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Abstract— Software project scheduling is an important aspect which influences the duration,
cost, and risks involved in a software project. The conventional scheduling approaches like
Critical Path Method (CPM) and Program Evaluation and Review Technique (PERT) consider
mainly the time factor and do not help in optimizing the multi-objective problem. In this paper,
a scheduling algorithm based on Multi-Objective Genetic Algorithm (MOGA) is designed for
managing the software project schedule. The proposed system takes into account the
dependencies between different software tasks, their durations, cost, resources, and risks
involved. The genetic algorithm operations like selection, crossover, and mutation are
performed to provide an optimized schedule by considering dependency and resource
constraints. The proposed system optimizes the project schedule by minimizing its duration,
cost, and risks. The performance of the proposed system is compared with the conventional
methods CPM and PERT. It has been found from experimental analysis that the proposed
MOGA-based scheduling approach improves scheduling efficiency and provides optimized
schedules with minimum duration, cost, and risk.
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1. INTRODUCTION

Scheduling of the software project is one of the key activities in software project management because it directly
impacts on the completion time of the project, development cost, resource utilization, and risk associated with
the software project [1]. Modern software projects comprise of several interrelated activities, including
requirement analysis, design, implementation, testing, and deployment. Scheduling helps in effective utilization
of the available resources and meeting the deadline and cost budget of the project.

Critical Path Method (CPM) and Program Evaluation and Review Technique (PERT) are two traditional
methods commonly used in project management [9]. The former technique deals with identification of the
activities that impact on the total completion time of the project, while the latter technique takes into account
estimation of the duration of tasks in an uncertain environment. Both techniques focus primarily on the project
duration and fail to optimize for multiple objectives [6]. The traditional methods of scheduling are mostly
appropriate in an environment where the project is relatively small and certain. However, the nature of modern
software development projects is characterized by constantly changing requirements, dispersed project team
members, uncertainty in activity duration, and limited resource availability. This means that the scheduling
process becomes more complex and static methods of scheduling become less efficient.
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Thus, the project manager needs to balance different conflicting objectives continuously. Furthermore, incorrect
scheduling can result in late software delivery, increase in development cost, conflict of resources, and decrease
in software quality. Effective scheduling not only increases the efficiency of the project but also increases the
efficiency of resource utilization and reliability of the project. Hence, scheduling methods based on optimization
have been gaining importance. Scheduling for software projects, therefore, can be formulated as a multi-
objective optimization problem that involves competing objectives such as minimizing project time, decreasing
development costs, and minimizing scheduling risks [5]. It is difficult to achieve all these objectives at once
using deterministic optimization techniques.

The genetic algorithm, which mimics nature, is an efficient way of doing optimization for solving complicated
scheduling problems [7]. GA utilizes a pool of candidate solutions that are improved by the evolutionary
operators of selection, crossover, and mutation to come up with optimal solutions [8]. In this research, a multi-
objective genetic algorithm (MOGA) based scheduling approach is proposed for the scheduling of software
projects. This MOGA approach will simultaneously minimize project duration, cost, and risks while meeting
other requirements. This research will compare the performance of the proposed approach against other
conventional approaches like CPM and PERT.

II. LITERATURE SURVEY

Software Project Scheduling Problem (SPSP) is one of the most important topics of research in software
engineering because of its direct effect on project completion time, development cost, and project resource
management. There have been extensive applications of various traditional methods like CPM and PERT to
estimate the project schedule and identify critical activities in the project workflow [9]. Despite providing a
structured approach to scheduling, these techniques only concentrate on time estimation and cannot optimize all
aspects of the project. In practical software development processes, there are many other parameters that need to
be considered by project managers such as project duration, development cost, resource assignment, and risk
management during scheduling. Therefore, traditional deterministic scheduling techniques may be considered
inadequate for software project management.

In an attempt to address the challenges associated with these scheduling methods, various studies have employed
evolutionary and metaheuristic algorithms for the resolution of challenging scheduling problems. Genetic
Algorithms (GA) have been among the most commonly used optimization algorithms due to their capacity to
conduct searches on a large solution space and produce nearly optimal scheduling solutions [7]. In contrast to
conventional scheduling approaches, GA-based scheduling algorithms incorporate evolutionary operators
including selection, crossover, and mutation in order to enhance the quality of scheduling solutions. Chicano et
al. and Luna et al. implemented multi-objective evolutionary algorithms in order to optimize project duration and
development costs and produce Pareto-optimal scheduling solutions for software projects [6], [8].

In addition, several other sophisticated scheduling techniques have been developed to enhance the adaptability
and scalability of the dynamic environment of software projects. Shen et al. suggested the use of a memetic
algorithm based on Q-learning for dynamically changing project scheduling considering the varying project
circumstances and resource availability [1]. Subsequently, some other approaches that considered cooperative
coevolutionary technique were suggested for solving large-scale software scheduling problems [2]. In a similar
way, adaptive dynamic scheduling techniques have been proposed by Silva et al. using particle swarm
optimization (PSO) [4]. Although these adaptive optimization techniques enhanced scheduling adaptability and
convergence speed, most of them did not incorporate any risk-awareness into their optimization processes.

It has been noted recently that scheduling optimization models must also include project risks. Risk-aware
scheduling models were introduced by Milani et al., who considered uncertainty, dependency delays, and
resource overload when generating a schedule [5]. Uncertainty-aware scheduling models have been further
explored by Li et al., where they tried to develop a schedule that would be robust enough considering various
task durations and workload [3]. Even though their approaches helped make schedules more reliable, most
scheduling optimization models deal either with cost optimization or uncertainty.

It may be seen from the literature review that multi-objective evolutionary algorithms perform better than
deterministic methods for scheduling. There are many research gaps in the field of scheduling techniques. Most
of the existing models do not provide optimization for both project time, cost, and risk together. Some of the
models lack capability of handling dynamic rescheduling while some lack support for implementation of
software engineering projects. Hence, there is a need for developing an intelligent multi-objective scheduling
model which is capable of producing adaptive and optimized schedules. Hence, the Multi-Objective Genetic
Algorithm approach seeks to overcome these limitations through the incorporation of dependency-aware
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scheduling, risk-aware optimization, adaptive evolutionary operations, and visualization capabilities into a single
software project scheduling system. The objective of the framework is to ensure that the software project
schedule generated is optimized, scalable, and realistic.

III. METHODOLOGY

In the proposed approach, MOGA is applied for scheduling optimization in software projects by considering
minimization of project completion time, software development costs, and scheduling risks concurrently. The
approach considers a software project as an aggregation of interrelated activities with characteristics like activity
duration, resource requirement, dependencies, costs, and risks among others.
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Figure 1. Workflow of the Proposed Moga-based Scheduling System

Fig. 1. shows the steps involved in the MOGA-based framework for scheduling software projects. Scheduling
starts with the acquisition of project information, which includes task information, dependency information,
resource information, parameters associated with project costs, and parameters relating to project scheduling
risks. Preprocessing ensures that all information is valid by ensuring that dependency cycles do not exist, no
missing values are included, sufficient resources are available, and that there is adequate budget. With the
information collected, it is encoded into the chromosome structures. Chromosomes encode different scheduling
solutions based on the order of tasks to be performed and the resources used in performing them. From there,
initial population of the schedules is achieved using random dependency-sensitive scheduling.

Once the population of the schedules is obtained, their fitness is assessed using the fitness evaluation module.
The fitness evaluation module computes the values of the different objectives including project duration, total
project cost, and scheduling risks. The objectives are combined using weights within the fitness function to
determine the quality of the schedules. From there, tournament selection is carried out to select the high-quality
scheduling solutions, while crossover and mutations create new offspring schedules. After each iteration, the
population evolves and certain stopping criteria such as maximum number of generations or optimum fitness
value are considered. After successful optimization, the optimization framework generates an optimized
schedule that contains information on when tasks should be executed and if there are any dependency issues. The
optimized schedules are then compared to the conventional methods used for scheduling such as CPM and PERT
by means of Gantt and cost-time charts.

The evaluation of solutions is done by using a weighted multi-objective fitness function. There are three main
objectives that are considered in the optimization procedure, which include project duration, project cost, and
project risk. Fitness function definition is as follows:

Fitness = w;D + w,C + w3R

where:

» D represents project duration,

» C represents project cost,

» R represents scheduling risk,

> wl, w2, w3 are weighting coefficients.
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Genetic Algorithm makes use of evolutionary operations like selection, crossover, and mutation to optimize the
solution for the problem. Schedules with high quality are obtained through tournament selection while ordered
crossover with dependency repairing helps in generating proper offspring. Mutation operations help in changing
the order of tasks as well as resource allocation.

A. Genetic Algorithm Configuration:

The proposed algorithm makes use of a population based Multi-Objective Genetic Algorithm using 500
generations and tournament selection with tournament size of 3. The swap mutation operator is employed with a
probability of 20%. The dependency aware ordered crossover operator is used to generate valid offspring by
considering the dependencies. Very high penalties are imposed on dependency violation, deadline violation, and
budget overflow scenarios.

B. Chromosome Representation and Initialization

In the proposed scheduling scheme, every chromosome corresponds to one of the possible software project
schedules. Each chromosome holds information related to the task execution order, resource assignment, and
execution modes of the respective software project activities. The encoding method guarantees the preservation
of all dependencies between tasks in the schedule. Chromosomes are generated in the initialization stage based
on multiple feasible schedules created through dependency-aware randomization. Topological sorting according
to Kahn’s algorithm is used to ensure correct task execution order while generating chromosomes. Random tie
breaking is implemented in initialization to enhance the population diversity and explore alternative scheduling
solutions.

The execution modes of every task are also included in the chromosome. In the proposed model, there are three
possible execution modes: Fast mode, Normal mode, and Slow mode. Execution in Fast mode leads to minimal
execution time but higher resource costs. On the other hand, Slow mode results in reduced execution costs but
takes more time than other execution modes. Normal mode is a compromise between execution time and
software development cost.

C. Fitness Evaluation Strategy

Each schedule produced by the algorithms is tested for its efficiency with respect to the project duration, cost of
the entire project, and risk associated with the scheduling. The project duration can be obtained from the
relationships between different tasks and their completion durations, while the cost includes both the cost of
performing the tasks and the cost of scheduling. In addition to the constraints mentioned before, the risks
associated with the project include delay, duration uncertainty, and overloading of resources.

D. Evolutionary Operations

MOGA is designed to enhance scheduling results through the application of evolutionary techniques including
tournament selection, ordered crossover, and swap mutation. The tournament selection technique helps select the
best performing chromosomes in the population, whereas crossover helps create offspring through the exchange
of task sequence and resource allocation details. Mutation adds diversity in the population through alterations in
task sequence and task execution modes.

The dependency aware scheduling approach is among the main features of the suggested framework. In the
process of optimization, each possible schedule is tested for its compliance with dependencies within the project.
The approach allows avoiding creation of an infeasible schedule and increasing practical value of the suggested
optimization framework. In addition, the choice of adaptive execution mode helps optimize the scheduling
process in terms of balancing execution speed and cost. Important tasks are executed with faster modes of
execution where necessary, while unimportant tasks use balanced execution modes to minimize unnecessary
costs associated with the project.

The optimal schedules obtained using the suggested framework are compared with the conventional scheduling
methods like Critical Path Method (CPM) and Program Evaluation and Review Technique (PERT). In CPM, the
critical path for minimum project completion time is identified, while in PERT, the expected completion time for
each task is estimated using probabilistic scheduling analysis.
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» M= Most Likely Time

» P =Pessimistic Time

This process is continued until certain predetermined stopping criteria have been met. In the end, the optimized
schedule will show enhanced performance in comparison to traditional scheduling techniques in terms of project
duration, cost effectiveness, and risk avoidance.

IV. RESULTS AND DISCUSSION

TABLE I. COMPARISON OF GA, CPM AND PERT RESULTS

Metric GA CPM PERT
Project Duration 21.0 days 29.0 days 30.2 days
Total Project Cost 332100 333450 334488
Daily Overhead 400/day 3400/day 400/day
Risk Exposure 2.27 2.53 2.57
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Figure 2. Comparison of GA, CPM and Pert Results

From the results shown in Table I and Fig. 2. above, it can be seen that the suggested MOGA-based scheduling
method performs better than conventional scheduling techniques when it comes to time taken to complete the
project, cost of development, and risk reduction. The Genetic Algorithm helped in completing the project in 21.0
days while CPM and PERT took 29.0 days and 30.2 days respectively. Moreover, the proposed framework
resulted in a total cost of ¥32100, which is lower than ¥33450 in CPM and ¥34488 in PERT. This decrease in
cost is mainly due to efficient resource utilization and better sequencing. In addition, the proposed framework
has resulted in the least value of risk exposure, i.e., 2.27.

The shortened duration of the project obtained from the suggested MOGA-based system is proof of how well the
evolutionary optimization algorithm can be applied to solve scheduling issues that involve software
dependencies. In contrast to other deterministic scheduling techniques like CPM and PERT, the suggested
system allows the simultaneous exploration of various scheduling options. This helps deal with parallel
processing and resource allocation. This framework can also be used to improve cost optimization performance
via adaptive choice of execution modes and resource usage. Fast execution modes are only selected for critical
scheduling operations whereby faster execution will have a significant effect on reducing the time taken to
complete the entire project. Non-critical operations are carried out by using balanced or slow execution modes to
avoid incurring unnecessary costs.
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Fig. 3. shows the Graphical User Interface that was designed for the proposed Multi-Objective Genetic
Algorithm-based scheduling approach. The dashboard serves as the main interface between the project manager
and the scheduling tool. Through this interface, users will be able to load their project data sets in formats like
JSON and set crucial parameters such as project deadline, maximum budget, and daily overhead project costs.
This interface will help make scheduling easy by enabling the user to conduct optimization operations without
having to interact with the actual algorithmic implementation. The dashboard will also enable users to start the
Genetic Algorithm optimization and monitor the execution process. Once the optimization process is complete,
the results will be presented on the dashboard where users will be able to view the output information including
the project duration, total project cost, and risks involved. This makes the interface user-friendly and more
efficient in analysis of scheduling performance.

Fig. 4. illustrates the optimized project schedule produced through the proposed Multi-Objective Genetic
Algorithm framework. This illustration involves the use of a Gantt chart that indicates task execution times,
sequence of tasks, dependencies between tasks, and resource allocation for each phase of the project. Tasks are
placed in terms of their optimal start and end time which gives insight into how the scheduling scheme produced
by the framework looks like. From the Gantt chart, it is evident that the proposed framework effectively ensures
logical dependencies among tasks while minimizing the total project duration. Parallel execution of independent
tasks is also possible which means efficient use of available resources and scheduling bottlenecks avoided. From
the visualization perspective, the project manager is able to understand workflow allocation, identify critical
tasks, and evaluate the effectiveness of the scheduling scheme.

V. CONCLUSION AND FUTURE WORK

The suggested Multi-Objective Genetic Algorithm (MOGA)-based scheduling approach is an appropriate means
to solve scheduling problems of software projects with multiple objective functions. In contrast to conventional
scheduling algorithms such as CPM and PERT, the suggested system optimizes the software project scheduling
problem by minimizing the project duration, cost, and scheduling risk subject to the dependencies and resource
limitations. The results of experiments show that the suggested scheduling framework leads to better scheduling
performance by minimizing the project duration, cost, and risk exposure. The application of evolutionary
techniques including selection, crossover, and mutation in the MOGA-based scheduling process facilitates
searching of the scheduling space and generating optimized scheduling solutions.

Moreover, the proposed framework also allows more flexibility and adaptability to the changing environment of
software projects than the deterministic approach to scheduling. The use of visualization in form of Gantt charts
will help project managers to analyze the optimized schedule and resource allocation strategy. As far as future
research is concerned, the proposed framework can be improved in various ways. First of all, one can consider
incorporating Al tools like Machine Learning and Reinforcement Learning for improving adaptive scheduling
capabilities. Second, it will be useful to combine Genetic Algorithms with PSO or ACO for faster convergence
and more effective optimization. Finally, integration with industrial project management software like Jira and
Microsoft Project will help increase the efficiency of the proposed framework.
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