International Journal of Engineering Trends and Technology

ISSN: 2231 — 5381 / https://doi.org/10.14445/22315381/IJETT-V7015P226

Volume 70 Issue 5, 240-250, May 2022
© 2022 Seventh Sense Research Group®

Original Article

Optimal Healthcare Resource Allocation in Covid
Scenario Using Firefly Algorithm

Anu!, Anita Singhrova?

12Deenbandhu Chhotu Ram University of Science and Technology, Haryana, India

taujlan77anu@gmail.com

Received: 09 February 2022 Revised: 18 April 2022

Accepted: 29 April 2022 Published: 23 May 2022

Abstract - Coronavirus pandemic is spreading exponentially across the world, and so is the surge in requirement of the
intensive care unit (ICU) of hospitals. Proper management of healthcare resources and providing proper hospital beds,
supplies, and healthcare services to patients are needed to cope with this disease. Fare rationing of scarce ICU resources
should be allowed by critical care triage. This is one of the scenarios where emerging computing technologies contribute in
an indispensable way. This paper presents a bio-inspired firefly algorithm for smart healthcare resource allocation in the
COVID era. The firefly optimization results show a reduction in average waiting time and improvement in resource

utilization compared to the random allocation technique.
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1. Introduction

Coronavirus, declared a pandemic by WHO, is
widespread in almost the whole world. The rapid outbreak
of coronavirus disease scared people and made them feel
helpless. Researchers, scientists, doctors. Healthcare
workers and technologists are trying their best to deal with
this virus.

Efficient management of healthcare resources like
ambulances, ICU beds, ventilators, etc., is required to
prevent the further spread of the virus and provide better and
excellent healthcare services to patients. The provisioning
of healthcare resources must be aligned according to a
varying load of patients because of COVID-19. This is
where emerging and advanced computational technologies
play a vital role.

The smart healthcare concept has been abstracted from
the "Smart Planet" concept, with which IBM s
acquainted.[1] It is an intelligent, interconnected, and
instrumented infrastructure that uses sensor networks to
transmit and receive information through 10T. Information
processing is accomplished with advanced computing
technologies like cloud and fog computing. Smart
healthcare is a healthcare service to implements an
intelligent medical ecosystem by using advanced
technologies such as 10T, sensors, wearable devices, and
computing technologies to connect people with medical and
healthcare institutions.[2], [3], [4], [5], [6] It ensures that
people get timely services and the allocation of healthcare
resources is expedited. The evolution of various advanced
computing and communication technologies integrated with
emergent smart devices, advanced sensors, data analysis
methods, healthcare social networks, and social media sites

provided opportunities for implementing an intelligent and
sustainable smart healthcare service system. [7] [8]

In most 10T applications, such as smart healthcare
systems, fast response time and mobility support are needed.
[9] Also, it is not obligatory to forward data every time to
remote cloud data centers for processing. Conclusions can
be implied in the vicinity of edge networks without
transmitting data to the cloud. In today's world, issues linked
with network bandwidth, latency, security, and reliability
cannot only be addressed by the cloud model.[9] To
overcome these challenges of conventional cloud
computing, CISCO introduced the idea of fog computing in
2012.[10]

Fog computing, an extension of cloud computing, is used
extensively in smart healthcare systems to provide storage
and computation services in the proximity of networks. [11]
Fog computing is a distributed computing environment that
acts as a midway layer between IoT devices and cloud data
centers. In a fog computing environment, traditional
networking components such as gateway, routers, Base
Stations (BS), etc., can be deployed near the edge of the
network to be used as fog nodes.[9] These fog nodes provide
computing, networking, storage, and processing facility in
the proximity of the end-user and perform efficiently to
overcome service latency, energy consumption, and
network traffic complexity. [12]

A bio-inspired algorithm may be used at the fog node for
healthcare resource provisioning.[12] Firefly algorithm is a
bio-inspired metaheuristic algorithm that can tackle various
optimization problems.[13] In this paper, the healthcare
system is represented by a fog environment, and a bio-
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inspired algorithm is employed to address and contribute
toward healthcare resource provisioning.

This paper elaborated on each component required for a
smart healthcare system. Section 1 gives an introduction to
smart healthcare. Section 2 presents a literature review on
fog computing and firefly algorithms in the smart healthcare
system. The smart healthcare model in the COVID-19
Scenario is described in section 3, and the experimental
findings are presented in section 4. The conclusion is
summarized in Section 5.

2. Literature Review

The continuously increasing demand and less resource
capacity hassled the healthcare system during COVID-19.
All health officials and policymakers worldwide face a
common problem of allocating scarce healthcare resources
such as hospital beds, oxygen cylinders, and ventilators. The
imbalance between demand and supply for healthcare
resources raised the question of how scarce healthcare
resources could be allocated efficiently and fairly [14] to
patients during COVID-19?

Several ethical guidelines and considerations were
discussed to develop an allocation protocol for providing
scarce healthcare resources.[15] In the COVID-19
pandemic, some recommendations were made to manage
healthcare resources, including prioritizing health workers
and avoiding allocating resources on a first-come, first-
serve basis.[14] There should be a fair allocation of scarce
resources with the greatest benefits to the individual with the
fewest existing resources during public health
emergencies.[15] A random method for resource allocation
was considered better than the first-come, first method as it
maximized the fairness of resources by preceding all values.
Still, it became difficult to operationalize if patients did not
arrive simultaneously.[15] So, there was a need for an
efficient resource allocation strategy to curb the indefinite
demand for resources in the COVID environment. During a
public health emergency, a conceptual framework for the
distribution of ventilators was presented.[16] Decision-
makers could set ethically justified priorities for allocating
resources during a pandemic when resources are scarce, but
some grounds of priority could be discriminatory and
inappropriate.[17] This framework satisfied population-
level requirements, but the individual patient requirement
issue was not considered. A hybrid model consisting of
forecasting demand, discrete event simulation to capture the
patient pathway uncertainties, and an optimization model
for estimation of healthcare resources was also developed.
[18]

A single-objective approach using meta-modeling
optimization was provided to reduce the waiting time of
patients in the emergency department (ED) and the optimal
allocation of healthcare resources.[19] Three models to
estimate the inpatient demand for every population area,
minimize the patient total travel distance to the hospital and
allocate the additional resources whenever available were
developed to determine the optimal allocation of medical
resources. [20] A simulation and metamodels-based
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optimization tool using a genetic algorithm were presented
for near-optimal resource allocations. This tool made real-
time decisions for optimal resource allocation within the
stipulated period.[21] A proactive approach to identifying
the locations having a shortage of resources and allocating
healthcare resources in specified locations to minimize the
shortfalls of scarce resources during the COVID-19
pandemic was presented. [22] Although a maximum
resource allocation (MRA) method was presented for
effective allocation and efficient delivery of healthcare
resources, this work did not consider waiting time as a prime
factor which is an important parameter to be considered in
pandemics like COVID-19. [23]

This section also presents the contribution of fog
computing in smart healthcare and the firefly optimization
techniques in a smart system.

2.1. Contribution of Fog Computing and 10T in Smart
Healthcare

Extensive research has been conducted to improve and
strengthen the currently existing healthcare system with the
amalgamation of various computing technologies. 10T could
provide an integrated healthcare system to fight with
COVID-19 pandemic. Several applications and merits of
10T in healthcare management during COVID-19 were
studied and discussed.[24] 10T was used to interconnect
available healthcare resources and patients with a critical
diseases.[25] An loT-based solution was established to
monitor and control the patient health parameters like blood
sugar, HB, and BP and other programs such as safe
motherhood in rural areas.[26] An loT-based healthcare
system for smart cities that connected all the available
healthcare resources for home care/ telemonitoring and
diagnosing patients with chronic illness was proposed. [27]
A demo was proposed to develop, deploy, and manage
healthcare  applications in a hybrid cloud/fog
environment.[28] A hierarchical framework for healthcare
monitoring, an intelligent warning model, and a health
assessment model was proposed for a fog-assisted
environment.[29]

To preserve the privacy of end-users,’ the author
proposed using fog nodes as middleware between the cloud
and end-user. This prevented information attacks by
confining the details within trusted devices.[30] In the
clinical environment, successful deployment of e-Health
smart gateways (UT-GATE) and Early Warning Score
(EWS) introduced local data processing, storage, and faster
decisions at the fog layer.[31] To examine the benefit of fog
computing in e-health applications in terms of data security,
deployment, communication protocols, and infrastructure
development, a taxonomy of fog computing for e-health was
suggested.[32] An loT-based smart platform for patients'
initial screening for COVID-19 disease was developed so
that patients should not come into contact with hospital staff,
and the spreading of germs to each other was being
prevented. [33]
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2.2. Firefly Optimization Technique in Smart Systems

An investigative work by authors showed that Firefly
Algorithm (FA) was used to solve various issues in the
healthcare and biomedical field.[34] The authors proposed
an automated approach to predict possible hospital
readmission by using deep learning models and firefly
optimization techniques to classify the data.[35] Firefly
algorithm was used to optimize healthcare applications, and
this was useful in providing optimized solutions for
engineering problems.[36] A reliable firefly and Feed
Forward Back Propagation Neural Network (NN) method
were developed to improve parking efficiency and reduce
space search time.[37] To enhance the performance of smart
cities, address the smart mobility issues, and reduce
greenhouse gas emissions (smart environment), a public and
smart urban transportation tool (PRT) was implemented
using discrete FA.[38] To provide efficient residential
energy management to reduce electricity bills, an objective
function formed on Firefly Algorithm and Harmony Search
Algorithm (HSA)  was proposed, categorizing and
scheduling home appliances more optimally.[39]

In this spirit, a fog-enabled smart healthcare model in
which healthcare resources are optimally allocated using the
firefly optimization algorithm is being presented in this

paper.

3. Smart Healthcare Model

Smart  healthcare uses emerging computing
technologies to reduce medical procedure cost and risk,
improve the utilization efficiency of medical resources, and
provide the facility of personalized healthcare and medical
treatments, online assistance of patients, e-medicine, and
self-service medical care. [40]

Fog-enabled smart healthcare systems integrate smart
devices with intelligent software agents to efficiently deliver
automated and intelligent healthcare services. This helps
hospitals in decision making, efficient resource utilization,
fair resource allocation, and quality and performance
analysis.[8] Because computations are being performed
between cloud and network edge, in comparison with cloud
computing, fog computing is more scalable and adaptable,
also reduces delay and network traffic, and improve energy
efficiency. Hence, fog computing offers a more
advantageous solution for the smart healthcare system.

A smart healthcare system encompasses the integration
of components and services being offered.

3.1. Smart Healthcare Components

Smart healthcare systems can be prospected by
integrating 10T services, emerging computing technologies,
and smart edge devices like smartphones. The smart
healthcare system is composed of the following
components:

e Smartphones, smart vehicles, or other smart devices
equipped with internet facilities to send a request for
healthcare services and get a response in
acknowledgment.

e Fog nodes to perform local request processing and
computations. It is also connected to the cloud so that
requests that cannot be processed at the fog layer will
be forwarded towards the cloud.

e A collection of software components is termed an
API so that patients can send requests for healthcare
services, and APl can process that request with
defined optimized algorithms and can perform
required actions.

e Adatabase is required to store the status of healthcare
resources and data being generated after processing
the requests at the fog or cloud layer. This data is
stored for future use, such as data analysis and data
presentation.

3.2. Smart Healthcare Services

These are the services provided by the smart healthcare
system for ease of work.
e Searching for nearby hospitals providing isolation
beds, corona testing facilities, ventilator beds, and
oxygen beds to corona patients.

e Searching for available resources in the hospital.
e Booking and confirmation of Ambulance.

e Booking and confirmation of isolation bed in the
hospital.

e Booking and confirmation of corona testing in
hospital.

e E-Receipt of the corona test report.

e Monitoring the patient's health condition while being
in the ambulance so that doctors can provide virtual
medical assistance and give advice so that patients
receive timely treatment.

3.3. COVID-19 Scenario

A smart healthcare model in the COVID-19 Scenario is
shown in figure 1. The steps followed to process the requests
successfully are listed below:

1. Hospitals update the availability of the resources at the
fog node. Hospitals frequently send data regarding
available resources like ICU beds, ventilators,
ambulances, etc., to fog nodes. Data generated by
hospitals is being stored at the fog node's database so
that timely and appropriate decisions can be made
whenever the patient is submitting any request for
COVID hospital.

2. Patients send search requests for the best available
hospital through laptops, mobile, or any wearable
device while being at home or traveling.

3.a. The fog node responds to the end-user directly, giving
availability of resources.

3.b.1 If a fog node is overloaded, the request can be
offloaded to other fog nodes.

3.b.2 Two fog nodes can also communicate for data and
resource sharing.

3.c.1Ifno fog node is available to process the end-user
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request, then such request is being transferred to cloud
datacenter.

3.c.2. The request is processed at a fog node or cloud data
center using an efficient resource scheduling algorithm to
allocate  ICU beds in the best available hospital. After
processing the request at the cloud, the datacenter response
is transferred to the fog node.

4. Allocation of Healthcare Resources

There is a need to introduce an optimization algorithm
capable of allocating healthcare resources efficiently to treat
corona patients well in time. The foremost aim of the
proposed work is to reduce the waiting time for patients and
ensure fair and efficient allocation of healthcare resources.

Cloud
Datacenter

A bio-inspired firefly algorithm is used at the fog node
for healthcare resource provisioning. There are a variety of
bio-inspired intelligent metaheuristic algorithms, but the
firefly algorithm is used because of its uncomplicated nature
and effectiveness in solving the problems.

4.1. Firefly Algorithm

In 2008, Xin-She yang introduced the Firefly algorithm,
which is inspired by the flashing behavior of fireflies.[41]
There are three steps by which the mating process of fireflies
takes place.

a. Fireflies are unisex and attracted to each other
irrespective of their gender.

b. The attraction of fireflies towards each other is
directly proportional to their brightness and inversely
proportional to their distance apart. Fireflies will
always move toward a brighter firefly; if no firefly is
found, the firefly will move randomly.

Cloud Layer

Fog

Fog Layer

Node

l\

> Fog
Node

Hospital

[
i End

Devices

Patient

h O 8

Fig. 1 Smart Healthcare System
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c. An objective function determines the brightness of every
firefly.

It is observed that attractiveness, randomization, and
absorption are the three main parameters to be considered
for the execution of the Firefly Algorithm (FA). FA uses
attractiveness between brighter fireflies to find an optimized
result. Because of this property, it converges quickly
towards the global maximal optimal solution.
Randomization parameters and global communication
among fireflies prevent FA from getting stuck in local
optima. The steps followed by the firefly algorithm to
achieve the best possible solution are depicted in figure .

4.2. FA Based Allocation of Healthcare Resources

The Fireflies are analogous to patients, and their
assignments refer to the allocation of available resources, i.e.,
hospital beds and oxygen cylinders and ventilators. Every
corona patient admitted to the hospital will be treated as a
firefly. Each firefly's fitness value or brightness is to be
updated at the local fog server so that corona patients of that
particular area get notification about the best possible options
of hospitals in nearby areas. A patient admitted to a hospital
with the maximum number of available beds, and oxygen
cylinders and ventilators will be treated as brighter fireflies.
So brighter fireflies, i.e., patients not admitted to any hospital
or patients waiting for a bed in an occupied hospital, will get
attracted to the brighter firefly, i.e., towards the hospital,
which has the maximum available resources. This
attractiveness also depends upon the distance between two
fireflies, i.e., the patient will try to get the bed in the nearby
hospital.

This algorithm successfully notifies the best available
options to corona patients. It offloads an over-occupied
hospital to a nearby less occupied hospital so that corona
patients can be treated well in time. If any patient does not
find any option, then the patient can choose a hospital
randomly.

4.2.1. Initial Population Generation

Patients are likely to go to a nearby hospital with the
availability of beds. Initially, Fireflies are initialized based
on the number of patients, and subsequently, each firefly is
assigned with admitted patient and hospital resources
combination.

4.2.2. Brightness Calculation

The fitness of all the fireflies is directly related to
brightness or intensity, and the number of available
resources determines the fireflies' brightness.

brightness (I) a No.of Available Resources (1)

A patient admitted to a hospital with a maximum
number of available beds, and an oxygen cylinder and
ventilator will be treated as a brighter firefly.

Define constraints, an
initial population of
fireflies, fitness
function, parameter
equations, and light
intensities

v

Evaluate the Fitness
value of Each Firefly

A

Update the light intensity
of the fireflies by the
obijective function

v

Realize the related moves
depending on the
attractiveness parameters

v

Arrange the position of
the fireflies and get the

hest nne

False True

Check the

stopping
criteria

Return the
Solution

Fig. 2 Flowchart of firefly algorithm technique [42]

Suppose there are n fireflies, then the fitness value for
each firefly is calculated using the following equation.

F(y) =X i )

4.1.3. Movement Towards attractive firefly

The brightness of each of the fireflies is evaluated and
compared with another. At every iteration, the best firefly is
identified, and the firefly moves toward a new position, i.e.,
in the direction of a brighter firefly. The less bright will be
attracted to the brighter fireflies.
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if (; > 1;) then :
Move i firefly towards j" firefly (3)

The Movement of the i" firefly at position y; moving
to a brighter j*" firefly at position y; is given as:

yit+1) = yi(t) + ﬁe_yrz()’i —-y;) +ag (4)

Where P is the attractiveness value, attractiveness is
inversely proportional to distance and directly proportional
to the number of available beds. The nearby hospital with
many available resources would be much more attractive.
BeY?is the attractiveness value between two fireflies, yi, and
y;. Attractiveness(Bo) varies with distance r, where r is the
distance between two fireflies. The distance r between the
i" and j™ fireflies is given by:

i = ,fZ(Yi - }’j)z (%)

agi is the randomization parameter; if Bo =0, then the
firefly moves randomly based on the equation given:

yit+1) = y;(t) + ag (6)

The attractiveness of a firefly in a new position is
compared to the attractiveness of a firefly in an old position.
If attractiveness at the new position is higher than
attractiveness value at the old position, then the firefly
moves towards a new position. Otherwise, it will not change
its position and will remain at its current position. If no
brighter firefly is found, then the Movement of the firefly
will be random. After reaching the termination criterion, it
gives the best possible solution.

Corona patients will be notified about nearby less
occupied hospitals so that patients can be treated well in
time. If any patient does not find the best option, he will
choose the hospital randomly according to his choice.

5. Results

For the allocation of healthcare resources, the Firefly
optimization algorithm is used, and the simulated results are
compared with Random Allocation (RA) method. Both
algorithms evaluate and compare the average waiting time,
the number of successfully processed tasks at fog nodes, and
resource utilization. PureEdgeSim [43] simulator is used for
simulation purposes. The analytical research method is
adopted in this paper to analyze the COVID scenario, and
for simulation purposes, the dataset is taken from
covidl9india.org [44]. The spread trend of uniform scale
mode is observed. The total number of corona cases is
divided into two scenarios: low and high, depending on the
corona cases per day. The low set ranges from 10 to 100,
where an increase in per day cases is low, i.e., 10 average
new cases are coming per day. The high set ranges from 100

to 1000, where an increase in per day cases is high, i.e., 100
average new cases are coming per day. Here, edge devices
will be treated as corona patients, which can generate any
number of requests to fog nodes, i.e., a patient can check for
the availability of beds, book for the test slot can, request for
an oxygen cylinder, etc. 16 VMs available at fog servers are
being treated as hospitals and cores as beds equipped with
oxygen cylinders and ventilators. Every hospital has a
different number of beds ranging from 32 to 128.

5.1. Average Waiting Time

Average waiting time is the time to get notification about
the best available hospital for patients. If the number of
cases increases, the waiting time for notification about the
best available hospital also increases. As shown in figure 3.1
and figure 3.2, when the number of cases is low average
waiting time of random allocation is a little better than the
firefly algorithm. Still, the average waiting time for the
random allocation algorithm increases drastically as corona
patients are more than 600. The average waiting time is
calculated using equation 7.

Average waiting time = )i (response arrival time —
request generation time) /n (7

When the firefly algorithm is compared with the
random allocation method, the average waiting time for the
low range scenario is 15.66% higher, as shown in figure 3.1.
Initially, when all resources are free, and the number of
cases is less, resources are easily available and can be
allocated without any optimization. But, when the number
of cases increases, optimized allocation becomes necessary
so that hospitals, where all beds are already occupied, are
not included in search space; hence, waiting time is reduced.
Therefore, as shown in figure 3.2, the high range scenario
average waiting time of the firefly algorithm is reduced by
24.34%. Percentage reduction in waiting time is calculated
with the following equation.

%age Reduction in waiting Time =
Z?:l((WTfirefly - WTRA)/ WTga +100) /n
(8)

Where WT is waiting time and n represents the total number
of requests generated.

5.2. Number of Requests/Tasks Successfully Processed

A comparison regarding the successfully processed
requests is presented for both the firefly and random
allocation algorithm. The patient's request fog node also
executes other requests simultaneously like booking for
corona testing, downloading an e-receipt of the report,
looking for an oxygen cylinder, etc. It is clearly shown in
figure 4.1 and 4.2 that the average number of requests being
processed using firefly are 0.75% more for low range
scenario and 8.58% more for high range scenario than
requests being processed using random allocation.
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Percentage increase in number of requests processed is Tasks fail due to high delay, mobility, and

calculated using equation 9.

%age Increase in Number of Reqests
Successfully Processed

= X1 ((TTCriresty — TTCra)/ TTCra * 100) /0 (9)

TTC is the total tasks completed and can be evaluated
using the following equation.

Total Tasks Completed(TTC) =

Total Tasks Generated — Failed Tasks (10)
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unavailability of resources. According to this framework,
whenever a corona patient searches for a suitable hospital
for treatment, the request goes to the local fog server, where
data is stored from various hospitals. After applying the
firefly algorithm, the best suitable option is notified to the
patient. Because of less execution delay, the task failure rate
is less in the firefly algorithm than in the random allocation
algorithm.
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Fig 4.1. Number of Requests Successfully Executed for Low Range Scenario

5.3. Resource Utilization

It is quite obvious that fair and maximum utilization of
resources is possible with an optimized firefly algorithm.
When hospitals are allocated based on random selection, the
resources of some of the hospitals will be over-utilized, and
the resources of other hospitals will be underutilized. As
shown in Figures 5.1 and 5.2, the firefly algorithm provides
approximately 35.16% and 46.50% better resource
utilization than the random allocation for low range and high
range scenarios.

Resource utilization and percentage increase in resource
utilization are calculated using equations 11 and 12,
respectively.

Resource Utilization = % (1)
%age Increase in Resource Utilization =
Z?:l((RUfireﬂy - RURA)/ RUg4 +100) /n (12)

Where RU stands for Resource Utilization and n are the
total number of corona cases.

Requests/ Tasks Successfully Executed

Tasks in %age

100 400

500 600 700 800 200

Cumulative Corona Cases /Day

—a—Firefly

—a—Random Allocation

Fig. 4.2 Number of Requests Successfully Executed for High Range Scenario
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6. Conclusion technical expertise are also needed. Keeping in view the

COVID-19, caused due to Corona Virus, is a worldwide
public health emergency growing exponentially. It has
introduced new research challenges and issues to global
researchers. To tackle this pandemic, medical experts and

millions of affected people and scarcity of resources,
efficient resource management is paramount. A multi-
faceted approach is required to deal with the situation, which
is bound to be multi-disciplinary.

Resource Utilization
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Fig. 5.2. Resource Utilization for High Range Scenario

This paper presented how fog computing and an
intelligent bio-inspired metaheuristic algorithm can address
and contribute to healthcare resource provisioning.
Optimization of resources has been achieved using the
firefly optimization algorithm. The comparative analysis of
firefly and the random allocation algorithm is summarized
in table 1. This algorithm enhanced the optimized resource
utilization by 35.16% for the low range and 46.50% for the
high range, reducing the average waiting time by 24.34%
for the high range scenario.
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The average waiting time for the low range scenario is
15.66% higher for the firefly algorithm because, initially, all
resources are free, and optimization is not needed. The
average number of requests processed using firefly is 0.75%
more for the low range and 8.58% more for the high range
scenario. As a result, the firefly algorithm's overall
performance in allocating healthcare resources in a smart
healthcare environment is exquisite and substantial.
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Table 1. Comparison of Firefly with Random Allocation Algorithm

Parameter Low Range Impact High Range Impact
scenario scenario
Average waiting Time +15.66% No need for -24.34% Improvement

optimization initially

Number of Tasks

Successfully +0.75% Improvement +8.58% Improvement
Executed
Resource Utilization +35.16% Improvement +46.50% Improvement
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