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! Stock

% Time Series

® Classification

* Artificial neural network
> Linear regression

® Multi linear regression

” Genetic algorithm

® Support vector machine
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Input factars

Total number of technical

indices

Iotal number of

difference of technical

indices

Stock names

3MA, 3BIAS, 6MA, 10MA, 8K, 9D, 6RSI,

SMACD, 12WER, 20MA, 12RSI, K_D

SMA difference, 6MA difference, 10MA

difference, 5BIAS difference, 10BIAS

difference, GRSI difference, 9K difference, 9D
difference, 12RSI difference, 12W&R

difference

Input factors

Google

Yahoo

IBM

CM

Microsoft

Technical indices

Difference of technical indices

Technical indices

Difference of technical indices

lechnical indices
Difference of Technical indices

Technical indices

Difference of technical indices

Technical indices

Difference of technical indices

12WER

10BIAS difference
GRSI difference
12RSI difference

12RSI

12 WER difference
6RSI difference
12RSI difference

12WER

10BIAS difference
GRSI difference

12 W%R difference

12WER

10BIAS difference
12RSI difference
12WER difference

GRSI

10BIAS difference
12RSI difference
12 WiR difference
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Historic Stock
Database

—

Cluster 1

(case group 1)

~—_

Ty
Cluster 2

‘uzzy Rule for case group |

II

uzzy Rule for case group 1

Fuzzy Rule for case group 1

I 2 0 9 7 4

(case group 2)
~

T
Cluster 8
(case group 8)

[~

K-means

uzzy Rule for case group 2

uzzy Rule for case group 2

fuzzy Rule for case group 2

Rule I Evolving optimal
Fuzzy term

2 0 9 7 4

I

Step 1:

Case group

uzzy Rule for case group 8

uzzy Rule for case group 8

uzzy Rule for case group 8

Clustered into different

Step 2:

Rule 2 Evolving optimal
Fuzzy term

Rule 8

Step 3:
Training Fuzzy Rules in
Decision tree model by

GA
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Stock Trend
signal
decision
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Mining model

Hit ratios (%)

RW
ARIMA
BPNN
KBFDT (Lee & Park, 1989)
SVM (Kim, 2003)
ELSSVM (Lean et al., 2009)
GASVM (Yu et al., 2005)
CBRFDT

51.06
56.13
69.78
70.26
78.65
82.66
84.57
91.95
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! Imbalance

2 Buy

* Sell

* Hold

> Autoregressive

® Threshold autoregressive

’ Smooth transition autoregressive
® Takagi-Sugeno-Kang
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Code  Full name Industry
aa Alcoa Aluminium
aig American international group Insurances
axp American express Consumer finance
ba Boeing Aerospace & defense
cat Caterpillar Construction & Mining equipment
dd DuPont Chemical industry
dis Walt Disney Broadcasting & Entertainment
ge General electric Conglomerate
gm General motors Automotive
hd The home depot Home improvement retailer
hom Home solutions of America Construction
ibm IBM Computers & technology
jnj Johnson & Johnson Pharmaceuticals
jpm JPMorgan chase Banking
ko Coca-Cola Beverages
mo Altria group Tobacco
mcd McDonald’s Fast food
mmm 3 M Conglomerate
mrk Merck Pharmaceuticals
pfe Pfizer Pharmaceuticals
pg Procter & Gamble Consumer goods
utx United technologies Conglomerate
corporation
wmt Wal-Mart Retail
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1996 1998 2000 2002 2004 2006

log(GM)

T T T T T T
1996 1998 2000 2002 2004 2006

2.0

diff(log(GM))
-10 05
| I T |

T T 1 T T 1
1996 1998 2000 2002 2004 2006
Time
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- A *
LEL-TSK
AR
STAR
NCSTAR
]
RMSE . - A <>
LEL-TSK
AR
STAR
NCSTAR
1.0 15 20 25 3.0 35

Ranking average
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Model Avg. ranking for RMSE Avg. ranking for MAE
AR 4.00 3.98
STAR 2.22 2.17
NCSTAR 1.57 1.52
LEL-TSK 2.22 2.33

Nemenyi critical distance (p = 0.05): 0.978.
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Model Avg. ranking for RMSE Avg. ranking for MAE
AR 2.22 243
STAR 3.17 293
NCSTAR 3.61 3.63
LEL-TSK 1.00 1.00
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96.5 — 82
- N
96 | L
A T 81.5
955 =
81
95
80.5
94.5
80+
94 /
/ ;'f
935/ 51/
/ 7
a3 [ " n i N L i i 79 L L L " L L L
12 4 5 6 7 8 9 10 12 3 4 5 6 T 8B 10
(a) fast growing (b) slowly increasing
80.2 88
sol /O 875
/ — i /
79.8 [/ . 87 /
\ / N\
796 N\ LK) S AN
L L / T N
79.4 N 8r ~)
79.2f ~_ 855
79} ~_ 85
788 84.5
786} 84
A
784} 83.5 1
78.2 83
1 2 4 5 6 7 8 9 10 1 2 3 4 5 6 T 8 10

(¢) fast dropping

(d) slowly decreasing
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! Support vector regression
2 Correlation-aided support vector regression

AR
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(£99,9 Oleieds Kiwccar oj)jﬁ.i‘[:“‘;dm,géio F=) ok

DS (%) MSE RMSE NMSE MAE MAPE
(a) NZD/AUD
SVR
2007 55.02 3.1903e—005  0.0056 2.0218e—006  0.0037 2.3705e—005
2008  45.28 5.4424e—-005  0.0074 3.4149e—006  0.0050 6.9396e—006
cSVR
2007 5341 1.5189¢—005  0.0039 9.6063e—007 7.1164e—004  1.9383e—006
2008  46.40 6.5802¢—006  0.0026 4.1534e—007  4.8927e—004  5.5700e—007
(b) NZD/EUD
SVR
2007  52.61 1.9504e—005  0.0044 1.2360e—006  0.0032 2.1510e—005
2008 45.28 2.6656e—005  0.0052 1.6726e—006  0.0037 6.6451e—005
cSVR
2007 5382 0.1822e—008 3.0302c—004 5.8073c—009 18954e—004  1.1167e—006
2008 4760  12423¢—006  0.0011 7.8413e—008  3.0918c—004  1.5854¢—006
(c) NZD/GBP
SVR
2007 54.62 1.2368¢e—005  0.0035 7.8380e—007  0.0024 1.9437e—005
2008  51.57 2.1833e—005  0.0047 1.3699e—006  0.0032 4.3566e—005
cSVR
2007 5382 24687¢—006  0.0016 1.5614c—007  3.0980c—004  4.4691e—006
2008 5000 3.5398¢—006  0.0019 22343c-007  2.8227e—004  1.4314e—006
(d) NZD/JPY
SVR
2007  57.83 1.3234 1.1504 0.0839 0.8159 6.4106e—006
2008 46.46 2.0997 1.4490 0.1317 0.9733 9.2072e—005
cSVR
2007  56.22 0.0334 0.1828 0.0021 0.0744 3.0934e—006
2008  46.00 0.6052 0.7779 0.0382 0.2241 7.7199¢—006
(e) NZD/USD
SVR
2007  55.42 7.3222e—005  0.0086 4.6403e—006  0.0057 1.2783e—005
2008  47.64 9.1267e—005  0.0096 5.7266e—006  0.0069 4.0427e—005
cSVR
2007 56.22 3.0260e—005  0.0055 1.9138e—006  0.0012 1.7798e—006
2008 46.00 7.7186e—006  0.0028 4.8719e—=007  7.9949e¢—004  2.4130e—-004
P 53 Rl el odal (60955 Slyieds (SKhuod 955 ;5L (Shulie F7) Jgaz 0 o5 jsbilen

el 00 S Ta Sgun (o) 20,90 Sl
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| Original Predicting Variables |

v

I Data Smoothing I
st L Nonlnear CA I
Feature extraction; + + ‘ * :
by NLICA | !
§|1c1\ (] [ [
Stage II: '-_+ ----------- + ''''''''''' * """"""" ;"""i
Stock index ~; | SVR | i
prediction by SVR1 —————"" ‘ _______________________ I
| |
NLICA-SVR (oolpiiey il -1 IS

Nonlinear « cwud slaools oowl NLICA-SVR solgiias jtsle #-) IS 0 a5 jobjles

6o lxe ol a3 5 s 10 SVR (639,9 lsreas | os, ool 5 29,5 sl ICT 5 oaisosls ICA
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! independent component analysis
2 Independent component
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5 Shanghai Stock Exchange Composite (SSEC) index slgw sools 51 iole;l plosil g
99y 0 SVR (6l ag polie yoges lows by, .ol 00405 solixwl Nikkei 225 stock index

Zwl 004 Grid Search

248 Sl oadiplodl olaiolej] (g glml Soline lagby, b s plows 90 53, @l (iow 5o

Sl dolsl

S gl 5o slo g, b solpiing g, (stunlio V-] fyu
T
L _
Metrics
Models RMSE MAD MAPE (%) RMSPE (%) DS (%)
NLICA-SVR 32.20 24.94 0.16 0.21 83.69
LICA-SVR 180.87 130.03 0.85 1.25 68.25
PCA-SVR 353.48 227.59 1.50 2.44 64.41
Single SVR 182.56 134.64 0.88 1.26 68.22
s Ehil K0 slayis, b solpiig iy, (sslio A=) fpux
Metrics
Models RMSE MAD MAPE (%) RMSPE (%) DS (%)
NLICA-SVR 3.95 2.89 2.18 2.97 71.49
LICA-SVR 3.97 2.95 2.20 2.99 67.76
PCA-SVR 434 3.14 2.38 3.27 60.31
Single SVR 4.35 3.15 2.38 3.28 65.90

a5 o,ls NLICA g, 5l oolarwl b Uz zals 5l oLzs SSEC 4 Nikkei 225 slows (59, gl
Lol 415 ol jor 4 PCA sy ol g, 55 9 ICA a3 i, 5l xS (sl
03ld I8 iy p0y50 @l (e K00 slaghsy 9 Dglite sl SVR L) (ol (bg) iz

Lol ol K0 sladllie b golpidun by, dmslie A=) Jgaz 0 a5 Col
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b slodllio b solpiy o, (stuglio s9-) fou>

Metrics
Models RMSE MAD  MAPE (%) RMSPE (%) DS (%)
NLICA-SVR 3220 2494 0.16 0.21 83.69
NLICA-SVR-3steps [32] 38.47 30.34 0.22 0.28 78.36
NLICA-BPN [33] 3745 28.97 0.21 0.28 79.22
NLICA-SVR-PSO [34] 35.84 26.51 0.19 0.25 80.65
LS slodllio g, b solgiig o9, (stuglio ) o= fou>
Metrics
Models RMSE MAD MAPE (%) RMSPE (%) DS (%)
NLICA-SVR 3.93 289 218 297 71.49
NLICA-SVR-3steps [32] 4.08 3.06 2.31 3.16 64.62
NLICA-BPN [33] 3.98 299 221 2.99 66.95
NLICA-SVR-PSO [34] 3.95 294 220 2.97 70.04

ol ot 40 (5 ;i olg> Grid Search ) oolaiwl L SVR (g5l (bg, ;508 (59, ¥ L awslie jo aS
ol 423 518 oS WS L pgo 4, ;0 SVR-PSO (gluag iy, g axils
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! Shanghai Stock Exchange Composite index
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Original training set

Select features by improved feature selection algorithm

v

Construct training set with selected Grid search for best
feature subset parameters c, Y of
¢ SVM
(Criterion is  the
Train the training set with SVM
average Cross

l validation accuracy)

Rerun SVM with best parameter combination on training set

v

Predict the testing data

v

Output the prediction result

oty Bl V) S
50 lagss, b 1y @l 5 00,8 glsal 1, Jhisse sl Shs 'SSECI plows gools 3l ooliciul |
el ools 1,8 aslae 090 Sy gl Pl

Kol s Ty SR sla s, saeglio ) )-) s

T
Feature selection methods Selected feature Prediction
subset accuracy (%)
SVM + Information Gain MTM, MFI 52.479
SVM + Symmetrical uncertain MTM, MFI 52.479
SVM + ReliefF K, TRIX, VR, PSY 46.694
SVM + Cfs MFI 61.984
SVM + OneR VR, PDI, RSI, ROC  64.463
SVM + improved fractal feature selection AR, RSI, VRSI, MFI  64.050
SVM All the features 62.810

! Stock Exchange Composite Index
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255 )R Gmotn slelene (n e e adly (JUS 8 (S Sl b,

Kol g Sy bl slo sy, (cdaglio ) 1) Joux

1
Feature selection methods Selected feature subset Prediction
accuracy (%)
SVM + Information Gain MEFI, CCI, D, VR, CR, TRIX, AR, 53.252
ROC, MTM, PSY

SVM + Symmetrical MFI, D, VR, TRIX, CCI, CR, AR, 53.252
uncertain ROC, MTM, PSY

SVM + ReliefF BOLL, MFI, VR 45,935

SVM + Cfs D, VR, AR, TRIX, CCI, MFI 51.220

SVM + OneR MFI, RSI, MTM 50.407

SVM + improved fractal MDI, VRSI, MFI 53.659
feature selection

SVM All the features 44716

00 ,STon Cawd (S ol Ko sla by, 4 Camd (e Como 4y p90 (go0ld dcgame ;o > g

3 @95 b b ool S 51 osliin] a4 s  Shg bl cal Lasie gl o a5 b les

el ALl ganaLs Coo

Como jlre haid 5wl Jidu 0 waiipls moly Oyget (Shy ol (g, (e pl o

Slael Gy 5l eolawl bl 58 g canl odels lee 4y jlae Blyaul 51 By 9 el sadoslail

XS UL“’ |) uf"ﬁ) ‘515 ‘5")15 ‘5:5:> O ygods "\"‘9"6"“ aS OMML?LQ 2-fold (T

QU9 N9y (o, jobidods bty 510w dile Wlas po (3 yhoS gigy Seme V)

[YY].cwl asls 'LSSVM G99, Songp o allie ol jo

! Least Square Support vector machine
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el 03505 oolitul ' aed d oS 5 3 Sl 1S, etle s, 2l Seagr sl

K= /\IK])Dly + AQI(rl)f + )\JKslg
where A+ A+ A3 =1 (V_\)
0 S A11)\21/\3 S 1.

Db a5 (ol sadosliinl atwa ¥ oS 5 5l atws o slar ol saal 398 Jge 8 j0 a5 jgbles
il oo Cgsil o eled L glabezaiz satea Joli baies ol 45 anS Loyl ) T e el
W9 oo e py Bas Bl b g S o oSl bawgs s ja 4 Lo (59 polis

J = Eaceuracy — @B complexity (8-))

Silodel dalsl jo oz Jlas g Como G55 Jge,8 y0 &S

The number of correct classification

(7-))

E ; — . .
ACCHIAY ™ The number of all evaluation sample

Ty,
Ecomplexity - N (V_\ )
tot

b oo b yuxio JS olass NEOE g oulioslain! glo yuxie olass NV Sauzy Jge,d j0 a5

S&P Index, plpw Joli a5 ewl oasass,§ “Lilsily olfails 5l oadoslitul gools dcgase

L sogmo 3 Jioe g5 Wigd oo Jold |, ailale slaosls a5 il o DIIA NYSE index
A oo JoSis |y ouis| ole 009 9y
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! Kernel

2 Mercer

¥ polynomial

* RBF

> sigmoid

® Wharton Research Data Service (WRDS), provided by Wharton School,University of Pennsylvania,
Philadelphia
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Hit ratio = N ;Ri ( A )
L S Slode aS 5o, [Ri QT 3 aS el SO sy Cowo Gl (godmolis A
30 (699,9 Olsreds LYFolaws 4y colawls g0 GL"".;}’.S TR olas ) Ghey Cawyo PSS SURRWERR

)L¢.">| ') Ye VA 5°°‘°u‘1¢5‘2"”)|}lf ).ial......a 59959 ') YA LB Lgl.bo)l.q.i':df.&.m‘ odw! o..).d’:;é &= o

.Mo‘s,o L._im)

W V-V
SELECTED KEY FEATURES BY GA-BASED FEATURE SELECTION PROCEDURE
Data Selected Feature ID
Partition (i%) S&P 500 DJIA NYSE
20 1,7, 11,17,19, 20, 21, 26 1,8,11,20,21,23 2,7,16,20,22,24,25
30 2,5, 1.19,20. 21 7,19,20,21,23 1,15,20.21,22,25
40 11, 16, 19, 20, 21 3,15,19,20,23 4,9,20,22,24
50 1,5,13, 15, 20,21 1,20,21,23,26 12, 18, 20, 22, 25
60 1,11,17,20,21 1,10, 17,20, 23 15, 19, 20, 22, 24
70 8,11, 20, 21, 26 11, 16, 19, 20, 23 1,19, 20,22, 24
80 7,15, 19, 20, 22, 26 1,19, 20,23 11, 16, 20, 22, 25
90 11, 19, 20, 21 9, 20, 21,23, 26 1,20, 22,24,25
Hit Ratio (%)
an
EIS4PS00 M DJTA @HYSE |
85
80 =
&
N
70 3
N
85 Dqtgl
40 Partitic
, (%)
EIS&P500 [ T5.6T [TT7.78 | T9. 6T
MDJTA TT7T.36 |T5.41 | 77.87
EANYSE T4.69 |T5.78 | 76. 62

Loy ] 8l (sl odboolizul (cools aoys g lo, Sig b polis duglio A=) IS



s el Ol 1B ) 58590 Siglitte tolesl gleesls b1, iolesl ooy, 25 opols oylis jglaieds

Slgeas 1) aby g 00,5 oolatwl bi9el jelateds |) lmosls aoyo Yoo LSS solai Oygods a5 S

L Sy el 5l Jol> amls ws )5 1SS Ooygel ool lgieds oy A B 1, ISl g 0]

Sl pasuie =) S8 mls jo a8 jsbilen 0y o plew ol (it Sl ceilio Sl Shg 4 950

Sl Shy o axg bB asS cul cal axlge el L ool asye Al colaial o Lo

byt b a5 Coal ool las ol 5 aums oo JuSits L3 1) bl iy oS ol ool oud] el

Syldte (ot slo iy, (sduglio 1= Jyux

I B o S b S 25 > L

Index Parameter search method Prediction performance (%) CPU time (s)
S&P 500 Grid Search 82.81 14289.40
Direct Search 82.59 1568.92
Genetic Algorithm 82.66 2539.23
DIIA Grid Search 85.57 15324.17
Direct Search 85.33 1624.84
Genetic Algorithm 85.28 2618.56
NYSE Grid Search 84.66 14788.38
Direct Search 84.02 1598.45
Genetic Algorithm 84.13 2589.62

Grid 53 1) ol oyt olaidn Jop uile polie Gawle jslaieds A=) Jooz 4 axg L

R O T N P R
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ey Sdal la iy, salS (cduglio o) F-) pu>

Hit ratio (%)

Model S&P 500 DJIA NYSE

ARIMA 55.78 [6.45] 56.74 [6.76] 56.32 [5.98]
LDA 61.43 [5.85] 59.33 [6.51] 60.28 [7.82]
BPNN 67.56 [8.34] 65.44 [1.85] 66.87 [8.43]
Standard SVM 72.61 [5.62] 71.58 [6.36] 70.84 [7.05]
LSSVMoy 70.43 [6.33] 70.47 [5.89] 69.39 [6.56]
LSSVMp¢ 75.45 [6.76] 74.84 [6.12] 73.43 [5.87]
LSSVMig 74.78 [7.12] 74.13 [6.66] 74.25[7.82]
LSSVMuix 77.86 [6.01] 79.22 [7.35] 78.74[7.19]
LSSVMgats 82.43 [4.54] 84.87 [6.58] 83.69 [5.45]
LSSVMgapo 82.58 [5.03] 84.92[7.91] 83.97[7.56]
Evolving LSSVM 82.66 [5.17] 85.28 [5.85] 84.13 [6.02]

* LSSVM,qy: individual LSSVM model with polynomial kernel; LSSVM,,¢: individual LSSVM model with RBF kernel;
LSSVMg,: individual LSSVM model with sigmoid kernel; LSSVMp;: individual LSSVM model with a mixed kemel;
LSSVM,.s: individual LSSVM model with GA-based input feature selection only; LSSVMj,,: individual LSSVM model
with GA-based parameter optimization only.
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2 Support vector regression
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Discrete Fourier Transform (DFT)
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%K = (Current Close - Lowest Low)/(Highest High - Lowest Low) * 100
%D = 3-day SMA of %K

Lowest Low = lowest low for the look-back period
Highest High = highest high for the look-back period
%K is multiplied by 100 to move the decimal point two places
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SMA: 10 period sum / 10

Multiplier: (2 / (Time periods + 1) )= (2/(10 + 1) ) = 0.1818 (18.18%)
A: {Close - EMA(previous day)} x multiplier + EMA(previous day).
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Daily Closing Prices: 11,12,13,14,15,16,17
First day of 5-day SMA: (11 + 12+ 13+ 14+ 15)/5 =13

Second day of 5-day SMA: (12 + 13+ 14+ 15+ 16) /5= 14
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Third day of 5-day SMA: (13 + 14+ 15+ 16 +17) /5= 15
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Abstract:

Analysis of financial market always attract a lot of attention from investors and
researchers to have. The price of the stock market is complex and affected by many factors.
So find the major factors affecting the stock market is very important and very difficult to
predict the other hand, more recent articles researchers trying to predict the market with a
series of features, usually with the aim of predicting the market price is, the results of it is
unusable in the real market, so we decided to look from a different angle and applied
research to the market to help traders do stock market, in which we seek to predict the
future rather than the predicted price market that is divided into two categories descending
and ascending, in this study we aim to test different parameters and find the influential
factors that can predict future market uptrend or downtrend help us, things that we in this
thesis we examined markers (indicators), which traders exploit them when predicting
market trends. In order to predict the clustering support vector machine was used to identify
factors affecting the rapper backward feature selection method was used to remove the
characteristics of ineffective health and the properties remain effective. By implementing

these algorithms on Shahrood cement stocks and Pars Oil could be the indicators most

effective with respect to any stocks acquired time series.

Keywords: Support vector machine, predict stock trends, feature selection, indicator
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