[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-05 ]

[ DOI: 10.52547/jsdp.18.4.125 ]

13l Bl w93 ) Elew oud (S yias
Z Ll ailobn Asl59d s )3 Aluwgds Ylyas

SIL () lesibwl wsald ) la@_)gf-“ 96)L
T2 y5 agn 9 "olI5 55 laue duzo

Olpl (3B (Sl pad 5 olKisls (g 0SSN ¢ guralS cusiigee 095 )
Q‘)‘i‘ ‘r"é ‘rvé olKiils e g b.d IRV ‘J"9""“°l5 JEERRCTI™ 095 ¥

WS>

alozr 31 (g ke Wlezrgi &5 ol (S dlgilo 50 Cluo o1 37 S0l Gl alozr 51 5loles @lygl wogr 50 plew Coond (S iy
05 | dliod (g 5L U Cawl ool camw loles 3lyal (wyar 30 850 b Juolge .Cawl 00,5 Gl 095 w1y o) )5 g}
a5 Wbl g ey JWO A i wygr )U8) (Suiey 50 U wilound oy ()l S pRegds 1A faibl ahls oduzy g by ol
SS9 631 glisw! dibobi go 51 Yo Ail5g0 (oS 5 Joo SO SRRy (] 50 Al pglie (4093 sl 9 (bl pue iy 0
2 ke Cwoud S 1 (o dbml 5l (550 ailole G 4 Cowl ouds colisiw! (oS S ©ygods (6 leriw] Coldy v 595
AL O gty adiws bawgi (631 Alolw cpl Zlcsuwl jgig0 U (pilgd a5 Dglb o0 oolaw! plow Caoud )L.\f).ob o Ve ol
Pl 3550 650 bl O by 7 (5 Lol Coldy v 5951 (sl sl )b g ..\.J‘so Cawdds (6 loiw!| Coldy pis 5ol W (6318
20 JUd el il ploew Connd b bl o WleMbl (goliduliy Juo 0 5Sos b)) jakiiods Wigu oo (pmrd (b ol )y o0l puid
SOl Joo ol pod a3 1 59Kl 09,5 90 10 ploaw Ceoud Sty Joo Sulr g ouls a8, Ll 0 (yIpS slole @lygl w9
T o5 Byl g oo Sy TS CatnS g 31 (g0lationy Juw pigg O ySlos 1 L sl cawddy go b a6 jlwosly

8,08 Gh3gel 3B 51 yge3l 3L

Hoyp wdle (Bolai K= (tudl B )0« mal S (Sl (538 Flisciw! dilolw (ploaw Cawoud  Sus gy tgods E5lg
< sboxil ol ) oy 5o (g Liily

Predicting stock prices on the Tehran Stock
Exchange by a new hybridization of Fuzzy
Inference System and Fuzzy Imperialist
Competitive Algorithm

Majid Abdolrazzagh-Nezhad™ & Mahdi Kherad ?
1Department of Computer Engineering, Faculty of Engineering, Bozorgmehr,
University of Qaenat, Qaen, Iran
2Department of Computer Engineering, Faculty of Engineering,
University of Qom, Qom, Iran

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]
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predicted prices by the implemented algorithms for the Pars
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(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)
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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
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(Figure-18): The convergence curve of the first group
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(Figure-19): The convergence curve of the neural network
, _ Best Validation Performance is 0.0023732 at epoch 28 for the Motogen dataset
10§
Train
Validation
Test Ghadir dataset
-~ 10° Best . . . v . v v v
@ 3.30e-05 | == WOA+FIS| 1
E s FICA+FIS
A e s %% 5 ICA+FIS
9 3 GA+FIS
w 3.10e-05 | =
= -
8 ——
S 4 30005} a
o @ al LE RN
) o o
< o
S ?
2 S 280e-05 | \
— ama =t =
104k . . . . . .
0 5 10 15 20 25 30 2.20e-05 -
34 Epochs
S 6|ﬁw&4&.&@.|;wb}|o,& (VY- %) | ] ) | |
1 50 100 150 200 250 300 350 400 500

Slawl

(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
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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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