chinh tri trong nudc va ngoai nudc.
Diéu nay lam cho viéc du bao gia tré nén phurc tap.
Dy bao gia van con 1a mot thach thic 16n dbi voi
nhitng nha dau tu. Vi vy, n6 thu hut nghién cau tir
nhiéu linh vuc nghién ctru nhu k§ thuat tai chinh,
thdng ké va ca mo hinh hoc may. Nhimg nim gan
day, mo6 hinh méay hoc dugc nghién ciru va phat trién
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trén nhiéu &ng dung, véi cac md hinh thuat toan c6
thé giai quyét duoc mirc d6 phuc tap cua dit lidu
ngay cang cao (Culkin, 2017). Bat dau tir cac
phuong phap may hoc €6 dién nhu phuong phap hoi
quy tuyen tinh, hoi quy Ridge (Toai etal., 2022), cay
guyét dinh, rimg cdy ngiu nhién (Braham et al.,
2022), ARIMA (Toai et al., 2022). Dan dan, chc
phuong phép hoc siu dua ra cac két qua hiéu qua va
dy doan c6 do chinh xac cao hon so vdi cac phuong
phap may hoc cb dién (OECD, 2021). Nhiing k§
thuat du bao tai chinh thuong dugce chia lam hai
nhanh, phén tich ky thuat va phén tich co ban.
Phuong phép phén tich co ban dya trén cac yéu to
ctia nén kinh t& nhu céc bao céo tai chinh, 13 suat
ngan hang, mo hinh kinh doanh ciia cong ty, kinh té
vi mé anh hudng téi xu hudng cia thi truong tai
chinh. Phuong phap phén tich k¥ thuat dung cac chi
s6 dé tinh toan dic trung dir liéu ¢ qua khtr dé du
bao xu hudng tuong lai cua thi truong (Shah et.al,
2019; Singh & Khushi, 2021). Phuong phép phén
tich co ban ngay nay cling thudng st dung may hoc
dé dy doan hanh vi cua thi truong, giup nha dau tu
biét duoc thi trudng dang ting hay giam dé dua ra
chién Iuge mua ban. Yuxuan et al. (2021) da sir dung
mang noron, random forest, mang fuzzy dé phan
tich bao cdo tai chinh hang quy dé xac dinh cac yéu
t6 anh huong tich cuc hodc tiéu cuc téi xu huong.
Nhiéu nghién ctu st dung cac mé hinh may hoc
khac nhau dé dy doan xu hudng thi truong dua trén
dir liéu theo thoi gian qua khir dé biét dugc hanh vi
thi trudng trong tuong lai dé ra quyét dinh nham thu
loi nhuan cao nhat trong mot khoang thoi gian xac
dinh (Shahi et al., 2020; Tsung-Jung et al., 2021; Al-
Sulaiman, 2022). M6t vi du nhu chién lwoc mua ban
sir dung mang hoc sau DNN két hop phuong phéap
bién doi wavelet voi mang noron hoi quy (Tsung-
Jung et al., 2021), st dung mang LSTM (Shahi et
al., 2020) va nhiéu nghién ctru khac.

Tuy nhién, nhitng nghién ctru dya trén du bao xu
huéng dir liéu & trén gap kho khan. Cac phuong
phap may hoc nay chi xem xét dir li¢u qua khur véi
hanh vi dir liéu phi tuyén tinh, khong hon don cua
thi truong tai chinh, vi vay chiu dung van dé qua
khép (overfitting) khi dwa vao du bao gia tri thyc té
(Al-Sulaiman, 2022). Nhiéu nghién ctru sir dung cac
phuong phép k¥ thuat hoc sdu khac nhau dé tdi thiéu
héa cac van dé dy doan gia tai chinh nay
(Olorunnimbe & Viktor, 2022). Hon nira, viéc du
bao gia ciing kho dé dua chi phi giao dich vao dé
dura ra quyét dinh. Ngoai ra, phuong phéap phan tich
ky thuat ciing khong sir dung cac quyét dinh dwoc
thuc thi trudc d6 vao dé dy bao cho cac hanh dong
ké tiép (Kabbani & Ekrem 2022).
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Ky thuat hoc tang cudng dwoc ding dé vuot qua
cac kho khan tir mé hinh dy bao gia nay. O hoc ting
cuong, muc ti€u cua tac nhan khong dua trén cac
mau dit liéu qua viéc gén nhan ma cd gang thuc hign
cac hanh dong dé dat ham phan thuong I6n nhat qua
cac vong 1ap huan luyén. Nhiéu nha nghién ctu
cling dé& xuat thuat toan ding k¥ thuat hoc ting
cuong dé giai quyét vin dé mua ban nay. Deng et al.
(2017) da dua ra kién tric mo hinh mang hoc mo
(fuzzy network) dé ldy dic trung ky thuat dit liu
nham giam su khong chic chin cua dit liéu theo thoi
gian két hop véi hoc ting cuong dé du bao gia tai
chinh. Hoc tang cuong vaoi da tac nhan cung voi
phwong phap hoc tap hop dé chon ra hanh dong tbi
wu tir da tic nhan nay dé ra quyét dinh dau tu ma
khong can sir dung mé hinh dy bao ciing da dugc
nghién ctru (Carta et al., 2020; Yang et al., 2020).
Hai nha nghién ciru nay st dung thuat toan hoc tang
cuong sau (Deep RL) dé du bao thi truong tai chinh
(Cartaetal., 2020; Yang et al., 2020). Ca Q-learning
va deep Q learning la nhitng thuat toan cta hoc ting
cuong duoc st dung dé giai quyét van dé ma mot
tac nhan twong tac véi méi truong dé hoc mot nhiém
vu nao d6. Deep Q-learning bao gom Q-learning
cuing véi mang neuron hoc sau dé xap xi ham Q. Véi
c4c van dé 16n, bao gom khong gian trang thai phic
tap va nhiéu trang thai, mé hinh deep Q-learning cé
kha nang xu Iy hiéu qua ting dung nay. Q-learning
dung mot bang dé chira cac gia tri Q cho moi hanh
dong-trang thai twong ung. Q-learning thuong giai
quyét tot cac van dé véi khong gian trang thai nho.
Phuong phdp mua ban dya theo xu huéng véi sy
phan tich chi sé ky thuat cung két hop véi Q-
learning dé ra quyét dinh mua ban (Jagdish &
Manish, 2019).

Nghién ctru nay dé xuit mot phuong phap hoc
tang cudng cai tién dé du doan hanh dong trong giao
dich thi truong tién a0 nhim tang loi nhuan cho nha
dau tu. Quy trinh ra quyét dinh ciia Markov dugc 4p
dung bang cach két hop voi mé hinh dy doén xu
huéng dé hd trg mo hinh hoc ting cuong nham ra
quyét dinh hiéu qua hon, gitip giao dich thanh cong
va dat loi nhuin cao hon. Tai mot thoi diém, hé
thong s& dua ra quyét dinh chon hanh dong dé dat
duoc gia tri phan thuong 16n nhat. M6 hinh hoc ting
cuong két hop véi xu hudng gia trong dit lidu chudi
thoi gian duoc dé xuét dé dua ra cac hanh dong mua
hodc ban hoic gitr dé dat duoc loi nhuan cao nhat
cho nha déu tu.
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2. PHUONG PHAP NGHIEN CUU
2.1. Markov Decision Process — MDP

Quy trinh quyét dinh Markov 1a mot qué trinh
klem soat ngau nhién theo thoi gian roi rac. N6 cung
Cap mot khung toan hoc dé mo hinh hoa viéc dua ra
quyét dinh trong céac tinh huéng ma két qua 1a mot
phan ngiu nhién va mot phan nam dudi sy kiém soat
ctia nguoi dua ra quyét dinh.

MJi trang thai trong mot moi truong 1a hé qua
cua trang thai truée d6. Tuy nhién, viéc luu trir tat
ca cac thong tin ndy, ngay ca d6i voi moi truong cd
cac tap ngan, viéc nay trg nén khong dé dang va kha
thi. pé giai quyét van dé nay, gia dinh duoc dua ra
rang moi trang thai tudn theo mot thudc tinh
Markov, tic 12 mdi trang thai chi phu thudc vao
trang thai trudc va sy chuyén doi tir trang thai do
sang trang thai hién tai (Li, 2017).

MDP bao gom cac bién: S, A, P, R, v.

¢ S la mot tap hop cac trang thai, thuong la htu
han.

e Ala mdt tap hop cac hanh dong, thuong la
httu han.

OP(SS a)—P(st+1—s|st—sat—a) la
ham chuyén trang thai, mé ta xac suét dé chuyén tur
trang thai hién tai sang trang thai mai v6i hanh dong
at.

* R(s,s',a)€ R 12 phan thuéng nhan duoc ngay
lap tirc sau khi chuyen tir trang thai s den trang thai
s’, tiép v4i hanh dong a.

e y € [0,1] dwoc goi 1a hé sb chiét khau va xac
dinh viéc tap trung vao phan thudng.

Chinh sach 7 1a mot ham c6 tinh x4c sudt : S —
A

Moi truong st dung 1a méi trudng ngau nhién.
Hé s6 chiét khau cho phép danh gia ham phan
thuong. Tac nhan s& hoat dong tét néu chon hanh
dong t6i da hoa dwoc ham phan thuéng trong twrong
lai & cac budc tiép theo. Phan thudng trong tuong
lai duoc tinh bang cong thirc (1) nhu sau. O déy r; 1a
phan thuong tai thoi diém t, ryla phan thuong tai thoi
diémn.

Ri=r1+yrg ++y"in 1)
=1+ YR
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Ham V hay con dugc goi la ham gia tri trang thai,
thé hién muic do tot nhat cua trang thai khi chuyén
sang mot trang thai khac. Ham V phu thudc vao
trang thai s hién tai va tuan theo chinh sach &t ma tac
nhan tuan theo, dugc dua ra bdi cong thuc (2).

V.(s) = E(Zytrt>,‘v’s €S

t=0

)

Chung ta c6 thé suy ra ham gia tri trang thai toi
wu o gia tri cao nhat cho tat ca cac trang thai (3).
V.(s) = max V.(s)vs € S 3)
Tac nhan khong thé tryc tiép kiém soat duoc
trang thai khi n6 két thic, tac nhan co thé tac dong
bang cach chon mot s6 hanh dong a. Ham Q 1a ham
gia tri hanh dong, thé hién chat luong caa mot hanh
dong nhat dinh cho mot trang thai, s& tra vé tong
phan thuong mong doi bat dau tir trang thai s, lay
hanh dong a va tuan theo chinh sach &, dugc ky hiéu
1a Qz(s, a). Tuong ty ham V, chung ta co thé xac
dinh dugc ham Q t6i wu Q. (s, @) mang lai tong phan
thuong duy Kién ti wu cho tic nhan bat dau tir trang
thai s cung v6i hanh dong a. Méi lién hé giira ham
V, t6i uu va ham Q. t6i vu duoc thé hién trong cong
thac (4) nhu sau :
V.(s) = max Q.(s,a) Vs € S (@)
Tuce 13, tong phan thuong dy kién t6i da co thé
dat dwoc khi bit ddu ¢ trang thai s 1a gia tri I6n nhat
cua Q. (s, a) trén toan bo cac hanh dong co thé xay
ra. St dung ham Q, tdi wu, ching ta co thé suy ra
chinh sach t6i vu 7, bang cach chon hanh dong a
mang lai phan thuong téi da Q. (s, @) ¢ trang thai s
trong cong thuc (5) (Li, 2017).
w,(s) = arg max Q.(s,a) Vs € S (5)
Chung ta dd xac dinh duoc méi lién 18 giita tat
Ca cac trang thai va cap trang thai va hanh dong. Bay
gi0, néu ta xac dinh méi lién hé gitra ham V, va Q.,
ching ta c6 thé xay dung mot tac nhan tuong tac vi
mdi truong.
2.2. Thuit toan hec véi Q- LEARNING

Qua trinh ra quyét dinh Markov mé hinh hoa van
dé ra chudi quyét dinh. Pic trung quan trong nhat
ciia MDP 1a sy chuyén trang thdi va ham phan
thuong chi phu thudce vao trang thai hién tai va hanh
dong duoc thyc hién. M6 hinh MDP bao gém ham
phan thuéng R va ham chuyén trang thai P. Trong
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treong hop hai ham nay dugc xac dinh cho trang thai
ké tiép voi hanh dong tuong timg, MDP dugc thyc
thi nhu mot phuong phap 1ap trinh dong. Tuy nhién,
trong hau hét truong hop ham P va R khong thé du
doan mot cach chinh xac. Khi do Q-learning 1a mot
thuat toan dugc ding dé giai quyét van dé cua MDP
v6i ham phan thuong va ham chuyén trang thai. Y
tuong chinh cua Q-learning 1a dé kham phé ra cac
cip hanh dong-trang thai va wdc luong ham phan
thudng nhan dugc béi ap dung mét hanh dong trong
mot trang thai.

Q-learning la mot thuat toan hoc tang cuong
khong chinh sach. Q-learning hoc tir cac hanh déng
duoc thyc hién ngau nhién duya trén bang Q, Q-table.
Bang Q-table 1a mot bang tra ciru don gian, noi phan
thuong du kién téi da dugc tinh toan trong twong lai
cho mét hanh dong ¢ mdi trang thai. V& co ban,
bang nay sé huéng din ching ta quyét dinh hanh
dong t6t nhat & mdi trang thai. Mdi diém Q-table s&
tao ra phan thuong du kién t6i da trong tuong lai s&
nhan dugc khi thuc hién hanh déng ¢ trang thai
d6. Pay 1a mot qua trinh lap di 13p lai, vi ta can cai
thién bang Q-table & mdi lan 13p lai.

Pé tim hiéu timg gia trj cua Q-table, ta s
dung thuat toan Q-learning. M6 hinh Q-learning
thay vi dua trén gia trj cac trang thai ciia ham V(s)
dé dua ra quyét dinh vé hanh dong, Q-learning tap
trung vao viéc danh gia chét lugng cua hanh dong
dugc phat trién tir ham gia tri hanh dong.

C6 mdt qua trinh 1ap di 1ap lai dé cap nhat cac
gia tri. Khi bit ddu, ham Q cung cap cho chung ta
cac gia tri gan dang hon va t6t hon bang cach lién
tuc cap nhat cac gia tri Q trong bang.

Khoi tao Q-table
v

Chon mot hanh dong

v
Thuyec thi hanh dong
Ham phan thwéng thu
duoc

v

Cap nhat Q-table

—

Hinh 1. Quy trinh giai thuit cia Q-learning.
Sau nhieu 1an 13p lai, ching ta thu dwgc Q-table
toi wu (Li, 2017)

Quy trinh cua Q-learning thé hién trong Hinh 1
bao gom cac budc: Budc 1 1a khoi tao Q-table. Pau
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tién, bang Q-table dwoc xdy dung, bao gém n cot,
trong d6 n 1a s6 hanh dong. Trong nghién ctru nay
n=3, v&i ba hanh déng ag=mua, a;=ban va az=giir. m
1a s6 hang, trong d6 m 1a s6 trang thai. Ching ta s&
khai tao cac gia tri trong bang Q-table ban dau bang
0 dugc minh hoa qua Bang 1.

Bang 1. Gia tri khéi tao ciia Q-table (Li, 2017)

ction a
State 0

ai az
So Q(so, @)  Q(so,a1)  Q(So, a2)
S1 Q(si, @)  Q(sy,a1)  Q(s1, &)
S

Q(s2,a0)  Q(sz,a1)  Q(S2, @)

Budc 2 va 3 dung dé chon va thyc hién mot hanh
dong. Mo hinh s€ chon mét hanh dong tai mot trang
thai dua trén Q-table va thuc hién nd. Tuy nhién, tai
thoi diém ban dau, moi gid tri Q déu bang 0. Chung
ta s& st dung ky thuat epsilon greedy dé tim céc gia
tri Q nay. Trong thoi gian dau, epsilon s& cao hon
ham ngau nhién random, ham nay c6 chiic ning
gieo ngau nhién céc gia tri trong khoang tir 0 dén 1.
Mo hinh sé& lya chon ngau nhién mdt trong cac hanh
dong dé kham pha méi truong. Khi thuc hién nhiéu
Ian, epsilon giam dan, dén muc gia tri nhét dinh, khi
d6 ham random s€ cho ra gia tri cao hon. Khi do,
mo hinh s& chon hanh dong c6 gi tri Q cao nhit theo
tirng trang thai, dong thoi day 14 lac ma bang Q-table
dan 6n dinh va chinh xac hon.

Budc 4 va 5 dung dé danh gia két qua. Bay gio
md hinh da thyc hién xong mot hanh dong, budc tiép
theo s& 1a quan sat két qua va phan thuong. Chung
ta c6 thé biéu dién Q (s, a) mot cach dé quy theo gia
tri cua trang thai s’ tiép theo theo cong thuc (6).

Q(s,a) = r(s,a) + ymaxQ (s',a’) Q)

Phuong trinh (6) duoc goi ld phuong trinh
Bellman, thé hién phan thuong tdi da trong tuong lai
ma tac nhan nhan dugc khi ¢ trang thai hién tai cong
v6i phan thuéng téi da trong twong lai cho trang thai
s’ tiép theo.

Muc tiéu chinh cua viéc hoc Q-learning la ching
ta lap di lap lai dé tiém can téi ham Q, ding phuong
trinh Bellman trén. Phuong trinh cia ham Q-
learning dugc cho bai cong thire (7):

New Q(s,a) =

Q(s,a) + a[r(s’,a) + y maxQ'(s’,a")
— Q(s,a)]

()
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Trong do6: New Q(s, a): Gia tri Q mdi cho trang
thai va hanh dong vura thuc hién.

o : 1a téc do hoc (Learning rate).

r(s’,a): Phan thuong dat dugc khi thuc hién
hanh dong a tai trang thai s’.

Q(s,a): Gia tri Q hién tai.

maxQ'(s’, a’) 1 phan thuéng mong doi lon nhét
V@i tat ca cac hanh dong kha thi trong trang thai s’
moi.

M hinh s I3p lai diéu nay nhiéu lan cho dén khi
qué trinh hoc dugc dung lai. Bang cach nay, Q-table
s€ dugc t6i wu. Sau khi tac nhan kham pha cang
nhiéu vé moi truong, gia tri Q xap xi hoi tu vé Q..

2.3. Giao dich dua theo xu hwong dir lidu

Xu huéng dir liéu 1a mot chién luoc giao dich,
trong d6 cac quyét dinh giao dich nhu mua va ban
dugc thuc hién theo xu hudng gia trong thi truong
tai chinh. Xu hudng dir liéu khong thyuc hién viéc du
doan gia, xu huéng di liéu chi xac dinh xu hudng
thi truong va dong luong hién tai cua thi truong. Khi
mo hinh RL giao dich dya trén xac dinh xu hudng,
céc giao dich duoc thuc hién theo chién luoc xac
dinh trudc. Boi theo dbi lién tuc xu hudng dir liéu,
néu cé su thay déi vé xu hudng dir liéu, mé hinh
thuc hién hoan ddi vi tri giao dich tir hanh dong mua
sang hanh dong ban hoac nguoc lai tr hanh dong
ban sang hanh dong mua. Phuong phap dé xac dinh
xu huéng caa dir liéu phé bién va duoc sir dung
trong phan tich tai chinh nhu cac chi bao phan tich
ky thuat vi du duong trung binh déng gian don
(Simple Moving Average), duong trung binh
(moving average), phan tich chi sb sic manh
(Relative Strength Index), chi sb kénh hang héa
(Commodity Channel Index - CCI) (Jagdish &
Manish, 2019). Cac phan tich k¥ thuat nay coé loi
trong céac giao dich ngin han, nhu giao dich c6 thoi
gian ngan nam giir khac nhau tir mot phat, mét gio,
mot ngay hodc mot tuan, nhidu nhat 12 vai tudn. Phan
tich ky thuat cung cép céc chi bao cho biét xu huéng
gia hién tai. Néu xu huéng dong luong di 1én, ching
ta tién lugng gia tién dién tir s& tang. Boi vay, chung
ta quyét dinh thyuc hién hanh dong mua. Nguoc lai,
néu xu huéng dong lwong giam, chung ta s& thuc
hién hanh dong ban. Nguoc lai, néu thiy xu huéng
khong tang, khong giam, chung ta s€ gitt lai, khong
thuc hién hanh dong mua hodc ban trong thoi diém
nay. Trong nghién ctru nay, phuong phap dugc dé
xut 1a x4c dinh xu huéng dit lidu dia trén du bao
gia cua thi truong. Néu du bao gia twong lai 16n hon
gia hién tai, c6 nghia la xu hudéng dir liéu dang tang,
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nguoc lai néu gia twong lai nho hon gia hién tai, xu
hudng dir liéu dang giam.

3. THUGC PO PANH GIA MO HINH BOI
CAC CHI SO PINH LUQONG
3.1. Mic sut giam tdi
Drawdown) — MDD

MDD 14 khoan 15 t6i da quan sat dwoc tir dinh
dén day cua danh muc dau tw. MDD la mét chi bao
Vé rai ro giam gia trong mot khoang thoi gian xac
dinh va chi dugc ghi nhan khi day vén hinh thanh
sau dinh vén. MDD c¢6 thé duoc sir dung nhu lam
thuéc do cho cac chi s6, thude do hiéu Suét cua cac
quy dau tu. MDD duoc dinh nghia theo cong thirc
(8):

da (Maximum

DD,[%] = Pm”; i 100%
max (8)
MDD, = max (DDq)
0<q<t

O day, P, la gia cia muc dau tu tai thoi diém t.
Poax 12 gid cao nhit ciia muc dau tu. Do sut giam toi
da 1a gia tri 16n nhat ctia cic mirc sut giam toi thoi
diém t.

MDD la mét chi bao duogc st dung dé danh gia
mirc d rui ro twong dbi cia mot chién luoc sang loc
¢b phiéu hoic tién 40 so vai cac chién lugc khac. N6
tap trung vao viéc bao toan vén. Pay 1a mdi quan
tam chinh ctia hau hét cac nha dau tu. MDD cang
thap s& ching minh rang khoan 16 tir dau tu sé cang
nho.

3.2. Loi nhuian hing nim (Annualized

return)

Annualized return (Loi nhuan hing nim) la s
tién trung binh ma mot khoan dau tu kiém dwoc mdi
niam trong mot khoang thoi gian nhat dinh. Loi
nhuan hang nim cung cip mot tong quan vé kha
ning dau tu, chi ra loi nhuan ma nha dau tu kiém
duoc trong khoang thoi gian mot nam. Téng loi
nhuan hing nim cung cip hiéu suit cua cac khoan
dau tu va khong cung cép cho nha dau tu bt ky dau
hiéu nao vé su bién dong gi4 cua thi truong.

Loi nhuan hang nam
T LL S 9)
= (1 + Ty sudt sinh l&ri )Days Held
O day, bién Days Held 1a tong sé ngay ma quy
dang ndm gitr. Bién ty suat sinh loi (cumulative
return) 13 s6 tién ma viéc dau tu thu dwoc hoic mat
mat duoc tinh theo phan trim theo cong thic
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Ty sult sinh l&i =
Gia hién tai —Gia ban dau
e +x100%

(10)

Gia ban dau
3.3. DP§ chinh xac

Do chinh xac cia mot mo6 hinh may hoc 1a thudc
do dugc ding dé xac dinh mé hinh nao 14 t6t nht.
M5 hinh nao dic trung dugc dir li¢u khong nhin thay
tot hon 1a mo hinh c6 d6 chinh xac cao hon. Gigi
han trén ctia d6 chinh xac 1a 1.

o i Lgi nhuén lon nhit
Do chinh xac =

Loi nhuan ly twong *100% (11)

Cong thirc (11) dugce dung tinh d§ chinh xac ctia
mo hinh. Trong d6, bién lgi nhuan 16n nhét dé cap
td1 qua trinh thuc hién viéc mua ban sau khi trir chi
phi va gia mua vao, phan loi nhuan con lai 1a 16n
nhét. Loi nhuén Iy tuong 14 loi nhuan duogc tinh dua
vao dit lidu thuc té so voi dit lidu trude do. Néu dit
liéu du bao 16n hon dit liéu thuc té trude do, hanh
dong mua duoc thyc hién va lgi nhuan dugc tinh tir
hi€u cua gia tri dong ctra thyc va gia tri dd mua.
Trong mo hinh m6 phong, hanh dong mua dugc thuc
hién trong s6 von dau tu ban dau. O day, khi hanh
dong ban dugc thuc hién thanh cong, hanh dong
mua ké tiép méi thuc hién. Twong tu, hanh dong ban
chi thyc hién khi di ¢6 hanh dong mua toan s6 von
da thyc thi thanh cong. Vi vay, nha dau tu sé khong
mua hai lan lién tiép hodc ban hai lan lién tiép cho
du gia mua dang thap hodc gia ban dang cao.

4. THIET KE HE THONG HQC TANG
CUONG KET HOP VOI XU HUONG DU
LIEU DUNG GIAI THUAT Q-LEARNING

M6t mé hinh hoc ting cuong bit dau tir trang
thai S(t). O trang thai nay, tc nhan dya trén chinh
sach di duoc thiét ké sin dé dua ra mot hanh dong
A(t) trong mot moi truong. Méi truong sau khi quan
sat hanh dong s& chuyén sang trang thai tiép theo
S(t+1) dbi véi tac nhan va ddng thoi dua theo hanh
d6éng ma tac nhan da thyc hién, moéi truong sé dua
ra phan thuong R(t) trong ung.

Tac nhan s& lap di 13p lai quy trinh cho dén khi
tim dwoc chudi nhitng hanh dong tdi da héa dugc
nhiing phan thuong duoc nhan. Bé dam bao tac nhan
thuc hién dang nhitng hanh dong t6i vu ma chung ta
mong mudn, chiing ta s& tao ra mot bo nhé cho cac
tac nhan nay, st dung ham V, la ham gia tri trang
thai cua phuong trinh Bellman. Tur do, ta sé c6 gia
tri tai cac trang thai nhu dé cap trong muc 2.

Mot mo hinh RL gém c6 céc thanh phan chinh:
tac nhan (Agent), moi truong (Environment), trang
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thai (State), hanh dong (Action), ham phan thuéng
(Reward), s6 1an lap (gia tri Episode) va ham chinh
sach (Policy). O d6, tac nhin dugc dinh nghia 1a
méay ding dé quan sat moi truong va dua ra cac
quyét dinh dé thyc thi cac hanh dong twong mg.

MBai trwdng 1a khong gian ton tai xung quanh
tac nhan, noi dé tic nhén ton tai va tuong tac. Trong
quyét dinh mua ban tai chinh, moi trudng tai chinh
1a toan bo cac yéu té méi trudng phic tap cua thi
truong tai chinh xung quanh cé anh huéng téi hoat
dong tac nhan. Vén dé chinh cua thuat toan mua ban
1a kha ning quan sat méi truong bi giéi han. Mot sé
thong tin ctia méi truong bi 4n hoic khong nhan biét
duoc cua cac tac nhéan, vi du nhu d6 tin cay cia cac
dir liéu bao cao tinh hinh kinh doanh ctia cong ty
hoic 1a cac chién lugc cia ngudi tham gia vao thi
truong mua ban. Vi vay, théng tin cung cap téi tac
nhan bi gigi han so véi miac d¢ phac tap cua thi
truong. Quan trong hon, thong tin thu thép duoc tir
moi trudng duge xem xét nhur 1a chudi thoi gian thay
vi cac gia tri riéng & doc lap. O d6, mdi budc thoi
gian t, tac nhan quan sat thi truong tai chinh c6 mét
trang thai 1a st. Thong tin thu thap trong moi truong
mua ban nay dugc ky hiéu Ot. M6t cach 1y tuong,
mai tredng quan sat O nén bao gom tat ca cac kha
nang théng tin ¢6 anh huong téi gia cua thi truong
tai chinh. Béi vi thuét toan mua ban xem xét tinh
tuan tu cua dir liéu, méi trudng phai duge xem xét
nhu chudi thoi gian t. Trong nghién ctru nay, gia sur
rang thong tin quan sat chi dugc xem xét bao gom
dir liéu gia hang ngay cua thi truong tai chinh, gia
dong, gia mo cira, gia cao nhat va sé lugng coin giao
dich trong mot ngay. Trang thai cia moi truong tai
chinh 1 cac gia tri gi4 dong ctia ddng coin dwoc hinh
thanh theo ting ngay. Tac nhan nhan cac trang thai
nay nhu ngd vao dé xtr Iy. Hanh dong 1a phwong
thic cua tac nhan cho phép néd twong tac véi moi
truong. Dua trén trang thai S(t) hién tai cua moi
truong ma tac nhan s€ dua ra hanh dong A(t). Hanh
dong bao géom mua hozc ban hoac gitr. Hanh dong
mua nham gia ting sd luong déng coin dugc thyc
hién boi tac nhan. Gia tri ddu tu ban dau 1a téng sb
tién dau tu dé thyc hién viéc mua hogc ban trong thi
trudng tai chinh. Goi Ns 1a s6 coin hodc ¢ phiéu.
Ns dugc tinh dya vao gid m¢ cura ban dau nhu sau:

Téng von dau tw (12)

5 7 Gid md ctra ban dau

O mdi hanh dong, moi trudng giri dén cho tac
nhan (agent) mot phan thuéng xac dinh. Muc tiéu
cua tac nhan 1a t6i da hoa tong phan thuéng ma no
nhan dugc trong mot thoi gian dai. Tin hiéu phan
thuong giup xac dinh dau 1a sy kién tét va xdu doi
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Vi tac nhan, ddng thoi, né ciing 14 co s chinh dé
thay ddi chinh sach. Néu mot hanh dong duoc lya
chon bai chinh sich mang dén phan thuéng thap, thi
chinh sach d6 c6 thé bi thay di. Tac nhan s& lya
chon cac hanh dong khac trong cac tinh hudng twong
tu & trong lai. Muc tiéu cia ham phan thuéng dua
ra chién luoc lgi nhuan. Mot loat cac tuong tac giita
tac nhan va moi truong tir thoi diém bat dau dén khi
quyét dinh hanh dong duoc goi 1a mot Episode.

Chinh sach 1a yéu t6 xac dinh cach thuc hoat
ddng cua tac nhan tai mot thoi diém nhit dinh. Noi
cach khac, chinh sach 1a mét anh xa tir cac trang thai
clia mdi truong dén cac hanh dong s& duoc thuc hién
khi & trong céc trang thai d6. Chinh sach 1a c6t 16
cua tac nhan trong viéc xac dinh hanh vi. Trong mot
s6 truong hop, chinh sach c6 thé 1a mot ham hoic
bang tra ctru don gian. Trong mét sé trudng hop
khac, chinh sach c6 thé lién quan dén tinh toan mo
rong, vi du nhu qua trinh tim kiém.

Dua ra o1 nhuan
tai Episode cuoi
cling

Agent dua ra
hanh dong theo
trang thai
v

Thyc thi hanh
dong
v

Nhan duoc
Reward

Cap nhat Q-table

Hinh 2. Lwu d6 giai thuat tdng quat ciia mé hinh

Hinh 2 trinh bay lwu d6 giai thuat tong quat ciia
mo hinh. Bude dau khi doc file csv, mo hinh hinh
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thanh va xac dinh s trang thai (state) ma chwong
trinh can theo chiéu dai dit liéu. Vi méi trudng khao
sat 1a tai chinh nén trong nghién ctru nay, moi truong
s& ¢6 3 hanh dong (action) 1 mua, ban va giir. Tir s6
hanh dong va s6 trang thai, Q-table dugc hinh thanh
Vi s6 hang 13 sb trang thai va sé cot 1a sb hanh dong.
Tiép dén s6 vong thuc hién chuong trinh (episode)
duogc xac dinh 1a 1.000. Sau d6 khai tao bién t 1a 0
dai dién cho ngay dau tién va loi nhuan (profit) ban
dau s& 1a 0. Sau d6 chuong trinh s& nhan trang thai
(State) theo t va giri trang thai nay vé cho tic nhan
dé tac nhén ra quyét dinh chon hanh dong nao. Sau
d6 chuong trinh sé& thuc hién hanh dong ma tac nhan
guri vé. Qua do, phan thuong (reward) dwoc xac dinh
sau khi thuc hién hanh dong. Phan thuong néu hanh
dong thyc hién dang chiéu xu huéng s& duoc cho 1a
luén duong. Nguoc lai, néu khong dung theo xu
huéng thi ham phan thuong s& am. Néu hanh dong
sinh lgi nhuan, thi ham phéan thuong s& co gia tri
dwong va khi sinh 16 s& c6 gi tri am. Sau d6, phan
thuong nay dugc ap dung vao cong thac Bellman
trong cong thirc (6) dé cap nhat gia tri trong Q-table
theo vi tri 1a trang thai (state) va hanh dong (action)
hién tai. Cudi cung 1a cap nhat loi nhuan (profit) sau
d6 la tang t 1én mot don vi va thuc hién nhu cac budc
trén. Khi khao sat hét chiéu dai dir liéu (diéu kién t
< chiéu dai dit liéu khong thoa) thuat toan sé ra dugc
loi nhuan tich lity cho mot episode dong thoi ting
episode 1én mot don vi. Qua trinh 1ap di 1ap lai cho
dén khi két thuc episode 1.000 chwong trinh s& dua
ra loi nhuan tich Ity thu dwoc. Loi nhuan tich liy
duoc tinh toan trén ting episode va lay két qua lon
nhét trong 1.000 episode nay. Pay ciing 1a loi nhuan
duoc t6i vu hoa sau khi thuc hién hét chwong trinh
theo k¥ thuat chinh 1a Q-leaning.

Hanh déng
=1

Hanh déng

dugc du doan Hanh déng
=1

Hanh déng
=2

Hinh 3. So @6 khoi dw b4o hanh djng
mua/ban/giit béi mé hinh t6i wu ngiu nhién
theo Q-learning véi diéu kién khong xem xét xu
hwéng dir liu

Hinh 3 trinh bay so dd khdi du bao cac hanh
d6ng mua/ban/gitr boi mé hinh ti wu ngau nhién boi
thuat toan Q-learning véi khong xem xét duong xu
hudng dit liéu. Cac hanh dong tdi wu nay dugc thuc
hién boi thuat toan Q-learning. Cac hanh dong mua
ban duoc thuc hién theo ham phan thuong dé dat gia
tri I6n nhat ma khong xem xét cac duong xu hudng
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hoic céc chi s6 ki thuat dé xac dinh xu huéng. Mai
hanh dong duoc thuc hién boi bang Q-table dugc toi
uu tra vé. Néu hanh dong = 0, mo hinh s& thyc thi
hanh dong mua va nguoc lai néu hanh dong = 1, mé
hinh s& thuc hién chi thi ban. Néu hanh dong hanh
dong = 2, mo hinh s€ gilr va khong thuc hién viéc
mua va ban.

Hinh 4 trinh bay so d6 thuc hién mua/ban/giit
dya trén duong xu hudng két hop thuat toan Q-
learning. Khong nhu mo hinh ngau nhién & trén
Hinh 3, viéc mua/ban dugc thuc hién dua trén xu
huéng dix liéu két hop thuat toan Q-learning. Néu
duong xu hudng ting va hanh dong action=0, hanh
dong mua sé& duoc thyc hién. Néu dudng xu huéng
giam va hanh dong action=1 thi hanh dong ban dugc
thuc hién. Néu duong xu hudng ting ma hanh dong
action=2 dugc tra vé tir Q-learning thi hanh dong giir
dugc thyuc hién. Néu duong xu huéng giam ma hanh
dong action=0 thi hanh dong giir cling dugc thuc
hién. Khi action=2 duoc tra vé tir Q-learning, thi ca
duodng xu hudng tang hay giam, khi d6 hanh dong
gitr ludn duoc thuc hién.

Action =0

Tang

Action =2

Xu hudéng
dir liéu
Action =2

.3 ey —
Giam

L

Action=1

Hinh 4. So d6 thuc hién mua/ban/giir dua trén
xu hwéng dir liéu ket hgp thuit toan Q-learning

5. KET QUA PANH GIA

Két qua danh gia ciia mo hinh dugc thuc hién
dwa trén hai tap dir lieu bao gdm Dogecoin va
Bitcoin tir Yahoo! Finance. Tap Dogecoin duoc ldy
tir 7/2017 t6i thang 3/2021 cho qua trinh huin luyén
va tir 4/2021 dén 4/2022 cho qué trinh kiém tra. Mot
cach twong tu, tap dir liéu BITCOIN duoc ldy tir
Yahoo! Finance tir ngay 01/2015 dén 8/2021 cho
qua trinh huan luyén va tir 9/2021 t&i 9/2022 cho qua
trinh kiém tra.

5.1. Két qua danh gia hanh dong mua ban

dwa trén mé hinh Q-learning khong dwa
theo xu huwéng

Hinh 5 trinh bay lgi nhuan thu dugc khi thyc thi
md hinh Q-learning khong ¢6 su két hop vai duong
xu huéng trén tap dir liu Dogecoin. M6 hinh Q-
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learning thong thuong thuyc hién viéc mua ban
khong dua trén duong xu hudng. Viéc thuc hién
hanh dong mua ban dya vao viéc téi wu hanh dong
dugc thuc hién tir méi trudng tra vé.

3000

2500

o 2000

1500

1000

o 200 400 600 1000

EPISODE

BOO

Hinh 5. Sw hdi tu cia lgi nhuan khi thuc hién
1.000 episode béi thuat toan Q-learning khong
dwa theo dwong xu huéng

Hinh 5 phéan tich sy hdi tu cua thuat toan Q-
learning khi khong xem xét két hop véi duong xu
huéng. Thuat toan Q-learning hoi tu khi thuc hién &
khoang episode thar 400. Cac episode tur 401 téi
1.000 thé hién su hoi tu cua lgi nhuan. Tryc y thé
hién sé don vi loi nhuan Ién nhat trén mdi episode.
Bién d6 loi nhuan thay ddi theo timg episode. Cac
episode dau, thuat toan dang trong qua trinh kham
pha ra bang Q-table dé tim kiém hanh dong c6 ham
phan thuong t6i wu nhat. Khi qua trinh kham pha két
thiic, loi nhuan s& dwoc hoi tu va hdu nhu khong thay
dbi. Cac hanh dong khac nhau s& dwa ra ham phan
thuéng khac nhau. Gia tri lgi nhuan nay da dugc
chudn hoéa trén gia mo ban cta dong coin ban dau.
Loi nhuan dat duoc s& bio hoa khi ting s episode.

Profit/Loss

3000 1 — Profit
I Increase
| Decrease
« Buy
» Sell

2500

2000
b
5 1500
&

1000

500

200 250 300 350

Days
Hinh 6. L¢i nhuén thu dwoc khi thwe thi mé
hinh Q-learning khéng c6 sw két hop dwong xu
hwong. Mé hinh Q-learning thye thi hanh dong
mua/ban khéng dua trén duwdng xu huwéng

o 50 100 150

Hinh 6 thé hién loi nhuan thu dugc sau 365 ngay
khi thyc hién mua, ban hoac gitr. Loi nhuan duoc
tinh bang gia ban trir di gi4 mua. Viéc thyc hién mua
(Buy) va ban (Sell) nay khong theo xu hudng ting
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hodc giam cua gia thi truong. Qua trinh mua ban
dugc thuc thi dudi két qua duoc tra vé dé ham phan
thuong dat duogc gid tri 16n nhét trong qua trinh thuc
thi mé hinh hoc ting cuong. Hanh dong mua ban
duogc thyc hién lién tuc va biéu dién bang dau mii
tén theo tirng ngay trong vong 365 ngay trong tap dit
lieu kiém tra. Duong loi nhuan 1a duong ky hiéu lién
tuc, mau den. Puong loi nhuan cé thé giam hoic
tang tuy theo hanh dong dua ra mang lai lgi nhuan
hay thua 15.

5.2. Thyc hién mua ban dwa trén dwong xu

hwéng dir ligu +

4500
4000
3500
3000

[=]

5 3500
2000
1500

1000

460 ECIJG B(I)G JOIGO
EPISODE

Hinh 7. Sw hi tu cia lgi nhuan khi thuc hién

1.000 episode béi thuiat toan Q-learning theo

duong xu huéng

Hinh 7 trinh bay sy hi tu cua lgi nhuén khi thuc
hién 1.000 episode bai thuat toan Q-learning két hop
xu huéng gia cua thi truong. Ky thuat tim ra xu
huéng cua dit liéu giap cho tic nhan ra cac quyét
dinh t&i wu hon vé loi nhuan so véi ky thuat mua ban
khong theo xu hudng nhu duwge mo ta trong Hinh 5.
Gi4 tri lgi nhuan cia md hinh dé xuat khoang 4.200
don vi cao hon m6 hinh mua ban khong theo xu
hudng. Loi nhuan dat dugc cia mé hinh mua ban
khong theo xu hudng khoang 3.000 don vi.

Profit/Loss

— Profit

I Increase
| Decrease
« Buy

> Sell

4000

3000

Profit

2000

1000

260 25‘0 360 35‘0

Days
Hinh 8. Loi nhuin thu dwgc khi thue thi mé
hinh Q-learning dua theo dwong xu hwéng. Mo
hinh Q-learning thwe thi hanh déng mua/ban
dwa trén dwong xu hwéng

0 @ W0 150



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Hinh 8 phan tich cac hanh dong mua va ban
trong 365 ngay. O day, hanh dong giir khong mang
lai loi nhuan nén khong dwoc hién thi trén do thi loi
nhuan. Cac dau hiéu gia tang hoic giam dugc dua
vao mé hinh hoc ting cudng dé cung cap ngo vao
cho cac tac nhan, gitip hé thong ra cac quyét dinh
mua hodc ban hoac git hiéu qua hon tdi lgi nhuan.

Bang 2 trinh bay két qua cua loi nhan sau khi
thuc hién 1.000 episode va 4.000 episode. Pau tu
ban dau vai 1.714 don vi coin, duge dinh nghia la
100% vén ban dau. Sau 365 ngay, loi nhuan tich lity
tang thém 249,465% véi hé thong mua ban theo xu
huéng so vai 172,62% cua hé thdng mua ban khong
dua theo xu hudng, hé théng chi thuc hién hanh
dong tdi wu theo md hinh hoc ting cuong.

Nham phan tich dnh huong cia sb episode toi
viéc huan luyén mot agent, nghién cuu thuc hién so
sanh két qua giira viéc hoc dugc thuc hién 4.000 va
1.000 episode. Dya trén két qua Bang 2, nhan thay
rang khi ting s6 lugng episode cac agent, hiéu qua
hoc cta agent qua mdi truong tot hon. Cu thé, khi
thyc hién véi 4.000 episode, mé hinh hoc ting
cuong khong theo xu hudng loi nhuan tré nén tot
hon do qua trinh hoc tang cuong da tao ra cac hanh
dong tbi wu hon so véi thuc hién vong 1ap 1.000
episode. Didu nay 1a bai vi cang nhiéu episode cung
cap cho agent nhiéu co hoi dé kham pha ra moi
truong va hoc tir nhitng kinh nghiém trudc cia no.

Khi d6, lgi nhuan mua ban khong theo xu hudng
tang thém 190,7%. Loi nhuan ctia mo hinh mua ban
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khong theo xu huéng thap nhét chi dat 172,622% so
v&i 249,465% khi mua ban theo xu hudéng. M6 hinh
khong theo xu huéng loi nhuan thdp hon mé hinh
theo xu hudng. Trong hai lan thuc nghiém véi 1.000
va 4.000 episode, lgi nhuan ctia mé hinh mua ban
khong theo xu hudéng chi dat 172,6222% va
190,721% tuong tng. Trong khi do, m6 hinh thuc
hién theo xu hudng lgi nhuan dat 249,465% va
195,47% tuong ng.

~Tuong ty, Bang 3 chi ra loi nhuan thu dugc khi
kiém tra vai tap Bitcoin. Loi nhuan thu duoc khi hé
thdng thuc hién hoc ting cudng c6 xem xét yéu to
xu huong thi truong sau 1.000 episode 1a 182,6% so
Véi hoc ting cuong khong xem xét xu hudng thi
trwong voi chi 131,98%. Khi thyc hién 4.000
episode, m6 hinh hoc ting cuong khong theo xu
huéng ting loi nhuan hon nguyén nhéan chi yéu mo
hinh da hdi ty va dua ra cac hanh dong tdt hon so
véi chi thyc hién 1.000 episode.

Bang 2 va Bang 3 ciing danh gia thém hi¢u nang
cta hai m6 hinh trén hai tap dit liéu Dogecoin va
Bitcoin khéc nhau. Nghién cou danh gid hi¢u qua
ctia mo hinh qua cac thude do hiéu ning bao gom
d6 chinh xac, muc sut giam téi da va lgi nhuan tich
lity. Két qua chi ra rang do chinh xac cia mé hinh
mua ban dua theo xu hudng c6 két qua vuot troi so
v&i mo hinh khéc trong cac thude do hi¢u nang trong
céc khia canh vé d6 chinh xéac, do sut giam va loi
nhuén tich 1ty dugc thuc hién trén ca hai tap dir liéu
khac nhau véi s6 lugng vong 13p khac nhau.

Biang 2. Két qua danh gia d chinh xic va cic thuée do hidu niing giira cic md hinh véi tap dir ligu

Dogdecoin

Episode = 1000

Episode = 4000

D§ chinh Mirc sut giam Lgi nhuan D¢ chinh

Mirc sut giam Lgi nhuan

xac toi da (MDD) tich liy xiac  tdi da (MDD) tich liy
Theo xu huéng 88,76% 79,31% 249,46% 69,55% 91,72%  195,48%
Khong theo xu hudng 61,42% 751% 172,62% 67,86% 96,59%  190,72%

Bang 3. Két qua danh gia dd chinh xéc va cac thwée do hiéu

Bitcoin

ning giira cac mé hinh véi tip dir liéu

Episode = 1000

Episode = 4000

Do chinh Mikc sut gidm L¢i nhuin

Do chinh Mirc sut gidm Lg¢i nhuén

xac tdi da (MDD) tich liy xac tdi da (MDD) tich liy
Mua bén theo xu huéng 55,29% 99,33% 17592%  57,81% 99,92% 183,97%
Mua ban khong theo xu huéng  41,48% 98,97% 131,99%  48,82% 99,99% 155,36%

Phén tich mét cach cu thé, d6 chinh xéc cang cao
nghia 12 mé hinh ¢6 lgi nhuan gan véi loi nhuan ly
twdng nhét. DO chinh x4c thuc hién cac hanh dong
mua va ban cua mo hinh theo xu huéng la 88,76%
S0 vGi 61,42% cia mo6 hinh khéng theo xu hudng
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véi tap Dogecoin tai 1.000 vong 1ap nhu dugc mo ta
trong Bang 2.

Loi nhuan 1y twéng dugc tinh toan dya trén gia
tri ban thuc té trur cho chi phi dad mua trude do. bo
sut giam cang thap thé hién sy 6n dinh viéc mua ban



Tap chi Khoa hoc Trirong Pai hoc Can Tho

cang cao. Cac két qua do sut giam cua hai mo hinh
trén hai tap dir liéu Bitcoin va Dodgecoin thé hién
mo hinh mua ban theo xu hudng c6 d6 sut giam 1én
nhét gan nhu bang mac do sut giam téi da ciia mo
hinh mua ban khong theo xu hudng. Vi vay, hai mo
hinh thé hién sy 6n dinh cia loi nhuan gan nhu nhau.

6. KET LUAN

Sau khi phén tich, danh gia va so sanh giira cac
mo hinh, nhitng két qua chi ra sy hiéu qua cua hoc
tang cuong két hop véi xu hudng dir liéu s& co nhiéu
wu diém trong viéc du bao gia thi truong tién dién tir
theo chudi dir liéu thoi gian. M6 hinh dua ra su lya
chon dung cho nguoi dung dé dat duoc loi nhuan
khong nhitng tt ma con giam nguy co thua 15 boi
chi s6 MDD 6n dinh, dic biét quan trong khi thi
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