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ARTICLE INFO ABSTRACT

Developments in the field of computer networks have been carried out by
several groups. However, there are still a lot of wrong problems one is the
server load. For this reason, a system will be implemented Load Balancing
with the aim of overcoming the server load which is not in accordance with
its capacity and to optimize server load before and after the implementation
of the Round robin Algorithm Load Balancing system on the cloud servers.
The method used is the comparative method, namely researches that
compares and analyze two or more symptoms, compare least connection
algorithm as the previous algorithm with Round robin algorithm. Load
Balancing Testing with both algorithms using a software called Httperf.
Httperf displays the value according to parameters. The parameters used
are Throughput, Response Time, Error and CPU Utilization. The test results
show that load balancing with the algorithm round robin is more effective
to handle server load than algorithm. The previous one was Least
Connection. It is proven that in each respondent’s assessment of the load
balancing system. Test rating throughput obtained a percentage of 81.11%
with good criteria, testing response time obtained a percentage of 81.78%
with good criteria, testing error obtained a percentage of 84.67% with very
good criteria, and cpu utilization testing obtained a percentage of 82% with
good criteria.

Keywords- Httperf, CPU utilization, Round robin

1. INTRODUCTION

The existence of communication network technology allows two entities to be connected to each other. This
allows computers to be associated to every one further via a communication group. With the increasing
alacrity of delivery that current communication technologies can make, this has allowed computers to share
resources, such as CPU, memory and storage media, to provide applications that are superior to a single
system [1]. This is also driven by the problems to be solved which have become more complex and on a
larger scale to be worked on by a single computer. One of the applications that take advantage of the
advances in communication network technology is grid computing and cluster computing. Network
computing is a structure of computing that occupies numerous machines that are typically heterogeneous
and spread over different geographic locations. Meanwhile, cluster computing is a computation that
involves many computers located in one place. Cluster computing is one of the constituent components of
grid computing [2-4]. In cluster computing, the terms server, node, client, job and task are known. A task is
a computational unit which is usually a program that cannot be broken down into small processes. Job is a
computational activity that consists of one or several tasks [2-4]. Clients are entities that create jobs, servers
are entities that distribute jobs and nodes are entities that perform computational tasks [2-4]. When
receiving a job, there is a possibility that the computers in the parallel computing system experience an
unbalanced load. This unbalanced system load condition can reduce the Quality of Service (QoS), so a load
balancing method is needed. In cluster computing, there is a term load balancing policy. Policy load
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balancing in cluster computing can be categorized into four, namely static, dynamic, hybrid and adaptive
methods [5-8]. Static policies consider the state of systems and applications statically and pertain this in
sequence into pronouncement production. The foremost improvement of static policy is mediocre
transparency because assessment creation has been through prior to the job is given [5-8]. Dynamic policies
work by moving jobs from an overloaded computer to a lesser computer. The hybrid method is a load
balancing method that combines static methods and dynamic methods. Meanwhile, the adaptive method is
a method that adaptively adjusts the portion of the task using the latest information from the system and a
certain threshold value. Adaptive policy for load balancing problems has been done a lot of research.

1.1. IDENTIFICATION OF PROBLEM

From the facts on the background, several can be identified problems, including:

1. Internet users increase along with the number of devices that continues increases, so that server
performance is required to increase as well.

2. Servers that have high performance have a good price high, so it is necessary to find a solution to create a
server with services high but minimal costs.

1.2. FORMULATION OF THE PROBLEM

Based on this background, it can formulate problems which exist, namely:

1. How to deal with the server load in Cloud Computing that is not in accordance with the capacity?

2. How to optimize the server load before and after application of the Round robin Load Balancing
Algorithm system on Cloud servers?

2. PROPOSED METHODOLOGY

2.1. SYSTEM REQUIREMENTS ANALYSIS

In making this final thesis, using a qualitative approach, namely investigate that be determined to recognize
the incident knowledgeable by research topic such as performance, perceptions, inspiration, actions and
others. The qualitative research method in this study uses comparative research. However, comparative
research is a study that compares and analyzes two or more symptoms. The comparison in this study is to
compare the round robin algorithm with least connection.

2.2 SOFTWARE COMPONENTS

The software used in this research is as follows the following;:

e Operating system

The operating system used as the load balance is RHEL Server 6.5. Meanwhile, as a virtual server using
the RHEL 6.0 operating system. And for client computers using the Windows Desktop 7 operating system.
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Figure 1: Research Procedure Flowchart

The explanation of each stage system in the flowchart above is as follows:
e System Design
The network design used for the experiment uses a simple local network as shown in the following figure:
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Figure 2: Scenarios 1 and 2 with 2 Virtual Servers

Figure 2 is an experimental scenario using 2 virtual servers connected to the Director (Load Balancer). Each
virtual server runs apache and has a load balance using the server director. On this load balance runs the
IPvsadm software which experiments to replace the load balance algorithm. Experiments were carried out
with 2 algorithms, namely Least connection and Round robin with 10 trials each with a predetermined
request.

e Implementation

System Kernel Linux Director: System operation Linux that use the kernel version below:-

Linux Kernel 2.4.28 doesn't support Linux virtual server yet, so patching is needed by compiling the kernel,

but in this final project the author uses a kernel that supports Linux virtual server, but needs to activate the

virtual server modules in the kernel using modprobe.

1.echo ipvs dh >> /etc/modules echo ipvs ftp >> /etc/modules echo ipavs>> /etc/modules echo ipavsalc>>
/etc/modules echo ipavsarr>> /etc/modules

modprobeipavsadhmodprobeaipavsaftpamodprobeaipavsamodprobeipavsalcamodprobeipavsarr

Whereas for kernels that do not yet support the Linux virtual server, compilation must be done by taking the

kernel source from the kernel.org site or scheme can use the Synaptic Package Manager tool. After all the

preparations are complete, then recompile the linux kernel. To recompile the kernel, the packages used for

compilation are needed, namely:

kernel-packager

libnucrsess-devr

# yum install kernel-packagellibncursess-dev

After the above packages are installed, the kernel compilation is ready to do. The next steps for compiling the
kernel are:-

a)Go to the /usr/src directory and extract the existing kernel-2.6.x sources.

# tar —jxvfalinux-2.6.x.tar.bz2a

b)Enter the ipvs patch in the /usr/src directory and extract the patch.

# tara-zxvfaipvs-1.1.7.tar.gza

¢) Enter the linux-2.6.x directory as a result of the extraction that has been done, and do the kernel patching.
# cd / linux-2.6.x

#patchr-pqr<../ipvs-1.1.7/linuxkernel _ksyms_ c.diffr

# patchr-pqr<../ipvs-1.1.7/linuxnet_netsyms_ c.diffr

If the forwarding service from the real-server you want is direct routing, then add the kernel patching:

# patchr-pqr<../ipvs-1.1.7/contrib/patches/hidden-2.6.xpre10-1.diffr

d) Configure the kernel.

# makermenuconfigrorrmakerxconfigr

e)Enter the initial kernel configuration menu.

f)Enter the networking options menu.

g)Activate the features that support LVS, namely:

# cd /linux-2.6.xr

# patchr-pqr<../ipvs-1.1.7/linuxkernel_ksyms_ c.diffr
# patchr-pqr<../ipvs-1.1.7/linuxnet_netsyms_ c.diff
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# patchr-pqr<../ipvs-1.1.7/contrib/patches/hidden-2.6.xpre10-1.diffr
# makermenuconfigrorrmakerxconfig

Networking options --->

Network packet filtering (replaces ipchains) <m> IP: tunneling

2.3 RESEARCH PARAMETERS

Based on observations and evaluations from several previous sources, research on load balancing with the
Round robin algorithm will be carried out using the LVS Direct Routing method with the help of Httperf
software so that the parameters to be calculated are Throughput, response time, error and CPU Utilization.
According to Mulay& Jain, (2013) in measuring load balancing the parameters used include:

*Throughput is the amount of data received in units of time.

*Response Time is the time it takes to complete one request and send it back to the client.

«Error are a number of requests that the web server has not responded to.

«CPU Utilization is the amount of resources needed to carry out a computerized process.

2.4 DATA ANALYSIS TECHNIQUE
Analysis of data obtained from the study includes a system feasibility test and observation tables from the
results of system testing carried out by the following techniques:

o Feasibility Analysis

The analysis technique used to calculate data from each aspect consists of the Throughput, Response Time,
Error, and CPU Utilization tests. The calculations used to process the data from the instrument are the
calculation of the average value and the calculation of the percentage score for each aspect:

1)Calculating the response value of each aspect or sub variable.

2)Recap value

3)Calculate the average value

4)Calculate the percentage using the percentage formula as the following:

n
P= N 100% (eq.3.1)

Information:

P = Percentage (%)

n = Empiric score (score obtained)

N = Ideal score for each question item

5)Determine the criteria level with the following steps:
a.Determine the highest percentage number with the formula:
Obtained Score 5
- *100% = -+ 100% = 100%
Maximum Score 5
b.Determine the lowest percentage number with the formula:

Obtained Score 1
*100% = 3 *100% = 20%

Maximum Score

To find out the criterion level, the score obtained (in%) of the percentage calculation results are consulted
with the criteria table.

1. Determine the range (largest data-smallest data), namely 100-20 = 80

2. Determine the assessment interval, namely 4 (very good, good, good enough, not good, not good)

3. Determine the width of the interval by dividing the range by the assessment interval, namely 80/5 = 16

Table 1: Interval of Qualitative Score Categorization

INO. PERCENTAGEE CRITERIAE

1 184% <ESCOREE < 1100% VERYEGOOD

2 168% <ESCOREE < 184% GOODE

3 152% <ESCOREE < 168% PRETTYEGOOD
4 136% <ESCOREE < 152% INOTEGOOD

5 120% <ESCOREE < 136% INOTEGOOD

In the analysis of observations, there are several aspects that must be considered, namely the value that
appears on the HTTF. Research is carried out to see the changes in the value that will appear, from this value
the average will be sought according to the parameters used and the number of requests. After recording the
results of the treatment, the results will be compared and graphed according to the algorithm under study.
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3. RESULTS AND DISCUSSION

3.1. RESULT ANALYSIS

The following is an explanation of the process that occurs in LVS (Linux Virtual Server) with the
implementation of Direct Routing and how to get test data to compare algorithms before Round robin and
after Round robin. The following is an example of taking test values from a load balancing system using the
Round robin method.

3.2. THROUGHPUT PARAMETER ANALYSIS

The throughput parameter in this study represents the number of requests that can be responded to by the
web server at one time. This parameter is calculated in units of Kb / second. The greater the value of this
parameter, the better the performance of the web server.

Figure 3 shows the amount of throughput using the least connection algorithm. Changes in the amount of
throughput produced are not very significant.
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Figure 3: Throughput Graph of the Least Connection Algorithm

Figure 4 shows the throughput of the study using the Round robin algorithm. The resulting change in the
amount of throughput is not very significant. This can be seen from the throughput comparison graph in
Figure 4, where the resulting graph tends to be down and stable.

ROUND ROBIN ALGORITHM
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Figure 4: Throughput Graph of the Round Robin Algorithm
Figure 5 shows a comparison of the response time on the two algorithms that have been generated. The

movement of the graph starts at 50 requests / second with a very low response time value, meaning that at 50
requests / second, the resulting response time is very good and fast.
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Figure 5: Two Algorithm Response Time Graph

3.2. ERROR PARAMETER ANALYSIS

The error parameter describes the number of errors that occur when the web server responds to requests
from clients. Data from the observed error parameters are attached and presented in tabular form,

Figure 6 shows the number of errors in the Least connection algorithm. Just like the Round robin algorithm
on requests for 50, 100, 150 and 200 requests / second, there were no errors. However, in this experiment the
Round robin algorithm shows the average error value is smaller than the Least Connection algorithm.
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Figure 6: Least Connection Algorithm Error Graph

Figure 7 shows the number of errors that occur in the implementation of load balancing using the Round
robin algorithm. Seems like on requests 50, 100, 150 and 200 requests / second there was no error. The error
occurred starting at 250 requests / second.
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Figure 7: Graph of Round Robin Algorithm Error
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4.CONCLUSIONS AND SUGGESTION

4.1. CONCLUSION

After conducting research on load balancing with Linux Virtual Server using the Round robin algorithm at

Cloud by comparing the previous algorithm and comparing the performance between 2 servers, 3 servers and

4 servers, the following conclusions were drawn:

1. The implementation of load balancing with the round robin algorithm is more reliable in optimizing
throughput, response time, CPU utilization, and reducing the number of errors from the web server.
Meanwhile, using the previous algorithm, namely least connection, is more reliable in optimizing the
response time of the web server.

2. The addition of the number of servers can increase the value of throughput, response time and reduce
errors in the implementation of the load balancing system with the round robin algorithm, whereas the
previous algorithm did not increase significantly.

4.2. SUGGESTION

In further research, research on load balancing with other algorithms can be developed by synchronizing
database. Testing is done by considering the data flow that is on the database server. In addition, testing can
be done using a type of web server application other than Apache as a comparison on the application side.

REFERENCES

1. https://en.wikipedia.org/wiki/Computer_network

2. Qi, Lianyong&Khosravi, Mohammad &Xu, Xiaolong& Zhang, Yiwen&Menon, Varun. (2021). Cloud
Computing. 10.1007/978-3-030-69992-5.

3. Daigrepont, Jeffery & Morrow, James. (2020). Cloud Computing. 10.4324/9780429356674-2.

4. Beigrezaei, Mahsa. (2020). cloud computing.

5. Ali, Omar. (2020). Cloud Computing.

6. Beri, Rydhm& Singh, Jaspreet. (2020). Cloud computing.

7. P, Krishna Sankar& N P, Shangaranarayanee&Saravanan, K.. (2020). CLOUD COMPUTING.

8. Manvi, Sunilkumar&Shyam, Gopal. (2021). Cloud Computing: Concepts and Technologies.
10.1201/9781003093671.

9. Mammadova, Narmin&Akkus, Banu&Ppp, Ppp. (2020). GRID VS CLUSTER COMPUTING.

10.13140/RG.2.2.29134.080009.

10. Gupta, Sohan. (2020). Computer Architecture and organizational.

11. Dinquel, Jerry. (2021). NETWORK ARCHITECTURES FOR CLUSTER COMPUTING.

12. Kaushik, Shweta& Gandhi, Charu. (2021). Fog vs. Cloud Computing Architecture. 10.4018/978-1-7998-
5339-8.cho20.

13. Agalarov, Mehran&Elizade, Cebrayil&Ppp, Ppp. (2020). Cluster Computing vs. Cloud Computing.

14. Singh, Uhlmann, John. (2021). Efficient Job Scheduling on Cluster Computers.

15. Boveiri, Hamid Reza. (2020). An enhanced cuckoo optimization algorithm for task graph scheduling in
cluster-computing systems. Soft Computing. 24. 1-19. 10.1007/s00500-019-04520-3.

16. Manopulo, Niko. (2021). Seminar in Cluster Computing: Cluster Computing — A Step Forward to Grid
Computing.

17. Rodionov, Alexey. (2019). On Evaluating a Network Throughput. 10.1007/978-3-030-19063-7_3.

18. Jechlitschek, Christoph. (2021). A Survey Paper on Processor Workloads.

19. Martin, Philippe. (2021). The Workloads. 10.1007/978-1-4842-6494-2_5.

20. Maeda, Shin-ichi. (2021). Reinforcement Learning. 10.1007/978-3-030-03243-2_859-1.

21. Jo, Taeho. (2021). Reinforcement Learning. 10.1007/978-3-030-65900-4_ 16.

22. Yan, Wei. (2021). Reinforcement Learning. 10.1007/978-3-030-61081-4_5.

23. Plaat, Aske. (2020). Reinforcement Learning. 10.1007/978-3-030-59238-7_3.

24. Coqueret, Guillaume &Guida, Tony. (2020). Reinforcement learning. 10.1201/9781003034858-20.

25. Abundo, Marco & Valerio, Valerio &Cardellini, Valeria & Lo Presti, Francesco. (2014). Bidding Strategies
in QoS-Aware Cloud Systems Based on N-Armed Bandit Problems. Proceedings - IEEE 3rd Symposium
on Network Cloud Computing and Applications, NCCA 2014. 10.1109/NCCA.2014.15.

26. Ludolph, Nicolas & Ernst, Thomas & Mueller, Oliver &Goericke, Sophia & Giese, Martin &Timmann,
Dagmar &Ilg, Winfried. (2019). Cerebellar involvement in learning to balance a cart-pole system.
10.1101/586990.

27. Khoshnevisan, Davar& Schilling, René. (2016). On the Markov Property. 10.1007/978-3-319-34120-0_4.

28. Kronfeld, B.. (2021). Relative Markov property. GlasnikMatematicki. Serija III.

29. Lecture, &Lauritzen, Steffen. (2021). More on Markov Properties.

30. Kaushik, Shweta& Gandhi, Charu. (2021). Cloud Computing Technologies. 10.4018/978-1-7998-2764-
1.cho11.

31. Labhade, Chetan. (2018). Cloud Computing Technologies: an Overview. Journal of Advances and
Scholarly Researches in Allied Education. 15. 43-48. 10.29070/15/57787.



1335

Shalvi Agarwal et al / Kuey, 30(2), 6847

32.

33:

34.

35.

36.

37-

38.

39-

Shiv Kumar, Dharamveer Singh, “Energy And Exergy Analysis Of Active Solar Stills Using Compound
Parabolic Concentrator” International Research Journal of Engineering and Technology Vols. 6, Issue
12, Dec 2019, ISSN (online) 2395-0056. https://www.irjet.net/archives/V6/i12/IRJET-V6112327.pdf
Dharamveer and Samsher, Comparative analyses energy matrices and enviro-economics for active and
passive solar still, materialstoday: proceedings, 2020, https://doi.org/10.1016/j.matpr.2020.10.001
Dharamveer, Samsher, Anil Kumar, Analytical study of Nth identical photovoltaic thermal (PVT)
compound parabolic concentrator (CPC) active double slope solar distiller with helical coiled heat
exchanger using C,O Nanoparticles, Desalination and water treatment, 233 (2021) 30-51, https://doi.
org/10.5004/dwt.2021.2 7526

Dharamveer,Samsher, Anil Kumar, Performance analysis of N-identical PVT-CPC collectors an active
single slope solar distiller with a helically coiled heat exchanger using CuO nanoparticles, Water supply,
October 2021, https://doi.org/10.2166/ws.2021.348

M. Kumar and D. Singh, Comparative analysis of single phase microchannel for heat flow Experimental
and using CFD, International Journal of Research in Engineering and Science (IJRES), 10 (2022) 03,
44-58. https://www.ijres.org/papers/Volume-10/Issue-3/Ser-3/G10034458.pdf

Subrit and D. Singh, Performance and thermal analysis of coal and waste cotton oil liquid obtained by
pyrolysis fuel in diesel engine, International Journal of Research in Engineering and Science (IJRES), 10
(2022) 04, 23-31. https://www.ijres.org/papers/Volume-10/Issue-4/Ser-1/E10042331.pdf

Dharamveer Singh, Satyaveer Singh, Ashok Kumar Yadav, Osama Khan, Ashish Dewangan, Saiful Islam,
Meshel Q. Alkahtani, Saiful Islam “From Theory to Practice: A Sustainable Solution to Water Scarcity by
Using Hybrid Solar Distiller with Heat Exchanger and Aluminum Oxide Nanoparticles” Journal ACS
Omega, Vol. 8 (37) 33543—33553, 05 Sep 2023, , https://doi.org/10.1021/acsomega.3c03283
Dharamveer Singh “Economic, Enviroeconomic analysis of active solar still using Al203 nanoparticles”
International  Journal of Thermodynamics, Vol. 26 (4) 68-76, 01 Dec 2023,
https://doi.org/10.5541/ijot.1295637

40.Dharamveer Singh, Satyaveer Singh, Aakersh Chauhan, Anil Kumar “Enviroeconomic analysis of hybrid

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.
51.
52.

53:

active solar desalination system using nanoparticles” Journal of Environmerntal engineering and
Science, Vol. 19 (1) 18-28, 08 Aug 2023, https://doi.org/10.1680/jenes.23.00045

Dharamveer Singh, Ashok Kumar Yadav, Anil Kumar, Samsher, "Energy matrices and life cycle
conversion analysis of N-identical hybrid double slope solar distiller unit using Al,O4
nanoparticle". Journal of Water and Environmental Nanotechnology, Vol. 8 (3) 267-284, 10 Aug 2023,
http://doi:10.22090/jwent.2023.03.006

Rajesh Kumar and Dharamveer Singh, “Hygrothermal buckling response of laminated composite plates
with random material properties Micro-mechanical model,” International Journal of Applied Mechanics
and Materials Vols. 110-116 pp 113-119, https://doi.org/10.4028 /www.scientific.net/AMM.110-116.113
Anubhav Kumar Anup, Dharamveer Singh “FEA Analysis of Refrigerator Compartment for Optimizing
Thermal Efficiency” International Journal of Mechanical and Production Engineering Research and
Development (IJMPERD) Vol. 10 (3), pp.3951-3972, 30 June 2020.

Shiv Kumar, Dharamveer Singh, “Optimizing thermal behavior of compact heat exchanger”
International Journal of Mechanical and Production Engineering Research and Development
(IJMPERD) Vol. 10 (3), pp. 8113-8130, 30 June 2020.

ZHOU, Xue-Song & MI, Jia-Wei & MA, You-Jie& GAO, Zhi-Qiang. (2017). Cloud Computing Technology
in Smart Grid. DEStech Transactions on Engineering and Technology Research.
10.12783/dtetr/icmeca2017/11958.

Zhu, Liangshuai& Cui, Jianming&Xiong, Gaofeng. (2018). Improved dynamic load balancing algorithm
based on Least-Connection Scheduling. 1858-1862. 10.1109/ITOEC.2018.8740642.

Gwena, Tinashe. (2021). Gollach : configuration of a cluster based linux virtual server

Ungermann, F., Kuhnle, A., Stricker, N. and Lanza, G., 2019. Data Analytics for Manufacturing Systems—
A Data-driven Approach for Process Optimization. Procedia CIRP, 81, pp.369-374.

Azahara. 2016. How Data mining is used to generate Business Intelligence. Geographica. [online]
retrieved from http://www.blog-geographica.com/2016/11/15/how-data-mining-is-used-to-generate-
business-intelligence/ [Accessed on 3 march 2021]

Jenke, R., 2018. Successful data applications: a cross-industry approach for conceptual planning.
Journal of Business Chemistry, 15(2).

Diba, K., 2019. Towards a comprehensive methodology for process mining. In Proceedings of the 11th
Central European Workshop on Services and their Composition, Bayreuth (pp. 9-12).

Massmann, M., Meyer, M., Frank, M., von Enzberg, S., Kiihn, A. and Dumitrescu, R., 2020. Framework
for Data Analytics in Data-Driven Product Planning. Procedia Manufacturing, 52, pp.350-355.

Ghavami, P., 2019. Big data analytics methods: analytics techniques in data mining, deep learning and
natural language processing. Walter de Gruyter GmbH & Co KG.



https://www.irjet.net/archives/V6/i12/IRJET-V6I12327.pdf
https://doi.org/10.1016/j.matpr.2020.10.001
https://doi.org/10.2166/ws.2021.348
https://www.ijres.org/papers/Volume-10/Issue-3/Ser-3/G10034458.pdf
https://www.ijres.org/papers/Volume-10/Issue-4/Ser-1/E10042331.pdf
https://doi.org/10.1021/acsomega.3c03283
https://www.icevirtuallibrary.com/author/Singh%2C+Dharamveer
https://www.icevirtuallibrary.com/doi/abs/10.1680/jenes.23.00045
https://doi.org/10.5541/ijot.1295637
https://www.icevirtuallibrary.com/author/Singh%2C+Dharamveer
https://www.icevirtuallibrary.com/author/Singh%2C+Satyaveer
https://www.icevirtuallibrary.com/author/Chauhan%2C+Aakersh
https://www.icevirtuallibrary.com/author/Kumar%2C+Anil
https://www.icevirtuallibrary.com/doi/abs/10.1680/jenes.23.00045
https://www.icevirtuallibrary.com/doi/abs/10.1680/jenes.23.00045
https://doi.org/10.1680/jenes.23.00045
http://doi:10.22090/jwent.2023.03.006
https://doi.org/10.4028/www.scientific.net/AMM.110-116.113
https://www.researchgate.net/profile/Dharamveer-Singh-4/publication/343676473_OPTIMIZING_THERMAL_BEHAVIOR_OF_COMPACT_HEAT_EXCHANGER/links/5f38149e458515b729245544/OPTIMIZING-THERMAL-BEHAVIOR-OF-COMPACT-HEAT-EXCHANGER.pdf

