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Abstract— The article examines methods for reducing project implementation timelines under resource constraints, a critical challenge in project
management. The lack of financial, human, and material resources presents managers with tasks that require comprehensive approaches to
achieve the desired results within tight deadlines. In such conditions, it is essential to develop planning strategies that minimize timelines while
maintaining the necessary quality of work. The purpose of this study is to review existing methods for optimizing timelines under resource
constraints. The methodology involves mathematical modeling, such as linear and integer programming, network planning tools, Gantt charts,
PERT, and CPM. The application of these approaches facilitates the reduction of project durations and the efficient reallocation of resources
while accounting for changing external factors. The results of the study confirm that selecting the right strategy can significantly reduce time
expenditures without compromising task quality. The critical path method (CPM), combined with resource constraint optimization, improves
project timeline performance. The use of flexible project management methods, such as adaptive planning and task schedule updates, accelerates
task completion under resource shortages. This article is intended for project management specialists, project managers, and consultants involved
in optimizing business processes. The application of the proposed methods helps mitigate the risks of delays and resource overruns. The study's
materials may also be useful for educational institutions training students and specialists in project management. The conclusions emphasize the
need for a comprehensive approach to timeline optimization. Combining mathematical models with practical planning tools enables effective
achievement of goals under constrained resources and changing external factors.
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adaptive planning.

l. INTRODUCTION

Project management under resource constraints is one of the
key challenges in business. In the context of rapid changes in
market conditions, technological breakthroughs, and intense
competition, the successful implementation of projects requires
strategic planning and the ability to efficiently allocate limited
resources such as time, finances, personnel, and materials. This
becomes particularly critical in large-scale projects, where
timeline optimization directly impacts outcomes and
profitability.

Resource limitations impose significant restrictions on
planning processes, necessitating the use of specific methods
and tools to effectively allocate resources and minimize time
expenditures. Under these conditions, the optimization of
project timelines becomes a crucial aspect of project
management. While methods such as the critical path method
and project evaluation and review techniques are widely used,
the task of optimization remains complex and multifaceted.
Solving this problem requires a comprehensive approach that
incorporates mathematical modeling and adaptive management
methods, which take into account changes occurring during
project execution.

The lack of clear recommendations for applying these
methods under resource-constrained conditions and the high
uncertainty of project environments necessitate a deeper
analysis and the development of new approaches. Reducing
timelines is achievable only through the efficient use of all
available tools and the adjustment of plans based on current
circumstances.

The objective of this study is to review existing methods for
optimizing project timelines under resource constraints.
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Il.  MATERIALS AND METHODS

In the article by Abishek S. et al. [1], the use of artificial
intelligence algorithms is discussed as a means to improve the
accuracy of forecasting project requirements and reduce the risk
of delays at various stages. The authors also explore machine
learning methods that adapt to changing conditions, enabling
precise demand prediction. In construction projects, where
planning accuracy is critical, optimization algorithms help
identify appropriate strategies for resource and time allocation,
contributing to the successful completion of tasks.

Artificial intelligence also plays a significant role in
automating processes such as data analysis, schedule creation,
and plan adjustments in response to new conditions. These
technologies accelerate planning and improve its accuracy.

Dynamic programming is another method utilized for
optimizing resource allocation under constraints of time and
budget. In the article by Goda D. R. et al. [2], this approach is
discussed as a tool for addressing multitasking challenges while
minimizing resource losses within limited timeframes and
budgets. This method divides a complex task into simpler
stages, facilitating decision-making at each step. As such, it is
well-suited for projects with variable conditions and
dependencies.

The articles by Hauder V. A. et al. and Yuan Z. et al. [3,4]
describe the application of an enhanced NSGA-II algorithm for
multi-objective project planning, focusing on minimizing
timelines, reducing costs, and maintaining quality. This
approach allows for consideration of multiple criteria, which is
essential for complex projects that require balancing competing
priorities. The NSGA-II algorithm identifies solutions that meet
requirements for time, cost, and quality while accounting for
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various uncertainty scenarios, enabling timely responses to
changes and risks arising during project implementation.

In addition, scientific studies often emphasize algorithms
designed for specific planning tasks in certain conditions. For
instance, the article by Rauf M. et al. [5] introduces the Raccoon
Family Optimization algorithm, applied to multi-project
planning in the manufacturing sector. This algorithm is
effective under multitasking conditions, where managing
multiple projects with limited resources is required. It also
handles systems with numerous variables and constraints,
optimizing resources and timelines both for individual projects
and for the system as a whole.

Another example of optimization is provided in the article
by Bold M. and Goerigk M. A. [6], which proposes robust
optimization methods for managing uncertainties related to task
durations. This approach is critical for projects involving risks
and variable conditions, offering solutions that are essential for
managing uncertainty.
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However, despite the significant number of studies
describing project timeline optimization processes, unresolved
issues and contradictions remain. Additionally, the literature
pays insufficient attention to the integration of multiple
optimization methods within a single project.

The methodological foundation for this research includes
various techniques such as mathematical modeling (e.g., linear
and integer programming), network planning tools, Gantt
charts, PERT, and CPM.

IIl.  RESULTS AND DISCUSSION

Improving project completion time under resource
constraints requires the use of diverse approaches. It is
necessary to consider not only direct limitations, such as
resource shortages, but also the interaction of various factors,
including task interdependencies, risks, uncertainties, and
environmental changes. Methods for improving project
timelines under resource-constrained conditions are presented
in Figurel.

Increasing work intensity or
resource allocation to
shorten the duration of

project stages.

Simultaneous execution of
multiple project phases that
are typically performed
sequentially to accelerate
overall timelines.

Employing flexible

Redistributing resources to
eliminate overloads and
ensure the effective use of
available resources to

complete tasks.

Implementing technologies
and automated processes to
expedite task completion and
improve work quality.

Focusing on the critical 20%
f tasks that yield 8 f
the results to maximize
resource efficiency.

to external contracts
other departments to
enhance efficiency and
reduce the load on primary
TES0UICes.

consequently. ti
optimization.

Dividing the project into
multiple versions to allow
timely adjustments during its
execution.

Fig.1. Methods for optimizing project implementation time under resource constraints [1,2,5]
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Advanced methods, such as resource-constrained network
planning, are used in project management. These methods take
into account the impact of resource allocation on project
duration and the possibility of parallel task execution. The goal
of such models is to find an optimal resource distribution that
ensures project completion within the established timeframe
without exceeding set limits.

Mathematical optimization is an essential tool in project
management under resource constraints. Tasks are solved using
linear and nonlinear programming. Linear models effectively
allocate resources when the relationships between costs and
task durations are clearly defined. Nonlinear methods are
applied when resource costs vary depending on their intensity
or workload. These methods account for such changes,
improving the accuracy of planning.

Metamodels play a critical role in approximating processes
characteristic of multitasking projects. They simplify
calculations while maintaining accuracy, especially when
analyzing each individual aspect would require significant
resource expenditures. Methods such as hierarchical analysis
and multi-objective optimization allow the selection of
appropriate solutions while considering a variety of factors.
These approaches provide flexibility in decision-making,
accounting for changes in the external environment and client
priorities [3,5].
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A Gantt chart is a tool for visually representing project
progress. It displays tasks on a timeline with their
corresponding deadlines, allowing for a clear understanding of
the relationships between project phases. This approach helps
identify potential bottlenecks where resource shortages or
issues in task execution may arise. The Gantt chart also
highlights which phases can be performed in parallel and which
must be completed before subsequent stages can begin [2,4,6].

The PERT method is applied in projects with a high degree
of uncertainty. It differs from the critical path method by
including multiple time estimates for each task: optimistic,
pessimistic, and most likely. This approach accounts for various
scenarios and allows for more precise planning of timeframes
for each phase. Incorporating these estimates enables the
creation of realistic schedules, minimizes risks, and provides
flexibility in project management [3,6].

The Agile methodology allows projects to adapt to changing
conditions. The process is divided into stages, while systems
such as Scrum and Kanban provide task control, accelerate
processes, minimize time and resource losses, and adjust plans
as necessary [1,4,6]. Table 1 will compare the previously
described methods in the process of optimizing project
implementation times under resource constraints.

TABLE 1. Comparison of methods in the process of optimizing project implementation time in conditions of limited resources. (compiled by the author)

Method Goal Resources Resource Strengths Weaknesses Eﬁectwer_]ess in Resource-
Requirements Constrained Conditions
- Challenges in . . .
. ] - Effective for projects with
Graphlgal . . .| Resource constraints managing char)ges predefined timelines and
representation of Implicitly considered: - - Easy to use and during the project. o
oct durati - are often fixed; tasks isuali ifficulties in addi limited resources.
Gantt Chart Iproljegt_ ulrat_lon, Il rgsqurcledco?trail]nts IC aN | are performed when W kV|su|a|1 ]I(ZG. . -Di |cukt|es mha Ing - In resource-constrained
clearly displaying a e included in the plan necessary resources | - orks well for projects | new tasks or changes conditions, adjustments to
project stages and using the chart. . with fixed deadlines. mid-process. L N
AP are available. timelines or task redistribution
their timelines. - Does not account for mav be required
potential risks. 4 q '
- Able to account for risks.
. A - Considers various task | - Requires precise time |- Effective when a project has
Planning under Resource determination Clearly defined at th - p : f K “floating”
uncertainty, focusing | is critical for project early defined at the execution scenarios estimates for tas oating" parameters.
PERT AP L d project start, with the [ (optimistic, pessimistic, execution. - In resource-constrained
on identifying completion; possible L ! . > .
Method . h . possibility of most likely). - Complex calculations conditions, helps adjust
possible delays and paths with constraints d Suitable f | df d " d for del
alternative paths are analyzed adjustments. - Suitable for complex and frequent data orecasts and account for delay
' ' projects with multiple updates needed. risks or resource shortages.
factors.
- Requires team
Iterative process, S - Flexibility, adaptability | qualification and self-
: Flexibility in . - o . L
. focused on project . to changes in the project. organization. - Effectively redistributes
Agile . . Resources are adjusted resource . . !
adaptation during - . . - Provides constant - Challenges in resources during the process,
Methodolo . e as needed in each sprint requirements . ) .
implementation; and can be redistributed. | depending on sorint feedback from users. implementation for focusing on the most
9y changes are possible ' P res?]lts P - Enables timely responses| large projects with  |important tasks at the moment.
mid-project. ' to external changes. predefined
requirements.

Resource planning plays a crucial role in the successful
implementation of projects. Proper allocation of resources
across tasks is essential to prevent overloading at any stage.
Multitasking and parallel execution of work contribute to the
efficient utilization of available resources while maintaining
quality. This requires timely decision-making and plan
adjustments based on changes. In this context, the theory of
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constraints focuses on identifying factors that hinder project
progress.

The use of project management software facilitates
planning, monitoring, and adjustment processes. Tools such as
Microsoft Project, Primavera, Asana, and Jira provide
functionalities for scheduling, task tracking, and resource
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redistribution. These tools enable timely responses to changes,
allow adjustments to plans, and ensure work progress control.

However, timeline optimization is impossible without
effective risk management. Forecasting potential challenges,
such as supply delays, lack of specialists, or technological
failures, enables proactive measures to be taken. Continuous
risk monitoring and readiness to respond to changes minimize
their impact on the project.

At the same time, quality control at all stages helps avoid
errors that lead to additional time spent on corrections. A
quality assurance system ensures that work is performed in
compliance with established standards, eliminating the need for
rework and conserving resources that would otherwise be spent
on defect resolution. In this regard, machine learning

«It is necessary to carry outa detailed
assessment ofthe available resources
and understand which of them are
limiting for the implementation of
the project. This allows you to
determine which resources need to
be optimized and where possible
bottlenecks will occur.

Defining
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The use of time

optimization
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algorithms analyze data, identify patterns, and predict potential
delays and issues. These methods adjust schedules and
reallocate tasks based on resource load [2,4,5].

At the initial stage of the project, it is crucial to accurately
define constraints, such as financial, time, personnel, or
technological limitations. For instance, a lack of qualified
specialists, limited budgets, or difficulties in accessing
necessary equipment can slow down progress. It is important
not only to identify these factors but also to establish
expectations regarding timelines, quality, and work scope.
Next, Figure 2 will describe the steps for implementing
methods for optimizing project deadlines with limited
resources.

* A detailed project schedule is drawn up,
where each task is divided into subtasks
and the dependencies between them are

*To speed up the execution of'tasks,
the schedule compression method
(crashing) is used, for example, by
increasing resources or extending

working hours.

«The status of the project is
updated and the actual data is
compared with the planned
deadlines and resources. If

Monitoring and deviations from the plan are
optimization detected, timely decisions are

made to reallocate resources.

+ At the end of the project, an
analysis is carried out to identify
which methods and approaches
were effective with limited
resources.

Fig.2. Steps to implement methods for optimizing project time with limited resources (compiled by the author).

Thus, successful timeline optimization under resource
constraints requires a comprehensive approach, involving
careful planning, the application of various management
methods, risk monitoring, and efficient resource allocation.
Combining these factors ensures the achievement of predefined
project goals within established timeframes while maintaining
the required quality standards.
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IV. CONCLUSION

Optimizing project timelines under constrained conditions
requires the application of various existing methods and tools.
Methodologies based on mathematical modeling, such as linear
and integer programming, along with network planning
methods like Gantt charts, PERT, and CPM, effectively address
this challenge. These approaches facilitate the development of
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plans with detailed stages and enable timely adjustments in
response to changes caused by external or internal factors.

The results of the study confirm that timeline optimization
is achieved through proper resource allocation and the use of
flexible management methods. Specifically, critical path
analysis accelerates task execution, while accounting for
resource constraints reduces project duration and minimizes
risks associated with delays and overruns. An important aspect
is the ability of managers to promptly adapt plans in response
to changing circumstances. This can be achieved by
implementing adaptive planning methods and regularly
updating information on project progress.
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