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Abstract

The aim of this study is to model the detection of firms’ financial
fraud using artificial neural network evaluation algorithms. Quadratic
Programming (QP) processes were applied in artificial neural network
algorithms to, first, determine the basic algorithm and, second, choose
the technical parameters of the artificial neural network, based on
time-series data from 2013 to 2022. A diagnostic model was then
developed using test and control scales to examine innovative
algorithms with the highest accuracy coefficients in predicting
financial fraud at the level of capital market companies. Based on
systematic sampling, 95 stock exchange companies were selected,
providing 950 firm-year observations. The distinction between
financially healthy companies and those with the potential for
financial fraud was determined through decimalization, and
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companies placed in the fraud-prone deciles were examined using the
parameters of the artificial neural network's effectiveness.

Keywords: Artificial Neural Network, Financial Fraud, Quadratic
Programming.

1. Introduction

With the advent of technology and digital business exchanges, today's
era is far more affected by the negative consequences of fraud in
financial statements than in the past, making the development of fraud
detection methods a technical necessity in the field of financial
knowledge. By providing appropriate assessment opportunities for
optimal decision-making, highly efficient financial markets facilitate a
balanced flow of information among firms, thereby maintaining the
attractiveness of entering this market compared to other markets, such
as money markets. In particular, implementing such processes can be
considered a strategic financial necessity in developing economies that
face serious challenges due to resource constraints. However,
reference to scientific evidence and the operational reality of financial
markets in these countries indicates the existence of information rents
for certain groups of financial decision-makers, which create
information asymmetry without requiring expertise, technical
evaluation methods, or fundamental analysis.

2 .Literature Review

Disclosure of transparent financial information is considered an
important resource in stakeholders’ economic decision-making and
can contribute significantly to balancing investment markets.
However, with theoretical and structural changes in the field of
financial transparency, fraud as a behavioral and functional issue has
become a challenge to the financial transparency of companies. To
understand the official definition of financial fraud, the best reference
is Section 240, Clause 4 of the Iranian Auditing Standards, which
defines this phenomenon as the intentional actions of companies’
executive managers, governing bodies, employees, or third parties that
result in the acquisition of illegitimate benefits and cause widespread
damage to other stakeholders. An important point noted in Clause 9 of
the same standard is the distinction between fraud and error, where
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intent is considered the only distinguishing feature. In practice,
however, drawing a clear boundary between these two in order to
protect stakeholders’ rights is not an easy task.

3. Methodology

In terms of data type, this study is classified as a semi-experimental
and post-event study in the field of positive financial research,
implemented using the neural network analysis method and related
techniques. In terms of results, this study can be classified as applied
research, and in terms of implementation, it is correlational and
algorithmic. First, based on a set of analytical procedures using
software such as MATLAB and WEKA, the evaluation processes of
artificial neural network algorithms are examined. Then, by
comparing the selected algorithms, the most effective type of analysis
is determined from the perspective of evaluating financial ratios to
predict the probability of fraud in companies. It should be noted that
the analytical implementation in this process is based on three steps:
extracting financial ratios, evaluating extracted ratios, and finally
applying neural networking to the evaluated algorithms.

4. Result

In this study, a systematic review of the literature related to the
research field over recent years was first conducted to select financial
ratios appropriate for evaluating fraud in capital market companies.
Then, based on quadratic programming (QP), the basic algorithm for
evaluating the accuracy of corporate fraud was determined using firm-
year observations by minimizing the gap between predicted and actual
data obtained from the identified financial ratios. Through the
adaptive neural fuzzy inference system (ANFIS) test and the cross-
validation process (k-fold), it was determined that the unsupervised
learning algorithm, which incorporates evaluation parameters based
on a meta-heuristic approach and provides higher prediction accuracy,
was selected as the foundation for the algorithms in this study. To
create a reference index for assessing fraud probability based on
financial ratios, the decile method was used to identify which
companies with a coefficient of D>1 could be distinguished between
financially healthy firms and those with fraud probability, under the
constant return to scale (CRS) and variable return to scale (VRS)
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evaluation scales. The results indicate that companies with fraud
probability were concentrated in four deciles, suggesting that two
algorithms, genetic and bee colony selection, were used to further
evaluate prediction accuracy. Finally, it was found that the bee colony
algorithm had a higher accuracy coefficient in predicting fraud
accuracy probability compared to the genetic algorithm. It was also
found that the ratio of net profit to sales is the most important criterion
for evaluating the accuracy of fraud prediction in the companies under
study.

5. Discussion

In interpreting the results, it should first be noted that the bee colony
algorithm performs better in solving complex problems due to its
multi-process optimization through collective intelligence. This
algorithm can be more effective in financial decision-making at the
capital market level because it shows higher convergence power and
accuracy in predicting the probability of fraud in the companies under
study compared to the genetic algorithm. In addition, the coefficients
obtained from the bee colony algorithm indicate more effective
optimization of financial ratios in predicting the probability of fraud.
Financial decision-makers can therefore use this algorithm for more
accurate evaluations based on financial ratios, enabling them to
identify companies with a probability of fraud and avoid purchasing
their shares when forming a portfolio.

6. Conclusion

Given the importance of fraud in financial decision-making, investors
are advised to reduce the risk of predicting financial fraud in
companies by improving their level of technical analysis training
when forming a stock portfolio. The most significant analytical
techniques are related to prediction methods based on unsupervised
learning algorithms. Focusing on this set of algorithms provides
decision-makers with deeper insights by enabling them to recognize
the true nature of the data and, without manipulating or remapping it,
identify predictable patterns, structures, and relationships of financial
fraud in companies.
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array : array_like of rank N
Input array
pad_width : {sequence, array_like, int}
Number of values padded to the edges of each axis. ((before_1, after_1),
... (before_N, after_N)) unique pad widths for each axis. ((before,
after),) yields same before and after pad for each axis. (pad,) or int is a
shortcut for before = after = pad width for all axes.
mode : str or function
One of the following string values or a user supplied function.
‘constant’

Pads with a constant value.
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‘edge’
Pads with the edge values of array.
‘linear_ramp’
Pads with the linear ramp between end_value and the array edge
value.
‘maximum’
Pads with the maximum value of all or part of the vector along
each axis.
‘mean’
Pads with the mean value of all or part of the vector along each
axis.
‘median’
Pads with the median value of all or part of the vector along each
axis.
‘minimum’
Pads with the minimum value of all or part of the vector along
each axis.
‘reflect’
Pads with the reflection of the vector mirrored on the first and
last values of the vector along each axis.
‘symmetric’
Pads with the reflection of the vector mirrored along the edge of
the array.
‘wrap’
Pads with the wrap of the vector along the axis. The first values
are used to pad the end and the end values are used to pad the
beginning.
<function>
Padding function, see Notes.
stat_length : sequence or int, optional
Used in ‘maximum’, ‘mean’, ‘median’, and
‘minimum’. Number of values at edge of each axis
used to calculate the statistic value.
((before_1, after_1), ... (before_N, after_N)) unique
statistic lengths for each axis.
((before, after),) yields same before and after statistic
lengths for each axis.
(stat_length,) or int is a shortcut for before = after =
statistic length for all axes.

Default is None, to use the entire axis.
constant_values : sequence or int, optional
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Used in ‘constant’. The values to set the padded values

for each axis.

((before_1, after_1), ... (before_N, after_N)) unique

pad constants for each axis.

((before, after),) yields same before and after constants

for each axis.

(constant,) or int is a shortcut for before = after =

constant for all axes.

Default is 0.

end_values : sequence or int, optional

Used in ‘linear_ramp’. The values used for the ending

value of the linear_ramp and that will form the edge of

the padded array.

((before_1, after_ 1), ... (before N, after_N)) unique

end values for each axis.

((before, after),) yields same before and after end

values for each axis.

(constant,) or int is a shortcut for before = after = end

value for all axes.

Default is 0.

reflect_type : {‘even’, ‘odd’}, optional
Used in ‘reflect’, and ‘symmetric’. The ‘even’ style is the default with
an unaltered reflection around the edge value. For the ‘odd’ style, the
extented part of the array is created by subtracting the reflected values
from two times the edge value.
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