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abstract. Hybrid cloud, integrating public and private clouds, presents a promising environment for scientific
applications by combining scalability with cost efficiency. However, the complexity of these environments requires tools
to support infrastructure planning and optimization prior to actual deployment. This study evaluates two simulators:
SimGrid and CloudSim Plus. The focus is on assessing their suitability for simulating the execution of scientific
applications within hybrid cloud environments; particularly regarding scalability. Scientific workflows modeled as
directed acyclic graph, were used to evaluate a hybrid cloud infrastructure, and both simulators were assessed on
workload representation, cloud infrastructure, and scheduling strategies. The results suggest that SimGrid offers greater
flexibility in network modeling, while CloudSim Plus excels in resource allocation policy simulation. This comparative
analysis aims to help researchers select the most appropriate tool for simulating and optimizing scientific applications
and cloud scheduling strategies. Future research should explore the integration of emerging technologies, such as
containers and microservices, within these simulators.
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1 Introduction
Scientific and technological innovation has accelerated
the adoption of flexible, intelligent computational in-
frastructures, prioritizing scalability, efficiency, and pri-
vacy [1]. Through service models such as IaaS, PaaS,
and SaaS, cloud computing offers broad access to com-
putational resources via virtualization [2]. On-demand
services enable the scalable provisioning of resources,
particularly for scientific applications.

Cloud infrastructures can be deployed in various
configurations, including hybrid clouds, which com-
bine private and public clouds to optimize resource us-
age [3]. Hybrid clouds leverage the scalability of public
clouds to meet peak demands [4]. In academic institu-
tions, local infrastructure provides scalable resources,
with the option to expand into the public cloud during
periods of high demand. However, this flexibility brings
challenges, including configuring applications for dis-
tribution and managing performance bottlenecks [5].
Additionally, the complexity of integrating and man-
aging resources across private and public clouds can
complicate efficient usage [6].

In this context, simulation tools emerge as alterna-
tives for modeling and evaluating different strategies
before real-world deployment [7]. Given the variety
of cloud simulators, each with its strengths and limi-

tations, a detailed understanding of their capabilities
is important for informed decision-making, both in
academic and industrial contexts. While several simu-
lators exist [8, 9], this paper focuses on SimGrid [10]
and CloudSim Plus [11] due to their popularity. Thus,
this paper proposes a comparison of two tools for sim-
ulating scientific applications in hybrid cloud, aiming
to elucidate their strengths and limitations and assist
in selecting the most suitable tool for different research
and development needs.

The organization of this study is as follows: Section
2 compares the cloud simulators; Section 3 outlines the
hybrid cloud scenario used; Section 4 presents experi-
mental results; Section 5 reviews related work; Section
6 concludes and suggests future research directions.

2 Cloud Simulators
The evolution of cloud computing has brought chal-
lenges and opportunities in simulating scenarios in-
volving complex infrastructures, such as hybrid clouds.
Simulation have emerged as popular solutions among
researchers and developers due to their ability to rep-
resent distributed computing scenarios and enable the
analysis of different techniques and policies. This work
addresses the comparison of simulation tools in terms
of their capabilities and limitations for hybrid cloud
scenarios.
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One of the main differences lies in their struc-
tural approach to modeling distributed infrastructures.
CloudSim Plus emphasizes modularity and extensibil-
ity, adhering to software engineering principles like
SOLID and KISS, which makes its architecture flexi-
ble. This flexibility allows developers to develop new
classes and customize existing modules. Its class hier-
archy – including Datacenter, Host, Vm, and Cloudlet
– is designed to represent specific elements of a cloud
environment, enabling the configuration of diverse sce-
narios and the experimentation with various allocation
policies.

SimGrid employs a realistic simulation model fo-
cused on accurately modeling resources and network
interactions, featuring an architecture with various
modules for complex distributed systems. Its S4U (Sim-
Grid for You) interface helps define cloud components
and manage interactions like network connections and
process synchronization, excelling in network topol-
ogy modeling for detailed control over communication
infrastructure.

2.1 Workload Representation in Cloud
Simulators

Workload representation is an aspect to consider when
comparing simulators, as the tools differ in how they
model and manage these loads.

CloudSim Plus uses the concept of a cloudlet to
represent a workload. Each cloudlet is configured
with parameters such as the number of instructions and
input and output size, allowing for detailed customiza-
tion of simulated applications. The networkCloudlet
is a specialization of this class, which allows for the
representation of communication between different
tasks, although modeling dependencies between tasks
depends on custom events and programmatic control.

SimGrid adopts a different approach to represent-
ing scientific applications and workflows. With the
Exec and Comm classes, it is possible to describe com-
puting and communication within the simulated infras-
tructure. Moreover, native support for modeling work-
flows using input files, such as .dot and .json, allows
SimGrid to be used effectively to simulate complex ap-
plications, including those with data dependencies and
synchronization.

While CloudSim Plus is more suitable for simulat-
ing individual and independent workloads, SimGrid
offers considerable advantages in modeling workflows,
being more appropriate for applications that require
accuracy in modeling dependencies and communica-
tions.

2.2 Modeling Cloud Infrastructure with
Simulation Support

When comparing the simulation tools, the capability
to represent various cloud infrastructures, including
public, private, and hybrid clouds, can be an impor-
tant consideration. For example, CloudSim Plus allows
for distinguishing between public and private infras-
tructures through the DatacenterCharacteristics
class, which defines the characteristics of the datacen-
ter, such as the type of infrastructure and the costs
associated with resource use. In addition, the use of
[12] allows scenarios to be described via YAML files,
facilitating the reproduction of experiments, although
the use of more advanced features still requires a pro-
grammatic approach.

SimGrid does not have a mechanism to differentiate
public and private infrastructures but offers the ability
to define different network zones, allowing the simula-
tion of hybrid platforms. Network modeling is one area
where SimGrid surpasses CloudSim Plus, offering detail
and support for complex network topologies. Models
like [13] are used to estimate network link latencies.
Thus, while CloudSim Plus facilitates distinguishing
between different types of infrastructure, SimGrid pro-
vides greater flexibility in modeling network topologies
and characterizing distributed platforms.

2.3 Discussion
The comparison underscores their differing modeling
capabilities. CloudSim Plus’s modularity and extensi-
bility make it ideal for researchers creating custom
simulations, with Maven integration and examples en-
hancing usability. Conversely, SimGrid is tailored for
simulating distributed systems with detailed commu-
nication models and network topologies, which are
suitable for scenarios demanding realistic representa-
tions of distributed systems.

While both offer specific advantages in terms of
usability, CloudSim Plus is more user-friendly for those
seeking a smoother learning curve, while SimGrid re-
quires a more significant initial investment in terms of
understanding the modules and interface.

Therefore, the choice between CloudSim Plus and
SimGrid should be guided by the specific requirements
of each project. CloudSim Plus is more suitable for sce-
narios requiring modular implementation and ease of
use, while SimGrid excels in environments that demand
precise and detailed modeling, especially in relation to
communication and resource distribution.

CloudSim Plus and SimGrid offer different advan-
tages and challenges, depending on the requirements of
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hybrid cloud simulation. While CloudSim Plus is highly
flexible and developer-friendly, SimGrid offers preci-
sion and direct features for modeling networks and
distributed systems. The choice between them should
be based on the specific objectives of each simulation,
considering factors such as flexibility, detailing, preci-
sion, and usability. Thus, this work provides a critical
analysis intended to assist in decision-making about
which tool to use for projects involving the simulation
of hybrid cloud environments.

3 The proposed Hybrid Cloud Scenario
Architecture

This section introduces the architecture of the proposed
hybrid cloud scenario, designed to evaluate the appli-
cability of different cloud simulation tools in modeling
complex scientific workflow applications. The hybrid
cloud scenario is structured to replicate a real-world
environment, allowing the comparison of simulator per-
formance under varying conditions of resource avail-
ability and workload complexity.

The three capacities – low, medium, and high – rep-
resent different degrees of computational power and
storage capabilities, intended to simulate both feder-
ated cloud environments and hybrid cloud solutions
with public cloud extensions as shown in Table 1. For
the low-capacity scenario, only one datacenter was
employed, with two racks comprising a total of six
computational nodes. The medium-capacity scenario
added another datacenter, thereby increasing the avail-
able nodes to 18 distributed across five racks. Finally,
the high-capacity scenario included a public cloud dat-
acenter, bringing the total host count to 34 and incor-
porating enhanced processing capabilities through ad-
ditional processing resources.

Table 1. Size Configurations

Size Hosts PEs Network Storage
small 6 72 40 1
medium 18 216 100 3
high 34 816 100 5

The public cloud extension was modeled to demon-
strate cloud bursting – a mechanism where additional
workloads are migrated to public infrastructure when
private resources are exhausted. This hybrid setup pro-
vides insight into the advantages and costs associated
with leveraging public cloud services, particularly con-
cerning scalability and resource optimization.

4 Experimental Results
The experiments involved simulating multiple users
deploying a scientific application on the infrastruc-
ture provided over a 24-hours. The date of user
entry into the infrastructure was modeled using an
exponential statistical distribution. Each user can
allocate up to 4 VMs at startup. It is assumed that
all users utilize their maximum quota of 4 VMs, and
the VMs cannot be shared among users. The simu-
lated workload is the synthetic workflow Montage
https://github.com/wfcommons/WfInstances/tree/
main/pegasus/montage, with 391 tasks, where each
user submits a workflow for execution.

The values in Table 2 represent the average of 15
runs on each simulator, totaling 30 experiments for each
infrastructure size. The results indicate that infrastruc-
ture capacity has a considerable impact on application
performance. Low-capacity infrastructure frequently
experiences overload, with resource utilization rates ex-
ceeding 100%. In contrast, medium-capacity infrastruc-
ture reduces execution time to 1203.78 seconds, which
suggest performance improvements due to greater re-
source availability.

Table 2. Example of Montage workflow [14] simulated
makespan

Size Workflow Duration(s) Average Task
Duration (s)

small 2921.89 267.09
medium 1203.78 162.36
high 786.23 120.6

The high-capacity infrastructure achieves the best
performance, with an average execution time of 786.23
seconds and a more balanced resource utilization rate
over time. However, the performance improvement
compared to the medium-capacity infrastructure is
less significant. This reduced gain is likely due to the
medium-capacity infrastructure already meeting the
processing requirements of the workflow, with the ad-
ditional resources of the high-capacity infrastructure
providing only marginal benefits.

The analysis of the results reveals that the effi-
ciency of Montage execution improves significantly
with an increase in infrastructure capacity, especially
when moving from low to medium capacity. The high-
capacity infrastructure, while offering the best perfor-
mance, shows marginal gains compared to the medium-
capacity infrastructure. The results suggest that, for a
small Montage workflow, choosing a medium-capacity
infrastructure may be the most cost-effective in terms

https://github.com/wfcommons/WfInstances/tree/main/pegasus/montage
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of cost-benefit, meeting the processing needs without
incurring excessive costs.

4.1 Simulation Performance Comparison
The experiment demonstrates the versatility of cloud
simulators in modeling complex scientific workflows
and evaluating their execution in different cloud envi-
ronments. SimGrid showed greater efficiency in terms
of simulation runtime compared to CloudSim Plus, as
seen in Table 3. This difference in performance is at-
tributed to the underlying programming language (C++
for SimGrid versus Java for CloudSim Plus), as well as
the native handling of task concurrency and resource
allocation strategies.

Table 3. Simulation Execution Time

Simulator Total Simulation
Time (s)

Standard
Deviation (s)

CloudSim Plus 181.2 36.82
SimGrid 44.4 5.70

The experiments also highlight the importance of
selecting the appropriate infrastructure capacity for
scientific workflows. Highly parallel workflows like
Montage benefit significantly from higher capacity se-
tups, emphasizing the trade-off between cost and per-
formance.

In conclusion, the use of cloud simulation tools
such as CloudSim Plus and SimGrid effectively facili-
tates the evaluation of scalability in hybrid cloud en-
vironments. Such tools allow researchers to conduct
extensive experiments under controlled settings, avoid-
ing the prohibitive costs and complexity of real-world
cloud deployments while providing insight into work-
load behavior and infrastructure requirements.

5 Related Work
Cloud computing has been studied in terms of innova-
tions in distributed resource management. However,
due to the complexity and cost of managing real plat-
forms, simulation tools have emerged as a practical
alternative for studying cloud environments. Conse-
quently, the literature broadly evaluates these tools to
support research.

In [9], several cloud simulation tools are used to
help researchers choose the appropriate tool for specific
projects. Their study highlighted that while tools such
as CloudSim provide general flexibility, they often need
to catch up when it comes to handling emerging needs
like mobile cloud computing, where performance and
adaptability are significant.

[15] conducted an extensive survey on cloud com-
puting simulators, covering the architectures and fea-
tures of 33 different tools. They found that a significant
portion of these tools are based on the CloudSim frame-
work, yet many need help with scalability and compre-
hensive modeling. Their findings underscore the need
for improved models to meet the growing complexity
of cloud environments, especially in hybrid settings.

[16] reviewed cloud simulation tools, focusing on
their capabilities for dynamic workload management
and energy modeling. They pointed out that most tools,
including those derived from CloudSim, need more
robust support for dynamic changes and energy effi-
ciency, which limits their effectiveness in modern cloud
scenarios where adaptability is critical.

Unlike the reviewed works, which focus on gener-
alized cloud modeling or public clouds, this study takes
a practical approach to evaluate these tools in a hy-
brid cloud infrastructure scenario modeled as Directed
Acyclic Graphs (DAGs). It shows how these simula-
tors address the specific needs of scientific applications,
considering the diversity in workflow structures, de-
pendencies, and resource requirements.

6 Conclusion and Future Work
This study demonstrated the applicability of cloud simu-
lation tools for modeling hybrid cloud infrastructures to
support scientific applications. By comparing SimGrid
and CloudSim Plus, we identified distinct strengths
and weaknesses. SimGrid offers flexibility, albeit with
more significant programming effort and fewer cloud-
specific features. CloudSim Plus provides a comprehen-
sive environment for modeling cloud scenarios, but is
limited in network aspects. The results emphasize the
value of these tools for developing effective cloud re-
source management strategies for scientific workflows.

For future work, we aim to explore network con-
siderations for workload scheduling and execution in
greater detail and extend these tools to support emerg-
ing cloud technologies, such as lightweight virtualiza-
tion through containers and microservices-based work-
load models. These improvements will help ensure that
these tools remain relevant and scalable options for
simulating diverse and complex hybrid cloud scenar-
ios.

Declarations
Availability of data and additional materials
The implementations in the respective simulators are pub-
licly available in the online code repository at: https://github.
com/JoaoNevesSoares/simcloud.git.
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