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1. Introduction 

Occupational stress is the most important psychologically damaging factor in the workplace. Job 
stress occurs when job requirements in a specific job do not match the abilities of the person 
working in that job. With the progress of science and technology and machine life, the amount of 
social stress and also occupational stress increases day by day. The word stress means pressure 
and force, and the common usage of this word means psychological pressures on humans. 
Accumulation of various events, including life, social, work events, etc., which disrupts a person's 
adaptation to the existing situation, causes stress. Any stimulus that creates tension in a person and 
provokes a response in him is known as a stressor. This factor may be an event, situation, condition, 
problem, person, object, job, etc. As a result of the presence of stress, diseases may develop in the 
working person, the most important of which are: increased blood pressure, cardiovascular 
diseases, asthma and depression, in the end, if the stress continues and the person is unable to cope 
with the stress, he will develop a condition. became unable to do anything and will lose the power 
of any reaction, resistance and collision [1]. Stress that occurs in a certain area of life and certain 
factors play a role in its emergence. Stress is one of the most important and increasing problems 
of occupational health, and it is considered one of the inhibiting causes from an economic point of 
view. The accumulation of job-related factors or situations that are usually stressful also cause job 
stress. Job stress is the stress that a certain person undergoes due to a certain job. Depending on 
the experience of the working person, his strength and weakness in facing the existing conditions 
and his personality, he may suffer from problems that include mental, physical and behavioral 
problems. Among psychological problems, job dissatisfaction can be mentioned, which causes a 
person to come to work reluctantly and late, which causes absenteeism, leaving the job, increasing 
accidents caused by work, and reducing productivity [2]. It is defined as harmful emotional and 
physical responses, and occurs when job requirements do not match employees' abilities, 
resources, and needs. Occupational stress has been recognized as a major psychological, physical 
and organizational health challenge worldwide. Stressed employees are more likely to be 
unhealthy, poorly motivated, less productive, and feel less safe at work. Their organizations are 
less likely to succeed in a competitive market. According to some estimates, work-related stress 
results in intermittent national economic costs such as sick treatment, lost productivity, health care, 
and litigation costs [3]. Job stress at a certain level can create morale. , but if the pressure is too 
much, many problems will follow. Work pressure and lack of sufficient knowledge of auditors in 
some cases can bring stress to them, in other words, stress can affect the performance of auditors 
and the quality of the audit process, which is not only for the auditing profession but also for the 
users of financial information. will hurt In order to increase their efficiency and control job 
pressures, auditors can increase their knowledge and experience through resilience and tolerance 
in the auditing profession, on the other hand, the high experience and skill of employees can be 
effective in managing stress in this field[4]. Financial crises and putting excessive pressure on 
auditors to achieve a certain result lead to creating stress on auditors, which affects the performance 
and quality of audit work. Excessive stress affects concentration, makes it difficult to make 
decisions and reduces self-confidence. Stress can weaken the achievement of goals for both 
individuals and organizations, so managing stress in the workplace is very important [5]. 
Occupational stress is a series of physiological, psychological and behavioral responses due to the 
continuous impact of one or more stressors on an individual or organization. Occupational stress 
means difficulty and workload, which includes the amount of work, conflict of time and role that 
a person experiences while performing job duties. Individual response to occupational stress can 
affect mental and physical health, work quality and even organizational behaviors through the 
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stimulus and response system. Auditing companies should pay more attention to auditors' job stress 
and clearly justify the allocation of their audit resources to ensure audit quality. Contrary to the 
fact that auditors' job stress is familiar to us in practice, but academic studies have dealt with this 
issue less [6,7]. Researchers identified theories related to job stress by using role theories. Job 
stress can be classified as follows: role ambiguity theory, role conflict theory, role burden theory. 
The first theory is related to role ambiguity, which refers to the confusion of a person in how to 
play his role, when people do not have the necessary information about their roles, they face role 
ambiguity [8]. He mentioned that according to this theory, role conflict occurs when there are two 
or more demands that require different roles at the same time and a person can fulfill his role in all 
those situations. The third group is the theory of role overload, which states that in Work 
environments when people are faced with tasks and requests beyond their ability and work 
resources available, they experience job overload. Based on the proposed theories, which are all 
related to occupational stress factors, there is a need for stress management techniques to prevent 
the increase of employee stress [9, 10]. In many studies, there are factors such as work load in 
financial employees and auditors. A lot of work, the need to be very precise and focused on 
monetary and financial figures, ambiguity in duties, sense of responsibility, lack of support, 
conflict of individual duties with organization's requests, etc. have been introduced as causes of 
occupational stress in accountants. In most of the studies done on occupational stress in different 
occupational groups such as nurses, teachers, accountants, auditors and even doctors, it has been 
emphasized that employees with less work history and experience suffer more occupational stress. 
The reason for this can also be the fact that this group of employees is new to work and their lack 
of familiarity with the work environment and their less mastery of their work. It can also be said 
that experienced employees can predict the existence of stressful factors in certain conditions and 
situations and use appropriate problem-solving methods to deal with them[11]. The most important 
factor causing occupational stress in the bar auditor community Work is a role, and organization, 
role responsibility, role scope, and the physical environment of the workplace are also stressful 
factors, and role inadequacy, personal relationships with supervisors and supervisors, and role 
duality are the next priorities. There are different definitions about role workload. It has taken 
place, among other things, that the necessary support duties are not being carried out due to the 
heavy burden. Stress caused by heavy workload is defined as continuous pressure caused by work 
and reluctance to work, which manifests with general symptoms of physical, mental and behavioral 
stress. The most important factors that cause work stress in accountants can be explained as 
ambiguity in the role, conflict in the role, and then too much workload and uncertainty in the future 
of work. The most stressful factors faced by employees are the amount of work load or role 
workload, diversity in workload and role responsibility, and a small number of employees reported 
role conflict and role duality as stressful factors [12]. Job burnout is a state of lack of energy and 
vitality in a person. In general, a person suffering from job burnout has a feeling of boredom 
towards performing work behavior. This state is a result of constant and frequent pressure, and the 
result is a feeling of reduced energy. Job burnout is a type of mental exhaustion. Which is 
combined with psychological pressures or job-related stresses, according to Mazlock, burnout is a 
syndrome that the response to psychological pressures includes three components: fatigue or 
environmental analysis, alienation or depersonalization, and lack of personal success or progress. 
Job burnout is probably the result of the type of duties and responsibilities of such jobs. Job 
depression is associated with pressure, role confusion, and poor job performance. This situation 
occurs mostly in people who have been employed for a longer period of time [31]. Research shows 
that Occupational depression affects people who are often perfectionists and are extremely 
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involved in work. Job burnout is a disease and this chronic fatigue should not be confused with 
short-term fatigue because the fatigue caused by continuous work gradually disappears with rest. 
In general, job burnout is related to psychological pressures. Psychological pressures occur when 
between The demands of the environment are incompatible with the individual's abilities, and the 
continuation of this situation leads to job burnout [33]. In general, it can be said that job burnout 
is the result of constant mental pressure, the result of which is the decrease in the quality of services 
created by the individual. A job is a state of physical, emotional and mental fatigue that occurs due 
to constant and repeated pressure caused by intensive and long-term contact with physical or 
human factors. but today it has become clear that this problem is common in all organizations, so 
that when a person feels unable to do work due to various pressures, the continuation of this 
situation causes him to burn out, organizations openly and secretly spend a lot of money due to the 
existence of burnout in employees, which sometimes leads to the resignation of employees who 
have spent a lot of money on their training and preparation. Considering the relationship between 
the health of employees and the efficiency of the organization, and the fact that a significant 
percentage of employees in the organization It is necessary for researchers, psychologists and 
managers to pay attention to this syndrome [31,32,33]. In this research, with the help of 
mathematical information including effective formulas and definitions and theorems, the 
mathematical model related to the effective factors of auditors' job stress will be built with the help 
of fractional calculators, and the chaotic nature of the model is presented, and that its order is of 
fractional order and the need has control, it is discussed. Then the presented nonlinear fractional 
order chaotic model is optimally controlled. Finally, the presented method is presented with the 
help of an applicable and dynamic model in the form of a simulation done with the help of 
MATLAB software. 
2- Theoretical foundations and research background 
 2-1- Factors affecting auditors' job stress  
Stress is the adverse reaction of employees against excessive pressures that are imposed on them 
during work. According to the World Health Organization, stress in the workplace is especially 
common in situations where employees are asked to do things beyond their knowledge, abilities, 
and skills. Excessive stress affects the concentration of employees and makes it difficult to make 
decisions. and reduces self-confidence. Stress can weaken the achievement of goals for both 
individuals and organizations, so managing stress in the workplace is very important [13]. That 
sentence can be bad working conditions, very high volume of work (high workload), doing work 
in shifts, long working hours, role conflict, weak communication between colleagues and 
managers and lower level employees, existence of risk factors and harmful factors and also He 
pointed out the lack of attention to the employees. The clear answers and reactions that people give 
indicate the presence of stress in them. These manifestations may be headache, sleep disorder, 
difficulty in concentrating, bad mood, bad mood, stomach upset and dissatisfaction. Other 
manifestations or factors indicating the existence of occupational stress in a person include muscle 
cramps, feeling of pressure and tightness in the chest, high blood pressure, sexual problems, 
arguing, annoying and making others uncomfortable [14,15]. The evidence shows that the type of 
job plays an important role in the stress of employees. Job changes such as organizational changes, 
salary and promotion are jobs that put pressure on people and make them feel confused, worried, 
confused and anxious. do Stress has been costly both for the people who suffer from it and for the 
institutions and production units, its symptoms are in the form of mental and physical fatigue, 
irritability, irritability, anxiety, increased blood pressure, lack of self-confidence and satisfaction. 
Work and lack of work motivation appear and cause a decrease in productivity. Several studies 
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have been done to investigate occupational stress and related factors. In these studies, factors such 
as individual's job, role conflict and role ambiguity, individual's organizational role, professional 
development flow, professional relationships, organizational structure and atmosphere have been 
considered [16,17]. Auditing is actually one of the most stressful jobs. In this job, in addition to 
the general stress factors that exist in other jobs, the need to pay close attention to monetary and 
financial figures, the large amount of work, and the frequent use of new financial accounting 
methods, the amount of stress that the employees of this job the job they experience multiplies. In 
this case, Jirapa states that one of the reasons for job burnout among accountants is the existence 
of severe job stress, and this job stress has a negative effect on the performance of work duties and 
the physical and mental conditions of accountants. Accounting is one of the most stressful jobs, 
and even in the busy seasons, the blood cholesterol level of these people increases significantly, 
and after the busy periods, the blood cholesterol level returns to normal levels. Ether's work 
environment has a lot of stress in them, so accountants who worked in large international 
companies were more stressed than accountants who worked in local and small companies [18,19]. 
Organizational climate can be one of the factors that reduce or increase the stress of employees. If 
you can improve the way of life in the organization, you can prevent the occurrence of stress. The 
main source of the organizational climate is the perception of the organization's people, and 
because people are unique beings and differ from each other in terms of their temperament and 
personal characteristics, their perception is different from the organizational climate, and this point 
is important for the officials. In order to know the reflection of their activities, they should evaluate 
the feedback that the employees show so that they can direct the activities of the organization in 
the direction of their findings [20]. Regarding role responsibility, which is known as the third 
stressful factor, there are also different definitions, such as the feeling of responsibility in doing 
the work and performance of the subordinates, and the feeling of discomfort from their 
inefficiency, and the feeling of pressure caused by working with angry and difficult colleagues. 
Other mechanisms and definitions, such as a person's feeling of responsibility for the efficiency 
and well-being of others in the work environment. The scope of the role, according to the 
definition, is the feeling of doubt and doubt in fulfilling the conflicting demands of the superior 
and conflict with him, and the lack of clarity about the limits of authority and the number of people 
that the person is ordered to. Doing their work is another factor that causes stress in auditors. This 
dimension of role, which has been known in various researches as a stress-creating factor in 
accountants, indicates the contradictions of a person in terms of work conscience and the role that 
is expected of him. Also, the dimension of role inadequacy actually indicates that there is no 
proportion between the skills, education, and educational and experimental characteristics of the 
individual with what the job expects from the individual, and the individual is distrustful of his 
future employment [21,22]. Another important stressful factor caused by playing a role, from 
which very different results have been obtained in different researches, is the ambiguity or conflict 
in the role. how to spend oneself and the uncertainty of how it is evaluated. Role ambiguity is 
related to a person's awareness of the priorities and expectations of the work environment and 
evaluation criteria. Ambiguity in the role arises when a person does not have enough information 
about the work he is doing, and role conflict occurs when a person in the environment His work is 
faced with tasks and requests that he is not interested in. Ambiguity in the role arises when a person 
does not have information about the requirements and needs of his role and how to fulfill these 
needs and requirements, as well as about the existing educational processes that will ensure him 
to perform his role successfully [22,23]. ]. Occupational stress is one of the most common diseases 
of today's era, which causes a lot of expenses for both the people who suffer from it and the audit 
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institutes, and its complications are in the form of mental and physical fatigue, irritability, 
irritability, high blood pressure, Decreased self-confidence, job dissatisfaction and lack of 
motivation appear in work and reduce productivity. Auditing is also considered a high-stress job 
and its concerns in a high-stress environment have a negative effect on the way work is performed 
[24]. Occupational stress originates from many problems in the work environment, continuous 
changes out of control, constant relocations, long working hours and irregular working hours. 
Auditors are exposed to stress because of the massive amount of work they have to do and the 
limited time allotted to them. In addition to these, auditors are always under pressure from the 
complex demands of supervisors, investors, and owners [24, 25]. The auditor's rush to complete 
the work process early reduces the quality of the audit and makes the auditors use less methods. 
The provider encourages audit quality [26,27]. Persellin (2015) concluded that auditors, on 
average, spend more hours per week than the standard time, and in busy seasons, 20 hours more 
than this threshold, which leads to a decrease in the quality of their work. When a person faces 
excessive work demands during his working days or hours, he is more exposed to tension and 
stress. For example, tension may be caused by time interference between family and work 
responsibilities, or may arise from implicit pressures related to unreported and allocated time for 
audit work [3]. Another type of stress occurs when the behavior of people within the organization 
is ambiguous. They call role ambiguity when employees face different expectations in front of 
common issues. Demands related to agreement with laws and other challenges related to hiring or 
extending the successful employee's contract has also been added to the above problems. Also, 
work pressures originating from busy seasons, retaining employers, planning to select a 
replacement audit employee, and finding and maintaining reliable personnel are among the 
important factors in the field of stress [4]. The most destructive result of stress on the performance 
of auditors is the unfavorable quality of the work done (audit report prepared). Therefore, 
behavioral factors such as stress have a significant effect on auditors' job performance. In the audit 
work, concerns such as inherent or applied limitations of the business owner in the scope of 
maturity and psychological pressure for convincing evidence are in the way of the auditor 
[28,29,30]. Wal (2013) believes that the balance factor in audit pricing can be the reason for the 
auditor to abandon the implementation of necessary content tests, which is considered a type of 
behavior that reduces the quality of the audit, and on the other hand, maintaining the quality of 
work at a high level, the necessity of implementing It includes all auditing methods that affect the 
economic benefits of auditing [6]. 
2-2- Factors affecting auditor burnout 
 Job burnout is a stressful situation with symptoms such as: mental exhaustion and physical fatigue, 
withdrawal from work, reduced efficiency, reduced energy, increased irritability and reduced sleep 
and focus on issues that can happen regardless of the type of job. . Fatigue is the result of chronic 
exposure to stressful factors. Continuity of presence in the face of stressful factors deprives people 
of their power to deal with resources and produces ineffective results. Job burnout is a mental 
reaction that people show when they are faced with job stress. In general, stressful factors such as 
workload, busy working seasons, pressures from employers, competitive position of companies, 
first audit, pressures related to limited time, job and work ambiguities, etc., have been effective in 
arousing auditors' stress [34,35]. ]. Job burnout is associated with pressure, loss of role, and poor 
job performance, and its cause is brought up in three organizational, interpersonal, and 
intrapersonal aspects [36,37]. The correction of role ambiguity refers to the lack of clarity of goals, 
responsibilities, and limitations and is related to factors such as the complexity of tasks, 
technology, and rapid and continuous change in the organization. In other words, role ambiguity 
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occurs when the expectations in the work environment It may be unclear from a person and it may 
be due to lack of expectation, lack of familiarity with how to do the work, or lack of knowledge of 
its results. Therefore, when employees cannot anticipate in their jobs, they are confused [37]. Role 
conflict occurs when conflicting and inconsistent demands or demands are placed on individuals. 
For example, when a person is in this situation when he is given orders outside of his professional 
responsibility and territory, or when a person's moral values are in conflict with managers and 
supervisors, many researchers believe that being a peer of job expectation Initial and subsequent 
job experiences largely determine employees' reactions to their jobs. Theoretical discussions of 
job burnout emphasize that the prevalence of expectations and reality is a major factor in the 
experience of psychological stress. Many researchers believe that the matching of initial job 
expectations and subsequent job experiences largely determines employees' reactions to their jobs. 
Theoretical discussions of job burnout emphasize that the prevalence of expectations and reality 
is a major factor in the experience of psychological stress. Work density includes quantitative and 
qualitative components. Quantitative workload components include excessive demands that have 
little time to handle them, and qualitative workload is related to job complexity [38,39]. Various 
researches that have been conducted on the role of support in psychological stress and job burnout 
have identified social support as a source of help for people to deal with psychological stress and 
job burnout. Social support facilitates the adaptive behaviors of the individual, which of course 
The social nature of the person returns [39]. The lack of preparation for obtaining a job as an intra-
individual variable has a decisive role in the process of job burnout. People who have not received 
the necessary training to get a job are more prepared to suffer from job burnout. Personality 
characteristics of people can act as a basis for job burnout, for example, people who have high 
self-esteem are resistant and active in facing problems and dangerous situations, while people with 
low self-esteem try to avoid the situation. Avoid in this way. The factors that cause job burnout 
among employees are: People's unfamiliarity with the organization's goals or objectives, or that 
these goals are not understandable to them. The policies that the management of the organization 
establishes in different dimensions of work life are applied in practice. Leadership and 
management practices at the frontline leadership levels (or the leadership style of unit supervisors) 
in the organization. Hard and inflexible rules, regulations and bylaws in the organization. 
Unhealthy communication networks in the organization and the lack of effective two-way and 
bottom-up communication in the organization. Non-interference of the management of the 
organization in the affairs of employees (welfare, treatment, recreation, etc.). Relative or complete 
neglect of managers in the field of taking advantage of all potential abilities and talents of people 
in performing job duties. Ambiguity of the individual's role in the process of producing goods and 
services provided by the organization. Dissatisfaction of people with their job, unit or organization 
at their place of work with their low level of satisfaction with their job. Lack of necessary facilities 
for growth and advancement by promoting people in the organization. Constant exposure of people 
in situations where it is necessary to do a lot of work in a limited time. Giving people more 
responsibilities than their capacity and fear of not being able to carry out these responsibilities. 
Engaging in feelings of role conflict, in which a person is assigned roles that are in conflict with 
each other (for example, a supervisor is asked to push subordinates to work harder, and at the same 
time, they expect him to be friendly with them). Inconsistency between the amount of salary and 
benefits and the amount of work that the person is expected to do in the organization. The 
inappropriateness of the job performance evaluation system of the organization's people and 
replacing the relationship with the rule. Lack of suitable and effective training facilities for the 
employees of the organization and until they are familiar with their job duties. Applying non-
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scientific methods to recruit, test and select people and assigning jobs to people who do not have 
the necessary qualifications to hold these jobs [40,41,42]. The complete and accurate unfamiliarity 
of people with their job duties from the very beginning of entering the organization, in general, 
some researchers are of the opinion that high expectations in the work environment cause job 
pressures and ultimately cause job burnout in the long run. . On the other hand, some other 
researchers believe that external factors such as low income can provide the basis for job burnout. 
Some other researchers have also considered organizational support and management system, 
while others Job promotion opportunities and its impact on reducing job burnout are emphasized 
[35,43]. In a research, Hao (2022) analyzed the effect of role stress on reducing audit quality. The 
results of the research showed that role conflict does not have a significant effect on reducing audit 
quality, but role overload has a significant effect on reducing audit quality [2]. . Winoto and 
Harindahyani (2021) in a research entitled the effect of auditors' work stress on audit quality 
concluded that auditing is associated with high stress and excessive work. In their research, they 
found that auditors' work stress significantly and negatively affects audit quality [7]. Smith and 
Emerson (2017) showed that there is a negative and significant relationship between burnout and 
auditors' performance [4]. Wiryathi (2014) investigated the effect of job stressors, including role 
ambiguity and role conflict, on auditors' job performance through the intervening variable of 
emotional intelligence. They concluded that there is a negative relationship between job stress and 
auditor performance. Utami and Nahartyo (2013) evaluated the relationship between role conflict, 
role ambiguity and role overload on auditors' burnout. The findings showed that role conflict and 
high workload have a positive relationship with job burnout; But role ambiguity does not have a 
significant relationship with job burnout. Yan and Xie (2016) showed in a research that there is an 
inverse relationship between work stress and audit quality in new customer reviews. Almer, E., & 
Kaplan, S. (2002) investigated the impact of resilience on the auditor's job stress model and found 
that auditors with resilient audit programs experienced more job satisfaction, and on the other 
hand, job conflicts, burnout emotional, personality deterioration and unwillingness to do less work. 
2-2-chaos theory  
The main foundation of chaos theory is the idea that order and chaos are not always opposites. 
Chaotic systems are a fascinating combination of order and chaos. When we look at them from the 
outside, they behave unpredictably and show disorder, but inside these systems we see a set of 
deterministic equations that work with order. Chaos is a name that is often applied to a non-linear 
dynamic. This expression is used to explain the complex behavior of so-called simple, linear and 
well-behaved systems. Chaotic behavior appears irregular and often random, similar to the 
behavior of a system strongly affected by random external noise. The mathematical definition of 
chaos is the unpredictable long-term behavior of a deterministic dynamical system due to 
sensitivity to initial conditions (commonly known as the butterfly effect). Chaos theory is defined 
as the qualitative study of transient, unstable behavior in deterministic nonlinear dynamical 
systems [54,55] Chaos occurs in very simple systems that are often free of noise. In fact, these 
systems are essentially deterministic; That is, with accurate knowledge about the initial conditions 
of the system, its future behavior can be predicted. As a result, chaos may be defined as a bounded, 
non-periodic (non-periodic) and noisy oscillation. In other words, a deterministic system behaves 
randomly, even if it has no random inputs. In unstable nonlinear systems, there are various strange 
effects including sub harmonic, quasi-periodic oscillations and chaotic behavior [45,46]. Some of 
the systems that are deterministic and have chaotic behavior are: atmospheric systems, solar 
system, geological plates, turbulence flow, population growth, power electronic circuits, etc. But 
chaos exists in many other fields such as biology, computer science, economics, engineering, 
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finance, mathematics, meteorology, philosophy, physics, politics, psychology, stock market and 
robotics, etc. Chaos theory has fascinated scientists and engineers for two reasons. Chaos theory 
provides theoretical and experimental tools to categorize and understand complex behavior where 
other theories do not work. Chaos is universal; That is, it is used in mechanical oscillators, 
electrical circuits, chemical reactions, optical systems, nerve cells, lasers, etc. If a dynamic system 
exhibits chaotic behavior, it will be nonlinear. A key element to understanding chaos is the concept 
of non-linearity. Nonlinear dynamics studies systems in which the equations are nonlinear. All real 
systems are nonlinear, at least to some extent [49]. Some sudden and dramatic changes in nonlinear 
systems may produce complex behavior called chaos. The word chaotic and chaotic is used to 
describe the temporal behavior of a system whose behavior is aperiodic (never repeating perfectly) 
and is "apparently" random or noisy. Behind this chaotic randomness, there is an order determined 
by the system's equations. In fact, many chaotic systems are quite deterministic. Determining 
whether a physical system or process is random or chaotic from data is a difficult task, because in 
practice no time series consists of "pure signal". There is always some kind of annoying noise, 
even if it is a rounding error. Therefore, any real time series will have some randomness, even if 
it is mostly deterministic. Mathematicians have come up with other ways to quantify the 
description of chaotic systems. These methods include: absorbing fractal dimension, Lyapunov 
plots, recurrent diagrams, Poincaré maps, branching or bifurcation diagrams and transfer 
operator[51]. As you know, decision-making is one of the important tasks of management, 
nowadays there are phenomena characterized by complexity, uncertainty and uncertainty, disorder 
and turbulence, which have received a lot of attention. Chaos or disorder helps us to investigate 
and study complex systems, and by considering the principles of certainty and probability together, 
it provides a realistic solution to today's problems. The major effects of chaos theory in 
management on decision-making are that, in today's chaotic world, instead of focusing on long-
term decision-making, short-term and flexible decision-making should be considered. Contingent 
and flexible planning as a part of the decision-making process of any organization should take 
great importance [52]. Intuitive and innovative approaches should be given more value and 
importance than rational decision making. The creation of temporary structures and systems should 
be more important. Reforming the cultures of organizations to attract new values and standards 
and appropriate to the world full of chaos should be considered. One should look for order in the 
depths of chaos and disorder. An important point that you should keep in mind when discussing 
chaos theory is that chaos theory does not claim that organizations are disordered and chaotic, but 
it claims that what seems chaotic to us has order at a higher level. And it is a model[54,55]. The 
best way to solve temporary problems at the lower levels of the organization is to give the people 
closest to the problem the authority to do whatever they think is necessary in the particular 
situation. After all, change is what makes life interesting. It is an issue that requires thinking; And 
it is inevitable. Chaos theory in management is a way to deal with these dynamics [53]. 
2-3-genetic algorithm  
Genetic algorithms are search algorithms based on the concepts of natural selection and genetics 
of living organisms. Phenomenological genetic algorithms have come to simulate some of the 
processes observed in natural evolution through computer algorithms. Processes that are formed 
based on performing operations on chromosomes (organic systems for coding the genetic structure 
of living organisms). As mentioned before, genetic algorithms are under the search algorithms. 
However, they have very fundamental differences with other search algorithms [57]. Instead of 
dealing directly with the values of the problem parameters, genetic algorithms work with a coded 
representation of the set of problem parameters and search a population of points in a search space 
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to find solutions to the problem. Also, they optimize the objective function of the problem without 
knowing the gradient information related to the objective function of the problem. In genetic 
algorithms, probabilistic mechanisms are used to transition from one state in the problem space to 
another; while in conventional search algorithms, gradient information related to the objective 
function of the problem is used for such work. Such an important feature in genetic algorithms has 
made them universal search algorithms. Also, genetic algorithms are used to search irregular 
search spaces. In general, genetic algorithms are used to solve problems in applications such as 
function optimization, parameter estimation, and machine learning [58,59]. 
2-4- particle swarm optimization algorithm  
The particle swarm optimization algorithm or PSO algorithm is a meta-heuristic algorithm that is 
suitable for the optimization of non-linear continuous functions. The particle swarm optimization 
algorithm or PSO algorithm is inspired and branched from the concept of particle intelligence 
(which usually exists in groups of animals such as herds and packs of animals). In order to clarify 
the overall mechanism of the particle swarm optimization algorithm and other algorithms that are 
inspired by the group behavior of animals, explanations about the group (herd) behavior of animals 
are provided. These explanations can help to understand how to build the particle swarm 
optimization algorithm (and other algorithms with a similar approach) to solve complex 
mathematical problems [56]. They have to find a place to land. In this case, defining where all the 
birds should land is a complicated issue. Because the answer to this problem depends on various 
issues, i.e. maximizing available food resources and minimizing the risk of predators at the landing 
site. In this situation, the observer can see the movement of the birds in the form of dancing.[47] 
The birds move simultaneously at a point in time so that the best place to land is determined and 
all the flocks (groups) land at the same time. ) or the flock of birds, have the possibility to share 
information with each other. If the birds do not have the possibility to share information with each 
other in their groups, each bird from the group (flock) will land at a different place (point) and at 
a different time. Research conducted since 1990 on bird behavior indicates that all birds in a flock 
(group | flock) that are looking for a good landing spot are able to choose the best landing spot 
when that spot is marked by one of the birds. Swarm members found, alerted. Using this 
knowledge, each member of this crowd balances their personal and crowd knowledge experience, 
which is known as social knowledge. are survival conditions that will exist at one point for 
survival[60]. Among these cases, the maximum food resources and the minimum risk of predators, 
which were mentioned earlier? The problem of finding the best landing point is an optimization 
problem. The group, swarm or herd must determine the best landing point, for example latitude 
and longitude, in order to maximize the survival conditions of its members [47,48]. To do this, 
each bird searches for a suitable landing point while flying and evaluates different points in terms 
of various survival criteria to find the best area for landing, and this is done until the best area for 
landing, Be identified by the whole crowd. Kennedy and Eberhart were inspired by the collective 
behavior of birds; A behavior that ensured significant survival advantages for birds as they 
searched for a safe landing spot. Accordingly, they presented an algorithm called particle swarm 
optimization algorithm. The PSO algorithm can imitate a behavior such as what was said for the 
flock of birds [50]. 
2-5-optimal control  
The design of classical control systems is often a trial and error process that is repeated until the 
optimal closed-loop characteristics, such as: appropriate lift percentage, appropriate rise and fall 
time, and Get the right bandwidth. This design method is not suitable for complex multivariable 
systems. For example, consider the attitude control design of a satellite. In the design of the system, 



195 H. Saeidi/ JAC 57 issue 1, August 2025, PP. 185-212 
 

issues such as fuel consumption should be taken into account, while it is not possible to consider 
it in classical control. An alternative method to solve the above problem is the use of optimal 
control theory, whose applications are expanding today with the advancement of digital computers 
[44]. The theory of optimal control, which plays a very important role in the design of modern 
controllers, is used with the goals of maximizing the performance of a system at the same time as 
minimizing the cost of the system, both in terms of energy consumption and economy. In other 
words, the objective of optimal control is to determine the control signals in such a way that in 
addition to meeting the constraints governing the plant, a criterion function is also minimized. The 
benchmark function can be fuel consumption, tracking error, or process cost. The problem of 
optimal control is the problem of finding a control law for the given system in such a way that a 
certain optimality criterion is achieved. A control problem has a cost function, which is a function 
of the state and control variables. An optimal control is a set of differential equations that describe 
the trajectories of the control variables that optimize the objective function. Optimal control can 
be obtained from Pontriagin's maximum principle [45,60]. 
2-1-1-Research hypotheses 
 Hypothesis 1: With the mathematical modeling of the non-linear fractional order chaotic system 
of factors affecting auditors' job stress, the chaos in the model can be determined in the best 
possible way. 
 Hypothesis 2: Using the methods of genetic algorithm and particle swarm optimization algorithm 
improves the optimal control of the chaotic model of factors affecting auditors' job stress. 
 Hypothesis 3: The use of genetic algorithm techniques and particle swarm optimization algorithm 
leads to error reduction and increased accuracy and reliability. 
 3- Research methodology  
This research is based on research methods, quantitative, descriptive, analytical and scientific. In 
terms of purpose, it is considered as applied research. And also in terms of nature, it is post-event. 
The proposed method of this research consists of several different steps. In other words, for the 
mathematical modeling of the nonlinear fractional order chaotic system and the optimal control of 
the factors affecting the stress and burnout of auditors, first a modeling approach of the type of 
differential equations is required. In fact, differential equations with fractional derivatives are used 
for modeling purposes, and various algorithms have been developed for modeling and optimal 
control. Algorithms that can help in implementing and simulating mathematical models are genetic 
algorithm and particle swarm optimization algorithm. In the presented method, the work is started 
with the initial definitions of mathematical models of the type of differential equations with 
Caputo's fractional derivatives and it is tried to discover the cases that were not known before and 
make rules for them. In fact, in the presented method, first, with the help of mathematical 
knowledge, the necessary mathematical information for modeling and so on is extracted. In the 
next step, after extracting effective formulas and definitions and theorems, the mathematical model 
related to the factors affecting the stress and job burnout of auditors will be built with the help of 
fractional calculators, and it will be shown that the presented model has chaos, its order is from 
order It is a deficit and needs to be controlled. In the next step, prerequisites and optimal control 
concepts are presented. Then the presented nonlinear fractional order chaotic model should be 
optimally controlled. Finally, the presented method is done with the help of an applicable and 
dynamic model in the form of a simulation done with the help of standard software, so that with 
the lowest possible cost before implementing and implementing the presented method, corrections 
are made according to different scenarios in order to improve performance. be done. The software 
used to implement the modeling process and its optimal control is MATLAB software. Finally, 
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simulation will be done using genetic algorithm and particle swarm optimization algorithm in 
MATLAB software. Considering that this research deals with providing mathematical model and 
its optimal control. Therefore, the method of gathering information in this research is to use the 
information available in sources, articles, books and other research related to mathematical and 
engineering sciences in a general and detailed way, so there is no need to use the information of 
stock companies. The collection tools in this research are databases (including websites, blogs and 
scientific associations of faculties of mathematical and technical sciences, engineering and 
humanities), computer networks and the Internet to provide resources and mathematical concepts 
and optimal engineering control from universities. It is used inside and outside. 
 3-1- Research variables  
In this research, the dependent variable is the application of the genetic algorithm and the particle 
swarm optimization algorithm in providing mathematical models of the non-linear fractional order 
chaotic system, the factors affecting the stress and burnout of auditors and the independent 
variables, which are prepared based on the questions raised to conduct the research. Have been, 
are: 
 1. The lack of optimal control of chaotic system models of factors affecting stress and burnout of 
auditors 
 2. Doubts in reducing the error of chaotic models of the system of effective factors on stress and 
burnout of auditors 
 3. Determining the degree of improvement in the accuracy and reliability of control of chaotic 
models with genetic algorithm and particle swarm optimization algorithm 
 
3.2. Riemann-Liouville Integral and Caputo fractional derivative 
    Suppose that 𝑛 > 0 and fare continuous segments on the interval (𝛼, ∞) and are integrable on 
any finite sub-interval(𝛼, ∞). Then, the fractional Riemann-Liouville Integral f for t>a of order n 
is defined as   

a𝐷௧
ି௡𝑓(𝑡) =  

١

(௡)
∫ (𝑡 − 𝑇)௡ିଵ௧

ఈ
𝑓(𝑇)𝑑𝑇,                                                 (1) 

which can also be displayed with the symbols Iୟ
୬ or𝐽ୟ

୬ . In addition, if f is continuous on [𝑎, 𝑡] , 
then lim

௡→ఈ
D୲

ି୬ 𝑓(𝑡) = 𝑓(𝑡) . Furthermore, the following equation can be true: 

a𝐷௧
٠𝑓(𝑡) =  𝑓(𝑡).                                                                                               (2) 

When 𝑛 − 𝑚 ∈ 𝑁 , the definition of (1-1) is compatible−𝑚 with -fold integral as follows: 

a𝐷௧
ି௠𝑓(𝑡) = ∫ 𝑑𝑇١

௧

ఈ
∫ 𝑑𝑇٢ … ∫ 𝑓(𝑇௠)𝑑𝑇௠

்೘ష١

ఈ
 

்١

ఈ  

=
١

(௠ି١)!
∫ (𝑡 − 𝑇)௠ି١𝑓(𝑇)𝑑𝑇,    𝑚 ∈ 𝑁

௧

ఈ
.                                                            (3) 

Regarding 𝑚 ≥ 0 and 𝑣 > −1, the integral from the defined real order in Equation (1) has the 
following properties: 

𝐼.ఈ 𝐷௧
ି௡(𝑡 − 𝛼)௩ =

(௩ାଵ)

(௡ା௩ାଵ)
(𝑡 − 𝛼)௡ା௩,  

𝐼𝐼.ఈ 𝐷௧
ି௡𝑘 =

௞

(௡ାଵ)
(𝑡 − 𝛼)௡,  

If 𝑓(𝑡) for 𝑡 ≥ 𝑎 is continuous, then: 
𝐼𝐼𝐼.ఈ 𝐷௧

ି௡(ఈ𝐷௧
ି௠𝑓(𝑡)) =ఈ 𝐷௧

ି௠(ఈ𝐷௧
ି௡f(t)) =ఈ 𝐷௧

ି௡ି௠f(t). 
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    Caputo defined a derivative operator in 1976 that differs from previous derivatives in terms of 
characteristics. The symbol of this operator is as a𝐷∗

௡
  and is defined as: 

a𝐷∗
௡𝑓(𝑡) =

ଵ

(௠ି௡)
∫ (𝑡 − 𝑇)௠ି௡ିଵ𝑓(௠)(𝑇)𝑑𝑇       (𝑚 − 1 < 𝑛 ≤ 𝑚)

௧

ఈ                (4) 

= 𝛼𝐷௧
ି(௠ି௡)

𝑓(௠)(𝑡),  
    On the conditions that 𝑛 → 𝑚 are exercised on the f function, then the Caputo derivative 
transforms to the mth order derivative of the f(t) function. Suppose that  0 ≤ 𝑚 − 1 < 𝑛 < 𝑚 and 
function f(t) have m+1 continuous bounded derivative in the interval[𝑎, 𝑡], then by partial 
integration for each 𝑡 > 𝑎 per 𝑚 = 1,2, …, we have: 

lim
௡→௠

ఈ 𝐷∗
௡𝑓(𝑡) = lim

୬→୫
(

୤(ౣ)(ఈ)(୲ିఈ)ౣష౤

(୫ି୬ାଵ)
∫ ൫t − T)୫ି୬f (୫ାଵ)(T)dT൯

୲

ఈ
  

= 𝑓(௠)(𝛼) + ∫ 𝑓(௠ାଵ)(𝑇)𝑑𝑇 = 𝑓(௠)(𝑡).
௧

ఈ
                                       (5) 

3-2-1- Chaotic fractional-order systems  
   The parameters and conditions for which the fractional-order system could have chaotic behavior 
are both investigated in this article [13]. In this section, two relevant theorem for fractional-order 
systems are stated [8,10,14]. The theorem is about proportional fractional-order systems.  
Theorem 3-2-2- Consider the autonomous system 

 
ௗഀ௫

ௗ௧ഀ
= 𝐴𝑥, 𝑥(0) = 𝑥଴. (6) 

 
i) Suppose 0 < 𝛼 < 1 and  𝑥 ∈ ℝ௡×௡ , then, matrix 𝐴 ∈ ℝ௡×௡ is asymptotically stable if 

and only if  |𝑎𝑟𝑔(𝜆)| >
ఈగ

ଶ
 is valid . In this equation, 𝜆 is the eigenvalue of matrix𝐴 In 

addition, this matrix is stable if and only if |𝑎𝑟𝑔(𝜆)| ≥
ఈగ

ଶ
.  

ii) The equilibrium point in fractional-order systems is calculated by the following system 
of ODEs [16]: 

 
ௗഀ௫

ௗ௧ഀ
= 𝑓(𝑥), (7) 

 𝑓(𝑥) = 0,        (8) 
for  0 < 𝛼 < 1 and 𝑥 ∈ ℝ௡×௡. The equilibrium point achieved by the solution of the system is 

asymptotically stable if the calculated eigenvalue 𝜆 related to the Jacobian matrix 𝐽 =
ௗ௙

ௗ௧
 

satisfies the following equation in equilibrium point [8,9]: 
|𝑎𝑟𝑔(𝜆)| >

ఈగ

ଶ
 .                                                             (9) 

 
Proof: See [8,10] for the proof. 
Theorem 3-2-3- The n-dimensional dynamic fractional-order system could be specified as follows 
[17]:  

 

ௗഀభ௫భ

ௗ௧ഀభ
= 𝑎ଵଵ𝑥ଵ + 𝑎ଵଶ𝑥ଶ + ⋯ + 𝑎ଵ௡𝑥௡,

ௗഀమ௫మ

ௗ௧ഀమ
= 𝑎ଶଵ𝑥ଵ + 𝑎ଶଶ𝑥ଶ + ⋯ + 𝑎ଶ௡𝑥௡

⋮
,

ௗഀ೙௫೙

ௗ௧ഀ೙
= 𝑎௡ଵ𝑥ଵ + 𝑎௡ଶ𝑥ଶ + ⋯ + 𝑎௡௡𝑥௡.

 (10) 

In the system above, 𝛼௜’s are between 0 and 1. It is assumed that M is the least common multiple 
of 𝑢௜ that is expressed as 𝛼 =

௩೔

௨೔
. Here (𝑢௜ , 𝑣௜) = 1 and 𝑢௜ , 𝑣௜ ∈ ℤାfor 𝑖 = 1,2,3, … , 𝑛. Finally 

∆(𝜆) Is described as below [18]: 
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 ∆(𝜆) =

⎝

⎛

𝜆ெഀభ − 𝑎ଵଵ −𝑎ଵଶ … −𝑎ଵ௡

−𝑎ଶଵ 𝜆ெഀమ − 𝑎ଶଶ … −𝑎ଶ௡

⋮ ⋮ ⋱ ⋮
−𝑎௡ଵ −𝑎௡ଶ … 𝜆ெഀ೙ − 𝑎௡௡⎠

⎞. (11) 

The system response described in (10) is asymptotically stable if all roots (𝜆) of equation 
det(∆(𝜆) = 0) satisfy the condition: 

|𝑎𝑟𝑔(𝜆)| >
ఈగ

ଶ
. 

Denoting the matrix ∆(𝑠) is the characteristic matrix, and det൫∆(𝑠)൯ is the polynomial 
characteristic of the system (10).  
Proof: See [8,10] for the proof. 
 
Definition 3-2-4- Consider the fractional-order system [20]: 

 ௗഀ೔௫೔

ௗ௧ഀ೔
= 𝑓௜(𝑥ଵ, 𝑥ଶ, 𝑥ଷ, … , 𝑥ଵ), 𝑖 = 1,2,3, … , 𝑛, (12) 

where all 𝛼௜ coefficients have values between 0 and 1. The equilibrium point of the system (12) is 
acquired with solution of the following equations [19,21]: 
 𝑓௜(𝑥ଵ, 𝑥ଶ, 𝑥ଷ, … , 𝑥ଵ) = 0, 𝑖 = 1,2,3, … , 𝑛. (13) 
It is assumed that 𝑥ଵ

∗ = (𝑥ଵ
∗, 𝑥ଶ

∗, 𝑥ଷ
∗, … , 𝑥௡

∗ ) is the equilibrium point of the system(12) 
meaning𝑓௜(𝑥ଵ

∗, 𝑥ଶ
∗, 𝑥ଷ

∗, … , 𝑥௡
∗ ) = 0. Considering the values for i, the equation below is defined to 

evaluate the stability of equilibrium point [22]: 
 𝜀௜ = 𝑥௜ − 𝑥௜

∗, 𝑖 = 1,2,3, … , 𝑛. (14) 
As the Caputo differentiation by a constant value is zero, we would conclude: 

 ௗഀ೔ఌ೔

ௗ௧ഀ೔
= 𝑓௜(𝑥ଵ

∗ + 𝜀ଵ, 𝑥ଶ
∗ + 𝜀ଶ, … , 𝑥௡

∗ + 𝜀௜), 𝑖 = 1,2,3, … , 𝑛. (15) 

If the second partial differentiation of function 𝑓௜ around the equilibrium point 𝑥∗ exists in the n-
dimensional space of ℝ௡, the right-hand side of equation (15) could be rewritten as [22]: 

 𝑓௜(𝑥ଵ
∗ + 𝜀ଵ, 𝑥ଶ

∗ + 𝜀ଶ, … , 𝑥௡
∗ + 𝜀௜) = 𝑓௜(𝑥ଵ

∗, 𝑥ଶ
∗, … , 𝑥௡

∗ ) + ൤
డ௙೔

డ௫భ
ቚ

௫∗

డ௙೔

డ௫మ
ቚ

௫∗
…

డ௙೔

డ௫೙
ቚ

௫∗
൨ 𝜀 + 𝑓ప

ഥ(𝜀). (16) 

In the equation above, 𝜀 = [𝜀ଵ, 𝜀ଶ, … , 𝜀௡]் ,  and 𝑓ప
ഥ(𝜀) consist of the higher-order terms of Taylor 

expansion that is neglected. In addition, it is assumed that we have 𝑓௜(𝑥ଵ
∗, 𝑥ଶ

∗, … , 𝑥௡
∗ ) = 0, for𝑖 =

1,2,3, … , 𝑛. As a result, we could conclude: 

 𝑓௜(𝑥ଵ
∗ + 𝜀ଵ, 𝑥ଶ

∗ + 𝜀ଶ, … , 𝑥௡
∗ + 𝜀௜) ≈ ൤

డ௙೔

డ௫భ
ቚ

௫∗

డ௙೔

డ௫మ
ቚ

௫∗
…

డ௙೔

డ௫೙
ቚ

௫∗
൨ 𝜀 + 𝑓ప

ഥ(𝜀). (17) 

Furthermore, we could assume the following equation: 

 

⎝

⎜
⎜
⎛

ௗഀభ௫భ

ௗ௧ഀభ

ௗഀమ௫మ

ௗ௧ഀమ

⋮
ௗഀ೙ ௫೙

ௗ௧ഀ೙ ⎠

⎟
⎟
⎞

= 𝐽𝜀, (18) 

where we have 𝑓 = [𝑓ଵ, 𝑓ଶ, … , 𝑓௡]்and𝐽 =
డ௙

డ௫
ቚ

௫∗
. 

    It is assumed that M is the least common multiple of 𝛼௜ that is defined as𝛼௜ =
௩೔

௨೔
,(𝑢௜ , 𝑣௜) = 1, 

and 𝑢௜ , 𝑣௜ ∈ ℤାfor 𝑖 = 1,2,3, … , 𝑛. According to Theorem (1.3.1), if |𝑎𝑟𝑔(𝜆)| >
ఈగ

ଶ
 for all 𝜆 

calculated by the equation below, the equilibrium point 𝑥 = 𝑥∗ of the system (12) is 
asymptotically stable [10,17]: 
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 𝑑𝑒𝑡(𝑑𝑖𝑎𝑔([𝜆ெഀభ 𝜆ெഀమ … 𝜆ெഀ೙ ]) − 𝐽) = 0, (19) 
It should be noted that 𝑑𝑖𝑎𝑔([𝑚ଵ 𝑚ଶ … 𝑚௡]) is represented by a square 𝑛 × 𝑛 matrix as 
below: 

 𝑑𝑖𝑎𝑔([𝑚ଵ 𝑚ଶ … 𝑚௡]) = ൮

𝑚ଵ 0 ⋯ 0
0 𝑚ଶ ⋯ 0
⋮ ⋮ ⋱ ⋮
0 0 … 𝑚௡

൲. (20) 

3-2-5- The required conditions for the presence of chaos in fractional-order system  
The saddle point is an equilibrium point in a three-dimensional integer-order system with at least 
one eigenvalue at the stable region (the left-hand part of the imaginary axis) and at least one 
eigenvalue in the unstable area (the right-hand part the imaginary axis) [23,24]. This saddle point 
is called saddle point of kind one if one of the eigenvalues is unstable and the others are stable, 
and if one eigenvalue is stable while two others are unstable [15,23], the saddle point is of kind 
two. The chaotic behavior in a chaotic system is demonstrated around a saddle point of kind two. 
The chaotic behavior could also be observed around a saddle point of the second kind  in a three 
dimensional fractional-order system, just as the three-dimensional integer order one [25]. It is 
considered that the chaotic three-dimensional system of the form �̇� = 𝑓(𝑥) have chaotic attractors. 
It is also assumed that Ω is a set of equilibrium points of the system surrounded by a twisting [15]. 

On the other hand, both system 𝐷ఈ𝑥 = 𝑓(𝑥) with defined 𝐷ఈ ≡ ቀ
ௗഀభ

ௗ௧ഀభ
,

ௗഀమ

ௗ௧ഀమ
,

ௗഀయ

ௗ௧ഀయ
ቁ and �̇� = 𝑓(𝑥) 

have equal equilibrium points [15]. Therefore, the required condition for a fractional-order system 
of  𝐷ఈ𝑥 = 𝑓(𝑥) to have chaotic attractor is stated as the following equation [26]: 

 ቀ
గ

ଶெ
ቁ − 𝑚𝑖𝑛|𝑎𝑟𝑔(𝜆௜)| ≥ 0, (21) 

where 𝜆௜ are the roots of the equation below: 

 𝑑𝑒𝑡([𝜆ெഀభ 𝜆ெഀమ … 𝜆ெഀ೙ ]) −
డ௙

డ௫
ቚ

௫ି௫∗
= 0, ∀𝑥∗ ∈ Ω. (22) 

    The system's behavior around this point cannot tend to a chaotic attractor if the system has a 
stable equilibrium point, and the initial conditions related to the system do not lie inside the 
attracting region [17]. In other words, the system cannot have a chaotic behavior for any initial 
condition, and some of the initial conditions do not actually represent chaotic behavior. In general, 
there is not a specific mathematical relation to the present attracting region. The condition of being 
chaotic for the fractional-order system of (12) could be stated as follows (by assumption 𝛼ଵ =
𝛼ଶ = 𝛼ଷ = 𝛼. See [8,22,60] for more details): 

 𝛼 ≥
ଶ

గ
𝑚𝑖𝑛|𝑎𝑟𝑔(𝜆௜)|, (23) 

where 𝜆௜ are the eigenvalues of the Jacobin matrix defined by 
డ௙

డ௫
ቚ

௫ି௫∗
= 0 for every 𝑥∗ ∈ Ω. The 

relation (23) states the necessary condition for chaos to occur in a fractional-order system [8,10]. 
This relation could be used to acquire the minimum order of the system for which the chaotic 
behavior could occur. 
3-2-5-Characteristics of research models  
3-2-5-1- Modeling the factors affecting auditors' job stress 
 In general, systems modeling methods are a practical way to better understand and avoid wasting 
time and money. To understand the behavior of the model, researchers have proposed various 
models. In the models, they tried to find equations to express the variables and factors affecting 
them. These equations are presented considering various factors. In this research, the mathematical 
model of factors affecting auditors' job stress is presented in the following differential equation 
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system; we examine the issue of optimal control of factors affecting auditors' job stress. So we will 
have: 

𝑥ᇱ = 𝑎ଵ − 𝑎ଶ𝑥𝑦 − 𝑎ଷ𝑥 − 𝑎ସ𝑧,       
𝑦ᇱ = 𝑎ହ𝑥𝑦 − 𝑎଺𝑦𝑧 − 𝑎଻𝑥𝑧,                                                     (24)  
𝑧ᇱ = 𝑎଼𝑥𝑧 + 𝑎ଽ𝑦,                                                                                

Where x(t) organizational stressors (reward, organizational structure and supervision style), y(t) 
individual stressors (time pressure, role ambiguity, role conflict), z(t) environmental stressors 
(long hours) Work shows the lack of job security, working in hours other than the usual hours of 
the day. In the above relationships,  𝑥ᇱ is the derivative of the variable x(t) in relation to t,  𝑦ᇱ is 
the derivative of the variable y(t) in relation to t,  𝑧ᇱ is the derivative of the variable z(t) in relation 
to t. in the above model are defined in the following table. In table (1) the definitions and values 
of the parameters of the model of the factors affecting auditors' job stress are presented. 
 

Table (1) definitions and parameter values of the factors affecting auditors' job stress model 
Value Definition parameter 

11 reward 𝑎ଵ 
0.03 Organizational Structure 𝑎ଶ 
0.05 Monitoring style 𝑎ଷ 

0.008 time pressure 𝑎ସ 
0.42 Role ambiguity 𝑎ହ 

0.002 role conflict 𝑎଺ 
0.06 Long working hours 𝑎଻ 
0.74 Lack of job security 𝑎଼ 

0.001 Working at hours other than the usual hours of the day 𝑎ଽ 
 

We want to control the non-linear fractional order model of factors affecting auditors' job stress. 
Therefore, we consider a chaotic model with nonlinear fractional order derivatives based on the 
stability theorem related to fractional order systems. Because modeling a system with fractional 
derivatives can show the behavior of the system better than normal derivatives. To find the lowest 
fractional order for the system to be in the chaos region, we put: 

𝛼 ≥
ଶ

గ
𝑚𝑖𝑛|arg(𝜆௜)|,                                                                 (25)  

where for the parameters presented in Table 1, the order of the system is considered as [0.99, 0.99, 
1], because for these parameters and the specified order, the relation (25) is used. Based on the 
specified order, we show the chaotic system related to the research model with the nonlinear 
fractional order differential equation as follows. 

𝑥ᇱ(𝑡) = 11 − 0.03𝑥𝑦 − 0.05𝑥 − 0.008𝑧, 
𝐷௧

଴.ଽଽ𝑦(𝑡) = 0.42𝑥𝑦 − 0.002𝑦𝑧 − 0.06𝑥𝑧,                                         (26)  
𝐷௧

଴.ଽଽ𝑧(𝑡) = 0.74𝑥𝑧 + 0.001𝑦, 
 3-2-5-2- Modeling the factors affecting auditor burnout In the continuation of this research, the 
mathematical model of the factors affecting the job burnout of auditors is presented in the 
following differential equation system, we examine the issue of optimal control of the factors 

affecting the job burnout of auditors. So we will have: 
𝑥ᇱ = 𝑎ଵ − 𝑎ଶ𝑦 − 𝑎ଷ𝑦 − 𝑎ସ𝑦𝑧,        

𝑦ᇱ = 𝑎ହ𝑥 − 𝑎଺𝑦𝑥 − 𝑎଻𝑧,                                                       (27)  
𝑧ᇱ = 𝑎଼𝑥𝑦 + 𝑎ଽ𝑦𝑧,                                                                             
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where x(t) organizational factors (job ambiguity, job expectations, role conflict and workload), 
y(t) interpersonal factors (competition, social support, insecurity), z(t) intrapersonal factors 
(unpreparedness for It shows job qualification, personality traits, level of education). In the above 
relationships,  𝑥ᇱ is the derivative of the variable x(t) in relation to t,  𝑦ᇱ is the derivative of the 
variable y(t) in relation to t,  𝑧ᇱ is the derivative of the variable z(t) in relation to t. in the above 
model are defined in the following table. In table (2) the definitions and values of the parameters 
of the model of the factors affecting the job burnout of auditors are presented. 

Table (2) definitions and parameter values of the factors affecting auditor burnout model 
Value Definition parameter 

9 job ambiguity 𝑎ଵ 
0.004 Job expectations 𝑎ଶ 
0.06 Role conflict and workload 𝑎ଷ 
0.02 Competition 𝑎ସ 
0.34 social support 𝑎ହ 
0.03 Insecurity 𝑎଺ 

0.009 Lack of preparation for employment 𝑎଻ 
0.52 Personality characteristics 𝑎଼ 

0.004 Level of education 𝑎ଽ 
 

The objective of the optimal control of the non-linear fractional order model is the factors affecting 
the burnout of auditors. Therefore, we consider a chaotic model with nonlinear fractional order 
derivatives based on the stability theorem related to fractional order systems. Because modeling a 
system with fractional derivatives can show the behavior of the system better than normal 
derivatives. To find the lowest fractional order for the system to be in the chaos region, we put: 

  

𝛼 ≥
ଶ

గ
𝑚𝑖𝑛|arg(𝜆௜)|,                                                                 (28)   

where for the parameters presented in Table 2, the order of the system is considered as [0.96, 0.96, 
1], because for these parameters and the specified order, the relation (28) is used. Based on the 
specified order, we show the chaotic system related to the research model with the nonlinear 
fractional order differential equation as follows. 

𝑥ᇱ(𝑡) = 9 − 0.004𝑦 − 0.06𝑦 − 0.02𝑦𝑧,              
𝐷௧

଴.ଽ଺𝑦(𝑡) = 0.34𝑥 − 0.03𝑦𝑥 − 0.009𝑧,                                                       (29)  
𝐷௧

଴.ଽ଺𝑧(𝑡) = 0.52𝑥𝑦 + 0.004𝑦𝑧,                                             
3-3- Optimum control of the model of factors influencing stress and burnout of auditors  
First, it is necessary to determine the control objective for the optimal control of non-linear 
fractional order models of factors affecting auditors' stress and burnout. Here, our goal is to achieve 
the minimum amount of organizational stressors on auditors' stress and burnout. It is necessary to 
define a standard mathematical function based on the specified goal. It is possible to display the 
function with the following relation: 

𝑗 = ∫ (𝑥ଶ + 𝑢ଶ)𝑑.
௧೑

଴
                                                              (30)  

The physical meaning of the proposed standard function is that by choosing the appropriate control 
variable, the amount of organizational stressors that affect auditors' stress and burnout will reach 
zero in the presented model. In other words, the main task of the control is to find the optimal 
control signal to minimize the standard function specified in (27). Now, the non-linear fractional 
order model of factors affecting auditors' job stress by considering the control variable in relation 
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(31) and the non-linear fractional order model of the effective factors of auditors' job burnout in 
relation (32) are considered as follows: 

𝑥ᇱ(𝑡) = 11 − 0.03𝑥𝑦 − 0.05𝑥 − 0.008𝑧 − 𝑢, 
𝐷௧

଴.ଽଽ𝑦(𝑡) = 0.42𝑥𝑦 − 0.002𝑦𝑧 − 0.06𝑥𝑧 − 0.5𝑢,                                         (31)  
𝐷௧

଴.ଽଽ𝑧(𝑡) = 0.74𝑥𝑧 + 0.001𝑦 − 0.5𝑢,                                
𝑥ᇱ(𝑡) = 𝑎ଵ − 𝑎ଶ𝑦 − 𝑎ଷ𝑦 − 𝑎ସ𝑦𝑧 − 𝑢,                                   

𝐷௧
଴.ଽ଺𝑦(𝑡) = 𝑎ହ𝑥 − 𝑎଺𝑦𝑥 − 𝑎଻𝑧 − 0.5𝑢,                                                        (32)  

𝐷௧
଴.ଽ଺𝑧(𝑡) = 𝑎଼𝑥𝑦 + 𝑎ଽ𝑦𝑧 − 0.5𝑢,                                                                                

Since the system models and objective functions are specified, determining an optimal control 
method solves the problem. In this research, we use particle swarm optimization algorithm and 
genetic algorithm methods to solve the problem. 
3. Results of the research 
The results of each method are presented in the sequel. 
3.1. Without control 
In uncontrolled mode, in Fig. 1, the following results for three-mode variables are obtained that 
are not desirable: 

 

 
FIGURE A. THE RESULTS FOR THREE-STATE VARIABLES WITH 
SYSTEM ORDER AS [1,0.99,0.99]  FOR LIQUIDITY RISK 

 
FIGURE B. THE RESULTS FOR THREE-STATE VARIABLES WITH 
[0.99,0.91,0.91] FOR FINANCIAL RISK 

Fig 1. Results for three-mode variables 
 
 

3.2. Results of genetic algorithm method 
First, According to the implementation of the control input, the following results are obtained. It 
is clear that the results are excellent as soon as the control input is applied (in Fig. 2, blue lines are 
for the uncontrolled method and red are for the controlled ones): 
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Figure A. Blue lines for uncontrolled method and red lines for controlled cases 

for order [1,0.99, 0.99] for Liquidity risk 
 

 
Figure B. Blue lines for uncontrolled method and red lines for controlled 

cases for order [1, 0.99, 0.99] for financial risk 

Fig 2. Blue lines are for the uncontrolled method and red are for the controlled ones 
 
 

Again, in Fig. 3, we examine the results when the controller is in use from the beginning. It is easy 
to see that the answers are excellent from the beginning. 

 
 

 
FIGURE A. THE RESULTS WHEN THE CONTROLLER IS IN USE 
FROM THE BEGINNING FOR THE ORDER OF THE SYSTEM AS [1, 
0.99, 0.99] FOR LIQUIDITY RISK 

 

 
FIGURE B. THE RESULTS WHEN THE CONTROLLER IS IN USE FROM 
THE BEGINNING FOR THE ORDER OF THE SYSTEM AS [1, 0.99, 0.99] FOR 
FINANCIAL RISK 

Fig 3. The results when the controller is in use from the beginning 
 
 

In Fig. 4, changes in control input are as follows: 
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FIGURE A. CHANGES IN THE CONTROL INPUT FOR THE 
ORDER [1,0.99, ,0.99] FOR LIQUIDITY RISK 
 

 
FIGURE B. CHANGES IN THE CONTROL INPUT FOR THE ORDER [1, 
0.99, 0.99] FOR FINANCIAL RISK 

  

Fig 4. Changes in control input 
 

 
Details about the values is available on request. 
For this reason, in Fig.5 we draw a diagram for the approximation and error of the zero reference 
signals: 

 

  
FIGURE A. APPROXIMATION DIAGRAM AND ERROR OF ZERO 
REFERENCE SIGNALS FOR THE ORDER [1,0.99, 0.99] FOR 
LIQUIDITY RISK   

  
FIGURE B. APPROXIMATION DIAGRAM AND ERROR OF ZERO 
REFERENCE SIGNALS FOR THE ORDER [1, 0.99, 0.99] FOR 
FINANCIAL RISK 

Fig 5. Diagram for the approximation and error of the zero reference signal 
 

The MSE and RMSE specifications for error are on the MATLAB command page. We observe 
that their values are small. Consequently, the simulation is effective. It can be seen in Table 3. 
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Table 3.The MSE and RMSE specifications for error 
System order MSE RMSE 

 [1, 0.99, 0.99] for financial risk 9.4931e-05 0.0097432 
[1, 0.99, 0.99] for liquidity risk 0.00039219 0.019804 

 
3.3. Results of particle swarm optimization algorithm  
We also repeated all the above steps for this method and observed that it is very successful. 
Moreover, in Figs.  6, 7, 8 and 9 its results are very close to the genetic algorithm method.  

 

 
FIGURE A. BLUE LINES FOR UNCONTROLLED METHOD AND RED LINES 
FOR CONTROLLED CASES, ORDER [1,0.99, 0.99] FOR LIQUIDITY RISK 

 
FIGURE B. BLUE LINES FOR UNCONTROLLED METHOD AND RED LINES 
FOR CONTROLLED CASES, ORDER [1, 0.99, 0.99] FOR FINANCIAL RISK 

  

 

Fig 6. Blue lines are for the uncontrolled method and red are for the controlled ones 
 

 
FIGURE A. RESULTS WHEN THE CONTROLLER IS IN USE FROM 
THE BEGINNING FOR ORDER [1,0.99,0.99] FOR LIQUIDITY RISK 

 
FIGURE B. RESULTS WHEN THE CONTROLLER IS IN USE FROM 
THE BEGINNING FOR ORDER [1, 0.99, 0.99] FOR FINANCIAL 
RISK 
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Fig 7. The results when the controller is in use from the beginning 
 

  
FIGURE A. CHANGES IN THE CONTROL INPUT FOR THE ORDER 
OF THE SYSTEM AS [1,0.99, 0.99] FOR LIQUIDITY RISK 

  
FIGURE B. CHANGES IN THE CONTROL INPUT FOR THE ORDER OF 
THE SYSTEM AS [1, 0.99, 0.99] FOR FINANCIAL RISK   

Fig 8. Changes in control input 
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FIGURE A. APPROXIMATION DIAGRAM AND ERROR OF ZERO 
REFERENCE SIGNALS FOR ORDER [1,0.99, 0.99] FOR LIQUIDITY 
RISK 

  
FIGURE B. APPROXIMATION DIAGRAM AND ERROR OF 
ZERO REFERENCE SIGNALS FOR ORDER [1, 0.99, 0.99] FOR 
FINANCIAL RISK   

Fig 9. Diagram for the approximation and error of the zero reference signal 
 

The MSE and RMSE specifications for error are on the MATLAB command page. We observe 
in Table 4 that their values are small. Consequently, the simulation is effective.  
 

Table 4.The MSE and RMSE specifications for error 
System order MSE RMSE 

 [1, 0.99, 0.99] for financial risk 9.4182e-05 0.0097048 

[1, 0.99, 0.99] for liquidity risk 0.00039194 0.019797 
 
 
 

  

 
 

5- Discussion and conclusion  
The aim of the current research is to present the model and optimal control of the nonlinear 
fractional order chaotic system of factors affecting auditors' job stress using genetic algorithm and 
particle swarm optimization algorithm. Genetic algorithm and particle swarm optimization 
algorithm were used in MATLAB software to implement the model simulation process and its 
optimal control. The results of the research showed that with the mathematical modeling of the 
chaotic system of non-linear fractional order, the effective factors on auditors' job stress can be 
determined in the best possible way, the chaos in the model. The use of the proposed research 
method will improve the optimal control of the chaotic model of factors affecting auditors' job 
stress; reduce errors and increase accuracy and reliability. The results of the genetic algorithm 
method and the particle swarm optimization algorithm method show that this method is also very 
successful and excellent and the results of the two methods are very close to each other. The 
simulation results confirm the success of the control objectives according to the presented 
diagrams. The error values are very small, which indicates that the simulation is effective. The 
more auditors have the ability to endure challenging and stressful conditions, the more they have 
the ability to successfully adapt to threatening conditions and return to the initial balance, so the 
audit quality will increase. Correct control and management of complexities can improve work 
and personal interactions. On the other hand, the atmosphere in the company and more precisely 
the constructive organizational culture will facilitate the growth of the organization and face 

 [z
]
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challenges. Lack of transparency and self-interest increases interpersonal tension and causes a 
negative attitude in the company. On the other hand, tailoring the work environment to the 
employee can improve individual and organizational productivity. Dealing with work-family 
conflict and strategies to deal with such conflicts play a vital role in improving the quality of 
auditors' work life. Adopting optimal educational approaches and using psychological 
empowerment techniques, including motivational measures, planning in order to enrich the 
meaning of assigned responsibilities, emotional support, correct understanding of auditors' 
attitudes and awareness of people's needs can reduce tension and empower the company day by 
day. Since in all organizations and institutions, large and small, the existence of a single accounting 
unit is necessary and unavoidable, and on the other hand, due to the nature of this job and the need 
for great accuracy and concentration in numbers and figures, there is a special type of stress in this 
group. It is caused by employees, which leads to the feeling of fatigue, disintegration, anxiety, 
memory loss, scattered thoughts... Therefore, it is up to all organizations and institutions to prevent 
the long-term effects of occupational stress on the employees of this profession, whose number is 
increasing in today's society, considering the needs of the society. Among the programs effective 
in reducing job stress that has been mentioned in most researches is the participation of employees 
in decision-making, which creates a good two-way relationship between supervisors and 
subordinates. In general, structures that give more decision-making power to their employees 
create less stress and strengthen the sense of autonomy, responsibility and sense of control in 
employees. Also, the following very simple and low-cost solutions are suggested to reduce 
auditors' job stress. Establishing regular meetings for employees and encouraging them to express 
problems and inadequacies in the work environment and take action to solve the problem. Training 
methods of dealing with or adapting to stress in the work environment, increasing the level of 
knowledge of employers and managers in the field of planning as best as possible to reduce stress 
factors in the work environment. Increasing ambiguity and conflict in the role, employees tend to 
look for other jobs and leave their jobs if the conditions are available due to job dissatisfaction and 
work-related discomforts and mental tensions. Improving performance is one of the positive 
consequences of reducing stress and burnout. Therefore, considering the importance of the role of 
stress and job burnout on the performance of auditors, it is suggested that by reducing job stressors 
in the work environment, it is possible to improve performance, improve quality, and finally 
increase the credibility of the auditing profession in the society. Managers should look for ways to 
reduce the burnout of auditors in order to improve their attrition and avoid imposing costs on the 
organization. 
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