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ABSTRACT

This paper proposes a TSK fuzzy model for stock price forecasting based
on Support vector machine for regression. By uniformly satisfying these
conditions between TSK fuzzy models and Support vector machines for
regression, we can construct an algorithm to extract TSK fuzzy model from
Support vector machines. This research does not give the algorithm that
allows extracting TSK fuzzy model from support vector machine, but
rather proposes a solution that allows optimization of extracted fuzzy
model through the adjustment of ¢ parameter. The proposed model is
combination of the SOM clustering algorithm and fm-SVM, the algorithm
to extract TSK fuzzy model from Support vector machines. The
effectiveness of the proposed solutions is evaluated by the experimental
results and a comparison with the results of some other models.

TOM TAT

Bai bdo nay dé xudt mét mé hinh mo TSK cho bai todn dw dodn gid c¢é
phiéu dwa trén mé hinh mdy hoc véc-to hé tro- hoi qui. Trén cé sé thoa
mdn cac diéu kién nham dong nhat giita ham dau ra cia mé hinh mo TSK
va ham quyét dinh ciia mdy hoc véc-to' hé tro hoi qui, chiing ta cé thé xdy
dung mét thudt toan cho phép trich xuat mé hinh mo TSK tir mdy hoc véc-
to ho tro. Bén canh do trong nghién ciru ndy ching toi con dé xudt mot
giai phap cho phép 16i uu hoa mo hinh mo TSK trich xudt dwoce théng qua
viéc diéu chinh tham sé . M6 hinh de xudt la sw két hop cia thudt todn
phan_cum SOM va thudt toan trich xudt mé hinh mo TSK tir may hoc Véc-
1o hé tro hoi quy. Hiéu qua cia giai phap dé xudt dwoc danh gid thong
qua cdc két qua thuc nghiém va co sw so sanh voi két qua ciia mot s6 mé
hinh khac.

1 GIOI THIEU

Bai toan du doan gia c¢b phiéu da va dang thu

doan gia cb phiéu hodc xu hudng cia gia c¢d phiéu
sau n-ngay [6][15].

hut dugce nhiéu sy quan tdm nghién ctru cua cac
nha khoa hoc. C6 nhiéu mé hinh va giai phap khac
nhau da dugc cac nha nghién ctru dé xuﬁt, vG1 muc
tiéu cudi cliing 1a nang cao tinh chinh xdc cia két
qua du doan. Bai toan dy doan gia c¢6 phiéu hién
nay chu yéu duoc tiép can dudi hai dang, d6 1a du
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Mot trong nhitng hudng tiép can phd bién hién
nay dé giai quyét bai toan du doan gia cb phiéu la
trich xuat mé hinh md dy doan gia cd phiéu tir dir
liéu giao dich lich st, goi 1a m6 hinh m¢o huéng div
liu (data-driven model). Mot trong nhitng ky thuat
trich xuét luat mo ty dong tir dir liéu kha hiéu qua
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d6 1a dua vao miy hoc véc-to hd trg (Support
vector machines - SVM) dugc nhom tac gia J.-H
Chiang va P.-Y Hao nghién ctu va cong b6 lan dau
tién trong [8]. Theo hudng tiép can nay, nhiéu tac
gia da nghién ciru d& xuét va Gmg dung céac ky thuét
rit trich cdc ludt mo tir SVM cho viéc phat trién
cac md hinh m¢o hudng dir liéu cho cac bai toan
phan 16p [4][9], du bao hdi quy [12][14].

Mot dic diém dang luu ¥ cta may hoc véc-to
hd tro 14 d6i voi mot tap dir liéu hoc nhét dinh, néu
didu chinh cac tham sb dé tang tinh chinh xac cua
moé hinh du doan thi sb lugng véc-to hd tro
(Support Vector - SVs) ciing tang 1én [4][5][12]
[17]. N6i cach khac 1a khi ting hiéu suat cia md
hinh thi dong nghia véi viéc lam giam tinh “c6 thé
dién dich duoc” (intepretability) cia mé hinh. Nhur
vay, van dé dit ra 1a lam thé nao c6 thé trich xudt
duoc hé théng mo dam bao tinh chinh xac trong du
doan, déng thoi dam bao duoc dic tinh “co thé
dién dich dwoc”. Trong bai bio nay, chung t6i dé
xudt giai phap didu chinh gia tri tham s6 & trong mo
hinh may hoc SVM hdi qui (e-Support Vector
Regression) dé sao cho c6 thé dam bao tinh chinh
xac ciia md hinh du bao ddng thoi ting “tinh c¢6 thé
dién dich duoc” ctia mo hinh mo trich xuét duoc.

Céc phan tiép theo ctia bai bio bao gdm: phan 2
trinh bay so lugc vé mo6 hinh m& TSK, may hoc
véc-to tya (SVM — Support Vector Machine) va
diém tuong déng cua hai mo hinh nay; qua d6 dé
xuit thuat toan fm-SVM cho phép trich xuat cac
lugt mo tr SVMs trong d6 co tich hop cac giai
phap t6i wu héa mé hinh thong qua cac tham so.
Trong phan 3, chung t6i dé& xuat mot mé hinh mo
TSK du doan gia cb phiéu dua trén sy két hop gitra
thuat toan phan cum SOM (Self-Organizing Map)
va thuat toan trich xuit mo hinh m& fm-SVM.
Phan 4 trinh bay nhiing két qua thyc nghiém cua
moé hinh dé xuét, trong d6 c6 két hop so sanh véi
mot sd két qua cua cac mod hinh khac. Cudi cing,
trong phan 5 chiing t6i néu 1én mot sd két luan va
dinh huéng nghién ciru tiép theo.

2 TRICH XUAT MO HINH MO TSK TU
MAY HQC VEC-TO HO TRQ HOI QUY

2.1 Mo hinh m¢ TSK

Mo hinh mo dang TSK [7][9][14] con dugc goi
la mo hinh Takagi-Sugeno, dwgc dé xuat boi
Takagi, Sugeno, va Kang nham phit trién cach tiép
can mang tinh hé thong d6i véi qua trinh sinh luat
mo tir tdp dir liéu vao-ra cho trudec. M6 hinh mo
TSK duogc cdu thanh tir mot tap cac ludt mo “IF —
THEN”, v6i phan két luan cia mdi luat nay 1a mot
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ham (khong mo) 4nh xa tir cac tham s dau vao téi
tham s0 dau ra cia mo hinh.

Gia st ¢c6 mot hé théng mo TSK v6i m luat mo

dugc biéu dién nhu sau:

Rj: IF x4 is Aj1 and x, is Aj2 and ... and x,, is Ajn

THEN z = g]-(xl,xz,...,xn),vé’ij =12,..,m

Trong d6 x;(i=1,2,...n) la cac bién diéu
kién; z 1a cac bién quyét dmh ciia hé thong mo
duge xac dinh boi ham khong mo g;(.); A]i 1a
nhiing thudt nglr ngdén ngt xac dinh bdi ham thanh
vién tuong tng | Al (%;). Luuy, pn A (x;) dugc dinh

nghia nhu sau:

ORI N NES

Qua trinh suy ludn dugc thyc hién nhu sau:

(1

1) Kich hoat céac gia tri thanh vién.

n
(X
1_L=1 uAll( 1)

2) Két qua diu ra cua suy ludn dugc tinh nhu
sau:

f(x)

(2)

107 (T ()
N ETRIES!

(3)

Trong do, 7 1a gi4 tri dau ra ciia ham g;().
2.2 May hoc véc-to hd trg hoi quy

May hoc véc-to hd trg SVM dugc Vapnik gisi
thiéu nam 1995, day 1a mo hinh hoc dua trén ly
thuyét hoc thong ké (Statistical Learning Theory)
[1][3] va la mot k§ thuat dugc dé nghi dé giai
quyét cho cac bai toan phan 16p. Tu d6, nhiéu
nghién ctru da dé xudt sir dung SVM giai quyét bai
toan toi uu hoa hoi quy [6][11] [15][16]. Véi vai
trd giai quyét van dé téi wu hoa h01 quy, ly thuyét
co ban cua SVM c¢6 thé dugc van tit nhu sau

[113]:

Cho mot tap dit liéu huén luyén
{xLy), o Gy} € X X R, trong d6 X xac
dinh mién dit liéu déu vao. V&i e-Support Vector
Regression, bai toan tdi wru hoa rang budc cin giai
quyét la:

)

1

1. c .

oin S wiw + Z(Eﬁ%)
i=
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Sao cho: (WT.®(x;) +b) —y; < e +§,
yi— WL.o(x) +b) <e+&,
Ei!E}k >0vai=12..1

Va dua dén bai toan Quadratic Programming:

max—_Z(al o) (o — oG ) (@)™ @ (x;))

- 82(0‘1 +af) — ZYi(ai + o)
i=1 i=1

Sao cho:

(5)

Z(ai —af)=0,andC = «;af =0,
i=1

i=12..,1

Trong d6, C 1a tham so chuan tac, € la sai so

cho phép, &, & la nhitng bién long, va oy, of la
nhitng nhan tr Lagrange.

Véc-to w ¢6 dang:

1
w = Z(ai — 7). X
i=1

Va ham quyét dinh 1a:

(6)

1
60 = D (@ = o) (@)™ O(x)) +b (7)
i=1

Goi K(x;, xj) = d(x)T. Cb(xj) la ham nhén cua
khong gian dau vao; va ham quyét dinh (7) duoc
viét lai nhu sau:

1
60 = ) (e = GKx; ) + b ®

i=1
Nhimng diém dau vao x; voi (a; — af) # 0 duoc
goi 1a nhitng véc-to ho trg (SVs).
2.3 Trich xuit mé hinh mo TSK

Xét ham dau ra cia mé hinh mo TSK (3) va
ham quyét dinh ciia mé hinh may hoc Véc-to hdi
quy (8). Bé (3) va (8) dong nhit véi nhau, trudc
tién chung ta phai dong nhat gitra ham nhan trong
(8) va ham thanh vién trong (3). O day, dé thoa
min diéu kién Mercer [13] ham thanh vién Gauss
duoc chon lam ham nhén; déng thoi gia tri cia b
trong (8) phai bang 0.
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Khi ham Gauss dugc chon lam ham thanh vién

va ham nhan, dong thoi s6 ludt mo bang véi s6
véc-to ho tro (m =1) thi (3) va (8) trd thanh:

) = i(ai — apexp (—%(Xi — X)) ©)
i=1 !

va

1o 1 (%~ X)?
(-2
Oj
Nhu céch bién doi trong [8], him suy luan mo
(10) c6 the viet lai nhu sau:
2
X
) ) (11)

1
f(x) = Z Zexp (—%(ch__
j
(12)

j=1

Va ching ta chon: 7 = (a; — af)

Nhu véy, trén co s¢ thoa mén céc diéu kién dé
dong nhat ham dau ra cia SVMs va hé thong mo
TSK, chung ta c6 thé trich xuat dugc md hinh mo
TSK tir méay hoc Véc-to ho tro.

2.4 T6i wu héa tham s ciia cac ham thanh vién

f(x) =

(10)

1
j= 16XPp

Nhitng tham s6 ctia ham thanh vién c6 thé duoc
t6i wu hoa dung nhing thudt toan gradient descent
hoac thudt toan di truyén (GAs) [8][9]. Trong
truong hop nay, dé nhan duoc tap mo tdi wu, chung
toi cdp nhat gia tri cac tham s6 ctia ham thanh vién
theo cac ham thich nghi sau day:

oi(t+1) = 0;(D)8e,4 [(X ;3C)2 exp( &~ C) >] (13)

_(’;Zc)exp< ) >](14)

2.5 Toi wu héa md hinh bang tham sé ¢

Ci(t + 1) = Ci(t)ﬁsl_i

Mot trong nhimg dic diém ctia mé hinh mo 1a
“tinh c6 thé dién dich dugc” [7]. Tuy nhién, dbi voi
md hinh may hoc véc-to hd trg néu tang tinh chinh
xdc clia mo hinh thi s6 lugng SVs ciing ting 1én,
dong nghia véi sb lugng ludt md ciing ting lén.
Diéu nay lam cho tinh phtic tap ctia hé thong ting
1én va ddc biét 1a “tinh c6 thé dién dich dugc” cua
hé théng mo giam di.

Xét két qua thuc nghiém mé hinh may hoc véc-
to hdi quy trén ham hoéi qui phi tuyén Sinc(x) dwoc
cho bdi cong thirc sau:
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SIN® v 20

1 ifx=0

Sinc(x) = (15)

Tap di liéu huén luyén dugc xac dinh trong
pham vi tir -37 dén +37.

Trong qué trinh x4c dinh cdu trac SVM, ching
t6i sir dung tham s6 € dé diéu chinh s6 lugng SVs.
Theo két qua thé hién & Hinh 1 chiing ta thay: khi
gié tri ctia tham s6 & giam di thi s6 lugng SVs ciing
ting 1én, dong thoi do chinh xac cua két qua du
doan cling tang lén (duong ddm nét 1a duong du
doan hdi quy, dwong danh déu + 1a duong biéu
dién gi4 tri dit liéu dung).

Bing cach giir ¢6 dinh gi4 tri tham s6 C = 10.
Khi gia tri € = 0.0, s€ c6 50 SVs nhan dugc tr md
hinh, dong nghia v6i viée ching ta nhan duge 50
luat mo (cha y rang, trong trudong hop nay tit ca
cic mau dir liéu huan luyén duoc chon lam SVs
dau ra). Hinh 2a thé hién phan bd ctua 50 ham
thanh vién mo tuong Ung trong trudng hop nay.
Khi tang gia tri tham sb & = 0.1, thi c6 6 SVs nhan
dugc tuong ung vai 6 luat mo. Hinh 3b thé hién
phan b cua 6 ham thanh vién mo tuong tmg.

Hinh 1: Mdi quan h¢ giira s6 lwgng SVs va tham sb ¢

Gia tri cua € twong ung theo thir tw cdac hinh vé la 0.5,
0.2, 0.1va 0.01

e

(b)

Hinh 2: Phén bd ciia 50 va 6 ham thanh vién mé
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Tir nhimg phén tich trén, ching t6i da d& xuat
thuat toan fm-SVM cho phép trich xuit mé hinh
mo TSK tir may hoc véc-to hd trg nhu thé hién &
Hinh 3.

Khéi tao cac tham s6 cia SVMs

Centers :¢,i=1..m
Variances : g;,i = 1..m

Trich xut lut m& tir SVMs

IF x is Gaussmf{(o;, sv;) THEN y is B

| Téi uu hoa |

T6i wu hoda cic tham sé o, ¢, €

End

Hinh 3: So' d6 khéi thuat toan fm-SVM

Trong thuat toan nay, ngoai viéc tdi wu hoa
cac tham sb cua ham thanh vién, chung ta c6 thé
didu chinh gi4 tri tham s & d& nhan dwoc tap luat
mo toi wu.

3 MO HINH MO TSK DU POAN GIA CO
PHIEU

Trong phan nay, ching toi dé xuat mot mé hinh
trich xudt luat mo du doan gia c¢d phiéu bang cach
st dung thuat toan fm-SVM da dé xuat. So do khdi
ctia md hinh dugc thé hién trong Hinh 4.

1A A M6 hinh
Dir ligu Lyachoniitics Pz;n];;g::n 6 hinl
vio tinh dir liéu vao ban, SbM

g Part n-1

fm-SVM n-1

Hinh 4: Mé hinh mé dw doén gia c¢6 phiéu
3.1 Luwa chon thujc tinh dau vao

Theo nhiing két qua nghién cua cac tac gia khac
vé viéc du doan gia cb phleu ¢6 nhiéu cach khac
nhau dé lya chon thudc tinh dau vao, vi du nhu: sir
dung cac chi s6 kinh t& vi md, hodc st dung céc chi
s6 gia c6 phiéu hang ngay <opening, high, low,
closing price> [5][6][11] [15],... O md hinh nay
chung t6i lwa chon chi sb gia cd phiéu hang ngay
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lam dir liéu vao. Tuy nhién, tap di liéu vao s&
dugc tién xur 1y trude khi dua vao huan luyén cho
mo hinh.

Theo sy phan tich va danh gia cua L.J. Cao va
Francis E.H. Tay trong [6][11], viéc chuyén d6i chi
sO gia ngay thanh ty 1¢ khac biét trung binh 5 ngay

Bang 1: Cac thugc tinh lya chon
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(5-day relative difference in percentage of price —
RDP) s€ mang lai mgt s6 hiéu qua nhét dinh, dic
biét 1a cai thién dugc hiéu qua dy doan. Trong md
minh nay, ching t6i lya chon cac bién du vao dua
theo dé xuét va tinh toan cua L.J. Cao va Francis
E.H. Tay. Bang 1 thé hién cac thudc tinh lwa chon
va cong thire tinh cla chung.

Ky hiéu Thudc tinh

Cong thirc tinh

x;  EMAI100

x,  RDP-5
x;  RDP-10
x,  RDP-15
xs  RDP-20
y  RDP+5

Py — EMA;4,(1)

(P(i) — P(i—5))/P(i — 5) * 100
(P(i) — P(i — 10))/P(i — 10) = 100
(P(i) — P(i — 15))/P(i — 15) = 100
(P(i) — P(i — 20))/P(i — 20) * 100

(P(t+5)—P)/P() =100
P() = EMA;()

Trong d6, P(i) la chi sé gia déng phién cia ngdy thir i, va EMA,, (0)1d m-day exponential moving average ciia gié déng

phién ngay thir i.

3.2 Phan cum dit liéu diu vao bing SOM

Gan day, nhidu nghién ctru cua céc tac gia khac
da dé xuat sir dung SOM nhu 12 mot giai phap kha
hiéu qua dé phan cum dit liéu, ddc biét 1a ddi voi
dir ligu thi truong ching khoan [6][15]. Trong
nghién ctru ndy, chung t6i st dung SOM dé phéan
dit litu dau vao thanh cdc cum theo sy tuong
duong phéan bd théng ké cia cac diém dir lieu. Két
quéa phan cum bai SOM sé gitip giai quyét dugc hai
vén dé [6]:

1) Kich thuée dir li¢u trong ting cum s€ nho
hon lam tang toc d§ hoc cua mo hinh.

2) Dur liéu trong cac cum cd sy tuong duong
trong phan bo th6n~g ké, nhu vay s€ han ché dugc
cac truong hop nhicu.

3.3 Trich xuit mé hinh mo bang fm-SVM

Moi cum dit liéu vao da dugc phan tach béng
SOM s& dugc dua vao huin luyén cho timg may
fm-SVM tuong tmg dé trich xuat cac luat mo. Céac
tap luat mo trich xuét duge tir cac may fm-SVM

Bang 2: Nguon dir li¢u thye nghiém

twong Ung v6i cac cum dit lidu hudn luyén co thé
duogc s dung dé suy luén du doan gia ) phiéu.
Nhitng luat mo khai pha duoc tir dit liéu da duoc
phan thanh céc cum riéng biét va dugc cai thién
tinh “c6 thé dién dich duoc”, nhu vay cac chuyén
gia con ngudi ¢ thé dién dich thanh luat ngon ngir
va tir d6 c6 thé hiéu va danh gia dwoc cac luat ndy.

4 KET QUA THUC NGHIEM

Dbé danh gia md hinh dé xuit, chung toi xay
dung mot hé théng thtr nghiém dya trén bo cong cu
Matlab. Thuat toan hoc SVM cuia thu vién
LIBSVM duoc phat trién boi nhom cua Chih-Wei
Hsu [2], dugc sir dung dé san sinh ra cac SVs tir dir
liéu huin luyén, lam co so dé xay dung thuat toan
trich xut cac luat mo fm-SVM. Viée phéan cum dir
liéu dau vao duoc thuc hién dua trén bd cong cu
SOM dugc phat trién boi Juha Vesanto va cac dong
su [10]. Sau cung, ching t6i s dung ham
AVALFIS trong thu vién cong cu Matlab Fuzzy
Logic dé suy luan du bao gia co phiéu dwa vao cac
luat mo san xuit dugc.

Tén ¢b phiéu Thoi gian Dir liéu training Dir liéu testing
Cong ty c6 phan Gach men Thanh Thanh (TTC)  08/08/2006 - 16/04/2014 1520 200
Cong ty Cb phﬁn Khach san Sai Gon (SGH), 16/07/2001 - 08/04/2014 1780 200
Cong ty b phén Cang Poan x4 (DXP) 16/12/2005 - 16/04/2014 1610 200
VNINDEX 28/07/2000 - 16/04/2014 2800 200
HASTC 01/01/2006 — 16/04/2014 1700 200

Nguon dir lidu thuc nghiém dugc chon ngiu Gach men Thanh Thanh), SGH (Céng ty C6 phan

nhién trr nhitng ma c‘(;) phiéu c6 lich st giao dich
tuong doi dai bao gom: TTC (Cong ty co phan

Khach san Sai Gon), DXP (Cong ty ¢d phan Céang
Poan xa); va chi so0 ctia hai san giao dich ching
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khoan Viét Nam VNINDEX va HASTC (Bang 2).
Céc dit liéu trén duoc 1ay tir ngudn dir liéu lich sir
cua 2 san chung khoan Viét Nam, thong qua
website http://www.cophieu68.vn/.

Céc tap dir liéu training s€ dugc dung dé trich
Xuat cac tap ludt mo. Bang 3 thé hién moét nhom
luat mo trich xuit duoc tir dir lidu training cia ma
¢6 phiéu TTC.

Bang 3: Mét nhom luat mo trich xuit dwge ing
v6i ma cb phiéu TTC
Chi tiét
IF x1=Gaussmf(0.09,-0.11) and x2 =
Gaussmf (0.09,-0.12) and
x3=Gaussmf(0.09,-0.04) and
x4=Gaussmf(0.09,-0.10) and
x5=Gaussmf(0.09,-0.09) THEN y=0.10
IF x1=Gaussmf(0.10,-0.01) and x2 =
Gaussmf (0.09,-0.06) and
x3=Gaussmf(0.10,0.04) and
x4=Gaussmf(0.10,-0.10) and
x5=Gaussmf(0.10,-0.12) THEN y=0.57
IF x1=Gaussmf(0.09,0.02) and x2 =
Gaussmf (0.10,0.02) and
x3=Gaussmf(0.09,0.08) and
x4=Gaussmf(0.10,-0.08) and
x5=Gaussmf(0.10,-0.13) THEN y=-0.02

Luit

R1

R2

R3

Bing cach sir dung ham AVALFIS trong thu
vién cong cu Matlab Fuzzy Logic, chung t6i da thir
nghiém suy luan dua trén cac tip luat san xuét
duoc dbi voi cac tap dit liu testing. Bén canh do,
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chung t6i cling thtr nghiém dy doan trén cung bd
dit ligu d6 v6i cac md hinh duoc dé xuit boi cac
tac gia khac, bao gdm SVM, mé hinh két hop
SOM+SVM  va SOM+f-SVM. M6  hinh
SOM+SVM 12 mé hinh dua trén su két hop cua
SOM va SVM, duge dé xuit dé du doan xu hudng
c¢b phiéu trong [6][15]. M6 hinh SOM+{-SVM 1la
mod hinh két hop SOM véi f-SVM thuan tay (chua
didu chinh tham sb €). Hiéu qua cta cac mé hinh
dugc so sanh va danh gia dwa trén ba thong so,
gém NMSE (Nomalized Mean Squared Error),
MAE (Mean Absolute Error), va DS (Directional
Symmetry). Trong d6 NMSE va MAE do luong d6
l1&ch giira gia tri thuc té va gia tri du doan, DS do
luong ty 1€ du doan ding xu hudng cia gia tri
RDP+5. Gia tri twong Gng cia NMSE va MAE la
nho va cua DS 1a 16n ching t6 raing mo hinh du
doan t6t.

Két qua thyc nghiém dy doén trén 200 mau dir
liéu testing dugc thé hién trong Bang 4.

So sanh gia tri cac théng s6 MNSE va MAE
trong Bang 4 ta thdy, trén ca 5 ma cd phiéu, gia tri
cac théng s6 MNSE va MAE cia md hinh
SOM+fm-SVM d& xuit 1a nhé hon so v6i mé hinh
SVM, diéu nay ching té do sai léch gitra gia tri du
doan va gia tri thuc té ciia mé hinh dé xuét 12 it hon
s0 v6i hai md hinh kia. Bén canh d0, ta ciing thiy
gié tri thong s6 DS clia md hinh dé xuét 16n hon so
v6i mo hinh SVM, diéu nay chimg t6 ty 1& du doan
dung xu hudng ctia md hinh dé xuét cao hon.

Biang 4: Két qua dw doan trén 200 miu di liéu thir nghiém

<z SVM SOM+SVM SOM+-SVM SOM+fm-SVM

Mi o Sé S6 NMS

phiéu NMSE MAE DS NMSE MAE DS = NMSE MAE Ds | g MAE Ds
HASTC  0.9278 0.0191 3831 0.9057 0.0188 41.71 561 0.7601 0.0164 44.72 6*25 0.7615 0.0181 44.02
VN INDEX 1.0725 0.0110 34.33 1.1726 0.0109 42.68 816 1.1408 0.0108 4221 6*31 1.1401 0.0115 42.31
TTC 1.2687 0.0394 38.90 1.1358 0.0392 42.71 476 1.1390 0.0391 42.81 6*22 1.1452 0.0411 42.75
SGH 1.1015 0.0576 38.31 1.0792 0.0573 41.71 691 1.0909 0.0646 42.71 6*27 1.0851 0.0602 41.85
DXP 1.2073 0.0242 39.83 1.1138 0.0258 45.72 652 1.1281 0.0254 45.22 6*27 1.1390 0.0301 45.43

So sanh két qua cia mo hinh SOM+fm-SVM
@& xuat voi mo hinh SOM+SVM va SOM+{-SVM
trong Bang 4, ta thay gi4 tri cia nhitng théng s6
clia ca hai mo hinh 1a twong duong. Diéu nay ciing
dé dang 1y giai duoc, boi vi cac thuat toan f-SVM
va fm-SVM da rat trich ra tap luat mo dung cho
md hinh dy doan tir cic mdy SVMs, va nhu vy md
hinh dy doan dé xut két hgp SOM véi f-SVM va
fm-SVM s€ thua hudng hi€u qua cua mo hinh
SOM+SVM la diéu tit yéu. Tuy nhién, so v6i mod
hinh du doan SOM+SVM thi cdc md hinh mo TSK
¢6 nhitng vu diém sau:

1) M6 hinh du doan SOM+SVM la mot md
hinh “h6p den” ddi voi ngudi ding cudi, trong khi
md hinh dé xuét cho phép trich xuat ra mot tap luat
mo va qua trinh suy luan sé dugc thyc hién trén tap
ludt nay. D4i v6i ngudi ding cudi thi mo hinh suy
luan dwa trén mot tap luat mo sé dé hiéu va sang
to hon.

2) Ngoai ra, viéc ap dung SOM dé phan cum dir
liéu dau vao thanh ting tap nho riéng biét, bén
canh hi€u qua mang lai 1a giam kich thudc dir ligu
vao va tir d6 lam giam do phuc tap cua thuat toan,
tap luat sinh ra cling s& dugc phan thanh cac cum
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riéng biét twong tng, diéu nay ciing s& gop phan
giup cho chuyén gia con nguoi dé dang doc hi€u va
phén tich cac luat mo hoc dugc.

Diém cai thién ciia mo hinh dwa trén fm-SVM
so v6i md hinh dya trén f-SVM chinh 1a sb luat mo
trich xut duoc trong timg mo hinh dy doan. Vi du,
ddi voi ma ¢ phiéu HATC, téng s6 luat mo theo
mo hinh SOM+{f-SVM la 561, trong theo md hinh
SOM+fm-SVM chi 14 6*25. Nhu vy, sb ludt mo
ctia md hinh dé xuit da giam di rit nhiéu so v6i mé
hinh SOM+f-SVM, trong khi tinh chinh xac cua
két qua dy doan van duoc dam bao.

5 KET LUAN

Trong nghién ctru ndy dé xuat mot mé hinh dy
doan gia co phleu dua trén sy két hop cua SOM va
fm-SVM. Két qua thyc nghiém trén di liéu thi
nghiém cho théy moé hinh dé xuét that sy mang lai
hi€u qua thé hién & chd: d6 chinh xac cua két qua
dy doan cao hon hoac tuong tuong duong so véi
cac md hinh khéc, thé hién qua cac gia tri cia cac
thong s6 NMSE, MAE va DS, trong khi do thi s6
lugng luat mo cua cac mo hinh dugce rut gon dang
ké. Nhu di trinh bay & phan 4 cua bai bio, mot
trong nhitng hiéu qua mang lai ctia viéc rat gon va
gom cum cac ludt mo trich xuét duoc 1a s& giam do
phirc tap trong qua trinh suy luan, dong thoi gitip
cho viéc dién dich va phan tich cac luat nay dé
dang hon.

Viéc phén tich ngit nghia tip luat mo trich xuat
tor dir li€u, con goi 1a ludt mo hudng dir liéu, sé
gitip cho cac chuyén gia con nguoi danh gia duge
tap ludt; qua do co thé Iya chon mot sb it luat
chuyén gia dé bd sung vao tap luat mo huéng dur
liéu. Van dé kho khin gdp phai chinh 1a viéc dong
bo giita phan hoach mo hudng dir liéu va phan
hoach m& theo chuyén gia; day chinh 1 co so dé
c6 thé tich hop luat chuyén gia véi luat mo hudng
dir lidu. Trong nhitng nghién ciru tiép theo, chung
toi s€ nghién curu cac giai phap lam sang to phan
hoach md cua tap luat md huéng dir lidu, dong bo
v6i phan hoach md theo chuyén gia, tir d6 co thé
tich hop luat chuyén gia voi tap luat mo hudng dix
liéu nham nang cao hi¢u qua dy doan.
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