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Abstract 

Cloud computing is the study of using remote servers which are hosted on the internet to deliver on-demand 
computing resources on pay-for-use basis rather than a local server. Due to high energy consumption in cloud 
computing environments, it has become the main area of research. The amount of energy consumption 
becomes difficult to determine in real cloud computing infrastructure. In recent years some simulation tools 
have been developed to analyze the energy consumption in cloud computing environments for the researchers. 
This paper evaluates three different popular cloud energy consumption measuring simulators: CloudSim, 
CloudAnalyst and GreenCloud. All of these simulators can determine energy consumption according to their 
ability and capacity. The comparative study indicates that in a cloud computing environment, GreenCloud 
simulator is better than CloudSim and CloudAnalyst due to reliable measurement of energy consumption. The 
significance of this comparative study is to help out the researchers who are working on energy consumption 
in cloud computing environments that how GreenCloud simulator make their work efficient rather than other 
simulators. 
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1. Introduction 

According to IBM, “Cloud computing, often referred to as simply “the cloud,” is the delivery of 
on-demand computing resources—everything from applications to data centers—over the Internet on a 
pay-for-use basis.” [1]. Cloud Computing refers to manipulate, configure and access the applications online. It 
offers online data storage, infrastructure and applications [2]. So, it has changed the method of exchanging 
information between people. Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a 
Service (SaaS) are the three main services of cloud computing [3], [17]. Cloud computing empowers a 
number of people to utilize the offered utilities by simply utilizing their own gadgets without realizing that 
where these services models are deployed. It can be seen that by increasing the amount of energy 
consumption due to increased development of cloud computing environments, researchers are finding the 
solutions to reduce the amount of energy consumption. So, the complexity of these systems, become a 
problem for the researchers when they conduct study on the real cloud computing environments. Researchers 
can evaluate the energy consumption in cloud computing environments with the help of cloud energy 
consumption measuring simulators. How they are suitable to measure energy consumption of a cloud system 
is accessed [4]. However, GreenCloud is much better than other simulators due to good performance and less 
simulation time. It has also different power saving modes i.e. DVFS (Dynamic Voltage and Frequency 
Scaling) and DNS (Dynamic Network Shutdown) [14,15] which are not in other simulators. The only main 
limitation of GreenCloud simulator is that it limits to only small data centers [26]. In this paper, the 
comparative study of three different simulators which are specifically developed for cloud energy 
consumption measurement i.e. CloudSim; CloudAnalyst and GreenCloud have to be done. 

2. Related Work 

In cloud computing research, cloud simulators are required to evaluate the cloud system. Under different 
scenarios, the performance of a specific component can be evaluated by analyzing the cloud computing 
system [5]. For this purpose, different cloud energy consumption measuring simulators are available to 
measure the energy consumption of a cloud data center [19] and many researchers publish different research 
papers regarding their specifications. CloudSim is a Java based simulation toolkit and it can model and 
simulate very large-scale clouds. It can measure the energy consumed by a cloud system but less reliable than 
GreenCloud. It supports communication among the components of the cloud system while CloudAnalyst is 
derived from CloudSim [21]. On the other side CloudAnalyst is also provide java-based simulation and 
provide framework for deploying real-time datacenters. Its main purpose is to measure energy consumption of 
a cloud system [22,23]. According to the research of different researchers, GreenCloud is a packet level 
simulator and its ability to measure energy consumed by the system is more efficient and reliable than other 
simulators i.e. CloudSim and CloudAnalyst. It is specially made for energy-aware environment. GreenCloud 
is designed to calculate energy consumption at any particular data center components such as link, switch, 
gateway etc. as well as communication between the packet levels. Further, it offers to know the workload 
distribution in the system [24,25]. These simulators have to be taken for comparative study because these are 
specifically designed for the measurement of energy consumption in cloud computing environments. This 
paper aims to compare all these simulators against different parameters to show that which simulator is better 
than others in cloud energy consumption measurement. 
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3. Comparative Study between CloudSim, CloudAnalyst and GreenCloud 

In this part of paper, three different cloud energy consumption measuring simulators have been discussed. 
CloudSim simulation framework is Java based simulation toolkit which can model very large-scale clouds and 
support communication among the components of the cloud system [6,7]. It is event-based simulator. It has a 
special feature referred as federated policy. A federated cloud is a combination of several internal and external 
clouds utilities to meet business needs by deploying them [8,9,10]. The second one is CloudAnalyst derived 
from CloudSim. It is also event-based simulator. It has a powerful simulation framework for deploying 
real-time datacenters and monitoring the load balancing. So, it can be applied to determine the behavior of 
large-scale internet applications on cloud [9,10,11,12,13]. GreenCloud is the third one simulator to determine 
energy consumed by the system; with the ability of improving power management, it supports the researchers 
in exploring methods to reduce energy consumption with user friendly graphical user interface. It is a 
packet-level simulator, which strictly pay attention on the communication between components. This 
simulator based on two languages i.e. C++ and Tool Command Language (TCL) scripts [9,10], [14,15]. All of 
these simulators have their own ability to determine the energy consumption in cloud computing 
environments. 

4. Methodology 

To identify the best cloud energy consumption measuring simulator for the help of researchers and others, 
the comparative study of the mentioned simulators has been done in two ways i.e. Technical Factors and 
Environmental Factors, which can be seen in section V i.e. Results. For technical factors the comparative 
study has been done on the following parameters: Simulator Services, Programming Language, Simulator 
Type and Simulation Time. For environmental factors the comparative study has been done on the following 
parameters: Market Demand, Graphical User Interface, Performance, Robustness and Open Source. In 
environmental factors, for more deeply analysis, these simulators are ranked as low, average and high to 
determine degree of influence and at the end their combine result has to be shown. 

5. Results 

 Energy consumption can be measure with each simulator but each simulator has different capacity to 
perform it [18,19,20]. The detailed comparative study between different technical factors of cloud energy 
consumption measuring simulators is following: 

Services-CloudSim is a Java based simulation toolkit. It can model and simulate very large-scale clouds. It 
supports communication among the components of the cloud system while CloudAnalyst is derived from 
CloudSim [6,7], [9]. It has some extended features and capabilities than CloudSim like User friendly GUI, 
flexibility and efficient output [8,9]. On the other side energy-aware cloud computing data centers can get 
simulation environment from GreenCloud simulator to capture the detailed energy consumed in data center 
[8,9], [14].GreenCloud is one of the only simulators which have power saving modes i.e. DVFS (Dynamic 
Voltage and Frequency Scaling) and DNS (Dynamic Network Shutdown) while CloudSim and CloudAnalyst 
do not have this feature [9], [11], [14,15]. They are also not considering the energy which has been spent. The 
detailed comparison between different services provided by cloud energy consumption measuring simulators 
can be seen in Table 1. 
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TABLE 1. SERVICES PROVIDED BY CLOUD ENERGY CONSUMPTION MEASURING SIMULATORS [7,8,9,10], [13,14] 

Sr# Services CloudSim CloudAnalyst GreenCloud 

1 Provides java-based simulation Yes Yes No 

2 Simulation of CPU, memory, storage and 
networking resources 

No No Yes 

3 Provides computational resources Yes No Yes 

4 Provide framework for deploying real-time 
datacenters 

No Yes No 

5 Support virtualization and VM migration No No Yes 

6 Graphical output in form of tables and 
charts 

No Yes Yes 

7 Energy consumption measurement Yes Yes Yes 

8 Power Saving Modes No No Yes 

Programming Language- CloudSim and CloudAnalyst simulator code is written on Java while 
GreenCloud simulator code is written on C++ and Tool Command Language (TCL) [8,9]. See Table 2. 

Simulator Type- CloudSim and CloudAnalyst simulators are event-based while GreenCloud is a 
packet-level simulator. So, GreenCloud simulator captures packet-level details of energy consumption which 
gives accurate results [8,9], [11]. See Table 2. 

Simulation Time- GreenCloud simulator provides results efficiently as compare to CloudSim and 
CloudAnalyst [9], [11]. See Table 2. 

TABLE 2. TECHNICAL FACTORS OF CLOUD ENERGY CONSUMPTION MEASURING SIMULATORS [7], [13,14] 

Sr# Parameters CloudSim CloudAnalyst GreenCloud 

1 Programming 
Language 

Java 
 

Java C++/TCL (Tool Command 
Language) 

2 Simulator Type Event based Event based Packet level 

3 Simulation Time Less Efficient Less Efficient Efficient 
The detailed comparative study between different environmental factors of cloud energy consumption 

measuring simulators is following: 
 
Market Demand- Market demand of GreenCloud is higher than CloudSim and CloudAnalyst due to 

reliable and accurate measurement of energy consumption because it captures the detailed energy consumed 
by a cloud system at packet level and it can update the energy consumed by a cloud system while CloudSim 
and CloudAnalyst can calculate the energy consumption but do not consider the energy which they have spent 
[16]. Due to power saving modes GreenCloud is highly demanded simulator in cloud datacenters. For detailed
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comparative study, these simulators are ranked as low, average and high to determine degree of influence, 
which can be seen in Table 3 and which simulator falls in which rank can be seen in Table 7. 

TABLE 3. DESCRIPTION TO DETERMINE DEGREE OF INFLUENCE FOR MARKET DEMAND 

Rank As Description to determine degree of influence 

Low Measurement of energy consumption is not reliable because it does not consider the energy which has been 
spent 

Average Measure energy consumption and provide frameworks for deploying real-time datacenters  

High Reliable and accurate measurement of energy consumption and captures the detailed energy at packet-level 
consumed by a cloud system 

 
Graphical User Interface- CloudSim simulator has a complex graphical user interface while 

CloudAnalyst has a user-friendly graphical user interface. On the other side, GreenCloud simulator has much 
user-friendly graphical user interface than other simulators [9,10]. For detailed comparative study, these 
simulators are ranked as low, average and high to determine degree of influence, which can be seen in Table 4 
and which simulator falls in which rank can be seen in Table 7. 

TABLE 4. DESCRIPTION TO DETERMINE DEGREE OF INFLUENCE FOR GUI 

Rank As Description to determine degree of influence 
Low Complex graphical user interface as usage point of view i.e. difficult for user to understand its functionalities 
Average Somehow easy graphical user interface for the user to understand its functionalities  

High User friendly graphical user interface to easily understand its functionalities  

 
Performance- Performance wise GreenCloud simulator is much better than other simulators due to 

minimal simulation time [9], [14,15]. For detailed comparative study, these simulators are ranked as low, 
average and high to determine degree of influence, which can be seen in Table 5 and which simulator falls in 
which rank can be seen in Table 7. 

TABLE 5. DESCRIPTION TO DETERMINE DEGREE OF INFLUENCE FOR PERFORMANCE 

Rank As Description to determine degree of influence 
Low Take maximum simulation time to compute the results related to energy measurement 

Average Take average simulation time as compare to other simulators to compute the results related to energy 
measurement  

High Minimal simulation time to compute the results related to energy measurement 

 
Robustness- GreenCloud simulator has the ability to calculate accurate results due to its ability to capture 

details at packet-level while other simulators have not this ability and do not consider the energy which they 
have spent [7], [11], [14]. For detailed comparative study, these simulators are ranked as low, average and 
high to determine degree of influence, which can be seen in Table 6 and which simulator falls in which rank 
can be seen in Table 7. 
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TABLE 6. DESCRIPTION TO DETERMINE DEGREE OF INFLUENCE FOR ROBUSTNESS 

Rank As Description to determine degree of influence 
Low Calculate the energy consumed by a cloud system but do not consider the energy which has been spent 
Average Calculate the energy consumed by a cloud system and consider the energy which has been spent 
High Calculate and update the energy consumed by a cloud system and strictly pay the attention between 

communication of different components 
Open Source- CloudSim, CloudAnalyst and GreenCloud simulators are open source and easily available 

[9], [11]. 
 
The detailed comparison between different environmental factors of cloud energy consumption measuring 

simulators can be seen in Table 7. 

TABLE 7. ENVIRONMENTAL FACTORS OF CLOUD ENERGY CONSUMPTION MEASURING SIMULATORS [7], [9], [13,14] 

Sr# Parameters CloudSim CloudAnalyst GreenCloud 

1 Market Demand Low Average High 
2 GUI Low High High 
3 Performance Low Average High 
4 Robust Low Low High 
5 Open Source Yes Yes Yes 
 
It can be seen in Table 7 that the market demand of GreenCloud is higher than other simulators and its 

graphical user interface is also user-friendly. Its performance, simulation time and robustness are also better 
than other simulators. GreenCloud simulator has the ability to measure full energy consumed by each 
component of the cloud system because it is a packet-level simulator which captures the detailed energy while 
CloudSim and CloudAnalyst are event-based simulators, so they have limited ability to measure energy 
consumption. The advantage of GreenCloud simulator is that it can calculate and update the energy consumed 
by cloud system. On the other side, CloudSim and CloudAnalyst have the ability to calculate the energy but 
have lesser capabilities than GreenCloud [14]. GreenCloud has different power-saving modes i.e. DVFS 
(Dynamic Voltage and Frequency Scaling) and DNS (Dynamic Network Shutdown) while CloudSim and 
CloudAnalyst don’t have [14,15]. 

6. Conclusion 

Many researchers use cloud energy consumption measuring simulators for the testing and evaluation of 
cloud systems. By comparing these simulators, it can be seen that GreenCloud simulator has several benefits 
over CloudSim and Cloud Analyst. GreenCloud implements different power-saving algorithms and capture 
packet-level details. GreenCloud simulator calculates the energy consumption accurately because energy 
consumption is computed on each packet arrival, task execution and completion. So, GreenCloud has the 
ability to calculate accurate results related to energy consumed by a cloud system. As, GreenCloud has the 
limitation that it limits to only small data centers. So, it may be good direction for future work to propose a 
model that how it can be implement at a vast level in cloud computing data centers.
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