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Tom tat

Trong bai bao nay, ching toi trinh bay mot cong cu cao cip ctia Tri tué nhin tao, hoc ting cwong dé thir

nghiém trong dau tw c6 phiéu. Tri tué nhin tao vé co ban gdm c6 hoc may, hoc sdu va hoc tang cwong.

Hoc tang cwong st dung cac ly thuyét todn hoc nhw quy hoach dong, quéa trinh quyét dinh Markov dé

cai tién hanh dong tré nén t6i wu hon. Hoc ting cwdng cé rat nhiéu thuit todn khac nhau. Trong bai

bao nay, chiing toi sir dung thuit toan Zap Q-Learning d€ 4p dung trong viéc dau tw 30 ma cd phiéu

cua thi trweong chirng khoan Viét Nam. Ching t6i thu dwoc két qua kha khiém ton: sau khi chiét khiu

phén lai suit ngan hang, thi loi nhudn con khoang 3%.

Tw Khoa: Tri tué nhdn tao; Hoc tang cwong; Thoi diém dirng t6i wu; Pdu tw tai chinh; Xich Markov

1. Gidi thiéu

Tri tué nhan tao hay tri thong minh nhan
tao (Artificial Intelligence) la mot nhanh cua
khoa hoc lién quan dén viéc lam cho may tinh
c6 nhitng kha nang cta tri tué con nguoi, tiéu
biéu nhw cac kha nang “suy nghi”, biét “hoc tap”,
biét “lap luin” dé giai quyét vin dé, biét “hoc”
va “tw thich nghi”,... dwgc ra doi tai hoi nghi &
Dartmouth College mua hé nam 1956, do Minsky
va McCarthy t6 chirc. Tri tué nhin tao vé co ban
dwoc hiéu 1a tri tué do con nguoi 14p trinh tao
nén véi muc tiéu gidp may tinh cé thé tw dong

hoa cac hanh vi thong minh ctia con nguoi.

Tri tué nhan tao dang dan di vao moi linh vuc
clia mdi qudc gia, ctia cudc séng mdi con ngudri
va da cho thiy nhitng wu diém néi trdi khi c6 thé
xt li dit liéu nhanh hon, khoa hoc hon, thong
minh hon, hé thng hon véi quy mo rong hon so
véi con nguoi.

Trong todn hoc, Iy thuyét thoi diém dirng toi
wu lién quan téi van dé chon thoi diém dé thuc
hién mot hanh dong cu thé, nham t8i da héa phan
thwdng ki vong hodc gidm thiéu chi phi ky vong.
bay la mét trong nhirng ly thuyét mang y nghia
rat quan trong trong linh vuc xac suit, thong ke,

kinh té, dic biét 1a trong linh vuc toan tai chinh.

*Vién Toan hoc va Khoa hoc &rng dung (TIMAS), Trwong Pai hoc Thing Long
“Hoc vién cao hoc Phan tich dir liéu QH-2018.T.CH, Khoa Toan - Co - Tin, Pai hoc Khoa hoc Ty nhién
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Thi trudomg chirng khoan van luén dworc coi la
phong vii bi€u ctia nén kinh té, la chi bao twong
lai cia s chuyén dong nén kinh té. C6 rit nhiéu
chu thé tham gia thi trweong chitrng khoan nhu:
cac td chirc phat hanh, cdc nha diu tw ca nhan
va nha dau tu to chirc trong va ngoai nwéc, cac
nha tao 1ap thi trwong,.. bao gbm rit nhiéu
dinh ché tai chinh quan trong cta nén kinh té
nhw: ngdn hang, cong ty bao hiém, quy dau tuw,
quy hwu tri, cong ty chirng khodn,... va s6 lwong
chirng khodn ma céc chu thé nay hién dang ndm
gilr 1én téi 6.679.640 ty dong (UBCK Nha Nuwérc
T12/2020). Cau hdi ma tit ca cac chi thé trén thi
treong chirng khoan déu quan tdm 1a cic chién
lwoc ndm gitr tai sdn nhw thé nao 12 hiéu qua. Cac
ch thé trén thi tredrng ludn quan tAm téi nhirng
thay déi bat loi vé gia tri cla cc trang thai hoac
cac danh muyc tai san cia minh trong d6 cé tai san
l1a chirng khoan.

Nhitng thanh twu ctia Al két hop véi nhirng ly
thuyét todn hoc quan trong dang 1a mot hwéng di
nhiéu tiém nang dé co thé gitp cho cac chu thé
trong nén kinh t€ ndi chung va cda thi trweong
chirng khoadn noi riéng cé thé dwa ra cac quyét
dinh ndm gitr tai sdn chinh xac va kip thoi.

Bai bdo nghién ctru vé mat ly thuyét quy hoach
doéng, ly thuyét qua trinh Markow, ly thuyét thoi
diém dirng tdi wu, thuit todn Q-Learning, thuit
toan Zap Q-Learning. Va tr d6, &®ng dung cac ly
thuyét va thuit toan nay vao giai quyét bai toan
thoi diém dirng t6i wu trong dau tw tai chinh véi
nhitng bd dir liéu thuc té.

Cac thuat toan Q-learning dwoc biét la co cac
van dé héi tu trong cac cai dat xap xi ham va diéu
nay la do thwc té la toan t&r quy hoach dong c6 thé
khong phai 1a mét toan tr co. Nhiéu thuit toan
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da dwoc dé xuit dé cai thién toc do hoi tu [3].

Hoc tang cwong hay con dwoc goi la hoc
cing co (Reinforcement Learning) la linh vuc
lién quan dén viéc day cho mdy (agent) thuc
hién t6t mot nhiém vu (task) bang cach twong
tdc v&éi moéi trweong (environment) théng qua
hanh dong (action) va nhan dwoc phan thudng
(reward). Hoc tang cwong doéi khi con dwoc goi
la hoc thwéng-phat (reward-penalty learning),
thuit toan hoc may nay cé thé khong yéu cau dir
liéu huan luyén, ma mo hinh sé hoc cach ra quyét
dinh bang cach giao tiép truc ti€p véi mai trudomng
xung quanh. Cac thuat toan thuéc nhém nay lién
tuc ra quyét dinh va nhan phan hoi tir méi treong
dé cling c6 hanh vi.

Vi du nhuw AlphaGo choi c& viy thing con
nguwoi trong boi canh co vy 1a mot tro choi ¢
dd phirc tap cao véi tong s6 thé cor xap xi 107! .
Hay Google DeepMind khéng can hoc dir liéu tir
cac van c¢ cua con nguwdi, hé thdng nay tw choi
véi chinh minh dé€ tim ra cdc chién thuat t6i wu
va thang tat ca con ngwoi va hé théng khac bao
gom ca AlphaGo.

M6t s6 thuét ngir trong hoc tang cwong:

» Environment (mdi trwomg): La khéng gian ma
may twong tac.

e Agent (may): May quan sat modi trwong va
sinh ra hanh déng twong rng.

« Policy (chién thuit): May sé theo chién thuit
nhu thé nao dé dat dwoc muc dich.

« Reward (phan thwdng): Phan thwdng twong
rng tr moi trwong ma may nhan dwoc khi
thyc hién mot hanh dong.

o State (trang thai): Trang thai cia mo6i trueong
ma may nhan duoc.
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Hinh 1. Sor @6 hoc ting cwong

« Episode: Mot chubdi cac trang thai va
hanh déng cho dén trang thai két thic
S15Q15S5,0y 5.7, 0y

o Accumulative Reward (phan thudng tich liy):
Téng phan thwdng tich liy tir state 1 dén
state cudi cung. Nhu vay, tai states,, agent
twong tac voi environment véi hanh dong a,
dan dén state méi s,,, va nhin dwoc reward

Vong 13p nhw thé cho dén

twong ung 7.

trang thai cudi cung s,,.

Bai bao dwoc chialam 5 phan nhw sau: Phan 1
danh cho gi¢i thiéu, phan 2 trinh bay vé quéa trinh
Markov va qua trinh quyét dinh Markov hitu han,
phén 3 trinh bay cac thuit todn Q-Learning va
Zap Q-Learning va phan 4 trinh bay két qua thuc

nghiém va két luan.

2. Qua trinh Markow va qua trinh quyét dinh
Markow hiru han

2.1. Xich Markow (xem [5],[6])

Trong ly thuyét xac suit va cac linh vyc lién
quan, qua trinh Markov (dat theo tén cuia nha
toan hoc nguwoi Nga Andrey Markov) la mot qua
trinh ngiu nhién théa min mot tinh chat dic
biét, goi l1a tinh chit Markov (con goi 1a tinh mat
tri nh&). Tinh chit nay giup duw bao dwgc twong
lai chi dwa vao trang thai hién tai. Xich Markov
la qua trinh Markov dac biét ma trong d6 hoac
c6 trang thai roi rac hoac thoi gian roi rac. Qua

trinh Markov dugc nha toan hoc Markov bat dau
nghién ctru tir khodng dau thé ky 20 va dwgc rng
dung nhiéu trong cac linh vuc cong nghiép, tin
hoc, vién thong, kinh t§, ...

Ta xét mot hé nao dé6 dwoc quan sat
tai cac thoi diém roi rac 0, 1, 2,.. Gid st
do la

Khi d6 ta c6 mot diy cac dai lwong ngau

cac quan sat X, X,y o X

no

nhién (PLNN) (X ), trong d6 X, la trang thai
cda hé tai thoi diém n. Ky hiéu E 14 tip gia tri cia
cac (X,). Khi d6 E 1a mot tdp hitru han hay dém
dwoc, cac phin tr cia n6 dwoc ky hiéu 1a i, j, k...
Ta goi E 1a khong gian trang thai ctia day.

Dinh nghia 1 (Tinh Markow)

Ta néi rang ddy cac PLNN (X,) 1a mot xich
Markov néu véi moi n, < ... < n, < n,,, va voi

moi i, i,, .0, €F

P{Xnkﬂ = ik+1 | X"ll = il’ X"lz = i2"'5 X"lk = lk}
- P{X”kn = ik+1 | Xnk = lk} (11)
Djnh nghia 2

Mot xich Markow dwoc goi la thuan nhat
néu va chi néu P {X,,, =/|X, =i} 1axdc
sudt dé xich tai thoi diém m & trang thai i sau n
bwéc tai thoi di€ém m + n chuyén sang trang thai

j khong phu thudc vao m.
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2.2. Quda trinh quyét dinh Markow hiru han

Qua trinh quyét dinh Markow (MDP) duoc stt dung dé md td mot moi trueong hoc tang cuwong. Mot
qua trinh quyét dinh Markov la mot tip 5-di liéu: (S, A, P. (., ), R. (., ), ), trong dé:

e Slamottap hiru han cac trang thai

e Alamot tp hitu han cic hanh dong (ngoai ra A, 1a tap hitu han cac hanh dong c6 san tir trang
thai s)

o P,(s,s)=Pr(s;;; =515 =s5,a =a) laxacsuitmahanh donga & trang thai s tai thoi diém
t chuyén sang trang thdi s’ tai thoi diém t+1

e R (s,s) laphan thuwdng nhan dwoc khi chuyén trang thai tir s sang s’

e y€[0,1] lahé sé chiét khiu dai dién cho sw khac biét quan trong gitra cic phan thudng twong lai
va cac phan thwdng hién tai.

Trong MDP hitu han, tip hop cac trang thai, hanh dong va phin thudng (S, A va R) déu c6 mot s
hitu han cac phan ti. Trong truong hop nay, cac bién ngau nhién R, va S_ c6 phan bé xac suit roi rac
dwoc xac dinh rd rang va chi phu thudc vao trang thai va hanh déng cia thoi diém trudc dé. Nghia 13,
d6i véi cac gia tri cu thé clia cac bién ngiu nhién nay tac6 véimoi s',s € S; reR; a e A,

p(s',r|s,a) = Pr{S =s" R =r|S, =s,4, =a} (1.3)
p 12 phan phdi x4ac suit ctia moi lwa chon s va a, vi vay:
ZZp(s', ris,a) = 1,VseS,aei,
s'eSreR

Xac suat chuyén trang thai cia méi truong:

p(s'ls, a) = PriS,=s'|S, =5, 4, ,=a}=) p(s', r|s, a) (1.4)

reR
Phan thwdng ki vong ctia cdp trang thai - hanh dong la ham hai d6isé r:S X A - R
r(s,a) =E[R|S, =s,4, =al] :Z er(s', rls, a)
reR s'eS§ (15)
Va phan thwdng ki vong cho trang thai-hanh dong-tiép theo la ham véiba doiso :S X A X S — R:

r(s,a,s) =E[R|S,  =s,4, ,=a,5,=5" =
1 ZR p(S p(s'ls ) a) (1.6)

2.2.1. Muc tiéu va phdn thwéng

Muc tiéu cta agent la toi da h6a phan thwdng tich lily ma né nhin dwoc trong thoi gian dai. Néu
chudi phin thwéng nhan dwgc sau bwéc thoi gian t dwge ky hiéula R, R ,, R,.;, - . ., viy thi khia
canh chinh x4c nao ctia chudi ndy ma agent mudn t8i da h6a? Néi chung, agent ludn tim cach téi da
héa loi nhuén ki vong. Trong d6, lgi nhuan dwoc ky hiéu la G,, dwoc dinh nghia la mot s6 ham cu thé

ctia chudi phan thwéng. Trong tredmg hop don gian nhat, loi nhuan 13 téng phan thwdng:
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Gt = Rt+l + Rt+2 + Rt+3 t..+tR,;
Trong d6, T la budc cudi cung.

Khai niém b3 sung ma hoc vién can dé cip téi la chiét khiu. Theo cach tiép cin ndy, agent c¢d gdng
chon cac hanh dong dé t6i da hoa tong phan thwdng chiét khiu ma dai ly nhan dwoc trong twong lai.

Cu thé, n6 chon A, dé t6i da hoéa loi nhuan chiét khau ki vong:
— 2 S k
Gt - Rt+l + 7Rt+2 Ty Rt+3 T..= 27 Rz+k+1
k=0
Véi y 1a mot tham s dwgce goi la ty s6 chiét khau 0 < y <1
Loi nhudn & cac bwéc thoi gian lién tiép c6 lién quan véi nhau theo cach quan trong doi voi ly
thuyét va thuit toan cta viéc hoc cing cé:
— 2 3
Gt _Rt+1 + ;/RHZ Ty Rt+3 Ty Rt+4 T
2
=R, 7Ry, + 7R, + 7R
=R

R

+ 7Gz+1

t+1
2.2.2. Chinh sdch va ham gid tri
Ham gia tri cha trang thai s theo chinh sach 7z, dwoc ky hiéu 1a v_(s), 1a loi tiee ki vong khi bat

dau tir s va theo sau 7z sau d6. P8i véi MDP, ching ta c6 thé xac dinh v_(s) chinh thtc bang cach:

v.(8)=E,[G |8 =s1=E,[Y. 7' R.,..|S =s],VseS (1.7)

k=0
trong do, E_ [] biéu thi gia tri ky vong cila mdt bién ngau nhién cho rang tic nhan tuan theo chinh

sach 7z vatla batky bwdc thoi gian ndo. Lwu y rang gid tri clia trang thai dau cudi, néu c6, ludn bang
0. Ching t6i goi ham v_(s) 1a ham gia tri trang thai cho chinh sach 7.

Twong tw xac dinh gia tri cia viéc thuc hién hanh dong a & trang thai s theo chinh sach 7, dwgcky
hiéula ¢, (s,a),lalgi nhuin ky vong bat dau tir s, thwe hién hanh dong a, va sau d6 theo chinh sach 7

qﬂ'(s’a) :Ezr[Gz |S[ :SaAz - a] = E;r[zyth+k+l| St :SaA[ = a] (18)
k=0

Goi g, (s,a) la ham gia tri hanh dong cho chinh sach.

Dic tinh co ban ctia cac ham gia tri dwoc str dung trong sudt qua trinh hoc cing c6 va lap trinh
déng la chiing théa man cac méi quan hé dé quy twong ty nhw cac mo6i quan hé ma ching ta da thiét
1ap cho két qua tra vé (1.8). Bdi vdi bat ky chinh sach 7 va bit ky trang thai nao, diéu kién nhat quan

sau day giir gitra gia tri cia s va gia tri cta trang thai ké thira c6 thé cé ctia né:
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v.(s)=E_[G|S, =s]
= E;r[RtH + 7/Gt+l ‘ St :S]

= 7(als) 2.2 p(shrls,a) [r + 7 E[G,, | S, =5']] (1.10)
=Y 7(als) ZP(S',rls,a) [r+ v, (s]

2.2.3. Cdc chinh sdch t6i wu va ham gid tri téi wu

Vé co ban, viéc giai quyét mot nhiém vu hoc tip tang cwong c6 nghia la tim ra mot chinh sach dat
dwoc nhiéu phan thwdng trong thoi gian dai. D6i véi MDP hivu han, ching ta cé thé xac dinh chinh xac
mot chinh sach t6i wu theo cach sau. Cac ham gia tri xac dinh thi tw tirng phan déi véi cac chinh sach.
Chinh sach 7z dwoc xac dinh 1a t6t hon hodc bang chinh sach 7' néu loi titc ky vong ciia né 16m hon
hodc bang 7' ddi véi tit ca cac trang thai. N6i cach khac, 7 > 7' néu va chi khi v_(s) 2 v_.(s) v6i
moi s € S'. Ludn c6 it nhat mot chinh sch t6t hon hodc bang tat cd cac chinh sach khac. Day 1a mot
chinh sach t&i wu. Mic du c6 thé c6 nhiu hon mot, chiing toi biéu thi tit cd cac chinh sach t6i wu bing
7" . Chlng chia sé cing mot ham gia tri trang thai, dwoc goi 1a ham gia tri trang thai téi wu, dwoc ky

hiéu1a v* va dwoc dinh nghiala:  v'(s) = max v (s),VseS

Cac chinh sach t8i wu ciling chia sé ciing mot ham gi4 tri hanh dong t&i wu, dwoc ky hidula ¢" va
dwoc dinh nghia la: g (s,a) = max q,(s,a),VseS,ae A4

Da6i véi (cac cap trang thai - hanh dong, a), ham nay cung cip lgi nhuin ky vong cho viéc thyc hién
hanh dong a & trang thai s va sau d6 tuan theo mot chinh sach t6i wu. Do d6, ching ta c6 thé viét g
duwéi dang v’ nhu sau: q(s,a)=E_[R,,+yv (S,.)|S =5,4=a] (1.11)

t+1
Vi v* 1a ham gia tri cho mot chinh sach, n6 phai thoa man diéu kién tw nhat quan dwgc dwa ra boi
phwong trinh Bellman d6i v&i cic gia tri trang thai (1.11). Tuy nhién, vi diy la ham gi tri toi wu, diéu
kién nhat quan ctia v' c6 thé dwoc viét & dang dac biét ma khong cin tham chiéu dén bit ky chinh
sach cu thé nao. Pay l1a phwong trinh Bellman cho v*, hodc phwong trinh t6i wu Bellman. Mt cach
trwc quan, phwong trinh t8i wu Bellman dién ta thuc té rang gia tri cia mot trang thai theo mot chinh
sach t6i wu phai bang véi loi tirc ki vong cho hanh dong tét nhat tir trang thai do:
V'(s) = max ¢q .(s,a
() = max g..(s.)
=maxE .[G, |S, =5,4 =a]
a T
= maaxE”‘ [R., +7G,,|S =s5,4 =a]

=maxE[R,, + G, |S =s5,4 =a] (1.12)

t+1

=max Y p(s,rls,a) [r+ V(s)]
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Hai phwong trinh cudi cung la hai dang ctia phwong trinh t6i wu Bellman cho v* Phwong trinh tdi
wu Bellman cho ¢" 1a q (s,a)= E [R, + quxq* (S,,a)[ S, =s,4, =a]
=Y p(s.rls,a)[r + ymaxq’ (s',a) (1.13)
3. Q-Learning va Zap Q-learning
3.1. Q-Learning

Mot trong nhirng bwéc dot pha ban dau trong viéc hoc cing c6 la thuét todn Q-learning (Watkins,
1989), dwoc dinh nghia béi:

O(S,,4) < 0(5,,4) + a[R , + ymax O(S,,,.a) — O(S,, 4)] (2.1)

Trong trwdng hop nay, ham gia tri hanh déng da hoc, Q, gan ding truc tiép véi ¢. la ham gia tri
hanh ddng t6i wu, doc 1ap véi chinh sch dang dwoc tudn thu. Piéu nay don gidn héa dang ké viéc phan
tich thuat todn va kich hoat cac bang chirng hdi tu sém. Chinh sach van ¢6 mot tinh niang trong dé xac
dinh cdp trang thai-hanh dong nao dwoc truy cip va cip nhat. Tuy nhién, tit ca nhitng gi can thiét dé
hdi tu chinh xac 14 tit ca cac cip tiép tuc dwoc cip nhat. Theo gia dinh nay va mot bién thé ctia cac diéu
kién x4p xi ngiu nhién thong thudng trén chudi cac tham sé kich thwéc bwéc, Q da dwoc chirng minh

la hoi tu véi xac suit 1 dén g.. Thuat toan Q-learning dwgc dwa ra sau day & dang thu tuc.
Thudt todn Q-learning
Khéi tao O(s,a) véimoi s € S* , a € A(s) ngoai triv (ter minal,.) =0
Vong ldp cho méi tap (episode):
Khdi tao S
Vong Idp cho méi bwéc ciia tdp (episode):
Chon A tir S bdng cdch str dung chinh sdch bdng nguén tir
Thwc hién hanh dong A, quan sdt R | S'
O(S,4) < O(S,4) + a[R + ymax O(S',a) - O(S, 4)]
S« S'
Cho téi khi S la két thiic
3.2. Zap Q-Learning

Hay xem xét mot moé hinh MDP véi khong gian trang thai X, khong gian hanh dong U, ham chi phi
c:X X U = R vahésdchiétkhiu S € (0,1).Gia dinh rang trang thi va khong gian hanh dong
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12 hitu han: ki hiéu /=|X|, [, =|U| va P la ma tran xac suat chuyén c6 diéu kién c& /x/, diéu kién
u € U. Qua trinh trang thai hanh déng (X,U) thich nghi véi mét bo loc {F,:n >0} va Q1 dworc gia
dinh trong su6t: Q1 1a Qua trinh chung (X,U) 1a mot chudi Markov bt kha quy, v&i pmf @ bat bién
duy nhit.

Ham gia tri nho nhét la 1o gidi duy nhét cho phwong trinh t6i wu chiét khiu chi phi:

k" (x) =min Q" (x,u) := min {c(x u)+ B P (x,x")h (x')}, xeX (2.2)

x'eX

“Q-function” la nghiém cua phuong trinh sau:

O (x,u)=c(x,u)+ f ZPL, (x, x')Q* (x'), xeXueU (2.3)

x'eX
trong d6: Q(x):=min ,_, Q(x,u) véimoi Q: X xU —R
Giai thuat Zap Q - learning nhw sau:
Piuvao: 6, e R',¢, =y (X,,U,), 4, € R*',n=0,T €Z" (buwdrc khéi tao)

Ldp:
¢n ( n+1) - argman ( +17u)

d,,=c(X,U,)+B0" (X,..8,(X,.)-0"(X,.U,);
4, Cn[ﬂl//(XW@(X,,ﬂ)) w(X,.U,)]

A

4,, :A 70 1|:A 1_‘:1n:|

9 _9 an+1An+l n n+l
§n+l ABS, +l//(Xn+l’Un+l)
n=n+1

chotéikhi n>T
3.3. Zap Q-learning cho thoi diém dirng téi wu

Xem xét mot chudi Markov thoi gian roi rac X = { X :n 0} phat trién trén mét khong gian trang
thai X. Muc tiéu trong cac vin dé thoi gian dirng tdi wu la cuc ti€u hda trén tit ca cic thoi gian dirng, ky
vong chi phi két hop la: E [i fe(X )+ fe(X) (2.4)

n=0
v6i ¢ : X — R ky hiéu cho chi phi ciia mdi trang thai, c,;: X — R ky hiéu cho chi phi cudi cing, va
B €[0,1] 1a hé s6 chiét khiu. Vi du vé cac vin dé nhw vay phat sinh chd yéu trong cac &rng dung tai
chinh nhw phéan tich phai sinh. Thoi diém mua hodc ban mot tai san va néi chung I1a trong cac vin dé

nhuw vay thi lién quan dén phan tich tuan tuw.

Trong cong viéc ndy, quy tac quyét dinh t6i wu dwoc tinh gan dung bang cach str dung cac ky thuat
hoc tdng cwong. Ching toi dé xuit va phan tich mot thuat todn phwong sai téi wu dé xap xi ham gia tri
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dwoc lién két voi quy tac dirng tdi wu.

Chung toi gia dinh ring khong gian trang thai X < R” 1a compact. Ky hiéu B 1a sig-ma dai s6
Borel. Chudi Markov thuin nhit dwgc dinh nghia trong mot khong gian xac suit (Q; F; P) va xac dinh
phan phéi ban dau p : X - [0; 1], vd mo6t hat nhan chuyén tiép P: chomdi xe X va A€ B:

P(x,A)=Pr(X,, eAlX, =x)
Gia str rang X 12 ergodic théng nhat: Ton tai mot phép do xac suit bt bién duy nhat r, mot hang s6
D nhé hon vé cling, va 0 < p <1, nhw vay, chotitca xe X va A€ B:
[P (x.A) - z(&)| < Dp"
Ki hiéu {EI in 2 O} qua trinh loc lién quan dén X. Tinh chdt Markov khang dinh rang d6i véi cac
ham do cé gi¢ihan & : X -> R
E[h(X,)|F,,X, =x]=[P(x,dy)h(y)

Trong bai b4o nay, thoi gian dirng t: Q — [0; c0] 1a mot bién ngiu nhién nhan cic gia tri trong cac s6
nguyén khong am, véi tinh chit dwoc dinh nghia {@ : 7(@) < n; @€Q}eF,, véi moin = 0. Chinh
sach dirng dwgc dinh nghia la mot ham do dwoc ¢: X —{0,1} xac dinh thoi diém dirng:

t’ =min{n>0: §(X ) =1} (2.5)
Ham gia tri t6i wu dwgc dinh nghia la cwc tiéu cta (2.4) trong tat ca cac lan dirng, véi moi x € X :

)i (x) = inf E{Z Bre(X,)+pe (X)X, = x} 26)

n=0
Twong ty, ham Q lién quan dwoc dinh nghia la:
Q" (%): = c(x) + BE[R*(X,) | X, = «] (2.7)

Theo dg, Q* la nghiém clda phwong trinh Bellman, véi moi x € X

Q" (x) = c(x) + BE[min(c; (X, Q" (X1)) | Xo = x] (2.8)
va quy tac dirng t8i wu dwoc xac dinh bai chinh sach dirng twong tng
¢ (1) =1{c,(x) < 0" (v)f (2.9)
Trong dé ]{ . } la ham chi thi. S& dung dinh nghia chung (3), thoi gian dirng t6i wu thdéa man:
T =T

Phwong trinh Bellman (2.8) c6 thé dwoc biéu dién dwéi dang phwong trinh diém cé dinh véi Q* = FQ*,

trong do F biéu thi toan ti lap trinh dong: chobatkyham Q: X > Rva x e X

FQ(x) = c(x) + BE[min(c,(X,), QX)) | X = x] (2.10)
Phan tich dwoc déng khung trong khong gian Hilbert L, () thong thwong ctia cic ham do c6 gia tri
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thwc trén X vai tich trong, va chuin (xem [4]) nhw sau:

(f.g) =E[f/(X)gX)] va|f] = {f.f). (2.11)

Trong d6 ky vong & (2.10) lién quan dén trang thai phan phéi 6n dinh 1. Gid dinh rang cidc ham chi
phi ¢ va ¢ ndm trong L,(7)

Muc tiéu trong cong viéc ndy 1a wéc tinh Q* bang cach st dung mot ho ham sd dwoc tham s6
héa O’ trong d6 @ € R’ biéu di&n vector tham s8. Chiing t6i gi¢i han tham s hoa tuyén tinh xuyén
sudt, do do: Q’(x)=0"y(x), xeX

Trong d6: v = [l//,,...,l//d]T voiy,: X—>R,y, € L,(r),1<i<d biéu thi hAm co ban. V&i bit ky
vector tham s6 & € R, chiing t6i ky hiéu sai s6 Bellman la: B’ =FQ° - Q°

Gia dinh rang cdc ham co ban 1a doc 1ap tuyén tinh, Ma tran hiép phwong sai d x d chiéu: 2.V c6 hang
day da trong do: Zw(i,j):<‘//,-,l//,-> 1<i,j<d
Thiét lap trong khong gian trang thai hiru han, c¢é thé xiy dwng mot thuét todn nhit quan tinh toan
chinh xac ham Q. Muc tiéu trong phan nay la tim 6* sao cho:
E[B! (X,)y,(X)]=0,1<i<d
Hoac twong dwong: <FQ9* - QH* , W,.>= 0,1<i<d
Trong [4], cac tac gid da chitrng minh dwoc:
. 1
4 * 3 9 *
0" -0, <= min0’ -0 |
V6imbi @ € R? ky hiéu ¢° : X —={0,1} ¢6 chinh sich twong ing
¢ (x) = 1{c,(x) < 0" ()]
bai véi bat ky ham fnao c6 tap xac dinh X, cac toan tir S,, S; dwoc dinh nghia nhw sau:
S,/ (x)=1{0"(x) <c,(x)} f(x)

S;/(x)=1{c,(x)<Q"(x)} f(x)
D& thdy, véi mdi x € X thi S,f(x):= (1 — ¢’(x) f(x)

C4c tac gia trong [1] da chirng minh dwoc #* 1a nghiém ctia phwong trinh:

A(6")6" + e, (6')+b =0 (212)
trong d6 @ € R?, A(0) lamatrandx d,va b, €,1a vector d chiéu:
A©0)=E[y (X,)Sw" (X,.)-vw(X,)v" (X,)] (213)

)
b =E[y(X,)c(X,)]
c.(0)=E[vy ( )S5e, (X,.)]

Cho mot ddy cac ma trin thu hoachd xd {G, : n > 0} va mdt chubi step-size vo hwong {a, :n > 0},
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thuét toan Q-learning twong ng cho dirng téi wu dwoc dwa ra béi tha tuc dé quy sau:

0,.,=6+a,G v(X)d

n+l n+l

Véi {d,} ky hidu la chudi sai khac tam thovi:
n+l = C(Xn ) + ﬂmin(cs (Xn+l )’QQH (Xn+1 )) - an (Xn)

Thuét todn bd loc Kalman diém c6 dinh ciing c6 thé dwoc viét dwédi dang treong hop dic biét: Chung

d

~uw1t ~
taco G, = [E:f] véi M" ki hiéu gid nghich ddo cla ma tran M bat ky, ET:‘DH la wéc lwong cia trung
binh ‘SIP' U6c lwong c6 thé duwgce dé quy bang cach st dung dé quy Monte-Carlo tiéu chuln:

S0 =50t s [P DYTX,) — 5]

Trong thuét todn Zap-Q, ddy ma tran thu hoach {Gn} dwoc thiét ké sao cho hlep phu'(mg sai tiém can
ctia thudt toan két qua dwoc toi thiéu. N6 stt dung ma tran thu hoach G, = — A' , voi An la mot wéc
lwong ctia A(6,) véi A(6,) duoc dinh nghia trong (2.13)

S6 hang bén trong Ky vong trong (2.13), sau thay thé 6 = 6n, dwgc ky hiéu la:
T
A4, = ( )[ﬂse '//( n+l) V/(Xn )] (2.14)

St dung (2.14), ma trdn A(0,) dwgc wéc tinh dé quy bing cich st dung x4p xi ngiu nhién trong thuat
toan Zap-Q:
Pau vao: Khéi tao 6, € R, 210: dxd xdc dinh am; chudi step-size {a,} va {y,} va n =0
Lap lai:
Thu dwg'c s6 hang Temporal Difference:
d,,=c(X,)+pBmin(c,(X,,).0"(X,.))- 0" (X,)
Cdp nhat wérc Ilwong ma trdan thu hoach A, cua A(6,), véi A, dworc dinh nghia
trong (2.14):
‘anﬂ = ‘Zln TV na |:An+l - ‘an:|
Cdp nhdt vector tham sé:

0,,=0-a,,4 wv(X,)d,

n+l
n=n+1
Téikhi n > N
Pdura: 0 =06,

4. Két qua thwc nghiém va két luan khi c¢6 dwoc cdc tham s6 dd huan luyén, cho thuat
Chung t6i da cho thuat toan xac dinh thoi toa}n chay véi dix 11(_3711 thl_,l’C, va gia str rang thoi
diém dirng t6i wu ddi véi 30 ma cd phiéu cda thi diém mua 1;‘1 thoi diém bat diu chay véi dir lidu
trwdmg chiing khoan Viét Nam. Di liéu ciia qua thuc. Khi diéu kién dirng thoa man thi mot 1énh

khir dwgc dung dé€ huan luyén cac tham sé. Sau ban dwoc thyc hién.
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Dung t6i uu c8 phiéu BID & Lgi nhuén: 0.3

55 1

501

45

40 A

354

304

o4

Phién
Hinh 2. Két qua dirng t6i wu véi ma
cd phiéu BID.

Trong Hinh 2 ta thiy, gid mua c6 phiéu la
kKhoang 41 va gia ban khodng 53.5 va lgi nhuén

sau khi chiét khiu khodng 30%.

Duéi day la két qua dirng t6i wu va lgi nhudn

sau chiét khau déi véi mot s6 ma c6 phiéu:

Dung t6i uu cé phi€u CTG & Lgi nhuén: 0.04

T T T T
100 200 300 400

551

50

45 -

T T T T T T T
0 100 200 300 400 500 600
Phién

Hinh 3. Két qua dirng t6i wu véri ma
c0 phiéu CTG.
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Dung t6i uu c6 phi€u PLX & Lgi nhuan: 0.21
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Hinh 4. Két qua dirng t6i wu véi ma
co0 phiéu PLX.
Dung t6i uu ¢8 phi€u PNJ & Lgi nhuén: 0.0
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Hinh 5. Két qua dirng t6i wu véi ma
c0 phiéu PN].
Dung t6i uu ¢ phiéu VNM & Lgi nhuan: 0.42
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o]
=
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Hinh 6. Két qua dirng t6i wu véi ma
c0 phiéu VNM.
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Durng t6i uu ¢d phi€u MSN & Lgi nhuén: -0.18

1104

100

90 A

Gia

80

70 A

60

50 1

6 160 260 360 460 560 660 760
Phién
Hinh 7. Két qua dirng t6i wu véri ma
c0 phiéu MSN.

Théng ké cho 30 c6 phiéu, sau khi da chiét
khiu 13i suit ngin hang két qua thu dwoc loi
nhuén khoang 3%. Pay la mot két qua kha khiém
tén. Mot diéu chung toi nhan thay qua trinh dau
tw theo thuat todn trén day thwong co két qua
dirng rat sém. Ching t6i sé cai tién thuit toan
dé hy vong c6 két qua loi nhuén cao hon.
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