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Abstract- Investment analysis is an important issue for everyone in the society. However, there are many factors will 
influence the operational performance of enterprises. Under this situation, it is difficult to make a decision to select the good 
goals to invest. This research applies meta-heuristic decision classifier (MHDC) to predict the operational performance of 
each enterprise by using the data which is collected from open information observatory station in Taiwan. Based on the 
experiment results, the accuracy of test data by using MHDC is higher than other machine learning methods such as SVM 
classifier, KNN classifier, Ada Boost classifier and BPNN classifier. Finally, some conclusions and future research 
directions can be discussed as ending. 
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I. INTRODUCTION 
 
Investment is a very importance activity in the world 
because most of citizens need to apply their limited 
salary to invest in the right target in order to support 
their life in the future. However, most of investors 
cannot earn profit in the stock market because their 
financial analysis ability is not good enough to find a 
better investment target [1, 2]. For overcoming this 
problem, many research literatures about enterprise 
performance prediction had been developed [3-14]. 
In fact, there are many factors will influence the 
operational performance of enterprises. Under this 
situation, it is difficult to make a decision to select the 
good goals to invest. The main purpose of this study 
is to apply meta-heuristic decision classifier (MHDC) 
to help investors classify the operational performance 
of each enterprise effectively. Then, this useful 
enterprise operational performance classification 
mechanism can provide citizens some useful 
information for helping them make the correct 
investment decision-making. 
The contents of this study will illustrate as follows. 
At first, some research literatures about operational 
performance prediction of enterprises will present at 
section 2. Then, the concept of meta-heuristic 
decision classifier (MHDC) will discuss in the section 
3. In order to justify that the proposed method can 
effectively classify the operational performance of 
enterprises, the classification accuracy rate of 
proposed method will compare with SVM classifier, 
KNN classifier, Ada Boost classifier and BPNN 
classifier in the section 4. Finally, some conclusions 
and future research will be discussed at the end of this 
paper. 
 
II. LIRERATURE REVIEW 
 
In past literatures, there are many literatures using the 
machine learning technologies to predict the 

enterprise stock performance. Kim and Han [3] 
integrated genetic algorithms (GA) and artificial 
neural networks (ANN) to predict the stock price. In 
their method, genetic algorithms were used to select 
the important attributes and ANN were used to train 
model to the stock price. Experimental results 
justified that GA approach combined with ANN 
could outperforms two tradition prediction models. 
Wang [4] combining fuzzy theory with grey theory to 
predict the stock price in Taiwan and the system 
could effectively support stock dealers to handle day 
trading. 
Pai and Lin [5] combined autoregressive integrated 
moving average (ARIMA) and support vector 
machine (SVM) to forecast the stock price in Taiwan. 
Wang and Chan [6] applied two-layer bias decision 
tree to predict the stock price in Taiwan. Huang et al. 
[7] used wrapper approach to select suitable feature 
subset from 23 technical indices and applied voting 
mechanism to decide the enterprise performance 
according to the classification result of different 
classification algorithms for predicting the trend in 
Korea and Taiwan stock markets. 
Kara et al. [8] integrated artificial neural network and 
support vector machine to analyze the stock price in 
Istanbul. Ticknor [9] built a Bayesian regularized 
artificial neural network to forecast the stock price of 
Microsoft enterprise. Hafezi et al. [10] collected 
German DAX stock index information and designed a 
novel model that called bat-neural network multi-
agent system (BNNMAS) to analyze the stock price 
of German enterprise in the period of global financial 
crisis. Chatvorawit et al. [11] collected price data of 
fifty enterprises in SET50 and calculated a number of 
tick different in price change for predicting trend of 
stock price by SVM. According to experiment result, 
the price prediction ability of their mechanism is 
better than other price model. 
Ghasemiyeh et al. [12] collected twenty-eight 
variables of enterprise operation in-formation. 
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Artificial neural network model was combined with 
particle swarm optimization algorithm to forecast 
stock price in the long term according to the 
enterprise operation information. Luo et al. [13] 
collected data from SPI data in four Asian stock 
markets and applied wavelet method to delete some 
noise data. After that, autoregressive integrated 
moving average (ARIMA) model were used to 
predict stock price. Wang [14] designed dynamics 
fuzzy opinion network (DFON) to analyze the stock 
price by using the fifteen kind of top bank operation 
information in Hong Kong stock market for the recent 
two years from 2013 to 2015. Wang et al. [15] 
developed chaotic hybrid PSO-based RBF neural 
network model (CHPSO-RBFNN) to forecast stock 
price. According to experiment result, the predictive 
ability of CHPSO-RBFNN is better than traditional 
RBFNN classifier and PSO-RBFNN classifier. Lei 
[16] used the rough set to reduce the attributes to 
predict stock price trend. 
 
III. META-HEURISTIC PROCESS DECISION 
CLASSIFIER 
 
Hung [17] proposes the meta-heuristic decision 
classifier. This classifier will decide a classification 
model. The classification model process is a 
combination that includes data imputation method, 
outlier detection method, data discretization method, 
feature selection method and classifier (Refer to Fig. 
1). 
Meta-heuristic decision classifier will choose one 
classification model which possess the best 
classification ability from a set of classification 
model by using genetic algorithm [18]. The flow 
chart of meta-heuristic decision classifier can show as 
Fig. 2. 
 

 
Fig 1. The framework of classification model 

 
The executed processes of gene based on meta-
heuristic decision classifier are: 
 
Step 1. Parameter Decision 
There are some parameters such as gene volume, 
mutation probability and the execution round in gene 
based meta-heuristic process decision classifier. All 
of above parameters should be decided before 
executing gene based meta-heuristic process decision 
classifier. 
 
Step 2. Initial the gene 
The gene in gene based meta-heuristic process 
decision classifier includes five numbers. Each 
number represents one of sub process in this 
classification model. For instance, the gene “72485” 

means the combination of seventh data imputation 
method, second outlier detection method, fourth data 
discretization method, eighth feature selection 
method and fifth classifier. Above information will 
combines as a gene and this gene means one example 
of classification projects as Fig.3. 
 
All of the gene will be initialized by inputting five 
positive integers into the gene randomly. By this way, 
each gene can be represented as one kind of 
classification model project. 
 
Step 3. Calculate the operational performance 
Data will be classified by executing a special kind of 
imputation method, outlier detection method, 
discretization method, feature selection method and 
classifier sequentially according to the content in the 
gene. After that, train data correct rate of each gene 
will be acquired. Operational performance value of 
each gene can be judged according to correct rate of 
each gene. The temporary best classification model 
project can be acquired by comparing the entire 
operational performance value from each gene. 
 

 
Fig 2. The flow chart of meta-heuristic decision classifier 
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Fig 3. One example of GENE in meta-heuristic process decision 

classifier 
 
Step 4. Acquire the best gene 
The operational performance value of best gene can 
be compared with that of each gene. If the operational 
performance value of the gene is better than that of 
best gene now, the best gene will replace by this 
gene. 
 
Step 5. Mate the gene 
Two genes will be pick up and must be mated with 
each other in order to acquire a better next generation. 
This paper applied the Roulette method to be the gene 
selection rule [19]. The probability of each gene 
which can be pick up is according to the operational 
performance value of each gene. After mating, next 
generation (genes) will be generated. 
 
Let ݉ܩ ,...,... 2ܩ , 1ܩ be the operational performance 
value ( train correct rate) of each genes. The 
probability of selecting the i-th genes is as follows. 

 
 
where m represents the number of genes. 
The mating mechanism can refer to formula 2. Let 
ܴ1,݆ ,ܴ2,݆ (j=1,2,...,n) be the genes who are selected 
by roulette method [19]. New genes of next 
generation (ܴ݊݁ݓ,݆ ) can be computed as follows 
[19] 

 
 
where randfun are random number function who can 
generate one random number and the output range of 
this function is between 0 and 1. 
 
Step 6. Mutate the gene 
New genes of next generation (ܴ݊݁ݓ,݆) will be 
mutated according to mutation probability (MP) 
which is predefined by decision maker. The next 
generation (ܴ݊݁ݓ,݆) can be computed as 

 
 
where ݆ܵ represents the volume of method in gene 
column j. 
 

Step 7. Repeats from step 3 to step 6 until the 
terminal round approaches. 
Step 8. Use the best gene to classify the test data for 
acquiring test data classification accuracy rate. 
According to Hung’s method [17], ten kinds of data 
imputation method, eight kinds of outlier detection 
method, four kinds of data discretization method, four 
kinds of feature selection method and nine kinds of 
classifier will be implemented in meta-heuristic 
decision classifier (Refer to Table 1). 
 

Table 1: Related Method of Sub-process in Meta-Heuristic 
Decision Classifier 

 
 
IV. EXPERIMENT RESULT 
 
This study collects the data from the open 
information observatory station in Taiwan for 
executing the data analysis. There are 863 big 
enterprises business information in 2017 will be 
collected for classifying the operational performance 
of enterprises. There are 18 indices will use to 
measure the operational performance of each 
enterprise. The operational performance of each 
enterprise will be divided as profit enterprise and 
deficit enterprise. Profit enterprise means the earnings 
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per share of this enterprise is higher or equal to zero. 
Deficit enterprise means the earnings per share of this 
enterprise is smaller than zero. The algorithm of the 
proposed method are designed by Matlab software. 
Meta-heuristic decision classifier will be applied to 
classify each enterprise according to above collected 
business information. 
 
For justifying the superiority of meta-heuristic 
decision classifier in the field of classifying 
operational performance of each enterprise, this paper 
uses different kinds of classifier such as SVM, KNN, 
Ada Boost and BPNN to classify the same data. The 
comparison result of the accurate rate among 
different machine learning methods illustrated as 
Table 2. According to the experiment result, meta-
heuristic decision classifier possesses the best 
classification ability by comparing with other 
classifiers. 
Table 2: Comparison of correct rate among different machine 

learning methods 

 
 
CONCLUSION 
 
This paper uses the heuristic decision classifier to 
classify the operational performance of enterprises in 
Taiwan. According to the experiment result, the 
classification ability of meta-heuristic decision 
classifier is better than SVM, KNN Ada Boost and 
BPNN. 
 
The advantages of the proposed classifier illustrated 
as follows: 
(1) Scalability 
The predictive ability of meta-heuristic decision 
classifier will improve pass through the time because 
the sub data mining tool in meta-heuristic decision 
classifier will be extended when some novel data 
mining tool has been developed. 
(2) Convenience 
Major part of investors usually doesn’t process the 
relative knowledge about machine learning. Meta 
heuristic decision classifier can let investors easily 
find the approximate best classification model to 
predict operational performance of each enterprise. 
 
ACKNOWLEDGEMENT 
 
This work was supported partially by Ministry of 
Science and Technology, Taiwan. The project No. is 
“MOST 105-2410-H-239-006-MY2”. 

REFERENCES 
 

[1] L .Zheng, “Is money smart? A study of mutual fund investors' 
fund selection ability”, The Journal of Finance, vol. 54, no. 3, 
pp. 901-933, 1999. 

[2] S. F. Hsieh, “Individual and institutional herding and the 
impact on stock returns: Evidence from Taiwan stock market”, 
International Review of Financial Analysis, vol. 29, no. 175-
188, 2013. 

[3] K. J. Kim, I. Han, “Genetic algorithms approach to feature 
discretization in artificial neural networks for the prediction of 
stock price index”, Expert systems with Applications, vol. 19, 
no. 2, pp. 125-132, 2000. 

[4] Y. F. Wang, “Predicting stock price using fuzzy grey 
prediction system”, Expert systems with applications, vol. 22, 
no. 1, pp. 33-38, 2002. 

[5] P. F. Pai, C. S. Lin, “A hybrid ARIMA and support vector 
machines model in stock price forecasting”, Omega, vol. 33, 
no. 6, pp. 497-505, 2005. 

[6] J. L. Wang, S. H., Chan, “Stock market trading rule discovery 
using two-layer bias decision tree”, Expert Systems with 
Applications, vol. 30, no. 4, pp. 605-611, 2006. 

[7] C. J. Huang, D. X. Yang, Y. T. Chuang, Y. T. “Application of 
wrapper approach and composite classifier to the stock trend 
prediction”, Expert Systems with Applications, vol. 34, no. 4, 
pp. 2870-2878, 2008. 

[8] Y. Kara, M. A. Boyacioglu, Ö. K. Baykan, Ö. K. “Predicting 
direction of stock price index movement using artificial neural 
networks and support vector machines: The sample of the 
Istanbul Stock Exchange”, Expert systems with Applications, 
vol. 38, no. 5, pp. 5311-5319, 2011. 

[9] Ticknor, J. L. “A Bayesian regularized artificial neural 
network for stock market forecasting”, Expert Systems with 
Applications, vol. 40, no. 14, pp. 5501-5506, 2013. 

[10] R. Hafezi, J. Shahrabi, E. Hadavandi, “A bat-neural network 
multi-agent system (BNNMAS) for stock price prediction: 
Case study of DAX stock price”, Applied Soft Computing, 
vol. 29, pp. 196-210, 2015. 

[11] P. Chatvorawit, P. Sattayatham, B. Premanode, “Improving 
Stock Price Prediction with SVM by Simple Transformation: 
The Sample of Stock Exchange of Thailand (SET)”, Thai 
Journal of Mathematics, vol. 14, no. 3, pp. 553-563, 2016. 

[12] R. Ghasemiyeh, R. Moghdani, 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. 

[13] S. Luo, F. Yan, D. Lai, W. Wu, F. Lu, “Using ARIMA Model 
to Fit and Predict Index of Stock Price Based on Wavelet De-
Noising”, International Journal of u-and e- 

[14] Service, Science and Technology, vol. 9, no. 12, pp. 317-326, 
2016. 

[15] L. X. Wang, “Modeling stock price dynamics with fuzzy 
opinion networks”, IEEE Transactions on Fuzzy Systems, vol. 
25, no. 2, pp. 277-301, 2017. 

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

[17] L. Lei, L. “Wavelet Neural Network Prediction Method of 
Stock Price Trend Based on Rough Set Attribute Reduction”, 
Applied Soft Computing, vol. 62, pp. 923-932, 2018. 

[18] W. Z. Hung, “Deciding Classification Process to Handle 
Classification Problem Based on Meta Heuristic Approach”, 
2017 IEEE International Conference on Fuzzy Theory and Its 
Applications (iFUZZY 2017), 2017. 

[19] K. Deb, A. Pratap, S. Agarwal, T. A. M. T. Meyarivan, “A fast 
and elitist multiobjective genetic algorithm: NSGA-II”, IEEE 
transactions on evolutionary computation, vol. 6, no. 2, pp. 
182-197, 2002. 

[20] 19. Z. Fu, J. Mo, “Springback prediction of high-strength sheet 
metal under air bending forming and tool design based on 
GA–BPNN”, The International Journal of Advanced 
Manufacturing Technology, vol. 53, no. 5, pp. 473-483, 2011. 

 
 

 


