
JOURNAL OF BAKU ENGINEERING UNIVERSITY- MECHANICAL AND INDUSTRIAL ENGINEERING 

2025. Volume 9, Number 1  Pages 9-16 

9 

 

 
UOT: 519.87; 62-50; 004.8; 681.3 

DOI: https://doi.org/10.30546/09085.2025.01.005 

ENHANCING DECISION-MAKING IN DYNAMIC                         

SYSTEMS THROUGH SYSTEMATIC ANALYSIS                                      

AND TECHNOLOGICAL INTEGRATION 

ELVIN E. NASIROV 
Baku Engineering University, Hasan Aliyev str., 120 AZ0101, 

Khirdalan, Absheron, Azerbaijan 

enesirov7@std.beu.edu.az 

ZAHRA V. ZARBALIYEVA 

Baku Engineering University, Hasan Aliyev str., 120 AZ0101, 

Khirdalan, Absheron, Azerbaijan  

 zzerbeliyeva1@std.beu.edu.az 

 

ARTICLE INFO ABSTRACT 

Article history: 

Received: 2025-01-24 

Received in revised form: 2025-02-

04 

Accepted: 2025-03-04 

Available online  

The focus of this paper is on systematic approaches towards effective 

decision-making in complex adaptive systems through the application 

of chosen tactics aimed at increasing the accuracy of the decision-

making process and the efficiency of the operations. Decision-making 

in organizations is a daunting task in the face of complexity and 

unpredictability which is the defining feature of dynamic systems. 

This paper also surveys the literature in decision-making and 

estimation, in particular, multi-criteria decision analysis MCDA and 

system dynamics, as well as Pareto optimization. The goals of this 

paper are to show the readers how these models, in their practical 

application, have been enhanced through the integration of modern 

technologies such as AI or ML for optimized decision-making in fast 

evolving and volatile environments. The results indicate that if 

employed and executed properly, systematic analysis can do wonders 

in improving the manner in which decisions are made and the 

performance of the organization as a whole. The study further 

examines the tension when decisions are being made in real-time 

such as the interplay between the quality of information and the 

complexity of the model. In particular, this paper asserts that 

systematic analysis can be effectively utilized across industries. 
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INTRODUCTION 

Dynamic systems are essential in a number of industries and sectors namely, production, 

logistics, health care, environmental, and financial. Such systems are also very sophisticated 

and have a very high level of tolerance meaning that the decision makers are always at the 

case and have to be on the move to make decisions. Considering the high level of 

competition in the market, there are a number of variables that organizations have to deal 

with such as demand and supply, proper management of supply chains, technological 
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development and also legal requirements.[2] A clear characteristic of dynamic systems is that 

they are connected to one another. So, when one part is altered, it has a chain effect to the 

other parts of the system and vice versa, making the whole system even more complex and 

unpredictable than it already is.[3] For example, in international logistics when freight is 

delayed in one area it results to inefficiency and increased cost in other places. Such 

situations point out the issue of selective modification required not only to tackle present 

concerns but also future dynamics regarding the workings of the system. Systematic analysis 

emerges as a pertinent mechanism of addressing concerns arising from dynamic systems. It 

addresses systems theory and use system problems and relations between the parts of the 

system. In order to solve complex problems, decision makers need a systematic analysis, 

which enables them to determine patterns, assess tradeoffs and optimize outcomes by 

breaking down problems into parts.[5] This type of decision making is used greatly in 

industries where effective optimization of operations along with accurate decision makes the 

business able to sustain competition in the marketplace. Participation of other multi criteria 

decision making models, for instance, system dynamics, and Pareto optimization have also 

made the systematic analysis more useful.  

The models add quantitative and qualitative data to system dynamics to allow an organization 

to make decisions that can prioritize different pressures and still be effective. For instance, there 

are low scales of optimization of the production schedules and use of the MCDA in the 

manufacturing sector to target waste cutting and energy use. The introduction of the modern 

technologies like AI, ML, and big data analytics has made it possible to systematically analyze 

data at a different level. With these technologies data can be processed and modeled in real time 

and also scenarios can be simulated in a way that provides insights that are so critical for making 

decisions. The modern societies are hostile or rapid changing environments, the systematic 

analysis and the advanced technology will assist the structures of motivation and the selection of 

strategies that help reduce the effective change volatility.[1] The primary purpose of this paper is 

to identify in a general manner as to how systematic analysis can enhance the systems decision 

making. Thus, while presenting an analysis of theoretical backgrounds, applications of 

descriptive norms, and the problems encountered in implementation, this research aims to 

contribute to the development of practical recommendations for practitioners and future studies. 

[4] Further, the study examines the possibility of concrete parallelism in auspices for sustainable 

initiatives, especially for rising business sectors struggling with challenges of financial 

profitability on the one hand and environmental stewardship on the other hand. In conclusion, it 

is the intent of this study to show that if the concept of systematic analysis is to remain relevant 

to the ever-evolving fields of study the systematic analysis needs to be a reality in the current 

world. Proper use of systematic analysis places companies in a more favorable light to cope with 

complexity thus delivering both operational efficiency and strategic value. 

LITERATURE REVIEW 

The application of systematic analysis for dynamic systems has been studied extensively in 

different fields among them in the industrial, logistical and service industries. Research has well 

pointed out that decision making is an obscure terrain particularly in a stochastic environment 

whereby contending components interact in a given system. The application of systematic 

analysis in these contexts provides the state-of-the-art approach for decision-making in order to 

enhance the quality of decisions and the effectiveness of the processes as well as management of 

means. The relevance of this approach is most apparent in industries concerned with tangible 
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products like manufacturing and logistics sectors, as well as the healthcare industry where the 

deployment of decisions made yields considerable consequences for cost, time and general 

system characteristics. The systematic analysis of the WSN design comprises one of the most 

popular and efficient methods that are referred to as Multi-Criteria Decision Analysis (MCDA). 

MCDA has been most used in the scheduling of production, the transportation networks and 

managing inventories. In the case of the logistics sector, for instance, MCDA has been employed 

to analyze supply chain management where the utilization of resources must balance need to 

meet clients demand. Likewise, System Dynamics which is another major methodology in 

systematic analysis has used for predicting the dynamics of the systems with time underpinning 

the feedbacks and interactions. SD has been useful in the implementation and projection of the 

unforeseeable results of decisions made in areas like energy, transport and the environment. 

Pareto Optimization of objectives along with the systematic analysis or decision-making that 

seeks to identify the best tradeoff between two conflicting objectives is also a large tool in the 

field of systematic analysis. This method has been implemented to effective decision making on 

resource deployment, production scheduling, and even on sustainability opportunities in 

industries running into the problem of the profit-loss equation and its impact on the 

environment and social responsibility. Nevertheless, there is still a significant gap between these 

systematic models and real-time decision-making systems, to which they are too often apply. 

It is, therefore, clear that most of the current studies have focused more on theoretical models, or 

offline optimization methods that do not capture the dynamic and fast-evolving systems in the 

current world. For example, simulations and optimization mean so much but they heavily rely 

on non-real time data or heinous assumptions of the dynamic environment. In addition, there 

appears to be a dearth of literature on the use of more advanced technologies in performance 

modeling, including Artificial Intelligence (AI) and Machine Learning (ML).[7] In order to fill 

these gaps, this paper will center its discussion on the combination of systematic analysis with 

real-time decision-making systems, using AI and ML. These technologies can improve the 

accuracy of systematic models, and improve the ability of decision-makers to address changes in 

real time. For instance, AI and ML can analyze large amounts of data at a very fast rate, but also 

to recognize patterns in data, and provide insights that can improve the decision-making process 

in contexts characterized by risk and volatility. In addition, integration of the approaches can 

improve questions that may be associated with data quality, model capacity, and scalability of 

the systems used in making decisions. In this paper, the author aimed at synthesizing previous 

findings on the systematic models and an attempt to examine the existing issues’ strengths and 

limitations while discussing the implications of AI and ML. It aims at present a systematic 

information-sharing approach for illustrating how these sophisticated technologies can enhance 

decision-making in the complex system, thus enhancing the systemic effectiveness, productivity, 

and viability of organizations, all vying in uncertain contexts.[6] 

THEORETICAL BACKGROUND 

An approach to conducting a systematic analysis for decision-making in dynamic systems comes 

from systems theory which in turn considers elements of the systems as intricately linked to one 

another. As Ludwig von Bertillon, the father of general systems theory has it, the behavior of any 

given system is a product of the interactions between elements of the system and not the 

interactions between the parts. This integrated approach is critical in describing complex and 

open systems with far reaching consequences where tweaks in one part may cause disruption to 

the whole system.[10] 
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1) Key Decision-Making Models 

Several models are integral to systematic analysis in dynamic systems: 

 Multi Criterion Decision Analysis (MCDA) aids in the assessment of multiple conflicting 

factors in a single decision-making process. It is now applied in such sectors like manufacturing, 

logistics and environmental to facilitate right decision making within the specified factors such 

as cost, risk and time.[8] 

 System Dynamics (SD) is a method that was designed to show how systems behave 

within frameworks of positive feedback feedback loops, and time lags. Hence it is especially 

handy in modeling future repercussions of some decisions, say in logistics or medicine.[8] 

 Pareto Optimization is that the process of making decisions which means that ranking 

objectives and balancing the positive results against the negative impacts of change to avoid 

worsening any goal, while seeking to enhance the other. It is deemed appropriate for deciding 

efficient use of the resources in a changing environment.[8] 

2) Use of modern technology in production line 

AI and ML improves systematic analysis through real time data processing, predictive data 

analytics and automated decision making where necessary. Applications of AI and ML models 

enhance decision-making since they provide highly accurate solutions in situations where there 

is ambiguity and fluctuating conditions more so in the supply chain and production. [8] 

3) Challenges in Decision-Making 

However, it has been known that systematic analysis has certain limitations such as data quality, 

complexity of the model, and incorporation of real time data. Even if data is not entirely accurate 

or complete, the decisions made using the data may be flawed, on the other hand, complex 

models make understanding and acceptance of their conclusions hard.[8] 

4) Role in Decision-Making 

Decision-making is well-coordinated when there are a flow, feedback, trade-offs, and other 

factors are considered systematically as encompassed by systematic analysis. The integration of 

AI and ML further enhances decision-making in dynamic environments, improving both 

efficiency and adaptability. 

RESEARCH METHOD 

The approach taken by this paper is that of qualitative research with a view of extending the 

application of systematic analysis in dynamic systems. The reason why the qualitative approach 

is selected is that this approach takes into account the factors that characterize decision making 

processes and the context in which they occur in practice. The research mainly focuses on action 

research, case studies and simulations with respect to decision making models and its actual 

application in working organizations especially in manufacturing and service sectors. 

Management decision-making models used in this study are Multi-Criteria Decision Analysis 

(MCDA) and Pareto Optimization. [7] MCDA is applied in order to evaluate and rank more than 

one solution simultaneously when trade-offs are present: all criteria are considered leveraged to 

the expected extent. For instance, in manufacturing the MCDA can be used to assess the best 

manufacturing procedure by comparing the cost, time and resource use. For organizations in 

service delivery, it assists in the distribution of resources in an efficient manner whilst at the 
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same time delivering desirable satisfaction levels among customers. Pareto Optimization is used 

to take decisions on the tradeoff between two objectives where one wants to optimize one 

objective while keeping other objectives as low as possible in order not to harm other aspects. In 

specific, logistics can try by use of Pareto Optimization where one tries to provide the best 

outcome in two elements such as the cost of transport and time for delivery.[9] Furthermore, 

there are simulations to detect and compare decision making approaches under actual 

circumstances. As the research explores plausible situations it analyses present decisions on 

future system behaviors taking feedbacks and system dynamics into consideration. The 

simulations also demonstrate how decision support systems CDRSS can be supported using 

technological assets of AI and proximate learning systems in real time decision support. The use 

of these methodologies is to show the effectiveness of systematic analysis in enhancing decision 

making of dynamic systems for effective performance hence sustainable results. 

CHALLENGES IN DYNAMIC SYSTEMS 

Systems are dynamic, and this in itself creates a number of issues with regard to decision 

making, firstly they are unpredictable, secondly, they are constantly changing. These are due to 

coupling between the elements of the system, risk and the necessity for synchronization of the 

decision making.[9] 

1) Uncertainty and Complexity 

The systems dynamics models are very responsive to changes and variations and this implies 

that-even if a slight change is made – a big difference is noticed. For instance, in the 

manufacturing industry, slight variations in the manufacturing procedures cause significant 

disturbances affecting the supply systems and chain both in terms of time and costs. 

2) Data Quality and Availability 

Timely and relevant information is important in the decision making of an organization. 

However, dynamic systems have related issues such as, data inconsistencies, incomplete data 

and delays which limits the applicability of decision models including MCDA or System 

Dynamics. 

3) Feedbacks and non-linear coupling 

Complex adaptive systems are yet intertwined by feedback and present nonlinear relations. 

Little negatives or positives may build up over time as they are magnified creating confusion, 

where decision makers need to consider both the proximate gains or losses and the ultimate 

impact of their decisions. 

4) Decision Support and Flexibility in Real Time 

Implementation of real-time decision support is relatively difficult as information flow may be 

slower and environments dynamic. The structure of decision-making models has to be very 

adaptable to changes because of the high dynamic nature of the system. 

5) Decision making models provide the opportunity to scale up decision making within an 

organization. 

Decision making models are the cornerstone of an enterprise’s success, but as systems continue 

to grow more massive, the model’s scalability becomes problematic. For extended structures like 

global supply chains, more sophisticated models are needed on account of the growing quantity 

of parameters and interrelations. 



Elvin E. Nasirov, Zahra V. Zarbaliyeva 

14 

 

Figure 1: Creating a System Dynamics Model [9] 

 

TECHNOLOGICAL INTEGRATION IN DECISION-MAKING 

In dynamic environment the application of advanced technologies like artificial intelligence and 

machine learning, big data analytics has enhanced decision making processes. They provide 

capability to analyze large, big data sets, detect and understand patterns, and make optimized 

decisions in near-real time, thus improving overall flexibility in heavily kinetic landscapes. [2] 

1) Role of AI and ML 

AI and ML are core enablers of technological solution deployment in decision making. Machine 

learning algorithms continuously mine extensive data and then estimate the best course of 

action. For example, in the supply chain sector, it generates demand forecasts, determines the 

best way to deliver goods, and avoid excessive expenses. While, Machine Learning, gets adapted 

to data and learns progressively to make better predictions and better decisions in the future. In 

the field of healthcare, the use of ML is to try to predict the status of a patient which will lead to 

efficient usage of resources and increase in the right measure of treatment. 

2) Big Data Analytics 

Dynamic systems produce massive volumes of data known as big data which cannot be 

processed by conventional decision-making tools. Big Data Analytics ensures that organizations 

are able to manage this incoming and outgoing information to find out significant trends existing 

within an organization. For instance, in the financial sectors, big data analytic is applied in risk 

evaluation d and formulation of preventive measures. 

3) Decision-making models are one of AEP’s strengths; integrating them is its weakness. 

AI and ML supplement conventional decision-making frameworks including the Multi Criterial 

Decision Analysis (MCDA) and System Dynamics (SD). AI-integrated MCDA enhances decision 

making under conditions of risk and uncertainty, while AI-based SD simulations give decision 

makers insights into the future consequences of their strategies, and insights into system 

behavior. 
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Table -1: Programmability [2] 

 

DISCUSSION 

The conclusion of this investigation supports that systematic analysis contributes towards an 

improved quality and utility of decisions in complex and unsteady environments. Therefore, if 

organizations apply other models like the Multi-Criteria Decision Analysis (MCDA), System 

Dynamics (SD), and Pareto Optimization, it will ease decision making processes in organizations 

facing more challenging environments. These methodologies enable the decision-makers to 

compare different contribution factors, probabilistic estimates and optimize the resources 

adequately. 

However, there remain problems in its utilization. Information quality still remains a challenge 

because inefficient data creates a major problem in making decisions. Furthermore, due to the 

complexity of many models such as SD and MCDA, they are not easily applicable, especially in 

large and more complicated systems. Real-time decision-making systems are another challenge, 

where technologies compatible with the actual infrastructure for performing fast data analysis 

are integrated. 

Every one of these challenges has an opportunity to be addressed by technological solutions like; 

Artificial Intelligence (AI) and Machine Learning (ML). These tools allow one to make the 

analysis and optimal decisions rather quickly as well as improve the flexibility of systematic 

analysis in rapidly changing conditions. Nevertheless, it is crucial to ensure a proper mix of 

technologies and people because contextual information and ethical concerns remain crucial 

drivers for the choices made in the organization. 

CONCLUSION 

Another significant finding apparent from literature synthesis is that the systematic analytical 

method is a valuable tool in making decisions in organizations operating in dynamic 

environment, where conditions are volatile, complex and organizations experience change at 

high rates. Structured models like Multi-Criteria Decision Analysis (MCDA), System Dynamics 

(SD) and Pareto Optimization when applied can increase accuracy of an organization decision-

making, increase organizational effectiveness and reduce organizational susceptibilities. They 

offer effective strategies for analysis of prospects, treatment of results as well as the maximization 

of resources in various settings. 

The advancement in technology, such as, Artificial Intelligence (AI), Machine Learning (ML), Big 

Data Analytics have brought the potential of systematic analysis to the next level. These 

technologies provide users with the ability to process data in real-time, make forecasts and adjust 

to various conditions, which is possible to achieve due to support of organizations. For instance, 
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AI and ML can improve production planning, supply chain demand forecasting and improve 

decision-making in rapidly dynamic environment. 

Nevertheless, data quality, model and framework’s complexity, and the scalability of using 

decision-making frameworks are still big issues. Each of these challenges will need more 

improvements in data governance, generating better and easily interpretable models, and 

funding for training professionals equipped with adequate legal knowledge to manage such 

technologies. In addition, decision-makers need to adopt sustainable decision-making 

frameworks to address organizational performance with sustainable standards and 

responsibilities. 

Thus, the findings of this study make a valuable contribution to the literature for illustrating that 

incorporations of technology into the processes of marketing and new product development 

should be combined with human consideration to avoid a negative impact. Though systematic 

analysis and particularly AI can offer quantifiable analysis, it is the end user who is individually 

in charge of crucial discernment of the issue at stake, its cultural background, and the values that 

govern solutions in sectors such as healthcare, environmental science or political science. 
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