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Abstract

Stocks are the share of ownership of a company. Stock trading is another avenue through which individuals can
make money. Many investors want to buy shares but the prices of these stocks are unpredictable There can be
sudden downward trend in stock prices which can result in huge loss of capital. This can discourage the
potential investors from buying shares. As a result buyers need intelligent systems that can guide them in buying
and selling appropriate stocks at any time. Many intelligent models have been developed towards this end, but
their performances can still be improved upon using hybrid models. This paper presents the development of an
adaptive neuro-fuzzy model for predicting the values of stock prices so that buyers, especially, short time
operators can know which share to acquire or sell at the appropriate time. First Bank stock market prices
collected for the period of leven years were used in this research to test the model. The ANFIS model was
developed using Matlab. The model is first trained using some of the data points called training data. The model
is then tested using the remaining data points called the testing data. The performance of the model on the
testing data is 98.09% which shows that the model is suitable in predicting stock data. A comparative analysis of
this model with some other classifiers Artificial Neural network (ANN) and Regression Trees in terms of
classification accuracy shows a better performance. This work will be very useful for investors making
decisions on acquiring and selling their stocks at the appropriate time and will help in minimizing losses.
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INTRODUCTION in which trading rules were developed based on the
Stock price forecasting is the act of trying to historical data of stock trading price and volume (Wu
determine the future value of a company stock or et al, 2006). Technical analysis a method that aim to
other financial instruments traded on a financial predict future price movements using past stock
exchange. Recently, a lot of interesting work has prices and volume information. It is based on the
been done in the area of predicting stock prices. assumption that history repeats itself and that future
Stock prices are considered to be very dynamic and market directions can be determined by examining
susceptible to quick changes because of the historical price data. Thus, it is assumed that price
underlying nature financial domain. The stock market trends and patterns exist that can be identified and
is essentially a non-linear, nonparametric system that utilized for profit. Most of the techniques used in
is extremely hard to model with any reasonable technical analysis are highly subjective in nature and
accuracy (Wang, 2002). Real systems like economic have been shown not to be statistically valid (Ritchie,
systems are complex and their behavior is often 1996; Murphy, 1999). Recently, machine learning

nonlinear and non stationary. These considerations techniques and artificial intelligence techniques like
make the modeling of such systems difficult. Data decision trees, artificial neural networks, and recently
driven approaches have been increasingly applied to neuro-fuzzy techniques have been applied to the area
modeling and prediction of complex systems. These of stock price prediction. The shortcomings of fuzzy

methods can perform nonlinear modeling without logic are complemented by the neural network to
priory knowledge, and that are able to learn complex obtain a better result.

relationships among inputs and outputs ( Agrawal, et

al. 2010). Investors have been wused several LITERATURE REVIEW

techniques to predict stock prices and to find the Abbasi and Abouec (2008) presents Stock Price
right stocks and right timing to buy or sell. We have Forecast by Using Neuro-Fuzzy Inference System, In
the fundamental analysis method where trading rules this research, a model to forecast the current trend
are developed, based on the information associated of stock price of the "IRAN KHODRO corporation"
with macroeconomics, industry, and company. Most at Tehran Stock Exchange using using an Adaptive
researchers believe that fundamental analysis is a Neuro - Fuzzy Inference system is proposed. Two
good method only on a long-term basis while some models were desiged for the Long term and the short
other researcher use the technical analysis technique, term period. For the Long-term Period, a Neuro-
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Fuzzy with two Triangular membership functions and
four independent Variables including trade volume,
Dividend Per Share (DPS), Price to Earning Ratio
(P/E), and also closing Price and Stock Price
fluctuation as an dependent variable are selected as
an optimal model. For the short-term Period, a neureo
—fuzzy model with two triangular membership
functions for the first quarter of a year, two
trapezoidal membership functions for the Second
quarter of a year, two Gaussian combination
membership functions for the third quarter of a year
and two trapezoidal membership functions for the
fourth quarter of a year were selected as an optimal
model for the stock price forecasting. In addition,
three independent variables including trade volume,
price to earning ratio, closing Stock Price and a
dependent variable of stock price fluctuation were
selected as an optimal model. The model performs
well at forecasting prices but no efforts was made to
selecte best features for the model.

Akintola et al. (2009) presents computer decision
support system for stock prices forecasting. The
model is a regression model using the least square
technique. Stocks of Intercontinental bank were
collected from January to May 2008. The weekly
prices of the stock is calculated The data is used to
build a regression model. The parameters of the
model is obtained using the least square method. The
limitation of the model is that it could only predict
linear forecasts. Adewole et al. (2011) worked on
stock trend prediction using regression analysis- a
data mining approach. The work present a study of
regression analysis for use in stock price prediction
which is subject to too much error. (Akintola et al.
2011; Olotu, 2012; Ayodele 2012) worked on Stock
Price prediction using Neural Networks. In these
works neural networks were trained using training
data and tested using testing data. The limitation of
these approaches is the problem of local maxima.
This paper proposes a hybrid of neural network and
fuzzy logic to solve these problems.

Layer 1 Laver2 Layer 3

Olanrewaju et al. (2016) proposed a data mining
technique using regression tree to forecast the prices
of stock. The algorithm is first trained using some of
the data points called training data. The model
obtained from the training is called a Regression Tree.
From the Regression Tree rules are generated that
guides the prediction of the stock prices when
supplied with hypothetical data. The model is then
tested using the 1065 remaining data points called the
testing data. The performance of the model on the
testing data is 97% which shows that Regression
Trees is suitable in predicting stock data.

Basic Concept of ANFIS Algorithm

ANFIS (adaptive-network-based fuzzy inference
system) which is a fuzzy inference system
implemented in the framework of adaptive networks.
Soft computing approaches including artificial neural
networks and fuzzy inference have been used widely
to model expert behavior. Using given input/output
data wvalues, the proposed ANFIS can construct
mapping based on both human knowledge (in the
form of fuzzy if-then rules) and hybrid learning
algorithm. Adaptive Neuro-Fuzzy systems (ANFIS)
are a widely used pattern-recognition methodology
for machine learning. ANFIS is an emulation of
biological neural network and Fuzzy Logic reasoning
mechanism. It composed of a fuzzification unit and
interconnected neurons. (Walia et al. 2015).

The ANFIS used has six layers as shown in Figure 1.
In the input layer membership function are used to
fuzzify the input vectors. The parameters of the
membership function are determined during training.
By processing existing cases with inputs and
expected outputs, these weights would be adjusted
based on differences between actual and expected
outputs. Because of the nonlinear fashion of ANFIS,
they could be used in a lot of business applications.

Layer 6

Input
vector

Figure 1. Architecture of ANFIS Model
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The general AFIS learning process has three
continuous steps:
Different rules cannot share the same output
membership function. The number of membership
function is equal to the number of rules. Two fuzzy
rules will be used to present the ANFIS based on
first order Takagi-Sugeno model as follow:
Rule I: IF x is 4; AND yis By AND zis
THEN fi_pux + g4 ¥ + 1z, 5
Rule 2: IF x is A3 AND yis By AND z is (;
THEN fi—tox + g% + ¥z, 5
where
x and y and z are the inputs, 4; , B; C; are the fuzzy
sets.
fi are the outputs within the fuzzy region specified
by the fuzzy rule
pi.q; 1y and z; are the consequent parameters of the
model
Figure 1 shows the ANFIS architecture used to
implement the rules. In this figure, a circle indicates a
fixed node, whereas a square indicates an adaptive
node. ANFIS is a six layer model that operates as
follow:.
The first layer, i.e. the input layer of the ANFIS
model is the input layer. Neurons in this layer simply
transmit the external input (crisp) signals to the next
layer. Namely:,

I:I[L = x; 1
where x; is the input signal and o;* is the output signal
of neuron i in the first layer.
The second layer, i.c. the first hidden layer of the
ANFIS model is fuzzification layer. Neurons in this
layer represent antecedent fuzzy sets of fuzzy rules. A
fuzzification neuron here receives an input signal and
determines the degree to which this signal belongs to
the neurons fuzzy set. The bell-shape membership
function is used as follows:

I_ *i
El[ =

bailx) = —— = 2
1+{—'~E
i
where (a;. b;.c;) represent the premise parameter set.
The gradient descent algorithm is used to optimize
the premise parameters.
The third layer, i.e. the second hidden layer is the

corresponds to a single first-order Sugeno fuzzy rule -
a rule neuron receives signals only from the
fuzzification neurons which are involved in the
antecedents of the fuzzy rule it represents and
computes the truth value of the rule. In an ANFIS, the
product operator is used to evaluate the conjunction
of the antecedents as follows:
0F = w = 11 00% iz 6 3

where of is the output of this layer 3, and is given by
the product of the fuzzification of neurons in the
second layer. The number of antecedents of the fuzzy
rule neuron i participates in this computation.

The fourth layer, that is, the third hidden layer is the
normalization layer. Each neuron in this layer
receives signals from all rule neurons from the third
layer and calculates the normalized firing strength of
a given rule. This strength value represents the
contribution of a given rule to the final result and is

obtained as:
Wi

i wy
where the signal from rule neuron d in the third is
layer to neuron i in the fourth layer; is the output
signal of neuron i in this layer; and n is the number of
rule neurons in the third layer.
The fifth layer, i.e. the fourth hidden layer is the
defuzzification layer. Each neuron in this layer is
connected to the respective normalization neuron in
the fourth layer and also receives initial input signals.
A defuzzification neuron computed the weighted
consequent value of a given rule as:

of = Wf = wWipix; + gixz + nixat 5 5
where x; is the input and is the o output signal of
neuron i in the fifth layer; and (p;.g;. %.2;) is a set of
consequent parameters of rule i.
The sixth layer, i.c. the output layer is the
summation layer. There is only one neuron in the
layer, which calculated the sum of outputs of all
defuzzification neurons from the fifth layer and
consequently produces the overall ANFIS output y as
follows:

gﬁ:ﬁ:

4

— Liwif; 6

6 — w
of = Liw ff =5+

fuzzy rule layer. Each neuron in this layer  Wwhere is the signal from defuzzification neuron i
from the fifth layer to this summation neuron
The Proposed Framework
Stock Market Data Feature Train Features
Raw Data ~ 7| Preprocessing Extraction
Test Features ANFIS
MODEL
v
Figure 2 Architecture of the ANFIS model for Stock Market prediction Stock price
forecast
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Raw Data Collection

The dataset used for the prediction was downloaded
online from Capital Assets Ltd, a stock brokering
firm with the Nigerian Stock Exchange (NSE) with
URL: www.capitalassestsng.com. The dataset was
stored in an excel file format. The dataset is for
almost 11 years and was taken from the period of 12
February 2005 to 4" may 2016. The dataset attributes
include Date, Opening price, Closing price, previous
close price, High, Low, Average, Deals, Volume, and
Value.

Table 1: Attributes with their descriptions.

contributor to the outcome variable. Predictors with
significant values more than 0.05 are simply not good
predictors. The Column Beta under standardized
coefficients reflects the predictor that makes the
strongest contribution of explaining the outcome
variable. The negative sign is simply ignored and the
greater the value, the stronger the predictor.
Coefficients  Table

Table 1:  Regression

Standardized

Unstandardized Coefficients Coefficients

Model B Std. Error

Bata 1

Sig

1 (Constant) 036
0

065
186

1.800

PreviousClosePrice 186 5.992

072
.0oo

Attribute Description MveragePrice A 435 000 00 | -39 | 7HO
DealsMade .0oo 000 -.005 -3.858 000
Close The last price traded during the day. VolumeSaLD 1.045E-10 000 000 138 890
Open The first price traded during the day or in the Value. : VGRS o o L i
morning. QpeningPrice 814 03 815 26.250 .0oa
Previous The Previous day close price of the stock a. Dependent Variable: ClosePrice
High The highest traded price during the day.
Tow The lowest price traded during the day. Var.lables with significance Vqlugs less than O.QS are
- - variables needed for the prediction. These variables
Average The average price of the stock during the .
day. are:
Deals Deals made. 1. Previous close price
Volume No of volume of stock 2. Opening price
3. Deals
Value Value of stock
Date The date for which the above attributes are Feature Normalization
collected. The data is first transformed into a standard form for

Data Preprocessing

When the data was collected, the dataset contained
variables that majorly influence the close price and
some that has little influencer. Analysis of the
collected historical data is first done using a statistical
package SPSS, to determine the variables that affects
price, in other to improve the accuracy of the
prediction. Initially, all the records with missing
values were removed from the dataset in order to
improve the accuracy of the prediction. Then the data
was further partitioned into two parts: the training
data and the testing data. The training data is the data
used to train the ANFIS. The total number of the
training data is 1650. The testing data is the data used
for the purpose of testing the model. It is used to find
the accuracy rate of the model. The total number of
the testing data is 1065.

Feature Extraction

Analysis of the historical dataset is done using a
statistical package (SPSS), to determine the variables
that mostly affect price. Below is the analysis made
to determine the variable that affect price: A
regression analysis of the variables was carried out
using SPSS. In table 1 the Column under
standardized coefficients is considered. It shows the
significance value of each of the predictor variable x-
raying their predictive power. More importantly, it
shows the predictor that is statistically important
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the model to learn easily using the formula (each
data-Min(Data))/(Max(data)-min(data). This
transforms the data to between [0..1] as shown in the
following example.

Previous Opening Deals Close Price
0.586897  0.580602  0.589041  0.44669
0.607885  0.576938  0.585519  0.389591
0.641036  0.59757 0.606458  0.442648
0.675951  0.630158  0.63953 0.522486
0.690467  0.664481  0.685323  0.509853
0.704198  0.67875 0.694716  0.401213
0.706159  0.692248  0.702544  0.637696
0.667909  0.694177  0.704501  0.431531
0.66477 0.621867  0.647945  0.493178

Data Partitioning

After variable reduction from the dataset, the dataset
was divided into two parts: Training data and testing
data. The dataset was divided using excel by copying
the first 150 to the training data and the next 100 to
the testing data. The process continues until the
whole dataset was completely partitioned into two
sets making the training data 1650 and the testing
data 1065. The dataset used for training the ANFIS
is loaded from an excel file into a 1650 by 5 matrix
and the dataset for testing is loaded from an excel file
into a 1065 by 5 matrix. The import data option is
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clicked on to display the file open dialog box. The
file containing the train data and test data is selected
and the open button is clicked, after which the import
data setup opens and the train data and test data is
turned to a matrix, then the import data option is
clicked.

Model Training and Testing

After the data has been imported, the next step was to
build the ANFIS model using the hybrid training
algorithm. The implementation of the ANFIS model
was done using MATLAB (R2013), a high-
performance language for technical computing. The
system was implemented in the following stages: The
training data is used to train the model As shown in
Figure 2.

B} Anfis Model Structure

=N e

output

inputmf

input

Logical Operations
and

Click on each node to see detailed information ‘ | [ update ] | Help

Figure 2: The Architecture of the ANFIS Model
using Matlab
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Enoch 100 error= 0.93847 | ‘ ‘

Figure 3: ANFIS Training Module in Matlab

Performance Analysis

At each input, the output is compared to the actual.
The error is calculated as the difference between the
predicted output and the actual price. The goal is to
minimize the average sum of actual value from the
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predicted value denoted by t; - a;, where a; is the
observed value for the i observation and ti is the
predicted value, after which the absolute value is
taken denoted by |t; - ail.

The accuracy for the test observations is shown in
Figure 4.

The percentage Error is given by:

% Error = i%i = 100

Where
t is the target output and
a is the actual output

To get the accuracy of the system, the total sum of
the percentage error of the observations was taken
and divided by the total number of the observation,
after which is subtracted from 100. The accuracy of
the model is 98.09%.
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Figure 4: plot of predicted versus actual stock price.
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Figure 5: plot of predicted versus actual stock price.

CONCLUSION

This study utilizes an ANFIS approach to forecast
stock prices. For this purpose, an analysis was done
using the First Bank of Nigeria Plc. (FBN) stock. As
a result, the price of the stock was predicted with a
percentage error of 1.91% and an accuracy of 98.09%.
The result shows that Nigerian stock market prices
based on historical trading data can be modeled using
ANFIS. A prediction system has been built that uses
machine learning technique to periodically forecast
stock market prices. In this paper, we were able to
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use ANFIS as a predictive model to forecast to
predict future stock market prices of using First
Bank of Nigeria (FBN) as a case study. This work
should be used in the stock market to predict stock
prices of next day. In future other hybrid model such
as support vector machine and genetic algorithms.
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