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Tém tit. Trong bai toan dy béo dit lidu chudi thdi gian tai chinh, k¥ thuét phan cum SOM dwoc sir
dung @& phan cum dir liéu diu vao trudc khi dua vao huin luyén cac md hinh du béo. Nhimng thuc
nghlem trén dir liéu thyc té cho thiy két qua phan cum bing SOM chua that sy tot. Bai bdo nay dé
xuét mot giai phap didu chinh phan cum sau khi huén luyén mang SOM nham cai thién hiéu qua phéan
cum dir li¢u trong bai toan phan cum dir liéu tai chinh. Hi¢u qua cta thut toan SOM* dé xuét duoc
danh gia trén co sO so sanh vdi thuat toan SOM nguyén thuy, qua thuc nghi¢m trén tdp dir liu that
14y tir san chimg kho4n Yahoo Finance.

Tir khéa: SOM, du béo gia cd phiéu, mé hinh dy bso.

Abstract. In terms of the time series forecasting problem, the SOM clustering technique is used to
cluster the input data before entering and utilizing it to train the forecasting model. The results of the
conducted experiments on the real data showed that the clustering outputs by the SOM are not fully
optimized. This paper proposes a solution to customize the clusters which are trained by the SOM to
improve the effectiveness of the data clustering in the financial data clustering problem. The effec-
tiveness of the proposed algorithm — SOM?*, is assessed based on the comparison with the original
SOM algorithm, through experiments on real data sets extracting from the Yahoo Finance stock ex-
change.

Keywords: SOM, Stock price forecasting, Forecasting models.

1 Ditvan aé

Vén @& du béo theo chudi thoi gian, ma dac biét la vén dé du bao gia cb phiéu da va dang thu hut duoc
nhidu sw quan tim nghién ctru ciia cac nha khoa hoc. Nhitng hudng tiép can phd bién hi¢n nay cho vin dé
du béo dit lidu thoi gian tai chinh 14 khai pha dit liéu, img dung c4c mé hinh may hoc théng ké [3][5][6].
Nhiing nghién clru gén day chu yéu tap trung vao hudng cai tién va két hop nhidu phuong thirc hoc khac
nhau d& nang cao hiéu qua dy b4o, nhw mé hinh két hop SVM va SOM (Self Organizing Map) [11[4], két
hop HNN, AMN va GA [5], két hop K-means va SVM [15]. M6 hinh két hop giita h¢ théng mo (Fuzzy
modeling) va SVM 1a mdt hudng nghién cliru méi ciia mé hinh mo, goi 1a moé hinh mo hudng dir licu
(data-driven models) [10], [11], [12], [13], [14], n6 cho phép trich xuét cac luat md tr SVMs dé 1am co s&
cho hé théng du bao mo. Mot trong nhitng thach thire ciia mo hinh hudng dit liéu la vén dé hoc tu dong tir
dit liéu huén luyén véi kich thude 16n va thiéu tinh ddc trung, va tiép dén 1a sy bung n tap ludt md hoc
duoc ciing 1a diéu khé tranh khoi.

Mot trong nhfmg hudng nghién ctiru nhim giai quyét vén dé kich thude di ligu 16n trong mé hinh
hudng dir liéu 14 két hop mot giai thuat phan cum dit lidu, nhu k-Means, SOM (Self-Organizing Map),
SVM,... d& chuyén thanh cac bai toan voi kich thugc dit ligu nho hon [1], [4], [15]. Mot trong nhiing két
qua gin day clia nhom nghién ciru da d& xuit mot mé hinh két hop SOM va SVMs dé trich xuit cac luat
m& cho bai toan du béo dir liéu chudi thoi gian tai chinh. Viée st dung SOM dé phan cum dit lidu trude
khi thue hién trich xuit mé hinh m& s& gitp giai quyét dugc hai van dé [1], [4], [10], [15]:

1) Kich thude dit lidu trong timg phan cum s& nho hon lam tang té¢ d6 huén luyén mé hinh.

2) Dit lidu trong cic phan cum c6 su tuong duong trong phan bd thdng ké nhu viy s& tranh dugc
truong hop nhidu.
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Tuy nhién, K§ thuat phan cum SOM la mét k§ thudt may hoc khong giam sat dwgc ting dung nhiéu
trong c4c bai toan phan cum dit liéu [1], [7], [9]. Nhiéu nghién ctru gin ddy da khing dinh k¥ thuat phan
cum SOM mang lai hi¢u qué trong céc trudng hop gia quyét bai toan khai pha dit ligu vai cac tap dir lidu
16n [6], [10], [14]. Tuy nhién thuc té két qua huén luyén mang SOM phu thudc vao tap dit liéu huin luyén
d6i khi thiéu tinh ddc trung, khong bao phit dugc khong gian bai toan, din dén mot sb truong hop dit ligu
bi phan cum l&ch. Trong nghién ctru nay, téc gia d& xuét giai phap didu chinh két qua phan cum ciia SOM
dé& dam bao cac phén cum dir liéu dwoc phan bé tbt hon, qua d6 c¢6 thé cai thién hidu qua huén luyén va
img dung mé hinh dy béo. Phén tiép theo ctia bai bdo s& gidi thidu vé mé hinh dy béo dit lidu chudi thoi
gian tai chinh ¢6 g dung SOM trong viéc phén cum dit liéu ddu vao. Phén thir 3 cta bai bao trinh bay
giai phap diéu chinh két qua phan cum bing SOM trong mé hinh. Phin thir 4 1a mot sé két qua thuc
nghiém va ban luan. Phin cudi 14 két ludn va mot sé dé xudt.

2 M0 hinh du béo sir dung ky thuit phin cum SOM

Dé giai quyét bai toan du bao dir liéu chudi thoi gian tai chinh, nhém nghién ciru da d& xuit mé hinh lai
ghép giita k§ thuat phan cum SOM va thudt toan trich xuat mé hinh mé tir may hoc véc-to hd trg hdi quy
[10 ... 14], thé hign & hinh v& Fig.1. Theo d6, tap dit ligu dau vao dugc phan chia thanh cac cum tach roi
bang ky thudt phan cum SOM tru6e khi timg dung thuat toan trich xuét mé hinh m& dya trén méay hoc
véce-to hd trg dé trich xuét ra cac md hinh mo.

Qua trinh thye hién dy béo gia c6 phiéu theo mo hinh d& xuét dugc thé hién qua hai doan nhur sau:

Giai doan 1: Huén luyén m hinh bang tap dit li¢u huin luyén

Budc 1. Lya chon thudce tinh dit liéu déu vao va dau ra

Budc 2. Phin cum tip dit liéu huén luyén bang SOM (n phén cum)

Buéc 3. Sir dung thuit toan f-SVM hodc SVM-IF dé trich xuét ra cac md hinh mo TSK cho mdi phin
cum dir liéu

Budc 4. Thyc nghiém du béo trén tap dit liéu xac thuc dé chon gia tri t6i wu cho cac tham sé &, sb phan
cumn

Budc 5. Trich xuét ra cac md hinh m& cho céc phén cum
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Fig. 1. M6 hinh thuc nghi¢m cho bai toan du bao dir li¢u chudi thoi gian tai chinh

Giai doan 2: Thyc hién du bao trén tap dir liéu thir nghiém

Bude 1. Xac dinh phan cum tuong Gmg vé6i timg mau dit li¢u cua tap thir nghi¢m
Budc 2. Thuc hién dy bao trén tap dir li¢u thir nghiém

Budc 3. Tinh toan céc sai s trén két qua du bao dé danh gia mo hinh
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O budc thir 2 trong giai doan huén luyén ctia mé hinh dy béo, tap dit liéu hun luyén dugc phén thanh
n phan cum. Tuy nhién, qua nhidu thyc nghiém trén dit liéu that, két qua phan cum cac tap dir liéu cho
kich thudc phin cum khéng can dbi. Diéu nay hoan toan c6 co s, vi két qua phan cum bing SOM phu
thude nhiéu vao tinh ngau nhién cua tap dir lidu huan luyén. V6i muc tiéu cua vi¢e phan cum la phén chia
tap dir ligu dAu vao thanh nhidu phan cum co su twong dong vé phan bd théng ké va kich thudc mdi phan
cum 14 nhé so véi tap dir lidu dau vao, nghién ciru nay d& xuét giai phap didu chinh két qua phan cum sau
khi thuc hién phan cum bing SOM. Phin tiép theo ctia bai bao s& trinh bay giai phap didu chinh phan
cum nay.

3 Diéu chinh phan cum tip di liéu chudi thoi gian tai chinh

Nghién ctru nay ké thira sir dung thudt toan phén cum SOM di dugc chudn héa trong bd cong cu SOM
Toolbox 2.0, dugc phat trién boi Juha Vesanto, Esa Alhoniemi va cac déng su [7]. Theo d6, ban dd phan
cum (sMap) duoc huin luyén dua vio tp dit lidu hudn luyén, sir dung ham som_make(). Viéc xéc dinh
mdt miu dir lidu (no-ron) phi hop nhit (bmu — Best-Matching Unit) v&i trung tdm ciia phan cum (no-ron
chiém linh) nao va thir tw cac phan cum phi hop dugc thyc hién bing ham som_bmus(). Trén co s& d6,
nghién ciru d& xuét thudt toan SOM*, cho phép diéu chinh phan cum sau khi huan luyén SOM nhu & hinh
vé Fig.2.
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Input: Tap dit liéu huén luyén H
S6 phéan cum k
Neudne kich thudc phan cum z

v

Huén luyén ban d6 phan cum:
sMap = som_make(H, k)

!

Tinh do phu hop ca timg mAu dir ligu
huan luyén (i) véi cac phan cum (j):
bmu(i, j) = som_bmus(sMap, H)

(count(bmu(i, 1)) <z)
and (k> 1)

bmu(i, j) = bmu(i, j+1)
k=k-1

&

-

Output: sMap
S0 phén cum k

End

Fig. 2. Thuat toan phan cum SOM* c6 diéu chinh phan cum

Pau vao cta thuat todn SOM* 1a tap dir li¢u huin luyén H, c6 n mau dit liéu. Ngoai ra thuat toan ciing
cén xac dinh trudc sb phan cum k va ngudng kich thudc z ciia mdi phan cum. Ngudng kich thudc phan
cum z dugc thiét 1ap dé dam bao phan cum dit liéu di cho viéc huin luyén mé hinh du béo trong budc
tiép theo ctia mé hinh & Hinh Fig.1. Trong thuat toan, ma trdn bmu(i,j) cho biét thir tw phan cum phi hop
clia mau dit ligu thir i 1a cac phan cum bmu(i, j). C6 nghia ring, néu j' < j? thi miu dit ligu i phu hop véi
phan cum bmu(i, j') hon so v6i phan cum bmu(i, j?). Mic nhién, mdi mau dit lidu s& dugc phén vao phan
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cum phit hop nhit (phan cum j=bmu(i,1)). Tuy nhién, néu sé mau dit liéu phu hop v6i phan cum j bé hon
ngudng kich thudc phin cum z, thi miu di liéu trong tmg s& duoc didu chinh sang phan cum cé mirc do
phu hop ké tiép (bmu(i,2)). Két thuc thuat toan s& cho két qua 1a mét ban db phan cym sMap va sb phén
cum k da dugc diu chinh.

4 Mt s6 két qua thye nghiém va ban luin

Nghién ctru trién khai mé hinh thye nghiém trén cong cu Matlab. Ngudn dit lidu thuc nghiém 1a ma cb
phiéu The Standard & Poor’s stock index (S&P500) dugc thu thap tryc tiép tir kho dit liéu lich sir cta san
chirng khoan Yahoo Finance (http:/finance.yahoo.com/). Dit liéu dugc thu thap va s dung 1a gia dong
phién ctia mé ¢d phiéu, trong khoang thoi gian tir 03/01/2000 dén 23/12/2008 va dugc tién xir va lua chon
c4c bién d4u vao va d4u ra theo d& xuét ciia Tay va Cao trong [1] (cOng thirc x4c dinh cac bién ddu vao va
ra thé hién trong bang Tab. 1). Két qua dit liéu sau khi tién xir 1y s& duoc trich 1ap thanh cac tip 2016 miu
dir liéu dung dé huén luyén, 200 mau dir liéu dung dé xac thuc mé hinh va 200 mau dung dé kiém thir
danh gia mo hinh.

Tab. 1. Lua chon cac bién dau vao va ra.

Ky hi¢u  Thugc tinh Cong thire tinh
x;,  EMAIOO P, —EMA14,()
x,  RDP-5 (P@) = P(i—5))/P(i—5) =100
x;  RDP-10 (P = P(i—10))/P(i — 10) = 100
x,  RDP-15 (PG = P(i—15))/P(i — 15) * 100
xs  RDP-20 (P@) = P(i—20))/P(i — 20) x 100
y RDP+5 (P+5) = P®)/PQ) 100

véi P(1) = EMA; (1)

Trong d6, P(i) 14 chi s gia dong phién ciia ngay thir i, va EMA,, (i) 1a m-day exponentzal moving av-
erage clia gia dong phién ngay thir i. Cac thudc tinh twong tmg véi x1->xs 14 céc bién dau vao va y 14 bién
dAu ra can du doan.

Két qua cac truong hop phan cum tip dir liéu huén luyén cua mi ¢b phiéu S&P500 dugc thé hién &
bang Tab. 2. S6 lidu thé hién & bang Tab. 3 cho thiy, khi ap dung thuét toAn SOM dé phan cum dit lidu thi
tOn tai mot sb phan cum c6 kich thudc cum dir li¢u nho (<30). Khi 4p dung thudt toan phan cum SOM*
thi s6 cac phan cum c6 kich thudce nho hon ngudng gia tri z (z=30) da dugc loai bo. Cu thé trong Bang
Tab.3, trong truong hop chon s6 phan cum ban diu k=10, két qua phan cum bang SOM nguyén thuy c6 2
phén cum kich kich thude <30; trong khi d6 két qua phan cum bing SOM* da giam sé phan cum thanh 8
va khong c6 phan cum <30. Tuong ty trong trudng hop chon sé phan cum ban diu 1a k=8, két qua phan
cum bing SOM* da giam s6 phan cum thanh 6 so v6i 8 phan cum ban diu cia SOM nguyén thiy.

Tab. 2. Két qua s6 miu dit lidu theo tirng phan cum cua tap dir liéu S&P500.

Thuat toan phan SOM SOM* (z = 30)
cum

S6 phén cum 10 8 10 3
Cumsé 1 253 198 398 135
Cum s6 2 195 364 211 411
Cumsb 3 198 15 178 397
Cumsb 4 19 421 211 101
Cumsb 5 155 205 173 494
Cum s6 6 231 22 423 478

Cumsb 7 12 417 97 #
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Cumsb 8 314 374 325 #
Cum'sé 9 202 #
Cumsé 10 437 #

Xét vé do phtrc tap tinh toan, thuat toan phan cum SOM véi ) phan cum k, kich thuédc tap dir liéu
huén luyén 13 n va s6 1in thyc hién lip lai diéu chinh cdu trac mang sMap 1a t, thi duoc danh gia c6 do
phure tap O(n. k. t) [7]. Trong khi do, doan thuat toan diéu chinh phan cum cho tap dir li¢u huén luyén co
do phirc tap O(n. k). Nhu vay dé phtrc tap téng thé ciia thuat toan SOM* 1a O(n. k. t).

Tab. 3. Téap luit trong 1 phan cum ciia mé ¢b phiéu S&P500.

Luat Chi tiét

Rule#l  IF x1=Gaussmf(0.10,-0.02) and x2=Gaussmf(0.10,-0.08) and x3=Gaussmf(0.10,0.02)
and x4=Gaussmf{0.10,0.04) and x5=Gaussmf{0.10,0.02) THEN y=-0.02

Rule#2  IF xI=Gaussmf(0.10,0.02) and x2=Gaussmf{0.09,-0.00) and x3=Gaussmf{(0.10,0.06)
and x4=Gaussmf(0.10,0.05) and x5=Gaussmf(0.09,0.00) THEN y=0.04

Rule#3  IF xI=Gaussmf(0.09,-0.04) and x2=Gaussmf(0.10,0.07) and x3=Gaussmf{0.09,-0.16)
and x4=Gaussmf(0.09,-0.14) and x5=Gaussmf{(0.11,-0.05) THEN y=0.16

Rule#4  IF xI1=Gaussmf(0.09,0.01) and x2=Gaussmf{0.10,0.08) and x3=Gaussmf(0.09,-0.06)
and x4=Gaussmf{0.09,-0.09) and x5=Gaussmf(0.09,-0.04) THEN y=0.01

Rule#5  [F x1=Gaussmf(0.09,-0.05) and x2=Gaussmf(0.09,0.04) and x3=Gaussmf(0.10,-0.13)
and x4=Gaussmf(0.10,-0.08) and x5=Gaussmf(0.08,-0.04) THEN y=-0.18

Hiéu qua cua viéc ap dung thuat toan SOM* la tinh chinh dugc kich thude tép dir liéu trong timg phan
cum theo gi4 tri ngudng z dugc thiét 1ap trude. Véi cac phan cum c6 kich thude dit lidu du 16n (theo gia
tri ngudng z) va co su tuong ddng nhit dinh vé phan b thng ké, s& mang lai hi¢u qua trong viéc tmg
dung thust todn f-SVM hoic SVM-IF dé trich xuat ra cac tap ludt dung cho giai doan dur bao. Két qua mot
truong hop tap ludt trich rat duge tir mé hinh dé xuét dugc thé hién & bang Tab. 3.

5  Kétluan

Thuét toan phin cum SOM* d& xuit c6 do phirc tap tinh toan twong duong véi thuit toan SOM nguyén
thuy. Két qua thuc nghiém trén tap dit liéu S&P500 cho thy thuit toan 4p dung c6 hiéu qua trong viée
diéu chinh két qua phan cum tip dit liéu hudn luyén. Tuy nhién, viéc hiéu chinh nay con phu thudc vio
viée Iua chon gia tri ngudng z cua kich thude cac phan cum dit liéu. Ung v6i mdi tap dir lidu nhit dinh,
cAn thiét phai tién hanh nhiéu thuc nghiém dé c6 mot két qua théng ké du tin cy; tir d6 méi ¢6 co so dé
Xudt mot gid tri ngudng z phit hop cho timg truong hop.

Tép ludt trich xuit duoc tir tap dif lidu hudn luyén cin phai dwoc thir nghiém du béo trén tap dit liéu
thir nghiém dé danh gia hidu qua du bao ciia md hinh. Ngoai ra nghién ciru ciing can dugc tiép tuc thir
nghiém trén nhiéu tap dir lidu (cic ma cd phiéu khac, chudi thoi gian khac), dé tir d6 co nhing s6 ligu
théng ké, danh gia hiéu qua sir dung mé hinh.
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