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Abstract
The Coronavirus Disease 2019 (COVID-19) epidemic is causing once-in-a-century 
upheavals in global civilization. Payment systems have advanced lately, from simple 
cash or credit card transactions to various forms of mobile payment systems. This 
transformation is occurred due to COVID 19 and shifts in the economy, the growth 
of social networks, technical advancements on the Internet, and the increased usage 
of mobile devices. Throughout COVID19, this article offers a unique approach to the 
payment scheduling issue, which seeks out a timetable that enhances the project’s 
stakeholders’ benefit. Both the sponsor and the contractor in a project want to have 
a strong payment plan on their own. To create an equal schedule between the spon-
sor and the development team, the timing of payments and the completion periods of 
project activities are decided concurrently. The Harris hawks optimization method is 
designed to tackle the problem because of its high NP-hardness. Harris hawks opti-
mization is a novel meta-heuristic nature-inspired optimizer inspired by how Harris 
hawks hunt food in nature. By comparing the suggested Harris hawks optimization 
optimizer to existing nature-inspired methods, the efficacy of the suggested Harris 
hawks optimization optimizer is determined. The Harris hawks optimization algo-
rithm appears to be highly promising based on the statistical findings and compari-
sons. The MATLAB simulator’s simulation findings confirm the algorithm’s superi-
ority over earlier efforts regarding energy, cost, delay time, and net value.

Keywords  Mobile Payment Scheduling · Harris Hawks Optimization · Algorithm · 
COVID-19 Pandemic
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1  Introduction

Every day, more electronic gadgets are developed in response to the rising com-
munity and ever-expanding technology (Shokouhyar et  al. 2021). Any financial 
transaction via the Internet is referred to as e-commerce (Zhao et  al. 2021a). 
The payer utilizes his credit card to complete the transaction in most cases. For 
safe transaction completion, an e-commerce transaction requires the buyer or 
cardholder, the buyer’s credit card issuer (bank), the merchant, the certifying 
authority, and the merchant’s acquirer (bank). For creating a secure link among 
the engaged parties, the majority of these protocols use a key agreement mecha-
nism (Vahidalizadehdizaj and Leider 2017). Mobile smart devices (like laptops 
or smartphones) are commonly utilized in routine life due to the advancement 
and pervasiveness of mobile communication technology (Afroz et al. 2020). As 
a result, there is a growing need for diverse Internet services (Chen et al. 2019). 
Currently, mobile payment is an extensively employed technique for businesses 
and financial institutions to deliver payment services through mobile devices like 
smartphones and iPads (Liao et  al. 2018). Any transaction carried out through 
mobile devices, including the direct or indirect exchange of financial values 
among parties, is called mobile payment. The fact that a mobile phone may be 
utilized as a payment device in diverse scenarios is an intriguing element of 
mobile payment. Optimists predict that mobile devices will shift from a basic 
communication device to a payment techniques in the future world economy 
(Dizaj et al. 2011). Due to a considerable drop in the physical use of credit cards, 
cash, and debit cards throughout the COVID-19 epidemic, an increasing percent-
age of mobile payments are used (Cao 2021; Vahdat 2021).

According to a recent study, privacy, security, and ease of use are the three 
criteria for mobile payment subscribers, making mobile payment security an 
inescapable challenge in the growth of mobile payment businesses (Zhang 
et al. 2016). The Project Payment Scheduling Problem (PPSP), which is a novel 
branch of the Max-net Present Value (NPV) project scheduling issue, is con-
cerned with how to plan progress payments to increase the contractor’s or client’s 
NPV (He et  al. 2014). A schedule is a plan for conducting a method or opera-
tion that includes a list of the activities and times. Scheduling problems in pro-
ject management, which is considered one of the most important and challenging 
aspects, have caught much of the attention of theoreticians and practitioners in 
the research community. It is a generic name given to a whole class of issues. The 
allocation of the project resources, optimizing the project duration, and estimated 
costs are necessary (Trinh et al. 2019). Because of the restrictions inherent in the 
project, project scheduling entails establishing the start time of each project activ-
ity and developing a timing sequence to conduct a set of relevant tasks in order 
of their priority (He, Liu et al. 2009). Hence, there is a balance between project 
completion time and overall cost, and one or more aims are met. The alterna-
tives are evaluated in order to fulfill these goals, and then the best option is cho-
sen (Hegazy and Petzold 2003). There are priority restrictions among tasks in all 
projects, but additional limitations, such as resource restrictions, exist. Resources 
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are allocated according to the requirements of the operations, the time it takes to 
complete them, and the financial flows employed in the building process (Seyfi 
Sariqaya et al. 2019; Zhao et al. 2021a, b).

COVID-19’s outbreak and subsequent management measures have resulted in a 
worldwide medical disaster that has impacted all facets of life. Policymakers and direc-
tors of companies or organizations that employ mobile payments should begin strate-
gizing to resolve the COVID-19 epidemic’s future challenges. Because the mobile 
payment-scheduling issue is NP-hard, numerous meta-heuristic and heuristic processes 
have been constructed to tackle it throughout the COVID-19 epidemic. Earlier research 
has employed Harris’ Hawks Optimization (HHO) approach to handle various issues 
and demonstrated that it outperforms other newly invented and popular optimization 
techniques (Elgamal et  al. 2020). We were inspired to use HHO to solve challenges 
with mobile payment scheduling. As far as we know, investigating the HHO for solving 
this issue was not done, especially in COVID 19 era; therefore, this is the main innova-
tion of the article. HHO is based on the coordinated behavior and chase method of Har-
ris’ hawks in nature, known as surprise pounce. Multiple hawks work together to attack 
a victim from various directions to catch it off guard. According to the dynamic nature 
of circumstances and the prey’s fleeing tactics, Harris hawks can exhibit diverse pursu-
ing patterns (Heidari et al. 2019). This investigation statistically models such dynamic 
behaviors and patterns to develop an optimization strategy. We are trying to solve the 
related problems as follows:

RQ1: Has the HHO algorithm minimized delay time in mobile payment schedul-
ing during the COVID-19 epidemic?
RQ2: Has the HHO algorithm minimized energy utilization in mobile payment 
scheduling during the COVID-19 epidemic?
RQ3: Has the HHO algorithm minimized the cost of mobile payment scheduling 
during the COVID-19 epidemic?
RQ4: Has the HHO algorithm maximized the NPV of the mobile payment sched-
ule during the COVID-19 epidemic?

There are five sections to this study. The first section introduces mobile pay-
ment and its issues. A variety of strategies are explored and contrasted in Sect. 2. 
The approach proposed in this study is then explained in Sect. 3. Section 4 contains 
information on the recommended technique’s simulation, data sets, and assessment 
criteria, among other things. Section  5 describes the limitation, implications, and 
future work. The paper’s accomplishments and potential study topics are presented 
in Sect.  6. Finally, Appendix A contains a list of notations utilized in this study 
(Table).

2 � Related work

Because of improvements in digital technology, m-payment mechanisms have got-
ten a lot of focus in the last ten years. These procedures can greatly enhance the 
quality of online services if they are used in the internet industry (Thammarat and 
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Techapanupreeda 2021). A summary of some optimization algorithms employed in 
mobile payment problems is presented below.

Mukhopadhyay and Upadhyay (2022) examined how organizational involvement 
and platform competition affected platform-based payment service uptake and reten-
tion intentions. The study was backed by a small number of conversations and is 
dependent on archive data. The findings revealed that organizational interventions 
(in various ways) boosted people’s willingness to adopt m-payment. Furthermore, 
competition among numerous payment systems had a beneficial influence on cus-
tomers’ intentions to continue using m-payments.

Dhamija and Dhamija (2022) proposed architecture and presented a security 
approach for mobile payments systems. The proposed architecture defined the role 
and responsibilities of each participating entity and took care of all the concerning 
issues in the mobile payment system. A multi-factor authorization security approach 
based on hashing and cryptography had been adopted, adding an extra security layer 
before the transaction got executed, generating a unique OTP. The results showed 
that the proposed approach is implemented as a Web application and validated 
through experimentation.

Chen et  al. (2021) suggested an antagonistic network for bias correction. They 
employed a limited collection of unbiased data collected by a full-randomized 
assignment approach to developing an unbiased framework, which they then utilized 
to remove bias using adversarial learning. According to the findings, their solution 
beats state-of-the-art alternatives and increases the performance of the resultant 
allotment policy in a real-time marketing campaign.

Zhang et  al. (2020) looked at the Payment Scheduling Negotiation Problem 
(PSNP), which is a realistic expansion of the Resource-Constrained Project Schedul-
ing Problem (RCPSP). It takes into account both the contractor’s and the customer’s 
needs. These two parties negotiated to develop an activity schedule and a payment 
project plan to enhance NPVs on both sides and create a win–win outcome. They 
presented a strategy that included the following aspects. First, the issue was recast as 
a preference-based bi-objective optimization issue. Second, a multilayer area interest 
method was given to handle the customer and contractor’s differing priorities. Third, 
to address the PSNP effectively, this method was integrated into the Nondominated 
Sorting Genetic Algorithm II (NSGA-II). According to the observations, the sug-
gested approach could search the Region of Interest (ROI) and provide more pleas-
ing results.

Also, Vahdani and Shams (2020) looked at a multi-mode capital-restricted PPSP 
with a bonus-penalty structure applied at the project’s deadline. They created a 
mathematical model of the issue based on the project’s event-based description. 
They ran a computing trial to see how well our technique fared against the Simulated 
Annealing (SA) algorithm and two heuristic methods, Random Sampling (RS) and 
Multi-Start Iterative Improvement (MSII). The findings revealed that Tabu Search 
(TS) is a significantly more powerful solution approach, particularly for big issue 
cases. They also looked at the impact of important issue factors on the contractor’s 
NPV. They discovered that the number of payments, the contractor’s initial capi-
tal liquidity, and the awarding ratio of the bonus-penalty construction are positively 
related to the NPV.
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Furthermore, Gholizadeh (2018) studied the multi-mode project scheduling issue 
aiming to plan payments considering limited resources. This model tried to propose 
a possibly close to reality schedule by taking realistic assumptions into account. 
Renewable resources (such as machinery, workforce, and equipment) and non-
renewable ones (such as money and consumption) were considered in this model. 
Then, the issues of scheduling and planning the project payment were examined 
using the objectives of increasing the NPV of the project and decreasing the pro-
ject’s completion time. They subsequently recommended the NSGA-II method to 
deal with the issue in huge dimensions. The observations demonstrated that the rec-
ommended technique outperformed other approaches.

Moreover, Li et al. (2017) used the NPV of discounted cash flows to assess the 
potential value of multi-mode and resource constraints (MRCPSNP). They used a 
co-evolution method to mimic the negotiation procedure, in which the two sides 
negotiate to maximize their respective NPV. A Multi-swarm Particle Swarm Opti-
mization (MPSO) technique combines the co-evolution approach and the multi-level 
region of interest methodology into a PSO algorithm. The recommended technique 
was extremely successful and promising compared to the outcomes of 30 project 
examples.

Finally, Mortazavi Nejad et al. (2017) tackled a project payment schedule where 
a project deadline was set and operations were permitted to be compressed to maxi-
mize the contractor’s NPV. The volume of work completed at so-called review 
points was determined using two distinct techniques in this article. Only completed 
actions were evaluated in the first method. In the second method, any parts of the 
actions carried out were taken into account. The contractor might opt to crash some 
operations to maximize the volume of work completed at the review points, poten-
tially increasing his NPV. A solution must have been reached because crashing 
action costs the contractor money. Two mathematical models were created to inves-
tigate each technique, assisting the contractor in making the best option possible. 
These models provided a method of determining if it is appropriate to halt particular 
activities and were useful. Even when the contractor paid for the activity crashing 
expenses, the contractor’s NPV might be increased.

Table 1 examines and contrasts the available approaches for the issue of m-pay-
ment scheduling and the benefits and drawbacks of each solution. To solve these 
problems, the mobile payment scheduling problem using Harris hawks optimiza-
tion algorithm during the COVID-19 is proposed, followed by the decreased cost, 
energy, delay time, and improved net present value.

3 � Harris Hawks meta‑heuristic optimization algorithm

The HHO algorithm is a population-based meta-heuristic method. It is inspired by 
the life of hawks in nature and the way they hunt (Kolli and Tatavarthi 2020). This 
algorithm was introduced by Heidari et al. (2019) Harris hawks seek prey by working 
together in the wild. Their predation is mostly based on unexpected attacks. In addi-
tion, the hawks can employ diverse pursuing techniques in response to the changing 
features of the environment and prey escape tendencies. Exploitation, exploration, and 
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the change of those two states will be used to define the algorithm in HHO. Figure 1 
illustrates the fundamental logic of HHO.

Three stages make up the HHO algorithm: 1. Exploration phase, 2.1 The transition 
from exploration to exploitation (extraction), 3. Exploitation phase (extraction): soft 
siege and hard siege.

3.1 � Exploration phase

Hawks can detect prey with their keen eyes without being seen by prey. For success-
ful hunting, they spend several hours monitoring their prey and attacking at the right 
time. In this algorithm, the answer candidates are hawks, and the best hawk (answer) 
is introduced as a hunting candidate (leader); it may be the main optimal answer in its 
neighborhood. The placement of the hawks in the exploration phase is done in two 
strategies.

Strategy 1: They choose their posture depending on the positions of other individu-
als of their family and prey (q < 0.5).

Strategy 2: Hawks are randomly scattered in random positions within the search 
space (q ≤ 0.5).

In the following stage, the hawks’ position vector will be computed as follows:

(1)X(t + 1) =

{
Xrand(t) − r

1
|
|Xrand(t) − 2r

2
X(t)|| q ≥ 0.5(

Xrabit(t) − Xm(t)
)
− r

3

(
LB + r

4

(
VB − LB

))
q < 0.5

Fig. 1   The logic of HHO (Jiao et al. 2020)
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where, Xrand(t), Xrabit(t), Xm(t), LB, and VB indicate the random selection of hawks 
in the community, the mean location of the present community of hawks, the hunt-
ing location (rabbit), the vector position of the current position of hawks, the lower 
limit, and the upper limit, respectively. Parameters r1, r2, r3, r4, and q are randomly 
selected numbers between (0, 1) intervals, updated at each step. The preceding for-
mula is used to calculate the estimates of the mean location of the present group of 
hawks in this formula:

In this regard, N and Xi(t) represent the population of hawks and the position of each 
hawk in stage t.

Transitioning from the exploration stage to the extraction stage: This algorithm is 
capable of transitioning from exploring to extracting. It may adjust its behavior depend-
ing on how much energy the victim has left. Throughout the run, the energy of the prey 
is depleted. Equation 3 is used to calculate the energy of the prey:

where, E0 and T represent the initial energy and the highest number of steps, two 
states can occur here:

1)	 |E| ≥ 1 : In this case, the hawks are looking for different areas to find the hunting 
place, so the exploration phase must be updated and re-executed.

2)	 |E| < 1 : In this case, the algorithm tries to find the best answer to check in its 
neighborhood so that the algorithm will move to the extraction phase.

3.2 � Extraction phase

Here, the hawks should perform the sudden attack stage by the candidate prey 
appointed in the previous stage. As stated, this phase has two modes of soft and hard 
siege. Parameter E, or hunting escape energy, determines which state we are in.

A.	 Soft siege: When the prey has enough energy to escape, the hawks gently surround 
it to deplete its energy ( |E| ≥ 0.5).

The accompanying formula can be used to update the hawks’ location at this point:

where,

(2)Xm(t) =
1

N

N∑

i=1

Xi(t)

(3)E = 2E0

(
1 −

t

T

)

(4)X(t + 1) = ΔX(t) − E||JXrabit(t) − X(t)||

(5)ΔX(t) = Xrabit(t) − X(t)



	 W. Sun et al.

1 3

Here, the variation across the position vector of food and the present location is 
represented by ∆X(t), J, r5, a random value between 1 and 0, imitating the hunting 
motion. When the rabbit has sufficient strength to flee throughout the soft siege, the 
hawks make multiple fast team dives around the victim. They attempt to slowly alter 
their position and course in response to the prey’s deceptive moves. The accompany-
ing formula can be used to provide an update on the location of the hawks:

where

where, u, S, D, ϑ, and β represent the random value between 1 and 1, the random 
vector with 1*D size, the dimensions of the problem, the random value between 
1 and 0, and the constant parameter with the value of 1.5, respectively. LF(D) is 
defined to simulate the deceptive movements of prey during the escape phase. 
Hawks are constantly changing positions to deal with all kinds of deceptive move-
ments of prey. Therefore, according to these behaviors, they can choose the best way 
to reach the prey.

B.	 Hard siege: When the prey loses its energy, the hawks tighten the siege. The 
hawks’ new location is calculated using the corresponding formula:

When the siege is challenging and the victim lacks the strength to run, the 
hawks strive to shorten the gap between themselves and the running prey. The 
accompanying formula is used to compute the new location of the hawks in this 
scenario (Wang et al. 2021):

(6)J = 2
(
1 − r5

)

(7)X(t + 1) =

{
Y if F(Y) < F(X(t))

Z if F(Z) < F(X(t))

(8)Y = Xrabbit(t) − E||Xrabbit(t) − X(t)||

(9)Z = Y + S ∗ LF(D)

(10)LF(D) = 0.01 ∗
u ∗ �

|�|
1

�
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�
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�

2

�
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⎠
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(12)X(t + 1) = Xrabbit(t) − E|ΔX(t)|
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The flowchart of HHO is displayed in Fig. 2.
The pseudo-code for the algorithm is given below (Milenković 2021):

4 � Results

Math Works, Inc. of Natick, Massachusetts, is very economical and designed, which 
also provides support. MATLAB is an efficient programming platform for meta-
heuristic algorithms like HHO, and it offers several benefits over other platforms, 
including:

(13)X(t + 1) =

{
Y if F(Y) < F(X(t))

Z if F(Z) < F(X(t))

(14)Y = Xrabbit(t) − E||JXrabit(t) − Xm(t)
|
|

(15)Z = Y + S ∗ LF(D)

Fig. 2   HHO algorithm flowchart
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•	 Its major data component is the matrix;
•	 It has a strong capacity to study the impact of various physical layer factors on 

the device;
•	 It enables graphical outputting for generating data with a variety of techniques 

and capabilities;
•	 It has node creation freedom.

Investigators may do sophisticated calculations and simulations with the help of 
MATLAB, and formerly accessible methods can be utilized as a novel toolbox (Sad-
rishojaei et al. 2021). MATLAB allows investigators to concentrate on their inven-
tions instead of seeking the necessary computational resources. Thus, MATLAB is 
used to analyze the suggested approach. The suggested aggregation approach was 
simulated and evaluated using MATLAB software. A computer with Windows 7, an 
Intel Core i5 − 2.5 GHz processor, and 4 GB RAM is used for all the tests. Table 2 
also includes the values of the technique’s crucial parameters.

The objective function is displayed in the studied iterations to investigate the sug-
gested algorithm’s convergence. The outcomes reveal that the recommended method 
outperforms the GA (Seyfi Sariqaya et  al. 2019) and Ant Colony Optimization 
(ACO) algorithm in terms of fitness. In 100 replications, the suggested strategy is 
compared against the GA and ACO to evaluate its convergence (Fig. 3).

•	 The delay time of mobile payment scheduling problem

One direction to reduce delay time is to use new methods such as deep algorithms 
(Lv et al. 2021, Zhong et al. 2021) and unsupervised domain adaptation (Fang et al. 
2020). This paper proposed an HHO algorithm to minimize the delay time in the 
mobile payment schedule. In Fig. 4, the suggested approaches’ delay times are com-
pared to ACO and GA. The suggested technique’s latency reduced as the number 
of tasks increased, demonstrating that the recommended approach outperformed the 
other two techniques.

•	 The energy utilization of mobile payment scheduling problem

Energy management is frequently considered a crucial aspect of developing 
nations’ efforts to enhance their economic outlook (Ebrahimian et  al. 2018). 
Numerous architectures and approaches for energy management systems are 
developed utilizing several optimization algorithms like the multi-objective PSO 

Table 2   Values of parameters 
in HHO q, r

1
 , r

2
 , r

3
 , r

4
 , r

5
U (0, 1)

� N (0, 1)
v N (0, 1)
� 1.5
F 6
Q 5
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algorithm (Aghajani and Ghadimi 2018), Sine–Cosine Algorithm (SCA), and 
Crow Search Algorithm (CSA) (Yang et al. 2021). In order to reduce power usage 
in m-payment schedules, this article presented an HHO algorithm. Compared to 
ACO and GA, Fig.  5 demonstrates how much energy the suggested technique 

Fig. 3   Convergence diagram of three strategies in 100 iteration

Fig. 4   Comparison of the delay time of the proposed method to GA and ACO algorithms: (a) with ten 
tasks and (b) with 100 tasks
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uses. As the tasks grow, the recommended technique’s energy usage decreases 
compared to the other two, demonstrating that it performs well.

•	 The cost of the mobile payment scheduling problem

Comparing the suggested method to ACO and GA, Fig. 6 displays the costs. 
Compared to the other two algorithms, the suggested technique’s costs have 
dropped as the tasks have risen, indicating the recommended method’s superior 
performance.

•	 Maximizing NPV

When the financial analyst does not have total assurance in the values of cash 
flow characteristics, the choice will result in risk and uncertainty. In this scenario, 
the financial analysis must be based on the idea of "anticipated value". Rather 
than using an absolute number for the cash flow parameter, this approach uses a 
range of values depending on the pattern of previous data or potential volatility. 
Estimating the probability distribution of parameters and NPV and calculating 
the mean and variance of that distribution are effective in economic analysis. Risk 
is the result of variance in the value of variables that can be used to predict the 
behavior of changes in values using random numbers. The expected value (esti-
mated) in year K (Fk) has the mathematical expectation of E (Fk) and variance of 
Var (Fk). Therefore, the mathematical expectation of the E (NPV) and its variance 
(Var (NPV)) is calculated as follows:

Fig. 5   Comparison of energy utilization of the proposed method to the GA and ACO algorithms: (a) 
with ten tasks and (b) with 100 tasks
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Volatility and uncertainty about the future cause the NPV or rate of return of 
a project to fluctuate widely. In such instances, the best socioeconomic choice is 
to approve a project with an average net present value (NPV) or a project with an 
average present value larger than 0 and above the average present value of other 
incompatible projects. Figure 7 shows the percentage change in NPV over time.

•	 Statistical analysis

Compared to the GA and ACO algorithms, an analytical method has been used 
to analyze the proposed method based on nonparametric statistical measures. 
Friedman is also utilized in several comparative investigations as a result of this 
characteristic. To conduct a quantitative analysis of the algorithms used to assess 
the investigation classifications, get the necessary post-hoc techniques, and calcu-
late the regulated p values. For the randomly generalized implementation graphs, 
algorithms were statistically assessed.

H1: The efficiency of the proposed method appears to be distinct from the other 
algorithms.

(16)E(NPV) =

K∑

K=0

(
P∕F, i%, K

)
.E
(
Fk

)

(17)Var(NPV) =

K∑

K=0

(
P∕F, i%, K

)2

.Var
(
Fk

)

Fig. 6   Comparing the costs of the recommended technique to the GA and ACO algorithms: (a) with ten 
tasks and (b) with 100 tasks
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H0: The efficiency of the proposed method does not appear to vary from the other 
algorithms.

In terms of average ranks achieved by complete algorithms for 150 tasks, 
Tables 3 and 4 reflect Friedman’s outcomes. We require to utilize the outcomes of 
Table 3 (Test statistics) to interpret the Friedman test outcomes to figure out if the 
discrepancy in the average success algorithms is important. According to the chi-
square test (40.263), meaningful at an error rate of less than 0.01, the proposed 
method’s result is analytically corrected with a 0.99 confidence level, as shown in 
this table. This result indicates that H0 is ruled out, and H1 is verified.

Fig. 7   Percentage of NPV changes over time

Table 3   Test statistics

a. Friedman Test

Parameter Value

N 200
Chi-square 40.263
df 2
Asymp. sig 0.000
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We must now use the findings of Table 4 to determine which algorithm has the 
lowest and which method has the highest performance. According to this table, the 
average rankings of GA and ACO were 1.96 and 1.88, respectively. Nevertheless, 
the recommended technique’s mean value is 2.04, indicating improved effectiveness.

5 � Limitation, implications, and future work

The suggested approach, like other optimization methods, has some drawbacks. 
The main disadvantage is that it takes a long time to run compared to other algo-
rithms. The mathematical complexity of the traditional HHO, not the recommended 
changes, explains the wasted time. Moreover, one of this method’s limitations is 
considering four parameters in the mobile payment scheduling problem. In addi-
tion, HHO suffers from drawbacks of local optima and population diversity, so this 
method is other limitations. Utilizing the suggested strategy, the conclusions in this 
research will assist m-payment service suppliers in improving m-payment schedul-
ing. Additionally, the outcomes of this article assist these suppliers in effectively 
globalizing by focusing on those precursors. We plan to verify the feasibility of the 
suggested solution to be actually tested as upcoming work. We suggest expanding 
the current multi-mode capital restricted project payment scheduling problem with 
the bonus-penalty construction to include resource restrictions in the decision model 
as a future research path. In addition, integrating the provided method with other 
techniques which were utilized to tackle several issues, like Convolutional Neural 
Networks (CNNs) (Dong et al. 2021) and clustered lifelong learning (BN 2021).

6 � Conclusion

The outbreak of COVID-19 has caused many alternations in the societies (Vahdat 
et  al. 2021a; Vahdat et  al. 2021b). It is likely to have a substantial impact on the 
payment card industry. Contactless payment is touted as a more sanitary and secure 
method of payment. This problem encourages people to use their phones to pay for 
things. The COVID-19 encourages individuals to explore alternative payment meth-
ods when shopping to prevent touching cash and other items. Nevertheless, while 
the COVID-19 improves mobile payments, it is critical to keep digital and online 

Table 4   Friedman test (Ranks) Mean rank

ACO 1.88
GA 1.96
Proposed method 2.04
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transactions safe. Mobile payment service is also a key enabler for mobile com-
merce. It is a technology that enables the user to use the mobile phone and its appli-
cations to make requests to purchase a product, pay bills, bank bills, etc. In order 
for electronic payment systems to meet the user’s needs properly, it is necessary to 
obtain user’s satisfaction. Hence, reducing costs, time, and energy and improving 
NPV can be considered essential criteria for evaluating the success of mobile pay-
ment services. As a result, throughout the COVID-19 pandemic, a new approach is 
used to tackle mobile payment scheduling utilizing the HHO optimization algorithm. 
In this algorithm, some hawks attack a hunt to startle it (exploration phase). When 
escaping and fleeing the hunt, the hawks may conduct a series of rapid dives near 
the target to startle it and wear it out (exploitation phase). Depending on the fleeing 
potential of the victim, the algorithm may transition from exploring to exploiting 
and subsequently move among several exploitative modes. The simulation outcomes 
indicated that the proposed method could efficiently improve time, cost energy, and 
current net worth. Its performance is better than GA and outperforms ACO well.

Appendix

See Table 5

Table 5   List of notations
Project payment scheduling problem PPSP
Max-net present value NPV
Harris’ hawks optimization HHO
Payment scheduling negotiation problem PSNP
Resource-constrained project scheduling problem RCPSP
Nondominated sorting genetic algorithm II NSGA-II
Region of interest ROI
Simulated annealing SA
Random sampling RS
Multi-start iterative improvement MSII
Tabu search TS
Multi-swarm particle swarm optimization MPSO
Ant colony optimization ACO



1 3

A new method for solving the mobile payment scheduling problem…

References

Afroz R, Muhibbullah M, Farhana P, Morshed MN (2020) Analyzing the intention of the households to 
drop off mobile phones to the collection boxes: empirical study in Malaysia. Ecofeminism Clim 
Change 1:3–20

Aghajani G, Ghadimi N (2018) Multi-objective energy management in a micro-grid. Energy Rep 
4:218–225

Bn Z (2021) Representative task self-selection for flexible clustered lifelong learning. IEEE, New York
Cao T (2021) The study of factors on the small and medium enterprises’ adoption of mobile payment: 

implications for the COVID-19 era. Front Public Health 9:122
Chen Y, Xu W, Peng L, Zhang H (2019) Light-weight and privacy-preserving authentication protocol for 

mobile payments in the context of IoT. IEEE Access 7:15210–15221
Chen X, Liu Z, Yu L, Li S, Gu L, Zeng X, Tan Y, Gu J (2021) Adversarial learning for incentive opti-

mization in mobile payment marketing. Proceedings of the 30th ACM international conference on 
information & knowledge management.

Dhamija D, Dhamija A (2022) A secure and reliable architecture for user authentication through OTP in 
mobile payment system. Proceedings of the international conference on paradigms of communica-
tion, computing and data sciences, Springer, Singapore

Dizaj MVA, Moghaddam RA, Momenebellah S (2011) New mobile payment protocol: mobile pay center 
protocol (MPCP). 2011 3rd international conference on electronics computer technology, IEEE.

Dong J, Cong Y, Sun G, Fang Z, Ding Z (2021) Where and how to transfer: knowledge aggregation-
induced transferability perception for unsupervised domain adaptation. IEEE Transact Pattern Anal 
Mach Intell. https://​doi.​org/​10.​1109/​TPAMI.​2021.​31285​60

Ebrahimian H, Barmayoon S, Mohammadi M, Ghadimi N (2018) The price prediction for the energy 
market based on a new method. Econ Research Ekon Istraž 31(1):313–337

Elgamal ZM, Yasin NBM, Tubishat M, Alswaitti M, Mirjalili S (2020) An improved harris hawks opti-
mization algorithm with simulated annealing for feature selection in the medical field. IEEE Access 
8:186638–186652

Fang Z, Lu J, Liu F, Xuan J, Zhang G (2020) Open set domain adaptation: theoretical bound and algo-
rithm. IEEE Transact Neural Netw Learn Syst 32(10):4309–4322

Gholizadeh E, Afshar NB (2018) Solving a bi-objective resource constrained multi-mode project schedul-
ing problem with regard to payment planning using the NSGA-II algorithm. Inf J Paper 8:165–187

He Z-W, Liu R-J, Hu X-B, Yu X (2009) Client perspective based multimode project payment scheduling 
problem and its heuristic algorithm. Syst Eng Theory Pract 29(2):70–77

He Z, Wang N, Li P (2014) Simulated annealing for financing cost distribution based project payment 
scheduling from a joint perspective. Ann Oper Res 213(1):203–220

Hegazy T, Petzold K (2003) Genetic optimization for dynamic project control. J Constr Eng Manag 
129(4):396–404

Heidari AA, Mirjalili S, Faris H, Aljarah I, Mafarja M, Chen H (2019) Harris hawks optimization: algo-
rithm and applications. Futur Gener Comput Syst 97:849–872

Jiao S, Chong G, Huang C, Hu H, Wang M, Heidari AA, Chen H, Zhao X (2020) Orthogonally adapted 
Harris hawks optimization for parameter estimation of photovoltaic models. Energy 203:117804

Kolli CS, Tatavarthi UD (2020) Fraud detection in bank transaction with wrapper model and Harris water 
optimization-based deep recurrent neural network. Bingley, Kybernetes

Li X-M, Sun YL, Chen W-N, Zhang J (2017) Multi-swarm particle swarm optimization for payment 
scheduling. 2017 seventh international conference on information science and technology (ICIST), 
IEEE.

Liao Y, He Y, Li F, Zhou S (2018) Analysis of a mobile payment protocol with outsourced verification in 
cloud server and the improvement. Comput Standards Interfaces 56:101–106

Lv Z, Chen D, Feng H, Zhu H, Lv H (2021) Digital twins in unmanned aerial vehicles for rapid medi-
cal resource delivery in epidemics. IEEE Transact Intell Transp Syst. https://​doi.​org/​10.​1109/​TITS.​
2021.​31137​87

Milenković BN (2021) Implementation of Harris Hawks Optimization (HHO) algorithm to solve engi-
neering problems. Tehnika 76(4):439–446

MortazaviNejad M, Tareghian HR, Sari Z (2017) Payment scheduling under project crashing based on 
project progress. Iran J Numer Anal Optim 7(2):39–56

https://doi.org/10.1109/TPAMI.2021.3128560
https://doi.org/10.1109/TITS.2021.3113787
https://doi.org/10.1109/TITS.2021.3113787


	 W. Sun et al.

1 3

Mukhopadhyay S, Upadhyay P (2022) Institutional intervention in technology innovation: the struggle to 
increase mobile payment adoption. Emerald Publishing Limited, Bingley

Sadrishojaei M, Navimipour NJ, Reshadi M, Hosseinzadeh M (2021) A new preventive routing method 
based on clustering and location prediction in the mobile internet of things. IEEE Internet Things J 
8(13):10652–10664

SeyfiSariqaya M, Chaharsooghi SK, HusseinzadehKashan A, Rahimnezhad F (2019) Multi-mode cap-
ital-constrained project payment scheduling problem with discounted cash flows. Int J Indust Eng 
Manag Sci 6(2):17–36

Shokouhyar S, Dehkhodaei A, Amiri B (2021) Toward customer-centric mobile phone reverse logistics: 
using the DEMATEL approach and social media data. Bingley, Kybernetes

Thammarat C, Techapanupreeda C (2021). A secure mobile payment protocol for handling accountability 
with formal verification. 2021 international conference on information networking (ICOIN), IEEE

Trinh BN, Thang HQ, Nguyen XT, Luong PC, Ho NK (2019) Applying a unified game-based model in a 
payment scheduling problem and design of experiments using MOEA framework. Hanoi University, 
Vietnam, SoMeT

Vahdani H, Shams A (2020) Multi-mode capital-constrained project payment scheduling model consider-
ing bonus-penalty structure. Int J Manag Sci Eng Manag 15(1):17–25

Vahdat S (2021) The role of IT-based technologies on the management of human resources in the 
COVID-19 era. Bingley, Kybernetes

Vahdat S, Samanian S, Shahidi S, Atapour A (2021a) POS-497 characteristics and outcome of COVID-
19 in patients on chronic hemodialysis in a dialysis center specific for COVID-19. Kidney Int Rep 
6(4):S215

Vahdat S, Shahidi S, Atapour A, Reisizadeh S, Soltaninejad F, Maghami-Mehr A (2021b) POS-214 The 
outcome of COVID-19 patients with acute kidney injury and the factors affecting mortality. Kidney 
Int Rep 6(4):S90

Vahidalizadehdizaj M, Leider A (2017) Mobile payment protocol 3d by using cloud messaging. Proceed-
ings of student-faculty research day, CSIS, Pace university.

Wang S, Jia H, Liu Q, Zheng R (2021) An improved hybrid Aquila optimizer and Harris Hawks optimi-
zation for global optimization. Math Biosci Eng 18:7076–7109

Yang Z, Ghadamyari M, Khorramdel H, Alizadeh SMS, Pirouzi S, Milani M, Banihashemi F, Ghadimi N 
(2021) Robust multi-objective optimal design of islanded hybrid system with renewable and diesel 
sources/stationary and mobile energy storage systems. Renew Sustain Energy Rev 148:111295

Zhang ZX, Chen WN, Jin H, Zhang J (2020) A preference biobjective evolutionary algorithm for the pay-
ment scheduling negotiation problem. IEEE Transact Cybern 51(12):6105–6118

Zhang Z, Wang X, Sun L (2016) Mobile payment anomaly detection mechanism based on information 
entropy. IET Netw 5(1):1–7

Zhao C, Liu X, Zhong S, Shi K, Liao D, Zhong Q (2021a) Secure consensus of multi-agent systems with 
redundant signal and communication interference via distributed dynamic event-triggered control. 
ISA Trans 112:89–98

Zhao Y, Yu Y, Shakeel PM, Montenegro-Marin CE (2021b) Research on operational research-based 
financial model based on e-commerce platform. Inform Syst e-Bus Manag 1–17.

Zhong L, Fang Z, Liu F, Yuan B, Zhang G, Lu J (2021) Bridging the theoretical bound and deep algo-
rithms for open set domain adaptation. IEEE Transact Neural Netw Learn Syst. https://​doi.​org/​10.​
1109/​TNNLS.​2021.​31199​65

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and 
applicable law.

https://doi.org/10.1109/TNNLS.2021.3119965
https://doi.org/10.1109/TNNLS.2021.3119965


1 3

A new method for solving the mobile payment scheduling problem…

Authors and Affiliations

Wen Sun1 · Chen She2 · Mohammad Khalilzadeh3,4 · Hui‑Zhen Mao5 · 
Yi‑Peng Xu6

	 Mohammad Khalilzadeh 
	 khalilzadeh@pucp.edu.pe

1	 School of Business, Sun Yat-Sen University, No135 Xingangxi Road, Guangzhou CN510275, 
People’s Republic of China

2	 School of Economics and Management, Tiangong University, Tianjin 300387, 
People’s Republic of China

3	 CENTRUM Católica Graduate Business School, Lima 15023, Peru

4	 Pontificia Universidad Católica del Perú, Lima 15023, Peru
5	 School of Accounting, Southwestern University of Finance and Economics, Sichuan 610000, 

People’s Republic of China
6	 School of Mathematical Sciences, Tiangong University, Tianjin 300387, 

People’s Republic of China


	A new method for solving the mobile payment scheduling problem using harris hawks optimization algorithm during the COVID-19 pandemic
	Abstract
	1 Introduction
	2 Related work
	3 Harris Hawks meta-heuristic optimization algorithm
	3.1 Exploration phase
	3.2 Extraction phase

	4 Results
	5 Limitation, implications, and future work
	6 Conclusion
	Appendix
	References


