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a b s t r a c t

The COVID-19 pandemic is viewed as the most basic worldwide disaster that humankind has observed
since the second World War. There is no report of any clinically endorsed antiviral medications
or antibodies that are successful against COVID-19. It has quickly spread everywhere, presenting
tremendous well-being, financial, ecological, and social difficulties to the whole human populace. The
COVID flare-up is seriously disturbing the worldwide economy. Practically all the countries are battling
to hinder the transmission of the malady by testing and treating patients, isolating speculated people
through contact following, confining huge social affairs, keeping up total or incomplete lockdown, etc.
Proper scheduling of nursing workers and optimal designation of nurses may significantly affect the
quality of clinical facilities. It is delivered by eliminating unbalanced workloads or undue stress, which
could lead to decreased nurse performance and potential human errors., Nurses are frequently asked
to leave while caring for all sick patients. However, regular scheduling formulas are not thought to
consider this possibility because they are out of scheduling control in typical scenarios. In this paper, a
novel model of the Hybrid Salp Swarm Algorithm and Genetic Algorithm (HSSAGA) is proposed to solve
nurses’ scheduling and designation. The findings of the suggested test function algorithm demonstrate
that this algorithm has outperformed state-of-the-art approaches.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

COVID-19 outbreak has changed from epidemics to pandemics
n the first months of 2020 [1]. The coronavirus COVID-19 affects
12 countries and territories around the world and two inter-
ational conveyances [2]. Effective monitoring of an infectious
isease outbreak requires immediate intervention and emergency
anagement, supply chain, and personnel sequencing. During

he monitoring operation, large volumes of medical equipment
nd personnel schedules are transported from regional stores to
ispensing sites. While infectious diseases endanger the public,
ecision-makers must decide whether distributing and planning
carce resources to populations and preventing infectious dis-
ase transmission is a complicated public health challenge. As
he COVID-19 pandemic expands globally, physicians, healthcare
dministrators, states, politicians, and experts in the intensive
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care unit (ICU) must brace for a rise in seriously sick patients [3].
Statistics of infected and dead cases of COVID-19 are possibly
underestimated due to limitations of surveillance and testing [4].
Resources are scarce, and hospitals cannot cope with a similar
pandemic. Additionally, characteristics linked to disease spread
can differ across sub-populations. Consequently, the complex-
ity and extreme impact of the problem require complex, real-
time, and efficient solutions, making the subject very suitable for
OR/MS research in disaster operations [5].

2. Research problem statement and contributions

In reaction to the COVID-19 outbreak, management of the
epidemic was complicated. The nursing scheduling quickly es-
tablished a COVID-19 management unit with the nursing de-
partment head as the team member responsible for delivering
and implementing care facilities. The leadership team changed
the priorities of nursing work according to the actual state of
the hospital. It established outpatient clinics and lockdown ward

nursing work systems and the related employee standards to

https://doi.org/10.1016/j.asoc.2021.107449
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nsure that nursing work complies with requirements and ob-
ectives. The Nursing Department formulated standard screening
uidelines for staff and patients based on the characteristics of
his epidemic. When selecting the head nurse for outpatient fever
linics, technical assistance experience and good physical fitness
ere given priority [6]. When choosing the quarantine unit’s lead
urse, experience in disinfection and quarantine management is
he priority. Some of the nurse selection criteria are two or more
ears of work experience, good physical fitness, and expertise
n necessary nursing procedures (infusion, ventilation of air, and
bservation of condition) [7].
The concept of a statistical model for nurse scheduling shifts

s where nurses can work more hours to accommodate addi-
ional shifts. It would provide healthcare facilities with a smart-
utomated framework capable of eliminating exposed shifts
hile mitigating nursing staff’s commitment and tension and
nsuring the compliance of working conditions legislation as far
s possible. Nurses find justice and equal workload essential to
heir well-being [4]. Proper scheduling of nursing workers may
ignificantly affect the quality of clinical facilities delivered by
liminating unbalanced workloads or undue stress, leading to
ecreased nurse performance and potential human errors. Nurses
re asked to work overtime, but regular scheduling formulas
re not thought to consider this possibility because they are
ut of scheduling control in typical scenarios. The findings of
he proposed test function algorithm show that this algorithm
enefits from elevated convergence and coverage.

. Literature review

At present, COVID-19 reverse transcription-polymerase chain
eaction (RT-PCR) has been developed and used in clinics. For
he conclusive diagnosis of COVID-19 infection, RT-PCR is the
tandard reference [5,6]. However, due to the RT-PCR’s inac-
ivity, rapid diagnosis of infectious patients is limited to radi-
logical exams. CT often. In fighting this contagious disease, a
hest scan plays a vital function. Chest CT detected primary pul-
onary infection [7,8] and accelerated monitoring and response
rograms for public health [9]. The results of researches are
roposed CT findings as crucial evidence for confirmed clinical
iagnosis. COVID-19 diagnosis depends on radiological and lab-
ratory observations. In the early diagnosis and treatment of
OVID-19, radiological exams are of utmost importance. In pa-
ients with severe coronavirus pneumonia, radiological imaging
equires ground-glass opacity and pulmonary consolidation to
ffect both lungs [10]. Primary findings have found that indi-
iduals with underlying disorders are at increased risk due to
OVID-19 for developing morbidity and mortality. Around 50% of
eported new coronavirus patients have chronic background dis-
ases. Moreover, about 40 percent of confirmed new SARS-COV-2
oronavirus patients have cardiovascular or cerebrovascular dis-
rders. The researchers have observed a significant difference in
ge group mortality. It is essential to consider the clinical signs
f COVID-19 since the clinical symptoms are nonspecific. COVID-
9 severe symptoms include fever (above 38 degrees), cough,
nd discomfort or muscle weakness. Sputum, headache, coughing,
iarrhea, indigestion, and lymph glands are symptoms [11–13]. A
ew days before the fever, patients may initially feel diarrhea and
ausea, suggesting that the fever is prevalent but not the leading
ymptom of infection. There are few cases with a headache or
emoptysis [14] and comparatively asymptomatic conditions [6].
ue to extreme alveolar in-jury, older men with comorbidity are
ore likely to suffer respiratory failure [15]. In severe cases, the
isease’s onset progress quickly to organ failure (e.g., trauma,
cute respiratory distress syndrome (ARDS), acute heart damage,
nd acute kidney injury) and even lead to death [12,16].
2

Many studies have been done during the Coronavirus out-
break, some of which have focused on hospital strategies and
scheduling. Eichberg et al. (2020) focused on maximizing health-
care services while minimizing healthcare providers’ risk [17]. To
reduce the risk of nursing infection in encounters with COVID-
19 patients, it is critical to know hospital protocols [18]. Health
care priorities are being changed after the pandemic, but emer-
gency surgery is also a concern [19]. As key members of health
systems, nurses have heavy responsibilities during this time.
They are asked to work overtime to guarantee enough assistance
to patients in critical conditions [20]. Mascha et al. (2020) hy-
pothesized that staff shortage could be diminished when staff
scheduling takes the disease’s epidemiology into account [21].
Front-line clinicians need to protect themselves and healthcare
staff’s health and safety to avoid adverse outcomes adverse effects
on the quality of patient care [22]. Mathematical models have
also been one of the most robust ways to manage and schedule
hospitals [23–29]. There are several methods in the literature
for disease prediction using machine learning-based approaches.
For example, a knowledge-based method for disease prediction
using clustering, noise reduction, and prediction techniques was
proposed by Nilashi et al. [30]. The findings revealed that the
combination of noise reduction and clustering strategies based
on fuzzy rules could help detect diseases from real-world med-
ical datasets. In another study, the study results accepted the
feasibility of applying various blurry approaches in the illness’s
diagnostic process, providing researchers with new perspectives
into what kind of diseases were most focused on it. It can help
to evaluate the diagnostic dimensions that are being ignored in
medical fields [31]. A method of remote control of Parkinson’s
Disease progression was also proposed by Nilashi et al. [32].
The mechanism is focused on approaches to deep learning and
clustering. To predict the sub-epidemic waves of the COVID-19
outbreak, Ahmadi et al. [33] introduced the generalized logistic
growth model. The model simulated event scenarios of two, three,
and four waves. Based on the lung x-ray image, Hassantabar
et al. used a machine learning system to diagnose contaminated
COVID-19 patient tissue. This result can also track and manage
patients’ development in contaminated regions [34,35].

4. Methods and materials

4.1. Generation of primary response chromosome

The chromosome in the numerical example is the result of
three variables X , Q , and ZN . It means that first, we have zero and
one as many as the matrix X, which must be a combination of j
(the size of the number of provinces), b (the size of the number
of beds), and i (the size of the number of patients). The same
procedure applies to Q and ZN . These matrices are connected
horizontally, and algorithm operators are used to them. In the
objective function, this sizeable horizontal matrix is first divided
into three parts (depending on the number of members of the
three matrices X , Q , and ZN), and then each of the three parts is
reshaped. For example, if there are two provinces. The number of
patients in the first province is two, and the number of patients in
the second province is 3, the number of beds in the first province
is three, and the number of beds in the second province is 2. The
number of nurses in the first province is five and the number of
nurses in the second province is 4; there are three shifts and 30
days, so the chromosome is as follows:

X: It becomes a cell (a cell that has two parts. The first
part is proportional to the number of beds in the first province
multiplied by the number of patients in the first province. The
second part is similar to the second province).
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An X matrix for province 1 Two X matrices for province 2
0 0 1 1 0
1 1 0 0 0

0 1

Now the X matrix is connected by the loop first to j, then to b,
and then to i:

1 0 0 0 0 1 0 0 1 1 1 0

Now it is time for the Q matrix. This matrix has two sections
as many as the number of provinces. Each province has a three-
dimensional matrix of the number of nurses * the number of
services * the number of patients. Similarly, the X matrix is
onnected to the Q matrix, and when it becomes a horizontal
atrix, a matrix is obtained from the flat connection of two to

hree three-dimensional matrices.

.2. Grasshopper Optimization Algorithm (GOA)

This algorithm, like other optimization algorithms, tries to find
he optimal answer among several answers. This algorithm is
erived from natural grasshopper movements. The GOA is one of
he most novel and robust algorithms of optimization. The GOA
ses mathematical models and imitates locust behavior in nature
o solve optimization problems. The GOA algorithm was first
ested in a set of issues, including CEC2005, and its quantitative
nd qualitative performance was evaluated and analyzed. It was
hen used to find the desired shape for a truss 52 times, three
imes truss. To indicate its use. The results also demonstrate the
racticality and strength of GOA to solve real-world problems
ith unknown search spaces [36].

4.3. Gray Wolf Optimization algorithm (GWO)

The GWO algorithm mimics the leadership hierarchy and the
ray wolf hunting system in nature. Four kinds of gray wolves,
lpha, beta, delta, and omega, are used to mimic the leadership
ierarchy. Often, there are three significant hunting phases: the
uest for prey, siege, and attack on the target. The results show
hat the GWO algorithm can provide highly competitive products
ompared to these meta-processing processes. The GWO can be
sed for challenging issues with unknown search spaces [37].
3

4.4. Cuckoo Optimization Algorithm (COA)

The COA is one of the newest and most potent evolutionary
optimization approaches, which has a more remarkable ability to
find global optimal points. This algorithm simulates the behavior
of cuckoo birds in nesting and spawning to solve optimization
problems. The results of reviewing and reviewing various articles
indicate the high efficiency of the cuckoo algorithm for solving
multiple issues. The life of a family of birds called cuckoos is
inspired by this algorithm. The characteristics of the bird in
spawning and reproduction have motivated the emergence of this
algorithm. This algorithm begins with an initial population, much
as other evolutionary algorithms. The location of cuckoos is of
two types: first, adult cuckoos, and second, eggs, which are the
functional basis of this algorithm based on trying to survive. In
this process, some are destroyed, and the best remain and migrate
to a better place and start laying eggs [38].

4.5. Whale Optimization Algorithm (WOA)

WOA is a meta-optimization algorithm inspired by nature
that mimics stray whales’ social behaviors and focuses on the
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opulation. The pure bubble hunting strategy boosts this algo-
ithm. Favorite prey is whales, krill, and small fish groups. Her
ay of hunting is the most entertaining thing about humpback
hales. This exploratory activity is referred to as the process of
ubble-net eating. Near the sea’s surface, humpback whales tend
o hunt a group of krill or small fish. This discovery and hunting
re achieved by generating essential bubbles along a circle or
aths [39].

4.6. Hybrid Salp Swarm Algorithm and Genetic Algorithm (HSSAGA)

In this article, a novel hybrid method is proposed for solv-
ng the mathematical optimization problem for the allocation
4

of nurses to COVID-19 patients. The process is constructed by
combining a salp swarm algorithm (SSA) with a Genetic algorithm
(GA). In this method, firstly, the initial population of the GA
algorithm is generated randomly. For selecting proper individuals
or chromosomes from the people in each generation, the SSA
method used its searching techniques to find the best individual
to go forward generation. The pseudo-code of the presented
method is given in Algorithm V.

4.7. Mathematical problem statement

Model assumptions:

− Every province must receive all the essential expert services
− There is a limit to the maximum leave
− Maximum working days for nurses are limited
− It is only planned for one ICU. (We have two wards: 1- ICU

and 2- Normal hospitalization of COVID-19 patients)

Sets:
J Provinces j ∈ J
I Set of patients in the province j, i ∈ Ij
S Set of services
N Set of nurses in the province j, n ∈ Nj
D Set of days d ∈ D
K Set of shifts k ∈ K

Model Parameters:
F Total leave time for patients
tf Waiting time of province for services
ts Duration of activity performed by the nurse
tn Total nursing day per month
L Shift length
P(S, J) Number of provinces that receive service of S
U(J) Number of all patients in each province
A (N, J) Number of Nursers type N in each province

Decision variables:
Xjib If the patient i is assigned to bed b is 1,

otherwise zero.
Qjins If service s is provided to the patient i by

nurse n is 1, otherwise zero.
ZNjndk If nurse n is used on day d in shift k is 1,

otherwise zero.
d1+

jn, d1
−

jn The auxiliary variable of goal programming
for nurses’ working days per month

d2+

ji , d2
−

ji The auxiliary variable of goal programming
for allocating expert nurses to the provinces

d3+

j , d1
−

j The auxiliary variable of goal programming
for nurse’s allocation to the ICU section

d4+

jn, d4
+

jn The auxiliary variable of goal programming
for nurses’ working hours in each shift

athematical modeling

inZ1 =

∑
j

(
∑
n∈Nj

d1+

jn +

∑
i∈Uj

(d2+

ji + d2−

ji ) + d3−

j +

∑
n∈Nj

d4+

jn) (1)

.t.∑
d

∑
k

L ∗ ZNjndk + d1+

jn − d1−

jn = tn ∀ n ∈ Nj, j (2)∑
b

Xjib + d2+

ji − d2−

ji = 1 ∀ i ∈ Uj, j (3)∑
b

∑
i∈Ij

tf ∗ Xjib + d3+

j − d3−

j = F ∀ j (4)

∑∑
ts ∗ Qjins + d4+

ji − d4−

ji = L ∀ n ∈ Nj, j (5)

s i∈Ij
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Fig. 1. The conceptual diagram of the model.
Table 1
The optimum parameter levels of the algorithms.
Algorithm Parameter Level 1 Level 2 Level 3 Optimal value

GWO Number of Initial populations 30 40 50 40
Max number of iterations 100 250 500 250

GOA
Number of Initial populations 30 40 50 65
Max number of iterations 100 250 500 250
Intensification Factor 1 2 3 1

WOA

Number of Initial populations 30 40 50 30
Max number of iterations 100 250 500 250
r1 Random Random Random Random
r1 Random Random Random Random

COA

Number of Initial populations 30 40 50 50
Max number of iterations 100 250 500 250
Max number of Cuckoos at the same time 50 70 100 100
Min number of eggs 1 2 3 2
Max number of eggs 2 4 6 4
Number of KNN cluster 1 2 3 3
Lambda 3 5 9 9
Control parameter of egg laying 2 5 7 5

HSSAGA

Number of Initial populations 30 40 50 30
Max number of iterations 100 250 500 100
Crossover rate 0.3 0.5 0.7 0.5
Mutation rate 0.1 0.2 0.3 0.3
Qjins, Xjib, ZNjndk ∈ {0, 1} ∀ s, i ∈ Uj, n ∈ Nj, d, k, j (6)
d1+

jn, d1
−

jn, d2
+

ji , d2
−

ji , d3
+

j , d3−

j , d4+

jn, d4
−

jn

≥ 0 ∀ n ∈ Nj, i ∈ Uj, j (7)

The objective function of this model minimizes deviation from
the desired constraints. Constraint (2) means that every nurse
must have tn working days per month. In fact, in this constraint,
we minimize overtime or unemployment in the objective func-
tion. Constraint (3) indicates the allocation of beds to patients.
Constraint (4) shows the maximum waiting time for the province
for services, which in the objective function, we are looking for
minimizing the waiting time of each region to receive services.
Constraint (5) indicates the number of hours nurses work per
shift, which in the objective function, we seek to minimize the
amount of unemployment in each shift. Constraints (6) and (7)
also indicate the type of variables.

5. Results and discussion

5.1. Data collection

In this paper, data is collected from the dataset provided by
the World Health Organization and the Ministry of Health and
Medical Education of Iran data center from the starting time of
5

COVID-19 until early April 2021. Data consists of the number of
COVID-19 patients for each province of Iran until experiment time
consists of ICU and ordinary hospitalization patients. To allocate
nurses to patients and beds number of designated hospitals,
beds, and personnel for COVID-19 by the Iranian government are
collected. In the experiment time, some of the nurses also are
infected or died. In the presented model, this gap also is evaluated
and studied the hospital needs of extra personnel. Moreover,
with involved patients, the nurses working shift is scheduled to
increase work performance and decrement nurse’s tiredness.

5.2. Results of nurse scheduling and allocation

The findings of implementing the suggested model with the
algorithm HSSAGA are discussed in this section. One of these
models aims to assign specific nurses to a shift on a particular
day. The following diagrams are related to nurses’ assignment
as if nurse n is used on day d in shift k. Due to many nurses, a
chart associated with the first eight nurses for each province is
given (31 regions of Iran are studied). The objective function ter-
mination criterion is 10−3. The conceptual diagram is presented
in Fig. 1. As seen in Fig. 2, all the algorithms’ behavior has been
shown in a graphing form in 250 iterations. The GOA has shown
consistent behavior for almost 250 iterations and only a small
initial response to the overall movement. In the hybrid algorithm
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able 2
llocation of first eight nurses if a nurse is used on a specific day of a month.
Day of
month

Nurse
1

Nurse
2

Nurse
3

Nurse
4

Nurse
5

Nurse
6

Nurse
7

Nurse
8

All

1 0 0 1 1 1 1 0 0 4
2 1 0 0 0 0 1 1 1 4
3 0 0 1 1 1 0 1 0 4
4 0 1 0 1 0 0 1 1 4
5 1 1 1 0 0 1 0 0 4
6 0 1 1 1 1 0 0 0 4
7 0 0 1 0 0 1 1 1 4
8 0 1 0 1 1 0 0 1 4
9 1 0 1 1 0 1 0 0 4
10 1 1 0 0 0 0 1 1 4
11 1 1 0 1 1 0 0 0 4
12 0 1 1 0 0 1 0 1 4
13 1 0 0 0 1 1 0 1 4
14 0 1 1 1 0 0 1 0 4
15 1 1 0 0 1 1 0 0 4
16 1 0 1 0 0 0 1 1 4
17 0 0 0 0 1 1 1 1 4
18 1 0 0 0 1 1 0 1 4
19 1 0 1 1 1 0 0 0 4
20 0 1 0 1 0 0 1 1 4
21 0 0 1 0 1 1 1 0 4
22 1 1 0 1 0 1 0 0 4
23 0 1 0 1 0 0 1 1 4
24 0 0 1 0 1 0 1 1 4
25 1 1 1 0 0 1 0 0 4
26 0 0 0 1 1 0 1 1 4
27 1 0 0 1 0 0 1 1 4
28 1 1 0 1 0 1 0 0 4
29 1 1 1 0 1 0 0 0 4
30 0 1 1 0 1 1 0 0 4
31 0 0 1 1 0 1 1 0 4

Sum 15 16 16 16 15 16 15 15

Fig. 2. Comparison between algorithms convergences.

HSSAGA, the objective function has practically the same behavior
and a downtrend as the COA. Each one has its optimal value if the
COA response is more optimal than the hybrid algorithm HSSAGA.
The WOA, after about 130 iterations, has been fixed.

In the GWO, the objective function in 125 iterations is the
irst iteration of good descending order. It has achieved the best
ossible response and then continued until the end of its path has
een fixed.
The outcomes of meta-heuristic algorithms are adaptive to

heir corresponding parameters. The Taguchi approach is based
n the average S/N ratio for each degree of variables used to
6

handle this sensitivity and set the initial conditions for accessing
more successful solutions. Table 1 includes the optimum values
of the parameters. Regarding Table 2 and the radar plot of Fig. 3,
the eight selected nurses are allocated three days each month to
decrease the personnel tiredness.

In the presented condition, each nurse only works 15 or 16
days of the month. However, each day four nurses are allocated a
day. With this given condition number of nurses should be dou-
bled to increase the performance of the personnel. The main goal
is to increase the leave period for each of the nurses. It increases
the leave period to 5 days in someone like a nurse of 7. Also,
another goal of the proposed research model is to allocate the
services provided by the nurse to the patient, whether the service
s is provided by the nurse n to patient i or not. In other words, we
should allocate expert personnel to travel each province on any
day (see Table 2 for first-eighth nurses).

The following charts of Fig. 4 show the allocation of service s
y nurse n to province i. Regarding Table 3 and Fig. 3, a total of 16
xpert nurses travels to each region to provide services or supply
ealth care requirements. In each province totally, 3 or 4 experts
re existing. In this problem, each expert can be a particular
ervice. Therefore, we tried to minimize the days’ interval that
ervice is in a province. Another aim that the proposed model
eeks to answer is to allocate nurses to the hospital ICU section
f nurse i is assigned to bed b in the ICU section. Regrading
verwhelming conditions of work in the ICU section in conjunc-
ion with spaces with a high rate of infection possibility, in this
odel, we try to minimize nurse participation in the ICU section
ith maximum interval shift day. Based on the result, each nurse
hould be two days a week in the ICU section. Moreover, the
ifference between their shift is maximum (two or three days)
see Table 4).

The values of auxiliary variables are illustrated in Fig. 5 for all
he provinces. d1− and d1+ are related to nurses scheduling a
ime that the results were shown in Table 2 and Fig. 3. Also, d2−

nd d2+ are related to expert nurses’ allocation in each province,
llustrated in Table 3 and Fig. 4. Finally, d3 and d4 are related to
nurse’s allocation and scheduling in the ICU section. Regarding
ig. 5, the value of the auxiliary variable has fluctuated from 0 to
.
This paper solved the scheduling problem using GWO, GOA,
OA, COA and presented the HSSAGA method. Now we com-
ared the results obtained from these methods. Table 5 shows
he best objective function from the five algorithms is the hybrid
lgorithm HSSAGA. After that, the COA and the GWO in ranks 2
nd 3 are considered improved. As visible in the table, algorithms
n terms of the number of function evaluations have almost
he same result. The value of d1 to d4 in both algorithms has
luctuated from 0 to 1, with an average of 0.5 and a standard
eviation of 0.0231.

. Discussion

The prevalence of the COVID-19 pandemic has made the emer-
ency departments of hospitals more crowded. However, the
umber of emergency departments has not increased signifi-
antly in recent years, especially in the pandemic period. The
uality of services provided in the emergency department is also
ssential in the formal evaluation of hospitals, and the assessment
f other hospital departments depends on the quorum. One of the
ost important indicators for evaluating the emergency depart-
ent’s quality of services is nurses’ schedule to provide services

clinical, paraclinical). Scheduling refers to the number of times
urses have to work in a hospital setting. On the other hand, the
igh density of patients causes fatigue and disability of nurses.
n other words, nurses need more time off and rest than usual.
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Fig. 3. Assign nurses if a nurse is used on a specific day of a month.
Table 3
Allocation of the first service provided by a specific nurse to a particular patient.
Provinces Saturday Sunday Monday Tuesday Wednesday Thursday Friday Sum

East Azerbaijan 1 0 0 1 0 1 1 4
West Azerbaijan 0 1 1 0 0 1 1 4
Ardabil 0 0 1 1 0 0 1 3
Isfahan 1 0 1 0 1 1 0 4
Alborz 1 1 0 0 0 0 1 3
Ilam 0 1 1 1 0 1 0 4
Bushehr 1 0 1 0 1 0 1 4
Tehran 0 1 0 1 0 1 1 4
CM & Bakhtiari 0 1 1 0 1 0 1 4
South Khorasan 1 0 0 1 0 1 0 3
Razavi Khorasan 1 0 1 1 0 0 0 3
North Khorasan 0 1 1 0 1 1 0 4
Khuzestan 1 1 0 1 1 0 0 4
Zanjan 1 0 1 0 0 1 1 4
Semnan 0 0 0 1 1 0 1 3
S.& Baluchestan 0 0 1 1 1 0 0 3
Fars 0 0 0 1 0 1 1 3
Qazvin 0 0 1 0 1 1 0 3
Qom 1 1 0 1 1 0 0 4
Kurdistan 1 1 0 0 0 1 1 4
Kerman 0 1 1 0 1 1 0 4
Kermanshah 1 0 0 1 1 1 0 4
K. & B. Ahmad 1 1 1 0 0 0 1 4
Gorgan 0 1 0 1 1 0 0 3
Gilan 1 1 0 0 1 0 0 3
Lorestan 0 0 1 1 0 1 0 3
Mazandaran 1 0 1 0 1 0 1 4
Markazi 0 1 0 1 1 0 1 4
Hormozgan 1 1 0 0 0 1 0 3
Hamedan 1 0 1 0 1 0 1 4
Yazd 0 1 0 1 0 1 1 4

16 16 16 16 16 16 16
Therefore, the speed of providing services in medical centers to
increase the efficiency of nurses and reduce fatigue is of particular
importance.

Moreover, some of the provinces need special expert services.
herefore, optimization and scheduling of service are essential.
he mathematical optimization model is a tool to predict the
mpact of changes in existing systems and a design tool to predict
ew systems’ performance. In recent years, the application of
ptimization in the healthcare sector has become increasingly
idespread. The main reasons for this are the increasing com-
lexity of healthcare systems, the general ability of simulation
7

in modeling complex and uncertain systems, and the signifi-
cant advancement of simulation software. However, the use of
this technique in the health sector is much less than in in-
dustrial areas. An optimization is a valuable tool for accurate
and evidence-based decisions. It provides remarkable results for
studying and planning complex and uncertain systems that are
prominent health systems’ features.

7. Conclusion

In this article, a novel model of the HSSAGA is proposed
to solve nurses’ scheduling and designation. We provide three
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Table 4
Allocation of the first service provided by a specific bed to a particular patient.
Nurses Saturday Sunday Monday Tuesday Wednesday Thursday Friday Sum

Nurse1 1 0 0 1 0 0 0 2
Nurse2 0 1 0 0 1 0 0 2
Nurse3 0 0 1 0 0 1 0 2
Nurse4 0 0 0 1 0 0 1 2
Nurse5 1 0 0 0 1 0 0 2
Nurse6 0 1 0 0 0 1 0 2
Nurse7 0 0 1 0 0 0 1 2
Nurse8 1 0 0 1 0 0 0 2
Nurse9 0 1 0 0 1 0 0 2
Nurse10 0 0 1 0 0 1 0 2
Nurse11 0 0 0 1 0 0 1 2
Nurse12 1 0 0 0 1 0 0 2
Nurse13 0 1 0 0 0 1 0 2
Nurse14 0 0 1 0 0 0 1 2
Nurse15 1 0 0 1 0 0 0 2
Nurse16 0 1 0 0 1 0 0 2
Nurse17 0 0 1 0 0 1 0 2
Nurse18 0 0 0 1 0 0 1 2
Nurse19 1 0 0 0 1 0 0 2
Nurse20 0 1 0 0 0 1 0 2
Nurse21 0 0 1 0 0 0 1 2

Sum 6 6 6 6 6 6 6 –
Fig. 4. Allocation of services provided by the traveler nurse to the patients in each province.
rimary goals for this paper:(1) Scheduling healthcare personnel
ach month for increasing time offs and rising work efficiency,
2) allocating and scheduling particular expert services to each
rovince by traveling experts to the target area, and (3) schedul-
ng nurses to participate in the ICU overwhelming sector. This
odel’s objective function minimizes divergence from the opti-
al constraints. The constraints include working days of nurses

n a month to reduce overtime or unemployment in the objective
unction. The allocation of beds to patients, the overall waiting
ime for care, the number of hours nurses work per shift are other
estrictions. Any of the nurses are also infected or died during
he experiment phase. This void is also assessed in the model
resented, and the hospital needs of additional employees are an-
lyzed. One of this model’s goals is to delegate a change on a given
ay to individual nurses. Each nurse only works 15 to 16 days a
onth in the proposed situation. However, each day 4 of them
re assigned on a day. For this provided situation, the number
f nurses should be doubled to improve the staff’s efficiency. For
8

any of the nurses who extend the leave time to 5 days, the key
aim is to increase the leave period. A total of 16 specialist nurses
rotate to each province to offer services or provide health care
standards depending on outcomes. In general, 3 or 4 experts are
present in each region. Each specialist can be a particular service
in this issue, so we tried to reduce the days the service is in a
province. In this model, we aim to minimize nurse involvement
in the ICU section by minimizing exhausting working environ-
ments in the ICU section combined with spaces with a high rate
of probability of infection. Based on the outcome, each nurse
should be in the ICU section two days a week. In comparison,
the maximum difference between their changes is (two or three
days). The observations on the test functions of the proposed
algorithm reveal that this algorithm outperformed the state-of-
the-art approaches. We suggested applying artificial intelligence
and machine learning methods for scheduling problems with
training ability and development for future research.



M.Q.H. Abadi, S. Rahmati, A. Sharifi et al. Applied Soft Computing 108 (2021) 107449

T
C

Fig. 4. (continued).
Fig. 5. The auxiliary variable’s value for the process of mathematical problem solution.
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able 5
omparison between algorithms.
Algorithm Best

objective
function

d1+ d1− d2+ d2− d3+ d3− d4+ d4−

GWO 858 742 0.578 0.504 0.602 0.521 0.538 0.588 0.592 0.578
GOA 946 511 0.611 0.568 0.506 0.592 0.503 0.527 0.573 0.611
WOA 949 964 0.539 0.547 0.503 0.543 0.581 0.541 0.616 0.539
COA 725 864 0.514 0.546 0.505 0.538 0.550 0.561 0.619 0.514
HSSAGA 561 020 0.586 0.548 0.597 0.622 0.601 0.533 0.592 0.586
t

9
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