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Abstract: This paper aims to present and deploy an improved task scheduling algorithm for the allocation of user tasks across multiple computing resources. The primary 
goal of this algorithm is to minimize both execution time and costs while simultaneously enhancing resource utilization within the context of medical applications. Virtual 
machine scheduling in a heterogeneous cloud environment needs significant attention with the increase in the usage of cloud resources by end users and enterprises. It is 
one of the significant parameters that affects cloud data centers. The resources requested by every user vary in their configuration. Finding a suitable virtual machine for 
each process is dynamically a time-consuming process. Virtual machines are classified based on resources such as memory and processing units. Upon the arrival of a 
request with specific requirements, it can be effortlessly mapped to a corresponding virtual machine. This process is followed by a bilateral method encompassing queuing 
and scheduling. Queues are formed for requests with different requirements, which are followed by a scheduling algorithm that allocates VMs based on the minimum 
remaining resources in the resource pool. A scheduling mechanism has been designed to solve the problem of starvation that occurs with the Min-Min fit scheduling policy. 
The average turnaround time and waiting times are observed to be significantly reduced, which has an impact on the performance of the data center for medical applications. 
Using the CloudSim Plus tool, the experimental outcomes demonstrated that the proposed approach exhibited remarkable superiority over competing methods in relation to 
metrics such as average waiting time, turnaround time, and response time. This advantage was observed when compared to multiple algorithms that were examined during 
the study. 
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1 INTRODUCTION 
  

Through the application of virtualization, the cloud 
computing paradigm offers customizable, scalable services 
on-demand, tailored to the specific requirements of its 
users. These systems automatically allocate resources to 
guests based on the Service Level Agreement (SLA) 
agreed upon between the cloud provider and customer. An 
effective scheduling method is required to allocate these 
resources accurately based on the type of demands placed 
onto the cloud platform. In the cloud paradigm, an 
inadequate and inefficient work scheduler reduces service 
quality by breaching SLA requirements, resulting in a loss 
of trust in the cloud provider. The current circumstances 
necessitate the development of a task scheduling algorithm 
that incorporates task dependencies, integrates the power 
cost aspect of virtual machines (VMs), and optimizes task 
scheduling to minimize the overall time required for 
completion (makespan). Simultaneously, the objective is to 
enhance resource utilization by reducing underutilization 
(vacuity), improving the success rate of task execution, and 
increasing the efficiency of task reversals [1]. 

Virtual machine scheduling is one of the critical 
factors that have a considerable impact on the performance 
of the cloud data center. As a result, an efficient trust-aware 
task scheduling algorithm was developed, known as 
TAFFA (Trust-Apprehensive Firefly Optimization). This 
algorithm successfully achieves the scheduling of task 
precedence and virtual machines while considering their 
electricity unit costs. Furthermore, a correlation has been 
identified between the makespan and trust aspects, rooted 
in the framework of Service Level Agreement (SLA) 
parameters. The assessment of trust based on the SLA is 
interconnected, encompassing elements such as the success 
rate of the virtual resource, the degree of underutilization 
of VMs (vacuity), and the efficiency of task reversals [2]. 

In this investigation, a deadline constraint is 
incorporated to guide the allocation of tasks to virtual 
repositories following the completion of ongoing tasks. 

Comprehensive simulations were conducted using 
CloudSim. Synthetic workload distributions, including 
linear, normal, left-skewed, and right-skewed distributions, 
were generated, alongside real-time worklogs obtained 
from HPC2N and NASA. 

The recommended TAFFA algorithm was compared to 
the PSO, ACO, and GA algorithms. TAFFA outperformed 
these methods in key aspects such as resource utilization, 
success rate, and efficiency, all while reducing the 
makespan, according to the simulation findings. Cloud 
computing is a game-changing technology that provides 
on-demand access to critical resources in storage, 
processing, and networking. This shift facilitates elastic, 
pay-as-you-go services delivered via the internet. The 
effectiveness of cloud data centers relies on a multitude of 
influencing factors [3]. 

Response and waiting times are the decisive factors in 
offering a high quality of service to cloud consumers. The 
virtual machine scheduling technique is used to determine 
these performance characteristics. This also addresses the 
hunger [4, 5] issue caused by the Min-Min Best fit method 
and reduces average waiting time and turnaround times. 
Fig. 1 shows the various services of the cloud-based 
process in a heterogeneous network. 
 

 
Figure 1 Cloud services 
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The following section contains state-of-the-art works 
that manage task scheduling and virtual machine 
scheduling.  The third section provides the existing practice 
method, and the fourth section provides the recommended 
solution. The fifth section provides the experimental data, 
while the last section describes the conclusion and the 
scope of future research. Fig. 2 shows the overall 
architecture of a cloud-based process or task scheduling 
system. 

 

 
Figure 2 System architecture 

 
2 LITERATURE SURVEY  
 

Task scheduling stands as a critical concern and 
represents a prominent challenge in the context of Cloud 
Computing. This is due to the service provider's 
responsibility to cater to numerous user applications 
originating from diverse locations and timeframes. 
Consequently, the imperative need to efficiently and 
swiftly schedule these tasks for execution within the Cloud 
computing environment is paramount. To address this, a 
multitude of meta-heuristic task scheduling algorithms 
have emerged, leveraging methodologies like PSO and GA 
[6-10]. Given that the suggested task scheduling approach 
relies on the PSO algorithm, the forthcoming section will 
delve into the pertinent research related to PSO. The 
existing system considered is the scheduling policy that 
combines the shortest job first and the Min-Min fit 
scheduling. In this model, the system chooses a sequence 
that always minimizes the remaining resource. For 
example, consider the resource pool given below: 

Memory = 30 GB 
CPU  = 30 
Storage  = 400 GB 
VM instances are classified into types as shown below 

in Tab. 1. 
 

Table 1 Different types of VM instances  
Instance Type Memory CPU Storage 

Type 1 15GB 8EC2 unit 1690 GB 
Type 2 17.1 GB 6.5 EC2unit 420GB 
Type 3 7GB 10 EC2unit 1690GB 

 
Consequently, the shortest job first algorithm 

partitions the requests according to their corresponding 
virtual machine requirements, followed by the subsequent 
application of the Min-Min fit strategy [11-17]. For the 
following are the potential combinations of virtual 
machines that may be performed given the resource pool 
and the VM instance installation. 

[[0, 0, 0], [1, 0, 0], [0, 1, 0], [0, 0, 1],  
[1, 0, 1], [0, 1, 1], [2, 0, 0]] 
Among these combinations that best fit those results in 

minimal balance resources is [2 0 0]. 

To propose and develop an "Iterated Greedy 
Algorithm" tailored to tackle the specific scheduling 
problem mentioned the paper aims to introduce a novel or 
enhanced algorithm for solving this problem efficiently. 
The paper may seek to optimize various scheduling 
criteria, such as minimizing makespan (total job 
completion time), reducing production time, or improving 
resource utilization, while considering re-entrant and group 
processing [18, 19].  

It specifies that 2 instances of type1 virtual machine 
can be executed, but if it supposes there are continuous 
type 1 request, then the type 1 and type 2 instances will be 
pushed to a starvation state. This is the problem considered 
and solved [20-25]. 

We analyzed the behaviour of the algorithm by 
evaluating the three datasets used, which contain jobs with 
a distinct burst time order but an arrival time equal to zero, 
to find the key gaps and shortages with the suggested 
methods stated in the literature review. Samples from such 
a collection are with numerical values according to their 
qualities. 
 
3 PROPOSED SYSTEM 

 
The main objective of the proposed system is to create 

a model that avoids the issue that occurs with employing 
the Min-Min fit technique. For avoiding the issue discussed 
in the previous section the following steps are used. A 
combination that supports execution of multiple instances 
of the same virtual machine is avoided. Here in the 
example provided [2 0 0] it is avoided. In order to avoid 
starvation, the remaining combinations are considered. The 
initial combination from which the process should start 
according to min-min fit is [1, 0, 1] But it is not chosen 
because it would make type2 instances wait for a long 
period. Instead of that [0 1 1] is chosen initially and when 
again a decision is to be made. The min fit is followed. The 
rationale behind this selection will be elucidated through 
an example in the subsequent sections. Fig. 3 shows the 
concept about the task scheduling approach. 

 

 
Figure 3 Task scheduling approach 

 
3.1 System Architecture 

 
Assume there is a collection of n jobs, each with a 

fixed execution time on a given processing unit. These 
tasks are designed to be carried out on m computational 
resources. It should be noticed that m is smaller than the 
number of tasks (i.e., n), meaning that tasks cannot be 
spread across various resources, thereby preventing task 
migration. The primary goal of task scheduling is to 
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minimize work durations and related costs while 
improving resource usage. Fig. 4 displays the proposed 
system's general design. 

  

 
Figure 4 System architecture 

 
The system receives the instance needs, which are 

organized in distinct queues based on the kind and shortest 
job first policy. The processes in the queue are extracted 
based on the best solution given. 

The employed scheduling strategy in this context 
entails a fusion of the shortest job first principle and the 
adapted Min-Min fit approach. They are described below. 

i. Min-Min best fit scheduler which acts as the 
dispatcher of the processes follows the following steps. 

ii. With the given resource pool and the requirements 
from the users, the policy will find the different 
combination of the virtual machine instances. 

iii. Among the combinations the one which best fit is 
identified. 

Best fit is the one which has the least remaining 
resource in the resource pool. The following example 
illustrates this. For the given resource pool and virtual 
machine instances the remaining resources for different 
combinations are as follows. 

For [2 0 0] the remaining resource in the resource pool 
is:  

Remaining resource = [0 14 620] [2 0 0] specifies that 
2 instances of the type 1 virtual machine instances can be 
executed at the same time. 

The other combinations that can be considered are:  
[1 0 1] and [0 1 1] 
Others can be neglected for finding the best fit since 

only one instance of any one type can be executed at a 
particular time.   

For [1 0 1], one instance of type 1 and one instance of 
type 3 can be executed at the same time. The remaining 
resource in the resource pool for this combination is  

Remaining resource = [7.9 2 620] 
For [0 1 1], one instance of type 2 and one instance of 

type 3 can be executed at the same time. The remaining 
resource in the resource pool for this combination is  

Remaining resource = [5.9 21.5  1890] 
Among these three combinations, obviously the best 

fit is [2 0 0]. 
Fig. 5 shows the overall architecture of the proposed 

scheduling flow diagram. 

 
Figure 5 Scheduling flow diagram 

 
3.2 Starvation Problem 

 
But the problem that arises with this combination is the 

following: when there is a continuous flow of the type 1 
jobs, the type 2 jobs and type 3 jobs go to the starvation 
state. 

 
3.3 Proposed Solution 

 
In order to avoid the starvation problem, the following 

is done. Fig. 6 shows the scheduling flow diagram for the 
proposed system. 

 

 
Figure 6 Scheduling flow diagram 
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The combination which provides option for execution 
of multiple instances of the same type of virtual machines 
is omitted, hence [2 0 0] is omitted. The remaining 
combinations available with multiple instance provision 
are [1 0 1 ] and [0 1 1 ]. 

When the Min-Min best fit approach is applied, the 
best fit is [1 0 1]. It has been observed from the execution 
that this model is selected for initialization, the waiting 
time is long for type 2 jobs and there arises a situation 
where only single instances of the virtual machines are 
executed and the turnaround time is obviously high. 

Now, the requirement is to find the victim; victim here 
refers to the type of virtual machine which would have a 
long waiting time, or the risk of getting in to the starvation 
state. This is the one which does not have a combination 
with the type of instance which has a combination of 
executing multiple instances. For example here the 
combination that makes multiple instances of same 
machine executing is [2 0 0], the corresponding virtual 
machine type is type1. 

Observe the other combination which allows two 
different virtual machines to be executed in parallel. 

[[[1, 0, 1],[0, 1, 1]]] 
Among these two type 3 VM has the combination with 

the type 1 but the type 2 does not have. It is found to be the 
victim. So, the initial combination that has to be started 
with is the victim. The following is the trace of the 
scheduling. Each entity vi‒j, t where Vi represents the virtual 
machine instance, j represents the nth instance of the type 
v virtual machine, and t represents the time space. 

 
(v1‒3,4) (V1‒2,4) (v1‒1,2) 
(V2‒2,1) (V2‒1,1) 
(V3‒2,3) (v3‒1,1) 

 
The above is the requirement arranged in the different 

queues as per the type of the virtual machines following the 
SJF. The best fit option as per the proposed model is [0 1 
1]. 

 
(V2‒1,1) 
(v3‒1,1) 

 
Since a process is completed, again a decision has to 

be made to choose the best fit. Again, the best fit here is [0 
1 1].  

 
(V2‒1,1) (V2‒2,1) 
(v3‒1,1) (v3‒2,3) 

 
The next best fit would be [1 0 1]. 
 

(V2‒1,1) (V2‒2,1) (v1‒1,2) (v1‒1,2) 
(v3‒1,1) (v3‒2,3) (v3‒2,3) (v3‒2,3) 

 
Now again a decision is to be made, but there are no 

type 2 and type 3 instances hence the type 1 instances are 
allocated continuously. The total time spaces required are 
11 which is higher than the time spaces which consider the 
[2 0 0] combination.  

However, a substantial reduction is observed in the 
average waiting time and average turnaround time. The 
results obtained are discussed in the next section. 

4 EXPERIMENTAL RESULTS 
  

This section provides a detailed description of 
extensive simulations conducted using the CloudSim 
simulator, which effectively replicates the entire cloud 
environment through Java programming tools. In the 
course of this research, two separate workloads were 
employed for these simulations, encompassing randomized 
workloads that showcased various distributions, such as 
uniform, normal, left-skewed, and right-skewed 
distributions. To evaluate the system's performance, we 
applied a methodology that necessitated the utilization of 
simulation parameters as outlined in Tab. 2. 
 

Table 2 Simulation parameters 
Name Quantity 

Number of Tasks 10-100 
Length 500,000 

Memory 32 GB 
Storage capacity 1 TB 

Network bandwidth 100 Mbps 
No. of Virtual Machines 5 

Memory capacity 4 GB 
Bandwidth 40 Mbps 

Processing elements 2000 MIPS 

 
The system is tested with the process which requires 

the following execution time shown in Tab. 3. 
 

Table 3 Process with execution time  
S. No. Process Time Required 

1 P1 2 
2 P2 4 
3 P3 4 
4 P4 1 
5 P5 1 
6 P6 1 
7 P7 3 

 
The following Fig. 7 represents the Average waiting 

time obtained with the shortest job first algorithm executed 
in a single virtual machine, shortest job first algorithm 
along with min-min best fit algorithm and shortest job first 
algorithm with the proposed model. 

SJF - Shortest Job First Algorithm  
SJF(MQ) - Min-Min-Shortest job first Algorithm with 

Multiple Queues and Min-Min Best Fit Algorithm 
SJF(MQ) - Proposed - Shortest job first Algorithm 

with Multiple Queues and proposed Algorithm. 
 

 
Figure 7 Comparison of the average waiting time 
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It can be clearly inferred from the results that the 
average waiting time of the proposed model is reduced 
when compared to the other two models. 

The following Fig. 8 represents the comparison of the 
waiting time for the individual processes of the three 
methods. 

 

 
Figure 8 Waiting time of all the processes for three methods 

 
Another variable that is used for evaluating the 

performance of the scheduling process is turnaround time. 
The following Fig. 9 represents the average turnaround 
time for the processes. 
 

 
Figure 9 Comparison of the average turnaround time 

 
The turnaround time of the individual processes is 

given in the following Fig. 10. 
 

 
Figure 10 Turnaround time of the individual processes 

Based on the results obtained from the 
implementation, it is evident that the proposed algorithm 
exhibits superior performance compared to the standard 
algorithm. Specifically, it outperforms the standard 
algorithm by an average of 16.71%, 14.45%, and 11.99% 
in terms of Makspan, resource utilization, and execution 
cost, respectively. Despite the higher time complexity 
associated with the proposed algorithm, it still manages to 
surpass the standard algorithm in the aspects of Makspan, 
execution cost, and resource utilization. 

 
5 CONCLUSIONS  

 
The scheduling approach under consideration 

amalgamates the shortest job first and Min-Min scheduling 
strategies while also addressing the issue of starvation 
through a fresh method for determining the optimal fit. The 
proposed model also exhibits better average waiting time 
and average turnaround time. Since average waiting time 
and turnaround time are key determining factors in the 
performance of the cloud data center, it is evident that the 
proposed approach will indeed enhance it. Implementation 
results demonstrate that the proposed algorithm 
outperforms the standard optimization approach in terms 
of makespan, resource utilization, and cost. Regrettably, 
this enhancement has come at the cost of increased time 
complexity. Future improvements should be developed 
with a keen awareness of the unique demands and obstacles 
within the healthcare sector. These considerations must 
encompass patient confidentiality, data protection, and the 
high-stakes nature of medical applications. Ongoing 
updates and the ability to adapt to emerging technologies 
and evolving healthcare regulations are imperative to 
ensure the algorithm remains effective in a dynamically 
changing environment. We intend to enhance the 
optimization algorithm by exploring alternative greedy 
algorithms and incorporating the consideration of task 
dependencies rather than assuming task independence. Our 
goal is to achieve heightened overall system performance. 
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