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Abstract - The understanding of the Agile development practices and quantum computer are becoming more and more a 

requirement as the engineering projects of the day are growing extremely complicated and dynamic. Agile methods that are 

familiar to facilitate an iterative cycle, cooperate and adaptability are inherently appropriate to the experimental and 

unpredictable world of quantum software development. Quantum computing (QC) that is grounded on the principles of 

superposition and entanglement is the origin of novel computational paradigms that require new programming and continuous 

fine-tuning. In addition to satisfying this need for brief development cycles and quick feedback loops, other Agile methods like 

Scrum, Kanban, and Extreme Programming (XP) also demand rigorous planning. On the other hand, quantum software 

engineering is faced with specific issues such as the unskilled personnel, testing issues, and hardware limitations. In that case, 

the Agile methodologies are salvaged and assist in the breaking down of complex and quantum tasks into manageable units 

and result in a continuous improvement. All in all, standardization of Agile practices and quantum computing does not just 
assist in the innovation, but also in reduction of the risk of development and speeding up the development of the practical 

quantum solutions to the current engineering projects. 

 

Keywords - Quantum Software Engineering, Extreme Programming, Quantum Computing, Software Development, Agile 

Frameworks, Quantum Programming. 

 

1. Introduction 
Agile software development has completely revamped the software industry and it is currently one of the most powerful 

theories in the contemporary engineering [1]. It provides organizations with a channel through which they can operate far much 

faster, flexibly and adaptively in variable environments [2]. Agile approaches, i.e. the ones based on the ideas of the Agile 

Manifesto, attach emphasis to the iterative development, constant provision of functioning software and communication with the 

customer to a large degree [3]. These are the underlying aspects of different Agile practices. To illustrate, Scrum minimizes 

documentation in contrast to the traditional approaches, and it still performs quick iterations; Iconix employs a semi-agile 

approach and minimizes the number of artifacts, still retaining the significant modeling elements; Extreme Programming (XP) is 

all about taking care of the quality of the software and being responsive to the ever-changing customer requirements; and lastly, 

Crystal puts people first and the interaction first as it uses light processes. 

 

Quantum computing (QC) has arisen as a transformative novel way of computing at the same time that Agile approaches 
have evolved .The quantum computers are able to leverage quantum principles like superposition and entanglement to tackle 

some complex problems tenfold quicker than the conventional machines [4]. QC is however not a universal accelerator; 

although it can be used to solve some problems that would be difficult in classical computing to compute in the lifetime of the 

universe, other problems demonstrate little or no improvement in QC. Regardless, QC has the potential to transform several 

disciplines, including optimisation, cryptography, materials research, and M. 

 

These areas, when collided, have resulted in the creation of QSE that is defined by a combination of good engineering with 

the creation, utilisation, and support of quantum software [5]. The main concern in QSE is how to keep classical software 

engineering methods applied to the quantum world and also develop new methods to meet the quantum-specific constraints [6]. 

The future quantum applications predominantly rely on hybrid models that integrate classical and quantum elements, and thus, 

QSE required to assure impeccable interoperability between the two environments. It plays a critical part in the process of 
designing modular, scalable, and integrable quantum services using the principles of Service-Oriented Computing (SOC) and 

implementing them utilizing strong Service Engineering techniques. 
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1.1.Organization of the paper 

This paper is organization as follows:  Section II highlights Agile development methodologies and important foundations.  

Section III introduces key principles and technology of quantum computing.  Section IV examines the combination of Agile 

techniques and quantum computing in engineering.  Section V includes a literature review on relevant topics, and Section VI 

closes the study with suggestions for further research. 

 

2. Agile Development Practices 
Agile techniques are defined as a set of procedures and methods that adhere to specific ideals and tenets.   They both have 

the characteristic of incremental, iterative development, which produces high-quality products, adapts quickly to changes in 

requirements, and meets client needs. Agile methodologies emphasis client involvement over contract discussions, working 

software over long documentation, individuals and interactions above procedures and technology, and mobility over rigidity [7]. 

Their purpose is to improve business and generate new ideas to suit consumer demands by quickly defining resources when 

requirements or technology change, as well as responding quickly to market changes or poor customer connections. The most 
extensively used agile methodologies in the sector include XP, Scrum, the Crystal Family, and DSDM. 

 

2.1. Agile Manifesto and Principles of ASD 

The ASD manifesto is described as follows:  

While the objects on the right have worth, they appreciate the items on the left more.  Instead of analyzing whether the stated 

concept is good or wrong, which might, in reality, be situation-dependent, this section describes the principles behind ASD 

(Awasthi, Rai). The 12 concepts expressed in the Agile Manifesto are formally written below: 

 The primary objective of agile software is to satisfy clients by consistently and early product delivery. 

 At every level of the Agile processes, modifications to the software requirements are always accepted for the 

customer's competitive advantage. 

 Although it usually takes a few weeks to a few months to produce functional software, the shorter time frame is 
recommended. 

 Throughout the project, software developers work every day with clients or businesses. 

 Projects are designed around experienced and devoted staff. Since they are given the required environment and support, 

it is assumed that they finish the task. 

 The most effective and efficient way to convey data with and within a development team is seen to be face-to-face 

contact. 

 Software functionality is meant to be the main objective of advancement. 

 Agile methodologies are intended to help sustainable development. 

 Continuous attention to technological quality and creative design is regarded to increase agility. 

 It is claimed that simplicity, the skill of optimizing the amount of effort not done, is vital. 

 

2.2. Key Frameworks of Agile Development  

This section describes essential Agile development frameworks, Scrum, Kanban, and XP, which are commonly used to 

manage and optimize software development processes. Scrum focuses on teamwork and time-boxed sprints and the role 

definition. Kanban is based on the visualization of the work processes, as well as the restriction of the work-in-progress in order 

to deliver it just-in-time. XP encourages technical excellence through approaches like pair programming, continuous integration, 

and test-driven development. When combined, these frameworks offer flexible and effective techniques for contemporary 

software engineering. 

 

2.2.1. Scrum 

Scrum is a framework that enables Agile teams to quickly and clearly develop and maintain composite products.  In any 

event, fully mastering and applying the technique is still challenging. Additionally, Scrum encourages colleagues to apply a 
diversity of methods and approaches. Decisions that outline the events, elements, and histories as well as the connections and 

interconnections among them form the foundation of Scrum. Priority is given to the internalization of groups that are not 

offended by strangers [8]. Scrum-using agile workers also want a team that is both big enough to finish a lot of work in one 

sprint and sufficiently small to be flexible. For example, it is regarded that the fairest size for an advancement group is five to 

eleven co-workers, taking into consideration the Product Owner and Scrum Master. 

 

2.2.2. Kanban 

In 2003-2004, David J. Anderson introduced the Kanban technique to Agile to help a struggling small Microsoft team. 

Anderson, however, only presented the Kanban information to the Software Development team in 2010, six years later. In 

essence, Kanban aims to safeguard the team from the never-ending work that an administration assigns while acknowledging a 

flexible pace of continual growth.   This contrasts with other Agile approaches, where there is essentially no defence against 

change [9]. The JIT principle, which argues that the team should not develop software features ahead of demand, is the core of 
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the Kanban technique and is particularly significant for structuring software development. To minimise waste and keep it as near 

to zero as feasible, the team is not obliged to create or offer superfluous highlights. 

 

2.2.3. Extreme Programming (XP) 

XP is a well-known Agile methodology. It has recently been established to be incredibly successful in several organizations 

of all sizes and in preparations across the globe [10].  Kent Beck, Ward Cunningham, and others developed the minor plan 
technique known as XP. XP has aroused tremendous intrigue and no little bit of controversy after high profile triumphs. One of 

the main aspects of the intrigue lies in the fact that XP is a practical approach to change management. The major practices are 

upfront combination of programming with writing tests, refactoring, and refactoring. The main standards are incremental and 

iterative improvement, work with the simplest set up, superfluous documentation elimination, and shared code ownership. 

 

3.Understanding Quantum Computing Principles 
Quantum computing relies on basic notions of quantum physics that, in particular, give significantly greater computational 
capacity as compared to traditional computers.  Knowledge of these concepts is the key to comprehending the use of quantum 

technologies in future engineering projects. The basic concepts are the following: 

 Superposition: Qubits are capable of existing in a superposition.  Unlike qubits, which can have both 0 and 1, classical 

bits can only have one of two values. This significantly speeds up some types of processing by enabling quantum 

computers to investigate a large number of options simultaneously. 

 Entanglement: Even if two qubits are physically separated, their states become so coupled when they are entangled that 

it is impossible to explain one qubit's state independently of the other.  This characteristic is useful for quantum 

algorithms and quantum communication. 

 Quantum Interference: Quantum algorithms can enhance the likelihood of accurate outcomes and decrease the risk of 

incorrect ones due to quantum interference.  The property is applied in QC to boost algorithm efficiency. 

 Quantum Measurement: Upon measurement, a qubit decreases from a superposition to one of the potential outcomes (0 
or 1).  Measurement contributes a crucial indeterminacy to QC but permits relevant information to be obtained. 

 

3.1. Key Quantum Principles: Superposition and Entanglement 

One key component of quantum algorithms has been established to be the capacity of quantum systems to reside in coherent 

superpositions of eigenstates. Nonetheless, superposition of eigen solutions is not inherently quantum and is a typical feature of 

many traditional wave equations. It would be really helpful if Jozsa and Ekert debated this topic. Using a multi-qubit system, the 

authors apply a fixed two-qubit quantum gate U to any pair (i,j) of qubits [11]. Following n steps, a probability distribution 

   *  ( )   ( )+ is used to measure qubit 1 and yield 0 or 1. The outcome can be obtained in time on by applying this 

procedure to a physical quantum system.  They then examine how the same probability distribution,                     , may 

be sampled using traditional methods. They demonstrate that  (  ) coefficients must be stored in order to describe this process 
in a classical simulation.  According to what they state, " The exponentially increasing amount of data that must be processed at 

each stage causes a classical simulation to slow down exponentially over time."  Therefore,  (  ) time steps are needed for a 

classical simulation, whereas O(n) time steps are needed for a quantum simulation. 

 

3.2. Current Quantum Technologies 

This section presents an overview of the technologies that underpin QC.  Its investigation includes quantum hardware 

platforms, which constitute the foundation of QC [12]. They scrutinize quantum API interfaces and software development 

packages, the gateway to the quantum algorithm design, and explore quantum cloud services, which allows the ease of access to 

quantum resources. 

 

3.2.1. Quantum Software Development Kits 
IBM and Microsoft, among others, provide integrated development kits such as the Qiskit and Quantum Development Kit 

that have tools, libraries and simulators to design, test and optimize quantum algorithms and circuits [13]. They are software 

development kits (SDKs) which offer quantum algorithms toolkits and libraries. Such kits provide a variety of functionalities, 

such as simulators, purpose-purpose programming languages, and many other resources to aid in the preparation of quantum 

code and its execution. The most well-known quantum software development kits are IBM Qiskit, Google Cirq SDK, and 

Microsoft Quantum Development Kit. 

 

3.2.2. Quantum Software Libraries 

Quantum Libraries consist of the code, functions and resources which are written in advance to make quantum algorithms 

and applications easier to create. These multipurpose hardware, programs and applications are engineered to exploit the massive 

potential of quantum computers [14]. Examples QuTip A good quantum optics and quantum information science package, 
which provides quantum system simulation and analysis tools. Cirq, another project developed by Google is also focused on 

quantum circuit design and noisy simulation but open fermion is focused on quantum chemistry simulation. The large 

technological companies and research centers are in the forefront of developing quantum software libraries. IBM, Google, 

Microsoft, and Righetti are some of the well-known market players in this sector. 
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3.2.3. Quantum Cloud Services 

Quantum cloud services are cloud-based services and tools that offer QC resources and tools. The services enable the users 

to execute quantum algorithms and programs without the need to own or operate their own quantum computers .The remote 

access to quantum processors is through cloud implementations by companies such as IBM, Google, and Righetti. IBM 

Quantum Experience is an access control to IBM quantum processors and simulators by offering cloud access, and Amazon 

Braket is a service offered by Amazon Web Services (AWS) that provides QC resources. On these platforms, it is feasible to test 
quantum algorithms, execute quantum simulations, and learn about the possibilities of QC. The simple model of quantum cloud 

computing software is presented in Figure 1. Advantages of quantum cloud services: 

 
Fig 1: Model Of Quantum Cloud Computing 

 

4. Agile Practices with Quantum Computing in Modern Engineering 
Combination Agile and QC offers a successful, iterative process of quantum application development.  The focus of Agile 

on short development cycles, cross-functional teams, and feedback can be easily adjusted to the experimental nature of QC, 

where the development progress is frequently incremental, and highly subject to technology change [15]. This implies that Agile 

offers a system to divide large and complex quantum algorithms into smaller, manageable tasks and also provides the teams with 

a system of responding to the technological and theoretical innovation in quantum. It operates with a constant improvement 
strategy on quantum solutions, which are optimized to serve business purposes and to serve machine learning and minimize risk 

and provide valuable changes. 

 

4.1. Adapting Agile Practices to the Unique Nature of Quantum Software Engineering 

The QSE should eventually incorporate the rapid development heritage of traditional computer programming, which started 

with hardwired, hardware-focused methodologies in the 1950s and matured into the present agile system development standards. 

However, the tools and methodologies used to accomplish agility within conventional computer science must be reassessed in 

light of the characteristics of quantum software development.    Software developers meet unanticipated quantum laws and must 

adopt an entirely different programming paradigm while constructing quantum programs [16]. For instance, measuring the 

values of quantum instructions that are executed in the qubit state. Testing quantum programs entails addressing the following 

issues: (1) defining test oracles because a quantum program's state may be in superposition, making it difficult to determine its 
exact state; (2) effectively generate quantum test data since quantum variables can be exponentially higher than conventional 

variables; and (3) dealing with false positives or negatives produced by vulnerabilities or hardware failures. 

 

4.2. Challenges and Solutions in Quantum Software Development 

QC has many challenges to integrate into the software sector despite its potential. This is achieved through a fuzzy Analytic 

Hierarchy Process (AHP) technique that highlights issues such as skill deficiencies, high prices and technical limitations. The 

problems require the proactive role in addressing the skills gaps and building interrelations between the stakeholders of the field. 

a multivocal literature review of the challenges and solutions in QC, identification of the gaps in knowledge and requirements of 

new research. The authors in their work also highlight that to prevent such a scenario, the organizations must have an integrated 

framework which assists in recognizing how such challenges can be overcome [17]. The QC plays a significant part in the 

corporate aspect of the initiatives of project managers who desire to exploit the technology. Project managers capable of making 

effective decisions through understanding the cost and operation possibilities of QC that can be utilized in accordance with the 
company goals. 

 

4.3. Agile Methodologies in Quantum Software Development 

Quantum agile development finds its basis on the convergence of agile and QC. They attract attention in their paper to the 

versatility of agile concepts to quantum software development, and give an idea of the opportunities of applying QC by project 

teams to the development process of the project using the iterative development and the continuous improvement of the coherent 

changes in technological tools and advancements. talk about the digital revolution of project management, and the need to have 

flexible methodologies that can respond to unexpected changes in the technological tool and developments. Their work is in line 
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with the expanding understanding that the current principles of project management are to be modified according to the latest 

technologies, such as QC. 

 

4.4. Impacts of Quantum Computing on Software Engineering 

QC is transforming the field of software engineering to come up with new algorithms, complexity, and hybrid systems. It 

also becomes a stimulus to the subsequent progress of optimization and requires the transition to post-quantum cryptography. 

 Algorithm Development: New schemes have been introduced through QC, such as the Grover algorithm to search 

unsorted databases as well as the Shor algorithm to factor large integers. Software developers may need to alter or 

create new algorithms on some tasks in order to be able to attain quantum speedup. 

 Increased Complexity: Quantum computers are more complex and thus difficult to develop software. Software 

engineers are faced with special defects and performance concerns by quantum systems.  

 Hybrid Systems: Several applications necessitate the integration of classical and QC.  To properly leverage both types 

of processing, software developers must devise novel integration mechanisms. 

 Optimization Problems: Finance and logistics are just some of the optimization challenges that QC can be successful at. 

Software engineers have to reconsider these challenges to be able to exploit the power of quantum algorithms. 

 Security and Cryptography: Post-quantum cryptography has arisen in response to the challenge given by QC to 

traditional encryption techniques.  To ensure security, software engineers must accept and implement the new 
requirements. 

 

5. Literature Review 
The following section offers a literature review concentrating on Understanding the Use of Agile Development Practices 

Alongside QC in Modern Engineering Projects, with a quick overview in Table I. 

 

de Vicente Mohino et al. (2019) The suggested approach indicates that if security is considered from the start, 
vulnerabilities may be swiftly detected and repaired throughout the project's specified time, with no additional effort or expense 

to the client, boosting the chance of success in terms of both functionality and quality. The software development environment is 

meant to provide effective products in the shortest period of time and utilising the fewest resources feasible. In this context, 

critical components such as software quality or security are not even examined, and in most situations, the considerable value 

offered to projects is not taken into consideration. [18].  

 

Pereira and Russo (2018) examined the relationship between agile software development approaches and the Design 

Thinking methodology. A thorough literature study was carried out to gather, analyse, and assess 29 articles on the topic. It 

shows that most integrated models may be applied across the software life cycle, with the most popular being Scrum, an agile 

methodology, and the ISO DT process. The software's quality and usability improved as a result of the integrated models' better 

congruence between the development team and end users [19]. 
 

Gustavsson (2016) provides a detailed literature study to establish the benefits of using agile approaches in non-software 

development activities. With a few exceptions pertaining to strategy formulation and library management, the most of the 21 

case studies analysed were for industrial businesses. The most commonly mentioned advantages were teamwork, client 

communication, productivity, and flexibility. The primary advantages matched the Agile Manifesto's first value:  persons and 

interactions vs processes and systems [20]. 

 

Matharu et al. (2015) Discuss the necessity, advantages, and rising popularity of Agile methodologies in light of current 

dynamic and challenging software needs. This study's main goal is to perform empirical research on the choice of three of the 

most popular agile approaches: Scrum, Extreme Programming, and Kanban. Additionally, this article analyses various 

techniques to agile software development. It illustrates that Scrum-based development is more commonly employed in the 

contemporary software industry than Extreme Programming and Kanban techniques [21]. 
 

Inayat et al. (2015) This research identified 17 agile requirements engineering options, five concerns with traditional 

demands engineering that agile demands engineering solves, and eight obstacles provided by agile requirements engineering. 

Their findings, however, imply that agile requirements engineering as a research framework warrants greater investigation. To 

fully comprehend the effects of agile requirements engineering techniques, such as managing non-functional demands and self-

organising teams, more study is required [22]. 

  

Usman et al. (2014) Provide an in-depth overview of the present state of ASD effort estimation. The selection of twenty-five 

primary studies yielded the following significant findings The most typical size metrics in an agile context are use case points 

and story points; the most prevalent accuracy metrics are MMRE and MRE; team skills, prior experience, and task size are the 

three key cost drivers for effort estimate in ASD;  The only two agile methodologies found in the major research are XP and 
SCRUM. [23]. 
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Table I summarizes the literature on Understanding the Use of Agile Development Practices Alongside QC in Modern 

Engineering Projects, including methodology, significant findings, problems, and future directions 

 

Table 1: Summary on Agile Development Practices alongside Quantum Computing in Modern Engineering Projects 

Author Study On Approach Key Findings Challenges Future Directions 

de Vicente 

Mohino et 

al. (2019) 

Integrating 
security early in 

Agile 

development 

Proposed 

security-
focused 

methodology 

within Agile 

projects 

Early consideration of 

security enables timely 

detection and resolution of 
vulnerabilities; no added 

time or cost for clients; 

improves project success 

in terms of functionality 

and quality 

Traditional Agile 

environments often 
overlook security 

and software quality 

due to focus on 

speed and minimal 

resources 

Develop Agile 

frameworks where 

security is 
embedded 

throughout all 

iterations; explore 

automated security 

tools for early 

detection 

Pereira & 

Russo 

(2018) 

Integration of 

Design Thinking 

(DT) with Agile 

methodologies 

Systematic 

Literature 

Review (29 

studies) 

Integrated DT–Agile 

models improve user 

alignment, software 

quality, and usability; ISO 

DT model + Scrum most 

commonly used 

Limited empirical 

studies on combined 

DT–Agile models; 

inconsistent 

application across 

software life cycle 

Conduct empirical 

evaluations of 

integrated DT–

Agile processes; 

develop standard 

hybrid frameworks 

Gustavsson 

(2016) 

Agile methods' 

benefits in 

settings other 

than software 

development 

Systematic 

Literature 

Review (21 

case studies) 

Agile encourages 
cooperation, customer 

involvement, productivity, 

and flexibility; the 

advantages are consistent 

with the Agile Manifesto 

ideal.  "People and 

relationships over 

procedures and 

equipment" 

Limited evidence 

from sectors beyond 

manufacturing; lack 

of long-term impact 

studies 

Expand Agile 

research in diverse 

non-software 

domains; 

investigate 

scalability and 

sustainability of 

Agile practices 

Matharu et 
al. (2015) 

Adoption and 

comparison of 

Agile 
methodologies 

(Scrum, XP, 

Kanban) 

Empirical 

study + 
comparative 

analysis 

The most popular 

approach is Scrum, while 

Agile enhances 
adaptability to changing 

software requirements. 

Lack of standardized 

criteria for selecting 

Agile methods; 
limited comparative 

performance data 

Develop criteria for 

methodology 

selection; evaluate 

hybrid Agile 
models combining 

strengths of 

multiple methods 

Inayat et al. 

(2015) 

Practices and 

problems in ARE 

Systematic 

Literature 

Review 

Identified 17 ARE 

practices, five traditional 

RE challenges solved by 

Agile, and eight new 

challenges emerging from 

ARE 

Challenges include 

handling non-

functional 

requirements, 

limited 

documentation, self-

organizing team 

issues 

Conduct empirical 

studies on ARE 

effectiveness; 

explore strategies 

for managing non-

functional 

requirements in 

Agile 

Usman et al. 

(2014) 

Effort estimation 

approaches in 

ASD 

Systematic 

Literature 

Review (25 

primary 

studies) 

Subjective estimation 

dominates ASD; use-case 
points & story points 

extensively employed; 

MMRE & MRE routinely 

applied metrics; team 

skills, experience, and 

work size are significant 

cost factors;  The most 

popular approaches are 

Scrum and XP. 

Lack of objective 

estimation models; 

variability due to 

human factors in 

subjective 

estimation 

Develop data-

driven estimation 

models; examine 

estimation 

accuracy across 

different Agile 

frameworks 
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6. Conclusion and Future Work 
Combining Agile development practices with quantum computing is likely to result in better engineering projects of the 

future. The eventuality that jewels cut by the adoption of the Agile methodology's iterative, collective, and adaptive characters is 

already here and it lies in the uncertainty and fast-paced changes surrounding the development of quantum technologies. New 

requirements that are accompanied with the latter include advanced model programming, faulty hardware and large test cases 

that can hardly be solved with standard software development methods. However, Scrum, Kanban, XP frameworks support the 

development teams to adjust to the changes which are currently happening by sharing the resources among the short sprints, 

undertaking constant experiments, and establishing regular feedbacks. The result of it is the more freedom is allowed; the less 

risk is engaged in the sooner quantum algorithms and applications will be perfected. Also, Agile practices are skill-gap fixer and 

that favours teamwork activity in functional areas and therefore, knowledge sharing. The QC is still at the infancy stage and the 

Agile techniques are right at the perfect period to make certain that the quantum solutions will not only imitate the business 

wants, but also the technical enhancement and engineering discoveries. 

 
The future efforts should target professionalization of the existing Agile structures to quantum software engineering, 

quantum test equipment, and training courses to developers. Besides, it should be extended to hybrid classical-quantum 

workflows, automated debugging, and scaling up project management models of large-scale quantum applications exploration 

should be included in the research pipeline. 
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