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TOM TAT—Du doan xu hwéng c6 phiéu 1a sy hd trog can thiét cho cac nha dau tw. Viéc dw doan chinh x4c va nhanh chéng
dang duoc cac nha nghién cttu 4p dung bang nhigu mé hinh khac nhau. Phwong phap du dodn bing cach khai thic trén di
liéu lich st, biéu d6 nén 1a mot trong nhirng cdng cu phan tich kj thudt dwoc cac nha dau tw st dung dé 1ap chién lwgce giao
dich c6 phiéu. Trong d6, tng dung khai thac dir liéu vao dw doan xu hwéng c6 phiéu la cich ti€p cdn méi. Trong bai bao nay,
chiing toi dé xudt mé hinh str dung k¥ thuat khai thic di liéu ap dung vao viéc dw dodn xu hwéng cé phiéu. M6 hinh dy doan
dwa vao thuat todn khai thic mAu con tuan tw trén tap dit liéu lich st c6 phi€u. Bén canh d6, ki thuat xac dinh miu con théng
qua do0 twong tw cling dwoc trinh bay trong bai bdo. D& liéu thwc nghiém dwoc thu thap trén trang
https://finance.yahoo.com. K&t qua thwc nghiém ctia mo hinh dwgc dé xuit ¢ dd chinh xac trung binh t6t hon so véi mé
hinh truyén théng nhw SVM va LSTM.

Tir khoa—Khai thac dit liéu, miu tuan tw, dw doan xu hwéng cd phiéu, biéu d6 nén phiéu.
I. GIO'1 THIEU

Hién nay, si bung né théng tin trong nhiéu linh viwc nhw thi treong chirng khoan tao ra lwong thong tin giao dich
mbi gidy duoc lwu lai 12 rdt 16n. Thi tredng chitng khoan 1a noi cac nha dau tw giao dich chitng khoan lam ting
hay gidm khoan dau tw ban d4u cta minh. Nhiéu phwong phap va ki thuit da nghién cttu dw doan xu hwéng cd
phi€u nham han ché rii ro cho cac nha dau tw. Théng thwdng, cc nha dau tw sit dung phan tich co ban va phan
tich ky thuat d& phan tich dw dodn nhim 14p chién lwgc giao dich c6 phiéu cho riéng minh. Mt cach ti€p cAn méi
vé dv doan xu hwéng la phwong phap khai thac dir liéu. Khai thac dir liéu 1a k§ thuit tim ra cic thong tin 4n, cac
mdi quan hé trong dit liéu va kham ph4 cdc miu phé bién dwgc ing dung rong rai. Nhw viéc tim cdc mau hanh vi
khach hang dé cai thién dich vu cung ciAp mang, gidi quyét vin dé gian 14n trong cic ngan hang va bio hiém, nhin
biét nhu cau clia hoc sinh dé ting sw hd tro, v.v... Khai thac dir liéu giéng nhu mot phwong phap may hoc cé thé
du dodn mau twong lai dwa vao khai thac dix lidu.

Trong bai b4o nay, chiing tdi dé xuit mo hinh st dung k§y thuat khai thdc mAu con tuin tw trén dir liéu lich st
giao dich c6 phiéu (biéu d6 nén Nhat). M6 hinh c6 dé xuit vé viéc sang loc miu cho phu hgp véi bai toan dit ra
khéc véi viéc sang loc bing nguwdng hd trg téi thiéu (minSup) do nguwdi dung dinh nghia trong thuit toan khai
thac mau phé bién truyén théng. M6 hinh dé xuit cho phép du doan xu huéng ¢ phiéu ngay thit 6 sau dé véi
mau dv doan 13 5 ngay. Bai bdo dwoc thé hién cac ndi dung véi bé cuc nhw sau: Muc 2 trinh bay cac dinh nghia.
Muc 3 tom tat cic céng trinh nghién cttu lién quan. Muc 4 va 5 trinh bay thuat toan dé xuit va cac két qua thuc
nghiém. Cu6i ciing, két luin va cac hwdng nghién ctru tiép theo dwoc thé hién trong Muc 6.

II. PINH NGHIA BAI TOAN

Cho tap I = {iy, iz, .., in} gom n phin t& phin biét con goi 1a cic sy kién (item). Mot tip suw kién itemset la tip
khong c6 thir tw khac réng, gobm cac sw kién. Méi itemset dwgc biéu dién trong cip diu ngodc tron. Cap diu
ngodc tron dwoc loai bo d€ don gian héa ky hiéu cho cac tip sw kién v&i chi mot sw kién don. Vi duy, (A, B, C) biéu
dién 1 tap sw kién gobm 3 sw kiénla A, Bva C.

Mbt chudi tudn tw sequence, Ky hiéu S = (e;,e,,..,e,), 13 mdt tdp cé thit tw cac tip sw kién, véi mbi
ei (1 <i<m)la mot tp su kién. Cac s kién trong tip sw kién dwoc sap xép theo thi tw tir dién, ky hiéu > ..

Co s& dir liéu (CSDL) tuin tw (Sequence Database): CSDL tuan tw, ky hiéu SDB, 1a danh sach cac chudi tuin tu,
dwoc biéu dién dwéi dang SDB = {Sy, S, ..., Sjspp;}, trong d6 |SDB| 12 s8 lwong chudi tuan tw trong SDB, va S; (1 <i <
[SDB|) 12 chudi tudn tw thir i trong SDB. Vi du: Cho mét CSDL c6 5 khach hang mua thwc phdm trong 3 thang cua
mot siéu thi (Bang 1)

Bang 1. CSDL giao dich mua thwc phdm

Ma khach hang Thoi gian Mat hang mua
001 05/01/2020 | Sita
002 06/01/2020 | Pwong, Mi
005 10/02/2020 | Gao
004 11/02/2020 | Gao
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002 13/02/2020 [ Chéo, Tra, Ca phé
003 20/02/2020 | Sita, Thit, Ca phé
004 31/02/2020 | Sira

004 09/03/2020 | Chao, Ca phé
002 15/03/2020 | Sira

001 28/03/2020 | Gao

Véi dit liéu trong Bang 1 c6 thé biéu dién thanh CSDL tuan tw gém cac chudi tuin tw mua sdm cda tirng khach
hang nhu trong Bang 2. Trong d6, ky hiéu cac sy kién a, b, ¢, d, e, f twong &ng véi cadc mat hang dwong, sita, ...

Béng 2. CSDL tudn tw

SID Sequence
001 (a,b)
002 {(c,d), (e,f h),a)
003 (a,i,h)
004 (b, a, (e, h))
005 (b)

Trong Bang 2 thé hién CSDL chubi tudn tw SDB gdém c6 5 chudi tudn tw, |SDB| = 5, va 3 s kién phan biétI = {A, B,
C). Cac chudi tuan tw c6 dinh danh Ian lwot 12 001, 002, 003, 004, 005 trong cot SID, thong tin chubi tuan tw dwoc
thé hién trong cdt Sequence. Chudi tudn tw S = ((c,d),a, (e,f,h) ) gdm c6 3 tap sw kién. Tap sw kién thir nhit 1a
(c,d) c6 2 swkién cva d. T4p sw kién thir haila a ¢é 1 sw kién a. Cudi cung l1a tip sw kién (e, f, h) c6 3 sy kién la e,
fvah.

Kich thwéc chubi (size of sequence): s6 tap su kién (itemset) c6 trong chubi S, ky hiéu |S].

P6 ho tro’ (support): dd ho tro ctia chubi tuan tw S trong CSDL tun tw dwoc dinh nghia 1a téng s6 chudi tuan tu
trong CSDL c6 chita S, ky hiéu .

supportgpg(S) = [{(SID, S)|({SID,S) € SDB) A (S E SBD)}|

Chiéu dai chudi (length of sequence): dwoc tinh dwa vao sé lwong s kién c6 trong chudi S. Chudi cé k s kién
dwoc ky hiéu la k-sequence.

Chuéi cha va chudi con tuin tw (supersequence va subsequence): mot chudi Sa-(a,az,...a,) dwoc goi la
chuoi con ctia chudi Sg=(b3,bz,...,.b;m) néu va chi néu ton tai dy sd 1 < iy <iz < ... <in <= m sao cho a;Shi, azChi,...,
anShin. Khi dé ta néi chuoi Sa 1a chuoi con cua Sg hay chuoi Sg la chuoi cha ctia Sa.

Tién td (prefix): mot chudi Sa-(as,az,...an) dwoc goi 1a tién t6 ctia chudi Sg=(b1,bz,....bm) néu va chi néu véi moin
<mva a1=b1,az=b2,...,an=bn.

MAu tuin tw (sequential pattern): Cho trué¢c mot ngudng hd tro toi thiéu, ky hiéu minSup, dwoc xac dinh
trwdc béi ngudi dung. Trong do, 0 < minSup < 1. Mot chudi S dwgc xem 1a chudi phd bién khi va chi khi do hd tro
cia S 1é6n hon bang ngudng hd tro t6i thiéu, sup(S) = minSup. Khi d6, S dwgc goi 1a mau tuan tw [1].

Khai niém ciy nén Nhat: Cay nén Nhat do ngwoi Nhat phat minh vao nam 1600. Mdi cy nén biéu dién dit liéu
gid m& clra, ddng clra, cao nhéit, thap nhit. Ciy nén gém 2 phin real body (thidn nén) va shadow (béng nén)
(Hinh 1). Hinh chi nhat goi 1a thin nén thé hién pham vi thoi gian mé va déng phién giao dich. Than nén mau doé
(nén gidm nhw Hinh 1-B) tic gia déng clra cta phién giao dich thip hon gia mé ctra. Ngworc lai, than nén c6 mau
xanh (nén ting nhw Hinh 1-A) tirc gid déng clra cia phién giao dich 1é6n hon gid mo cira.

Phin & trén va dudi thin nén goi 1a bong nén, phin & trén goi bong trén cé dinh la mirc gia cao nhit va phian &
dwéi goi 1a bong dwdi cé day 1a mirc gia thip nhit cta phién giao dich. Ciy nén c6 thé vé trong cac khung thoi
gian quan sat khac nhau (nhw phut, gio, ngay, ...). Trong pham vi ciia bai bdo nay, ching t6i st dung ciy nén
dwoc quan sat theo khung thoi gian 1a 1 ngay. Vi du xét Hinh 1, khung thoi gian quan sat cy nén theo ngay, ciy
nén ting (Hinh 1-A) day than nén la gia giao dich dau tién hay goi la gid m& ctra va dinh than nén 1a gia két thic
phién giao dich hay goi gid déng ctra. Pinh bdng trén twong (rng gid cao nhat va day bong duwédi twong bng gia
thap nhat. Nguoc lai, cAy nén gidm (Hinh -B) giad m& cira ndm trén than nén, gia dong cra ndm du&i than nén, va
gid cao nhit, thip nhit giéng nén tiang.
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Gia cao nhdt ——— — Gidcao nhit
]— Béng trén
Giadéng cta ———— Gidma clra
I: Thén nén
Giamé cira Gid déng cira
Béng dudi
Giathdp nhdt ——— _ Giathdp nhit
A: Nén ting B: Nén giam

Hinh 1. Cdu triic cdy nén Nhdt [2] véi A: Nén tdng va B: Nén gidm.
I1I. CAC CONG TRINH NGHIEN CU’U LIEN QUAN

Nhitng ndm gan day, dit liéu giao dich c6 phiéu, thong tin mang xa hdi, tin tirc tai chinh, cic blog cia mang may
tinh, .... dwoc xem nhu “vang”. Khai thac dit liéu nham tim kiém théng tin 4n va kham pha tri thitc tir dir liéu. Viéc
khai thac thong tin dé tim thong tin hitu ich cho cidc muc dich khac nhau nhw phat hién gian l14n, dw doan twong
lai, phén tich hanh vi, ... ngay cang phé bién va cin thiét cho cac cong ty, doanh nghiép trong nhiéu linh vic khac
nhau [1].

Thi treong chirng khoan sinh ra lwgng thong tin giao dich rat 16n mdi gidy, viéc dw doan xu hwéng cd phiéu rat
can thiét cho cac nha d4u tw cé chién lwoc giao dich, gidm rii ro va cé thé ting lgi nhuén [3]. Bi€u d6 nén nhit la
mot trong nhirng cdng cu clia phwong phap phan tich ki thuat thwong ding phé bién dé phan tich xu hwéng cua
c6 phiéu. Biéu do 1a tap hop nhiéu cdy nén dwoc biéu dién theo khung thoi gian nhat dinh (nhw niam, thang,
ngay).

Cac nha phan tich co ban tin rang gia cd phiéu chiu 4anh hwéng caa dit liéu kinh té€ vi mo, dit liéu giao dich chirng
khoan cii [4]. Cac thong tin nhw 13i suit, ty gia hoi dodi, gia tiéu dung, bo cdo tai chinh, ty sudt cd tic, ... dworc
xem nhu 1a bién s kinh té. M6 hinh dw dodn chirng khoan thwdng st dung md hinh hoi quy tuyén tinh hay phi
tuyé&n doi héi cac tham sé xac dinh trwdc dé ¢ gdng tim ra mdi quan hé gitra lgi nhuan chirng khoan véi cac bién
s6 kinh té tai chinh. Trong d6, ho gia dinh rang gia cd phiéu c6 thé du doan dwa vao viéc phan tich dit liéu gia c6
phiéu lich st [5]. Ho phan tich dir liéu vé sw thay d6i gia ¢ phiéu, khdi lwgng giao dich, ... Phan tich ki thuit pho
bién thwdng phan tich mau hinh biéu d6 va chi bao kj thuat [6]. Chi bao k§ thuat 1a cac tin hiéu chuyén biét cho
biét gia cd phiéu trong mot khoang thoi gian nhit dinh trong lich str.

DAu tién, cach ti€p can bing phwong phap may hoc c6 giam sat SVM dwoc dé xuit trong dw doan xu huéng cé
phiéu [7]. Trong bai bdo nay, nhém tac gia ctia bai bdo d& xuit 2 phan gbm lwa chon dic trung va xdy dung mo
hinh dw doan. Cac dic trung dwoc chon lwa bang SVM va dwoc danh gid xép hang. M6 hinh dw doan 1a SVM c6
ham chuyén d6i ban tuyén tinh (quasi-linear kernel) gan gidng bd phan loai phi tuyén, né tao ra dwong bién
phan loai tuyén tinh da ndi bd va phép nodi suy. M6 hinh SVM dw dodn xu hwdng thi treong chirng khoan trén dir
liéu lich sir ciia thi tredng chirng khodn Pai Loan. Két qua thwe nghiém md hinh dy dodn t6t xu hwéng thi treong
chirng khoan.

Ngoai ra, phwong phap hoc siu ciing tng dung trong cic du dodn cd phiéu nhw dw doan lgi nhuén c6 phiéu [8].
Dy dodn gia ¢ phiéu dwa vao dir liéu lich st va cac chi bdo trén dit liéu 10 c8 phiéu & My va bai Loan [9]. Duw
doan xu huéng dwa vao danh trong s6 thoi gian cho cac dir liéu dw doan, xu hwéng chirng khodn duwgc xac dinh
dwa vao ly thuyét va thyc tién. Cudi ciing, mang LSTM dung dé du do4n xu huéng twong lai cho dit liéu c6 tinh
chat thoi gian. Thwc nghiém trén chi s6 CSI 300 dat do chinh xac 83,91% [10]. Véi loi thé xt ly dit liéu chudi thoi
gian (time series) mo hinh LSTM dwoc 4p dung nhiéu trong cac bai toan dw dodn rit tét.

Gan day, nhiéu moé hinh dw doan c6 phiéu di dwoc nghién ctru. Trong d6, mé hinh stt dung thuit toan khai thac
mau tuin tw 12 mot tiép can méi trong dw doan xu hwéng cd phiéu. Ki thuat khai thac miu tuin tw dugc Agrawal
va Srikant gid¢i thiéu lan d4u tién vao nam 1995 [11]. Cac tic gid dinh nghia trinh ty mua hang cia khach hang
trong CSDL giao dich va dwoc biéu dién thanh CSDL tuan tw v&i thuat ton khai thdc mAu tuan tw phé bién 1a
AprioriAll, AprioriSome [12]. Bai bao du bao lgi nhuan [13] trinh bay k§ thuat khai thac dit liéu phan tich mic
d6 lién quan cta bién sd va mang noron dung phén loai va wéc tinh gia tri loi nhuén ¢8 phiéu trén chi s6 S&P
500. Nhiéu phwong phap biéu dién chudi thoi gian khac nhau nhw dwa trén mo hinh téng quat, dwa trén phép
chuyén d8i hay dwa trén mién thoi gian. Biéu dién chudi thoi gian gitip qua trinh tinh todn don gidn hon va giam
dugc s6 chiéu thuén loi qua trinh dw dodn [14]. Viéc biéu dién chudi thoi gian dwa trén mién thoi gian dwoc st
dung rdng rai trong cac rng dung tai chinh.
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IV. PE XUAT MO HINH

Trong phin nay, ching t6i trinh bay mot mo hinh dé xuit, v&i tén goi DMSP-TS, st dung phwong phap khai thac
mau con tuan tw dwgc dinh nghia lai véi mé hinh tim mau con cé d6 pht hop cao nhit, dit liéu lich st dwoc ma
héa theo cac quy tc nhit dinh va xu huéng ¢ phiéu dwoc xac dinh bang sy thay déi ciia duwdng gia dong clra. Do
twong tw clia mau c6 dait trong s6 dwgc dé xuat dé cai thién két qua cta duw doan.

A. MA HOA CAY NEN

MJi cay nén dwoc vé véi cac quan hé gid khac nhau. C4u triic cAy nén thwong cé 4 gia: gia cao nhit, gia thap nhit,
gid mé ctra va gia dong clra. P& c6 thé 4p dung thuat toan khai thac mau tuin tu, cdy nén dwoc ma héa thanh cac
su kién theo cic ky hiéu a, b, ¢, ... Tuy nhién, véi nhitng quan hé gia tao nén rat nhiéu kiéu ciy nén, viéc ma hoa
ciy nén sé theo quy dinh dwgc trinh bay trong Bang 4.

Béang 3. Md hda cdc kiéu cdy nén theo Bdng 4

Kiéu nén |:| I -
Ki hiéu a b c d e f g h i j k
Bang 4. Cdc quy dinh md héa cdy nén

NT co: NT co: NT co: NT co: NG cé: NG cé:

Quy dinh H>C H>C H=C H=C H>0 H>0

: C>0 C>0 C>0 C>0 C<0 C<0

O>L O=L O>L O=L C>L C=L

Ki hiéu a b C d e f
NG co: NG co: Nén c6 : Nén c6 : Nén c6 : Nén c6 :

Quy dinh H=0 H=0 H>0 H=0 H>C H=0

: C<0 C<O0 C=0 0=C C=0 0=C

C>L C=L C>L C>L O0=L C=L

Ki hiéu g h i j k 1

Trong Bang 4 mo ta quy dinh ma héa ciy nén c6 H 1a gid cao nhit, C 1a gid dong clra, O 1a gid mé& cira, L 1a gid thip
nhit, NT la nén ting, NG la nén giam.

B. XAC PINH XU HU'ONG CO PHIEU

Xu hwéng duoc xac dinh theo cac diém thay doi gia trén duwong gid dong cira, c6 nghia gia dong clra dang ting
sau do6 giam va nguoec lai. Xu hudng tang khi gia dong clra sau cao hon gia dong ctra truédc ngwece lai 1a xu hwéng
gidm va xu hwéng dwgc gan sau diém thay déi. Xu hwéng ting dwgc gan nhan 13 1 con xu hwdng gidm gan nhan
la -1 va xu hwéng khong tang cling khong gidm thi dwoc gan nhan 0. Xu hwéng dwoc minh hoa Hinh 2.

" Interval'1ID'v" §§ Candle v ¢ Draw (V)

l!'“-

@ Indicators™ (@ Comparison BE'DateRange” 1D 5D IM 3M" 6M T YTD 1Y 2Y  5Y Max

! 17210
| AAPL 151.00

Open 147927
High 151.23
Low 146.91
Close 151.00
Volume  82.98M
% Change 2.67%

1165.00

+LLI+-*+

1155.00

15| 00

Hinh 2. Dwdng gid déng civa va xu hwéng dwgce gdn tai cde diém thay déi gid.
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Thé hién mau khai thac trong thuat toan: Nhim phu hop véi bai todn dw doan xu hwéng nén miu khai thac
trong thuit toan c6 thém xu hwéng goi 1a miu nén gdém 2 phan: chudi nén va xu hwéng cta chudi nén ki hiéu
pc = {{sc), xh} trong do:

(sc) : 12 chudi nén dwgc ma hoa cac cy nén thanh ki hiéu a, b, c, ...
xh :1a xu huéng clia chudi nén.
Vidu:pc = {{(a,b,d,d,c,a,e), 1} chudinén sc = (a,b,d, d, c,a,e) cé6 xu hwéng ting.

C. THUAT TOAN DMSP-TS
Thuat todn DMSP-TS gdm ba phan chinh: (1) kiém tra mau nén cé phai chudi con hay khong, (2) thuat toan khai
thac mau nén, (3) do twong tw va do phu hop.

Bang 5. Cdc mé dun trong thudt todn DMSP-TS: (a) CheckSubSeq, (b) SeqPatternMin

Method: CheckSubSeq(X,Y)

Input: XY 1 chudi tuan tw

Output: 1 hay 0
1. m,n //chiéu dai cia chuditudntw X, Y
2. if (m>n):
3 return 0
4. 1i,k=0

5. whilei<m:

6

7

8

ifk==n:# Y rong
return 0
. forjinrange(kn):
9. if X[i]==Y[j]:

10. i+=1

11. k=j+1

12. Dbreak

13. elifj==(n-1):
14. returnO

15. return1

(a) CheckSubSeq

Method: SeqPatternMin(setP)
Input: setP //tAp mau nén
Output: Psc //tap chi tiét mau nén
16. n=len(setP)//chiéu dai miu nén
17. foriinrange(0,n):
18. sp=0//s61an xudt hién chudi con giéng xu hwéng
19. sup =0 //s6 lan xut hién chudi con
20.  scl =setP[i][0:-1]
21.  xhl =setP[i][-1]
22. forjinrange(0,n):
23. sc2 = setP[j][0:-1]
24. kt = CheckSubSeq(sc1,sc2)
25. ifkt==1:
26. sup+=1
27. xh2 = setP[j][-1]
28. if xh1 == xh2:
29. sp+=1
30. if ExistPset(setP[i],Psc) == False:
31. acc = sp/sup
32. Psc = addP(sc1,xh1,sup,sp,acc)
33. return Psc

(b) SeqPatternMin
Béang 5 trinh bay thuit toan dwoc dé xuit. Thuat toan (a) kiém tra xem mau nén cé phai l1a chudi con clia miu
nén khac trong tap mau nén, 14y chiéu tir trdi sang phai lam diém bt dau so sanh cac phan tit, néu 2 phan ti cda
2 mau nén giéng nhau thi cd 2 mau nén phan tir sé di chuyén t&i phan tir ké tiép (dong 9, 10, 11), ngwoc lai phan
tlr clla mau nén trong tAp mau nén gitr nguyén vi tri. K&t qua (a) 1a 1 (dong 15) mAu nén 1a chudi con clia miu
nén khac trong tap nén, con két qua 1a 0 (dong 3, 7, 14) mAu nén khong phai 1a chubi con.
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Tiép theo, thuat toan (b) khai thac tdp mAau nén, dua theo thuat toan khai thac mau con tuin tw nhung khong
dung nguéng hd tro téi thiéu (minSup) ma tin suit clia miu nén dwoc tinh bing dd chinh xac miu (dong 31)
theo cong thirc 1, cdc miu nén trong tdp mau nén lan lwot kiém tra chudi con clia mau nén khac khong (dong
24). Tir dong 25 dén dong 29 mé ta cach tinh tin sudt miu nén gidng xu hwéng va tan suit xuit hién miu nén tir
do tinh dd chinh x4c clia mAiu, cudi cing két qua dugc lwu lai chi tiét cic thong tin ciia miu nén (dong 32). Qua
trinh khai thac mAu con tun tw dugc thuyc hién tir ddu cho dén hét miu trong tip mau nén.

Cong thirc tinh dd chinh x4c clia miu nén nhu sau:
s6 lwong pc c6 xh gidng xh chudi nén

acc = — ——— YOS (1)
tong s6 chudi nén gidong chudi nén pc

Vi du : Cho miu nén p = {{a, a,e), 1} c6 2 miu nén p2 = {{a,a, e), 1} va pl = {(a,a, ), —1} c6 chudi nén giéng p
nhuwng khac xu huwdng do chinh xac acc(p)=1/2 =0.5.

Trong mot s6 treong hop dw dodn miu nén cé cling dd chinh xac, mé hinh so khép truyén théng dw doan xu
hwéng cho két qua khong dwoc tot. Do vay, ching tdi dé xuit do twong tw clia hai miu giup giadi quyét van deé
mau nén c6 ciing do chinh xac bang cach dit trong s6 cho cac phan ti. Trong s6 dit1a 5 cho cic phan tir dAu tién
va gidm dan cho cic phan tir phia sau, dd twong tw dwoc tinh theo ca hai chiéu (tlr trai sang phai va nguoc lai)
ctia 2 chudi nén.

5 i=1
Wi_{m—i+1,1<i5m (2)

w; : trong s6 mau nén phan ti thi i, va m chiéu dai miu nén.

D9 twong tw cla 2 chudi tudn ty dwoc tinh theo cong thitc:

Max (simq, simy, ...simy,)
lm—n|+1

sim(X,Y) = (3)
Trong d6, sim;, = ¥7'2gw; X w; v6i phan tir thir i gidng phan tir thi j 1a dd twong tu trwong hop thit k, c6 k
treong hop twong tw, m,n 1a chiéu dai ctia 2 mau nén X va Y. Ham Max 13y s6 1én nhit cta d6 twong tu.

Cong thirc tinh dd pht hop clia miu nén nhu sau:
mat(pcur, pc;) = sim(pcur, pc;) X acc; (4)
pcur : mau nén du doan.
pc; : mau nén thit i trong tdp mau nén
acc; : do chinh xac cia mau nén theo cong thirc 1
V. KET QUA THU'C NGHIEM

Thuc nghiém trén dir liéu lich st thu thap tir trang https://finance.yahoo.com trong khoang thoi tir 04/01/2021
cho dén 12/05/2021. CAc mi c¢6 phiéu 1 cic cong ty trong chi s6 NASDAQ-100. Mbi c6 phiéu c6 thudc tinh ngay
ghi c6 phiéu gia cao nhit, gia thip nhit, gid md clra, gid dong clra, gid dong ctra diéu chinh, khéi lwgng giao dich.
Thoi gian biéu dién cay nén don vi 1 ngay. P& danh gid mé hinh méi ma c6 phiéu dwoc chia 2 phan theo thi tu:
80% dir liéu dau 1am tip hudn luyén va 20% dit liéu sau lam tap kiém tra.

M6 hinh SVM thwong dwgc dung dé dw doan xu hwéng ¢ phiéu theo phwong phap phén loai dwoc str dung trong
nhiéu bai bdo. Trong bai bdo nay, mo hinh SVM st dung phwong phap Support Vector Classification (SVC) dé dw
doan xu hwdng cho ngay thit 6 véi mau kiém thit. Cac ngay trong mau kiém thir dwoc ndi lai véi nhau thanh mot
vector ¢ 20 phin ti theo thi tw thoi gian va gia gom “gia mé cira, gid cao nhit, gia thip nhat, gia dong ctva” [14].
Xu hwéng 12 két qua so sanh “gia déng ctra” [14] clia ngay ké tiép mAau kiém thir (tirc ngay thir 6) véi ngay cudi
clia mau kiém thir (tirc ngay thir 5). Néu gia dong clra ngay thir 6 16m hon gia déng cira ngay thi 5 thi xu hwéng
c6 phiéu ting dwoc gan nhan bang 1, con gid déng clra ngay thir 6 nhé hon gia dong ctra ngay [14] tht 5 1a xu
hwéng gidm dugc gan nhin bang -1, cudi cing gia déng clra ngay thitr 6 bing gid déng clra ngay thir 5 thi xu
hwéng di ngang dwgc gan nhan bing 0. M6 hinh SVM stt dung cac tham s6 phat C=1.0 dé bién 1é khong hep qua,
kernel='"linear' d& chia cac vector theo dang tuyén tinh.

M6 hinh LSTM thwong st dung du doan trén dit liéu chudi thoi gian, hay chudi tuan tw. Md hinh dw doan céac phu
thudc xa rat hiéu qua. Trong cac nghién ctru dy doan cd phiéu thuwdong sit dung mé hinh LSMT d€ doan xu hwdng
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twong lai. Trong bai bdo nay, mo hinh LSTM st dung phwong phap hoi quy d€ dw dodn xu huwdng ngay thit 6 c6
dau vao 1a mAu kiém thit. Pau vao ctia m6 hinh LSTM twong tw nhw dau vao clia mé hinh SVM 1a cac ngay trong
mau kiém thir dwoc néi lai véi nhau theo thir tw thoi gian va gia. Xu hwéng duoc xac dinh cling giéng nhuw viéc
xac dinh xu hwéng trong mé6 hinh SVM. M6 hinh LSTM trong cac nghién cttu du doan va thuc tién thudng dwoc
xay dwng cac ting LSTM choéng 1én nhau va cudi cung thwong 1a tAng Dense. M6 hinh LSTM trong bai bao dwoc
xiy dwng gom 2 ting LSTM véi units=50 dé lwu thong tin quan trong cta dit liéu dau vao md hinh, ting Dropout
c6 tham s6 rate=0.1 @€ 4n bét cadc nit mang tranh vin dé overfitting va cudi cung la tAng Dense v&i units=1 dé
dwa ra két qua dw doan xu hwéng c6 phiéu ngdy thi 6. Ngoai ra, cic tham s6 cho qua trinh huin luyén mdo hinh
c6 loss=mean_squared_error, optimizer=adam, epochs=100, batch_size=32.

Thuc nghiém chia thanh 2 nhém: Nhém 1 thuc nghiém chil y&u so sanh 2 mé hinh khai thac mau con tuan tw, md
hinh dé xuit v&i mo hinh truyén théng, nhém 2 thwe nghiém so sdnh mo hinh dé xuit véi mé hinh dw doan pho
bién SVM, LSTM trong dw doan xu hwéng.

L4y lan lwgt 5 ngay lién tiép theo thi ty thoi gian va xu hwdng ngay thir 6 dwgc xac dinh bing gia déng ctra lam
mau dw doan xu hwdng, cAic mau nén dw doan dwgc léch nhau 1 ngay, c6 nghia cira s6 trwot 12 1 ngay.

Do do chinh x4c (ACC) st dung lam thwéc do danh gid hiéu sudt mo hinh. K&t qua thwce nghiém cho thdy mo hinh
dé xudt c6 do chinh xac trung binh (Bang 7) cao hon so véi mé hinh truyén théng, vi viéc so khép mau c6 dd
chinh xac cao véi mau mudn du doan cé nhiéu mau cé ciing d6 chinh xac nén thuat toan sé 18y mau dau tién cé
cung dd chinh xac cao nhit ma khong xét dén vi tri thit tw phén tr khi so khép din dén két qua dw doan khong
tot. Thi tw cia cdc phan t& trong mau 1a mot dic trung cia dir liéu, mo hinh dé xuit do twong tw c6 trong s6 dé
xac dinh mAu phu hgp nhit d€ dw doan xu hwéng va gidi quyét dwoc van dé c6 cing dd chinh xac. Bang 6 minh
hoa 5 c6 phiéu cé d6 chinh xac cao cia mé hinh truyén thong (ACC MHTH), va mé hinh dé xuit (ACC MHDX), tuy
nhién c6 mot s6 ma cd phiéu thi nguoc lai c6 thé do danh hwdng ciia nén kinh té thé gidi, dich bénh toan cau, ...
Tuy nhién, Bang 7 chirng t6 hiéu qua m6 hinh dé xuit so véi mo hinh truyén thong trén tip dir liéu thwc nghiém.

Bang 6. So sdnh 5 ¢6 phiéu v&i dé chinh xdc ctia 2 mé hinh

Ma chirng khoan Tén cong ty ACCMHTH | ACC MHDX
AMAT Applied Materials, Inc. 50% 78.5%
MRVL Marvell Technology, Inc. 71.4% 78.5%
AMD Advanced Micro Devices, Inc. 21.4% 78.5%
INTU Intuit Inc. 35.7% 64.2%
CMCSA Comcast Corporation 57.1% 64.2%

Bang 7. Bdng so sdnh hiéu sudt 2 mé hinh dw dodn.

M6 hinh dw doan

b0 chinh xac trung binh

Thoi gian thye hién

Truyén théng

47.5%

0.879 giay

pé xuat

51.3%

0.891 giay

Nhém 2 thuc nghiém mo hinh SVM st dung phwong phap phan loai d€ dw dodn xu hwéng, dir liéu 5 ngay lién
ti€p theo thit tw thoi gian dwoc néi véi nhau dé gitt nguyén thit tw cia chudi nén va né tao thanh 1 vector cé 20
phin ti 1am d4u vao ciia md hinh SVM véi cic tham s6 C=1.0, kernel='"linear'. Xu huwéng dw doan ngay thir 6
tang dwgc gan nhan 1, xu hwéng gidm la -1 va xu hwdng khong tang cling khong giam 1a 0.

Mb hinh LSTM té ra hiéu qua trong du doan phu thudc xa dit liéu chudi thoi gian. Md hinh sir dung phwong phap
hoi quy dé dw doan xu hwéng, dau vao mé hinh gidng mé hinh SVM v&i tham s6 units=50 dropout=0.1 va cac
tham s6 loss=mean_squared_error, optimizer=adam, epochs=100, batch_size=32. K&t qua dw do4an néu 1én
hon 0 12 xu hwéng tang, nho hon 0 12 xu hwéng gidm va bang 0 1a xu hwéng khong tang cling khong giam.

Bang 8 cho thiy két qua thyc nghiém m6 hinh LSTM thip hon do mé hinh cin nhiéu dir liéu dwgc thu thip trong
thoi gian dai, md hinh dé xuit c6 hiéu qua hon véi dir liéu c6 thoi gian ngén phi hop véi sw bién dong phitc tap
cda thi trweong chirng khodn. So sanh thoi gian thwe hién mo hinh SVM c6 thoi gian nho nhit nhwng d6 chinh xac
khong cao, cling giéng mé hinh LSTM can thém dit liéu. M6 hinh dé xuit dat dwoc két qua tét trong mét vai diéu
kién nhat dinh pht hgp véi dw doan xu hwéng 6n dinh trong thoi gian ngan.

Bang 8. Két qud ctia cdc mé hinh dw dodn trong thuc nghiém nhém 2

Mo hinh dy dodn b0 chinh xac trung binh Thoi gian thuc hién
Dé xuit 51.3% 0.891 gidy
SVM 36.9% 0.302 giay
LSTM 45.0% 44.755 giay
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Biéu do thé hién dd chinh xac 3 md hinh dw doan

0.8
0.6
0.4
0.2

D6 chinh x4c

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79

S6 cd phiéu
————— D chinh xac md hinh LSTM ~ --------- B chinh xac m6 hinh SVM

D6 chinh x4c mé hinh D& xuit

Hinh 3. So sdnh d6 chinh xdc ciia 3 mé hinh.

Hinh 3 th€ hién mo hinh d& xuit c6 wu di€ém hon, nhiéu c8 phiéu c6 dd chinh xac trén 60%, ngwoc lai moé hinh
SVM c6 nhiéu c6 phiéu cé d6 chinh xac thip.

VI. KET LUAN

Bai bao trinh bay cach tiép can phwong phap khai thdc miu con tuan tw vao viéc dw doan xu huéng cé phiéu véi
mo hinh dé xuat DMSP-TS. M6 hinh dé xu4t dua trén thuat toan khai thdc mau con tuan tw c6 hiéu chinh cho phu
hop vé&i bai toan dit ra. Ngoai ra, ching t6i dé xuadt dd twong tw clia mau nén két hop véi do chinh xac cda mau
nén d€ cai thién két qua du dodn. P twong tw dwgc dit trong s6 to ra hiéu qua trong dy dodn va gidp gidi quyét
van dé mAu nén c6 cung d6 chinh x4c khi so khép. Bai bdo con trinh bay cach ma héa dit liéu c6 phiéu da bién va
cach xac dinh xu hwéng. Két qua thwe nghiém dat hién qua cao tét hon so véi cac phwong phap khac.

Tuy nhién, mé hinh dé xuit c6 két qua dw doan con thap vi vy hwéng phat trién tiép theo 1a xac dinh xu hwéng
theo 1 khodng gia nao do6. Ngoai ra, thong tin trén mang x4 hoi va tin tirc vé tai chinh ciing 1a yéu t6 anh huwéng
xu hwéng c6 phiéu. Do d6, viéc két hgp véi mé hinh x Iy ngdn ngir d€ trich xuit dic trung c6 lién quan va phin
loai ¢6 phiéu trwdc khai thac dé ting hiéu qua dw doin xu hwéng. Cudi cing mé hinh cin thwe nghiém va danh
gia trén nhiéu tip dir liéu cia nhiéu thi tredrng chirng khoan & nhiéu qudc gia khac nhau.
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APPLICATION OF SEQUENTIAL PATTERN MINING FOR STOCK PRICE TREND
PREDICTION
Nguyen Tuan Dung, Tran Minh Thai

ABSTRACT— Stock trend prediction is an essential support for investors. Accurate and fast prediction is being applied by
researchers using various models. The method of prediction by mining historical data, the candlestick chart is one of the
technical analysis tools used by investors to create a stock trading strategy. In particular, the application of data mining to
predict stock trends is a new approach. In this paper, we propose a model using data mining techniques to predict stock
trends. The predictive model is based on a sequential pattern mining algorithm on a historical data set of stocks. Identifying
patterns through similarity is also presented in the paper. Experimental data were collected on https://finance.yahoo.com.
The experimental results of the proposed model have better average accuracy than traditional models such as SVM and
LSTM.

Keywords —Data mining, sequential pattern, stock trend prediction, candlestick chart.
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