COMPUTER SCIENCE e 26(3) 2025 https://doi.org/10.7494 /csci.2025.26.3.6600

DAISY SHARMAH
KANAK CHANDRA BORA
JUNUMONI KHAKHLARI

MODIFIED HONEY BEE ALGORITHM
WITH RANDOM SELECTION OF

VIRTUAL MACHINES FOR DYNAMIC LOAD
BALANCING

Abstract | Cloud workloads can overwhelm load balancers, leading to inefficiencies and
performance issues. To address these challenges, the honey bee load-balancing
algorithm is highly effective in enhancing cloud-resource allocation. Inspired by
the foraging behavior of honey bees, this algorithm offers a dynamic approach
to resource distribution that adapts to changing workloads in real time. This
paper delves into the key features and advantages of honey bee load-balancing,
focusing on its dynamic resource allocation, overall response time, and data
center processing time. Through a comparative study of existing methodologies,
we proposed a modified honey bee load-balancing algorithm that incorporated
the random selections of virtual machines. Utilizing the CloudAnalyst tool for
simulation, we compares traditional and proposed honey bee load-balancing
algorithms to evaluate overall response times and data center processing times
using user bases, data centers, virtual machine load balancers, time, service
broker policies, and regions. The proposed algorithm demonstrates superior
performance in these parameters as compared to the traditional approach when
using the same metric values for both algorithms.
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1. Introduction

In today’s world of cloud computing (CC), computing resources have become a con-
cern for both service providers and users. The various workloads in CC need high
availability and cost effectiveness as well as different challenges to overcome in load-
balancing (LB) techniques. LB is used to reduce the makespan and response times of
the CC infrastructure [5]. To address these challenges, an approach that is known as
honey bee-based LB has been discussed as a promising solution. By taking inspiration
from the identical behaviors of honey bees, this innovative approach seeks to revolu-
tionize how CC resources are managed. Honey bees can optimize resource allocation
while changing environmental conditions by adopting various CC resources. In this
paper, we focused on exploring the algorithm called honey bee-based load-balancing
in cloud computing based on the random selection of virtual machines. We will dig
into the core concepts, mechanisms, and advantages of this approach and how it op-
timizes resource allocation, enhances fault tolerance, reduces operational costs, and
improves the overall performance and efficiency of cloud services by examining the
innovative approaches of this technique and its potential to address the challenges in
cloud-resource allocation [12].

1.1. Objective

The main objective of this paper was to propose a modified honey bee algorithm that
improves performance by selecting randomized virtual machines for the utilization
of dynamic load balancing (LB). The proposed algorithm was targeted to minimize
the average response time and average data center processing time. The proposed
algorithm was compared with the traditional honey bee algorithm using a simulation
tool to analyze the result of the overall response time and data center processing time.

1.2. Load-balancing mechanism

This was the chance to express the work with the considerations that were collected
in the above steps by taking on any of the reasonable methodologies. LB plays an
important role in maintaining activities in a CC environment; it helps to minimize
the response time in order to avoid system overload, maximize the throughput, and
obtain optimal resource utilization [26]. The purpose of LB is to avoid the overloading
and idleness of the nodes in a cloud system. In CC platforms such as Windows Azure
Platform, Amazon S3, etc., as well as its use in artificial intelligence [27], this will
enhance the development of many web searches with distinctive features from cloud
service providers. LB algorithms are necessary, as they provide continuous services
to users without service breaks.

1.3. Dynamic load-balancing algorithms

In a dynamic algorithm, the server with the least load in an entire network or sys-
tem is identified and prioritized for load balancing. Real-time communication with
the network is required for this, which can increase system traffic. Here, the current



Modified honey bee algorithm with random selection. . . 75

state of the system is used to make decisions to manage the load [19]. Dynamic
algorithms make load-transfer decisions based on the actual current state of the sys-
tem. Since dynamic load-balancing decisions are based on the current state of the
system, processes can be transferred from an overutilized machine to an underutilized
one in real time [24].

1.4. Use of honey bee algorithm in load balancing

It is a nature-inspired dynamic load-balancing technique that helps to achieve load bal-
ancing across the heterogeneous virtual machines of a cloud-computing environment
through local server action and maximizes the throughput. The current workload of
the VM is evaluated to determine whether the VM is overloaded, underloaded, or
balanced. VMs are grouped based on their current loads; the priority of the tasks is
considered after they are removed from the overloaded VMs and are waiting for assign-
ment to other VMs. The previously removed tasks help to identify a lightly loaded VM
and are referred to as scout bees in the next step. The honey bee behavior-inspired
load-balancing technique reduces the response times of VMs and also reduces the
waiting times of the tasks [11].

Lemmens et al. [14], entitled “Bee Behavior in Multi-Agent Systems,” mentioned
that they presented a new non-pheromone-based algorithm that was inspired by the
behavior of bees. The algorithm combined both recruitment and navigation strate-
gies. They investigated whether this new algorithm outperformed pheromone-based
algorithms (inspired by the behavior of ants) in the task of foraging. They said that,
for navigation, they used a strategy named “path integration (PI).” This strategy
was based on the path integration in bees, which enables them to continuously calcu-
late their current locations from their past trajectories. As a result, they can return
to their starting points by taking direct routes instead of retracing their outbound
paths. Their algorithm consisted of two strategies; these are mentioned below [28].

First, a recruitment strategy is used to distribute knowledge to the other members
of the colony. More precisely, the agents can communicate the distance and direction
to a destination by ‘dancing’ inside the hive (analogous to how bees perform their
‘dance’ inside the hive). Second, a navigation strategy is used to efficiently navigate
an unknown world.

The honey bee algorithm is a nature-inspired decentralized load-balancing strat-
egy that assists with accomplishing load balancing across the heterogeneous virtual
machines of a distributed computing environment through nearby server activity and
expands the throughput [23]. The VM’s current workload is assessed to determine
whether the VM is overloaded, underloaded, or balanced. VMs are grouped based on
their current loads. The priority of the task is taken into consideration after being re-
moved from an overloaded VM, which is waiting for the VM [8]. The earlier removed
tasks help find lightly loaded VM; these tasks are known as scout bees in the next
step. The honey bee behavior-inspired LB technique reduces the response times of
VMs and also reduces the waiting times of the tasks [11].
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2. Related works

Singh et al. [26] compared the results that were obtained from different LB algorithms;
the response times of the throttled VMs were as good when matched to the RR and
ESCE LB algorithms. Also, the processing times that were taken by the DC were
good for both of these algorithms.

Lemmens et al. [14] presented a new non-pheromone-based algorithm that was
inspired by the behavior of bees. They investigated whether this new algorithm
outperformed pheromone-based algorithms (inspired by the behavior of ants) in the
task of foraging.

Wickremasinghe et al. [29] mentioned that the simulation settings and experi-
mental results were also in this paper, with variations in the average response times.
By bringing the service closer to users, their results showed that it improved the
quality of the service based on the response time.

Inspired by LB of tasks in the CC environment, Venkata et al. [5] mentioned
that scheduling tasks in CC was an NP-hard optimization problem. The LB of non-
preplanned autonomous assignments on virtual machines (VMs) is a significant part
of task scheduling for clouds; in this paper, they proposed an algorithm that was
named HBBLB (which aimed to achieve a well-balanced load across virtual machines
to maximize the throughput).

Kumar S. et al. [13] conducted a comparison of various dynamic LB algorithms
based on seven key metrics: fault tolerance, throughput, performance, resource utiliza-
tion, response time, migration time, and overhead. The analysis revealed differences
across the algorithms and highlighted those areas where improvements could be made.
Specifically, enhancing the fault tolerance, increasing the throughput, and optimizing
the resource utilization were identified as areas for potential improvements. Addi-
tionally, reducing the response and migration times while minimizing the overhead
that was associated with load balancing were seen as critical factors for improving
the overall performance.

Bhavya et al. [3] performed a honey bee foraging algorithm based on a throughput
that was calculated for each virtual machine. Their goal was to find the appropriate
VM with the help of the throughput that was calculated earlier and allocate the load
(which led to a more efficient LB).

Hashem et al. [9] proposed an LB algorithm based on honey bee behavior; their
main goal was to distribute the workload of multiple network links in such a way
that avoided the underutilization and overutilization of the resources. The proposed
algorithm calculation was mimicked utilizing CloudSim. The proposed calculation
was contrasted with both customary and SI-based LB calculations, RR, modified
throttled, ant colony, and HBAs.

Priyanka et al. [17] mentioned that, in a cloud environment, a proper LB
avoids fail-over and bottlenecks; this in turn improved the flexibility and scalability
of the resources, reduced the over-provisioning of the VM allocation, and minimized
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the resource utilization. This paper presented a detailed survey of LB algorithms,
along with the metrics. In the future, however, research work will be carried out
on the conservation of energy on the cloud as well as workload optimization by pro-
viding the efficient computation and effective processing of resources.

Gupta et al. [7] considered two data centers and four VMs for their research and
for presenting the resulting paradigm. The overall response time and the response
time by various regions were illustrated by the authors in this paper; the cost ef-
ficiency of the proposed system was also mentioned in a graphical representation.
Mishra et al. [15] described various LB techniques in homogeneous and heterogeneous
CC environments. The calculation of the make-span and energy consumption of the
system was explained in detail in this paper.

Afzal et al. [1] mentioned that their paper presented a detailed encyclopedic
review of LB techniques. The study was conducted with a general research strategy
where the load-unbalancing problem was undertaken, and the researchers identified
the methods, theories, algorithms, approaches, and paradigms that were used in it.

Shukla et al. [25] presented several static and dynamic LB approaches under
different categories. However, the entire algorithm mainly discussed overloaded and
underloaded processes with threshold values. The author explained the merits and de-
merits of each algorithm.

Kumar et al. [13] provided a comparative analysis of studied articles based on
various metrics that they used in their work in the CC environment. The researchers
were focused on minimizing the response time to maintain the SLA and increasing
the response time.

Ullah et al. [28] elaborated on the use of artificial bee colony (ABC) in LB.
The author mentioned that the use of ABC could improve the performance of VM
scheduling.

Ebadifard et al. [6] stated that using an appropriate LB method could reduce the
response time and increase the resource utilization; the proposed method reduced
the makespan, increased the degree of the LB, and improved the system’s reliability.
They compared the proposed algorithm with other task-scheduling algorithms, such
as the honey bee LB and dynamic scheduling without LB.

Kalaivani et al. [10] mentioned that feature selection (F'S) played an essential
role in creating machine-learning models. In this research work, they proposed a
technique for selecting container functions for IDS. The proposed hybrid MBC-BFO
algorithm was analyzed with three different classifications.

Pushpavati et al. [18] mentioned that the paired tree algorithm had 25 cloudlets,
giving task migrations of 7 and 91.32% of the makespan.

Parida et al. [16] mentioned LB as the most dynamic problem in the CC environ-
ment; they proposed the Salp swarm-optimization technique as a meta-heuristic algo-
rithm for solving this problem. The authors also proposed the binary version of the
Salp swarm-optimization algorithm to solve the problems in binary task assignments.
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Aghdai et al. [2] described a scalable LB architecture (mentioned as ‘Spotlight’)
to maintain the mapping between the networks of DC. They used PCC to improve
the distribution of new services among the LB. They also stated that the PCC in the
LB had mainly two aspects: maintaining the PCC, and flow dispatching.

Shahid et al. [21] presented a performance evaluation of the existing load-
balancing algorithms, which were PSO, RR, ESCE, and TLB. This study gave us
a detailed evaluation performance of various load-balancing algorithms that were per-
formed by the cloud-analyst platform.

Zhao et al. [30] proposed an improved artificial bee colony (IABC) optimization
algorithm using the flying ad hoc network (FANET) to improve the convergence rate
and exploitation abilities. They used a super mining node for block verification and
block processing.

Rani et al. [20] mentioned the modified honey bee behavior-inspired load-
balancing (HBBLB) algorithm using the modified blowfish technique and experi-
mented so the migration tasks were reduced to 30, 25, and 20% based on vari-
ous criteria.

Brahmam et al. [4] stated that VM migration with deep-learning optimization
reduced the makespan by 4.5% and increased task diversity by 3.9%.

Table 1 depicts the state of the art of the related works in chronological order.

Table 1
Meta-analysis of literature review (yearwise)

Reference Alguosrézlhm Advantages Limitations
[1] HBFA Reduces execution time degr.aded. VM
migration
Bee-inspired . . .
[14] algorithm Less computation time Less adaptive
[5] HBBLB Reduces mini- QoS Factor
mum waiting time considered
Minimizes over-
131 MHBFA all response time B
D M
[9] HBFA Reduces execution time egl."adec? v
migration
Improves VM Schedul- VM replace-
28] ABC ing performance ment not used
N N
[6] HBLB Reduces waiting time N cost
reducing factors
[10] MBC-BFO Accuracy rate is low -
[18] EBC Improved task migration Fewer QoS
parameters
Enhances ex-
[30] TABC ploitation abilities B
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Table 1 cont.

Reference Alguosrelzhm Advantages Limitations
20] HBBLB Migration tasks reduced LB Security
not checked
M Mi-
[4] \;ratiorll Task diversity increased Not energy-efficient

3. Methodology

In the proposed model, we modified the honey bee foraging algorithm to balance
the load of the CC paradigm by equally distributing the tasks among the virtual
machine (VM) by selecting random VMs based on two criteria. The calculations of
the throughput and the threshold value are stated below.

3.1. Calculation of throughput

The throughput is the unit of the information that a system can process in a given
amount of time; it is the calculation of several processes by the total scheduled time.

In calculation:

T, = M,/P*

Here, T}, is the throughput of a system.
M; is the maximum completion time.

P! marks the initiation (or commencement) of the first process.

In the concept of LB, the throughput can be calculated for a virtual machine (as
illustrated in the following example):

Task T1 takes 3 seconds for execution, task T2 takes 5 seconds for execution, and
task T3 takes 10 seconds for execution; then, the throughput is calculated as follows:

T, =(3+5+10)/3 =18/3 = 6 seconds.

The threshold value in LB is the value that initiates the LB action when it is
reached; it is considered to be a percentage of the maximum capacity based on the
operational needs and tolerance for the performance degradation. The calculation of
the threshold value is as follows:

Threshold value capacity of resources X utilization required in percentage.

Let us consider an example of CPU capacity as 20 Cores in 55.0 GHz each and
the desired utilization threshold as 90%; then, the threshold value (depicted as T.V.)
is calculated as follows:

T.V. = Total CPU usage X 90% = (20 Cores - 5.0 GHz) - 0.9 = 90 GHz.
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3.2. Proposed algorithm

Step 1: Start
Step 2: Set the Number of Tasks, Number of Virtual Machine
Step 3: Set all the load of VM to 0
Step 4: A server sends a request
Step 5: The load balancer selects a VM on a random basis
Step 6: If the load of the current VM <=Threshold value
Step 6.1: If yes, check the current VM with high throughput
Step 6.1.1: If yes, Run the current task on this VM
Step 6.1.2: If No, Go to Step 5
End If
Step 6.2: If No, Go to Step 5
End If
Step 7: If all the Tasks are not completed by VMs
Step 7.1: If yes, Go to Step 4
End If
Step 8: Stop

3.3. Workflow of proposed algorithm

The proposed algorithm is stated, and the workflow is shown in Figure 1 above.
Initially, the VM is set to O for all of the VMs. As the server sends a request, the load
balancer selects a VM on a random basis. The load of the selected VM is compared
with the threshold value; if the current VM value is less than or equal to the threshold
value (which was set earlier), then it will check the throughput of the current VM.
If the throughput of the current VM is high, then the task is assigned to the current
VM; otherwise, the load balancer selects another VM randomly once again. If all
of the tasks are completed by the VMs, then the process stops; otherwise, it waits for
the server to send the next request.

In the context of the proposed load-balancing technique, the tasks that are re-
moved from the overloaded virtual machines (VMs) are prioritized based on the cri-
teria of the high throughput and low threshold values; this prioritization ensures that
the tasks are reassigned to those VMs that are capable of processing them efficiently,
thus minimizing any delays and optimizing the resource utilization. If no suitable
VM is identified based on these criteria, the selection process continues randomly
until an appropriate VM is found. The “scout bees” in the algorithm play crucial
roles in identifying lightly loaded VMs for task reassignment. Drawing inspiration
from the behavior of scout bees in nature (which search for new food sources), these
algorithmic counterparts continuously monitor the cloud environment to detect un-
derutilized resources.
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Figure 1. Workflow of proposed algorithm
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Scout bees evaluate the workload and resource availability of the VMs and report
their findings; this distributed and dynamic scouting process ensures that the load-
balancing system can adapt to fluctuating workloads and resource demands in real
time, thus enabling the efficient redistribution of the tasks to the lightly loaded VMs.

4. Results and discussion

4.1. CloudAnalyst

CloudAnalyst is a tool that was designed to evaluate various load-balancing algo-
rithms. Its primary purpose is to provide insights into simulation issues, thus allowing
users to concentrate on their analyses without getting entangled in the complexities
of programming with a simulation toolkit [22]. Additionally, CloudAnalyst enables
modelers to run simulations repeatedly and perform multiple simulation experiments
swiftly and efficiently with minor parameter adjustments. By separating the simu-
lation setup from the technical execution, CloudAnalyst allows modelers to focus on
the parameters for their simulations rather than just the programming details. The
cloud-environment simulation is conducted using CloudAnalyst, a tool that was built
on the open-source CloudSim library suite [19]. Java is used as the programming
language, and Eclipse serves as the development environment.

We used CloudAnalyst to simulate and analyze for a better LB algorithm. We
compared our proposed algorithm with the traditional honey bee foraging algorithm
(HBFA) and simulated the results of both using CloudAnalyst. For both algorithms,
we adapted the parameters that are listed in Table 2.

Table 2
List of parameters and their values

Slno Parameter name Value
1. USER BASES (UB) 6
2. DATA CENTER (DC) 6
3. VM LOAD BALANCER 10 in each DC
4. TIME 60 mins
5. | SERVICE BROKER POLICY | Reconfigure Dynamically Load
6. REGIONS 6(0-5)

4.2. Experimental tests

We considered two matrices: i — Overall response time in MS; and ii — DCPT. The
simulations that were performed in CloudAnalyst are shown in Figures 2 and 3.
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Cloud Andyst =
Help

Configure Simulation

Main Configuation | Data Center Configuration | Advanced

0 10000 12 o
oo — 10000 512 000+

Cancel Load Configuraion | | _ Save Configuration Done

Figure 2. Configuring CloudAnalyst

Simulation Complete

Show Region Boundaries Display Detaled Results:

Figure 3. After completing simulation

The experimental results show the comparison work between the traditional
honey bee foraging algorithm (HBFA) and the proposed algorithm in Tables 3
through 8.

Table 3
Overall response time (RT) summary of traditional honey bee foraging algorithm (HBFA)
Summary Avef;/[gS? RT Minimum RT [MS] | Maximum RT [MS]
Overall response time 52.65 37.65 70.02
Data center processing time 3.03 0.02 15.30
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Table 4
Response times (RTs) by region of traditional HBFA
Userbase | Average RT [MS] | Minimum RT [MS] | Maximum RT [MS]
UB1 50.97 37.65 61.70
UB2 53.09 39.89 70.02
UB3 53.24 40.13 68.05
UB4 52.95 39.36 69.36
UB5 52.83 38.93 69.63
UB6 52.83 40.26 67.60
Table 5
Data center (DC) request servicing times of traditional HBFA
Data center | Average RT [MS] | Minimum RT [MS] | Maximum RT [MS]
DC1 1.26 0.02 5.57
DC2 3.61 0.09 14.31
DC3 3.76 0.04 15.30
DC4 3.18 0.06 12.08
DC5 3.18 0.04 13.09
DC6 3.22 0.04 14.18
Table 6
Overall response time (RT) summary of proposed algorithm
Summary Average RT [MS] | Minimum RT [MS] | Maximum RT[MS]
Overall 50.57 37.71 62.03
response time
Data center 1.13 0.03 3.46

processing time

Table 7

Response times (RTs) by region of proposed algorithm

Userbase | Average RT [MS] | Minimum RT [MS] | Maximum RT [MS]
UB1 50.56 37.71 60.98
UB2 50.72 39.89 61.90
UB3 50.71 40.01 61.35
UB4 50.89 38.93 61.83
UB5 50.86 38.93 61.83
UB6 52.79 40.26 62.03
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Table 8
Data center (DC) request servicing times of proposed algorithm
Data center | Average RT [MS] | Minimum RT [MS] | Maximum RT [MS]
DC1 0.82 0.03 1.58
DC2 1.23 0.07 2.38
DC3 1.26 0.04 2.43
DC4 1.16 0.06 2.30
DC5 1.19 0.04 2.34
DC6 1.15 0.04 3.46

From Figures 4 and 5, it is clear that our proposed algorithm worked better
when compared to the honey bee foraging algorithm in terms of the average response
time, maximum response time, average DCPT processing time, and maximum DCPT.

OVERALL RESPONSE TIME

Avg (ms)

Min(ms)

W HBFA ® PROPOSED Algorithm

Max(ms)

Figure 4. Overall response time comparison

L

Avg (ms)

Data Center Processing Time

Min(ms)

mHBFA  m PROPOSED Algorithm

Max(ms)

Figure 5. DCPT comparison
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Comparisons with the other three algorithms (RR, ESCE, and TLB) along with
traditional HBA were made with the proposed algorithm; the convergence graph for
the average response time and the data center processing time (DCPT) are shown in
Figures 6 and 7, respectively.

Average Response Time

140 127.08
120
100
80

60

40

20

PROPOSED
ALGO

e AVG RT 57.48 59.65 127.08 52.65 50.75

RR ESCE TLB HBA

Figure 6. Comparison graph for average response times

Data Center Processing Time

. 7.85

8

7

6

5

4

3

2

1

’ RR ESCE TLB HBA FROFEDED

ALGO

e D CPT 7.85 5.32 6.76 3.03 1.13

Figure 7. Comparison graph for DCPT

From the comparison graph in Figures 6 and 7, it is clear that our proposed
algorithm worked significantly well in average RT and DCPT for the metrics (as was
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stated in Table 2). The average RTs of our proposed algorithm were 11% better
than RR, 15% better than ESCE, 60% better than TLB, and 3.6% better than tra-
ditional HBA. The DCPT performance of the proposed algorithm was 85% better
than RR, 78.8% better than ESCE, 83% better than TLB, and 62.7% better than
traditional HBA.

5. Conclusion

The application of a honey bee-inspired algorithm for load balancing in cloud comput-
ing introduces an innovative approach to addressing the challenges of the efficiently
distributions of workloads across cloud resources. The proposed work outlines a mod-
ified honey bee-based algorithm for load balancing in cloud environments.

This algorithm selects a virtual machine (VM) at random and evaluates it based
on two key criteria: high throughput, and a low threshold value. If the VM meets
these criteria, the server’s request is assigned to it; otherwise, another VM is ran-
domly selected, and the evaluation process is repeated. This modified algorithm
demonstrates advantages over the traditional honey bee foraging algorithm by achiev-
ing improved response times and data center processing efficiency. By drawing on
nature-inspired principles of distributed, adaptive, and efficient resource allocation,
the proposed approach offers a promising and distinctive solution for load balancing
in cloud computing.

The proposed algorithm was evaluated under varying workloads in a simulated
environment with ten virtual machines. Compared to the traditional honey bee for-
aging algorithm, the proposed method demonstrated a 3.6% reduction in the average
response time (50.75 vs. 52.65 ms) and a 62.7% improvement in the data center
processing time (1.13 vs. 3.03 ms).

6. Future scope

The practicality and effectiveness of the proposed algorithm depend on its specific
implementation, careful parameter tuning, and extensive testing in real-world cloud
environments. We plan to explore this approach to assess its potential benefits and
limitations in various cloud-computing scenarios. The dynamic resource allocation to
adapt real-time changes using the proposed algorithm is also one of our future scopes.
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List of abbreviations

Definition Abbreviation
RR Round Robin
ESCE Equally Spread Current Execution
VM Virtual Machine
HBA Honey Bee Algorithm
TLB Throttled Load Balancing
HBLB Modified Honey Load Balancing
HBFA Honey Bee Foraging Algorithm
MHBFA Modified Honey Bee Foraging Algorithm
DC Data Center
CC Cloud Computing
LB Load Balancing
MS Milliseconds
UB User Bases
RT Response Time
ORT Optimized Response Time
DCPT Data Center Processing Time
PCC Pre-Connection Consistency
SLA Service Level Agreement
HBBLB Honey Bee Behavior-Inspired Load Balancing
MBC-BFO | Hybrid Modified Bee Colony-Bacterial Foraging Optimization
EBC Enhanced Bee Colony
ABC Artificial Bee Colony
IABC Improved Artificial Bee Colony
QoS Quality of Service
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