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Abstract. The purpose of the article is to study the issue of application of software requirements
management methods during project management under conditions of uncertainty. It has been
established that the management of requirements under conditions of uncertainty should be
considered as permanent processes of system management of requirements throughout all stages of
the project life cycle, which involves activities aimed at maintaining, tracking and checking
requirements from the moment of their formation to their implementation and beyond. Based on
the results of the research, it was found that the most common requirements management methods
are: flexible (Agile) approach; advanced requirements analysis; the "Gradual Disclosure" method;
models of iterative and incremental development; the "Minimum Viable Product” method; "Just-in-
Time" method etc. It has been established that the use of software requirements management
methods becomes especially relevant in conditions of uncertainty, as these methods allow you to
effectively deal with dynamic changes and ensure the flexibility of the project. It was found that
requirements management should focus on the organization, communication and development of
requirements, among which the following can be distinguished: change management, traceability of
requirements, communication, version control of requirements documents, etc. It has been
investigated that change management involves making corrections to specified requirements during
project implementation, as well as assessing the impact of corrections, obtaining permission to
modify and update the necessary documents. Traceability, in turn, means defining and maintaining
traceable relationships between requirements and other project artifacts, such as project
documentation, test cases, and code. Therefore, traceability makes it possible to guarantee that all
requirements are taken into account and corrections can be traced throughout the development of
the project. At that time, communication facilitates effective communication between project
stakeholders regarding the requirement and involves the conversion of updates, resolution of
problematic aspects, and facilitating that all members of the working group have a common
understanding of the formulated requirements. Also, control over the versions of requirements
documents in order to track corrections in time. The obtained results of the conducted research
serve as a basis for further research in the part of more effective use of requirements management
methods during the implementation of projects in conditions of uncertainty.
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1. INTRODUCTION

The field of software development and project management of requirements management is
characterized by the fact that it has extremely important processes that ensure the effective capture,
documentation and tracking of project requirements throughout all stages of their implementation, even
under conditions of uncertainty. They are a good foundation for successful project implementation,
maintaining clear relationships with stakeholders, managing development efforts, and creating products
that meet customer requirements.

It has been established that requirements management means systematic collection, documentation,
analysis, prioritization, tracking and control of project requirements. Such requirements will include
functional, non-functional, technical and business components. At the same time, the main goal is for all
stakeholders to have a clear and common understanding of the project's tasks.

Throughout all phases of the project life cycle, the requirement must be refined, validated, and
verified to ensure that it is accurate, feasible, and consistent with the project objectives. Such a process
reduces the risks associated with changes in volumes, missed deadlines and customer dissatisfaction in
conditions of uncertainty.

So, it is clear that requirements management means systematic and important processes within
project management and development of software products, which are aimed at the implementation of
several of the most important tasks. Such tasks must ensure that the project requirement is recorded,
documented, evaluated and verified in such a way that contribute to the successful implementation of
the project and satisfy the needs of customers.

2. THEORETICAL FRAMEWORK

It should be noted that precisely established requirements are a fundamental component in the
process of decision-making regarding design and development. When a developer has a clear
understanding of what exactly he needs to accomplish, he can focus on building quality products that
meet the set parameters. This in turn makes it possible to minimize rework, reduce the number of
defects and ensure the launch of a more perfect final product.

Another important component is that requirements management must ensure that the final product
meets customer expectations. At the same time, by verifying and establishing customer needs at the
early stages of the process under conditions of uncertainty, the project team has the opportunity to make
the necessary adjustments and avoid costly changes later. When a launched product meets or exceeds
customer expectations, the degree of satisfaction increases, ensuring the development company's overall
reputation grows (Piatnychuk et al., 2022; Piatnychuk, & Pyatnychuk, 2021).

It has been established that clearly organized requirements management processes in conditions of
uncertainty make it possible to use project resources more effectively. Resources such as financial, labor,
and time resources can be allocated for use based on prioritization of relevant requirements. This, in
turn, makes it possible to prevent unnecessary isolation of functional characteristics with lower priorities
and to optimize the use of available resource provision.

3. RESEARCH OBJECTIVE, METHODOLOGY AND DATA

Requirements management makes it possible to identify likely risks and uncertainties at the initial
stages of the project life cycle. Taking into account the results of a thorough assessment and verification
of requirements, developers are able to identify possible obstacles, problems of a technological nature
and the reality of implementation. This approach allows developers to plan and address such challenges
before they become significant problems.

It is also important to note that requirements management and requirements development are
considered distinct but related processes in the fields of project management and software development.
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Although they have common features, they are intended for different purposes and stages of the project
life cycle. Among the main differences between these concepts, the following can be distinguished.

According to research conducted by IBM in the field of IT, 60% of time spent by software
development organizations is a result of an ineffective approach to requirements management
(Ryabokin, 2014). In organizations that do not have sufficient business analysis capabilities, projects are
three times more likely to fail than to succeed. Failure to fully identify, clearly articulate customer
requirements, and track changes in requirements are typical causes of disruption to project timelines
and budgets. As a result, errors in the requirements that are revealed at the later stages of the project
amount to 30-40% of the total cost of the project budget. With proper requirements definition and
management, project cost overruns can be reduced by 20% by reducing the number of inaccurate,
incomplete and lost requirements. Therefore, the task of organizing an effective requirements
management process is urgent (Ryabokin, 2014).

Thus, the purpose of the article is to study the issue of application of software requirements
management methods during project management under conditions of uncertainty.

4. RESULTS AND DISCUSSION

Managing requirements under uncertainty requires special methods and approaches, as uncertainty
can significantly complicate the process of defining, gathering and managing software requirements. We
consider it necessary to consider some existing methods and approaches to requirements management
under conditions of uncertainty.

Methods of managing software requirements during project management under conditions of
uncertainty: Agile approach; Requirements Elicitation; Progressive Elaboration; Rational Unified
Process; Minimum Viable Product, etc.

Flexible (Agile) approach (Fig. 1). Agile-based software development methodologies such as Scrum,
Kanban, and Extreme Programming (XP) are actively used to manage requirements under uncertainty.
Agile approaches allow you to change requirements during development and quickly adapt to changing
conditions. Figure 1.1 shows the Agile methodology model (Dreissigacker, 2022; Kushnir, 2023).

Fig. 1. Software development methodologies based on Agile
Source: (Dreissigacker, 2022; Kushnir, 2023)

It is worth noting that Agile also means a strategic approach to software development and project
management, which emphasizes the ability to quickly adapt to changes. In the context of requirements
management, it is defined as follows (“What is Agile Software Development”, 2022):

1. Collaboration with interested parties: The Agile approach emphasizes close interaction with the
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client, users, and other stakeholders throughout the development process. Requirements may change
during the project and it is important to identify and account for these changes.

2. Iterations and incremental development: the work product is developed iteratively, in small parts
(increments) that are quickly implemented and evaluated. This allows flexibility to adapt requirements
based on experience and changing user needs.

3. Changeability of requirements: An Agile approach to requirements management involves
accepting that requirements can change. It is important to have mechanisms to effectively identify,
evaluate and integrate changes in the development process.

4. Simplifying documentation: Agile emphasizes human interaction more than documentation.
Although documentation is important, an agile approach favors simplified and clear documentation, as
well as active communication between team members.

5. Testing and Quality Assurance: Agile approach includes continuous testing and quality assurance
throughout the development process. This helps to identify and correct problems quickly, ensuring high
product quality.

Consequently, an agile approach to requirements management is the basis for many software
development methodologies, such as Scrum, Kanban, etc. (“What is Agile and how to apply it in
business”, 2021). Its core principles are aimed at building effective and adaptive teams to achieve
successful results in a changing development environment.

Requirements Elicitation is the process of systematically collecting, analyzing, documenting and
specifying requirements for a system or software. This process is a key stage in requirements
management and is an important component of software product or system development (“What Is
Elicitation: Top Requirement Elicitation Techniques for 2023”7, 2023).

In Fig. 2 shows the method of advanced analysis of requirements (Requirements Elicitation).
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Fig. 2. Requirements Elicitation
Source: (“What Is Elicitation: Top Requirement Elicitation Techniques for 2023, 2023)

Advanced requirements analysis includes several important stages (“What Is Elicitation: Top
Requirement Elicitation Techniques for 2023”7, 2023; Laplante, 2009):

1. Collection of requirements. This phase includes interaction with stakeholders to identify their
needs and expectations from the system. Methods such as interviews, focus groups, questionnaires, and
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prototyping can be used to effectively gather requirements.

2. Requirements analysis. At this stage, an in-depth analysis of the information obtained at the stage
of gathering requirements is carried out. Requirements can be classified, specified and prioritized. It is
also important to check requirements for inconsistency and consistency.

3. Documentation of requirements. Collected and analyzed requirements should be documented in
detail. This may include creating requirements specifications, diagrams, tables, and other documents
that clearly define what the system must do.

4. Specification of requirements. Sometimes problematic aspects or ambiguities may arise during
requirements analysis. Clarification of requirements involves solving these issues by communicating
with interested parties and clarifying the details of requirements.

5. Approval of requirements. After specifying the requirements and documenting them, they must
be approved by all interested parties. This is an important stage, because the approved requirements
become the basis for the further development of the project.

Advanced requirements analysis is used in many software development methodologies, including
agile approaches (Agile), traditional waterfall methods (Waterfall) and others. This process helps ensure
that the product or system being developed meets the expectations of customers and users, and is a key
element of effective requirements management (Yatsyshyn, Petryk, & Markovets, 2017).

The method of "Progressive Elaboration” in requirements management indicates that requirements
can be revealed, clarified and developed gradually over time. This principle is especially relevant in
flexible (Agile) software development methodologies, but can also be applied in other approaches. In
Fig. 3 shows the general scheme of gradual disclosure (Tsonev, 2019).
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Fig. 3. Progressive Elaboration

Source: (Tsonev, 2019)

The main ideas of the “Gradual disclosure” method (“Top 12 Best Software Development
Methodologies & its Advantages / Disadvantages”, 2017):

1. Changing requirements over time. Project requirements often cannot be fully defined at the
beginning of the process. Progressive disclosure involves the assumption that new requirements or
refinements to existing ones may arise during development or even after the product is released.
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2. Clarification and expansion of requirements. Instead of spending a significant amount of time
defining all the requirements at the outset, teams can start with a basic understanding and then
gradually refine and develop it based on the knowledge and experience gained.

3. Cooperation with interested parties. The principle emphasizes the importance of continuous
engagement with stakeholders to ensure that their needs and expectations meet evolving requirements.

4. Flexibility and adaptability. Teams must be flexible and ready to adapt to changes in
requirements. This allows us to respond more quickly to new requirements and changing conditions,
ensuring that the product meets the current needs of users.

It is worth noting that the principle of “Gradual disclosure” is taken from flexible methodologies,
where changes in requirements are considered the norm, not the exception. This emphasizes the
dynamics and evolution of requirements throughout the development process, allowing for better
adaptation to changes in the project environment and user requirements.

Iterative and incremental development models are software development strategies often used in
requirements management. These models allow you to effectively manage change and improve the
product by adding new features iteratively or incrementally. For example (Kyrylenko, 2018):

1. Iterative model: involves constant repetition of iterations, each of which is a mini-project that
includes stages of development, testing and implementation. At each iteration, requirements may be
changed or new requirements may be added. Requirements can be refined and supplemented during
each iteration, which allows you to effectively respond to changes and ensure better adaptation to user
needs.

2. Incremental model: involves adding new functionality or increments (parts) to an already existing
product. At the same time, new requirements can be included in new increments, which allows for
gradual improvement of the product. The requirements for each increment can be defined and specified
before starting work on it.

Both models are designed to improve product quality and collaboration with the client or
stakeholders. They allow for greater flexibility and adaptability to change, which can be particularly
useful in projects where requirements may change frequently or may not be fully defined at the outset.
In Fig. Figure 4 shows the diagram of the iterative model.
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Fig. 4. Rational Unified Process
Source: (Kyrylenko, 2018)

Among the models of iterative and incremental development, it is possible to single out the use of
models such as RUP (Rational Unified Process) or Spiral, which allows software to be developed
iteratively and incrementally, which makes it possible to take into account uncertainty in the
development process (Likarenko, 2020).

For example, Rational Unified Process (RUP) is an iterative and incremental approach to software
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development that was developed by Rational Software Corporation (acquired by IBM) and presented as
one of the project management and software development methodologies. Requirements management
in RUP includes several important elements: requirements collection; requirements analysis;
specification of requirements; validation and verification of requirements. RUP aims to create high-
quality software products by using flexible, iterative and incremental development methods. This
approach allows for adaptation to changes in requirements and ensures better cooperation with
customers and stakeholders (Kuzminykh, Koval, & Taranenko, 2023).

In turn, the “Spiral” model is an iterative model of software development that combines elements of
other approaches, such as incremental, evolutionary and flexible (Agile) approaches. This model was
introduced by Barry Boehm in 1986 and focuses on risk management in development. Management of
requirements in the “Spiral” model includes the following stages and principles: definition of goals; risk
analysis; development and testing; evaluation and planning of the next iteration; repetition.
Requirements management in the “Spiral” model is designed to help effectively identify and clarify
requirements at each stage of development, as well as manage risks that may arise due to uncertainty of
requirements or other factors (Ovsyankin, 2019).

The MVP (Minimum Viable Product) method is an important element of requirements management
and software development. MVP involves creating the minimum necessary functionality that satisfies
the basic needs of the user or solves a specific problem. The use of the MVP principle in requirements
management has several important aspects (Shapovalova, 2022):

1. Quick access to the market. MVP allows you to bring a product to market as quickly as possible
without waiting for all features to be fully developed. This helps to validate the idea and receive surface
feedback from users.

2. Testing hypotheses and requirements. MVP allows you to test hypotheses about what really
matters to users and experiment with different product concepts. Using an MVP, you can quickly and
efficiently find out whether the product meets the needs of the market.

3. Gradual development. Using MVP allows you to gradually add new functionality and improve
the product based on feedback and real-world user experience. Each iteration may include new
requirements that are based on received data and changed conditions.

4. Cost minimization. Creating an MVP allows you to avoid unnecessary costs for the development
of functionality that may not be important to users or may be changed during the development process.

5. Focus on the main thing. MVP helps to focus on core requirements and functionality, without
getting distracted by details or excessive feature development.

In Fig. 5 shows a generalized scheme of MVP (“Top 12 Best Software Development Methodologies &
its Advantages / Disadvantages”, 2017).
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Using the MVP principle in requirements management allows you to effectively interact with users,
implement basic requirements and quickly respond to changes in their needs.

The “Just-in-Time” method in software requirements management defines a strategy when
requirements are defined, documented and implemented only at the moment of their real need, that is,
as close as possible to the time when they become necessary for the further development of the system.
This approach arose in the context of flexible (Agile) development methodologies, where the emphasis is
on flexibility, adaptability and quick response to changes. In Fig. 6 shows the generalized “Just-in-Time”
scheme (Choudhary, 2022).
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Fig. 6. Just-in-Time
Source: (Choudhary, 2022)

Key aspects of the “Just-in-Time” principle in requirements management (“JIT (Just In Time) —
Definition, Importance & Example”, 2023):

1. Determination of requirements if necessary. Requirements are defined only when it becomes clear
that their definition has become important for the continuation of work on the project. Avoiding the
detailed definition of all possible requirements at the beginning of the project.

2. Emphasis on variability and adaptability. The “Just-in-Time” approach is designed to take into
account that requirements can change during the project life cycle, and they must be ready for changes
at any moment.

3. Iterative and incremental development. Just-in-Time is often used in conjunction with iterative
and incremental development, where functionality is added incrementally and requirements are refined
along the way.

4. Minimizing redundancy. Avoiding detailed definition and documentation of requirements that
may become obsolete or unnecessary due to changes in the project context.

5. Active involvement of interested parties. Change in requirements can occur as a result of active
interaction with stakeholders, rather than pre-planned planning.

The “Just-in-Time” principle helps teams to be more flexible, to respond more quickly to changes in
requirements and to maintain the relevance of product functionality at each stage of its development.

5. CONCLUSION

Therefore, Management of requirements under conditions of uncertainty should be considered as
continuous processes of system management of requirements in all stages of the life cycle of the project,
which involves activities aimed at supporting, ensuring and verifying requirements from the moment of
their formation to their implementation and beyond. At the same time, management requirements
should focus on organization, communication and development of requirements, among which the
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following can be distinguished. Methods of managing software requirements during project
management in conditions of uncertainty: Agile approach; Identification of requirements; Progressive
development; Rational unified process; Minimum Viable Product, etc.

The use of requirements methods during the implementation of projects becomes especially relevant
in conditions of uncertainty, after which these methods can effectively cope with dynamic ones and
ensure the flexibility and adaptability of the project. In general, in conditions of uncertainty, effective
requirements management must ensure flexibility, speed up change review time, and ensure project
effectiveness in an uncertain environment.
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ITsatanmayk Ipuna, IBamyk OzexcaHap. MeTogu ympaBaAiHHsA BUMOTaMM Iij dac peadisallii IIpOeKTiB B yMOBaXx
HesusHaveHocTi. XKypraa Ipuxapnamcoxozo yrisepcumemy imeni Bacura Cmedaruxa, 10 (4) (2023), 93-102.

Merto10 cTaTTi € 40CAiAKeHHsI MUTaHH: 04O 3aCTOCYBaHHS MeTOAIB yIIpaBAiHH:A BUMOTaMI 4O MPOTPaMHOTIO
3abe3IleyeHHs IIi4 4Yac yIpaBAiHHS IIpoOeKTaMM B YMOBaX HeBM3HadeHOCTi. BcraHoBaeHo, 1o ympaBaAiHH:A
BMMOTaMJ 3a YMOB HEBU3HA4eHOCTi CAia po3TasaaTyl SIK IOCTiJiHI IpoLlecu CHCTEMHOIO KepyBaHHs BMMOTaMU
BIIPOAOBK YCiX CTaAill )XUTTEBOTO IIUKAY IIPOEKTY, IO epejbada€ AisAABHICTD, AKa CIIpsAMOBaHa Ha IiATpUMaHH:,
IIPOCTe>XyBaHH: 11 IIepeBipKy BMMOT Bi4 MOMeHTy ix ¢(opMyBaHHA i 40 IXHBOI iMmAeMeHTalii 7 Jaai. 3a
pesyabTaTaMi IIpOBeAEHOIO A0CAiA’KeHHA BUAB/AEHO, IO HaMIIOMMPeHIIMMI MeTOAaM! YIIpaBAiHHA BUMOTaMM
€: rnyukuii (Agile) mmiaxia; posimmpennit aHaAis BUMOT; MeTOA «[1oCcTyIIoBOro po3kpurTsi»; MOA€eAi iTepaTMBHOIO Ta
IHKpeMEeHTHOIO po3po0AeHHs; MeToa «MiHiMaabHO >KUTTE34aTHMII IIPOAYKT»; MeTog «Just-in-Time» Ta im.
Bcranosaeno, 1o BMKOpMCTaHHS MeETOAIB YIpPaBAIiHHSA BUMOTaMM A0 IIpOrpaMHOro 3abesmedeHHs HaOyBa€
0c00AMBOI aKTyaAbHOCTI B YMOBaX HEBU3HAUY€HOCTi, OCKIABKMU IIi METOAU AO3BOASIOTH €(PEKTMBHO BIIOPATUCS 3
AVHaMiuHMMM 3MiHaMM Ta 3a0e3NeumuTH THYYKiCTh IPO€KTy. BusasaeHo, mo ymnpaBaiHHS BUMOTaMU Mae€
30Ccepe KyBaTyCh Ha OpTaHizallil, KOMyHiKyBaHHi /1 pO3BMBaHHI BUMOT, ceped, AKMX MOXXHa BUOKPeMUTH HaCTYIIHi:
yIIpaBAiHH: 3MiHaMM, BiACTeXyBaHICTh BMMOT, KOMYHiKallisl, KOHTPOAb 3a BepCisMM AOKYMEHTiB BUMOTI Ta iH.
JocaiaxeHo, IO yIpaBAiHHA 3MiHaMu, IO Hepeabada€ BHECEHH:A KOPeKTMB A0 BM3HAYEHMX BUMOT B X0ai
peaaisariii MpoOEKTy, a TaKOX IepeaDadya€ 3AilICHEHHs OIIHKM BIIAUBY KOPEKTUB, OJAep>KaHHsA J03BOAY Ha
MoAN(pIKyBaHHS 71 OHOBJEHHs IOTPiOHMX AOKyMEHTIB. Y CBOIO 4epry, BiACTeXXYBaHICTh O3Haya€ BU3HAYEHHs i1
MiATPUMKY BiACTEXXYyBaHMX B3a€MO3B'A3KiB BMMOT 3 iHIMMMM apTedaKTaMM IIPOEKTy, a caMe: IIPOEKTHa
AOKYMeHTallis, BUIagK! IIig 4Yac TecTyBaHHs 1 KoAM. ToMy BigcTeXXyBaHIiCTh Aa€ 3MOIy rapaHTyBaTH, IO yci
BUMOTM YPaxOBYETHCA i KOPEKTMBM MOXKHA IHPOCTEXYBaTM BIIPOAOBX PO3POOAEHH: IIPOEKTYy. Y TOI dac,
KOMYHIKallisl cripus€e epeKTUBHOMY CIIiAKYBaHHIO MiX CTEMIKXOAJ4epaMM IIPOEKTY CTOCOBHO BUMOTIH I1 Ilepejbadae
KOHBEpPCil0 OHOB/AeHb, PO3B’s3aHHs MPOOAEMHMX acIeKTiB I COPUSHHA TOMY, 1100 BCi yJacHMKM poOOYOl Ipymnu
Maau €AMHe PO3yMiHHsA IIOAO0 CPOPMOBaHMX BMMOI. TaKOXX ITPOBeAE€HHA KOHTPOAIO 3a BEPCiAMU AOKYMEHTIB
BIUMOT AAsl TOTO, BiACTeXXyBaTy KOPeKTMBM B 4acOBOMY BUMipi. OTpuMaHi pe3yabTaTil IPOBEAEHOTO A0CAiAKeHH:
BUCTYIAIOTh OCHOBOIO AAsl HACTyIIHUX AOCAIA>KeHb y 4YacTuHi OiabIn e]eKTMBHOIO BUKOPUCTaHHSI METOAiB
yIpaBAiHH: BUMOTaMI Mg yac peaaisallil HpOeKTiB B yMOBax HeBU3Ha4eHOCTi.

Karo4osi caosa: yripasaiHH: BIMOraMy, MeTOAM yIIpaBAiHHA BUMOTaM, YIIPaBAiHH: IIpOeKTaMl, peaisallisd
IIPOEKTY, YMOBM HEBM3HAUEHOCTi, po3poOKa IIpOrpaMHOTO 3a0e3I1edeHH .


mailto:iryna.piatnychuk@pnu.edu.ua
mailto:aleksander.iwaszczuk@gmail.com

