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ABSTRACT

The growth of cloud computing has led to an increased demand for simulation tools that can model and analyze cloud computing environments. In this paper, we
provide a comprehensive survey of the available cloud computing simulation tools, with a focus on their features, capabilities, and limitations. We begin by
discussing the motivations for using simulation tools in cloud computing, and then provide an overview of the different types of simulation tools available. We
categorize the simulation tools based on their approaches and models, such as discrete event simulation, agent-based simulation, and analytical modeling. We
then describe the various features and capabilities of the simulation tools, including their support for different cloud architectures, scalability, and resource
allocation strategies. Finally, we examine the limitations of the simulation tools, such as the accuracy of the models, the complexity of the simulation process, and
the lack of standardization in cloud computing simulation. This survey provides a useful reference for researchers and practitioners who are interested in selecting
the appropriate simulation tool for their cloud computing research or implementation.
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Introduction

Cloud computing [1] has become a widely adopted technology for delivering computing resources and services over the Internet. With the growth of
cloud computing, there is a need for simulation tools that can model and analyze cloud computing environments. These simulation tools are used to
evaluate the performance, scalability, and resource allocation of cloud computing systems. Additionally, they can help researchers and practitioners in
developing new algorithms and techniques for cloud computing. In this paper, we provide a comprehensive survey of the available cloud computing
simulation tools. The survey is aimed at identifying the features, capabilities, and limitations of the simulation tools that are available for modeling and
analyzing cloud computing environments. The objective is to provide researchers and practitioners with a useful reference for selecting the appropriate
simulation tool for their cloud computing research or implementation. This paper is organized as follows: we first discuss the motivations for using
simulation tools in cloud computing, then provide an overview of the different types of simulation tools available. We then categorize the simulation
tools based on their approaches and models, and describe their features and capabilities. Finally, we examine the limitations of the simulation tools and
conclude with some suggestions for future research in cloud computing simulation.

1. Service Models of Cloud Computing
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Fig. 1: Services & Service providers of Cloud Computing
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Cloud computing is a model for delivering computing resources and services over the Internet. There are three primary service models for cloud
computing: Infrastructure as a Service (laaS), Platform as a Service (PaaS), and Software as a Service (SaaS). Each service model offers a different
level of abstraction and control over the computing resources that are provided to the users.

A. Infrastructure as a Service (laaS): laaS is the most basic service model of cloud computing. It provides users with virtualized computing

resources such as servers, storage, and network infrastructure, which can be used to deploy and manage their own software applications. The
user is responsible for configuring and managing the infrastructure, including operating systems, middleware, and applications. laa$ is often
used by organizations that require high levels of control over their computing resources, and want to avoid the cost and complexity of
managing their own physical infrastructure.

[oo

Platform as a Service (PaaS): PaasS is a higher-level service model that provides a complete development and deployment environment for

software applications. PaaS providers offer a pre-configured platform that includes the operating system, middleware, and development
tools necessary for building and deploying applications. Users can focus on developing their applications without worrying about the
underlying infrastructure. PaaS is often used by developers who want to quickly build and deploy applications, without worrying about the
complexities of infrastructure management.

[©

Software as a Service (SaaS): SaaS is the highest level of abstraction in cloud computing. It provides users with access to software
applications that are hosted by a third-party provider. Users can access the applications through a web browser or other thin client, without
having to install or maintain any software on their local machines. [3] SaaS providers are responsible for managing the underlying
infrastructure, including hardware, software, and security. SaaS is often used by organizations that want to quickly deploy software
applications without having to invest in the infrastructure or software licenses required to run them.

In conclusion, each service model of cloud computing offers different levels of abstraction and control over computing resources, and can be used to
meet different business needs. Organizations can choose the appropriate service model based on their specific requirements and expertise in managing
computing resources.

2. Fundamental Models of Cloud Computing

Cloud computing is a model for delivering computing resources and services over the Internet. The fundamental models of cloud computing are based
on the level of abstraction and control that users have over the computing resources. There are three fundamental models of cloud computing: public
cloud, private cloud, and hybrid cloud.

A. Public Cloud: A public cloud is a cloud computing model that is hosted and managed by a third-party provider. The provider offers
computing resources and services to multiple users over the Internet. The users share the computing resources and services, and pay for what
they use. Public clouds are usually provided by large tech companies such as Amazon Web Services (AWS), Microsoft Azure, and Google
Cloud Platform. Public clouds offer scalability, reliability, and cost-effectiveness, making them an attractive option for many businesses.

|0

Private Cloud: A private cloud is a cloud computing model that is hosted and managed by an organization for its own use. The organization
builds and operates the cloud infrastructure on-premises or in a data center. The private cloud offers the same benefits as a public cloud,
such as scalability and cost-effectiveness, but with greater control over the computing resources and services. Private clouds are often used
by organizations that have strict security or compliance requirements, and want to maintain control over their computing resources.

(9]

Hybrid Cloud: A hybrid cloud is a cloud computing model that combines the features of public and private clouds. The hybrid cloud allows
organizations to use a mix of public and private cloud resources, and provides a seamless integration between them. The hybrid cloud offers
the flexibility of a public cloud, with the control and security of a private cloud. Organizations can use the hybrid cloud to scale their
computing resources during periods of high demand, or to maintain control over sensitive data.

In conclusion, the fundamental models of cloud computing offer different levels of control and flexibility over the computing resources and services.
Organizations can choose the appropriate model based on their specific requirements and expertise in managing computing resources.

2. CLOUD SIMULATION TOOLS

Cloud simulation tools are used to model, analyze, and optimize various aspects of cloud computing systems, such as resource allocation, load
balancing, network performance, and energy consumption. There are several cloud simulation tools available, each with its own strengths and
limitations. Here's a comparison of some of the most popular cloud simulation tools:

1. CloudSim: CloudSim [2] is a widely used cloud simulation tool that is built on the Java programming language. It is open-source and offers a
comprehensive set of features for simulating cloud computing environments. Some of its key features include support for both single and multi-cloud
environments, various workload models, and energy-aware resource allocation algorithms.
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Fig. 2: Structure showing CloudSim Simulator for Cloud Computing

CloudSim [4] is a simulation framework designed for modeling and simulation of cloud computing infrastructures and services. It is an open-source
platform that enables researchers and practitioners to evaluate and compare the performance of various cloud computing scenarios, such as different
resource allocation policies, scheduling algorithms, and workload patterns.

CloudSim [5] provides a comprehensive set of features that allow users to create complex cloud computing environments, including virtual machines,
data centers, and cloud services. It supports different cloud computing models, such as Infrastructure as a Service (laaS), Platform as a Service (PaaS),
and Software as a Service (SaaS). It also includes various workload models, such as synthetic workloads, traces from real-world applications, and user-
defined workloads.

CloudSim provides a modular and extensible architecture that allows users to add new features and customizations easily. It also provides a rich set of
APIs for controlling and monitoring the simulation, as well as for collecting performance metrics.

CloudSim has been widely used in various research areas, such as cloud resource management, energy efficiency, cost optimization, and quality of
service. It has also been used for educational purposes, as it provides an intuitive and easy-to-use interface for students and researchers to learn about
cloud computing concepts and technologies.

Overall, CloudSim is a powerful simulation framework that enables researchers and practitioners to study and evaluate the performance of cloud
computing infrastructures and services under different scenarios and conditions.

2. SimGrid: SimGrid is an open-source framework for simulating distributed systems, including cloud computing systems. It is built on C++ and offers
high performance and scalability, making it suitable for simulating large-scale cloud environments. Some of its key features include support for various
cloud architectures, resource allocation strategies, and network topologies.

SimGrid is an open-source simulation toolkit designed for the modeling and simulation of large-scale distributed systems, including grids, clouds, and
peer-to-peer networks. It provides a powerful and flexible platform for researchers and practitioners to evaluate and compare the performance of
various distributed computing scenarios, such as different resource allocation policies, scheduling algorithms, and communication protocols.

SimGrid enables users to create complex distributed systems with multiple nodes, communication links, and computing resources, and to simulate the
behavior of these systems under various workload patterns and conditions. It also includes advanced modeling capabilities for capturing the
heterogeneity and dynamics of real-world distributed systems, such as variability in processing speeds, communication delays, and failure rates.

SimGrid provides a modular and extensible architecture that allows users to add new features and customizations easily. It also provides a rich set of
APIs for controlling and monitoring the simulation, as well as for collecting performance metrics.
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SimGrid has been widely used in various research areas, such as distributed resource management, fault tolerance, energy efficiency, and performance
optimization. It has also been used for educational purposes, as it provides an intuitive and easy-to-use interface for students and researchers to learn
about distributed computing concepts and technologies.

Overall, SimGrid is a powerful simulation toolkit that enables researchers and practitioners to study and evaluate the performance of large-scale
distributed systems under different scenarios and conditions.

3. Cloud Analyst: Cloud Analyst is a cloud simulation tool that is built on the Java programming language. It offers a user-friendly interface for
simulating cloud computing systems and provides support for various resource allocation policies and workload models. It also includes a visualization
tool for analyzing simulation results.
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Fig. 3: Structure showing Cloud Analyst Simulator for Cloud Computing

CloudAnalyst is a cloud computing simulation framework that provides a platform for evaluating the performance of cloud computing infrastructures
and services. It is an open-source platform that allows researchers and practitioners to experiment with different cloud computing scenarios, such as
different resource allocation policies, scheduling algorithms, and workload patterns.CloudAnalyst allows users to create virtual machines, data centers,
and cloud services, and to simulate their behavior under various conditions and configurations. It also includes various workload models, such as
synthetic workloads, traces from real-world applications, and user-defined workloads.

CloudAnalyst provides a user-friendly interface that allows users to configure and run simulations easily. It also provides a rich set of visualization
tools for analyzing the simulation results and comparing the performance of different scenarios.

CloudAnalyst has been used in various research areas, such as cloud resource management, energy efficiency, cost optimization, and quality of service.
It has also been used for educational purposes, as it provides an intuitive and easy-to-use interface for students and researchers to learn about cloud
computing concepts and technologies.

Overall, CloudAnalyst is a valuable simulation framework that provides researchers and practitioners with a platform for evaluating and comparing the
performance of cloud computing infrastructures and services under different scenarios and conditions.

4. GridSim: GridSim is an open-source simulation toolkit designed for the modeling and simulation of grid computing infrastructures and services. It
provides a powerful and flexible platform for researchers and practitioners to evaluate and compare the performance of various grid computing
scenarios, such as different resource allocation policies, scheduling algorithms, and communication protocols.
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Fig. 4: Diagram showing GridSim Simulator for Cloud Computing
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GridSim enables users to create complex grid computing systems with multiple nodes, communication links, and computing resources, and to simulate
the behavior of these systems under various workload patterns and conditions. It also includes advanced modeling capabilities for capturing the
heterogeneity and dynamics of real-world grid computing systems, such as variability in processing speeds, communication delays, and failure rates.

GridSim provides a modular and extensible architecture that allows users to add new features and customizations easily. It also provides a rich set of
APIs for controlling and monitoring the simulation, as well as for collecting performance metrics.

GridSim has been widely used in various research areas, such as grid resource management, fault tolerance, energy efficiency, and performance
optimization. It has also been used for educational purposes, as it provides an intuitive and easy-to-use interface for students and researchers to learn
about grid computing concepts and technologies.

Overall, GridSim is a powerful simulation toolkit that enables researchers and practitioners to study and evaluate the performance of grid computing
infrastructures and services under different scenarios and conditions

5. iCanCloud: iCanCloud [7] is a cloud simulation tool that is built on the CloudML modeling language. It offers a high-level abstraction for modeling
cloud computing systems and provides support for various resource allocation policies and workload
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Fig. 5: Structure showing iCanCloud Simulator for Cloud Computing

iCanCloud is an open-source simulation framework designed for the modeling and simulation of cloud computing infrastructures and services. It
provides a flexible and scalable platform for researchers and practitioners to evaluate and compare the performance of various cloud computing
scenarios, such as different resource allocation policies, scheduling algorithms, and workload patterns.

iCanCloud allows users to create virtual machines, data centers, and cloud services, and to simulate their behavior under various conditions and
configurations. It also includes various workload models, such as synthetic workloads, traces from real-world applications, and user-defined workloads.

iCanCloud provides a modular and extensible architecture that allows users to add new features and customizations easily. It also provides a rich set of
APIs for controlling and monitoring the simulation, as well as for collecting performance metrics.

iCanCloud has been used in various research areas, such as cloud resource management, energy efficiency, cost optimization, and quality of service. It
has also been used for educational purposes, as it provides an intuitive and easy-to-use interface for students and researchers to learn about cloud
computing concepts and technologies.

One of the unique features of iCanCloud is its support for the modeling and simulation of virtual network topologies. This enables researchers and
practitioners to study the impact of network characteristics on the performance of cloud computing systems.

Overall, iCanCloud is a powerful simulation framework that provides researchers and practitioners with a platform for evaluating and comparing the
performance of cloud computing infrastructures and services under different scenarios and conditions.

6.GreenCloud: GreenCloud is a simulation tool that is specifically designed to evaluate the energy efficiency of cloud computing systems. It offers
support for various energy-saving techniques, such as dynamic voltage and frequency scaling, and provides detailed energy consumption metrics for
different components of the system.
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Fig 6 : Architectural Diagram for GreenCloud

GreenCloud is a simulation tool designed for modeling and simulating cloud computing environments. It is an open-source, discrete-event simulator
that can be used to simulate different types of cloud computing infrastructures such as Infrastructure as a Service (laaS), Platform as a Service (PaaS),
and Software as a Service (SaaS) models.

The main objective of GreenCloud is to provide a comprehensive framework for evaluating the energy efficiency of cloud computing infrastructures. It
simulates the behavior of different types of cloud applications, virtual machines (VMs), and cloud providers. This allows researchers and developers to
evaluate the energy consumption and performance of cloud computing infrastructures under different conditions and configurations.

GreenCloud provides a graphical user interface (GUI) that makes it easy to configure and run simulations. The user can define various parameters, such
as the number of VMs, the type of workload, the energy consumption model, and the scheduling policies. The simulator also provides several metrics to
evaluate the performance and energy efficiency of the simulated cloud infrastructure, such as the average response time, the energy consumption, and
the utilization of resources.

GreenCloud is written in Java and is available under the Apache License 2.0. It can be used on different operating systems such as Windows, Linux,
and macOS. The simulator has been used by researchers and developers in various fields such as cloud computing, energy-efficient computing, and
green computing.

Overall, GreenCloud is a powerful simulation tool that can help researchers and developers to evaluate the energy efficiency of cloud computing
infrastructures and to optimize their performance.

Overall, the choice of a cloud simulation tool depends on the specific requirements and goals of the simulation. CloudSim and SimGrid are the most
widely used and comprehensive tools, while CloudAnalyst and GridSim offer user-friendly interfaces for easier simulation. iCanCloud offers a high-
level abstraction for modeling cloud systems, while GreenCloud is focused on energy efficiency.

7.MDCSim:MDCSim is a simulation tool designed for modeling and simulating data center networks. It is an open-source simulator that can be used
to simulate different types of data center networks such as leaf-spine, fat-tree, and hypercube topologies.

Service
Request
Processing

Fig. 7: Structure showing MDCSim Simulator for Cloud Computing
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The main objective of MDCSim [8] is to provide a comprehensive framework for evaluating the performance and energy efficiency of data center
networks. It simulates the behavior of different types of network traffic, routing protocols, and energy-aware algorithms. This allows researchers and
developers to evaluate the performance and energy consumption of data center networks under different conditions and configurations.

MDCSim provides a command-line interface (CLI) that makes it easy to configure and run simulations. The user can define various parameters, such as
the number of switches, the type of topology, the traffic pattern, and the energy consumption model. The simulator also provides several metrics to
evaluate the performance and energy efficiency of the simulated data center network, such as the average packet delay, the energy consumption, and the
utilization of network resources.

MDCSim is written in Java and is available under the GNU General Public License. It can be used on different operating systems such as Windows,
Linux, and macOS. The simulator has been used by researchers and developers in various fields such as computer networks, data center design, and
energy-efficient computing.

Overall, MDCSim is a powerful simulation tool that can help researchers and developers to evaluate the performance and energy efficiency of data
center networks and to optimize their design and operation.

8.EmuSim:EmuSim is a network simulation tool that is designed to simulate the behavior of software-defined networks (SDNs). It is an open-source
simulator that can be used to model and simulate different types of SDN architectures and network protocols.
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Fig. 8: Diagram showing EMUSim Simulator for Cloud Computing

The main objective of EmuSim is to provide a comprehensive framework for evaluating the performance and functionality of SDN controllers and
network applications. It simulates the behavior of different types of network traffic, routing protocols, and SDN controllers. This allows researchers and
developers to evaluate the performance and functionality of SDN architectures under different conditions and configurations.

EmuSim provides a graphical user interface (GUI) that makes it easy to configure and run simulations. The user can define various parameters, such as
the topology, the traffic pattern, the controller algorithm, and the network protocol. The simulator also provides several metrics to evaluate the
performance of the simulated network, such as the average packet delay, the throughput, and the number of dropped packets.

EmuSim is written in Python and is available under the Apache License 2.0. It can be used on different operating systems such as Windows, Linux, and
macOS. The simulator has been used by researchers and developers in various fields such as computer networks, SDN design, and network security.

Overall, EmuSim is a powerful simulation tool that can help researchers and developers to evaluate the performance and functionality of SDN
architectures and to optimize their design and operation.

9.0CT: The Open Cloud Testbed (OCT) [6] Simulator is a cloud computing simulation tool developed by the University of Melbourne and the
Commonwealth Scientific and Industrial Research Organisation (CSIRO) in Australia. It is an open-source simulator that can be used to model and
simulate cloud computing infrastructures, including Infrastructure as a Service (laaS), Platform as a Service (PaaS), and Software as a Service (SaaS)
models.
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Fig. 9: Structure showing OCT Simulator for Cloud Computing

The OCT simulator provides a platform for researchers, developers, and system administrators to evaluate the performance and scalability of cloud
computing infrastructures. It simulates the behavior of different types of cloud applications, virtual machines (VMs), and cloud providers. This allows
users to evaluate the performance and resource utilization of cloud computing infrastructures under different conditions and configurations.

The simulator provides a web-based user interface that makes it easy to configure and run simulations. The user can define various parameters such as
the number of VMs, the type of workload, the energy consumption model, and the scheduling policies. The simulator also provides several metrics to
evaluate the performance and scalability of the simulated cloud infrastructure, such as the average response time, the energy consumption, and the
utilization of resources.

The OCT simulator is written in Java and is available under the Apache License 2.0. It can be used on different operating systems such as Windows,
Linux, and macOS. The simulator has been used by researchers and developers in various fields such as cloud computing, distributed systems, and
parallel computing.

Overall, the OCT simulator is a powerful simulation tool that can help users to evaluate the performance and scalability of cloud computing
infrastructures and to optimize their design and operation.

4. Advantages of Cloud Simulation Tools

Cloud simulation tools offer several advantages over traditional simulation tools, including:

Scalability: Cloud-based simulation tools provide the ability to scale up or down the simulation resources, as required, making it more flexible and cost-
effective.

Accessibility: Cloud-based simulation tools are accessible from anywhere and at any time, as long as there is an internet connection. This makes it
easier for distributed teams to collaborate on simulations.

Cost-effective: With cloud simulation tools, users do not need to invest in expensive hardware or software licenses. Instead, they can pay for only the
resources they use, making it a more cost-effective option.

Easy to use: Cloud simulation tools are generally easy to use, with intuitive interfaces and easy-to-understand workflows. This makes it easier for non-
experts to run simulations and analyze the results.

Integration: Cloud simulation tools can easily integrate with other cloud-based tools, making it easier to share data and collaborate with other teams.

Speed: Cloud simulation tools can provide faster results compared to traditional simulation tools, as they can leverage the power of cloud computing to
process large amounts of data quickly.

Security: Cloud simulation tools are generally more secure than traditional simulation tools, as they offer built-in security features such as encryption
and data backups, making it easier to protect the user's data.

5. Comparison of cloud Computing Simulators

Cloud Simulators Language Support of TCP/IP | S/W or H/W Availability
CloudSim Java None SIW Open source
Green Cloud Java None SIW Open Source

Ground Sim Java TCP/IP SIW NA
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iCanCloud C++ None SIW Open Source

GDCSim C++/ XML None SIW Open Source

MDCSim C++lJava None SIW Commercial

TeachCloud NA None SIW Open Source

CSOSim OMNet/MPL/C++ None SIW Open Source
6. Conclusion

In conclusion, cloud simulation tools have become an essential part of modern computing, providing researchers and practitioners with a powerful
toolset for performing complex simulations and data analysis. This research paper has explored the current state of cloud simulation tools, their
features, benefits, and limitations.

The findings of this study reveal that cloud simulation tools are highly flexible, scalable, and cost-effective compared to traditional simulation methods.
Cloud simulation tools allow users to leverage cloud computing resources, which can handle large amounts of data and complex simulations in a
fraction of the time required by traditional computing methods. Furthermore, cloud simulation tools enable collaboration and knowledge sharing among
researchers, which can lead to more effective and innovative solutions to complex problems.

However, despite the advantages of cloud simulation tools, some limitations still need to be addressed. For instance, the security and privacy concerns
associated with cloud computing, as well as the potential for vendor lock-in, should be taken into account when using cloud simulation tools.

Overall, this research paper has shown that cloud simulation tools have the potential to revolutionize the field of simulation and modeling. Future
research should focus on addressing the current limitations of cloud simulation tools and exploring new ways to leverage the power of cloud computing
for simulation and data analysis.
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