
Available online www.ejaet.com 

European Journal of Advances in Engineering and Technology, 2022, 9(9):61-66 

 

Research Article ISSN: 2394 - 658X 

 

 

61 

 

Systems Engineering in Complex Systems: Challenges and Strategies 

for Success 
 

Iqtiar Md Siddique 
 

Department of Industrial, manufacturing, and Engineering, the University of Texas at El Paso, USA 

E-mail:  iqtiar.siddique@gmail.com 
_____________________________________________________________________________________________

 
ABSTRACT 

Requirement engineering plays a pivotal role in the development of complex systems, ensuring that stakeholder needs 

are effectively captured and translated into system specifications. However, the inherent complexity of modern 

systems presents unique challenges that can impede the requirements engineering process. This journal article explores 

the key challenges encountered in requirements engineering for complex systems and proposes strategies for success. 

The challenges include managing the intricacies of system interactions, dealing with uncertainty and ambiguity in 

requirements elicitation, addressing evolving requirements, ensuring stakeholder alignment, and accommodating non-

functional requirements. To overcome these challenges, various strategies are discussed, including the adoption of 

agile and iterative approaches, the utilization of model-based requirements engineering techniques, effective 

stakeholder engagement strategies, leveraging tools and technologies for requirements management, and incorporating 

risk management practices. Case studies from diverse domains such as aerospace, healthcare, and automotive systems 

provide practical insights into the application of these strategies in real-world scenarios. Additionally, the article 

highlights future directions and emerging trends in requirements engineering, including the integration of artificial 

intelligence and machine learning, advancements in requirements visualization and communication, and considerations 

for ethical and regulatory aspects. By addressing the challenges and implementing effective strategies, practitioners 

can navigate the complexities of requirements engineering in complex systems and ensure the success of system 

development projects. 
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1. INTRODUCTION 

Requirement engineering plays a pivotal role in the development and management of complex systems, serving as a 

foundation for ensuring the success and functionality of these systems. As technological advancements continue to push 

the boundaries of what is possible, the design and implementation of complex systems become increasingly intricate, 

presenting unique challenges and considerations for engineers and developers. In this context, requirements engineering 

emerges as a critical discipline aimed at effectively capturing, analyzing, documenting, and managing the needs and 

constraints of stakeholders throughout the system lifecycle [1]. 

Complex systems, by their very nature, encompass a multitude of interconnected components, diverse stakeholders, and 

dynamic environments. From large-scale software applications to intricate hardware systems, the requirements for these 

systems must be carefully elicited, understood, and translated into actionable specifications to guide the development 

process. Failure to adequately address the complexities inherent in these systems during the requirements engineering 

phase can lead to costly rework, delays, and ultimately, project failure [2,3]. 

Understanding the importance of requirements engineering in complex systems requires an exploration of the unique 

challenges and intricacies that characterize such environments. These challenges often arise from the sheer scale and 

complexity of the system, as well as the inherent uncertainties and evolving nature of the operational context. 

Additionally, complex systems frequently involve diverse stakeholders with varying needs, priorities, and expectations, 

further complicating the requirements elicitation and management process [4,5]. 

Despite these challenges, effective requirements engineering holds the key to mitigating risks, maximizing stakeholder 

satisfaction, and ultimately delivering successful outcomes in complex systems development. By employing systematic 
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approaches, advanced techniques, and robust methodologies, engineers and practitioners can navigate the complexities of 

requirements engineering in complex systems more effectively [6]. Moreover, embracing a holistic view of requirements 

engineering that considers not only technical specifications but also broader socio-technical factors can lead to more 

resilient and adaptable system designs. 

In this journal article, we delve into the multifaceted landscape of requirements engineering in complex systems, aiming 

to provide insights, strategies, and best practices for addressing the unique challenges posed by these environments. 

Through a comprehensive examination of relevant literature, case studies, and practical examples, we seek to empower 

engineers, researchers, and stakeholders with the knowledge and tools necessary to navigate the complexities of 

requirements engineering and drive success in the development of complex systems [7,9]. 

 

 
Fig. 1 On the relationship between similar requirements and similar software | Requirements Engineering [8] 
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2. CHALLENGES IN REQUIREMENTS ENGINEERING FOR COMPLEX SYSTEMS 

2.1    Complexity of System Interactions 

Complex systems often involve numerous interconnected components and subsystems, leading to intricate interactions 

and dependencies. Understanding and managing these interactions pose significant challenges in requirements 

engineering, as changes in one component can have ripple effects throughout the system, impacting its behavior and 

performance. Addressing the complexity of system interactions requires careful analysis and modeling to capture the 

interdependencies accurately. Siddique et al. (2022) describes in several papers this research regarding the deep idea for 

future work who can get deeper knowledge [13-16]. 

 

2.2    Uncertainty and Ambiguity in Requirements Elicitation 

Uncertainty and ambiguity are inherent in requirements engineering, particularly in complex systems where requirements 

may be ill-defined or subject to change. Eliciting clear and unambiguous requirements from stakeholders can be 

challenging, as different perspectives, priorities, and interpretations may lead to inconsistencies or misunderstandings. 

Managing uncertainty and ambiguity requires effective communication, collaboration, and techniques such as 

prototyping and scenario-based elicitation to clarify requirements and reduce ambiguity. 

 

2.3    Managing Evolving Requirements 

Complex systems often undergo continuous evolution throughout their lifecycle, driven by changing user needs, 

technological advancements, and external factors. Managing evolving requirements poses a significant challenge in 

requirements engineering, as stakeholders' expectations may shift over time, leading to scope creep or project delays. 

Adopting agile methodologies, iterative development approaches, and flexible requirements management processes can 

help address the dynamic nature of requirements and facilitate adaptation to changing circumstances. 

 

2.4    Ensuring Stakeholder Alignment 

Complex systems typically involve diverse stakeholders with varying interests, priorities, and levels of influence. 

Ensuring alignment among stakeholders and reconciling conflicting requirements can be challenging, particularly in 

environments where multiple stakeholders have competing objectives or limited communication channels. Effective 

stakeholder engagement, negotiation, and consensus-building strategies are essential for fostering collaboration and 

achieving alignment on requirements. 

 

2.5    Addressing Non-Functional Requirements 

Non-functional requirements, such as performance, reliability, security, and usability, are critical aspects of complex 

systems that often present unique challenges in requirements engineering. Unlike functional requirements, which specify 

what the system should do, non-functional requirements define how the system should perform or behave under different 

conditions. Addressing non-functional requirements requires careful consideration of system constraints, quality 

attributes, and trade-offs to ensure that the system meets its performance objectives while satisfying stakeholder 

expectations. 

In summary, the challenges in requirements engineering for complex systems are multifaceted and require a 

comprehensive approach to address effectively. By understanding and addressing the complexity of system interactions, 

managing uncertainty and ambiguity, facilitating stakeholder alignment, and addressing non-functional requirements, 

engineers and practitioners can navigate the complexities of requirements engineering and drive success in the 

development of complex systems. 
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Fig. 2 Challenges in requirement engineering [10] 

 

3. STRATEGIES FOR SUCCESSFUL REQUIREMENTS ENGINEERING 

3.1    Adopting Agile and Iterative Approaches 

Agile and iterative methodologies offer valuable strategies for managing the complexity and uncertainty inherent in 

requirements engineering for complex systems. By breaking down development into smaller, manageable increments, 

agile approaches enable teams to iteratively gather, prioritize, and validate requirements, fostering flexibility and 

responsiveness to changing stakeholder needs and evolving project requirements. Embracing agile principles such as 

collaboration, adaptability, and continuous improvement can enhance the effectiveness and efficiency of requirements 

engineering processes, enabling teams to deliver high-quality solutions that meet stakeholders' evolving expectations. 

 

3.2    Utilizing Model-Based Requirements Engineering Techniques 

Model-based requirements engineering (MBRE) techniques provide powerful tools for capturing, analyzing, and 

managing complex system requirements in a structured and visual manner. By creating formal models that represent 

system requirements, behaviors, and relationships, MBRE facilitates clearer communication, improved understanding, 

and early detection of inconsistencies or conflicts in requirements. Utilizing MBRE techniques such as use case 

modeling, domain-specific languages, and formal specification languages can enhance the precision, completeness, and 

traceability of requirements, ultimately leading to more robust and reliable system designs. 

 

3.3    Implementing Effective Stakeholder Engagement Strategies 

Successful requirements engineering relies on effective communication, collaboration, and engagement with stakeholders 

throughout the development lifecycle. Engaging stakeholders early and often, soliciting their input, and actively 

involving them in requirements elicitation, validation, and review processes can help ensure that their needs, preferences, 

and expectations are accurately captured and reflected in the system requirements. Implementing strategies such as 

stakeholder workshops, interviews, surveys, and user feedback sessions can foster a sense of ownership and commitment 

among stakeholders, promoting alignment, buy-in, and satisfaction with the final solution. 

 

3.4    Leveraging Tools and Technologies for Requirements Management 

Tools and technologies play a crucial role in streamlining and enhancing requirements management processes for 

complex systems. Requirements management tools offer functionalities such as requirements elicitation, documentation, 

traceability, version control, and change management, providing teams with centralized repositories and automated 
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workflows for managing requirements throughout the development lifecycle. Leveraging tools such as requirements 

management systems, collaborative platforms, and visualization tools can improve transparency, accessibility, and 

efficiency in requirements engineering, enabling teams to better track, prioritize, and address evolving requirements and 

project changes [11]. 

 

3.5    Incorporating Risk Management in Requirements Engineering 

Risk management is an essential component of successful requirements engineering for complex systems, as it helps 

identify, assess, and mitigate potential threats and uncertainties that could impact project success. Incorporating risk 

management activities into requirements engineering processes enables teams to proactively identify and address risks 

related to unclear, incomplete, or conflicting requirements, as well as external factors such as technological 

dependencies, regulatory changes, and market dynamics. By conducting risk assessments, developing risk mitigation 

strategies, and monitoring risk exposure throughout the development lifecycle, teams can minimize project disruptions, 

improve decision-making, and enhance overall project resilience. 

 
Fig. 3 How to Get into Systems Engineering [12] 

 

4. DISCUSSION AND CONCLUSION 

In this article, we explored the challenges and strategies associated with requirements engineering for complex systems. 

The discussion highlighted the multifaceted nature of these challenges, including the complexity of system interactions, 

uncertainty and ambiguity in requirements elicitation, the management of evolving requirements, ensuring stakeholder 

alignment, and addressing non-functional requirements. Each of these challenges presents unique hurdles that must be 

overcome to achieve successful requirements engineering outcomes. Furthermore, we examined various strategies for 

addressing these challenges, emphasizing the importance of adopting agile and iterative approaches, utilizing model-

based requirements engineering techniques, implementing effective stakeholder engagement strategies, leveraging tools 

and technologies for requirements management, and incorporating risk management practices. These strategies offer 

valuable insights and practical guidance for navigating the complexities of requirements engineering in the context of 

complex systems. In conclusion, requirements engineering for complex systems is a dynamic and multifaceted process 

that requires careful attention to a diverse range of challenges and considerations. By understanding the unique 

challenges posed by complex systems and employing appropriate strategies and techniques, teams can enhance the 

effectiveness, efficiency, and resilience of their requirements engineering efforts. Ultimately, successful requirements 

engineering is essential for the development of high-quality, reliable, and sustainable systems that meet the needs and 

expectations of stakeholders while delivering value to organizations and end-users alike. In addition to the challenges and 

strategies discussed, it is crucial to recognize the evolving nature of requirements engineering in response to 

advancements in technology, changes in user needs, and shifts in market dynamics. Continuous learning, adaptation, and 
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innovation are essential for staying ahead in an increasingly complex and competitive environment. Moreover, 

collaboration across multidisciplinary teams, knowledge sharing, and best practice dissemination play vital roles in 

fostering a culture of excellence in requirements engineering. By embracing a proactive and adaptive mindset, 

organizations can navigate the complexities of requirements engineering more effectively and position themselves for 

success in an ever-changing landscape. 

 

REFERENCES 

[1]. Marugán, A. P. (2023). Applications of Reinforcement Learning for maintenance of engineering systems: A 

review. Advances in Engineering Software, 183, 103487. 

[2]. Kumar, S., Chaudhary, S., & Jain, D. C. (2014). Vibrational studies of different human body disorders using ftir 

spectroscopy. Open Journal of Applied Sciences, 2014. 

[3].  Baker, M. J., Gazi, E., Brown, M. D., Shanks, J. H., Gardner, P., & Clarke, N. W. (2008). FTIR-based 

spectroscopic analysis in the identification of clinically aggressive prostate cancer. British journal of cancer, 

99(11), 1859-1866. 

[4]. Leveson, N. G. (2023). An Introduction to System Safety Engineering. MIT Press. 

[5]. Christou, C., Agapiou, A., & Kokkinofta, R. (2018). Use of FTIR spectroscopy and chemometrics for the 

classification of carobs origin. Journal of Advanced Research, 10, 1-8. 

[6]. Khang, A., Rani, S., Gujrati, R., Uygun, H., & Gupta, S. K. (Eds.). (2023). Designing Workforce Management 

Systems for Industry 4.0: Data-Centric and AI-Enabled Approaches. CRC Press. 

[7]. Jahangiri, S., Abolghasemian, M., Ghasemi, P., & Chobar, A. P. (2023). Simulation-based optimisation: analysis 

of the emergency department resources under COVID-19 conditions. International journal of industrial and 

systems engineering, 43(1), 1-19. 

[8]. D'Souza, L., Devi, P., Divya Shridhar, M. P., & Naik, C. G. (2008). Use of Fourier Transform Infrared (FTIR) 

spectroscopy to study cadmium-induced changes in Padina tetrastromatica (Hauck). Analytical Chemistry 

Insights, 3, 117739010800300001. 

[9]. Johri, A. (2023). International Handbook of Engineering Education Research (p. 760). Taylor & Francis. 

[10]. Georgievski, I. (2023, May). Conceptualising software development lifecycle for engineering AI planning 

systems. In 2023 IEEE/ACM 2nd International Conference on AI Engineering–Software Engineering for AI 

(CAIN) (pp. 88-89). IEEE.  

[11]. Pfeiffer, J., Gutschow, J., Haas, C., Möslein, F., Maspfuhl, O., Borgers, F., & Alpsancar, S. (2023). Algorithmic 

Fairness in AI: An Interdisciplinary View. Business & Information Systems Engineering, 65(2), 209-222.  

[12]. Raman, R., Gupta, N., & Jeppu, Y. (2023). Framework for Formal Verification of Machine Learning Based 

Complex System‐of‐Systems. Insight, 26(1), 91-102. 

[13]. Siddique, I. M. (2021). Carbon nanotube-based sensors – A review. Chemistry Research Journal, 2021, 6(1):197-

205. 

[14]. Siddique, I. M. (2022). Sustainable Water Management in Urban Environnements. Chemistry Research Journal, 

2022, 7(4):95-101. 

[15]. Siddique, I. M. (2021) Sustainable Water Management in Urban Areas: Integrating Innovative Technologies and 

Practices to Address Water Scarcity and Pollution. The Pharmaceutical and Chemical Journal, 2021, 8(1):172-

178.  

[16]. Siddique, I. M. (2022). Exploring the World of Sensors - Advancements in Nanotechnology. The Pharmaceutical 

and Chemical Journal, 2022, 9(3):160-168. 

 


