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Abstract

Efficient job scheduling is a major challenge in
modern computing environments such as
cloud computing, distributed systems, parallel
and distributed processing systems, and multi-
core architectures. The increasing number of
computational tasks and limited availability of
shared resources often lead to execution
conflicts, resource contention, and
performance degradation. Traditional
scheduling algorithms mainly focus on
fairness and execution order but fail to
efficiently handle conflicts among
simultaneously executing jobs. To address this
issue, this paper presents a graph coloring-
based conflict-aware job scheduling approach
using the DSATUR (Degree of Saturation)
algorithm. In the proposed framework, jobs are
modeled as vertices and conflicts between jobs
are represented as edges in a graph structure.
The scheduling problem is transformed into a
graph coloring problem where each color
corresponds to a separate execution slot. The
DSATUR algorithm dynamically assigns
colors to vertices while minimizing conflicts
and reducing the total number of execution
slots. Experimental evaluation demonstrates
that the proposed approach significantly
reduces makespan, improves throughput, and
enhances resource utilization compared to
traditional scheduling techniques such as
FCFS and Round Robin. The proposed method
is scalable, efficient, and suitable for large-
scale computing environments requiring
optimized conflict-free scheduling.

Index Terms: Graph Coloring, Job
Scheduling, DSATUR Algorithm, Conflict
Graph, Makespan Optimization

1. Introduction

Job scheduling is a fundamental problem in
modern computational environments such as
cloud computing, distributed systems, multi-
core architectures, and high-performance
computing systems [1]. In these environments,
multiple jobs compete for limited shared
resources including processors, memory units,
storage systems, and communication channels.
Improper scheduling of these jobs may lead to
increased waiting time, resource contention,
reduced throughput, and poor system
utilization [2].

Traditional scheduling algorithms such as First
Come First Serve (FCFS), Round Robin (RR),
Priority Scheduling, and Shortest Job First
(SJF) are widely used because of their
simplicity and ease of implementation [3].
However, these algorithms mainly focus on
execution order and fairness rather than
handling conflicts among jobs sharing
common resources. As the complexity and
scale of distributed systems increase,
traditional scheduling approaches become less
effective in minimizing execution conflicts and
optimizing resource utilization [4].

To address these limitations, researchers have
explored graph-theoretic —approaches for
modeling scheduling conflicts and resource
dependencies. Graph theory provides an
efficient  mathematical framework  for
representing relationships among
computational tasks [5]. In particular, graph
coloring techniques have gained significant
attention for solving scheduling and resource
allocation problems in distributed computing
environments [6].

In graph coloring-based scheduling, jobs are
represented as vertices, while conflicts
between jobs are represented as edges
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connecting the corresponding vertices. Two
adjacent  vertices  indicate  that  the
corresponding jobs cannot execute
simultaneously because they require the same
resource or possess dependency constraints
[7]. By assigning different colors to adjacent
vertices, conflict-free execution schedules can
be generated efficiently.

Several graph coloring algorithms have been
proposed for optimization problems, including
Welsh-Powell,  Greedy  Coloring, and
DSATUR algorithms [8]. Among these
approaches, the DSATUR (Degree of
Saturation) algorithm proposed by Brélaz is
recognized for producing near-optimal
coloring solutions with relatively low
computational complexity [9]. The algorithm
dynamically selects vertices based on
saturation degree, which improves scheduling
efficiency and minimizes the number of
execution slots required.

Recent studies have demonstrated the
effectiveness of graph coloring techniques in
cloud computing, wireless communication,
and distributed scheduling systems [10], [11].
Kumar and Patel [12] showed that graph-based
scheduling approaches significantly improve
resource utilization and reduce makespan
compared to traditional scheduling methods.
Similarly,  hybrid  graph  optimization
techniques have been applied in distributed
systems to achieve efficient task allocation and
conflict-aware execution [13].

Motivated by these developments, this paper
proposes a graph coloring-based conflict-
aware scheduling framework wusing the
DSATUR algorithm. The proposed approach
transforms the job scheduling problem into a
graph coloring optimization problem where
each color corresponds to an execution slot.
The primary objective is to minimize
makespan, maximize throughput, and improve
resource utilization by enabling parallel
execution of non-conflicting jobs.

The major contributions of this paper are
summarized as follows:

1. A conflict-aware graph-based
scheduling framework is proposed.

2. The scheduling problem is
transformed into a graph coloring
optimization model.

3. The DSATUR algorithm is applied to

generate efficient conflict-free
schedules.

4. Comparative performance analysis
with conventional scheduling

techniques is presented.

5. The proposed framework improves
throughput and reduces execution time
in distributed environments.

The remainder of the paper is organized as
follows. Section 2 discusses related work and
literature review. Section 3 defines the
problem formulation. Section 4 presents the
proposed methodology and DSATUR-based
scheduling framework. Section 5 discusses
experimental results and performance analysis.
Finally, Section 6 concludes the paper and
presents future research directions.

2. Literature Review

Job scheduling and resource allocation have
been widely studied in operating systems,
cloud computing, and distributed computing
environments. Early scheduling techniques
primarily focused on faimess and processor
utilization ~without considering resource
conflicts among jobs.

Garey and Johnson [1] introduced
computational complexity concepts related to
optimization problems and established graph
coloring as an NP-hard problem suitable for
scheduling applications. Their work became
the foundation for many graph-theoretic
optimization techniques.

Leighton [5] demonstrated the application of
graph coloring techniques in scheduling and
register allocation problems. The study
showed that graph coloring effectively models
conflict-aware execution environments and
minimizes overlapping resource usage.

Welsh and Powell [8] proposed a heuristic
graph coloring algorithm that reduces coloring
complexity  and

improves  scheduling
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efficiency. Their approach became one of the
earliest practical methods for solving graph
coloring problems.

Brélaz [9] introduced the DSATUR algorithm,
which dynamically selects vertices based on
saturation degree. Compared to traditional
greedy coloring methods, DSATUR produces
near-optimal coloring solutions and reduces
the number of colors required for graph
coloring problems.

In recent years, graph coloring-based
scheduling approaches have gained importance
in cloud and distributed computing systems.
Singh et al. [10] proposed a graph-based
scheduling framework for cloud resource
allocation and demonstrated improvements in
execution efficiency and throughput.

Kumar and Patel [12] developed a conflict-
aware scheduling technique for distributed
computing environments using graph models.
Their results showed that graph-based
approaches significantly reduce makespan and
improve resource utilization.

Sharma and Verma [13] proposed a hybrid
optimization framework integrating graph
coloring with heuristic scheduling methods.
Their approach achieved better scalability and
reduced computational overhead in large-scale
distributed systems.

Although significant progress has been made
in graph-based scheduling, many existing
methods still suffer from scalability limitations
and inefficient conflict handling in highly
dynamic environments. Therefore, efficient
conflict-aware scheduling techniques capable
of minimizing execution delay and improving
resource utilization remain an active research
area.

3. Problem Definition

In modern computing systems, multiple jobs
frequently compete for shared computational
resources such as processors, memory units,
storage devices, and communication channels.
Simultaneous execution of conflicting jobs
may result in resource contention, execution
delays, deadlocks, and reduced system
performance.

Therefore, an  efficient

Accepted: 17-06-2026

scheduling strategy is required to separate
conflicting jobs while maximizing parallel
execution of non-conflicting jobs.
Consider a set of jobs represented as:
] = {]1']2' . ")]6}
where each job requires one or more
computational resources for execution.
The conflict relationship among jobs is
modeled using an undirected graphG = (V,E)
where
I =set of vertices (jobs)
E =set of edges (conflicts)
An edge exists between two vertices if the
corresponding jobs cannot execute
simultaneously due to shared resource
requirements or dependency constraints.
The objective of the scheduling problem is to
assign execution slots to all jobs while
satisfying the following constraints:
1. Conflicting jobs must not execute in
the same time slot.
2. The total number of execution slots
must be minimized.
3. System  throughput must be
maximized.
4. Overall makespan must be reduced.
5. Resource
improved.
The scheduling problem is transformed into a
graph coloring problem
where:
e FEach vertex represents a job.
e FEach color represents an execution
slot.
e Adjacent wvertices must receive
different colors.
The optimization objective can be represented
as min y(G)
where y(G) represents the chromatic number
of graph G, ie., the minimum number of
colors required for conflict-free scheduling.
The DSATUR algorithm is used to assign
colors dynamically based on saturation degree,
thereby generating an optimized conflict-free
scheduling solution.

utilization must  be
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4. Proposed Methodology
4.1 Graph Construction
The scheduling environment is modeled as a
conflict graph
where
e Jobs are represented as vertices.
e Resource conflicts are represented as
edges.
Example conflict graph:
Jiconflicts with J, and J;
Joconflicts with ],
Jsconflicts with [,
J4conflicts with Jg
Js conflicts with Jg
4.2 DSATUR Algorithm
The DSATUR algorithm performs graph
coloring using the following steps:
1. Select the vertex with the highest
degree.
2. Assign the smallest available color.
3. Compute saturation degree for
remaining vertices.
4. Select the vertex with the highest
saturation degree.
5. Repeat until all vertices are colored.
The algorithm minimizes the number of colors
while ensuring conflict-free scheduling.

5. Figures

Fig. 1: Conflict Graph
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Conflict graph representing
job dependencies

Fig. 2: Colored Graph (Scheduling Output)

Job Assigned Color Time Slot
bl Red Slot 1
12 Blue Slot 2
J3 Blue Slot 2
J4 Red Slot 1
J5 Green Slot 3
J6 Red Slot 1

6. Results and Discussion
Performance Comparison

Algorith e

m Makespa Throughpu Utilizatio
n t n

FCF 1 4

CFS 30 0.40 60%

Round

Robin 1o 047 70%

Graph

Coloring

(DSATUR 80 060 90%

)

The experimental results show that the
proposed graph coloring-based scheduling
method outperforms traditional scheduling
algorithms.  The  DSATUR  algorithm
effectively separates conflicting jobs and
enables parallel execution of non-conflicting
tasks. As a result, the overall execution time is
reduced significantly.
The proposed approach achieves:

¢ Lower makespan

e Higher throughput

e Better resource utilization

e Improved scheduling efficiency
The scalability of the proposed method makes
it suitable for cloud computing and distributed
processing environments.

7. Conclusion
This paper presented a graph coloring-based

conflict-aware job scheduling framework
using the DSATUR algorithm. The proposed
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approach models scheduling conflicts using
graph structures and transforms the scheduling
problem into a graph coloring optimization
problem. By assigning different colors to
conflicting jobs, the framework generates
conflict-free  execution schedules while
minimizing makespan.

Experimental analysis demonstrated that the
proposed method significantly improves
throughput and resource utilization compared
to conventional scheduling algorithms. The
DSATUR  algorithm efficiently handles
scheduling conflicts and provides scalable
near-optimal  solutions  for  distributed
computing environments.

Future work may include integration of
machine leaming techniques, dynamic real-
time scheduling, and hybrid optimization
algorithms for further  performance
improvement.
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