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Abstract

Objectives: To propose an algorithm to balance resource utilization and
revenue generation in the cloud environment. Methods: This study proposes
the Entropy-Based TOPSIS algorithm for task scheduling in laaS Clouds
(EBTASIC) to balance resource utilization and revenue generation using the
objective-based Entropy Weighting Method (EWM) and Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS). Findings/Novelty: Various
performance evaluation factors are calculated using EBTASIC and compared
with baseline algorithms First Come First Serve (FCFS) and Earliest Deadline
First (EDF) algorithms over 12750 lease requests with hard deadlines. The actual
response time of EBTASIC is 37.61 percent faster than FCFS and 47.95 percent
faster than EDF. Total time spent on lease execution by EBTASIC is reduced
by 3.43 percent when compared to FCFS and 3.99 percent when compared to
EDF. Turnaround time of EBTASIC is lowered by 21.14 percent when compared
to FCFS and 28.81 percent when compared to EDF. EBTASIC throughput is
enhanced by 40.80 percent over FCFS and 54.3 percent over EDF. The average
response time of EBTASIC is shortened by 9.38 percent compared to FCFS and
14.81 percent compared to EDF. Resource utilization of the proposed algorithm
EBTASIC is enhanced by 25.54 percent over FCFS and 6.79 percent over the EDF
algorithm.

Keywords: Task and VM Scheduling; MCDM Techniques; TOPSIS; Entropy
Weighting Method; EBTASIC Algorithm

1 Introduction

Resource scheduling can be performed based on many criteria such as earliest deadline
first, first come first serve, highest revenue first, shortest time first, minimum cost first,
minimum makespan first, highest resource utilization first and so on. Taking into
account only one criterion for scheduling will yield better results just for that criterion,
but a sense of balance is essential in all parameters.
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Various Multi-Criteria Decision Making (MCDM) methods are used to address decision-making challenges with multiple
alternatives in VM scheduling for effective utilization of resources with optimization in other criteria 2.

Nayak et al. implemented the MCDM techniques: AHP, VIKOR, and TOPSIS to avoid task scheduling conflicts in backfilling
algorithm for executing deadline- based tasks in cloud computing ). Similarly, Shariat et al. proposed the HATMOG method
that was based on the smart hybrid of multiple criteria decision-making algorithms of AHP-TOPSIS and Non-Dominated
Sorting Genetic Algorithm (NSGAII) to improve task scheduling in the cloud ).

Shukla et al. suggested a multi-objective optimization model that minimizes energy consumption and make span for efficient
task scheduling. A Non-dominated Sorting Genetic Algorithm (NSGA) based algorithm to solve the optimization multi-
objective task allocation problem was also offered ®).

Panwar et al. introduced a novel TOPSIS-based task scheduling algorithm: TOPSIS-PSO algorithm, which worked on the
multi-criteria-based approach where three criteria (execution time, transmission time and cost) were taken to improve the
scheduling process(®). Chakravarthi et al. presented a concurrent workflow scheduling method for heterogeneous distributed
environments based on the MCDM method TOPSIS. The optimal resource was selected among the available resources as per
the workflow task requirements based on the weighted sum of execution time, cost and communication time ”,

Khorsand et al. proposed an energy-efficient task scheduling algorithm operational on BWM and the TOPSIS in®). BWM
process is applied to assign the importance weights for each criterion in their work where the evaluation metrics include the
makespan, energy consumption, and resource utilization.

Nayak et al. suggested scheduling deadline-based tasks in cloud computing using the TOPSIS technique. The task selection
implemented by them is through a decision-maker due to the presence of different parameters of deadline-sensitive tasks such
as start time, the number of VMs, execution time (duration) and deadline®.

Alla et al. introduced a new strategy the MCPTS, to address the priority issue in both users’ requests and providers’ resources.
The priority is adjusted according to four task parameters including length, waiting time, deadline and burst time. Three sub-
models: task priority, task queuing priority and resources priority were investigated. ELECTRE III and differential evolution
were proposed to evaluate and determine tasks’ priorities '),

However, none of this reviewed literature used EWM to apply to the TOPSIS and evaluated seven performance metrics. In
this work, we have identified the application of entropy in resource management to schedule VMs with the help of TOPSIS.
The novel EBTASIC algorithm for resource scheduling by the EWM-based TOPSIS method is proposed in this work. This work
aims to extract weights from various scheduling parameters and, based on their weights, deem fit resource lease requests are
scheduled in consonance with the ranking obtained from the TOPSIS method.

2 Methodology

Haizea is a well-known open-source resource lease manager developed in Python V). It is used to provision computing
resources in the form of VMs. A new VM simulator system ViMSiS, similar to Haizea is developed in Java to perform the
experiments. The ViMSiS$ source code is freely accessible on (! to the scientific community. The main aim of ViMSiS$ is to design
and develop various existing and novel scheduling algorithms. The architecture of ViMSiS is shown in Figure 1. Components
and working of VIMSIS, types of lease requests, proposed and supporting algorithms, and EBTASIC flow are presented in the
following subsections.

2.1 Components and working of ViMSiS

ViMSiS$ has mainly eight components as shown in Figure 1. The component resource request handler is to handle lease requests
by users. These lease requests can be imported from a comma-separated values (CSV) file or they can be input by the user
through the lease request interface. A synthetic workload generator is also provided to generate new lease requests randomly in
bulk to experiment and check the efficacy of scheduling algorithms. The resource manager component takes care of available
resources to schedule. The entropy weighting calculator is to calculate automatic weights of different attributes in lease requests.

Scheduling Decision Analyzer and Maker is the component where all the new and existing scheduling algorithms can be
coded. VM manager acts as a hypervisor that takes care of VM allocation, reallocation, VM suspension and VM relinquishment.
The accounting billing and metering component is responsible for bookkeeping, and accounting. Finally, the ViIMSiS database
stores all logs and adequate leases and VMs information.

ViMSiS may operate in three modes: it can produce synthetic workloads, import workloads from external files, or take user
input. The experiments are performed in the first mode. Basic attributes’ values were generated randomly by the simulator and
derived attributes’ values were calculated according to standard formulae on their own. Similarly, evaluation of lease execution,
lease request acceptance and rejection, and performance are calculated by ViMSiS. The proposed algorithm EBTASIC is adapted
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into the Scheduling Decision Analyzer and Maker (SDAM) of ViMSiS.

2.2 Lease requests types

CSUs request their requirement of hardware resources in the form of lease requests. Lease requests can alternatively be referred
to as tasks or cloudlets. VIMSiS, like Haizea, primarily allows three types of lease requests. VMs can be offered by CSPs to
fulfil these lease requests. CSPs provision different VM configurations based on a tariff. VM configuration may be fixed or may
be customized in line with CSU’s requirements and CSPs capabilities. Various types of leasing policies are adapted by CSUs.
Literature on leasing policies reveals that there are mainly three leasing policies namely Advance Reservation (AR), Best Effort
(BE) and Immediate leasing policies (11,12)

AR policy is useful when the exact requirement of resources is known in well advance. So the resources are reserved with
the help of AR lease types before the actual point of time of their requirement. An immediate leasing policy is useful when CSU
is not aware of the resources required and their quantity in advance. BE leasing policies are useful when the exact amount of
resources is known but their acquisition time is not so important (that may be possible in scientific workloads). BE leases can be
queued and executed when the system load is low; also BE leases can be executed in the pre-emptive mode of operation 112,

Queued BE leases can be scheduled according to various criteria such as shortest job first (or shortest length/makespan first),
earliest deadline first, shortest remaining time first, highest cost/ revenue generation first, lowest energy requirement first etc.
BE leases can also be scheduled such as trust-based scheduling; regret management enabled trust-based scheduling, security-
aware scheduling etc. Taking a single criterion into account for scheduling leads to improvement in only that criterion and
may lead to suffering other criteria. MCDM-based scheduling does not guarantee fascinating improvements in all criteria but
exhibits a balanced improvement.

In the presented algorithm EBTASIC, many basic attributes of lease requests have been taken into account viz. VCPU, GPU,
memory, extended memory, local SSD, pricing, makespan, revenue generation, and a minimum response time that makes it a
deadline-based scheduling algorithm i.e. the length of time up to which execution of a particular lease must be started otherwise
it will be rejected. Scheduled execution, lease accepted or rejected, and time taken are derived attributes; their values are
calculated according to input attributes. Objective weights of all basic attributes are calculated by a well-defined method EWM,
and all these weights are different in values with a total sum equal to one.Performance evaluation of EBTASIC is demonstrated
through different metrics such as average waiting time, throughput, response time, average turnaround time, total revenue

generated etc
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Fig 1. The ViMSiS architecture
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2.3 Proposed algorithm

EBTASIC and all other supporting algorithms are shown in this section. Here algorithm 1 is the main EBTASIC algorithm,
while Algorithm 2 is to calculate weights of lease request weights, algorithm 3 is adapting the TOPSIS method and algorithm 4
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is for the execution of lease requests with the calculation of various performance measures. This subsection also shows the flow
of the EBTASIC algorithm in Figure 2.

2.3.1 EBTASIC algorithm
Algorithm 1: EBTASIC Algorithm

1. Require: X< Lease requests for VMs with VCPU, GPU, Memory, Extended Memory, Local SSD, Minimum Response
Time, Price and Makespan

2. Procedure: CalculateEBTASIC (X))

3. Call Procedure:W=CalculateEntropy (X )

4. Call Procedure:M=CalculateRanking (X,W )

5. Call Procedure:VMScheduler (M )

6. Store values of Average Waiting Time, Average Response Time, Average Turnaround Time, Average Throughput and
Total Revenue in the database.

Algorithm 2: Calculate Lease Request Entropy.

1. Require: X<—Lease requests for VMs with VCPU, GPU, Memory, Extended Memory, Local SSD, Minimum Response
Time, Price and Makespan

2. Procedure: CalculateEntropy (X )

3. R,'j=X,'j/Z?=1 Xij

hereX; j=Performance value of i" alternative over j™" criteria

4. ej:-h):l’-":] Rl‘jll’l(Rin j=1,2,3. ..Nn

5. h=1/In(m) where “m” is number of alternatives.

6. szl—ej / Z’}:l (l —e,'j)

7. Return W

Algorithm 3: Calculate Lease Request Ranking.

1. Require: X<—Lease requests for VMs with VCPU, GPU, Memory, Extended Memory, Local SSD, Minimum Response
Time, Price and Makespan

2. Require: W+<— Resource attributes entropy- based weight

3. Procedure: CalculateRanking (X,W)
X;i

n 2
i:IXij

4. Normalize the lease request vector X by using the formulaX_,- ;=

5. Multiply normalized lease request vector by respective weights V;; = X;; x W;

6. Calculate the ideal best and ideal worst value of every column of the lease request matrix. Ideal best V;"is selected in the
way that Non-beneficial criteria need minimum value and for beneficial criteria, the maximum value is desired and vice-versa
is selected for the ideal worst V" values.

2
7. Calculate the Euclidean Distance from the ideal best value.S;” = \/ Y (V,- = V;“)

2
8. Calculate the Euclidean Distance from the ideal worst value.S; = \/ Y (Vi = V]-’)

9. The performance score of every lease request is calculated as P, = ﬁ

Assign Ranks to lease requests according to performance score such that the highest performance gets the lowest rank
number which is 1.

M<«X where requests are arranged according to Ranks.

10. Return W

Algorithm 4: Schedule Lease Requests according to Ranking.

1. Require: M« Lease requests for VMs with VCPU, GPU, Memory, Extended Memory, Local SSD, Minimum Response
Time, Price and Makespan arranged according to rank.

2. Procedure: VMScheduler (X))

3. for iin range (1, No_of_Lease_Requests)

4. if (Resource_Available=="True’&&Execution_Start_Time>= Minimum_Response_Time) then

Schedule VMs according to their Ranks, highest rank first.

else

Reject the lease request and move to the next lease request.
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5. Calculate Average Waiting Time, Average Response Time, Average Turnaround Time, Average Throughput and Total
Revenue generated.

2.3.2 EBTASIC Flow

Resource Request II
Pool
e SRR

1. Formalize 8. Ranks 9. Resource
Lease request Assignment to Allotment Rank
Matrix Requests wise to Requests

S
2. Normalize

10. Schedule VMs to
Lease request
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matrix Performance Requests
7
3. Compute 6. Calculate the ;le.rf(}alculate
) . ormance
Entropy Euclidean Distance etrios
y,
7
5. Calculate the Ideal
4 C.o ke Best and Ideal Worst
‘Weight Vector
Values

Fig 2. EBTASIC flow

2.3.3 Performance Improvement formula
The following formula is used to compute the performance increase in percent of various performance measures:

New value — Old value
Improvement Percent = + 100
Old value

In this case, the new value is the performance gained by EBTASIC on a performance measure, whereas the old value is the
performance derived from the same metric using the existing FCFS or EDF algorithm.

3 Results and Discussion

To perform the experiments, 12750 deadline-sensitive lease requests were generated by ViMSiS. These lease requests were
scheduled using the well-known FCFS, EDE, and proposed EBTASIC algorithms. EBTASIC ensures deadline-based nature
and achieves balancing in multi-objective optimization. Figures 3, 4, 5, 6, 7 and 8 compare six parameters for FCFS, EDF,
and EBTASIC algorithms: revenue generation, execution time, actual response, turnaround time, throughput, and resource
utilization. According to the results, the EBTASIC algorithm outperforms the basic FCFS and EDF algorithms in all seven
measures.
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Fig 3. The Revenue generation using FCFS, EDF and EBTASIC algorithms
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The proposed approach in this study is based on independent lease execution, whereas the work presented in (), and >-1%)
used Entropy-based TOPSIS in different environments or for different problems, making a clear relationship between the
performance evaluation of the presented work and the previous work in”), and !3-1 unfeasible. Subsection 3.1 compares
the results of the presented study to prior studies.

Comparative Analysis

MCPTS, a priority task scheduling algorithm, is proposed in !9). This algorithm adjusts the priority based on parameters such
as task length, waiting time, deadline, and burst time. MCPTS is pitted against the EDF and FCES algorithms. The MCPTS
outperforms EDF and FCFS in terms of resource utilisation by 44.93% and 61.47%, respectively. The MCPTS reduces makespan
by 20.36% and 58.32% when compared to the EDF and FCFS algorithms, respectively.

Interference Aware Resource Provisioning and Scheduling Approach (IARPS) is suggested in1®), Comparing the proposed
approach to EDF and other cutting-edge methods, resource utilization is improved by 17.26%. It is suggested in!”) to use
the fuzzy priority deadline-based task scheduling algorithm (FPDSA). When compared to EDF, FPDSA has an average actual
execution time that is 27.94% faster.

In("® Modified implementation of the Bin Packing Task Scheduling algorithm (MBPTS) is proposed. Particle Swarm
Optimization (PSO) and the FCEFS algorithm are used to compare the performance of the MBPTS. The simulation results
show that the MBPTS reduces average waiting time and makespan by 80.74% and 31.78% respectively, and increases resource
utilization by 46.58%.

The experimental results reported in this study show a comparison of the proposed EBTASIC algorithm with the results
of well-established FCFS and EDF algorithms. The novelty of the proposed work is the application of entropy in resource
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management to schedule VMs with the help of TOPSIS. EBTASIC applies EWM to TOPSIS for resource scheduling. When
the experimental results of EBTASIC are compared with the algorithms and experimental results in available literature; it is
found that EBTASIC shows improvement in seven performance metrics.

The algorithms proposed in1%-13),and (16-18) also show comparative studies with EDF and/or FCES but none of these
assessed the proposed work on the seven performance measures along with meeting the deadline. Also, none of the proposed
works in reviewed literature used EWM to apply to the TOPSIS. Other algorithms proposed in related studies may perform well
in some criteria but fail to perform well in others. EBTASIC may perform less well than others in some criteria, but it provides a
balanced score across all criteria. Table 1 summarises a comparison of the criteria scope of a few previously proposed algorithms
with the proposed algorithm EBTASIC:

Table 1. Comparison between criteria coverage of several previously proposed algorithms

Algo- Execution  Actual Turnaround Through- Average Resource Revenue Dead-
rithms Time Response Time Time put Response Time  Utilization Generation line
MCPTS 10y v v

IARPS (1) v

FPDSA (17 v v

MBPTS 18y v v v v
EBTA- v 4 4 4 4 4 v v
SIC

4 Conclusion

Sequencing lease requests from a wide pool of requests with multi-objective optimization is a tedious task. This work presented
anew algorithm EBTASIC based on the well-known MCDM technique TOPSIS with objective weights calculated by the EWM.
Beneficial and non-beneficial criteria are given adequate importance while calculating Euclidean distance from ideal best and
worst values. It maintains a balance between various criteria with different values and gives a performance score to every
lease request. Ranks based on performance scores are used to sort and execute lease requests. Lease acceptance and revenue
generation are observed high while resource consumption is observed low using the proposed algorithm. The architecture of
the ViIMSIS simulator is also presented in this work.

Future work can help in introducing new criteria for the evaluation and ranking of lease requests. Application of the proposed
algorithm in container request ranking and scheduling is another direction of future work.
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