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Abstract

Investing on the stock exchange, as one of the financial resources, has always been a favorite among
many investors. Today, one of the areas, where the prediction is its particular importance issue, is
financial area, especially stock exchanges. The main objective of the markets is the future trend prices
prediction in order to adopt a suitable strategy for buying or selling. In general, an investor should be
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predicted the future status of the time, the amount and location of his assets in a way that increases the
return on his assets. Stock price prediction is one of the most challenging topics in the field of
forecasting, which has attracted many attentions from researchers. The various factors of the markets
have caused the situation that they always have a dynamic and complex process. Therefore, researchers
have been determined to look for new prediction methods of stock price, which will reduce the
instability and complexity of the markets. In fact, the most of recent studies have shown that the stock
market is a nonlinear, dynamic, and non-parametric system that is affected by various economic factors.
The applications of artificial intelligence and machine learning techniques to identify the relationship
between the factors and stock price exchanges can be organized in seven major groups such as neural
networks and deep learning, support vector machine, decision tree and random forest, k nearest
neighbor, regression, Bayesian networks and fuzzy inference-base methods. Due to the mentioned
prediction methods have their own challenges, hydridizations of the meta-heuristic algorithms and the
methods were applied to stock price prediction.

In this paper, a new hybridization of Fuzzy Inference System and a novel modified Fuzzy
Imperialist Competitive Algorithm (FICA+FIS) are proposed to stock price prediction. To achieve this
aim, two Fuzzy Inference Systems are designed to tuing the ICA’s parameters based on three effective
factors in search strategy and to predict stock price based on 10 effective economic factors. The
candidate fuzzy rules set of the inference engine is obtained by the FICA for the second FIS and six
fuzzy rules of the first FIS are designed based on the ICA’s behaviour. The FICA+FIS has 10 inputs of
the stock price variables including the lowest stock price, the highest stock price, the initial stock price,
the trading volume, the trading value, the first market index of the trading floor, the total market price
index, the dollar exchange rate, the global price per ounce of gold, the global oil price, and its output is
also the stock price. The inputs and output variables consist of three linguistic vairables such as Low,
Medium, and High with triangular membership functions. Each country (search agent) of the FICA
contains information on all the fuzzy rules of the inference engine attributed to the country and has rx12
elements, where r is the number of fuzzy rules. The FICA’s objective function is the mean square error
(MSE) to evaluate the power of each country.

A challenge of the ICA is the proper tuning paprameters such as the Revolution Probability
(Prevolve), Assimilation Coefficient (Beta) and the Colonies Mean Cost Coefficient (zeta), which has a
great impact on the efficiency of the algorithm (precision and time of access to solution). These
parameters are usually constant and according to different problems, they have different values and are
given experimentally. In this paper, the parameters are tuned based on the number of iterations that the
best objective function value has not improved (UN), the number of imperialist (Ni) and the current
number iteration (Iter). To this aim, a FIS is designed based on six fuzzy rules that UN, Ni and Iter are
its input variables and Prevolve, Beta and zeta are its output variables.

To analyze the efficiency of the FICA+FIS as a case study, six datasets are collocted from six
companies which were active between 1389 to 1394 in Tehran Stock Exchange such as Pars Qil, Iran
Khodro, Motogen, Ghadir, Tidewater and Mobarakeh. The information of around 2000 days are
collected for each company and the data are divided to train and test data based on cross validation 10-
fold. To compare the performance of the FICA+FIS, two groups of stock price prediction methods were
implemented. In the first group, the fuzzy rules of the FIS’s engine to stock price prediction are obtained
by the classic draft of the Imperialist Competitive Algorithm (ICA+FIS), the Genetic Algorithm
(GA+FIS) and the Whale Optimization Algorithm (WOA+FIS), which are used to compare with the
FICA. The second group includes classic stock price prediction methods such as multi-layered neural
network (NN), support vector machine (SVM), CART decision tree (DT-CART), random forest (RF)
and Gaussian process regression (GPR), which are used to compare with the FICA+FIS. The
experimental results show that first, the improved fuzzy draft of the ICA performed better than its
classic draft, the GA and the WOA, and second, the performance of the FICA FIS is better than other
investigated algorithms in both training and testing phases, although the DT is a competitor in the
training phase and the RF is a competitor in the test phase on some datasets.

Keywords: Stock Price Prediction, Fuzzy Inference Systems, Neural Networks, Decision Tree, Random
Forest, Support Vector Machine, Imperialist Competitive Algorithm.
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(Figure-1): An overview of the proposed methods to stock
prices prediction.
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(Figure-2): The main framework of the proposed hybrid system
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(Table-2): The obtained MSE by the implemented algorithms based on 10-Fold for Pars Oil dataset
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(Figure-7): The obtained fuzzy rules by the FICA+FIS for Pars Qil dataset
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(Figure-9): The convergence curve of the neural network for
the Pars Oil dataset
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(Figure-8): The convergence curve of the first group algorithms

for the Pars Oil dataset
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(Table-3): The CPU time of the implemented algorithms based on 10-Fold for Pars Qil dataset
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(Table-4): The results of Wilcoxon's hypothesis test in the form [Z, P| for parsoil dataset

FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs
RF DT SVM NN WOA+FIS GA+FIS ICA+FIS
[-0.714, 0.475] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.805, 0.005]
ICA+FIS vs ICA+FIS vs ICA+FIS vs ICA+FIS vs ICA+FIS vs ICA+FIS vs FICA+FIS vs
RF DT SVM NN WOA+FIS GA+FIS GPR
[-0.764, 0.445] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.395, 0.017] | [-2.803, 0.005] | [-2.803, 0.005]
GA+FIS vs GA+FIS vs GA+FIS vs GA+FIS vs GA+FIS vs ICA+FIS vs
GPR SSASEINR DT SVM NN WOAFIS GPR
[-2.090, 0.037] | [-2.497, 0.013] | [-2.666, 0.008] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.293, 0.022] | [-2.497, 0.013]
WOA+FIS vs WOA+FIS vs WOA+FIS vs WOA+FIS vs WOA+FIS vs
GPR RF DT SVM NN
[-2.293,0.022] | [-1.274,0.203] | [-2.803, 0.005] | [-2.803, 0.005] | [-2.803, 0.005]

\)B.w ‘)?‘ o..\.a]wb‘b C.il.u SS9 WJL».A L)o)ﬁ U?’o)]
dodiges SzsS ojlal 5 Jloy @i pae 4 colicl
95 2 Om SPSS S Ll by N suSLy (905
ool &l (F) Jgam 4o g [Z,P] LB o sowliwwsa

! Wilcoxon Signed-Rank Test

g 0 (gilwosly slapiy oSl o 4Ll &4 axgily

Soges] 9 Ghigel slaosly a4 slaools S 0gou
s oad ookl Bolay gyl g bo b,
S @By oabol sl s (sl Vel onelass,
a5 aztes il Sp jlew amls 5l S5 diges

Cesl p3Y iges ) dmslio (05 loline paati jshiiads gy‘"

b 2bs F oL Ve Lo


http://dx.doi.org/10.52547/jsdp.18.4.125
https://jsdp.rcisp.ac.ir/article-1-1024-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.125 ]

6o lowiwl a8 ) ‘a.'i._‘_),ﬂl 9 6L Z il aslobw A9 s )3 aqm,a., Ul L1dba Bhgl ywge ) 'ol.w oD | Syl

<

U5 e le Consd e mys Y6 ol 5k e ls wodlebes
Cord Mo gl 2 Sz S QYo il 25 Gk
sl onds @85 Sl o] (g5 S plyear plews
O Golemiwl Culd) o oS M 1 S
Sl 51 Gimgl ol o a5 ool oin,sS)l gl el
e sl &) slp 63l 0l P Jerie 56
Lol oals oolail

o FICAHFIS oliiny Joo b)) ol
50 B plew Sl im0yl A Egee
O )° JL:B us).w 4 6&00‘& K9y » f‘)"-')ji” 05;
ool 00 Lz VYAE B VYAR o5 4o oles ol 3l
i ;68 aias duslie K0S b odwlcwsa w4
s GA+FIS ICA+FIS FICA+FIS sli Jsl 05,5
SVM NN olis 255 05,5 claey 5] s WOA+FIS
a5 05,5 sy ys5)| aisgs GPR 5 RF DT-CART
5JALC B Comos o)l..\.»ll.,jm uLw.ii)M)é
g alE @ gl oS ads 5 0 - IST olaw Sl
5 oad el e (1) Jsamr ol Ll
4 10-Fold us, (wlal 5 leeols .wad (gjlwesly
Slisr 5 end G 0503l 5 Ghjsel slaesls
JS‘» 9 d")b s 6‘)’ (Y) J}J.?- B cd.o—ledJ CJL.J
Wi Yol a5 sls olis Jolam cl 5o oad &l mlbs
o] S s ) el ol (g3 adliogngy
g Bl 6y 3 e Jly piys8l 5 S35 e ye5!
sle 5l FICA+FIS  olyriny  Jaw o,Skee L
Sygot s3] g Ghisel 3B g0 2 4o a6l
3 by So DT o2 )58l az 51 sl 005 24 lojen
52 o 05931 58 50 by SURF 5 (35001 56
Aidgs aosls

L 0sds ololid lasSIl Glol (g iy yras
Jae pdbISl g 550 slacg e 51 S5 FICA+FIS Jow
a5 og pgd 09,5 Sl el 4 cos ool
gl jgise lp ond plolid 551 (lgd acgae
(V) IS 50 soloiing Jow ool glulils 665l lgicay
2l Gl ¥ Cagn S g oyl cis 2S00 gl
Glop, Sl ol Spe Jloged el aled 4 oS o
Slp s ) IS8 55 ool cds &858 Gl Jol 055
u‘).:‘ 6‘;: (\9) LngbJS;w) Y u.w}u ) ooty )JLw
Slr (V1) epae sl (V0) 039990 sl VA) ()999>

O 2bo F ol VFee JLlu

L o o il 100 5l 2SS P laie 51
g b dals 5 diged 90 (s (LS @58 28 (les
5o 09 wles A0 luebl o jo Jlobire Lyl as s
Sy sl P jlode o ool g0 anlie (F) Joux
Al ges Hlolins 190 lisebl mlaw (o il o
9 0l (St Ced Jlaged (Vo) JSB o
o3k S dsb 50 ol () S e (Xl CenS
Soges cpl jo aS jeblan ol oad ools las Sl
Sgd oo odwline
H8ly slocwed 4 RF 4 DT FICA+FIS glag 65

Ja...uy OM@.&UW dl@m

A 00 (6 5lwodly sl oSl sl 5l 3 SGo 3

Real
- & ~FICAFIS
0.094 ICAFIS
- % =GAFIS :
<eat WOAFIS 1}
0.092 | NN £
- = =SVM \ B /
0.09 | N g [peemmearees o1 ) N "
’ s @ =RF ) L 1,
GPR ry )
’ g = \ i b
g 0088 | ' \ R AN |
8 {, ¥ J B/ &
% 0086 e Ly TN e
S Ve » .93 AR\ 7 2M Y
- P 32 \‘k < T h EY) U
0.084 —/’;E ‘M T X
Fiid - o)
R \J'i ¥ N
0.082 . % £ P"r]
» \
\ 7
0.08} \

60 62 64 66 68 70 72 74 76 78 80
time

o S 9 (2819 Caond A llo Hloged :(Ve— JS2)

ool Cdi S B (ol onl g jlwodly slaps ;oK b g
(Figure-10): The Comparison curve of the real and the
predicted prices by the implemented algorithms for the Pars
Oil dataset

& S Ao =0
ot Slp Al (oS5 o o Giegh nl 5o
Lol Gl (mygr po Jlad &S558 id pleew Cao
B g Slhes 3Bzl wbls 51 colaiul
(FICA+FIS) o3l (o lonin] Culd, iy oSl azdlioggs
3 Pl Ceosd s sl eBlyps (¥ JS2) i
oals oolaiwl (FIS) cuisS oion 3B ailols Jow

g O gl jsige 5B Gl asgame oS ol
(FICA) aisbogue b (gleminl cols, oo ,6S!
63wl Lwg FICA cloyioll 5 dle Cosay
oo Ngd oo Gad b yielil ouisSoelass ol 4y (6500
plow Crod (i Hsbaieds FICATFIS (goleriny
plows Cuod (g0l )L‘fr—'b e Vel
OVl wplom Cwd 0 eS el (60555 Oy
ol Malas o> iplew gl o iplow eod


http://dx.doi.org/10.52547/jsdp.18.4.125
https://jsdp.rcisp.ac.ir/article-1-1024-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.125 ]

Olseay a5 cail (6,55 ol plow Cond  Som i
é}ws‘o C)JGA OMT LSLQ)lS Ls‘)" QLér-w-'-'

6- References o =%

[1] E. Stringham, Private governance: Creating
order in economic and social life. Oxford
University Press, USA, 2015.

[2] H. Vachhani et al., "Machine learning based
stock market analysis: A short survey,” in
International Conference on Innovative Data
Communication Technologies and Application,

2019: Springer, pp. 12-26.

[31V. R. Jain, M. Gupta, and R. M. Singh,
"Analysis and Prediction of Individual Stock
Prices of Financial Sector Companies in
NIFTY50," International Journal of
Information  Engineering and  Electronic

Business, vol. 11, no. 2, p. 33, 2018.

[4]T. Kim and H. Y. Kim, "Forecasting stock
prices with a feature fusion LSTM-CNN model
using different representations of the same

data," PloS one, vol. 14, no. 2, 2019.

sloaidy" djgio and « 50 S5 o o ilys & (0]
b by Sl Cwdd Sagin 00 aie Sl
ML}J.aé "‘&,,:J‘)" rg.:i)ﬁf.” L odmi»cyao‘ L:y (s
vol. 14, no. 56, pp. 115- (55! olazdl cledlas

143, 1397

[5] F. Jahantegh, d. P. Telegraph, and Safoura,
"Optimal time intervals in oil price forecasting
by a dynamic neural network modified by
genetic algorithm," Quarterly Journal of Energy
Economics Studies, vol. 14, no. 56, pp. 115-143,

1397.

o ez G g wgeme b s b (7]
G sasis 5l solaiwl b plpws & alre JUK

o9 55k 180,90 addllae) SLBS o, (K,

vol. 11, n0. ol Co o aslopimgh (ol 48
21, pp. 205-227, 2019

[6 [ Y. Rabbani, M. and N. Chashmi, "Stock

Trading Signal Prediction Using Color
Petroleum Networks and Genetic Algorithm
(Case Study: Tehran Stock Exchange)," Journal
of Executive Management, vol. 11, no. 21, pp.

205-227, 2019.

[7] monajemi, abzari, and rayati, "Stock price
prediction in stock exchange stock exchange
using fuzzy neural network and genetic

A ey 5l plis oS ke SYg8 (gl (VF) 5 lsasls
3 gy pls & i FICA 02,580 ) Sn
V) U5 oyl (oo slacngs 5118 0 YL oUlgs
5 ol S S5 ln oae 4D ol SKen laged
k.;‘)'.’ (\V) LgL(bJ&w) Y wg».a 3o aoals Jg'l.w k.;‘)'.’
5 w830 ol T (a5 Lo 9Y5h (6l (V) 5 Sl sl
ol onl @S Co g oSS ol o AT aS
ouds (g kwonly 6[.:0“,.';.1)5%\ szl sl .casl Jow
s beS s ple sly b el sy () ol
e bl Gy e 095 Cond 4 Jol 095
Joe 0, 8les 4z 31 Wols  plaizl s> a1, (5,008
o 5 odb iy Slolyz i o oa FICAHFIS
el 5851 oseil 3B mls o sl Sl e
30 Py s e lis 1y Jow ol bl 4 slezel e L8
by i 4l g e () (S )90
Sbej ,8es (n e RE 9 DT slagty )50 ples Cooid
lasls |,

ol 5 oSS sy & gl Culeiys
g 00l (gilwosly alFY slap o5l wuld o Solas
Sosesl 9 Lireel 4 besls s ,o 10-Fold i,
loline lomiw pslatedy suSILs (53 (90
Silwosly slaps sl Lawgs odalcuwsds zlis duslis
s oo @L».: 5 1=l 730 (g loliae c'a.u.; PR
D)gods 45) HeSde Jeu 3 00 5l 55 ,n P polie
OleSS @ 5l lid (aws canlice LB oo )5
o0l S8 polie g ptysSll g0 @bl prals
@l ol Gl @iy e ol Pl
3,18 0igd dunlie 0,65l g9 lawgs sdelcasoa

p Gl Sy Qb e a5 Sl
e Sl Jae 10 (699,9 lgreas colaiul 5,90 slaosls
SaS (S M 4 Wl oo 51 slaailble
‘_;).:f)lfa\.g m..\.:.;i‘ ‘_ghb)lf (_gl)g QLQA-H-'-' Ob.z.cd.g woles
03ld x> 2alS 5 (539)9 laSis LBl o s,
S, ol 5l ssliul 0,5 13 Wil o az gl 550
e lee plo @ axg Gual ddusais> g 80l8

2 S lulid anlB e ples Sjget 2b)

O 2l F ol 1Fee Jlu


http://dx.doi.org/10.52547/jsdp.18.4.125
https://jsdp.rcisp.ac.ir/article-1-1024-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.125 ]

Golesiaml aalB ) @iy 98Ul 9 (53 Zlikiwl Aol A3l59S uf 55 Aluwgdy Ul VISl B9l Y892 )3 Plw noud iyl

4

@

[16] T. Fischer and C. Krauss, "Deep learning with
long short-term memory networks for
financial market predictions,” European
Journal of Operational Research, vol. 270,

no. 2, pp. 654-669, 2018.

[17] W. Long, Z. Lu, and L. Cui, "Deep learning-
based feature engineering for stock price
movement  prediction,” Knowledge-Based

Systems, vol. 164, pp. 163-173, 2019.

[18] A. Kelotra and P. Pandey, "Stock market
prediction using optimized deep-convistm
model," Big Data, vol. 8, no. 1, pp. 5-24,

2020.

[19] C. Xiao, W. Xia, and J. Jiang, "Stock price
forecast based on combined model of ARI-
MA-LS-SVM," Neural Computing and

Applications, pp. 1-10, 2020.

[20] M.-C. Lee, "Using support vector machine
with a hybrid feature selection method to the
stock trend prediction,” Expert Systems with
Applications, vol. 36, no. 8, pp. 10896-10904,

2009.

[21] Y. Chen and Y. Hao, "A feature weighted
support vector machine and K-nearest
neighbor algorithm for stock market indices
prediction,” Expert Systems with Applications,

vol ,A- pp. 340-355, 2017.

[22] B. B. Nair, V. Mohandas, and N. Sakthivel,
"A decision tree—rough set hybrid system for
stock market trend prediction,” International
Journal of Computer Applications, vol. 6, no.

9, pp. 1-6, 2010.

[23] W. Qiu, X. Liu, and L. Wang, "Forecasting
shanghai composite index based on fuzzy time
series and improved C-fuzzy decision trees,"
Expert Systems with Applications, vol. 39, no.

9, pp. 7680-7689, 2012.

[24] S. Basak, S. Kar, S. Saha, L. Khaidem, and S.
R. Dey, "Predicting the direction of stock
market prices using tree-based classifiers,"
The North American Journal of Economics

and Finance, vol. 47, pp. 552-567, 2019.

[25] L. Khaidem, S. Saha, and S. R. Dey,
"Predicting the direction of stock market

prices using random forest ",arXiv preprint
arXiv:1605.00003, 2016.

[26] N. Sharma and A. Juneja, "Combining of
random forest estimates using LSboost for

stock market index prediction,” in 2017 2nd
International Conference for Convergence in

O 2bo F ol VFee JLlu

algorithm and comparing it with artificial neural
network," Quarterly Journal of Economics, vol.

3, no. 6, pp. 1-26, 2010.

[8] P. Hajek, V. Olej, and R. Myskova,
"Forecasting stock prices using sentiment
information in annual reports: A neural network
and support vector regression approach,"
WSEAS Transactions on Business and

Economics, vol. 10, no. 4, pp. 293-305, 2013.

[9] E. Hadavandi, H. Shavandi, and A. Ghanbari,
"Integration of genetic fuzzy systems and
artificial neural networks for stock price
forecasting,” Knowledge-Based Systems, vol.

23, no. 8, pp. 800-808, 2010.

[10] Y. Chen, A. Abraham, J. Yang, and B. Yang,
"Hybrid methods for stock index modeling,"
Fuzzy Systems and Knowledge Discovery, pp.

490-490, 2005.

[11] S. Wang, L. Wang ,S. Gao, and Z. Bai, "Stock
price prediction based on chaotic hybrid
particle swarm optimisation-RBF neural
network," International Journal of Applied
Decision Sciences, vol. 10, no. 2, pp. 89-100,
2017.

[12] T. T. Khuat and M. H. Le, "An Application of
Acrtificial Neural Networks and Fuzzy Logic
on the Stock Price Prediction Problem,"
International  Journal on Informatics

Visualization, vol. 1, no. 2, pp. 40-49, 2017.

[13] R. Ghasemiyeh, R. Moghdani, and S. S. Sana,
"A Hybrid Artificial Neural Network with
Metaheuristic Algorithms for Predicting Stock
Price," Cybernetics and Systems, vol. 48, no.

4, pp. 365-392, 2017.

[14] Y. Rajihy, K. Nermend, and A. Alsakaa,
"Back-propagation artificial neural networks
in stock market forecasting. An application to
the Warsaw Stock Exchange WIG20,"

Aestimatio, no. 15, p. 88, 2017.

w5551 51 solital” ( oMé g Loyl o csgwge [V0]
O9YoS ) oy 9 Olcd oS gmac oSS
R T e
vol. 9, no. 36, pp. ¢ ol &lyel Cupae 5 Jb
.Y295-321, 139

[15] S. A. Mousavi, and Gholami, "Using Hybrid

Firefly Neural Algorithm and Bayesian

Regulation Method to Predict Stock Prices,"

Financial Engineering and  Securities

Management, vol. 9, no. 36, pp. 295-321,
1397.


http://dx.doi.org/10.52547/jsdp.18.4.125
https://jsdp.rcisp.ac.ir/article-1-1024-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.125 ]

[34] M. R. Hassan, K. Ramamohanarao, J.
Kamruzzaman, M. Rahman, and M. M.
Hossain, "A HMM-based adaptive fuzzy
inference  system  for  stock  market
forecasting,” Neurocomputing, vol. 104, pp.

10-25, 2013.

[35] P.-C. Chang and C.-H. Liu, "A TSK type
fuzzy rule based system for stock price
prediction,” Expert Systems with applications,

vol. 34, no. 1, pp. 135-144, 2008.

[36] G. R. M. Lincy and C. J. John, "A multiple
fuzzy inference systems framework for daily
stock trading with application to NASDAQ
stock exchange," Expert Systems with
Applications: An International Journal, vol.

44, no. C, pp. 13-21, 2016.

[37] S. K. Chandar, "Fusion model of wavelet
transform and adaptive neuro fuzzy inference
system for stock market prediction,” Journal
of Ambient Intelligence and Humanized

Computing, pp. 1-9, 2019.

[38] M. R. Feylizadeh, M. H. Keshavarz, and A.
Hendalianpour, "Presenting a model for
predicting the Tehran Stock Exchange Index
using ANFIS and fuzzy regression,” Journal

of New Researches in Mathematics, 201.4

boplom Caod gt ol g Slae, [va]
sl (e 55 mas Al I eolatl
G s Sl L oalie 5 S
vol. 6, no. 22, golaidl gile Jow sla g

pp. 61-91, 2016

[39] Ramezani and Ameli, "Stock Price Prediction
Using Fuzzy Neural Network Based on
Genetic Algorithm and Comparison with
Fuzzy Neural Network," Economic Modeling
Research, vol. 6, no. 22, pp. 61-91, 2016.

G estlle g ol gl s haz (Sl [¥-]

ookl b lied eysr 5o ploms Cad (S

S o) b eddaingy (LSSl oras oS

vol. c Jlo g o oyl M ogtan Jus 33
7,n0. 2, pp. 195-228, 2019

[40] J. Babajani, T. Bolo, Gh. Abdollahi,
"Predicting stock prices on the Tehran Stock
Exchange using a recursive neural network
optimized by the artificial bee colony
algorithm,” Financial Management Strategy,
vol. 7, no. 2, pp. 195-228, 2019.

[41] E. Giovanis, "Application of ARCH-GARCH
models and feed-forward neural networks with
Bayesian regularization in Capital Asset

Technology (12CT), 2017: IEEE, pp. 1199-
1202.

Sz eyl Sl ekl boplews L 0
vol. 9, no. 35, pp. 301-322, 1397 ,lsles

[27] Gh. Elham and d. Seyed Mohammad Reza,
"Predicting price trends in the stock market
using a random forest algorithm," Quarterly
Journal of Financial Engineering and
Securities Management, vol. 9, no. 35, pp.
301-322, 1397.

[28] K. Alkhatib, H. Najadat, I. Hmeidi, and M. K.
A. Shatnawi, "Stock price prediction using k-
nearest  neighbor  (kNN)  algorithm,”
International Journal of Business, Humanities

and Technology, vol. 3, no. 3, pp. 32-44, 2013.

Coad iy g 3 5 om S ol (VA
4By b (gemyS) 995 by, 5l eslitul b pleew
vol. 9, no. « Jb sla iags ",(ARDL) a9

23, pp. 49-60, 1386

[29] M. Zadeh, H. Gholipoor, and Gh. Vahid,
"Stock Price Forecasting Using Distributed
Intermediate Regression (ARDL) Method,"
Financial Research, vol. 9, no. 23, pp. 49-60,
1386.

4[0.4.4.)@ and ¥ -9 et £ ‘Ob‘}éé T P [Y"]
N6l g Sy By b plem Ced i
vol. 6, no. 12, pp. 107- M5 slazdl ael ey

128, 1390

[30] M. Zadeh, H. Gholipoor, and Gh. Vahid,
"Stock price forecasting by fuzzy regression
method," Journal of Macroeconomics, vol. 6,
no. 12, pp. 107-128, 1390.

[31] E. Kita, M. Harada, and T. Mizuno,
"Application of Bayesian Network to stock
price prediction," Artif. Intell. Research, vol.

1, no. 2, pp. 171-184, 2012.

[32] Q. Sun, W.-G. Che, and H.-L. Wang,
"Bayesian regularization BP neural network
model for the stock price prediction,” in
Foundations and applications of intelligent

systems: Springer, 2014, pp. 521-531.
[33] L. Wang, Z. Wang, S. Zhao, and S. Tan,
"Stock market trend prediction using

dynamical Bayesian factor graph,” Expert
Systems with Applications, vol. 42, no. 15-16,

pp. 6267-6275, 2015.

O 2l F ol 1Fee Jlu

&


http://dx.doi.org/10.52547/jsdp.18.4.125
https://jsdp.rcisp.ac.ir/article-1-1024-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.4.125 ]

6o lowiwl a8 ) ‘a.'i._‘_),ﬂl 9 6L Z il aslobw A9 s )3 aqw,q Ul L1dba Bhgl ywge ) Iol.w oD | Syl

[50] A. P. Engelbrecht, Computational
intelligence: an introduction., 2 ed. England:

John Wiley & Sons, 2007, p. 597.

[51] P. J. Werbos, "Beyond Regression: New Tools
for Prediction and Analysis in the Behavioural
Sciences,” PhD thesis, Harvard University,

Boston, USA, 1974.
I sidse ey Syes oy plsh [oY]
g Foas Jhoa sladae I oolial b plew
ke Ga3loy as SedlS slaJas b alie
A=Y -Y:(F) VY5V Leoolo

[52] Z. Pashaei, R. Dehkharghani, "Stock Market
Modeling Using Artificial Neural Network
and Comparison with Classical Linear
Models", JSDP, 2021, vol.17, no. 4, pp. 89-

102.
FoealS wiige 09,5 Lt SIFEEN Ylows vuze
Jeazdlg b a5 Y Jlo 5l ool jped 5 oKisls
Sadigh Slasle ul)S FsealS pole pansi (050
5 Oliaaw oKiils 311, 0g5 aldae o gl o)l
S o8- (ool (ol I8 9 AT Jlo jo lieasls
08505 AT AY Jlu ;o aim s olKiils
ASN.C o)j,c ‘S!LQ.,.Q}U Lglbo)s} w‘
0 p Slewlre 5 (Eoras Ghee L

Jlue (59l osls 8 slwdigs
el 32800 sladilel 5 (gaiile)

5 el & Hle il aalill,y glas
abdolrazzagh@bugaen.ac.ir

i ALh) 50 1) 095 (owlid)lS S pae 055 (G
Sogld (g 2Bl Shae 5 Y Jlo Seals
Qy’Sl 59 D93 e RVC g oKisls )‘ b JL.» Sledlol
u*-“)f SleMb! 6)3L’é (eaass 6‘;’250 69—".“&‘3“5
Lol Jams 4y Jario pd olSKiils jo g iSIl &l
Oedle 6ok sy WDle Sy5e lagh sleaie

5l el @yle lasl asblly glas
m.kherad@stu.qgom.ac.ir

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Pricing Model: The case of two stocks in
Athens exchange stock market," 2009.

S. moshiri and H. morevat, "Forecasts Tehran
Stock Exchange general index returns using
linear and nonlinear models,” Quarterly

Journal of Business Research, vol. 41, no. 84.

O. Cordén, E. Herrera, E. Gomide, E.
Hoffman, and L. Magdalena, "Ten years of
genetic fuzzy systems: current framework and
new trends," in IFSA World Congress and
20th NAFIPS International Conference, 2001.

Joint 9th, 2001 ,vol. 3: IEEE, pp. 1241-1246.

H. N. Nhu, S. Nitsuwat, and M. Sodanil,
"Prediction of stock price using an adaptive
Neuro-Fuzzy Inference System trained by
Firefly Algorithm,” in 2013 International

Computer ~ Science  and  Engineering
Conference (ICSEC) , 2013 ,IEEE, pp. 302-
307.

R. Dash and P. Dash, "Efficient stock price
prediction using a self evolving recurrent
neuro-fuzzy inference system optimized
through a modified differential harmony
search technique,” Expert Systems with

Applications, vol ,0Y pp. 75-90, 2016.

L.-Y. Wei, "A hybrid model based on ANFIS
and adaptive expectation genetic algorithm to
forecast TAIEX," Economic Modelling, vol.

33, pp. 893-899, 2013.

A. Bagheri, H. M. Peyhani, and M. Akbari,
"Financial forecasting using ANFIS networks
with  quantum-behaved particle  swarm
optimization," Expert  Systems  with
Applications, vol. 41, no. 14, pp. 6235-6250,

2014.

J. Han, J. Pei, and M. Kamber, Data mining:
concepts and techniques. Elsevier, 2011.

S. Hosseini and A. Al Khaled, "A survey on
the  imperialist ~competitive  algorithm
metaheuristic: implementation in engineering
domain and directions for future research,"
Applied Soft Computing, vol. 24, pp. 1078-

1094, 2014.

Fold-Y+ sly2! (MSE) Uas j9dxo (pmileo Jolus 1) Cawguy

PO Cawliyd (59 2 ool (g3kwooly spss o8I Fold-Y+ sl,>l (MSE) Uas jgduxo (5l :(0- J9uz)
(Table-5): The obtained MSE by the implemented algorithms based on 10-Fold for Ghadir dataset
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(Table-6): The obtained MSE by the implemented algorithms based on 10-Fold for Iran Khodro dataset
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05 05 05 05 05 05 05 05 05 05 05 05 0¥
3.84e- | 3.43e- | 3.43e- | 3.87e- | 3.90e- | 3.83e- | 3.8le- | 3.84e- | 4.03e- | 3.77e- | 3.96e- | 3.99e- ol

05 05 05 05 05 05 05 05 05 05 05 05 o G
4.74e- | 3.15- | 7.7le- | 4.44e- | 4.17e- | 493e- | 5.00e- | 4.88e- | 3.15e- | 6.09- | 3.76e- | 3.27e- | g

05 05 05 05 05 05 05 05 05 05 05 05 O

4 sl 0¥ g8 Cawlind (595 2 o (gilwodly sl e8I Fold—)+ (gl,21 (MSE) Uas j9dmo (il : (V- Jgue)
(Table-7): The obtained MSE by the implemented algorithms based on 10-Fold for Mobarakeh dataset

Sls | oy | V- q A Y 4 o £ Y Y | s 59,
2.33e- | 2.19%- | 2.32- | 2.38e- | 2.41le- | 2.31e- | 2.50e- | 2.44e- | 2.22e- | 2.21e- | 2.19e- | 2.31le- | bjsel | FICA+FIS
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Golesiaml aalB ) @iy 98Ul 9 (53 Zlikiwl Aol A3l59S uf 55 Aluwgdy Ul VISl B9l Y892 )3 Plw noud iyl

05 05 05 05 05 05 05 05 05 05 05 05
237e- | 222- | 2.35e- | 2.3%- | 247e- | 234e- | 255e- | 247e- | 2.25e- | 2.26e- | 2.22e- | 2.35e- | 5
05 05 05 05 05 05 05 05 05 05 05 05 o7
3.76e- | 352- | 3.76e- | 3.82e- | 3.8le- | 35%- | 3.67e- | 3.74e- | 3.88e- | 3.95e- | 3.8%- | 352- | .
05 05 05 05 05 05 05 05 05 05 05 05 il (B ES
3.96e- | 3.7le- | 3.8%- | 4.15- | 4.1le- | 3.72e- | 3.90e- | 3.95e- | 4.02- | 4.1de- | 397e- [ 37le- |
05 05 05 05 05 05 05 05 05 05 05 05 o
4.00e- | 3.77e- | 3.95e- | 403e- | 39le- | 3.77e- | 3.8%- | 4.12%- | 4.34e- | 4.12e- | 402- | 38le- | .. 5
05 05 05 05 05 05 05 05 05 05 05 05 oo e T
4.08e- | 3.79%- | 3.99%- | 4.1le- [ 397e- | 3.79%- | 4.0le- | 419%- | 437e- | 4.23¢- | 4.20e- | 397e- [ 5
05 05 05 05 05 05 05 05 05 05 05 05 OF)
3.90e- | 3.69%- | 3.7%- | 3.8%- | 3.85e- | 3.8le- | 4.lle- | 3.8le- | 4.19- | 3.69%- | 4.1le- | 375e- | .. 5
05 05 05 05 05 05 05 05 05 05 05 05 il SRS
3.99%- | 3.8le- | 3.92%- | 399%- | 3.94e- | 3.88e- | 4.19%- | 3.99e- | 4.25¢- | 3.82- | 4.15- [ 38le- |
05 05 05 05 05 05 05 05 05 05 05 05 o
2.25¢- | 8.85e- | 6.00e- | 28de- | 1.66e- | 3.80e- | 1.82e- | 9.80e- | 2.43¢- | 1.13e- | 8.85e- | 9.52%- | .. 5
04 05 04 04 04 04 04 05 04 04 05 05 oo .
217e- | 7.29%- | 6.70e- | 247e- | 1.18e- | 3.94e- | 1.72- | 1.07e- | 1.96e- | 9.00e- | 9.8Le- [ 7.29%- | _ ;
04 05 04 04 04 04 04 04 04 05 05 05 o7
1.09- | 9.51e- | 1.08e- | 9.5le- | 1.07e- | 105e- | 1.05e- | 1.02e- | 1.23¢- [ 1.10e- [ 1.2%- | 1.09%- | .. j
04 05 04 05 04 04 04 04 04 04 04 04 i o
1.13¢- | 8.88e- | 1.30e- | 8.88¢- | 9.44e- | 11le- | 1.03e- | 1.23¢- | 1.40e- | 1.00e- | L4le- | 96le- | 5
04 05 04 05 05 04 04 04 04 04 04 05 o)
13le- | 113e- | 135e- | 1.23¢- | 156e- | 1.30e- | 122- | 1.3le- | 13le- | 137e- [ 113e- | 1.32e- | . _;
05 05 05 05 05 05 05 05 05 05 05 05 oo o
7.94e- | 6.51e- | 9.43e- | 6.97e- | 6.70e- | 7.44e- | 1.04e- | 7.8%9e- | 8.82e- | 7.38e- | 7.84e- | 6.51e- canc]
05 05 05 05 05 05 04 05 05 05 05 05 oF
2.37e- | 2.23e- | 2.33e- | 2.41e- | 2.44e- | 2.36e- | 2.53e- | 2.51e- | 2.24e- | 2.28e- | 2.23e- | 2.35e- SN
05 05 05 05 05 05 05 05 05 05 05 05 o e
24le- | 197e- | 2.27e- | 197e- | 2.08e- | 2.08e- | 3.26e- | 24le- | 2.80e- | 2.85e- | 230e- [ 21le- |
05 05 05 05 05 05 05 05 05 05 05 05 o)
413e- | 3.73e- | 4.37e- | 3.73¢- | 435e- | 3.73¢- | 4.25e- | 3.79%- | 4.2le- | 4.30e- | 4.28¢- | 4.33¢- | ..
05 05 05 05 05 05 05 05 05 05 05 05 oo o
4.65e- | 4.10e- | 5.47e- | 4.66e- | 4.16e- | 4.53e- | 4.95e- | 4.10e- | 5.32e- | 4.54e- | 4.62e- | 4.15e- canc]
05 05 05 05 05 05 05 05 05 05 05 05 oF
059 90 Sl gy 2 o g3lwesky a9l Fold-Ye (gl ! (MSE) Uas jgdmxe opuiileo (A= Jguzr)
Table-8): The obtained MSE by the implemented algorithms based on 10-Fold for Motogen dataset
‘ ‘ ye q A Y s o ¥ ¥ Y \ Uas- )
%) O
6.88e- 6.11e- | 7.05e 7.52e 7.18e 6.14e 7.21e 6.11e 7.12e 6.22e 6.73e 7.55e S9!
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o A
7.04e- 6.25e- | 7.26e | 7.7le | 7.37e | 6.25¢ | 7.29% | 6.26e | 7.32e | 6.37¢ | 6.87e | 7.6% o]
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 oF
7.09- | 6.20e- | 7.24e | 7.77e | 7.31e | 6.20e | 7.40e | 6.37¢ | 7.31e | 6.61e | 6.9% | 7.72¢ | 39!
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o ICAT EIS
7.24e- 6.33e- | 7.40e | 791e | 7.51e | 6.33e | 7.48¢ | 6.44e | 7.38¢ | 6.90e | 7.15e¢ | 7.93e o]
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 05 | 9
7.16e- 6.18e- | 7.19 7.89% 7.52¢ 6.18e 7.55e 6.39% 7.44¢ 6.51e 7.23e 7.66e S9!
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o o
7.29e- | 6.30e- | 7.28¢ | 7.99% | 7.60e | 630e | 7.7le | 6.64e | 7.6le | 659 | 7.36e | 7.8le | _j
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o)
7.20e- 6.30e- | 7.22e 7.92e 7.66e 6.49e 7.42e 6.30e 7.40e 6.88e 7.12e 7.59% 590!
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o WOA+FI
7.12e- 7.59%- | 7.41e | 7.99 | 7.8% | 6.67e | 7.62e | 6.46e | 7.6le | 6.97e | 7.4le | 7.66e ] S
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 05 | 9
405e- | 2.55¢- | 3.99e | 4.44e | 389 | 362 | 59le | 578 | 2.55¢ | 3.0%e | 425¢ | 3.03¢ | !
04 04 -04 -04 -04 -04 -04 -04 -04 -04 -04 -04
o NN
1.07e- | 8.55e- | 9.22e | 855e | 9.18¢e | 9.99% | 1.00e | 2.15e | 892 | 8.88e | 1.12e | 9.91e ]
03 04 -04 -04 -04 -04 -03 -03 -04 -04 -03 -04 o)
7.98e- 7.51e- | 7.98e 8.71e 8.02e 7.85e 8.16e 7.88e 8.12e 7.92e 7.51e 7.60e S9!
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o S
9.26e- | 8.75e- | 9.48e | 9.15e | 10le | 894e | 875 | 9.44e | 882 | 9.99% | 9.12e | 876e |
04 04 -04 -04 -03 -04 -04 -04 -04 -04 -04 -04 o)
38le- | 2.5%e- | 321e | 385¢ | 2.9% | 6.02% | 3.8% | 3.14e | 6.19¢ | 2.51e | 355¢ | 2.73¢ | !
05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o DT
2.68e- | 8.12- | 9.11e | 1.05e | 1.00e | 9.12¢ | 1.52¢ | 8.37e | 812 | 9.66e | 1.82 | 1.21e | (gl
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03 04 -03 -03 -03 04 -03 -03 -04 -04 -03 -03
7.02e- | 6.25e- | 7.35¢ | 7.59e | 7.44e | 6.99% | 7.62¢ | 6.25¢ | 7.69e | 6.74e | 7.22¢ | 7.35¢ | %!

05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05

o RF

7.06e- | 4.76e- | 767 | 7.73¢ | 7.8le | 959 | 822 | 7.79% | 6.22¢ | 4.93¢ | 588e | 476 |

04 04 -04 -04 -04 -04 -04 -04 -04 -04 -04 04 | O
235e- | 2.02e- | 2.44e | 273 | 227 | 258 | 2.33e | 251e | 2.02 | 2.36e | 221e | 2.07e | 9!

05 05 -05 -05 -05 -05 -05 -05 -05 -05 -05 -05 o o
8.35e- | Llle- | 9.71e | 923 | 952 | Llle | 89le | 9.73¢ | 885 | 954e | 898e | 89le | 5

04 05 -04 -04 -04 -05 -04 -04 -04 -04 -04 04 | O

Flanl cawlid 595 5 ool (g jlwesky GLaps ;951 Fold—Y+ (gl 2! (MSE) Uas jgdzmo (pusiles :(A- Jgu)
(Table-9): The obtained MSE by the implemented algorithms based on 10-Fold for Tidwater dataset

oSboe | cpiee | V- q A Y I3 o f Y Y \ s =y
6.68¢- | 6.12e- | 7.0le- [ 7.12%- | 6.23¢- | 7.2le- | 6.33¢- | 6.99%- | 6.8%- | 6.12- | 6.71e- | 6.22e- | . 5

05 05 05 05 05 05 05 05 05 05 05 05 o SIEATTE
6.92e- | 6.41e- | 7.26e- | 7.32e- | 6.52e- | 7.44e- | 6.54e- | 7.14e- | 6.99e- | 6.41le- | 6.97e- | 6.65e- el

05 05 05 05 05 05 05 05 05 05 05 05 o)
6.93e- | 6.34e- | 7.09%- | 7.60e- | 6.59%- | 7.41e- | 6.65e- | 7.20e- | 6.98e- | 6.34e- | 6.8%- | 654e- | .. j

05 05 05 05 05 05 05 05 05 05 05 05 o (55 [H
7.1le- | 65%- | 7.3le- | 7.69%- | 6.76¢- | 7.62e- | 6.78¢- | 7.3de- | 7.16e- | 6.5%- | 7.0%- | 6.7%e- |

05 05 05 05 05 05 05 05 05 05 05 05 oF
7.09- | 6.2%- | 7.30e- | 7.8le- | 6.70¢- | 7.66e- | 6.83¢- [ 7.42e- | 6.87e- | 6.2%- | 7.12%- [ 6.9le- | . 5

05 05 05 05 05 05 05 05 05 05 05 05 oo o
7.24¢- | 6.48e- | 75le- | 7.8%- | 6.82¢- | 7.84e- | 6.96e- | 7.55- | 6.93¢- | 6.48e- | 7.3Le- [ 7.00e- [

05 05 05 05 05 05 05 05 05 05 05 05 oF
7.03e- | 65le- | 7.20e- | 7.69%- | 6.61e- | 7.44e- | 6.73¢- [ 7.29- | 7.14e- | 6.5le- | 6.9%- | 6.65- | .. 5

05 05 05 05 05 05 05 05 05 05 05 05 oo DA
7.18e- | 6.63e- | 7.41e- | 7.8%- | 6.76e- | 7.61le- | 6.87e- | 7.3%- | 7.33e- | 6.63e- | 7.21le- | 6.72e- e

05 05 05 05 05 05 05 05 05 05 05 05 oF
3.62e- 1.14e- | 3.12e- | 5.79- | 4.85e- | 2.54e- | 6.42e- | 1.14e- | 1.61e- | 2.65e- | 4.53e- | 3.53e- SN

04 04 04 04 04 04 04 04 04 04 04 04 o NI
2.72e- | 1.15e- | 2.92e- | 5.94e- | 1.28e- | 2.08e- | 5.48e- | 1.20e- | 1.15e- | 2.00e- | 1.55e- | 3.64e- ]

04 04 04 04 04 04 04 04 04 04 04 04 o)
1.43e- 1.24e- | 1.48e- | 1.3%e- | 1.56e- | 1.52e- | 1.38e- | 1.46e- | 1.46e- | 1.38e- | 1.24e- | 1.42e- ool

04 04 04 04 04 04 04 04 04 04 04 04 o S
149- | 1.28e- | 153e- | 1.28¢- | 14le- [ 149- | 150e- | 1.68e- | 1.34e- | 1.7de- [ 137e- | 155e- | 5

04 04 04 04 04 04 04 04 04 04 04 04 0F
1.93e- | 168e- | 2.16e- | 2.23¢c- | 1.80e- | 1.8%- | 2.09- | 1.86e- | 1.83e- | 194e- [ 168e- | 1.84e- | . ;

05 05 05 05 05 05 05 05 05 05 05 05 o o
1.22e- | 9.37e- | 126e- | 1.42- | 9.37e- | 1.02- | 130e- | 9.45e- | 1.09- | 123e- [ 1.76e- | 1.28e- | 5

04 05 04 04 05 04 04 05 04 04 04 04 oF
2.46e- | 1.47e- | 3.15e- | 1.83e- | 2.81e- | 2.18e- | 3.38e- | 3.09e- | 2.97e- | 2.05e- | 1.47e- | 1.66e- ool

04 04 04 04 04 04 04 04 04 04 04 04 oo o
1.16e- | 2.72e- | 7.45e- | 3.40e- | 4.77e- | 2.78e- | 2.72e- | 5.32e- | 4.26e- | 6.91e- | 1.12e- | 5.03e- ]

04 05 05 05 05 05 05 05 05 04 04 05 oF
7.03e- | 6.73e- | 7.3le- | 7.09- | 6.73¢- | 7.18¢- | 6.97e- | 6.83¢- | 7.2le- | 6.88e- | 7.2%- | 6.84e- | .

05 05 05 05 05 05 05 05 05 05 05 05 o G
9.78¢- | 6.46e- | 8.75e- | 7.43¢- | 8.6le- | 6.74e- | 8.1de- [ 9.75¢- | 6.46e- | 9.1le- | 243e- [ 854e- |

05 05 05 05 05 05 05 05 05 05 04 05 oF

FICA+FIS luwgi il Cawddy cyuilgd dc gozxo 1Y Cawguy
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1 2 3 4 5 6 7 8 9 10 11 12

3 LowP HighP FirstP VoIT ViaueT Flndex PIndex usp GoldP qilp PPrice Weight
a3 Rulel M H L L L L N H M H M 0.5667
4 Rule2 L M M L N L H L N H M 0.2734
% Rule3 M L M M H L M L L M L 06921
. Ruled H N L M L N L M L L M 07447
3 Rule5 L L L M N M M M M M L 07072
< Rule6 L H H M L H M M H M L 0.2378
) Rule7 N L L M L M M H H H M 09074
_3, Rule8 N H L L M L N N H M M 00922
T Ruled M M M M H N L M L M M 03910
) ) Rule10L L M N L H N L M M H 0.5404
N | Rulel1L M H M M M M L L N L 2.4631e-04
A ! Rule12M M H M M M M M L L H 07720
2 } Rule13L M M N H M L H L M M 01948
33 } RuleldL L L M L M L M L H M 06824
o i Rule15L N H L L L L M M N L 08299
% i Rule16N L H H M L M M M H M 0.2155
) ! Rulel7 M M L M M L L M M M L 0.0643
¥ { Rule18 M M L M H N H N M M L 0.2048
% ) Rule19L M N L L L N M L M L 04819
: ) Rule 20 M L M H H N M L L L L 0.2615
% 2ol Cawlisd (gl FICAHFIS o 581 bawgi ouol Camwday (o318 oiled (V- &)
I (Figure-11): The obtained fuzzy rules by the FICA+FIS for Ghadir dataset
o
§= 1 2 3 4 5 6 7 B 9 10 11 12
w LowP HighP FirstP VolT VlaueT Flndex Plndex UsD GoldP 0ilP PPrice Weight
2 Rulel M L L L M M L M H M M 0.2151
) Rule2 L v M N L v L H L H M 0.6083
‘1' Rule3 M N M M N N N N L H M 0.5648
) Ruled H N H N L M M N M H H 0.7832
2\ Rule5 L L L M M M N M L L M 0.4667
Y Rule6 L H M M H ¥ M M L L M 0.8726
3 Rule7 L L M L L H M L L N M 0.0691
3 Rule8 M L L L L L M L L M M 0
Ruled N L L N L M N L H H L 0.3179
.3 ) Rule10L M N N M N M M L H M 0.0172
«f L Rule11M H M L L H L L H M M 03773
2 Rule12H H M M L M L H N L M 0.1999
3 3 Rulel3L L L L L N M L L N L 0.6965
.k) 1 Rulel4 H M M N L N L L M M M 0.4826
; 5 Rule15L L M H M L M M M M M 01057
;l\ 5 Rule16L M L M L N M L M H M 0.0175
v 7 Rule17 M L H N M ¥ M L M ¥ L 0.5738
o 3 Rule18 N M H L M H L L M H L 0.1319
5] 3 Rule19N L L M L M M M M M L 0.5058
a\\ 3 Rule 20M L L M L H H M L L M 0.0253
1 93995 (3l ! Cawlis s (gl FICAHFIS i ;951 bauwgd ookl Cuwdds (6518 cyuilsd :(1V¥— JSCid)
’_.;l\ (Figure-12) The obtained fuzzy rules by the FICA+FIS for Iran Khodro dataset
T 1 2 3 4 5 6 7 8 9 10 11 12
: LowP HighP FirstP VoIT VlaueT FIndex Plndex usD GoldP Qilp PPrice Weight
= Rulel M L L N H H M N L N L 07741
: Rule2 L H L L L M H L M M M 0.2273
Rule3 N L H L L N L M L M M 0.0090
N Ruled M M L H N H H M L N M 05343
9 Rule5 L H M L L L M M M N L 07113
Rule6 M N M M L L M N H L L 0.3963
Rule7 L L N N L H L M L L L 0.4495
Rule8 L H N H M M L M L H H 0.3259
Rule9 H M H L H M N N M M M 0.4025
) Rule10L M L H L M L M N M M 0.3265
| Rule11L M N L N L M M N M M 0.0224
! Rule12L H N H M M M L M L M 0.5473
} Rule13M H H M L M L L M M M 0.1502
} Rule14M M H N L N M M L L M 0.4161
} Rule15L L L M M M N M L M L 0.5478
i Rule16L L H L L L M L N L L 05937
! Rule17H L M L L M H M N L L 01512
i Rule18N H M L M H M L L L M 0.5416
) Rule19M H M M H L L N L N M 0.9050
) Rule20L L L L N M L L L L M 05251

a5 Lo Y g8 Camlin s 1y FICAHFIS (vt 5951 Lawgi ool cowods (5318 cyuilgd :(1F— JSid)
(Figure-13): The obtained fuzzy rules by the FICA+FIS for Mobarakeh dataset
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Mean Squared Error (mse)

107 F

102}

1 2 3 4 5 3 7 8 9 10 11 12
LowP HighP FirstP VolT WVlaueT Flndex PlIndex usD GoldP qilp PPrice Weight
Rulel M L M H N L M il M H M 01108
Rule2 M M L] H L M M L L H [ 08598
Rule3 M N H L M M H M L M H 0.3306
Rule4 H M L H N H L M M M L 06075
Rule5 L L L L L M L M N L H 0.2593
Rule6 M M M H L L M L H M M 0.2891
Rule7 M N L L Ll H M H L Ll L 07077
Ruled ™ H H H L M M L L L L 07576
Ruled M M L M M H H L M L M 0.7537
) Rule10 M N M N L M M L M M L 0.2519
| Rule11/N M L H N M L M L M H 04133
! Rule12/N L L L L H M H L H L 06148
i Rule13M L H M M M M L L L M 06827
| Rule14/M M H M H L H M L L M 06022
i Rule15M L M H L L M M M M M 03813
3 Rule16H M H L M M H il L M L 0.9030
! Rule17 M L L] N Ll L L H N L [ 03391
i Rule18H H M N M L H H M H [ 06313
1 Rule13H M H M L M H M L H M 0.6968
) Rule 20M H M N N M M M M M M 0.2511
0599 90 Cawlind (gl g FICAHFIS s 551 b gd ouol Camwddy (6318 yuiled :(VF— i)
(Figure-14): The obtained fuzzy rules by the FICA+FIS for Motogen dataset
1 2 3 4 5 [ 7 8 9 10 11 12
LowP HighP FirstP VelT VlaueT FIndex PIndex usD GoldP ailp PPrice Weight
Rulel L M M L L M M L M M M 0
Rule2 L M L H W L L L M N M 01747
Rule3 L M L H H N N M L M M 0.8070
Ruled M L M H M L M L H M M 0.6665
Rule5 N N L] L ¥ L L H L H L 0.4660
Rule6 H L H H L M L L M N M 0.5715
Rule7 L M L M L M L L M M L 0.3053
Ruled L H M M L N M L L M H 0.3091
Rule9 L N M M i N L N M L H 03777
J Rule10 M L M L H L M M L M M 0.5696
L Rule11H M M L H M L L L M M 06293
2 Rulel12M M L] L [l H M N N L M 09098
3 Rule13M H M L M M L L M H M 0.5171
} Rulel4l L L L L L L H M H M 0.4439
3 Rulel5N L M L L M M M M N L 09818
3 Rulelsl L M M L L H M M M L 06191
7 Rulel7L M M L M L N M N L H 0.2074
3 Rule18 M L L L M H L L M L M 06254
3 Rule19M L H M L M M L L M M 09476
J Rule20L H L L L M L H N L M 09878

oo3b s Cawlind (6l ys FICAHFIS (o 3951 Lawgs ool cawddy (6318 oyl :(10— JSid)
(Figure-15): The obtained fuzzy rules by the FICA+FIS for Pars Oil dataset

Best Validation Performance is 0.0015262 at epoch 15
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(Figure-17): The convergence curve of the neural network

for the Iran Khodro dataset
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(Figure-16): The convergence curve of the first group

algorithms for the Iran Khodro dataset
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(Figure-21): The convergence curve of the neural network

Motogen dataset

J81 0355 st 351 il Kom 518905 (1A~ JS.5)

for the Ghadir dataset

03P sl
(Figure-18): The convergence curve of the first group
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(Figure-19): The convergence curve of the neural network
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(Figure-23): The convergence curve of the neural network

for the Tidewater dataset
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(Figure-20): The convergence curve of the first group
algorithms for the Ghadir dataset
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(Figure-25): The convergence curve of the neural network
for the Mobarakeh dataset
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(Figure-24): The convergence curve of the first group
algorithms for the Mobarakeh dataset

o (g jlwosky sLap o5l 1yl (yloy Jgluar :F Cawguy

(4l oz ) ppod Cawlind (595 2 oudigilwosly Loty ;95 Fold-1+ (12t gloj :(Ve— Jgu)
Table-10): The CPU time of the implemented algorithms based on 10-Fold for Ghadir dataset

oSl |V q A Y 5 o ¥ ¥ Y \ e
1050.73 | 892.78 | 92551 | 87751 | 1117.58 | 1243.10 | 984.16 | 1184.48 | 1098.00 | 1004.39 | 1179.789 | FICA+FIS
561.33 | 469.42 | 479.42 | 426.48 | 61358 | 564.09 | 656.59 | 560.27 | 607.95 | 51854 | 71698 | ICA+FIS
636.55 | 503.76 | 520.95 | 499.44 | 56536 | 592.01 | 633.13 | 577.70 | 86150 | 801.98 | 80959 | GA+FIS
42715 | 42382 | 319.97 | 34828 | 27868 | 226.01 | 94271 | 52491 | 456.68 | 468.89 | 28155 | WOA+FIS
1016 | 785 | 763 | 733 | 6.12 726 | 1265 | 7.83 7.99 9.65 27.32 NN
057 | 005 | 005 | 005 | 007 006 | 041 | 009 0.15 031 4.45 SVM
02039 | 002 | 003 | 002 | 0031 | 0031 | 019 | 004 0.09 0.28 1.26 DT
046 | 015 | 013 | 014 | 013 015 | 067 | 017 021 0.72 212 RF
47.93 | 4169 | 4484 | 3813 | 4574 | 3731 | 6912 | 4399 | 4477 | 7180 | 4188 GPR
(Al > 1) 93995 ol | Cawlisd (595 p ool gilwosly (a9 Fold—Ve (sl 2>l gloj :(M- Jgu)
Table-11): The CPU time of the implemented algorithms based on 10-Fold for Iran Kondro dataset
oSl Ve 3 A v 5 o ¥ ¥ Y \ oy
997.85 | 899.87 | 983.12 | 910.39 | 1168.47 | 1066.73 | 1019.07 | 886.14 | 891.84 | 943.94 | 1208.95 | FICA*FIS
523.18 | 452.80 | 605.00 | 469.44 | 579.44 | 512.87 | 60271 | 437.88 | 457.91 | 44220 | 67145 ICA+FIS
569.62 | 521.02 | 493.19 | 519.71 | 53129 | 634.89 | 68858 | 50120 | 507.15 | 51814 |  781.06 GA+FIS
351.73 | 309.51 | 407.13 | 37384 | 14039 | 478.34 | 483.40 | 399.16 | 26426 | 340.83 | 32038 | WOASFIS
801 | 290 | 377 | 387 3.30 5.29 5.73 3.77 5.06 4.94 41.49 NN
103 | 009 | 009| 008 0.09 0.12 0.32 0.12 0.17 0.20 9.06 SVM
021 | 003| 003| 003 0.03 0.11 0.11 0.05 0.08 0.17 146 oT
046 | 016 | 013 014 0.13 0.30 0.33 0.16 0.20 0.23 2.86 RF
3325 | 2451 | 2340 | 2558 | 2440 | 10412 | 2630 | 2469 | 2379 | 2272 33.01 GPR
(Al o 1) &5 Lo 3Y g8 Cawlind (59 5 0 g ilwodly (slags jsidI Fold-)e 51yl (yloj : (1Y Jgu)
(Table-12): The CPU time of the implemented algorithms based on 10-Fold for Mobarakeh dataset
oeSilea Ve 3 A v 5 o ¥ ¥ Y \ i
1183.33 | 1317.80 | 983.09 | 1057.48 | 1184.04 | 1219.66 | 1246.02 | 125343 | 969.74 | 13040 | 1298.07 | FICA+FIS
629.63 | 736.31 | 58121 | 577.68 | 671.47 | 601.63 | 73382 | 610.15 | 49529 | 683.96 | 604.77 ICA+FIS
667.30 | 78359 | 678.14 | 539.96 | 690.18 | 57556 | 753.88 | 619.89 | 551.15 | 661.53 | 819.15 GA+FIS
44480 | 67414 | 46451 | 43251 | 688.69 | 462.83 | 280.57 | 329.64 | 34651 | 314.30 | 45431 | WOA+FIS
11.87 | 1256 | 741 7.87 9.46 6.01 7.78 7.36 948 | 1109 | 3973 NN
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056 0.16 0.06 0.04 0.05 0.07 031 0.10 015 | 015 4.48 SVM
0.20 0.09 0.06 0.03 0.03 0.04 0.11 0.05 010 | 017 1.30 DT
0.50 0.39 021 0.14 0.14 0.15 0.42 0.19 024 | 024 2.92 RF
4181 | 5893 | 2865 | 3283 | 2543 | 4241 | 4426 | 3856 | 57.09 | 3425 | 55.64 GPR
(4l o 1) 595 g0 ol d (59 9 o0l g 5lwodly Loy ysSII Fold—Ye (slyal (ylo :(V Y~ Jgu)
(Table-13): The CPU time of the implemented algorithms based on 10-Fold for Motogen dataset
oSle |V A A \ $ o ¥ Y Y \ )
13255 | 144522 | 137831 | 1427.72 | 1230.13 | 1118.18 | 138154 | 125558 | 144429 | 14496 | 11244 | FICA+FIS
500.84 | 54251 | 598.76 | 568.18 | 608.94 | 61063 | 60146 | 63110 | 621.25 | 526.78 | 598.79 | ICA+FIS
72510 | 671.30 | 806.88 | 713.15 | 769.07 | 788.11 | 68058 | 673.04 | 707.20 | 67092 | 770.73 | GA+FIS
482.18 | 500.60 | 49628 | 49027 | 47115 | 47536 | 44650 | 504.46 | 501.63 | 465.05 | 47050 | WOA+FIS
2916 | 27.83 | 2996 | 2851 | 3216 | 2044 | 2721 | 2747 | 3037 | 3051 | 28.13 NN
152 1.50 0.41 1.94 227 0.80 3.49 0.62 2.14 0.55 2.97 SVM
058 073 0.68 0.65 0.32 0.60 0.23 0.54 0.36 077 0.94 DT
0.93 0.98 0.34 0.99 115 1.66 047 181 0.60 0.35 1.96 RF
2718 | 2906 | 2610 | 2686 | 2514 | 2044 | 2015 | 2892 | 2470 | 2526 | 29.95 GPR
(4l oz 1) lgauli Cawlind (59 y oudigilwodly s ;e8I Fold-Y+ sl 2l b :(1F- J9uz)
(Table -14): The CPU time of the implemented algorithms based on 10-Fold for Tidwater dataset
ke Ve a A 4 $ 5 i ¥ \ \ B3,
91349 | 87252 | 886.29 | 90658 | 89479 | 863.87 | 869.03 | 899.37 | 889.09 | 935.07 | 111832 | FICA+FIS
48421 | 45160 | 45011 | 45813 | 48631 | 504.75 | 490.97 | 43493 | 47382 | 456.74 | 63477 | [|CA+FIS
51581 | 51517 | 516.90 | 50850 | 487.76 | 517.61 | 49951 | 50399 | 51441 | 52094 | 57327 | GA*FIS
31449 | 17019 | 22547 | 39331 | 42264 | 26892 | 266.49 | 227.73 | 37230 | 38543 | 41246 | WOAFFIS
7.84 3.09 3.35 4.41 3.06 2.96 4.24 5.75 5.71 467 | 4120 NN
0.10 0.10 0.09 0.09 0.09 0.11 0.19 0.08 0.08 0.07 0.24 SVM
0.04 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.12 oT
0.12 0.14 0.12 0.12 0.12 0.12 0.13 0.12 0.12 0.12 0.30 RF
30361 | 17019 | 22547 | 39331 | 422.64 | 268.92 | 26649 | 227.73 | 37230 | 38543 | 41246 GPR
O Blig (258 ool o b Cawgn
[Z,P] QB 50 (S Big (8 (3903 gl :00- Jgu)
(Table-15): The results of Wilcoxon's hypothesis test in the form [Z, P]
FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs FICA+FIS vs
RF DT SVM NN WOA+FIS GA+FIS ICA+FIS
[-1.580, [-1.784, [-1.784, [-1.784, [-2.805, [-2.805, [-2.803, -
0.114] 0.074] 0.074] 0.074] 0.005] 0.005] 0.005] »
[-1.007, [-2.803, [-2.803, [-2.803, [-1.784, [-2.293, [-2.001, o
0.314] 0.005] 0.005] 0.005] 0.074] 0.022] 0.037] 9°9% Oln
[-0.204, [-2.803, [-2.803, [-2.803, [-2.803, [-2.805, [-2.803, S e
0.839] 0.005] 0.005] 0.005] 0.005] 0.005] 0.005] oo 089
[-2.803, [-2.803, [-2.803, [-2.803, [-2.701, [-2.803, [-2.805, R
0.005] 0.005] 0.005] 0.005] 0.007] 0.005] 0.005] 0Pse
[-0.866, [-2.803, [-2.803, [-2.803, [-2.805, [-2.701, [-2.807, ol
0.386] 0.005] 0.005] 0.005] 0.005] 0.007] 0.005] ros
ICA+FIS vs ICA+FIS vs ICA+FIS vs ICA+FIS vs ICA+FIS vs ICA+FIS vs FICA+FIS vs
RF DT SVM NN WOA+FIS GA+FIS GPR
[-1.988, [-1.784, [-1.784, [-1.784, [-2.293, [-2.497, [-1.784, -
0.047] 0.074] 0.074] 0.074] 0.022] 0.013] 0.074] 2
[-1.581, [-2.803, [-2.803, [-2.803, [-1.481, [-1.478, [-1.784, o Al
0.114] 0.005] 0.005] 0.005] 0.139] 0.139] 0.074] 9997 Oln
[-2.803, [-2.803, [-2.803, [-2.803, [0.714, [-2.090, [-2.805, JETE
0.005] 0.005] 0.005] 0.005] 0.475] 0.037] 0.005] I %9
[-2.803, [-2.803, [-2.803, [-2.803, [-1.088, [-0.765, [-2.803, .
0.005] 0.005] 0.005] 0.005] 0.047] 0.444] 0.005] 095
[0.968, [-2.803, [-2.803, [-2.803, [-2.490, [-1.684, [-2.293, hals
0.333] 0.005] 0.005] 0.005] 0.013] 0.092] 0.022] ok
GA+FIS vs GA+FIS vs GA+FIS vs GA+FIS vs GA+FIS vs GA+FISvs | ICA+FISvs
GPR RF DT SVM NN WOA+FIS GPR
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[-0.255,

[-2.701,

[-1.785,

[-1.785,

[-1.784,

[-0.460,

[-1.070,

0.799] 0.007] 0.074] 0.074] 0.074] 0.646] 0.285] A3
[-0.255, [-1.580, [-2.803, [-2.803, [-2.803, [-0.357, [-1.376, s ol
0.799] 0.0114] 0.005] 0.005] 0.005] 0.721] 0.169] 08 o
[-2.701, [-2.803, [-2.803, [-2.803, [-2.803, [-1.581, [-2.803, o L Y
0.007] 0.005] 0.005] 0.005] 0.005] 0.114] 0.005] s Y98
[-2.803, [-2.803, [-2.803, [-2.805, [-2.803, [-0.980, [-2.803, .
0.005] 0.005] 0.005] 0.005] 0.005] 0.327] 0.005] il
[-2.191, [-1.172, [-2.803, [-2.803, [-2.803, [-1.008, [-2.191, el
0.028] 0.241] 0.005] 0.005] 0.005] 0.314] 0.028] 79
WOA+FISVs | WOA+FISvs | WOA+FISvs | WOA+FISvs | WOA+FIS vs
GPR RF DT SVM NN
[-0.051, [-2.599, [-1.785, [-1.785, [-1.784, 5
0.959] 0.009] 0.074] 0.074] 0.074] >
[-0.153, [-1.784, [-2.803, [-2.803, [-2.803, N
0.878] 0.074] 0.005] 0.005] 0.005] 9057 or
-2.803, -2.803, -2.805, -2.803, -2.803, .
[0.005] [0.005] [0.005] [0.005] [0.005] Fglo )
[-2.803, [-2.803, [-2.803, [-2.803, [-2.803, s
0.005] 0.005] 0.005] 0.005] 0.005] Py
[-2.193, [-1.070, [-2.803, [-2.803, [-2.803, el
0.028] 0.285] 0.005] 0.005] 0.005] ro=
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