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ABSTRACT

The random state transition of stock price process will be modeled by
a hidden Markov model. This model based on a pair (XnKn) of
stochastic processes. The process (Xp,) is called the state process, a
hidden Markov chain, which represents the random state transition of
stock price process. The observation process (Kn) represents the
measured sequence of stock price. The parameters of the model were
estimated from the real data using maximum likelihood estimation via
expectation-maximization algorithm (EM algorithm). Forecast for
stock price sequence using simulation data is the proposed
application.

TOM TAT

Sw chuyén doi trang thdi ngdu nhién ciia qud trinh gid cé phiéu sé
dwoc mo hinh hoa boi mé hinh Markov an. Bé la mét cdp gom hai qud
trinh ngdu nhién (Xn,Kn). Qua trinh (Xy) dwoc goi la qua trinh trang
thai, la mot xich Markov dan khong quan sdt duorc, biéu dién cho chudi
thay déi cdc trang thdi cia gid cé phzeu Qua trinh (Kv) duoc goi la
qud trinh quan sat, do cho chudi gid cé phiéu quan sdat dwege. Cdc
tham $6 ciia mé hinh sé dwoc wée lwong tir dit liéu thie nho vao gidi
thudt cuc dai héa ky vong EM (expectation maximization algorithm).
Dy bao cho chudi gid cé phiéu bang di liéu mé phong la vmg dung
dwoc dé xudt.

Trich dan: Tran Van Ly, Dang Hoang Tam, Lé Thi My Xuén, Naguyién Thi Ta Anh va Tran Vin Trong,
2019. Sir dung mo hinh Markov an dé phan tich sy chuyén doi trang thai ngau nhién cta qua trinh
gia 0 phiéu. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(6A): 51-56.

1 GIOI THIEU

hién tai trén thi truong tai chinh ¢6 thé xac dinh xu
hudng gia véi xac suat cao nhat trong tuong lai.

Bién dong cua thi truong ching khoan noi
chung hay mét mé cb phiéu nao d6 luén 1a sy quan
tam hang dau cua cac nha dau tu ciing nhu nhiing
ngudi nghién ctru tai chinh. Tinh khong chic chén,
su rui ro, tinh bién dong 1én xudng mot cach ngiu
nhién 1a thudc tinh ¢ hitu cia thi truong chimng
khoan. Qua viéc phan tich gia ca trong qua khur va
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Céac mé hinh da duoc sir dung dé mé phong dong
thai gia c6 phiéu duoc biét dén nhu mé hinh
chuyén dong Brown kinh té hay Brown hinh hoc
(GMB), cac md hinh chudi thoi gian (mé hinh
trung binh truot ty hdi quy,...), hoi quy xu thé
tuyén tinh,... Trong pham vi bai bdo nay, mé hinh
Markov an duoc sir dung dé thuc hién mé hinh hoa
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dong thai ngiu nhién cua chudi gia co phiéu. Dé
XUt ndy dugc xem xeét vGi gia thuyét 1a cac muc
gia ¢6 phiéu thugc vao cac nhom phan phdi Gauss
va sy bién doi trang thai giita cac nhom nay c6 tinh
chat cia mot xich Markov. Véi dé xuat nay, dién
bién quan sat duoc cua chudi gia co phiéu s& duoc
sir dung dé phan 16p cac muc gia va xem xét su
bién d6i ngau nhién gitra cac 16p nay theo dang
mot xich Markov.

Dua vao viéc xem xét mdi quan hé giia dir liéu
day du va dir liu khong day du, giai thuat cuc dai
hoa ky vong EM (Dempster et al., 1997; Elliott et
al., 2010) s& duoc ap dung dé wdc luong cac tham
s6 clia md hinh.
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S6 lieu sir dung dé wdc lugng minh hoa sb 1a
chudi gia dong cira cua c6 phiéu CTG (Ngan hang
TMCP Cong thuong Viét Nam) trong qui II nam
2019 (tw 01/4/2019 dén 30/6/2019). Céc xur ly dir
ligu théng ké dugc thuc hién trén phan mém
Matlab.

Céc khai niém lién quan dén thuat ngir chudi
gia ¢o phiéu duoc sir dung theo cach tiép can trong
linh vuc Toéan tai chinh hién dai (Tran Hung Thao,
2013), k¥ thuat va két qua tinh toan 1y thuyét udc
luong duoc thuc hién ky thuat doi do do va udc
Iuong loc forward (Ly, 2016).
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Hinh 1: Biéu dd chudi gia ¢6 phiéu qui IT nim 2019

2 MO HINH

Su phan bé thuc nghiém cua mot chudi gia co
phiéu trong mot thoi gian cho thay n6 c6 thé 1a mot
phan phéi hon hop Gauss (vi du, xem biéu d6 cua
chudi gia cb phiéu dong cura cua CTG trong qui 11
nam 2019 duoc thé hién trong Hinh 1), mdi phan
phdi thanh phan Gauss twong tng véi mot nhom
mtc gia ndo do. Piéu nay dan dén ¥ twong mo hinh
hoa dong thai cua chudi gia cd phiéu bang mot mo
hinh Markov 4n véi thoi gian roi rac, trong do:

(1) Qua trinh trang thai khong quan sat dugc la
mot chuoi Markov thé hién cho cac nhém gia khac
nhau.

(i) Qud trinh quan sdt miéu ta cho chudi gia co
phiéu, thudéc vao cac nhém khac nhau, tao ra boi
cac phan phdi Gauss véi trung binh gz, va do léch

i=12,..,N

chuan o; ung véi mdi trang thi i,

2.1 Qua trinh trang thai

Chuing t6i gia dinh ring c¢6 N >1cac trang
thdi, trang thail duoc dai dién boi €, vector cot

don vi cuia R"vGi gia tri 1 tai vi trd

i,i=12,..,N
Cac dong thai ngiu nhién cua chudi gia co
phiéu s&¢ dugc mo hinh hoa bdi mot xich Markov
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thuan nhat khong quan sat dwoc véi thoi gian roi

raC(Xh) duogc goi 1a qua trinh trang thai,

tran  xac sudt  chuyén AZ(aji),trong do
a; =P(X,,=¢/|X,=6),i,j=12,..,
ylé aiizl_zajil |=1,2,,N

j=i

h=01.2,...°

v6i khong gian trang thai S ={e,,e,,...,€,} va ma

N.Luu

Chiing t6i gia dinh rang sy phan bd cia X, 1a
7, da biét.

2.2 Qua trinh quan sat va tap tham sé

Céc gia trj ngau nhién cua chudi gia co phiéu
(Kh)duqc mod hinh hoéa boi qua trinh quan sat
duoc hinh thanh nhu mot he‘lm_ phu thudc vao qua
trinh trang thai. Tai muc gial, khi ma cac xich
=12,.., N),gié
co phiéu (Kh ) khi d6 duoc xem 14 thudc phan phdi

Markov thudc vao trang thai e, (i

Gauss N (,ui ,Giz) :

=) K =i, =

i
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Trong d6, W, 1a cac bién ngau nhién doc lap co
phan phdi chuan N (O,l)vé U;,0, la cac tham s0
can ude lugng. Tir do, m6 hinh dé xqa‘it cho chudi
gid co phicu dudi sy anh huéng ngau nhién cua
nhiing yeu t6 thi truong s€ la mot md hinh Markov
an (hidden Markov model) véi qua trinh trang thai
( X,) va qué trinh quan sat ( K, ) dugc dinh nghia
boi:

Kh = il(xh:el)Kh = il(xh:el)(ﬂl +O-|Wh)’ h :1’2"" (3)

Ky hiéu“'~biéu thi cho phép chuyén vi, dat:
,u:(,ul,,uz,...,,uN)', 0'2(61,0'2,...,O'N)'.

Ta nhan dugc phuong trinh quan sat & dang
K, =<Xh,/ﬂ>+<xh,S>Wh, trong dé(.,.)k}’/
hiéu cho tich v6 hudng trong.

I3
A

Tap tham s6 hinh la

Hz{aji,lsi;t j< N;,ul,,uz,...,,uN;61,0'2,...,GN}.

xdc dinh md
2.3 M@t s6 khai niém
bé udc l‘ugng'céc tham s6 cuia mo hinh, mét s6
khai niém can thiet dugc gidi thiéu dudi day:
(i) S6 bwéc nhdy cia qué trinh trang thai
h
chuyéntire, déne;: J! =Z<x,71,ei><x, ,ej>.
I=1
(ii) Thoi gian leu tri cua qua trinh X & trang
~h
thai €:0p = > (X, ,€).
(=1
(i) Mic tongcua qua trinh quan sat & trang thai
h

ei:T,j(g):%g(K,)(X,_l,eQ.
(iv) Loc dit liéu khong day du:

K, = {K, Ky, Ky . ‘
(v) Loc dix ligu day
Gy = { X, X1, Xpos X1, Kp Koo K

(vi) VéiH, =37, Op hoac T, (g), loc chuan
héa ctia qua trinh H 1a: 7 (H, ) = E(H, | K})).

Trong d6, o {U}thé¢ hien o sinh bei tap U
va g(K,)=K, hoic g(K,)=K?.

du:

3 UOC LUQNG THAM SO

Trong phan nay, chiing t6i trinh bay cac két qua
dung dé cap nhat udc luong hop 1y toi da cho céc
tham s6 st dung trong moi budc lap cua thuat toan
EM.

53

Tdp 55, S6 6A (2019): 51-56

3.1 Thuat toan EM

O day chiing t6i mudn xac dinh mot bo tham sb
méi O 1am cyc dai hoa ham gid hop [y dit liéu day
du thong qua giai thuat EM.

Ham gia hop [y duoc dinh nghia boi:
Q(0.0)=E, (IogAﬁg | Kh), )

LA 60 dpg \ \an . Je
Trong do, A" =—2|G, va P,la d do xac xuat
dp,

phu thudc vao 8.

Khéi dau tir mot gia tri ban dau ', cac phép
Iap cuathuat toan EM s& tao ra mot chudi

{é(p), p 21} udc luong chod.

M3i lan lap cua thuat toan EM gdém hai budc
sau:

Buéc E (Ky vong): Patd=60'""va tinh

~ ~ 5(P) g
Q(Hae(p)) = Eg}(p) (lOgAﬁ ’ I Kh)
Bugc M  (Té6i da  hoa):  Tim
oY :argmaxQ(é,é(p)), lip lai tr Bwéc E
0e®

v6i p=p+1 mii cho t6i khi nao kiém tra thoa
man thi dung.
3.2 Céap nhat tham sb

Trong mdi lan lap cua thuat toan EM, cac xac
suat chuyén a; duoc cap nhat nhu sau: (Elliott et

7(3)
=(0F)

Trong do, 7[(\]:]] ) va 71'(0;1J ) lan luot 1a nhitng

al.,, 2010):a; = 1<i= j<N, (5

qua trinh loc chuan héa cia s6 budc nhay va thoi
gian luu tru.

Bay gio chung ta xem xét sy cap nhat cho ¢
va o lan lugt boi zzva & .

e

(X,.9)

<X"5>¢[K.—<X.,ﬂ>]' ©

Ta cod
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Ky hiéug(.)la ham mat do cia phan phdi
chuan N(0,1).
Tir (4) va (6) ta co:

_ h 1 1 K|_<XI"> ‘
Q(a'a)_Eg{;{'°g<x.,a>‘z[ woa) }'K“}m

+R(0,K,),

Q(é*ép):ZN:Ee{Zh:{(X.,emogé_%<ngei>

=4

i=1

Buéc M: Ta tim 6P =arg maxQ(é,é”):
6O
Vs op,i=12,..,N,

liy dao ham cua
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Trong do, ham R (9, K, ) khong phuy thude vao

0.

Buéc E: bat 6= 0" va viét lai (7) nhu sau

(K, —ui)z}| Kh}+ R(6°.K,)

- {;z(o;)logéi —Z%iz[n(Th‘ (K?))-2a7(Ty (K,))+ iz (0} )}}+ R(67.K,).

3.3 Thuc nghiém véi dir liéu thuc

T (5), (8) va (9), cac tham sé mé hinh s& dugc
ude lugng tir cac dir lieu thue thong qua giai thuat
EM. So trang thai N cua m6 hinh dugc chon phu
hop véi dit liéu boi tiéu chuan thong tin Akaike
(AIC).

3.3.1 D li¢u thyc nghiém

Dé ap dung minh hoa sb, chudi gia c6 phiéu

Vi iQ(é,ép)_ 0taco _ _ (T, (K,)) (8) CTG (gia dong cira, don vi tinh 14 nghin ddng) cua
Ok boz(0) Ngan hang TMCP Cong thuong Viét Nam trén san
HOSE trong qui II ndm 2019 (d06 thi va tan so cua
Tuong tw, V6i j=12 .., NliQ(é’ép)zo ta c6 dit liéu duoc bieu dién ¢ cac hang 1 va 2 ctia Hinh
op 2) s€ duoc sir dung. Nguon so liéu dugc lay tu
~ 1 i o . \1(9 www.cophieu68.vn.
67 =—— [;;(Th (K?))-2a7(T; (Kh))+2y,;z(oh)]( )
#(0})
DU LIEU QUI I 2019 N=2 N=3
20 2
18
:\‘/\JN\'/V\‘V 1 1
16
0 0
0 14 16 18 20 14 16 18 20
N=4 N=5 N=6
2 2 2
1 1 1
0 0 0
14 16 18 20 14 16 18 20 14 16 18 20
Cac diem gia tri AIC
150 T T T T
140 .
o 130 F 4
S T —— @ hd
”O‘F .......................................... D o ]
100 1 1 1 1
1 2 3 4 5 6

So trang thai N

Hinh 2: Cac biéu dd quan sat sy phit hep ciia phan bé tin sé caa dir liéu véi sé trang thai

N cua mod

hinh (hang 1 va 2) va bidu dién so sianh danh gia tiéu chuin AIC theo N (hang 3)
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Quan sat biéu d6 cac gia tri quan sat va danh
gia tiéu chuan AIC (lya chon mé hinh c6 gia tri
AIC nhé nhat, hang 3 cua Hinh 2) ctia chudi gia c6
phiéu, mo6 hinh c6 sb trang thai A =2 s& dugc
chon dé ap dung minh hoa.

3.3.2 Ubsc hrong tham s6 mé hinh

V6i s6 trang thai N =2, mo hinh duge xac
dinh boi tap tham sb 9:{A, y,a}, trong do

,uz(,ul,,uz)', G=(Gl,02)' va ma tran xac suat

chuyén A:(a11 a,; Gy azz).

Lo uand cua matran xac suat chuyern £

Uoe Iuong cue tharm so
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Cic gia tri ban dau duoc chon Ila:

u=(10 17),0=(1 2),A=(05 09 05 01).

Sau 50 budc lap cua thuat toan EM, ching t6i
thu duoc két qua:u=(16.1113 17.1788),

o=(0.1011 0.4925)'va
A=(0.8027 0.0204; 0.1973 0.979).

“Tién trinh wéc lugng cua nhitng tham s6 duoc
biéu dién & Hinh 3.

Uoc luong cus tharm so o

3
. r
155
15

S0 lan lap

S0 lan lap

Salan lap

Hinh 3: Tién trinh wéc lwgng ciia ma tran A va cac vector M, o

3.3.3 Duw bao

Str dung mo6 hinh véi cac tham sé wdc luong
duoc chang t6i thyc hién cac mo phong cho dir liéu
da 4p dung (Hinh 4) va tién hanh du bao gia dong
ctra cua CTG cho 10 ngay giao dich tiép theo cua
thang 7 nam 2019, két qua duoc liét ké & Bang 1.

Bang 1: Du bao gia dong cira cia CTG dua trén
mo hinh véi cac tham so wée lugng

Gia < Sai so tuyét

STT du béo Gia thue g(;')i
1 16.7144 17.0 0.29
2 16.7080 171 0.39
3 16.5452 174 0.85
4 17.8170 17.2 0.62
5 17.0494 17.3 0.25
6 17.6775 17.2 0.48
7 16.9259 174 0.47
8 17.8824 17.7 0.18
9 17.3498 18.9 1.55
10 16.7136 18.6 1.89

Céc chi tiéu danh gi4 sai s6 dy bao nhu sai s6
trung binh, sai s phan tram tuyét d6i trung binh
hay sai s6 binh phuong trung binh,... déu kha thép.
Dic biét hé sb khong ngang bang Theil nhan dugc
la U=0.51, chiing to6 md hinh d& xuit 1a kha tot
(lwu y 14 trong thyc té néu U < 0.55, thi cac gia tri
du bao dugc danh gia 1a tét).
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Hinh 4: Mot diay mé phéng (dwdéi) cho chudi gia
co phiéu qui IT nam 2019 (trén)

4 KET LUAN

Bai bao giGi thisu mot cach tiép can moi dé mo
hinh hoa dong thai ngau nhién cta qua trinh gia cb
phiéu, dong gop thém mot cong cu co ich trong
Viéc nghién ciru tai chinh. Ngoai ing dung du bao,
mo hinh dé xuat c6 thé st dung dé phan 16p cac
miuc gia ciia cac ¢d phiéu hoic co thé sir dung dir
litu mo phong tao ra tir mo hinh dé nghién ciu
phan bd cuia chudi gia ¢ phiéu trong tuan, trong
thang, trong qui hay xem xét so sanh phan b cua
cac bién dong dau tuan, cudi tuan,.... Dé phat trién
thém tr huéng nghién ciru nay, mé hinh Markov
4n c6 thé duoc két hop véi mé hinh chuyén dong
Brown kinh t& d& mo hinh hoa qué trinh gia ¢
phiéu hay qué trinh tai chinh theo thdi gian lién
tuc. V& ky thuat tinh toan uéc lugng tham sb cua
mo hinh, uéc lugng 1am tron (smoothed) c6 thé st
dung bang cach két hop wdc lugng wdce lugng tién
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(forward) hay con goi la udc lugng loc (filtered, da
st dung trong bai bao) voi udc luong lui
(backward) d€ nang cao chat lwgng ctia mo hinh.
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